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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.



10.

Page 10

References

Coleman, Robert N., Palms, J.M., Ragsdale, H.L., Tanner,
Betsy K., and Wood, R.E., "In Situ Spectrometric Analyses
of Gamma-Emitting Nuclides in the Natural Radiation and
Fallout Field and the Associated Dose Exposure Rates 1in
the Vicinity of BNFP," Report No. EMP-112, Addendum 2,
April 1977.

Palms, John M., “"The External Radiation Exposure and 1its
Measurements 1in the Vicinity of the Barnwell Nuclear Fuel
Plant," Report No. EMP-112, August 1973.

Beck, H.L., Decampo, J., and Gogolak, C., In Situ GeillLi)

and Nal(Tl) Gamma-Ray Spectrumetry, HASL-258, USAEC Health

——— e mm_——_— SR = ——- —_—_ e ——————

and Safety Laboratory, 1572.

Phelps, P.L., Anspaugh, L.R., Koranda, J.J., and Huckaby,
G.W., "A Portable Se(Li) Detector +or Field Measurement of
Radionuclides in the Environment," IEEE Trans. Nucl.
Sci. NS-19: 199-210 (1972).

Anspaugh, L.R., Phelps, P.bss Huckaby, G.W., and
Todachine, Tayp Field Spectrometric Measurements of

_—— . — ——— ——— o . . .
B T e ———

Rates at the Nevada Test Site. A Demonstration Study.

—_== —_—— e, mm et me=—s

Lawrence Livermore Laboratory Report UCRL-51412. (1973).

Ragaini, R.C., Jones, D., Huckaby, G.W., and Todachine,
Tes "Terrestrial Gamma-Ray Surveys at Preoperational
Nuclear Power Plants Using an In Situ Ge(L1)
Spectrometer," IEEE Trans. Nuc. Sci. NS-22: 636-641.
(1975).

Ragsdale, H.L.,Tanner, B.K., Coleman, R.N., Palms, J.M.,
and Wood, R.E., "In Situ Measurement of Gamma-Emitting
Radionuclides in Plant Communities of the South Carolina
Coastal Plain," Environmental Chemistry and Cycling
Processes, DOE, "CONF-7&60429". (1976)

Ragsdale, H.L., Coleman, R.N., Tanner, B.K., and Palms,
J.M., "In Situ Analysis of Gamma-Emitting Radionuclides in
Southeastern Ecosystems," Presented at the Health Physics
Society Symposium, Saratoga, N.Y. (19786) .

Gogolak, C.V., and Miller, K.M., New Developments in Field
Gamma-Ray Spectrometry, DOE EML-332. (1977).
Environmental Radiation Measurements, National Council on
Radiation Protection and Measurements, NCRP Report No. S0
(1976).



12.
)

13.
e

14.
L

15,
. 16.
i 17.
*

18.

Page 11

Ragaini, R.C., and Kirby, J.A., "Applications of Ir Situ
Gamma—-Ray Spectrometry,"” Computers in Activation Analysis
and Gamma-Ray Spectroscopy, DOE Symposium Series 49,
767-791 (1979).

Finch, Robert R., Persson, Bertil R.R., “In Situa Ge(lLi)
Spectrometric Measurements of Gamma Radiation from Radon
Daughters under Different Weather Conditions," Proceedings
of the Symposium, Natural Radiation Environment III, Vol.
1, 357-370 (1980).

Caranoue, M., Mario, Y. and Komuna, K., "In Situ
Low-Level Gamma-Ray Spectrometry and X-Ray Fluoresence
Analysis," Proceedings of Methods of Low-Level Counting
and Spectrometry, Berlin, 1981. IAEA-SM—-256/6, 105-125
(1981).

Environmental Radioa tivity Surveillance Guide, us

— e . . . o . . —_———emes e =a-= e el S —_———==

Environmental Protection Agency, ORP/SID 72-2 (1972).

Coleman, R.N., Palms, J.M., Puckett, 0O.H., Ragsdale, H.L.,
Tanner, B.K., and Wood, R.E., "A Technique for In Situ
Measurement of the Natural Radiation Field and the
Associated Exposure Rate," Environmental Chemistry and
Cycling Processes, DOE, "CONF-760429" (1976).

Paul G. Mayer, Robert B. Platt, John M. Palms, Harvey
ks Ragsdale and Donald J. Shure, "An Environmental
Sample Processing and Analysis Program for Allied-General
Nuclear Services for the Period 1 December 1976 - 31 May
1977", Emory Report Sample Process and Analysis Report 11.

P.G6. Mayer, J.M. Palms, R.B. Platt, H.L. Ragsdale and
D.J. Shure, "Interpretation of Environmental Data for the
Period June 1, 1976 to November 30, 1977, Addendum IV to
EMP-113, 'The Environmental Monitoring Program for the
Allied-Gulf Nuclear Fuel Reprocessing Plant, An
Interpretive Report for the First Three Pre—-operational
Years, August 1970 - July 1973"", Emory Report EMP-113,
Addendum IV.

H.L. Ragsdale, R.N. Coleman, B.K. Tanner , M.R.
Gottschalk and J.M. Palms, "Extension of Ecologically
Significant In Situ Gamma-Emitter Analyses to a Continuous
Landscape", Emory Report EMP-147, November 1979 and Report
ABNS-35900-4.4-48, Project No. 4, Addendum 1.




Page 12

Figures and Tables




O Terrestrial Sites 1-5
A Circular Turkey Oak
B Carolina Bav

D Osborn Rd A/R

W- Water Sample Sites

+—++ Railroad Tracks

Page 13

/

— == Roads

. —
.\~
S~
G
-
%\—\;f--—.\

LT

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
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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
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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
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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 -



Page 25

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 calculated on basis of detectable values wvhich are given as the numerator value in
Frequency of Detection.
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® Table 13

Activity of 7Be Measured by In Situ Gamma Ray Spectroscopy
in the Vicinity of BNFP in October 1983

¢ 2
pCi/cm
Stationd® Activity
S SN oot S S IS A e N e
TS1 0.6 /7~ 0.1
TS2 0.4 /- 0.1
TS4 0.1 +/~- 0.1
TSS 0.3 +/- 0.1
Ed CcTO 0.5 #/- 0.2
CB 0.4 +/- 0.2
NS1 0.7 /- 0.1
FSL4 0.4 +/- 0.1
FSLS 0.6 ¢/~ 0.1
FSL& 0.4 +/- 0.1
. ——————————————————————————————————————————————————————————————
® Legend appears in Table 1.
-
L ]
L J




FPage IO

L ] Table 14

Activity of 40K Measured by In Situ Gamma Ray Spectroscopy
in the Vicinity of BNFP since 1975

- pCi/gram
1977~
Stationd October 1983 1979% 1976% 1975%
@ TS1 0.40 +/- 0.06 0.43 0.26
782 0.32 +/- 0.06 0.33 0.35 0.31
TS3 0.39 +/- 0.06 0.49 0.38 0.24
TS4 0.47 +/- 0.07 0.50 0.37
TSS 0.9 ¢/= 0.1 0.9 0.8 1.2
CTO 0.45 +/- 0.06 0.45 0.38 0.38
» CB 0.20 +/- 0.05 0.22 0.18 0.15
NS1 0.46 +/- 0.07 0.50 0.39
FSL4 0.45 +/- 0.07 0.58 0.45
FSLS 0.27 +/- 0.05 0.30 0.26
FSLé& 0.40 +/- 0,06 0.15 0.31

# Legend appears in Table 1.
¥ Mean of one or more measurements made during the calendar year.
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Table 15

Activity of 214Pb Measured by In Situ Gamma Ray Spectroscopy
in the Vicinity of BNFP since 1975

pCi/gram
1977~

Stationd October 1983 1979% 1976% 1975%
TS1 Q.46 +/- 0,04 0.5 0.48
82 C.46 +/- 0,05 0.4% 0.62 0.55
TS3 0.52 +/- 0.05 0.55 0.47 0.36
TS4 0.62 +/- 0.06 0.68 0.69
7SS 0.73 +/- 0,07 0,77 0.82 0.75
cCTO 0.45 +/—- 0.04 0.42 0.48 0.45
CB 0.55 +/- 0,085 0.63 0.48 0.63
NS1 0.84 +/- 0,07 0.71 0.59
FSL4 0.56 +/- 0.05 0.45 0.44
FSLS 0.48 +/- 0,05 0.37 0,38
FSL6 0.56 +/- 0.05 0.33 0.2

