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ABSTRACT

A system for the detection of naturally occurring background 

radiation was designed, constructed, and tested. The system .consists of 
the breach portion of a pre-1945 naval 6-inch gun barrel used as shield

ing, a Nal scintillation detector for gamma ray detection, and a 
multichannel analyzer for data accumulation. The system is capable of 
measuring natural and artificial radiation levels in both solid and 
liquid samples. Detection limits for the naturally occurring isotopes 
are on the order of 1 part per million (ppm) uranium and thorium and 
.25 percent potassium in the sample.

Applications of the system include the monitoring of radiation 

levels in milk and water supplies, rock samples, and ore tailings 

from the various coal and copper mines in Arizona. In addition, the 

system provides a relatively easy and inexpensive method of gathering 

baseline data from various areas in the state prior to the introduction 

of nuclear power plants into the area.



CHAPTER 1

INTRODUCTION

Although naturally occurring radiation has. always been a part 
of our environment, it has more recently come to the general attention 
of the public due to the publicity surrounding first, the detonation 
of nuclear devices, and secondly, the construction of nuclear power 
plantso Generally, radioactive nuclear species which occur naturally 
in our environment can be divided into three groups: (a) Primary radio
nuclides which are the naturally occurring nuclides and their daughters 
"which &ave survived' since the - time -when the elements were formed;
(b) Cosmogenic radionuclides which are continuously formed by the inter

action of cosmic-ray particles with matter; and (c) Artificial radio

nuclides which are introduced by human activities, such as by detonation 

of nuclear devices, construction and operation of nuclear power plants, 

and by various other scientific experiments (Lai and Suess 1968)«

It is the purpose of this thesis to describe the theory, design, 
construction, and use of a counting facility which is capable of the 

.measurement and identification of extremely small amounts of those 

naturally occurring radioactive species which emit gamma rays» Emphasis 
will be given to gamma ray spectrometry using a Nal scintillation 

detector. The basic shielding used is a portion of a 6-inch naval gun 
barrel made from pre-1945 steel. The pre-1945 steel is necessary to



insure low enough background radiation levels in the detector to 

measure these extremely small amounts of naturally occurring radio
active species.



>  CHAPTER 2 • .

THEORY

Prior to discussing the operation of a low level detection 

device9 it is ndcessary to understand two general concepts« These 

concepts are the interaction of radiation with matter and the detection 
of gamma rays with a scintillation detector.

The Interaction of Radiation With Matter

In order to fully understand, the processes of radiation 

detection, it is necessary to become familiar with what takes place 
when various types of radiation interact with matter. This interacting 

radiation can take the form of alpha particles, positive or negative 
beta particles, gamma rays, x-rays, or bremsstrahlung. We will discuss 
only alpha, beta, and x gamma radiation with emphasis on the gamma 
radiation.

Alpha particles are emitted primarily by nuclei with high atomic 

number. These particles are commonly emitted from naturally radioactive 

materials with energy between 3 and 8 Mev (Overman and Clark 1960).

Due to the relatively large mass and charge of the alpha particle,

(2 neutrons and 2 protons) it is very easily slowed and absorbed by any 

material with which it interacts. It*s energy loss is due primarily to 

inelastic collisions with the electrons of the stopping material. Since 

alpha particles are monoenergetic and since they are primarily slowed by

3



inelastic collisions9 the number-distance curve as shown in Fig» 1 is 

obtainede The typical range of 2 Mev alpha particles in air is only
o 86 cmo

u0)

1
Distance

Fige lo Typical Number-Distance Curve for Heavy Particles
(The Number of Particles Left in the Beam is Plotted 
Against the Distance from the Source). (Spinks and Woods 
19649 p» 44)

Beta pArtlcies (eiectrohs or positrons) interact with matter by 

elastic and inelastic collisions and by the emission of electromagnetic 

radiatione The relative importance of these methods of interaction 
varies with the energy of the incident particles and also, to a smaller 

degree, with the nature of the absorbing material. At high energy, 

radiation emission predominates and at low energy both elastic and 
inelastic scattering occur. The high energy radiation loss takes the 
form of bremsstrahlung which is caused when the particle passes close to 
the nucleus of. an atom and is decelerated. This bremsstrahlung is neg
ligible below 100 Kev and predominates at beta energies between 10 and 

