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PREFACE

This Sixth Air Cleaning Conference report was compiled from
technical papers, notes and tepe recordings taken during this
continuing series of meetings in commection with the Atomic
Energy Commission air cleaning activities. The seminar furnish-
ed the Committee and its contractors an opportunity to hold
technical discussions and evaluate air cleaning operstions and
appralse new developments in this field.

During the three-day Conflerence, the practical field experiences
in the decontamination of gaseous effluents from reactor opera-
tions, fuel fabrication facilities and other Atomic Energy
Commission laboratories and contractor operations, were reviewed.

The Environmental and Sanitery Engineering Branch of the
Division of Reactor Development, U. S. Atomic Energy Commission,
sponsored this Conference in cooperation with the Harverd Air
Cleaning Laboratory and the Heealth and Safety Division, Idsho
Operations Office of the Atomic Energy Commission.

In conjunction with the Conference there was also a meeting of
the AEC Stack Gas Problem Working Group. Members of the group
attended and participated in conference sessions. The group
advises the Commission end its contractors in the treatment
and control of gaseous effluents and in this capacity assisted
in guiding the technical discussions and other activities of
the meeting.
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RADIOACTIVE PARTICULATE FALLOUT PROBLEMS AT THE ICPP

GEORGE WEHMANN
Health and Safety Division, U. S. Atomic Energy Commission,
Idaho Falls, Idaho

ABSTRACT

The Site Survey Branch of the Health and Safety Division
routinely conducts a monitoring program for determining levels of
airborne radioactivity at the Natlonal Reactor Testing Station and
its environs. Among methods utilized for the detection of partic-
ulates are horizontal collection plates of gummed-paper which are
located outside plant areas. During the summer of 1958 routine
autoradiographic analysis of these samples indicated a particulate
problem connected with the Idaho Chemical Processing Plant. The
follow-up program 1s discussed, including particle distribution,
slze, isotopic content, and health hazard calculations. A special
attachment to the microscope to facilitate location and identification
of radioactive particles is also discussed.

The use of gummed-paper collectors for monitoring fallout from
nuclear operations was started in 1951 by the Atomic Energy Commission
(Eisenbud and Harley, 1953, 1955, 1956 and Holland, 1959). The extreme
simplicity of placing, collecting, and of measuring the gummed paper
for radiocactivity was a strong inducement to employ this technique at
a number of locations at the National Reactor Testing Station (NRTS)
and its environs. As a result, the Site Survey Branch of the Health
and Sefety Divislon adopted this method as & routine means of monitoring
radiocactive particulate fallout. Stations have been located outside
several of the plant areas in the prevalling down-wind direction
(southwesterly during the day and northeasterly at night).

At each station a horizontal plate has been attached to the top of
a steel fence post approximately four feet above the ground. The
gummed-paper is mounted on & thin aluminum frame and the frame attached
to the plate with binder type clips. The effective surface area of
the gummed-paper presently in use is 12 square inches. The samples are
collected bil-weekly from =211 stations. Each sample is scanned with a
G. M. instrument to determine if a detectable amount of activity has




been collected, following which the samples are covered with a thin
polyester film and exposed to X-ray film for seven days and then
developed in the normal manner. The presence of particulate radio-
activity on the sample is indicated by dark images on the film. In a
study undertaken to determine the efficiency of this monitoring procedure,
Rosinski (1957) found that it does not provide a preclse or quantitative
means of determining radicactivity. However, when carried out roatinely,
it serves ag an economical means for detecting changes in the rate of
fallout.

As a result of this monitoring program an increase in the amount of
radiocactivite particulate fallout was noted at stations surrounding the
Idsho Chemical Processing Station (ICPP) during the summer of 1958.

(The locstion of stations relevant to the MTR-ETR and ICPP are shown in
Figure 1.) The increase started about the last week in July and reached
a peak during the first week in September. At station "E" which is
located approximately 100 feet east of the 250 foot stack, only three
small particles were detected during the months of May and June. For
the period of July 25th through September 5th an average of one particle
per day was detected at this station. If it is assumed that the size

of the Image on the X-ray film is proportional to the amount of activity
the particle contains, then there was an indication that the amount of
activity per particle had also increased. However, this was not borne
out statistically and particle size could be the controlling factor.

