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During the past year, major efforts in this program have concentrated on lowering the background for 
the measurement of small amounts of radioactivity by beta and gamma counting, on the design of spe
cialized systems, on specific procedures for the measurement of certain radionuclides, on improved 
computer programs for the analysis of gamma-ray spectral data, and on the development of X-ray fluor
escence techniques that permit concentrations to be measured without the weight of the sample 
being known. 

APPLICATIONS TO ENVIRONMENTAL MEASUREMENTS 
OF A LOW-BACKGROUND HIGH-RESOLUTION INTRIN
SIC GERMANIUM DETECTOR 

N. A. Wogman 

Application of a new spectrometer (Wogman 
1981a) is allowing environmental measure
ments at extremely low background levels. 
Originally the system was used to study the 
radioactivity present in radioanalytical de
tector construction materials such as tita
nium, aluminum, stainless steel, NaI{Tl) 
crystals, charcoal, MgO, CaC03, and quartz 
as well as components such as phototubes 
(Wogman 1980, 1981b). The data developed 
indicate that aluminum contains high concen
trations of 232Th, 238U, and minimal quanti
ties of 40K. Concentrations are typically 
on the order of 0.1 disintegrations per min
ute per gram of sample (dpm/g) 232Th, 
0.02 dpm/g 238U, and <0.4 dpm/g 40K. Stain
less steels are quite pure with respect to 
primordial radionuclides, yet they often con
tain 60Co from use in steel furnace hearths. 
Molecular sieves contain 4 to 5 dpm/g of 
232Th, 4 to 5 dpm/g 238U, and 9 dpm/g 40K. 

The new low-background spectrometer is pres
ently being applied to problems in the en
ergy generation and fuel extraction fields. 
It is being used to measure photons from 
plutonium, americium, and curium isotopes 
which are created in the nuclear fuel cycle. 
Additional radionuclides in the nuclear 
power industry which are bei ng measured are: 
22Na, 144Ce, 54Mn, 110mAg, 152Eu, 154Eu, 
155Eu, 60Co, 106Ru, 137Cs, 65Z n, 134Cs, and 
125Sb. It is also being used to determine 
the radionuclides in soils from low level 
waste sites. The type of data generated for 
soils collected at Beatty, Nevada is illus
trated in Table 1. Some 24 radioisotopes 
are being studied at concentration levels 
of a few dpm/~ of soil. Typically, radio
isotopes of 1 7Cs and 60Co, as well as the 
primordial series, are measured. 
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The system is also applied to measurement 
problems associated with the mining and 
milling of uranium which reguire the analy
sis of 228Ac, 226Ra, 238U, 230Th, and 210Pb. 

Figure 1 shows the noncoincidence and coin
cidence spectra of deep ocean sea sediments. 
This material is being measured for its 7Be, 
137Cs, and 40K content to determine the 
deposition rate of material through the 
fallout radionuclide 137Cs, the cosmogeni
cally produced radionuclide 7Be and the pri
mordial radionuclide 40K. The spectra show 
that the 137Cs is completely separated along 
with 40K and 7Be in the noncoincident spec
tra. This makes the low level measurement 
quite simple. The new system is also being 
applied in stUdies of trace elements by ac
tivation analysis. 

As part of an ongoing study of coal-fired 
power plants, we are engaged in chemical 
characterization studies to determine the 
fate of environmentally important trace con
stituents. To assess the fate of trace ele
ments, we are applying multielement neutron 
activation analytical techniques to measure 
a large group of elements in coal, fly ash, 
bottom ash, and stack-emitted particulates. 
These data are combined with material flow
rates to compute elemental mass balances for 
coal-fired power plant facilities. 

Because of its sensitivity and multielement 
analysis capability, instrumental neutron 
activation analysis (INAA) is the preferred 
analytical technique for several target ele
ments considered in the study. The applica
tion of neutron activation and a coinci
dence-noncoincidence Ge(Li)-NaI{Tl) detector 
system (Wogman 1981a) greatly enhances the 
sensitivity for many elements which are mea
sured in the noncoincidence spectrum, such 
as barium, chromium, cesium, nickel, ru
bidium, selenium, strontium, titanium, vana
dium, uranium, and zinc. Elemental assays 
for coal and by-product coal ashes as ob
tained by coincidence-noncoincidence gamma
ray spectroscopy are presented in Table 2. 



