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Summary

Currently we are employing a Ge(Li) spectrometer

. for in-sity measurements of radionuciides contained
{in soil. This is being done at nuclear reactor sites
iand in complex radionuclide fields at the Nevada Test
Site. The methodology and precision of the in-situ
spectrometric technique has previously been established
; for analysis of radionuclides in soil. Application of
" the technique to gaseous and liquid effluents con-

: taining radionuciides has shown a great deal of

: promise.

' Introduction |

The methodology and feasibility of in-situ
Ge(Li) spectroscopy for radionuclides contained in ;
1s0%1 has been explored at our laboratory and by ~ :
others.1-5 It is clear that in certain instances the :
method offers advantages over laboratory gamma-ray :
spectroscopy methods. Probably the most significant
advantages of in-situ Ge(Li) spectroscopy are the ’
very short counting times required (30 minutes
corpared to 1000 - 2000 minutes in the laboratory),
,and the fact that a very large quantity of soil is
: examined (several metric tons ccmpared to a fow
 hundred grams in the laboratecry}. A major drawback
is the requirement to know the distribution of the
i radionuclides as a function of depth in the soil.
| However this usually is not a requirement for the
natural occurring radionucldies which are commonly
found to have a uniform distribution with depth.
The most difficult case is for surface deposited
-{ radionuclides that have leached into the soil and
where distribution is related to a complicated
process involving the amount of rainfall, phystcal-
chemical) properties of the soil, vegetation, etc.
Another cause of non-uniform distributici could be
man-made working of the soil, i.e., agricultural and
construction disturbances. The distribution must be
taken into account when determining radionuclide
distribution in soil; therefore, some initial soil
sampling is necessary. HWe have found that large
areas (several kmé) can probably be represented by
2-3 each, 0-30 cm soil profile measurements. We
current]ly have a program under way to further evaluate
to what extent these assumptions can be made.
. Measurements of radionuclide cencentrations on the
" 5011 surface is a much simpler problem, since a depth
distribution is not required in the calibration.
Examples of this type of radicnuclide distribution
would be from fresh fallout from weapon tests or
from a nuclear accident where radionuclides would be
transport~d from a source and c¢zposited downwind on
the sotl surface.

In addition to determining the radionuclide
~ concentrations in soil from the field in-situ Ge(Li)
: spectral data, external gamma exposure rates may be
calculated. This is particularly useful where the
exposure rate contribution from a particular radio-
nuclide must be determined. The methodology was
developed by Back.8-7 Anspaughd more recently has
developed a computer program that has been Success-
fully used for detailing the external gamma exposure
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for a complex mixture of radionuclides (12 man-rade,
3 natural occurring) contained in soil at the Nevada
Test Site. A feature of the method for determining
exposure rates is the fact that it is much lass
dependent upon knowing the distribution of radio-
nuclides as a function depth.

Currently we have several projects within our
laboratory, using the in-situ Ge(Li) spectroretric :
technique for quantifying radionuclides in soil. !
These include studying the distribution and redistri-
bution of radionuclides at the Hevada Test Site, ;
baseline studies for radionuclide distributicn at :
nuclear power reactor sites, radionuclide inventories
of talling piles from uranium mills and radioactive
hot-spot areas where higher than expected fallout has
taken place. i |

1

The Ge{Li) in-situ method {s mast readily adapted:
to measuring radiation flux from radionuclides in the .
sc{l; however, we are investigating i1ts use in gaseous:
and water effluents containing radianuclides. These
have primarily been done at reactor sites.

Ga(li) Detecter Characteristics :

For tn-sf{tu gamma-ray spectrosccpy, we selected
the closed-end type Ge(Li] detector. The chaice was
dictated by the wide angle photon acceptance require=-
ment. Unlike laboratory gamma-ray soectrometars, '
where the radiation entrance {s confined to the end
surface of the detector, in-situ methods require high-:
efficiency on the sides as well. Photon acceatance
angle approaches 90° with the detector 1 m above the

" soll surface. .

