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This radiation survey was conducted to document current
levels of radioactivity at sites on or near Barnwell Nuclear
Fuel Plant (BNFP) and to compare these with historical data.

O rn october 19es litter, humus and soil samples were collected
at eleven sites and analyzed in the laboratory. In site
gamma-ray radiometric measurements were performed at twelve i

sites. From this in situ data there appeared to be evidence i

of the presence of elevated concentrations of 137Cs and 60Co
'

near the eastern boundary of the site at the Deborne 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 property. Gamma-ray analyses of
these samples con +1rm 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

i

O levels rep cted in 1976-1979. Neither the 137Cs nor the soCo ;

concentrations in these terrestrial samples accounted for the r

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.
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1.0 Introduction

The radiological survey presented in this report is part
of the process of preparing the Bernwell Nuclear Fuel Plant
for a period of inactivity. Although the plant has never been
utilized for any of the principle functions for which it was
constructed, i.e., fuel storage and reprocessing, it was

O decided to conduct . c.diological survey to assure ,or the
record that no adverse radiological impacts have resulted from
any operations conducted on the site.

2.0 Description of Study

The survey conducted was designed to provide a rapid but
illustrative indication of the presence of radioactivity other
than that expected from fallout and naturally occurring
radionuclides. Since the initial in situ survey conducted in
Octaber 1993 showed the presence of unexpected radicactivity

O in the vicinity of the Osborne naad air / rain station, further
sampling and analysis were perf ormed in this area in January
1994. The radiological survey consisted of the following:

2.1 Laboratory Litter / Humus and Bott Measurements

O The October 1983 study consisted of laboratory-conducted
gamma-ray spectrometric analyses of litter / humus and soil
samples collected at eleven of the twelve representative
sites. At each site litter /httaus was collected f rom three
randomly chosen 0.5 square meter plots. A core consisting of
the top 5 contiaeeters of soil was taken f rom each of the three

O plots at each site. The soll and litter / humus was dried and
composited to give a single soil and a single litter / humus
composite sample from each site. These samples were then
analyzed for the presence of radioactivity by high resolution
gamma-ray spectroscopy. .

O For the January 1984 study seven sampling locations were
selected in the vicinity of the Osborne Road air / rain
monitoring station. Litter, humus and soil was collected at
each of these locations in the manner previously described and
sLbsequently analyzed in the laboratory for the presence of
radioactivity.

O -

2.2 in Situ Gamma-May Analysis

in situ gamma-ray radiometric measurements were performed
in October 1993 at twelve terrestrial sites near or similar to
those used over the past years for the preoperational program
** ""'" '1-2>. This me.sur. ment technique has b.en u..d withO great success for a number of years to make rapid and
effective determinations of environmental radiation fields and
the resulting radiation exposure rates. (3-13). The in situ

O
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!method, when property applied and interpreted is a powerful
iO to i ,oc lon, ter,radiologicai environmentai monitorin,. in

situ spectroscopy can provide the concentration of certain
j; radionuclides in the soil, the deposition in pCi/cm of air |
; deposited radionuclides and the total gamma-ray exposure rate !

at a particular sito. However, because of the sensitivity of i1

! this method to all sources of radiation, care must be used i

jO . hen measuring and reporting soil concentrations that the
'

source of radiation is in fact in the soit layer and not j

i extraneous to it. The in situ method is used to detect and ,

1 characterize the radiation environment at nuclear facilities I
j and to identify changes in the levels of radioactivity on !

j subsequent surveys (10, 14). Of particular importance is the
:O rapidtty atth which this technique can furnish a good estimate
j of the spectrometrically specifiets gamma-ray exposure rate,

] dose assessment being an important goal of any environmental |
monitorin; program. A detailed description of the equipment !

2

; and in situ methodology is presented in Appendix A.
|
t0 2.3 water s.mple Analysis

i i

Gross alpha, gross beta and tritium concentration j
j measurements were made of water samples taken at six specially (
j selected siten within the boundary of DNFP. Elevated 1

'

concentrations if found would indicate the need for gamma-ray

IO *P*ctr***tric *"*1ysis of the sample.

|

| 3.0 Description of Sites f

I
] 3.1 October 1983 Sites

10 The twelve terre. trial si tes are listed in Table 1 and
shown in figures 1 and 2. Samples from these altes are t

j identified by the letter S for soil and LH for composite i

i litter / humus. For example, the soil composite sample from j
i Torrestrial Station 3 is identified as umaple number T839. '

i Terrestrial sites 1, 2 and 5 are located on the boundaries of i

:O the plant site. site 3 lies near the process areas site 4 is
j located north of Deborne Roadi and the Deborne Road eite is
i located near the road at the eastern boundary of DNFP,
1 adjacent to Chem-Nuclear property. The Circular Turkey Oak

'

J and Carolina Bay sites are at the northern boundary of the
plant. The siten outside the plant boundary are located in

.O sectors 4, 5 and 6 of the eastern quadrant .hown 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 |
! (samplee 5 and 6). Plans had been made to sample several i

;O carotina b.ye and pond holding arease however, .uffacient
| ground water was not present at the time of.the study for !

j these samples to be collected.

i i

.i-
d
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; 3.2 January 1984 Sites '

;O |
! The sevon sampiing Iocatione for January 1984 are shoesn |

I in Figure 3. The sampling locations are numbered 1 through 7. I
!

i The samples are identifled by the letters OR f or Osborne Road,
LH for Litter / Humus or 5 for Soi1, and thon the sampting :
location number, e.g. ORLH1 is the lither /humum compoetto |

,0 sample from sampling location number 1. Locations 1 through 5 |
j are along the unimproved road ashich parallels the !

| BNFP/ Chem-Weleer boundery fonce on the DNFP proporty. These :

! f1ve siten have 11ttle 11tter and almost no humus Iayer. The
! soil in this location has been graded and disturbed. The road i

]O
area is well weehed and covered by l ose, thorny undergrowth. j

i At unplin, loestion number 3 to. borne Road air / rain stations |
1 no litter or humus was present and no litter / humus sample was ,

I collected. Sampling locations 6 and 7 are away from the road |
! and are relatively undisturbed forest sites. !

l
'

i The f ollowing is a brief description of each location |

10 umpled in the vicinity of the o. borne Road air / rain station :
1 in January 1994. '

Location 1. At the telephone pole on Chem-hclear Road
i approntmately 30 motore from the gate on to
| Deborne Road. Samples taken beteseen boundary '

:0 fonce and Chem-melear Road. |
t

!Location 2. In bend of Chem-hciear Road where' Ohio Road

] i nter sec ts. One sample between Chem-Nuclear Road ,

and boundary fence, two samples acrose !

! Chem-Nuclear Road.
4

:0 Location 3. At the Deborne Road air / rain station. Three soit
j samples within 1 meter of Air / Rain Station. No |

|
litter / humus samples collected. -

Location 4. Approximately 60 meters from the Deborne Road

O ''''"*'" ****'"" "*'*h "" Chem-me t eer Road.
,

j Samples collected from area on DNFP side of
'

i Chem-Wclear Road. Location adjacent to
j Chem-Wclear shop building.
1 '

] Location 5. Approx imatel.y 120 meters from the Osborne Road i

*'''"**" ****''"" """*h "" Chem-mclear Road. At
-

!O
! intersection of Chem-hclear Road and an .

| unimproved Road on BNFP property. Location
adjacent to' telephone pole and large tree stump'

on Chem-Weteer Property.

! Location 6. Approwimately 40 meters perpendicular to Chem- t0
1

Nuclear Roma to, seed eNpp plant site ,com (no :
' Deborne Road mir/ rain station. |

} !
!

O

. - _ _ _ _ _ _ _. __ _ _ __ _._ . . _ ___ _ -
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Location 7. Approniuntely to metere perpendicular to Chem-
O uuclear Road to.ard sure piant site from the

Osborne Road air / rain station.

4.0 Results ,

O 4.1 Medionuclidee in sos! - October 19s3

The concentrations of radionuclides in satt measured in
the laboratory are summarized in tables 2 through 4.

Spectrometric data f rom each individual sample is presented in
AppendiM 5. The radionue1 ides obeerved in the not1 ere the

O fallout nuclide 137Cs and the terrestriall y naturally-
occurring 226Ma, 214Pb, 232Th, 225Ac and 40k. The
concentrations of 137Ce , ranged from 1.3 pCi/g to 0.39 pC1/g.

4.2 Radionuclides in Litter / Humus - October 1953

O The eoncenteatione of radtonucitden in 11tter/ humus
samples taken at all terrestrial sites and maaeured in the
laboratory are summarized in Tables 5 through 7.
Spectrometric data from each individual sample in presented in
Append N C.

O The eadienuclides observed in the litter / humus ere the
nuclear weapon fallout radionuclidas 144Co, 137Cs and 125the
cosmic-ray produced 7Dec 60 Col and the terrestrially
naturally-occurring radionuclides 226Me, 214Pb, 232Th 229Ac
and 40K. The concentrations of the fallout radiunucindes,
although very small, esore still observable in the laboratory
""* "*" '" ""* '" ''*" ****"'***""** Th* **'" "****" '*" ""'*.O was the relatively higher gamma-ray offsciency and higher
resolution of the laboratory Se(L1) detector and the longer
counting ti mes (12 hours) used in the laboratory compared to
the fistd measurements. Table 5 shoose that no signifIcent
concentrations of fallout radionuclidee except 137Cs were
observed in the litter / humus samples. The 137Cs0

,
concentrations , ore, se e,pected, enous t ic , tnose found in

j the soil.

4.3 Radionuclides in Soil - Osborne Road - January 1994

! The radionuclides occurring naturally in soil, 226Ma,0 214eb, 232Th, 22 sac and 40x appear in the soit s.apies1
'

collected near the Osborne Road air / rain station in
concentratione similar to those at the sitoo sampled in
October 1983. This may be seen by a comparison of Table A
with Table 2. The mean concentration of 40M near the Deborne
Road site is higher than the mean for all other sites althoughi

,O the range is similar. No significance is attached to this.
| The mean concentration of 137Ce in the soit near the Osborne

Road site is almost exactly that of the mean'for all statione
| sampled in October 1993.
|

!

)
\
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O r.bie , pree.nte the meeeuced concentration. of the t

radionuclidee 60Co, 134Cs, 137Ce and 79e in so&& at the seven f
Deborne Road sampling locatione. These three radionuclidee !
esore not detected in any soit samples collected at any station [oempted in October 1993. They esere, hosoever, observed in the j
in sies spectrum taken at the Osborne Reed Site. A trace tO amount of n.tur.ity occurrin, 7ee .es d. sect.d onc. at :
location number 1. Cobalt-60 and 134Ce appear in i
concentrations less then these measured in 1976-1977 (15) in s i
soil from the Osborne Road Air / Rein Station Bite. !

Concentratione of 137Ce in the top 5 contimeters of soit near |
the Osborne Road air / rain station are comparable to or lower i

O then 137Ce concentratione in esti mee.uc.d in i976-1977 (t5).
The Sample Analysis Reporte for each soil sample are contained |

tn Appendix D. (
i

4.4 Radionuc11 des in 1.1tter/ Humus - Deborno Road-January 1964 |

|O Concentrations of the naturaany occurring radionuclides
226Ma, 214Pb, 232Th. 22GAc and 40K in litter /humue semples i
from the sempting locatione in the vicinity of the Osborne |
Road air / rain station are genere11y similar to concentratione -

of these radionuclides in litter / humus samples from the j
stations sempted in October, 1983. A comparison of Table 10 ,

O with Tabie 5 sho.e thse, and ateo shoe.e the wide variation in i

the concentration of these radionuclides from alte to este. |
There is nothing unueuel in the concentration of these r

naturally occurring radionuclidee in the vicinity of the !

