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ABSTRACT

An instrument for continuously monitoring
radio-iodine in a flowing caustic solution
was assembled for use with a stack
monitoring system. An absolute counting
efficiency of 3.2 per cent was obtained.
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TODINE STACK MONITOR

INTRODUCTION

Small amounts of fisslon-product ilodine may be released to
the atmosphere during the dlssolving of irradiated uranium. A monltor
is necessary to establish that the amount of radloactive iodine dig-
charged from the stack is within an allowable range.

The monitoring system employs a small caustic scrubber that
continuously samples the exhaust alr from the stack. This report cavers
the development and calibration of the counting system which is used
to monitor the radiocactive iodine in the caustic stream.

SUMMARY

A logarithmic count rate system was assembled from commercial
components to monitor the radiocactive lodine sampled from the discharge
of the stack. The sample cell and shield were fabricated in the lab-
oratoery. The electronic system responds rapldly to changes 1n the
amount of lodine present in the caustic stream.

The absolute efficliency of the counting arrangement 1s 3.2
per cent for caustic samples spiked with radio-iodine 131. The loga~
rithmliec recorder scale reads from 100 to 10,000 counts/minute, corre-
sponding to 0.88 to 216.5 uc/day of I-131 absorbed by the scrubber.
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DISCUSSICN

Trn the icdine stack-monitor system a portilon of the alr exhausted up the
stack ls run through a scrubber which removes the iodine with 0.1N NaCH. The NaCH
soiution is passed through a counting chamber and the iodine is counted by a
scintillation counter. The count obbtained by the scintillation counter 1is pro-
portional to the lodine activity flowing up the stack, and gives an indication of
the instantaneous level of lodine activity exhausted by the stack. The NaOH so-
lution of radiocactive lodine leaves the counting chamber and flows to a catch tank
where the solutlon is sampled and analyzed every ol hours to allow calculation of
the total amount of iodine exhausted in that day.

To establish the proper size of the czustic scrubber, the counting ef-
ficiency in the proposed sample cell had to be measured, since this efficiency
determined the magnitude of the sample air stream.

MEASUREMENT OF COUNTING EFFICIENCY

Isotopically pure 1131 in solution with Nap3Dz was obtained from Cak
Ridge, dilluted in a soluticn of NaOH by a factor of 107, and counted in a counting
cnamber. A scintillation crystal NaI(Tl), a G.E. scintillaticn probe unit, and a
Tyracerlab CC-10 scaler comprised the counting equipment.

The experimental counting chamber was a right cylinder made of brass, i
em in diameter and 2 cm high (internal dimengions), which held abcut 25 cc of so-
lutlon. One face of the cylinder was a brase "window,' 0.12 mm thick, through
which the lodine radiation passed. The counter was shielded with two inches of
lead bricks.

After the solution was counted 1n the experimental chamber, the activity
jevel was determined by plating a sample and counting 1t in a windcwless pro--
portional counter (Nuclear Measurements PCC-10).¥ The counting efficiency calcu-
1ated from these measurements was 3.2 per cent. Corrections for dead-time losses
in the counting rates were included.

OPERATING RANGE OF THE MONITOR

A fraction of the exhaust air in the stack ls drawn by vacuum from gample
points in the stack into a caustic sgcrubber. This gas sample is fed into a 3-foot
column packed with 1/4-inch x 1/4-1nch Raschig rings to a depth cf 12 inches and
1s contacted with 0.1N{0.4 per cent) NaOH at a flow rate of 20 ml/min., Under these
conditlons of flow rate, it 1is calculated that a uniform rate of 2.5 we/day of
jodine into the scrubber will yield 145 dis/min/ml in the caustic effluent, pro-
vided that the scrubber efflciency 1is 75 per cent.

Since the volume of the lodine counting chamber is 25 cc and the absolute
counting efficiency 1s 3.2 per cent, the average counting rate will be 115 e/m for
an average rate of 2.5 pc/day of 1odine into the scrubber.

DESIGN OF COUNTING CHAMBER AND SHIELD

The detecting unit 1s composed of a counting chamber through which the
NaOH flows for monitoring, and a G.E. scintillation probe, all housed in a lead
shield as shown in Flgure 1. ‘The minimum level of detection is considered to be
50 per cent of the background count. Since the background for a nermal unit is
about 60 ¢/m in the lead shield, this packground restricts the detectable limlt to
30 ¢/m, which amounts to a rate of 0.65 pe/day of iodine entering the scrubber.

The counting chamber 1s dimensionally ldentlcal (4 cm I.D. and 2 cm high)
with the chamber that was used to determine the counting efficiency. However, the

+ Prohaska, 0. A. The SRP Standard Windowless Flow Counter. E. I. du Pont de
Nemours & Co., DP-45, April 1954.




material used In its construction is #347 stainless steel to eliminate corrosion.
The steel window has almost the same density as the experlimental brass window,

The lead shield is 2 inches thick; 1t is composed of five lead "doughnuts"
which are % inches high, 6-1/2 inches in diameter, with 2-inch walls. The tops
and bottoms of the doughnuts are inclined at an angle of 30° to avoid cracks at
the jeints. Each doughnut welghs about fifty pounds. Top and bottom plates for
the assembly it on the angled sides of the doughnuts. The counting chamber is
placed at the bottem of the shield, with the pipes for the flowing NaOH entering
at the bottom of the shileld and leaving through the side. (ables for the scintil-
lation probe leave the shield through a groove at the junction of the top plate
and 1{s supporting doughnut. A set screw through the bottom lead doughnut permits
vertical adjustment of the posltion of the sclntillaticn probe,

COUNTING EQUIFMENT

A block diagram of the counting system 1s shown in Pigure 2. 7The equip-
ment consists of a standard G.E. scintillatlon probe, an Atomic Model 316 high-
voltage supply for the G.E. probe, an Atomic Model 204B linear ampliifier, an RCL
log count rate meter, and a Brown recorder. Filament current and plate voltage
for the probe preampiifiler are obtained from the linear amplifier, The cutput of
the preamplifier i1s fed into the linear amplifier which in turn drives the log
count rate meter. The ocutput of the log count rate meter is monitored remotely by
the Brown recorder.

The location of the log count rate meter, linear amplifier, and the
high-voltage source ig not critical, but should be within twenty feet of the pre-
amplifier. Coaxlal cables should be used for the high-voltage and slgnal cables,
since an objecticnable amount of "noise may appear otherwlse. A "Sola" constant
voltage transformer is used to reduce fluctuationg Iin the line voltage.

In laboratory tests the discriminator on the linear amplifier was ad-
Justed to provide the maximum counting rate consistent with a reasonable back-
ground. The log count rate meter and Brown recorder were calibrated by feeding
Pulses from a pulse generator into the log count rate meter. The pulse repetition
rates Indicated by the meter and recorder were then adjusted to obtain agreement
with the rates measured by a scaler.

Long-time drifts in the instrument system were studied over a two-week
interval with a fixed test source. Drifts of the order of filve per cent per day
were observed. The calibraticn of the circult needs to be checked once in each
24-hour period by means of the 60-cycle calibration point provided on the log
count rate meter.

The moniltor recorder has a three-decade logarithmic scale to mateh the
log count rate meter. Since the background is about 60 c/m and since 2.5 we/day
of lodine into the NaOH serubber is expected to give 115 ¢/m, the recorder scale
callbration is approximately as follows:

100 ¢/m 0.88 pe/day inte scrubber
1,000 20.3
10,000 216,5

The exact calibration depends on field conditions.

BYy. Carprsehncd

B, M. Carmichgel

[

D. G. Karraker
Instrument Development Division
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