Two Ge(L1] coaxial. detectors have been evaluated.
The housing and mounting configurations are saown in
‘Flg. 1. An important criteria for good low energy
response {s to have a minimun of low Z material
between the detector and entering photon flux. This
includes the vacuum cap, heat shield, mountina hardware
and attention to the Ge(lLi} detector outer dead-layer
surface. The detector efficiencies were fourd to vary
by approximately a factor of two at 6§62 keV. A plot
of detector efficiencies is given {n Fig. 2.

The Ge(Li] detector identified as V-3 was found
to have apﬁreciab]y better low energy response at 60
ReV than the detector listed as V-1. Vacuum caps and
heat shields for both detectors ave approximately the
samz, howeyer, in processing the V-1 Ge(Li) cetector
an abnormal thick N layer resulted and hence *he poor
low energy response. HWe have useg ghe V-1 detector
for extensive field measurements,”»® buz the Setter
- Tower _energy response of ¥-3 as well as the ruch better
overal] eff{clency makes {t the detector of cnoice.
%h‘all:agger}stics of the two Ge(Li) detectors are given

able I.

Measurement System

The gamma-ray analysis system is shown §n Fig. 3.
Detatls of the system aave previously been described?



rand only a drief summary will be given in this paper.

1 The heart of the system is the Ge{Li) detector, however
& variety of detectors make up the total system.
Besides the Ge{li) detector, included are a high
pressure ionization chember, Fidlerd Na]{TL) detector
and a 2 x 2" NaI(TL) scintillator. All the apparatus
{5 housed in the van-type vehicle shoun in Fig. 4
Electrical power is supplied by a small gasoline
engfne-driven electrical generator and a 120 arpere-
hour battery/inverter supply.

Signal output from the Ge(Li) detector is fed to

a 4095 channel pulse height analyzer and stored in
i core memory. Spectral cata may be transferred from

the core memary to efither magnetic tape for future
. analysis or to a teletype printer for a printout of
i selected channels. The normal operation is to store
' the data on magnetic tope for later processing by
existing computer programs. However, tne telatype
i has praven invaluable since it permits an-the-spot
! reduction of photopeak information into radionuclide
{values. This is necessary for exzmple where radio-
-nuclide concentrations must be determined as a
{guide to subsequent measurements, It is also a
great afd for field calibrations.

The Fidler detector may also be used in canjunc-
tion with the pulse height analyzer. The instrument
i hes been used primarily in our research efforts
|dlrec;ed toward quantifying plutonium/americium
|s0i1.% Qutpei from the high pressure ionization
i chasber is recorded on a strip chart recorder and
also may be displayed on a time-scaler for a more
accurate reading. A continuous recording of the
relative gamma-ray backgiound is provided from the
t2% x 2% Nal(TL) scintillater which 5 permanently
mounted on the inside wall of the van. A rate meter
disp‘llqy {s munted rear the vehicle's instrument
panel.

Spectral Analysis Methods

Field measurements are made with the Ge{Li)

.+ detector mounted on a tripod with the detector 1 m

1 above the soil surface. Care {5 taken to place the
detector at least 20-30 m aw2y from the support van or
other obstructions. :

The general methodology used to interpret field
spectra follows that developed by Beck, Condan and
Lowderl; further details are given by Anspaugh, et
al., Refs. 3,5.

The equation used for the determination of the
eoncentration of radionuclides in soil is :

= .

v-l-\
ol

ofd"
wjo

where N¢/N, is the counting rate in the photopeak of
interest per unit of soil radicactivity; lg/9 is the
augber of counts in the photopeak per incident photon/
when a point source 15 placed at 0° from the
detector axis and sufficiently far away that the flux
striking the detector can be considered parallel;
/S is the flux of unscattered photons incident at
the detector per unit of soii radioactivity; and
Ng/l, 15 a correction factor that must be applied {f
e rusponse of the detector is not unlform as &
function of angle from the detector axis. A1l factors
are energy dependent.