TABLE 1. Soil Sample Analyses with Ge(Li) Coincidence/Anticoincidence Spectrometer 

Beatty, Nevada, November 1979 and February 1980 

Sample 
location 

Date length 
Time of Count 

(Concentrations in dpm/g) 

Counted Minutes ~ mAc wAm 'Be 

1534 < 3.68 < < 
BKG No.4 02/04/80 950 0.098 ± 0.27 0.046 0.21 

19 

29 

35 

37 

39 

43 

50-51 

59 

185E 1st 

185E 2nd 

1I5Eu 

1029 
02/02/80 1422 

1529 
02/05/80 902 

1053 
02/03/80 1230 

1538 
02/04/80 927 

0749 
02/06/80 405 

1449 
02/06/80 935 

0845 
02/04/80 387 

0647 
02/07/80 439 

0745 
02/05/80 444 

0653 
03/07/60 405 

14Mn "Na 

< ~~ < < 
0.059 ± 0.19 0.065 0.22 

< 4.48 < < 
0.073 ± 0.24 0.0084 0.28 

< ~~ < < 
0.061 0.21 0.10 0.49 

< 4.48 < < 
0.069 ± 0.23 0.094 0.43 

< 5.~ < < 
0.12 ±0.39 0.14 0.63 

< 4.64 < < 
0.33 0.083 ± 0.24 0.10 

< 
0.11 

< 
0.11 

< 
0.10 

< 
0.18 

"Nb 

4.01 < 
± 0.36 0.16 

3.40 < 
± 0.31 0.12 

3.88 < 
±0.32 0.12 

< 
0.76 

< 
0.42 

< 
0.44 

4.99 < < 
± 0.46 0.080 0.67 

"opb 10lRu 

< 81.5 0.043 < 0.038 2.36 < < 
0.050 ± 1.7 ± 0.014 0.044 ± 0.026 ± 0.45 0.035 0.15 

0.136 84.9 < 
± 0.057 ± 1.0 0.011 

< < 
0.022 0.021 

< 
1.0 

< 87.6 < < < < 
0.073 ± 1.3 0.014 0.029 0.027 1.3 

< 87.8 < < < < 
0.10 ± 1.2 0.012 0.D25 0.021 1.5 

< 86.4 0.023 < 0.043 < 
0.088 ± 1.3 ± 0.014 0.029 ± 0.026 1.5 

< 
0.13 

101 
±2 

0.036 < < < 
± 0.024 0.049 0.045 2.6 

< < 
0.030 0.13 

< < 
0.040 0.17 

< < 
0.075 0.16 

< < 
0.068 0.16 

< < 
0.089 0.26 

214Bi 

3.42 < 
± 0.32 0.14 

< < 
± 0.21 0.12 

3.88 < 
± 0.28 0.15 

3.76 < 
± 0.23 0.20 

3.55 < 
± 0.27 0.18 

5.04 < 
± 0.51 0.27 

4.22 < 
± 0.28 0.16 

3.06 < 
± 0.47 0.30 

2.98 < 
± 0.40 0.20 

3.54 < 
± 0.41 0.20 

4.10 < 
± 0.56 0.25 

1:'Sb 12SSb 

-------------------
57CO "Co 60CO "'Cs 

< < < 0.081 
0.014 0.023 0.039 ± 0.019 

< < 0.791 5.97 
0.016 0.017 ± 0.035 ± 0.06 

< < 0.059 3.60 
0.019 0.020 ±0.026 ± 0.55 

< < 0.099 67.8 
0.027 0.019 ± 0.023 ± 0.2 

< < 0.332 33.7 
0.024 0.020 ± 0.033 ± 0.2 

< < 0.224 17.2 
0.Q35 0.036 ± 0.055 ± 0.2 

< < 1.44 12.2 
0.022 0.020 ± 0.06 ± 1.0 

< < 0.422 43.2 
0.043 0.034 ± 0.058 ± 0.3 

0.051 < 
± 0.027 0.030 

< 
0.039 

< < < 
0.027 0.030 0.041 

0.251 
± 0.027 

0.458 
± 0.033 

< 0.066 0.234 1.73 
0.027 ± 0.050 ± 0.076 ± 0.08 

&sZn "Zr 

Q~ < < < < < 
± 0.17 0.024 0.048 0.046 0.043 0.043 

< 0.029 0.042 < < < 
0.079 ±0.022 ±0.028 0.026 0.029 0.030 

< 
0.12 

< 
0.11 

< 
0.10 

< 
0.23 

< < < < < 
0.026 0.033 0.033 0.039 0.040 

< < < < < 
0.058 0.029 0.027 0.032 0.036 

< 
0.041 

< < < < 
0.033 0.032 0.040 0.038 

QO~ < < < < 
± 0.054 0.061 0.053 0.062 0.066 

< 81.8 < < < < < 0.25 < < < < < < 
0.082 ± 1.2 0.016 0.28 0.024 1.7 0.048 ± 0.17 0.13 0.032 0.040 0.036 0.040 0.041 