Osborne Road ofto. !

O Table it presente concentrations of the radionuclidee i

60Co. 652n, 134Co. 137Cs, 7De, 54Mn, 141Co, 144Ce and 125th in (
litter / humus samples from the vicinity of *he Osborne Road (.

'

site collected in January, 1994. reble 12 shosee the
concentrations of these radionuclides measured in 1976-1977. !

Concentrattune of 137Co, 144Co, 1250b and 79e in intter/ humus !
**"P ** **13 ** * *d "*ar t h' 0***r"* ""*d ei te i n J anuer y , I994 |1O
are enmilar to those from all statione sempted in October 19403

,

and are aten conststent with measuremente made in 1976-1977 i

(16, 17), (Table 5). The radionucliden 134Cs, 54Mn and 14tCe !

esere not detected at statione sempted in October 1993~. These i

radionuclides were detected near the Ueborne Reed air / rain
'O ""**8"" '" 8'''~''77 '''3' ''** * ''' ** ***" '''''

considerably higher than thoes meemered in this study, i

Zinc-65 wee detected at one locattung this radionuclide has ;
not been previously observed in the vicinity of 300'P. The
radionuclide hoCo appears at the locatione sampled in this

3

study at levels above those at the statione sempted in October |
1993. Cobalta60 ground contamination wee studied in the !,0 vicinity a, the on..cne p g este in i,7..i,y, cia,, pree.nt

,

60Co t evel e i n the v i c i n i t y of the si t e are consistent wi th * |

t

D
|

|

'
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___



_ _ _ _ _ _ _ - _ _ _ - _ - _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

O
l' age o

|

""""*"""**'""" ' "h'* "*d' """ 'd* "*" ""*d '" ''#"''''':O' i101. Sampie Analye6m Mwporta for Iittwe/ humus samptwe ere
contained in AppendtM E.

4.5 In SJtu Hamma-Ray Analyste

The rwoutta of the /n sJtu gamma-ray owmouremente are
;0 presented in rabiwe 13 throu,n I f. ine pelncipio1

radionucindwe cheweved at all ettwo were the fallout nuclide
137Co. comete-ray produced 7kw and the terrwetrial nucildne
40K and thoew of the Urantum and Thorium seriwe. W6th the
wuception of 137Ce and 60C0 readings at Othornw Hoad, the,

I concentrations of thwee nucildwo are steller to thoew ohnerved
10 in thw erwoperational program.

Awouming a value of 0.24 cm'l for a for 137Ce 4thw average
value swamured during the preoperational yearel. thw
depositione for 137Ce were calculatwd. These are shown in
Tablw 17 with the weception of Deborne Hoad. The value for m

|O for the twerwetrially naturally-occurring nucinden was talwn
to be infinity. For 7De M was sero etnce thle radionuclidee

l to mesumed to be wntirely depostled on thw surface.

Elwvated levels of 137Ce and 40Co werw measured at thw
Heborne Hoad attv. The radionut idwo 134Co. 54Hn and 5NCo warw

O also oboweved at Oehornw Hoad, weeausw no 1itter/ humus or
enti emoptwo were collwetwd at the Oshornw 4aad ente in
October 14fl3 thwee emmptwo werw t alien in January 1984 to
dwtwrmine if in fact thwee redtofusclides werw in or on the
enti. Assuming that thw radionuclidee erw all ultgated on thw
ouriacw. that Ian. 4 = 0, the depostt6one in pCl/cm would have

|O b"*"' 2'"''"l7 '"" '37C'' 3''''""'d '"" 34C*' 8'4''*0'2 '""
54Nn. 104*/=9 ior 60Co and 15*/=1 ior BHCo ienew IshIe iHl.
This assumption. # = 0, tu probably not correct. but it
permite calculation of what the approNimate deposition would
have to be to rwoult in thw chowrved radiation twvnte.
Ik)** ver , laboratory owneuremwnte of the 16 tier /humue and enti

g' ammplwe collwetwet in January 1944 conftem that thwow readingo
reunit primarily from sourews located on thw adjacent
Chem->kselaar penewety rathwr than from thw prwownew or ununumi
concentratione of thenw radtnnucildwo in thw stoll near the

! Dehornw Hnad eitw.

The ymmem-ray wHposure ratw in jeN/hr at one mater above
i thw gecund in calculated hamed on known contributtonta from
! wach radionucildw detweted. This includwo all gamma-raye f rfna

parente and daughtwre in thw dwcay chain. When thwow arw
sum **d over alI radionuctidwei prwennt an wNeueiura eatw for
wach eltw 1e obtained. Thw total gamma-rmy owfuimura rat w at
each eilte to shown to fahtw 19. however, it inhoul d hw nutpd

,C that the wMposure rate at thw Hebernw hund en tw wee f uutui to
be a result of enurewe and operat!onen on the adiacwnt
Chwm-Phm t war pr oport y and not from onei contamination at (M P.

9
J

_ - - - . . _ - . _ _
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4.5 Watwe Dample Analyene

The radiological measurweent data for the water ementwo
are shown in fehlw 20. Grone alpha avut groes beta puet tivw

|
rwout to wwre ont y f ound f or one emmelw wnich was tm6 en near i

' the procwee erva. A subewquent gamed-ray spectral analyste
showwd no gamma-raye f rom f 4 seion or octivatien prmtuctm. Onw

!O other enspie, ed.ple 6, showed no genee minha activity, but
dial show d groes beta concentration of V+/=7 pct /l.

mamptw 4Two sampt ee showed the prwwwficw of tritium ==

with a tritium concentration of 7.h+/-0.4 pct /ml and enoptw 5
with a tritium concentratton of 2.0+/-0.3 pct /ml. Thwsw

O lowwie are consteswns with conewntratio,is oneweved in thw unf.
monitortny program (AppendtN ff . Inhle 72).

5.0 Dtscuumion

O 5. I t.t ttwe/nimie and so I t.aboratory Memeurwmwnte

At all entwo adopted with the onception of thw Deborne
Hoad alr/ rain station the covicent r a ti one of radionucliden
towneured in the litter /humun and in thw unil are thuew
wappeted to be obewrved from current fallout predictione and

O thw preewnce of naturally-orcurring radionucittlee. KHceptione
may bw 40Co and 137Ce levels which arp not in any caew
Attributable to DNf'P opweditone. All modeured contwfitr at i ovie
ere en low to hw of no wnvi r onment.nl significonew.
Conewntratiotie of 13/Ce in anil atollar to thoew mwneured in
thne survwy in littwr and humue h4vw been mweeured by BHP

O tluring their IVN2 program (15 and AppendlM ff , fehlw 13). The
prwownew of 54Mn, 144Cm and 12SDb at eums of tiu. PNVP mitwo le
quwetionably duw to the difficulty of observing thenw emell
peake in the opwetrum.

Typwe anu concentratione of radionuclidwe at thw e6*v en
locatione in the vicine t y of thw Daiborne Mond str/ rain et Attong t
sweeurwel in January, 14H4, edit t o certainly different from
thoew statione emmpipd in October 14H.1, reprement no
sign 6ileant changwe from elmttar stata taken fIvp yearn
proviouely at thw 0=htwnw Model all t w. The types and
concentrat 6One of rdellonnutidwo appwarIng tupw at thw Unihorno

a Mond site arw naturdily inicurring, f allmet or connientwnt with
" modeurwmente madw in 19/6-19/Y. At that time thwow unuoudt

radiosentopww dopper to haww hewn thw rweult of the rwooval of
an unelwegrtMand storage tafik at Chem =Nuc t war in IV// (th).

Thw typwe end concentratione of raillonuci ndwe momeured in

g J4nuary IYH4 in soli 4tui litter /humae in thw vicinity of the
Unborna flodd et te dew not conelet wnt wi th thw Iktohwr 14H3 in
situ wwposurw mwooucement rpeulte given 6n 14hlw IV. In
particuler, 137Ce twvple owneured in thw labtratory in must

D
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!n and litter / humus emmplet, collected near thw Osborne Road site
V are no different from the 137Ce levels at all other statione

sampled in October 1903 and yet thw deposition of 137Ce
awaeured in site at thw Otebornw Road at to te higher than that

! at thw othwr siten by an order of magnitude. Cobalt-5H was
not observed in thw sont and litter / humus samples collweted at
Osborne Road but was observed Jn situ at the samm location.

|O Cobalt-6o levwie in the .ott and in the litter /humu. ar e
conslutent with levele swamured in tv7H-19798 however. thw Jn
situ resulte from thwee time periode at the Deborne Road site
are different. This to shown in Table lH and in reference 10.

,

| The concentrations of the naturally occurring radionucindwo
226Ha, 214Pb, 40M, 22HAc and 232th measured in thte study are

|O etmalar #com et te to es te over the own property.
|
i

j lt appeare f rom than study that the wievated levels and
- prweenew of the radionuclides obeweved in ss eu in the vicinity

of the Ueborne Noad alr/ rain station in October 19H', are not
attributable to sources located in thw mail and litter / humus

O on the DNP'P property, and therefore must be attributable to
sources on the Chem-Peuc t war property.

.

5.2 In !!ste Measuremente

WIth the wwception of thw Deborn1 Ptomd etto thw

:O c""c""trat'""*' d*""*'''""* ""d """"*"r" rat ** ""a*"r"d d"

| situ ere steller within thw un pwr t ment al uncertainty to
I measureawnte made in the preoperational years etnce 1Y75. At

Osbornw ituad in October 19M3 there to dwfinite evielwnew of
incrwesed levele of 137Cet anal 6000. These incrwaewd levels
dwfinttwly are not thw rwoult of enti contamination on bNfP

n property but rather are attributable to sourews located cluew
to thw Heborne Noad ettw outettin the plant boundary. The''

radinactivity in air meneured in thw GNP 19H2 program at the
nwarwant atr/ rain station to bMVf* Olighway 21/167) showed no
unueumi concentration of radioactivity (Append H p, Imblw Ol.

5.3 Watwe flamp ;w Ar.al yst eg
Ihw rmillof ogIcal estudewe of watwe samptwe show no unusual

Iwvple ne wtthwr genee alpha, genee butde tritium or gamma-rmy
activity. The concentratisme of alpha and but.a in one sampf w,
bwta in one temptw anti tritium in two samptwo are utmaler to
thoew wwpectwil from thw hat.kground in thte area. Utmilar

.O conewntrations were ohnerved in water e mptw awaeuremente
takwn by Dhe dor tny thwer 14N2 program ( AppwndtM F, fabiw 22).

A.0 Cnneluelon

O Maaned on thw mweeuremente made in thle survwy it to
enneluefwd that thern te no wvielwncy that any unusual
concentrallone of redtunuel tilwe wWist on thw plant et two Vwry

q

--_._______-a



_ ... . ._ _

- O

Page 9

Iow levels of 60Co and 137Cs are present at some sites but ).O these were expected to be present. The 60Co is the result of I

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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O Tabie 1

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

>O

Station Abreviation

Terrestrial Station 1 TS1
O Terrestrial Station 2 TS2

Terrestrial Station 3 TS3
Terrestrial Station 4 TS4
Terrestrial Station 5 TS5
Circular Turkey Oak CTO
Carolina Bay CB

'O Osborne Road A/R OR
Natural Station 1 NS1
Forest Soil Litter 4 FSL4
Forest Soil Litter 5 FSL5

,

Forest Soit Litter 6 FSL6

;O

.

.