A check of gummed-paper samples from other areas on the NRTS did not
reveal any lncrease in particle deposition. Therefore, i1t was assumed
that the most logical place to check was the ICPP. As a follow-up of the
gummed-~paper progrem, & fleld survey of the ares was conducted. Four
plots, each approximately three-feet square, chosen at random within a
50-foot radius of the gummed-paper stations were surveyed with a G.M,
instrument and a record maintained of the number of particles detected.
(Figure 2 shows the results of this survey.)

Because of the size of the particles the position of maximum
deposition is believed to have been predominately controlled by the
terminal settling velocity of the partlcle and not from vertical
atmospheric turbulence. The terminal settling veloclty of a 300

micron size particle with a specific gravity of 1.0 settling in air at
70°F is approximately 3 feet per second. Then, neglecting the effect

of vertical turbulence, this particle falling from a height of 250
feet In a 10 mph wind would likely be deposited approximately 1,200
feet downwind from its release point. This agrees with the distance
of maximum deposition found from the survey. During the field survey,
samples of soil containing particles were collected for laboratory
analysis. At the laboratory the soll samples were dlvided and sub-divided
and a thin end-window probe used to locate the radioactive particle. To
finally isolate the radloactive particle from the nonradiocactlve part-
icles considerable time was required until the microscope was fitted
with e special attachment. This attachment was modeled after one dis-
cussed by Mr. F. E. Adley in the April 1958 issue of the Industrial
Hygiene Journal. Primarily it consists of a "collimsting attachment,"
mounting plate, and a thin end-window probe which have replaced the
microscope sub-stage condenser. (Figure 3 shows the special attach-
ment.) Two "collimating attachments" were made; one with a hole .125
inch in diameter and the other with a hole .024 inch in diameter. The
probe, which is usually flush with the bottom of the "collimating
attachment", is connected through an amplifier to provide an audible
slgnal. The speciman slide is moved over the hole until the signal
indicated that the radiocactive particle is over the hole. Usually the
attachment with the .125 inch diameter hole 1s used. Once the radio-
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active particle is located the attachment with the smaller holes is used
to finslly locate the particle. By successively moving the speciman
slide in several directions it is possible to locate the radiocactive
particle. With this attachment considerable time is saved in isolating
particles. After 1solation the size of the particles is determined.

The particle sized varied over a wide range, from 70 to 350 microns.
However, this does not exclude the existance of smaller particles. The
activity eminating from the smaller particles is not detectable with the
G.M. survey instruments. Tiny images on the X-ray film definately
indicate that small particles were involved, but the small amounts of
activity present did not permit any evaluation of these particles.

Calculations of absorbed dose for two critical organs were made
from gamma rasy spectrographic analysis of particles collected downwind
from the 250' stack at the Chemical Processing Plant. These were the
"hottest" particles noted on fallout plates in the area. It was found
that the particle indicating the most cerium-1l44 contained 0.1 micro-
curie of this isotope. The particle containing the highest amount of
zirconium-95, niobium-95 contained 0.0l microcurie of these isotopes.

For dose calculations the zirconium-95, nioblum-95 activity was
assumed to be all nioblum-95, since this isotope presents a greater
bioclogical hazerd than does zirconium-95. Evaluations were made %o
determine what dcse to the bone could be expected if such a particle
were inhaled and were completely solublized even though the latter 1s
remote. For calculations of dose from soluble constituents, 100%
solubility was assumed. In addition to the above, the following
assumptions were made:

1. TYor the case where the bone is the critical organ, the
isotope 1s eliminated from the body exponentially.
2. All NBS Handboock 52 values aprly.
Table I presents the maximum dose in millirads from a singe particle
calculated as Cerium-144 and Niobium-95, with both the bone and the
G.I. tract as being the critical organs.
TABLE I

DOSE DUE TO INHALATION

Isotope Critical Organ Soluble Insoluble
Cerium-1hk Bone 25. mrad -
Niobium-95 Bone 0.05 mrad -

DOSE DUE TC INGESTION

Isotope Critical Organ Soluble Insoluble
Cerium-1ik Bone 0.05 mrad --
Cerium-14h G.I. Tract 17. " 17. mrad
Niocbium-95 Bone 0.05 " —
Niobium-95 G.I. Tract .02 " 0.02 mrad

It must be emphasized that the values given in the above table represent
the maximum doses and may make the problem sppear greater than 1t is in
actuality. All assumptions were necessarily made to maximize any hazard.
The fallout is not considered to be an inhalation hazard since all of
the particles isolated have been far above the respiraeble range of 0.1




to 5 microns. The hazard due to the smaller particles was not consldered
since these particles contained only a small fraction of the total
radioactivity.

