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ABSTRACT

Thl§ report presehfs’fhe results of a radloioglcal sur-
vey of fhe.burlal slte adjacent to the Combustlion Englneer-
ing (C-E) plant In Hematite, Missourl, performed by Radia-
+lon Management Corporation (RMC) In the spring and summer
of 1982, Measurements were made to determine external radi-
af!on ]evels, surface and subsurface radlonucllide concentra-
tlons and radloactivity In alr and water. Results show
uranldm concentrations In burlal pits as high as 36 and 21
_pCl/g for U-238 and U-235 respectively. Results also show
uranium concen+ra+lons in surface solls as high as 4.7 and
1.1 pCi/g for U-238 and U-235 respectively. Based on an es-
timated U-234/U-238 activity ratio of about 10 fé 1, +he
highest U=234 ‘actlvity lq the burlal plfs.ls estimated to be
approxImately 400 pCi/g, and in surface ﬁolls approximately
47 pCtl/g. ﬁadlum and thorilum conéenfraf]ons d1d not exceed
background Ievéls. Radloactivity lﬁ water which exceeded
EPA drinking water standards was found 1In two onslite monl-

toring -wells.
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l. INTRODUCTION

Radlation Management Corporation, under contract to the
U. S. Nuclear Regulatory Commission (NRC), performed a ra-
dioclogical evaluation of the burial site adJaceﬁf to +the
Combusf!qn Engineering plant in Hematite, Missouri. An lﬁl-
tlal site vislt occurred In March 1982, and the detalled ra-

dlologlical evaluation was performed In the spring and summer

of 1982.

The purpose of thls survey was to clearly define the
radlologlcal conﬁlflohs at the burial site and to determine
1f radloactive material is moving from the burlal plts Into

the surrounding environment.

The methods used to evaluate +this site Included +the

followling:

1) Measurement of external exposure rates at one
‘meter above the ground surface and beta-gamma

count rates at one cm., @above the ground surface;

2) Measurement of radlonucllde concentrations 1In

surface soll and vegetatlon;

3) Measurement of radlionuclide concentratlions 1In



subsurface deposits;

4) -Measurement of gross alpha and beta acffv!fy

In surface and sqbsurface water samples;
5) Measurement of alrborne radloactivity.

Measurements were performed onsite using an RMC
designed moblle |aboratory facility. Analyses whlch could
not be performed onsite were sent to the RMC analytical la-

bbrafory In Philadelphla, Pennsylvanla.



Il. SITE CHARACTERISTICS

The 'project slfe'(Flg. 1) ls'focafed' adjacenf‘ to the
Combustion Englneer]ng pfanf in Hematite, Jefferson.Counfy,'
Missouri. The slte 1s approximately 35 mlles squfh of
St. Louls 1In a rural area isolated from large residential
and/or commerclal developmenfs;' bThe plant proper Is a re-
stricted area, énd comple{ely fenced in, The‘burlgl slte Is
located Immedlately to the east of the fence line and ex-
tends. to a wooded area at the site boundary (Fig. 2). The
.acftve site Is bounded by Route 2{A on the north, raflroad
tracks to the south, and'wooded areas on both sldes. There
s no method of controlling access to any areas 6fher than
the plant.-

| N .

During Its 1ifetime, The'plénf‘has had- four different
operators. The Initial operations began In 1956, under Mal-
|Inckrodt Chemical. In 1961, United Nuclear +took control;
In 1970, Unlited Nuclear and Gulf ran the facllity in & Jolnt
venture; and in 1974, Combustion Englneering assuﬁed
responsibliity. * Burlals were made In  the late 50's and
early 60's under the dlrectlion of both Malllnckrodt and
Unl?edl_Nuclear, ln.accordahée with all applicable NRC (AEC)

regulations.,

"Plant operaflons-Ian]vé'proceéSIng and treating vari-



ous uranium compounds. All  manner of uranium materials,
ranging from depleted to highly enriched uranium, have been
used at thls slite. While any of fhese may have been burled,
It ls'more llkely +haf depleted wuranlum was disposed of
rather than enrlched, due to the comﬁerclal value of the en-
riched material. Records Indlcate that an estimated 27 kil-
ograms of U-235 (60 mCi) have been disposed of, Because
all maferlalsvweré‘assayed for U-235 only (by {cannlng with
a scintlllator set to counf the 186 keV gamma peakf, no es-
flmafé bf total U-238 “and U-234 content has been made.
Additlonally, some work on thorium fuel was performed, so
there exlists the possibillty that small}qﬁanflfles of thori-
um have been buried. No other radlolsotopes hqve been used

or disposed of at thils slte.

The nature of the burled materlal Is descrlibed as being
primarily contaminated combustibles ‘and small pleces oi
equipment, Apparently, the bulk of buried material consist-
ed of paper, plasf]c and wood Items. Some mefalllfems, such
as plpes énd buckets, have been burled, although no major
ﬁe+alllc objécfs, except possibly a plckup +truck, were
disposed of. | |

Theﬁe materials were burled In 40 plts, weach approxli-
mately 20 .feet by 40 fee+ by 12 feet deep. Thé Indlvldual

plts were not marked or otherwlse Idenflfled, although “some

4



can be located by ground se++llhg. Each Is covered by 2 to
5 feet of fill dlrf.' The plts were not Ilned or prepared In
any way, nor were they capped with speclal maferlals.' The
soll Is si1ty clay to a depth of approximately 30 feet, then
gravel for ‘about 10 feet to rock. Ground water ranges from
depths of a few feet to 20 feet, depending on +he . season,
Ground water flow 1s generally from the north to the south,
possibly Into Joachim Creek, which fs about one-half mile
frOm the site. The burlal ground Is an open Qrassy area

with some apparent water runoff.



111, RADIOLOGICAL SURVEY METHODS
A) Measurement of External Radlatlion Levels

The burial site was gridded and surveyed for b6+h gamma
radlation levels at one meter above the ground surface and

befa-gamma count réfes'af the ground surface,

'Inlflally, preclise exposure rate measureﬁénfs at
selected grld points were made with a high sensitivity Tis-
sue Equivalent lonlzation Chamber System, descrlbed In Ap-
pendix I. Nal(TI) scintlillation detector measurements were
also made at these polnts, and a qonverslon factor for the
Nal(Ti) count rate versus uR/hr was establlshed. ane this
tfactor was conflrmed, fhe'sclnfjllaflpn detector was used

for all grld polnt measurements,

At each grild pofint, an end window G-M tube was used for
surface measurements, Open and closed window readings were
made at 1 cm and the ratio of the two used to Indicate the.

presence or absence of surface contaminatlon.
'B) Measurement of Surface Radloactivity:

Based on external measurements, surface solll samples

were collected from locatlons where surface deposits were



Indlicated, as well as locatlons where dralnage chafacferls-
+tics Indicated the possibllity that radioactlve materlals
may have -been transported ‘from thelr original ~burial loca-
t+lons. The samples were dried and sealed In 500 ml alumlnum
cans for countling on the Intrinsic germanium (1G) gamma ray

spectroscopy system described in Appendix 1.

Sediment samples 'from Joachlim Creek and the small creek
east -of the slte were also collected and analyzed usling the

same method.

Onslfe vegefaflon‘samples‘consls+ed of grasses which
were located In areas where drainage and wind characteris-
tlcs Indicated the possibillty " that radloactive materlals
may have been +transported from'fhe.orlglnalllocéflons’and

deposited onto or taken up by vegetation.
c) Measurement of Subsurface Radloactivity

A series of holes through and bordering the burlal site
were drilled and Ilned with four-Inch PVC casing. Each hole
was logged at one~-foot Tntervals using a one-inch by
one-Tnch Nal(Tl) scintitiation detector and scaler system.
These prelliminary measurements were used to lhdlcé+e the lo-
caflons' and _approxlmafe'magn!+ude of subsurface contamina-

tlon. Selected holes were then- logged using a speclally



deslgned IG detector <coupled to a multi-channel analyzer
system (see Appendix |). Soll layeré with gamma count rates
exceading background rates, as measured wlth the Nal(T!) de-
tector, were logged at one~foot Increments using the IG de-
tector. Layers which did not exceed background were logged

at two-foot Increments.
D) Measurement of Radloacflvlfy In Water

Whénever possible, water samples were taken from bore-
holéé. Four permanent water monitoring wells were drliled
to provide access to ground water flow +hrough the burlal
slte, These welis were located at polnts which Intercept
the ground water flow fhrougﬁ the plt areas. Peflodlc sam=-
ples were taken from these wells to measure any posslible
change In ground water radlonucllide content, Samples were

also taken from the two creeks near the burlal area.

