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‘existing in significa.c quantities twelve hours after gener-

ABSTRACT
The principal radioactive: constituents of the core gas
generated by the AGN-201 reac.>r at the United States Naval
Postgraduate School were ideqtified by an analysis of the
spectrum of the emitted ganma-rays and by half-1life analysis.
Also the absolute activities at various times following gener-
ation were determined., A scintillation spectrometer with a :

gating capability was used. Only those radioisotopes still

ation were identified since sampling the gas at an earlier time
was, for the most part, impractical. The results indicate that

the radioisotopes Xe133 and Xe|35 are the only ones present in

significant quantities. Their combined specific activities

[

varied from 1.7 x 107" to 1.3 x 1072 microcuries per cc of gas

depending upon the age of the gas. |t was determined that an . 4
upper limit of approximately 0.2% of the activity might be due

to the presence of radioactive iodine. i
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1. Introduction

When in operation, the AGN-201 reactor at the Urited States
Naval Postgraduate School generates gas in the core and rods. This
gas increases the internal pressure and as a rcsult must be bled
off periodically and vented into the atmosphere. Most of the gas
at the time of venting is presumed to be hvdrogen. However, &
small percentage of it (about one part in 1012) consists of radio-
active elements. Because it is necessary to vent the gas into the
local atmosphere while it is still radioactive (generally two to
seven days after production), it was required that a qualitative
and quantitative analysis of the radioactive constituents of the
gas be made. 1t is the purpose of this paper to discuss the
experimental procedures and equipment used in making this analysis
and the results obtained.

There are two principal means by which activities of radio-
active gases can be studied [E]. The first is to remove the gas
from the source in a uniformly flowing system and collect the
radiocactive decay products of the gases. The second is to collect
the active gas in a container and handle it directly. In making
this study, the latter method was employed since it was better
suited to the physical arrangement of the reactor gas venting
system and did not require making any modifications to the gas
manifoid valving arrangement. The gas usually is not vented any
sooner than 48 hours after production since it requires from one
to two days for the pressure to build up. Therefore, it was con—'
sidered that the radioactivity remaining after this long a period
of time would be sufficiently long-lived to permit the use of this

procedure.
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Each time the gas was sampled a gamma-ray spectrum analysis
was made on it to locate the energy photo-peaks. Thase peaks were
singled out and decay data were obtained for each of them. From
these data the decay constant and half-life of each peak was
determined. Comperison of the gammna-ray energies and half lives
was made with those of known fission prnducts and conclusions were
drawn as to the radioisotopes present in the gas.

The efficiency of the detector was determined for gamma-ray
energies of various known sources. Then, by interpolation and
eﬁtrapolation the efficiency of the detector was estimated for
each of the gamma energies predominant in the gas. Relating the
efficiency to the number of counts per unit time occurring in a
photo-peak provided a means of determining the absolute counting
rate of an identified gamma energy. With this information the
activity of radioactive gas per unit volume of reactor gas was

determined.

3
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2, Equipment and Calibration
a. Scintillation Detector and Preamplifier
A 3" x 3" Nal(T!) crystal was used. The crystal was a
part of a Harshaw type 12512 scintillation detector which is an
integral assembly incorporating a photomultiplier tube all en-
cased in a thin aluminum shell. The scintillation detector
assembly was connected to a preamplifi:r which relayed the
signal to the input of a linear amplifier or multi-channel
pulse height analyzer as required.
b. Power Supplies
The high voltage for the photomultiplier tube was
furnished by a regulated power supply with a manufacturer's
specified stability ratinyg against line voltage changes of
3 PPM per volt in the 105-125 volt range with an output voltage
of 1000 volts. The preampliifier power was nupplied by a
stabilized power supply unit in the linear amplifier.
c. Multi-Channel Analyzar
The multi-channel analyzer, an RCL Model 20607, had

128 channels which could be used in various grcupings. Faor pur-

poses of this experiment all 128 channels were used simultaneously.
The device was equipped with a cathode ray tube which made possible

the visual presentation of the differential spectrum and also the

number of pulses recorded in each channel. A Poilaroid camera
mounted on the face of the tube provided a rapid means of making

a permanent record of both the spectrum and counts per channel.