O

,

sm

,)

O
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Table 2

O sumary

Soil Core Composites

BNFP October 1983

pCi/gmg
All stations except Osborn Road

SAMPLE TYPE: SOIL * *

I

O
NUCLIDE MEAN STD DEV FREQUENCY MAXIMUM MINIMUM

226RA O.5493E+00 0.2181E+00 11/ 11 'O.1064E+01 0.3294E+00
214PB O.4698E+00 0.1593E+00 11/ 11 0.8951E+00 0.3339E+00
232TH 0.5481E+00 0.1562E+00 11/ 11 0.833OE+00 0.3343E+00
137CS 0.7773E+00 0.2539E+00 11/ 11 0.1337E+01 0.3880E+00g
228AC O.5912E+00 0.1701E+00 11/ 11 0.9246E+00 0.3452E+00
40K O.4232E+00 0.2490E+00 11/ 11 0.1138E+01 0.2495E+00

,

0

0

O

,

4

h

,

O '

.

3

i
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Table 3

.

'

Summary

, Soil Core Composites

: Terrestrial Stations 1-5
; BNFP October 1983

pCi/gm

SAMPLE TYPE: SOIL *

f
1

L)

NUCLIDE MEAN STD DEV FREQUENCY MAXIMUM MINIMUM
226RA O.6270E+00 0.2850E+00 5/ 5 0.1064E+01 0.3372E+00
214PB O.5448E+00 0.2104E+00 5/ 5 0.8951E+00 0.3929E+00
232TH O.6148E+00 0.1535E+00 5/ 5 0.8330E+00 0.4560E+00

, ~2; 137CS 0.7480E+00 O.1712E+00 5/ 5 O.1019E+01 O.5522E+00
228AC O.6563E+00 0.1614E+00 5/ 5 0.9246E+00 0.5267E+00
40K O.5110E+00 O.3522E+00 5/ 5 O.1138E+01 0,3253E+00

-.

%

* i

.

O

O

D

___
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Table 4

'O Sumary

Soil Core Composites

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

*

0 -

pCi/gm

SAMPLE TYPE: SOIL *

O

NUCLIDE MEAN STD DEV FREQUENCY MAXIMUM MINIMUM
226RA O.4239E+00 0.1589E-01 3/ 3 0.4367E+00 0.4061E+00
214PB O.3731E+00 0.4265E-01 3/ 3 0.4185E+00 0.3339E+00
232TH O.3887E+00 0.'5496E-01 3/ 3 0.4442E+00 0.3343E+00

() 137CS O.6996E+00 0.2886E+00 3/ 3 0.9576E+00 0.3880E+00
228AC O.4202E+00 0.6624E-01 3/ 3 0.4706E+00 0.3452E+00
40K O.3450E+00 0.1220E+00 3/ 3 0.4824E+00 0.2495E+00

0

0

0

0

0

O

l



_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _--
..

. . ..

!O'

Page 20
.

Table 5

iO
,

Summary

Litter and Humus Composites

BNFP October 1983

O pci/gm
All stations except Osborn Road

SAMPLE TYPE: LITTER *

O

NUCLIDE MEAN STD DEV FREQUENCY MAXIMUM MINIMUM
144CE O.1282E+00 0.3390E-01 7/ 11 0.1589E+00 0.7192E-01
226RA O.3805E+00 0.1560E+00 11/ 11 0.7160E+00 0.1768E+00
214PB O.3142E+00 0.8839E-01 11/ 11 0.5226E+00 0.2228E+00

0 7sE O.1431E+01 0.4044E+00 11/ 11 0.2068E+01 0.6021E+00
232TH O._3536E+00 0.7514E-01 11/ 11 0.5242E+00 0.2632E+00
137CS 0.1880E+01 0.4431E+00 11/ 11 0.2633E+01 0.1077E+01
228AC 6 0.398CE+00 0.9665E-01 11/ 11 0.6088E+00 0.2901E+00
60C0 0.2289E-01 0.1280E-01 3/ 11 0.3607E-01 0.1050E-01
40K O.6762E+00 0.2OOBE+00 11/ 11 0.1118E+01 0.4755E+00

0 125Ss O.4949e-01 0.5756E-02 7/ 11 0.5586E-01 0.4250e-01

O

)

O

o .

.

I

.O

O

.

_
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Table 6;

O summary

| Litter and Humus Composites

Terrestrial Stations 1-5
BNFP October 1983O

pCi/gm

SAMPLE TYPE: LITTER *
I

I O

NUCLIDE MEAN STD DEV FREQUENCY MAXIMUM MINIMUM
144CE O.1146E+00 0.6030E-01 2/ 5 0.1572E+00 0.7192E-01
226RA O.4298E+00 0.1819E+00 5/ 5 0.7160E+00 0.2716E+00
214PB O.3327E+00 0.1095E+00 5/ 5 0.5226E+00 0.2543E+00

'O 125SB O.4853E-01 0.5518E-02 4/ 5 0.5586E-01 0.4250E-01
7BE- O.1463E+01 0.3632E+00 5/ 5 0.2068E+01 0.1201E+01

232TH 0.3701E+00 0.9634E-01 5/ 5 0.5242E+00 0.2759E+00
137CS 0.1761E+01 0.6080E+00 5/ 5 0.2633E+01 0.1077E+01
228AC O.4135E+00 0.1300E+00 5/ 5 0.6088E+00 0.2901E+00
40K O.6682E+00 0.2640E+00 5/ 5 0.1118E+01 0.4755E+00

() 60C0 0.2209E-01 0.OOOOE+00 1/- 5 0.2209E-01 0.2209E-01

O

O

O

.

'O

.a
i

)i
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Table 7

O Sumary
'

Litter and Humus Composites

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

O BNFP October 1983

) pCi/gm

SAMPLE TYPE: LITTER *

:10

j NUCLIDE MEAN STD DEV FREQUENCY MAXIMUM MINIMUM
144CE O.1329E+00 0.3670E-01 2/ 3 0.1589E+00 0.1070E+00
226RA O.3969E+00 0.1616E+00 3/ 3 0.5280E+00 0.2163E+00
214PB O.3582E+00 0.5029E-01 3/ 3 0.3877E+00 0.3OO1E+00

;O 7BE O.1250E+01 0.5961E+00 3/ 3 0.1775E+01 0.6021E+00
232TH 0.3670E+00 0.5756E-01 3/ 3 0.4269E+00 0.3121E+00,

137CS 0.2019E+01 0.3094E+00 3/ 3 0.2231E+01 0.1664E+01
228AC O.4086E+00 0.5726E-01 3/ 3 0.4690E+00 0.3551E+00,

60C0 0.1050E-01 0.OOOOE+00 1/ 3 0.1050E-01 0.1050E-01
40K O.7725E+00 0.1667E+00 3/ 3 0.9460E+00 0.6136E+00

1

jO 125SB O.4838E-01 O. BOO 4E-02 2/ 3 O.5404E-01 O.4272E-01

i

i

iO

'O _

,

!O

.

.
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Table 8
O

I Summary
i

Soil Core Composites

.(3 Osborne Road Air / Rain Station

BNFP January 1984

pCi/g
:O

SAMPLE TYPE: * SOIL *

SPECIES: *
REMARKS: *

O
NUCLIDE MEAN STD DEV FREQUENCY MAXIMUM MINIMUM

226RA O.6487E+OO O.1704E+OO 7/ 7 0.9375E+00 0.4109E+00
214PB O.5144E+OO O.1014E+OO 7/ 7 0.6544E+00 0.3628E+OO

7BE O.7902E-01 0.OOOOE+OO 1/ 7 0.7902E-01 0.7902E-01
232TH O.6858E+OO O.1658E+00 7/ 7 O.9389E+00 O.4664E+00

.i O 137CS O.7785E+OO O.5384E+00 7/ 7 O.1859E+01 O.1961E+00
'

228AC O.7664E+00 0.1897E+00 7/ 7 0.1039E+01 0.5097E+OO
! 40K O.8514E+00 0.5031E+00 7/ 7 0.1635E+01 0.3632E+00
' 60C0 0.2658E+00 0.2367E+00 6/ 7 0.6076E+00 0.1263E-01

134CS O.2107E-01 0.1445E-01 4/ 7 O.3368E-01 0.8382E-02

O

.

O

:0.

iO

:O

. _ _ _. .. . _ -
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~() Table 9

Concentrations of Radionuclides in Soil at Sites in
the Vicinity of New Osborne Road Air Rain Station

(3 January, 1984

pCi/gm-dry wt

O Site 60co 134cs 137cs 78.

O.20+/-0.01 0.08+/-0.031 - -'

2 0.013+/-0.003 - O.31+/-O.02 -

3 61+'-0 03 0 034+/-0 008 0 75+/-0 04 -

;C)

4 0.20+/-0.01 0.008+/-0.005 0.72+/-0.04 -
,

5 O.43+/-0.02 0.009+/-O.006 0.76+/-O.04 -

6 0.34+/-0.02 0.033+/-0.009 1.9+/-0.1 -()
7 0.014+/-0.003 0.85+/-O.05 -

I

jO

*

,

i

! C)

t

I
iO

|

> .

- - . . .. . . .- -. ~ -. . . .



O

Page 25

Table 10
O

Summary

Litter and Humus Composites

3 Osborne Road Air / Rain Station

BNFP January 1984

pCi/g

O
SAMPLE TYPE: * LITTER *

SPECIES: *
REMARKS: *

3 NUCLIDE MEAN STD DEV FREQUENCY MAXIMUM MINIMUM
226RA O.5801E+00 Q.3464E+OO 6/ 6 0.1130E+01 0.2854E+00
214PB O.4122E+00 0.2212E+OO 6/ 6 0.7864E+OO O.1661E+00

7BE O.5627E+01 0.3294E+O1 6/ 6 0.8753E+01 0.1211E+01
232TH O.5947E+00 0.3350E+00 6/ 6 0.1090E+01 0.2556E+00
137CS 0.7065E+00 0.5193E+00 6/ 6 0.1394E+01 0.2288E+OO

O 228AC O.7545E+OO O.4627E+00 6/ 6 0.137BE+01 0.2429E+00
60C0 0.4513E+OO O.3573E+00 6/ 6 0.8676E+00 0.7669E-01
40K O.1721E+01 0.1694E+01 6/ 6 O.4856E+01 0.5870E+00
134CS 0.4615E-01 0.5398E-01 2/ 6 0.8432E-01 0.7987E-02
54MN O.1588E-01 0.4985E-02 2/ 6 0.1941E-01 0.1236E-01

144CE O.1102E+00 0.OOOOE+00 1/ 6 0.1102E+OO O.1102E+OO
qp 141CE O.1900E-O1 0.OOOOE+OO 1/ 6 0.1900E-01 0.1900E-01

125SB O.497BE-01 0.OOOOE+00 1/ 6 0.497BE-01 0.497BE-01
652N O.3370E-01 0.OOOOE+00 1/ 6 0.3370E-O1 0.3370E-01

3
1
|

|3

i

!
,

o
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$ Table 11

Concentrations of Radionuclides in Litter and Humus at
Sites in the Vicinity of New Osborne Road Air Rain Station

g January, 1984 -

pCi/gm-dry wt

-) Site 60Co 134Cs 137Cs 7Be;
--

1 0.104+/-O.009 - O.23+/-O.01 8.1+/-O.4

2 0.077+/-O.009 - 0.23+/-0.02 3.9+/-0.2

3*g

4 0.60+/-0.03 0.008+/-0.006 0.52+/-0.03 8.7+/-0.5

5 0.82+/-O.04 - 0.55+/-0.03 3.1+/-0.2

6 0.87+/-0.05 0. 08+ /- 1.31+/-0.07 8.8+/-0.5g

7 0.24+/-0.02 - 1.39+/-0.07 1.2+/-0.1
_ _. _

* No Litter and Humus sample collected this site.