2 Legend appears in Table 1.
¥ Mean of one or more measurements made during the calendar year.
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Table 16

Activity of 232TF Measured by In S:tu Gamma Ray Spectroscopy
in the Vicinity of BNFP since 1975

pCi/gram
1977~

Stationa October 1983 1979% 1976% 1975%
TS1 0.46 +/- 0.05 0.62 0.50
T62 0.52 +/~ 0,05 0.55 0.54 0.75
TS3 0.51 +/- 0.05 0.50 0.46 0.44
TS4 Q.66 +/- 0,06 0.74 0.57
8 0.784 +/- 0.07 0.85 0.81 0.8&6
cCTOo 0.50 +/- 0.05 0.51 0,52 Q.50
CE 0.69 +/- 0.06 0.68 0.66 0.68
NS1 0.60 +/- 0,06 0.59 0.54
FSL4 0.42 +/- 0.04 0.49 0,40
FSLS 0.47 +/- 0.05 0,40 0.43
FSL& 0.35 +/- 0.04 0.22 0,20

? Legend appears in Table 1.
¥ Mean of one or more measurements made during the calendar year.
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Table 17

Activity of 137Cst Measured by In Situ Gamma Ray Spectroscopy
in the Vicinity of BNFP since 1975

pCi/cn1
1977~

Stationd October 1983 19794 19768 19754
TS1 7.8 +/- 0.7 8.3 11
TS2 6.7 +/- 0.6 9.7 12 11
T8> 7.3 /- 0.6 11 11 11.2
TS4 6.2 +/- 0.9 9 10
TSS 6.3 #+/- 0.6 7.4 8.9 10.2
cCTO 7.8 +/- 0.7 11 12 11
CB 8.4 +/- 0,7 12 13 13
NS1 8.3 +/-~ 0,7 . 12.6
FSL4 7.2 +/- 0.6 12 12
FSLS 9.0 +/- 0.8 11 9.9
FSLé& 7.0 +/- 0.6 12 11.9

¥ Distribution of 137Cs with depth i1s proportional to exp(- z2)
where o is taken to be 0.24 inverse cm.

¥ Legend appears 1n Table 1.

# Mean of one or more measurements made during the calendar year.
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® Table 18

Trends in Selected Radionuclides Measured by In Sity Gamma Ray
Spectoscopy at the Osborne Road Air/Rain Station

¥
Isotope Oct 82 Aug 79 Jul 79 Jul 78 Feb 77

" pCi/ecm®  137Cs " 14 8.3 10 9
134(:. 3.‘ & /- 0.‘ 'o. 'o‘ ‘ 0.7
S4Mn 1.4 +/~ 0,2 2.1 6
60Co + = 9.6 Jo S
S8Co 1S &/= } L L]

. DCl/“ 40K lo? */ - 002 0.. ‘02 0.9 0..
214Pb 0.6 /- 0,2 0.9 0.5 0.7 0.9
232"‘ 0-. */= 0,2 0.7 0-‘ 0,6 0.6

2

# The deposition of 137Cs of 2104/-17 pCi/em” results from
- radiation sources on Chem-Nuclear property, not from soil
contamination on the BNFF site.

$ The deposition of 60Co of 109+/-9 pCi/cm® is not due to
sources in the soil but from radiation sources on Chem-
Nuclear property. The deposition of 31 pCi/em measured i1n
1979 1s believed to be due to the same cause,

1 Detected on these occasions, Nno da‘*a available.
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Table 19

Terrestrial Exposure Rate Inferred from In Site Measurements
in the Vicinity of BNFP in October 1987

uR/hr

Station Exposure Rate
Terrestrial Station 1 2.9 ¢/- 0,1
Terrestrial Station 2 2.7 #/~ 0,2
Terrestrial Station 3 2.7 #/= 0,2
Terrestrial Station 4 3.3 ¢/~ 0,2
Terrestrial Station S 3.0 /= 0.2
Circular Turkey Dak 2.6 %/~ 0,2
Cvoltﬂl .‘v 803 */= 0,2
Osborne Road A/R 87 +/=- L
Natural Station 1 3.6 ¢/= 0,3
Forest Soil Litter 4 2.6 ¢/~ 0,1
Forest Soil Litter 5 2.6 /= 0,2
Forest Saoil Litter & 2.8 ¢/~ 0,1}

W -~ -~

f This value does not arise from soll contamination on the
BNFFP  site but from radiation sources on Chem-Nuclear
property,



Table 20

Analysis of Water Samples taken at BNFP in 1983

Analytical Results

Sample Sample No.
#1 Beacon Pond $2290 <5 <5 < 200
#2 Beacon Pond $2291 <§ <8 < 200
#3 Beacon Pond 52292 <5 <5 < 200
#4 AGNS $2293 823 113 7,600 + 400
#5  AGNS 52294 <H <5 2,000 ¢+ 300
#6  AGNS $2295 <8 9+ 2 < 200

Notes: 1. Samples were filtered with 0.45-micron membrane filter and acidified
‘1';"'1:33‘ conc. HNO3 per liter, They were counted on November 18 -
» .

2. sample 52293 was also measured by gamma-ray spectral analysis.
No gamma rays from fission or activation products were detected
(Cs=137 <20 pCi/L).

3. Measurements performed by Professor Bernd Kahn, Georgia Institute
of Technology.
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Aspendix A

Equipmen- [Deecription and In Si:tu Method
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Appendix A

Equipment Description and In Situ Method

A.0 Equipment Description and Method

The method and evaluation of the in situ gamma-ray measurement technique
have been published in several articles.3.4,15 By placing a high resolution
and high efficiency gamma-ray detector at the site from which environmental
radiation data is required, the effective source intensity of that radiation
is enlarged many times. Instead of analyzing a series of samples collected
in the field and tediously processed in the laboratory, the entire site is
analyzed in a few hours.

The detector used in this particular survey is a high resolution Ge(Li)
downlooker with self-contained power supplies. All the other equipment,
including the analyzer, amplifier and computer, is transported to the site
in a rugged four-wheel drive truck especially configured for in situ work.

A.1 Equipment Description

A.1.1 Vehicle

The Mobile Environmental Radiation Laboratory consists of a 1975 GMC
Jimmy truck with ali the equipment necessary to accumulate and analyze in
situ gamma-ray spectra. This vehicle is large enough to contain all the
electronic gear and yet small enough to be completely maneuverable off
the road. It is designed to operate in remote areas and is fitted with
heavy-duty equipment wherever possible. A three inch thick bulkhead
athwart the rear of the truck divides the cargo space into two sections,
one at ambient temperature accessible through the tailgate, where the Ge(Li)
detector is carried, and one inside the truck, where the electronic equip-
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ment is located, maintained at room temperature by the vehicle air condi-
tioner or heater as appropriate. On the ambient temperature side of the
bulkhead is a 2.5 kilowatt generator which supplies 120 VAC for operating
the electronic gear. It is shock mounted to the floor of the truck and
exhausts through the open tailgate.

A.1.2 Detector and Electronic Equipment

The Ge(Li) detector is a Canberra 7229 downlooker with Canberra 970
preamplifier. It is mounted on a tripod 1 m above ground for in situ
counting and is connected to the truck by a 30 m long coaxial cable carry-
ing the energy signal. The preamplifier power and detector high voltage
are supplied by batteries which hang from a yoke attached to the detector
dewar. The absence of the usual high voltage and power cables eliminates
ground loops and increases the energy resolution.

The electronic components are installed in a cut down, shock mounted
relay rack in the air conditioned part of the truck. These include a 4096
channel Northern Scientific NS-720 multichannel 2nalyzer, Northern Scientific
NS-442 calculator interface, Hewlett-Packard 9810A desk top calculator,
Hewlett-Packard 9865A cassette memory, and a Canberra 1413 linear amplifier.
This equipment has been adapted to fit the requirements of the Mobile
Laboratory, rather than having been purchased specifically for in situ work.

The detector, calculator, and analyzer are used for fixed geometry counting
in the laboratory while the truck is oot actually in the field.