100 Mev. At low energies, energy is lost due to coulomb interactions 

with the electrons of the stopping material which produce excitation and 

ionization in the stopping material. For a beta particle with E Mev



energy, the ratio of the energy loss from radiation to that lost by 
collision is roughly given by:

VdX/rad EZ .
fdEV 1600 m c2
(dX/coll °

where mQ is the rest mass of the electron in grams and Z is the atomic
number of the stopping material (Spinks and Woods 1964)..

Since beta particles are produced with a distribution of
energies, their range is not as definitely defined as that of an alpha

particle. A typical number-distance curve for beta particles is given

in Fig. 2.

n0)
1

Distance

Figo 2„. Typical Number-Distance Curve, for .Beta Particles. 
(Spinks and Woods 1964, p. 19)

While charged particles tend to lose energy almost continuously 

through a large number of small interactions as they pass through 

matter, electromagnetic radiation tends to lose a relatively large 

amount of energy when it interacts with matter. However, not all inci

dent photons will interact and those which do not will continue in the 

same direction with undiminished energy through the material. The
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absorbing material will in effect reduce the number or the intensity 
of the photons passing through it. This reduction in intensity is 
given by

I  = 1 ^  (2 )

x = thickness of material

I = intensity of radiation after passing through the
material

= initial intensity of radiation

y = linear absorption coefficient (a direct function of 
the absorbing material)»

The total absorption coefficient is the sum of the various 

partial coefficients representing the various methods of radiation 

' in Wtte'r. '-"The "three' most important methods of photon 

interaction are the photoelectric effect9 Compton effect, and pair 

productiono
.Photoelectric absorption predominates for low energy photons.

In this type of interaction, the entire energy of the photon is trans
ferred to a single atomic electron which is then ejected from the atom 
with the energy of the incident photon minus the binding energy of the 

electron in the atom. Since energy and momentum must be conserved, the 
electron and the ionized atom recoil in opposite directions. For this 
reason, the photoelectric effect is not possible with free electrons.

In about 80 percent of the photoelectric processes, it is a K shell 

electron which is ejected provided the incident photon has energy greater 

than the K electron binding energy. The majority of the remaining 

electrons come from the L shell. The vacancy in an inner shell is



filled by one of the electrons from an outer shell. This filling of 
the vacancy iA accompanied by the emission of secondary radiation. For 
materials with low atomic numbers, the binding energy of the inner 
electrons is relatively small and the secondary radiation will be ' 1 - .
absorbed in the immediate vicinity of the primary interaction. Con
versely, materials with high atomic number will give off secondary 

radiation with sufficient energy for it to travel some distance before 
being completely absorbed. Photoelectric absorption is most probable 

for materials with high atomic number and for low energy photons. In 
addition, the photoelectric absorption shows a marked increase as the 

photon energy increases from just below to just above the K and L 

shell binding energies (Fig. 3).

L Edge
-19

K Edge
-20

Photoelectric
51P< -U 
u cd

-2110
Compton

r §  10
-23 Pair

Production-24
10010.01 .1 1

Photon Energy (Mev)

Fig. 3. Atomic Absorption Coefficients for Lead
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The second possible method of photon interaction is through 

the Compton effect<, In the Compton effect, a photon interacts with 
either a loosely bound or a free electron0 The electron is then accel
erated and the photon is deflected with reduced energy, as shown in 
Fig. 4.

> Scattered photon

•  --- —----3*=*—
Incident photon

Recoil electron

Fig. 4. The Compton Effect ' .

The energy and momentum of the system is still conserved and 
is shared between the scattered photon and the recoil electron. The 

energy of the scattered photon is given by

Er - ..