Because of gain and voltage fluctuations, this equipment was used

primarily as a gquide in indicating what to look for rather than

providing data for analysis.
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d. Single-Channel Analyzer
A Hamner single-channel analyzer was used. |t combines
the features of a non-overload linear amplifier and an integral-
differential discriminator. ~It was equipped with a voltage con-
trol, the ME" dial, which permitted the adjustment of the thresh-
old voltage below which the discriminator rejected all incoming
pulses, Also, there was a "AE" dial which required that incoming
pulses lie between E and E + 4E in order to be passed on and
recorded by a decade scaler which was connected to the output of
the discriminator.
e, Sample Bottles
Four sample bottles were used. One was made of brass and
two were made of copper. Each of these had a volume of approxi-
mately 180 cc (Figure 3). The fourth one was made of aluminum
and had a volume of approximately 500 cc. The three smaller
bottles were sealed at one end and had a valve and cap at the
other end. The valve was such that it could be mated to the
reactor gas manifold svstem. The large bottle had valves at both
ends, and one end could be removed thereby permitting the filling
of the bottle with activated charcoal.
f. Calibretion
Both analyzers were caiibrated for energy determination
using the gamma-ray photo-peaks from the nuclides Co60(l.l7 and
1.33 Mev), Cs]37(0.662 Mev), Au!98(0.hll Mev), and Sm'53(0.103 Mev).
To keep from unduly compressing the spectrum and still at the same
time be able to determine the positions of higher-energy gamma-rays

two different calibration settings were emplecyed. This was accom-

plished by varying the position of the Cs'>7

A

peak using the coarse
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gain control on the amplifier. To ensure that the geometrical
relationship between gas sample and crystal remained constant,
both the sample bottle and case of the scintiilation detector
were inscribed and prior to each measurement the scribe marks
were aligned.

The amplifier linearity was checked in accordance with the
manufacturer's recommendations and found to be satisfactory with
the exception of a slight nonlinearity that occurred for voltage
settings below L volts. It was not deemed necessary to correct
this slight deviation. The primary photo-peak employed for day-
to-day checks on the calibration was the 0.6€2 Mev peak of

Cs]37. One calibration setting was made so that the 05137

photo-
peak occurred at an "E' setting of 87 volts on the single channel
analyzer. For the second calibration setting the photo-peak was
positioned so that it occurred at an "E" setting of 24 volts,

The same type of calibration was applied to the multi-channel
analyzer except, for this device, the photo-peak was positioned
in specified channels for the two different calibrations. Prior
to each day's measurements and periodically during the day, the
calibration was checked., Adjustments, as needed, were made to

137

ensure that the Cs photo-peak remained in the calibration

position. The differential discriminator (AE) was also calibrated.

It provided a "window' of 9.8 volts in increments of 0.098 volts.
The resolving time of ‘he complete system was determined to

be 6.5 + 0.5 microseconds,
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3. Procedures
a. 'Gas Sampling

The amount of gas generated is significant only when the
reactor is operated at powers in excess of 200 watts for several
minutes or more, Particularly significant is the amount of gas
produced as a result of the peak power runs of 1000 watts which
may last up to about 10 minutes. Therefore, it was decided that
the gas would be sampled at various intervals of time following
peak power runs. These intervals of time ranged from seven days
down to a few hours.

The major problem was to determine what radioactive
components existed in the gas in significant quantities at the
time of venting and what their relative concentrations were.
Therefore, attention was primarily focused on gas that was in
excess of 24 hours cld.