Water samples were filtered to remove suspended harfl-
culates, then 100 ml allquots were evaporated In planchetts
and counted for gross alpha and beta activity. All samples
which showed gross actlivities greater then EPA drinking
water standards were sealed In Marinelll beakers and counted

using the gamma spectroscopic analysls systenm.

E)  Measurement of Alrborne Radloactlvity

/



High volume alr particulate samples were fakén to meas-
ure long llved activifies. These samples were counted fof
gross alphé and beta acflvlfy using a low background gas
flow proportional éounfer with mefhods described In Appendix

l.
F) - Measurement of Radloactivity In Vegetation

Samples of vegetatlion were collected, drled, crushed
and counted for gamma activity. These samples conslisted
only of grass, weeds and other common, ndﬁ¥edlble vegeta~-

+Ion.

‘Environmental samplling and measurements were performed
to document the background‘radlologlcal'éharacferlsflcs of
offsite areas surrounding the CE plant. A summary of these

measurements and analyslis results Is.shown In Tabie 9.



IV. RADIOLOGICAL SURYEY RESULTS
A) External Radiation Levels

Results of the external radiation surveys are llisted iIn
Table 1 and shown In Fig. 3., As can be seen, the only de-
tectable levels above normal background were found 1In the
northwest corner of the burial site, adjacent to the faclli-
ty securlity fence. |+ was’ readlly\ determined +that these
elevated levels (>20 uR/hr) were due to sources onsf?e,
rather than burted materlal, because contalners of UF6 are
routinely stored near the designated fence lline In the secu-
rity area, The survey results show that levels Increase ' as
one approaches these contalners, conflirming that the source
Is primarily the UF6 contalners, rather than material In the
burfal site. The beta-gam..a count rafes'verlfy the absence

of measurable surface contamlnation. -

The negatlive flbdlngs are not unexpected slince It s
known that only small quantitlies of U-235, U-234 and U-238
have been disposed of. The absence of detectable exposure
levels lndlcafés that |1ttle or no thortum wastes are

_present near the ground surface..

B) Surface-Soll Analyses

10



A total of 11 surface soll samples wére - gathered from
the burlal site. In additlon, five stream sediment samples
were taken, ftwo from the small creek bordering +the burlal
slte on the east, and three from Joachim Creek. All samples
were drled, sealed and counted on +the gamma ‘sﬁecfroscopy
system, Samples were analyzed for gamma spectra from U;238,

U-235, K-40 and radlum daughters.

The loéaflons_of the surface soll samples are'shown In
Fig. 4 and the analytlcal results in Table 2. Radlionuclide
concentrations In all éreek sediment sampfes were Indistin-
gulshable .from normal background concentrations, and were
often within the lower limlts of detectlon of +the counting
Sysfem used.

Several samples from the burlal site surface showed
measurable uranlum activities, ranging from 1.7 to 4.9 pCi/g
for U-238 and 0.6 to l.1_pCl[g for U-235.  U-234 actlvitles
wvere estimated to range from 2 to 47 pCl/g. In each case
but oﬁe, a poslitive U-238 finding corresponded to a positive
U~-235 value (and an estimated positive-U~234 value). For
all samplés} the radlum.daugﬁfer‘and- K-40 ' actlivitles were
relatively constant. Although +the uranlum activities are
slightly above background In some cases, they do not exceed
NRC target criterla for contaminants In soil. (NRC targeft

" eriterla for concentratlon Iimits and measurement lower |im-

11



Its of detectlion are summarlzed In Table 10.)

The source of this apparent low level surface contami-
nation Is not clear. While It Is possible that the contami-
nation Is a result of burlal actlvities, It 1s also posslible
fhgf ‘lf resulted from past effluent (l.e. stack) releases.
In elther case, these su?face activities seem to be a result
of faclility operations rather than unusually hlghvnafurally
occurrlhgvradlonuclldes because no corresponding uranium

daughter actlvities can be found.
C. Subsurface Soll Analysls

Subsurface contamination was assessed by exfenslve‘log—
ging of holes drilled through and around the burial slte,
using both a.one-lnch by one-Inch Nal(Tl)l detector and an
Intrinslic germanium (1G) detector. A total of 14 holes were
drilled on the site, 10 of which were llned with 4 lncﬁ PVYC
casing for logging.: The other 4 were lined wlth 2 Inch
s|o++ed casing, for use as wa+er sampling wells, Fig. 5
shows the location of all holes drilled at the site. For
three of these (holes 5, 7 and 11), cores were taken durlng
drilllng activitles. Each core was drled and counted In a
manner identlical to the surface soll procedure. In addi-
tion, four cbre samples were sent to the RMC Analytical La-

boratories for duplicate gamma'spécfral analyslis and uranlum

12



determinations using alpha spectroscopy.

Each borehole was logged with the Nal(T1!) detector +to
identify areas of lIncreased gross activity, then with the IG
detector at selected locations, +to quantify and quallfy
these Increases. Each [G measurement was designed to deter-
mine the concentrations of U-238, -U-235, Th-232 by Its
daughter Pb-212, and Ra-226 by Its daughter Pb-214.

The results of the onsite core sample analysés are

presénfed In Table 3. In general, concentrations are con-
sistent with normal background levels, and are well within
all target crilteria. However, several samples from bore

hole 7 showed slightly elevated U-235 and U-238 actlivities,
without @a corresponding Increase In radlum daughters, Indi-

cating the presence of faclillity waste materlal.

Table 4 <contalns the bore hole loggling results.
Elevated gross ;ounf rates, és detected by the Nal(Ti) de-
fec*or, are present In boreholes 1 and 6, whlle Increased
U~-235 and/or U-238'coﬁcen+ra+|ons, as measured by the IG de-

tector, are found In boreholeé' 6, 7 and 13 (boreholes 1

and 14 were not logged with the 16).

The 1sotopes shown In Table 4 were Identifled by

measuring the following photopeaks: 93 keV for U-238, 186

13
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‘keV for U-235 (corrected for estimated Ra-226 contribution),
- 239 keV for Pb-212 and 352 keV for Pb-214. Plots of spec-
tral data for borehole 4, 2 foot depth, and‘}borehole 6, 4
foot depth, are shown In Figs. 6 and 7 respecffVely, and de-
monstrate the ease wlth which these photopeaks can be Iden-

tified, even at relatively low concentrations.

The highest concentrations weré measured In borehole
6, where levels as high as 21 pCi/g U-235 and 38 pCi/g U-238
were recorded. U-234 concentrations were estimated to be as
high as 400 pCi/g. Concentrations In boreholes 7 and 13
did not exceed 1 pCli/g U-235 and 14 pCi/g U-238. All lev-
els, except the 38 pCi/g U-238 concentration, are within the
NRC fargef criteria shown 1In Table 10. There were no
elevated concentratlions lﬁ the perimeter boreholes in the
.general directlion of ground water flow (boreholes 8 and
11), nor were there elevated levels In other boreholes
onsite which are belleved to have been drllléd directly

through burtal plts.

A set of core samples was sent to the RMC Analytical
Laboratories for analyslis and compared with onsite measure-
ments. Results are presented In Table 5 and show general

agreement except for the U-238 values. For this nucllde,

the In sltu measurements gaVe consistently hlgher values .

than core sample analysis, The cause of this apparent sys=

14



tematic error has not been determined, and U-238 results for
boréhole measurements have not been reported, except In the
case where gross Nal(Tl) counts ‘are above background or
where posltlve U-235 results are reported. -All U-234 deter-
minations were done at the RMC Analytical Laboratorles usling
alpha spectroscopy since this nuclide could not be Hefecfed
using fleld measurement techniques. Ratlos of U-234/U~238
and U-235/U-238 by welight were found to have simlilar enrich--
ment (or depletion) factors. These factors were used to es-
timate U-234 concenfraflons lh’surface and subsurface solls.,
Uranium lIsotoplc determinations by alﬁha 'Specfroscopy are
shown 1In Table 5. Based on all the data, the average en-
richment Is estimated to be ‘about 4%. Using this enrichment
factor, an activity ratlo for U-234 to U-238 of 10 Is as-

sumed.
D) Analyses of Radloactivity In Water

A total of 22 water saﬁpleé'Weré‘collecfed.(Flg. 8), 11
from the water monitoring wells Instalied for this project
(boreholes 2, 3, 9 and 12), '3 from other boreholes onsite,

2 from standing water and 6 from creek’ water.