^ l+(Eo/moc2)(l~cos 0)

where m e 2 is the rest energy of the electron. The energy of the 

recoil electron will be equal to the difference between the energy of 

the incident and the scattered photon, and may have a value from zero 

to a maximum when the value of 0 in Eq, (3) is 180°, The Compton inter

action predominates for photon energies between 1 and 5 Mev in high 

atomic number materials and over a much wider range for low atomic
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number materials. For example, in water, the Compton effect is pre
dominant from 30 Kev to 20 Mev (Fig. 5)

Total<3-

-Compton
Photoelectric

Pair
production

Photon Energy (Mev)

Figo 5o Atomic Absorption Coefficients for Water

The third method of photon interaction is through pair 

production. In this process, the total photon energy is converted, 
in the vicinity of a nucleus, into an electron and a positron (Fig. 6), 
The energy of the photon minus the rest energy of the two particles is 
divided between the two recoiling particles. The positron is slowed 
down and eventually combines with an electron6 These two particles are 
then replaced by two <>511 Mev gamma rays which are emitted in opposite 
directions. These gamma rays are known as annihilation radiation and 
are clearly visible in the background spectrum obtained from a Nal 

crystal.
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Electron, energy E .

o 51 Mev
Incident photon

Positron, 
energy E

Annihilation
Radiation

+e

Figo 60 Pair Production

The pair production variation for high and low atomic number . 

material is given in Figse 3 and 5, Pair production cannot occur below 
an energy -of "1«02 Mev which is the minimum energy required to form the 

positron and electron pair (Spinks and Woods 1964)»

Scintillation Detector Operation and Efficiency 
With a basic understanding of the methods by which radiation 

interacts with matter, the types of responses a scintillation detector 
will give to radiation of various energies can be understoode Only the 
interpretation of the detector output will be discussed here and not 
the actual microscopic interactions• For a good explanation of these 

effects see Price (1964)»
By way of an example, assume that a monoenergetic source of 

ganima radiation of „50 Mev enters into a Nal crystal detector. The 

absorption cross section for Nal indicates that the gamma ray will 

interact with the detector by both the photoelectric effect and Compton 

scattering with a ratio of about 6:1 in favor of the Compton scattering*
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The theoretical energy distribution from these interactions will be 
as shown in Fig. 7. When the pulse height is measured with the Nal 
detector and observed on a differential pulse height analyzer9 the 
actual spectrum is as shown by the dotted line in Fig. 7.

\
— — —— — — J L _ . _    _____ ■ A _____

Energy . Eo
Fig. 7. Theoretical and Actual Energy Distribution for 

Compton and Photoelectric Interaction in a Nal 
rDetoO'torv (Heath 1964)

The peak resulting from total energy absorption is a 
characteristic of all spectra. It is also noticed that a much larger 
fraction of the total events actually occur in this peak than had been 
predicted from the Compton to total absorption ratio. This Compton to 

total absorption ratio is a function of the crystal size and gamma ray 

energy. The larger the crystal5 the greater the probability that a 

Compton scattered gamma ray will engage in a multiple event within the 

crystal before escaping. If this Compton event is followed by a photo

electric event, the total energy of the gamma ray will have been 

absorbed, and will therefore result in a pulse height characteristic of 

total absorption and will not contribute to the Compton continuum.
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If the energy of the incident gamma radiation is above 1.02 Mev, 

e.g., 1.92 Mev, the spectrum is more complicated. At this energy not 

only do Compton and photoelectric interactions occur but pair produc

tion is also possible. The spectrum obtained from the Nal crystal will 

appear as shown in Fig. 8.'