Since construction workers were often within the fallout area, it
was necessary to consider the probability of transferring a particle from
the ground to the face area where inhalation or ingestion might take
place. Schwendiman (1956) has estimated that in an area where surveys
show one particle per square foot, a man may walk on the average of
2,000 hours before a particle will be deposited in the face area. In
Schwendiman's study the mean particle diameter was 2 microns and the
probability of inhaling larger particles should be even smaller.
Therefore, no restrictions were placed on the area surrounding the ICPP
and no restrictions were imposed upon constructlon workers in the area.
Surveilance of the area continued while ICPP Operations sought a
solution by locating and correcting the leak.

In conclusion, it should be pointed out that the use of a network
of gummed-paper statlions does provide an economical means of monitoring
for fallout in the vieinity of a plant utilizing radicactive material.
Once fallout is detected the assistance of plant operations is needed to
pinpoint the source of the activity. Throughout the entire time that
this problem existed, liason was maintained with ICPP Operations. The
results of their findings are reported in paper by Cederberg and Bower

(1959).
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Discussion *-

A.
Q.
A.

Q'

Any @& activity measured in this matter?
None

It wasn't measured or wasn't found?

(?)

Could you not get a small particulate added by turbulance bringing
it down to 1200 feet?

Yes, etc.

Did you actually measure the size of the particulate?

Were measured.

Baven't you found that it did not -- however, when carried out
routinely it does serve as a means of detecting - in cleaning the
amount of radiocactive particulates was noted in the - while in

some instances it might have indicated the dose quite high, -
minimize any hazard.

A. No restrictions were placed on the area surrounding the CPP. The
monitor program continued through the problem and we msintained
consistent contact with the CPP operations group to assist them
in determining the source of the problem - the results of their
findings will be reported in the next paper by Mr. Cederberg and
Mr. Bower.

* NOTE:

All the questions, answers and comments were recorded on tapes.

when the tapes were transcribed it was noted that some of the material was
incomplete and in several cases it may have been improperly interpreted.
Due to the time involved, nc attempt has been made to change this material.
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MINIMIZING GASEOUS AND PARTICULATE ACTIVITY IN
IDAHO CHEMICAL PROCESSING PLANT OFF-GAS

G. K. CEDERBERG and J. R. BOWER
Atomic Energy Division, Phillips Petroleum Company,
Idaho Falls, Idaho

ABSTRACT

Bench-scale tests on iodine removal from Rala process off-gas,
reported at the last Air Cleaning Conference, were continued and evalua-
tion tests of the Plant charcoal beds have been completed. About 97
percent iodine-removal efficiency was demonstrated. Jodine-containing
particles possibly formed by the gas-liquid contactor preceding the
charcoal beds, 1imit the efficiency of the bed in removing icdine.

Radiocactive particles are formed in the Fuel Element Cutting Facility

by cutting, carrying, and charging techniques. Cyclones and filters are
used for collection.

Studies of particles originating in the vessel off-gas system and
the waste solvent incinerator are directed towards minimizing their
frequency and activity level.

This discussion of Idaho Chemical Processing Plant off-gas cleaning
problems involves the removal of iodine from off-gas formed by the Rala
process and the diminution of particulate activity from other ICPP
equipment off-gas.

Todine Removal

The Rala process produces barium-l40 from a 2-day cooled MTR element
by digesting the eluminum in the element 1n sodium hydroxide and by
chemically separating the barium from the uranium-gross fission product
residue. Because of the two days cooling, compared to 120 days cooling
normally given to other fuel elements, this process contributes large
quantities of fission product iodine to the process off-gas. The mejority
of the iodine dissolves in the caustic-aluminate and gaseous lodine is
removed in a packed scrubber.




The obJjective of the iodine studies was to lower the iodine
concentration in the off-gas by preventing it from volatilizing from
solutions and by more effectively scrubbing it from the off-gas. The
RalLa caustic scrubber, containing IM NaOH and 0.1M NasSz05 as the scrub
solution, gave a decontamination factor of 100 to 500 on the gaseous
iodine but this was not consistent and not completely adequate. Numerous
tests scoped and evaluated a variety of materials for removing more of
the gaseous iodine which passed through the Ral.a scrubber. Some of these
tests were reported at the last alr cleaning conference. 1)  Activated
charcoal was concluded to be the most efficient and practical of the
materials tested because of its high efficiency at room temperature and
ease of handling. Development tests showed a l-inch diameter by 12-inch
long bed of 8 to 14 mesh activated charcoal gave a decontamination factor
of 33 at a superficial flow velocity of about 0.2 feet per second.

