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Summary 
I Currently we are employing a Ge(L1) spectrometer 
, for in-situ measurements of radionuclides contained 
i In soi l . This is being done at nuclear reactor sites 
! and in complex radionuclide fields at the Nevada Test 
Site. The methodology and precision of the in-s i tu 
speetrometric technique has previously been established 

; for analysis of radionuclides in soil . Application of 
the technique to gaseous and liquid effluents con­
taining radionuclides has shown a great deal of 

I promise. 

I Introduction 

The methodology and feasibility of in-situ 
Ge(Li) spectroscopy for radionuclides contained in 
soil has been explored at our laboratory and by ; 
o t h e r s . ^ i t is clear that in certain instances the j 
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 
compared to 1000 - 2000 minutes in the laboratory), 
and the fact that a very large quantity of soil is 
examined (several metric tons compared to a few 
hundred grams in the laboratory). A major drawback 
Is the requirement to know the distribution of the 
radionuclides as a function of depth in the so i l . 
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 di f f icult 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 ra infa l l , physical-
chemical properties of the so i l , vegetation, etc. 
Another cause of non-uniform distributio;; could be 
man-made working of the s o i l , i . e . , agricultural and 
construction disturbances. The distribution must be 
taken Into account when determining radionuclide 
distribution in so i l ; therefore, some in i t i a l soil 
sampling is necessary. We have found that large 
areas (several Km?) can probably be represented by 
2-3 each, 0-30 cm soil profile measurements. We 
currently have a program under way to further evaluate 
to what extent these assumptions can be made. 
Measurements of radionuclide concentrations on the 
soil surface is a much simpler problem, since a depth 
distribution is not required in the calibration. 
Examples of this type of radionuclide distribution 
would be from fresh fallout from weapon tests or 
from a nuclear accident where radionuclides would be 
transports from a source and deposited downwind on 
the soil surface. 

In addition to determining the radionuclide 
concentrations in soil from the f ield 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 Beck.6"' Anspaugh^ more recently has 
developed a computer program that has been success­
fully used for detailing the external gamma exposure 

for a complex mixture of radionuclides* (12 men-irade, 
3 natural occurring) contained in soil at the Nevada 
Test Site. A feature of the method for determining 
exposure rates is the fact that i t is much less 
dependent upon knowing the distribution of radio­
nuclides as a function depth. 

Currently we have several projects within our 
laboratory, using the 1n-situ Ge(L1) spectroretric 
technique for quantifying radionuclides In s o i l . ! 
These include studying the distribution and redist r i ­
bution of radionuclides at the Nevada Test S i t e , , 
baseline studies for radionuclide distribution at 
nuclear power reactor sites, radionuclide inventories 
of tai l ing piles from uranium mills and radioactive 
hot-spot areas where higher than expected fa l lout has ' 
taken place. ; 

i 

The Ge(Li) In-si tu method Is most readily adapted! 
to measuring radiation flux from radionuclides In the • 
so i l ; however, we are investigating I t s use in gaseous; 
and water effluents containing radionuclides. These 
have primarily been done at reactor sites. j 

GefLi) Detector Characteristics • 
i 

For tn-sttu gamma-ray spectroscopy, we selected 
the closed-end type Ge(L1] detector. The choice was 
dictated by the wide angle photon acceptance require­
ment. Unlike laboratory gamma-ray spectrometers, < 
where the radiation entrance 1s confined to tne end 
surface of the detector. In-situ methods require high-: 
efficiency on the sides as wel l . Photon acceptance 
angle approaches 90° with the detector 1 n above the 
soil surface. 

Two Ge(L1J coaxial, detectors have been evaluated. 
The housing and mounting configurations are snown In 

'Ftg. 1 . An important criteria for good low energy 
response ts to have a minimum of low Z material 
between the detector and entering photon f lux . This 
Includes the vacuum cap, heat shield, mountlr-i hardware 
and attention to the Ge(L1J detector outer deid-layer 
surface. The detector efficiencies were found to vary 
by approximately a factor of two at 662 keV. A plot 
of detector efficiencies Is given In Fig. 2 . 