A 100 'ml allquot from each sample was filtered, evapo-
rated on a planchett and counted 100 mlnutes for gross alphé

and beta actlivities. Results are ll;fed in Table 6. Onjy
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one sample, taken from borehole 1, Showed gross alpha ac-
tivity exceedling the  EPA Interim primary drinking water
IImlit for drinking water (15 pCi/| gross alpha). Thils sam-
- ple was further analyzed for I[sotoplic content, and found to
contaln elevafed (T.e. above background level) U-238 and

Th=232 concenfra*lons as shown In Table 7.

Gross beta activity exceedling 50 pCi/l was found In
flve ‘dlfferenf samples, three of which came from“'borehole
9, which was located approximately 200 feet east of Combus-
tion Englneering's settlling ponds. The other two also came
from onsite sampling locatlions. Further analysis of these
samples Indlca+e§ that the high gross beta levels arévdue In
part to K-40. These samples also show elevated U-238, U-235

and Th-232 concentrations.
E) Alrborne Radloactivity Measurements

A set of high volume alr samples was collected In the
viclinlty of the burlal site. The results are listed In
Table 8, and show no unusualv or elevated levelé. - These
results are expected, because 1+ Is known that the burled
material Is not Ilkely to be a source of alrborne emisslions,
due +to the absence of daughter -activity which could produce

gaseous emanatlons (radon).

16



'F)  Radloactivity In Vegetation
Several vegetation Asamp]es{ from onslite and offsite

locatlions, were analyzed on the gammé spectroscopy system.

No unusual activity was found In any sample,

17



V.  CONCLUSIONS

The\resulfs of thls survey conflrm that small quanti-
tles of uranium have been burlied In the plfs_adJacénf to the
Combustion Englneering plant . In Hema+|+e, Missourt. -
Analysls of borehole activity and sol'l samples taken from
the burial pits showed sllightly e[evafed levels of U-235
and/or U-238 In some measurements, and only nafura[ly occur-
ring backgfound activity In all others., The highest lével
measured durling *hls'éurvey was 38 pCi/g of U-238, which was
the only.measuremenf that exceeded the target criterlia of 30
pCi/g U-238 or U-235. It can be assumed that elevated U-234
concentrations are also present, prehaps as high as ‘400
pCl/g. These measurements tend to conflirm that generally
only low level contaminated materials and equipment 'were

disposed of In these pits.

These survey results also Indicate the difficulty In
trylng to determine speciflc locatlions of buried contamina-
tion. This material caﬁan be located through past records
beéause specliflc burla} records were apparently not maln-
talned, nor were Indlvidual burilal plts marked or otherwlise
Identifled. In additlon, the absencé of uranium daughters
(radlum and daughters) makes It essentlally Impossible +to
locate low level contaminated burled material with surtface

measurement technliques.

18



The overall concluslons are-that relatively small quan-
tltles of uranlum have been burled and that the burled ma-
terlal lsVessénflally stable -at thls time. - The burtal pits

have |[lttle or no effect on the population:or the surround-

[ng environment,

19



1] U. S. Nuclear Regulatory Commisslon Letter Contract:
NRC-02-80-034, 13 Aug 1980.
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Table 1

Gamma radlation .levels and beta-gamma
count rates at-grid locations"

Nal Exposure Befa—Gahha Count - Beta-Gamma Count

. Grid Count Rate Rate Rate, closed window - Rate, open window -
‘Locatlon (c/min) (uR/hr) (c/min) (c/min)
GOOK 1700 9 40 70
GooL 1700 9 50 50
GOOM 1800 10 50 40
GOON 1600 9 50 40
G000 1700 9 30 - 40
GOOP 1900 10 - 50 40
G00Q 1700 9 30 50
HOOK 1700 9 30 40
HooL 1700 9 40 50
HOOM 1700 9 40 20
HOON 1700 9 - 30 40
HO00 1800 10 30 30
HOOP 1700 9 60 40
HO0Q 1500 8 30 40
100K 1700 9 50 50
100L 1700 9 40 60
100M 1800 10 30 50
100N 1700 9 70 50
1000 1600 9 50 40
100P - 1800 10 40 50
100Q 1600 9 40 40
- JOOK 1500 8 50 50
JOOL 1800 10 40 " 50
JOOM 1700 -9 70 60
JOON 1800 10 60 60
J00o 1700 9 70 60
JOOP 1800 10 60 40
J00Q 1600 9 60. 40
KOOK 1700 9 40 40
KooL 1600 9 30 60
KOOM 1700 9 50 S 60
KOON - 1900 10 70 - 60
K000 1800 10 40 50
KOOP 1800 10 50 50
K00Q 1900 10 50 ' 70
LOOK 1700 9 70 : . 50
LoOL 1900 10 40 o 60
LOOM 1800 10 : 60 o 60
LOON 1900 10 v 50 . _ 50
LO0O 1800 10 60 50
LOOP 1900 10 A0 60
MOOK 1700 - 9 50 . 70
MoOL 2000 11 60 80
. MOOM 2100 12 30 60
MOON - 2000 11 50 60
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Table 1, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate, closed window Rate, open wlndow
Location (c/min)  (uR/hr) (c/min) (c/min)
-~ M00O 2000 11 40 ' 60
MOOP 1800 10 40 80
NOOK 1800 10 80 100
NOOL 2300 13 - 70 90
NOOM . 2100 12 60 110
NOON 2100 12 40 60
NOOO 1800 10 70 60
NOOP 1500 8 50 70
000K 2100 12 : 90 70
000L 2400 14 70 80
000OM 2300 13 60 4 70
OOON 2500 14 70 110
0000 1800 10 70 70
POOK 2000 11 40 : 60
POOL 3200 17 80 100
POOM 2700 14 90 ' 100
POON 2800 15 4 80 100
PO0OO 2200 - 12 70 70
Q00K 4100 22 50 - 60
QooL -~ 5000 26 60 o 90
QOOM 3800 20 60 100
QOON 3000 15 50 80
Q000 2600 13 80 50
ROOK 4500 23 100 140
ROOL 11000 56 140 ’ 130
ROOM 5000 26 110 80
ROON 3500 18 60 50
R00O 2600 13 40 ' 70
‘SO0K 50000 256 360 320
SooL 13000 67 110 20
-S00M 6000 31 100 - 140
SOON 3800 20 90 110
S000 2800 14 ’ 80 80
TOOK 45000 231 530 \ 490
TOOL 12000 62 120 A 150
TOOM 5000 . 26 100 110
TOON 3700 19 80 .90
T00O 2700 14 90 _ 100
-UOOK 17000 - 87 80 100
uooL 8000 41 : 90 , ' 90
UuooM 4000 21 - 80 60
UOON 3500 18 70 60
uooo 2500 13 90 _ , 110
UOOK 5000 26 130 , 110
UooL 3500 18 70 80
UooM 3500 18 60 . - 80
UOON 3000 15 80 100

U000 2300 12 90 70
30 '
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Table 2

Surface soll sample radlonuclide concentrations (pCl/g +/- § counting error) by gamma analysis