Based on the development work, two T-cubic foot beds of activated
charcoal, containing extruded pellets of 2.8 mm diameter, were installed
to treat from 15 to 20 cfm of Rala off-gas. The Rala equipment is
illustrated by Figure 1. Normally this off-gas is treated separately
from other plant off-gas streams although it can be valved to go directly
to the plant vessel off-gas system. The charcoal beds can be operated
individually or in parallel with the exit gas from the charcoal bed
passing through a sintered stainless steel filter to prevent charcoal
fines from passing to the stack.

Evaluation tests of the plant charcoal heds showed they give
decontamination factors between 10 and 30. This was determined by the
use of small filter-adsorber cartridges constructed of a filter medium
and activated charcoal in a polyethylene tube. TIdentical cartridges were
used to sample equal flows of the inlet and outlet gas of the charcoal bed.

Although the literature(2) cites activated charcosl as giving a
decontamination factor of 1000 or better for elemental iodine, I5, the
lower efficiency observed in the tests is attributed to small particles
entrained from the scrubber. Apparently small droplets containing NaOH-
NgpC03-NapS5o05-Nal are formed at the surface of the scrubber and entrained,
dried, and carried through the charcoal bed. Disassembly of the outlet
sample cartridge showed that the filter contained a considerable propor-
tion of the total activity on the cartridge with no indication that the
retained particles were radiocactive carbon fines.

Comparison of the parts in the inlet and outlet cartridge after one
test showed that the filter medium preceding the charcoal cartridge was
8.5 times more radioactive than the filter in the outlet cartridge. The
charcoal in the inlet sample cartridge was 2800 times more radioactive
than the charcoal in the outlet sample cartridge. Cartridges used in
other tests showed smaller ratios of the total activity on the inlet and
outlet cartridges, but the activity on the filters of the cartridge was
still indicative of particles.

Victoreen radiation monitor heads on the sides of the beds indicated
that the inlet surface of the bed was from 500 to 5000 times more radio-
active than the outlet of the bed. Decay rates of the activity on the
inlet surface indicated it was predominantly iodine-132.

The peak radiation at the inlet surface of the bed varied from 60
Roentgens per hour to greater than 1000 Roentgens per hour.

At the last conference no applicable chemical additive had been
found which was compatible with the caustic-aluminate waste solution,

10
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containing about 90 percent of the iodine, and which could more effectively
hold the iodine in solution during acidification. Mercuric nitrate in
the caustic would be precipitated and the use of mercuric nitrate in the
uraniwm-fission product mixture prior to the barium separation was ruled
out because of potential product contamination. However, mercuric nitrate
has recently been added to the 60 percent nitric acid used to neutralize
and acidify the waste caustic-aluminate solution and to the water used to
dilute the uranyl nitrate-fission product nitrate solution remaining after
the barium separation. In these solutions from 0.001M to 0.00SE_mercuric
nitrate has effectively limited the volatilization of iodine during later
transfers and samplings.

In another recent process change, suggested by work done at HAPO, (3)
five percent nitric acid containing 0.00IM mercuric nitrate and 0.001M
mercurous nitrate has replaced the 1M NaOE-0.1M NasS205 previously used
as the Rala off-gas scrubber solution. Althouéh the NaQH-Na,S5,05 effec-
tively scrubbed the iodine (Io) from the off-gas, it contributed entrained
solids, predominantly NaOH and NapCOs, into the outlet pipe. This plugged
the rotameter and partially plugged the scrubber column. Subsequent runs
showed that the HNO5-Hg(NOj3)o-HgNO5 scrub solution eliminated the plugging
and provided adequate scrubbing.

After mercuric and mercurous ions were added to the waste solutions
and to the acid scrub solution, the peak activity at the inlet surface
of the carbon bed during several runs was between 10 and 20 Roentgens per
hour compared to the 6C to 1000 Roentgens per hour observed previously.
This demonstrated that a smaller amount of iodine was volatilized from
the process solutions.