The Ge(Lii detector Identified as V-3 was found 
to have appreciably better low energy response at 60 
keV than the detector listed as V-l." Vacuum caps and 
heat shields for both detectors are approximately the 
same, however, In processing the V-l Ge(Li) detector 
an abnormal thick N layer resulted and hence the poor 
low energy response. We have used the V-l detector 
for extensive f ie ld measurements,•'••> bu': the better 

• lower energy response of V-3 as well as the ruch better 
overall efficiency makes I t the detector of cnolce. 
Characteristics of the two Go(Li) detectors are given 
In Table I . 

Measurement System 

The gamma-ray analysis system Is shown In Ftg. 3. 
Details of the system have previously been described4 
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land only a brief simnary wi l l be given in this paper. 
The heart of the system is the Gc(LI) detector, however 
• variety of detectors make up the total system. 
Besides the Ge(Li) detector, included are a high 
pressure ionization charier, FidlerS flal(TL) detector 
and a 2" x 2" Nal(TL) scinti l lator. All the apparatus 

l i s housed in the van-type vehicle shewn in Fig. 4. 
[Electrical power is supplied by a small gasoline 
engine-driven electrical generator end a 120 anpere-
hour battery/inverter supply. 

Signal output from the Ge(L1) detector is fed to 
• 4095 channel pulse height analyzer and stored in 
core memory. Spectral data may be transferred from 
the core merwry to either magnetic tape for future 

.analysis or to a teletype printer for a printout of 
iselected channels. The normal operation is to store 
' the data on magnetic tape for later processing by 
, existing computer programs. However, tne teletype 
• has proven invaluable since i t permits on-the-spot 
) reduction of photopeak information into radionuclide 
lvalues. This is necessary for SMisple where radio-
l nuclide concentrations must be determined as a 
I guide to subsequent measurements. I t is also a 
• great aid for f ie ld calibrations. 

I The Fldler detector may also be used in conjunc­

tion with the pulse height analyzer. The Instrument 
jhes been used primarily In our research efforts 
I directed toward quantifying plutonlum/ainerlclum 
| s o i l . 9 Outpi'.'. from the high pressure ionization 
{chamber Is recorded on a strip chart recorder ant) 
I also nay be displayed on a time-sealer for a more 
(accurate reading. A continuous recording of the 
J relative ganna-ray background is provided from the 
; 2 " x Z" Nal(TL) scint i l lator which is peraanently 

mounted on the Inside wall of the van. A rate meter 
display is mounted near the vehicle's instrument 
panel. 

Spectral Analysis Methods 

Field measurements are made with the Ge(L1) 
. detector mounted on a tripod with the detector 1 m 
iabove the soil surface. Care is taken to place the 

detector at least 20-30 m away from the support van or 
other obstructions. 

The general methodology used to interpret f ie ld 
spectra follows that developed by Beck, Condon and 
Lowderl; further details are given by Anspaugh, et 
• 1 . , Refs. 3,5. 

The equation used for the determination of the 
concentration of radionuclides in soil is 

H f N o " f # ! - s " - ? x l £ x f • 

where Nf/N s is the counting rate in the photopeak of 
Interest per unit of soil radioactivity; H 0 / * is the 
number of counts in the photopeak per incident photon/ 
era* when a point source is placed at 0' from the 
detector axis and sufficiently far away that the flux 
striking the detector can be considered paral le l ; 
• /S Is the flux of unscattered photons incident at 
the detector per unit of soi~< radioactivity; and 
Nf/N 0 is a correction factor that must be applied i f 
the response of the detector is not uniform as a 
function of angle from the detector axis. All factors 
•re energy dependent. 

The calibration process consists of measurements 

of Ha/» and the detector response as a function of 
angle from its axis using point sources and calcula­
tions of 4/S and Hf/I i- for any desired source charac­
teristics: The distribution of radionuclides with 
depth oust be known. In irost cases we have assured 
that natural occurring radionuclides are uniformly 
distributed with depth and that fallout radionuclides 
are distributed exponentially with depth. 

The calibration process 1s quite time-consuming 
and cannot be repeated frequently without a severe 
loss in available f ie ld counting t i r e . The only 
calibration parameter that is likely to chanoe is 
N„/«, which relates directly to the intrinsic e f f i ­
ciency of the detector. The efficiency of the 
detector system 1s therefore checked daily by counting 
a small calibration souru counted in a j i g and 
attached 1n a reproducible position directly underneath 
the detector. The calibration source contains 9 
radionuclides producing 20 photopeaks. Counting time 
1s 200 nsec. 

