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PREFACE 

This Sixth Air Cleaning Conference report was compiled from 
technical papers, notes and tape recordings taken during this 
continuing series of meetings in connection 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 operations and 
appraise new developments in this field. 

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

The Enviromrental and Sanitary Engineering Branch of the 
Division of Reactor Development, U. s. Atomic Energy Commission, 
sponsored this Conference in cooperation with the Harvard Air 
Cleaning Laboratory and the HeaJ.th and Safety Division, Idaho 
Operations Office of the Atomic Energy Commission. 

In conjunction with the Conference there was aJ.so a meeting of 
the AEC Stack Gas Problem Working Group. Members of the group 
attended D.nd participated in conference sessions. The group 
advises the Commission and its contractors in the treatment 
and co~trol 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 

'l"ne Site Survey Branch of the Health and Safety Division 
routinely conducts a monitoring program for determining levels of 
airborne radioactivity at the National 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 l958 routine 
autoradiographic analysis of these samples indicated a particulate 
problem connected with the Ida.ho Chemical Processing Plant. The 
follow-up program is discussed, including particle distribution, 
size, isotopic content, and health hazard calculations. A special 
attachment to the microscope to facilitate location and identification 
of radioactive ~articles is also discussed. 

* * * * * 

The use of gummed-paper collectors for monitoring fallout from 
nuclear operations was started in l951 by the Atomic Energy Commission 
(Eisenbud and Harley, 1953, 1955, 1956 and Rolland, 1959). The extreme 
simplicity of placing, collecting, and of measuring the gummed paper 
for radioactivity 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 Safety Division adopted this method as a routine mea.ns of monitoring 
radioactive particulate fallout. Stations have been located outside 
several of the plant areas in the prevailing 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 a thin aluminum frame and the frame attached 
to the plate with binder type clips. T'ne eff'ective surface area of 
the gummed-paper presently in use is l2 square inches. The samples are 
collected bi-weekly from all stations. Each sample is scanned with a 
G. M. instrument to determine if a detectable amount of activity has 
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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 precise or quantitative 
means of determining radioactivity. However, when carried out ro~tine~y, 
it serves as an economical mea.~s for detecting changes in the rate of 
fallout. 

As a result of this monitoring program an increase in the amount of 
radioactivite particulate fallout was noted at stations surrounding the 
Idaho Chemical Processing Station (ICPP) during the surmner of 1958. 
(The location of stations relevant to the MTR-ETH 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 ~~erage 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 increase in particle deposition. Therefore, it was assumed 
that the most logical place to check was the ICPP. As a follow-up of the 
gummed-paper program, a field survey of the area 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 particle and not from vertical 
atmospheric turbulence. The terminal settling velocity of a 300 
micron size particle with a specific gravity of 1.0 settling in air at 
700F 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 soil samples were divided and sub-divided 
and a thin end-window probe used to locate the radioactive particle. To 
finally isolate the radioactive particle from the nonradioactive part
icles considerable time was required until the microscope was fitted 
with a special attachment. This attachment was modeled a~er one dis
cussed by Mr. F. E. Adley in the April 1958 issue of the Industrial 
Hygiene Journal. Primarily it consists of a "collimating 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 at tachm.ent s" 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 
signal. The speciman slide is moved over the hole until the signal 
indicated that the radioactive particle is over the hole. Usually the 
attachment with the .125 inch diameter hole is used. Once the radio-
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Fig. I-Fallout stations around MTR, ETR, and ICPP. 
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Fig. 3-Special microscope attachment used to facilitate isolation of radioactive particles. 



active particle is located the attachment with the smaller holes is used 
to finally locate the particle. By successively moving the speciman 
slide in several directions it is possible to locate the radioactive 
particle. With this attachment considerable time is saved in isolating 
particles. After isolation the size of the particles is determined. 
Tne 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 tre X-ray film definately 
indicate that small particles were involved, but the small a.mounts of 
activity present did not permit any evaluation of these particles. 

Calculations of absorbed dose for two critical organs were made 
from gamma ray 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-144 contained 0.1 micro
curie of this isotope. The particle containing the highest amount of 
zirconium-95, niobium-95 contained 0.01 microcurie of these isotopes. 

For dose calculations the zirconium-95, niobium-95 activity was 
assumed to be all niobium-95, since this isotope presents a greater 
biological hazard than does zirconium-95. Evaluations were made to 
determine what dose to the bone could be expected if such a particle 
were inhaled and were completely solublized even t~1ough the latter is 
remote. For calculations of dose from soluble constituents, 100% 
solubility was assumed. In addition to the above, the following 
assumptions were made: 

1. For the case where the bone is the critical organ, the 
isotope is eliminated from the body exponentially. 

2. All NBS Handbook 52 values a:riJ.lY. 

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-144 
Niobium-95 

Isotope 

Cerium-144 
Cerium-144 
Niobium-95 
Niobium-95 

Bone 
Bone 

25. mrad 
0.05 mrad 

DOSE DUE TO INGESTION 

Critical Organ Soluble 

Bone 0.05 mrad 
G.I. Tract 17. " 
Bone 0.05 II 

G.I. Tract 0.02 " 

Insoluble 

17. mrad 

0.02 mrad 

It must be emphasized that the values given in the above table represent 
the maximum doses and ma.y make the problem appear greater than it 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 respirable range of 0.1 
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to 5 microns. The hazard due to t~e smaller particles was not considered 
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 (l956) has estimated that in an area where surveys 
show one particle per s~uare 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. 
T"nerefore, no restrictions were placed on the area surrounding the ICPP 
and no restrictions were imposed upon construction 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 stations does provide an economical means of monitoring 
for fallout in the vicinity of a plant utilizing radioactive 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 
(l959). 
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Discussion *. 

Q. Any ~ activity measured in this matter? 

A. None 

Q. It wasn't measured or wasn't found? 

A. ( ?) 

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

A. Yes, etc. 

Q. Did you actually measure the size of the particulate? 

A. Were measured. 

Q. Haven'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 radioactive particulates was noted in the - while in 
some insta.n~~s 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 maintained 
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. Later, 

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, no attempt has been made to change this material. 

8 

' 

.. 

• 



• 

' 

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, we.r·e continued and evalua
tion tests of the Plant charcoal beds have been completed. About 97 
percent iodine-removal efficiency was demonstrated. Iodine-containing 
particles possibly formed by the gas-liquid contactor preceding the 
charcoal beds, limit the efficiency of the bed in removing iodine. 

Radioactive 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 o~her ICPP 
equipment off-gas. 

Iodine Removal 

The RaLa process produces barium-140 from a 2-day cooled MTR element 
by digesting the ali.nninum in the element in 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 majority 
of the iodine dissolves in the caustic-ali.nninate and gaseous iodine is 
removed in a packed scrubber. 
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The objective 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 
RaLa caustic scrubber, containing lM NaOH and O.lM Na2S203 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 RaLa scrubber. Some of these 
tests were reported at the last air cleaning conference.(l) 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 1-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 7-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 beds 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. Identical cartridges were 
used to sample equal flows of the inlet and outlet gas of the charcoal bed. 

Although the literature(2) cites activated charcoal as giving a 
decontamination factor of 1000 or better for elemental iodine, I 2 , the 
lower efficiency observed in the tests is attributed to small particles 
entrained from the scrubber. Apparently small droplets containing NaOH
Na2C03-Na2S203-NaI 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 considerab~e propor
tion of the total activity on the cartridge with no indication that the 
retained particles were radioactive 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, 
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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 
uranium-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 O.OOlM to 0.005M mercuric 
nitrate has effectively limited the volatilization of-iodine during later 
transfers and samplings. 

In another recent process change, suggested by work done at HAP0,(3) 
five percent nitric acid containing O.OOlM mercuric nitrate and O.OOlM 
mercurous nitrate has replaced the lM NaOH-0.lM Na2 S2 03 previously used 
as the RaLa off-gas scrubber solution. Although the NaOH-Na2 S2 03 effec
tively scrubbed the iodine (I2 ) from the off-gas, it contributed entrained 
solids, predominantly NaOH and Na2 C03 , into the outlet pipe. This plugged 
the rotameter and partially plugged the scrubber column. Subsequent runs 
showed that the HN0 3 -Hg(N03 ) 2 -HgN03 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 
hou..c ~ompared to the 6c to 1000 Roentgens per hour observed previously. 
This demonstrated that a smaller amount of iodine wus volatilized from 
the process solutions. 

Results from the stack gas monitor have confirmed the effectiveness 
of mercuric and mercurous ion 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 vf iodine released from the stack to the atmosphere 
has been significantly reduced. 

Particles in Regular Plant Off-Gas 

The problem of radioactive 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 gummed
paper fall-out plates. Beginning about 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 dete.nnine 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 about 70 microns (barely visible) 
although many were much smaller. The activity varied from 16 milli
roentgens per hour to barely detectable. Some particles which had a very 
low activity and which were not detectable 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-ray 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 
old material which had probably 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 but 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 air turbulence and carried into the off-gas. 

The vessel off-gas has traces of oxides of nitrogen and small 
concentrations of water vapor. Although the off-gas condenser cools the 
gas to between 15 and 25°C, small changes of temperature 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 rey spectrum, shoving a predominance of cerium-144, and 
the yellow color of a Sf!Jllple of the crust were similar to the spectr-Um 
and color of some of the particles found on the fall-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 absolute 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 air 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 is highly corroded. 
Samples of debris from the DOG system were unavailable because of its 
all-welded construction. 

Coincident with the appearance of particles the ICPP was being 
operated at a high rate. Off-gas rates varied considerably an:d very 
likely could have stirred up solids existing 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 radioactive 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 above problem. Waste 
Am.sec, a k~rosene-type hydrocarbon, and waste Am.sco 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 operation of the solvent burner and the appearance 
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 taken from the burner duct indicates 
that the solvent burner is not the major contributor. A lack of correla
tion between the appearance of particles on the Site Survey plates from 
week to week and the intervals of operation of the burner also indicates 
the burner is not the major contributor. 

Since Am.sco containing 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 deposits on the walls of the fire box and 
exit ducts with the soot. Apparently, during normal operation this 
residue of soot and fission products is continuously 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-point 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 taken from the burner 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 tan.ks. Recently, in an attempt to minimize the 
activity, the solvent has been washed with an aqueous sodium carbonate 
solution which is decanted to the aqueous waste facilities. Prior to the 
introduction of the washing procedure some highly radioactive column 
interface crud, probably an aqueous-organic emulsion, was sent to the 
burners. This caused the radia~ion 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 tank, 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 and came out of 
the vent as a mist. Some of this mist coalesced on the top of the 
building 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 organi~-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 exhaust 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 and AEC-type air filters 
built into the FECF. One of these air filters ruptured during a cell 
decontamination procedure and caused some contamination of the environs. 
Al though some of the contamination was scattered by the winds, the 
majority of it was isolated 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 RaLa off-gas system contains 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. At this stage of the game the Rala system does not require 
meteorological control? Is this correct? 

a. Still provide forecast but not under control it used to be. 
Primarily for site survey monitoring system. Forecast for site 
~urvey for Re.la. system. 

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

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

Q. (John Hall, United Kingdom) What sort of filter do JOU ha.ve in 
your rala - in the charcoal beds? 

A. Stainless steel filter. 

Q. ( C • E • Lapp le - Stanford Research Lab.) Do you have any data. on 
how long they did la.st or how ofien you need to replace them? 

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

Q. (R. C. Walker, GE - HAPO) I would like to know two things -
wha.t is the velocity through the charcoal beds, is this in df in 
the two ste.ges or in each stage? 

A. They are not in series - they are either indiVidua.l or parallel. 
Velocity through the bed 7 cu. fi • Bed can handle 7 cu. fi • 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. ~ILL 
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 RAIA off-gas system a sampler 
capable of collecting radioactive xenon and krypton was required so that 
identification could be ma.de. 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 f'or xenon and krypton was 
essentially 1001' at flow rates of l cf'm even with the smaller sampler. 
Several such samplers were used at strategic locations and disclosed 
some leaks 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 RAIA operation for the recovery of barium-14o 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 RAIA of'f-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° C. (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 l 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 a 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 Idaho Chemical Processing 
Plant during a RA.LA 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 

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'fo 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 a multichannel a.na.lyzer 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 6o 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 a ring stand held the sampler 
about 7" deep in a 665 ml. Dewar flask. The liquid nitrogen level 
was maintained at l" 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 air stream 
was drawn consecutively tl:u·ough 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 were q·.U.ckly and carefully poured out 
into 5 separate bottles. The bottles were then tightly capped to 
prevent the escape of xenon and krypton. Gamma spectra of the five 
sections were ma.de. The first and second sections contained all of 
the radioxenon with no radiokrypton showing on the spectra. The 
second section had slightly more activity than the first section. 
The third and fourth sections contained only radiokrypton with the 
fourth section containing less than 0.1% of what was in the third 
section. The fifth section contained a trace of radiokrypton. A 
gamma spectrum of the second large sampler showed a trace of both 
radioxenon and radiokrypton. The concentration of radioactive 
xenon and krypton found in the fifth section and the second large 
sampler was insignificant. The collection efficiency of the small 
sampler was essentially 100% for both radioactive xenon and krypton. 

One of the large samplex·s was modified for temperature studies. 
Copper-constantan thermocouples extending 5" through 00 stoppers 
were inserted into the activated carbon through two 1/2" holes drilled 
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over the center of the vertical tubes of the sampler. The other ends 
of the thermocouples were kept in a water-ice equilibrium mixture. A 
potentiometer bridge was connected to the therm::>couples to measure 
the emf. Figure 2 shows this modified sampler and the other equip
ment while a sample was being taken. The temperature of the air 
coming out of the first sampler was -150° c. when the first activity 
reached the sampler. Seven minutes later when sampling was stopped 
the temperature had dropped to -170° C. The flow rate was approxi
mately 0.7 cfm. The first sampler measured about 500 mr/hr at contact. 
There was no activity in the second sampler in the series. The carbon 
in the outlet arm of tba first sampler was carefully poured out and 
examined. No activity was found, indicating that when the samplers 
are cooled to about -16o0 c. radioactive xenon and krY,Pton are collected 
completely. 

To determine the length of time activated carbon retains xenon 
and krY,Pton at room temperature a 30" piece of 25 mm pyrex glass 
tubing was filled with 12 to 30 mesh activated carbon. Two sixty 
mesh brass screens and two rubber stoppers were used to hold the carbon 
in place. The air stream was drawn consecutively through the drying 
unit, the modified sampler containing radioactive xenon and krY,Pton 
from the previous run, a continuous carbon cartridge (4) in a shielded 
sodium iodide (thallium-activated) well crystal, the glass tube 
filled with carbon, a second continuous carbon cartridge in a second 
shielded well crystal, a flow rate meter, and the suction pump. The 
multichannel analyzer and a scaler were connected in parallel to the 
first well crystal. A scaler was connected to the second well crystal 
and both scalers were set to run continuously during the experiment. 
Any increase in activity could be readily observed. The pump was 
turned on while the sampler was still immersed in the liquid nitrogen. 
The flow rate was maintained at approximately 0 .2 cfm. 

Figure 3 shows the temperature vs. time curve with time zero being 
the time the sampler was removed from the liquid nitrogen. The temper
ature continued to drop for a few minutes because the sampler had not 
run long enough to completely cool the carbon around the therm::>couples. 
Curve #1 is the temperature of the inlet side and curve f2. is the outlet 
side. 

As shown by the line marked Kr in Figure 3, the radiokrypton was 
detected 30 minutes later in the first carbon cartridge. The carbon 
cartridge is a 5/811 x 2~" plastic vial filled with 3 gms. of 12 to 30 
mesh activated carbon. At room temperature the holdup time of radio
xenon and radiokrY,Pton on the carbon cartridge is sufficient to allow 
detection of the activity but is short enough not to interfere with 
the experiment. At the end of 32 minutes a gamma spectrum of the 
radiokrY,Pton was made and is shown in Figure 4. The radiokrY,Pton was 
detected in the second carbon cartridge two minutes after the isotope 
appeared in the first carbon cartridge. In approximately 36 minutes 
the radiokrY,Pton had disappeared and both counters returned to back
ground, represented by the small circles in Figure 4. As shown in 
Figure 3 the radioxenon started coming off 52 minutes from time zero. 
Figure 4 shows the gamma spectrum of the radioxenon at the end of 
55 minutes. The radioxenon reached the second carbon cartridge in 
about 14 minutes. At 18° C. the 30" glass tube filled with carbon 
retained the radiokrY,Pton for 2 minutes and the radioxenon for 14 
minutes. A survey of the distribution of the activity along the large 
sampler was made and a peak identified as radioxenon was found. The 
peak of the xenon activity moved 7" through the carbon in about 12 
minutes • The increased holdup time on the carbon in the sampler over 
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the carbon in the glass tube was probably due to the larger diameter 
of the sampler tube. It was evident from the position and movement 
of the xenon activity in the large sampler that the radioactive xenon 
and krypton evaporated at approximately the same time. The 22 minute 
delay in the appearance of radioxenon after the radiokrypton as shown 
in Figure 3 was caused by the longer holdup time of the radioxenon 
on activated carbon. 

CONCLUSIONS 

Krypton as well as xenon can be collected completely if the 
temperature is below -16oo C. and the surface area for heat transfer is 
large. The large sampler had oore than enough capacity and with the 
proper drying unit the flow rate of air could be increased many times 
above l cfm. without any loss in efficiency. The small sampler con
tained sufficient activated carbon to do an adequate job of collection 
at 1 cfm. At room temperature the holdup time of radioxenon on activated 
carbon is longer than that of radiokrypton. Previously unsuspected 
leaks in the RALA off-gas system were found which would have been 
almost impossible to detect using conventional methods. 
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WASTE CALCINATION OFF-GAS STUDIES 

B. R. WHEELER 
Atomic Energy Division, Phillips Petroleum Company, 
Idaho Falls, Idaho 

ABSTRACT 

Development studies concerned with treatment of off-gas from the 
waste calcination facilities currently being installed at the Idaho 
Chemical Processing Plant are described. Fission products contained 
in dust from the calciner make an essentially 100 per cent gas-solid 
separation mandatory. 

Calcination conditions determine the size and concentration of 
solids in the off-gas. Data from the evaluation of venturi scrubbers 
on a pilot plant calciner show that all but 1.6 x 10-3 grains of solids 
per cubic foot of gas can be removed. Tests with a venturi scrubber 
and electrostatic precipitator independent of the cold calciner 
indicate that a gas containing only 1.5 x 10-6 grains of solids per 
cubic foot of gas may be attained at the expense of 10 to 15 inches 
Hg pressure drop across the venturi scrubber. 

INTRODUCTION: 

The current construction of a demonstrational fluidized bed 
calciner is the Idaho Chemical Processing Plant 1 s (ICPP) attempt to 
dispose of radioactive waste in a safe economical manner and evaluate 
the method as an ultimate means of disposal. A fluidized bed calzlner 
is, of course, an excellent aerosol generator and presents some complex 
air cleaning problems. Unlike most industries which are satisfied with 
an off-gas cleaning efficiency of 95 to 98 per cent, the ICPP can only 
be satisfied with essentially 100 per cent gas-solids separations because 
of the radioactive nature of the solids. The ICPP is limited to the 
maximum permissible concentration of strontium 90, the controlling 
isotope, at the perimeter fence as given by NBS Handbook 52. Absolute 
quantities are dependent upon the prevailing atmospheric conditions and 
the physical dimensions and operating characteristics of the ICPP stack 
and are beyond the scope of this paper. 

The fluidized calciner will convert the corrosive radioactive 
liquid aluminum nitrate, currently stored in stainless steel tanks into 
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a solid aluminum oxide product. Conversion to the aluminum oxide form 
eliminates the corrosive nature of the radioactive waste and reduces the 
volume nominally by eightfold. The process is ver-y simple: liquid alumi
num nitrate is sprayed into a bed of fluidized aluminum oxide which is at 
a temperature of 400°C - 500°c. Upon contact nitrates and water vapor 
are driven off leaving behind the alumina and radioactive oxides. NaK 
circulated through a bundle of heat exchange tubes transfers the heat 
from an oil fired furnace to the calciner bed. The fluidizing media is 
air, and of course, it entrains solids which must be separated before 
the air plus other waste gases are discharged to the atmosphere • 

Calcination studies have shown that product size and solids concen
tration in the off-gas are primarily dependent upon the quantity of air 
used to atomize the feed in the spray nozzle. Space velocity of the 
fluidizing air in the calciner also affects the quantity of solids 
entrained in the off-gas. Control of calciner variables plus the off-gas 
cleansing apparatus will permit sufficient gas-solids, separations. Off
gas cleansing apparatus includes (1) a primary cyclone, (2) venturi 
scrubber plus knockout cyclone, (J) ruthenium adsorbers, and (4) AEC 
filters. Our pilot plant studies also encompass evaluation of an 
electrostatic precipitator. The balance of this paper will be primarily 
concerned with off-gas studies and equipment used only in the pilot 
plant calciner. 

~UIPMENT: 

Figure 1 shows the calciner pilot units on which the variables 
affecting calcination are studied. Fluidizing air under pressure is 
introduced to a jet which in turn feeds the fluidizing gas to bubble 
cap air distributors in the bottom of the calciner. The fluidizing 
air entrains solids as it passes through the aluminum oxide bed. The 
solids laden off-gas enters the primary cyclone after leaving the cal
ciner where about 95 per cent of the solids are removed. The separated 
solids in the ~yclone plus about 30 per cent of the off-gas are returned 
via the jet to the bottom of the calciner along with make-up fluidizing 
air. 

Calciner Sizes 

611 Diameter 

2 ft. sq. 

TABLE I 

Diameter Type Cyclone Off-Gas Rates 
SCFM Venturi Scrubber Throat 

12 - 15 

130 - 150 

5/16" US Hoffman 

111 Ter Linden 

The off-gas leaving the primary cyclone is then introduced into a 
venturi scrubber where it is contacted by water. Scrub solution on the 
pilot calciners can be either fresh water or recycle solution. Condi
tions permitting recycle are used to simulate proposed plant operation. 
A cyclone downstream of the scrubber then separates the liquid-solids 
from the gas. In our pilot plant calciners a condenser follows the 
venturi cyclone to reduce the volume of water in the off-gas. Sample 
taps exist to permit evaluation of the off-gas equipment and determine 
how calcination variables are affecting the off-gas. There are two 
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calciner pilot uni ts on which studies are being made: ( 1) a 611 diameter 
unit and (2) a two-foot square model. Table I tabulates the average 
off-gas flows as well as scrubber dimensions. 

Scrubber equipment also included a short section of Yorkmesh Demister 
beti.reen the venturi scrubber and knock out cyclone during the early 
evaluation period. Occasional clogging of the Yorkmesh necessitated 
its later removal, however. The clogging was caused from entrained 
solids in air continuously bled to the spray nozzles to prevent their 
plugging when the calciner was doi.rn. The Yorkmesh did appear to increase 
scrubber efficiency somewhat. 

Present equipment on the calciner includes an enlarged section doi.rn
stream of the scrubber cyclone. All cyclones thus far used have permitted 
a film of liquid to be carried over at high gas velocities. Naturally 
a venturi scrubber can be no more efficient than the knock out cyclone. 
Re-entrainment of this film has been eliminated by using the enlarged 
section. 

The independent venturi scrubber equipment consists of (1) bubble 
cap colwnn one foot in diameter, (2) a venturi scrubber i.rith a 1/4 inch 
diameter throat, (3) a US Hoffman type cyclone, and (4) a packed column 
downstream of the cyclone to eliminate water carry over film at high 
air rates. 

The bubble cap column was used as the aerosol generator and was 
chosen to simulate the fluidized bed of the calciner. Aluminum oxide 
product from the calciner was pulverized in a ball mill for 10-16 hours 
and then put into the bubble cap column. Average particle size of this 
ground Al203 as determined by a Fischer Sub Sieve Sizer was less than 
2 microns. Microscope examination showed the material ranged from 0.01 
to 3 microns in size. Some agglomeration into larger particles was 
apparent, hoi.rever. Metered air entering the bottom of the column gene
rated an aerosol which was diluted 60 to 90 per cent i.rith additional 
air before it was forced into the venturi scrubber at throat velocities 
of 300 to 800 feet per second. 

Water was injected into a 1/1611 hole bored perpendicular to the 
venturi scrubber throat at rates beti.reen 5 and 55 gallons per 1000 cubic 
foot of gas. 

An electrostatic precipitator to separate Al203 ~articles from air 
is also being evaluated independently of the pilot plant calciner. The 
precipitator consists of 1.7611 ID-1211 long, wetted wall, column i.rith a 
ti.risted stainless steel rod as a discharge electrode. A power pack 
capable of supplying 20,000 volts completes the precipitator. 

The electrostatic precipitator has not been operated to date at 
voltages exceeding 10,000, however, because of a tendency to arc as the 
voltage builds up. Once this arcing starts, the voltage drops off. The 
original straight electrode was replaced by a ti.risted rod i.rith 1/1611 barb 
projections. This electrode has made it possible to increase ionizing 
voltages from 7-8000 to 9-10000 volts. 

The wetted wall column section of the precipitator is usually 
operated i.rith film of water 0.003 inches thick floi.ring continuously 
over the walls. The water film removes deposited solids thereby increasing 
overall efficiency. Splashing occurs when the water film is too thick 
causing excessive current discharge from the center electrode. Space 
velocities exceeding three feet per second tend to cause splashing also, 
which results in current discharge. 
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Aerosol for the precipitator is generated in a manner similar to 
that for the independent venturi scrubber. The solids concentration 
of the gas is then reduced to about 1.5 x 10-3 grains per cubic foot 
with a venturi scrubber prior to entering the electrostatic precipitator. 

All gas samples are taken with a cascade impactor backed ~~)with a 
millipore filter. The impactor is on~ Qesigned by J. A. Brink of 
Monsanto based on work of Ranz & Wongl5). Ordinarily the impactor is 
operated such that the particles caught on the plates are the character
istic particle sizes lis~ed in Table II. The millipore filter catches 
those ~rticles tscaping the final plate of the impactor. Work performed 
at KAP1l3) indicates the millipore filter removes more than 90 per cent 
of those particles exceeding 0.01 microns. 

Impactor Stage 

1 
2 
3 
4 
5 

TABLE II 

Characteristic Size Microns 

2.40 
1. 72 
1.15 
0.57 
0.28 

Samples of gas taken upstream of the venturi scrubbers were 
isokinetic because of the possible existence of large particles. Do1'1Il
stream samples were not necessarily isokinetic because the particles 
were primarily submicron in size. 

EXPER.Il1ENTAL: 

Most of the data for the venturi scrubber evaluation were taken on 
the scrubber which was independent of the pilot plant calciner. Lack of 
flexibility of the calciner off-gas system necessitated this. The 
calciner for the most part was operated to determine what variables 
affected the process rather than for venturi scrubber evaluation. Thence, 
the very control of primary calcination variables severely limited the 
scrubbing conditions for any one venturi scrubber design. The independent 
venturi scrubber permitted exploration of a wide range of scrubber 
conditions on an Al203 aerosol. After optimum precipitator conditions 
have been established a precipitator will be designed and installed on 
the calciner. 

Inlet loadings on the independent venturi scrubber were all consid
erably lower than +.hose at a similar point on the calciner; that is, 
0.7 to 1.5 grains per ~ubic foot as compared to 0.07 to 0.2 grains per 
cubic foot. This situation, of course, was undesirable but was necessi
tated by the gradual coating of the walls of the scrubber with Al~3 
upstream of the water injection point at higher aerosol concentrations. 
Water injected into the venturi throat apparently splashes somewhat, 
thereby wetting the upstream walls. The dry Al~3 particles tend to 
stick to the wetted surface over a period of 8 to 10 hours, and build up 
the overall pressure drop. This phenomenon was also observed on the 
calciner venturi scrubbers when they were operated without feed injection. 
When feed is being sprayed into the calciner the off-gas is composed of 
vapor as well as nitrates and air. The presence of the vapor i• the off
gas apparently prevents the solids from sticking to the venturi scrubber 
walls. 
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Gradual build up of pressure drop on the independent venturi scrubber 
was eliminated by keeping the solids concentration in the gas low and by 
inserting a 1/16" tube upstream of the venturi scrubber throat. The tube 
outlet was facing the throat and about 10 per cent of the scrub water 
was bled continuously through this tube and parallel to the venturi 
throat walls to wash the solids away. 

DATA PRESENTATION: 

The data are presented as a series of graphs. Data on the experi
mental venturi scrubber were collected under two sets of conditions: 
(1) with a section of Yorkmesh between the venturi scrubber and knock 
out cyclone to act as a coalescence surface and (2) without the Yorkmesh. 

Figure 2 is a plot of the pressure drop data across the venturi 
scrubber and knock out cyclone without the Yorkmesh section. This 
figure shows that pressure drop is a function of both the aerosol 
velocity in the throat of the venturi scrubber and liquid scrub rate. 
Increasing velocities and scrub rates both increase overall pressure 
drop; however, the aerosol velocity contributes to the greater power 
loss. Data collected when the Yorkmesh was used reflect a somewhat 
higher pressure loss for corresponding aerosol velocities and scrub rates. 
The data points in Figure 2 represent pressure drop information collected 
during air cleaning periods. No definite attempt was made to obtain 
data primarily for pres3ure drop versus scrub rates and velocities. 

Several investigators(2)(4)(6) have correlated venturi scrubber 
efficiency as a function of power loss. Figure 3 represents a similar 
correlation for our data. This study utilized higher aerosol velocities 
and scrub rates, resulting in much higher pressure losses across the 
venturi scrubber than did the previous investigations. 

Penetration rather than efficiency has been plotted to convey the 
data more vividly. All data collected on the venturi scrubber bet up 
is plotted in Figure 3 with no consideration given to gas velocity or 
scrub rate. Considerable data scatter is evident; however, there is a 
definite trend showing that the venturi scrubber efficiency is a function 
of the pressure drop or power utilized. 

These data show that for the Al2o3 aerosol specific gas velocities 
or scrub rates are relatively unimportant. A combination of scrub rate 
and gas velocity will set a corresponding pressure drop which will result 
in a particular scrubber efficiency. Any extrapolation, of course, can 
be carried too far. It is erroneous to pick a high gas velocity with 
essentially no scrub rate and expect the same cleaning that a low gas 
velocity plus high scrub rate would produce even though the corresponding 
pressure drops were similar. 

Other workers(2)(4)(6) have achieved excellent efficiencies on 
venturi scrubbers at lower power requirements; however, the concentration 
of solids was higher and/or the particle size was larger. 

Figure 4 is similar to Figure 3 in that it shows how power consumption 
affects venturi scrubber cleaning. Off-gas loading downstream of the 
venturi scrubber as a function of the power requirements again follows a 
straight line variation on semi-log paper. The power requirements here 
for the scrubber are much more pronounced; i.e., the data are not 
scattered as much as in Figure J. 
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The empirical equation: 
y = 0.00564(10-0· 1027x) 

describes the data in Figure 4. 

Where: y =grains of solid per ft3 of off-gas downstream cf 
venturi scrubber 

x = pressure drop across scrubber inches of Hg. 

It may be assumed that if the upstream gas-solids concentration 
were the same for all data points the scatter in both graphs, Figures 3 
and 4 would be identical. (The slope of the data is the same for both 
graphs.) Since the upstream loading varies by as much as threefold for 
different points, while the outlet loadings for similar pressure drops 
are essentially the same, it is evident that efficiencies must have more 
scatter. The data indicate that the importance of the upstream solids 
loadings on the venturi scrubber efficiency is nil in comparison to the 
power requirements. It is evident that the pressure drop is the most 
important of the variables examined in this study; i.e., scrub rate, 
aerosol velocity, and solids concentrations. 

Figure 4 points up that extremely good gas cleaning may be performed 
on particles smaller than 3.0 microns if a large power loss can be 
expended. 

Figure 5 illustrates how various aerosol velocities and scrub 
rate affect the off-gas loading downstream of the venturi scrubber. 
With the exception of the runs which had the Yorkmesh demister in the 
venturi scrubber it is the same data previously plotted as a function 
of pressure drop. The off-gas cleaning is somewhat better with the 
demister; i.e., the velocity parameters would be shifted downward. 
Slightly higher pressure drops were encountered though for similar 
velocities and scrub rates; hence the reason for better cleaning. This 
further indicates that the power requirements reflect the scrubber 
efficiency more than the other variables do. The Yorkmesh data were 
not included in Fugure 5 because the parameters are shifted slightly 
and tend to distort the picture. 

Figure 5 clearly shows that the best off-gas cleaning occurs at 
high aerosol velocities and high scrub rates. These conditions both give 
the higher pressure drop. 

TABLE III 

% Scrub Recycled Off-Gas Loading -
on Calciner Grain/ft3 

Scrubber Calciner Scrubber Independent Scrubber 
(% Rec:z::cle) 

100 6.0 x 10-3 7.0 x 10-5 
92 3.0 x 10-3 1.0 x 10-4 
70 6.0 x 10-4 1.0 x 10-4 
0 1.6 x 10-3 1 .3 x 10-3 

NOTE: Like pressure drop data are being compared 

The major portion of the data collected downstream of the venturi 
scrubber on the calciner off-gas system was collected at a time when 
the scrub solution was being recycled. As might be expected the recycle 
of the scrub solution reduces scrubber cleaning ability by a considerable 
amount. Table III gives some comparative data collected for like 
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pressure drops across the calciner scrubber and independent scrubber. 
It is important to note that even at 100 per cent scrub recycle that 
portion of the liquid condensed in the calciner venturi scrubber was 
continuously bled off to insure equilibrium of (1) liquid volume and 
(2) solids concentration in the liquid. Solids concentration in liquid 
was dependent on the per cent of the scrub recycled as well as calcination 
conditionn. Insufficient data prevent a comparison of liquid solids 
concentration instead of the scrubber recycle comparison in the table. 

The table shovs that venturi scrubber data for pilot pl.ant and 
independent scrubbers are nearly the same when fresh water is used as 
scrub solution. As the per cent of recycle is increased the difference 
between the scrubbers becomes larger. At 100 per cent recycle the 
scrubber difference in downstream off-gas loading varies one hundredfold. 
(A portion of this may be due to the higher upstream gas-solids loading, 
tenfold higher. The zero per cent recycle data disqualifies this, 
however.) 

Figure 6 represents the particle size distribution before and 
after the venturi scrubber on the two-foot square pilot calciner. For 
the particular day these data were taken, scrubber efficiency was 99.76 
per cent with fresh water scrub. Naturally the scrubber was most effi
cient (100%) on particles greater than one micron. The scrubber efficiency 
decreased (97.2%) as the particle size decreased to those retained on the 
millipore filter. 

Figures 7 and 8 pertain to data collected with the electrostatic 
precipitator. Off-gas loadings to the precipitator were in the range 
of 1.5 x 10-3 grains of solid per cubic foot of gas. Figure 7 shows that 
the wetted wall electrostatic precipitator efficiency drops from 90 per 
cent to 52 per cent for space velocities varying from 1 to ~ feet per 
second. The data were for particulate matter smaller than 1.17 microns 
average size and 8000 volts. Several points on Figure 7 also indicate 
that higher voltages give better efficiencies. 

At the first glance it appears that the venturi scrubber is a 
better off-gas cleaning device than is the precipitator. The difference 
in inlet loadings account for the wide differences in efficiencies. 
The loading to the calciner scrubber for data in Figure 6 exceeded the 
loading to the electrostatic precipitator more than two hundred times. 

Surprisingly, however, the venturi scrubber is capable of giving 
almost the same type of gas cleaning as that from the precipitator, 
1.5 x 10-6 grains of solid per cubic foot of gas as compared to 
1.5 x 10-5 grains per cubic foot. Both numbers represent off-gas 
loadings downstream of the apparatus. The major difference, however, 
is that the pressure drop across the precipitator is about one-inch of 
water while that across the scrubber is about two hundred fifty inches 
of water. 

The effect of voltage on efficiency and particle size is shown in 
Figure 8. Higher voltages and particles above 2 micron produce 100 per 
cent efficiency for this study. Once again off-gas loading is very 
small for Figure 8 data (1.5 x 10-3 grains per cubic foot.) 

CONCLUSIONS: 

(1) The major contributing factor to a venturi scrubber efficiency 
for particles smaller than 3.0 microns is amount of pressure drop ~aken. 
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Once the decision is made of what concentration of solids in off-gas can 
be tolerated data in this paper will indicate the power requirements in 
the form of pressure drop. For the area studied it matters very little 
whether high gas velocity plus low scrub rates or low gas velocity plus 
high scrub rates are used in the venturi scrubber. 

(2) Variation in upstream solids concentration will not contribute 
to the gas cleaning ability of a venturi scrubber in the range 0.07 to 
0.2 grains per cubic foot of gas. 

(3) Electrostatic precipitator efficiency is best at high voltages 
and low gas space velocities. Higher voltages may be obtained with a 
barbed center electrode. 

(4) The venturi scrubbers clean-up ability can approach that of 
the electrostatic precipitator. A pressure drop of two hundred fifty 
inches of water across the scrubber is expended, however, in comparison 
to one-inch of water across the electrostatic precipitator. 
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Discussion 

Q. I wonder why he didn't use higher voltage than 9,000 as this is 
pret-cy low for control type. 

A. Reason is that we are using a little model. Not able to get 
high voltage without arcing or shorting out. 
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THE SIGNIFICANCE OF THE AIR CLEANING PROBLEM IN 
AIRCRAFT NUCLEAR PROPULSION 

ROBERT E. BAKER 
Aircraft Nuclear Propulsion Department, 
General Electric Company, Cincinnati, Ohio 

Most of you are familiar with the effort being made by General 
Electric to produce a direct cycle :rmclear power plant for aircraft pro
pulsion. Figure l is a picture of the Heat Transfer Reactor Experiment 
(HTRE #1) as it is being moved by a shielded locomotive in the Idaho Test 
Station. 1he reactor and shield assembly is carried in the center of the 
Core Test Facility (CTF) which is literally a laboratory on wheels. This 

Fig. 1-Heat transfer reactor experiment (HTRE) power 
plant. 

apparatus was the first to demonstrate that jet engines could indeed be 
operated by nuclear power. The apparatus obviously was not intended to 
fly. 
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'lbe mode of operation of the HTRE is shown schematically in 
Figure 2. Air is taken in through the compressors and routed through 
ducting and a torus to the reactor. After passing through the reactor, 
air again passes through ducting and a chemical burner can before paesing 
out through the turbine and being exhausted to the atmosphere through a 
150 foot stack. 

Routine operation of the direct cycle reactors releases a negligible 
amount of radioactivity. This activity is carried out of the stack and 
dispersed without a problem. However, aircrai'li reactors require high 
power densities in order to minimize shielding requirements and therefore 
have rather stringent coolant requirements. Loss of coolant during oper-

l CASCADE 8 CARBON 

x PRECIPITATOR 8 CARBON . ....--STACK 
" SAMPLER 

,r CARBON TRAPS 

.-..----I 

x ION 
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Fig. 2-In-facility sampling locations. 

ation at power or shortly after shutdown can cause considerable damage to 
the fuel elements and release significant amounts of activity in the form 
of fission products. Te~ting fuel elements in early development stages 
might also reasonably be expected to release activity. While it is not 
practical to clean the exhaust air of a fiying jet bomber, the problem of 
cleaning the effluent from a statimary power plant during testing might 
be possible. 

In order to get some idea of the degree of difficulty of air 
cleaning problems involved. Let us look at some typical numbers which 
might be expected when we are dealing with the testing of an operational 
power package. Consider the requirements for a conventional B-36 bomber. 
'lhia plane is powered by six piston engines of about .3500 horsepc:wer each 
and four J-47 turbojets of about 5000# thrust each. F.ach plane then re
quires somewhere around 25 MW. of pcliler and if we consider that all power 
is to be supplied by a reactor which is relatively inefficient (and to 
generate nice romd .figures) a 100 MW. (thermal) reactor is reasonable • 
'fypieally, a J-47 operates on an air flew of about 50 pounds per second 
and exhausts air at about 900°F. If the six piston engines of the B-36 
were replaced by J-47 jet engines, the total effiuent would then be ex
pected to be about 500 pounds of air per second at about 900°F which is 
a lot of air to clean\ 

Before one can determine specifications for a cleaning system, it 
is necessary to determine the peysical characteristics of the contaminant
in this case fission products. Laboratory scale experiments have been 
performed to learn what fractional release can be expected in the event 
of overtemperatures to fuel elements. These studies will continue. How
ever, it is difficult to mock-up a reactor ma1f'unction in a laboratory, 
therefore a reactor was modified to provide in-situ experiments on fuel 
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element damage studies. Figure 3 is a schematic of such an experimental 
arrangement. A val.ve has been installed to limit the coolant air to a 
fuel element of a reactor while the reactor is operating at power. One 
such experiment has been done at the Idaho Test Station to study fraction
al release and reactor damage. Figures 4 through 6 are pictures of some 
of the typical residue resulting from this experiment. From such tests 

BURNER 

- -

Fig. 3-Schematic of HTRE with insert. 

Fig. 4-Fuel element residue. 

we hope to learn mechanisms of reactor damage, the traction of specific 
isotopes released, peysical characteristics of the contaminants, and 
prediction of dispersion patterns for fission products once it is released. 
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Meteorological control, which has been used to date, has proven to 
be a workable method but it does impose some restrictions on operating 
ti.Jr..e. The following papers will provide more detailed information ori 
both meteorological control of operations in lieu of air cleaning and 
operations in which air cleaning has been used success:f'ul.ly. 

Fig. 5-Fuel element residue. 

Fig. 6-Fuel element residue. 

Discussion 

(C.) Reactor heat assembly - the heat transfer experiment, is 
it intended to fly? - routine operations produce only negative 
amounts of radioactivity. The radioactivity is carried out of 
the stack and therefore, they have very strict collecting 
requirements. 
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EXPERIENCE WITH NON-FILTERED AIR SYSTEMS 
AT THE IDAHO TEST STATION 

R. B. O'BRIEN 
Aircraft Nuclear Proputsion Department, 
General Electric Company, Lockland, Ohio 

Abstract 

Experimental direct cycle aircraft nuclear power plants are ground 
tested at the ANP Area, National Reactor Testing Station, without air 
cleaning. Effluent hazards are minimized by a system of meteorologi
cal control. To date, this system has proved to be successf'ul in 
controlling the doses tc ht.unans and may prove to be ad.equate for full 
scale aircraft powerplant tests. Even if air cleaning of the efflu
ent proves to be necessary in the future, a meteorological control 
program will serve to reduce the requirements of the air cleaning sys
tem, thereby reducing its cost. 

* * * * * 

The ground testing of experimental aircraft nuclear power plants of the 
~irect cycle type presents a significant challenge in the field of air 
pollution control. Since the air which cools the reactor makes a sin
gle pass through the power plant system and is exhausted to atmosphere, 
any radioactive materials released within the reactor core can be car
ried by the winds to some point where human beings might be exposed. 

Radioactive materials may be present in this coolant stream for sev
eral reasons. First, some experimental fuel elements are not designed 
for complete retention of the radioactive fission products. Secondly, 
some tests may be deliberately operated at conditions designed to in
duce failures in fuel cladding. Third, minor cladding defects may ap
pear even in non-destructive testing. Fourth, activation products may 
be released. And, of course, there is always the possibility of an ac
cident uf some kind. 

Ordinarily one would immediately suggest that an air cleaning system 
be installed to remove all or part of the offending materials • Unfor
tunately this approach is a difficult and expensive one due to the ex
tremely large volumes of high temperature air pumped by the turbo-jet 
engines and the fact that high back pressures cannot be tolerated. 
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Various air cleaning systems are under consideration, but some of the 
more conventional systems have already been proved impractical. 

Since the beginning of the .ANP testing program at the National Reactor 
Testing Station, in early 1956, these power plants have been operated 
without any attempt at air cleaning. To minimize the effects of the 
radioactive materials released to the atmosphere, a system of meteoro
logical control is utilized. This control system has been under 
continuous development and will, of course, continue to be developed 
in order to keep pace with the increasing demands of the ground test 
program. To date, the meteorological control system has been highly 
successful in limiting the dose to humans to verj low levels, but, 
in the early stages especially, the extremely conservative approach 
to the problem has not always permitted the most expeditious progress 
of the test program. 

In its present form, the ANP meteorological control program is oper
ated as follows: 

The possible releases of radioactive materials are divided 
into two cases; the Accident Case and the Continuous Release 
Case. This is done because the permissible limits as well 
as the dose calculations are different for the two cases. 

In any nuclear system there are a number of different types 
of accidents which could occur, even though elaborate pre
cautions are taken to prevent them. For each different ANP 
reactor, a hazards report is prepared for evaluation and 
approval by the .AEC. These hazards reports contain discus
sions of the causes and effects of the various possible ac
cidents. For a given reactor, then, controlling accident 
is selected for each phase of the planned test program by 
weighing the assumed probability of occurrence and the mag
nitude of the hazard which would be created. This is done 
by evaluating such factors as; fission product inventory, 
degree of reliability of various components of the system, 
probable effect upon the system should a given component 
fail and the state of knowledge concerning the operating 
characteristics of the power plant. 

Each time the reactor is operated, a series of calculations 
are made of tl.e significant doses to the various critic al or
gans at occupied areas downwind should this controlling ac
cident occur. If the controlling dose, which is dependent 
on the atmospheri~ diffusion conditions, were calculated to 
be higher than accepted permissible limits, we would not 
operate the reactor until the meteorological conditions im
prove to the point that the accident dose is again within 
acceptable bounds. 

