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SUMMARY

The Oak Ridge National Laboratory is engaged in a wide variety of
operations related to nuclear research, development and production.
Among these are the production of radioisotopes, the operation of nu-
clear reactors, and other activities which generate gaseous waste con-
taining varying amounts of radioactivity. Routine monitoring of gas-
eous waste was started in 1956, when the installation of manually
operated tape monitors was begun at each of three process stacks. In
1959 the development of a monitoring system was intensified and certain
improvements were made to the Principal Stack. These included the
addition of a step-moving tape monitor for better particulate detection,
a charcoal trap monitor for adsorbable-gas detection, and an ion chamber
detector in the off-gas system discharge, which carries the bulk of
activity released into the stack. Inventory-type samplers, consisting
of a filter and a charcoal cartridge, were placed on all stack samp-
lers fdr the purpose of estimating stack activity discharges. In 1961
an experiment, using a triple sample withdrawal probe with tape moni-
tors, was initiated at the Principal Stack to establish the criteria
for a new sample withdrawal system. A temporary in-stack sampler was
installed to replace the less efficient external samplers and design
is under way on a permanent installation which may be operated with
greatef simplicity and safety. An improved tape monitor which will
" give both beta/gamma and. alpha detection,vand which has many other
advanced features, is planned for future use on the stack and on the
ducts. The filter-charcoal cartridges will then be used on the smaller
tributaries. A gross-gamma monitor, consisting of scintillation detec-

tors mounted at the top of the stack, is in the concept stage.




EQUIPMENT AND PROCEDURES FOR STACK GAS MONITORING AT ORNL

The Oak Ridge National Laboratory is a vast complex of research
develeopment, and production operations. Its research and development
groups conduct a wide variety of studies, which include reactor fuel
reprocessing, disposal of high level waste, the isolation and purifi-
cation of transuranic and transplutonic elements, and basic research in
many other fields. There are at the Laboratory five reactors, of
different types, some operating continuocusly, and all at different
power levels. The production of radioisotopes is a major function of
the Laboratory; over cone hundred different radicactive preparations are
produced, ranging in quantity from millicuries to kilocuries, and re-
quiring, in most cases, chemical purification and processing. All of
these varied operations produce quantities of gasecus waste, usually
containing some degree of activity, which must be treated for removal
of the dangerous contaminants and then discharged to the atmosphere.

There are three stacks at the Laboratory to which are routed all
of the gaseous waste and which discharge to the atmosphere. I would
like to describe these stacks in order of ascending importance, activ-
ity-wise, and describe briefly the operations associated with each
(Fig. 1). The Pilot Plant stack discharges ventilation air at the rate
of approximately 40,000 cfm from the cells and operating areas used at
various times for processing irradiated reactor fuel elements of sev-
eral types and from the high level analytical laboratory in the same
building. The gaseous waste from this area passes through absclute fil-
ters but is found to contain I3l and traces of the thoron daughters
when it is discharged to the atmosphere.

The reactor area stack releases cooling air from the graphite

reactor at the rate of approximately 120,000 cfm. Here too, the most
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predominant of the measuréd éctivities is I+3L, Large volumes of rare
- gases are released from the reéctor stack also, but these are not sampled
or measured. This stream of air is likewise filtered before discharge.

The third stack, which I would like to term the principal Labora-
tory stack, accomodates the remaiﬁdér of the Laboratory gaseous waste;
it discharges approximafely’lBS,OOO cfm of gas and at léast 90% of the
total measured gaseous acti&ity generated by the Laboratory. Principal
contributors of activity to this stack are the radioisotope processing
aréas, from which come gquantities of Il3l,Ithe Ogk Ridge Research
Reactor, and the large complex of buildings-which houses the research
and development groups. There is a variety of equipment employed both
at the stack and in the wofk areas for cleaning up the gaseous dis-
charges; however, I shall not discﬁss that phase of the system at this
time. Althouéh a wide variety of operations is tied into this stack the
predominant activity here, as elsewbere,»has always been 1131, However,
during the past year, at least fourteen other nuclides have been iden-
tified in trace amounts.