Sample Sample _ .
#  Locatlon Mass U-238 U-235 Ac-228 Pb-212 Pb-214 Bi-214 K-40
e . - o
1 B50L 210 - 1,4E0+/-110  7.56-2+#/-200 7,7E=-1+/-67 3.4E=~1+/-49 B.ZE-1+/;44“2.2E-]+/-110'6.3E0+/—42
2 B50L . 299 - 1.2E0+/-110  2,7E-24/-380 7.5E~1+/-63 " 5.9E~1+/-30 9.7E-1+/-35 5.9E-1+/-46 "8,5E0+/-34
3 L55P - . 315+ 3.1E-14/-330 8.6E-2+/-130 4.9E~1+/~90 6.0E-1+/-29 -8.9E=~14/-36-5.9E-1+/-44"- 1 ,2E1+/-28
4 OoOM* - © 224 3.1E0+/-60  6.8E-1+/-89 6.4E-1+/-80 6.6E-1+/-30" 8.1E~1+/=44 4 SE~-14+/-74 1,2E1+/-27
5 0000° 267 : 1,7E0+/~85 " 5.6E=1+/-71  3.0E-1+/-110 6.3E~1+/-26' 8.EE-1+/-39 4.4E-1+/~53 6.5E0+/~35
6 K310 - | 224 - 4,9E0+/=39 1.1E0+/~71 5.7E=-14/-81 - 3.7E-1+/-47 - 8.5E=1+/-41 4.,4E~1+/-59 9.0E0+/-32
7 T00O - 176 3.0E0+/-72°° 9.4E~-14+/-110 7.9E-14/-75 7.8E-14/-29 1,1E0+/-44 ..3,1E=1+/-99 6.5E0+/-45
- 8 S L50Q © - 266 3,8E-1+/-330. 1,0E-1+/-110 S5.7E~1+/-73 ~4,9E~1+/=33 9,4E-14/-35 6.2E-1+/-42 5.5E0+/-42
9 L500 - 228 7.1E-1+/-210 8.5E-2+/-150 5.2E-1+/-90 4.8E=1+/=37 ~ 1.2E0+/-32 6.0E-1+/-47 1.0E1+/-30
10 H55R 319 7.8E=-1+/-170 6.72-2+/-170 3.5E-14/-120 6.7E-1+/-27 1.2E0+/-29 4.4E-1+/-57 1.1E1+/-28
11 TOOM 148 - 3, 3E0+/~78 - 6.7E~14/-97  6.2E-1+/-100 4.7E-1+/-51 5.7E-1+/-79 9.3E-1+/-45 9,9E0+/-38
12 Offsite Bkg 174 3.6E-14/-460 1.5E-1+/-130 1.1E~1+/-330 2.4E-1+/-70 8.5E-1+/-48 4.9E~1+/~65 8.7E0+/~37
13 - Small creek 303, 3.2E~1+/-370 7.7E-3+/-1200 8,0E-1+/-61 . 4.3E-1+/-37' 5.6E-1+/-51 4,7E-1+/=55 4.,1E0+/-58
‘upstream” B ' ' ' o ' e - . S
14 Small creek 320 4,0E-1+/-280 4.3E-3+/-2000 6.1E-1+/=71 1,9E=1+/-66 4.7E~14/=57 2.9E=1+/-73 1.4E0+/-130
downstream : : : ' . )
15 - Joachim Creek 256 2.4E-1+/-480 3.9£-2+/-250 2.3E-1+/-150 9.9E-2+/-130 2,9E-1+/-90 7.6E~2+/~250 2.6E0+/-72
upstream
16 Joachim Creek 234 3.0E-2+/-3800 3.1E-2+/-320 1.2E-14/-280 2.4E-1+/-66 4.2E-1+/-66 1,9E-1+/-110 5.3E0+/-41
o downstream _ ' -
17 Joachim Creek 272 4.2E-1+/-290 6.2E-3+/-1400°1,5E~-1+/-220 2,7E-1+/-49 5,9E~-1+/-84 2,3E-1+/-84

midstream

1.6E0+/~90
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Table 3

Borehole #5

Depth Mass
(ft) (g)

U-238

Soll core sample radlonucl!de concentratlons
(pCl/g +/- % counting error), by gamma analysls

U-235

Ac-228

Pb-212-

Pb-214

BI-214

K-40

0 217
1 277
2 326
3 229
4 232
5 248
6 284
7 247
8 262
9 256
10 218
11 232
12 251
13 209

Borehole #7

Depth Mass
() (g)

7.7E-14/-200%
9,9E=1+/~130%
1.1E04/-110%

4,1E-14/-360%

1.2E-1+/-120%
4 1E~2+/~220%
4,6E~2+/-210%
2.4E=-2+/-430%

6.3E-1+/-200% -2,2E-2+/-500%

5.6E-1+/-260% -2,6E-~3+/-3800%

9.7E-1+/-150%
9.2E-1+/-160%
4,8E-1+/-260%
8.8E-1+/~150%
1.8E0+/-98%
1.3E0+/-130%
3.3E-1+/-430%
1.6E0+/-110%

U-238

5.2E=2+/~220%
1.2E-2+/-680%

3,9E-2+/-260%

3.1E-2+/-320%
3.5E-2+/~280%
6.0E-2+/-180%
1.2E-1+/-100%
6 .0E-2+/~210%

U-235

1.9E=-1+/-220%
6.1E-1+/-75%
8.4E-14+/-56%
8.2E~1+/-62%
4,2E-1+/-110%
5.7E=1+/-79%
1.5E0+/-42%

1.1E0+/-46%

5.9E-1+/-74%
6.0E-1+/-74%
7 . 2E~1+/=72%
7.0E-1+/-65%
9,6E-1+/-37%

Ac-228

5.6E=1+/~36%
5.,0E-1+/-32%
7 .0E~14/-25%
4.8E-1+/-38¢
5.0E~1+/-37%
6.4E~1+/~28%
8.0E-1+/-27%
5.8E-1+/-31%
6.2E~1+/~28%
5.,9E1+/~30%
8.6E-1+/-26%
8.8E-1+/-24%
4,4E~1+/-36%
5.3E-1+/-24%

Pb-212

Pb-214

1.0E0+/=39% 7.0E-1+/-42%
9,7E-1+/=33% 6.3E~1+/~46%
7.1E=-14/-42% 6.3E-1+/-40%
1.1E0+/=35¢ 6.7E~-1+/-45%
1.4E04/-29% 7.4E-1+/-41% "
1.1E64/=33% 8.5E~1+/-34%
9.5E-1+/=37% 5.3E~1+/-47%
1.1E04/~32% 8.3E-~1+/-34%
1.3E04/-29% 8.4E=-1+/-35%
9,2E-1+/-43% 8,1E=1+/-40%
1.1E04/-35% 5,9E~1+/-47%
9.9E-1+/~35% 5,5E=1+/~50%
2.1E0+/~24%

1.2E0+/-31%

BI-214

9,9E0+/-31%

1.1E1+/-26%
1:1E14/-28%
-8.6E0+/-344"

8.5E0+/~34% "
1:2E1+/-26%
1.3E1+/=-27%

“1E1+/-27%

8.5E0%/~31%
1.0E1+/-28%
1.2E1+/-29%
8.5E0+/=33%
1.0E1+/-28%
1.1E1+/-29%

K-40

216
252
199
236
222
219
249
225
211

— ah . .
—_OWVOHEUWN—O

1.1E0+/-160%
1.3E0+/-110%
2.4E0+/-18%
2.1E0+/-77%
1.4E0+/-120%
3.0E0+/-61%
1.1E0+/-120%
1.5E0+/~120%
1.4E0+/-120%

2.6E-1+/-74%
9.4E=-1+/-130%
8.4E-2+/-170%
2.6E~1+/-74%
3,1E-1+/-76%
1.4E0+/-64%
4,0E-1+/-66%
7.5E=1+/~67%
9.8E-2+/-130%

1.4E=1+/-290%

6,6E-1+/-71%

8.9E-1+/-67%
6.6E-1+/-77%
3,4E-1+/-140%
7.0E-14/=76%
9.0E~1+/-56%
6.3E~1+/~79%
5.6E=-14/-91%

5.3E-1+/-36%
8.3E-1+/-23%
9,1E=14/-25%
4, 4E-1+/-41%
5.8E~1+/-33%
8.1E-1+/-43%
6.0E-1+/-29%
5.9E-1+/-31%
6.4E-1+/-32%

~5.3E=-1+/~33% 6.3E-1+/-49%
1.2E0+/-30% 5.2E-1+/-50%
1.2E04/=37% 5.,9E=1+/-53%
"9.2E-1+/-38% 7.8E-1+/-38%
1.0E0+/=37% 5.3E~1+/-50%
8.7E-1+/-43% 6.7E-1+/-45%
9.2E-1+/~37% 6.2E~1+/-43%
9.9E-14/-38% 5.5E-1+/-50%
1.2E0+/~44% 7.1E=-1+/~44%

9.7E0+/-33%
6,9E0+/-36%
9,2E0+/-35%
1.2E1+/=-27%
1.1E1+/-30%
1.3E1+4/-26%
9,3E0+/-30%
1.2E1+/-28%
9.5E0+/-32%
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Table 3, cont.

Borehole #11

Pb~214 

 BI-214

Depth Mass  U~238 - U-235 ° ‘Ac-228 Pb~212 K-40
(1) (@) P Ll ‘ . . , S
0 175 A4.6E-1+/-360%  6.8E-2+/=220% 6.5E-14/-33% 6.9E-1+/~33% 1.3E0+/-39%  5.3E-14/-63% 1.1E1+/-35%.