During the periods in which radioactivity is released con
tinuously, the applicable critical organ doses to a given 
receptor area, per hour of reactor operation, are calcula
ted based upon current atmospheric diffusion conditions and 
measured activity release rates. The meteorological por
tions of these calculations are then verified by means of 
measurement in the field. The accumulation of dose at a 
given location may then be controlled by selecting desir
able meteorological conditions and by controlling reactor 
operating time. 
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It is obvious that the calculation of dose at some point remote from 
the test facility is an essential part of this control system. These 
calculations are made using a modified form of Sutton's diffusion 
equation. This modified equation may be thought of as containing 
three terms: one describing the effluent materials at the source; one 
describing the diffusion, transport, and deposition of these materials 
in the environment; and the third describing the biological factors 
which enter into the conversion of a concentration of material in a 
given media to a critical organ dose in the human body. 

Indications are that these calculations can be made ~ith reasonable 
accuracy provided the correct input data is used. 

The Source Term. The source term must, of course, be derived different
ly for the two different cases. For the accident this is done by com
puting the current fission product inventory in the reactor for the 
particular isotopes of interest and then multiplying by a release frac
tion which varies from isotope to isotope and is also dependent upon 
the type of accident under consideration. Some experimental evidence 
is available on the release fractions for a limited number of accident 
cases, but this tY.Pe of information is by no means complete. 

In the case of the continuous release of fission products, more com
plete data is available because the materials can be monitored on their 
way through the ducting and stack system before the~ escape to the at
mosphere. Since all sampling and monitoring devices for airborne fis
sion products have inherent limitations, several different tY.Pes of de
vices having different characteristics are used so that there are RS 
few unknowns as possible. 

A rupture detector, which utilizes a wet cyclone to remove a fraction 
of the particulate from the air, is closely coupled to the hot ducting 
of the power plant. The liquid from this system is passed over a 
shielded scintillation counter. This system, while not quantitative, 
has a response time in the order of a few seconds and serves to warn 
of sudden increases in the discharge activity. This device will actu
ate the reactor scram system in the event of a sudden increase above 
pre-set limits. 

Two external radiation monitoring devices are located adjacent to the 
discharge ducting at some distance from the power plant. One of these 
is a gamma sensitive ionization chamber and the other is a fission 
chamber which measures delayed neutrons. 

As the air passes up the exhaust stack, a sample is continuously drawn 
from the 80' level to a stack monitoring device which is located in a 
shielded vault underground. Here it is passed through a continuously 
moving filter tape which is scanned by two beta-sensitive scintilla
tion counters - one immediately beneath the collection point and one 
at a point corresponding to a 30 minute decay time. After passing 
through the filter, the air then goes into a shielded tank which is 
scanned by a gamma ray spectrometer. This gas chamber has provisions 
for holding up a portion of the gas for decay counting. 

In addition to these continuous monitoring devices, samples are col
lected at many different locations for later analysis in the labora
tory. Extensive use is made of deep bed charcoal traps for the col
lection of radioactive iodine. Other sampling devices utilize aerosol 
filters, electrostatic precipitators and cascade impactors. These de
vices do not usually provide data which is immediately useful in the 
control of' the current test run, but they are very useful for calibra-
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ting the various monitoring devices and they provide more detailed 
data on the characteristics and quantities of the various effluent 
materials. 

The Meteorological Tenn. At present, the most useful meteorological 
data is obtained from a single 200 foot weather tower at the release 
point. A direct line to the U. S. Weather Bureau office at Central 
Facilities provides a means of effectively uti.lizing the services of 
this organization. 

Four additional weather towers are currently being installed at radial 
distances of between 3.5 and five miles from the release point, thus 
fonning a rough "box" around the A.NP Area with the exhaust stack at 
the center. These stations will be equipped with radio-telemetering 
devices so that the resultant wind and temperature profile data can be 
transmitted to the control center on a continuous be.sis. The data 
from these outlying stations will be used to plot air flow stream 
lines across the .ANP Area for a more accurate detennination of plume 
trajectory, and will provide a more complete analysis of the micro
meteorology of the test site and vicinity. 

The important variables in the meteorological portion of the dose cal
culation are the diffusion coefficient "c", the stability parameter 
"n", and the effective stack height. At present, these are all deter
mined by generalized methods. The effective stack height is estimated 
by using the Davidson Bryant equation. The stability parameter is de
fined by the temperature profile, and the diffusion coefficient is de
tennined from a general method suggested by Barad and Hilst. These 
generalized methods do not provide the desired degree of accuracy for 
this type of program. Studies are being conducted to provide new or 
improved methods and meteorological instrumentation. 

A group of 26 radiation monitoring stations are operated in a circle 
roughly ten miles in diameter around the area. These stations are 
also being equipped with radio-telemetering devices so that the air
borne activity as well as the external gamma dose from the cloud are 
continuously printed out at the control point. These stations - sup
plemented by similarly equipped mobile units - serve as calibration 
points for the do~e calculations. Another ring of 16 continuously 
recording gamma sensitive ion chambers is operated at a distance of 
about one mile from the stack to assist in the initial trajectory de
termination. 

In addition to these automated monitoring stations a number of manually 
operated air sampling and fallout stations are operated on grids at 
various distances from the stack to obtain more detailed data, and a 
comprehensive vegetation sampling and analysis program is also conduc
ted. Supplementary monitoring and data collection programs are also 
operated by the AlOC:-IDO Health and Safety Branch. 

The results of the meteorological control program to date ~ be sum
marized by stating that, to our knowledge, off site doses resulting 
from .ANP testing have been less than l~ of the annual non-occupational 
limits each year. Actually, the full effectiveness of the system has 
not been fully demonstrated, since the actual fission product release 
rates have not been high enough to approach the permissible dose lim
its in any occupied area. In fact, the nuclear weapons tests conducted 
in Nevada and elsewhere in the world have added more radioactivity to 
the environment of the ANP site than have the ANP tests themselves. 



Beyond a certain point the actual reduction of hazards by meteorolo
gic al control can only be accomplished by delaying the test program. 
Another important benefit of this type of program, however, is that it 
allows the recognition and use of the permissible limits which have 
been ~stablished for non-occupational exposure. Without this type of 
program there is no means of determining the extent of the hazard cre
ated by the release of airborne radioactive materials until after the 
damage is done. There are still important gains to be made by refin
ing the present system. For example, the results of field verifica
tions, to date, indicate that for typical daytime operating conditions 
the atmospheric diffusion calculations are conse1-vative by a factor of 
3 on the average. If, by learning more about atmospheric diffusion, 
this over-conservatism can be reduced a net gain in operating flexi
bility will be realized. 

Extrapolations have been made to determine whether a meteorological 
control program will be adequate to cope with the releases expected 
from the full scale flight-type power plants to be ground tested in 
the future. This, of course, depends to a great extent upon the 
amount of time available in which to perform each test, but indications 
are that it will be a marginal situation. In other words, the opera
tion of these future power plants, within the non-occupational dose 
limits may be possible without filtration of the exhaust air. Even if 
air cleaning is found to be necessary this type of control will cer
tainly reduce the requirements of the cleaning system thus saving the 
taxpayers considerable expense. For this reason, the methods and 
techniques of meteorological control will continue to be developed, 
even as filtration systems for ANP ground testing are developed on a 
parallel path. 
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AIR CLEANING IN ANP EXPERIMENTS AT THE ETR AND MTR 

D. C. FOSTER 
Aircraft Nuclear Propulsion Department, General Electric Company, 
Idaho Test Station, Idaho Falls, Idaho 

The accomplishment of ANP test objectives at the Idaho Test Station 
often results in an expected release of radioactive effluent. These re
leases can occur for several reasons: 

1. Testing of fuel element types not designed for complete 
retention of fission products 

2. Destruction testing to determine feasible operating parameter 
limits and life expectancy 

3. Destruction testing to study kind of failure and effect. 

It should be pointed out that the degree of effluent contamination we have 
experienced to date would not constitute a serious problem as a flying 
source. As a continuous source of radioactive effluent being released 
from a testing facility stack such as those at Materials Test Reactor 
or Engineering Test Reactor, the problem is somewhat more acute, 
and during adverse meteorological conditions, the conducting of such 
tests would have to be suspended if the effluent could not be at least 
partly decontaminated. 

The effluents from tests conducted at ETR or MTR consist of hot air 
with a variable moisture content, some activation materials, and fis
sion products. Of these, the latter is the most significant as a problem. 
Some of the fission product activity is associated with particulate matter 
in the air stream and some - noteably the iodines, bromines, xenons, 
and kryptons - are present in a gaseous state. 

In reducing the stack release of radioactive material, it is desirable to 
reduce the gross activity released as much as possible and to remove 
in particular those constituents which are most harmful from a biolog
ical point of view. 

To accomplish this reduction in stack release of radioactive material 
under the conditions that exist at the MTR (and which will exist at the 
ETR), the effluent undergoes three phases of treatment before being 
ducted to the stack for release: 

1. Removal of particulate material 
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2. Treatment to reduce the iodine content 

3. Reduction of the inert component and their daughters by 
decay and subsequent filtering. 

The accompanying illustration (Figure 1) is a schematic diagram of a 
prototype filter system designed and built at the Idaho Test Station to 
test the effectiveness of a system designed to apply this three-phase 
treatment to effluents from ANP tests at MTR. 

This particular test filter system was designed and sized to handle the 
coolant flow from a series of tests at the MTR which were expected to 
provide a suitable source of fission product contaminated effluent. 
Two of this series of tests were successfully completed earlier this 
year providing a total of approximately 400 hours of contaminated 
effluent. 

The schematic diagram shows a test sample in a flux region in the 
MTR as the fission product source. Filtered coolant air flows through 
the source, through the exhaust ducting (shielded), through the filter 
system components in series, and then is released, via the MTR stack, 
to the atmosphere. 

The filter system, as indicated, consists of three major components -
two filters and a tank system. 

The two filters are identical and each is composed of three elements 
or beds which are six inches in depth and twelve inches in diameter. 
The first element is silver plated fiber fra.x. Support and protection is 
provided by a Regimesh screen on the upstream face. 

The second element is an absolute filter rated by the manufacturers as 
being capable of removing 99. 95% of a test aerosol having an average 
particle size of . 3 microns in diameter. 

The third element is another six inch deep silver plated fiber frax bed 
similar to the first and having a Regimesh screen on the downstream face. 
Special high temperature glass fiber gaskets are employed between the 
flanges of adjacent elements and the three are bolted together to form 
a single unit when installed. 

The first filter is designed to accomplish two of the treatment phases: 

I. Removal of particulate material and the associated activity 

2. Reduction of the radioactive iodine content by chemically 
combining it with the silver on the filter fibers 

Quite a few of the fission products that are objectionable biologically 
have inert Xe or Kr precursors having short half lives. The second 
of the three-filter system components was so designed that the transit 
time of the effluent was about two minutes at the design flow conditions. 
This time is sufficient to permit the decay of many of the inert pre
cursors to their more filterable Cs or Ba daughters which either plate 
out in the system or are removed by the second filter. In the test set
up, the two-minute transit time was provided by incorporating two ap
propriately-sized tanks in series with the filters. The tanks were 
constructed of carbon steel, baffled to insure a non-channeling flow, 
and designed to withstand a working pressure of 150 psig. 
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The second filter, downstream of the delay tanks, is identical to the 
first filter. It has silver-plated beds also for two reasons: first, to 
take advantage of the series setup for removing that iodine which is 
in the gaseous form due to being formed as a fission product directly 
or decaying to iodine during the two minutes in transit, and second, 
to react with that component which may be held up as Te or Sb in the 
first filter, decay to iodine, and proceed through the system. 

At design flow the pressure drop across the entire filter system 
(including a heat exchanger not shown in the schematic) is 4. 9 psig. 
The pressure drop across each filter is 0. 6 psig and across the delay 
tanks is 0. 2 psig. 

The two-minute transit time accomplishes one other desirable result. 
It reduces the total radioactivity of the effluent, disregarding any 
filtering action it enhances, by taking advantage of the fact that many 
of the major contributors to the activity of fresh fission products have 
extremely short half liv.es. 

By comparing the gross effluent activity upstream and downstream of 
the filter system - and by determining the concentration of various 
fission product isotopes in samples of the effluent collected upstream 
and downstream of each component - it was determined that this design 
did accomplish the desired result. Stack releases of fission products 
were held well below acceptable limits enabling continued testing 
during weather conditions which normally would have suspended testing 
of this nature. 

The data from isotopic analysis of samples of the effluent indicated a 
reduction in concentration of iodine (and iodine precursors) in the effluent 
by a factor of 10. Inlet concentrations to the system were quite low 
and there was some indication that had the concentration been higher the 
decontamination factor would have been greater. Laboratory tests using 
the same silver-plated filters with greater inlet conceL-.:rations of iodine 
(using 1131 tracer) have shown a reduction by a factor of 100 across the 
filter. 

The concentration of Xe and Kr daughters was reduced by a factor of 
200 - 400 across the system. Most of this loss was across the corn bina
tion of delay tank and secondary filter as was anticipated. The specific 
isotopes for which analyses were made were Bal39, Bal40, Sr91, and 
Sr92. 

The gross activity of the effluent was monitored upstream and down
stream of the system by shielded ion chambers adjacent to the effluent 
line. Data collected from these chambers indicated a reduction in total 
activity by a factor of 500 to 1000. 

50 

• 



• 

PROPOSED SI DE LOOP PROGRAM AT THE IET 

C. L. STORRS and D. C. FOSTER 
Aircraft Nuclear Propulsion Department, General Electric Company, 
Idaho Test Station, Idaho Falls, Idaho 

The two previous speakers have mentioned some of the air contamin
ation problems associated with the Aircraft Nuclear Propulsion test 
program, and have described two methods which have been used success
fully to cope with these problems. I should like to describe a third 
approach, now reaching the pilot plant stage. 

Dependence upon meteorological control, in the manner described by 
Mr. O'Brien, becomes increasingly less attractive when reactors of 
higher power are to be tested, when test schedules become tighter, and 
when several test facilities may be operating simultaneously. We are 
looking ahead to a time when some form of air cleaning may be needed 
for the power plant effluent. 

The methods described by Mr. Foster which are being successfully used 
for the MTR and ETR testing are inapplicable to cleaning the effluent 
from a nuclear aircraft engine because of the large pressure drop they 
require. What is needed is a filter capable of handling a large volume 
of air, on the order of 1000 pounds/second, with a pressure drop of no 
more than 6-12 inches of water. Since the air is initially hot, it is 
economically advantageous to avoid the expense of cooling it. Our 
engineering studies indicate that an electrostatic precipitator best meets 
these specifications. This device will, of course, remove only partic
ulate contaminants from the air stream. Our data show, however, that 
radioactive gases will, under certain circumstances, adhere to solid 
particles in the air stream and will be removed with them. We propose, 
then, to add a material such as smoke after the reactor, and to remove 
it in the precipitator, along with at least some of the radioactive gases. 

Before proceeding to a full scale filter, which would be an installation 
of considerable size and expense, we have thougl1tit expedient to gain 
operating experience and to collect more data by constructing a pilot 
plant. Accordingly, we have designed and are now assembling the side 
filter loop at the Initial Engine Test Facility. This loop draws off a 
fraction, 5 to 10%, of the IET exhaust and passes it through an electro
static precipitator. The precipitator is a commercially available, 
parallel plate, horizontal flow model. It is capable of handling 14, 000 
cfm of air at temperatures up to 900 °F. It has two sections in series 
to permit studying the effect of changing the length of precipitator being 
used. It has prov is ions for rapping the plates and for a decontaminat
ing wash down, and has a continuously flushed hopper to remove the 
contaminated material. 
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Fig. l shows the general layout, looking downstream from the IET test 
building. The IET stack and exhaust duct are on the right in the picture, 
and the precipitator on the left. A 20 inch diameter duct, not yet in
stalled, will connect the precipitator to the main exhaust duct just down
stream from the test building. 

Fig. 1-Side filter loop looking north from the Test Building. 

Fig. 2-Closeup of electrostatic precipitator. 

Fig. 2 shows the precipitator from a closer vantage point. 

Fig. 3-Side filter loop from the west. 

Fig. 3, taken from the side, shows a blower, with a variable discharge 
valve, which will be used to control the air flow through the loop for 
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experimental purposes. We do not plan to use any blowers on a full 
scale filter. 

The loop will be provided with instrumentation for measuring pressure, 
temperature, and flow at several locations, and for removing samples 
of the effluent for analysis. There are provisions for adding materials 
such as smoke to aid in removing radioactive gases, for adding sources 
to permit testing of the loop when the main effluent is not contaminated, 
and for cooling the air with water if necessary • 

The loop will be ready for checkout next month, and we expect to start 
collecting data shortly thereafter. Artificial sources will be used at 
first, and fission products from test power plants when these are avail
able. The first question to be evaluated is, of course, whether the 
precipitator will do the job. Other investigations will concern the effects 
of temperature, flow, and additives, and the best methods for removal 
of trapped material. These data will permit us to design a full scale 
filter confidently, to predict its performance, and to determine whether 
its advantages are worth the cost. 

Discussion 

Q. Relative to Ml'R insta.l.lation, I was wondering what the air velocity 
and pressure drop is plus the filter set up? 

A. They are of the designs under conditions tested. Fast velocity -
filters beds about 10 ' per minute. 

Q. What type of smoke --- has there been any work done in generating 
smokes to trap fission products? 

A. our first experience w1 th smoke was accidental. we were running 
power plant with relay of activity, smoke was released and got into 
the stack. A good deal of our testing involves particular chemical 
operations so we have smoke from the fuel and we can correlate 
readings from the stack monitor with the amount of fuel being burned 
during tests. We have released smoke consisting of burning old 
engine oil in engine exhausts, but we haven't really pinned the 
problem down. We don't have the data to know exactly what this 
machine will do. 

Q. Ca.n you give us some notion of the effectiveness of this smoke? 

A. I am afraid I can't give you any really good answer. I think we 
are getting a factor 10- 100 increase in our tracing efficiency for 
radioactive materials (Iodine). 

c. (L. Silverma.n, Harvard) We ran some experiments - passing the two 
gases (benzine smoke through iodine). -- In trying to collect I did 
not - indicating about 35'% removal --- so rapidly tbat the pressure 
drop got out of line. Activated carbon would be the ideal aerosol. 

A. (c. L. Storrs, ANP-GE} I think tbat is very interesting and I hope 
that I am not too optimistic and tbat it will work out. We really 
don't know what the thing will do. 

Q ( J. J. Sabo, U. S. Public Heal th) You gave a pressure drop of 20 
psi, could you please break that down into components, was it 20 
psi or 20 inches of water - seems like a high pressure drop for the 
system? 
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A. (D. c. Foster, ANP-GE) I believe the numbers are 20 psi. I have 
the tabulation of the breakdown here of 15 points in the system 
which I would be glad to let you check over,but under the designed 
test conditions for this particular system the inlet pressure was 
something of the order of - well it was exactly 100 psia and at 
the outlet the calculations indicated 81 or 82 psia. I believe tne 
measurements ma.de during the test indicated a somewhat smaller pressure 
drop but still considerably larger than a matter of inches. I think 
the test measurements were of the order of 10 to 12 pounds across the 
air system. 

Q. (B. o. Shaver, GE HAPO) What consideration is given for, say - after 
the filter following the precipitator in the event of carry over? 

A. (c. L. Storrs, ANP-GE) We won't have anything following the filter. 
Anything that comes through following precipitation will go up the 
stack and be diffused. into the atmosphere - it undoubtedly will in
clude meterological control - contact reduce particular elements -
Iodine 131 - and if we can reduce this be a factor of 10 with meter
ological control - we can then proceed to operate with greater flexi
bility and without the filter. 

A. (J. Lieberman - AEC, Wash) Matter of control and filtrations will still 
be working together. 

Q. (Stevens) Have you tried any other dust collection equipment with a 
reasonable chance of success aside from the electrostatic precipitator? 

A. We have considered other things but haven't really tried anything 
except on a laboratory scale. High pressure drops are unacceptable 
in our operations - blowers are prohibitively expensive - the precip
itator is about the only one that will do us very much good and stay 
within reasonable amount of money. 

c. (w. Boone, GE-ANP) The business of introducing carbon particulate 
smoke into the streams - to properly evaluate this requires a scale 
model - I tried loading filter papers with carbon in an attempt for 
better efficiency by burning engine fuel and drawing it through the 
filter papers - no effect whatsoever. From this I conclude it is 
essential that the carbon must be introduced beforehand - also in the 
use of a relative number with chemical fuel flow through generator 
engines with a factor of ~ less my gross efficiency on glass fiber 
filter paper varied by a factor of 2. When we are running without 
- however, we get 80% efficiency with a piece of filter paper. - the 
efficiency drops to about 40% - many of the isotopes it is not in
fluencing at all - our data is preliminary but we have some reason
ably solid ground for suspecting that - will improve our efficiency 
all the way around. We need quite a bit more data, however. 
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WASTE CALC INER OFF-GAS SYSTEM 

E. F. EDWARDS 
The Fluor Corporation, Ltd., Los Angeles, Calif. 

ABSTRACT 

Provisions for decontamination of the spent fluidizing air and other calciner 
off-~ases presented major problems in the design of the pilot plant now being 
constructed at the National Reactor Testing Station for converting ICPP 
aluminum nitrate wastes to solids. In passing through the fluidized bed, the 
fluidizing air entrains radioactive particulate matter, a volatile radio
active fission product, and the oxides of nitrogen formed in the calcination 
reactions. This paper describes the off-gas cleaning system adopted for the 
Waste Calciner and gives some of the process considerations that entered into 
its design. Expected performance is given for the various types of air clean
ing equipment employed. Particular emphasis is placed on the novel operations 
involved in the use of silica gel as a medium for adsorbing ruthenium and 
trapping dust. A new fixed bed cleaning method is described for removing the 
dust and ruthenium trapped in the silica gel. The operability of this and 
other ruthenium adsorber operations is substantiated by the results of a re
search program designed to test the mechanical performance of this equipment. 

INI'RODUCI' ION 

Safe and economical long term storage of fission product bearing wastes is the 
goal of research now being conducted to develop processes for converting liquid 
wastes to highly inert solids. Existing aqueous processes for recovering 
fissionable materials from spent reactor fuels yield radioactive waste liquids 
which must be retained in expensive permanent storage. These liquid storage 
containers, and probably any type liquid storage which can be devised, are of 
questionable durability to withstand the earthquake, corrosion and other damage 
which might occur in the JOO to 400 year confinement period needed to reduce 
the radioactivity to levels generally acceptable for discharge to man's environ
ment. The wastes are potentially more safely and economically stored in the 
solid rather than the liquid state due to the reduced mobility of the fission 
products, and the reduced volume of stored material. Argonne National Labora
tory and Phillips Petroleum Company have performed the research work for a 
fluidized bed calcination process to convert to a solid the aluminum nitrate type 
waste liquid generated in the Idaho Chemical Processing plant. The Waste Cal
cination Facilities now being constructed at the ICPP will serve as the pilot 
plant for further development of this process and to obtain engineering data for 
future fluidized bed waste calcination plants. 
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Fluidized bed calcination is an excellent means of converting the ICPP aluminum 
nitrate type waste to a granular, pneumatically-transportable solid, but in this 
case, it is also the source of a severe gas cleaning problem. In this operation 
particles of the fission product bearing calcined product (AJ.20)) are entrained 
in the fluidizing air and one of the radioactive fission products (ruthenium) is 
volatilized. Decontamination factors of lo4 for the dust and loJ for the ruthen
ium are minimum requirements for discharge to the ICPP stack when calcining the 
200 day out-of-reactor MI'R wastes which serve as the design basis for the Waste 
Calcination Facilities. This gas cleaning problem is complicated by the presence 
of a high level of radioactivity. Simple dependable equipment is needed to mini
mize the frequency of the costly operations involved in the maintenance of such 
radiochemical plants and to facilitate the decontamination operations preparatory 
to direct maintenance. 

CFF-GAS SY3rEM 

Two major processing requirements governed the design of the calciner Off-Gas 
System. One was the need to reduce the calciner off-gas dust concentration by a 
factor of 104 and the other to reduce the ruthenium concentration by loJ. Com
mercial equipment was available for most of the dust removal services. This was 
not so for ruthenium. The limited amount of published data on ruthenium suc
ceeded only in confirming our belief that we were dealing with one of the most 
capricious elements known to man. Further, ruthenium is present only to the ex
tent of 0.11 grains Ru04J'l000 CF of calciner off-gas. The very effective caustic 
scrubbing method was not applicable to this problem as large volumes of caustic 

would also react with the oxides of nitrogen present in the off-gas to give a 
neutralized waste having a voltune larger than the acid waste originally fed to 
the plant. Water scrubbing would yield a mixture of ruthenium and nitric acid 
from which the ruthenium could be separated only by extreme and costly process
ing. These difficulties led to the search for a solid material to which ruthen
ium would adhere a~d preferentially separate from the water, oxides of nitrogen, 
and other components of the off-gaso This type separation was suggested by the 
well-·known "plating-out" tendency of Ru04 on many types of surfaces. Phillips 
Petroleum investigated a number of these substances as well as commercial ad
sorbents. As a result of their laboratory research, silica gel was selected for 
use in the Waste Calcination Facilities" 

The off-gas system which was developed to remove both dust and ruthenium from 
the calciner off-gas is shown in Figure L Dust which is collected in the first 
two devices - calciner cyclone and venturi scrubber - is returned to the cal
ciner fluidized bedo Most of the particles collected in this equipment agglomer
ate and pass out of the calciner with the calcined product to solids storage. 

Water circulating to the venturi scrubber and quench tower absorbs oxides of 
nitrogen and ruthenium until equilibrium concentrations of these two gases build 
up in the water. Thus, there is no net recovery of ruthenium or oxides of nitro
gen in this part of the plant. Oxides of nitrogen pass on through the system and 
out to the ICPP stack. Ruthenium is retained in the ruthenium adsorbers. 

Process 

Aluminum nitrate type ICPP waste enters the 4-foot diameter calciner and is 
sprayed into the hot fluidized bed through atomizing nozzles. The manner in 
which the atomizing nozzles are operated determines to a great extent the dust 
loading in the gas leaving the bed. Fluidizing air enters beneath the bed 
through a concave, perforated grid. The heat required to bring the feed to the 
400°c calcination temperature and to support the reaction is furnished by heated 
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NaK circulating through an exchanger located in the fluidized bed. Fluidizing 
air is preheated in the fired heater which is used to heat the circulating NaK 
to 760°c. The composition and quantity of the calciner off-gas are shown in 
Table I. 

The calciner cyclone is a highly efficient unit consisting of 16 parallel cy
clones of 4-inch diameter. Fines collected in this unit flow by gravity to the 
fluidized bed through a dip leg. 

The second dust removal device in the off-gas train is a venturi scrubber. This 
is preceded by the quench tower which cools the calciner off-gas to the venturi 
scrubber operating temperature. The large temperature spread between the cal
ciner and the venturi makes the quench tower necessary - for a smaller tempera
ture difference, sufficient cooling could be effected in the venturi alone. No 
packing is provided in the quench tower, an empty .5i--foot diameter by 9-foot 
vessel with 4 spray nozzles for atomizing the quench water. A commercial 
venturi scrubber and disengaging vessel are used for the dust removal service. 
Water is pumped to the venturi throat at a rate of about 20 gaL/1000 CFM of 
off-gas. 

Equilibrium concentrations of nitric acid and ruthenium, and a controlled con
centration of dust build up in the water eirculating to the quench tower and 

TABLE I 

CALCINER <FF-GAS caa>OSITION 

Component Vol. % 

~ 16.4 

N2 58.5 

NO-~ 3.5 

H2'> 21.6 

CFM (e 400°c and 10. 7 PSIA) = 2840 

venturi scrubber. The equilibrium nitric acid concentration is 40 weight per 
cent• Total Al203 content of the liquid is maintained at about 10 mg/ml by a 
purge of 20 GPH which is returned to the calciner. Water circulation to the 
quench tower is 3770 GPH a.nd to the venturi 1680 GPH. Heat transferred to the 
quench water in cooling the off-gas is rejected to the plant cooling water sys
tem through a shell and tube exchanger. 

Dust and ruthenium are trapped in the silica gel beds of the ruthenium 'adsorb
ers. These beds are periodically regenerated with water to remove the accumu
lated dust and adsorbed ruthenium. 

Final cleaning of the off-gas is accomplished in three parallel units, each 
consisting of a Fiberglas prefilter followed by a glass-asbestos final filter. 
The prefilter has an NBS discoloration test efficiency of JO - 35 per cent and 
the final filter a DOP efficiency of 99.97 per cent. The filter face velocities 
are 180 ft./min. during normal operation, 220 ft./min. during adsorber regenera
tion, and 270 ft./min. during filter replacement. Filter life is expected to be 
600 to 1000 hours. 
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Filter replacement is carried out remotely due to the high radiation intensity 
of the accumulated dust. Two of the three parallel units are left on stream 
while the third is being replaced. A filter is shown in the on-stream position 
in Figure 2. The filter elements are contained in a disposable housing which is 
equipped with internal gas inlet and outlet valves (not shown in Figure 2). 
When a filter is to be removed these internal valves and the inlet and outlet 
valves in the piping are closed manually from the operating corridor by means of 
the valve operators and handles shown. The flanges are disconnected and the 
filter is lifted into the lead shielded (6-inch thick) transport cask. The cask 
is then lifted from the cell and removed to a burial ground where the filter 
container is deposited. 

A 16 stage centrifugal blower provides the 6. 9 PSIA pressure differential needed 
to pull the off-gas through the cleaning equipment and maintain all portions of 
the system under vacuum. It is driven by a 200 HP electric motor. The calciner 
and its off-gas system must be maintained at a negative pressure with respect to 
the cells so that any leakage will be fresh air into the processing equipment 
rather than contaminated air to the cell ventilation system. 

Condensate formation in the off-gas leaving the venturi scrubber would cause 
damage in the silica gel (decrepitation), filters, and blower. A heater (not 
shown in Figure 1) raises the off-gas temperature to 66°c before it enters the 
silica gel. This temperature is maintained up to the filters by heating the 
cells housing the adsorber valve manifolds, adsorbers, and filter inlet piping 
manifolds. 

Performance of Off-Gas Equipment 

Expected performance of the off-gas equipment is difficult to predict due to 
uncertainties as to the quantity and size of particles which will be generated 
in the calciner and a lack of data for operation of the elements of the off-gas 
system as an integrated unit. Efficiencies and particle size distribution were 
assumed for the design basis, using data obtained by Phillips in a 6-inch 
diameter calciner equipped with a cyclone and venturi scrubber and operated on 
a synthetic, non-radioactive feed. The design performance of the various 
elements of the off-gas system is shown in Table II. 

RtrrHENIUM ADSORBERS 

The results of the Phillips ruthenium decontamination studies suggested the use 
of a regenerable silica gel bed for removing ruthenium from the waste calciner 
off-gas. This work showed that silica gel would adsorb the ruthenium species 
generated in the laboratory under waste calcination conditions of temperature, 
pressure, and canposition. When this synthetic calciner off-gas was cooled to 
around 6o0 c and passed through silica gel at a velocity of 1.0 ft./sec., or 
less, dE1contamination factors of lo.3 were obtained. The silica gel continued 
to remove ruthenium with this same efficiency after a total bed loading of 40 
grams of ruthenium per cubic foot of silica gel. Fair desorption of the ruthen
ium from the bed could be obtained by washing with water. 

Previous experimental work by the Bureau of Mines11 4 and Sachsse-3 with moving 
coke bed filters, indicated that silica gel, when placed in the calciger off-gas 
system, would soon become clogged with dust. In fact, previous plant and ex
perimental experience with coke bed filters led to the consideration of using 
the ruthenium adsorbers as dust removal devices. In order to employ silica gel 
as a dust and ruthenium removal medium, it was first necessary to develop a 
simple, remote method for cleaning the bed of radioactive dust. The method of 
dust removal used in moving coke bed filters was considered much too complex 
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mechanically for use in a radiochemical plant. A ruthenium adsorber operating 
cycle was proposed and Fluor was asked to conduct a very specific research pro
gram2 directed at detemining the mechanical workability of the proposed scheme 
and developing alternative methods where needed. 

TABI.J!i II 

DESIGN PERfORMANCE Qi' <FF-GA§ EiQUIPMENl' 

Calciner Venturi Ruthenium Off-Gas 
Cyclone Scrubber Adsorbers Filters 

Inlet Dust Loading, Grains/1000 CF 1500 146 12 0.38 

Design Dust Removal Efficiency, % 95 95 95 75 

Pressure Drop, Inches H2o 8 40 6 to 14 1 to 4 

INLET PARl'ICLE SIZE DisrRIBUrION1 wr. % 

Size1 Microns 

> 147 77.3 

20 - 147 6.0 

2.9 - 20 6.6 12.8 17 (>1.2.,tf -

o.6 - 2.9 7.0 5e.s 18 (0.6-1.~ 

0.2 - o.6 2.8 25.6 51 

< 0.2 0.3 2.8 l4 

Operation of Ruthenium Adsorbers 

Out of the Phillips and Fluor research, a method was evolved for operating the 
ruthenium adsorbers. This is shown schematically in Figure 3. 

l. Adsorbing and Filtering 

Four 7-foot diameter adsorbers are being installed in the Waste Calcination 
Facilities. The filtering/adsorbing bed consists of 6 to 12 mesh silica 
gel supported on a conical grating which is sloped at 30° from the horizon
tal to permit emptying the silica gel by gravity flow to the 8-inch 
diameter fluidizing leg. The bed varies in depth from 36 to 62 inches. 
Restrictive orifice distributors are placed below the bed to compensate for 
this difference in bed height. 

Figure 3A shows one of the adsorbers in the on-stream position. Three of 
the four adsorbers are on stream at any one time, while the fourth is being 
regenerated, or held in standby. With three adsorbers on stream, the off-
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gas superficial velocity through the bed is 0.33 feet per second. At this 
velocity, the pressure drop through the clean bed is 4-inches of water and 
through the distributing orifices 1. ?-inches. 

The laboratory work shows that ruthenium and dust both collect almost 
quantitatively in the lower 25 to 30 per cent of the bed. During plant 
operations, the build-up of dust on the bed rather than the degree of ru
thenium adsorption will probably determine the length of time between 
regenerations, estimated to be 10 to JO days. 

2. Regenerating 

The regenerating operation is shown in Figure JB. Ruthenium removal is ef
fected by washing the bed with three volumes of water. During the second 
wash, the water level is held above the silica gel bed and air is admitted 
below the grid through a. sparger at a superficial velocity of 0.15 ft ./sec. 
The air expands the silica gel, which has a specific gravity slightly above 
that of water, and causes a mild agitation of the granular particles. The 
smaller and heavier alumina particles become disengaged from the silica gel 
during this operation and fall to the bottom of the adsorber where they are 
swept out by the circulating water and are eventually pumped to the ICPP 
process waste evaporator. There is some indication that a small portion of 
the alumina particles adhere to the silica gel in a manner which is not 
detrimental to subsequent off-gas flow through the bed (i.e., pressure drop 
does not increase). 

After regeneration, the silica gel bed is dried to 25 weight per cent con
tained water - the equilibrium water content of the bed when in contact 
with the calciner off-gas. Because of the possibility of contamination, 
the air used in drying is passed through the adsorbers which are on stream. 
and into the off-gas filters. 

4. Removing Bed 

Should a silica gel bed become spent with respect to ruthenium removal or 
if it becomes necessary to perform maintenance in or on a contaminated ad
sorber, provisi1Jns are ma.de for transporting the radioactive silica gel to 
the calciner product storage. As shown in Figure JC, spent silica gel is 
pneumatically transported to the solids storage containers by a fluidizing 
leg at the bottom of the adsorber. The relative rates of the fluidizing 
and transporting air streams is determined by the pressure drop observed 
in the transport line. 

Experiments to Evaluate Mechanical Performance 

Evaluation of the mechanical per!'orma.nce of the ruthenium adsorbers was con
ducted in two parts. The first, bench scale tests, was undertaken to develop a 
simple method of removing accumulated dust from the silica gel. The second, 
one-third scale tests of the proposed adsorber, was undertaken to determine the 
effects on the silica gel of repeated saturation, washing, and drying operations, 
and to check the proposed schemes for replacing contaminated silica gel. 

1. Bench Scale Tests 

The bench scale tests were conducted in a 6-inch diameter metal cylinder 
containing a 2J-inch bed of silica gel. The plant filtering operation was 
simulated in this apparatus by subjecting the bed to air containing fine 
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alumina dust and water vapor in about the same concentrations as are ex
pected for the plant ruthenium adsorber feed. The alumina dust, a fine cut 
from a laboratory cyclone, was made by grinding some of the product of the 
Phillips 6-inch calciner. A rough approximation of the particle size dis
tribution of this dust was obtained by counting the various size particles 
observed under ~ microscope: 

Observed Particle 
Particle Size Distribution 

Microns % 

> 10 10 

5 - 10 .30 

1 - 5 50 

< 1 10 

The effectiveness of the new dust removal technique is illustrated by Table 
III which shows that only a short period of mild air agitation is needed to 
return the bed to its clean pressure drop. In this experiment emphasis was 
placed on using small quantities of air for agitation as all effluent regen
eration air from the plant adsorbers is considered contaminated, and thus 
it must be handled by the off-gas filters and blower. 

This procedure - whereby the bed is flooded with water and air is bubbled 
through the bed and the water - does not appear to result in carrying dust 
into the bed. Visual inspection of the bed did not reveal any significant 
dust penetration due to the cleaning procedure. 

Although the bench scale test was intended primarily for developing a 
method of cleaning the silica gel, pressure drop buildup and efficiency 
data taken during this experiment give some idea of what might be expected 
when the plant goes into operation. These are shown in Table III and Figure 
4. However, since the plant dust will probably contain a higher per cent of 
1 micron and smaller particles, the ruthenium adsorbers are expected to be 
less efficient than the bench scale filters and the rate of pressure buildup 
will probably be great er than shown in Figure 4. 

2. Ckle-Third Scale Tests 

These tests were conducted in a one-third scale model of the proposed ru
thenium adsorbers. The plant regeneration operations were simulated in this 
apparatus by subjecting the silica gel bed to moist air (same concentration 
H20 as plant off-gas, first, then slowly increasing to bring silica gel to 
its maximum water holding capacity), to liquid water, md to dry air. Ea.ch 
complete cycle required about 56 hours. A long saturation period (about 40 
hours) was found necessary to insure against the tendency of silica gel to 
decrepitate when contacted with liquid water. We found that silica gel con
taining even as much as .39 weight per cent water (40% is saturation point) 
decrepitated when contacted with liquid water. 

After JO cycles of 56 hours each we found the silica gel to be free flowing 
and readily removable from the test vessel by the fluidizing leg. A small 
increase in silica gel fines was noted but the quantity generated was in
significant in its effect on pneumatic transport. The bed pressure drop 
increased fran 1.5 inches of water for the first cycle, to 2.0 inches for 
the .30th cycle. This is a tolerable increase in view of the S to 25 re
generations per year expected for each plant adsorber. No attempt was made 
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in the one-third scale test to employ the dust removal technique developed 
in the bench scale test. 

The decrepitation characteristics and water holding capacity of the silica 
gel changed markedly after repeated regeneration cycles. After 10 cycles, 
silica gel dried with air at room temperature and humidity did not decrepi
tate when subjected to liquid water. After .30 cycles the silica gel could 
not be made to decrepitate even after drying to 245°c. The water holding 
capacity changed from 40 weight per cent adsorbed new to .3.3 per cent at 10 
cycles, .30 per cent at 20 cycles, and 27 per cent at JO cycles. 

Pneumatic conveying was shown to be an impractical method of .filling the 
adsorbers due to attrition of the silica gel. The pl.ant adsorber .filling 
operation was changed to gravity .flow as a result of this test. 

CONCLUSION 

The waste calcination pilot plant facilities described here should provide 
valuable information for improving the decontamination of radioactive aerosols 
encountered in many other operations as well as in the fluidized bed calcina
tion of ICPP aluminum nitrate type waste. The research work performed by 
Argonne, Phillips, and Fluor provides a good basis for design of the pilot pl.ant 
off-gas system. However, the data secured in operating the pilot plant will no 
doubt provide a firmer basis for the design of full scale pl.ants and for improv
ing the process. 
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THE ADSORPTION OF VOLATILE RUTHENIUM ON SILICA GEL 

D. W. RHODES 
Phillips Petroleum Company, Idaho Falls, Idaho 

ABSTRACT 

The removal of volatile ruthenium by solid adsorbers from an air
nitric acid-water vapor phase was investigated. Silica gel was selected 
because it exhibited high affinity for ruthenium and the adsorbed 
ruthenium could be removed from the silica gel by washing with water. 
Decontamination factors obtained were in the range 100 to 1000 and total 
loadings as great as 58 grams of ruthenium per cubic foot of silica gel 
were experienced without obtaining a breakthrough of ruthenium. 

INTRODUCTION 

Since the beginning of the atomic energy industry, it has been 
recognized that under certain conditions radioactive ruthenium can 
become an environmental hazard due to the formation of volatile 
compounds, which are readily dispersed in the environs. A laboratory 
study of methods for removing volatile ruthenium from calciner off-gas 
~as made at the Idaho Chemical Processing Plant (ICPP) concurrently with 
a study of the fluidized bed calcination of radioactive wastes. 

The problem arose from laboratory data which in:Ucated that at 
400°c, the operation temperature proposed for the fluid bed calcination 
of radioactive aluminum nitrate wastes, the ruthenium in the waste was 
almost totally volatilized, presumably as ruthenium tetraoxide. This 
volatile ruthenium contains appreciable amounts of ::-uthenium-106, and 
in young wastes, ruthenium-103. Inasmuch as the off-gas from the calciner 
is to be released to the environment, it was necessary to provide some 
means of removing ruthenium from the off-gas stream. 

The information reported he~e is a review of the study made at the 
ICPP by Hanson, Newby, and Rohdel2) and(a)summary of the most recent 
results obtained by Anderson and Rhodes 1 • 

EQuioment 

A simulated calciner off-gas was generated by continuously injecting 
a nitric acid solution containing ruthenium into a calciner maintained 
at 400°C as shown in Figure 1. In later models the U-tube adsorber was 
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replaced by a straight tube. The feed solution contained only nitric 
acid and ruthenium traced with ruthenium-106. Aluminum nitrate was not 
included in the feed solution to avoid the formation of large amounts cf 
solid with the subsequent problem of frequent cleanout of the calciner. 

Selection of Adsorbent 

The method of approach was simply to generate the volatile 
ruthenium species and attempt to remove it from the cff-gas stream by 
adsorption on a variety of solid adsorbents. The results of several 
short term laboratory tests with solid adsorbents are shown in Table 1. 
From these tests, which show ruthenium decontamination across the adsorber 
column, it is evident that several materials have a reasonably high 
affinity for the volatile ruthenium. Some of the adsorbents {alumina and 
molecuJar sieves) were eliminated because of physical degradation by the 
components of the off-gas and others were rejected (marlex, stainless 
steel, alumina) because the ruthenium was held so tightly by the adsorbent 
that it was impossible to remove the adsorbed ruthenium by washing ;;ith 
water or acid. 

TABLE 1 

THE ADSORPTION OF RUTHENIUM ON SOLID ADSORBENTS 

130 cc of adsorbent at approximately 10o0 c 

Adsorbent 

None (blank) 
Silica gel 
Activated Alumina 

{commercial) 
Marl ex 

Alumina 
(calcined at 400°c) 

Linde Molecular 
Sieve Type 4A 

Kaolin Cracking 
Catalyst 

Porous Glass 
No. 7930 

Carpenter-:?O 
Yorkmesh 

Mesh Size of 
Adsorbent 

6-16 
8-14 

1/4" x 1/4" x 1/16" 

28-65 

1/16" pellets 

J/16" pellets 

12-25 

SILICA GEL STUPIE~ 

Ruthenium 
Decontamination Factor 

l.3 
12C'O 
26Cr 

325 

100 

46 

50 

2500 

178 

Silica gel was chosen for further study because of its rela
tively high affinity for ruthenium, physical stability of the material 
under calciner operating conditions and ease with which the adsorbed 
ruthenium could be removed from the silica gel by washing. Figure 2 
shows the elution of ruthenium from silica gel with various wash 
solutions. Water functioned equally as well as acids in removing the 
adsorbed ruthenium. 
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Effect of Vaoor Velocity 

Laboratory studies indicated that the superficial vapor velocity 
within the range 0.6 to 1.2 ft/sec had no noticeable effect on the 
adsorption of ruthenium; however, the lower vapor velocities very 
likely produced a steeper concentration gradient within the column. 

Effect of Column Length 

Columns of 25 inches were of sufficient length to remove essentially 
all of the ruthenium under favorable operating conditions. Wl'len the 
length was reduced to 13 inches, the ruthenium DF was reduced to one 
tenth to one hundreth of the DF obtained with the longer column. 

Effect of Temperature 

The effect of temperature was found to be very critical in its 
effect on ruthenium DF. Some of the data from one run are shown in 
Figure 3. In general, it appeared that operation of the a.Jsorbing 
column just above the dew point was the most favorable temperature for 
adsorbing ruthenium. 