Because monitoring is vital to any radiocactive waste disposal
system, at the Oak Ridge National Laboratory, much emphasis has been
placed on developing and maintaining a reliable menitoring system.
Gaseous waste monitoring at the Laboratory serves two important functions.
First, it enables supervision to maintain better control over the nany
activities and operations which generate éaseous activity. At the same
time, a sensitive monitoring system will alert the laboratory in the
event of a serious discharge into the atmosphere and thévnecessary steps
can be taken to best protect personnel and property from fallout or radi-

- ation danger. Secondly, a complete monitoring system will provide
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sufficient info:mation on a périodic basis to compute with reasonable
accuracy the total amounts of all important nuclides being released to
the environment. Being able to state "how much” went up "when" will
enable the Laboratory to safeguard its position with respect to exist-
ing or future MPC, values. Inasmuch as the bulk of the discharged
activity comes fram the Principal Stack, it was decided to maeke it the
pilot stack for the development of our monitoring system. There are |
monitoring devices on the Graphite Reactor Stack and the Pilot Plant
Stack; however, they are similar to those on the Principal Stack and so
will not e discussed here in detail.

Routine monitoring of the Laboratory gasecus waste discharges was
first started by our Health Physics Division in 1956 when a filter tape
monitor was installed on the Graphite Reactor Stack. In 1957 a similar
device was put into operation at the Pilot Plant Stack and in 1959
coverage waé extended to the Principal Stack. Prior to these dates grab
sampling was done but not routinely. This first monitor is a very
simple affair (Fig, 2) which consists of a 2-in. filter tape through
which 1s drawn a measured stream of the stack gas. A side window G-M
tube 1s located adjacent to the tape in such a manner as to detect the
build-up of activity during the collection period. The tape is changed
daily by manually pulling through the collection block and cutting off.
The deposited activity is then allowed to decay for 72 hr., after which
a gross beta-gamma count and an alpha couht are made., There is no
nuclide identification and no attempt is made to calculate stack dis-
charge. The buildup of activity, as seen by the G-M tube, serves as a

measure of stack behavior. Should the buildup occur at an abnormal rate

and exceed preset limits, an alarm is sounded and immediate steps are
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taken to determine the full extent of any possible release and té locate
and bring under coﬁtro; the source Qf the activity.

Of interest ié ﬁhe‘type of sample withdrawsl probe used in con;
junction with these monitors. This probe (Fig. 3) is a 1-in. stainless
steel pipe inserted across the diameter of the stack (at the 50 -ft level
in the case of the Principal Stack). The sample stream is withdrawn
through perforations in the fipe and carried to the monitor at ground
level. Inspection shows that a system of this design is grossly inef-
ficient for many types of.air-borne activity. Centrifugal losses;'
plate-out (amplified by the great length of connecting tubing), and
losseé occasioned by horizontal runs all take their toll, particularly
in a system where one would iiké to make quantitative measurements or
where the detection of large particles is of importance. Such factors
were not seriously considered at the time of installation, however, and
it was not until late 1959, after a rather spectacular ruthenium re-
lease, that the entire gaseous waste disposal system was examined criti-
cally and the first steps taken to develop a complete, efficient moni-
toring system.

The Operations Division, of the Laboratory which is responsible
for the operation of the gaseous waste system, made, in cooperation with
our Health Physics and Instrumentation Divisions, certain immediate im-
provements. Remote surveillance of the tape monitor, just described,

was brought about in such a manner as_tobgive better round-the-clock
'COverage, and the alarm system was impfoved. Cther monitoring devices

were then added in parallel to preclude loss of coverage because of the

failure of any one piece of eguipment.
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The first of these aevices was a monitored charcoal trap (Fig. L4).
This consists of an aluminum cylinder 14 in. long x 4 in. in diameter
filled with aboutAT5O g of lk-mesh charcoal. Into a well through the
center of the gylinder is inserted an ion chamber (Router Stokes Co.
Type RSG-1). The cylinder is attached to the sample line previously
described and a stream of stack gas, approximately 0.5 efm, is drawn
through the charcoal. Adsorbaﬁle nuclides are held up hefe and their
activities are detected by the ion chamber, the signal from which is
amplified by an electrometer and recorded. This has proven very sensi-
tive and has required 1little other than occasional maintenance on the
pump.

The use of a similar ion chamber detector in the off-~gas was the
next addition to our continuocus monitoying array. Off-gas is the name
given to the ventilation service which is connected directly to dis-
solvers, evaporators, and other process vessels containing radiocactive
material. The volume of this stream is small (only about 2% of the
total); however, its activity is gquite high, and spécial scrubbers and
filters are used to decontaminate the off-gas before it reaches the
stack. In view of its special hazdrd a separate detector was inserted
directly into the discharge from the off-gas clean-up facility to pro-
vide a continuous indication of the activity contributed by this source.