254
. 240
245
235
212
232
246
263
249
279
212
283
278
296

-t anh ovbh b o=b A .
BUN—=COVEI~NOVIHUWN -

" 8.9E-1+/-160%

9.6E-1+/~140% ~ 1 ,4E=2+/~700%

1.0E0¥/~140% '

9,2E=2+/-120%
1.4E-2+/~750%
1.1E=2+/~770%
3.0E0+/-47%.  1.0E-2+/-630%
3.2E-2+/~4000% - 2.0E=2+/-440%
7.6E=1+/=-170% ~/6.4E-2+/-130%
1.6E0+/-84% - - 1,2E-2+/-570%
7 .3E=2+/-1900% 6 .,8E-2+/-160%
1.760+/~78%"" '1.1E-2+/-760%
8.2E~1+/-170% 2.4E-2+/-410%

1.2E0+/~130%"
2 .3E=1+/=580%
1.2E0+/~140%

+/=140% ~ 1.7E-1+/-120% "
1.1E0+/=140% "~ t.1E-2+/-800% -

6.9E~1+/-27%
5.0E=1+/-91%
'4.9E-14/-91%
2.5E=1+/~150%
3.2E=14/-120%

6.0E-1+/-76% -

7 .2E-1+/-68%
9.4E-1+/-52%
2.5E=-1+/-150%
1.5E=1+/-220%
1.1E0+/-47%
1.6E0+/-39%
1.0E0+/-48%
1.0E0+/-52%

6.5E=1+/-27%

4.025"'1 "'/-41%
6.6E~1+/~28%
2.0E-1+/~83%
3.8E-14/-49%
6.2E-14/-28%
6.2E-1+/=29%
8.6E-1+/=22%
2.4E-1+/-66%
3.0E-1+/-44%
4,9E-1+/-32%
7 .2E-14/-29%
5.3E=1+/=30%
6.6E~1+/-30%

" 7.5E-1+/~41%
'5.3E=14+/-62%

1.1E0+/-34%

8.4E~1+/-42%
5.8E-1+/-60%
8.3E~1+/-44%

8.2E~1+/-41%
2.0E=1+/-120%
4,8E-14/-58%
1.3E0+/-27%
8.4E-1+/-42%
9.3E-1+/-35%
1.0E0+/~34%

6.6E-14/~41%
3.3E=14/=75%
8.3E~1+/-37%
2.56=-1+/=100%
3,8E~1+/-75%
4,5E-1+/-58%
5.5E~1+/~49%
5.8E=1+/~44%
2.9E=14/-77%
5.4E=1+/-47%
41E~14/-57%
7.2E-1+/-42%
6.0E-1+/-41%
6.9E=14/~42%

9.0E0+/-31%
6.1E0+/-42%
1.3E14/~25%
5.1E0+/-50%
1.0E1+/=31%
1.3E1+/-25%
9.7E0+/~30%
3.5E0+/~57%
5.3E0+/-44%
1.3E14+/-27%
1.2E1+/-25%
1.2E1+/-28%
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Table 4

Borehole Nal counts and IG analyslis (pCl/g +/- counting error)

Borehole #1
Gross Nal
Depth Counts/Mlin
0 3,47E3+/-2%
2 3.,24E3+/-2%
4 3,24E3+/-2%
6 4,92E3+/-2%
7 1.15E4+/-2%
8 3.61E3+/-2%
10 3.03E3+/-2%
12 3.25E3+/-2%
14 3.34E3+/-2%
16 3.08E3+/-2%
18 3.29E3+/-2%
Borehole #4
Gross Nal
Depth Counts/Min
0 2.5E3+/-2%
2 3.1E3+/-2%
4 3,3E3+/-2%
6 3.5E3+/-2%
8 3.3E3+/-2%
10 3.3E3+/-2%
12 3.2E3+/-2%
14 3. 1E3+/-2%
16 3.2E3+/-2%
18 3.1E3+/-2%

U-235

U-235

1 0E=14/-45%
1.8E-2+/-29%
4,5E-3+/-440%
9.8E-3+/-497%
1. 1E=-14/-42%
1.0E-1+/~-43%
5.9E-2+/~373%
3 ,0E=2+/-600%
7 8E=2+/-112%

3.5E-14/-17%
5.6E=14/-12%
6.1E-14/-11%
6.1E-1+/-11%
3.1E-1+/-18%
6.1E=-1+/-12%
6.5E-1+/-10%
7.7E-1+/-8%

6.8E-1+/-10%
80 1 E"‘ +/-8%

Pb-214

5.3E-1+/-21%
4,8E-14/-17%

-6.0E-1+/-12%

6.9E-1+/-10%
8.6E~1+/-8%
1.1E0+/-7%
8.6E-1+/-11%
7.4E-14/-16%
1.1E0+/-8%
7 4E-1+/-10%
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Table 4, cont.

Borehole #5
Gross Nal
Depth Counts/MIn
0 3.83E+/=2%.
2 3.0E3+/-2% .
4 3.3E3+/-2%
6 3.3E3+/-2%
8 3.4E3+/-2%
10. 3.4E3+/-2%
12 3.5E3+/-2%
14 3. 2E34/-2%
Borehole #6- -
Gross Nal -
Depth Counts/Min:
0 3.0E3+/-2%
1 3.3E3+/-2%.
2 3.6E3+/-2%:
3 3.8E3+/-2%
4 1.6E4+/~1% .
5 1.9E4+/~1% "
6 6.8E3+/-1%.
7 6.0E3+/-1%
8 5.1E3+/-1%
9 4,0E3+/-1%
10 3.8E3+/~2%
12 3.3E3+/~2%
14 3. 4E3+/-2%
16 3.2E3+/-2%
18 3.2E3+/-2%

U235

1 .5E=14/=-25%.
9.3E~2+/-49%.
1.2E-1+/-43%

7.3E=2+/-177%

5.5E-2+/-83%
2,9E-2+/~161%
7.4E-3+/~63%
3.6E=3+/-1250%
7 .5E~2+/~59%

U235

1.4E0+/-4¢
5.6E-14/=9%
9.1E=1+/-6%- -
1,1E14/=5% - -
2.1E14/-1%;
5.4E0+/-2%

3.8E0+/-2%

4.1E04/-2%
2.4E0+/-3%
9,7E-1+/-5%
1 .5E0+/-4%

- 7.5E=1+/~7%

7.7E-1+/-8%
8.7E-1+/-6%

U-238.

1.0E1+/-12%

- 1.0E1+/-12%

1.3E1+/-10%
8.3E0+/~18%
3.8E1+/-9%.

1.6E14+/~14%

1.9E1+/-8%
2.2E14/-7%
1.5E14/-10%
1.3E1+/-9%
1.4E1+/~9%
8.7E0+/~13%
1.1E14/-12%
8.3E0+/~15%
1.1E14/-11%

6.8E-1+/-9%
7.2E~1+/-9%
5.8E=~14+/~13%
7.3E=1+/-9%
5.2E=-1+/-15%
8.1E-1+/-9%
4,7E-1+/-14%
5.5E=-1+/~12%

5.5E=1+/-12%

6.7E=1+/-12%

5.6E~1+/-10%.

6.1E~1+/-10%
4,9E-1+/-16%
1,9E0+/~8%

5.7E-14/-13%.

6.4E-1+/-11%
7.2E-14/-11%
6.2E~1+/-~12%
6.3E-1+/-11%
6.7E=1+/-12%
507E-1+/"' 0%
7.7E=1+/~10%
8.5E-1+/-9%

7.7E-1+/-10%

6.7E~1+/-10%.
6.5E=1+/-11%
7.8E-1+/-10%
8.9E-1+/-8%
6.3E=1+/=12%
1.2E0+/-7%
9.8E-1+/-8%
9.0E-1+/-8%
1.0E0+/-6%

Pb-214
3.9E-1+/-10%
8.1E-1+/~10%
5.3E=14/=11%.
2. 1E=-14/-17%
1.4E-14/-32%
4,7E=1+/-20%
4.56-1+/-13%
7.6E=14/-12%
6.6E=1+/-10%

 5.2E=~1+/-12%

6.8E=1+/-9%

6.2E-1+/-11%
7 .2E~1+/-10%
5.7E=-14+/-12%
7.6E-1+/-10%
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/fable 4, cont,

Borehole #7
Gross Nal
Depth Counts/Min
0 2.4E3+/-2%
2.9E3+/-2%
2 2.7E3+/-2%
3 2,5E3+/-2%
4 2.3E3+/~2%
5 1.6E3+/-3%
6 1.3E3+/~3%
8 2.4E3+/-2%
10 3.1E3+/-2%
12 3.0E3+/~-2%
14 3.0E3+/-2%
16 3.0E3+/-2%
18 3.4E3+/-2%
Borehole #8
. Gross Nal
Depth Counts/Min
0 2.6E3+/-2%
2 3.1E3+/-2%
4 3.1E3+/-2%
6 3.3E3+/-2%
8 3,2E3+/-2%
10 3. 1E3+/-2%
12 3.1E3+/-2%
14 3. 1E3+/-2¢%
16 3. 1E3+/-2%

3.1E34/-2%

U-235

2.3E=-14/-15%
5.9E=2+/-43%
5.6E=2+/-51%
6.7E-2+/~42%
1.0E=1+/-27%
2.3E-14/~12%
4,9E-1+/-7%

9,3E~1+/-5%

3.1E-14/-12%
1.0E-1+/-29%
1.7E-1+/-21%
3.2E-11/~14%

U-235.