Determination of Loading Caoacities 

The determination of loading capacities during several adsorption
desorption cycles was attempted using a laboratory apparatus similar 
to that shown in Figure l with only minor modifications to permit 
continuous operation for several hundred hours. The results are shown 
in Table 2. A definite ruthenium breakthrough was not obtained in any 
of the runs. Run no. 1 was terminated due to inadequate temperature 

TABLE 2 

RUTHENTIJM ADSORPTION CAPACITY TESTS 

110 cc of silica gel 
.<J.pproximately lCCOC 
Vapor Velocity C.6 ft/sec 

Hours of Average Loading Capacity Ru Eluted with 
Run Continuous Decontamination grams Ru/cu·. ft. Water at 6o0 c 
,XQ.... Operation Factor of silica gel % of Total Adsorbed 

l 

2 

3 

4 

140 

233 

209 

621 

23 

326 

394 

1013 

22 

40 

24 

58 

55 

75 

11 

48 

control of the silica gel column. This poor temperature control resulted 
in a relatively low average ruthenium DF. Run no. 2 was terminated due 
to lack of sufficient feed solution. During run no. 3, the fluidizing 
air supply was interrupted and volatile ruthenium was generated for 
about 24 hours in the absence of fluidizing air with poor temperature 
control on the column. This malfunction probably accounts for the low 
recovery of ruthenium during the wash cycle. Run no. 4 was terminated 
because it appeared that the loading capacity was so high that dust 
loading in the demonstration fluid bed calciner would necessitate 
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washing the column long before the capacity of the silica gel for 
adsorbing ruthenium was exceeded. 

Elution of the adsorbed ruthenium was moilerately successfuJ. 
although an appreciable fraction of the ruthenium was retained by the 
silica gel as shown in Table 2. 

The residual ruthenium in the column had no apparent detrimental 
effect on the adsorption of additional ruthenium. In fact, there 
appears to be a general trend of increasing ruthenium DF with continued 
use of the silica gel. Examination of the silica gel particles following 
the last run indicated a steep concentration gradient, Figure 4, with 
more than 98 per cent of the ruthenium being adsorbed in the first two
thirds of the column. Examination of the individual particles, which 
were blackened by the ruthenium, indicated that the ruthenium penetrated 
deeply into the particle, Fi~re 5. After sectioning an individual 
crystal, it was found that approximately 80 per cent of the total 
volume of the individual crystal was blackened by ruthenium. 

-
-

Fig. 5-Silica gel from ruthenium adsorber column (Left, fragments of fractured par
ticle; right, whole particle). 

SUMMARY 

Based on the laboratory data, it appears that silica gel can be 
used to remove ruthenium from a nitrogen oxide-air-water vapor off-gas 
stream sufficiently well under controlled conditions to warrant its use 
as a means for decontaminating the off-gas from a fluid bed calcinef• 
Ruthenium adsorber units are included in the demonstration calciner J), 
which is presently under construction at the ICPP, and a hot run using 
full activity level off-gas will be made as soon as possible. 
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MEASUREMENTS OF ATMOSPHERIC DIFFUSION 
FROM AN ELEVATED SOURCE 

NORMAN E. BOWNE 
Weather Bureau Office, Idaho Falls, Idaho 

ABSTRACT 

Diff'usion from a.n elevated source under lapse conditions was 
measured utilizing uranine dye as a tracer. Comprehensive measure
ments of temperature and vertical and horizontal wind fluctuations 
were ma.de at several levels on a 150-foot tower. The meteorological 
para.meters are correlated with the ground-level air concentrations 
in 13.D. ~ffort to establish predictors directly from Eulerian meteor
ological data. The effects of wind direction shear in the vertical 
on the maximum ground concentration is discussed. Techniques of 
dispersal, collection, a.na.l.ysis and the results of particle size 
counting are included. Diff'usion parameters measured from the dye 
concentrations are included and compared with those presently used 
at the National Reactor Testing Station. 

Introduction 

In recent years atmospheric diff'usion from ground-level point sources 
has been studied extensively at O'Neil, Nebraska through Project Prairie 
Grass in 1956 and the Great Plains Turbulence Project in 1953, sponsored by 
the Geophysics Research Directorate of the Air Force Cambridge Research Center. 
The results of these comprehensive ground measurements have been extended to 
elevated sources by Cramer L- 1 7. Other investigatorsL Moses L- 2 J, 
Stewart et al L-3 J, Singer L4 J, and Smith et al [ 5 J to mention a 
few, have studied diff'usion from an elevated source, but their data have fre
quently been limited by the number of samples or they were concerned with a 
different aspect of the problem than the present discussion. It is believed 
that these experiments are the most comprehensive measurements of short range 
diff'usion from an elevated source to date. 

A total of 17 tests were perfonned from January to May 1959. The first 
test was discarded because of a slow wind shift during the period of the test 
resulting in three distinct concentration maxima. Uranine dye was used as a 
tracer for all tests as described by Robinson et ~ L- 6 J. The character
istics of the dye are adequately described in the paper cited. 
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Instruments and Measuring Procedures 

One hundred high volume Staplex air samplers were used at various arcs 
at the NRTS Grid No. 3. Initially arcs were set up at distances of 300, 400, 
6oo, 1000, 18oo, and 3400 meters from the release point. After the eighth 
test the arc at 3400 meters was discontinued and a new arc at 150 meters was 
added. The 300, 400 and 600 meter arcs were widened from 40 to 6o degrees at 
this time. After Test ~o. 8, arc spacing of sampl5rs was 6° on the 150, 300 
and 400 meter arcs, 2.7 on the 600 meter arc, 1.7 on the 1000 meter arc and 
1.8° on the 18oo meter arc. The odd spacing arose from the fact that the grid 
was originally set up for a source 100 meters from the first arc rather than 
300 meters where the meteorological tower was located. 

Hurlburt X-934-AH glass fiber filter papers supported by MSA 2133 all 
dust filters were used to collect the samples of uranine dye. The glass fil
ter papers were too fragile to be inserted in the Staplex high volume air 
samplers without some supporting medium. The air flow through the filter 
pairs was approximately 15 cfm, a rate rather low for the high-volume type 
sampler. According to Smith and Suprenant L- 7 J, the Hurlburt glass paper 
combines the best features of particle penetration, flow rate, pressure drop 
and dust loading for our purposes. Our own investigation revealed background 
characteristics superior to all filter media tested except Millipore AA filters. 
Other filters tested included SS 589, MSA 2133, and Whatman No. 42. The 
background blank of the filters (i.e. clean filter washed in distilled 
water) was five times that of pure distilled water in the first batch of 
filters used (Tests Nos. l to 6); af'ter that the succeeding batches of 
filters used exhibited the same background blanks as distilled water. We 
attribute this reduction to some change in the .i:'iber filler used in the 
Hurlburt paper. With the low background filters the lower detection limit, 
for 30-minute tests, of uranine dye was an air concentration of 1 x lo-9 
g/m3. 

The dye solution was released at an elevation of 150 feet from the 
meteorological tower with an air now of 500 cfm at 100 psi pressure. The 
dye solution was mixed at 3-1/2 pounds of dye per three gallons of water and 
was released over a 30 minute period. This resulted in a release rate of 
o.88 g/sec of uranine dye. The writer is il"de'i>ted to Dr. c. E. La.pple of 
the Stanford Research Institute for the design of the adjustable nozzle used 
to disseminate the dye solution. The droplet size was not determined, but 
it was assumed to be small. The dye solution was red while the plume was 
brown, the natural color of dried uranine dye stuff. La.ck of fallout was 
evidenced by particle size studies included later and :io appearance of dye 
on the snow-cover close to the tower. During the time when the correct 
solution of dye and nozzle adjustment were being determined fallout did 
occur and was readily visible or~ the snow-cover surrounding the tower. 

Samples were collected for particle sizing during two tests. The first 
set were collected on the glass fiber papers but were unusable because the 
smaller particles were imbedded in the filter and not visible in sufficient 
number to give a good distribution. This phenomenon was also mentioned by 
Smith and Suprenant L- 7 J. The second sample was collected on Millipore AA 
filter paper and examined under a microscope using the oil immersion technique • 
The results are presented in Table 1. 

A third sample was attempted but the plume divided and missed the 
electrostatic precipitator employed for this test and insufficient particles 
were collected for sizing. The results listed in Table 1 are regarded as 
preliminary until more evidence is obtained. There is a tendency toward 
decreased. particle size at greater distance but no significance is attached 
at this time pending more sampling of particle sizes. 
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The exposed filters were collected in covered plastic petri dishes 
and washed in 20 ml of distilled water. Four ml of one molar phosphate 
buffering solution were added to bring the solution to a constant Ph value. 
The concentration was read by measuring the fluorescence with a Photovolt 
Model 54o Fluorescence meter. Investigation indicated that the fluorescence 
was sensitive to Ph but not to temperature so the samples were analyzed at 
room temperature. One other departure from the method outlined by Robinson 
et al L- 6 J was made in that a square quartz curvette was employed. There 
was evidence that scratches on round glass test tubes caused a change in the 
reading of the meter for the same solution. 

Arc Distance 
{meters) 

600 
600 
600 

1000 

TABLE 1 

PARrICLE SIZE DISTRIBUTION 

Median Size 
{microns) 

1.0 
1.42 
1.35 
1.20 

Standard Deviation 
{microns) 

1.80 
1.87 
2.67 
1.50 

Meteorological instrumentation included Beckman and Whitley anemometers 
at 20, 75 and 140 feet on the tower, biva.nes at 20 and 140 feet, and tempera
ture elements at 5, 75 and 150 feet. An Aerovane was placed at 3 meters on 
the 1800 meter arc. 

Concentration Data 

Figures 1 1 2 and 3 illustrate the ground concentration data for three 
of the tests conducted. They are presented to illustrate the type of ground 
concentrations that occur with a release from an elevated source under un
stable conditions. 

Table 2 lists same of the pertinent data for the dye tests that are of 
particular interest to those using Sutton's l- 8 J diffusion equations. An 
explanation of the method of determining the para.meters seems in order. The 
stability parameter n was measured from wind speed profiles 'Where available 
but rounded off to either 0.20 or 0.25, 'Whichever was closer. The actual 
range of n values was 0 .17 to 0 .26. The values for distance to maximum con
centration (~) and maximum concentration ()(J'llBJt) were obtained from a 
plot of the peak concentrations for each arc on log-log paper. The computed 
"X. max was obtained from 

(1) 

The vertical diffusion coefficient Cz 2 was detennined from the equation for 
dmax1 i.e. 

1 
= 2-n 

(2) 
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----2 )( 10-7''---------:::::::::::=:::::::::::::: -,x 10-7'------

- 100 meters 

Fig. 1-Ground level air concentration, g/m3
, Test 4, 

Feb. 19, 1959, (Q, 1.0 g/sec, u, 16 mph). 

- 100 meters 

Fig. 2-Ground level air concentration, g/m3
, Test 6, Mar. 18, 1959, (Q, 0.79 g/sec, u, 22 mpn) . 

- 100 meters 

Fig. 3-Ground level air concentration, g/m3
, Test 15, May 4, 1959, (Q, 0.88 g/sec, ii, 15 mph). 

79 



TABLE 2 
DATA FROM URANINE DYE TESTS 

<\na.x Xma.x 
- c 2 c ~ Computed 

% Q Assumed u140 z y JC.. max %-Rtm {g/sec) {meters) n (g/m3) {m/sec) (mn) (mn) {g/m3) A:: {m) 

2 0.77 700 0.25 5.oxio-6 5.7 0.025 0.091 l.4x.io-5 2.8 M 

3 1.39 300 0.20 7.9xio-6 6.5 0.089 0.100 2.2xio-5 2.8 1.1 

4 1.00 400 0.20 i.8xio-5 7.0 0.054 0.035 i.5xio-5 o.8 M 

5 3.20 530 0.20 2.6xio-6 8.9 0.032 0.083 3.7xio-5 14.2 1.3 

6 0.79 650 0.25 4.oxio-6 9.7 0.028 0.238 l.lxl0-5 2.8 1.5 

7 o.88 600 0.25 4.oxio-6 7.8 0.032 0.190 l.2xio-5 3.0 1.4 

8 1.00 56o 0.20 2.2xlo-6 7.2 0.032 0.289 i.4xio-5 6.4 1.9 
OD 
0 

o.88 470 2.8xio-6 9 0.20 10.0 0.041 0.092 9.oxio-6 3.2 1.9 

10 o.88 940 0.25 2.2xio-6 7.7 0.015 0.250 9.oxio-6 4.1 M 

11 o.88 315 0.20 3.4xio-6 6.7 0.082 o.442 l.3xio-5 3.8 2.5 

12 1.32 940 0.25 6.7xio-6 8.1 0.015 o.o66 L 7xio-5· 2.5 1.0 

J.3 o.88 460 0.20 i.2xio-6 11.3 0.041 0.113 7.9xio-6 6.6 1.6 

14 o.88 48o 0.20 6.1xio-6 9.0 0.035 0.085 l.oxio-5 1.6 1.4 

15 o.88 300 0.20 7.4xio-6 6.5 0.089 0.231 l.3xJ.0-5 1.8 1.7 

16 o.88 730 0.25 2.6xio-6 10.6 0.023 0.112 7.8xio-6 3.0 1.5 

17 o.88 250 0.20 3.oxio-6 6.5 0.110 o.445 i.3xio-5 4.3 2.3 

Oi Standard deviations of lateral wind direction fluctuation 
~ Standard deviations of vertical wind direction fluctuation 

(M indicates Missing) 
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2 The lateral diffusion coefficient cy was determined from the following 
definition: 

- i C 2 x (2-n) 
- ~ y 

(3) 

It is valid only if we assume that the variance of the dye on the arc 
chosen {in this case the a.re closest to dmax) is in fact the same variance 
as Sutton uses in his definition. 

The values of Cz2 range from 0.015 to O.ll meters n. The values were 
somewhat lower than expected but still in the range of values generally ac
cepted. The low values may have been caused by the relatively high wind 
speeds associated with most of the tests which probably reduced the looping 
that would have been expected with the lapse rates realized. 

2 
The values of C range from 0.035 to 0.445 meters n. The values are 

somewhat larger thanYthose used by many authors but it is felt that they 
are realistic when it is considered that no attempt was made, at this time, 
to remove bimodal tendencies or wind shear effect. The shear effect will 
be discussed later. These effects on the arcwise concentration distributions 
will obviously increase the lateral diffusion coefficient. 

Sutton's diffusion model is based on a normal distribution, therefore, 
the normality of the concentration and wind data should be examined. Haugen 
L- 9 J has set up criteria for values of skewness and kurtosis in the study 
of effects of sampler spacing on concentration data. The values for deter
mining if the distribution is normal are: for skewness B1 < 0.10, and for 
kurtosis 2.6 ~ B2 ~ 3.4: borderline cases are classified from Bi ~ 0.10 and 
1.70 := B2 ~4.20. Values for B1 and B2 for arcwise concentration distribut
ions and the 140-foot level wind direction distribution are presented in 
Table 3. As indicated below in the table, only 171' of the cases of concen
tration data were normal. The addition of the borderline cases brings the 
total to 451' of all cases. The wind direction distribution at the height 
of the source is somewhat better, however, an inspection of the wind direction 
distribution a.t 10 feet indicatei:: fewer cases of normal distribution than the 
concentration data. The kurtosis is about equally divided, in the concentra
tion data, between platykurtic {curve too flat) and leptokurtic (curve too 
peaked). The leptokurtic cases were most frequently associated with skewed 
distributions. 

The breakdown of the data at the end of the table indicates the number 
of normal cases of arcwise concentration distributions. There were 84 
cases, of these 14 met the criteria mentioned above for normality and 24 
additional.. cases were included under the definition of borderline normality. 
The remaining 46 cases did not meet the specified criteria for normality. 
The kurtosis of the curves is also indicated. The borderline cases are 
included since the interest here is only in whether the curve is pla.tykurtic 
(flat) or leptokurtic (peaked). The curves were too flat in 28 cases and 
too peaked in 32 cases, therefore, only 24 cases were actually between the 
limits of kurtosis specified • 

Figure 4 illustrates values for B2 equal to 2, 3 and 4 so the reader 
may obtain a better understanding of tlie previous discussion. ~ is equal 
to three for a. normal distribution. 

Figure 5 illustrates the variation of the cross plume standard deviation 
of concentration downwind from a continuous elevated point source. The tests 
were summarized according to the standard deviation of the 140-foot wind dir
ection fluctuations. The range of the azimuth wind standard deviations is 
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TABLE 3 

VALUES OF SKEWNESS (BJ.) AND KURTOSIS (B2) 

TEST 2 3 4 5 6 7 8 9 

ARC 

150 B1 N 

~ N 

300 Bl 0.13 o.84 0.003 0.92 o.o6 0.94 0.08 0.95 

B2 3.77 2.24 2.31 3.01 2.94 3.14 2.97 0.19 

400 Bl 0.01 o.o4 0.11 0.14 o.o4 2.46 0.28 0.11 

B2 2.90 2.05 4.52 2.24 5.07 6.59 4.15 0.33 

6oo B:i. o.oo 0.01 0.67 o.oa o.o4 0.28 0.09 0.01 

B2 2.93 1.96 4.21 2.69 2.11 3.42 1.95 2.49 

1000 Bl o.oo 0.11 o.oo 0.34 0.02 o.oo o.48 0.15 

~ 2.68 3.05 3.25 3.20 2.23 2.03 3.30 3.83 

18oo Bl 0.13 0.19 0.17 o.44 0.20 0.25 0.02 0.09 

~ 3.82 2.92 5.48 3.19 3.33 2.51 1.73 3.46 

WIND B1 0.02 o.004 o.o4 0.10 o.oE o.o6 0.02 0.35 

B2 2.98 2.40 5.46 3.99 3.27 3.6o 2.65 3.15 
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TABLE 3 (Cont'd.) 

VALUES OF SKEWNESS (B1 ) AND KURTOSIS (B2) 

TEST 10 11 12 13 14 15 16 17 

ARC 

150 B1 0.038 1.51 N 0.13 N 0.95 N 2.18 

B2 3.09 6.07 N 4.03 N 3.74 N 8.37 

300 B1 0.013 0.16 o.~6 0.18 0.24 0.03 0.34 2.38 

B2 2.47 2.38 1.56 3.67 4.56 4.24 4.60 5.46 

400 Bl 0.05 o.46 0.19 0.69 4.34 0.32 0.03 4.17 

B2 2.79 3.10 3.11 7.12 8.27 4.58 4.15 7.88 

600 B1 0.09 o.44 0.03 0.01 0.18 o.04 0.10 2.71 

B2 1.94 4.45 1.89 1.84 3.65 2.63 3.88 6.38 

1000 B1 0.17 0.10 o.o6 M o.oo 0.13 0.01 1.16 

B2 2.41 2.17 2.48 M 2.76 10.4 2.30 5.65 

18oo B1 0.26 0.04 0.10 0.07 o.oo 0.19 o.oo 2.63 

B2 2.85 1.96 3.21 2.59 2.01 4.98 2.25 8.60 

WIND B1 0.17 0.09 0.09 o.oo 0.011 0.01 0.09 o.44 

B2 5.08 4.30 2.77 6.90 2.63 2.60 3.34 3.86 

CONCENTRATION DATA WIND DATA 

84 Cases 28 Platykurtic B2 2.6 16 Cases 1 Platykurtic B2 2.6 
14 Normal 32 Leptokurtic B2 3.4 7 Normal 7 Leptokurtic B2 3.4 
24 Borderline 3 Borderline 

• (M indicates missing) 

(N indicates no measurable concentration) 
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indicated to the right of the lines in the figures. A recent paper by Cramer L- 10 ..:J" using ground source data extrapolated to an elevated source indicates 
a slight convergence between near neutral and extremely unstable cases of 
crossplUille standard deviation of concentration at distances beyond 2000 feet. 
There were insufficient data available to obtain any curvature to the lines 
in Figure 5 but there is an apparent tendency toward some convergence in
dicated at the extreme distances used in these tests. An analysis of the 
standard deviation in degrees of the arcwise concentration distribution indi
cates that the spread of the plume is not rectilinear, that is, the plume 
does not intercept the same number of degrees of arc at increasing distances. 
From this it is evident that the spread is a function of the distance fre- . 
quently assumed to approximate some power law. This particular subject will 
be dealt with in another paper. 

One of the most interesting results of these tests was the effect of 
vertical wind direction shear on the maximum ground level concentration. The 
co~puted maximum concentrations were consistently greater than those actually 
measured. Some of this may be attributed to the difference in sampling time 
between the three minute periods used to derive the equations by Sutton and 
the 30 minute sampling periods used in these tests and part of the difference 
may be attributed to the difference in the horizontal and vertical diffusion. 
For this study we have ignored the time difference factor and assumed that 
the vertical and horizontal diffusion are proportional to the vertical and 
horizontal deviations of a bivane. The maximum concentration equation was 
adjusted for the anisotropic turbulence in the following manner: 

(4) 

where a; and ai are the standard deviations of the fluctuations of the ver
tical and horizontal wind direction traces. This factor was then removed 
from the ratio computed xma.x/measured Xma.x· Both of these factors are listed 
in Table 2. The remaining reduction in the maximum concentration data was 
attributed to vertical wind direction shear causing the plume to be spread 
laterally more than would be expected in an atmosphere with a steady mean 
wind. 

It was difficult to decide if the mean wind shear or the modal wind 
shear (i.e., the shear between peaks in the frequency distribution) were 
more important. Both cases were tested and are shown in Figures 6 and 7. 
The line of best fit was computed by the least squares method. The res
idual variances ( CJR i.. ) were computed to determine which represented the best 
method. Since the values were nearly identical the variances of the slope 
and intercept were then computed for each figure in a further effort to identify 
the best procedure. The variances of the intercepts (o:f'~) are again nearly 
equal. The variances of the slopes (ti,;'~) indicate that the modal direction 
shear offers the best fit to the data. The differences are still so small 
that it would seem many more tests are required to determine which method 
should be used • 

It should be noted that the samplers were at about three feet while the 
shear was only measured from 10 to 140 feet, so some error may have been in
troduced. 

Conclusions and Recommendations for Future Studies 

Uranine dye stuff has been an excellent tracer material for the tests 
conducted to date. The particle size is in the aerosol range and analysis 
is rapid and uncomplicated. The values of the stability parameter n were 
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assigned but the values of diffusion coefficients have been calculated from 
the available data. These values were in accord with values generally used 
in atmospheric ~ffusion calculations. The values of the lateral diffusion 
coefficient (C ) were somewhat larger than usually found and this may be at
tributed to twg factors at least; 1) the meander of the plume becomes effect
ive with sampling periods of thirty minutes creating wider plumes and 2) the 
vertical wind direction shear also creates a wider plume adding to the increase 
in lateral diffusion. 

Future studies along this line should include samples in the vertical 
in order to obtain a complete budget of the dye. Even though particle size 
distributions have been determined and the aerosol range is realized, it 
would be best to determine the complete budget of material. 

Plans for studies with the present data include testing various theoret
ical diffusion models and computing spectra of the horizontal and vertical 
wind fluctuations to determine the period and size of eddies most important 
to diffusion. The wind direction standard deviations are greater than those 
of the arcwise concentration distributions which indicates that a longer 
averaging period may be applicable rather than the five second means used. 
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Discussion 

C • l might give a few comments regarding the use of tracer techniques 
- since our original paper, we have had considerable more experience 
with fluorescent dyes - some of the problems you might get into -
fluorescent dyes cost about $2 - $5 a pound. - economical for studies 
lasting a few days which can use about 100 pounds a day - if you have 
a study that goes on for weeks and months, chemical costs can be 
quite sizeable in long range diffusion studies. - now in those cases 
we have used - can use a few pounds a day and still get measurable 
quantities a few miles away - and still get unknown quantities -
from the anal.yticalproced.ure the filters experienced in our paper 
are not necessarily - also the light :f'uel may not be - pH control 
might be mentioned in trying to eliminate background. - cL.arrging 
from pH 5 to pH 7 - Filter leaching may be important. Reaction 
of background material dealing with extremely minute quantities -
also multiple fluorescent ccyes may be used. 

Q. I would like to know whether the uranine or the other smokes or 
fumes can be used for predicting the concentrations of the bases 
the the noble gases. How confident are you? 

A. We have the uranine dye particulate size down to aerosol size, 
but it is still a particulate. I think we can make a fair approxi
mation, but would hesitate to say that that actually duplicated 
the diffusion of the noble gases, because we are dealing with 
particulates rather than gas, but they would come very close. 

c. Laople - Stanford Research 

I ~ould like to give a few co~ments regarding the ura~ine tracer type 
leak. Since our original paper, we have had considerable more 
experience with the use of fluorescent dyes and I would like to give 
a few comments, not any details, but just some of the problems you 
might get into. The fluorescent dyes generally cost about 2$ to 4$ 
a pound, so consequently if' you have a study that lasts a few days 
you can afford to admit that at the rate of a couple of hundred 
pounds a day without incurring excessive chemical costs. If you have 
a study that F.ay go for week or months then the che~ical costs might 
become quite sizeable, as it might be in a long range diffusion tracer 
study. Novr in most cases we have used ignition rates as low as a few 
pounds a day and still get measureable ~uantities several miles away 
from the admission point. However you do run into certain probleffi!? 
that have to be carefully considered. For example, in the analytical 
procedure the filters that are specified in our paper are not 
necessarily optimum, also the light source may not be optimum. These 
both may be influenced by the natural background of the materials. 
Ph control may be important in the analysis. For exar:lple, in the case 
of uraline you can get more than a ten-fold increase sensitivity by 
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changing a Ph from Ph 5 to Ph of 7. The analysis right in that critical 
region can be used in distilled water. Also the Ph control may be 
important in trying t;o eliminate backgr'ound as an item. Filter 
leaching rray be important. It may be difficult to leach. We believe 
that this is associated with reaction with background materials where 
you are dealing with these extremely small quantities. Also multiple 
fluorescent dyes can be used and analyzed sinrultaneously where you my 
want to trace from the missions of different points at the same time. 

Q. Newell - AEC Washington 

I would like to 3.Sk a question as to whether the uranine or these other 
smokes are fumes can be used for predicting the concentrations of the 
gases - the noble gases, and how confident are you? 

A. Bowne 

We have the uranine dyed particles size down to the aerosol range but 
it is still a particle. I think we could make the fare approximation 
to the noble gases but I would hestitate to say that they actually 
duplicate the cli~fusion of the noble gases because we are dealing with 
a :::iarticle rather than a gas. They would come fairly close because 
they are a fairly small particle. 

C. Silverman: 

Not being inhibited by being a meteorologist I would go at that 
question to say that it would probably behave very much like it 
because the studies of Barren(?) and Johnstone indicated that under 
five microns you can consider the behavior practically as that of a 
gas - if you neglect depletion rates. 
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ESTIMATES OF ACCUMULATED EXPOSURES AND ENVIRONMENTAL 
BUILD-UP OF RADIOACTIV ITV 

WALTER M. CULKOWSKI 
U.S. Weather Bureau, Oak Ridge, Tenn. 

ABS'IRACT 

A simple method for estimating long-term effluent concentration and 
deposition values based on Sutton's and Chamberlain's equations is 
presented. Calculations of concentration and deposition are straight 
forward, and become especially convenient if averaged 191.nd data are 
employed. 

* * * * * 

FBTIMATES OF ACCUWLATED EXPOSJRES AND ENVIRONMENTAL BJILD-UP OF RADIOACTIVITY 

An approach to long-range effluent concentrations, similar to that of 
Meade and Pasquill f:"l_/, was attempted at Oak Ridge. Hampered by bomb
test fallout and instrument variation, experimental verification as striking 
as Meade and Pasquill's results with S02 was not obtained. More elaborate 
and time consuming, the methods outlined below are, nevertheless, easily 
applied, and utilize existing wind information to the fullest extent 
practicable. 

Meade and Pasquill, as well as earlier works by Holland /:2 7, and 
Lowry ("'3 7, used the mean wind speed of each sector (direction)-of 
interest.- In our Oak Ridge studies we are going one step further by 
using the mean wind speed of each of six speed groups of every sector, 
giving a finer breakdown of wind behavior. We also are using the 
sixteen point direction scale, common to most wind rose publications in 
the U. S. Two sets of tf\Vork Sheets" are prepared to facilitate computa
tion, one for average air ex>ncentrations, the other for deposition 
calculations. Either can be used directly by untrained help, or can be 
modified to fit specific situations by anyone familiar with a slide rule 
and equations (4a), and(7a), below. 

The Sutton formula for concentration at ground level from a steady, 
continuously emitting, elevated source is: 
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where;( 
~ 
c 
n 
x ., 
u 
h 

"' concentration (at ground level); parts/meter3 
~ emission rate; parts/second n 
"' diffusion coefficients; meters2 
~ stability parameters; non-dimensional 
"' distance downwind from source; meters 
= distance crosswind from plume centerline; meters 
~ average wind speed; meters/second 
= height of sairce; meters 

and isotropic dispersion is assumed /:4.:J. 

(1) 

'lhe quantities in equation (1) that are assumed to vary significantly 
during a relatively long period are C, n, and 'Cl'. ~ and h are assumed 
constant over a year's time. It is not unreasonable to assume that, on a 
seasonal or annual basis, the daytime n-value would approach the •neutral" 
stability level (n • .25), and the nighttime n-vaJ.ue would approach the 
•moderate inversion• value (n = .33). Wind speed values and the n-values 
then determine the remaining variable, C, as a function of a stack height. 
A nomogram convenient for determining C appears in reference f::2_7. 

Hind direction data are often based on 16 compass points, and this 
rrumber will be assumed here. These 16 •points•, however, are in reality 
22.5° sectors. it five miles distance downwind, direct application or 
equation (1) might lead to an error of 5 orders of magnitude for any 
given point unless the average wind direction is known exactly. Over 
short distances and times, the error involved is not serious. Over a 
year's time, however, we cannot assign one direction to "north•, far 
instance; "north" must rather be considered as an entire sector of 
22.5°. This is achieved mathematically by integrating eq. (1) with 
respect to y and then distributing the result uniformly along the entire 
arc. Thus, 

(2) 

/6Qo 

(3) 

F.quation (3) i_s modified to account for the anrual wind speed and 
direction point frequency distribution (wind rose) in the following way. 
For a fixed n, 
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where Ui = 
Fi = 
c : 

X.o = 
R • 

1600 

(4) 

average speed for wind speed group "i• 
fraction of total time wind is from direction D, and speed 

group i • 
diffusion coefficient determined from n, 1!'!, h. 
annual average concentration along a 22.50 arc, at distance 
x, in direction D. 
index denoting the number of wind speed groups in the anrnial 
distribution. 

To facilitate hand compution, equation (4) may be written as, 

where B : (4a) 

Sixteen work sheets, one for each wind direction, are convenient, (32 work 
sheets if both night and day are computed). Figure (1) is a sample 
calculation sheet. 

Figure (1) lists "Day• and "Night" conditions. When available, wini 
roses using "lapse" (for day) and 'inversion• (for night) conditions are 
used in preference to merely daytime vs. nighttime wind roses. The number 
of hours of inversion varies with the location of the site. At Oak Ridge, 
we find the hours of inversion distributed as in Table I. 

TABLE I 
Average Daily Hours of Inversion by Season (1955-1958) 

Wir1ter SEri!!S ~ummer Fall 

TSF 10.1 10.1 12.7 12.7 
MV 11.1 11.1 11.1 12.7 
X-10 8.1 9.2 9.3 9.8 

Where TSF • Tower Shielding Facility, 5-300 ft. above a wooded ridge 
top, (500 ft. fran the valley •floor•). 

MV = Melton Valley, 5-60 ft. from the "floor" of a wooded valley. 

X-10 = Oak Ridge National Laboravory site, 5-135 ft. atop a small 
ridge overlookil1?; an industrial type valley, 90 ft. below. 

Calculations for the Oak Ridge dispersion patterns are based on the 
TSF data, since the height of the stack plus plume rise through bouyaney 
would approximate the TSF height. 
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Fig. 1-Sample work sheet for determining average annual effluent pattern, at surface; source height, h = 100 meters; source strength 
Qo = 1 part/sec . 

- • .. 



Deposition 

Once the average air concentrations are calculated, the average 
deposition (based on Chamberlain's method) ["5J, ["6J, m~ be computed. 
Deposition may be said to occur as, 

¢ • X Vg 

where ¢ : deposition, parts/meter2 second 
;(. = concentration, parts/meter3 

(5) 

V~ Velocity of deposition, meters/second 
/{.. has already been calculated from the effluent pattern 

work1:>.1eets for various distaices downwind. As deposition occurs, however, 
the effective source is diminished, therefore X should be multiplied by 
a "diminution factor", Q/~, which is supplied in the deposition work
sheet, figure 2. 

Figure 2 cru.ld have been adjusted to read (Q/Q0 )Vg, instead of Q/O..C,, 
but Q/Qc, required adjustment when V ' .04 meters/se~ond. Should V : K 
meters/second, the deposition works~eet may be modified by raising <1/Q0 
to K/.04 power. Thus for any Vg : K, 

K 

Q 704 
= Q; 

Any change in effective source height, however, will alter Q/~ 
in a manner not easily calculated. To recalculate deposition values 
for h ~ 100 meters, the formula; 

= c ... 1- u.s. V!j 2,. 

c I a c.J. 't. v's 1 

and figures 3 and 4 may be used, f:6J. 
_gz = desired depletion factor 
0..0 
Ql depletion factor from figure 3 or 4 
~ :: 

Czl = diffusion coefficient from figure 3 

u1 = wind speed from figure 3 or 4 

or 4 

vgl = deposition velocity from figure 3 or 4 

Cz2 = altered diffusion coefficient 

u
1 

= altered wind speed 

Vgl : altered deposition velocity 

93 

--------------------·"""""''""°""'""' 

(6) 

(7) 



: 

um 

I 

3 

5 
I 

I 
(/) 
LIJ 
...J I 7 
2 

10 

15 

20 

u• 

I 

3 

5 
I 
I 

(/) 
la.I 
...J I 7 
2 

10 

15 

20 

l-4"1Jh 

.926" 

.S</lo 

.400 

• .281, 

.201 

./#.Z 

.o'fS 

l-4moh 

DAY n=.25 
Q/Qo 

5-9 10-14 15-19 20-24 

.98 /.OD /.Oo /,00 

.B:i . 'ii .n .'i~ 

. 70 ,B.G .87 .89 

. lo.) Jfo .81!. .a:> 

.s+ .70 . 77 .SI 

.4S7 .(,3 .71 .1& 

.4'f .S7 .t.f. .12. 

QIQ. xx Vt 
5-9 10-14 15-19 20-24 

cp = Q/Oo x X x Vg 

25+ 

/.00 

.'iS 

.90 

JJ7 

.83 

.79 

.J+ 

25+ I Day 

I 

I 
I 

(/) 
la.I 
...J 

2 

(/) 
la.I 
...J 

~ 

u• 

I 

3 

5 

7 

10 

15 

20 

u• 

I 

3 

5 

7 

10 
-

15 

20 

_ parts 
- meter2 x sec. 

NIGHT n=.33 
Q/Qo 

1-4mph 5-9 10-14 15-19 

/. (>O /,00 /.00 /.oo 

.'(J /,00 1.110 /Oo 

. ,, .'// .'(lo .99 

,39 .7'1 ,99 .94 

.17 .t.o . JI. ,84 

.Ob .38 .SB ,1,3 

,o;: .L" .46 ·SB 

Q/Oo x V1 q 
l-4moh 5-9 10-14 15-19 

---- ---

~--- -----

---

----

20-24 

/,(10 

/.t:>O 

'99 

.'(lo 

.88 

.Jlo 

.loJ 

20-24 

--

25+ 

/,()0 

/.oo 

/,00 

,'fl, 

.fo 

.Bo 

. 72. 

25+ 

Direction __ 
±8 

Plot OS--

l: Niaht I 24hr. 

Fig. 2-Sample work sheet for determining average rate of deposition of material at surface; source height, h = 100 meters, and velocity 
of deposition, vg = .04 meters/sec . 
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Since Czl' u1 and Vgl are all constant, equation (7) becomes 

11-18 ~ z. A Qi 
c~, u..2. Qo 

(7a) 

The deposition work sheet may thereby be altered to fit any given 
set of parameters. 

Plotting the Results 

Figures 5 and 6 are representative plots of average daytime air 
concentrations (at the surface) and average daily deposition rates. 
Strictly speaking, the values should have been plotted as a series of 
discontiIDlous 22.5° arcs. For convenience, however, the calculated 
values were plotted at the center of each representative arc and 
isopleths smoothed to fit. 

Deposition equations 5-7 are restricted to values of Vg (~ u. 
'lbus, the deposition during 11calm11 cases, (or more to the point, at 
wind speeds less than detectable by the anemometer employed) nust be 
treated in a different manner. An obvious method is; 

(8) 

where ~c : deposition during "calm• cases. 

G • radius equal to the magnitude of the anemometer's starting speed. 
Equation 8 is not entirely satisfactory, but it serves as a basis for 
subjective analysi~ when the entire deposition pattem is drawn. 

After plotting the average concentration and deposition values by 
use of figures 1 and 21 similar plots were made using the only mean wind 
speed of each direction multiplied by frequency of winds in the sector 
of interest. The results of both concentration and deposition values 
using the mean wind of each direction were very close to those obtained 
by using the entire wind distribution. It appears that computing 
effluent behavior 'ey use of the mean wind is probably a very good 
approximation to the longer methods otulined above. Nevertheless, 
considering the applications of effluent predictions, one to two hours 
more effort seems worthwhile. 

Further Considerations 

An interesting and possibly quite useful extension to multiple point 
and area sources of the foregoing technique follows from a suggestion 
made by Gifford ;-7_7. If there are, instead of a sin~le point source, 
any number of arbitrarily located point (or small area) sources of 
arbitrary strength (but all at equal heights), the resultant armual 
concentration or deposition value at azv ground-level point may be 
calculated easily by reversing the role of source arxi receptor in 
Figures 3 through 8. One would simply rotate the appropriate figure 
through 1800 (i.e. turn it bottom side up), and orient the center point 
at the grourxi-level receptor location. If then the actual source 
locations be plotted on this figure, and for each aich point the 
prodi..c~ of the concentration (or deposition) isopleth and the corres-
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Fig. 5-Average daytime surface concentrations of effluent, based on yearly wind 
data; source height h = 100 meters; source strength, Qi = 1 part/sec, n = .25. 
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ponding source strength be formed, then the total annual concentration 
or deposition value at the receptor (center) point is given by the 
sum of these products. This process can be repeated for various 
receptor locations, thus providing annual distributions for multiple 
or area sources. 
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ANL AIR CLEANING RESUME 

C.L.CHEEVER 
Argonne National Laboratory, Argonne, Illinois 

First, I will make a few comments on the various types of air 
cleaning equipment in use at Argonne, and then briefly d.iscuss air 
cleaning plans for our new Fuels Technology Center. 

High efficiency filters, in conjunction with prefilters, carry 
the major portion of the exhaust air cleaning load at the Laboratory. 
Generally, there are about six individually mounted filters per ex
haust plenum. Most have fiberglass media and aluminum separators, 
although filters with asbestos media and some with asbestos separators 
are used for special requirements. Filters with paper separators have 
not been entirely replaced, but they are fading fast as all replace
ments are with the non-combustible separators. Recently, some filters 
with honeycomb construction ha.ve been purchased. 

Our experience with high efficiency filters has been generally 
good, with a few exceptions that can be attributed to excessive insult 
to the filters. 

In one case, glass media filters were installed in an exhaust 
system where there was the possibility of release of hydrogen fluoride. 
Evidently, hydrogen fluoride was released to two of the high efficiency 
filters as the filter media disappeared. This was easy to pick up on a 
check of the pressure drop across the aluminum separators. 

In another instance, considerable laboratory acid fuming was car
ried out without an acid scrubber in the exhaust system. The media in 
the high efficiency final filter (with paper separators) dropped into 
the lower plenum. 

A Millipore !"ilter sample was run continuously at 1 cf'm for 35 days 
on the exhaust side of a high efficiency filter serving a laboratory 
hood exhaust in our Chemistry :Building. No detectable weight gain or 
reduction in flow rate was indicated. The Millipore filter had a gray 
discoloration, but there was no particulate loading that could be 
removed from it. 

Prefilters are American Air Filter Company Type H and Type HX with 
fiberglass media. We find that the prefilters do a pretty good job of 
protecting the downstream. ductwork against particulate contamination 
and in reducing the a.mount of particulates getting to the high efficiency 
filters. 
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The collectors used to clean the exhaust from operations in our 
Special Materials machine shop and foundry are a series combination of 
Type N Rotoclone, Electrocell Electrostatic Precipitator and Airmat paper 
filters. Efficiencies have ranged all the way from fi:J% to 98.8% for 
uranium and 96% to 99.9% for beryllium. 

The cloth bag collector used for collection of considerable quan
tities of dust from our graphite ma.chining room has proved satisfactory. 

Building supply air filters are Type PL-24 with either Airma.t paper 
or fiberglass media. Our tests have indicated average weight efficiencies 
for the two filter banks of fi:J-odd per cent against atmospheric dust. 

The Venturi scrubbers for cleaning the exhaust from two sodium burn 
disposal booths do a good job. The problem is in limiting sodium fires 
to the burn booths. 

Two large acid scrubber units with up to fi:JOO cubic feet per minute 
capacity for uranium fluoride pilot plant cell effluent have three stages 
of nozzles spraying potassium hydroxide solution into Schutte and Koerting 
throats. Early tests on our first scrubber indicated efficiencies of 98% 
to 100% against hydrogen fluoride. In operation, the highest fluoride 
concentrations found during discharge stack sampling has been 2.24 
micrograms per cubic meter. 

Type D Rotoclones a.re used for scrubbing the effluent from acid 
pickling tanks in our Special Materials foundry. 

Our acid f'ume scrubbers for laboratory f'ume hoods are small 
(150 cfm) units utilizing a spray wetted fiberglass pad of 100 to 200 
micron diameter fibers, and identical dry fiberglass pad, and a high 
efficiency final filter. The high efficiency particulate filter is 
needed as acid particles penetrate the scrubber stage. Collection 
efficiencies are greater than 99%· 

Our new Fuels Technology Center, which is presently under con
struction, will have a variety of air cleaning problems. This facility 
will be devoted to carrying out research projects on reactor f'uel 
element development, and the information gained will be used in pro
duction at the Fuels Fabrication Facility. 

Some 456,000 cfm will be exhausted from the building, and this air 
will be replaced with high velocity supply air (3500 to 4ooo fpm) 
filtered with American Air Filter rolloma.tic roughing filters, and 
secondary Type PL-24 fiberglass media filters. The general philosoph.,v 
of the building is to keep each laboratory as a separate unit so that 
only one laboratory would have to be incapacitated in the event of a 
spill or other release of activity. Holes for utility pipes are to be 
caulked and doors and louvers could be taped to seal off the room. 
Recirculation duct connections will be installed in the corridor wall 
so that if f'uture need a.rises a portable high efficiency filter unit 
could be attached to recirculate and clean the room air. 

High efficiency filters for the room exhaust will be installed 
within the room near ceiling height. The plutonium gloveboxes will 
have a nitrogen atmosphere with 0.2 to 0.5% oxygen content in a recir
culation system, with high efficiency filters at the glovebox entry and 
outlet and at the entry to the oxygen-hydrogen catalytic combiner units. 
Every part of the system, with up to 20 boxes per system, will be under 
0.5 or more inches of water negative pressure with respect to the room. 
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A plastic pouch thermal seal filter change technique will be used to 
prevent the header filters from becoming open to the building atmosphere. 

Work is now in progress to fabricate and test an acid f'ume scrubber 
to be used for some of the acid :f'um.ing in the chemical laboratories. 
The scrubber will be constructed of fiberglass impregnated with Hetron 92 
plastic containing 5% antimony trioxide. The exhaust air from acid 
fuming beakers will pass through a sprayed fiberglass pad, then through 
a dry fiberglass pad mist eliminator, and finally through a cartridge 
packed successively with 200, 25, 1, and 0.5 micron glass fibers. This 
cartridge can be back-flushed to remove collected acid. Dr. L. Silverman, 
Harvard University, suggested design features of this unit. 

Exhaust air from the Metallurgy machine shop, foundry, and ceramics 
operations will be filtered with reverse jet cloth bag collectors. In 
the case of the ceramics toxic materials laboratory, where fine beryllium 
powders will be used, these collectors will be backed up with high effi
ciency filters. Efficiency is specified at 99.95% vs. 1 micron spheres. 

Gas absorbing units for pickling, plating and other operations in 
the shop and foundry area will have wet and dry stages of dynel fibers 
and the interior will be coated with a minimum of 50 mil thick polyvinyl 
chloride. 

Preoperational efficiency tests will be run on the air cleaning 
equipment for this building, with occupancy scheduled to start after the 
first of the year. 
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SUMMARY OF AIR CLEANING ACTIVITIES AT 
ATOMICS INTERNATIONAL 

E. C. HICKEY 
Atomics International, Canoga Park, Calif. 

At Atomics International, a Division of North American Aviation 
Company, activities are conducted primarily at two general site 
locations: (1) reactor, hot cell and critical assembly operations 
at the field site located in the Santa Susana Mountains and 
(2) research and development and fuel element fabrication operations 
at facilities located in Canoga Park section of the San Fernando 
Valley approximately 15 miles fro~ the field site. Since a specific 
discussion of existing and proposed air cleaning installations 
relating to reactors, hot cells and critical facilities will be 
presented by A. R. Piccot of the Analytical Engineering Department 
at Atomics International, it would appear appropriate to confine 
these remarks to a brief discueaion of current air cleaning 
activities as they relate to fuel element development and fabri
cation as well as basic research and development. 