Results from the stack gas monitor have confirmed the effectiveness
of mercuric and mercurous lon in suppressing iodine release. When the
waste streams are transferred from the Rala cell to other cells the Rala
scrubber can no longer be used and any iodine released into the off-gas
passes directly to the stack. Since the addition of mercury to the waste
streams, the amount of iodine released from the stack to the atmosphere
has been significantly reduced.

Particles in Regular Plant Off-Gas

The problem of radiocactive particles in other ICPP equipment off-gas
came into focus when hot particles were observed on gummed-paper fall-out
plates stationed around the ICPP. The Site Survey Branch of the IDO
Health and Safety Division routinely monitors the NRTS area with gunmmed-
paper fall-out plates. Beglinning asbout July, 1958, plates from the
stations on the northeast perimeter of the CPP collected an unusually
large number of particles.

Part of our investigation involved taking samples from all of the
possible sources. The samples were used to determine if the material
taken from any potential source was similar in physical and radiochemical
properties to the particles on the fall-out plates. The data from these
samples provided a basis for remedial action to minimize the dispersion
of particles into the effluent off-gas from the CPP process buildings.

Some of the observed particles were sbout 70 microns (barely visible)
although many were much smalier. The activity varied from 16 milli-
roentgens per hour to barely detectable. Some particles which had a very
low activity and which were not detectsble with an open window beta
counter were detected by the small dark spot they made on X-ray film
during autoradiographing. The fall-out plates were autoradiographed by a
week-long exposure to an X-rgy film,
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In all possible cases the particles were examined, either with or
without magnification, to determine the color and physical characteristics
of the material., Gamma pulse height analyses of particles and samples by
CPP and AEC analysts helped identify some of the particles as having come
from specific sources. Some of the particles were yellowish-colored
crystals showing a high percentage of cerium-144 in the gamma spectrum as
well as other long-lived fission products. This indicated this was very
0ld material which had probsbly been formed with essentially no selectivity.

Solid material found around the discharge of the vessel off-gas (VOG)
system blower was very similar in color and gamma spectrum to the observed
particles. It was concluded that the vessel off-gas and the dissolver
off-gas (DOG) system could be emitting particles as a result of corrosion
in the filters. These systems are shown schematically in Figure 2.

Although no substantial increase in the number of particles had been
detected by Site Survey before July, 1958, a study of the DOG and VOG
systems showed no positive reason that particles were not emitted prior
to this. The high levels of radiation near the VOG and DOG systems
leaves little doubt that these systems have accumulated radioactive con-
tamination from entrained liquids and solids from plant vessels since
the plant began operation in 1953. Although both systems have filters to
remove this material, observation of the outside of the VOG filter showed
it to be corroding.

According to the VOG filter drawing details the filter medium is
Fiberglas bhut the containment box is carbon steel. The carbon steel box
has been repaired in times past by welding metal patches over some of the
corroded holes and by putting patches of masking tape over other holes.
Even though the corroded condition could allow particles to pass unfiltered
to the stack, the important aspect is that corrosion products, which have
collected in the plenum chamber on the outlet side of the filter medium,
could be stirred by alr turbulence and carried into the off-gas.

The vessel off-gas has traces of oxides of nitrogen end small
concentrations of water vapor. Although the off-gas condenser cools the
gas to between 15 and 25°C, small changes of temperasture in the VOG system
could allow water to condense and dissolve some of the corrosion products.
Migration of the solution with the off-gas and later increases in tempera-
ture could redeposit the solids at a different location in the system.

The solid crust forming on the outside of the outlet flange of the VOG
blower, possibly the crystallization of the corrosion products, indicates
there are liquids and solids in the VOG system between the filter and the
stack., The gamma rgy spectrum, showing a predominance of cerium-lhh, and
the yellow color of a ssmple of the crust were similar to the spectrum
and color of some of the particles found on the fell-out plates and on
the ground around the CPP area. This proves that the VOG system can be

a source of particles.

The gas flow through the VOG filter has been continuous, but sometime
in the history of the VOG system the VOG filter bypass was opened. About
July of 1958, several attempts were made to decrease the sbsolute pressure
in the VOG headers in the main process building for the purpose of
eliminating intermittent pressurizations which occurred in dissolving
cell. These changes were made by adjustment of the alr bleed rate in the
VOG blower room and adjustments of the filter bypass valve. The adjust-
ments could have stirred up some of the particles of corrosion products
in the filter and some of the fission product-corrosion product particles
lying dormant in the bypass line,
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The DOG filter vessel is fabricated of stainless steel but the filter
insert is a carbon steel shell containing the filter medium. Since the
dissolver off-gas normally contains some nitrogen dioxide and waste vapor,
it is almost certain that the filter cartridge 1s highly corroded.