A.1.3 Method

The analysis of each gamma-ray spectrum 1s performed by a Hewlett Packard
microcomputer. The calculator is interfaced to the multichanne) analyzer
through a Northern Scientific NS-422 two-way calculator interface. The
guiding principle is that the complete analysis be performed on-site in
as short a time as possible. It is thought that this capability is unique.
The coftware system consists of programs recorded on a tape cassette in
their exact order of use so that no time is lost in tape transport, and
tape commands are held to the minimum. The analysis is initiated and
controlled by the operator, leaving the calculator free for other use
during spectrum accumulation,
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Prior to each analysis a two point energy calibration is made,
using the in situ spectrum just acquired. Experience has shown this to
be necessary due to gain shifts caused by temperature changes inside the
truck. The energy calibration requires about 1 minute to complete.

The analysis program calculates the intensity of each photopeak in
the spectrum and the activity and gamma-ray exposure rate for each isotope
in the library.

The intensities of the 352 keV 21%Pb line and 583 keV 208T] line
are stored for use in the interference correction described below. The
peak detection subroutine closely follows that developed by Wood and
Palms (1974), with the addition that a limit of sensitivity, denoted
LOSI, is given by 2/IN, where IN is the sum of the points in the continuum
if a peak is detected or IN is the sum of six peints at the peak position
if it is not detected but is in the library. This subroutine will resolve
peaks only four channels apart. For each peak the output, which may be
suppressed, is energy, centroid, number of channels in the peak, intensity,
and error in intensity.

A library search is performed for each peak detected. If successful,
the activity, A, error, 2A, and Minimum Detectable Activity, MDA, are out, ut.
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The activity is given by
I e kli - I - kxi

A= = = - (1)
4neT 0.0371‘0‘:(;)!. b

where I = Intensity (counts in photopeak)
li = Interference Intensity
T = Count time
L = Height of detector above ground
e = Absolute efficiency of detector
0.037r¢c(§)- Conversion from flux to pCi/cm? or pCi/g

k = Interference factor
p = Soil density
a = Relaxation length of exponentially distributed source activity
with soil depth
r = Gamma fraction
0.037 = Disintegrations/sec/pCi

The considerations leading to the above equation are given by Beck
et al. (1972); along with a more general discussion of the problem than
is desirable here. The value of oc(g) used above is obtained by fitting
curves to the data given in Table 1 of HASL-258. The curves are of the form

b b
e MO Y (e UY'D
w

0.(3) =e g

cp .°<°<. (2)

b. -.
() =e W, a=e (3)
¢c(0) = tabulated, a=0 (4)

where w = energy in keV. a = 0 corresponds to a source distributed uniformly
in the soil, in which case A has units of pCi/gram. a = = is a plane
source. Otherwise an exponential distribution with depth is assumed, with
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a relaxation length of %. A has units pCi/cm? in these cases (a ¥ 0). The
interference factor is given by

chC(O) interferring line, i.e., 665.6 keV 21“Bi. (5)

:roc(o) interference series, i.e., 352 keVv 214pp

This is the fraction of the intensity of, for example, the 35z keV 21%pp
line to be subtracted from the 661.6 keV 137Cs line to correct for inter-
ference from the 665.6 keV 21%Bi line. The error in the activity is

{al2 + (0.071)2 + (kal )2 + (0.031)2)1/2
b

AA =

where Al is the statistical error in the photopeak integration, 0.071 is

an estimate of the error introduced in the efficiency calibration and

curve fitting, kAIi is the error in the interference subtraction and

0.03I is an estimate of the effect of a reasonable error in soil density
determination. b is the denominator in equation (1). The Minimum Detectable
Activity, calculated for each isotope in the library whether detected or

not, is given by

MoA « LOSL . (7)

The gamma-ray exposure rate, ER, for each isotope or decay chain as
appropriate, is also calculated. The exposure rate in uR/hr is

ER = Age(2) (8)

where oE(%) is obtained from Tables 8 and 9 of HASL-258. These data are
fit to curves of the form

b m
(D =e 3, 0O<acx<e, (9)

OE(%) is tabulated for a = 0 and a = =, The error in the exposure rate
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includes a five percent calibration term. A Minimum Detectable Exposure
Rate (MDER) is also provided.

Peaks with a right hand continuum which rose above the threshold,
that is, did not decrease monotonically, are flagged. This may indicate
poor statistics or the presence of another peak which was missed in the
scan. In these cases a program which allows the continuum to be specified
by the operator is used and the calculation proceeds as described. Spectra
can be stored on tape cassettes and reloaded into the multichannel analyzer
at a later time. Other programs print sections of the spectrum, calculate
efficiency and alter the isotope 1ibrary. The absolute efficiency of the
detector is given by

(e;+e,In(w))  (ej+e,In(w))
e, +e,1n(w . este,In(w :

E(w) = {1 - e (10)

where s &, &g, and e, are measured and w is the energy in keV.
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Appendix B

Sample Analysis Feports for Soil Collected at all
Stations except Osborne Road Air/Rain Station

October 1982



SAMFLE CODE: TS1S8

SAMFLE ANALYSIS REFORT

COLLECTED: J00 1987
STATION: TERRESTRIAL STATION 1

LOCATION: BNFF

SAMPLE TYPE: SOIL CORE COMFOSITE

REMARES: 0-5 CM

DETECTOR: BIGJEL
GEOMETRY: MS

DATE COUNTED

322 1983
NUCLIDE

LL6RA
214PE
232TH
137C8
228BAC
40K

Ly

WEIGHT COUNTED
789. 5900 GRAM

ACTIVITY FCI/GRAM

0,9
0,45
0,51
0.77
0,54
0. 54

/-
/-
* /-
*/ -
>/ -
* /-

0.1

0,03
0,03
0,04
Q, 04
0,08

COUNT TiME






SAMFLE CODE:
COLLECTED:
STATION:
LOCATION:
SAMFLE TYPE:
REMARKS:

DETECTOR:
GEOMETRY:

DATE COUNTED

SAMPLE ANALYSIS REFORT

TS3
300 1983

TERRESTRIAL STATION o

BNFF

S0IL CORE COMFOSITE

o-35 CM

BIGJELLY
MS

WEIGHT COUNTED
875.2900 GRAM

ACTIVITY PCI/GRAM

220 1983
NUCL IDE
226RA 0.5
214FB 0,39
23I2TH 0,46
137CS 0.95
228AC Q.93
40K 0,324

+/-
+/-
+*/ -
+/ -
+/ -
+/-

0.1

0,02
0,03
0.03
0,04
0.08

COUNT TIME
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SAMPLE CODE:
COLLECTED:
STATION:
LOCATION:
SAMPLE TYFE:
REMARKS:

DETECTOR :
GEOMETRY:

DATE COUNTED

SAMPLE ANALYSIS REFORT

cTos
301 1983

CIRCULAR TURKEY 0AK

BNFF

SOIL CORE COMPOSITE

0-3 CM

BIGJELLY
MS

WEIGHT COUNTED
B0O9, 0700 GRAM

ACTIVITY PCI/GRAM

319 1983
NUCL IDE
226R# 0.3
214F8B 0. 34
232TH 0,46
137C8 0,62
228AC 0.%0
40K 0,28

*/ -
* /-
/-
*/ -
* /-
*/-

0.1

0,02
0,03
0,03
0,04
0,08

COUNT TIME
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SAMPLE CODE:
COLLECTED:
STATION:
LOCATION:
SAMPLE TYPE:
REMARK S

DETECTOR:
GEOMETRY :

DATE COUNTED

SAMPLE ANALYSIS REFORT

CBS
300 1983

CAROL INA BAY

BNFF

SOIL CORE COMPOSITE

0= CM

BIGJELLY
MS

WEIGHT COUNTED
711.,1800 GRAM

ACTIVITY PCL/GRAM

321 1983
NUCL IDE

226RA 0.7
214FPB Q.30
232TH 0,74
137C8 1.34
co8AC 0.82
40K 0.31

* /-
* /-
‘ /-
* /-
/-
* /-

0.2

0,03
0,08
0,07
0,085
0,06

COUNT TIME
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s Page 52

SAMFLE ANALYSIS REFORT

SAMFLE CODE: NS1S
COLLECTED: 301 1983
v STATION: NATURAL STATION 1
LOCATION: BNFF
SAMFLE TYFE: SOIL CORE COMFOSITE
REMARKS: 0O-S CM