6.0E-2+/~77%
2.0E~1+/-20%
1.6E-2+/-302%
8.5E=-2+/-41%
9.7E-2+/-35%
2.7E-2+/-176%
1.26-1+/-31%
7 .2E=2+/-47%
4,8E-2+/-125%
2.,7E-2+/-200%

——— —— - -

6.7E0+/~133%
8.4E0+/~11%
4.8E0+/~18%
4,9E0+/~17%
6.3E0+/~13%
2.3E0+/~30%
1.6E0+/~41%
7.3E0+/-12%
5.7E0+/~15%
6.0E0+/~16%
7.6E0+/~12%
8.9E0+/~11%

- 0 o G S o e e @
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4,2E-14/-9%
9,8E-2+/-24%
1. 1E-14/-29%
1.6E-1+/-16%
1.4E-24/-85%
8,9E-2+/-37%

O 3,1E=-14/-12%

8.3E-2+/~32%
2.8E=1+/-12%

- 2,5E-14/-11%

4,8E~1+/~10%

4,3E~1+/-13%
4,0E-14/-14%
2.5E-1+/-29%
4,2E-14/-15%

4, 7E=1+/-12%

2.4E-1+/-26%
4.5E-‘+/-l4%
1.1E-1+/-68%
3,5E~1+/-18%
7.3E-14/-9%

3,0E-1+/-15%
7.1E-14/-12%
3,5E-1+/-17%
3.7E-1+/-23%
4.6E-1+/-12%
1.8E-1+/-27%
1.4E=-1+/-30%
5.4E~1+/-10%
3.9E-1+/-11%
4,9E~-1+/-10%
5.3E-1+/-10%
8.1E-1+/-9%

e 02 S e G v G20 S

5.6E-1+/-12%
6.1E=1+/-13%
5.9E-1+/-12%
5.8E-1+/-14%
7 .5E=1+/-10%
7.4E=1+/-10%
5.6E-1+/-12%

. 6.8E-1+/=11%

8.0E-1+/-9%
7.,7E-1+/-9%
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Table 4, cont.

Borshole #10

18

3.1E34/-2%

Borehole #11 -

Depth

Gross Nal

Counts/Min

: . Gross Nal
Depth Counts/Min U-235
0 2.3E3+/-2% 1.7E-14/-18%
2 3.1E34/-2% 2.6E~24/-~140%
4 3.2E3+/-2% 3.9E=2+/~115%
8 3.4E3+/-2% 1.2E=-14/-34%
10 3.3E3+/-2% 6.8E=2+/-900%
12 3.4E34/-2% 4 ,0E-2+/-538%
14 3.2E34/-2% 1.4E-2+/-26%
16 3.2E3+/-2% 4,9E-2+/-101%

1.9E-~14/~25%

-

U235

Pb=212
3.3E=1+/-22%
6.9E=-1+/-9%

5.4E-1+/~14%
6.8E=14+/-10%
4 .9E-1+/~15%
6.0E-1+/~11%
5.6E=1+/~14%
3.7E=14/-20%
4.3E-14/~15%

Pb-212

2,3E34/~2%
2,9E3+/~2%
3. 1E3+/-29
3.4E3+/-2%
3,3E3+/~2%
3.3E34/-2%
3.2E3+/-2%
3.0E3+/-2%
3.0E3+/-2%
3.0E3+/-2%

1.0E-1+/-45%
1.2E=1+/-40%
5.3E-2+/=423%
4.9E=3+/-970%
1.2E-3+/-3700%

4,5E-2+/-190%
. 846E=3+/~530%

9,3E-2+/-50%
1.1E-1+/-31%
2,4E=-2+/-173%

3.8E=1+/-16%
7.6E=14/~9%

2.6E-1+/-24%
5.9E=1+/-12%

5.0E-1+/-11¢

5.8E~1+/-12%
3.9E~1+/-16%
3.9E~1+/-16%
4,6E-1+/~14%
3.2E-14/-17%

_7.8E~1+/-8%

9.4E-14/-7%
5.8E=14/=-13%
9.8E-1+/-6%
9.3E=14+/-7%
8.8E-1+/~9%
8.0E-1+/-9%
9.6E-1+/-7%
8.3E~14/-9%
9.7E-14/-7%

4

Pb-214
5.6E=1+/-13%
6.2E-14/-12%
7.0E=1+/-10%

 9.4E-1+/-8%

6.5E=1+/~12%
7-3E"‘+/-1 05
7.6E-1+/-10%
4.7E-1+/-] 6%
6.9E~1+/-10%

9.2E~2+/-8%
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Table 4, conft.

Borehole #13

Gross Nal

Counts/MIn
2.2E3+/-2¢%
3.1E34+/-2%

-3.0E3+/-2%

2.8E3+/-2%
3.1E3+/-2%
3.2E3+/-2%
3,2E3+/-2%
3, 3E34/-2%
3. 1E3+/-2%
3.2E3+/-2%

U-235

C2,1E-14/-19%

9,9E-2+/-44%

3,9E-3+/~120%

8,0E-1+/-7%
2.1E=1+/-23%

7.7E=2+/-65%

1.8E-1+/-30%
2.,4E-1+/-20%
1.5E-1+/-34%
2.7E~1+/-18%

6.0E0+/~16%
2.9E0+/~38%
4 ,3E0+/-26%
4,9E0+/-22%
1.1E14/-10¢
1.1E1+/-10%
1.3E14/-99%
1.4E1+/-8%
6.9E0+/-16%
3.6E0+/-32%

3.5E-1+/-17%
4,0E-1+/-16%
3.3E=14/~21%
3.4E-1+/-15%
4,9E-1+/-12%
3.,7E-14/-18%

6.3E-1+/-11%

6.8E=14/-10%
5.0E-1+/-13%
5.8E-1+/-12%

3.9E-1+/-15%
5.2E~1+/-13%

6.3E-1+/-10%

4,8E=1+/-10%
7.9E-1+/-8%
6.0E-1+/-10%
7.7E-1+/-8%
7.3E-1+/-10%

. 6.7E-14/-11%



Table 5

Jn situ bore hole measurements vs core sample analyses |
(pCl/g +/-.% counting error) :

©: 39

..+ Core Core -
Jn situ Sample Gamma Sample Gamma - Core
Borehole 7 Gamma Spectroscopy- Spectroscopy Sample Alpha
2 foot Spectroscopy- On Slite - RMC Labs Specfroscopy
. U=234 N . . 1. 1E1+/-15$
U=235 5.6E=2+/~51% 8.4E-2+/-170% 3.3E=1+/-98%
U-238 4,8E0+/~-18% . 2.4E0+/-78% . 2.3E0+/-29%
Pb=212 9.8E~2+/-24% 9,1E=1+/=25§ - . ... |
Pb-214 3.5E-14/-17% 1.2E0+/=37% . 9.2E~1+/-13%
Bl-214 : 5.9E=14/-53% 6.5E~1+/-17%
K-40 9.2E30+/-32% . 2.0E1+/-10% ..
Borehole 7
8 foot )
U-234 . o ‘ 3.5E1+/-10%
U-235 1.0E0+/-5% 1.,4E0+/-64% . 2.2E0+/-27% 1.2E1+/-23%
U-238 6.2E0+/-13%  3.0E0+/-61% - <1,0E1 - 3.2E1+/-16%
Pb=212 3.0E-1+/-19% 8.0E-1+/-43% <1,2E0
Pb-214 | 5,0E-1+/-12% 9,0E-1+/-43% 8. OE-1+/-16$
Bl-214 7.0E-14/-45%  7.0E=-1+/-17%
K=40 - 1.3E1+/-26% . 2.0E1+/-10%
Borehole 7
10 Foot
U-234 1.5E14/-10%
U=~235 3.0E~-1+/-12% 8,0E-1+/-128 1.5E0+/-27¢% 5.0E~1+/~39%
U-238 5.7E0+/~14%  1.5E0+/-120% <1.1E1l 1.1E0+/=25%
Pb=212 8.0E~1+/-10% 6.0E~1+/-31% <1.3E0
Pb-214 4,0E-1+/-15% 1,0E0+/-38% 9.0E-1+/~13%
Bl1-214 6.0E=1+/-50%§ 7.0E~-1+/-14%
K=40 1.2E1+/-28% 1.9E14+/-10%
Borehole 7
11 Foot
U-234 3.0E0+/-15%
U~235 1.0E=1+/-130% <5,.0E~-1 - <9,0E~-1
U-238 1.4E0+/=120f <1,1E1 5.0E=1+/-40%
Pb-212 6.0E-1+/-30¢ <1.9EQ
Pb-214 1.2E0+/-44% 9,0E~1+/-18%
B1-214 7.0E=-14/-44%  1,2E0+/-25§%
K-40 9,5E0+/~32%  1.8E14/-10%



Table 6

Sample
No.