Samples of debris from the DOG system were unavallable because of its
all-welded construction.

Coincident with the appearance of particles the ICPP was being
operated at a high rate. O0ff-gas rates varied considerably and very
likely could have stirred up solids exlsting in the lines and related
equipment.

In order to minimize the dispersion of particles, the VOG filter was
completely bypassed and it was recommended that a drum should be installed
to provide de-entrainment of liquid droplets and particles. It was also
recommended that the DOG filter element should be replaced with a new all-
stainless steel element as soon as operating conditions would permit.
These recommendations have not yet been carried out.

During the recent operating interval from November, 1958, to May,
1959, the frequency of occurrence of radicactive particles was much lower
than during the July to September interval in 1958. Although the plant
was at times operating at a somewhat reduced rate, this should have been
a minor factor in the number of VOG particles which were released.
Apparently, the action taken to bypass the VOG filter helped reduce the
number of dispersable particles,

Solvent Burner Particles

The possibilities of particles being formed by the waste solvent
burner were also considered in connection with the sbove problem. Waste
Amsco, a kerosene-type hydrocarbon, and waste Amsco containing tributyl
phosphate (TBP) are accumulated from the first cycle extraction columns
and burned at the stack in a specially designed burner, illustrated in
Figure 3. Although the operstion of the solvent burner and the appesarance
of the particles suggested a relationship of the burner to the particles,
the dissimilarity of the gamma spectrum of the larger particles found on
the field and of.the sample particles tsken from the burmer duct indicates
that the solvent burner is not the major contributor. A lack of correla-
tion between the appearence of particles on the Site Survey plates from
week to week and the lntervals of operation of the burner alsc indicates
the burner is not the major contributor.

Since Amsco containling traces of TBP absorbs zirconium better than
it absorbs ruthenium and other fission product, zirconium and niobium and
only traces of other fission products will appear in the burner effluents.
Some of the activity eventually deposliis on the walls of the fire box and
exit ducts with the soot. Apparently, during normal operatlon this
residue of soot and fission products is continucusly eroded from the
surfaces and carried into the effluent gases. The majority of the gas,
carrying these eroded particles is mixed with all the plant ventilation
air and is discharged from the 250-foot stack to the atmosphere. It is
possible that these particles were too small to be detected individually
and only caused a pin-polnt of exposure on the radioautograph. However,
some of the burner effluent gas puffs out the bottom openings of the duct
venturi and, possibly, some larger particles are scattered in the
immediate vicinity of the burner building and the base of the stack.
Larger particles, appearing black and, sometimes glassy and having a high
zirconium-95 concentration, have been found in the vicinity of the stack
although they were not observed on the fall-out plates. These particles
resembled the sample tsken from the burmer duct.
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Although the organic waste generally has a low activity level, it is
possible for small volumes of aqueous-organic mixtures to be sent to the
waste solvent collection tanks. Recently, in an attempt to minimize the
activity, the solvent has been washed with an aqueous sodium carbonate
solution which is decanted to the agueous waste facilitlies. Prior to the
introduction of the washing procedure some highly radiocactive column
interface crud, probably an aqueous-organic emulsion, was sent to the
burners. This caused the radiation levels of the burners and ducts to
increase from 0.1 Roentgen per hour to 1.5 Roentgen per hour with maximum
radiation levels up to 4 Roentgen per hour.

The decanting jet on the solvent collection tank was also a source
of particles. After decanting the aqueous layer from the tark, the Amsco
in the organic-aqueous interface vaporized in the jet. This vapor rose
in the vent to the roof of the solvent burner building asnd came out of
the vent as a mist. Some of this mist coalesced on the top of the
bullding and some settled randomly down-wind from the burner building.
This was remedied by repiping the decanter equipment directly to the
process equipment waste system and piping the vessel vent to the plant
vent duct. The interim remedy was to control the jetting and, if
possible, stop the jetting before the organie-aqueous interface reached
the jet intake.