'O

O

.

+

.)

)

J

A
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Table 11 Continued

3
Concentrations of Radionuclides in Litter and Humus at

Sites in the Vicinity of New Osborne Road Air Rain Station

January, 1984

9
pCi/gm-dry wt

Site 54Mn 141Ce 144Ce 125Sb
_ _ . - __

3 1 - - - -

2 - - - -

3*

g 4 - - - -

53 - - - -

6 0.019+/-O.009 - - -

3 7 O.012+/-O.005 O.O19+/-0.009 O.11+/-0.03 O.05+/-0.01

* No litter and Humus sample collected at this site.

3 65Zn detected at Site 5 -- O.034+/-0.009 pCi/g-dry wt.

)

9

3

3

)
u
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Table 12
GAMMA-EMITTERS IN FOREST LITTER)

AT THE OSBORN ROAD AIR / RAIN STATION
June. 1976 - November 1977

P 1/gC

D
73, beg 54Mn seco 95Er 193Ru I34Cs 137Cs 141Ce Ibbce

Maan' 9.1 5.0 0.20 2.1 1.0 0.55 0.ko 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-

{} Proquency of
Detection 5/5 1/5 3/5 5/5 5/5 h/5 2/5 5/5 h/5 5/5

a) Means calculated on basis of detectable values which 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

C)
pCi/cm

Station 3 Activity

TS1 0.6 +/- O.1
TS2 0.4 +/- 0.1
TS3 0.3 +/- O.1
TS4 0.1 +/- O.1
TS5 0.3 +/- O.1

C) CTO O.5 +/- O.2
CB O.4 +/- O.2
NS1 0.7 +/- O.1
FSL4 0.4 +/- O.1
FSL5 0.6 +/- O.1
FSL6 0.4 +/- O.1

O

G Legend appears in Table 1.

O

O

n
I

e

.
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3 Table 14

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

3 pCi/ gram

1977-
Stations October 1983 1979* 1976* 1975*

_ _ _

O TS1 0.40 +/- 0.06 0.43 0.26
TS2 0.32 +/- O.06 0.33 0.35 0.31
TS3 0.39 +/- 0.06 0.49 0.38 0.24
TS4 0.47 +/- O.07 0.50 0.37
TS5 0.9 +/- O.1 0.9 0.8 1.2
CTO O.45 +/- O.06 O.45 0.38 0.38

3 CB O.20 +/- O.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
FSL5 0.27 +/- O.05 0.30 0.26
FSL6 0.40 +/- 0.06 0.15 0.31

- _.

O
3 Legend appears in Table 1.
* Mean of one or more measurements made during the calendar year.

O

e

e

e

O
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1

:O Table 15

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

!O pci/ gram

1977-
Station 3 October 1983 1979* 19768 1975*

O TS1 0.46 +/- O.04 0 . 5,; O.48
TS2 0.46 +/- 0.05 O.4b O.63 0.55
TS3 0.52 +/- 0.05 0.55 O.47 O.36
TS4 0.62 +/- O.06 0.68 0.69
TS5 0.73 +/- 0.07 0.77 0.82 0.75
CTO O.45 +/- O.04 0.42 0.48 0.45

:0 cs 0.55 +/- 0.05 o.63 0.48 0.63
.

NS1 O.84 +/- O.07 O.71 O.59
FSL4 0.56 +/- 0.05 0.45 0.44
FSL5 0.48 +/- 0.05 O.37 0.38
FSL6 0.56 +/- 0.05 0.33 0.29

.

10
t G Legend appears in Table 1.

* Mean of one or more measurements made during the calendar year.
,

:O
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I) Table 16

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

] pCi/ gram

1977-
Station @ October 1983 1979* 19764 1975*

_- - -- _ _ _ - - - . - - - - -

3 TS1 0.46 +/- O.05 0.62 0.50
TS2 0.52 +/- 0.05 0.55 0.54 0.75
TS3 0.51 +/- O.05 O.50 0.46 0.44
TS4 O.66 +/- 0.06 0.74 0.57
TS5 0.74 +/- 0.07 0.85 0.81 0.86
CTO O.50 +/- O.05 0.51 0.52 0.50

$ CB O.69 +/- 0.06 0.68 0.66 0.68
NS1 0.60 +/- O.06 0.59 0.54.
FSL4 0.42 +/- O.04 0.49 0.40
FSL5 0.47 +/- 0.05 0.40 0.43
FSL6 0.35 +/- O.04 0.22 0.20

,

_ .=- - - - - - ---

O
G Legend appears in Table 1.

* Mean of one or more measurements made during the calendar year.
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O Table 17

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

i

O pCi/cm*

1977-
,

' Station 3 October 1983 1979# 1976# 1975#
_ __ ---------------------------------

3 TS1 7.8 +/- O.7 5.3 11
TS2 6.7 +/- O.6 9.7 12 11
TS3 7.5 +/- O.6 11 11 11.2
TS4 6.2 +/- 0.5 9 10
TS5 6.5 +/- 0.6 7.4 8.9 10.2
CTO 7.8 +/- O.7 11 12 11

3 CB 8.4 +/- 0.7 12 13 13
NS1 8.3 +/- 0.7 12 12.6

| FSL4 7.2 +/- 0.6 12 12
; FSL5 9.0 +/- 0.8 11 9.9
i FSL6 7.0 +/- 0.6 12 11.9

-- - -- _---- -----------------

* Distribution of 137Cs with depth is proportional to exp(- z)
where el is taken to be O.24 inverse cm.

3 Legend appears in Table 1.
# Mean of one or more measurements made during the calendar year.
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C) Table 18

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

O

Isotope Oct 83 Aug 79 Jul 79 Jul 70 Feb 77

1
() pCi/cm 137Cs # 14 8.3 10 9

134Cs 3.6 +/- 0.4 , 1. 6 1.4 ,1 0.7
54Mn 1.4 +/- 0.2 2.1 .6
60Co S 31 9.6 f.1 5
5BCo 15 +/- 1 8 8

() pC1/gm 40K 1.2 +/- 0.2 0.8 1.2 0.9 0.0
214Pb O.6 +/- O.2 0.9 0.5 0.7 0.5
232Th O.8 +/- 0.2 0.7 0.6 0.6 0.6

.___________.._______..____________......... .._____..____.__.

2# The deposition of 137Cs of 210+/-17 pC1/cm results from

() radiation sources on Chem-Nuclear property, not from soil
contamination on the BNFP site.

2* The deposition of 60Co of 10'7 6/-9 pCi /cm is not due to
sources in the soil but from radiation sources on Chem-
Nuclear property. The deposition of 31 pCi/cm measured in
1979 is believed to be due to the same cause.)

8 Detected on these occasions, no da6.a available.

O

O

O
.

Fr

J

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . .
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Table 19v

Terrestrial Exposure Rate Inferred from In Situ Measurements
in the Vicinity of DNFP in October 1903

q
ns

uR/hr

Station Exposure Rate
-----_-__-_----________---___ -_-____-_--------_----__---__-

f '; Terrestrial Station 1 2.5 +/- 0.1
~

Terrestrial Station 2 2.7 +/- 0.2
Terrestrial Station 3 2.7 +/- 0.2
Terrestrial Otation 4 3.3 +/- 0.2
Turrestrial Station 5 3.0 +/- 0.2
Circular Turkey Oak 2.6 +/- 0.2
Carolina Day 3.3 +/- 0.2;

''
Osborne Road A/R 57 +/- 58
Natural Station 1 3.6 +/- O.3
Forest Got! Litter 4 2.6 +/- 0.1
Forest Soit Litter 5 2.6 +/- 0.2
Forest Gott Litter 6 2.4 +/- 0.1
- - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ - - - _ _ _ _ _ - -,

J

8 This value does not arise from soit contamination on the
DNFP esi te but from radiation sources on Chem-Noclear
property.

)
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Table 20
,

|

Analysis of Water Samples taken at BNFP in 1983
,

O
| Analytical Results

Radioactivity level, pCi/L.

S uple S uple No. Gross alpha Gross beta H-3

i #1 Beacon Pond S2290 <5 <5 < 200

#2 Beacon Pond $2291 <5 <5 < 200

0
#3 Beacon Pond S2292 <5 <5 < 200

#4 AGNS 52293 823 1123 7,600 2 400
*

0
#5 AGNS S2294 <5 <5 2,000 2 300

#6 AGNS S2295 <5 92 2 < 200
-

3

Notes: 1. Suples were filtered with 0.45-micron membrane filter and acidified
with 1 ml conc. HNO3 per liter. They were counted on Novmber 18 -
19, 1983.

3 2. Suple 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.

O

D

3 -

9

3
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;

!O Appendix A

Equipment Description and In Situ Method

|O

A.0 Equipment Description and Method

O 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
.O is enlarged many times. Instead of analyzing a series of samples collected
I in the field and tediously processed in the laboratory, the entire site is
I analyzed in a few hours.
.

The detector used in this particular survey is a high resolution Ge(L1)
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 especiallf configured for in situ work.

A.1 Equipment Description

,

.
A.l.1 Vehicle

O The Mobile Environmental Radiation Laboratory consists of a 1975 GMC

3 - Jimmy truck with all the equipment necessary to accumulate and analyze j_n,

; situ ganna-ray spectra. This vehicle is large enough to contain all the
! electronic gear and yet small enough to be completely maneuverable off
O the mad. 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 accessibl'e through the tailgate, where the Ge(Li)

O detector is carried, and one inside the truck, where the electronic equip-
,

O

. -_ . -_ _ _ . . _ - _ - . - - .. - -_ _ .- .. - -.
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.

ment is located, maintained at room temperature by the vehicle air condi-

|O 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. -

|O
A.l.2 Detector and Electrcnic Equipment

The Ge(Li) detector is a Canberra 7229 downlooker with Canberra 970
Preamplifier. It is mounted on a tripod. I m above ground for jn situn:

!O 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

1O 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 analyzer. Northern Scientific
!O 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
i Laboratory, rather than having been purchased specifically for jn, situ work.
O The detector, calculator, and analyzer are used for fixed geometry counting

in the laboratory while the truck is not actually in the field.i

,
_

.

' A.l.3 Method
|O The analysis of each gama-ray spectrum is performed by a Hewidtt Packard

microcomputer. The calculator is interfaced to the multichannel analyzer
through a Northern Scientific NS-422 two-way calculator interface. The

guiding principle is that the complete analysis be performed on-site in
!O as short a time as possible. It is thought that this capability is unique.

The software 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,

i tape commands are held to the minimum. The analysis is initiated and
:O controlled by the operator, leaving the calculator free for other use
| during spectrum accumulation..

|

!O

|
. _ . _ . . _ , _ . __ , . . _ _ _ _ . _ , _ _ _ __ _ _ _ _ _ . _ . _ . _
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;O Prior to each analysis a two point energy calibration is made,
usingthej_n,situspectrumjustacquired. Experience has shown this ton

be necessary due to gain shifts caused by temperature changes inside the
truck. The energy calibration requires.about 1 minute to complete.,

iO The analysis pregram 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 key 214Pb line and 583 kev 20sT1 line

O 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!

~

i LOSI, is given by 2/fN, where IN is the supi of the points in the continuum
O if a peak is detected or IN is the sum of six points 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,

iO and error in intensity. -

A library search is performed for each peak detected. If successful,

the activity A, error, AA, and Minimum Detectable Activity, MDA, are output.