The calibration process consists of measurements
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of Na/% and the detector response 35 a function of
angle from its axis using point sources and calcula-
tions of #/5 and N¢/liy for any desired source charac-
teristics: The distribution of radionuclides witn
depth must be known. In rost cases we have assured
that natural occurring ridicnuclides are unifomly
distributed with depth and that fallout radionuclices
are distributed exponentfally with depth.

The calibration process is quite time-consuming
and cannot be repeated frequently withaut a severe
loss in available field counting tice. The only
calibration parareter that {5 1ikely to chanoe is
Na/%, which relates directly to the {ntrinsic effi-
c?em:y of the detector. The efficiency of the
detector system is thercfore checked caily by counting
a small calibration sourcc =wunted in 3 jig and
attached in a reproducible pasition directiy underneath
the detector. The calibration source cantains 9
radionuclides producing 20 photopeaks. Counting time
is 200 nsec. :

Applications of In-Situ Ga{li) Scectroscopy
Terrestrial Radiation Flux

Natural occurrirg radionuclides contained in soil
consist mainly of those formed fram the radioactiye
decay that takes place in the urarfum-thorium (233U,
2327h) series and from potassium-40 (%0K). [n addition
to those of natural origin, trace amounts of man-made
radionuciides may be found in soil. Tkese are pri-
marily frem fallout associated with previous atmos-
pheric weapon tests. The eost abundant gamma-emitting
radionuclide from the latter s?urce and found through-
out the global environment {s 137Cs.

A 180°minute {n-situ count with the Ge(L{)
datector one meter above the soi) surface was performed.
This was done in an area of the Livermare Valley, where
the soil was known to have been undisturbed for at
Jeast the last 30 years. The resultant gamma-ray

spectrum is shown in Fig, 5. Measurerents frua this
site have prev‘ogsly been reported by Anspaugh?, et al,
who found the 13

Cs in the sof) to be distridbyted
exponentially as & function of depth and with a siape
of -0.16 = 0.01 cm*1. The photopeak at 652 keV for
137¢s as shown in Fig. 5 represent; 39 = 2 nCi/me. .
l‘lastributlon of the natural radionuciides 238y, 2327h,

K were faund to be uniform as a function of depth,
This 15 generally the case for t!ie natural occurring
radionuclides. Analysis of the spectryn of Fig. 5 has
shown the concsg&rations in soil for equal to0.45
2 0.02 pCi/g: Th equal to 0.67 = 0.02 pCi/g; and
40K equal to 15.4 = 0.3 pCi/g. These values are in
close agreement with laboratory measurements performad
by Ge(Li) and mass spectroscopy.3

A significant advantage of in-situ counting is
the reduction in counting time required 2s compared to
a typfcal laboratory analysis. The in-situ example
glven here represents 150 minutes of counting time;
however, 3 reduction in counting time to 20 minutes
resulted in a small decrcase in statistical accuracy
'ng for most cases has proven adequate, i.e., the

37Cs concentration value had an 2ccuracy of = 11%.

.On tie other hand, laboratory analysis by Ge(Li)

spectroscopy requires at least 1000 minutes per sauple
for the saie accuracy, not fnciuding tize for samwple
collection and preparation.

Another advantage is the greatly increased area
the {n-s{tu Ge(Li) spectrometer views as zompared to
sof) sampling and laboratory spectroscopy. The
viewiny arca for S0% photon flyx at the detector fs
approximitely 300 mZ for an exponentially distributed
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‘source with a slape of -0.16 ev1. On the other hand,
sof] sarpling usually represents a fes hundred of
1s0il surface.

i The in-situ method §s also well suited for quanti-
fying vadionuciides contained in & corplex mixture

. and deposited on the soil surface. An eaimple of this
1s given in Fig. 6. Here 12 min-cpde radionuclides
-are fdentified as well as those occurring naturally.
This in-situ reasurexent wes mge near the Sedan
crater at the levada Test Site.