< 80.0 < < < < < < < < < < < < 
0.15 ± 1.9 0.028 0.047 0.040 2.8 0.11 0.28 0.20 0.072 0.055 0.054 0.072 0.066 

< 
0.10 

< 
0.10 

< 
0.091 

80.3 < < 0.051 < 
± 0.036 2.3 

< < 
± 1.8 0.019 0.041 0.053 0.26 

76.4 < < < < < 
± 1.8 0.022 0.039 0.039 2.1 0.051 

64.0 < < < 1.41 < 
± 2.8 0.033 0.074 0.072 ± 0.60 0.11 
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< 
0.25 

< 
0.27 

< 
0.19 

0.075 0.106 < < 
± 0.033 ± 0.053 0.044 0.061 

< 
0.061 

< < < < < < 
0.19 0.034 0.060 0.049 0.056 0.065 

Q~ < < < < < 
± 0.51 0.046 0.12 0.11 0.097 0.11 
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TABLE 2- Selected Elemental Abundances in Coal and Coal Ashes as 
Determined by Neutron Activation and Coincidence-Non coincidence 
Gamma-Ray Spectroscopy 

(values in pg/g unless noted) 

Sub-Bituminous Emitted Stack 
Element Feed Coal Bottom Ash Fly Ash Particulates 

AI(%) 1.21 ± 0.02 9.41 ± 0.10 11.36 ± 0.07 
Ti(%) 0.032 ± 0.007 
V 4.1 ± 0.8 33± 6 48±7 
Cr 23.2 ± 0.6 35.2 ± 0.8 34.5 ± 0.7 3610 ± 91 
Mn 43 ± 2 340 ± 30 298 ± 28 
Co 1.03 ± 0.05 4.2 ± 0.1 6.8±0.1 48 ± 3 
Ni <11 2190 ± 140 
Zn 7.6 ± 1.0 12± 4 71 ± 5 1650 ± 230 
Se 1.1 ± 0.2 3.4 ± 0.6 11.3 ± 0.7 160 ± 14 
As 1.28 ± 0.04 3.4 ± 0.4 20 ± 1 83 ± 1.4 
Rb 5±1 26± 2 26± 2 46± 14 
Sr 390± 40 2670 ± 90 3300 ± 100 2900±300 
Cs 0.39 ± 0.12 1.5 ± 0.2 1.8 ± 0.1 2.5 ± 0.6 
Ba 626± 36 4000 ± 300 5800 ± 300 12,800± 900 
Ge 13.2 ± 0.3 100 ± 2 114 ± 2 101 ± 4.6 
Th 2.80 ± 0.06 24± 1 28± 1 26 ± 1.4 
U 0.98 ± 0.06 8.4 ± 0.6 10.8± 0.7 9.1 ± 0.9 
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SENSITIVITY COMPARISON OF NaI(T1) AND GER
MANIUM GAMMA-RAY SPECTROMETERS FOR DETECTING 
RADIONUCLIDES IN ENVIRONMENTAL SAMPLES 

N. A. Wogman 

Environmental studies require the measure
ment of a variety of radioisotopes emitting 
gamma rays which are emitted singly, in mul
tiples, or in coincidence. These decay 
characteristics dictate the measurement 
techniques which must be used for the vari
ous research studies. The concentrations 
of the radionuc1ides in these samples are 
generally quite low, requiring the use of 
low-level radionuc1ide detection systems. 
The normal objectives of the analyses are 
to obtain rapidly, economically, and with 
minimal effort, accurate measurements of the 
concentrations of the radionuc1ides in the 
samples. These objectives can be realized 
by using low background, high sensitivity 
gamma-ray spectrometers which are, in gen
eral, anticoincidence-shielded, high
resolution systems. 