When sampling, the sampling bottle was connected directly
to the reactor manifold system (Figure 1). The line from the core
to the manifold was closed and then the manifold, the Geiger
chamber connected to the manifold, and the sample bottle were
evacuated to anproximately 70 cm of Hg below core pressure., The
valves leading to the sample bottle and Geiger chamber from the
manifold were then closed and the manifold-core valve was opened
allowing the core gas to repressurize the manifold. When the
manifold system and core pressures were equalized, wnich occurred
very rapidly due to the smali volume of the manifnld, the manifold-
core valve was closed. The manifold-Geiger chamber valve was then
opened evacuating the gas from the manifold into the Geiger chamber,

leaving the manifold at a pressure several pounds per square inch
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below the core pressure. This procedure was performed several
times prior to opening the valve leading to the sample bottle.
This ensured that the gas sample was, for the most part, composed
of gas that had most recently seeped out of the core. After
sampling, the gas bottle was. left at approximately 3 to 5 cm of
Hg below atmospheric pressure. This was done to reduce the pos-
sibility of leakage of the gas.

One sample was taken in the large bottle packed with
activated charcoal. The general procedure was the same with one
exception, The charcoal sample was allowed to remain in contact
with the gas in the manifold for approximately two hours during
which time five short peak power runs were made. Priocr to re-
moving the sample from the manifold the excess gas in the con-
tainer, i.e., that not adsorbed by the charcoal, was removed.

b. Gamma-Ray Spectrum Analysis

Immediately following sampling, a gamma-ray spectrum was
observed visuaily. The 128-channel pulse-height analyzer was used
for this purpose. It is equipped with a cathode-ray tube which
makes possible the displaying of the differential spectrum while
it is being formed. In addition a ecicture of the curve was made
for future reference. Both previously determined calibration

137 photo-peak were used providing a spectral

settings for the (s
range of from 0 to 2.0 Mev, This provided a rapid means of tenta-
tively locating the energy peaks of the radioactive components of
the gas. Following this operation, a second spectral curve was
obtained, using the calibrated single-channel amplifier and pulse-
height discriminator. The discriminator unit al!lowed continuous

selection of pulse heights from O to 100 volts with the window set

7
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at | volt. This provided a range of from 0 to 0.75 Mev at the
lower calibration setting and O to 2,7 Mev for the upper celi-
bration settfng. Due to the luck of activity at the higher
energies, it was not necessary to use the upper setting. The
data obtained were used to plot a curve depicting the energy
spectrum of the gas (Figure 2) and from this curve the window
width of the various peaks was determined. A sketch of the
positioning of the gas sample to detector is shown in Figure 3.
The "E'" dial of the analyzer was then set at the lower end of the
window and the "AE' dial was adjusted so that the window included
only one specified peak. This was done in turn for all peaks and
the data obtained were used for plotting decay curves (Figures
L-6) and determining the half-lives.‘
c. Determination of Half-Lives
The half-life and decay constant were determined graphi=~

cally for each component and with the aid of a DUD 1604 computer.

The computer program used was FRANTIC I, by P, C. Rogers of

M.1.T. Lﬁ]. Appendix | contains a brief discussion of the FRANTIC
program and a sample output.
d. Determination of Detection Efficiency

To determine the intensity of gamma radiation emitted from i
a source, it is necessary to know: 1)\, the effective fractional 1
solid angle for the particular geometr? employed, 2) P4s the pro-
bability that the gamma-ray will not be absorbed between the source
and detector, and 3) E¢, the probability that an incident gamma-ray
will cause an event in the full energy-peak. Given these parameters
and the area under the energy-peak as a count rate and one can

determine &a’ the absolute count rate of the gamma-rays of a given i

8
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energy emitted by a source, firom

NY—T(EE)'(_Y
N Ef Pa

where Np represents the area under the peak in counts per unit time.

For this work the Na values were obtained for three sources,
cs'37(0.662 Mev), 1'37(0.36 Mev), and sm'>3(0.103 Mev). The pro-
cedure employed was to first determine the absolute disintegration
rate of these calibration sources. For this purpose a proportional
counter for which an efficiency curve had been previously determined
was used to count the beta emissions of the calibration sources.
Once the absolute disintegration rate of the calibration sources
was known, it was possible to determine that portion of the dis-
integrations that would evidence themselves by the emission of a
gamma-ray whose energy should be detected by the scintillation
detector. To determine this fraction the branching ratios of
accepted decay schemes were used.