Sample Location

Grdss Alpha

(pCi/ 1)

Water sample analyses (pCl/! +/- counting error)

Gross Beta
(pC(/l)

WOoONOTVIEUWWN —

Borehole #6-3/26/82

|00H

Standing #20 near trucks
Small creek near H55R
Stream SE of plant
Joachim Creek upstream
Borehole #2-4/2/82
Borehole #7-3/26/82
Joachim Creek downstream
Small creek upstream
Joachim Creek midstream
Borehole #9 4/2/82

- Borehole #12 4-2-82

Borehole #1 3/24/82
Borehole #2 4/16/82
Borehole #3 4/16/82
Borehole #9 4/16/82
Borehole #12 4/16/82
Borehole #2 4/22/82
Borehole #3 4/22/82
Borehole #9 4/23/82
Borehole #12 4/22/82

40

1.3E1+/-27%
2.2E0+/-86%
9,0E0+/=31%
1.2E04/-140%
1.2E0+/=140%

5,0E-1+/-260%

1.7E0+/-110%
8.8E0+/~32%
1.0E0+/~160%

8.3E-1+/-200%

1.7E-1+/-56%
2.3E0+/~-80%
1.1E1+/-28%
1.8E2+/-6%

8.3E-1+/-200%

1.2E0+/~140%
1.7E0+/~-110%

2.0E0+/-91%
1.5E0+/=120%
2,0E0+/-91%
1.0E0+/-160%

4,2E1+/-16%
1.5E1+/-39%
8.8E1+/-9%
5.6E0+/-90%
1.6E0+/~338%
4,2E1+/-16%
2.0E1+/=30%
1.4E14+/-31%
3.1E1+/-20%
7.9E0+/-590%
9,1E0+/-268%
6.1E0+/-90%
1.3E2+/-7%
l.7El+/-27$
8,9E0+/-56%
4,7E2+/-3%
2.3E0+/-230%
8.8E0+/-56%
2,1E1+/-29%
5.0E2+/~3%
2.5EI+/-24$
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Table 7
Gamma spectroscopy analysls of selected water sémples

Isotoplc Results (pCl/1 +/< counting error)

Sample | U-238 U-235 Th=232 Ra-226

K-40

No. Sample Locatlon - (pC1/1) (pCi/1) (pCl/1) - (pCi/1) (pCl/1)
14 Borehole #1 3/24/82 5.3E1+/-53%  6.BEQ+/-66% 1.9E1+/-46% =-6.7E0+/~T7%  8.0E1+/-43%



Table 8

Particulate high volume alr samples, long lived activity
(uCi/mt +/~ % counting error) .

Date Location Gross Alpha Activity Gross Beta Activity
(uCi/mly Wci/mt)

4/7/82 NW fence llne 1.8E~14+/-49% 6.0E~14+/-33%
4/14/82 15 m N of NW fence 2.3E-14+/-36% 6.4E~14+/-25%

post :
4/14/82 3 m downwind of 1.1E-14+/-58% 3.9E-14+/-38%

borehole #1 :
4/15/82 South of plant 5.8E=15+/-~149% 2.8E-14+/-99%
4/15/82 ?ogfh of parking 2,7E-14+/-49% 3.7E=14+/=75%

o _

N
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Table 9

AN

Summary of offslte background radiological measurements

Type of Measurement Value

External exposure rate

one meter above ground 12 uR/hr

Beta-gamma count rates

‘at surface 35/32

Ldng‘lived alrborne Gross alpha 5.8E=15 uCi/ml +/~ 150%
particulate actlvity Gross beta 2,8E-14 uCi/ml +/- 99%
Soll radlonucliide . U-238 3,6E-1(pCl/g)+/-4608%

concentrations . U=235 1,5E-1(pCl/g)+/~-130%
, ' “ 7 Ac=238 1.1E=-1(pCl/g)+/=-330%
Pb=212 2.4E-1(pCl/g)+/-70%

Pb-214 8.5E-1(pCl/g)+/~-48%

Bi-214 4,9E-1(pCl/g)+/~65%

K-40  8.7E0(pC1/g)+/-37%

Water Activitles * -~ Gross alpha - Gross beta
Small creek upstream " B8.3E=1+/=200 -  7.,9E0+/-590%
"Small creek downstream Y 1.2E0+/-140% " 5.6E0+/-90%
Joachim Creek upstream 5.0E~-1+/-260% 4,2E1+/-15%
Joachim Creek downstream 1.0E0+/-100% 3.1E1+/-20%
Joachim Creek midstream 1.7E-1+/-56§% 9.1E0+/-268%
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Table 10
Target criterla and measurement LLD's for
Combustion Englneering Facllity burlal site.
Soll Conteminants

Nuclide ' ' 'Targef Criterla - LLD

Ra=226 5pCl/g 1pCl/g
Total U 15pCi/g 3pCl/g
U-238 30pCi/g 6pCl/g
U=235 | 30pCl/g - 6pCl/g
Th=232 * 5pCi/g 1pCl/g
Th=230 15pCil/g 3pCl/g

Water and Alrborne Contaminants

Nucl T de Target Criterla LLD
Al MPC Unrestricted 20% MPC
Ra-226 (water) ~ 3E-8 uCl/ml 6E-9 uCi/ml

External Radlation

Nucl ide Target Criterla " LLD

All | 20 wR/hr 4 wR/hr

* Th-232 In equl|lbrium with daughters

a4
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A, Portable Survey Instrument

The portable survey Instruments used at the C~E faclli-
ty 'burlal_slfe lncluded two complete sets of Wm. B. Johnson
& Assoclates equlipment, which consist of baffery operated
rate meters, scalers and alpha, beta and gamma probes, and
an Eberlline PRS-1 ratemeter scaler and' detectors, These
systems (see Flg. I=-1) are totally portable and can be used

In the fleld for both measurements and sample counting.

The alpha probes use a ZnS(Ag) sclintillation 'detector;
the beta detector Is a thin window (1.4mg/cm2 mlica) GM tube,
and the gamma detectors are Nal(Tl) crystals. The alpha and
beta probes were calibrated with "NBS traceable" sources at
the RMC callbration faclliity In Phlladelﬁhla and the gamma
sclintlllator was cross-éallbrated with a primary lonlzatlion

chamber system, described below.
B. . lonlzatlion Chamber System

E#fernal gammé dose rates were accurately measured wlth
the RMC constructed Tlssue Equlvalent lonizatlon Chamber
System (Flg. 1-2)., This system consisted of. a 16 liter
tlissue equivalent, gas fllled 1ionlzatlon chamber (Shonka
chamber); a Keithley vibrating capacl+or electrometer, a

prlnfer‘ and - battery pack. [t Is capable of measurling dose
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rates at background levels.to a preclslon’of a few .percent,

Since thls system Is bulky and somewhat fraglle, It 1Is
not as isulted for éxfenslve:fléld-measuremenfs as a smal:ler,
l1ghtwelight Nal(Tl) porfablebsurvey Instrument. Therefofp,
A+he Nal(Tl) detector waSjused-for the majority of the fleld
gamma measurements, Since thls detector's response Is ener-
gy dependent, It cannot .be :used as a "micro R meter" unless
It Is Initially callbrated for such use. |

The calibration performed by."RMC conslisted of accurate-
ly measuring the exposure :-rate .at several locations at the
C-& faclllty burlal site using the Tlissue Equivalent lonliza-
tion Chamber, +then recording Nal(TIl) measurements at the
same locatlon. In this manner a set of Nal(Tl) count-rate
versus exposure rates were obtalned -and a uR/hr callbration

factor establlshed, as shown In Flg. l=3. .

Due to the energy‘dependence of the Nal detector, this
conversion factor wlll‘apply only to the radlonuclilides and
geometrlies for which the .callbrations . were. made.. In the
case of the C-E faclllity burlal site, it Is known that only
naturally occurring nuclldes: and U-238 and: U-235.are lfkely
to be.present. Therefore, the canerslon factor established
at this site, will apply only: to naturally occurring ra-

dlonucllides dlstributed In soll, .
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c. Moblle Lab Gamma Analyslis System

" The moblle lab gamma analysls system (Flg. 1-4) con-
sists of a PGT 15% efficlent (relative to a 3" x 3" Nal(TI)
crystal) Intrinsic germanium (1G) detector, shleld and Ten-
necomp TP-50. laboratory compufef data acquisition module.
The analysls system was callbrated for all counffng geome-

trles with an NBS suppllied Eu-152 source.