Applications of In-Situ GetLi) Spectroscopy 
Terrestrial Radiation Flux 

Natural occurring radionuclides contained in soil 
consist mainly of those formed from the radioactive 
decay that takes place in the uranium-thorium (233u, 
z32Th) series and from potassium-40 (*0lC). In addition 
to those of natural or igin, trace amounts of nan-cade 
radionuclides may be found in soi l . These are pr i ­
marily from fal lout associated with previous atmos­
pheric weapon tests. The cost abundant gamma-emitting 
radionuclide from the lat ter source and found through­
out the global environment is '37Cs. 

A 180-minute in-si tu count with the Ge(Li) 
detector one meter above the soil surface was performed. 
This was done In an area of the Liveroore Valley, where 
the soil was known to have been undisturbed for at 
least the last 30 years. The resultant gamma-ray 
spectrum 1s shown In Fig. S. Measurements from this 
site have previously been reported by AnspauqnJ, et a l , 
who found the 13'Cs in the soil to be distributed 
exponentially as a function of depth and with a slooe 
of -0.16 ± 0.01 en" ' . The photopeak at 662 keV for 
137cs a I 5 h o w n t n F ' 9 - 5 represents 39 £ 2 nCi/m*. 
Distribution of the natural radionuclides 238(|. 232m, 
4(<K were found to be uni form as a function of depth. 
•This Is generally the case for t!<e natural occurring 
radionuclides. Analysis of the spectrin of Fig. 5 has 
shown the concentrations in soil for ' 5 3 U equal to0.65 
* 0.02 pCI/g; 2«Th equal to 0.67 i 0.02 pCi/g; and 

W K equal to 15.4 i 0.3 pCI/g. These values are in 
close agreement with laboratory measurements performed 
by Ge(L1) and mass spectroscopy.' 

A significant advantage of in-situ counting is 
the reduction in counting time required as compared to 
a typical laboratory analysis. The in-situ exanslo 
given here represents ISO minutes of counting t ine; 
however, a reduction in counting time to 30 minutes 
resulted In a small decrease in statistical accuracy 
and for most cases has proven adequate. I . e . . the 
•3/C( concentration value had an accuracy of t l i s . 

.On f ie other hand, laboratory analysis by Gc( l i ) 
spectroscopy requires at least 1000 minutes per sample 
for the saicc accuracy, not including t ic* for sample 
collection and preparation. 

Another advantage is the greatly increased area 
the In-situ Ge(Li) spectrometer views as compared to 
soil sampling and laboratory spectroscopy. The 
viewing area for SO" photon flux at Uic detector is 
approximately 300 m? for an exponentially distributed 
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'source with a slope of -0.16 en"'. On the other band, 
soil sampling usually represents a few hundred en' of 

.sot1 surface. 

j The In-situ oethod Is also well suited for quanti­
fying radionuclides contained in a complex mixture 
and deposited on the soil surface. An ex*.-$1e of this 
Is given in Fig. S. Here 12 man-cade radionuclides 
are identified as well as those occurring naturally. 
This In-situ peasuresent was nude near the Sedan 
crater at the .'levada Test S i te . ' 

Varied Giograshical Sites 

Measurements tiers conducted at a nicaer of sites 
in California representing a wide variation In 
geographical regines. These Involved sites 1n a 
northern-Inland coastal region, sites in the central 
valley extending frsa the northern to Its southern 
boundaries, and regions of (fountains and desert In 
southern California. A partial sugary of the in-situ 
Ge(U) measurements are given in Table I I . I t is of 

' Interest to nose the variation of natural and man-
» d e radionuc1i& levels throughout the state. The 
lowest levels of natural radionuclides (U-Th series. 
40K) were measured in the coastal area of Hayward, 
white the highest levels were seen in the central 
valley near Fresno. External exposure rates from 
the gamd-radlation associated with Xia natural redio-

• nuclides varied by a facotr of 2.4 between the two 
sites. External gansa-ray exposure rates calculated 
from f ield spectrocetric oeasureaents were 10.7 uR/Hr 

i for Fresno and 4.5 yR/Hr at Hayward.' 