DETECTOR: BIGJELLY

. GEOMETRY: MS
DATE COUNTED WEIGHT COUNTED COUNT TIME
320 1983 851. 0900 GRAM 14400, SEC
NUCL IDE ACTIVITY PCI/GRAM
214FE 0,48 » /- 0,03
<32TH .58 * /- 0,04
137CS Qs 7S /- 0,04
::a“c (:' . b:‘ * /- (:, . ()4
30K O, 48 +/ - Q0,06
"
3
®
“
2



SAMFLE CODE:
COLLECTED:
STATION:
LOCATION:
SAMFLE TYPE:
REMARKS:

DETECTOR:
GEOMETRY:

DATE COUNTED
322 1983

NUCLIDE

226RA
<14FB
232TH
137CS8
228AC
40F

SAMFLE ANALYSIS REFORT

FSL43
302 1983
FSL 4
BNFFP

SOIL CORE COMPOSITE

0o-5 CM

BIGJELLY
MS

WEIGHT COUNTED
764 ,5500 GRAM

ACTIVITY FCI/GRAM

0.4

0.37
0.39
0.96
0.44
0.48

+/-
* /-
+/-
* -
*/-
* /) -

0.1

0,02
0,03
0.08
0,03
0,06

COUNT TIME
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SAMFLE CODE:
COLLECTED:
STATION:
LOCATION:
SAMFPLE TYFE:
REMARKS::

DETECTOR:
GEUMETRY:

DATE COUNTED

SAMFLE AMALYSIS REFORT

FSLSS
302 1983
FSL S
EBNFF

SOIL CORE COMPOSITE

0-3 CM

BIGJELLY
MS

WEIGHT COUNTED
794.8600 GRAM

ACTIVITY PCI/GRAM

320 1983
NUCL IDE
Z226RA 0.4
214FB 0:33
222TH 0,44
137CS 0.795
228AC 0.47
40k 0,20

/-
+/=
- f -
/-
/=
/=

0.1

0,02
0,03
0,04
0,03
O, 08

COUNT TIME
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SAMPLE CODE: FSL&S

1983
STATION: FSL &

LOCATION: BNFF

COLLECTED: 302

SAMFLE ANALYSIS REFORT

SAMPLE TYFE: SOIL CORE COMFOSITE

REMARKS: O-5 CM

DETECTOR: BIGJELLY

GEOMETRY: MS

DATE COUNTED
19 1983

NUCLIDE

226RA
214FB
232TH
137CS8
228A/C
40k

WEIGHT COUNTED COUNT TIME

807.1600 GRAM

ACTIVITY PCI/GRAM

0.4 * /- 0.1

0,42 * /- 0,03
0. 33 */ - 0,02
0.3 +/ - O,02
Q. 35 /- 0,03

Q,2 * /- 0,085

14400,

SEC
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Appendix C

Sample Analysis Reports for Litter/Humus Collected
at all Stations except Osborne Road Air/Rain Station

October 1983

S6



SAMFLE ANALYSIS REPORT

SAMFLE CODE: TSI1LH
COLLECTED: 300 1983
STATION: TERRESTRIAL STATION 1
ILOCATION: BNFP
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE
DETECTOR: BIGJELLY
GEOMETRY: ML
DATE COUNTED WEIGHT COUNTED COUNT TIME
322 1983 308, 9000 GRAM 28800, SEC
NUCL IDE ACTIVITY FPCI/GRAM
2ob6RA 0.4 */ - 0.1
214PE Q.25 * /- 0,02
232TH 0.2 */=- 0,03
137CS 1.81 /- 0,08
228AC 0,31 */ - 0.0%
40K 0,58 /- O,08
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SAMFLE CODE:
COLLECTED:
STATION:
LOCATION:
SAMFLE TYPE:

DETECTOR:
GEOMETRY :

DATE COUNTED

SAMFPLE ANALYSIS REFORT

TSZLH
J00 1983

TERRESTRIAL STATION

BNFF

LITTER AND HUMUS COMFOSITE

BIGJELLY
ML

X237 1983 48

NUCL IDE

184CE
226RA
214FB
1256k

7RE
232TH
127C8
«<8AC

40k

5
.

WEIGHT COUNTED
. 2200 GRAM

ACTIVITY PCI/GRAM

0,16
Q.3
0,27
0,08
2.1
0,19
2:6
.48
0,49

*/ -
> f -
-
+ /-
+/-
* ) -
/-
+ /) -
/-

0,03
0.1
0,02
0,01
0.1
0,03
0.1
0,03
0,06

COUNT TIME
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SAMFLE CODE:
COLLECTED:
STATION:
LOCATION:
SAMFLE TYFE:

DETECTOR:
GEOMETRY:

DATE COUNTED

SAMPLE ANALYSIS REPORT

TS3LH
J00 1983

TERRESTRIAL STATION =

EBNFF

LITTER AND HUMUS COMFOSITE

BIGJELLY
ML

WEIGHT COUNTED
482.7000 GRAM

ACTIVITY PCI/GRAM

324 1983
NUCL IDE
144CE Q.07
226RA 0ud
214FPE 0.32
125SB 0,05
7BE 1.20
232TH 0,326
137CS8 2.0
228AC 0.3
40k 0,48

+/=-
f -
*/ -
¢/~
/-
+ /-
+/-
+/-
* /-

0,02
0.1

0,02
0,01
0,09
Q0,032
0.1

0,03

0.06

COUNT TIME
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SAMFLE ANALYSIS REFORT

SAMFLE CODE: TS4LH
COLLECTED: 301 1983
STATION: TERRESTRIAL STATION 4
LOCATION: EBNFFP
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE
DETECTOR: BIGJELLY
GEOMETRY: ML
DATE COUNTED WEIGHT COUNTED COUNT TIME
325 1983 303, 3000 GRAM 28800, SEC
NUCL IDE ACTIVITY PCI/GRAM
226RA O3 +/ - 0.1
214FB 0,30 */- 0.02
12588 0,06 * /- 0,01
7BE 1.8 +/~- 0.1
232TH 0.3 +/- 0,03
137CS8 1.08 +/- 0,06
228AC 0,29 +/=- 0,03
&0CO0 0,022 /- 0,005
40k 0,68 | +/=- 0,09
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SAMPLE CODE:
COLLECTED:
STATION:
LOCATION:
SAMPLE TYPE:

DETECTOR:
GEOMETRY

DATE COUNTED

323 1983
NUCL I DE
226KRA -
214FPE 0,52
12568 0,084,
7RE 1.3
232TH 0,952
137C8 W § |
228AC O.61

40k

SAMPLE ANALYSIS REPORT

TSSLH
I00 1983

TERRESTRIAL STATION S

EBNFP

LITTER AND HUMUS COMFOSITE

BIGJELLY
ML

WEIGHT COUNTED
402.8800 GRAM

ACTIVITY PCI/GRAM

1.1

+/ -
*)=-
/-
/-
*> f -
*/=-
/-
*/-

0.1
0,03
0,01
O.1
0,04
0,07
0,04
0.1

COUNT TIME

Page 61



SAMPLE CODE:
INSTALLED:
COLLECTED:

STATION:
LOCATION:
SAMPLE TYPE:

DETECTOR:
GEOMETRY

DATE COUNTED

SAMPLE ANALYSIS REFORT

CTOLM
01 1983
302 19683

CIRCULAR TURKEY OfAk

BNFF

LITTER AND HMUMUS COMPOSITE

BIGJELLY
ML

WEIGHT COUNTED
I37.1400 GRAM

ACTIVITY PCL/GRAM

328 1983
NUCL I DE

144CE 0,16

JL6RE 0.2

214FE 0,22

24988 0,086
THE 1.4

23I2TH 0,31

137C8 a1

2280 0,33

Q0K 0,594

/-
>/ -
>/ -
/-
*/=-
* /-
/-
.-
*/-

0, Os
(A |
0,02
0,01
0.1
0,03
OI‘
0,03
0,08

COUNT TImME
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SAMPLE CODE: CBM