A (1.92)

D(.511) C(.9)
•K

CJ

. 4

Energy (Mev)

Fig. 8, Pulse Height Distribution for 1.92 Mev. Gammas 
(Heath 1964)

In addition to the normal total absorption peak (A), several other 

peaks will appear. As previously stated, it requires 1.02 Mev for pair 

production to occur. Any energy in excess of this will appear as kinetic 

energy of the positron-electron. pair. Subsequent annihilation of the 

positron from the pair will create two .511 Mev photons. If one of the

annihilation photons escapes the detector and the other is totally
■ . " - • . 

absorbed in the crystal by any combination of events, a peak will occur

at an energy of .511 Mev less than the incident photon, or 1.409 Mev

(B). This peak is known as the single escape peak. If both annihilation
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photons are absorbeds the output pulse height will correspond to the 
total absorption peak (A)o If both the photons escape the detector9 a 
peak will appear 1.02 Mev below the total absorption peak or at 

o9 Mev (C)• This is the double escape peak. The total result of the 

pair production event will then be the production of three distinct 
peaks9 the total absorption peak (A), the single (B), and the double (C) 
escape peaks.

The peak at <, 511 Mev (D) is due to detection of the annihilation 
radiation resulting from pair production external to the crystal and 

normally in the shielding material» This peak is a major component of 

background radiation and is commonly referred to as the annihilation 
peako The peak at (E) is the backscatter peak. As its name implies, it 
is caused by the detection of radiation originating in a geometrically 
small source which has been Compton scattered in the shielding surround
ing the crystal. Instead of a backscatter peak, it is more normal to 
find a distributed backscatter at low energies. These distributed counts 
are due both to scattering of distributed sources in the shielding 
material and to bremsstrahlung caused by the slowing down of high energy 

charged particles in the shielding or sample. These charged particles 

may originate either internally or externally to the shield.

If it were possible to totally isolate and measure a single 

monoenergetic gamma source, the above peaks would be clearly visible.

In actual practice, however, gamma rays of varying energies are usually 

being detected simultaneously thereby obscuring the distinct features 

of the individual photons. For this reason, the primary method used to



identify an unknown gamma emitting element is to determine the energy of 

the total absorption peak of that element (Heath 1964)«

The efficiency of a detector is a function of several factors. 
These factors include the energy of the incident gamma ray9 the geometry 

of the source, the distance of the source from the detector, and the 
detector size. Graphs available in Heath (1964) give the relative effi
ciencies of various size detectors for a point source as a function of 
incident gamma energy and distance of the source from the detector face. 
It is noted that for a low energy source directly on the crystal, the 
maximum efficiency is 50 percent. This is apparent since in this con
figuration, half of the gamma rays would be emitted in,a direction away 
from the detector and be lost, while the other half would enter the 
detector and be measured. As the distance from the detector is 

increased, the efficiency becomes a function of the solid angle sub
tended by the point source on the detector face, as well as the 
probability of an interaction in the detector. For example, with a 

point gamma source of 5 Mev, 12 cm away from a 3nx3n detector, the 

efficiency is approximately 1 percent.

As a practical method of increasing counting efficiency for a 

given energy, one of two methods may be used. A "well crystal" may be 

used to effectively enclose the sample on three sides, thus increasing 

the probability of an emitted photon entering the crystal. The other 
possibility would be to take a larger sample and enclose the crystal 
on three sides with the sample (Fig. 9). .



Point source Point source
flat crystal well crystal

Fig. 9. Source Geometries

Distributed source 
surrounding flat 

crystal



Components of Natural Radiation

As previously mentioned? the three categories of natural 

radiation in pur environment are the primary radionuclides, cosmogenic 
radionuclides, and artificial or man-made radionuclides.

The primary radionuclides consist of potassium-40 and the
; ' ■ . . • " 

radioactive daughters found in the uranium and thorium decay series•
9These three elements all have half lives of greater than 10 years and

9decay by the emission of gamma rayse Potassium-40, with a 1.3x10 
year half life comprises .0119 percent of natural potassium. It has a 
branched decay scheme with 89 percent going to calcium-40 by emission 
of a 1.3 Mev beta particle and 11 percent going to argon-40 via electron 
capture and emission of a 1.4.6 Mev gamma ray. Potassium comprises 
2 to 6 percent of all granite and varying percents of other minerals 