During the past year, considerable effort has been expGnded 
in the planning, design and construction of new facilities to 
meet the continually increaeing demand for space to support R and 
D activities in the San Fern;uido Valley. Recently, construction 
waa completed on a new building which will be devoted principally 
to fuel element development and fabrication. Construction is also 
underway at present on three (3) additional buildings which will 
complete a four (4) building complex. One of the latter buildings 
will be utilized exclusively for R and D laboratory work. 

Due to the proximity and density of residential dwellings 
to the facilities in the San Fernando Valley, the basic criteria 
relating to the discharge of airborne radioactivity from these 
facilities can be summarized as follows: 

Operation or processes that produce, 
generate or disperse radioactive gases 
or particulates are provided with adequate 
means for the collection and removal of 
such contaminants from the air prior to 
discharge to the atmosphere. It is required 
that the most efficient and practical 
system of air cleaning be provided to 
reduce activity level to a minimum and 
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at all times sufficient to maintain 
activity below prescribed tolerance 
levels. 

Collection of particulates is usually accomplished by the 
use of 2 inch thick non-combustible fiberglass prefilters and non
combustible high efficiency final filters. In many instances, 
however, pre-cleaning of the exhaust air prior to final cleaning 
is provided at the point of dust generation particularly in powder 
handling and machining operations. Reverse-jet filters are also 
being employed in this capacity for such operations as the 
machining of beryllium and contaminated graphite dies. Gas 
collection and removal is provided in all cases at the point 
of generation. In most instances the gas is collected in hold 
tanks for controlled discharge after decay. When direct discharge 
of gas to a hold tank is not possible, then methods such as freeze
out, adsorption and absorption are utilized depending upon the 
nature of the material. 

The recently activated fuel element development and 
fabrication facility where SRE, OMRE and other special fuel 
elements are fabricated is provided with four (4) air handling 
systems and the general room and local exhaust air requiring cleaning 
amounts to approximately 90,000 cubic feet per minute. Operations 
carried on within this area include: vacuum casting operations, 
heat treating, slug loading, machining, assembly, testing and all 
phases of metallograpbic testing (bot grinding, bot polishing, 
microscopic examination, corrosion testing). Provisions will also 
be made at this facility to fabricate the fuel elements for the 
Hallam and Piqua Power Reactors. For the R & D laboratory building 
presently under construction, seven (7) air handling systems will 
be installed with a total general room and local exhaust air cleaning 
requirement of greater than 100,000 cubic feet per minute. Operations 
to be carried on within this facility include: High and low level 
analytical and separations chemistry, radiometric measurements and 
analysis, high temperature ceramic studies, organic reactor material 
studies, electronic and standards laboratories, R & D machine shops, 
a laboratory reactor and numerous other activities related to the 
various applications of nuclear materials. These air handlings 
and high efficiency air cleaning systems represent a sizeable 
capital investment and maintenance expenditure in order to satisfy 
the fundamental criteria relating to the discharge of airborne 
radioactivity from these facilities. The location, nature and 
extent of operations, however, justify the installation of adequate 
air cleaning systems. 

In order to continually evaluate the effectivenese or integrity 
of any air cleaning program, stack sampling and environmental monitor
ing programs are utilized. Stack sampling is used on the present 
major exhaust system:;; and will be incorporated into the new systems 
as they become activ3ted. Environmental monitoring which ia 
considered an important adjunct to any air cleaning program is 
utilized to aosay both airborne particulate activity as well as 
surface contamination or fall-out resulting from possible plant 
discharges or nuclear detonations. An extensive environmental 
monitoring program is in effect at Atomics International which in
cludes constant air monitoring at all facility locations, the routine 
collection and analysis of soil and vegetation samples from forty
three (43) stations covering a 15 mile radius froa the field site 
at Santa Susana. These results continue to show that no significant 
contamination has resulted in the environs due to the operations 
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carried on within the area during the past 5 years. Meteorological 
data are also collected at Santa Susana which includes recorded wind 
speed and direction as well as temperature and relative humidity. 
These data supply necessary information which can be used for 
hazard evaluation studies as well as for emergency plans. 
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SUMMARY OF AIR-CLEANING ACTIVITIES* 

MYRON D. THAXTER 
Lawrence Radiation Laboratory, University of California, 
Berkeley, Calif. 

ABSTRACT 

The air-cleaning policy of the Lawrence Radiation Laboratory 
includes studies for improvement of methods and equipment. Among 
new developments and applications are sampling equipment and 
scrubbing or decontamination assemblies; further investigations are 
needed. 

General Statement 

Our air cleaning policy is directed towards (a) improving the 
quality of air-cleaning equipment and practices, (b) reducing the 
contamination of air wherever processes and established routines 
permit, and (c) reducing the quantity of air exposed to contamination. 
The maintenance and enhancement of air-sampling equipment, methods, 
and data processing (including the interpretive reporting phase) 
continues as an essential portion of our air-cleaning program. 

Improvements in Methods 

1. Lawrence Radiation Laboratory, Berkeley, has substantially 
abandoned the use of fume-hood exhaust filters. Over many years the 
amounts of radioisotopes worked up in hoods had been decreased (as 
the use of total enclosures increased) to the point where hood filters 
were functioning as rather poor stack samplers. When adequate 
stack-sampling equipment became available the filters were abandoned. 
The sampling frequency is now weekly, and evaluation criteria shall 
be according to 10 CFR 20. 

2. Heavy-element slug processing became 100% functional 
under our so-called ''low leak" air-handling system. As a direct 
consequence, the stack samples for the first time were free of any 
detectable alpha activity. 

* Paper presented by H. Jorden 
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3. The so-called closed dissolver prototype, referred to at 
the 1957 seminar, has since been used on multicurie runs with 
quantitative capture of fission gases. No operating difficulties are 
experienced, and in the collection process the gases are auto
matically packaged and ready for burial. 

Development of Air-Handling Equipment 

1. A hood-exhaust sampling assembly (Figs. 1, 2) has been 
devised, tested, and installed. About 3 months' data are at hand, 
Replicate samples show about a 70% agreement with one another on 
samples of 1 week 1 s duration. Relatively minor mechanical problems 
awaiting solution are (a) pump shutdown and (b) rubber deterioration, 
in a few instances, on the sampler head assembly. 

Fig. 2-Stack sampler (exploded view). 

Fig. 1-Stack sampler assembly. 

2. A general-purpose refrigerated scrubber and air-conditioning 
assembly for treating either recirculated or once-through process gases 
at a maximum rate of 18 cfm (Fig. 3) has been developed through a 
design study based on 8 years 1 experience at two sites. Several of 
these units have given successful service in high-level general radio
chemistry. Experience shows that, through operator negligence, the 
Venturi throat may become plugged with crystalline deposits. A 
method is needed for removing these crystals from ''hot" apparatus. 

Exploratory data on aerosol and gas-removal efficiency during 
a recent high-level run indicated from 40% to 96% per pass, depending 
upon the isotope measured. This variation was not unexpected be
cause of the wide range of solubilities, vapor pressures, etc., in a 
heterogeneous mixture of fission products and transplutonic compounds. 
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3. An air-sample alpha and beta-gamma counter with auto
matic-printout--for 4X 9-inch filter paper samples--has been devised 

Fig. 3-Scrubber box assembly. 

Fig. 4-Automatic filter-paper counter. 

and substantially debugged, and is turning out routine data (Fig. 4). 
It can handle 85 samples per loading. A more detailed paper is iii 
manuscript (M. D. Thaxter and T. G. Taussig, Automatic Filter Paper 
Reader, UCRL-8701, September 1959). 
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4. Modifications were made on a fail-safe self-checking circuit 
for box exhaust manifolds to employ commercially available components. 
We believe we now have a dependable assembly based on more than 2 
years 1 use and development. 

5. A prototype high-speed centrifugal evaporator or so-called 
"spin-dry" equipment shows promise; early runs indicate decon
tamination factors greater than 105. It is expected that development 
will proceed to both macro and semimicro hardware. 

6. Safe equipment and methods for taking 15-ml process gas 
samples in 1/4-mil Mylar bags were developed and employed (Fig. 5). 
The technique permits detection of weak beta and alpha radiations and 
performance of pulse-height analyses on gamma emitters. 

Fig. 5-Air-grab sampler assembly. 

Investigations Needed or in Progress on Methods and Equipment 

1. Radioactivity is found in the air near operating accelerators. 
A portion is airborne. The extent, nature, method of production, and 
evaluation of hazard (if any) of this airborne fraction is under 
investigation. At least a portion of the activity is collectable on dust 
filters and emits beta particles. Half lives ranging from 7i seconds 
to 40 hours have been observed. 

2. Revelation of mechanical defects in high-efficiency filters 
(CWS 6 and AEC type) by visual inspection points up a need for 
technique and equipment to evaluate filter efficiency upon receipt. This 
is particularly important since only a very small part of the filter is 
visible to inspection. 

3. Prompt detection in air of alpha emitters other than radon
thoron daughters is badly needed, and we continue to plead for research 
and development leading to a dependable and economical method. 
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4. Methods for safe, rapid evaporation of radioactive solutions, 
in addition to the "spin-dry" technique already mentioned, are the 
subjects of studies plannedat this Laboratory. 

Discussion 

Q. ( W. B • I!arris, NYOO) About the hopper for collecting materials, 
I heard somethinc; about having e level indicator in the bin - is 
this adequate protection against a critical a.mount in the hopper~ 

A. It should never accumulate to that point at all. If it does, there 
is an alarm (vhich ve hope will never go off). 
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SPEECH DELIVERED TO 6TH AEC AIR CLEANING SEMINAR AT 
IDAHO FALLS, IDAHO, ON JULY 1, 1959 

R. J. WALKER 
Dow Chemical Co., Rocky Flats Plant, Denver, Colo. 

In reviewing the radioactive air filtration problems at the Rocky Flats Plant 
in Colorado for this group at Boston two years ago, I stressed the fact that 
we had experienced very commendable service (in both efficiency and cost) 
from our cellulose-asbestos final air filters. I expressed our concern over 
the danger of fire in these banks but I also expressed some misgivings we 
had concerning the new, all-glass, fire resistant filters being proposed by 
one of the filter manufacturers. Since we, as well as many of you, were 
living on •borrowed time•, so to speak, with nearly 4000 of the old "firebug" 
filters in place, I was especially concerned that all due emphasis and effort 
be placed on getting a suitable "standard" evolved for the new fire resistant 
filters so that we could all proceed with our mass replacements without 
jumping from the frying pan into the fire. This is probably an unfortunate 
choice of words which could be better expressed by saying we surely didn't 
want to jump into such a major program and find we bet on the wrong horse. 
My sole point in the talk was to press for a solution to this problem and that 
if furthering this end were our only accomplishment at the meeting that al I 
of our time would have indeed been well spent. 

Very unfortunately, time ran out on us. As most of you are wel I aware, 
we lost one of our major banks of these filters in a fire just three months 
after that Boston meeting. Luck, nature, design, and super efforts on 
the part of personnel involved all helped to minimize what could have 
been catastrophic consequences. However, ready or not, there was no 
more time to wait for the solution to the problems of the new, all-glass, 
fire resistant filters. Hanford had just ordered the first major batch of these 
new units. By utilizing filters intended for them and by working all three 
manufacturers overtime, we were able to have this bank back in operation 
in about two weeks. 

However, since then, some of our worst misgivings about the new units 
have been realized. First, our costs have been staggering for numerous 
reasons. This is not just sour grapes from an enemy of the "quality at any 
cost" school. The first cost of the first hurried units was nearly 50 percent 
over the old-type units. In the first four months, 10 percent of the filters 
in the bank had holes and had to be patched. In the first six months, we also 
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had to completely replace another 10% of the bank. When the whole filter 
core is pulled out onto the floor, you have little choice. The man-hours 
needed to check, search for, and maintain such a bank become costly in 
dollars and rob important production functions. As a result, the whole bank 
was replaced with a new glass-asbestos type media filter in a year (up to 
being burned, the old bank had lasted five years). So far, the new units 
are doing a good job with much less effort on our part than the al I-glass 
units. They do, however, require more attention (checking and patching) 
than the original bank. 

The pressure of the crying need for the best in fire resistant final air filters 
has brought forth numerous variations and new designs. This, coupled with 
what seems to be a concentrated effort on the part of each of the filter 
manufacturers to put himself in a proprietary position, has led to considerable 
confusion in the specifying and using agencies. As a result of this changing 
design, a necessarily long lapse of time between order and use, and very poor 
marking of the shipped units, it is often almost impossible for the layman to 
tell what type a particular group of filters in the warehouse might be that 
are now ready for use in a particular area. With the very high cost of "hot 
changes• even in smal I (20 filters) systems, a wrong guess can surely be costly 
and again robs you of production time. 

A further disturbing trend recently has been the high number of defective 
units received from the manufacturer. In prior years, 6 repairs out of 600 
units installed was high and was usually due to accidental damage at in
stallation. However, as recently as this past week almost 100 containers 
had to be opened and checked to get 20 usable units. Even then, half of 
the 20 had to be patched before they were installed. This is a lousy 
contingency to have to face on a tightly scheduled, hot maintenance job. 

Therefore, gentlemen, once again I would like to exhort this group to put 
forth effort in all possible haste to reach a standardization in our specifications 
and to insist on any and all manufacturers meeting these specifications. It 
is essential that we restore the •final air filter field• to the position of 
integrity, dependability, and service it once held. 

Discussion 

Q. Is the life of glass filters appreciably less than asbestos type? 

A. Haven't had glass ones in long enough to tell you. We think they 
will be somewhat less. 

A. (L. Silverman - Harvard) Think life would be about the same. 

Q. (G. J. Hurwitz - Army Chem. Center) Would like to know whether 
you attribute the damage in these filters to storage or deteri
oration in storage or did you receive them da.ma.ged from the 
manufacturer? 

A. We are unable to say, we think we received them that way - had 
a prior shipment last year with no shipping damage. March damage 
was 96 out of 6oo. Later had to open up 100 to get 20 usable ones • 
Boxes were undamaged - think they left the plant that way. 
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Q. Have you any idea how long you had them in storat;e? 

A. Sone we have had as high as one year. 

Q. Is it conceivable that they were damaged in storage? 

A. It is possible, yes. In prior years we had no trouble, but were 
using a different type of filter material. 

Q. To what do you attribute the experience of those which were 
destined.for Ranford and reached Rocky Flat? 'Why did they fail 
so quickly? How do you go about the patching process? 

A. Small holes were squirted with cement. When all else fails, you 
replace the unit - later asbestos glass not showing the proneness 
to damage. 
We have some very minute a.mounts of Hf coming through - glass 
filters are not so prone to hf damage, but also we do have a 
srne.11 amount of 1'.f damage • 
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A SUMMARY OF AIR CLEANING ACTIVITIES AT THE 
SAVANNAH RIVER PLANT 

J. J. CROLEY, JR. 
E. I. du Pont de Nemours & Company, Inc., 
Savannah River Laboratory, Augusta, Ga. 

INTnODUCTION 

Air cleaning activities at the Savannah River Plant involve extensive 
use of various types of air cleaning media ranging from liquid systems, 
such as caustic scrubbers, to sand filters. Like other AEC installa
tions, the Savannah River Plant leans heavily on CWS-6 and all-elass 
fiber types of high efficiency filters. 

DISCUSSION 

Two groups of applications are considered in this discussion of air 
cleaning activities at the Savarmah River Plant: (1) the cleaning 
of air for supply to indoor areas, and (2) the cleaning of exhaust 
air systems before discharge to the atmosphere. 

1. Air Supply Cleaning Systems 

All air supplied to production and laboratory facilities is 
filtered through 11Airmat" type filters. These filters are fire
proof. They consist of bonded glass fiber having an initial 
resistance not exceeding 0.10 inch water gage at a linear 
velocity of 35 feet per minute. Average dust arrestance shall 
not be less than 90% as determined by the Air Filter Institute 
Code Test Method. Filter frames are of heavy metal. It has 
been found necessary to change these filters on a frequency of 
only once per year in all installations. This media is excep
tionally durable and has eliminated the problem of perforation 
under heavy load. Experience with this media at SRP has been 
very satisfactory to date. 
Air supply to locations containing delicate instruments or 
sensitive laboratory procedures is often filtered through high 
efficiency filters of either the fireproof or fire-retardant 
type, depending upon the degree of fire hazard involved. 

114 

.. 

.. 

, 



" 

2. Air Exhaust Cleaning Systems 

A. 

B. 

Reactor Installations 

Air exhausted from reactor installations is not filtered, 
except to a minor degree for high level caves, but is dis
charged directly to the environment through a 250' stack. 
High level cave exhausts are filtered through high effi
ciency filters of the fire-retardant type. A constant 
monitoring program is utilized to measure the amount of 
radioactivity releas~g to the atmosphere, particularly 
with regard to Argon4l which is produced when air is bled 
into the reactor systems during shutdowns, and tritium 
which is evolved from tritium-contaminated moderator. 

Separations Installations 

Air exhausted from separations systems may be cleaned in 
several different ways before final release to the atmos
phere. These methods are discussed as follows: 

l) Sandfilters 

Sandfilters are utilized to clean air from several 
different canyon process streams. While efficiency 
data for this type of filter is somewhat controversial, 
Savannah River Plant experience has shown that such a 
filter can handle up to 300 curies of particulate 
contamination with an average decontamination factor 

' of 99.95%. Pressure drop across the filter used for 
this example has increased only about 0.29 inch water 
gage or 6.52 to 6.81 inches water gage during a period 
of 4 to 5 years. Design specifications allow an 
increase of one inch water gage. The sandfilter is 
also used to back up other filtering systems utilizing 
fiberglas, caustic scrubbers, and dehumidifiers. 

2) High Efficiency Filter ~tems 

This type of air cleaning media is used extensively 
throughout separations installations in all locations 
where toxic pyrophoric metals are handled. Prefilters 
are used extensively with this type of filter to 
increase its life expectancy. A review of all high
efficiency filter installations was completed recently 
resulting in a change from fire-retardant filters to 
fireproof filters in fire hazard locations. 

Contamination released to these filters may vary 
enormously, depending upon leaks and spills in such 
process areas as the sample aisles and hot gang valve 
corridors. Experience has shown that filtering effi
ciency for CWS-6 type filters varies according to 
service from about 95% for mixed fission products to 
99.9+% for plutonium. The Health Physics Section 
maintains a close check on the efficiency of these 
filters by constant monitoring both before and after 
final filtration. 
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High efficiency type filters are also used to clean 
exhaust air from recovery facilities. Uranium dust is 
the primary contaminant. Collection efficiencies 
approaching 100% are now obtained in these locations. 

c. Metal Fabrication Facilities 

Metal fabrication facilities employ local exhaust systems 
extensively for operations where uranium and its alloys 
are handled or processed. These local exhaust systems 
are then filtered through high-efficiency filter units 
of the CWS-6 fire-retardant or fiberglas fireproof type, 
depending upon the degree of fire hazard involved. 

SUMMARY 

In summary, current air cleaning practices at SRP utilize a variety 
of techniques directed at securing a maximum decontamination factor 
for radioactive gases and particulate matter. The most commonly 
used device is the high-efficiency package filter. All "critical" 
locations where a potential fire hazard exists employ fireproof type 
filters. Other filter installations utilize the fire-retardant, 
high-efficiency type filter as an economic factor, until the current 
inventory of these filters is exhausted. Future plans visualize the 
use of only the fireproof, high-efficiency filter at this Plant. 
Air cleaning axperiences at the Savannah River Pl ant were good with 
no problems worthy of discussion. 

Discussion 
Q. (J. Murrow - U of Cal.) You mentioned fireproof filters, just 

what are they compared to fire type? 

A. That is perhaps a tenn or nomenclature used specifically in SRA 
Divided filters into types - fire type to stand 250° continuously 
and fireproof to stand 8oo"F. continuously. 

Q. Do you have any results on the silver plated tape tests at this 
time? Any other clues as to your activity bursts? 

A. Not yet. - One of the largest ones we did have seemed to be 
about the time we had our largest fallout days and I would 
hesitate to even suggest that this was the cause. However, 
it would look a little bit in that direction. 

C. (W. King, PPCo) These questions interest me - small increase 
about two times output similar to what you had. Have you removed 
the tape and analyzed it to see if it is fresh fission products or 
foreign fission pulled through the flush zone? 

A. Unless you sit right with it, you can't do it. Sometimes happens 
at night - have tried to cut the tape and thought it was that very 
thing. Next time it was something else. We are completely at sea. 
The only reason we have noticed is that our old fuel oil back-

ground levels ran so high -- that weren't noticeable. 
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Q. What is the type of filter ,iust before the Venturi tha.t leads to 
the stack? 

A. FG 100 after filters Dahlinger glass test type which Bhauld be 
getting better and better all the time because they've been in 
there about 9 years - high temperature filter - the after filters 
are doing a good job, we think. 

Q. (L. Gemmell, BNL) Is it a general practice to test all filters 
before installing? 

A. (H. Gilbert, AEC, Washington) Join the discussion on filters tonight 
and find out the answers. 
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FILTER EFFICIENCY STUDIES AT GOODYEAR ATOMIC CORPORATION 

P. DIAMOND 
Goodyear Atomic Corporation, Portsmouth, Ohio 

ABSTRACT 

Studies were conducted at Goodyear Atomic Corporation to evaluate the efficiencies of air 
filters and to gather data which could be used as bases m establishing effective filter 
cleaning and oiling schedules. Two types of filters were tested under various conditions 
and corresponding efficiencies were determined. A direct relationship was found to exist 
between the degree of louver opening and filter efficiency. The resistance across filter 
banks was found to increase over relatively long periods of time. 

This paper presents the methods employed during the studies and the results obtained 
which were used to determine filter efficiencies and establish effective cleaning and oiling 
schedules. 

INTRODUCTION 

Despite the fact that the viscous impingement filter was the original filtration device, a 
review of the literature reveals very little on the collection efficiency of this filter for 
atmospheric dust. Studies were conducted at Goodyear Atomic Corporation of two types 
of impingement filters in an effort to evaluate efficiencies under various conditions and to 
establish effective cleaning and oiling schedules based on both filtration efficiency and 
resistance measurements. The magnitude of the studies may be illustrated by the fact 
that a total of over thirty million cubic feet of air is filtered each minute in three process 
buildings at Goodyear Atomic Corporation. Figure 1 shows one of these process buildings 
and its air-intake louvers. There are sixty-two filter rooms throughout the three build
ings, representing a total of 64, 500 square feet of filtration area. The average air flow 
through the filters is 500 linear feet per minute. 

Figure 2 is a diagram of air circulation in a typical process building where the filtered air 
supply is used to cool compressor motors. Some typical ambient temperature readings 
are also shown on the diagram. 

TEST PROCEDURES 

Preweighed fiberglass filter papers were used in conjunction with Staplex hi-volume air 
samplers. Samples of the air were collected both prior to and following air passage 
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Fig. 1-Typical process building showing air intake louvers, 
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Fig. 2 -Typical ventilating system. 
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through the filter banks. The filter papers were dried at llll°F. for one-half hour and 
weighed immediately upon removal from the laboratory oven. The drying process was 
necessary in order to stabilize moisture content. The papers were then placed in the hi
volume samplers located on both intake and outlet sides of the air louvers and air was 
sampled at the rate of approximately 12 cu. ft. per minute. Following the collection of 
samples, the filter papers were again dried and reweighed. The increases in weights of 
both filters were used as bases for the determination of efficiency. 

RESULTS 

FAR-AIR FILTERS 

Results of the tests of Far-Air filters indicated an over-all average efficiency of 42%. 
Twenty-eight pairs of samples were collected; each sample being collected for about 
seven hours. As previously stated, the increase in the weights of the filter papers, before 
and after the filter banks, was used in determining the efficiency by weight of the filters. 
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Fig. 3-Filter collection efficiency vs. louver position. 
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Fifty-four pairs of samples were collected to determine the efficiencies of this type filter. 
Louver openings were adjusted during each of the tests in order to permit the entry of a 
predetermined amount of unfiltered air. The over-all results of these tests show the 
following efficiencies: 
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Louver Position No. of Tests Average Efficiency 

Closed 7 4EPk 

1/3 Open 13 65% 

1/2 Open 10 77% 

2/3 Open 9 7!1fo 

Completely Open 15 91% 

The individual test results are graphically presented in Figure 3. It appears that a direct 
relationship exists between the degree of louver opening and dust collection efficiency . 
This may be explained by the fact that as the degree of louver opening increases, more 
air, containing larger foreign particles, is admitted from outside the buildings. The 
filtering of these larger particles results in the greater efficiency. 

CONCLUSIONS 

Experience to date has indicated that during an eight-month period the average resistance 
across the filter banks increased from 0. 08 to 0. 20 inch of water. Based on the manu
facturers' specifications to clean the filters at the 0. 25-inch level, a cleaning schedule 
has been established on an annual basis. An oiling schedule has been established at three 
times per year. The most economical method for cleaning and oiling the filters at Good
year Atomic Corporation has been found to be the direct removal of the filters and im
mersion in an alkaline dip tank. The filters are subsequently cold water rinsed, hot 
water rinsed, replaced, and finally re-oiled using SAE 40 lubricating oil. The estimated 
cost is 16 cents per filter. 

SUfficient evidence has not been accumulated to evaluate fully the optimum time interval 
between filter cleanings, but the necessary background material has been gathered to 
permit better evaluation of data to be collected in the future . 
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SUMMARY OF AIR CLEANING ACTIVITIES AT BROOKHAVEN 

LEE GEMMELL 
Health Physics Division, Brookhaven National Laboratory, Upton, N. Y. 

ABSTRACT 

A number of radioactive peaks have been seen on the dust monito.t 
located in the cooling air of the BNL Research Reactor. These peaks are 
much more pronot.meed since the installation of the new enriched fuel in 
August 1958. Even though this radioactivity represents no health hazard 
to the environment, a study was made to determine the cauce of these peaks. 
The results of this study were inconclusive and showed only that major 
changes in meteorological conditions bring changes in peaks but no specific 
correlations have been made. 

A study is in progress to test the chemical combination of iodine 
and bromine on silverplated copper gauze at different temperatures. No 
results are available. 

The Meteorology and Health Physics Divisions are studying the size, 
shape, concentration and height of the cooling air plume from the research 
reactor under various weather conditions using the radioargon in the air 
plume as the trace element. Preliminary results look satisfactory. 

* * * * * 

The largest and perhaps the most interesting and challenging air 
cleaning problem at Brookhaven is in connection with cleaning the cooling 
air of the Research Reactor. Az you know. this reactor is air cooled, 
graphite moderated and, since last August. the original natural uranium 
has been replaced by an enriched fuel. To cool it requires approximately 
one million pounds of air an hour. This air is pulled with a pressure 
drop of about 50 inches of water through inlet filters, the reactor, and 
exit filters by five 1500-horsepower fans and exhausted from a stack 350 
feet above the surrounding terrain. 

'nle inlet air filters are deep pocket fiber glass (American Air 
filter R;..100) and the exit air filters are woven glass fiber filters 
(Dollinger Glass Tex). The inlet filters are reasonably satisfactory for 
removing atmospheric dust. However, many particles in the sub-micron size 
pass through in the air stream. The Health Physics Division has installed 
a continuous dust collector for sampling the cooling air at the base of 
the stack. Figure 1 shows the cooling air system of the Brookhaven Reactor 
and Figure 2 shows instruments used in monitoring air for particulate ac
tivity. 
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Fig. 1-Cooling air system, Brookhaven Reactor. 

Fig. 2-Instruments used in monitoring air for particulate 
activity. 
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Of course, the principal radioactive contaminant in the cooling air 
stream is Argon-41. Even thou~h there is very little Argon in air, ap.. 
proximately 15,000 curies of A~l are discharged up the stack each day. 
The height of the stack, the relatively short half-life of the radioargon 
(110 minutes) and the tremendous dilution by the atI110sphere, causes no 
problem in disposing of it safely in this manner. The amotmt of A41 pro
duced depends on reactor power level, amount of air moved and the length 
of time the air remains in the flux so tends to be fairly constant and 
pr~dictable. The particulate problem, however, is more interesting because 
of certain natural and Man made disturbances causing dust that affects the 
over-all radioactivity of t:1e cooling air effluent. 

:>rior to the replace:>terit of the natural uranitun fuel last August, 
th~ri:? w<"-s ah:ays a certain small amount of mixed fission product contamina-
tion from small fuel ele:ient lea1cs into the air stream. The dust monitor 
in the stack ah.raj's detected a small "backgroum" of this activity and 
tended to remain fairly constant. This amount of radioactive dust repre
sented no hazard as far as the local environment was concerned. 

After the cb::mge over to the new fuel, the same dust monitor displayed 
snme rather sharp peaks that lasted for periods ranging from an hour or 
two to as much as three days. It was thought that these peaks were likely 
caused by possible uranium contamination on the outside of the new fuel, 
possibly by small blisters reaching through the cladding into the U235 
alloy, 0r t!;e scrubbing of fission product debris left over from the old 
fuel. The enriched fuel from one of the central holes was rer.ioved for 
routine replacement and it was then discovered that one of the elements 
was badly do:unaged. Following removal of the damaged element, there ap
peared to be less frequent peaks. This improvement may have been due to 
the removal of the dall'.aged element or merely a coil'1Cidence. 

Radi0active pea~s still occurred although less frequently. A dust 
collector and monitor was installed in each exit air duct before the exit 
filters to see if the activity was coming from only one side of the Pile. 
3cth m0nitors showed the same rises at the same time, indicating that 
somethi~ must be getting into the air stream before entering the Pile. 
It was at this point that automobile exhausts were linked to the rises 
in activities. If a truck or passenger car were left running in the gen
eral area of the inlet air intake, the activated exhaust would show on 
the dust monitor. This discovery looked promising as the answer. However, 
within a week, another peak appeared with no man made disturbance as far 
as could be ascertained. 

A short time later, one of the Operations personnel noticed that a 
peak was coincidental with a shift of the wind to the south. The wind 
direct ion chan,;ed abruptly from the northwest about 15 minutes before the 
trace a.~reared. From windspeed data, the sea air from the south seemed 
to be perfectly timed for the peak. However, on later occasions, more 
peaks occurred without sea breezes. 

Later. on a very humid foggy day, a large sharp peak appeared with 
nothing mentioned before as a possible contributing factor. The theory 
advanced this time suggested that moisture penetrating the inlet air 
filters was carrying dirt from the inside surface of the filter into the 
air stream. T'ne next tiin.c this same atmospheric condition appeared, there 
was no peak. Since then, several cases have been examined and each time 
there se~s to be less and less correlation. 

If atmospheric polution is causing these abnormalities, then a 
sample of tlle atmosphere should be ta.ken at the same time the peaks occur 
in the cooling air and analyzed spectrographically. This procedure was 
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set up by providing an automatic triggering device that would turn on 
another air sampler for sampling the atmos;>here when a peak showed in the 
Pile stack. These samples have shown nothing unusual to date. The dust 
monitor peaks are showing less frequently during the late spring and 
smmner so it will probably be necessary to wait unti 1 fall. for more data. 
The cause of these radioactive peaks at the moment is unknown. Major 
changes in meteorological conditions bring changes in peaks, but no specific 
correlations have been made • 

Fig. 3 -Apparatus for the laboratory experiment. 

Fig. 4-Geiger counters mounted in aluminum box attached to underside of plane 
wing. 

It is obvious that contaminants in the air, even though in very sn:all 
concentrations, can be detected upon passingthrOllgh the neutron flux in 
the reactor. The additional sensitivity of the reloaded Pile is due to 
the fact that since the new fuel reloading there is all area of considerably 
higher specific power, the flux is up by a factor of 3 or 4 and the air 
stays in the Pil:? longer. 
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The staff at the Harvard Air Cleaning Laborator1 has been interested 
in testing the chemical combination of iodine and bromine on silver
plated copper gauze at different temperatures. Even though there are no 
routine problems or hazards connected with radioactive iodine or bromine 
at Brookhaven, our Reactor Operations Division is also interested in the 
project as an aid in cleaning up the cooling air effluent in case of a 
reactor accident. The test calls for the irradiation of a small piece of 
fuel plate, melt it quickly in an air stream and measure the amount of 
radioactive iodine and bromine on the silver-plated copper mesh in the 
strerun. Figure 3 shows apparatus for the laboratory experiment. 

The Meteorology and Health Physics Divisions are studying the size, 
shape, concentration and height of the cooling air plwne from the research 
reactor under various weather conditions. To do this, an airplane flies 
a course back and forth through the cloud at varying distances and heights 
from the reactor stack. Geiger counters are use4 as detectors and are 
mounted in ~.n aluminum box attached to the underside of the plane wing. 
(Fig. 4) The geiger tubes are sensitive to ~ particles and relatively 
insensitive to y -rays. The air flows through the box at approximately 
the speed of the plane and the GM counters see primarily the activity in 
the box. The geiger pulses are recorded on a tape recorder and will be 
a.~alyzed later on a multichannel type machine. It is hoped to get within 
50 feet of the actual plume size. Preliminary results look satisfactory. 

The Meteorology Group is also cooperating with the Health l>tlys ics 
Area Survey Gr6up in an analysis of the effect of the use of the enriched 
reactor fuel on radiation in the local vicinity. The analytical procedure 
involves a careful separation of those hours in which a given monitoring 
station was unaffected by the reactor plume and those in which such an 
effect was certain or possible. This, coupled with appropriate radio
logical data from the Health Physics background monitoring stat ions and 
reactor operations data, should provide rather substantial detail on the 
problem after a study of about 6 months of data. 
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AIR CLEANING PRACTICE AT U.K.A.E.A., ALDERMASTON 

F. J. HALL and S. E. SMITH 
United Kingdom Atomic Energy Authority, Aldermaston, Berks, England 

I. Air Cleaning Requirements 

Air cleaning facilities are instaJ.led at Aldermaston in the ventilation 
systems of laboratories and workshops 'Where radioactive and toxic hazards 
arise, in pa...""ticular from experiments involving the handling of natural and 
enriched uranium plutonium and beryllium. 

The Health Physics Branch has a dual responsibility, to limit the exposure 
of staff who work on toxic or radioactive materiaJ.s to a safe level, and to 
limit, and record, the quantity of activity discharged to atmosphere from the 
site as a whole. In pursuance of these ends, they specify the standard. of 
room ventilation and cleaning of extract air which is required for each particular 
operation. They aJ.so operate monitoring services to check that these ends are 
achieved. 

Room ventilation requirenents range from 5-20 air changes per hour for active 
and toxic laboratories, to 10 air changes per hour for semi-active areas such as 
change-rooms and stores. Air is usually supplied to these areas via a filtered 
plenum system which promotes cleanliness within the building and relieves the 
dust load on the extract filters. 

Handling of exposed plutonium in all forms and of finely divided beryllium 
and uranium, is carried out in sealed glove boxes under a negative pressure with 
a recirculating inert atmosphere. Provision llllSt be ma.de for filtration of the 
High Pressure Extract discharge to stack which cores into operation in the event 
of a pressure rise in the boxes. High efficiency filters are installed on this 
H.P.E. extra.ct, and also on the inert gas exit lines to confine contamination 
to the glove box installation. 

Processing of beryllium and enriched uranium in massive forms is 
carried out in air hoods or :f'ume cupboards which are extracted at such a rate 
as to provide a flow of at least 200 LFM through all openings. These are often 
equipped with a local low efficiency separator {coarse filter, cyclone or scrubber, 
according to circumstances) which facilitates the recovery of valuable materials 
and lightens the load in the main filter. For the average laboratory or workshop, 
the total extract from the installed machine bo:xes or :f'ume cupboards is sufficient 
to supply the required number of room air changes per hour. 

The combined extract air is required to be filtered before discharge to the 
stack, the policy being that contamination is reduced to a safe level by the 
cleaning system, plus the dilution achieved before reaching ground level by 
discharge from a stack of a certain height. 
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II. Design of Air Cleaning Systems 

The specification and design of filtered extract systems is the responsibility 
of the Chemical Engineering Branch, 'Whose work in this field falls into two main 
categories: 

(a) design of air cleaning systems for spcified applications in new or existing 
buildings, and 

(b) developrent and testing of new types of filters and other air cleaning 
devices. 

1. Filters 

The earliest installations at Alderma.ston employed commercially available 
cylindrical filter units, about 5 ft. long x ~ins. dia., in which the filter 
medium was wrapped twice round a central perforated tube; the canister is welded 
up after packing (and disposed of with the filter after use). The medium 
employed is resin-coated wool, developed for removal of particulate smokes in 
respirators; these filters have a throughput of l8o cf'm at a pressure drop of 
0.5 - 0.8 ins. w.g., and a methylene blue penetration of 0.05'/,. 

It was known that the filtration efficiency of resin-wool filters decreases 
during prolonged continuous operation, and to some extent during storage. Where 
continuous high efficiency was required, the resin-wool was replaced by a double
wound pad of asbestos-wool (mixture containing about 18% asbestos,) which gives a 
methylene blue penetration of 0.001%, but with a throughput of only 36 cf'm at a 
pressure drop of l.O - l.2 ins. w.g. In some instances an electrostatic 
precipi ta.tor was included. 

This system, 'Which is efficient but expensive in space and installation costs, 
has been replaced in later buildings by a pleated pad type filter, developed by 
the Chemical Defense Experimental Establislment, Parton, and supplied to U.K.A.E.A. 
specifications, employing a 50:50 cotton-asbestos filter mdium, used either along 
or in conju:iction with a pleated glass-wool prefilter ma.de up from one layer of 
fine superimposed on one layer of superfine glass-wool, which extends the life 
between changes of the main filter. Throughput of these cotton-asbestos- filters 
is 200 cf'm for an 18" cube filter unit, at an initial pressure drop of 1.1 - 1.5 ins. 
w. g. and a methylene blue penetration of ( 0. 003%. These filters will with stand 
a temperatu..T-e of l20°c before the cotton chars although at this temperature the 
asbestos would probably still remain as an effective filter. 

A technique has been developed for replacing the prefil ter medium in situ 
under highly active working conditions, (i.e., by working in "frog" suits); when 
the ma.in filter is clogged, the whole canister is disposed of. 

For the lower efficiencies required for work with uranium, a similar unit 
was developed, with one can 18" x 18" x 18" in which the main filter mdium was 
a double layer of AA Grade with a prefilter of one layer of Fine Grade Fibreglass 
with pressu._T-e drop of l.5 ins. w.g. at 330 cf'm, and a methylene blue efficiency 
of o.35tf,. 

More recently pleated paper type filters have becOID:! available, which are 
still more compact. Originally the commercial units of this type employed 
asbestos paper, containing 5% of asbestos fibre, which is highly susceptible to 
the effect of moisture in the filtered gas and has only a very limited degree 
of fire resistance. Fireproofing of cotton-asbestos and asbestos paper has been 
tried with som success, but it is not considered by us to be a sufficient 
protection. 

We are considering the adoption of pleated glass-paper units which are highly 
resistant to moisture and still effective after completely wetting and drying out 
again, and, W'i th choice of suitable containers and cenents, can be operated 
continuously at temperatures up to 500oc. A 24" x 24" x 12" unit has a throughput 
of 1000 ct'm at 0.5 ins. w.g. pres6W."e drop, but with a nethylene blue penetration 
on only 0.01 - 0.03%. '1'ro units can, hcrwever, be placed in series in a 24" cube 
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canister to give penetration of ( 0.003%, and it is considered at present that this 
type of installation represents the most satisfactory solution to most filtration 
problems. It can also, at the expense of a slight loss in high temperature 
resistance, be made as an acid resistant unit. 

The actual f'ilter unit is pleated and sealed into a disposable metal frame, 
with separators between the folds made of pleated aluminum foil and, in the acid 
resistant one, resin impregnated fibreglass. This has been done by the fir?lls 
concerned to our requirerent. The units are pressed against the sealing faces 
of the canister by a wedge action. 

2. Design of Installation 

.l\11 main filters and fans ere housed in a separate ventilated filter room 
within the building served, which, where high activity is involved, is a "purple" 
area, i.e., in which any operation such as filter changing I!DlSt be carried out 
in "f'rog" suits with air line supply. Extract ducts are at present designed 
to give flow rates of about 18oO L.F.M. which has proved satisfactory in limiting 
deposition of particles within them, but we are not certain that this is the 
optimum in all cases, and should be interested to hear of u. s. practice. 

3. Local air treatment prior to filtration 

In many cases, the extract system from boxes and from hoods incorporates 
a local treatment which provides additional decontamination of highly active 
extract air, permits recovery of valuable materials, decreases the load on the 
main filters and lessens the danger of settling of larger particles in ducts. 
It may also act as a spark arrestor in certain cases, to decrease the danger of 
fire in the extract system. 

Such installations vary according to the size of the airborne particles, and 
with the work being carried out in the enclosure. They may be simple, inexpensive 
and easily replaced glass-wool mats, high efficiency cyclones (wet or dry), bag 
filters, wet scru.bbers or acid scrubbers. 

4. Plenum Air Treatment 

Most active buildings are provided with a pletlWil supply for temperature 
control. This is normally filtered for the reasons stated earlier, the local 
atmosphere dust loading is about 0.07 mgm./cu.m.). 

Early installations were electrostatic precipitators followed by Vokes 
"Kompak" cotton fabric filters, a filter unit 12" x 24" x 18" giving a pressure 
drop of 0.2 ins. w.g. at 600 cf'm. Efficiency on normal atmospheric dusts was 
about 90"/o in the precipitron and about 3or/o in the Kompak, giving an overall 
eff'iciency of 93%· Electrostatic precipitators however, are subject to occasional 
bursts with 1007~ penetration, or even to discharges in which the air loading is 
increased above input. 

A later development was therefore the Kompak Composite f'il ter in which a 
Kompak cotton fabric filter was preceded by a glass fibre prefi1ter. This gave 
a pressure drop of 0.5 ins. w.g. at 400 cfm with a rethylene blue penetration of 
2'fo. 

Currently recommended systems consist of' Vokes 1 44 1 pleated asbestos paper, 
24" x 24" x 12" units preceded by glass fibre units which act as roughing filters 
and spark arrestors. '!his system has a pressure drop of 0.75 ins. w.g. at 1000 
cfm and methylene blue penetration of ( 2.5'}{,. 

In all systems, the air is preheated to bring it below saturation with respect 
to moisture before passing to the filters. 

III. ~ Work of the Filter Development Section 

(a) Specification of filter systems for new or modified buildings 
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The building design engineer is supplied with a detailed chemical engineering 
specification with flowsheets, which satisfy all the requirements of User, Health 
Physics, Safety etc. 

(b) Filter Te sting 

All filters are tested individually before installation in any active system 
in a test rig; the Filter Development Section uses one for expe~ntal work. 
Pressure drop and filtration efficiency are determined at the designed flow rate. 
Filtration efficiency is normally tested by the methylene blue penetration test 
which is laid down in a British Standard Specification. 

Where special filters are needed for local extract points, additional tests 
may be carried out with heavier loadings of standard test dusts - usually 
alumina or talc. 

( c) Development of New Filters 

This has gone on over many years and we think that at present the best 
available answer to our problems is the pleated glass paper filter, as a high 
capacity, fire-proof heat-resisting and moisture and acid-proof filter for all 
active and toxic extracts; where high efficiency filtration is necessary, two 
are used in series. The asbestos paper unit with glass fibre prefilter is 
accepted for plenum filtration as it is cheaper. 

(d) Assessment of Filtration Costs 

This has been carried out in detail for certain buildings in use, and 
provides data for assessment of costs of filtration in new buildings and 
provision of estimates for ventilation system. 

(e) Investigation into airborne contamination 

Determination of dust loading and particle size distribution under working 
conditions to detennine filter loading rates and determination of efficiencies 
required. 

(f) Peview and replacement of older installations 

Some systems installed during the last ten years are W!der review at present, 
and consideration is being given to the advant~s in economics, efficiency and 
safety which can be achieved, together with release of building space, by replacing 
them with more modern types of :filters. The work involved in making such changes 
under contaminated conditions is being looked into. 

Discussion 

Q. (G. J. Hurwitz, Army Chemical Center) In view of the fact that use 
of n.o.p,is pretty well standardized in this country for more than 
10 years, rm surprised you are still using meteylene blue in 
Britain. If it is going to be used any length of time -- ? 

A. We :find methylene blue easier to handle and results more produceable 

C. We understand and that's why we are interested in this. It doesn't 
take so long to get answers • 
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SUMMARY OF IMPORTANT AIR CLEANING ACTIVITIES 
AT FMPC, FERNALD, OHIO 

C. H. STEVENS 
National Lead Company of Ohio, Fernald, Ohio 

Our criteria for industrial ventilation are similar to 
most other AEC installations; namely, (1) protection of 
the health of the worker by providing environment well 
below the M.A.C., (2) reduction of uranium losses through 
exhaust stacks to an absolute minimum and (3) keeping 
maintenance and downtime on ventilation equipment at the 
lowest possible levels. 

This talk will briefly discuss some installations we have 
recently completed which I believe will be of interest to 
most of you. One job involved collection of very fine 
particles which caused us considerable difficulty in 
maintaining constant pressure drop across the dust col
lector bag. Another project involved the installation 
and operation of a prototype drwmning station which has 
virtually eliminated dust leakage to the room while fil
ling drums. A third installation dealt with a method of 
collecting dust from a booth where uranium ingots are 
separated from their molds. The last job I will mention 
will deal with the burning off of up to 5% enriched sludges 
in our Pilot Plant. We will also mention a few of the 
ventilation projects we are presently working on and 
expect to install within the next year or so. 