Varied Gsograghical Sites

i Feasurezents were condycted at a nuzber of sites
in California representing a wide variation in
geographical regices. These involved sites in a
northern-inland coastal region, sites in the central
valley extending frea the northern to its southern
baundaries, snd reglons of wountains and desert in
southern Californfa. A partial sutcary of the in-situ
Ge(Li) measurerents are given in Table II. It is of
*interest to note the variation of natural and man-
sade radionuclice levels zhroughout the state. The
Yowest levels of natural ragionuciices {U-Th series,
X) were mpasured \n tke coastal area of Hayward,
-while the highest levels were seen in the ceatral
valley near Fresno. External expojure rates from
the gamma-radiation assozizted with thc natural radfo-
:muclides varied by a facotr of 2.4 between the two
sites. External gamw-ray exposure rates calculated
vrom field spectrocetric cezsurenents were 10.7 uR/Hr
for Fresno and 4.5 uR/Hr at Haywsrd.®

i .At all sites, the man-made radionuclide 137¢s was
- detected. The highest levels ware scen at the
Tehatchapi Swmit and in the northern coastal regicas.
The cnculﬁsd maxicum exizrmal gamda-ray exposure
-vate from 13/Cs was deternined to be approximately
0.3 yR/Hr. Probably the =ast sfgnificant point of
.interest is the deconstration of extremaly good
sensitivity for detecting trace levels of recent
fallout radiongclidgs. This was deaonstrated by the
_ dataction of 952r/35> in Pleasanton, California,
following an atmospheric nuclear weapons test conducted
by the Chinese in March, 1972. The in-5itu measurement
.followed approximately two months after the Chinese
1Test, Levels for 952r were 1.6 nCi/ad and 1.8 nGi/me
for 95im.
:&o-?hzsica'l Studfes

In the case where the redistribution of radio-
‘nuclides is related to a gea-physical phenomena, {.e.,
teansport by rain or stream run-off and accumulation
. downstream, in-situ gamma-ray spectrometric techniques
may be useful in platting the movement and build-up
of radioactivity, An area in the Amargosa Desert west
of the ilevada Test Site was selected to investigate
17 a build-up of 1375 was taking place. Measurements
were made in the Forty !Mile Canyon wash area (near
Hiy, 95) intermittently fed from rain run-off during
seasanal storns. Measurewents were also made north
and south of the Canyon-wash. ReSults are given in
Table III. Hatural rvadionuclides were found to be of
uniform concentration hﬁr--'sver the resvits suggested
a definite build-up of '3/(s fn the wash terminus.

Measuremont of Gaseous Emissions

In-situ detection of gaseous radionuyclides is
possible with the Ge{L{) field spectrometer. This is
“mnstratcd in Fig. 5. The photopcak identified as

Ar at 1233 keV was a result of off-gassing of the
LLL pool type reactor during fts norral operation.

L B N o

“"Reactor Liquid Waste Discharge
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The in-situ Ge(L1) spectroscopy technique has also
prtvious}'y been used by us at the site of BUR type
actar We ﬁ!}.‘ clearly identify the rare gases
3xe, 138xe, %e and B5Kr all present im the plume.
It §s suggested that externsl exposyre rate
contributions from low-levels of gaseous radionuclides
may be deternined from the combined use ~f a GelLf)
detector and a sensitive high pressure tonization
chasher. .This may be accemplished by perforning
terrestrial gatra-ray ceasurements during the absence
of gascous radionuclicas and calculating _the exposure
rates resuiting from terrestrial U-Th, 0K and *allout
radfonuciides. This 1s cone by analyais of the photo-
peaks present in the Ge(Li) spectrum.5.7 The corbined
cosmic and terrestrial external exposyre rate are
deternired by the fon-chacher. This establishes an
exact “signature® of the radionuclides and corresron-
ding dose rates. [n the case where gassous radfo-
nuclides are present, and the previous measuremants
have been perforred, the externgl exposure rate
coantribution from the gases would be done by subtrace
ting the terrestrial and cosmic contributions pre-
viously detemined. The Ge{li) detector measurement
would verify tie presence of gaseous radionuclides.
This 1s necessary since the foi-chazber measures total
guma flux only. The relationship bet<een exposurs
rate fluctuations and variations in the terrestrial
cosmie radiation or the caseocus source could also be
detemiined with ‘the Ge(Li) detector - fon chzmber
cozbination. e are presently conducting a serfes of
experiments to fully evaluate the technique.