New designs for gamma-ray spectrometer sys
tems use low background construction mate
rials (Wogman 1981a; Wogman and Lau1 1981) 
and construction designs that achieve maxi
mum coincidence detection of photons and 
contribute minimal background. Table 1 il
lustrates the radionuc1ides that typically 
are measured by low background spectrometers 
in environmental samples and their associ
ated analytical sensitivities. The radio
isotopes listed were measured with multi
dimensional gamma-ray spectrometers (Wogman 
and Brodzinski 1979), anticoincidence 
shielded germanium spectrometers (Wogman 
1981b), and planar germanium spectrometers. 

The multidimensional gamma-ray spectrometer 
system (Wogman and Brodzinski 1979) employs, 
as principal detectors, two 23-cm diameter 
by 20-cm thick NaI(Tl) activated crystals. 
These detectors are housed inside an antico
incidence shield made of NaI(T1) material. 
The detector system is coupled to a computer 
memory and uses the gamma-ray decay charac
teristics of each radionuc1ide for its iden
tification and measurement. The anticoinci
dence shielded germanium spectrometer 
(Wogman 1981b) incorporates a 25% efficient, 
high resolution, coaxial diode inside a 
30-cm diameter NaI(T1) shield. The system 
design provides a peak-to-ComQton ratio 
greater than 1000 to 1 for 137Cs. By use 
of these systems, sensitivities on the order 
of a few counts per thousand minutes are 
obtained. By combining beta proportional 
counting with the multidimensional gamma
ray spectrometers, lower backgrounds and 
higher sensitivities can be achieved than 
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TABLE 1. Radionuclides Measured in Environmental 
Samples 

Sensitivity(a) 

Radioisotope MDGRS(b) GE(A.q(c) 

7Be 2.7 
22Na 0.06 
26AI 0.05 
40K 4.6 
46SC 0.06 
54Mn 0.4 
55Fe 3.1(c) 
57CO 0.17 
58CO 0.1 
60CO 0.07 
65Zn 0.9 
88y 0.07 
95Zr 0.7 
95Nb 0.3 
94Mo 0.2 

1O'Ru 0.3 
106Ru 0.4 
llomAg 0.08 
124Sb 0.09 
125Sb 0.8 
1311 0.3 
132Te 0.1 
134CS 0.07 
136CS 0.08 
137CS 0.4 
14°Ba 0.09 
wCe 0.3 
144Ce 1.3 
147Nd 1.6 
155Eu 0.6 
210Pb 9.4 
226Ra 0.07 
239Np 1.9 
mTh 0.2 
238U 0.4 

(a) Sensitivities at the 95% confidence level based on 
100 g samples or on the sampling of 106 SCF of air, 
using analysis times of 1000 min. 

(b) Multidimensional gamma-ray spectrometer. 
(c) An anticoincidence shielded intrinsic germanium 

[or Ge(li)] gamma-ray spectrometer. 

are available with either system independ
ently. For example, 106Rh (daughter of 
long-lived 106Ru) is normally analyzed 
through its coincident 0.51 to 0.62 MeV 
gamma-ray cascade. The large NaI(Tl) detec
tors used to measure low-level activities 
in large samples cannot adequately resolve 
this peak from that of positron annihila
tion, 0.51 to 0.51 MeV. The beta-gamma
gamma spectrometer which provides separate 
beta-g~na-gamma, beta-gamma, gamma-gamma, 



and gamma spectra effectively removes many 
interfering gamma rays from the spectrum, 
permitting a more sensitive analysis of 
106Rh. 

The detection sensitivities for radionu
clides measured in environmental samples 
listed in Table 1 illustrate that most ra
dioisotopes can be detected at the subdisin
tegration per minute per sample level. In 
general, the anticoincidence shielded germa
nium systems are superior for radioisotopes 
emitting single photons, while the multidi
mensional gamma-ray spectrometer systems are 
superior for radioisotopes emitting coinci
dent photons. 
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ALPHA PARTICLE DETECTION USING ALPHA ETCHING 
TECHNIQUES 