• At a l l sites, the man-eade radionuclide 13?Cs was 
detected. The highest levels were seen at the 
Tehatchapi Sumit and in th* northern coastal regions. 
The calculated maxieum external gamaa-ray exposure 

- rate from >}'Cs was detercined to be approximately 
0.3 uR/Hr. Probably the =sst significant point of 

. interest is the demonstration of extrecely good 
sensitivity for detecting trace levels of recent 
fallout radionuclide. This was de=onst rated by the 
detection of 9 5 Z r / « i » in FTeasanton, California, 
following an atmospheric nuclear weapons test conducted 
by the Chinese in torch, 1972. The in-situ measurement 

.followed approximately two months after the Chinese _ 
I Test. Levels for 95Zr were 1.6 nCI/a* and 1.8 nCi/m 2 

f o r « f f b . 

ifieo-Hiysical Studies 

In the case where the redistribution of radio­
nuclides is related to a geo-physical phenomena. I . e . , 
transport by rain or stream run-off and accumulation 

.downstream, in-situ gairr.a-ray spectre™trie techniques 
may be useful in plotting the movement and build-up 
Of radioactivity. An area in the Acargosa Desert west 
of the Nevada Test Site was selected to investigate 
i f a build-up of 13?Cs was taking place. Measurements 
were made in the Forty Mile Canyon wash area (near 
hwy. 95) intermittently fed from rain run-off during 
Seasonal stoma. Measurements were also made north 
and south of the Canyon-wash. Results are given In 
Table I I I . natural radionuclides were found to be of 
uniform concentration however the results suggested 
* definite build-up of '3'Cs in the wash terminus. 

Measurement of Gaseous Emissions 

In-sltu detection of gaseous radionuclides 1s 
possible with the Go(li) f i e ld spectrometer. This is 
demonstrated in Fig. S. The photopeak identified as 
4 'A r at 1293 keV was a result of off-gassing of the 
LLL pool type reactor during its normal operation. 

The In-situ Ge(L1) spectroscopy technique has also 
previously been used by us at the site of BUR type 
reactor.* We could clearly Identify the rare gases 
13Sxe, 138fe, liStnxe and 65Kr a l l present in the plus*. 

I t is suggested that external exposure rate 
contributions fron low-levels of gaseous radionuclides 
nay be determined from the combined use " f a Ce(Li) 
detector and a sensitive high pressure ionization 
chafer. .This say be accomplished by performing 
terrestrial gtsna-ray measurements during the absence 
of gaseous radionuclides and calculating the exposure 
rates resulting froa terrestrial U-Th, '•OK and fa l lout 
radionuclides. This is done by analysis of the photo-
peaks present In the M i l ) spectrin.»,7 the corbined 
cosmic and terrestrial external exposure rate are 
determined by the ion-chatter. This establishes an 
exact "signature" of the radionuclides and correspon­
ding dose rates. In the case where gaseous radio­
nuclides are present, and the previous seasureaents 
have been perfomed, the external exposure rate 
contribution fr*sa the gases would be done by subtrac­
ting the terrestrial and cosmic contributions pre­
viously detemi'ied. The Ce(Li) detector measurement 
would verify Kie presence of giieous radionuclides. 
This Is necessary since the iou-chaober measures total 
gama flux only. The relationship between exposur* 
rate fluctuations and variations in the terrestrial 
cosmic radiation or the gaseous source could also be 
determined with the Gc(L1) detector • ion chamber 
combination, we are presently conducting a series of 
experiments to fu l ly evaluate the technique. 

'Reactor liquid Waste Discharge J 

Calibration of the 0e(L1) detector was done for 
the measurement of terrestrial gaisea radiation. How­
ever, we have on a demonstration basis used the system 
to study the feasibi l i ty of measuring gamma-ray 
emitting radionuclides in liquid effluents. He did 
this recently at the Hunboldt Bay nuclear reactor 
located on the coast of Northern California. An on­
line 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 Into 
the main reactor cooling water flow of 100,000 gallons 
per minute. This mixture of waste radionuclides and 

•ceoltng water ex i t to a discharge canal and subsequently 
to toe ocean. 