Each source was thsn placed inside a sample bottle which had
its top removed, and, for several positions within the bottle a
record was made of the total! counts per unit time occurring within
the full energy peak. From these data an average counting rate for
the bottle for each source was determined, The values obtained
included not only the effect of the detection efficiency, but also,
the effects of geometry and absorption, The final efficiency for

a given source can then be expressed as

A eeasio
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gas were then estimated by interpolation between, or extra-
polation from these known values. These efficiencies were then
used to determine the absolute counting rates of the predominant
gamma-rays.

The spectrum of the gas involved gamma-rays of several
energies. Therefore, it was a sur.ation of the responses of
the detector to the individual gamma-rays. In order to obtain as
much accuracy as possible in determining the intensities of the
various energies it was necessary to break the gross spectrum
down into its components from which the area of the full-energy
peaks was then determined.

In addition to determining the activities of the identified
gamma-rays, an estimate was made of the amount of radiocactive

(133 Lng (135

and present.

10
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L, Results and Conclusions
a. Results

In all cases the gamma~-ray energy spectra showed the pre-
sence of only three predominant energy peaks. These peaks occurred
at 0.08, 0.25, and 0.6 Mev. These energies correspond to the gamma-
rays emitted by Xe]33(0.081 Mev), Xel33m(0.233 Mev), and Xe'35(0.6l
& 0.25 Mev). Figure 2 shows the gamma-ray spectr: for three samples.
Curve A is of gas sampled 12 hours after four short peak power runs.
Curve B is of gas sampled 24 hours after the same number of short
peak power runs, and Curve C is of gas sampled under the same con-
ditions 48 hours after four short peak power runs. These curves
correspond, as far as the energy of the peaks are concerned,
extremely well with the gamma-ray spectrum for pure Xel33 and
Xe]35, a plot of which is shown in Figure 7.

An analysis of the decay data provided the following
results. The half-lives, determined graphically, have an accuracy
of approximately + 10%. Those determined by the computer have the
standard deviation indicated.

Half=Lives in Hours by Graphical Analysis

Peak 1 Peak 2 Peak 3
126 8.7 & 58 9.4
123 9.2 & 53 - 8.2
121 6.9 £ 58 8.8
122 9.1 & 48
126 9.7 & 57
124 ;

Mean: 124 9.2 & 54 8.8

% Not included in mean

11
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Half-Lives in Hours by Computer Program

Peak 1 Peak 2 Peak 3
127.8 + 0.8 8.7 + 0.0 9.3+ 0.1
k9.6 2.2
121.9 + 1.0 6.7+ 0.8 8.2+ 0.0
58.5 2.1
119.6 + 1.1 8.8 + 0.1 9.0 + 0.3
51.5 2.9

125.7 + 6.3 9.7 + 0.1
L9.6 8.9

124.5 + 1.1 8.7 + 0.1
50.8 2.2

125.3 + 1.4

Mean:

124,1 + 1.9 9.0+ 0.1 8.8 + 0.1

5210 3.7

% Not inciuded in mean

The reason for the difference in the number of half-life
determinations made on each peak is due to the difference in the
activity of the gas sample. Several samples did not have suf-
fic}ent activity to determine decay curve data for Peak 3.

The detection efficiencies for the energies of the three
peaks and for an assumed peak at an energy of 0.53 Mev are shown
belew. This latter peak corresponds to a maximum possible activity

135 135m and the almost

due to either I'33 or the decay of | into Xe
immediate subsequent emission of a gamma-ray with an energy of 0.53

Mev, or a combination of these.two isotopes.

Energy Detection Efficiency
0.08 Mev 0.4%
0.23 to 0.25 Mev L, 2%
0.53 Mev L.5%
0.6 Mev L.3%
12




It is estimated that the error involved in determining the
detection effic, :ncies is not in excess of 30%.