C. W. Thomas 

A detector was designed using alpha particle 
track etching techniques on LR-115-type 2 
Kodak Pathe cellulose nitrate film. This 
detector measures radon progeny concentra
tions in air down to the 0.01 working level 
and integrates these concentrations over 
long time periods . Initial track etching 
tests showed that hole sizes produced from 
the interaction of alpha particles and the 
cellulose nitrate film were about the same 
size for particles with incident angles to 
the film of -60· to 90·; also tests showed 
that alpha particles with energies of 1.5 to 
4.0 MeV produced holes of comparable size. 
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Alpha particles with energies less than 
1.5 MeV or greater than 4.0 MeV produced 
ho 1 es of very sma 11 diameter . I twas, 
therefore, concluded that the film holder 
design should allow only alpha particles 
with incident angles to the film greater 
than -60°; radon progeny alpha partic les 
with residual energies of 1.5 MeV to 
4.0 MeV would thus generate the same hole 
size. For alpha particle energies from 
222Rn (5.5 MeV) and 218po (6.0 MeV), re
sidual energies of this magnitude would im
pact the film if the alpha particles pass 
through an air column of 1.5 to 3.3 cm to 
reach the film. For the more energetic 
radium C' (218Po, a = 7.7 MeV), the air ab
sorption path to slow the a to 1.5 to 
4.0 MeV would be from 3.0 cm to 5.0 cm. 

Figure 1 shows the hole sizes obtained from 
a 5.50 MeV alpha particle passing through 
2.5 cm of air to reach the film surface. 
Figure 2 shows the newly developed radon 
progeny exposure detector. LR-115 film is 
positioned in t he mouth of the funne l-shaped 
detector; the sides are covered wit h alumi
num foil . During exposure , the detector 
holder entrance is covered with a porous 
filter. Under these conditions, the 222Rn 
and daughter products through radium C' 
(218Po, 214Pb, 214B;, 214Po) should be near 
equilibrium over long exposure periods . 

FIGURE 1. Holes Produced in LR-115 Film from 5.5 MeV 
Alpha Particles Passing Through 2.5 cm of Air to Reach 
the Film Surface 



~I.------- 8 em --------+1 

1 ..... ---4cm---... ~11 

FIGURE 2. Exposure Holder for LR-115 Film Used in 
Alpha Etching 

Etching of the LR-115 cellulose nitrate film 
with NaOH is the process used to develop 
holes. When alpha particles penetrate the 
12-micron thick cellulose nitrate layer on 
the LR-115 film, structural damage to the 
cellulose nitrate occurs. When the film is 
in contact with a heated sodium hydroxide 
solution, the film is etched, producing a 
measurable hole. Varying the sodium hydrox
ide concentration, the temperature, and the 
etching time affects the size of the hole. 
During etching, all surfaces are etched in
cluding the microscopic hole produced by the 
alpha particle damage. If 2 microns of the 
overall surface are removed, then the hole 
will etch 2 microns in all directions, re
sulting in a 4-micron hole. If etching 
occurs for too long, background holes are 
produced. Studies have shown that very dis
tinct holes are produced in the film when 
it is etched with 6.25 molar sodium hydrox
ide at 55°C for 3.5 to 4.0 hr. Under these 
conditions, few, if any, background holes 
are produced. 

AN ANALYTICAL METHOD FOR MEASUREMENT OF 
226Ra USING ALPHA ENERGY ANALYSIS 

C. W. Thomas 

An analytical procedure to measure 226Ra has 
been developed so that it can be used to 
age-date salt dome core samples. The proce
dure uses 100-gram sample sizes and traces 
the 226Ra using both 224Ra and 133Ba. In 
the procedure, radium and the other alkaline 
earth metals are carried on a precipitate 
of calcium ammonium phosphate from a solu
tion of pH = 9. The precipitate is dis
solved in nitric acid and the alkaline earth 
metals are then carried on a fuming nitric 
acid precipitate. The alkaline earth ni-
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trates are dissolved in water and loaded on 
a Dowex-50 column (100-200 mesh) that has 
been equilibrated with 2 molar ammonium hy
droxide and washed thoroughly with water. 
The alkaline earths are sequentially re
moved, as shown in Figure 1, by eluting with 
5 x 10-3 molar (ethylene diamine tetraace
tate, sodium form) whose pH has been ad
justed to 7.8 by using ammonium hydroxide. 
The alkaline earths were traced by using 
45Ca, 85Sr , 133Ba, and 228Ra. As shown in 
Figure 1, the calcium elutes immediately, 
followed by strontium and barium. Radium 
does not elute under these conditions. The 
column containing the radium is washed thor
oughly with water and then washed with a so
lution of 60% ethanol and 1 molar HCl to re
move large amounts of EDTA that remain. 
Radium is removed using 8 molar HC1. The 
radium-containing solution is evaporated to 
dryness and the radium is dissolved with ni
tric acid at pH = 2. This solution is set 
aside while the plating dish using barium 
sulfate is prepared. 