'O

|O

|

10
i

O

O
|

._. _ _-_ . . . . . - _ _ _ . _ _ _ . . . _ _ _ .___ _
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The activity is given by

I - kI, I - kI
4

.

O A= (1)= -

4scT0.037t+ch)1I b 1
'

whereI= Intensity (countsinphotopeak) 1

O Ig = Interference Intensity
T = Count time

!

t = Height of detector above ground
e = Absolute efficiency of detector

0 0.037t+,(*)= Conversion from flux to pCi/an2 or pCi/g

k = Interference factor
p = Soil density
a = Relaxation length of exponentially. distributed source activity

,O
with soil depth

T = Ganrna fraction,

0.037 = Disintegrations /sec/pci

'O-

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 (c(}) used above is obtained by fitting
curves to the data given in Table 1 of HASL-258. The curves are of the fom

1(p)1)g,b2( )h; -{e y
'

+c(*) = e w o<a<= (2),

!O

r b a
+ch)=e w ", a== (3)I

|

|O
(c(0) = tabulated, a =-0 (4),.

I
l

where w = energy in kev. a = 0 corresponds to a source distributed unifomly

O in the soil, in which case A_ has units of pCi/ gram. a = = is a plane j
source. Otherwise an exponential distribution with depth is assumed, with

iO

_ _ . _. _ . . _ _ _ . _ _ _ . _ . _ _ .__. ._ _ _ _ _
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'

arelaxationlengthoff.A_hasunitspCi/cm2 in these cases (a y 0). The
interference factor is given by

|O cr+c(0) interferring line, i.e., 665.6 kev 21481
(5), .

er+c(0)interferenceseries,i.e.,352 key 214Pb

This is the fraction of the intensity of, for example, the 352 kev 214Pb jO
line to be subtracted from the 661.6 kev 137Cs line to correct for inter- I

ference from the 665.6 key 21481 line. The error in the activity is

{AI2+(o,07I32+(kAI)2+(0.03I)2}1/2
. q

b

where AI is the statistical error in the photopeak integration. 0.07I is
O. an estimate of the error introduced in the efficiency calibration and

curve fitting, kAI, 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

O Activity, calculated for each isotope in the library whether detected or
not, is given by

MDA= f . (7)

The gannia-ray exposure rate ER, for each isotope or decay chain as
appmpriate, is also calculated. The exposure rate in pR/hr is

O
ER = A+E( ) (8)

1

where (E($) is obtained from Tables 8 and 9 of HASL-258. These data are
fit to curves of the fomO

(E(f)=e (f) 0<a<. (9),

O
+ ()) is tabulated for a = 0 and a = . The error in the exposure rate

O -

_ _ _ _ _ _ - - _ - - _ _ _ _ _ _
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includes a five percent' calibration ters. A Minimum Detectable Exposure
Rate (MDER) is also provided.

Peaks with a right hand continuum which rose above the threshold,
O that is, did not decrease monotonically, are flagged. This may indicate

poor statistics or the presence of another peak which was missed in thi
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

O 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 library. The absolute efficiency of the
detector is given by

E(w)='{1-e( 1+'2 "(")))g,('3+'4 "(")))I I
(10)

O where e , e ' '3, and e4 are measured and w is the energy in kev.g 2

3

O

O

l

!

!
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10 !

] Sample Analysis Peports for Soil Collected at all
| Stations except Osborne Road Air / Rain Station
1

E
l

| October 1983 ,

!
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S

SAMPLE ANALYSIS REPORT

SAMPLE CODE: TS1S
COLLECTED: 300 1983

gg STATION: TERRESTRIAL STATION 1
LOCATION: BNFP

SAMPLE TYPE: SOIL CORE COMPOSITE
REMARKS: 0-5 CM

DETECTOR: BIGJELLY
gp GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
322 1983 789.5900 GRAM 14400. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA 0.5 +/- 0.1
214PD 0.45 +/- 0.03
232TH 0.51 +/- 0.03
137CS 0.77 +/- 0.04
228AC 0.54 +/- 0.04

40K 0.34 +/- 0.06

O

O

D

D
!

D
,

___
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i
-

O

SAMPLE ANALYSIS REPORT

SAMPLE CODE: TS2S
COLLECTED: 300 1993

O STATION: TERRESTRIAL STATION 2
LOCATION: BNFP

f SAMPLE TYPE: SOIL CORE COMPOSITE
REMARKS: 0-5 CM

DETECTOR: BIGJELLY
O GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
320 1983 773.5900 GRAM 14400. SEC

NUCLIDE ACTIVITY PCI/ GRAM

O
226RA O.3 +/- 0.1
214PB O.40 +/- 0.03
232TH 0.57 +/- 0.04
137CS 1.02 +/- 0.05
228AC O.61 +/- 0.04

0 4k 0 33 +'- 0 05

O

O

O

O

.

O i

.

-
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!O

SAMPLE ANALYSIS REPORT

SAMPLE CODE: TS3S '

. COLLECTED: 300 1983
,() STATION: TERRESTRIAL STATION 3

LOCATION: BNFP
SAMPLE TYPE: SOIL CORE COMPOSITE'

REMARKS 0-5 CM

DETECTOR: BIGJELLY
-(} GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
320 1983 875.2900 GRAM 14400. SEC

NUCLIDE ACTIVITY PCI/ GRAM

'O 226RA O.5- +/- 0.1
* 214PB O.39 +/- 0.02

232TH 0.46 +/- 0.03
137CS O.55 +/- 0.03
228AC O.53 +/- 0.04
40K O.34 +/- 0.05-()

l

!

!
!

() .

|

O

.

i

i

(O
i

\-
I

:
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O

SAMPLE ANALYSIS REPORT
4

SAMPLE CODE: TS4S
COLLECTED: 301 1983

'O - STATION: TERRESTRIAL STATION 4
LOCATION: BNFP

SAMPLE TYPE: SOIL CORE COMFOSITE.
REMARKS: 0-5 CM

DETECTOR: BIGJELLY
Q GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
321 1983 776.7500 GRAM 14400. SEC

NUCLIDE ACTIVITY PCI/ GRAM

O |226RA O.7 +/- 0.2
|214PB O.59 +/- 0.03 1

232TH O.71 +/- 0.04
137CS 0.71 +/- 0.04
228AC O.68 +/- 0.05

0 4k 0 42 +'- 0 07

O

|O

|

4

9

8

- .

__ _ . _ _ _ - .
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3

SAMPLE ANALYSIS REPORT

SAMPLE CODE: TS5S
COLLECTED: 300 1983

'

:[) STATION: TERRESTRIAL STATION 5
LOCATION: BNFP

SAtiPLE TYPE: SOIL CORE COMPOSITE
REMARKS: 0-5 CM

DETECTOR: BIGJELLY

() GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
321 1983 702.7100 GRAM 14400. SEC

IJUCLIDE ACTIVITY PCI/ GRAM

) 226RA 1.1 +/- 0.2
214PB O.90 +/- 0.05
232TH 0.83 +/- 0.05
137CS 0.69 +/- 0.04
228AC O.92 +/- 0.06
40K 1.1 +/- 0.1

O

O

4
:

*
.

O

'3



. . - . -~ . _ - --. - .. - . . . - .. - - - -. _.-. -.- -
.

,

A
,

':O
Page 50 .|

' "

|

!

!O ;.

I SAMPLE ANALYSIS REPORT r

r
,

SAMPLE CODE: CTOS |'

COLLECTED: 301 1983 };O STATION: CIRCULAR TURKEY OAK 1

'

LOCATION: BNFP |

SAMPLE TYPE: SOIL CORE COMPOSITE !
I

! REMARKS: 0-5 CM

DETECTOR: BIGJELLY,

;O GEOMETRY: MS
'

DATE COUNTED WEIGHT COUNTED COUNT TIME r

i 319 1983 809.0700 GRAM 14400. SEC i

i NUCLIDE ACTIVITY PCI/ GRAM r

!O !

! 226RA O.3 +/- 0.1 e
i 214PB O.34 +/- 0.02
{ 232TH 0.46 +/- O.03
! 137CS 0.62 +/- 0.03 |
! 228AC O.50 +/- 0.04
I 4K .28 +/- o.osO
t

'
i .

; '

!

t

10
*

;

|

i
L
i

jO
.

1

;
,

f

<

.O

n
M
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I

SAMPLE ANALYSIS REPORT
'

SAMPLE CODE: CBS
COLLECTED: 300 1983

|O STATION: CAROLINA BAY
'

LOCATION: BNFP
SAMPLE TYPE: SOIL CORE COMPOSITE

REMARKS: 0-5 CM

DETECTOR: BIGJELLY
O GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME *

321 1983 711.1800 GRAM 14400. SEC

NUCLIDE ACTIVITY PCI/ GRAM
O

226RA O.7 +/- 0.2
214PB O.50 +/- 0.03
232TH 0.74 +/' O.05
137CS 1.34 +/- 0.07
229AC O.83 +/- O.05

0 40k 0 31 +/- 0- 6

I

,

O *

,

b

O

.o .

.

,

|3
L
i
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I

D
SAMPLE ANALYSIS REPORT

;

SAMPLE CODE: NS1S
COLLECTED: 301 1983

) STATION: NATURAL STATION 1
LOCATION: BNFP

SAMPLE TYPE: SOIL CORE COMPOSITE
: REMARKS: 0-5 CM
|

| DETECTOR: BIGJELLY

{) GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
320 1983 851.0900 GRAM 14400. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.6 +/- 0.1
214PB O.48 +/- 0.03
232TH 0.58 +/- 0.04
137CS 0.75 +/- 0.04
228AC O.63 +/- 0.04

40K O.48 +/- 0.06

,

D

,

D

J

.

!

.
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10
SAMPLE ANALYSIS REPORT

SAMPLE CODES-FSL43 '-

; COLLECTED: 302 1983
jQ STATION: FSL 4-

LOCATION: BNFP
7 SAMPLE TYPE: SOIL CORE COMPOSITE
j REMARKS: 0-5 CM

DETECTOR: BIGJELLY
.j Q GEOMETRY: MS
i
i DATE COUNTED WEIGHT COUNTED COUNT TIME
! 322 1983 764.5500 GRAM 14400. SEC
4

} NUCLIDE ACTIVITY PCI/ GRAM

:O
i 226RA O.4 +/- O.1

214PB O.37 +/- 0.02
' 232TH 0.39 +/ - 0.03
| 137CS 0.96 +/- 0.05
' 228AC O.44 +/- 0.03

4K 0.48 +/- 0.060
,

p
'

i

10
,1

-l

i
i
,

iO ,

;

!

:O
.

4

f

;,
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.

O
SAMPLE ANALYSIS REPORT

SAMPLE CODE: FSL5S
COLLECTED: 302 1983

() STATION: FSL 5
LOCATION: BNFP

SAMPLE TYPE: SOIL CORE COMPOSITE
REMARKS: 0-5 CM

DETECTOR: BIGJELLY
f3 GEOMETRY: MS
v

DATE COUNTED WEIGHT COUNTED COUNT TIME
320 1983 794.8600 GRAM 14400. SEC

NUCLIDE ACTIVITY PCI/ GRAM

O 226RA O.4 +/- 0.1
214PB O.33 +/-- O.02
232TH 0.44 +/- 0.03
137CS 0.75 +/- 0.04
228AC O.47 +/- 0.03
40K O.30 +/- 0.05

|

3

|
|
l

*

g
|

!

!