The third improvement to the monitoring system was the acquisition
of a moving-tape monitor (Fig. 5). This instrument employs a 1 1/2 in,
tape which automatically moves stepwise according to a preset cycle,
The gas sample stream passes through the tape during the sampling part

of the cyecle; and then the accumulated deposit is moved under an end-

window G-M tube where the activity is detected and recorded through the
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use of a linear count rate meter and st?ip chart recorder. The detector
used here has a 2.0 mg window and is sensitive to betas with energies as
low as 50 kev. A microswitch~attachmenﬁ én the tape transport automati-
cally sounds an alarm if the tape breaks or runs out. This monitor was
first attached to the common sample line at ground level, but was later
placed immediately adjacent to the sample probe for use in an experi-
ment to be described later.

In order to maintain an approximate inventory of the activity dis-
charged from the Principal Stack a filter-charcoal sampler was attached.
Figure 6 shows such a sampler. The sample collector consists of a Gel-
man filter holder containing a 2" membrane type filter (Gelman Green T)
followed by a holder contéining a small charcoal cartridge. These car-
tridges are of plastic, approximately 1 1/2 in. long x 5/8 in. in dia-
meter, and contain about 3 g of 16-mesh charcoal. The pump, commonly
used for air sampling at the Laboratory, is a positive-displacement
type (Gast, Model 0211) with a rated capacity of 1 cfm. Included in
each sampling assembly is a 2 cfm purge-type rotameter. In order to
simplify the measuring of sample volumes, totalizing meters are being
considered as possible replacements for the rcoctameters at those stations
where the total volume of sample must be known with some accuracy. One
meter has been ordered for testing; it is quite small, totalizes to the
nearest cu £t, and costs little more than the rotameter it will replace.

The filter-charcoal cartridge combination on the stack sampler is
changed daily, is analyzed with a single channel gamma spectrometer, and

the filter is alpha counted. The activities thus detected are measured

and converted, by applying a sample-flow-rate to stack-discharge-rate
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factor, to daily stack discharge. Similar samplers were attached to a
number of the 1érger ventilation ducts discharging intc the stack; how-
ever, these sampleré do not contain the charcoal cartridge but only the
filﬁer, which is rembyed daily, and veta counted but not scénned;

While the samplers_attached to the stack give information which we
call guantitative, those on the ducts, of which there are fi&e in the
immediate vicinity of the stack, indicéfe only the relativé levels of
activity carried by the various ducts. 1In thé event one of the con-
tinuocus monitors shows abnofmally high activity in the stack discharge,'
the filter from each duct is immediately'removed and counted; in the
majority of cases, the source of the activity release can ﬁﬁéreby be
quickly isolated. |

In recent months development Work on the gaseocus-waste monitoring
system has gained momentum, and I would like to describe some experi-
mental work in progress and tell yéﬁ of our thoughts for the future.

The sample withdrawal system is now under close scrutinys Much evidence
has convinced us that the optimum system for withdrawing a sample of
‘contamiﬁated gas for‘examination at same point externél to the stack is
one which has minimum length and.noAsharp'bends;;énd gne through which
the sample is withdrawn isokinetiéally, i;é;, at a linear flow rate eQual
to that of the stream being sampled. In our cgée'£here.also remeined the
questions of where to locate the withdrawal probe and whether one prébe
would be sufficient. At the Principal Stack at_ORNL the ducts discharge
into the stack 15 ft above ground level, wﬁile the ports afaiiabie for

sampling devices are located at the 50 ft level. With a linear flow rate.

within the stack of only gbout 500 fpm there has always beén.some;doubt .
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as to the completeness of mixing of the various duct discharges in the
35 ft between these levels.

An experiment (Fig. 7) with thfee probes and tape monitors was set
up in an effort to resolve these questions of number and location of
probes. Three 12-ft probes were fabricated of 1 in. stainless steel
tubing, each with its collection end curve@ downward on a 30 in radius.
The'tips were beveled to a sharp edge. The probes were inserted in the
stack at the 50 -ft level; one went to the center, the second about 5 ft
from the wall, and the third midway between the other two. A s?ep—mov-
ing tape monitor, described earlier, was attached to the end of each
probe. The G-M tube detectors in thé monitors are connected through
transistorized preamps to individual_log count rate meters which read
out on a single multipoint recorder; There isba pumping and flow-
metering system attached to the probes which is not shown here. Every
effort was made to create three identical probe-monitor systems and to
eliminate every variable except probe tip location. Many mechanical and
electronic difficulties have been encountered since this equipment went
into operation and no conclusive data havé yet been produced.