depending on their location. It is therefore, present in all building 

materials and is clearly evident in all background spectra (Wallenberg 

and Smith 1964).
The presence of uranium and thorium in the environment is 

determined through the detection of their relatively long-lived daugh

ters. Most of the uranium series gamma rays come from daughters of 

radium. The principle method of recognizing thorium is through the 

2.615 Mev peak of thallium-208. The uranium series is recognized 

through the 1.76 Mev peak of bismuth-214« By using the relatively high 
energies of these daughters, it is possible to avoid the interference 
of the low energy Compton and backscatter photons normally encountered 

in the background count. In order to use these two energy peaks to
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determine the uranium and thorium content, it is necessary to assume 
that each of the decay series is in secular equilibrium (Adams and 
Fryer 1964)„ The decay schemes for uranium and thorium are given in 
Figse 10 and lie

Due to the high energies of cosmic rays, the complete 

elimination of this source of background is extremely difficult.
Although the cosmic rays themselves are usually, not a significant con
tributor to the background of the detector because of their high energy 
(above 5 Mev), the radiation produced by the interaction of these cosmic 
rays with the shielding material may be significant. Cosmic rays are 
responsible for most, if not all, of the .511 Mev peak produced by 
positron annihilation. One method used to reduce cosmic activity is 

through the use of an anti-coincidence ring of Geiger-Muller counters. 

Another method is by placing the detection system underground. Argonne 

National Laboratory has found that by placing their detector in a large 

tunnel in the Chicago water system, they were able to reduce the cosmic 
contribution to .013 of its value at ground level. The underground count 

was taken below 76 meters of rock and overlay, or the equivalent of 

163 meters of water (May and Martinelli 1962).
The level of artificial radioactive nuclides added to the 

atmosphere was greatly increased between 1954 and 1962 primarily due to 
nuclear weapons tests. The major radioactive elements added were ^Sr,
■^^Cs, ^Zr, ^Nb, ^^Kh, ^Kr, *^^Rh. These nuclides may be eliminated

■ ; , " " "

from the background by proper shielding but may still be a contributing 

factor to the count rate of the sample being tested (Watt and Ramsden 

1964).



146

144

142

140

138

136

134

132

130

128

126

124

18

4.51 x 109y

24.10 d 234

6.66 h 234

2.48 x 10 5 y

1622.y

3.825 d
218

3.05 m 218

214

26.8 m
214 0.019 s

19.7 m
214

1.32 m
210

22.0 y 210

2105.00 d

206 138.40 d

206

I I I L I I I I J L
80 81 82 83 84 85 86 87 88 89 90 91 92
Hg T1 Pb Bi Po At Rn Fr Ra Ac Th Pa U

z — ►

10. Uranium Decay Scheme.(Howard 1966, p. 35)



(z-v)

19

142

1.39 x 10

140

6.7 y

6.13 h
138

1.91 y

136

3.64 d

134

52. s

216132

0.158 s

130

10.64 h 212

60.5 m
128

208
3.04 x 10 s

3.1 m
208126

84 85 86 87 88 89 9080
Hg T1 Pb Bi Po At Rn Fr Ra Ac Th

Fig. 11. Thorium Decay Scheme.(Howard 1966* p. 37)



CHAPTER 3

DESIGN AND CONSTRUCTION

In planning for the construction of a low level counting 
facility3 several factors must be taken into consideration0 These 
factors include location with respect to other sources of radioactivity 
types of samples to be measured in the facility, type of construction 
material desired, and the availability, of funds.

The selection of the basement location for this particular 
counting facility was brought about by several factors, The basement 
location" was ̂ the ' farthest point 'from 'the TRTGA reactor which was avail

able thus avoiding any interference caused by operation of the reactor 

at the same time a sample count might be in progress. In addition, the 

basement site offered three floors of building material above the 

detector to help reduce cosmic ray interference with count rates, 

Another very practical reason for the choice of the basement location 
was the fact that the proposed shielding material would weigh nearly 
two tons and it was questionable whether the upper floors would hold 
that weight in a concentrated area.

In an attempt to determine exactly what the background would be 

and if there were any noticeable variations, several background counts 
were taken with the unshielded detector. These readings were taken in 

various parts of the room, with the detector both on and off the floor. 