Radioactive carbon particles which have escaped from the openings in
the burner equipment have been detected on the flat surfaces around the
burner facility. These have been minimized by sealing the opening of the
exit duct venturi. The exit duct venturi was designed to admit ambient
air to help cool the burner exhasust gases. The burner has been operated
continuously at lower rates to prevent gas from puffing out of the burner
during stop and starts. This lower rate has helped keep the exit duct
from over heating although some other cool dilution air is provided by a
compressor.

The flat equipment surfaces and the ground around the burner building

have been cleaned to prevent the wind from carrying previously deposited
loose particles from the solvent burner area.

Other Particle Sources

Other particles are formed in the Fuel Element Cutting Facility
(FECF) during the cutting of aluminum-uranium fuels, but these particles
were not similar to the other hot particles seen on the plates., Some of
these particles, though adhering to the cut pieces, sift from the transfer
cask but are collected in a pan under the cask. Other particles in the
FECF are air-borne and are collected in cyclones snd AEC-type air filters
built into the FECF. One of these air filters ruptured during a cell
decontamingtion procedure and caused some contamination of the enviroms.
Although some of the contamination was scattered by the winds, the
majority of it was i1solated into the drains by water flushing. Other
areas which were contaminated by this activity were isolated as limited
access areas.

Other possible sources were also investigated but were found to be
insignificant.

Although the Ral.a off-gas system contalns some particles of activated
charcoal as well as the previously mentioned residual from the scrubber,
this system was not deemed to be a significant source of particles because
short half-lived isotopes such as iodine-131 were not detected on the
fall-out plates. The activated charcoal is closely confined by perforated
support plates and filters.
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Discussion

Q'

A.

Q.

At this stage of the game the Rala system does not require
meteorological control? Is this correct?

Still provide forecast but not under control it used to be.
Primarily for site survey monitoring system. Forecast for site
survey for Rala system.

Is one to get the impression from that,that the site survey
problems associated with it are less than they have been in
the past?

Yes, I believe it is considerably reduced. It has now been
reduced - we do routine monitoring, but not nearly as extensively
as previously.

(John Hall, United Kingdom) What sort of filter do you have in
your rala - in the charcoal beds?

Stainless steel filter.

(C. E. Lapple - Stanford Research Lab.) Do you have any data on
how long they did last or how often you need to replace them?

No, we do not. We feel it will have a very long life - equipment
- and material can be removed later in the life.

(R. C. Walker, GE - HAPO) I would like to know two things -
what is the velocity through the charcoal beds, is this in 4f in
the two steges or in each stage?

They are not in series - they are either individual or parallel.

Velocity through the bed 7 cu. £t. Bed can handle 7 cu. ft. of
material off-gas.
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A METHOD FOR THE COLLECTION AND IDENTIFICATION OF
RADIOACTIVE XENON AND KRYPTON

J. KENNETH FLYGARE, JR., GEORGE WEHMANN,
ALAN R. HARBERTSON, and CLAUDE W, SILL

Health and Safety Division, U. S. Atomic Energy Commission,
Idaho Falls, Idaho

Abstract

The Health and Safety Division is responsible for radioactive moni=-
toring of out-plant areas of the National Reactor Testing Station. In
order to determine if a leak existed in the RALA off-gas system a sampler
capable of collecting radioactive xenon and krypton was required so that
identification could be made. A sampler consisting of a "U"-shaped
copper tube filled with activated carbon and cooled in liquid nitrogen
has proved very effective. Two sizes have been made using 3/4" and
1-1/2" tubing. The collection efficiency for xenon and krypton was
essentlally 100% at flow rates of 1 cfm even with the smaller sampler.
Several such samplers were used at strategic locations and disclosed
some leeks in the process system. Retention of xenon and krypton in
activated carbon at room temperature is also discussed.

The Health and Safety Division is responsible for radioactive moni-
toring of out-plant areas of the National Reactor Testing Station.
During a RALA operation for the recovery of barium-140 from short-cooled
fuel elements (l), activity was detected in the field at a time when all
off-gas was supposed to have gone to storage. The activity could be
detected with portable survey instruments but could not be collected on
either filter paper or activated carbon. Shortly before the activity
was discovered, multi-curie quantities of radioactive xenon and krypton
had been released into the off-gas line from the caustic dissolution
of the aluminum cladding of the fuel element. Rare-gas fission prod-
ucts were suspected, apparently from a leak in the RAILA off-gas system.
Such a leak would be difficult to detect because of the high general
radiation background in the plant. A sampler capable of collecting
the inert gases was required so that the activity could be identified.