CAMPLE ANALYSTS REPORY

COLLECYID: 300 198

STATION: CrROL ING BaY

LOCAYION: BNe P

SANPLE TYPEr LITTER AND MUMUS COMPOSTTE

DETECTORY ~lBwJF L v

GEOMETRY ™

PATE COUNTEE
2% 199

NUCL TLE

144K
PR
PR
.
232TH
| 27CH
10800
P
aon

WE L

COUNTED
209 @A00 GRAM

SCTIVITY FCT anam

.14
0.3
Deab

20

0,37
Qe
Ly T
0,018
o‘ ’

L T
¢ /-
L
i
./
LR
» -
LA
T

0. 04
Qs
.03
o,
0,0%
P |
0,04
e OO

e

COUNT TiImE
28800, SEC
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BAMPLE ANALYSIS REFORT

SAMPFLE CODEr NS1LH
INSTALLED) 301 1983
COLLECTED: 02 1963
STATION) NATURAL STATION 1
LOCATIONY EBNEP
SAMPLE TYPE: LITTER AND MUMUS COMPOSITE

DETECTOR: BIGJELLY
GEOME TRY) M

DATE COUNTED WEIGHT COUNTED COUNT TIME
321 1982 71,0300 GRAM 28800, SEC
NUCL | DE ACTIVITY PCI/GRAM
144CE 0,10 */= 0,03
23“‘ 0,3 */- 0.1
J14P0 0,23 */- 0,02
‘e ‘o’ */ - 0.1
232T™W 0,36 */- 0,03
137CS8 .62 */=- 0,08
JLBAC Gy 3‘ /- 0,03

aon 0,93 /- 0,08



2 » T -) N R A N
"\J\ o b { ! W i\ ™
Page 65
SAMFLE ANALYSIS REPOR]
SAMFLE UDE: FSLALM
COLLECTED: 302 198>
,'"'>|‘- ;if‘ M P:r,> 4

AMFLE TYFE: ITTER AND HUMUS COMPOSITE

© DATE CUOUNTED WE (GHT COUNTED COUNT TIME
24 e S Gé6. 2100 GRAM 474638, SEI

=AM



SAMFLE ANALYSIS REFORT

SAMFLE CODE: FSLSLH
COLLECTED: 302 1983

Y STATION: FSL S
‘ LOCATION: BNFF

SAMFLE TYFE: LITTER AND HUMUS COMFOSITE

DETECTOR: NEWJELLY

GEOMETRY: ML

° DATE COUNTED
325 1983
NUCL IDE
144CE
® 226RA
214PR
1 25SE
7BE
232TH
137CS
L 228AC
30K
»
L J
-

WEIGHT COUNTED
353.4800 GRAM

ACTIVITY PCI/GRAM

0.16
0.2
0.30
0.05
1.4
0.4%
2.2
0.47
Q.76

s J e
+/ -
+/ =
+/=-
o f -
+/=-
-
+/=
o f a

‘). 1
0,04
0,09

COUNT TIME



SAMFLE ANALYSIS REFORT

SAMFLE CODE: FSL6LH
COLLECTED: 302 1983

® STATION: FSL 6
LOCATION: ENFP

SAMFLE TYFE: LITTER AND HUMUS COMFOSITE

DETECTOR: BIGJELLY

GEOMETRY: ML

[ ]
DATE COUNTED
324 1983
NUCL IDE
226RA
® 214FE
12558
7BE
232TH
137CS
228AC
. 408
L
®

WEIGHT COUNTED
480, 4600 GRAM

ACTIVITY PCI/GRAM

0.4
0,39
Q.04
0,60
0. 31
1.66
Q.36
0.61

B -
/-
+ /-
e
+ /-
+/ -
+/ -
+/ -

0.1

0,02
0,01
0,06
0,03
0.09
0,03
0,07

COUNT TIME
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Appendix D

Sample Analysis Reports for Soil Collected in the
Vicinity of Osborne Road Air/Rain Station

January 1984



SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORS1
COLLECTED: 28 1964
LOCATION: TELEPHONE POLE AT O.R. & C.N. ROAD NEAR GATE
SAMPLE TYPE: SOIL COMPOSITE
REMARKS: 0-5 CM

DETECTOR: BIGJELLY
GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
3% 1984 927.2000 GRAM 14400. SEC

NUCL IDE ACTIVITY PCI/GRAM

226RA { * /- 0.1
214PB +/- 0.03
7BE t +/ - 0.03
232TH /- 0.04
137CS 2 /- 0.01
228AC 0.04
40K . 0.06




SAMPLE CODE:
COLLECTED:
LOCATION:
SAMPLE TYPE:
REMARKS:

DETECTOR:
GEOMETRY:

DATE COUNTED
39 1984

NUCL IDE

226RA
214PB
232TH
137CS
228AC
60C0
40K

SAMPLE ANALYSIS REPORT

ORS2
28 1984

Page 70

BEND OF C.N. ROAD WHERE OHIO ROAD INTERSECTS

SOIL COMPOSITE
0-5 CM

BIGJELLY
MS

WEIGHT COUNTED
898.9000 GRAM

ACTIVITY PCI/GRAM

0.7
0.56
0.73
0.31
0.82
0.013
0.87

G-
S f -
+/ -
+/ -
+/ -
/-
*/ -

0.1
0.03
0.04
0.02
0.05
0.003
0.08

COUNT TIME
14400. SEC




SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORS3
COLLECTED: 28 1984
LOCATION: NEW OSBORNE ROAD A/R
SAMPLE TYPE: SOIL COMPOSITE
REMARKS: 0-5 CM
DETECTOR: BIGJELLY
GEOMETRY: MS
DATE COUNTED WEIGHT COUNTED COUNT TIME
37 1984 822.0200 GRAM 21600. SEC
NUCL IDE ACTIVITY PCI/GRAM
226RA 0.7 *f - 0.1
214PB 0.55 W f - 0.03
232TH 0.75 & f - 0.04
137Cs 0.75 + /- 0.04
134CS 0.034 +/- 0.008
228AC 0.85 *f - 0.05
60C0 0.61 - 0.03
40K 1.4 *f- 0.1




SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORS4
COLLECTED: 28 1984
LOCATION: APPROX 60 M FROM NEW O.R. A/R ON C.N. ROAD
SAMPLE TYPE: SOIL COMPOSITE
REMARKS: 0-5 CM
DETECTOR: BIGJELLY
GEOMETRY: MS
DATE COUNTED WEIGHT COUNTED COUNT TIME
39 1984 844.9000 GRAM 21600. SEC
NUCL IDE ACTIVITY PCI/GRAM
226RA 0.5 & 0.1
214PB 0.40 /- 0.02
232TH 0.47 Sl - 0.03
137Cs 0.72 +*/- 0.04
134CS 0.008 *f = 0.005
228AC 0.57 +/- 0.04
&60C0 0.20 of- 0.01
40« 0.45 *f - 0.05
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®

SAMPLE CODE: ORSS

SAMPLE ANALYSIS REPORT

COLLECTED: 28 1984

LOCATION: APPROX 120 M FROM NEW O.R. A/R ON C.N.

SAMPLE TYPE: SOIL COMPOSITE
REMARKS: 0-5 M

DETECTOR: BIGJELLY

GEOMETRY: MS

DATE COUNTED
38 1984

NUCL IDE

226RA
214PB
232TH
137CS
134CS
228AC
60C0
40K

WEIGHT COUNTED
731.8300 GRAM

ACTIVITY PCI/GRAM

0.7 */- 0.1
0.56 /= 0.03
0.74 */- 0.04
0.76 +/ - 0.04
0.009 */- 0.006
0.91 +/ - 0.05
0.43 /- 0.02
0.87 +/ - 0.08

COUNT TIME

21600.