Readings were taken at night as well as during the day. Readings were



also taken with and without the reactor operating at full power * The 
average count rates were about 279 000 counts per minute with no appre
ciable variation caused by location in the room, time of the day, or 
operation of the TRIGA reactor. The only readily recognizable peak in
the background spectrum was that f rom potassium-40 - In all graphs, the
40 'K peak was present, and its amplitude did not vary appreciably from
one location to another within the room (Fig, 12),

Several types of material may be used in a low level counting
facility. The important properties of suitable shielding materials are

high attenuating power for radiation, freedom from natural or man-made
radioactivity, and good scattering characteristics, Steel and lead are

the two materials which have commonly been used. They are reasonably
available, and meet the above requirements, Argonne National Laboratory

has. made extensive use of steel plates as the primary shielding material

both for their small low level counting caves, and for their underground
"iron room" for whole body counting (May, Corcoran, and Hess 1964),

The use of a steel gun barrel for shielding has been tried on
several occasions (Vuorinen 1960 and May 1962), By using a 16-inch
naval gun barrel cast in 1917, with a wall thickness of 11 inches, and a
7"x3%" Nal crystal, May (1962) obtained a count rate of 417 + 5 counts
per minute over a energy range of 30 Kev to 1,575 Mev, The spectrum

obtained was extremely smooth with the only peaks in evidence being the
40,511 Mev annihilation peak and the 1,46 Mev K peak (Fig, 13), The 

use of old (pre-1945) gun barrels is highly advisable in low level
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Fig. 13. Background Spectrum in 16-inch Naval Gun Barrel 
Shield. (May 1962)

counting experiments. These old barrels are free from contamination 

caused by fallout and also contamination from ^Co tracers used in the 

monitoring of some of the more recent steel furnace operations.

Further experiments (May and Martinelli 1962) indicated that by 
lining either the steel plate cave or the gun barrel with 1/8 inch of 
low activity lead, much of the low energy count rate was eliminated 
(Fig. 14).

We were able to obtain an old 6-inch naval gun barrel to use 
as shielding for our low level counting facility. While the casting 

date is pre-1945, the exact date is unknown. In order to make use of 

the maximum wall thickness available, a four foot section was cut off 
the breach end of the barrel. This gave us an average wall thickness of
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4 inches of steel with an inside diameter varying from 6% inches to 7% 
inches (Fig. 15) . The base end of. the barrel is shielded with seven
1-inch pre-1945 steel plugs inserted into the breach block portion of 

the breach. The space around the plates was filled with low level lead 

which was melted and poured into place. An access hole is provided 
through the bottom plugs for the necessary instrument cables. These 
cables can be removed for repair or replacement if necessary. The top 
shielding consists of six 1-inch pre^l945 steel plates which slide back 

and forth on rollers to allow easy access for the placement of the 

samples to be measured. The inside of the barrel is lined with 1/8 inch 
of low level lead (Fig. 16).

A Harshaw 3!,x3,? Nal crystal is mounted upright on a plexiglas 
base inside the barrel. The photomultiplier tube is a 10 stage, head-on 
type manufactured by RCA (model 8054). The crystal and photomultiplier 
tube are in one self-contained unit jacketed with .032 inch aluminum..

The preamplifier used was manufactured by Nuclear Chicago (model 20701). 

High voltage is supplied by a Fluke high voltage power supply. The 

recommended operating voltage to be applied to the detector is +1100 

volts. Readout capability is provided by a Nuclear Data 128 channel 

multichannel analyzer with both paper tape and x-y plot printout capa

bility. An external amplifier is required because of the electronic 

characteristics of the preamplifier being utilized (Fig. 17).
In order to provide the widest possible application, the 

detection device has the capability of counting both solid and liquid 
samples in any quantity up to one liter. A small sample may be counted



Fig. 15. Four Foot Section of 6-inch Naval Gun Barrel



Fig. 16. Completed Low Level Counting facility
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1-NaI detector with photomultiplier tube