D

,

D

P
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SAMPLE ANALYSIS REPORT
i

SAMPLE CODE: FSL6S
COLLECTED: 302 1983

() STATION: FSL'6
LOCATION: BNFP

SAMPLE TYPE: SOIL CORE COMPOSITE
REMARKS: 0-5 CM "

|

DETECTOR: BIGJELLY
,() GEOMETRY: MS

! DATE COUNTED WEIGHT COUNTED COUNT TIME
| 319 1983 807.1600 GRAM 14400. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.4 +/- 0.1
214PB O.42 +/- 0.03 !
232TH O.33 +/- 0.02
137CS 0.39 +/- 0.02 '

228AC .O.35 +/- 0.03
40K O.25 +/- 0.05

.O
;

.

|
i

'

O.

O
l
!
i

|

I

I i
,

i
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I. ' Appendix C
1 +

10 |
j Sample Analysis Reports for Litter / Humus Collected i

'

at all Stations except Osborne Road Air / Rain Station
I

i !

I October 1983 |
t

: o =

,

,

i !
i t

iO i

I
<
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O
SAMPLE ANALYSIS REPORT

SAMPLE CODE: TS1LH
COLLECTED: 300 1983

73 STATION: TERRESTRIAL STATION 1
''' LOCATION: BNFP

SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: BIGJELLY
GEOMETRY: ML

DATE COUNTED WEIGHT COUNTED COUNT TIME
322 1983 308.9000 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.4 +/- 0.1:()| 214PB O.25 +/- 0.02
7DE 1.2 +/- 0.1

232TH 0.28 +/- 0.03
137CS 1.01 +/- 0.09
228AC O.31 +/- 0.03
40K O.58 +/- 0.08,C|

|O

O

O

1
!
|

;

I

,\

~% /

w_
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:3
SAMPLE ANALYSIS REPORT

|

SANFLE CODE: TS2LH
; COLLECTED: 300 1983

STATION: TERRESTRIAL STATION 2) LOCATION: BNFP
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

t
L DETECTOR: BIGJELLY
! IGEOMETRY: ML

DATE COUNTED WEIGHT COUNTED COUNT TIME
323 1983 484.2200 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM

144CE O.16 +/- 0.03
C) 226RA O.3 +/- 0.1

214PB O.27 +/- 0.02 *

| 125SB O.05 +/- 0.01
7BE 2.1 +/- 0.1

232TH 0.39 +/- 0.03
137CS 2.6 +/- O.1

3 228AC O.48 +/- 0.03
40K O.49 +/- 0.06;

o

3

!

) +

,

!

l

'3

. I

i
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!O

SAMPLE ANALYSIS REPORT

SAMPLE CODE: TS3LH
COLLECTED: 300 1983

() STATION: TERRESTRIAL STATION 3
LOCATION: BNFP ,

SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

! DETECTOR: BIGJELLY
GEOMETRY: ML .

;O
DATE COUNTED WEIGHT COUNTED COUNT TIME

| -324 1983 482.7000 GRAM 28800. SEC-

NUCLIDE ACTIVITY PCI/ GRAM

144CE O.07 +/- 0.0243
,

226RA O.5 +/- O.1
! 214PB O.32 +/- 0.02
| 125SB O.05 +/- 0.01

7BE 1.20 +/- 0.09
232TH 0.36 +/- 0.03
137CS 2.0 +/- O.1-() 228AC O.38 +/- 0.03
40K O.48 +/- 0.06

i

b
'

|O
|

!o.

O '

r

0
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D

SAMPLE ANALYSIS REPORT

SAMPLE CODE: TS4LH
COLLECTED: 301 1983

;) STATION: TERRESTRIAL STATION 4
LOCATION: BNFP

SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: BIGJELLY
GEOMETRY: ML

3
DATE COUNTED WEIGHT COUNTED COUNT TIME

325 1983 303.3000 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.3 +/- 0.13 214PB O.30 +/- 0.02
125SB O.06 +/- 0.01

7BE 1.5 +/- 0.1
232TH 0.31 +/- 0.03
137CS 1.08 +/- 0.06
228AC O.29 +/- 0.03-1

' 60C0 0.022 +/- 0.005
40K O.68 +/- 0.09,

3

D

3
.

*

e

|
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SAMPLE ANALYSIS REPORT

SAMPLE CODE: TS5LH
COLLECTED: 300 1983

STATION: TERRESTRIAL STATION 5
E) LOCATION: BNFP

SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: BIGJELLY
GEOMETRY: ML

() DATE COUNTED WEIGHT COUNTED COUNT TIME
323 1983 402.8800 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA 0.7 +/- 0.1
() 214PB O.52 +/- 0.03

125SB 0.04 +/- 0.01
7BE 1.3 +/- 0.1 *

232TH 0.52 +/- 0.04
137CS 1.31 +/- 0.07
228AC 0.61 +/- 0.04

() 40K 1.1 +/- 0.1

.

O

O

.

O

O

_
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i

(O
I l
! SAMPLE ANALYSIS REPORT

,

!

SAMPLE CODE CTOLH j
INSTALLEDs 301 1983 i

L COLLECTED: 302 1983 i

O STATION: CIRCULAR' TURKEY OAK i

LOCATION: DNFP j

SAMPLE TYPE: LITTER AND HUMUS COMPOSITE ,'|

l

IDETECTOR: BIGJELLY
,

. DEOMETRY: ML |u ;

DATE COUNTED WEIGHT COUNTED COUNT TIME !,

'

325 1983 337.1400 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM !

O 144CE o.16 +/- 0.04 !
226RA 0.2 +/- 0.1

,

214PB O.22 +/- 0.02
125S8 0.06 +/- 0.01 I

7BE 1.4 +/- 0.1
232TH 0.31 +/- 0.03 l

O 137CS 2.1 +/- o.1 [
228AC O.33 +/- 0.03

40K 0.54 +/- 0.00 :

!
i

O I
r

)

f

;

D

i
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i

!

||

O |
CAMPLE ANALVGIS RCPORT i

GAMPLE CODES CBLH
COLLECTTDs 300 1983 -

GTATION' CIS0t.!NA DAYn
V LOCATION: DNFP

UAMPLE TYPES L!TTER AND HUMUS COMPOSITC

DETECTOR: NE4J f*LLY (
GCOMETRY ML i'

O :)ATc COUNTED WC10HT COUNTED COUNT TIME
325 1903 295.0400 CRAM 20000. DEC

,

'NUCL11)E ACTIV! TV PCI/@AN

144CE 0.14 */= 0.04 '

.O 226AA o.3 +/- o.:
214PB O.26 */- 0.00

7DE 2.0 */- 0.1
232TH 0.37 +/- 0.03
137CD 2.1 +/= 0. t [
220A0 C.46 +/- 0.04 ;

O 60C0 0 036 +/- 0.007
40V 0,1 */- 4.1

i

O
<

t

i-

O

.O

|

b

$
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i

O
GAMPLE ANALYSIS REPORT

BAMPLE CODES NS1LH
INGTALLEDs 301 1903

c3 COLLECTEDs 302 1903
STATION: NATURAL STATION 1*

LOCATION: DNFP
OAMPLE TYPE L!TTER AND HUMUS COMPOGITE

DETCCTOR: DIGJELLY
OEOM( TRY MLg

DATE COUNTED WE!GHT COUNTED COUNT TIME
321 1903 271.0300 GRAM 20000. GEC

NUCLIDE ACTIVITY PCI/ ORAM

.O 144CE 0.30 ./. 0,03
226RA 0.3 +/- 0.1
214PD 0.23 +/- 0.02

7bE 1.3 +/- 0.1
232TH 0.26 +/- 0.03
137CG 1.62 +/- 0.00

,C 200AC 0.31 +/- 0.03
40k 0.53 +/- 0.00

|

/C
1

o
i

~

.--

!
_ _ _ _ _ .
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|C
I . SAMPLE ANAL.YSIS REPORT
! 5 .

,
'

SAMPLE CODES FSL4LH
COLLECTED: '302 1983
STATION: FSL 4O LOCATION: BrJFP

SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: NEWJELLY
GEOMETRY: ML

O DATE COUNTED .WElGHT COUNTED COUNT TIME,

324 1983' 366.2100 GRAM 47638. SEC
,

NUCLIDE ACTIVITY PCI/ GRAM

144CE O.11 +/- O.'02
0 226RA O.5 +/- O.1

'

214PB O.39 +/- 0; O2

7BE 1.8 +/- O.1
232TH O.36 +/- 0.03
137CS 2.2 +/-. O.1

'
229AC O.40 +/- O.03

O .60C0 0.011 + / '- 0.003'-

40K O.95 +/- O.09 '

;

/ 4

% b
6%g ,

% .

~-

a

5

5 ,

, , *

,7s
.

% \

.

):
. s.._

"~ '

. - - ,
_

4
,

< t ,

.,,

' s Y+$

's {*+ g- ' %; I'.s t

4,% ,
w 4

*

b-% ;s %., ,g

D
.

,' sfy
~

* m
, 7

'

4-
. tj .

i a:

< - %
7

y.'Q . .i-
, .

u. ..
. . ., \

%. p - *- :' +
'

'\ *,, ,
. . . .

-

..

5 y '' -- %

*+ ~ -
ff _ .L O.s

'

.

'1 ' *

; -
p:s%.j - s _

c .,
> ,?

* 3 .- . I
-: s

<-

.

_ '

': . . . ., .

.
- - u, , n' f_. ,

Il'''

4, .

-p . g



|

D Page 66

')
SAMPLE ANALYSIS REPORT

SAMPLE CODE: FSL5LH
COLLECTED: 302 1983

STATION: FSL 5
3''

LOCATION: BNFP
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: NEWJELLY
GEOMETRY: ML

DATE COUNTED WEIGHT COUNTED COUNT TIME
325 1983 353.4800 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM

144CE O.16 +/- 0.03-,

s_) 226RA O.2 +/- 0.1
214PB O.30 +/- 0.02
125SB O.05 +/- 0.02

7BE 1.4 +/- O.1
232TH O.43 +/- 0.03
137CS 2.2 +/- 0.1,,

'/ 228AC O.47 +/- O.04-

40K O.76 +/- 0.09

C

O

O

--)
.-

|

|

,

1

|
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J

SAMPLE ANALYSIS REPORT

SAMPLE CODE: FSL6LH
COLLECTED: 302 1983

] STATION: FSL 6
LOCATION: BNFP

SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: BIGJELLY
GEOMETRY: ML

DATE COUNTED WEIGHT COUNTED COUNT TIME
324 1983 480.4600 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.4 +/- O.1,s

214PB O.39 +/- 0.02
125SB O.04 +/- 0.01

7BE O.60 +/- 0.06
232TH O.31 +/- 0.03
137CS 1.66 +/- O 09
228AC O.36 +/- 0.03q
40K O.61 +/- 0.07''

3

D

e

.
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9 |

Appendix D

D
Sample Analysis Reports for Soil Collected in the

Vicinity of Osborne Road Air / Rain Station

January 1984

O

O

D

D

D
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D
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SAMPLE ANALYSIS REPORT.g

SAMPLE CODE: ORS 1
COLLECTED: 28 1984

LOCATION: TELEPHONE POLE AT O.R. & C.N. ROAD NEAR GATE
SAMPLE TYPE: SOIL COMPOSITE

REMARKS: O-5 CM,

,J

DETECTOR: BIGJELLYr

| GEOMETRY: MS

| DATE COUNTED WEIGHT COUNTED COUNT TIME
39 1984 927.2000 GRAM 14400. SEC. , ,

H
NUCLIDE ACTIVITY PCI/ GRAM

226RA O.6 +/- O.1
214PB O.50 +/- O.03

|7BE O.08 +/- 0.03 |0 232TH 0.69 +/- O.04
'

137CS 0.20 +/- 0.01
228AC O.67 +/- O.04
40K O.39 +/- 0.06

o !