Since the melting points of xenon and krypton are -112° C. and
-156.5° C., respectively, liquid nitrogen with a boiling point of
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-195.8° €. (2) should be adequate to freeze xenon and krypton out of
the air stream efficiently. Browning and Bolta (3) determined the
holdup time of krypton on charcoal down to -110° C. and reported that
retention increases with decreasing temperature. Activated carbon
was used to obtain a large surface for adsorption and to provide
large heat capacity for cooling the gas stream.

The sampler is shown in Figure 1 and contained 450 grams of 12
to 30 mesh activated carbon when filled as shown. The borosilicate
glass wool was used to prevent the carbon from packing against the
brass screen. The air stream was passed through & column of 10 to
20 mesh anhydrous magnesium perchlorate to remove moisture to prevent
the cold trap from freezing shut. The samplers were operated for
periods up to one hour without the drier becoming saturated. The
rate of flow of air was dependent upon the drier and not the carbon
trap. A 3" piece of 1/2" copper tubing connected the drying unit to
the sampler. The drier also served as a filter for any particulate
matter that might be in the air.

The copper tube filled with carbon was set 9" deep in a 4300 ml.
Dewar flask and clamped to the steel arms of the frame holding the
flask. During operation the level of liquid nitrogen was maintained
at 2" to 4" below the top of the flask. The rate of evaporation was
a function of the depth of the liquid nitrogen in the Dewar flask. A
sampler in operation lost one liter in about twenty minutes with a
total loss of approximately 2600 ml. in one hour. The 1600 ml. left

in the flask was about the minimum amount required for satisfactory
operation.

Six sampling units were constructed and placed at strategic
locations both in the field and inside the Idsho Chemical Processing
Plant during a RALA operation. The average rate of flow of the air
through the samplers was 1 cfm. Radioactive xenon and krypton were
found in quantities up to 3 r/hr at contact in all but one of the
samplers with the intake side containing essentially all of the

> g
andy

Fig. 2—Two large samplers in series.

activity. Two samplers were placed in series as shown in Figure 2 to
determine the collection efficiency. The collection efficiency of
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the sampler was very nearly 100% and dropped as low as 99% in only
one instance. Xenon-133 and krypton-85 were the only isotopes found
in concentrations of any significance. Traces of xenon-135 and
krypton-85m were detected. Identification was made by gamma ray
spectroscopy using & multichannel analyzer with a 3" x 3" sodium
iodide (thallium-activated) crystal as the detector.

Because the efficiency of the sampler was so high, it was
apparent that its size was too large for the sampling flow rate used
and that a smaller one could be used without impairment of the col-
lection efficiency. The smaller sampler was made from a "U"-shaped
piece of 3/4" I.D. copper tubing. The overall dimensions were
1-3/4" wide and 10-3/4" long. A total of 75 gms. of 12 to 30 mesh
activated carbon was held in the sampler with 60 mesh brass screens
and two #3 rubber stoppers. Connection to the suction line was
provided by 1/2" copper tubing inserted into pre-cut holes in the
rubber stoppers. A laboratory clamp on & ring stand held the sampler
about 7" deep in a 665 ml. Dewar flask. The liquid nitrogen level
was maintained at 1" to 3" below the top of the flask during oper-
ation.

To determine the distribution of the xenon and krypton through
the small sampler, the carbon was divided into 5 equal sections.
Each section was separated with a sixty-mesh brass screen. The
small sampler was placed in the liquid nitrogen and connected between
two large samplers at liquid nitrogen temperature. The alr stream
was drawn consecutively through the drying unit, the first large
sampler containing radioactive xenon and krypton from RAIA, the
smaller sampler, the second large sampler with no activity, a flow
rate meter, and the suction pump. The flow rate was adjusted to
0.5 cfm. A shielded sodium iodide crystal was directed at the inlet
of the small sampler. The output from the detector was connected in
parallel to the multichannel analyzer and a scaler. The scaler was

set to run continuously throughout the experiment.

The first large sampler was removed from the liquid nitrogen and
allowed to warm up to room temperature. A few minutes after the
temperature of the air coming out of the first sampler reached zero
degrees centigrade the scaler showed an increase in activity. A
gamma spectrum showed that only radiokrypton was coming off. A few
minutes later the radioxenon started coming over and continued for
about 20 minutes. The small sampler was removed from the liquid
nitrogen, and the sections 