In our Green Salt Plant we reduce U03 to U02 by passing 
hydrogen through UOJ in a reactor. (Show Slide). The 
excess hydrogen used is burned, and the off-gas is passed 
through a bag collector where any fine material picked up 
by the hydrogen stream in its passage through the reactor 
is collected. We recently converted from screw reactors 
to fluid bed reactors, which resulted in higher loadings 
to the dust collector as well as finer dust particles. 
Our measurements indicated a loading of 2/10 of a grain 
per cubic foot of air. About 70% of the dust particles 
are finer than 5 microns and about 30% finer than 1 micron. 
Although this grain loading is by no means considered 
heavy in normal dust collection operations and we were 
only operating at an air to cloth ratio of about 12 to 
1, we obtained pressure drops across the collector bags 

131 



of 6 to 8 inches, with that pressure drop increasing by 
the hour. Periodic shutdown of the collector and hand
shaking of the bags was necessary to keep operating. 

We have succeeded in remedying the situation by doing 
the following: 

Utilizing a small collector located nearby in 
parallel with our Hz off-gas collector and thus 
dropping the air to cloth ratio to about 8 to 1. 
We also revised our hooding as much as feasible 
to reduce air volume requirement and still get 
adequate collection. We further installed 
truncated cones on top of the bags to prevent 
recirculation of the fines. In addition, we 
went over these collectors with a "bine tooth 
comb," checking proper blow ring center 
distances, carriage travel speeds, and other 
mechanical facets of collector operation. 
Pressure drop is now uniform s01Dewhere around 
4 to 5 inches across collector bags. 

Another project was concerned with obtaining proper dust 
control at points where we are filling SS-gallon drums. 
We, therefore, decided to design and install a prototype 
drumming station which, if it works satisfactorily, will 
be used throughout this project. This slide shows this 
prototype druuming station just installed. As you can 
see, it is basically an enclosure with adequate windows 
and floodlights; we have also provided a semicircular 
ventilated hood around the drum. The station itself is 
also ventilated. We have allowed enough space in the 
drumning station so that the operator can move the drum 
away from the feed spout and lid the drum inside the 
enclosure. An air dust survey just completed shows excel
lent control at this drumning station; the counts taken 
at this station were practically the same as the general 
background level. 

Another project just completed and now operating is a new 
ingot separation booth in our Metals Plant, where the 
ingot is separated from the mold. Tb.is booth is 
ventilated and the exhaust ducts are brought into an 
existing Mikro-pulverizer dust collector. There are 
existing ducts, brought in to the top of the collector 
by a specially sized manifold, as shown on the slide. 
To modify this manifold to provide for the additional air 
quantities required for the ingot separation booth venti
lation would demand expensive duct changes. We, there
fore, brought a new duct into the hoppers of this col
lector, as shown on this slide. Thus, in effect, most of 
the air enters the top of the collector, with about 254 of 
the air entering the bottom. No difficulties have been 
experienced as a result of this somewhat unusual method 
of air entry. The collector operates at an air to cloth 
ratio of approximately 13 to 1 and a bag pressure drop of 
3 to 4 inches. 

In our Pilot Plant, we have had the problem of burning 
off sludges of up to Sl enrichment. 'l'he fumes from this 
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burning process are sticky and oily and generally diff i
cult to collect. We tried some Cambridge "absolute" type 
filters preceded by a fiberglass prefilter, but found that 
the "absolute" filters plugged up rather rapidly. We have 
since replaced these filters with two banks of American 
Air Filter Company's PL-24 units of fiberglass media. 
Due to their larger dust holding ability, they have 
operated successfully for some time with no noticeable 
stack losses • 

We are now working on a number of ventilation projects, 
such as a new off-gas system for the rotary kiln. As 
shown on this slide, the present system is a relatively 
complicated one and has a lot of ducts and equipment that 
not only could plug up but do plug up. We, therefore, 
propose a much simpler exhaust system, as shown on this 
slide, which basically involvescnly a few feet of duct
work with adequate cleanout doors, and a caustic scrubber 
with hopper bottom. Another project involves ventilation 
from our digestion tanks used to dissolve uranium scrap 
in the Scrap Plant. This ventilation is essential to 
vent hydrogen fumes generated by the digestion process. 
Unfortunately, the exhaust air also draws off hydro
chloric acid fumes which we are planning to collect in 
a Chemical Construction Company Pease-Anthony Venturi 
Scrubber. This scrubber was picked for its inherent 
simplicity and consequent ease of operation and mainten
ance. Other installations being designed now involve 
additional ventilation for our green salt canning stations 
using a Wheelabrator Corporation Dust Collector, an off-gas 
scrubber for a sludge furnace in which grinder sludges 
are burned, ventilation for a Williams Crusher and allied 
equipment, general purpose bag collector for our Pilot 
Plant operations in which up to 5% enriched dusts will 
be collected, and a new continuous-automatic bag col
lector for our low enrichment metal remelt operations. 
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STACK SAMPLING PROCEDURE AT THE NATIONAL 
LEAD COMPANY OF OHIO 

ROBERT H. STARKEY 
Health and Safety Division, National Lead Company of Ohio, Cincinnati, Ohio 

As at all AEC installations, all of us here are 
interested in the amounts of material being exhausted to 
the atmosphere. Ventilation equipment and dust collecting 
equipment represent an important investment at all AEC sites 
and we, as health and engineering people, are quite inter
ested in seeing that this equipment is operating as effi
ciently as possible. 

We decided to make a study to determine the efficiency 
of the dust collectors at the Feed Materials Production 
Center. As a result of this study, we developed a stack 
sampler and sampling procedure for the purpose of monitoring 
as many of our stacks as possible. The stack sampler is 
shown in Slide I, and I will describe the procedure we 
developed. It might possibly have a use at your site. 

Presently we have approximately fifty of these samplers 
operating on a continuous basis. These cover all dry stackso 
We have found that the results obtained from this program 
have been a very important tool in increasing the efficiency 
of the operation of the dust collecting systems in our 
plants. A preventative maintenance program on dust collectors 
was just getting under way at the time our stack sampling 
program was instituted. The stack losses which we reported, 
along with their accompanying monetary worth, were a valu
able aid in speeding up the preventative maintenance program. 
The over-all dust collection inspection and maintenance pro
gram has improved to the point where we are now losing only 
15% of the material that was being lost at the time of the 
original installation of the stack samplers. You can see, 
therefore, that the stack sampling program, in addition to 
greatly reducing the quantity of radioactive material 
released to the environs, has more than paid ror itself in 
the intrinsic value of the material collected. Another 
indirect by-product has been the improvement or the venti
lation provided on equipment as a result of the more efri
cient maintenance and operation ot the dust collection 
equipment. 
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I would like to explain briefly the stack sampler 
developed, the procedure followed, and the use made of the 
results obtained. Slide I shows a picture of the stack 
sampler of the type presently being used. A number of 
changes have been made since the original design, all of 

tj 

WING 
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Slide I 

ST ACK SAMPLER 

. 1 
I 

I I J 
AIR FLOW ~ 

I .J 

7 TO 10 STACK DIAMS. 
FROM FAN OR 

NEAREST BEND 

FILTER HOUSING . I 
DUST COLLECTOR 

.JJiliAUST STACK WALL 1 .l 
I ~UUM LINE I 

Slide III 

Slide II 

which make the installation and sample changing easier. 
Notice the rotameter attached. I will explain more about 
its use later. Slide II is a disassembled view of the 
sampler and all of its integral parts. Slide III is a 
detailed sketch of the sampler showing the critical 
dimensions. 
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Slide IV is a diagram of an ideal stack sampler instal
lation, and Slide V is a picture or an actual installation. 
This is typical of the other installations with the one 
exception that it is one of the few installed on the roof 
of a building. Most of our samplers are installed inside 
the buildings, inasmuch as the type of roofs make sampling 
thereon impossible. Slide VI describes the procedure for 
installing the sampler in a stack. 

NATIONAL LEAD COMPANY OF OHIO STACK SAMPLER INSTALLATION / 
---ADING £:. 

l 15.8 3 STACK DIA. 
MINIMUM 2 27.2 

3 35.3 
4 41.7 
5 47.4 1 

DIAMETERS ' ' 
7 STACK I 
MINIMUM I I 

~ 
20 POINT PITOT TRAVERSE 

TO VACUUM SOURCE QUANTITY 
ADJUSTED TO GIVE ISOKINETIC 
SAMPLING 

1. 

2. 

3. 

6. 

7. 

8. 

S-l.\1.\1 

Slide IV Slide V 

SLIDE VI 

Procedure for Installation of Sampler in Stack 

Drill hole in stack - best possible location inside 
building. 

Traverse stack - determine average and centerline 
velocities. (This should be done bi-annually so 
appropriate corrections can be made.) 

Have sampler constructed - for centerline sampling. 

Determine best source of vacuum, either Hi-Vac unit 
(Slide VII) or Gast Pump (Slide VIII). 

Install sampler - probe in center of duct and parallel 
to line of air flow. 

Determine volume of air needed for isokinetic sample. 

Adjust flow through gate valve with rotameter attach
ment. 

Remove rotameter. 
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Slide IX shows the procedure followed for changing the 
sample. The samplers are visually checked a minimum of once 
each month and changed if sufficient material for weighing 
on a beam or platform balance (O.l gram) is found on the 
pleated filter. If insufficient material is collected, the 
filter is allow3d to remain in the stack until such time as 
enough material has been collected for analysis. When a 
sampler is not changed, the loss for the particular stack is 
recorded as non-detectable for the particular sampling 
period. In addition, samples are changed following the 
release of unusual amounts of material from the stack due 

Slide VII 

Slide vm 

} 
l 

to damaged dust collector bags or a mal1'unction of the 
collector. The production personnel notify us immediately 
following an incident and we install a new filter. 
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SLIDE IX 

Procedure for Changing Sample 

l. Disconnect vacuum line from sampler. 

2. Insert rotameter and check flow. 

3. Loosen wing nuts and disassemble sampler. 

4. Remove filter and place in pre-numbered plastic bag. 

5. Insert new pre-numbered and pre-weighed type "S" filter. 

6. Assemble sampler and tighten wing nuts. 

7. Again check sampling rate and make necessary adjustments. 

8. Remove rotameter and coIUlect vacuum source to sampler. 

9. Submit sample for analysis. 

In the laboratory the following procedure is used: 

Analytical Procedure 

1. Pre-weigh and pre-number pleated filter and respective 
plastic bag prior to use. 

2. Again weigh following use to determine gross weight of 
material collected. 

3. Run wet chemical analysis of material collected to 
determine per cent of uranium. 

4. Report both gross weight and per cent of uranium. 

Slide X shows the calculation necessary for determining 
the pounds of uranium lost from each stack over any sampling 
period. 

~ 
""VTCiJ 
V(ave) 
V{ Ci) 
R(s) 
R(p) 
Ug 

x 
R( s)2 

~ x 

SLIDE X 

l 
454 x 

- Average stack velocity (.f'pm) 

Ug 

- Stack centerline velocity (.f'pm) 
- Radius of stack - inches 
- Radius of probe - inches 
- Uranium collected in grams 
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In summary, I have described the method that we use 
for estimating the material being exhausted from the stacks 
at our plant. It is f'ully realized that this is not an 
exact method in any sense of the word; however, we have 
conducted some preliminary tests which indicate the proce
dure is accurate within plus or minus 2o%. We have found 
it a very worthwhile tool in checking the operation of our 
dust collectors and feel that possibly it has a use through
out industry. It can only be used where relatively large 
amounts of material (in the order of a pound) are being 
exhausted over a reasonable period of time; thus, it is 
probably of no use where absolute filters are used or on 
other types of systems exhausting only very small quantities 
of material. However, I do feel that where appreciable 
amounts of material--whether radioactive or non-radioactive-
are exhausted, this method can be profitably used. Actually 
an adaptation of this stack sampler can very well be used 
for determining the loading on dust collectors by installing 
it on the inlet side of the collector. By using both the 
inlet and outlet sampler simultaneously, an efficiency study 
can also be carried out. 

If any of you are interested, I would be only too glad 
to furnish the necessary drawings and equipment specifica
tions for this sampler upon request. 
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AIR CLEANING AT THE KNOLLS ATOMIC POWER LABORATORY 

T. T. POREMBSKI 
Knolls Atomic Power Laboratory, General Electric Company, 
Schenectady, N. Y. 

Abatract 

The conetruction ot a new $30,000 facility tor the •ole purpoae 
of sateguarding against the spread ot ra.clioactive iodine baa been 
started at the Knolle Ataid.c Power Laboratoey. This facility ii in 
add..ition to the many a1.r cleaning tacilltiea at KAPL wh1ch have been 
reported at previous ~ Air Cleani.Dg Collferences. 

Well over 475,000 eta ot laboratoey ~r 1£ cleaned at ICAl'L prior 
to discbarg:l.ng the air to the environe. The air 1a tint introduced 
as l~ outside air thru air syateu equipped to tilter the air vi th 
self' cleaning ot throwaway tilters. It 1• again filtered betore it 
is discharged to the atmosphere. Over 350 Cll5 tilters are empl07ed 
in the exhaust systems. MulticloDe and deep pack tilter• are a.lao 
used. 

A need for the control ot rad1o.ct1ve iodine vaJIOr in the lb41o
active Materials Laborator,y baa created a new problem which baa becane 
unique to our operatione and. calls f'or a tilter Jledia which will re= 
tain gaseous matter as ditterentiated troll partic\ll.ate :matter. 

This report deals with the description ot the newq desiped 
activated carbon and stack ayst• which will handle the radioactive 
iodine vapor and will be operated in conJunction with the existing 
s79tems in the Radioactive Materials La'bon.tory. 

The new system will consist of' a 17200 cfm fan and filtering 
facility and will employ 24 - 24" x 24" ccmmercial activateC:. carbon 
:f'i.lters oneratirur to.a:ether with a 105 foot stack. The overall radio
active4iod1ae concentration reduction factor will be.in the order of 
4 x 10 • 

In the event of' a radiation incident or equipment failure back 
up features are included to safeguard against the spread of radio
active contamination. 
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Introduction - At KAPL there are 6 laboratory functions which 
call for the use of environmental air cleaning. The areas are shown 
on Sketch Y-A-1757 and are designated as follows: 

1. Special Nuclear M:l.terials Machine Shop 
Bldg. D-3, D-4. (Multiclome 8r d.eep pack fllters) 

2. Chemistry Physics and Metallurgy Labs 
Bldg. E-1, G•l, G-2, A-3· (CWS filters) 

3. Radioactive Materials Laboratory 
Bldg. E-2, E-3, E-4. (CWS filters) 

4. Nuclear Reactor Canponents 
Inspection & Quality Control 
Bldg. Q-4, Q-5. (CWS filtere) 

5. Waste Disposal Bldg. B. (CWS f1lters) 

6. Zero Power Reactors 
Bldg. F, E-5. ( CWS fUt.ers) 

Because of the close proximity of the buildings and the location 
of KA.PL in a suburban area positive control of effluent gases is 
essential. 

The Radioactive Materials Laboratory has presented a radioactive 
iodine problem which has ma.de it necessary for the design of' the iodine 
vapor system. Specific reference will therefore be made to the control 
of radioactive iodine. 

As stated above the new facilities will be added to the existing 
ventilation systems now serving the Radioactive Materials Laboratory. 
The purpose of the facility will be to fulfill the following needs, 
applicable to &Icy' radioactive materials processing laboratory. 

1. Protect the laboratory personnel from &Icy' contact with 
contaminated materials whether such materials are in the 
particulate or vapor form. 

2. Assure sufficient stack gas acmt.-.lDl&lmt raducticm tc reader 
the e:ffl.uent gases barmle611 to the em:,"'1.rol:'..s. 

3. Provide safeguard.s which will assure continuity of operation 
and effective protection against the spread of contamination 
in the event of an incident. 

In order to meet these needs the following critera are essential: 

l. Introduce a tempered air supply into the building which will 
replace the air exhausted a.t the work areas. 

2. Maintain uniform draft free air flow within tbe building in 
the direction of the contaminated areas. The building should 
be under a slightly negative pressure. The negative pressure 
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should become progressively greater in the direction of the 
hot work area until the highest negative pressure is attained 
where the hot work is performed. 

3. Clean the air before it is discharged to the atmosphere. 

4. Provide duplicate equipment if this is necessary to assure 
reliable operation. This is particularly applicable to fan 
equipment which is subject to breakdown. 

The existing equipment at KAPL does not fully meet the requirements 
of items 2 and 3. Radioactive iodine might be discharged unless delays 
are imposed on the processing of radio iodine samples to allow them to 
cool off. There is also a cha.nee of losing the continuity of air flow 
in the direction of the work within the cell.a in case of an incident. 
This latter inadequancy will. be explained more fully after the existing 
facilities are described. 

Description of Existing Facilities 

The RML building mP.asures approximately 72' x 140' x 24' high ..... 
Here several hot laboratory :!:'unctions are performed all of which are 
primarily associated with the examination of irradiated samplea. 

Air is supplieel to the building wit.a two central plant air units 
on a once thru basis. Both units are equipped with 2" thick ribre 
glass filters and together the units have a capacity ot approxill&te.ly 
12000 cfm. Air is discharged from duct openings high up under the 
roof in order to avoid air turbulence at the occupancy levels. 

Air is exhausted from the work areas with aever&l individual 
exhaust systems each of which is equipped with a fibre glass pre
filter foll.owed by a CWS filter. From one (1) to six (6) such tilters 
are installed ahead or each of the exhaust fans. '?he filters and tans 
are located on a 12' high balcony which runs along the length ot the 
building. Discharge stacks rise straight up thru the roof tram the 
fans to an elevation of 50 feet above ground level, approximately 25 
feet above the roof. 

A sUlllDl8.ry of the air flows is given: 

1. Autoclaves (in adjoining Cask Storage Bldg., 4oo cf'm 
fan in RML Bldg. ) 

2. Loce.li.zed Building Exhaust, 6,000 

3. Chemistry Hoods, 1,000 

4. Storage Vault, 200 

5. Decontamination Cbam.ber & Room 2,Boo 
(in adjoining Bldg.) 

6. Cell.a 1 & 2, 3,000 

;. Isolation Boxes within Cell.s 1 & 2, 500 

8. Cell.s 3 & 4, 2,000 

9. Isolation Boxes within Cell.s 3 • 4, 300 

10. C~ll 5 & 7, 600 
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11. Cell 6, 300 

12. Cell 8 (in adjoining Bldg.) 100 

12 Stacks - Total Air Flow, cf.'m 17,200 

Iodine work is primarily done in cells l thru 4, however it 11JB.Y 
be carried on to a degree in any of the other ventilated areas. 

Since the optimum saf'ety is required in cells l thru ~ the manner 
in which these cells are ventilated will be outlined in detail. 

Figure No. l shows a diagrammatic view of the way in which the 
hazardous gases and dusts are contained within the work area. Tb.e 
work is performed within a isolation box consisting of an enclosure 
made of transparent polyethylene plastic sheets taped together nearly 
air tight. The boxes are about 3' x 3' x 3' in size and up to 3 or 
4 isolation boxes are housed within a cell. 

Proper operation of the ventilation depends on such factors as: 

l. Assurance all isolation boxes are sealed up. Short 
circuiting of air due to an open box or branch duct may 
interrupt the adequate exhaust at ot.be.r- isolation boxes in 
use. 

2 . Pro per equ.ip.:nent opera ti olf,, · Since two fan systems are 
virtually drawing air from the same space the flow 
direction in the isolation box system could be reversed 
under certain conditions, such as a fan failure. This 
means the "cold" to "hot" air flow concept would not be 
fulfilled. The hottest materials within the isolation 
boxes would be s)?ree.d into the cell and into the balcony 
filters which by virture of their size are much more 
difficult to dispose of than the box filters within the 
cell. 

3. Proper air balancing. 
One central fan is used for 2 cells each of which contains 
3 isolation boxes. Unless the air flows are adjusted 
proper static air pressure conditions may not be realized. 
The rate at which the box filters become dirty may af'fect 
the overall performance even after the syntem bas been 
balanced. 

4. Assurance tbe isolation 'boxes are Uftder e. tW,gaUve pressure. 
The plastic material gives a good indicstion where 
the net overall air pressure 1s,1nside or outside the box, 
since there is some slack in the material. 

Description of New Facilities 

1. !mprovement of In-Cell Ventilation 

Figure No. 2 shows the new design for cells l tbru 4. 

This sketch shows one of the portable ventilators which will 
built to eliminate the deficienc1es of the present systems 
serving the isolation boxes. 
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Fig. 1-Cell No. 3, ventilation systems (fan systems also exhaust adjoining Cell 
No. 4, duplicate of Cell No. 3). 
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Fig. 2-Portable isolation box vent unit (for Cells 1 through 4). 
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Each isolation box will be equipped with its own fan and 
filter as shown. After the air is filtered it will be dis
charged directly into the cell. The air pressure within the 
box will always be lower tban the cell. Fan failure will not 
greatly contribute to any spread of materials. 

The old isolation box system will be dismantled up to the 
cell wall and will be for stand.by u•Q onlcy'. 

2. Central Activated Carbon Filtering System 

A system of equipment was divis~d with a view to overcoming 
the difficiencies outlined. 

The first decision related to the redesign of 
the present systems or to add to them. Except for the in cell 
isolation box ventilation it was decided to build on to the 
existing facilities. The reasons were: 

a. We found inadequate in-building space to bouse additional 
carbon filters. 

b. We wished to m1n1:mize downtime necessary to allow recon
struction of the unit exhaust systeme. 

c. It was felt a central system housing all of the carbon 
filters in a single enclosure will be much more satis
factory from a standpoint of: 

(1) 

(2) 

(3) 

( . ) 4, 

Shielding, if ever necessary. 

Dilution of radioactive gases senerated at ~ one of 
the ventilated work areas as re1ated to the performance 
of the carbon in :tilters. 

A central system will also lend 1 tselt to tuture in
creased ventilation requirements. 

Although all the air exhausted -will pass thru 
the carbon filters provision has been made for 
the installation of a filter by-pass, if ve ever 
desire to install one. Again it is much sim,pler 
to install such a by-pass in a central system 
tha.'1 it -would be vi th individual unit systems. 

do Aside from filtering out radioactive iodine discharged 
from a:n.y one of the existing systems, we also desired 
added protection afforded by a high stack. The stack 
alone justifies the added ductwork required to inter
connect the existing stacks. 

The new carbon filtering system is shown in Figure No. 3. 

Twelve (12) of the existing ventilation stacks will be cut 
at the roof line and interconnected with ductwork into two 
(2) central headers from which air will be drawn by a booster 
fa:n. thru a filter plenum located on the roof and housing 
twenty-four (24) "Dorex" Type C, size T-42 cells a:rter which 
it -will be discharged to atmosphere from a 3811 die.meter, 
105 ft, high free standing stack. Except for the stack, 
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which is to be relocated from the Separations Process 
Research Unit (no longer in use), all the equipment 
will be new. 

3. Saf'egu.e.rd Measures 

a. The individual unit systems equipped with CWS filters 
ventilate all of the cells and, in addition to this, 
will provide back-up protection for the portable in-cell 
CWS-activated carbon units in cells 1 thru 4 where the 
larger work is done. 

b. Further backup protection will be provided by the 
central carbou system and stack. 

c. A standby booster fan is to be added. This will start 
in response to an air flow switch f'rom a separate 
power source. 

d. Our Health Physics informs us that we can expect an 
overall radioactive iodine co~centration reduction 
factor in the order of 4 x 104 as determined from the 
following reductions: 

Concentration Reduc't:ion 

Stack 

Activated carbon filters 
(95~ efficient filters will 
retain up to 18 lbs. radio
active iodine per 24" x 24" 
filter cell. Two filters 
in series) 

overall factor: 100 x 400 = 4 x lo4 

Factor 

100 

400 

e. Provision has been made for the possible addition of a 
second bank of activated carbon filters in the filter 
plenum. 

f. The carbon plenum is structurally adequate for future 
lead shielding up to a thickness of 1/2" along the 
four walls. The floor of the plenum is masked off by 
a cell block located inrnediately below. 

g. Since the adsorption of radioactive xenon and krypton is 
greatly affected by temperature, the activated carbon will 
not be relied on for the removal of these gases. The 105-
foot stack will provide ad.equate protection here, 
especially since xenon and krypton do not add to the 
environs as iodine does. 

h. R:f.ghly oxidizing ruthenium tetroxide has been considered. 
The small amounts which might be given off will separate 
out in the particulate filters. 

In conclusion, the system described should be very satisfactory 
for the containment of radioactive iodine ef'fluents. Once 
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Building Building 
Designation Description Designation Descript~on 
A-1 AdmrnTstration, Engineer. ~chnical Offices K-1 Fuel Oil Pump House 
A-2 Cafeteria K-2 Fuel Oil Tank Farm 
A-3 Physics & Metallurgy Laboratories K-3 Oil Storage Tank 
A-4 Contracts & Purchasing & Employee Placement K-4 Boiler House & Laundry 

K-5 Retention Pits 
C-1 
C-2 
C-3 

General Shops and Offices 
Engineering Offices & Dispensary 
Finance Offices 

K-6 Intermediate Radioactive Waste Storage 

D-1 
D-2 
D-3 
D-4 
D-5 

E-1 
E-2 
E-3 
E-4 
E-5 
E-6 

F-1 
F-2 
F-3 
F-4 
F-5 

G-1 
G-2 
G-3 

H-1 
H-2 

J-1 
J-2 
J-3 
J-4 
J-5 
J-6 
J-7 

Date: 

Metallurgy Olfices 
Engineering Department 
Special Materials Shop (Machining Operations) 
Metallurgy Shops (Special Materials) 
Liquid Metals Cleaning Area 

Chemistry Laboratoires 
Radioactive Materials Laboratory 
Chemical Engineering Laboratory 
Radioactive Materials Laboratory Addition 
Critical Assemblies 
Critical Assemblies, IBM Wing 

Physics !Preliminary File Assembly) 
Physics SIR Proof Testing) 
Physics Advance Test Reactor) 
Equipment Storage 
Radioactive Waste Storage 

Chemistry & Chemjcal Engineering Laboratories 
Engineering & Technical Laboratories 
Scrubber Pump House 

Cooling Tower 
Waste Disposal Facilities (Liquid) 

Sludge Beds 
Sewage Chlorination 
Waste Incinerator 
Filter Bed 
Imhoff Tank 
Parshall Flume 
Utilities Storage 

5/10/57 

L-1 
L-2 
L-3 
L-4 
L-5 
L-6 
L-7 

M-1 
M-2 
M-3 
M-4 

0-1 

P-1 
P-2 
P-3 
AT-1 
P-5 

Q-1 
Q-2 
Q-3 
Q-4 
Q-5 

Z-1 
Z-2 
Z-3 
Z-4 
Z-5 
z-6 
Z-7 

Helium Receiving Station 
Coolant Test Building (Phase 
Coolant Test Building (Phase 
Pump House 
Oil Storage 
Engineering 
Radioactive 

Warehouse 
Warehouse 

Tank 
Development 
Waste Handling 

Stainless Steel Gutting 
Test Specimen Storage 

Engineering Offices 

Engineering Offices 
Engineering Offices 
Engineering Offices 
AEC Offices 
Records Storage 

Chemical Storage 
Liquid Metal Storage 
Site Maintenance Warehouse 
Development Shops 
Development Shops 

Water and Gas Pump House 

I) 
II) 

Gas Storage Trailer Stations & Canopies 
Laboratory (Physics) 
Power Sub-Station 
Fire House 
Water Tower & Valve House 
Storage Shed 



the activated. carbon system is placed in operation and its 
operation is observed for a period of time, other data will 
be made available. 

Discussion 

Q. Have you run a:ny tests? 

A. At present we have one installed as a trial filter - been in a 
matter of two months. - going to take measurements yet on this 
- there is only a quarter of an inch of carbon in the cell. 

Q. (J. J. Sabo, U. s. P. H. s. ) I am wondering why your filters 
are outside of your isolation box, the general tendency bas been to 
put the filter inside the isolation box. 

A. Actually located vi.thin seal anyway. 

Q. (J. J. Sabo, u. s. P.H. S. ) When you remove the filter from 
the isolation box, is there a:ny danger of getting contamination in 
the cell? 

A. Spread control pretty closely in a cell like this. 

Q. ( F. W. Schlapp, Atomics International) The scrubber he described, 
in it he mentioned that they use 51' solution of sodium hydroxide 
maintained in this concentration - why do they use this solution 
and how is it maintained, is it by adding water to the solution or 
some other? 

A. Concentration didn't seem to make a:ny great difference from 2-1~ 
as far as keeping concentrations equal all the time, we don"t, but 
...,e do try to maintain it closely. 

Q. ( M. D. Thaxter, Lawrence Rad. LP.b. ) You mentioned your ma.j or problem 
was the dissolver fission in the off-gas handling. I was wond.er.ing 
how much volume was attributable to the process where requirements for 
dissolving led to the question of whether it would be possible to 
make a completely closed system dissolution to cut out the major 
problems7 

A. We have bad a maximum of 700 cfm flow - about .6 of this would be 
the normal flow through - new gas products of one sort or another 
is produced in the dissolving process - newly formed gases or 
parasitic air -
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ADDITIONAL OFF·GAS FACILITY 

A.B.FULLER 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 

The information contained in this article relays 
some considerations in the engineering design of 
additional radioactive off-gas cleaning and hand
ling facilities at Oak Ridge National Laboratory. 
The new construction program and the goal for ever 
better decontamination of radioactive effluent has 
made the need for expanded facilities necessary in 
the immediate :f'uture. 

* * * * * 

For the past eight months the Engineering Department at Oa.k Ridge 
National Laboratory has been actively engaged in the design and the 
preparation of drawings and specifications for additional radioactive 
off-gas cleaning facilities. It is expected that these documents will 
be completed and out for contract bidding within a few weeks. This work 
will cost in the order of $230,000 (design costs approximately $20,000). 
These added facilities should triple the present gas handling capacity, 
from 2000 to 6000 cfm. 

For the purpose of identification, off gas consists of the waste 
gases resulting from radioactive processes and from the ventilation of 
process vessels. Cell ventilation is essentially space ventilation of 
the over-all space enclosure where the processes are installed. 

Present off-gas equipment provides a gas handling capacity of 
2000 cfm with cleaning provided by a Cottrell electric precipitator 
followed by absolute filters with the effluent being released from a 
250-foot brick stack along with other gaseous wastes. This system has 
operated satisfactorily for sometime with the exception of the past six 
months. During this latter period the gaseous wastes from two process 
buildings when mixed in the system caused dense smoke (ammonium nitrate) 
which partially passed the precipitator and quickly caused failure of 
the absolute filters. This problem has been minimized, but a full 
solution has not yet been found. 

The present normal loading averages approximately 1200 cfm. This 
normal demand is expected to reach 3 times this level within less than 
3 years. 
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A study of additional off-gas cleaning needs at Oak Ridge National 
Laboratory dates back over five years with subsequent studies up dating 
the needs to conform with the changes in the construction program. Oak 
Ridge National Laboratory is now involved in a construction program having 
costs in excess of $20 million, with FYs 60 and 61 planning that adds con
siderably more. The majority of these projects place an added demand upon 
the off-gas cleaning facilities. 

A decision was ma.de to centralize, as much as possible, all the 
off-gas cleaning facilities in the central X-10 area to better meet the 
needs for the service. This means several existing buildings will be 
served by the equipment planned, or now existing, at the 3039 stack area. 
The principal existing building to be added is the 3019 Pilot Plant, a 
chemical processing plant which is allotted as much as 700 cfm flow. 

When design work of our new facilities was begun it was immediately 
evident we needed to know the analysis of the material we were expecting 
to clean up. A search was initiated to accUl!D'.llUlate all the existing 
available data. For the purposes of design this information turned out 
to be wholly insufficient. It was not specific, and very little was 
written fact. To overcome this set-back, we initiated a survey; whereupon 
all contributors were asked "what gaseous matter do you release to the 
radioactive off-gas system, how much, at what frequency, what do you expect 
to do next year, even five years hence. " We also sought the advice of 
the Harvard School of Public Health. In late January of this year, we 
discussed our problems with Dr. Silverman, Messrs. Dennis, Fitzgerald 
and others for two days. This visit was very fruitful. However, our 
survey at Oak Ridge National Laboratory was not successful. Our con
tributors could not give an accurate and complete analysis of their 
effluent. The labor, time and other complications in acquiring this 
information was beyond reason. The nature of operations at Oak Ridge 
National Laboratory do not include any continuous production where off 
gas is released. All operations are intermittent, not uniform and in 
most cases do not exist for long periods of time. 

The immediate future will add several new customers to the system 
among which is the Power Reactor Fuel Reprocessing Facility that is now 
being designed. This then gives us a list of principal users that includes: 

Facility 

Power Reactor Fuel Reprocessing (2527) 
Multicurie Fission Products Pilot Plant (3517) 
3019 Pilot Plant under Chemical Technology Div. 
Metal Recovery under Chemical Technology Div. 
OR Research Reactor 

~. Flow Allotted 

600 cfm 
600 cfm 
700 cfm 
600 cfm 

1000 or more 

All uses, both now and within less than the next 3-year period, 
total over a 4800 cfm maximum flow with normal use expected to average 
from 60 to 7ofo of this maximum figure. 'l.'W'enty-eight or more different 
buildings or facilities are to be served by the combined systems (old 
and new). The use of the service varies from a piped fume hood service 
to high level dissolver venting. 

Our final analysis established that the off gas we expect to experience 
will be (1) quite corrosive, (2) will be radioactive in varying degrees, 
and (3) will contain only small quantities of particulate matter during 
normal periods. All particulate is expected to be normally less than 
10 microns in size with the major portion less than 1 micron. Short 
periods of high fume concentrations will result from dissolver reactions. 
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This is the worst period of operation believed to be encountered. From 
this it was decided neutralization must be accomplished before any filtra
tion and, too, the features inherent with wet absorption would best give 
the required cleaning of both soluble gases and particulate. The selection 
of stages of absorption were based on trying to achieve 99·5% or better 
collection of all radioactive iodine for concentrations as low as 5 micro
grams per cubic foot of gas. This form of cleaner is believed to be the 
type best suited to the combined problem of corrosiveness and ·radioactivity. 
with a remote underground sump it allows easier shielding of the absorbed 
activity. 

All the principal items of equipment, except blowers, are enclosed 
with shielding walls with means of performing routine operation without 
entering the enclosures. 

To provide continuous service a steam powered blower and solution 
pump are included with actuating controls ma.king the changeover automatic. 
The system will be under the attention of an operator who will make a 
visual inspection of running equipment and pressure gages each hour. 
The operator's presence is not required to assist upon the occurrence of 
a changeover; however, an alarm will sound to indicate this, whereupon 
the operator can seek out the reason for the change and be aware of the 
condition. 

After considerable investigation and consideration of costs versus 
life and operation it was decided to fabricate all the ductwork, scrubbers 
and filter housings of stainless steel. The blowers would be of conven
tional materials, probably cast iron. Rotary positive blowers were 
selected to give the more uniform flow over a wide range of pressure 
drop. 

The design requirements for the extensive routing of underground 
ducts requires a relatively high suction. Up to 50" wg negative pressure 
is arranged for the inlet box manifold and an additional 30" wg maximum 
drop is possible through all the cleaning and filtering equipment. Equip
ment shall be tested airtight and structurally suitable for negative pressure 
up to 5 psi. 

With reference to Drawing 39378 attached, the following will explain 
the routing of the gas flow. 

First, we enter the inlet manifold (item #1) on the upper left from 
the underground collecting duct; then enter the principal scrubber (item 
#2) which contains the 3 stages of absorption, 2 stages of demisting and 
finally a steam heating coil to eliminate condensation downstream. 

Next, we advance to the dry filter section (item #3), a separate 
unit from the scrubber. This section contains the 4" metallic filter 
of silver coated copper, fire resistant absolute filters, and another 
section of 4" metallic filter, the same material as above. 

Following this we pass through the blowers (item ffe+), through the 
acoustical spool, snubber and on to the existing 3039 stack. This stack 
is 250 feet high and is used for the release of cell ventilation effluent 
also. Normally over 120,000 cfm is discharged continuously. 

The function of each stage is indicated by pressure differentials 
on the remote pressure gage station. 

The auxiliary scrubber includes one wet roughing stage of absorp
tion followed by two demisting stages and a beating coil. These com-
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ponents are equal to the corresponding items in the principal scrubber 
and are interchangeable. The cell unit assembly is removable as a unit 
from the top allowing speedy replacement with the minimum of exposure. 
Spare cell assemblies are planned. The purpose of the two filter sections 
is to provide continuous service and allow radioactive decay of one section 
before it is refitted with clean filters. The two are shielded separately. 

Effort was made to make possible the easy rearranging of the equipment 
components. Rather extensive tests are planned for this facility and this 
flexibility should allow a relative economical means of providing a more 
efficient system. 

Initially the media in the various stages of ~he scrubber will be: 

Wet Roughing: 

First Wet Absorption: 

Second Wet Absorption: 
First Demisting: 

Second Demisting: 

175-200 micron dia. curled Saran or Dynel 
Fiber @ 6 to 7 ff/cu.ft. 
76-85 micron dia. curled Saran or Dynel Fiber 
@ 3.6 to 4 #/cu.ft. 
Same as first wet stage. 
Same material as the wet stages but @ 2.8 to 
4 #/cu.ft. 
18-30 micron dia. curled Saran or Dynel Fiber 
@ 2.5 to 3 #/cu.ft. 

After some use we hope to determine if any plugging or holes occur 
and correct this by changing the media. 

With reference to Drawing 39377 attached, the following will explain 
the flow of liquid from the underground shielded sump to the scrubber stdges 
and return. The solution is to be 5% sodium hydroxide. 

The sump has a gross liquid volume of 2000 gallons; a working volume 
variation of 500 gallons (or 25%). 

Return lines were routed individually to minimize the solution above 
grade and to afford closer checks of the liquid flow. 3-gpm flow per sq. ft. 
of media face is set, ma.king a flow to each stage of 66 gpm with a total 
flow of 198 gpm. 

The solution will be periodically sampled, tested and when spent or 
too radioactive will be jetted manually to the plant hot waste system. 
M:l.keup to the sump will be ma.de from the concentrated caustic storage and 
plant process water system. 

The loss of pump discharge pressure initiates the emergency steam 
powered pump unit. 

As mentioned previously extensive tests of this equipment are planned 
as soon as it is in operation. Perhaps at the next Air Cleaning Seminar 
a full report of the construction phase, and these tests, can be presented 
to give conclusive evidence. 
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CONDITION OF COMMERCIAL HIGH-EFFICIENCY FILTERS 
UPON RECEIPT OR INSTALLATION 

MYRON D. THAXTER 
Lawrence Radiation Laboratory, University of California, 
Berkeley, Calif. 

ABSTRACT 

AEC-type high-efficiency filters have recently been received 
with media breaks. A survey under AEC auspices at other sites 
shows that our experience is not unique. 

Filter bypassing may also be due to other factors such as 
gasket failures or installation errors. 

* * * * * 
The quality of fabrication of commercial filters has come under 

study at Lawrence Radiation Laboratory, Berkeley, within the past 
year. One shipment was inspected visually; media rips necessitated 
100% rejection. Two subsequent replacement shipments from the same 
supplier were 100% and 80% rejected, respectively. Similar re
jections were noted at the Livermore site. Some of the defects observed 
are shown in Figs. 1 through 4. 

Several features make it difficult to evaluate filters visually: 
(a) less than 10% of the media of these filters is visible; 
(b) some of the high-efficiency filters now being offered are assembled 
in such a manner that visual examination is impossible; (c) even if 
all the media could be inspected by eye, the efficiency specification of 
99.96% is far more rigorous than can be perceived by eye. 

These observations, though distressing, would not in the 
larger view be serious were they the troubles of but one user. The 
problem, however, was brought to the attention of the AEC, which 
conducted a survey of several other contractors (reported by another 
speaker), and in general it was found that the experience at Lawrence 
Radiation Laboratory is not unique. This problem, then, warrants 
further consideration. 

Even if proper DOP testing equipment and personnel were 
available at users 1 sites we should not forget that testing upon 
receipt is expensive and an unwarranted duplication of the manu.f.acturer 1 s 
test procedure. 
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Fig. I-Commercial high-efficiency filter with glass media and kraft sepa

rators, showing transverse media break. 

Fig. 2-Commercial high-efficiency filter with glass media and aluminum 
separators, showing pleat-edge media break. 
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Fig. 3-Commercial high-efficiency filter with glass paper media and 

asbestos separators, showing transverse media breaks. 

Fig. 4-Commercial high-efficiency filter with glass paper media and kraft 

separators, showing damage on receipt (external shipping carton undamaged). 
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Furthermore, acceptability tests on receipt do not assure the 
performance for which such filters are purchased--to wit, as installed 
in the duct system. It has been shown that inattention to details in 
fabrication and inspection of filterbank hardware, in assembly bolt 
pressures, and in other such minutiae can result in actual leakage 
around the filter and consequent pollution downstream. One weak item 
is the multipieced gasket on the filter face, frequently a butt-joint layup 
of low integrity. 

A possible factor in as-installed performance--one which has 
not yet been evaluated--is the skill and care employed in installation. 
TO.ere is the possibility of substantial differences, at various labora
tories, in the abilities of contractors r employees and in the local con
ditions of accessibility, radiation exposure, need for protective clothing, 
and dexterity required. 

No solution is proposed here. Our purpose has been to state a 
real problem and invite further study leading to possible solutions. 
Meanwhile we had better sample our off-gas stacks continuously and 
carefully. 
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FILTER RATING AND TESTING PROGRAM 

HUMPHREY GILBERT 
United States Atomic Energy Commission, Washington, D. C. 

and 
GEORGE J. HURWITZ 
Army Chemical Center, Maryland 

Mr. George J. Hurw1LZ and I will present you some facts and some conclusions 

which are not necessarily the most palatable that could be talked about. 

Nevertheless, the atomic energy program has a problem, I should say, a real 

problem, affecting its air cleaning operations. We shall endeavor to be 

constructive. 

Those of you who attended the last Air Cleaning Seminar at Harvard University 

in June 1957 may recall that one of the manufacturers of high efficiency 

particulate filters alleged that at least one of the other two manufacturers 

of these filters was using a DOP penetrometer which needed calibration. 

He inferred that, as a result, we were getting filters which did not meet 

the specifications for penetration and resistance, in other words, for true 

high efficiency. 

After considering those remarks and having obtained infoilllation which 

seemed to bear out the allegation, we decided to verify sample filters of 

all three manufacturers. We also decided that the most impartial way to 

do this was to test random samples from filter stocks of atanic energy 

plants. Twelve 1000-cfm. filters were subsequently shipped to the Anny 

Chemical Center at Edgewood, Maryland, to be tested on the Chemical Corps 
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DOP penetraneters, which are regarded as the most reliable to be found for 

this work. At the same time, each of the three filter manufacturers was 

invited to send samples of his own, and these were also tested and the 

results returned for their respective information. 

When we opened the cartons containing these randan samples fran atomic energy 

stocks, and the cartons clearly had not been opened from the time the filters 

had been manufactured and packaged, we were appalled at what we found. 

I would like Mr. George J. Hurwitz of the Quality Assurance Technical Agency, 

Army Chemical Center, to take over and describe the filters which were in 

these cartons. It was through Mr. Hurwitz' cooperation that we arranged the 

tests and he supervised the examinations fran beqinninq to end. Mr. Hurwitz. 

Mr. G. Hurwitz 
Thank you Mr. Gilbert. Before going intfJ the details of the testing 

program, let me say for the USA CmlC Quality Assurance Technical Agency that 

cooperating with the U. S. Atomic Euergy Commission in this program has been 

a pleasant and instructi·1e experience, It has been gratifying to be able to 

share with another Govermment service our capability in developing and 

fabricating test equipment and testing filters for both aerosols and toxic 

a3ents. As the sole source for this equipment we fully realize that the liv9s 

m:d health of many may rest on our ability to develop test equipment which 

can be depended upon for accuracy and reproducibility of results. 

'.-le have prepared a series of sixteen slides showing the damage observed 

when cartons containing the filters were opened at the Army Chemical Center. 

'.lie did not inspect all the filters in detail; only those which gave erratic 

or high penetration readings. I believe that had these filters been subjected 

to the degree of inspection performed on Chemical Corps filters by one of our 

expert inspectors, several more fil~ers would have been rejected for such 

defects as poor workmanship, missing or incorrectly applied adhesive, 

contamination or failure to meet the rough handling test. 

We had been asked whether the damage observed could have been sustained 

duYing transportation so that a claim could properly be placed against the 
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shipper. In all honesty we had to reply that there was no way of saying 

definitely that this was the case. Inspection of the cartons did not indicate 

rough handling or abuse. In fact, the cartons were in good enough condition 

to be used for returning the filters to their original sources. This we do 

know: three filters, received at a later date, had been inspecteci prior to 

shipment and these arrived in good condition. 

The filters may bave been damaged during transportation or handling 

in the storage area; certainly, the shipping carton can stand redesign. 