Calibration of the Gelli) detector was dane for
the mezsyrerent of terrestrial gamea radiation. How-
ever, we have on a demdnstration basis used the system
to study the feasibility of measuring garmma-ray
emftting radionuclides in Viquid effiyents. We did
this recently at the Kurboldt Bay nuclear reactor
located on the cuast of Northern Californfa. An on-
1ine measurement of the discharge canal water was made -
during a planned rad-waste discharge. These planned
discharges are carried out in such a way- that accumu-
lated liquid wastes contained in a few hundred
gallons of water are mixed over a period of hours irto
the main reactor cooling water flow of 10D,000 gallons
per mfnute, This mixture of waste radionuciides and

rccoling water exit to a discharge canal and subsequently
to the ocean.

The tn-sttu measurement was made by continuously
pamping the water out of the canal, then flowing the
water into a 100 l{ter container, where the Ge(Li)
detector was located, and discharging «ater out of tha
container to 3 point dovnstream., The excerimental
layout fs shown in Fig. 7. Counting times at &hc
beginning of the experiment were 1000 seconds. This
was extended to 4000 seconds during the latter part of
the experiment. Prior to diluting the rad-waste with
the cooling water, an aliquot was taken to determine
the concentration of radionuclides. An estimationl0
of concentration was then made for the discharge
canal. These values are given in Table 1V.

Counting was performed over a 14 hour period.

"Results clearly showed that the Ge(Li) detector, as

*sed in this application had excellent sens*tivity for
34cs and 137Cs. The time history for the 137Cs is
plotted in Fig. 8. Maximum observed 137cs was 35 + 3
cpm. Background level (137¢s) for the discharge canal
water was 2 + 0.5 cpm.

Detection of 5%n, 60co and 652n was more diffi-
cult at the levels shown in Table IV. Sparadic detec-
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!tion of these radionuclides was noted throughout the

. rad-waste release, h uever a r asonable camcentration/
Atlu Mstng* of the 652n and 500 could be reconstruc-
cted, The 2"Rn was cbserved four out of eighteen

s eounting periods.

Acknow ledgments

This work was performed ynder the auspices of
the U. 5. Atoaic Energy Cormission,

e st

H. L. Beck, W. J. Condon, and H. N. Lowder,
Spectrometric Technigues for irasurin "nviroﬂ-
mental Garca Radiation, USAZL HEAItA

Safety Laboratory, léw York, Rept. !MSL-ISO {1954)

l
i References
i

2. H. L. Beck, J, de Campo, and C. Gogalak,

1 ln-Situ Ge(Lii ard Hal(TL) Garra-Ray Spestrometery,
afety Laporatary, iiew York,

: Rept. HASL-ZSB (1922). .

+3. L. R. Anspaugh, P. L. Phelps, P, H. Gudiksen,

C. L. Lindeksen, and G. W. Huckebay, "The In-Situ
i Heasuresent of Radionuclides in the Environment
] with a Ge(Li) Spectrometer, {n The Liatura)

! Edlat‘lcn Environrrent 11, J.A.S. &dars, W, M.
: r, an , Eds, {in press):

available as Laurence Liven:nra Laboratory Rept.
UCRL-73904 (1973).