Using these efficiencies, the absolute counting rate for each
peak and for the assumed peak for each of three different sampling
intervals "vere defermined to he as shown below.

Time Interval Followipng. Energy Absolute Counting Rate Activity

Peak Power Runs (hours)  (Mev) (cpm) {asc/mi)

0.08 40.0  x 10° 0.10

= 025 28.0 x 106 0.070
0.53 0.084 x 106 0.00021
0.6 0.48 x 100 0.0013
0.08 6.9 x 100 0.017

ol 0.25 5.1 x 108 0.013
0.53 0.082 x 10! 0.00021
0.6 0.17 x 105 0.00043
0.08 3.4 x 102 0. 0085

18 0.25 1.7 x 10/ 0.0043
0.53 0.01 x 102 0.000025
0.6 0.028 x 10 0.000070

b. Conclusions
The results of the gamma-ray spectrum analysis indicate
the predominant presence of energy peaks at 0.08, 0.25, and 0.6 Mev
with half lives of approximately 124, 9.1 & 53, and 8.8 hours, re-
spectively. The only gamma-ray emitted by Xe]33 has an energy of
0.081 Mev with a half life of 124.8 hours corresponding to Peak 1.
Xe133m emits a gamma-ray with an energy of 0.233 and has a half

life of 55.2 hours. This corresponds to Peak 2. However, the

parent y133 decays into approximately 97.€% xe!33 and only 2.4%

Xe133m 133m

. Therefore, the contribution of the Xe to Peak 2 is

135

relatively small. Xe in excess of 97% o. the time decays to
Cs]35 with the emission of an electron and an associated gamma-ray
with an energy of 0.25 Mev wi¢ih a hal¥-1ife of 9.2 hours. This

corresponds to the more active part of Peak 2. Something less than

12
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3% of the time the assoejoted gamma-ray has an energy of 0.61
Mev with the same half 1ife and this corresponds to Peak 3.

From the absolute counting rate it is determined that
the activity of the gas ranges from 1.7 x 10! to 1.3 » 1072
microcuries per cc of gas at approximately 70°F and 70 cm of Hg
for gas which ranges in age from 12 to 4B hours. Of this amount,
the maximum activity due to the presence of any radioactive
iodine is less than 0.2% of the total activity. At 48 hours
approximately 70% of the activity is due to the presence of
Xe133 and its isomer and approximately 30% of the activity
occurs as a result of Xe]35 being present.

It may therefore be concluded that the primary radio-
active constituents of the gas generated by the reactor 12 hours

133 135

or more after generation are Xe and its isomer and Xe
The presence of all other radioactive isotopes is insignificantly

small.
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APPENDIX 1

FRANTIT COMPUTER PROGRAM
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The data for the decay of the energy peaks were analyzed

using the computer program catlled FRANTIC]. This program is written

: in Fortran for use with the CDC 1604 computer, The program pro-

g PR

#4T

cesses raw counting data and fits these data by an iterative least-

squares analysis to equations for multiple exponential growth and

decay curves. In the process the input data points are corrected
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for dead time and background. Each point is then normalized as

th

desirad to yield the correct data for the n*' data point.
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]For further details refer to item (6), Bibliography.

I

iR A

2L

i

RS

B S R B R R A R T e A S M T T SO R SN2 R R

s 23 hRia 7o' f e A ot ey i T e TN nei e e o ph et afa e S A i diin i £




A T TP W T VR e

L

quiing Jequdssy ori=g b
3£0°1T0% v9000" 666'3330% 666°1170% 046°¢c2606% 0°2¢ee ¢30°
0E9*pbETe 96000° £etr'ty09g £01°3p092 6L OvbSE 0 vz 430’
042°8%0 $0000° 39 0¢698 39 0L69¢ 20e " ve6Le £ 2¢9 L30