2-Preamplifier

3-High voltage supply
4-Amplifier
5-Multichannel analyzer
6-Paper tape printout
7-X-y plotter

Fig. 17. Schematic Diagram of Scintillation Detector

by placing it in a vial and using the access tube configuration as shown 

in Fig. 18. In this configuration, the sample will be centered on the 

detector, approximately h inch from the face. By removing the access 

tube assembly (Fig. 19), larger samples can be measured either by plac

ing them, properly contained, directly on the crystal or, as in the case 

of liquid samples, by using a polyethylene reentrant cup. These cups 

are so constructed that a one liter sample will give one inch of coverage 

on all sides of the crystal (Fig. 20).



Fig. 18. Detector with Access Tube Assembly for Small Samples
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Fig. 19. Detector with Access Tube Removed
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20. Reentrant Cup Dimensions



CHAPTER 4

CALIBRATION AND OPERATION

In order to get an accurate representation of the desired

background spectrum in the detection device, incoming energy from gamma
208rays up to and including the 2.62 Mev peak from T1 must be measured.

Therefore, for the initial background measurements., the .662 Mev peak 
137from a Cs standard was placed in channel 24 and the 1.33 Mev peak 

from a ^Co standard was placed in channel 53. These settings provided 
an energy range from 110 Kev to 3.0 Mev with a gain per channel of 23 Kev. 

--̂ B̂ reliminary measurements, before' the lead liner was added to 'the ' gun 
barrel gave a count of 364 counts per minute.over this range. After the 
lead liner was added, the count rate dropped to 243 counts per minute.

The observed spectrum from a 17 hour count compared favorably with simi

lar long background counts taken by Wallenberg and Smith (1964). The 

only definite features of the spectrum are the .511 Mev peak (channel 16)

caused by the annihilation radiation, the peak (channel 54-58), a 
208very weak T1 peak (channel 104-108), and the backscatter effects at 

low energies caused by interactions in the shielding (Fig. 21).

The reproducibility of the background count rate based on 

statistical considerations of radioactive decay gives a standard devia

tion of + 3 counts per minute. The count rate of 243 counts per minute 
has varied by + 8. When the statistical variance of the timing device 
and the occasional partial loss of memory of the analyzer in one or two
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are taken into consideration, the 
variation of less than three standard deviations in the background indi

cates that there are no significant random sources contributing to the 

background * The lack of any unaccounted for peaks in the observed spec

trum would indicate that there is no detectable amount of local contam
ination in the detection device which would hinder the counting of low 

activity samples.

In order to demonstrate the operation of the counting facility, 
samples of various materials were counted. Water samples taken from the 
Brandenberg Reservoir located just west of Kingman in Oatman, Arizona, 
and from the Indian Health Center in northeastern Arizona, were used for 
the liquid samples. For solid samples, crushed Basaltic Andesite rock 
and crushed coal were used. The rock was borrowed from the Geochronology 

Department of the University of Arizona, and the coal came from Black 

Mesa, mine in northeastern Arizona, The reentrant cup was used for the 

rock. There was insufficient coal to fill the liter cup so it was 

placed in a container directly on top of the crystal.

By observing the spectra of the two solid samples, it was 

possible to determine the presence of various naturally occurring 

isotopes of the uranium and thorium decay schemes as well as /^K, At 

the present time, there are no standard uranium or thorium sources 
available in the proper geometry for use in determining the concentra
tions of each isotope in the solid samples. Therefore, the quantity of 
a given isotope can only be determined on a comparative basis. Tables 
1 and 2 list the observed peaks in each of the solid samples. An inde

pendent analysis (Leventhal 1971) of the rock and coal samples indicate



TABLE 1

Observed Peaks in Goal Sample

Channels 
in Peak

Isotope
Observed

Energy
(Mev)

Decay
Series

Counts/min 
in Peak .