.

9 1

4

.

9

8
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SAMPLE ANALYSIS REPORT)
SAMPLE CODE: ORS 2

COLLECTED: 28 1984
LOCATION: BEND OF C.N. ROAD WHERE OHIO ROAD INTERSECTS

SAMPLE TYPE: SOIL COMPOSITE
REMARKS: O-5 CM

DETECTOR: BIGJELLY
| GEOMETRY: MS

| DATE COUNTED WEIGHT COUNTED COUNT TIME
L., 39 1984 898.9000 GRAM 14400. SEC
J

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.7 +/- O.1
214PB O.56 +/- 0.03
232TH 0.73 +/- O.04

0 137CS o.31 +/- O.02
228AC O.82 +/- O.05
60C0 0.013 +/- O.003
40K O.87 +/- 0.08

3

i

|

<> l

{e

.

e

1

o
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SAMPLE ANALYSIS REPORTO
SAMPLE CODE: ORS 3

COLLECTED: 28 1984
LOCATION: NEW OSBORNE ROAD A/R

SAMPLE TYPE: SOIL COMPOSITE
REMARKS: O-5 CM

DETECTOR: BIGJELLY
GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
37 1984 822.O200 GRAM 21600. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.7 +/- O.1
214PB O.55 +/- O.03
232TH O.75 +/- O.04

0 137CS O.75 +/- O.04
134CS 0.034 +/- 0.000
228AC O.85 +/- O.05
60C0 0.61 +/- O.03
40K 1.4 +/- O.1

O

!
4

!
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SAMPLE ANALYSIS REPORTO
SAMPLE CODE: ORS 4

' COLLECTED: 28 1984
4 LOCATION: APPROX 60 M FROM NEW O.R. A/R ON C.N. ROAD

SAMPLE TYPE: SOIL COMPOSITE
REMARKS: 0-5 CM<

;O
.

DETECTOR: BIGJELLY
GEOMETRY: MS

) DATE COUNTED WEIGHT COUNTED COUNT TIME

:O
39 1984 844.9000 GRAM 21600. SEC

;

| NUCLIDE ACTIVITY PCI/ GRAM
i

226RA O.5 +/- O.1
214PB O.40 +/- 0.02.

3 232TH O.47 +/- O.03
;O 137CS O.72 +/- O.04
' 134CS O.008 +/- O.005

228AC O.57 +/- O.04
60C0 0.20 +/- 0.01

| 40< 0.45 +/- O.05
;

!O
j

i
i

i

1

8

:O

O

O !

l

O
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g SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORSS
COLLECTED: 28 1984
LOCATION: APPROX 120 M FROM NEW O.R. A/R ON C.N. ROAD

SAMPLE TYPE: SOIL COMPOSITE
REMARKS: 0-5 LM

DETECTOR: BIGJELLY
GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
38 1984 731.8300 GRAM 21600. SECg

NUCLIDE ACTIVITY PCI/ GRAM

226RA O,7 +/- O.1
214PB O.56 +/- 0.03
232TH 0.74 +/- O.04

O 137CS O.76 +/- 0.04
134CS O.009 +/- 0.006
228AC O.91 +/- O.05
60C0 O.43 +/- O.O2
40K O.87 +/- O.OO

O

3

0

|=

I

3
i
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|

SAMPLE ANALYSIS REPORT)
SAMPLE CODE: ORS 6 |

COLLECTED: 28 1984
LOCATION: APPROX 40 M FROM NEW O.R. A/R TOWARD BNFP

SAMPLE TYPE: SOIL COMPOSITE
REMARKS: O-5 CM)
DETECTOR: BIGJELLY
GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME
40 1984 689.6500 GRAM 14400. SEC)

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.9 +/- O.2
214PB O.65 +/- O.04
232TH O.94 +/- 0.06

[) 137CS 1.9 +/- O.1
134CS O.033 +/- O.009
228AC 1.04 +/- O.07
60C0 0.34 +/- 0.02
40K 1.6 +/- O.1

D

D

e

9

9

D
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{} SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORS 7
COLLECTED: 28 1984

LOCATION: APPROX 80 M FROM NEW O.R. A/R TOWARD BNFP
SAMPLE TYPE: SOIL COMPOSITE

O REMARKS: 0-5 CM

DETECTOR: BIGJELLY
GEOMETRY: MS

DATE COUNTED WEIGHT COUNTED COUNT TIME

() 40 1984 817.0300 GRAM 14400. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.4 +/- O.1
214PB O.36 +/- O.02
232TH O.48 +/- O.03) 137CS O.85 +/- O.05
228AC O.51 +/- O.04

60CD O.014 +/- O.003
40K O.36 +/- O.06

'O

O

,

e

O
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O

'O

Appendix E
O

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

:O a,no,ey 19g4
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f

SAMPLE ANALYSIS REPORTO
SAMPLE CODE: ORLH1

; COLLECTED: 28 1984
LOCATION: TELEPHONE POLE AT O.R. & C.N. ROAD NEAR GATE*

SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

j O DETECTOR: NEWJELLY 1

'i GEOMETRY: ML

DATE COUNTED WEIGHT COUNTED COUNT TIME
"

39 1984 422.5000 GRAM 28800. SEC

;O NUCLIDE ACTIVITY PCI/ GRAM

' 226RA O.5 +/- O.1
214PB O.39 +/- O.02

7BE 8.1 +/- O.4
232TH O.44 +/- 0.03

:O 137CS O.23 +/- O.01.

228AC O.54 +/- O.04,

60C0 O.104 +/- O.009
40K O.64 +/- O.08

!

iO
P

f

,

iO
!
'
i

*

i

.

!O
,

i

f
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SAMPLE ANALYSIS REPORT

I) SAMPLE CODE: ORLH2
COLLECTED: 28 1984

LOCATION: BEND OF C.N. ROAD WHERE OHIO ROAD INTERSECTS
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: NEWJELLY
2) GEOMETRY: ML

DATE COUNTED WEIGHT COUNTED COUNT TIME
39 1984 384.4600 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM,

226RA 1.1 +/- O.2 )
214PB O.79 +/- 0.04 ;

7BE 3.9 +/- O.2 '

232TH 1.09 +/- O.06
137CS 0.23 +/- O.02

0 228AC 1.38 +/- O.08
60C0 0.077 +/- 0.009
40K 4.9 +/- O.3

O

O

e

,

9

9

9

. .
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|

SAMPLE ANALYSIS REPORT
g

SAMPLE CODE: ORLH4
COLLECTED: 28 1984

LOCATION: APPROX 60 M FROM NEW O.R. A/R ON C.N. ROAD
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: NEWJELLY,g'
GEOMETRY: ML

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

NUCLIDE ACTIVITY PCI/ GRAMg
226RA O.3 +/- O.1
214PB O.25 +/- O.02

i

7BE 8.7 +/- 0.5 |
232TH O.34 +/- 0.03 |

137CS O.52 +/- O.03,J 134CS O.008 +/- 0.006
228AC O.44 +/- O.04
60C0 0.60 +/- 0.03
40K O.57 +/- 0.08

3

e

1

4

D

e

e

e
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l

SAMPLE ANALYSIS REPORT

) SAMPLE CODE: ORLHS
COLLECTED: 28 1984 J

LOCATION: APPROX 120 M FROM NEW O.R. A/R ON C.N. ROAD
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: NEWJELLY
) GEOMETRY: ML

DATE COUNTED WEIGHT COUNTED COUNT TIME
38 1984 427.4800 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.4 +/- O.1
214PB O.36 +/- 0.02

7BE 3.1 +/- O.2
232TH O.52 +/- O.04
137CS O.55 +/- 0.03

3 228AC O.65 +/- O.05
65ZN O.034 +/- O.009
60C0 0.82 +/- 0.04
40K 1.0 +/- O.1

D

D

e

D

D

D

_
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i

SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORLH6
COLLECTED: 28 1984
LOCATION: APPROX 40 M FROM NEW O.R. A/R TOWARD BNFP

SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: BIGJELLY
O sgangray, nt

DATE COUNTED WEIGHT COUNTED COUNT TIME
38 1984 287.8800 GRAM 21600. SEC

v

NUCLIDE ACTIVITY PCI/ GRAM

226RA O.9 +/- O.2
214PB O.53 +/- 0.04

78E 8.8 +/- O.5
232TH O.92 +/- 0.06
137CS 1.31 +/- 0.07

O 134CS o.08 +/- 0.01
54MN O.019 +/- O.009

228AC 1.27 +/- O.09
60C0 O.87 +/- O.05
40K 2.5 +/- O.2

O

O

O

O -

O

O

. .. . _ - ..
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SAMPLE ANALYSIS REPORT

SAMPLE CODE: ORLH7
COLLECTED: 28 1984

LOCATION: APPROX 80 M FROM NEW O.R. A/R TOWARD BNFP
SAMPLE TYPE: LITTER AND HUMUS COMPOSITE

DETECTOR: NEWJELLYb GEOMETRY: ML

DATE COUNTED WEIGHT COUNTED COUNT TIME
40 1984 319.4400 GRAM 28800. SEC

NUCLIDE ACTIVITY PCI/ GRAM
)

144CE O.11 +/- O.03
141CE O.019 +/- O.009
226RA O.3 +/- O.1
214PB O.17 +/- O.02
125SB O.05 +/- 0.01

3 7BE 1.2 +/- O.1
232TH O.26 +/- O.02
137CS 1.39 +/- 0.07
54MN O.012 +/- 0.005

228AC O.24 +/- O.03
60C0 0.24 +/- O.02

3 40K O.75 +/- O.09

9

D

D

D

__ ._ _
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O

O

Appendix F
1

O Representative Data from SRP's 1982 Report,
" Environmental Monitoring in the Vicinity of the
Savannah River P1 ant," Annual Report for 1982, |

Report No. DPSPU-83-20-1

O

u

3

e

O

O

O
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Tattf 1. RADt04fffVITY IN AfR. CONF'D
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TABLE 13
1982 RADICACTIVITY IN SOtt

(5-ce Depth)

I
Ctreentration. pC1/0 (Dry Welaht)

C s-137" 5R-90" Pu-2384 Pu-239Y

Plant Perimeter
Nortneast quadrant 1.090 t 0.027 0.100 t 0.13 0.004 2 0.055 0.0163 1 0.0110
Northwest quadrant 0.607 2 0.031 0.030 2 0.13 0.004 2 0.001 0.0134 1 0.0050
Southeast quadrant 0.761 2 0.035 0.012 2 0.13 0.006 2 0.003 0.0116 t 0.0070
Southwest quadrant 0.862 2 0.027 -0.085 2 0.14 0.002 2 0.002 0.0220 2 0.0250

) Averageb 0.830 2 0.030 0.014 1 0.13 0.004 2 0.003 0.0160 2 0.0120

100-Mile Radlus
clinton. Sc 0.460 t 0.030 0.170 1 0.14 0.0003 2 0.001 0.0013 1 0.001
Savsmah 0.516 2 0.019 0.128 1 0.13 -0.0003 2 0.001 0.0015 2 0.001