A 100 ~g precipitate of barium sulfate is 
coated onto a stainless steel dish by plac
ing it on a hot ring evaporating plate, di
rectly adding 100 ~g of barium carrier and 
200 ~g of sulfuric acid followed byevapora
tion to dryness. The solution containing 
the radium is then piped directly on the 
barium sulfate coated dish using a contact 
time of 30 minutes. During this time, rad
ium is absorbed onto the barium sulfate pre
cipitate. The solution is then removed from 

>
t:: 
> 
E 
< 

j-- 5xlO-3 M EDTA-pH 7. 8 --I4*~of+--'--.j 
1000 i------------L--'--~o__........, 

900 45ca 
800 

700 

600 

500 

400 

300 

200 

100 

10 20 30 40 50 60 70 80 90 100 

NO_ OF COLUMN VOLUMES 

FIGURE 1. Alkaline Earths Elution Using EDTA, H20, and 
Ethanol-Hel Solution 



the dish, the dish is dried, and the copre
cipitated radium measured using alpha energy 
spect romet ry. 

Radiochemical yields, determined by measur
ing the 224Ra, range from 50% to 70% for the 
salt dome core samples. Eight samples per 
week can be chemically analyzed. Detection 
limits for measurements made using the alpha 
energy spectrometer are 0.08 dIm of 226Ra 
per sample. 

IN-SITU SUBTERRANEAN DETERMINATION OF ACTI
NIDES BY HIGH-RESOLUTION GAMMA-RAY 
SPECTROMETRY 

R. L. Brodzinski 

Actinide elements have been released, either 
directly or inadvertently, into isolated sub
terranean environments during waste disposal 
operations associated with nuclear fuels re
processing and fabrication of weapons. To 
make meaningful waste management decisions 
regarding additional releases, decommission
ing of existing facilities, or remedial ac
tion if required, the identities, concentra
tions, distributions, and rates of migration 
of these isotopes need to be measured. 

Normally, determination of actinide isotopes 
by gamma-ray spectrometry is not considered 
a viable option due to the ubiquitously low 
branching fractions for high-energy photon 
emissions. However, successful application 
of high-resolution gamma-ray spectrometry to 
in situ characterization of subterranean fis
sion product concentrations (Nielson, Wogman 
and Brodzinski 1977). uranium ore explora
tions (Brodzinski and Wogman 1976), and in 
situ determination of 90Sr by bremsstrahlung 
analysis (Brodzinski and Nielson) inspired 
application of the technique to in situ ac
tinide determinations. 

The detector used for these experiments was 
a 108 cm3 closed ended coaxial intrinsic 
germanium diode having a full-width-at-half
maximum resolution of 1.83 keV at 1332 keV. 
The crystal is housed in a 7.30-cm outside 
diameter stainless steel canister which also 
contains the necessary signal processing 
electronics and a spillproof liquid nitrogen 
cryostat providing a 12-hr holding time. 
The canister has a 2.54-cm screw stud at the 
diode end to which 14-cm ouside diameter 
lead collimators or shields can be attached 
for the purpose of selecting quantities of 
gamma radiation or solid angles of interro
gation. Collimators provide resolution of 
horizontal strata as thin as 1 cm or angular 
resolution as small as 0.1 steradians. Col
ored lights are located on the top perimeter 
of the canister for visual observation of 
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the rotational orientation of the system 
when used with directional collimators. 

The detector was calibrated in a large fa
cility filled with sand having a bulk den
sity of 1.37 and homogeneously spiked with 
known quantities of plutonium and americium 
isotopes in two separate sectors approxi
mately a factor of 10 apart in concentration. 