Background Counts/min 
in Peak

32-36 211Po .89 U 18.1 11.0

41-43 211Po 1.06 u 6.7 4.7

53-59 4°K 1.46 12.4 9.3

69-71 214Bi 1.76 u 1.1 '

85-87 212Bi 2.2 Th 1.4 ' 1.0

104-10.9 208ti 2.62 Th / 2,6 1.7 ’

371.6 Counts per Minute for 1318 Minutes from 110 Kev to 3.0 Mev



TABLE 2

Observed Peaks in Basaltic Andesite Rock

Channels 
in Peak

Isotope
Observed

Energy
(Mev)

Decay 
• Series

Counts/min 
in Peak

Background Counts/min 
in Peak

19-21 220Bn .54 Th 201 18

32-36 211Po .89 ' U 179 4.7

53-59 40k 1.46 — 190 9.3

69-71 214bi 1.76 U 17.4

85-87 • 212Bi 2.2 Th 9.6 1.0

104-109 208t1 2.62 Th 18.3 1,7

&3668 Counts/min for 60 Minutes from 110 Kev to 3o0 Mev,,
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the presence of approximately 12 ppm thorium, 3 ppm uranium* and 
1 percent potassium in the rock and 12 ppm thorium, 2 ppm uranium and 
an unknown amount of potassium in the coal.

Standards of known concentrations of potassium were prepared in 

order to determine concentration of potassium in unknown water samples 
(Table 3)„ Potassium concentration in y gms/gm of standard is plotted 
as a function of counts per minute in Fig„ 22. A liter portion of the 
sample was counted using the reentrant cup in an identical geometry to 
that used for the calculation of the standards * The total counts in the 
potassium peaks of each water sample were almost identical to the total 
count in the background spectrum. In addition9 there were no peaks 

which would indicate the presence of either the uranium or thorium decay 

schemes.



TABLE 3

Potassium Standards for Liquid Samples

Vigms Potassium/gm 
of Liquid Sample

Time Counted 
(Min)

Total Counts in Peak 
(Channel 51-59)

Counts/min 
in Peak•

Background Counts/min 
in Peak

125 300 3588 11.96 11.6

600 1023 14532 14.2 11.6

2520 1186 26488 22.3 11.6

5000 180 5639 31.3 . 11.6

woo
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The usefulness of a low level radiation detection device begins - 

to become apparent when the results of sample readings such as those in 

Chapter 4 are examined. With a device such as this, it is possible to 
determine even the smallest quantities of radioactive isotopes which may 
be present in our environment. The detection limits of this system 
appear to be on the order of 1. ppm for uranium and thorium and 125 pgrams 
potassium per gram of a liquid sample or .25 percent potassium in a.solid 
sample. The flexibility which enables us to measure both solid and 

liquid samples is an added advantage of the above described device. In 
addition, the much higher count rate obtained from the rock in the reen

trant cup demonstrates the desirability of using this configuration 

whenever possible.

This detection apparatus can be further improved by several 

additions and modifications. Standard samples of uranium and thorium 

in both solid and liquid form should be obtained. One method of obtain

ing standards would be to have a rock or liquid sample counted in some 

other facility such as Argonne National Laboratory, and use the cross 
calibrated results as a standard sample for this facility.

A relatively simple modification to the system would allow 
semiconductor detectors to be used in the same or a similar shielding 
configuration. The use of semiconductor detectors would enable alpha

40
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arid beta particles to be detected as well as the gamma rays now detected 
with the Nal crystal0 .

The background could be further lowered by flushing the gun 

barrel with CC^ thus helping to eliminate airborne radioactivity (Brar, 
Nelson, and Gustafson 1967)«

At some future date, nuclear power plants will undoubtedly be 
added to the electrical supply system of Arizona•„ Prior to that time, 
however, a thorough analysis should be made of the radioactive contents 
of the ground water and soil of proposed nuclear sites. These analyses 
will in effect give the background levels of radiation present in the 
area prior to the introduction of nuclear power plants, From a public 

relations, as well as an ecological point of view, this information is 

essential as a basis for the formulation of the plant safety records in 

future years. While there are numerous techniques by which this informa

tion might be obtained, the above described detection facility provides 

an easy, inexpensive, rapid, and accurate method of making these back

ground measurements.
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