4. P. L. Phelps, L. R. Anspaugh, J. J, Koranda,
6.4, Huckabay, "A Portable Ge(u’ Detector for
- Fleld Heasuremeut of Radtonuclides in the
Environment”, tn the IEEE Trans. on Nucl. Sci.,
. NS-19: 193-210 (1972},

5. . Anspaugh, P. L. Phe'ne, G. W, Huckabay,
'I'. Todichine, field Soectrumtric Yeasurements
of Radionuclides Concentraticns and Externial

Bamma_Exposure Rates at the novadA jest Site.
X Deronstration Study, Lasrence Livermore
oratcry Repaort UCRL-51412 {1973).
6. H. Beck and G. “: ?lanque, The Radiation Fleld
in Air Due to Distributad. Garma-Ray Sources in
e Ground, Health and Safety Laboratory,

New Yark, Rept. HASL-195 {1968).

7. H. Beck and G, de P'Ianque."Expnsure Rates in Air
due to Depostited Fission Products s Health
Phys. 16, 784 (1969).

8. Jd.F. Tinney and J. J. Koch, An X-ray Surve
Mater for Plutoniym Contamination, 1!11 Hazards

{ Contrdl Progress Rept. Wo. 29, Lawrence Livermore

Laboratory Rept. UCRL-50007-67-3 (1967).

-9, 5. J. Roth and G. W. Huckabay,"A Comparison of the
In-Situ Measurement of Terrestrial Americium with
a Ge(Lt) Spectroreter and a Fidler", in the IEEE
Trans. on Hucl. Sei., N$-21 (to be published
Aoril 1373).

10

R. Heft, Lawrence Livermore Laboratory,
unpublished data.

- et wmmr e -1

FCR 2 L1f2 2 ) PART

TO 75% caey




Table I. Characteristics of two Ge(Li) detectors used
for in-situ measurements.

Approx. Active Volume
diameter
cross section

length

Eff (662 kev)

Resolution, FWHM @ .

1.33 Mev

Closed-end Coaxial

V-1

1.4 counts

Y-cm
3.1 KeV

V-3
70 cm3
44 m
15 cm®
55 mm

2.g count: counts
y-tm
3.0 KeVY

yeem2 |




voute T4 HUSUILS U1 4 sUrvey iiade bver 4 Wide deduraph{cai area. The radion
from a nuclear weapons test conducted by the Chinese, March 1972, (

yed

{des Y52r/95Nb ar?,believed to be
Cs, a= 0,16 cm™ !},

LOCATION RADIONUCLIDE CONCENTRATION LOCATION RADIONUCLIDE CONCENTRATION

natural (n CiZkg) natural (n Ci/kg)
Tehachapi 490, 21.6 40(( 18.4
Summi t 238y 1.0 Manteca 238y 0.9
Calif. 2%2n 1.3 Calif. 2321y 1.1
3125/72 man-made (n Ci/m?) . 3/24/72 man-made {nCi/m?)

137¢¢ 95.5 Syr. 3.3

W¥ee . 217

natural (n Ci/kg) natural (n Ci/kg)
Bars tow 40, 22.1 40, 24.7
Calif. 238, 0.9 Fresno 23g; - 1.2
3/25/72 232y, 1. g galif. 232p, 1.4

man-made (n-Ci/m") " 3728072 man-made (n Ci/m%)
v 137 66.0 95
i - Ir 3.5
1370 3.3

natural (n Ciskg) natural {n Ci/kg)

40, 1.0 40, 16.9
Hayward 233, 0.5 238, 1.2
Calif. 232y, 0.6 Bakersfield 232y, 0.9

L . 2

gy 1.1 3/25/72 1374 22.8

137¢s 78.2

natural (n Ci/kg) man-made {n Ci/mz)

Plessanton__ ...

40,

_ Pleasanton

95




233, 1.0

el T

221 0.7

p.