SEC

ROAD



SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORSé
COLLECTED: 28 1984
LOCATION: APPROX 40 M FROM NEW O.R. A/R TOWARD BNFP
SAMPLE TYPE: SOIL COMPOSITE
REMARKS: 0-5 CM
DETECTOR: BIGJELLY
GEOMETRY: MS
DATE COUNTED WEIGHT COUNTED COUNT TIME
40 1984 689. 6500 GRAM 14400. SEC
NUCL IDE ACTIVITY PCI/GRAM
226RA 0.9 *f- 0.2
214PB 0.65 - 0.04
232TH 0.94 +/- 0.06
137CSs 1.9 /- 0.1
134CS 0.033 S f Q.009
228AC 1.04 */=- 0.07
&0C0 0.34 +/- 0.02
40K 1.6 *)- 0.1
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SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORS7
COLLECTED: 28 1984
LOCATION: APPROX 80 M FROM NEW O.R. A/R TOWARD BNFP
SAMPLE TYPE: SOIL COMPOSITE
REMARKS: 0-5 CM
DETECTOR: BIGJELLY
GEOMETRY: MS
DATE COUNTED WEIGHT COUNTED COUNT TIME
40 1984 817.0300 GRAM 14400. SEC
NUCL IDE ACTIVITY PCI/GRAM
226RA 0.4 &)= 0.1
214PB 0.36 4= 0.02
232TH 0.48 * ) - 0.03
137Cs 0.85 e g 0.05
228AC .51 e 0.04
60C0 0.014 - 0.003
40K 0.36 O f - 0.06
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Appendix E

Sample Analysis Reports for Litter/Humus Collected
in the Vicinity of Osborne Road Air/Rain Station

January 1984



Page 77

SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORLH1
COLLECTED: 28 1984
LOCATION: TELEPHONE POLE AT O.R. & C.N. ROAD NEAR GATE
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE
DETECTOR: NEWJELLY
GEOMETRY: ML
DATE COUNTED WEIGHT COUNTED COUNT TIME
39 1984 422.5000 GRAM 28800. SEC
NUCL IDE ACTIVITY PCI/GRAM
226RA 0.5 *f = 0.1
214PB 0.39 s 0.02
7BE 8.1 L 0.4
23I2TH 0.44 *f - 0.03
137CS 0.23 »f - 0.01
228AC 0.54 - 0.04
60CO0 0.104 W f 0.009
40K 0.64 o ff = 0.08



SAMPLE CODE: ORLH2

SAMPLE ANALYSIS REPORT

COLLECTED: 28 1984

LOCATION: BEND OF C.N.
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: NEWJELLY

GEOMETRY: ML

DATE COUNTED
39 1984

NUCL IDE

226RA
214PB
7BE
232TH
137Cs
228AC
60C0
40K

WEIGHT COUNTED
384. 4600 GRAM

ACTIVITY PCI/GRAM

1.1 */- 0.2
0.79 +/=- 0.04
3.9 +/- 0.2
1.09 +/- 0.06
0.23 +/=- 0,02
1.38 +*/- 0.08
0.077 +/= 0.009
4.9 */- 0.3

ROAD WHERE OHIO ROAD INTERSECTS

COUNT TIME

28800.

SEC



SAMPLE CODE:
COLLECTED:
LOCATINN:
SAMPLE TYPE:

DETECTOR:
GEOMETRY:

SAMPLE ANALYSIS REPORT

ORLHA4

28 1984
APPROX 60 M FROM NEW O.R. A/R ON C.N. ROAD
LITTER AND HUMUS COMPOSITE

NEWJELLY
ML

DATE COUNTED WEIGHT COUNTED COUNT TIME
40 1984 362.0300 GRAM 28800, SEC

NUCL IDE

226RA
214PB
7BE
232TH
137CS
134CS
228AC
&0C0
0K

ACTIVITY PCI/GRAM

0.3 &/ - 0.1
0.25 ¢/~ 0.02
8.7 +*/ - 0.5
0.34 +/ - 0.03
« 92 ¢/ - 0.03
. 008 */ - 0.006
J.44 +*/ - 0.04
0.60 */ - 0.03
0.579 */ - 0.08




SAMPLE CODE: ORLHS

SAMPLE ANALYSIS REPORT

COLLECTED: 28 1984

LOCATION: APPROX 120 M FROM NEW O.R.
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: NEWJELLY

GEOMETRY: ML

DATE COUNTED
38 1984

NUCL IDE

226RA
214PB
7BE
232TH
137CS
228AC
65IN
60C0
40K

WEIGHT COUNTED
427.4800 GRAM

ACTIVITY PCI/GRAM

0.4

°RGGR"¢

= OO0OO0OO0O0UO

+/-
+/-
/-
+/-
+/-
+/-
+/ -
+/ -
+/~

0.1
0.02
0.2

000000
“2888¢%

A/R ON C.N.

COUNT TIME
28800. SEC

ROAD



SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORLHé
COLLECTED: 28 1984
LOCATION: APPROX 40 M FROM NEW O.R. A/R TOWARD BNFP
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE
DETECTOR: BIGJELLY
GEOMETRY: ML
DATE COUNTED WEIGHT COUNTED COUNT TIME
38 1984 287.8800 GRAM 21600. SEC
NUCL IDE ACTIVITY PCI/GRAM
226RA 0.9 * /- 0.2
214PB 0.53 +/=- 0.04
7BE 8.8 >/~ 0.5
232TH 0.92 e o 0.06
137CS 1.31 >/ - 0.07
134CS 0.08 +/- 0.01
S4MN 0.01%9 S f- 0.009
228AC 1.27 >/~ 0.09
60C0 0.87 +/- 0.05
40K 2.5 +/ - 0.2
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SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORLM7
COLLECTED: 28 1984
LOCATION: APPROX 80 M FROM NEW O.R. A/R TOWARD BNFP
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE
DETECTOR: NEWJELLY }
GEOMETRY: ML ‘
|
DATE COUNTED WEIBHT COUNTED COUNT TIME
40 1984 319.4400 GRAM 28800. SEC
NUCL IDE ACTIVITY PCI/GRAM ‘
\
144CE 0.11 +/-  0.03 1
141CE 0.019 +/-  0.009 \
226RA 0.3 +/= 0.1 ‘
214PB 0.17  +/- 0.02
12558 0.05  +/- 0.01
7BE 1.2 +/= 0.1
232TH 0.26  +/- 0.02
137CS 1.39  +/- 0.07
S4MN 0.012  +/- 0,005
228AC 0.2 +/=  0.03
600 0.24 4/~  0.02
40K 0.75  +/-  0.09
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Appendix F

Representative Data from SRP’s 1982 Report,
"Environmental Monitoring in the Vicinity of the
Savannah River Flant," Annual Report for 1982,

Report No. DPSPU-83-20-1
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TABLE 5. RADIOACTIVITY IN AJR, CONI'D
BE-2 PClsCU M E-2
F CT ERR Cr ERR ARTTHMETIC
LOCATION SANPLES _ mAX|Min 2 —23% CL
’H&’th&'ﬂ_ 12 1] s 5.5 31 17 17
23 MILE RADIUS 11 38 8.7 64 1.7 s ;u
100 MILE RADIUS 13 3 gis 0.19 1.2 15 i20
SR-89, 99 PClsCY M E-2
ND. OF CT ERR CT ERR ARITHMETIC
LOCATION SANPLES -85 CL
o’-HSF‘“ﬂ””-ﬁHL i 0.01 0 02 -0.01 40.02 0.00 -
2% MILE RADIUS 10 003 30.02 -0.01 %0.02 0.01 46.02
100 MILE RADIUS cOMP 1 004 .09 -0.08 i0.07 0.01 30,04
2R-95, MB-9S, PCI/CU M E-2
NO. OF CT ERR CT ERR ARITHMETIC
AQCATION SARLLES __mMaximum Ny
aH.‘.F*H%NI‘L— 12 0.0 $0.13 0.00 4013 0.03 40 .08
25 MILE RADIUS 1 010 3013 0.00 0.1} 6.03 30.08
100 MILE RADIUS 13 0.3 .2 0.00 30.43 0.06 30.20
RU-108 PCI/CU M E-2
0. OF CY ERm cY ERR ARTTHMETIC
LOCATION SADPLES _ maxpnum __95% CL __MINimuM
1 Cl '“
3{553511.-?5& 12 (81l 1.2 0.0 0.7 .27 40 .56
2% MILE RADIUS 1 .69 0.8 0.00 0.3 0.18 i0.50
100 MILE RADIUS 13 8 8 2.8 , i3 Bt i 4
£s-132 L PClsCU M E-2
wo. OF CT ERR c1 ERR ARTTHMETIC
LOCATLION S4MPLES _ mAYIMUN Hlninun _9sx CL
1 ¥ L
M.‘.anmll"— 12 045 011 0.12 010 e 23 £0.22
2% MILE RADIUS 1 020 0. 10 2.93 009 010 $0.14
100 MILE RADIUS 13 6.2 3033 0.00 30.25 0.10 $0.20
LE-148 PCLsGH M E-2
w3, OF CT Ens eI Eme ARITUMETIC
LOCATION SANPLES _ maxiemm __ 93% CL __MINImus 98X Cf 1
¥ €3
'HgHilﬂﬁH, 12 021 20 80 000 42 31 6.03 .14
2% MILE RADIYS 1 022 s1.82 8. 00 9.3 0 % 014
100 A1LE mapius 13 e 9% 1.3 0.0 1.3 8.1z a o5s
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TABLE 1)
L_BZ RADIOACTIVITY IN SOIL
(5-ce Depth)