The tn-sttu measurement was made by continuously 
poraptng the water out of the canal, then flowing the 
water Into a 100 l i t e r container, where the Ge(L1) 
detector was located, and discharging water out of the 
container to a point downstream. The experimental 
layout Is shown 1n Fig. 7. Counting times at the 
beginning of the experiment were 1000 seconds. This 
was extended to 4000 seconds during the lat ter 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 estimation 1 0 

of concentration was then made for the discharge 
canal. These values are given in Table IV. 

Counting was performed over a 14 hour period. 
Results clearly showed that the Ge(Li) detector, as 
used In this application had excellent sensitivity for 
134Cs and l37Cs. The time history for the '37cs is 
plotted In Fig. 8. Maximum observed 137cs was 35 t 3 
cpm. Background level ( 1 3 7 Cs) for the discharge canal 
water was 2 * 0.5 cpm. 

Detection of H H n , 6 QCo and 6 5 Zn was more d i f f i ­
cult at the levels shown in Table IV. Sporadic detec-
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Itlon of these radionuclides was noted throughout the 
. rad-waste release, however a reasonable concentration/ 
, tire history of the 6 5Zn and 6 0Co could be reconstruc-
• ted. The "Kn was observed four out of eighteen 
{counting periods. 
1 
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Table I . Characteristics of two Ge(Li) detectors used 
for in-situ measurements. 

Closed-end Coaxial 
V - 1 V - 3 

Approx. Active Volume 70 cm3 70 era3 

diameter 40 mm 44 mm 

cross section H.S cm2 15 cm2 

length 68 nun 55 inn 

Eff (662 kev) 1 * counts g o counts 
Y-cm Y-£m 

Resolution, FWHM @ 
1.33 MeV 

3.1 KeV 3.0 KeV 

I • • 
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LOCATION 

Tehachapi 

Sunmit 

Calif. 

3/25/72 

Misuus 01 il survey iiiaue bver d Wide geoqrapMcat area, the radionuclides ^Zr/95f!b are believed to be 
from a nuclear weapons test conducted by the Chinese, March 1972, (137cs, a « -0.16 cm"'?. _ _ 

RADIONUCLIDE CONCENTRATION 
natural (n Ci/kg) 
4 0 k 
238,, 

232 Th 

21.6 

1.0 

1.3 

man-made (n Ci/m 2) 
137, Cs 95.5 

LOCATION 

Manteca 
Calif. 
3/24/72 

RADIONUCLIDE .CONCENTRATION 
natural (n Ci/kg) 
4 0" 18.4 

0.9 238u 
232. Th 1.1 
man-made (nCi/m ) 
95., 

137 Cs 

3.3 

21.7 

Bars tow 

Calif. 

3/25/72 

natural (n Ci/kg) 
M k .22.1 
2 3 8 U 0.9 
2 3 2 T h 1.2 
man-made (r -Ci/m Z ) 
137, Cs 66.0 

Fresno 

Calif. 

3/24/72 

natural (n Ci/kg) 
40,. 

238, 

232 
U 

Th 

24.7 

1.2 

1.4 

man-made (n Cl/m ) 
9 5 , JZr 
137 Cs 

3.5 

34.3 

Hayward 

Calif. 

3/29/72 

natural (n C1/kg) 
4 0 k 11.0 
2^u 0.5 
2 3 2 T h 0.6 
man-made (r, 
9 5 Z r 

C1/m2) 
1.1 

1 3 7 C s 78.2 
natural (n Ci/kg) 

Bakersfield 
Calif. 
3/25/72 

natural (n Ci/kg) 
4 0 k 16.9 

1.2 U 238, 
2 3 2 Th 0,9 
man-made (n C1/m2) 
137, rCs 22.8 

Pleasanton 
'Mi H 40, Pleasanton 

man-made (n Ci/m ) 
95, 



Summit 

Calif. 

3/25/72 

Bars tow 

Calif. 

3/25/72 

Hayward 

Calif. 

3/29/72 

Pleasanton 
Calif. 
5/16/72 

'"K"'""*"'" ̂ " 2 T ; B 
233y 1.0 
232T ! ; ; 1.3 

man-made (n C1/nr) 
137 Cs 95.5 

natural (n C1/kg) 

«k .22.1 

238u 0.9 
2 3 2 Th 1.2 
man-made (r -Ci/m2) 
137, Cs 66.0 

natural (n Ci/kg) 
4 0 k 11.0 
238,j 0.5 
232. Th 0.6 
man-made (n Ci/m ) 
9 S Z r 1.1 
137 Cs 78.2 
natural (n Ci/kg) 
40 

238, 
232: 

U 
Th 

13.1 
0.6 
0.7 

illflitiUJtJ-uSii^N'*' »*iJ* 

Manteca 

Calif. 