However, damage can result from lack of proper control during the manufacturing 

process; filters which are cut too long and forced into the frame; aged or 

brittle cement, or one which has too high a coefficient of expansion, so 
on 

that,/setting up it contracts and tears the filter. I have a photograph 

which illustrates such a case. Damage may also result from excessively 

tight packing of the pleats which causes the fluted separators to cut into 

the filter material. Excessively loose packing will allow undesirable movements 

of the separators. 

I mentioned rough handling. It may be of interest to you to know that 

Chemical Corps filters are subjected to a rough handling test in the vertical 

position by being vibrated at a frequency of 200 cycles per minute with a 

1 inch amplitude for fifteen minutes. If the filters pass this test, they 

should withstand normal transportation and handling. 

Another point to be cleared up is the testing requirements. Whereas 

it is quite possible for a filter containing small punctures to meet resistance 

and penetration requirements, and this will be illustrated by a slide, this 

nevertheless is not an acceptable filter. All tests were conducted on a 

Chemical Corps El8 Penetrometer and Resistance Indicator at a flow rate of 

1000 cfm and a DOP particle size of 0.3 microns. 

The list of invitees to this seminar apparently did not include any of 

the manufacturers of the filters tested; nevertheless, test data must be 

considered proprietary information. Slides will be shown but test results 

will be cited without reference to the original source of the samples. 
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Slides 1 and 2 show a filter with pleats so badly broken that the 

penetration reading was 54%. Another filter containing similar breaks gave 

an even higher.penetration reading. 

Slides 3 and 4 illustrate another filter with damaged pleats. Penetration 

readings were .30% and .18%. The reason for the difference is that filters 
on 

were tested from each side; ~amaged filters, good reproducibility is the 

exception rather than the rule. 

Slides 5 and 6 illustrate lesser damage; penetration readings were 

• 072~~ • .094%, and. 095%. Corresponding resistance readings were • 87", . 95", 

and .94". 

Slides 7, 8, and 9 illustrate damage of the same magnitude with penetration 

readings .066% and .• 090%. Corresponding resistance readings were .81" and .96". 

The distortion of the pleats indicates that the filter was oversize and 

forced into the frameduring assembly. 

Slides lG and 11 depict damage along the side of the filter and to a 

lesser degree on the bottom. Penetration readings were .32% and .40%. 

Resistance was .84" and .92". 

Slides 12, 13, and 14 illustrate a series of breaks along the top and 

bottom. Penetration feadings were .046%, J.2%, and .083%. Corresponding 

resistance readings were . 76", • 94", and •• 84". 

Slides 15 and 16 illustrate a damaged filter which did meet specification 

test requirements. Penetration readings were .048% and .039%. Corresponding 

resistance readings were .74" and .88". 

Comparisons may not be in order since the items are not identical, 

however as a point of information permit me to cite some acceptance inspection 

results on filters produced for the Chemical Corps by one of its contractors. 

The filters were produced from a paper asbestos medium with corrugated paper 

liners instead of the glass fiber asbestos medium and separators of the same 

material which characterize AEC filters. Frames were alumint,Ull instead of 

treated plywood. Each filter was inspected in accordance with specification 

requirements for visual defects as well as the penetration, resistance and 

rough handling tests. (Text conti?l'Ued on p. 173) 
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No. Samples Penetration io Resistance 
Min Max Min Max 

240 .003 .024 .89 • 9 7 
222 .008 .024 .87 .98 
118 .008 .024 .87 .97 
120 .005 .023 .83 .98 

These data were obtained from filters submitted for acceptance by the 

Chemical Corps inspector. The number of filters reje~ted by the contractor's 

own inspection and quality conttol activities is not known. From its 

experience with fabrication of filters, both in its arsenals and by contractors 

the Ghemical Cb~ps learned that, to obtain acceptable filters, we need 

definitive drawings and specifications, dependable test equipment, a good 

quality control program in the producing activity, and verification 

inspection by those hav.ixgacceptance responsibility. 

Mr. Hurwitz has eJQ:>lained to you how seven of the twelve samples were 

defective. Needless to say, we reported to the plants from which we had 

obtained the defective filters and asked them to open all of their filters 

in stock to learn how many more were defective. Am.using!~ enouqh, one of 

the plants that had sent filters ma.de by two different manufacturers contacted 

us and said, in effect: 

filters are ~fective. 
-We depend on stack monitoring to tell us when our 

Please advise which manufacturer's filters were bad 

so we will not have to open all of the cartons of filters that we have in 

stock." 

Sane:what later we obtained additional samples fran atomic energy stocks 

for testing. 'lhis time the samples were inspected thoroughly before they 

were shipped to the Army Chemical Center to complete the tests. 'Ille second 

batch was tested June 4, 1959. This is how the filters compared so far as 

penetration and resistance are concerned: 

Slide l. This shows canparative penetration readings on sample 

filters made by Manufacturer "X". The yellow background indioa tes the 

maximum penetration allowable according to the specification of 
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5 one-hundredths of 1% for dioctyl phthalate aerosol particles approximating 

3 tenths of one micron in diameter. The blue bar on the left is the 

penetration rating placed on the filter by the manufacturer and so 

stamped on the filter frame. The red bar alongside the blue one is 

the penetration found by the Anny Chemical Center. Notice that none 

of these samples made by Manufacturer ''X" was outside the specification 

for penetration. 

Slide 2. Here are the canparative resistance ratings on these 

same three filters made by Manufacturer "X". Again the yellow background 

is the specification limit, 9 tenths of one inch of water resistance. 

Likewise, the blue bar on the left is the manufacturer's rating of 

the filter's resistance and the red bar is the Army Chemical ~enter 

test finding. 'lllese filters by Manufacturer ''X" also met the specification 

for resistance. 

Slide 3. 'lllese are the samples made by Manufacturer "'f". You note 

that the manufacturer rated penetration of the first filter, on the left, 

at .05'1o, which is the maximum acceptable under the specification. 

Chemical Corps test rated the penetration at .0763. The second filter 

had stamped on it the manufacturer's penetration of .40'1o and while the 

Chemical Corps found it .25%, the filter obviously does not meet the 

specification. Incidentally, all of these three samples carried a 

certification by an inspector representing the atanic energy plant that 

purchased the filters. Needless to say, the middle filter should have been 

rejected by the inspector. 'llle third filter was acceptable for penetration. 

Slide 4. These same three filters made by Manufacturer "Y" were 

within the limit of 9 tenths of one inch resistance. 

Slide S. Of these four filters made by Manufacturer "Z", the 

first, on the left, had a penetration rating of .0121, by the manufacturer. 

Chemical Corps test showed it to be .23'1o, considerably outside the .053 
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specification for penetration. The fourth filter, the one to the extreme 

right, had a manufacturer's rating of .008% and the Chemical Corps 

found it .056%, just outside the specification for penetration. The 

second and third filters, the two in the middle, met the specification. 

Slide 6. Now let's examine these samples of Manufacturer ''Z" 

for resistance. The first two, frcm the left, had the manufacturer's 

ratings to show that they meet the specification for resistance. Both, 

as you can see, exceeded one inch of water in resistance. For the two 

at the right, the manufacturer rated them at 1.10 inches and 1.00 inch 

resistance, respectively. The third was found to have .92 and the 

fourth .97 inch resistance. All four were over the limit for resistance. 

You have seen the defects that are being found in filters, which 

Mr. Hurwitz has described to you, and there is considerable evidence 

to indicate that these defects existed before the filters left the 

manufacturer's plant. Certainly filters can and have been damaged in 

shipnent, however, these did not seem to be the case. Only two of a 

total of 18 filters sent by atomic energy plants to Army Chemical Center 

for testing had damage that could be attributed to handling or shipping 

after they were manufactured. You have also seen how these filters compared. 

when verified on a DOP penetrometer other than the manufacturer's. 

What course then shall we take? 

First, let's examine a basic point: Do we really need filters with the 

high degree of efficiency that is being specified? If we don't, then we 

are wasting money. We can buy filters with efficiencies of 70%, 80%, or 

90%,on whatever particle size you select, at a price considerably less than 

we pay for these high efficiency filters Conversely, if we decide that 

we do need filters which are 99.95% effhient, then the time has come to 

make sure that we get what we are specifying. We have been negligent and, 

I suspect, a little naive, about the caliber of filters delivered to 

atomic energy installations. Just because we specify 5 one-hundredths of 
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13 penetration and 9 tenths of an inch resistance is not automatic assurance 

that this is the quality of filter that will be delivered. 

Nmi I recognize that you gentlemen representing the various establishments 

of the atomic energy program are not responsible for inspecting every 

filter delivered to your location. Nevertheless, I also recognize that 

you can be very influential in making certain that your plant accepts 

only those filters which meet the specification on which they are purchased-

Here are sane suggestions: First, the purchase order for filters should 

specify that deliveries will be accepted subject to inspection and test. 

In this connection, we propose to revise the specification for fire 

resistive filters, contained in Issue No. 80 of AEC Accident and Fire 

Prevention Information, to include this suqgestion. Copies of this issue 

are available here if, by chance, you have not received one. 

Second, every filter received should be removed from its carton and inspected 

all over, including both faces, to assure that there are no holes or cracks 

in the media and no loss of seal or breaks in the adhesive. In addition, 

the filter should be true in shape, in dimension, and have qood basic 

material in the frame. 

Third, arranganents are now going on to install at Hanford two DOP 

penetraneters which will test filters of all sizes up to 1000 cfm. These 

machines will be available to check filters purchased by all atcmic energy 

installations and the penetrometers will not be for Hanford's exclusive use. 

They are being installed at Hanford, rather than a more central geoqraphical 

location, because there is every indication that Hanford will use many more 

filters than any other plant in the program. Consequently, it will be 

more econcmical to ship filters from other plants to Hanford, or fran the 

manufacturer to Hanford for testinq before delivery to you, rather than 

ship Hanford's filters to a more central point in the United states. 

The AEC Safety Division at Richland, Washinqton, will be your point of 

contact for this testing service when arrangements are canpleted. 
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In addition to the penetrcmeters at Hanford, arrangements are being made 

with the Anny Chemical Center to provide similar testing service. 'lliis 

will reduce transportation costs and expedite the testing for establislunents 

nearer Edgewood, Maryland, than Hanford. When all of the details are 

worked out for penetrometer testing service at both places, the infollllation 

will be circulated throughout the program. 

Beyond the suggestions for inspecting and testing, the Underwriters' 

Laboratories is establishing an inspection and labeling procedure with 

the filter manufacturers to certify that high efficiency particulate 

filters which bear the UL label will be of fire resistive construction. 

This procedure also will help us to get filters of better quality, 

by discouraging the existence of holes and cracks such as Mr. Hurwitz 

showed you. The Underwriters' La.boratories'label, however, will not 

supersede each plant's responsibility to inspect the filter and to 

have it checked, independently of the manufacturer, for penetration 

and resistance. Mr. Leonard H. Horn of the Underwriters' Laboratories 

of Chicago is attending this Seminar. (Have Mr. Horn stand up and 

be identified). We have been working closely with Mr. Horn on this 

fire resistance problem and if any of you ca.re to contact him outside 

these sessions, I am sure he will be willing to explain any aspect 

of the UL program. Whenever their program is put into effect, you 

probably will want to specify in your purchase orders that filters 

bear the UL label for fire resistive construction. 

In conclusion, you must decide whether we need high efficiency filters 

or more econanical filters with efficiences in the range of 70 to 90'7.. 

In sane instances, these are what we are getting anyway although we are 

asking for high efficiency filters. If we do need high efficiency filters, 

then you must insist that filters, when delivered, be inspected visually 
independently 
and/tested for penetration and resistance to be sure that you are getting 

what you specify. We have notified all of the filter manufacturers 
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that we found defective filters in these tests and we have .;iven each 

manufacturer the canparative penetration and resistance ratings on the 

samples which he manufactured. We have also put them on notice that, 

frcm here on in, we are going to inspect and test filters that cane into 

the atanic energy program. I have had replies frcm all of them e.xpressing 

their concerr. over the damaged filters we found, and it is difficult to 

believe that they would deliberately deliver defective and inefficient 

filters. Be that as it may, your efforts and the full impact of the 

influence of each and every one of you will be required at your plant 

or facility, if we are to keep bad filters out of the program. This 

is a condition that has existed too long in our air clea.ninq operations 

and you can help to correct it. Gentlemen, it is up to you. 
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THE INSTALLATION, HANDLING AND STORAGE OF 
HIGH EFFICIENCY FILTERS 

W. J. RICHARDSON and J. H. PALMER 
Chemical Processing Department, General Electric Company, 
Hanford, Wash. 

Part I 

The highly efficient filters of today require equally efficient installation 
methods and care as much as does the manufacturing of the units. 

The high efficiency developed by these filters can be seriously impaired by 
poor or careless installation methods and improper handling. Storage can also 
be an important factor. 

Thorough knowledge as to the construction of these filters should be acquired 
by all personnel involved in installation, handling, and storag~. It has been 
found that many of the people who handle these filters have a misconception as 
to their construction. Some have the impression that the filter frame is 
packed with solid layers of media. With this impression, marred surfaces, 
split media, damaged separators, and holes in the filter face do not have any 
significance to them. The writer has often demonstrated the construction by 
means of cut-away models, usually followed by expressions of surprise by 
personnel, some of whom have been handling these filters for a considerable 
time. 

The media, anywhere from 8 to Z>mils thick, is fragile and easily torn. When 
this is pointed out, the usual response is, "Why don't the manufacturers 
include perforated plates over the filter face?" This would be fine, except 
that it would be impossible to inspect the media for tears, or damage caused 
during shipment and/or handling at the factory. 

Perhaps the comment should be made at this time that damage, such as cracks 
in the media (especially along the sides of the frame), opening of the frame 
corners, and breaking away of the media from the adhesive does occur as a 
result of shipping and handling. 

Pictures no's. 1, 2, 3, 4, 5, and 6. 

Sometimes the cause of damage can be determined by visible damage to the 
carton in which the filters are shipped, but not always. All filters should 
be inspected for the above mentioned faults as soon as received, so that they 
can be returned to the manufacturer, or so that shipping damage claims can be 
made. 
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Picture No. 1-Filter damage. Note damage as a result of shipment. This is an unusual example. 

Picture No. 2-Filter damage. Opposite face of filter shown in Picture No. 1. 
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Picture No. 3-Filter damage. Filter media is cracked across top of filter. Separators are mashed. 

Mashed separators reduce capacity and life of the filter. 

Picture No. 4-Filter damage. Filter media is broken in several places. Minor damage such as this is 
not too obvious to the uninformed and could be the cause of doubt as to efficiency of this type filter. 
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Picture No. 5-Filter damage. Another damaged filter. Container showed no external damage or 
comer bruises. 

Picture No. 6-Gasket material. Note split in edge of gasket material. 
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rnSTALLATION 

Too much emphasis can not be placed on the importance of installation of the 
units. It is not too evident to the uninstructed mechanic, of the serious 
effect even a minor leak around the filter frame will have. Tests have been 
conducted at Hanford on the various methods of installation, in which the 
leakage rate was measuredo Results were quite revealing and will be covered 
by rey- co-worker, Mr. Wo Jo Richardson, in a talk following this. 

However, perhaps it should be pointedoutat this time that even a one CFM 
leakage rate can be of serious concern when filtering highly contaminated 
air. For instance, it was found in one installation at Hanford, that a one 
CFM leak around a filter increased the down-stream count by a factor of two. 
This was on a new, clean filter. If the filter had been in service for 
some time with the consequent reduction of flow due to loading, the leakage 
could have been of greater significance. 

The following instructions on installation of the space type high efficiency 
filters are, we believe, worthy of consideration: 

1. The filter unit should be carefully removed from the carton, being careful 
not to drop the filter. (Jarring will sometimes cause the media and 
possibly the separators to crack at the place of contact with the adhesive.) 
Care should also be taken to not poke fingers through the media or damage 
the separators when removing the filter from the carton. 

If it is necessary to lay the filter with the back or face down when 
removed from the carton, care should be taken to be sure that bolts, nuts, 
stones, or uneven floor surfaces will not damage the media or separators. 
Remember - the filter is extremely susceptible to damage. Inspect the 
filter for cracks in the media and separators, and for separation from the 
frame. 

2. See that the gasket is firmly cemented to the frame and that the gasket 
.material is butted or meets at the joints and is itself undamaged. 
(Gaskets have been found with air-holes running through the sides of the 
material.) 

J. If both gaskets are not needed for sealing purposes, the un-needed gasket 
should be removed and the edge of the filter frame cleaned at the points 
of clamp contact. 

4. The surface to which the filter is applied must be true, clean, smooth, 
flat, and free of welds or weld spatter. It must be rigid enough to 
fully compress all the gasket surface, without warping or buckling the 
bearing surface. 

5. The gasket should be firmly compressed, with the filter completely 
covering the opening. 

6. The filters should be installed with the separators in the vertical 
position, to minimize sagging of media, when the filter is installed on 
edge. 

7. In locations where the filter is subject to physical damage after in
stallation, it should be protected by a wire mesh screen or expanded metal 
shield. 

8. It will be noted that one face of the filter usually has a bead of adhesive 
on all four sides. The filter should be installed with this face towards 
the exhaust side of the ventilation system in order to minimize the possible 
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flow through the plywood joints of the frame of unfiltered air to the down
stream. (These joints are usually tightj but when handling highly contaminated 
air, even a slight leak can be of significance.) 

Various methods of filter installation will be described by Bill Richardson 
in his paper, following this. 

FILTER REPLACEMENT 

Filter units should be replaced under any one of the following conditionsg 

A. Pressure drop of 2" water gauge, or greater, across the filter. 

B. Excessive build-up of lint, or product particles. (Fire and explosive 
hazard.) 

C. Loss of efficiency as determined by air sampling measurements. 

D. Visible damage or rupture of the filter media. 

STORAGE 

The filters should be stored where they will not be exposed to dampness, 
excessive heat or cold, or rapidly changing temperatures. They should be 
stacked no more than four high, with the separators in the vertical position 
as is usually indicated on the carton with a ''This Side Up" sign or an arrow. 

They should never be dropped, or thrown. The cartons should not be damaged 
in any way while handling. Hooks for handling cartons should never be used. 

lNSTAL1ATlDN. HANDLING. AND STORAGE 
OF HIGH EFf ICIEiNCY F1LTERS 

Part II 

I would like to take a few moments to explore just a little further into one 
of the several facets to which Mr. Palmer has referred in Part I of this 
discussion; this being the installation of high efficiency filters. 

Those of you who are confronted daily with the problem of handling highly 
radio-active contaminants know that strict requirements are set by all An:: 
installations as to the amount of contaminants that can be safely emitted from 
any of the production or laboratory stacks. 

You also know that in order to stay within these close tolerances you must 
obtain the most efficient filters on the market today. 

Once the fact has been established as to the need of high efficiency filters 
for an installation, this would appear to alleviate all of our stack emission 
problems. However, as Mr. Palmer has stated, there are many pitfalls between 
the factory and the actual installation of these filters. 

I would like to enumerate some of these pitfalls -

1. The filters must arrive at your plant site in good condition after being 
transported across the country. 

2. All personnel handling the filters should be aware of the fact that these 
filters are actually delicate pieces of equipment. 
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3. Personnel responsible for the installation of the filters must provide 
a receiving framework that will permit maximum sealing of filters to the 
!rame. 

When you are certain that all of these conditions have been complied with 9 then, 
and only then, can you expect the optimum filtration for which these filters 
are designed. 

I vould like to relate a story concerning one of these pitfalls vhich occurred 
at one of our plants not long ago. Mr. Palmer offered his services to one of 
our production facilities to instruct their personnel on the proper methods 
of handling and installing high efficiency filters. The response received 
from t.his particular plant vas, and I quote1 "We have installed filters for 
years, ve knov all about them. 11 It just so happened that Mr. Palmer and the 
writer had an opportunity to tour this plant a fev weeks later. Being 
interested in filters, we naturally looked over thei~ filter installations. 
Their primary filters are housed in stainless steel boxes vith plexiglass 
ports for inspection and removal of filters. We were amazed to find numerous 
filters installed with the media on the front face torn or smashed in. 
Needless to say, these high efficiency filters were not performing as expected. 

This attitude seems to be typical of plant operating people, who believe that 
the only thing that can happen to a filter is that it will "plug", or become 
loaded. They also seem to feel that as long as they replace the filters on a 
scheduled or predetermined basis, they vill be assured of obtaining optimum. 
filtration and that their responsibilities for clean atmospheric conditions 
end at installation. 

They are of the opinion too, that small breaks or cracks, or leakage around 
gaskets is not of too much significance, as the leakage would be such a small 
percentage of the air being treated. This, of course, is entirely dependent 
upon the degree of contaminants held in the air being treated. 

Our tests indicate that minor leaks are significant and that everyone 
responsible for installation of these units should be made avare of the 
consequence of such leakage. 

Hov many of us can say ve have personally, or at least have had qualified 
personnel, inspect these filters upon receipt at our plant site or just prior 
to actual installation? Also, have we inspected the construction of the rooms 
or boxes that are to house these filters? 

We at HAPCl asked ourselves these same questions and found that we were remiss 
in our responsibilities. As a result of this, we set up a test apparatus 
whereby ve could simulate some of our actual methods of filter installation. 

This merely consisted of a boxed chamber which would permit installation of 
both 8 11 x 811 and 24" x 24" filters. 

The following slides will show some of the various methods of filter hold-do'Wil 
which are used in HAPC>. 

Picture 7 {Four corner hold down) 
Picture 8 (One bar across middle) 
Picture 9 (Two bars across filter) 
Picture 10 (Three bars across filter) 

Leak tests were 
811 x 8" and 24" 
filters. 

conducted with these various hold-do\l?l methods on both the 
x 24" filters to determine the amount of leakage around the 

(Text continues on P• 195) 
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Picture No. 7-Gasket leak test. Four corner hold-down. 

Picture No. 8-Gasket leak test. One bar across middle. 
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Picture No. 9-Gasket leak test. Two bars across filter. 

Picture No. 10-Gasket leak test. Three bars across filter. 
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Picture No. 11-Gasket leak test. Test chamber under pressure. Soap solution used. Note leakage at 
frame Joints. 

Picture No. 12-Casket leak test. Note leakage at corners. 
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Picture No. 13-Gasket leak test. Note leakage at comers and at gasket. Gasket leakage is through 

pores of the gasket material. 

r
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Picture No. 14-Filter installation. Actual installation. Note damaged filter. Media is broken through. 
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Picture No. 15-Filter installation. Same installation. Different filter. Note bruised separators. Media 
is punctured. 

Picture No. 16-Filter installation. Note hold-down method. Hold-down bolts contact comer plates 
installed at filter frame comers and are manipulated from outside the filter box. 
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Picture No. 17-Filter installation. Filter box containing four filters. Heads of hold-down bolts are 
covered with pipe-caps. 

Picture No. 18-Filter installation. Another view of the same filter box. Filters are installed at an 
angle, fonning a diamond shaped center. 
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The 8" x 8" filter leakage was practically negligible with all methods of 
hold-down and from a 111 W.G. differential up to 611 W.G. differential. 

The average leak rate on a 24" x 24" filter at normal differential pressure 
of 1" W.G. was i CFM. This increased to 1.5 CFM with a differential of 
6" W.G. This leakage was primarily through the porous gasket material and 
especially where the strips of gasket material butte~ against each other. 
This leakage was constant with all types of hold-down as shown on slidesj 
and made little difference whether hold-down bolts were finger tight or had 
a 5-pound torque applied. However, it must be pointed out that these tests 
were conducted with a perfectly smooth and aligned sealing surface for the 
filter. 

Pictures no's. 11, 12, and 13 show results of soao tests •. 

The application of 25-foot pounds torque pressure at each corner of the filter 
frame was necessary to completely stop leakage through the gasket edges. This 
torque however, did not stop leakage at the frame joints. 

Additional tests have been made and are still in progress whereby we purposely 
have built-in frame mis-alignment and warpage. One of the tests with a built
in 1/16" warpage showed leakage rates of 6 CFM or greater at normal differential 
of 111 W.G. This was with hold-down bolts finger tight. Once a 5-pound torque 
was applied to hold-down bolts, the leakage rate dropped off at normal of ~FM 
at 11' W.G. differential. 

Pictures no 1s. 14, 15, 16, 17, and 18 show a new type of installation adopted 
at HAFD. 

When leak tests have been completed, the information will be available to all 
interested parties. 

Discussion 

Q. Axe the army specifications for filters available to all for vibra
tion test, etc., and might it be practical for some of us who are 
far away from the manufacturer depend on such specifications for 
quality nd; inherent in the filters we buy? 

A. Material available for the asking. Package problem - certainly 
your carton can stand redesign. However, the Chemical Corps specs, 
except for overseas shipment only call for commercial pack. Took some 
down to discuss problem with packaging experts and they said yes 
they could fix a. package up and make it as good as you want. Could 
even be a returnable package. We did receive three filters prior to 
shipping. Received in excellent condition. They were returned and 
apparently took rough handling in good shape. 

What do you really need? Proud of Chemical Corps filter - filters 
treated withre-Ve.rence--second only to their gas mask. i'o them it 
symbolizes the difference between living and not living. It's that 
simple - some of this should rub off on the instal.le.tions handling 
fissionable material. 

What media do you need? Thinks your people haven 1 t actually deter
mined what type of filter media you need. Thinks you have a great 
big research program ahead of you. 

Q. Assuming you need a. .05 penetration, would it be possible or 
practicable to have an AEC man who is in the general vicinity 
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of the manufacturer be present during the manufacture, fabri
cation, packaging, or whatever stage it might be to at least 
visually inspect the filters as they are :manufactured to give 
some assurance that at least some with the large holes don't 
go into packaging. 

A. (H. Gilbert - AEC, Washington) We run more of a staff than a 
service organization in Washington. Will arrange for what help we 
can get you. More contractors than able to cover adequately. 

c. It is impractical for those on the West Coast to send represen
tatives to the East Cost for inspection. It might be helpful 
to have an inspector. 

c. ( G. J. Hurwitz, Anrry Chemical Center) In the military we have 
inspection interchange whereby an inspector for the anrry can 
inspect material being purchased by the navy and vice. versa. 
AEC would possibly come under the same regulation. There may 
be reimbursement in kind and there may not be. It is worthwhile 
looking into. 

Q. (W. B. Harris - NYOO) When one has a job of air cleaning to do, 
it is reasonable to expect that the engineering department will 
look at the job and say how is it best to do it? Too many times 
we put in air cleaning which we think is reasonable for the job 
and then so we won't make a mistake, put more air cleaners behind 
it so if breakdown occurs we always have a high efficiency filter 
as a background. Thinks this is in many cases not necessary. Use 
of a space filter designed specifically as a space filter, either as 
a device to keep a command post clean or a tank has been applied 
to coim!lercial air cleaning. Attempt to apply space filters to this 
type of application. Fire resistance in a filter is essential. 

c. Another thing about the business of inspection - I think it is 
completely impractical to expect that any organization wants to 
order 6 filters; that these 6 will go from a manufacturer on the 
east coast to the laboratory in San Francisco and then be trans
shipped to Hanford, tested and shipped back again to Berkeley. 
It just doesn't make sense. If Hanford could be central purchasing 
agency and check filters, and if manufacturers understand their 
product was being spot-checked, quality would be improved con
siderably. Orders would go from this site to other sites. If no 
planned inspection is conceivable, this would certainly be an 
ideal situation. 

Q. (J. F. Hall, United Kingdom) In connection with the licensees 
discussion on this - it will be interesting to see what our 
experience will be. We have the added safeguard on leaking 
gaskets and adjust - use canisters in all instances. Filter 
cartridge is put in and sealed up. It seems before you can 
have a common central inspection system you should have a com
mon central specification. Much latitude exists. If people 
agree on things, why aren't they using them? I also heard you 
had a development on quartz paper. 

A. (L. Silvenna.n, Harvard) What you call quartz paper could be 
either - or fiber glass. Question of' specs. is most import-
ant. Fibers based on insulation quality rather than filtration. 
Basic supply - who makes paper out of it may alter the supply. 
May have bad supply of' paper for year and not know it. Differ
ences show up due to manufacturers trying to cut costs. None 
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of the suppliers are making money - marginal operation. If these 
things are controlled at the source and specs. written, then 
quality control rests on workmanship. Perhaps other materials 
might be applicable today. Look forward, and this situation 
may push us into a little more development • 

c. (Silverm&n) First I'd like to say that you get what you -pay for in 
efficiency and requirements for various operations will depend on 
what the upstream loading is and what it is you want downstream. So 
it is pretty hard to generalize and say that 7<:Yfo will do and 9C1fo is too 
much. I think we are now agreed that there is a satety factor 
in using.05'% penetration and we apply it across the board. Part 
of our economic survey which Joe Fitzgerald vlll talk about tomorrow 
is aimed e.t finding out whether you are getting your money's worth 
efficiency wise, for your air cleaning dollar. There are many 
operations where low ratings wouJ.d ooly require 7\Yfo filter. But 
there are many others where the activity of the material at low 
loM1ng is so high that you have to use 99.95. So llllch then for 
requirement. It seems to me that a lot of this problem as it now 
exists bas cropped up from the fire problem. We didn't have, as 
far as I know, this efficiency and filter rupture problem with 
the -paper filters. I don't recall any of this and we at Harvard 
have done a lot of blasting at' the -paper filters under the shock 
wave test. We al.so tested under shock wave some of early glass 
ones but not of the more recent fire resisting construction. We 
al.so took both -paper and glass filters out to Nevada for our shock 
test and we had, I think, two dozen filters out there at two points 
from the weapons tests we ran in Nevada. So I think that this 
problem has not been with us for the last ten years or if we are, 
Brookhaven has been filtering at a poor rate with their nine year 
old filters. I do think Lee Gemnell can confirm this • In fac1;, 
they have some that have been in operation at least five yea.re 
and maybe l~~r, of the -paper type. I knev of several that have 
been in for ~ years. I guess Dow Chemical had the 4i year ones, 
that went up in a hurry. So I think a lot of the problem is of 
recent origin and I think it is high time that we checked it now. 
The specifications that are required aren't so much for testing of 
fil ten • This is what concerns me. I think we may be trying to 
attack this Goliath with forks instead of with really good weapons. 
That is, to get back and find out if there is a material failure or 
whether it is the wrong material. that is being used now or whether 
the cements are improper, and the specs used for the plywood are 
improper. It is true that the assembly and the Qu&li ty Control 
should be put into the specification but if they are going to 
have to test every one ..;>fthese filters routinely it is going to 
run the cost of them way up and ! think we have got to get back 
to the source of the defects. I cannot believe that it is all one 
of these random sort of things, and, that it will be in a given 
production, it might be the cement at one end e:nd/or the other. I 
think there is aomething f'undfll'!lental here that is faulty • 

c. (Xeigher, KEC Hanford) I think we should get back to the fire re
resistant aspect of this just a little bit. We are not going back 
to a combustible filter as far as I can see. We have had some 
fifty recorded fires in combustible fil tera in the Atomic Energy 
program al.ready - like the one we had in the air cleaning lab 
that cost $10,000 - in Bocky Flats a.nd in mmy other places. 
I feel that I should defend the fire resistant filter because I 
attended the air cleaning seminar at Argonne and they presented 
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us with a chall.enge. We have always felt it should have the fire 
resistenceness or the non-combustibility a.nd the same time the 
equivalent or better of the filtering media. I think that there 
has been a change, Mt-. Silverman has referred to this, since they 
developed an A. D. Little paper in 1951, when they went towards the 
all glass and the glass asbestos media. This media apparently 
was a.n acceptable filtering media at the time it was ma.de and I 
think those of us who are interested in the :fire aspect of it 
expect the present media to be as good. Whether there were cracks 
in those days or not I don't know. I am convinced however, that 
just as we found there were never any fires in the CWS filters during 
the MED date, most of this was because of very poor reports. 
There were fires I found out but you can't find them recorded any
where. I think breakthroughs could have occurred in those days 
but everyone was too busy winning a war to go into where this was 
happening and why and so forth. Now we have a chance to get 
into some of these finer aspects if you wish. The disposable 
and combustible filter has existed in industry. The New York 
Eastman Kodak had a $3~ million fire in November of 1950, in bag 
filters. The fa.ct is that the fires in ventilation systems and 
filter bailks are one of the major classifications of fire 
losses in American industry. I say all these things only to, 
let's not say it's impossible because it got into the fire 
resistant filters. This, I think, is a correlation here. But 
let's not go backward in this aspect. In manufacture of filters, 
we have to help manufacturer discover what is the matter. Find 
out Whit is wrong and fiX it now. Someone should carry this 
matter to conclusion and AEC, Washington should be the one to do it. 

c.- I'm afraid many of us have missed the major points. I :feel that 
we don't want to go back to cellulose asbestos filters. But 
something in the manufacture of filters that are put out by aJ..l 
the people is wrong. I feel that we have to help these manufacturers 
find what is wrong. We have to find out ldla.t is wrong with these 
filters and fix it now. 

c.-It would appear to my humble judgement that the Division of Reactor 
Development and the Harvard Air Cleaning Laboratory have been 
called upon to get their heads together - the move must come from 
them. The contractors as a group are almost helpless except for 
little things like visual. inspection. 
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THE DISPOSAL OF RADIOACTIVE FISSION GASES BY ADSORPTION 

R. D. ACKLEY, R. E. ADAMS, and W. E. BROWNING, JR. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Abstract 

In the operation of nuclear reactors, nuclear fuel reprocessing 
plants, and in-pile experiments, special provision must be made for 
disposal of gaseous fission products to prevent contamjnation of the 
atmosphere to an wacceptable degree. A disposal procdss is described 
jn which the noble gas fission products, krypton and xenon, are delayed 
relative to the sweep gas by physical adsorption as they pass through 
an adsorbent such as activated charcoal. A theoretical expression 
describjng this process has been developed, using a theoretical plate 
analysis, and has been verified experimentally. The retention tine for 
a gas present jn trace concentration is proportional to the amount of 
charcoal in the adsorber and to the adsorption coefficient which is 
evaluated experimentally for a particular combination of materials and 
conditions. The retention time is inversely proportional to the volume 
flo"W rate of the sweep gas. The retention times of experimental adsorbers 
have been measured by a radioactive tracer technique using krypton-85 and 
xenon-133 to typify fission gases. Retention times have been measured 
for various adsorbents including different grades of activated charcoal, 
silica gel, activated alumina, and molecular sieve materials. Activated 
charcoal was the most effective adsorbent. Retention times were measured 
usjng helium, hydrogen, argon, n:i trogen, o:xygen, air ,co2, Freon-12 and · 
krypton as sweep gases, mdividually. Retention time decreases logarith
mically as temperature increases. Water vapor reduces the retention time 
for krypton on charcoal as does C02. Krypton interferes negligibly up 
to 1000 microns partial pressure. Provision must be made for the dissipation 
of heat from radioactive decay. Ignition temperatures for charcoal m 
oxygen were determined and methods of prevention and control of charcoal 
fires were investigated. Experimental results described have been used 
to design off-gas adsorber systems for m-pile experiments and to analyze 
the perfonnance of an adsorber for a homogeneous circulatmg fuel reactor. 

Introduction 

In the operation of nuclear reactors, nuclear fuel reprocessing 
plants, and m-pile experiments, special provision must be made for the 
disposal of gaseous radioactive fission products to prevent contamination 
of the atmosphere. Figure l shows the important fission gas isotopes. 
Their half-lives range from a few mmutes up to ten years. Among the 
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krypton isotopes the longest-lived is krypton-8.5, approximately ten years, 
but the next longest is only four hours. The longest-lived xenon isotopes 
are Xe-13lm and Xe-133, having half-lives of 12 days and .5.27 days, 
respectively; the shorter-lived or.ebeing more abundant. The longest
lived iodine isotope is I-131, having a half-life of eight days. 

When a reactor accident occurs, all the radioactive isotopes shown 
in Figure 1 can appear in the gas system, even after removal of particulate 
matter. In reactors and in-pile experiments having circulating fuel, 
fission gases are released having the entire range of half-lives all the 
way down to a few seconds. By the time the off-gas reaches the disposal 
system, the age is such that cnly isotopes having half-lives greater than 
a few minutes are present to an appreciable extent. When solid fuels from 
reactors and in-pile experiments are dissolved after aging, only ten year 
Kr-85 and five and twelve day xenon and eight day iodine require 
consideration. 

Various IlSthods have been used to handle the noble gases, krypton 
and xenon. They have been vented to the atmosphere (1) or stored in large 
containers for decay. Solvent extraction has been applied successfully 
(2). This paper is concerned with the application of the process of dynamic 
adsorption of noble gas fission products. 

Radioactive iodine vapor has been removed from air streams by caustic 
scrubbers or by hot silver reactors. Using I-131 tracer, we have found 
that it is removed at least 99.9% by charcoal adsorbers. This work, which 
is of a preliminary nature, is reported in ORNL-CF-58-.5-SS' (3), and more 
detailed studies are currently in progress. -

Dynamic Adsorption 

In the process of dynamic adsorption, the noble fission gases, 
krypton and ~enon, are physically adsorbed from a moving sweep gas, by a 
material such as activated charcoal in a manner similar to that used in 
gas chromatography. Adsorption equilibrium exists at every point within 
the adsorber. Cnly a small fraction of the krypton and xenon remain in 
the roving gas phase, and as a result, they are delayed relative to the 
sweep gas. The delay times are characteristics of the adsorber and may 
be measured e.xt:erimentally. In some applications the adsorber is regen
erated continuously by radioactive decay of the adsorbed fission gases. 

We have applied a radioactive tracer technique to measure retention 
times. A short pulse of radioactive krypton-8.5 and/or xenon-133 is in
jected into the flowing gas stream at the entrance of the adsorber. The 
concentration of radioactive gas is measured at the outlet of the adsorber 
as a function of time. Figure 2 shows a typical elution graph for a 
mixture of Kr and Xe. The ordinate is the relative concentration of radio
active gas and the abscissa is the time after injection. For each of the 
two elements, krypton and xenon, there is a characteristic breakthrough 
tiilS, and a time to peak which for symnetrical elution curves is the 
average time for the passage of ind:i. vidual fission gas atoms through the 
adsorber. The breakthrough time is used for conservative design; however, 
the average retention tiilJ9 is easier to predict. 

Theory 

The transport of fission gases through an adsorber may be treated 
theoretically as shown in Figure 3 by considering a small element of length 
of the adsorber, dy. The rate of change of concentration of a fission gas, 
dP/dt, in the eleillent dy is proportional to the concentration gl"adient, 
dP/dy, and to the volume flow rate, F, and is inversely proportional to 
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ISOTOPE HALF-LIFE ISOTOPE HALF-LIFE 

KRYPTON XENON 
KrS3m 114 MIN Xe135 9. 13 HR 
Kr85m 4.36 HR Xe137 3.9 MIN 
Kras 10.27 YR Xe138 17 MIN 
Kr87 78 MIN IODINE 
Kras 2.n HR 

, 130 
12 .6 HR 

Kr89 3. 18 MIN 1131 8.05 DAYS 

XENON 1132 2.4 HR 
Xe 131m 12 DAYS 1133 20. 8 HR 
Xe133m 2.3 DAYS 1134 52.5 MIN 
Xe133 

' , 135 5.27 DAYS 6.68 HR 
Xe135m 15.6 MIN 1136 1.43 MIN 

Fig. 1-Fission products important in reactor off-gas streams. 
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aP FL aP 

at km ay 

P = f 0 (t - km/F) 
Fig. 3 -Theoretical equations for transport of fission gases 
through an adsorber. 

dP FN 
dt = - -km- p 

N N A F ( N - 1) t< N - 1) 
p = ------- e -NFt/km 

(N - 1) ! (km)N 

(N - l)km 

NF 
Fig. 4-Theoretical plate equations for fission gas transport. 
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the equilibrium adsorption coefficient, k, and to the unit load:ing of the 
adsorber m/L. 

P • concentration or µ3.rtial pressure of fission gas in the 
gas phase (atm). 

t "" time at which P is observed (min). 

F • flow rate of sweep gas (cc/ min) • 

L • length of adsorb er (cm) • 

m "' amo\lllt of adsorbent in adsorber (~). 

k = either dynamic or equilibrium adsorption coefficient 
for fission gas on adsorbent (cc.atm/gm.atm or 
cc(STP)/gm.atm, respectively). Although these sets 
of units are somewhat dissimilar, the two coefficients, 
as employed herein, are theoretically equal nunerically. 

y "' distance from entrance of adsorber at which P is 
observed (cm). 

f • function which describes arbitrary variation of P at 
0 :inlet of adsorber. 

In the theoretical derivation k is the equilibrium adsorption 
coefficient relating the amount of fission gas adsorbed to the local 
partial pressure of fission gas. In the application of experimental 
results k is the dynamic adsorption coefficient which relates the 
average retention time to m/F. In the experimental test, !

0 
describes 

an :instantaneous pulse of :Dadioactive fission gas. t is the time after 
jnjection of the radioactive pulse. The solution in Figure 3 states 
that the pulse will emerge unchanged in shape, but delayed by a time, 
km/F. This simple treatment yields a useful value for the time to peak. 
However 1 it indicates erroneously that there will be no distortion of 
the pulse as it travels through the adsorber, because this mathematical 
treatment ignores pulse broad.en:ing processes. 

We have used a theoretical plate model to treat dynamic adsorption 
while providing for the pulse broadening processes (4). In this analysis 
the adsorber is imagined to be divided into a number-of theoretical 
chambers, N, with adsorption equilibrium in each one. The differential 
equation in Figure 4 describes the concentration of a fission gas as a 
function of time in the first one of these theoretical chambers, after 
injection o£ an instantaneous pulse of fission gas. The symbols have 
the same significance as in Fjgure 3. The quantity N is the number of 
theoretical chambers :in an adsorber hav:ing an amount of adsorbent, m. 
The rate of change of fission gas concentration is proportional to the 
flow rate, F, and to the instantaneous concentration, P, and is inversely 
proportional to the adsorption coefficient, k, and to the -weight of 
adsorbent in a theoretical chamber, m/N. The solution for the fission 
gas concentration at the outlet of the last chamber is given by the second 
expression in Fjgure 4. The tire to peak concentration at the outlet is 
shown in the third expression and is similar to the last equation in 
Figure 3. The time to peak or average retention tine is proportional to 
lan/F, and is relatively insensitive to the nwnber of theoretical chambers, 
N. The second equation in Figure 4 describes the shape of the elution 
curve and may be used to predict the breakthrough time. 
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Figure 5 compares the theoretical plate equation with exµ;irimental 
data. ·rhe theoretical curve has been fitted to the exµ;irimental cuI"ITe 
by selecting values for k and N. The fit of the curves in the break
through region indicates the usefulness of the theoretical plate model. 
Using this analysis, experimental data ue.y be reduced to two elementary 
parameters, k and N. 

Experiments 

The infonnation on retention of fission gases under various conditions 
has been obtained experimentally using apparatus as shown in Figure 6. 
A constant flow of sweep gas, in this case oxygen, passes through an adsorber, 
a flow meter and past a Geiger-Muller tube. The radioactive tracer is 
injected at the krypton holder and the counting rate, wlti.ch is proportional 
to concentration of tracer, is observed as a function of time by the G-M 
counter. Figure 7 shows the adsorbers on the right, the counters in the 
middle background, and instruments for registering counting rates on the 
left. Figure 8 shows an end-window Geiger-Muller counter tube equipped 
with a gas cell. Using apparatus of this type, elution curves shown in 
Figure 9 were obtained. Here the relative concentration of radioactive 
krypton in the effluent gas is plotted versus time after injection of 
the krypton pulse at the entrance of the adsorber. The adsorber contained 
782 grams of charcoal and the sweep gas was oxygen at a flow of 250 cc/min. 
Elution curves are shown at four different temperatures. The lower the 
temperature, the longer is the retention time. Refrigerated beds would 
usually be more desirable except for possible failure of refrigeration. 
These data are analyzed to obtain the adsorption coefficient k as a function 
of temperature as show in Figure 10, which also includes some other data. 

The efficiency of various adsorbents has been investigated using this 
same technique. In Figure 11 activated charcoal is compared with silica 
gel, Driocel, activated alumina, and porous glass. Various grades of 
activated charcoal are compared in Figure 12. Columbia Grade G is slightly 
superior; however, the samples are all about the same with respect to k. 
Figure 13 shows that the perfonnance of Linde Air Products Molecul.ar Sieve 
materials is not as good as that of charcoal but where the combustibility 
of charcoal is a hazard, these materials are the best choice if iooisture 
can be excluded. Sieve Material 5A is superior to the others. 4A has 
too small a pore size to admit krypton. Columbia Grade G activated 
charcoal has been used for most of the tests described below. 

Figure 14 shows the effects of various sweep gases. Krypton is 
retained more efficiently in the presence of helium than with other gases, 
because helium is adsorbed to a lesser degree. Freon-12 is not suggested 
as a reactor sweep gas but it is used to illustrate the effect of a strongly 
adsorbed gas. 

Figure 15 shows the effect of krypton partial pressure in oxygen with 
the total pressure cai.stant at one atmosphere. In practical off~as 
systems, the fission gas partial pressure does not ordinarily exceed 1 
millimeter of mercur,y and the efficiency is not significantly affected. 
Figure 16 shows that small amounts of C02 cause a substantial reduction in 
the retention time. This effect can be quite important in the event of 
an accidental fire. One of our charcoal adsorbers serving a 5 MIN reactor 
was ignited by an explosion of radiolytic deuterium in oxygen. Although 
the fire was put out without interrupting reactor operation, the combustion 
product, co2, reduced the retention time by approximately a factor of two, 
temporarily, and resulted in a measurable but not hazardous release of 
radioactive gases. The adsorber was restored to normal service after the 
CO 2 had been displaced. 