Corcentration, pCl/q (Ory weignht)
Cs-137% SR-90% Py-238% Pyu-239%

Plant Perimeter

" Northeast quadrant .0%0 027 . 100 X . GUS 0.0163
Northwest quadrant 607 t 0.031 .030 . o 001 0.0134
Southeast quadrant 761 .035 012 & 0. . .003 0.0116
Southwest quadrant .862 027 .08s .l 0. 002 0.0z220

.830 .030 .0la odJ 5 .003 0.0160

). 460 .030 ).170 N 0. ).001 0.0013
t 0.019 - N 0.1 0.001 0.0015%
.488 ¢ 0,025 . 0. . t 0.0003 0.001a

Deposition,
Cs-137

Plaot Perimeter
Northeast quadrant 8l
Northwest quadrant a45.5
Southeast gquadrant 7.
Southwest quadrant 64,
Average 62.

NOMO
Qo000
0000

100-Mile Radiue
" Clinton, SC 34, ~ 10. 0.02
Savannah, GA 38, - 9 t 9.5 -0.02
Average® 6.6 ¥ ] 10. 0.02

' The * value represents the two sigma statistical countling error.

° T™e * value 15 the roct mesn squeare

he ' value represents the twe sigme standerd deviation of triplicate ssapia an

lyses
for Individual values

TABLE 14

RADIOACTIVITY IN SURFACE SOIL SUMMARY, mCt/km?

Plant Periseter 100-Mile Radius

Pu-238  Ca-130% ~ $r-90 #y-239

M1 Ce-13

.08 8 79
i 73
07 88
07 63
37 52
12 57
10 54
22 32
15 n

30 62

69 0.12 103
.26 D. 13 59
.68 ). 02 72
.09 06 74
.22 ). 04 S4
10 0.06 57
23 08 S2
45 0.08 2}
72 0.08 a2
10 .02 17

0000 o000

>

OO OO s O vt

Cs vas analyzed annually (n 10 cores |5-cn deeg




ALPHA L PE1/0
nQ T ERR CT ERR ARTTHMETIC
—hOCATION __  SAMPLES _ MAXIMUM —20X L . MEAN
I-'! “QHHS‘!—— 54 4.7 5.9 ~9.13 2019 0.18 1.3
R-2 SUSPENDED . 1.3 5.6 -5.3 ;s.s 0.02 3050
R-4 ABOVE & MILE Ck 54 4.3 5.9 -1.2 5.5 0.09 1.2
R-8 BELOW STEEL CX . 2.9 s -4.1 5.4 0.0% 30,88
R-9 BELOW L3R CREEX 54 3 359 “i.4 s 0.23 2.5
R-10 LVED ‘ 9.8% s 6 -2.2 5. 0.02 ;o.u
R-10 SUSPENDED [3! 0.46 3048 -0.13 30.2¢ 0.08 30.20
MONVQL BETA . PCILsL
4 NO. COF cr ERR Cr ERR ARTTHMETIC
~——LQCATION _ _ _ SAMPLES _ mAXIMUM ___9S% CL nreus __ 95% CL
IN
‘Q{!EISWP_— “ 1 16.% -4.0 6.0 1.3 5.0
R-2 SUSPENDED “ 3.7 5.1 -8.3 6.2 0.72 i
R-4 ABOVE & MILE Cx a8 7.3 5 -3.8 8.8 1.9 ;s.s
R-8 BELOW STEEFL Cx 8 7.4 .5 -4.5 6.3 1.8 5.2
R-9 BELOW LIR CREEK a8 1 ;o.s -7.0 iss 1.7 ;s.o
R-10 DISSOLVED .9 8.4 6.8 L 60 1.4 4.8
R-10 SUSPENDED s .7 5. “5.4 is.s 0.41 i2s
-3 s PS1sm
w0, OF cr Eme Cr ERR ARTTHMETIC
LOCATION SANPLES __maximum __ 98X CL
A
H‘i!%'h‘h‘i&v— 50 3.8 2044 -9.30 40.93 0.36 2.3
R-4 ABOVE & MILE Cx 52 18 0.9 9.03 ?.u 3.2 ;t!
R-10 HIGHWAY 301 i 10 i0.58 1.9 30,49 .3 1
$-1% L PCIsL
NO. OF cr ERe cr Ewp ARITHMETIC
—hOCATION  SAMPLES
.
FF-‘ *ﬂ&‘ﬁ‘u‘pﬁ— 12 1.9 132 0. 00 40 00 0.1 .1
R-18 ALGHWAY '8! [¢ 12 1. 2. 090 i0.00 018 T
ce-51 POl
N0, OF cr ERR cr ERe ARTTHMETIC
e LOCATION _ _  SAMPLES __maxiMuM —23% CL 2,018 L8y
2EC
Hﬂ%ﬁ(’?ﬁé"‘h— . 6.0 20 0.0 223 1.4 e
R-10 MIGHMAY 301 I¢ L} 12 i23 000 s 1.8 is.0
=4 _MN-%e L PCLL
NS, OF c1 ERR cr ERe ARTTHMETIC
—AOCATION _ SAMPLES _ MAXIMUM —23X CL __MINIMUM
H‘{“ﬁ" “H’ "l— 4 1.3 "ol 0.90 822 011 20 .48
R-10 WIOMWAY 301 IC s1 0.47 i1 s 0.00 2.1 0.06 T0.24
£0-49 P10
NO. QF Cr ERR cr ERm ARTTMMETIC
LOCATION SANPLES _ mAXIMUM ___ 93X CL
=2 ABCY 4 6.5 *27 0.08 s13 0.58 2.7
R-10 WIGHMAY 301 [€ s1 6.3 iy 0.00 i1e 0.48 2.
IN-45 s PClsL
N0, OF cT ERR cr ERR ARTTHMETIC
LQCATION SARMPLES __MAXIMUM __ 95% CL _ MINIMUM —25% CL . MEAN
- 4 3.2 114 0.00 1.1 .37 1.4
R-10 WIGHMAY 301 I¢ 51 3.4 (LN 0.00 3. 0.49 s
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LIAME 22: RADIGACTIVIIY LN SAVANNAN BIVES WAIER. GONI'D.
]

iR-3 P L PN

NO. OF CT ERR CY ERR ARTTHMETIC
AOCATIQY SADPLES _Faxinue 955 CL _ MININGM 93X CL ___ MEAN
H‘m&a“!&‘n!“— ; 0.1 0.48 -0.15 £0.12 0.17 -
! R-10 HIGHWAY 301 l 0.723 i-o.n =0.01 £0.11 0.22 v