Aver 0.488 * 0.025 0.150 t 0.14 0.0003 2 0.0C03 0.0014 1 0.0002

Deposition, nC1/km2

) Cs-137 Sr-90 Pu-238 Pu-239

Plant Pe rt ee t e r
Northeast quadrant 81.8 1 2.0 7.5 2 9.8 0.3 t 0.4 1.22 2 0.82Northwest quadrant 45.5 22.3 2.2 2 9.8 0.3 2 0.1 1.00 2 0.38Southeast quadreet 57.1 2 2.6 0.9 t 9.8 0.4 2 0.2 0.8720.52
Southwest, quadrant 64.6 2 2.0 -6.4 10.5 0.2 2 0.2 1.65 11.87

Averase 62.2 2 2.2 1.0 t 9.8 0.3 t 0.2 1.20 1 0.90
100-Mile Radiue

) citaten, sc 34.5 t 2.2 12.8 a 10.5 0.02 1 0.04 0.10t 0.02
S ava nnah.b

CA 38.7 t 1.4 9.6 2 9.8 -0.02 1 0.01 0.112 0.01Averase 36.621.9- 11.2 1 10.5 0.02 2 0.02 0.102 0.02

s The i value represents the two signe statletteal countlas error.
b The t value is the test mese aquere.
* he i value represente the two sissa standard deviattoa of tripiteste soeple analysee

for individual values.
I

TABLE 14

RAD 10ACTIVITT IN SUtF4CE tott SUMMAtT. attfk_u2

Pla n t Pertseter
_ 1004 tte Radtes

} Year N-239 Pu-238 Cs-13 78 $r-90 N-2 39 Pu-238 Co-137 Sr-90,

19738 1.78 0.08 78 79 1 69 0.12 103 1201974 1.19 0.11 73 - 1.26 0.13 59 -

1975 1.13 0.07 88 - 0.68 0.02 72 -
1976 1.30 0.07 63 6 1 09 0.06 74 251977 1 18 0.07 52 8 1.22 0.04 54 14
1978 1.90 0 12 57 8 1 10 0.06 57 111979 1.2 0.10 54 7 0.23 0.08 52 91980 1.2 0.22 32 8 0.45 0.08 23 9

| 1981 11 0 15 31 - 0.72 0.08 42 -

1982 1.2 0.30 62 1 0 10 0.02 37 11

a Prior to 1976, 137Ce was analysed annually in 10 cores 15-en deep.

>

_ _ _ _ _ _ _ _ . _ . _ . _ _ . _ _ _ _
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:id T A Al f 72 s AABIGACTIV!fY IN SAVANNAM AIVER WATER. CONT'D.

SR-te Pct /t
a

No. OF CT ttt CT Ett AtiimfiiCtotAtlan SAMPLES J Q1333 911 Ct MINIMun ter et MEAM 2 SIC CfW

IH9. E9&, it."-- 11 1.0...
0. n 0.is 10. n 0.ir -.-i i 4 0. n 0. 3 -0.0i 2 0. n 0.n -

.O
1.-... ..-,1. ,e,,t

NO. OF CT E84 CT t#2 AtitMMET CiSCA110M 14vtEl MprI M tit CL MINIMUM 914 CL M14N 2 SfD Bly *

15. 9. h. 5.S. !!"-.. . . , . . , 3... ... 1,.. ....
i . . .a.
.... i 3.i si .. ii., ... in.. ..i.

O eu-laE. IAA Pff/t

MO. OF Cf teR CT ERE atifMMtffCtoeAT10M 1AMPLf1 MAXIMUM _ 1st CL . MINIMUM 111 CL PFAN 2 SfD DEV

iTfh5!!!!"- .. .. tu .... 3....i. m ... 3.i si . 1s .... ii. . . . , ii.
i. ii.

f-Ill Pct /t
;

no. OF CT tat Cf taa AaitnMetic.i - totAfton S AMPt ts E1333 tit ct M t M tmsM 911 ct MEAN 2 ifD DEV
'

SCIC111CJVCUDQ_
a-3. As0.w s rt AN.I }9,3, ...4. ..$ g), .,73 43,.

13.7
E-i MI lEAY 3 i Si ... 17. ... .. 3 ti..

C1-114 Pcfft

m3. OF AniinMitic16cA11BM M U ,, RAIIMun JM _ fif AM { ifR DIV
khe-i.fk N fNn.f ' - 4 0.0 0. 0 0.0 -

Nisned& T 3i 2i 0.00037 0.uuuuJ 0.000it 0.04311
?

21-117 Perft

(gfat1GM i i yg g ,,
II C

Iu ue M. .A,'"i.'i
". 01."

a
".*1

eu m-4O -*
a i."ns ' " * ana a o"n24 0 0.00 0.008. [+0.0031

! fr-141. 144 PctfL

no. OF CT tot CT tat AnitettiCtecAtlan 1AMPLES MAXIMun 912 tt min tMLaj 111 CL MrAm 2 sta Riv

;o 159.%.''mif9r- .. ,... ii. ....
zu. . i .. .,.. . A .i it si 2 ,3..2.. ii. .... 1 ... .

i

* inSUFFiCitMI O&f4

IO

.

!

-
t .



. _

ENCLOSURE 2
or

R - 3/27/84ctrm a wA.200
(S.79) SCUTH CAROUNA DEPARTMENTOF HEALTH AND ENVIRONMENTAL CCNTROL

APPLICATION FOR RADIOACTIVE MATERIAL LICENSE

INSTRUCTIONS: Complete items 1 through 16 if this is initial application. Supplementary sheets shall be used where applicable. If
acclication is for renewal, Items 1 through 16 shall be completed and indicate new information or changes in the program. If there
has been no changes. all items must be completed with reference to a previous application or document and date, item 16 must be
completed on all applications. Mail one copy to: South Carolina Department of Health & Environmental Control, Bureau of Radio-
Icgical Health,2600 Bull Street, Columbia, South Carolina 29201. Upon approval of this application, the applicant will receive a
State of South Carolina Radioactive Materials License issued in accordance with the general requirements contained in *he South Car-
clina Department of Health & Environmental Control, Regulation 6163. Radioactive Materials (Title A), and the Atomic Energy and
Radiation Control Act. Section 13 7 40 et. sea. of the 1976 Code.

1. (a) NAME AND STR EET ADORESS OF APPLICANT. (b)' STREET ADORESS(ES) AT WHICH RAOlOACTIVE
(Institution, firm, persons, etc.) MATERIAL WILL BE USEO (if different from 1 (a).)

Allied-General Nuclear Services West end of Osborn Road
P. O. Box 847 Snelling, South Carolina
Bnrnwell, SC 29812

Telephone No.: Area Code ( 80 3) '>'io 1711

2. OEPARTMENT TO USE R AOICACTIVE MATERI AL 3. PREVIOUS LICENSE NUMBER (S). (If tnis is an appli-
cation for renewal of a license, please indicate and give

No Use - Decommissioned Facility numeer.)
Sea Attachment 1

South Carolina License No. 144

4 INOlVIOUAL USER (S). (Name and title of individuatts) 5. RACIATION PROTECTION OFFICER (Name of per.
wno will use or directly supervise use of radioactive mate- son designated as radiation protection officer if ot5er

,
31. Give training and experierce in items 8 and 9.) than individual user. Attach resume of his training and

Nona - However, Company Representative exoerience as in items 8 and 9).
is Mr. Christian T. Nielsen. CNSI - Director of Regulatory Affairs /,

Ss2 Attachment 3. Barnwell - Dr. Michael T. Ryan,,

See Attachment 2.
6. R ADIOACTIVE MATERI AL. (b) CHEMICAL ANO/OR PHYSICAL FORM AND MAXI.

(Element and mass number of each.) MUM NUMBER OF MILLICURIES OF EACH CHEM-

NGtural Uranium | CAL ANOiOR PHYSICAL FORM POSSESS AT ANY

Plutonium - 238-239-240 ONE TIME. (if sealed source (s), also state name of man.
uf acturer, model number. numoer of sources and maxi.
mum activity per source.)

Natural Uranium <5 kg
Plutonium <1 gram

As residual material described in
Attachment 1. i

i

! 7. OESCRl8E PURPOSE FOR WHICH R ADIOACTIVE MATERIAL WILL BE USEO. Provide suf ficient detail to allow potential
personnellemposures to be evaluated, if radroactivs materialis in the form of a sealed soure', include the make and model num-
her of the storage container and/or device in which the source will be stored and/or used.) Attach extra sheets if necessary.

__



.
~

)
TP AINING AND EXPEnlENCE OF EACi'IN0lVf DUAL NAMED IN ITEM 5 tuse sgoolemental sheets if necessaryl

WHEriE OURATION ON THE JOB FORM AL COURSE
8. TYPE OF TR AINING TR AIN E D OF TR AINING (Circle answer) (Cirete answer)

a. Prine: oles and practices of radiation Yes No Yes No
orotection

b. Radioactivity measurement standarc.
. ization and moretoring techniove'. and Yes No Yes No
instruments *

See Attachment 2
c. Mathematics and calculations basic to Yes No Yes No

the use and measurement of radioactivity
. _

d. Biological effects of radiation Yes No Yes No

L
9. EXPE ATENCE WITH R ADI ATION ( Actuel e 4 of radioisotooes or eouivalent experience.)

Tvoe of Use'.otece Maximum Amount Where Exoerience was Gained Duration of Exoerience '

_

See Attachmt. int 2

10. RAOl ATICN OETECTION thC"AUMENTS (Use suco'emental sneets if necessarv.)
#'"d *Type of instruments

Number Radistica Sensitivity Use (Monitoring.
U"" ' '

Available Detected Range (mr/hr) 2)
Surveying, Measuring)

u e te c

Attachm}nte 2See
L

11. METHOD. FREQUENCY. AND STANDAROS USED IN Cl*LIBR ATING INSTRUMENTS LISTED ABOVE

See Attachment 2

~

i12. FlLM 8ADGES. OCSIMGTERS. AND CIO. ASSAY PROCEDURES US~0 tr or film badges, soecify method of calibrating and
orCcessing. Cr name of sucolier )

See Attachment 2

INFORMATION TO BE SUBMITTED ON ADDITIONAL SHEETS

13. FACILITIES AND EQUIPMENT. Describe laboratory faclities and remote handling souioment storage containers, shielding,
fumt hoods, etc. Attach an exclanatcry sketch of t.ce fac'lities. See Attechment 2.

14. GADI ATION PROTECTION PROGP AM. Desebe the reiiiation protection arcgram including control measures. If acolication
covers saaled sources, submit 'esk testing procedures where aoolic.ible, name trainin}. and experience of person to perform leak
tests and arrangements for oerforming i,mest radiation starvey seMeitM. maintenance and reoair of the source See Attach . 2

15' WASTE DISPOSAL. If a commercal waste disposal service is emotoveo, specify name of company. Otnerwise, submit cetailed
descriotion of methods which *.11 s used for discosing of radioscrive wastes and estimates of the type and amount of activity
inv;lved. Chem-Nuclear System. I'ic. , Barnwell, SC

can risic47 i tTw.. ...m met we .wei...o av sooncaatt

16. 7 e * * * Li c A ' c A N o A N ' 0 8 ' c i ^ u . a * a n a e * '. *."..' "m. ** * *" o ' ',a i s o o",m' .a .m.o .a ". * ' . m'd v 'a .a' .'.'".'.a**.*a".m
* a . a n .-a

w .,, a . . . . . . .. .. .. . a s e . i a c.. .n a . o . c .,i-.... . . i .. ea.-. -. w e ..a i ...a. , c a i,. . . v a . . . .. .
.e m ..as .. ...... - .... ..... ,.. ...... .... .a. ..,,..,,. w . . ei . , .a. ....s. ... ..~..,,,-.o. .. ...... .....a .

_ Allied-Gere.aal Nuclear Services .
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