Sumnit Manteca 238(1 0.9
Calit. 232y, 1.3 Calif. 2327, 1.1
3/25/72 man-made (n Ci/m%) . 32472 man-made {nCi/m?)
37¢s 95.5 95zp. 3.3
W¥es . 217
natural (n Ci/kg) natural {(n Ci/kg)
Bars tow 40, 22.1 40, 24.7
Calif. 238, 0.9 Fresno 238, 1.2
3/25/72 232, 1.2 calif. 232y, 1.4
2 S
ng'made (n-Ci/n") 3/24/72 man-made (n Ci/m?)
Cs 66.0 95, 25
137¢, 32.3
natural {n Ci/kg) natural (n Ci/kg)
40y 11.0 40, 6.9
Hayward 238IJ 0.5 238U 1.2
Calif. 232, 0.6 Bakersfield 231h, 0.9
) | D9%E 2
3/2%/72 man-made (n Ci/mz) Ca’lf' man-made (n Ci/m")
Szp 1.1 3/25(72 Bles - 2.8
137¢ 78.2 ,
natural (n Ci/kg) man-made (n Ci/mz)
Pleasanton 40k 121 Pleasanton 952r 1.6
Calif. 238 0.6 Calif. (cont.) 1 1.8
5/16/72 u 15/15172 137, o .



LOCATION V3¢5 (nci/m?) 0k (nCi/kg of soil) | 10 cHamBer (uR/Hr)
33n, south of dry wash 60.2 + 11% 20.8 + 2% 7.7 .
37s, north of dry wash 49.2 + 13% 29.8 + 2% : 16/9
36s, north of dry wash 54.0 + 13% 31.6 2% 16.8

'35, north of dry wash 50.8 £ 13% 29.4 + 2% | 17.0
Dry wash area 105.2 + 7% 29.1 + 2% 17.6

i

Table III. Results of in-situ measurements in the vicinity of a
- desert dry wash area and within the dry wash. The build-up
-of 137¢cs in the dry wash may be related to run-of; from
the surrounding mountains. It was assumed that cs
had the same vertical distribution at all locations.
Most of the_external gamma exposure was from the natural
emitters, 238y, 2321 and 40k.

. : *Estimated
Radionuclide Concentration (pCi/2)
54 M , 5.0
60 C, 13.3
65 Zn 9.4
134 ' 268
137 437

Table IV. Estimated concentration of radionuclides in discharge
canal water during rad-wasie release. *Estimates of
concentrations are based on measured rad-waste values
divided by cooling water through-put.
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‘Flg. 1
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Figure Legends

Cryostat and mounting details for two
coaxial Ge(Li) detectors used in in-situ
spectroscopy. The detector on the left is
V-3 and on the right is V-1, Note the detec-
tor holder on V-3 is designed to minimize
attenuation of gamma-rays entaring through
the side walls.

Detector efficiencies for two Ge{Li)
spectrometers used for in-sity counting.

The field spectrometric system. The Ge(Li)
detector, Fidler and ion-chamber are connected
to the recording instruments by 30 meter

Tong cables. Recording of background gamma
vadiation is accomplishad by the 2" x 2"
Nal(TL) scintillator mounted on the inside
well of the wehicle.

A van-type vehicle houses the complete field
spectrometric system. Shown in the fore-
ground is the tripod mounted Ge(Li) detector
set up for a field measurerent. MNormally,
the detector sets approximately 25-30 m away
from the van during a measurement.

Gaima-ray spectrum generated from a 180
minute in-situ measurement. Ge(Li) detector
V-1 (see Teble I) was used. The spectrum
contains photopeaks from the natural occurring
U-Th, 40k, global fallout 137Cs and from -
41pr, a gaseous by-product of a pool type
reactor. See text for concentration values.

This gamma-ray spectrum was recorded at the
Nevada Test Site. The area is near the
Sedan Crater. Counting time was 2030 sec.
After Anspaugh, Ref. 3.

Technique for measuring radionuclides in
Yiquid effluent discharged from a BWR power
plant. This was done during a planned
rad-waste release.

A time history of 137(:5 present in the dis-
charge canal. The flat bars of the graph
represent counting times. The measurement
was performed as shown in Fig. 7.
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