2R-95. NR-93. PCIsL

NO. OF CT ERe CT ERR ARITHMETIC
| LOCATION SAMPLES _ MAXIMUM 93X CL _ MINIMUM 35X CL __ NEAN
igf‘“oh mlll?‘ a4 (1] i‘.’ 9.00 2.2 00 0.3
R-10 HIGHWAY 301 51 «m 2.3 .0 2.4 0.1 ELR L)
RU-103, 106 . PCI/L
‘ NO. OF CT ERR CT ERR ARITHMETIC

be— L,

110 0.00 60 38 sie
<10 MIGHI'AY 301 51 24 158 s.00 354 37 e
113 PSLsL
NO. OF CT ERR CT ERR ARTTHMETIC
. AQCATION SANCLES _maxinum 93 CL . mIsinum -3k CL
i "}HSI’”H' — . .3 9.3 9 %0 3.7 022 2.0
R-10 HIGHWMAY 301 51 ‘4 S0 000 i34 0.8 i
$3-13¢ S PCLsL
N3, OF ARITHMETIC
. AQCATIon AANMPLIS __mAXInun LU ninun —DEAN_ 2 51D DEY
iq‘*ﬂiv!‘ L4 s 0.0 0.0 6.0 -
R-10 Hidhwiar 301 F 1 0.00037 [N VTR 0.00011 0.00011
£5-137 PCIsL
N0 OF ARTIHRET IC
—hGRALAN SAMPLES ~DAxinun ~ DL LN —lIEAN 2 SID REY
PY 33 171 1) 0.0031 0. 00006 0.7019  #0.00075
R-10 MIG WAy 30. 2 0.014 0.0041 0.0084  +0.0031
SE-180. 188 . PCIL/L
nO. OF C1 ERR CT ERR ARLITHMET IC
—hQCALIQN AANPLES _pAXIBUS _ 99% CL ~DLuInue _ 93% CL __ MEAN 2510 pEY
it ] O . 7.8 I 000
£ R-10 HIGHWAY 381 IC 51 5.8 fu 0.00 z;: 1 HE4 ﬁg
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ENCLOSURE 2
-

Bgrm Ama 200 R - 3/27/8‘0
879 SOUTH CAROLINA DEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL

APPLICATION FOR RADIOACTIVE MATERIAL LICENSE

INSTRUCTIONS: Complete Items 1 through 16 if this is initial application. Supplementary sheets shall be used where applicasie. |f
aoclication is for renewal, Items 1 through 16 shall be completed and indicate new information or changes in the program, |f there
has Seen no changes, ail items must be complated with reference to a previous application or document and date. Item 18 must be
compieted on all applications. Mail one copy to: South Carclina Department of Heaith & Environmental Control, Bureau of Radie:
logical Heaith, 2600 Sull Street, Columbia, South Caralina 29201. Upon approval of this appiication, the applicant will receive a
State of Scuth Carolina Radioactive Materials License issued in accordance with the general requirements contained in he South Car-
olina Qepartment of Health & Environmental Cantrol, Regulation 61-83, Radicactive Materials (Title A), and the Atomic Energy and
Ragiation Controi Act, Section 13-7.40 et. seq. of the 1976 Code.

1. (a) NAME AND STREET ADDRESS OF APPLICANT. (b) STREET ADDORESS(ES) ATWHICH RADIQACTIVE
(Institution, firm, persons, etc.) MATERIAL WILL BE USED (it gifferent from 1 (a).)

Allied-General Nuclear Services West end of Osborn Road

P. 0. Box 847 Snelling, South Carolina

Barnwell, SC 29812

Telephone No.: Area Code ( 803) 259 1711 |

2. DEPARTMENT TQ USE RADICACTIVE MATERIAL 3. PREVIOUS LICENSE NUMBERI(S). (I this is an apoli-
) L gl cation for renewal of a license, please indicate and give
No Use - Pecommissioned Facility Aumder.) ’

See Attachment 1
South Carolina License No. 144

4 INDIVIOUAL USERIS). (Name and title of individuails) S. RADIATION PRQTECTICON OFFICER (Name of per-
who will use or directly supervise use of radicactive mate- SOn designated as radiation protection afficer f other
=3 Give waining and experience in items 8 ang 9.) than individual user. Attach resume of his training and

None - However, Company Representative exgerience as i Items 8 and 9)
is Mr, Christian T. Nielsen, CNSI - Director of Regulatory Affairs/
See Attachment 3, g Barnwell = Dr. Michael T. Ryan,
See Attachment 2,

6. RADIOACTIVE MATERIAL. (B) CHEMICAL AND/OR PHYSICAL FORM AND MA X!
(Element and mass number of each.) MUM NUMBER OF MILLICURIES OF EACH CHEW.

Natural Uranium ::::;2.0-: PHYSICAL FORM POSSESS AT ANY

Plutonium = 238-239-240 . {If sealed source(s), also state name of man

ufacturer model number Aumner 3¢ 10urses 3nd max

Mum activity Der source.

Natural Uranium <§S kg
Plutonium <1 gram
As residual material described in

1

Attachment 1.

7 DESCRIBE PURPOSE FOR WHICH RADIQACTIVE MATERIAL WILL BE USED. Provide sufticient detail to allow potent al
personnel ‘exposures 10 be evaluated | radioactive material is in the farm of a sealed soure ,include the make and mode! frum.
her of the storage container and/or device in which the source wiil be stored and/or used.) Atrach extra sheets f necessary



TRPAINING AND EXPERIENCE OF EAC:' INDIVIDUAL NAMﬁQ IN ITEM S _(Use s.ooiemental sheets if necessary)

WHE <E ODURATION ON THE JOB FORMAL COURSE
TYPE OF TRAINING TRAINED OF TRAINING (Circle answer) (Circle answer)
a. Principles and practices of rac ation
protection Yes No Yas No
B Radigactivity measure ment standare:
1230100 and MON (Qring techMIgues and Yes No Yes No

instrumeants

Pt . —

S&#e Attachment 2

¢. Marhematcs and calculations Hasic 1o
the use and measurement of radigactivity e Ne vee e
d. Bioiogical effect: «f -adiation [ Yes No Yes No
9 EXPERIENCE WITw aonAYIQN (Agtual « ¢ 0 radi0isQtODes OF eQuUIvaient axperiecce.)
- a0toDe Maximum Amoynt Whare Experience Was Cained Duration of Experience Tvoe of Use
See Attachmant 2
10. RADIATION DETECTION 1 MSTAUMENTS (Use supp'emental sheets if necessary.)
f e i3
(un:::;oow.::t;ﬁ.&w Number Radict0n Sensitivity xxmo Use (Monitaring,
Aumper of each) Avsilanie Cetected A fone o) (ma/emd) | SUrVeving. Measuring)
Si Actachmant 2
11. METHOD. FAEQUENCY. AND STANDARDS USECT IN 7. LIBRATING INSTRUMENTS LISTED ABOVE
See tuachment 2

12 FILM BADGES DOSIMETERS, AND PIO-ASSAY PROCEDURES USTD (For film badges. specify method of calibrating and

processing, or name of syopher )
See AtLtachment 2
INFORMATION TO BE SUBMITTED ON ADDITIONAL SHEETS

13 FACILITIES AND EQUIPMENT Descride aboratary fac |ities ¢ remote handling equipment storage containers, shielding,
fums hoods et Attach an explanatory sketeh of toe facities. See Attachment 2.

14. RADIATION PROTECTION "ROGRAM. Descr e the racation protecnon uregram including control reasures. |f aoplication
Covers edled SOUrces, SUDMIT '3k L8STING JroCedures whare J001CALle, name trainin j, and experience of person to perform leak
tests and arrangements for performing = 3l FAAIBTION YiTVeY 48T Cinn, maintenance and reoar of the source. See Attach., 2

'8 WASTE DISPOSAL. It a commerzial waste 2500831 $8rvice 13 emBioved, ipec: v name of company. Qtherwise, submit detaiied

" description of methods wRIch &l 3¢ used 'or di100sing of radioac: ve wastes and sstimates of the type and amount of activity
voived.  Chem=-Nucleir System. In¢., Barnwell, SC
CERTIFICAT §  Thm com must e 2o mgiated by 2001 cant!
18 Tl APOLCALT ANDG ANY JBF DAL @ lIng N Sertihgate 9F 808 37 G §00HETAY AGMEE N I TEM T Jertity 1RAT TR J001SITIAN s gre-

24rec % EAAtErmIty Wil B0 1A Garaline Decarimernt 9F weath g Bavoarmente Lintre Begy anans 'ar Sontral 3f Raganon #ng IRET 41 A
(Qrms QN CONTIARE MFIA  ACILAAG IAY TUOO O MENTE 11 BEREE S ETD. 4 TTuR a0 SO/FRGT TS 118 BeNt OF U KROWIEGGe NG Dele!

~All1ed-Gereral Nyclear Servi

ADOIicant namegd » tem 1.

Oute Mareh 271944 e S Quechlan

)