L]

g0 genee 62000’ 416'26408 L36°40408 00p‘BZved §°06¢ ¢10°

000 40LE t2000° L92°'9409¢ 092°9£09¢4 e6e°c296¢L 0°92¢1 (30

IR 9%060° 648°28000% £40°£80907 £92° 6290071 0°zpeLs L10°

984 ° 856D 51000° 62S°BIEETT T£L°2TGLRT 666856301 0°bI8T 30

p0u°*a56> £3000° €00 942627 Lop peBs2Y Oge'sTepeT 0°9s02 £30°

L)

2020009 13000° $84°2R96ET 68L°£B96RT 130°2T4spt 0°case £x0"

324 °06%G $3900° 234 0egisy L3L°066T6T 0pp°'60¢95% 0°6002 31

30E 9860 p0000° 6GT coe9e 003°6p229¢ 0p0°22vLsy 0'606¢ L10°

206°¢208 00000° £e0° 0006088 232 0g0sope 00 69vLHEE G°po6es 0’
3wy (£)0% X J1vy Bivy viva SINNGD BHIL
vi4a¢ S1HOIBR BNOBNVINVLISNI €341VIn37vI (ETREREDE] TYNIDINO IVAHBANI

] ] 0 ¥

SgN0J3S L9 ONY SILNNIW T ‘3HIL

002°04% [
00T °3pT 133
00g° LY ot

006°pd
00g°0¢
00£°9g
004° 0%
00s°'%g

00c oy
00¢'0p
006'ge
000"

WM T D ONDO

JHlL
DHINNTD38

BX g's 0°'v 6'g¢ €'¢ €' 0°2 6'%t 0'T g'0 0°0 0°0- G*0- 0°T- §° T~ 0°2- g°8- 0°¢~ 6'C 0°p~ §°b~- SX- VHBIS
0 (] 3 T 0

g

¥ R4 g T T 4 8 0 ]

SNOTLVIA3G SHL 40 SISATIVNY

0 0

£Tp eo50eT
0£6°0TLELTE

S3IVHILS3 WNIDIYO

0000067T0°
030005640
09062 1326° %5 ‘L02968T ‘£LY0IERT #£0064000° 699856030° 600° 1G58t
998%"* 2eee‘o '06638¢ ‘0Lp%069¢ 266££9100° L06009900° 0ps°02p3e
VHOIS B4l giwn VHD1S CIVNIBIN0IN VHO1S vaguyn VHBIS

BOLIVS NOIAVZIIVHUON

¥O10VY DIVIS Viva

SLINA BHIL NI IVAYDLNT ONINIL K1 ALNIVIUBINA
OnNNOYONIVE

(SLINA AKIL QUOTH) ¥OLOVS DMIL QV30 NI uouy3
(GLIn0 Buil oy¥olw Nl NOLDV4 BMIL Ov2E) Gnvi
(EHILNNADD 0L BHIL) nVy

JHYNOS IHI

414 40 30NVIHVA G2iHBIIN

(9301 X 114 40 SORVIYVA vi73Q

INVNINY3230 S3YvNBS 4SV3Y

Nza_m 2 NVHL 3HOW BNILVIA3QG (+) SINIOd 30 UEGHNN
60000y

SiHDIan Tvol1iStivis
00000°t SNOFLVYE3LL
0ooo00* HOC33u4 40 S3Ty¥03aa
00000° SINlOd viva 47 u2eHnN
0gvo0* 03x14 0TI SuILINVNVL 40 BIAHNAN
000%0° SLNBNO4HOD 40 HIAGHNN
00300° NOTEVOLJTANTAL D1iNvYHY

2 Nv3d v SOy

A,
e
—— (e

4]

anomnene

£90°0206¢%
£80°£L289Tg

(oE37)V

8ppstee2
L0g6L°2
$28000°
65070°

°

»
w
(o]

o

=

L3 R

s
PAAASE B

yone
W PRI

HER Yy

9

e
SRR Bl

T

S

RITIT:

)‘5’/3.

A€

vl