(Text continues on p. 211) 
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Fig. 5-Typical distribution of fission gas activity in experimental ef
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Fig. 6-Schematic diagram of equipment for measuring retention times. 
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Fig. 8-End window GM tube, equipped with gas cell, for measuring Kr85 and Xe133• 

Fig. 7-Photograph of equipment for measuring retention times. 
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Water vapor has an ei'fect similar to that of co2• Figure 17 shows 
that the efficiency of charcoal may be reduced to one-half by adsorbed 
moisture. Charcoal in equilibrium with air at 50% relative humidity 
contains 5% water by weight. 

The adsorption coefficient, k, shown in the preceding figures, is 
used for evaluating the average retention time, "tmax• This quantity may 
be caiverted to the more useful breakthrough time, ~' by the data con
tained in Figure 18, which applies to a o. 75 inch diameter charcoal 
ad.sorber with 02 at 250 cc/min. The ratio of tb to tmax approaches 9(ff, 
for very long adsorbers. At 10 or 20 feet this ratio runs from 75 to 
80%. For less than 5 feet ratios are less than 50%. 

The adsorber must be fully packed. Figure 19 shows the perfo:nnance 
of a horizontal adsorber which has only 3% of void space. The resulting 
tunnel provides a "short circuit" for the gas and the breakthrough tins 
was only one-tenth of that ordinarily expected. It is desirable to 
install adsorbers vertically. 

The adsorption coefficients for xenon have been determined for only 
a few conditions because only short-lived tracers are available. Xenon 
is retained about 10 to JO times longer than krypton, depending upon 
temperature, as shown in Figure 20. 

Design of Practical Adsorbers 

With the theoretical results previously described and with the 
experimental data, we are now prepared to design a practical adsorber 
for krypton and xenon fission gases. In sons applications it is useful 
to stop the now of gas as soon as radioactivity is detected; and the 
retention time required is the time necessary to stop the .flow of gas. 
In other cases it is necessary to rem:>ve fission gases from a continuously" 
flowing gas stream. The adsorber delays the passage of radioactive 
krypton and xenon until they have decayed sufficiently except for Kr-85. 
The retention tillle required depends upon the concentration of fission 
gases entering the adoorber and upon the allowable concentration in the 
exit gases. The production of the various isotopes of krypton and xenon 
may be evaluated using ORNL-2127 (5) by Blomeke and Todd. The allowable 
emission of fission gas isotopes aepends upon the location of the plant 
and the environmental conditions. It may be limited by the permissible 
external or :internal doses to personnel in the plant or in the surrounding 
community. Interference with sensitive radiation detection instruments 
may be the limiting factor. The report ORNL-CF-58-12-10 (6) will assist 
in evaluating the allowable and initial emission rates. -

From the ratio of input concentration to allowable output concentration 
and the half-life we calculate the decay time needed for each isotope and 
select the longest decay time required. From the last expression in 
Figure 4, using the approximation (N - l)/N • 1, which is valid for large 
N, we obtain the amount of adsorbent required. 

m• 

m • anount of adsorbent needed to provide the required 
breakthrough time (gm). 

F • flow rate of sweep gas {cc/ndn). 
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k • dynamic adsorption coefficient obtained by retention 
time experiments under the conditions for which the 
adsorber is being designed (cc atm/gm atm). 

breakthrough time. Selected to provide time for decay 
of radioactive gases or for emergency shutdown of gas 
now (min). 

t =average retention time for fission gas atoms· passing 
max through adsorber. This quantity is strictly speaking 

the retention time for the greatest proportion of 
fission gas atoms and is very nearly identical to the 
average retention time (min). 

Heat of radioactive decay may be removed by using small diameter 
pipes to contain the adsorbent and by ~rsing the pipes in cooling 
water. The pipes should be smaller near the entrance to the adsorber 
where the heat load is greatest and may be larger in diameter near the 
outlet. High temperatures interfere with adsorption of the fission gases 
Eµld m the· presence of an oxidizing gas can cause a fire hazard. We 
have observed ignition temperatures for charcoal in oxygen as low as 
290°c. It is necessary to provide for measurement of the temperature 
of the adsorber so that if undesirable conditions occur, corrective 
action may be taken. A .fire may be controlled safely by diverting the 
flow of the oxidizing gas to an alternate adsorber. This procedure has 
been tested experimentally as reported in ORNL-CF-58-6-6 (1), and was 
applied successfully to a fire 'Which occurred accidentally in one of two 
charcoal adsorbers which -were handling the fission gases in oxygen from 
a 5 MW homogeneous reactor. 

Refrigerated adsorbers may be used to advantage where the size of 
the adsorber is important as with mobile reactors; however,, it is 
necessary to take several precautions in their use. Failure of the 
refrigeration system produces an unsafe condition in which radioactive 
gases are desorbed as the adsorber wam.s up. In the applications where 
such a release cannot be tolerated, several alternatives are available, 
most of which require stopping the flow of radioactive gas from the 
reactor. The adsorber system may be sealed off in an emergency and 
designed for the very high pressures which may result or be provided 
with an expansion volume in the adsorber system mside the shielding 
enclosure. Emergency stand-by refrigeration systems with an emergency 
power source may be provided or an auxiliary adsorber system into 
which the gas from the mam adsorber can be allowed to expand may be 
used. Another hazard is the possibility of explosion in the adsorber 
if oxidizing gases, even in trace concentrations, are exposed to the 
charcoal at very low temperatures. Allowance must be made for the fact 
that the heat released by radioactive beta decay of the fission gases 
will cause the central temperature of the adsorber to be higher than the 
wall temperature, and the refrigeration system must have capacity to 
carry away this heat of beta decay. 

Applications 

We have applied this infonnation to the design of several adsorbers. 
In a fused salt in-pile loop experiment we used a 34 8ound charcoal 
adsorber 'Wi. th a gas flow rate o.f 20 scfm or air at 26 c. It provided a 
one minute retention time for krypton, sufficient for scrammmg the 
reactor and for stoppmg the flow of air, leaving the krypton and xenon 
in the charcoal to decay. The procedures for designing a refrigerated 
adsorber for a similar application are given in ORNL-CF-58-7-71 (§). 



We have also applied this information to an adsorber system used 
on a 5 Mrl homogeneous reactor (9). Figure 21 shows a model of one of 
the three adsorbers used. Each-one contains 520 pounds of charooal in 
pipes ranging from l/2 to 6 inches in diameter. Two of the adsorbers 
are normally used in parallel and carry a total of 2500 cc/min of oxygen 
contaminated with fission gases. At 26°c the retention time for krypton 
is six days and for xenon sixty days, sufficient for virtually complete 
decay of all the fission gases except krypton-85 which is vented through 
a small stack. This system has perfonned satisfactorily for more than 
a year. 

Conclusion 

The physical adsorption of noble gases upon adsorbents such as 
activated charcoal may be used to delay the release of gaseous fission 
prochcts from nuclear reactors. Two design philosophies have been used. 
The first employs an adsorber to provide a delay time chring which the 
flow of the off-gas stream from a source of fission gases may be halted 
following an accidental release of radioactive gases. The second 
philosophy of design utilizes an adsorber to delay the radioactive fission 
gases for a time long compared to their hall-lives so that they decay 
virtually completely in the adsorber. Only the ten year krypton-8.5 
emerges from an adsorber of this type. This isotope may be discharged 
safely to the atmosphere under certain conditions in the case of low 
or medium power level reactors. High power reactors,, especially near 
the heavily populated areas, will require an adsorber system of the 
first type for extracting krypton-85. 

A theoretical analysis of the process whereby the fission gases 
are retained by an adsorber from a flowing gas stream provides the 
basis for design of practical units. Experimental data are provided 
which may be used under a wide variety of conditions in the design of 
adsorbers for the off-gas systems of nuclear reactors and of in-pile 
experiments. 

The principal advantages of the dynamic adsorption process for 
controlling fission products are its simplicity and freedom from 
maintenance or replacement requireDEnts. The entire fission gas 
processing unit is contained in metal pipes,, which may be immersed in 
coolant water at ambient temperature, buried underground to confine the 
gamma radiation. The only requirement for instrumentation is themo
couples at a few representative points to verify the results of heat 
transfer calculations in the design of the adsorber and equitxnent for 
t!ontrolline or metering flow. 
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Discussion 

Q. ( W. B • Harris, NYOO) What does the title of the paper mean by 
disposal? 

A. It means that the short-lived fission gases are ~onverted to 
solici materials so that they are no longer in the gas stream. 

Q. (L. Silverman, Harvard) Would like to know what the relative costs 
of treating this gas stream are and what volume can yau handle in 
the system? 

A. Equipment usually just involves pipes filled with charcoal and 
onc.e they are installed they last more or less indefinitely. 
As far as volume of gases is concerned, it would depend on the 
pressure drop. 

Recovering radio active gases will be important - developments 
this morning indicate wa:ys of recovery and minimum environmental 
problems - they are handling sma.1.1 amounts of gas. 

Q. Would like to have son:e idea of cost per cfm. 

A. I don't believe I bad better name a figure for the cost, I be
lieve it is available. 
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THE RECOVERY OF FISSION PRODUCT XENON AND 
KRYPTON BY ABSORPTION PROCESSES 

MEYER STEINBERG 
Brookhaven National Laboratory, Upton, N. Y. 

NOTE: This ps.per is not included in this publication 
because it has already been published as BNL-542 (T-140) 
and is availaple from the Office of Technical Services, 
U. S. Department of Commerce, ~ashing-ton, D. c., for 
$0. 75 per copy. 

However, the discussion which followed the presen
tatim1 of this ~per is included here. 

Discussion 

Q. (F. T. Selleck, Fluor) Very much interested in the work on means of 
separating fission gases especially in its use for power reactors. 
- whether flow sheets shown by Steinbergh are process designs 
based on laboratory scale in pilot plants or at actual operating 
plants 

A. Based on estimates from laboratory data and small pilot plants. 

Q. Also interested in type of compressors used and whether or not 
you have any good history of leakage or was it a straight problem 
of higher pressure operation? 

A. We don 1 t have any real good operating data on compressors -
engineering problem that will have to be looked into. 

Q. Cost of co2 quoted - was that per liter of fission gases produced? 

A. This is per liter of fission gases produced. I might add that you 
can recover the co2 1n another process but you have to pay tor this 
1n some sort of way such as a hot carbonate process for recycling 
trom. ~But you have to pay tor a pl.ant to do this. 

c. (Silverman) I would like to give a conment here because I 
think this question of recovery of radioactive gases which is 
going to be a problem in the power econom.y program 1n the 
question of 1'uclear Power. It 's goina to be very important. 
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I think these developments we heard this morning both Ackley's 
pa.per a.nd Steinberg 1 s paper indicate ways of recovering and 
possibly minimizing the environmental. problem. In one case 
recovery for economic purposes and the other case for preventing 
an environmental problem. I have some :knowledge of the system 
at oak Ridge and it seellS to me that they are handling a very 
small volume of gas with a very large detention system so that 
what I would like to have had was some figure of the cost per 
CFM. I know that the original freeze-out system here at Ida.ho 
cost about $500 per CFM but that was in the early days of 
trying to freeze out all of the rare gases. 
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A VENTURI SCRUBBER INSTALLATION FOR THE REMOVAL 
OF FISSION PRODUCTS FROM AIR 

H. S. JORDAN and C. G. WELTY 
Health Division, Los Alamos Scientific Laboratory, 
Los Alamos, N. Mex. 

ABSTRACT 

A local exhaust collection system and a venturi scrubber instal
lation for the cleaning of exhaust air contaminated with acid mists 
and mixed fission products are described in detail. The features of 
the collection system that are designed to offset the hazard of per
chloric acid condensing in the collection system are stressed, and the 
feasibility of a venturi scrubber with a caustic solution for the re
moval of iodine vapors as a scrubbing medium is demonstrated. The 
efficiency of the scrubbing unit for removing acid mist, total fission 
products, and iodine vapor tested 90% or better. The performance of 
the units met design expectations and no major modifications were 
necessary. 

INTRODUCTION 

The construction of a new radiochemistry building at the Los Ala.mos 
Scientific Laboratory ma.de it possible to design an entirely new control 
and air-cleaning system for the off-gas from the process of dissolving 
large filter papers containing fission products. In this process, a 
cellulose-type filter paper is dissolved in a hot mixture of nitric and 
perchloric acids. The off-gas is composed of: (1) perchloric acid mist, 
(2) nitric acid mist, (3) radioactive iodine vapor, (4) mixed fission 
products, and (5) oxides of nitrogen. 

Two problems are associated with the off-gas: Condensation of the 
perchloric acid in the collecting system and the evolution of radio
active materials. Under certain imperfectly understood conditions, the 
accumulation of perchloric acid in an exhaust system gives rise to a 
serious explosion hazard. For this reason, special hoods with water 
sprays are frequently specified for operations in which perchloric acid 
fumes are evolved. The release of the radioactive material, mostly in 
the form of iodine vapors, to the atmosphere is undesirable because of 
health considerations and because of the possible increase in the air
borne activity of the building intake air. A slight increase in the 
activity of this air creates serious difficulties by raising the back
ground count of the elaborate electronic equipment in the radiochemistry 
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building. It was a basic decision, therefore, that the new building be 
provided with facilities for cleaning the exhaust air from the dissolving 
process. 

After considerable study, the Radiochemistry Group decided that dry 
boxes and the small laboratory fume hoods used in the old building were 
undesirable from an operational standpoint. It -was determined that a 
laboratory fume hood, 8 feet long to permit the installation of two dis
solving stations, would provide the most convenient setup for the oper
ators. The required eight hoods of this type would exhaust approximately 
16,ooo cubic feet of air per minute (cfm), but cleaning this flow of air 
to the desired level of decontamination would require a large, expensive 
installation. Consideration was given, therefore, to small, local exhaust 
facilities located in close proximity to the source of contaminants and 
served by a separate exhaust system of approximately 350 cfm capacity. 
A typical hood installation is shown in Figure 1. 

------~ 

~-

·.,,- - r 

Fig. 1-0ver-all view of hood and two dissolving stations. 

The estimate of the air flow to be cleaned was a basic factor in 
determining the most suitable type of air cleaning. other considerations 
in the cleaning of this particular exhaust air, however, posed a number 
of problems. The perchloric acid mist cannot be allowed to condense in 
the duct work and must, therefore, be controlled or removed at the hood. 
The oxides of nitrogen and iodine exist as gases or vapors. In addition, 
since the dissolving process is performed at irregul.ar intervals, it 
should be possible to activate and deactivate the air-cleaning system 
without adversely affecting its performance. 

Initial consideration was given to the use of wet filters for the 
removal of acid mists and a scrubbing tower using silver salts for the 
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removal of the iodine vapors. The experience at the Los Al.a.mos Scientific 
Laboratory with wet filters,l however, has not been entirely satisfactory, 
and estimates of the initial and maintenance cost for the complete system 
including a scrubbing tower were rather high. Also, the ability of this 
equipment to perform adequately under conditions of intermittent use was 
in serious question. 

The use of a venturi scrubber as a means of removing acid mists and 
small particulate matter appeared attractive. The main question in con
nection with this type of scrubber was its ability to remove iodine 
vapors. A series of tests were, therefore, conducted on an existing 
venturi scrubber installation, and it was determined that the unit would 
not remove iodine vapors from the air stream if water was used as the 
scrubbing medium. A caustic solution was tried and removal efficiencies 
of about 95% were obtained for a variety of iodine vapor loadings. The 
normaJ.i ty of the caustic solution did not appear to be an important 
factor and 1.0 N sodium hydroxide was used in most experiments. 

The use of the venturi scrubber with a caustic solution for this 
particular air-cleaning problem appeared to offer the following ad
vantages: 

1. A single unit would remove all contaminants of interest with 
good efficiency. 

2. It had the ability to collect the contaminants in such a manner 
as to permit storage for radioactive decay and for ultimate disposal 
without exposing maintenance personnel. 

3. The air collection and air-cleaning systems could be thoroughly 
decontaminated at the end of an opera.ting period, and minimum maintenance 
would ensure maximum efficiency for the next operation. 

4. Because of the simplicity of the system, it could be anticipated 
that maintenance would be minimal. The ease of decontaminating the unit 
would, in any case, simplify and reduce the cost of necess~ry repairs. 

DESIGN CONSIDERATIONS 

Local Exhaust Hood. The configuration of the local exhaust hood was 
determined by operating requirements, and the final design specified by 
the Radiochemistry Group is shown in Figure 2. Exhaust air requirements 
were determined empirically by varying the rate at which air was ex
hausted while the dissolving operation was actually being performed. For 
the initial studies, the effectiveness of the air flow pattern was de
termined by observing the capture of the fog generated when dry ice was 
dropped in beakers of boiling water. The studies indicated that a flow 
rate of 20 cfm would give satisfactory control under conditions in which 
the evolution of the fumes was at an anticipated maximum. 

Venturi Scrubber. The design of the venturi scrubber 'WS.S based on 
sixteen local exhaust hoods, exhausting 20 cfm each for a total flow rate 
of 320 cfm. At this flow rate, the anticipated loadings of interest are 
shown in Table I. Anticipated loadings are based on data obtained at the 
old dissolving installation and on the assumption that all dissolving 
stations would be operating. 

The extremely low loadings and the existence of 1131 in the vapor 
state were the major concerns of the Chemical Construction Corporation, 
fabricator of the venturi scrubber, in regard to the desired iodine 
removal efficiency of 95%· 
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'I!ABLE I 

Design Loading Factors 

Material 

Acid Mist (nitric and perchloric) 

Total Radioactivity 

Expressed as 1131 

Expressed as Sr90 

Solid Particulate Matter 

Range of Mass Median Size 

FINAL DESIGN 

Loading 

500 to 3000 mg/m3 

l to 6 mc/m3 

0.008 to 0.05 µg/m3 

5 to 30 µg/m3 

< 10 mg/m3 

0.58 to ll.O µ 

The final design of the entire system is shown in Figure 3 and 
discussed in detail below. 

Local Exhaust Roods and Exhaust Piping. The local exhaust hoods 
and piping were constructed of welded stainless steel. Horizontal runs 
of the piping were sloped, and regulating valves were placed only on 
vertical sections to facilitate drainage and washdown. A valve
controlled bypass was utilized to enable the operator to control the 
air flow through the hood and still maintain a constant flow through 
the venturi scrubber (see Figure 2). 

Fig. 4-Venturi scrubber and cyclone separator as installed. 

Venturi Scrubber and clone Se rator. The venturi scrubber, ap-
proximately inches in over-all length and with a throat diameter of 
2-3/8 inches, was also constructed of stainless steel (Figure 4). To 
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provide for possible future needs, the venturi scrubber was actually 
designed by the Chemical Construction Corporation to handle 475 cfm of 
exhaust air with an expected pressure drop of 36 inches of water, but 
capable of operating at 320 cfm and 25 inches of water pressure drop 
with good air-cleaning efficiency. The throat velocities would be 
15,420 and 10,390 feet per minute (fpm), while exhausting 475 and 320 
cfm, respectively. It has been reported that throat velocities over 
12,000 fpm are generally used in v~nturi scrubbers with pressure drops 
between 10 and 15 inches of water. The design feed rate for the 

.scrubbing solution, l.O N sodium hydroxide, was established at 6 gallons 
per minute (gpm), at 15 pounds per square inch pressure (psi), with the 
system exhausting 320 cfm. This rate of approximately 19 gallons per 
1000 cfm is higher than the reported rates of 2 to 9 gallons per 1000 
cfm, 2 and accounts for the higher than usual pressure drop of 25 inches 
of water across the venturi scrubber. 

The cyclone separator was not used as a cyclonic scrubber, although 
at one time such an arrangement was considered. A cyclonic scrubber in 
this system would have had a retention time of approximately one second, 
and it was thought that this factor would be important in absorbing the 
iodine vapors and oxides of nitrogen. The scrubbing solution, however, 
would have had to be fed to the cyclonic scrubber at a pressure of 100 
psi. This would necessitate a separate pump or a high pressure system 
for both the venturi scrubber and cyclonic scrubber. It was decided, 
therefore, to convert the cyclone separator to a scrubber only if oper
ating experience indicated it would be necessary. 

. , .. 
0 

# 

Fig. 5-Caustic solution recycling and mixing tank installation. 

Caustic Solution Recycling and Mixing Tanks. Since the instal
lation is used on an intermittent basis, the capacity of the recycling 
tank (6oo gallons) was designed to provide storage for sufficient 
caustic solution for the maxi.mum anticipated run. The mixing and re
cycling facilities are essentia.ily a standard installation for this type 
of equipment and are shown in Figure 5. A few special details, however, 

224 

• 

• 

• 



• 

,--·--·---

are the result of opera.ting experience at the Los Alamos Scientific 
Laboratory. Leakage of radioactive liquids creates serious difficulties 
and consequently the pumps were mounted in trays equipped with proper 
drains, and a bypass was provided for the rotameter . 

Fans. Two exhaust fans (U. s. Hoffman Machinery Corporation, Model 
4202, TYPE EBA), each with a rated capacity of 350 cfm at 50 inches of 
water, were specified for the installation. The extra fan was installed 
as a safety measure, and the electrical system so arranged that an outage 
in either fan automatically causes the other fan to operate. 

EVAIDATION OF AIR-CLEANING SYSTEM 

The effectiveness of the air-cleaning system was determined by 
sampling upstream and downstream from the scrubbing uni ts for total 
fission products, acid mists, and iodine vapors. 

Acid Mists. The concentration of acid mists was determined by back 
titration of the caustic solution used as the collecting medium in two 
large impingers in series. A limited number of tests indicated that the 
air-cleaning efficiency of the unit for the combination of nitric acid 
mist and oxides of nitrogen was apparently 90% with peak loadings of 
2 x 103 mg/m3. In the case of perchloric acid, with peak loadings of 
3 x 103 mg/m3, removal efficiencies of 95% were obtained. There is some 
mixing of the acids, but in the ma.in the acid mists come off in two sepa
rate fractions. '!'he efficiency for total acid mist removal for a com
plete run was approximately 92% with an apparent average loading of 
1 x lo3 mg/m3. 

TABLE II 
Air-Cleaning Efficiency for Total Fission Products 

Dissolving Air-Cleaning 
Stations Loadi~s Efficiency 

Run Operating mc/m % 

l 6 0.3 94 
2 5 0.1 95 
3 4 0.05 94 
4 4 0.01 91 

5 6 o.4 96 
6 4 0.15 92 

7 3 0.05 93 
Average 94 

Total Fission Products. Fission products were sampled from the air 
stream by means of a sampling train consisting of two large impingers 
with a caustic collecting solution in series and a high efficiency glass 
fiber filter paper. Aliquots of the collecting solution were evaporated 
to dryness on metal planchets. The radioactivity on the planchets and 
filter paper was determined by means of a gas flow proportional counter. 
The effectiveness of the system for total fission product removal is 
indicated by the results shown in Table II. 'Ihe system was exhausting 
320 cfm and the caustic solution was fed to the venturi scrubber at the 
rate of 6 gpm for all runs. 
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Radio-Iodine Vapors. Sampling for radioactive iodine was ac
complished by a modification of a sampling train developed by Claude W. 
Sill, A.E.c., Idaho Falls, Ida.ho.3 The train used in this study con
sisted of two high efficiency glass fiber filters, a Millipore membrane 
filter, and two Willson organic vapor respirator cartridges. Provisions 
for extremely high filtration efficiency are necessary to prevent 
trapping particulate matter in the cartridges. The second glass fiber 
filter was provided as a safety feature in the event the first filter, 
which is damaged by the acid mists, ruptured completely. Tests indicated 
that 99% of the iodine was collected in the first cartridge and no de
tectable iodine escaped through the second cartridge. Activity in the 
cartridges was dete~ned by counting on a 2-1/2 inch NaI crystal counter, 
and identified as I 31 activity by determining the radiological half life. 

The efficiency of the scrubbing unit for removing iodine is indicated 
by the results in Table III. 

TABLE III 

I 131 Removal Efficiency 

Dissolving Loadjngs Removal 
Stations 

mc/m3 µg/m3 
Efficiency 

Run Operating % 

l 4 0.03 2.4 x 10 -4 
97 

2 4. 0.7 5.7 x 10-3 98 

3 4 0.9 7.3 x 10-3 97 
4 4 0.3 2.4 x 10-3 96 

5 6 0.05 4.o x lO -4 
85 

6 4 0.1 8.o x 10 -4 
93 

7 3 0.03 4 -4 2. x 10 96 

Average 95 

SUMMARY 

The local exhaust collection system. and the venturi scrubber instal
lation was designed for the cleaning of exhaust air contaminated with acid 
mists and mixed fission products. It was determined that 20 cfm exhausted 
by a local slot exhaust hood would control the maximum evolution of gases 
from a 1500 ml beaker. Features of the exhaust system that were designed 
to offset the hazard of perchloric acid condensing in the system included 
welded stainless steel construction, sloping horizontal runs, installation 
of regulating valves only on vertical sections, and the ability to wash 
down the system after use. 

The feasibility of a venturi scrubber with a caustic sol~tion as the 
scru.bbing medium for low loadings of iodine vapors (2.4 x io- to 7.3 x 
io-3 µg/m3) was indicated by an average removal efficiency of 95%· 

Air-cleaning efficiencies for acid mists were dependent on the type 
of acid suspended in the air stream. Removal efficiencies of 90% were 
obtained with nitric acid and oxides of nitrogen l~s of 2 x lo3 
mg/m3, and 95% with perchloric acid loadings of 3 x 103 mg/m3. Total 
fission product loadings ranging from 0.01 to 0.4 mc/m3 were removed 
from the contaminated air with an average efficiency of 94%. 
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Discussion 

c. (H. F. Johnstone, Univ. of Ill.) PassinG suggestion out in facing 
difficult problems in the separation of gases which are unusual, 
rare and exotic in extremely small concentrations, don't overlook 
the possibility of using something that isn't in the text book. 
When you are dealing with very large quantities of gases or using 
something that isn't in the textbooks - that's a fluidized bed 
process. To our surprise we have found actual absorption of co2 
in a fluidized bed and you can actually accomplish some gas 
chromatography in such a bed. 
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VENTILATION SYSTEMS AT ATOMICS INTERNATIONAL 

A. R. PICCOT 
Atomics International, Canoga Park, Calif. 

Abstract 

A brief summary of ventilation systems employed on reactors, hot cells 
and critical facilities designed and/or operated by Atomics International 
is presented. The two power reactors discussed are contrasted by use 
of a rather loose building containment system in one (Sodium Reactor 
Experiment) and a ver-y tight vapor container in the other (Piqua Organic 
Moderated Reactor). Similarly, of the two hot cells described, one 
operates with a comparatively large volume air flow, the other with 
a ver-y low ventilation rate. Of the two remaining facilities considered, 
the Organic Moderated Reactor Critical Facility employs a somewhat 
unique dual ventilation system to avoid filter plugging by non-radioactive 
organic condensate. The Kinetic Experiment Water Boiler (KE1..n3) uses a 
sealed, static atmosphere during reactor operation with subsequent high 
volume flushing before re-entr-y of the test building. 

Sodium Reactor E.xperiment (SRE) 

.Description 

The SRE is a 20 Mwt sodium cooled graphite moderated reactor. The reactor is 
located in the Santa Susana mountains on the west end of the San Fernando 
Valley, approximately 900 feet above the valley floor. The reactor has been 
in operation approximately 2 years and has supplied power to valley communities 
through an Edison Company power plant. 

The reactor and its heavily shielded heat transfer system vaults are located 
below grade and are housed by a 10,000 sq. ft. superstructure. The super
structure is a conventional type building of reinforced steel, 5.5" thick 
concrete tilt-up panels and has a poured gypsum roof. The building is not 
a pressure container, but is designed to be diffusion tight as long as no 
internal pressure exists. There is no stack associated with the main reactor 
floor area. These design features are permissible at the SRE since the 
reactor operates as a completely closed system, hence no radioactive 
effluents or radioactivity are released to the environs during normal 
operation except under controlled conditions (from the decay tanks through 
a stack). A helium atmosphere is maintained over the sodium in the reactor 
vessel and a nitrogen atmosphere is maintained in the vaults containing the 
heat transfer system. 
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Approximately 15,000 cfm of fresh air is supplied to the high bay area through 
Farr Air Cleanable Filters and unit heaters. An estimated 24,000 cfm of air is 
exhausted directly through two power roof ventilators designed to maintair1 a 
1/8 11 H20 negative pressure in the high bay area and to provide approximately 2 
fresh air changes per hour. Standby MSA Ultra Aire glass filters have been 
added on the downstream side of each exhauster and may be cut in during an 
emergency, if needed. These were added to filter potential releases of activity 
from fuel handling operations or other maintenance operations involving 
contaminated sodium. These filters are by-passed during normal operation. 
The service and administration area is attached to the reactor building. 
This area is maintained at a positive pressure by fresh air supply fans and 
is exhausted directly through wall and roof louvers. The positive pressure 
insures against potential leakage of radioactivity from adjacent reactor 
building areas. The offices and control room are air conditioned to insure 
reliable operation of instrumentation and for personal comfort in hot weather. 

The reactor and primary sodium system are operated at a low pressure and are 
contained in a closed system. The reactor top shield, which can be rotated 
to remove large core components, employs a cerrobend seal to prevent leakage 
of reactor cover gas. Fuel access plugs, located in the top shield, use 
double o-ring seals to prevent gas leakage to the reactor room. Welded 
stainless steel construction is used in the remaining parts of the system. 
The helium blanket gas of the reactor is normally maintained at a pressure 
of about 3 psig and no gases are released during normal operation. Four 
shielded decay tanks are provided to store fission product or other radio
active gases in the event the system must be emptied or vented. The four 
tanks have a capacity of 10,800 standard cubic feet at 100 psig. Activity 
may be bled from the tanks, under controlled conditions, to a stack which 
is equipped with a 25,000 cfm dilution fan. This stack discharges above 
the SHE roof. Cambridge absolute type filters (8 11 x 8 11 ) are provided 
~efore and after the decay tanks to remove particulates. 
Because of possible sodium hazards the primary heat transfer and piping system 
is contained in concrete vaults containing an inert atmosphere (nitrogen). 
The system is designed to operate at a slightly positive pressure to exclude 
all oxygen. In the event of airborne activity, the vaults can be vented 
to the gas hold up system through absolute filters. 

Experience 

Sodium exposed to moist air ignites and burns. Contact of the smoke or 
hydroxide mist with the throat and lungs is very irritating, however, 
protection is easily afforded by a number of different types of breathing 
equipment. 

In the two and one-half years of a vigorous experimental program at the SHE, 
no lost-time injuries have occurred due to sodium handling. Small sodium 
and NaK fires have taken place, but these have all been controlled successfully 
and no significant activity has been released to the environment. Leaking 
valves tend to plug themselves by the sodium freezing and clean-up of spilled 
sodium has been accomplished using direct methods (e.g., shovels and buckets). 

To date, about 2,400 Mwd of operation have been 
of approximately 15 million kwh of electricity. 
maintained at about 950°F. Higher temperatures 
has been produced at lOOOOf on occasion. 

SHE Hot Cell 
Description 

accumulated, with the production 
The primary sodium is usually 

have been attained and steam 

The SRE building contains a hot cell area consisting of two cells, an operating 
area in front and a personnel air lock leading to a service area in the rear. 
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The cells are equipped with three windows and six manipulators. These cells are 
used for inspection and disassembly of SHE fuel elements and components, and 
for non-destructive testing of fuel. Potential radiological hazards in the 
cell may arise from sodium, NaK and fission products. 

Since the hot cells are not designed to be gas tight, a conventional high 
volume air system is used to ventilate the cells. Raw outside air is drawn 
into the cells through normally open isolation dampers and a pre-filter. 
If the exhaust fan is denergized, the dampers close automatically to isolate the 
cell. The cell atmosphere is exhausted through American pre-filters (hood-type) 
located in the cell and three parallel Cambridge absolute filters, which are 
located outside of the cell. The absolute filters are followed by two 10 hp 
blowers (one standby) which discharge the air to a dilution stack, exhausting 
above the SHE roof level. Each blower is rated for 2400 cfm at 15 rr of water. 
During normal operation a negative pressure of approximately 0.25 11 of H2o is 
maintained in the cell. When the service door is open, a conventional air flow 
of 100 fpm is maintained across the opening to prevent contamination of the 
service area. A 25,000 cfm fan located at the base of the stack dilutes the 
r:i.ormal cell exhaust and discharges it above the SHE roof level. Service and 
operating area ventilation is discharged to the stack through Cambridge 
absolute filters (3500 cfm). Any leakage from the cell is therefore 
filtered before being discharged to the environment. 

One of the cells is provided with a vent line leading to the SHE gas decay 
tanks in the event experiments are planned which could release hazardous 
quantities of fission product gases. Fire fighting equipment is installed 
in the cell. 

Experience 

The cell has been operated successfully for approximately 2 years. Two 
fires involving NaK, alcohol and Na24 have occurred in the cell during 
handling of irradiated fuel. Interior fission product contamination 
of the hot cell occurred on these occasions, but no significant contamination 
was discharged to occupied areas or the environment. 

Component Development Hot Cell (CDHC) 

The CDHC is a structure, owned, designed and operated by Atomics International 
in the Santa Susana mountains in California. It contains four large hot cells 
which have a combined floor area of 820 sq. ft. (metallurgical, physical test, 
fuel disassembly and reactor component disassembly cells). Each cell leads 
to a separate shielded decontamination cell in the rear, which in turn leads 
to a common service area behind the cells. This design was chosen so as to 
provide improved control over contamination. A common operating area in 
front contains nine windows :in the cell block, and provisions for 18 manipula
tors, periscopes and other related viewing equipment. 

The ventilation system which is employed is unique for hot cells. The 
unusual design was necessary because of the hazardous nature of the operations 
planned for the facility (handling Na, NaK and disassembly of spent fuel). 
Basically, it is a low volume system employing sealed cells with an exhaust 
gas hold-up and decay system. The interior is surfaced with welded sheet 
steel and openings are sealed with gaskets and/or inflatable seals. Normal 
operation is at 5 cfm per cell, the cells being maintained at a negative 
pressure of i" water. The cells can be filled and operated with an inert 
gas to accommodate special experiments requiring inert atmospheres. The 
cell exhaust is routed through Cambridge pre- and absolute filters (8 11 x 811 ) 

to a dilution stack or to a gas holdup system storing gases at 150 psig, 
if gaseous activity is present. The gas storage tank system is sized to 
keep one cell in operation for 3 days (5 cfm for 72 hours). 
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When the cell service doors are open, a conventional high volume (7200 cfm) 
system is employed to discharge the exhaust to the stack via pre- and absolute 
Cambridge filters (24 11 x 24" filters). The system is designed to provide a 
conventional air flow of 100 fpm through the opening with two of the service 
doors fully open. A 25,000 cfm dilution fan is provided at the base of a 
65 foot stack to provide safe discharge of gases from the decay tanks. 

Inflatable seals are used to hold the absolute filters for both the high and 
law volume exhaust system in place. New filters are installed by (1) placing 
a new filter in a horizontal duct on one side of the unit, (2) releasing the 
pressure on the inflated seal, (3) applying manual pressure to the new filter 
to force the old unit into a duct and plastic bag located on the opposite 
side and (4) inflating the seal once the new filter is in its proper location. 
This design provides a convenient and safe means of removing, handling and 
disposing of contaminated filters. 

Organic Moderated Reactor Critical Facility 

This facility is located in the Santa Susana mountains in California and is 
used to obtain nuclear parameters for organic moderated reactors. Basically, 
it consists of a large carbon steel tank containing fuel elements in a heated 
organic pool which is maintained at atmospheric pressure. The tank lid 
consists of loosely fitting pieces which can be readily removed to make 
necessary experimental changes. The reactor is contained in a section of the 
building which is isolated from the control room and administration area by 
concrete shield walls. Access to the reactor room is through a hallway and 
opening at one end of the shield wall. Sealed doors at each end of the hallway 
are kept locked when the reactor is on. Two ventilation systems are provided 
for the reactor room - a "reactor off" system and a''reactor on 11 system. 

When the reactor is off, raw outside air is drawn through wall louvers and 
is exhausted directly through four roof mounted power exhausters equipped 
with motorized dampers. Exhaust filters are not used during this period 
since there is no danger of airborne radioactivity with the reactor off. 
If filters were continuously in use, the organic fume and condensation 
would require filter replacement at least daily. During shutdown periods a 
high room air change rate (8000 cfm) is employed for removing radiated heat 
and terphenyl fumes which escape from the organic system. The room may be 
occupied only when the reactor is off. 

Interlocks require that the roof exhausters be turned off and the exhaust 
dampers closed prior to reactor start up. The intake louvers are spring 
loaded, equipped with fusible links and are tied into the scram network 
with a solenoid latch. These intake louvers close in the event of fire 
or a scram to reduce the air flow and pressure in the reactor room. 

When the reactor is on, 3500 cfm of exhaust air is routed through a separate 
system. Components of this system consist of a local exhaust duct leading 
from the reactor atmosphere, an organic trap, a room exhaust grill mounted 
above the critical assembly, a filter system and a bypass system, a 7.5 hp 
exhaust blower and a stack which extends 10 feet above the roof level. The 
exhaust duct leading from the reactor atmosphere is routed through an air
coo led organic vapor trap. The terphenyl mixture melting point is 293°F. 
A 3 scfm C02 purge within the organic system expels fumes from the core tank 
through this exhaust duct and trap and is finally exhausted immediately in 
front of the room exhaust grill located above the critical assembly. This 
duct leads to two banks of fireproof pre- and absolute filters located just 
upstream from the blower (four 24 11 x 24 11 absolute filters in each bank). 
A water sprinkling system is located in the duct work to extinguish possible 
organic fires. 
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Normally, the above filters are bypassed to prevent their becoming clogged 
with organic f'wnes. A stack monitor continuously monitors the exhaust for 
radioactivity content. In the event of high activity, the reactor is auto
matically scrammed and fail-safe motorized dampers divert the exhaust 
through one of the two filter banks and automatically close the building 
intake shutters. The second filter bank is maintained as a reserve to be 
used in the event of clogging of the first bank. Manual operation of the 
dampers from the control room is also possible. 

Kinetic Experimental Water Boiler (KEWB) 

The KEWB is located in the Santa Susana mountains west of the San Fernando 
Valley. This facility is used for investigating the safety of solution type 
reactors by employing planned power excursions. The test building containing 
the reactor is buried in the ground and is controlled from a remote control 
station. The first test core has a nominal power rating of 50 kw. 

The test building is unoccupied and sealed during all reactor runs. A con
tinuous ventilation system was not provided since planned excursions are 
relatively ini'requent and hazardous levels of air activity are not expected 
during normal tests. The interior atmosphere is continuously sampled by a 
re-circulating gas monitor. Substantial A 1 concentrations are present in 
the test building following large power transients. Release of some Xe and 
Kr activity has occurred in the test building upon occasion. Before re-entry 
to the building, the intake vents are opened and a blower rated at 2000 cfm 
is turned on to discharge the Ali.l; the exhaust air leaves through two 24 11 x 24 11 

absolute filters and a 60 foot stack. If excessive airborne contamination 
is detected by the air monitor, the room remains sealed to allow decay and/or 
is vented at a controlled rate through the absolute filter system. Control 
is obtained by a manually operated butterfly valve in the exhaust system 
which allows the admittance of dilution air to the stack during this venting. 
When this valve is opened, the rate of air discharged from the facility is 
considerably reduced. This procedure continues until access is possible. 

Piqua Organic Moderated Reactor 

Reactor Description 

The Piqua reactor is a 45.4 M'wt organic cooled and moderated reactor presently 
under construction at Piqua, Ohio. The plant will be integrated with the 
existing Illllilicipal city power plant, in order that the present plant may 
continue to function as a conventional plant. 

The reactor plant consists of a reactor building and an auxiliary building. 
The reactor building consists of a 73 foot diameter steel vapor containment 
shell half buried in the ground; the above grade portion is shielded by 18 
inches of ordinary concrete. The shell houses the reactor, heat transfer 
rooms, fuel storage pool and reactor room. The reactor floor is at grade 
level whereas the heat transfer equipment is located in shielded rooms below 
the floor level. Normal organic operating temperature and pressure are 
575°F and 120 psig, respectively. The auxiliary building contains reactor 
services, coolant purification and waste systems, a control room and an 

administration area. The superstructure is of conventional industrial 
design with a concrete shielded basement containing the process rooms. 
For convenience the ventilation systems of interest can be divided into 
the following categories: 

(1) reactor building ventilation 
(2) auxiliary building ventilation 
(3) process off-gas system 
(4) waste fired burner exhaust system 
(5) reactor .fu.mP. hood 
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Reactor Building Ventilation 

During normal operation fresh air is supplied to the reactor build~ through 
fiber glass media filters (Rollamatic) by a 40 lip_blowe:r- fV 33, 000 cfm) and is 
exhausted through fiber glass pre- and absolute filters, to a 90 foot stack 
using two 25 hp fans. ,The stack discharges at a height which is 20 feet above 
the top of the reactor building. The supply fans are located in the contain
ment shell and are used for cooling the reactor building atmosphere in the 
event the normal ventilation system is interrupted. The exhaust fans are 
located outside the containment shell to save space. The reactor room is 
ventilated at the rate of two air changes per hour (approximately 10,000 cfm). 
Because of heat loads and a higher contamination potential, the basement rooms 
and heat transfer rooms located below the reactor floor are ventilated with a 
minimum of ten air changes per hour. 

For basement rooms the pre-filters are installed at the outlet of each room 
to trap potential organic particulates and prevent contamination of the 
exhaust duct system. 

The containment shell is equipped with isolating valves in the ventilation 
ducts which close if hazardous radioactivity levels are present. When the 
isolation valves close, the reactor atmosphere is re-circulated through the 
supply fans and a cooling system to prevent over-pressure on the containment 
shell. A vacuum breaker valve is provided to protect the shell against 
excessive underpressure. The containment shell is designed for 5 psig 
positive and 0.5 psig negative pressures, and for a maximum leakage rate 
of 0.2% of the total volume per psi per 24 hours. 

Auxiliary Building 

The auxiliary building ventilation system consists of a 10 hp supply fan 
delivering N 23,000 cfm of air to the building through pre-filters and an 
air heating coil. Pre-filters are provided on the exhaust of all process 
rooms (filter located in the room) to prevent accWTIUlation of organic 
material and contamination in exhaust ducts. One 20 hp exhaust fan draws 
air through absolute filters and discharges 22,000 cfm of air to the main 
stack. The flow pattern is always from areas of no contamination to areas 
of higher contamination potential. Ten air changes per hour are supplied 
to potentially contaminated areas. The total volume normally exhausted 
from the facility stack from both the reactor building and auxiliary 
building is N 55, 000 cfm. 

Process off-gas System 

During normal operation a stream of organic coolant is withdrawn from the 
reactor vessel, filtered, degassed and returned to the reactor with pressur
izing pumps. This permits continuous removal of the small volume of gas 
formed by organic decomposition and also allows continued operation with 
minor water leaks and fuel cladding failures. 

The decomposition gas .flow rate from the degassifier is approximately 2 sc.fh 
and contains hydrogen, methane, and other light hydrocarbons. Water vapor 
and volatile fission products may also be present. This stream is routed 
through two activated charcoal absorbers to remove organic material, and 
a condenser to remove steam. The gas stream then flows thrrugh a wasT.e 
gas decay system consisting of a series of tanks which is capable of delaying 
release of gases for a period of up to 48 hours. This amount of decay 
pennits reactor operation to continue with minor fuel cladding failures. 
Continuous discharge of these gases to the stack through absolute filters 
is employed. In the event of a serious fuel rupture, wherein 48 hour 
holdup is not sufficient~ the reactor will be shut down. 
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Waste Fired Burner 

'l'be coolant purification system continuously removes high molecular 
weight hydrocarbon components from the coolant by a vacuum distillation 
process. After sufficient radioactive decay, this organic waste is 
injected into a waste fired boiler and burned. In the present system, 
storage tanks are provided to hold the waste coolant for about 5 months 
before it is burned. If the radioactivity concentration in the organic 
wastes, after the 5 month decay period, is too high to burn safely the 
wastes can be packed in drums and stored or shipped off site for disposal. 
The development of methods for further improving the removal of particulate 
and gaseous activity from the combustion gases in order to permit burning the 
organic wastes with shorter decay times is currently underway at Atomics 
International. Present plans include a bag type pre filter and an absolute 
filter for removal of particulates from these combustion gases. Approximately 
150 cfm of room air is mixed with the 250 cfm of air from the burner for 
cooling purposes. A fan discharges this air stream to the stack where it 
is diluted with the building ventilation. 

Reactor Fume Hood 

When the reactor top lid is removed, local ventilation is provided by a 
fume hood which prevents the escape of organic fumes to the reactor room. 
The fume hood uses lateral exhaust and is designed into the fixed shielding 
at the reactor top. Approximately 10,000 cfrn of reactor room air is drawn 
into the opening at the top lid and is exhausted through a horizontal slot 
around the periphery of the opening. To remove organic material the air is 
filtered by an automatic filter unit consisting of a renewable roll type 
filter media with a leno-weave backing (similar to Farr Company Roll-Clean 
Model). The cleaned air is routed to the reactor building ventilation exhaust 
system which leads to the absolute filters and the stack. 