Each count was analyzed by a computer program for de-
termination of gamma energles and peak areas. All results
were printed out Immedlately following analysls on-site, and
data was stored on floppy discs for,fufufe analysls, as

needed.

- Typlcal LLDs fof U-235‘and U-238 In soll are 1 and 2

pCi/g, respectively.
D. Auger Hole Loggling System

Detalled logglng §f selected auger holes was performed
with the system shown In Flig. 1=5., This sys+ém consists of
a cusfdm desligned EGAG Ortec Intrinsic germanlium detector
(104 eff) with a narrow déwar, coupled to a Tracor-Northern
1750 MCA used for data acqufsl+lon and Initlal fleld evalua=-

tlons. Data were stored on a fape cassette recorder, then
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"transferred to the lab computer system for - final analysls.,
The enflre system, Including an NIM module power supply wilth
a blas power supply and amplifler, was powered In the field

by a portable 5000 watt gasolline-driven generator.

The loggling sysfeh was callbrated as described In At~
tachment 1. Fleld counting times were normally 10 minutes
at each locatlion, "Typlcal LLDs for thils system for a 10
minute count.are.0.1 pCl/g for:U=235 1 pCl/g for U-238, 0.2
pCl/g for Pb=-212 and 0.1 for pCi/g Pb=214. '

E. Alpha-Beta Counting Systenm.

All particulate alr samples and evaporated water sam-
ples ‘were counted for gross alpha or beta actlvity on the
Gamma Products low background gas flow proporflonai counter,
shown In Flg., I=-6. The $ys+em Is automatlc and can be pro-

grammed for a varlety of countling parameters.
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'ATTACHMENT 1t TO APPENDIX |
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"INTRINSIC GERMANIUM WELL LOG
DETECTOR' CAL IBRATION -

The Intrinslic germantium defecfor was-'connected to the
pulse helght analysls sy§+em ?conslsflng'of the followlng
components:

Ortec Model 459 High Voltage Power Supply
Canberra<2011-Speé#roscopy'Ampllfler
Tracor Northern. 1750 MCA- -

Teletype Model 43 Printer

Galn and voltage supply settings were adjusted to ob~
taln an energy spectrum of 0 to 2000 keV, whlch-corresponds

to approximately one keV per channel,

Calibration of the well logging system was performed
using the' callbration .rig-:shown .In Flg. I=7. Thls rig Is
consfrucfed as 'a serlesof “four concentric rlhgs surroundlIng
a slx ‘Inch “PVC ‘casling. - ‘Each. ring contalns: thin -plastic
tubes 1~1/4" diameter 'by 36" long. ' A set of "source rods"
and "background -rods"' were.prepared and- loaded Into these
tubes In a varlety of conflgurations for the various' call=-

bratton and test counts.

 The geometry -of the rig'ls such that the distance from

the center of the casing (or detector) to the center of the
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Innermost ring Is 3.75 Inches, to the center of +the second
ring 1Is 5.0 Inches, to the cenfer’of the third ring fs 6.25
Inches, and to the center of the féurfh ring Is 7.50 Inches.
All volds between +tubes were fllled with low background
sand. (T was defermlhed that the ratio of source volume In
each ring to the total ring area was about 0.6. Hence, when
source rods were fully loaded  Into a glven ring, the activi-
Ty counted represenfed‘approxlmafely 60% of the total afea
(volume) the detector viewed, and counts were adjJusted ac-

cordlingly.

Each source tube Is a twelve Inch high by one Inch di-
ameter tube fllled with a materlial contalning Eu-152, The
source materlal was prepared by mixing the standard Eu=152
source solution with plaster of parls, at a constant ratio
desligned to glve a wunlform speclflc activity of 440
pCl/gram, | Background rods were filled with "clean" plaéfer
of parls., Plaster of parls was chosen because of [ts ease
of handling, abillity to uniformly distribute the source
throughout fhe material, and Its denslity, which apbroxlmafes
that of common soll. (Density of soll, 1,7-2.3 g/cublic cm;
denslty of plaster, 1.5 g/cubic cm; denslty of sand, 1.4

|

"~ g/cublc cm)’

Four dlfferent confligurations of source and blank tubes

were used for the <callbration. Source tubes were placed
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three high:In one'of ithe four concentric rings of +the ‘rlg
‘for each count while the balance of the rig was flllea'wlfh
bianks.  These confligurations correspond to the source ma=-
terial bexhg a radlal distance of 3,75, 5.00, 6.25 and 7.50

Inches from Thé defecfor.

) ( el
Each conflguration was counted for 900 seconds, and “the
‘area 'under each of the eight maJor Eu-152 photopeaks deter-

"mined for each coﬁnf,

As a callbration check " for the low energy 'U-238 pho-
tons, a second set of callbration rods contalning Cd-109

(E =88 keV), was prepared and ‘counted’'In a simllar manner.

Calculation of counts per gamma per gram was determined
by the following method (for the Eu-152 rods):
NCNTS/GAMMA/GRAM =
[NCNTS]/t(440pCI/g)(3.7E-2d/s/pCl)(9005)(ABUNDANCEgamﬁa/d)]

For each gamma energy, - the ’ﬁef"counfs/gamma/gram vs
distance from the cenfer'dfthé'défécfor was "l'lsted. These
response curves were then plotted for each energy, for dis-
tances and actlvitles which extend to zero net counts. This
represents an "Infinite" dlstance from the detector. ' Usling
these curves, +the total counts from the detector to an In-

finlte distance was calculated by ‘Integrating the area under
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the curve using Simpson's rule for approximating integrals.
Of prime importance Is the Integral from 2 inches to Infinl-
ty, slnce +this 1Is +the area the défecfor will view when

placed Inside a four-lnch PYC casing.

Flnally, the Integrated net count/gamma/gram, from +two
Inches to Inflnlty, was:pléffed vs energy, for each of the
Eu-152 photons, WIfh this effliclency curve, a speqlflq ac-
flvlfy'jn soll (pCl/gram) can be determlined from a bore hole
cbunf, assumlhg t+he radionucllde can be Jdentified and Its
gamma abundance determined. The calculation is:

SPECIFIC ACTIVITYpCIl/gm(In soll) =
CNETCOUNTS]/[ (ABUNDANCEgamma/dlis) (2,22 dls/mln/pCI)
(MINUTES COUNTED)(EFFICIENCYcounts/gamma/gm)]

Thls determlination wilil be valld so long as the ra-
dioactive material Is uniformly distributed to an "Inflﬁlfe"
distance In soll, and the detector Is In a four-inch PVC (or
simllar maferlal)\ caslng. Although soll should be at the
surface of fﬁe casing, the data Indicate that small volds

will not produce signiflcant errors In activity estimations.

Results of thlis callbration Indicate that an "inflnlte"
thlickness in soll for a bore hole loggling device Is about 10
Inches from the <center of +the detector. Thus, for a

four-inch hole, gamma logging will only "see" activity out
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to about seven or eight Inches from the hole. For low ener-
gles (e.g. 100'kev), 50 to 60% of the total actlivity seen Is
In +he lnferval of'rwe to four Inches. For energles above
500 keV, this value Is 40 to 50f. While thls volume may not
seem Iarge, l+ represenfs several thousand (2000 +o 4000)
grams.fef, soll,-whlch Is much larger than typical core sam=-
ples,'and ls +herefore more representative of the actual

soll ac+tv|+y. .

Thls callbraflon Indlcafes +ha+ the sensitivity of the
16 well logglng sys+em s suchffha? the Ra=226 daughter
Bi-214, as measured by the, 4J$ abundanf 609 keV peak can be
easlly, defecfeu at one. pC!/gram In soll, ln a; flve mlnufe‘_
ceumf,“uirh a 95% comfldence level and preclslon ief 0 4_mq

pCI7gs ™ .
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Figure I-1.

Portable Survey Instrument
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Figure I-2. High sensitivity tissue equivalent ionization chamber system.
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ting system and other equipment.

Interior of mobile lab showing gamma coun

Figure I-4.
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Figure I-5

In-situ auger hole logging system with intrinsic germanium detector
and narrow dewar assembly, data acquisition equipment and storage/
fill dewar.
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Figure_I-? A
CALIBRATION RIG ASSEMBLY

Cross Section
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