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ABSTRACT

An instrument has been built to survey releases
of radiocactivity wlthin the 22-acre enclosure of the
Savannah River Laboratory. The device conslsts of
a 2-in.-diameter x 2-1n. sodium iodide seintlillation
crystal with assoclated detector countling and
recording circults which previde a permanent record
of radiocactivity movements within the Laboratory area.
The monitor detects signals of 6.9 ur/hr from a 0.43-
curie cobalt-60 source located 265 It away.
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A SENSITIVE RADIATION MONITOR
FOR A LARGE LABORATORY AREA

INTRODUCTION

Large quantitles of irradlated reactor fuel pieces,
irradiated fuel processing soluticns, separated radioactive
isotopes, and other radiation sources are handled at the
Savannah River Laboratory. To safeguard these various
operations, an elaborate system of safety devlces, radlation
monitors, and handling preccedures 1s in operation. In general,
however, such safeiy precautions are more concerned with the
individual operatlons than with the Laboratory as a whole.
Since the Laboratory area 18 a 22-acre enclosure contalning
five builldings, a radlation monltor is needed to survey the
Laboratory as a unit(l), to supply the operators of low level
countlng equipment with infeormatlion on significant changes in
gamma background, and tc detect the presence of an abnormal
radiation level anywhere within the Laboratory work area.

DISCUSSION

DESCRIPTION OF AREA MONITOR

A very simple gamma detection device was bullt toc provide
area radioactivity monitoring for the Savannah River Laboratory.
The area monitor is mounted on the roof of the main Laboratory
building. Figure 1 shows the instrument housing.

FIG. 1 DETECTOR HOUSING




The detector and amplifier chassls is shown in Figure 2.
The 1-1/2-in.-dlameter x 1/2-in. Nal(Tl) crystal shown on thne
photomultiplier was used for circult tests. A 2-in.-diameter
X 2-1in. crystal is used for the actual monitorlng.

5THi-651

FIG.2 DETECTOR CHASSIS




The circult dlagram of the monitor 1s shown in Figure 3.
This transistorlized pulse amplifier and count rate clircuit are
similar to a previous design eXcept for the scintlllation
detector‘?), A pulse helght discriminator maximizes the
response Lo gamma rays between %0 kev and 1 Mev, thus elimi-
nating most of the counts due to very soft cosmic rays. The
c¢lrcult amplifies the detected pulses to a maximum pulse
helght of 2.5 volts. The maximum count rate that may be
recorded by the system is 2000 counts/second; however, the
reslistor shunting the recorder input may be changed to select
different monitor ranges. Changing the shunt reslistor rather
than the count rate RC circult has the advantage of not
altering the time constant of the discriminator and results
in a stable system with a close correlatlon between the
different monitor ranges.
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The output from the pulse amplifiler Is recorded on a
¢ircular chart Brown recorder with a chart cycle of one week.
Typlcal recorder outputs are shown in Figure 4.  The recorder
actuates an alarm bell at a preselected level of radiatlon.

INSTRUMENT PERFORMANCE

The instrument was initially installed on the Laboratory
roof without any special heating or cooling provisions.
Although this arrangement worked well during the winter months,
the summer heat reduced the monltor senslitivity by a factor of
about 5 and Tinally softened the seal around the crystal until
the crystal was released from 1ts houslng. The temperature
problem was solved by exhausting 800 c¢fm of building air
through the detector housing. The monitor has now operated
very satisfactorily for almest four years.

DETERMINATION OF MONITOR SENSITIVITY

In order to dellneate the area of "vision" of the area
monitor, an experiment was performed movling an unshlelded
0.48-curie cobalt-560 source through the Savannah Rlver
Laboratory building. Readings on the roof monitor and cn a
second monitor located directly under the roof were noted.

The rooi is made of reinforced concrete 4 to 8 inches thick
and provldes slgnificant shieiding. The results of the survey
are shown in Figure 5. The monitor readings are iIn
microrcentgens/hour; the upper number is the readlng obtalned
from the roof monitor and the lower number 1s the reading
obtalned from the under-roof monltor. These experiments
demonstrated that the monitor could relizbly detect changes

in radiation levels of 2.3 pr/hr. Although somewhat better
results were obtained for the main Laboratory bullding with
the subroof monitor, the sensltivity of the roof tep monitor
was st1ll adequate, and the roof location was preferved because
of the extra sensitivity 1t gave in surveylng the outlying
area. A notable result of the survey 1s the fact that
ordinary furniture or partitions offer almost negligible
shielding agalnst the cobalt-60 source.
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INTERPRETATION OF MONITOR DATA

The area monlitor is used by the SRL Radiation Control
group as an ald 1o thelr control of radiation hazards at the
Savannah River Laboratory. The roof-mounted area monitor
provides continuous survelllance over the 22-acre Laboratory
area shown in Figure 6. Recorded changes in gamma background
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FIG. 6 LABORATORY AREA MAP

are utllized to verlfy scheduled gamma excursions, detect
unscheduled gamma excursions, and to decrease the number of
repetitive surveys of known "hot" conditions. Routilne
operations 1n the high level caves 1n handling irradiated
fuel elements account for greater than 90% of the gamma peaks
detected by the monlfor. An unexpected change 1in gamma
background prompts a survey to determine the cause of the
change.

The monitor records shown in Figure 4 depict some
typlecal examples of events detected by the monitor. These
include movements of hot waste within and from the area,
infercell movements of hilghly radicactive materlals in the
high level caves, movements of the hilgh level liguld waste
traller, and the handling of speclal radloactive materlals
within the Laboratory. Besldes warning of any activity
releases, the monitor charts also provide a permanent record
of such releases. Such a record 1s particularly useful for
the nlght shlfts, when radlatlon control coversage 1s reduced.
It also provides background information for a Health Physics
Blo-Assay Group who are engaged in low level counting of
blological materlials in an adjacent building.

- 10 -
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