This technology is capable of simultaneously 
measuring the concentration of the six acti
nide isotopes 235U, 238U, 237Np, 239pu, 
241Pu, and 241Am, at levels as low as 
10 nCi g-l in less than 7 min. In fact, 
except for 241pu, the measurement can be 
made in less than 15 sec. In addition to 
the above actinide isotopes, characteristic 
photons from the pr0geny of primordial thor
ium and uranium are observed in each spec
trum. These isotopes, along with the read
ily identifiable primordial 40K, are useful 
for providing a check on the operation and 
reliability of the equipment as well as 
identifying changes in sediment configura
tion or compOSition, such as void areas, 
foreign cobble, or lithologic changes. Mea
surement of a long-term secular equilibrium 
progeny (e.g., 241Bi/238U) and a short-term 
transient equilibrium daughter (e.g., 234mpal 
238U) allows both the primordial concentra
tion and the introduced concentration of a 
single isotope to be determined. 

Actual detection limits at the 90% confi
dence level for each actinide, based on 
field data taken from inside a steel well 
casing with a 7.1 mm thick wall, are illus
trated in Figure 1 as a function of counting 
time. Even greater sensitivity is possible 
for measurements made in boreholes or wells 
cased with thin-wall or plastic pipe. 
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FIGURE 1. Detection limits for In-Situ Determination of 
Actinides in Subterranean Environments Using High 
Resolution Gamma-Ray Spectroscopy 



REFERENCES 

Brodzinski, R. L. and N. A. Wogman. 1976. 
"Exploration of Uranium Ore Deposits." In 
Proceedin~s of IAEA Symposium, Vienna, p. 
757, sf I! ub!434. 

Brodzinski, R. L. and H. L. Nielson. 1980. 
"A Well Logging Technique for the In Situ 
Determination of 90Sr ." Nucl. Instr. and 
Methods 173:299. 

Nielson, H. L., N. A. Wogman and 
R. L. Brodzi nsk i • 1977 • "I n-Sit u Subter
ranean GanTlla-Ray Spectroscopy. Nuc 1. Instr. 
and Methods 143:385. 

PROPOSED ULTRASENSITIVE INVESTIGATION OF 
NEUTRINOLESS AND TWO-NEUTRINO DOUBLE BETA 
DECAY OF 76Ge* 

N. A. Wogman, R. L. Brodzinski and 
F. T. Avignone, III** 

Until recently, neither two-neutrino nor 
zero-neutrino double beta decay had been 
observed in a direct experiment. Recently, 
however, the direct observation of the dou
ble beta decay of 82Se was reported by Moe 
and Lowenthal (1979), and the total half
life reported was (1.0 ~ 0.4) x 1019 yr. 
Previously indirect evidence existed of dou
ble beta decay from geological experiments 
(Hennecke 1978). Neither geological experi
ments nor poor energy resolution direct mea
surements give strong evidence concerning 
neutrinoless double beta decay nor can they 
place sensitive limits on its half-life. 

Most attempts to observe double beta decay 
have been made using detectors of poor en
ergy resolution; however, one high resolu
tion attempt was reported in 1973 by Fiorini 
and his coworkers (Fiorini et al. 1973), and 
was an attempt to observe the fu 11 decay
energy peak in the hypothesized double beta 
decay of 76Ge, which is calculated from the 
measured mass excess to lie at 2.045 ~ 
0.003 MeV. The source was the 7.7% abundant 
76Ge in a Ge(Li) detector with an active 
volume of 68.5 cm3• The detector was placed 
in a graded shield; distilled mercury, nylon, 
copper, and lead surrounded the paraffin 
which was located in a tunnel under Mount 
Blanc. The result revealed that the half-

* Direct funding of the gamma-ray spectrom
eter designed for this basic physics 
experiment has been requested from Basic 
Energy Sciences, DOE. 

** University of South Carolina, Columbia, 
SC 29209. 
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life for the neutrinoless double beta decay 
is greater than 5 x 1021 yr, which has a re
ported value of the lepton-nonconserving pa
rameter n = 10-3~1. 

Using an existing low-background gamma-ray 
spectrometer composed of a NaI(Tl) anticoin
cidence shield, a 28% efficient detector, 
and no preliminary precautions on radiopur
ity, we obtained only 102 counts in 40 days 
in the 11 keV region about 2.045 MeV. This 
corresponds to a limit Tl/2(0~) > 2.3 x 
1021 yr which is lower than the present 
limit of 5 x 1021 yr. 

Since this first experiment, we have learned 
that almost all of the background observed 
in germanium detectors comes from within the 
cryostat, but that virtually none comes from 
the diode itself. We have conducted a com
pletely new set of Monte Carlo calculations 
which account for the coincidence relation
ships between the observed gamma rays in the 
background. These data have allowed a new 
gamma-ray system to be designed. Basically, 
the new system consists of a large high
resolution intrinsic germanium diode inside 
of a large NaI(Tl) anticoincidence annulus 
as shown in Figure 1. 