An injection test is planned for the near future; in one pheade a.
measured quantity of activity will be released into a breeching at the
| foot of the stack. A second phase will be the injection of particulate
matter of several densitieé and diameters. The ﬁésponse of each of the
. three monitors will be observed. If reasonably goo@ mixing is occurring
in the stack and the probes are withdrawing similar samples, the three
curves on the multipoint recorder should follow the seme trend. The

rates of rise should be the samé, the peak heights should be approxi-

-mately equal, and the return to background of each:instrument should
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follow the séme pattern; The collected -deposits will be examined by
optical microscépé to determine the efficiency and similarity of parti-
cle collection. |

A fourth sample Will be collected during the test in a filter-car-
tridge assembly located directly in the stack., Such a sampler, con-
sisting of a simplé curved-end probe with the collector on the end, has
been in use for several months and is producing good data. Due to its
inaécessibility'and other features which make it difficult to manipu-
late, the sample is taken only once a week. These shortcomings are
being rectified, however, and it is anticipated that in the near future
our routine daily invenﬁory samples wiiivcome from the in-stack sampler.

A conceptual sketch of a revised type of in-stack sampler is shown
~in Fig. 8. This design features a large (2 to 3-in) rigid pipe perma-
nently attached to the sfack. " Within the figid piﬁe would run a flexible,
bellows-type tube with a rabbit,dn the end which would contain the char-
coal-filter cartridge. Stops within the guide pipe would seal the car-
~ tridge when in the sampling position. To change cartridges, the flexible
tube would be withdrawn from the guide pipe uﬁtil the rabbit was in a
small lead box immediately outside the stack. The cartridge would then
be chénged, the assembly pushed back inﬁo.the.sampling position, and the
pumpiﬁg system reconnected. Quick-diéconnect fittings would be used to
facilitate the latter step.

Eventually we e#pect to replace the step tépe monitor described
earlier with a revised model now available at the Laboratofy ing. 9).
"In this model 3" tape may be advanced stepwide én cycle, continuously,
or on -demand. It has ohe feature of'the early model which was manualiy

advanced in that the detector is located at the point of collection and.




- 10 -

thus detects ;ctivity as it is deposited. Shown here is the side window
beta/gamma_déﬁector which is placed within the cyliAdgeical shield; however,
the instrument may be modified to provide alpha dstection. Guard.switches
signal a tape break or a shortage of tape supply. The new tape monitor
will not only be used on_the stack sampling system but this type monitor
will also réplace the filter samplers now locatéd on the ducts in the 1
immediate stack area. These samplers, in.tﬁrn, will be moved upstream to
locations as near as possible to the individual processing and operating
areas.

An improved sampler has also been devised which may, at certain loca-
tions, eventually replace the two-unit combinaﬁion described eariier. In
sampling the off-gas system, which operates'at a negative pressure of 25 in.
of HoO, the two-unit device was found to leak badly. After many modifica-
tions and the use of much collodion and pipe dope, a completely new sampler
_wasrdegigned; this is shown in Figures 10 and 11. This sampler uses the
conventional 1 1/2 in., charccal cartridge but only a 1 in. filter, both
elements being contained in a single unit. The two halves of the unit are
"sealed with an.O—ring, and the use of a nut for closing prevents any pos-
sible damage to the filter due to twisting. Only one of these samplers
has been fabricated and it has not yet been tested.

Another device for continuous stack monitoring, still in the design
stage, is the gross-gamma or "stack shine" monitor. The rather unique
design seen in Figure 12 envisions a group of four scintillation detec-
tors positioned at the top of the stack in such a manner as to be exposed
to any radiation from the stack effluent. Care must be taken that the
detectors are not within the plume; otherwise, contamination will quickly

become a problem. Also, their position must be slightly below the rim

of the stack so that the radiation from the highly contaminated inner
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wall will not be detcgfed. For maintenance and inspection purposes the
detectors may be lowéfed_by a pu;ley and.cable arrangement in a manner .
similar to the way airgraft warning lights are manipulated. The first
model of this deVicé is under test; however, it is at ground level and
obviouSly lacks sensitivity becausebof the distance involved,

'The monitofing of gaseous waste presents a many-sided pfoblem. We
at ORNL have aﬁproached it in a manner which we hope will produce in a
minimum- time a s&stem giving maximum security. It is our obligation and

responsibility to strive for such security if the Laboratory is to oper-

ate in a safe manner and not become a hazard to our environment,
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Fig. 12. Conceptual Design of Gross Gamma or ""Stack Shine'* Monitor — Principal ORNL Stack.
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