3/24/72 

238U 

232-Th 

18.4 

0.9 

1.1 

man-made {nCi/m ) 
9 5 Z r 3.3 
137 Cs 21.7 

Fresno 
Calif. 
3/24/72 

natural (n Ci/kg) 
40,, 
238, 

232 
U 

Th 

24.7 

1.2 

1.4 

man-made (n Ci/m ) 
95, JZr 
137 Cs 

3.5 

34.3 

Bakersfield' 
Calif. 
3/25/72 

natural (n Ci/kg) 
4 0 k 16.9 

1.2 'U 238, 
2 3 2 T h 0,9 
man-made C" Ci/m z) 
137 f rCs 22.8 

Pleasanton 

Calif, (cont.) 
5/16/72 

man-made (n Ci/m ) 
95, JZr 
95 Nb 
137 j > . 

1.6 

1.8 
sic * 



LOCATION 1 3 7 C s (nCi/m 2) 4 0 k (nCi/kg of so i l ) ION CHAMBER (nR/Hr) 

33n, south of dry wash 60.2 ± 11% 30.8 ± 2% 17.7 

37s, north of dry wash 49.2 ± 132 29.8 ± 2% 16/9 

36s, north of dry wash 54.0 ± 135J 31.6 ± 2% 16. il 

35, north of dry wash 50.8 + 13% 29.4 ± 2% 17.0 

Dry wash area 105.2 ± 7% 29.1 ± 2% 17.6 

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 I3?Cs in the dry wash may be related to run-off from 
the surrounding mountains. It was assumed that 1 3 'Cs 
had the same vertical distribution at all locations. 
Most of the external gamma exposure was from the natural 
emitters, 2 3 8 U , 2 3 2 1 , and ^k. 

Radionuclide 
*Est i mated 

Concentration (pCi/2.) 

54 Mn 

60 C 0 

6 5 Z n 
1 3 4 C s 
1 3 7 C s 

5.0 

13.3 

9.4 

268 

437 

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

• F1g. 1 Cryostat and mounting details for two 
j. coaxial Ge(li) detectors used in in-situ 

spectroscopy. The detector on the le f t is 
1 V-3 and on the right is V - l . Note the detec­

tor holder on V-3 is designed to minimize 
• attenuation of gamma-rays entering through 

the side walls. 
! 
; Fig. 2 Detector efficiencies for two Ge(L1) 
I spectrometers used for in-situ counting. 
: Fig. 3 The f ield spectrometric system. The Ge(Li) 

detector, Fidler and ion-chamber are connected 
to the recording instruments by 30 meter 
long cables. Recording of background gamma 

j radiation is accomplished by the 2" x 2" 
Nal(TL) scinti l lator mounted on the inside 
well of the vehicle. 

, Fig. 4 A van-type vehicle houses the complete field 
! speetrometrie system. Shown in the fore­

ground is the tripod mounted Ge(Li) detector 
set up for a f ie ld measurement. Normally, 
the detector sets approximately 25-30 m away 
from the van during a measurement. 

Fig. 5 Gamma-ray spectrum generated from a 180 
minute In-situ measurement. Ge(Li) detector 
V-l (see Table I ) was used. The spectrum 
contains photopeaks from the natural occurring 
U-Th, 10k, global fallout 137cs and from 
4'Ar, a gaseous by-product of a pool type 
reactor. See text for concentration values. 

Fig. 6 This gamma-ray spectrua was recorded at the 
Nevada Test Site. The area is near the 
Sedan Crater. Counting time was 2C30 sec. 
After Anspaugh, Ref. 3. 

Fig. 7 Technique for measuring radionuclides in 
liquid effluent discharged from a BUR power 
plant. This was done during a planned 
rad-waste release. 

Fig. 8 A time history of Cs present in the dis­
charge canal. The f la t bars of the graph 
represent counting times. The measurement 
was performed as shown in Fig. 7. 
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Fig. 3 
P. Phelps, 
et a l . 
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