All materials will be precounted in existing 
high-sensitivity multidimensional gamma-ray 
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FIGURE 1. Proposed Low Background Gamma-Ray 
Spectrometer for Investigating Neutrinoless and Two
Neutrino Double Beta Decay of 76Ge 



spectrometers to insure radiopurity. The 
preamplifier will be located external to the 
lead cave because it is a known source of 
radioactivity. Similarly. the liquid nitro
gen cryostat is removed from the line-of
sight of the detector. and the selection and 
location of molecular sieve material are be
ing chosen to reduce radiation incident on 
the germanium diode. All connections and 
wires will be fabricated from 99.9999% pure 
silver. The NaI(Tl) anticoincidence shield 
will also be fabricated from precounted 
"clean" materials. Only four photomulti
plier tubes will be used on the annulus 
since these tubes are the single largest 
source of radioactivity in the system. Pure 
NaI. quartz. and lead will be used to shield 
the system from the phototubes. The inter
nal reflector around the NaI(T1) crystal 
will be CaC03 instead of MgO, because of 
higher radiopurity. All metals will be pre
selected pre-World War II battleship steel 
or stainless steel to avoid the radioactiv
ities ubiquitously present in modern steels. 
The cave will consist of 12 in. of clean 
pure virgin lead and 2 in. of battleship 
steel. A cadmium sheet will surround the 
lead cave to absorb thermal neutrons gener
ated by the spontaneous fission of natural 
uranium in the surrounding strata. A Ted1ar 
sheet will seal the entire cave and detector 
system to prevent the intrusion of radon 
gas. 

It is also necessary to eliminate the cosmic 
rays with a large earthen overburden. Thus 
the plan is to locate the system in a mine 
at depths of 7000 ft. To provide the neces
sary environment for the electronics, the 
counting system will be housed in a small 
room constructed from low background battle
ship steel and fitted with an air condi
tioner. The steel room will be further 
shielded from primordial radioactivities in 
the mine walls by a barrier of low back
ground dunite. A new technical breakthrough 
in the ,growing of large single germanium 
crystals will make cylindrical detectors of 
3 in. diameter by 3 in. long readily avail
able. The new system should place a new 
lower limit of up to t1/2 = 5 x 1023 yr with 
rea~Qnab1e probability. The (Ov-BB) decay 
of 76Ge would then be directly observable. 
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AN ANTICOINCIDENCE SHIELDED WINDOWLESS GAS
FLOW PROPORTIONAL BETA COUNTER 

C. W. Thomas 

A windowless, 2 pi counter made from thin
wall plastic material was constructed in 
1980 (Thomas and Lepe1 1980). This counter 
was designed to measure radionuc1ides emit
ting soft beta particles and/or weak x-rays. 
The counter showed excellent response for 
the measurement of 63Ni beta particles and 
59Ni and 55Fe x-rays, but had background 
counting rates of up to 16 counts per min
ute. To reduce the baCkground. the window
less counter was positioned between two 
9 in. diameter by 4 in. thick NaI(T1) detec
tors which in turn were surrounded by two 
36 in. diameter by 18 in. thick plastic 
phosphor annuli. The counter and these 
large anticoincidence shields are shown in 
Figure 1. A block diagram of the signal 
routing of the NaI(T1) shield. the plastic 
phosphor shield, and the primary detector 
is shown in Figure 2. To suppress the back
ground counting rate, the signals from the 
upper and lower NaI(T1) detectors are cou
pled. as are the signals from the plastic 
phosphors. These signals are shaped, de
layed, and fed into a universal coincident/ 
anticoincident module. The signal from the 
beta detector is also delayed and fed into 
the module. If no signal occurs in either 
of the shields, the beta detector signal is 
allowed to scale. If either shield sees a 
signal, a blocking pulse eliminates scaling 
of the beta signal and also turns off the 
timing circuit. Under these conditions, the 
background counting rates for the gas-flow 
beta detector were reduced from 16 counts 
per minute with no shield to 0.4 counts per 
minute with the full shield. In addition 
to suppressing the background, the shielding 
system also allows the beta detector to mea
sure single beta events in the presence of 
gamma-emitting radioisotopes. 
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