Discussion 
Q. 

A. 

Q. 

A. 

Q. 

(J. F. Newell, ABC Washington) It they have ~ operating 
experience on the quantities of fission. products that are -
well, wbat is your experience with leakage from tu.el. into the 
sodium coolant and how is it ret&ined 1n the coo1a.nt'l 

They- have had experience 1n Idaho with fairly- serious ruptures. 
Don't know exactly where all these fission products are at the 
moment. 

You montioned burning ot the residues from your organic - were 
these contam1na:ted residues? 

I think I can answer your question now. I had •ntioned that 
we could run this reactor with a one centimeter area of 
uranium exposed. Nornal.ly the caneentration 1n the organic 
priDBl'Y' loop is less than we might care to receive. With a 
one centimeter exposed :f'uel area the concentrations fl'Olll 
fission products 'flAY' be a factor 11Dlch leas than that - this 
gives no problem. The xenon, krypton and iodine would come 
otf 111111ed1atel.y 1n the gas system and go the stack with out 
hold-up. Whereas, the organic that is burned can be hel.d up 
to a period of 6 111CD.ths - these activities have been based 
on cooling rates, etc ... 

In the - reactor the;r woul.d be able to run tor 48 hours after 
exposure - with the io-9 a: to the top of the stack. Do yoo 
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ree.lly believe they would shut the reactor down if it reached 
10-9 microcuries - or would they use some dissolution factor 
to the ground plus a long term average of concentration at 
the ground as is done everywhere else? 

A. A 48-hour period gives an opportunity to search for the ruptured 
fuel element - the trend is toward shorter and shorter stacks -
AI is limited due to proximity to the city. 

Q. (F. T. Sellick, FLuor) Relative pressure on gas decay system 
or tanks - is this a pressurized ga.s or is it induced into a 
aphere by a vacuum? 

A. It is pumped in by pressurized pumps . 

Q. (W. Culkowski, Oak Ridge Weather Bureau) This pressure for 
shorter and shorter stacks, where is this pressure coming from? 

A. The comni ttees that reviews the hazard sUJ11Daries reports brings 
up items like this. First the question of criteria - what was 
our criteria on the stack height. I think the first stack was 
125 feet. It's written that they are going for shorter stacks. 
I understand that from Wk:ing to someone the other day it 
was mentioned that the English consider one person dies for 
every hundred foot of stack length that is built. 

c. (A. Wolman) I might say that as one interested at least in 
some detail on AEC policy, I am a little astonished at Mr. Piccot's 
comments that A"EC now, among other policies, decisions are moving 

toward no stacks at e.ll. I have some doubts about that· 
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SUMMARY OF AIR CLEANING ACTIVITIES AT CHALK RIVER 

J.NEAL 
Radiation Hazards Control Branch, 
Atomic Energy of Canada Ltd., Chalk River, Ontario 

I have been asked to say a few 1;-vords about our experience 
in air cleaning at the Chalk River Plant of the Atomic Energy of 
Canada Limited. I do not have a prepared paper with me, however, 
I will try to tell you as much as I can in the few minutes at my 
disposal. 

On December 12, 1952, our N.R.X. reactor went out of con
trol and the reactor was badly damaged. At that time the only 
filters on the exhaust air system from the reactor building were 
of the deep bed roughing type. Fortunately the wind direction was 
such that the air-borne radio-activity released was spread over a 
large uninhabited area. The other buildings in the plant were not 
seriously contaminated. 

Following the successful removal of the damaged reactor 
vessel and the installation of a new unit the reactor was ready 
to go back into operation. Before start-up it was decided to 
install absolute filters in addition to the existing deep bed 
roughing filters. Thirty-two 1000 CFM filters were installed. 
These were installed in four plenum chambers, each chamber having 
a bank of eight absolute filters installed against a vertical frame. 

After start-up it was noticed that the amount of radio
activity passing through the filters was greater than would be 
expec~ed if the filters were working at their rated efficiency of 
99.97% retention of 0.3 micron size particles. At the next shut 
down of the reactor an inspection was made of the absolute filters. 
It was found that some had been damaged in installation. There 
were obvious bruise marks on the filter media. Also the filter 
retaining frames were so rough, particularly at the welds, that 
there was considerable edge leakage past the filters. 

It was decided that all installations of filters of this 
type should be inspected and approved by a small group. This group 
is made up as follows: 

(a) One man from the building requesting the filter installation. 

(b) One man from the Maintenance Branch responsible for the 
installation work. 

(c) One man from the Radiation Hazard Control Branch. 
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This system has been in use for some years and has increased 
the overall efficiency of this type of filter installation. 

Following the 1952 incident to N.R.X. reactor a complete 
survey was made of all air exhaust outlets in the plant. It was 
decided to install absolute filters on all outlets where either 
radio-activity was being released or where there was this possibility. 
It was also decided to form a Ventilation Specification Panel which 
would be responsible to examine all proposed ventilation installations 
and either approve or reject them. This panel is made up of senior 
representatives from the Design Branch, Maintenance Branch, Research 
Division, Operations Division and Radiation Hazards Control Branch. 
They submit their recommendations directly to senior management. 

This Panel has made some recommendations which are now 
company policy. For example, because of the difficulty of ensuing 
a tight installation when installing a number of absolute filters 
in a plenum frame, all new installations are made with filters 
which are enclosed in a box to which are fitted an inlet and outlet 
nipple. These filters are of fire-proof media. The containing 
boxes are made fire-resistant by chemical treatment. The D.O.P. 
test is made at the supply company's plant before shipping, and the 
efficiency across the filter from nipple to nipple is marked on the 
box. On arrival at the Chalk River plant they are checked by a 
Radiation Haz;:ird Control Branch inspector for any obvious damage or 
flaws in the filter media. They are stored with the spacers in the 
vertical position to avoid any possibility of sagging of these spa
cers occuring whilst in storage. When a multiple filter installation 
is made the main ducts before and after the filters are fitted with 
the required number of nipples to accommodate the filters. All 
filters are visually checked before installation using strong lights 
and are approved by the inspecting group previously mentioned. After 
the unit goes into operation air samples are taken before and after 
each filter and checked for radio-activity. Any filter not working 
to its rated efficiency is removed and replaced with a new filter. 
This is easily done as the inlet and outlet nipples are connected to 
the ductwork by rubber sleeves. 

Some previous speakers have mentioned receiving a consi
derable number of defective filters. This to date has not been 
the case at Chalk River. However, on my return to the plant I hope 
to install a stricter inspection of all absolute filters received. 
The Defence Research Chemical Laboratories are located in Ottawa. 
They have a D.O.P. testing unit and as they have always been most 
cooperative with A.E.C.L. I feel that arrangements could be made 
with them to inspect some of our incoming absolute filters to ensure 
that they are being manufactured to specification. 
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HIGH-EFFICIENCY, HIGH-VELOCITY ELECTROSTATIC PRECIPITATORS 

J. A. YOUNG 
U. S. Naval Research Laboratory, Washington, D. C. 

The protection of personnel both ashore and at sea against 
objectionable or toxic aerosols is important today. A part 
of our work in this field at the Naval Research Laboratory 
has been an investigation of electrostatic precipitation. 

Laboratory studies of electrostatic precipitation were 
initiated at NRL in 1949. The objective of this work was to 
determine if the aerosol re~oval efficiencies of standard, 
commercial, ventilation-type precipitators could be improved. 
It was hoped that efficiency-wise, they could be made compet
itive with paper filters while still retaining their great 
advantage of low air resistance. 

At that time (and it is still generally true today) com
mercial, ventilation precipitators operated at linear air 
flows of about 300 feet per minute and had DOP aerosol pene
trations of about 15$. The units used for these early studies 
were two-stage precipitators. They consisted of an ionizer 
section of high voltage wires separated by ground tubes while 
the collector section was a set of parallel plates with alter
nate plates at ground potential. We refer to this design as 
the two-stage plate type. 

It was shown that dramatic improvement in performance 
of the commercial two-stage plate precipitator could be 
achieved by rather simple modifications. The first altera
tion included the liberal use of gaskets and seals to insure 
that no air by-passed the active zones of the precipitator. 
The eYrectiveness of the sealing was determined by the effect 
on the overall penetration of DOP aerosol. These penetrations 
were measured, using the NRL E-3 Light-Scattering Meter. The 
location of a leakage source was detected by the use of a 
sampling probe connected to the same meter. 

The second alteratio~ which improved the performance 
was the use of pre-filters of crimped screen. These 
filters provided a more uniform air flow through the pre
cipi tator which insured that the total cross section would 
operate with equal effectiveness. In addition, these smooth
ing filters assisted in the removal of large particulates 
(over 10µ) from the air stream. 
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Representative data from these studies are contained 
in figure 1. We have listed here the average DOP aerosol 
penetration obtained from the commercial units at air flow of 
200 feet per minute. Included also is the DOP penetration 
at the same flow rate for the modified unit. It is readily 
apparent that there is more than a two order improvement due 
to the gasketing and smoothing of the air flow in the modi
fied unit. 

Type 

Commercial 

Modified 

Linear 
Flow Rate 

(FP.M) 

200 

200 

DOP Penetration 
(%) 

15 

0.1 

Fig. 1-00P penetration of commercial precipitators. 

Encouraged by these results, NRL initiated a program to 
investigate electrostatic precipitation more extensively. 
The program was sponsored by the Bureau of Ships. 

The first phase of this program was the feasibility 
studies of precipitator performance aboard ship. At that 
time it was yet to be proven that precipitators could be 
used in a naval environment. For this purpose sixteen com
mercial units modified to NRL specifications were procured. 
These units after alteration were found to have a DOP pene
tration of 0.5% at 300 feet per minute. The units were 
installed aboard the light cruiser, USS ROANOKE, in auxil
iary plenum chambers attached to the superstructure of the 
ship. Eight units were contained in an 8000 cfm vent 
system while the other eight were used in a 10,000 cfm 
system. 

Hours Service 

0 

4000 

8000 

---- --A~osol-l:?eoet~ation_==-1-------
Fwd. System 

0.4 

0.8 

0.7 

After System 

0.5 

0.2 

0.1 

Fig. 2 -OOP aerosol penetration at 300 fpm of precipitators aboard USS Roanoke. 

After 8000 hours operation the units were removed as 
it was apparent that adequate information had been obtained. 
Figure 2 contains data taken at the time of installation, 
after 4000 and after 8000 hours of operation. The differ
ences are not considered significant. It is to be noted 
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that during this time there were no major component 
failures. Shock, vibration, salt air and corrosion did not 
limit their usefulness. These results are perhaps more im
pressive in that they were obtained with precipitator units 
obviously not designed for naval service. The conclusion 
was thus reached that it would be practical to use precip
itators aboard naval ships. 

The second phase of the precipitator program consisted 
of R and D contracts for basic and developmental studies. 
The ultimate goal of these contracts was to obtain prototype 
models designed for naval service. Since laboratory studies 
had shown that increased linear flow rates were possible, 
the models were to operate at maximum linear flow rate and 

Fig. 3-Prototype model high-velocity, high-efficiency precipitator, 1500 cfm. 

provide aerosol penetration less than 0.1%. Pressure drop 
was not to exceed one inch of water. A limit of 0.1 part 
per million of ozone was set as maximum allowable. 

The design which came closest to meeting all these re
quirements was that of Research-Cottrell of Bound Brook, 
New Jersey. It is a two-stage tube-type unit. Two-stage 
plate-type units were found to be inferior for high-velocity 
use. A photograph of the tube-type model is shown in 
figure 3. Figure 4 is a schematic showing the main com
ponents. The ionizer which operates at voltages up to 40 KV 
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Fig. 4-Prototype model high-velocity, high-efficiency precipitator, 1500 cfm 
schematic. 
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is of wire and plate design. The collector contains nested 
ground tubes with high-voltage, centered rods. It operates 
at 20 KV maximum. The unit is complete with vaned turns at 
top and bottom. It also includes a set of spray nozzles for 
remote-controlled washing with hot water or steam. A drain 
is provided in the base. The requirement for remote washing 
was included to provide cleaning of the unit without physical 
contact in the event the collected material was hazardous. 

An interesting and important result of the analysis of 
all the performance data reveals that the limiting factor in 
achieving optimum performance is the desired ozone level. 
The production of ozone (or total oxidants) is directly re
lated to the coulombs of high voltage current generated. 
But as this also affects the charging of aerosols, setting 
a maximum for ozone and simultaneously setting a value of 
0.1% penetration for aerosol in effect sets the values for 
all other variables. 

Thus, although this particular unit can achieve an 
efficiency of 99.9% at 2000 feet per minute with pressure 
drop of 0.9 inches of water, the ozone produced is more 
than 0.1 part per million. It has thus been necessary to 
rate this model at 1500 feet per minute. 

Fig. 5 -High-velocity, high-efficiency precipitator, 9500 cfm. 

A large unit of 9500 cfm capacity and based on the same 
design was also procured from the manufacture. A photograph 
of the unit is shown in figure 5. 
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Both of these units have received extensive evaluation; 
the smaller unit was run for 18 months ashore before installa
tion in the ship which also contains the larger unit. There 
has been no difficulty with either unit and both have given 
completely satisfactory service. 

Figure 6 contains the basic performance data as obtained 
from these units. We have listed here the aerosol penetra
tions at rated flow of 1500 feet per minute. 

Unit Air Flow DOP Penetration p 

FPM CFM (%) 

~mall 1500 1500 0.07 0.5 

Large 1500 9500 0.02 0.6 

Fig. 6 -Performance of high-velocity precipitators. 

Figure 7 is a summary which illustrates the great im
provement which has been achieved during the past ten years 
in the performance of ventilation type electrostatic precipi
tators. Air flow rates have been increased by a factor of 
eight while DOP penetrations have been reduced by a factor 
of 300. 

Type 

Commercial 

Modified 

High Velocity 

Linear 
Air Flow 

(FPK) 

200 

200 

1500 

Average 
DOP Penetration 

(%) 

15 

0.1 

0.05 

Fig. 7 -Summary of electrostatic precipitators performance. 

In conclusion, it has been shown that compact, high
velocity, high-efficiency precipitators can be manufactured 
for naval service. It has also been proven that they can be 
used aboard ship with full confidence of satisf.actory per
formance. 
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THE USE OF IODINE AS AN INDICATOR FOR REACTOR MONITORING 

J. J. SABO, J.E. MARTIN, and R. F. GROSSMAN 
U. S. Public Health Service, Idaho Falls, Idaho 

ABSTRACT 

Radioactive iodine is a positive indicator of reactor fission products 
and distinguishes between these and neutron activation isotopes which 
are of far less importance biologically. 

A comparatively simple method for collecting iodines is the use of 
filter paper or filter tape treated with silver nitrate to give Ag" 
and Agt-. A treated tape lends itself to a continuous fission product 
monitor; the use of activit7 read-out and gamma. energy discrimination 
can easily be employed. 

Laboratory evaluation of silver nitrate treated :i:-per g11ve a 95% col
lection efficiency for gaseous iodine. Iodine collection efficiencies 
varying from 40-95% were characteristic of treated ~per when the 
Chemical Processing Pl.ant was used as a source. These erratic results 
were thought to be due to pl.rt of the iodine entering into a complex 
chemical form less susceptible to collection by' the silver iodide 
treated :i:-per. 

Using an air cooled reactor as a source the treated :i:-per collected 
over 55% of the gaseous iodine. The collection efficiency for total 
iodine - gaseous and iodine acting as :i:-rticulate - was over 95%. 

Introduction 

The presence of radioactive iodine in a reactor effluent is positive 
evidence of fission products in the effluent. Since iodine is one of 
the earliest fission products to escape the cl.adding, its use as a 
fission product indicator has meritl. Activation products such as 
Argon-41, erosion products that have been neutron activated, and others 
nay give radioactivity in the effluent but these are of far less bio
logical importance and do not forewarn of increased future activity. 

The use of a treated tape for the collection of gaseous fission product 
iodine would have considerable merit since the tape could be moved at 
regular intervals. The tape could also be read for activity with an 
energy discriminator if required. 
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From previous experience and discussions with others2 it was expected 
that a portion of the iodine would plate out on dust particles and act 
as a i:articulate. The amount of this plating would depend on the dust 
concentration and contact time. 

Method 

The evaluation of the removal efficiency or treated pa.per against 
iodine was checked using the following methods: 

l. Laboratory generated 1-131 ga.s 
2. Chemical Processing Plant used fuel 

element dissolution vapors 
3. Effluents from an air cooled reactor 

It was assumed that activated carbon had one hundred per cent removal 
efficiency against iodine3; therefore, the treated paper - AgN03 treated 
to give AgO and Ag• - were placed ahead of activated carbon to give a 
quanitative test. 

Equipment 

Two arrangements of sampling equipment were used. The first arrangement 
used a Hi-Vol, sampling at 12 c.r.m. or 182 r.p.m. face velocity (see 
Photo I). The filtering media were arranged in series as follows: 

Untreated CC.<i, labelled f/l 
Treated cc-<i, labelled #2 
Carbon chamber filled 

with activated carbon labelled #3 and #4 

The second piece of equipment (see Photo II) sampled at 2 c.r.m. or 30 
f.p.m. face velocity. In this equipment the following filter media are 
in series (see Photo III): 

Untreated CC-<i, labelled #l 
Untreated CC.<i, labelled #2 
Treated cc-<>, labelled #3 
Treated cc-<>, labelled #4 
Treated cc-<>, labelled #5 
Activated c~rbon cartridge, unlabelled and 

in background 

In evaluating the efficiency of treated pi.per for iodine removal in 
the laboratory, Oak Ridge I-131 ~s titrated into warm concentrated 
nitric acid. A pre-filter was used for moisture removal. 

In the use of th~ air cooled reactor as a source, a mobile unit (see 
Photo IV) was used sampling downwind at not less than one mile distant 
from the reactor effluent stack. 

Test Re~ 

The removal efficiency of the treated pi.per under laboratory condi
tions is over 95% as shown in Table I: 
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Photo I 

Photo II 
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Photo III 
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t 
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Photo IV 
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Sample Sample 
Number Q!scrietion 

l 1st Pre-filter 

2 2n:i Pre-filter 

J 1st AgN03 treated 

4 2m AgN03 treated 

5 Jrd AgN03 treated 

6 1st Carbon Sample 

7 2nd Carbon Sample 

Table I 

Disintegrations 
Ps:it Minute 

92,418 ~ 485 

JJ,748 ±JOO 

filter 372,035 * 968 

filter 2,445 t. 108 

filter 1,438 :I: 95 

10, 678 '!: 170 

108 t: 52 

Distribution 
of Activity 

96.22% 

.62% 

.J7% 

2.7&/, 

.OJ% 

The removal efficiency of the treated i:aper using the Chemical Process
ing Pl.ant fuel clement dissolutions as a source was foum to be unsatis
factory. The major percentage of the iodine released under this 
condition was either in the form where it acted as i:articulate or 
combin6d chend.cally in a form which inhibited collection on silver 
treated paper. Collection efficiencies varied between 40 to 95% for 
iodine, gas or vapors. 

Using the air cooled reactor as a source, arxi sampling at ovor one 
mile from the stack allowed all the meteorological factors to come 
into pla;y4. In all cases the first fission products to be identi
fied were the iodine isotopes. In most cases the major portion of 
iodine was suspected to be in the pi.rticulate form or attached to 
r-rticulates5. This pRrticulate was removed by the untreated CC-6 
i:aper. The gaseous iodine was then collected by the treated r-per 
or by the activated carbon. Table II gives the results from tw 
field tests. Data gathered after these dates gave similar collection 
efficiency for iodine but is not included here due to time limitations. 

Table II 

Test May 15 

Low Vol. 
Hi-Vol W Hi-Vol Y SamJ2!er 

Untreated CC-6 48,158 Cpll 48,825 cpm 51 8J8 Cpll 

Untreated CC-6 not used not used 0 Cpll 

Treated CC-6 71143 cpn 5,540 cpm 443 CJD 

Treated CC-6 not used not used 683 Cpll 

Treated CC-6 not used not used 391 cpn 

Activated Carbon 790 Cpll 1 1 952 cpn 0 cpn 
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T1Jst May 19 

Hi-Vol Y Hi-Vol S 

Untreatoo CC-6 9,957 cpn 7,247 cpm 

Treated CC-6 1,467 cpn 846 cpm 

Activated Carbon 296 cpn m cpn 

Notes: 

All the above counts are gross gammn and are to be used for compe.rative 
purposes. Statistical variations are not given since they serve no 
useful purpose in this instance. 

In the sample Hi-Vol Y from May 15 it is suspect~d that the treated 
paper may not have been seated properly and allowed activity to filter 
through to the activated charcoal. 

Conclusion 

The use of iodine as an indicator for reactor monitoring is feasible 
and can be accomplished by employing a material which has a high 
collection efficiency for this element. 

A continuous treated tape has merit since th~ background activity can 
be reduced to a low l~vel and energy discrimination can be em~loyed 
in th~ read-out. 

Collection efficiency of the silver nitrate treated filters is high 
using an actual operating reactor as a source. 

Further evaluation of materials and equipment is in process to supply 
the necessary empirical data in sufficient quantity for confidence. 
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PROGRESS ON THE UNIVERSITY OF ILLINOIS CONTRACT 

H. F. JOHNSTONE 
University of Illinois Engineering Experiment Station, Urbana, Illinois 

The objective of the work at the University of D..linois is to 
study the properties and behavior of aerosol particles especially as 
they are related to problems in atmospheric pollution and gas cleaning 
connected. with atomic energy operations. 1"ring the past two years 
attention has been given to the physical and chemical properties of 
solid aerosol particles as they occur in the air of industrial and urban 
communities. Two technical reports have been issued, as follows: 

T.R. No. 1.5, (Serial No. C00-1017) "Electrostatic 
Etf'ects in the Deposition of Aerosols on Cylindrical 
Sb.apes," Ma.rcll 15, 1958. 

T.R. No. 16, (Serial No. C00-1018) "The Agglomeration 
of Solid Aerosol Particles," March 1, 1959· 

Since copies of the reports were sent to AEC contractors and are 
generally available at the AEC Technical Information Service at <At.k 
Ridge, Tennessee, only a brief' suanary of the work will be given here. 

In T.R. No. 15 a :f'u.ndsmental study of the deposition of small 
particles on cylindrical collectors in the presence of electrostatic 
forces is described. Attention is given to three cases: (1) an uncharged 
cylinder is surrounded by an atmosphere of charged aerosol particles,; 
(2) a charged cylinder is surrounded by an a"tD.osphere of uncharged. 
particles,; (3) both the cylinder and the particles are charged. Mathe
matical equations were developed for the three cases and solved by the 
ILLIAC, an electronic digital computer. An experimental study was made 
of the efficiencies of collection of liquid aerosol particles on 
cylindrical collectors from a moving stream of gas under various electro
static conditions. The exper:llllental results agreed well with the theory 
and the results should be useful. in the engineering design of aerosol 
collectors. An. experlmental study was also made ot the effects of 
electrostatic charges on aerosol particles on the filtration et'f'iciencies 
of glass fiber ma.ts and tangled-wire dipole mats. 

In T.R. No. 16, measurements are reported on the effective 
diameter, porosity, and uniformity of agglomerates formed from several 
species of aerosol.a. The studies were made by means of a Millikan Cell. 
and the results were compared with electron micrographs of the agglomerates. 
'lbe results show that: 
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(1) 'When an agglomerate is composed of' particles of' 
uniform size and shape the void spe.ce is minimal 
and the effective density is close to that of the 
prillla.ry particles from which the agglanerate is 
formed. 

(2) 'When the primary particles are not uniform in size 
and shape there are wide variations ~ the density 
of the a.gglomerates and a plot of CD f' versus mass 
differs considerably from the line calculated from 
the normal density of the substance. 

(3) 'When the primary particles have irregular shapes 
there is a difference between the drag diameter of' 
the agglomerate determined from rising and falling 
velocities. 'Ibis conclusion has practical signifi
cance in the efficiency of electrostatic precipitation 
of such aerosols. 

(4) The cascade impactor can be used for determining 
the size and size distribution of agglomerates when 
the Millikan Cell is used to provide supplementary 
information about the nature of the agglomerates. 

'.I!le study of agglomerates is being extended to include the 
effects of humidity, the presence of organic vapors, and the presence 
of several species of' aerosols on the nature of' the agglomerated parti
cles. '.I!le results of this work should give important information for 
engineering purposes and on the physiological effects of breathing air 
containing aerosols. 

Studies have also been made on the rate of growth of aerosol 
particles that act as nuclei in the condensation of water to form fogs 
and clouds. In this work, two experimental methods were used. In one, 
a method for measuring the instantaneous rate of growth of nuclei within 
the first 50 milliseconds after the particles are exposed to moist air 
was developed. '.I!le results with sulfuric acid nuclei show that the rate 
of' growth becomes constant within this interval of time. Measurements 
are now being ma.de on sodium chloride nuclei, and on nuclei of molybdenum 
oxide, lead oxide, and other oxides and salts that a.re representative 
of fission products in air. 

Studies were also made on the equilibrium composition of fogs 
formed in the presence of mixtures of two species of nuclei.. The objec
tive of this work is to find if there is a selective effect in the 
nucleation of clouds or fogs so that one species or size of nuclei is 
preferred as condensation nuclei. Measurements were made on the 
equilibrium composition of fogs. '.I!le relative amount of fog droplets 
nucleated by each of two species was measured by the chemical properties 
of the droplets. Manganese sulfate nuclei and sodium chloride nuclei 
were used. 'n'le former catalyze the absorption and oxidation of sulfur 
dioxide from air, whereas the latter produce only inert fog droplets. 
When sodium chloride nuclei are present in about equal concentration 
and in about the same size range as the chemically active nuclei the 
total activity of' fogs f'or the reaction is reduced to less tha.n half' 
of that when only manganese sulfate nuclei are present, so that it 
appears that for this pair of substances sodium chloride nuclei would 
be selected in the condensation of water in high clouds that are formed 
by adiabatic e::x::pansion. It has been observed. that droplets of fog are 
formed when the relative humidity is below 1()($ and these are much more 
active for the absorption-oxidation reaction than the larger unsaturated 
droplets normally present in fogs. '.I!lis work is also being continued 
to study the effects of very small aerosol particles in the nucleation 
of other reactions. 

251 



HARVARD AIR CLIANING RESEARCH ACTIVITIES 1957-1959 

LESLIE SILVERMAN 
Harvard School of Public Health, Boston, Mass. 

My comments will serve to introduce the subsequent papers 

which will go into detail on the specific projects. I would like 

to indicate, however, that the description and discussion of 

Harvard activities as presented here are not solely Atomic Energy 

Commission supported contract work. The paper which Mr. Yoder 

will present on particle counting instrumentation, and the work 

Mr. Levenbaum will report, covering our pilot-plant studies on a 

high-temperature filter development and blast cleaning approaches, 

are supported by the American Iron and Steel Institute project at 

Harvard. In addition, I will mention briefly some work that is 

supported by our own University funds. 

The major efforts since our Fifth Air Cleaning Conference at 

Harvard in 1957 have been devoted primarily to three particular 

items which will be described in detail in later papers. The first 

is the economic survey we are cnnducting on air and gas cleaning 

costs which will be presented by Mr. Fitzgerald. In our opinion, 

this is a most important project if atomic energy operations and 

applications are to be placed on a sound financial basis. For 

example, there is a need for some detailed evaluation and costs of 

air cleaning in proportion to the performance expected. 

The next major project is the incineration study on which Mr. 

Dennis will report our progress and developments. I would like to 
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add that we hope to have the final device as a prototype unit for 

manufacture completed this calendar year. We are as anxious as the 

AEC to get this particular type of equipment into field applications 

where they are needed. 

The third major item is the development of inexpensive 

efficient low resistance and long-lived operating devices for the 

removal of radioactive iodine and other halogens. I will present 

extended data later in the session indicating our progress. 

Aside from these major developments, which will be covered by 

separate papers, I would like to mention six other projects on which 

some progress has been made since the 1957 presentations. 

One project which was not discussed at the 1957 meeting is the 

containment scrubber. This project was the result of discussions 

with Oak Ridge National Laboratory Waste Disposal groups working on 

the aerosol and gas emanations from ceramic waste fixation studies on 

liquid waste disposal. It appeared to us that there was a possibil

ity of developing a simple procedure which would collect the evolved 

fission gases and aerosols that would occur in a much simpler manner 

than the elaborate multi-stage filter that had been proposed. In 

this regard we proposed a closed-cycle, educator type scrubber 

similar to the S-K unit. This scrubber could be used with a caustic 

solution which would serve as an absorbent and reactant with 

effluent materials. The performance of the scrubber is not critical 

because the collection efficiency can be enhanced by multiple passes 

through the unit in a recirculating system. At the present time we 

have a small (less than 100 cfm) unit set up in the laboratory and 

are trying to determine open-cycle efficiencies of the educator 

scrubber under various conditions. Very little information of this 

type exists in the literature. Once this phase is complete, we 

plan to proceed with typical nitrate waste boiling reduction to 
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determine the ~ind of aerosol problem that would result. The final 

step would involve a closed circuit evaluation of such a system. 

The second item on which we have continued further studies 

is that of the electrostatic fluidized bed and other approaches 

that were discussed at the Fifth Air Cleaning Conference. We have 

proceeded to develop this more completely in the way of actual 

design parameters and have now constructed a 100 cfm pilot plant to 

evaluate the principle on a much larger scale than the 1-2 cfm 

laboratory study. At the present time, we are having difficulty 

maintaining proper fluidization in this unit but we expect to over

come this by better gas distribution through the bed. In conjunction 

with the electrostatic project we have developed another approach 

in which single twisted fibers are charged by contact friction. 

These form the filtration targets within the gas stream. We have 

made a small laboratory scale unit for evaluating this procedure as 

well as a larger scale multiple fiber unit. The chief advantage of 

this system which appears promising at the present time is the fact 

that it offers practically no resistance to air flow and does not 

require an auxiliary charging system. However, actual performance 

data has not yet been obtained on the models constructed. 

Under the program of evaluation of new approaches submitted 

to the Conunission, we have continued to study the performance of 

the Pulverizing Machinery Company Mikro Pulsaire unit. We have 

tested this device as a large 500 cfm unit and have already completed 

studies with fly ash, iron oxide, and several other aerosols. It 

appears that cleaning is a function of the pressure level and is 

independent of the pulse diration. The cleaning of dusts )0.5 µ 

presents no problem using the pulse cleaning mechanism. However, 

the pulse effectiveness falls in performance if bag resistance is 

created by high resistance deposits such as extremely fine fume or 

aerosols. To date the equilibritml pressures with fly ash 

particulates produces relatively low resistances with equilibrium 

at reasonable values whereas those with finer aerosols result in 
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pressure loss values '\'lhich consequently produce low capacities in 

the unit. In order to evaluate this device at higher temperatures, 

a small 70 cfm model was supplied by the company. This has been 

tested at 530°F on fly ash and iron oxide fume. It was found that 

at temperature the capacity is reduced and the resistance at 

equilibration on fume shows the same limitation as the larger unit • 

It appears that the pulse cleaning mechanism is better suited to 

coarser aerosols which do not permeate the felt. 

We have continued to evaluate miscellaneous media for possible 

applications to AEC and in this connection have looked at a number 

of newer fabrics of glass-plastic combinations and synthetic foams 

which may have some value as prefilters or roughing filters. 

In closing, I might mention one Harvard project which may be 

of some interest -- a study of the use of fluidized beds for gas 

removal. Some early studies have been made in this regard and we 

have been looking at the problem of trying to eliminate sulfur 

dioxide from power plant effluents by means of fluidizing activated 

carbon. These studies to date indicate about 1 per cent attrition 

per pass in a fluidized carbon bed. While greater throughput is 

possible, the performance falls off rapidly due to the streaming 

through the large voids. It had been hoped that the turbulent and 

eddy diffusion would enhance collection despite the voids. From 

this study some idea of the ways in which carbon can be used in a 

moving bed have been developed. It is possible that these may be 

applicable to processes such as iodine removal in dissolver and 

other processes which involve iodine in the off-gas. 
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Discussion 

Q. (Stevens) Any swwnary data available on tests of pulsating units? 

A. (Silverman) We didn't bring it with us. We had thought original..l.y 
of putting a complete paper on the program but it will be out 
as an AEC report during this year. I don 't know if Dick has any 
data with him but I didn't bring anything but our progress reports. 
I tried to summarize this in terms of the load capacity in the 
high pressure drop of fine particulate. Do you have some comments 
on that? 

C. Yes, we are trying out one of the uni ts we have in our plan, 
running some tests of some of the burnouts we have. We just in
stalled them. We haven't quite started the thing yet. I was 
wondering just what information you have available because we got 
some of the production people and maintenance pushing, as they 
see the unit they know their overrigged blow rings. They have 
been unhappy for many years over blow rings like so many other 
maintenance people and we have to give them some kind of an 
answer. 

c. The difficulty we find with it is that while it works fine, coarse 
particulate to a CFM per square foot on fine particulates, the 
pressure drop builds up so that your capacity is down. In the air 
economy of 90 lb. air, multiple pulses is fairly critical. T'.ae 
thing we find is that it isn't the volume of air that does the 
cleaning, it is the flexing of the bag by the reverse pulse. So 
it is really sort of a snap cleaning and we have ta.ken shock 
transducer measurements all over and we are pretty Imlch convinced 
that air volumes are not critical but the pulse pressure is. 
T'ne duration of the pulse pressure does not seem to be important. 
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ECONOMIC SURVEY OF AIR AND GAS CLEANING 

OPERATIONS WITHIN THE AEC 

J. J. FITZGERALD, L. SILVERMAN, R. DENNIS, and C. E. BILLINGS 
Harvard School of Public Health, Boston, Mass. 

Introduction 

A preliminary survey of air and gas cleaning systems was initiated 
by personnel of the Harvard Air Cleaning Laboratory at the request of the 
Division of Reactor Development, U. S. Atomic Energy Commission. During 
the Fiscal Year 1959, eleven major AEC and subcontractor sites were visited 
for purposes of reviewing their air cleaning "stems and to enlist their 
cooperation in the joint participation of a technical survey of air cleaning. 
Persormel and management at all sites have been very cooperative as indicated 
by the material compiled in the Appendices. 

In the preliminary survey each site has analyzed its own air cleaning 
operations and prepared an analysis of the technical and economic aspects 
of air cleaning in a manner most appropriate for its own needs. 

The cost and the effectiveness of air cleaning systems are important 
considerations. An economic survey of the air cleaning cost, however, is 
of little value unless we can integrate these costs together with the 
corresponding degrees of protection and radioactive decontamination that 
are achieved under stated conditions. Consequently, this study is essentially 
a technical air collection survey with the economics as an important but not 
the only factor considered in the total appraisal. 

It should be clearly noted that at the present time it will continue 
to be difficult to compare the cost data from one site to the cost data from 
another since the conditions of collection and the requirements for air 
cleaning can and do vary considerably. Therefore, it shall be necessary in 
each instance to include significant qualifying remarks. No attempt in 
this report or in future reports will be made to compare data from individual 
sites. The data will be presented with qualifying remarks thus allowing 
individual comparisons. The differences in situations, however, may make the 
result of such comparison both unwise and unrealistic. 

For an essentially complete analysis of the Economic Survey Program, 
it seems appropriate that we set forth the following questions for discussion, 
with respect to the purposes, status and plans of the Program. 

What is the purpose of the program? 
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What progress has been made in the furtherance or this program? 

What are the future plans? 

PU.rp?Se of the Survey 

The primary purpose of this survey is to provide appropriate and 
(physically and economically) efficient air cleaning systems. The prime 
mover of this survey is the Division of Reactor Development, U.S. Atomic 
Energy Commission. In the final analysis, however, good administrative 
and managerial practices in any technical operation require an analysis 
of the cost and effective use of air cleaning systemt!I. 

The methods and the schedules to fulfill the 11tated objective are 
listed in Table 1 below. 

TABLE 1 

Statement of Goal 

1. Establish Preliminary 
Criteria 

2. Promulgate the Criteria 

3. Make Preli.minaz: SU.M"ey 

4. Evaluate Preliminary Data 

5. Initiate Final Survey 

6. Integrate Data 

7. Recommend Appropriate 
Research 

Scheduled Completion Data 

1956 

1957 

1959 

1959 

1959 

1960 

1960 
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Conunents 

Criteria set forth on 
pages 95 to 97 in TID-
7551 

Announcement formally made 
at Fifth AEC Air Cleaning 
Conference (See TID-7551) 

Eleven 11ite11 visited in 
1959. See next section on 
Statue of Survey 

Preliminary eTalaation of 
survey reported at Sixth 
AEC Air Cleaning Conference 

Includes the development 
or improved criteria and 
submission of the criteria 
to additonal sites for 
completion 

Involves the compilation of 
all the data into an approp
riate form for the most 
effective Ulle by all con
cerned. 

On the basis of the suney, 
a recommendation will be 
made vith re•pect to the 
research required to .rur
the r the primary objective 
to provide appropriate 
and effective air cleaning 
systems. 



... 

.. 

8. Gommunicate Final Findings 
to Participating Groups 

9. Present Data at the Next 
Air Cleaning Seminar 

10. Compile a Manual 

1960 

1961 

1962 

Make available the basic 
data to the participating 
groups and obtain their 
comments and ultimately 
their acceptance of the 
material to be submitted 
in the future for general 
distribution. 

Make available reviewed 
data for general discussion 
and distribution. 

On the basis of the data 
compiled, draw up a manual 
on 11Air Cleaning Manage
ment" for broad use in the 
Nuclear Industry. 

The compilation of data from this survey will aid all sites in the 
beneficial and economical use of air cleaning systems. Such analysis and 
discussions have already been proven to be successful in the integration of 
available data on air cleaniru?; systems. It is also evident that such analyses 
will indicate the need and type of research that will be most beneficial and 
effective. The need for a manual on air cleaning systems, their effective
ness and costs with respect to the growing nur.lear industry is evident. 
This survey will serve as the basis for the compilation of an adequate manual 
that may be effectively used in the nuclear industry. 

Status of the Survey 

During 1959, eleven major AEC installations were visited wherein the 
Economic Survey was discussed. These surveyed installations included the 
Brookhaven National Laboratory, the Savannah River Plant, Oak Ridge National 
Laboratory, National Lead Company (Fernald, Ohio), the Connecticut Aircraft 
Nuc1ear Experimental Laboratory, the Knolls Atomic Power Laboratory, Aircraft 
Nuclear Propulsion Department, (G.E.), Argonne National Laboratory, Hanford 
Atomic Products Operations, University of California Radiation Laboratory 
(Berkeley andLivermore), and the Los Alamos Scientific Laboratory. 

The preliminary economical survey criteria as set forth in TID-7551 
were discussed. The preliminary data as compiled by the responsible per
sonnel at the corresponding sites are presented in the Appendix. In each 
instance, the basic objectives of the survey were discussed and the individuals 
were given complete freedom as to the expression of their physical and 
economical air cleaning data. Consequently, there has been at this time 
no attempt made to standardize the data since significant data could have 
been omitted as a result of such standardization. In addition, the use of 
qualifying statements was encouraged to assure a more realistic analysis of 
the air cleaning costs and the effectiveness of these systems with respect 
to the basic requirements. 

In addition, to the material compiled in the Appendix, the personnel 
of General Electric Atomic Nuclear Propulsion Department in Ohio, have com
piled considerable economical data on their air cleaning activities which 
has not at this time been reduced to.tabular form. 
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Data on air cleaning specifications as set forth by individual sites 
have been compiled and will be sununarized in the final report on the 
Economic Survey. These specifications are, in general, performance 
specifications. 

several sites have developed simplified methods of classifying their 
air cleaning systems and areas. In general, a color code with transparent 
plastic overlays are employed to indicate the positions and the types of 
air cleaning systems used in their plants. These methods and procedures 
of classification will also be summarized in the final report. 

Additional material is being prepared by several of the sites listed 
above and the material will be submitted for compilat~on into the final 
report. 

The air cleaning systems that were reviewed included systems in reactor 
areas, separation processing areas, fuel and accessory fabrication areas, 
production areas, high level pilot plant and nuclear experimental areas. 
The collection media that are used in the air cleaning systems reviewed 
included roughing filters, absolute type filters, bag collectors, cyclone 
separators, electrostatic precipitators, scrubbers oil mist collectors, 
and dee~ bed filter,. The capacity of these systms varied in flow rates 
from 10 cfm, to 10 cfm. 

The space requirements range from approximately lo-2 rt3/ctm to lo-4 ft3/cfm. 
The efficiency requirements vary from 50% to 70% for precleaning filters; 
90 to 99% for high efficiency procleaners and final filters; and greater than 
99.9% for ultra high collection units. It should be noted here that in most 
instances, the actual collection efficiencies are not known. However, the 

"effectiveness" of the unit, in general, is knoim since meas1.1rements of the 
effluent are made in the stack and/or in the environs such that the occurrence 
of the release of quantities greater than the maximum per1rtissible levels are 
prevented. From an operational and regulatory viewpoint, this measureaent 
of the effectiveness of the ~ollection media is more appropriate than a 
specific analysis of a collection unit using a liquid particle of a narrow 
particle size range considerably different in structure, pariicle size, 
density, etc., than the toxic material in theeffluent. From a cost-effectiveness 
viewpoint, however, it is somewhat difficult without before and after filter 
unit sampling data to assign an efficiency to the unit. Since the 
particle size distribution and the composition of the toxic aerosol 
can and frequently does change with various operations, an average 
efficiency would have to be applied. Consequently, a range of 
efficiencies with respect to a collection medium is presented in 
Figure 1 which e.:x;presses the relationship of the effectiveness of 
air cleaning systems to cost of these air cleaning operations. 

The frequencies at which the collection media are changed va-ry 
from period of every two months to once in 10 years. In general, 
the roughing filters are changed at a frequency twice that required 
for absolute type filters. The collection media are changed on the 
basis of pressure drop, time cycle, operational requirements (e.g. 
time available during reactor shutdown), mechanical failure, pH value 
of the solution, and observations (indicate unit to be dirty). 
These collection units are changed when a request is made by a variety 
of groups including the health physics organization, the industrial 
111giene unit, the operations group or the pl.ant maintenance or service 
section. 

The methods of handling, storage and disposal of the filter 
unit vary considerably from one location tc. another. Consequently, 
the costs of these waste management problem vary over a wide range. 
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Some handling problems involve airborne hazards while others pose 
a significant external radiation problem. Liqllid waste problems 
may require special processing methods of neutralization. In some 
instances, materials are incinerated or baled before storage or ship
ment of the reduced volume to another site for burial or for sea 
burial. 

The actual cost of the air cleaning operations have been ex
pressed on the basis of equipment charges, labor charges and the cost 
of operations in tenns of dollars and/or man-hours per unit volume 
of air process per year. It will, however, be readily observed that 
other factors may be more important in the assessment of the cost
efficiency relationship. In some instances, the volume of air processed 
is maintained at a relatively small value to collect the toxic 
material near the point of release rather than after dilution in a 
less toxic atmosphere. In such instances, the cost per curie collected 
on the filter per year may be a better and more justified assessment 
of the cost-efficiency relationships. Since, however, the dose-rates 
from some filter units are relatively higher per curie than from others 
and therefore requiring mo re frequent change and a less effective use 
of man power, etc., the cost per dose-rate per year relationships 
may be a more realistic ratio than those stated above under certain 
circumstances. It should be noted that the cost per cfm/year for the 
cases revi e;ed in the Appendix vary from $0. 0004 to $7. 0. 

The technical and economical data presented in Appendix I 
(Tables 1 to 7) permits a preliminary assessment of the relationship 
between cost and efficiency of the various systems. It should be 
noted that the cost will vary with respect to the conditions expressed 
in the last section and the efficiencies will vaI'Y with respect to the 
materials present in the effluent. Consequently, a spread of cost 
values and efficiencies or penetration are presented in Figures l and 2. 

In essence, one might expect a specific type (e.g. "Absolute Filter") 
of air collector that the cost would vary directly with the negative logarithm 
of the penetration. For composite air collection systems (e.g. Dustop followed 
by an Absolute Air;Filter) the date presented in Figure l indicate that the 
product of the cost and penetration is a corustant. Such an approximation can 
be theoretically justified for small values of p, as indicated by the equation below: 

Thecost-penetration relationships in general may be expressed by the 
following equation: 

p • e-kC (1) 

where C is in dollars/cfm/year 

p is in units of penetration 

k • cost absorption coefficient in (cfm) (yr)/dollar 

lu p • kC 

C • -2.3 log 10 P 
k 

(2) 

(3) 

For the special case where kC is much smaller than one, the following 
relationehips is a valid approximation since l. ekC Sin th 

1 - • ce e va ue of K 
from the data appears to be in the range of lBo to 1000 cfm years/dollar, 
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then the cost must be in the range of lo-3 to10-4 dollars/cfm/ylar or less to 
make equation 4 valid. 

,!. 1 + kC 
p 

c • !(! - 1) 
k p 

where K • 1 
k 

(4) 

(5) 

(6) 

Note that the specific case is only valid for kC values being much smaller than 
l and for values of p within the range of 0.5 to 1.0 (Specific Equation 6 within 
20% at lower range). 

The data presented in Figure l indicate that the cost-penetration for 
composite air cleaning syatems relationship can be expressed by a relationship 
similar to Equation 6 but over a range of values for p approaching zero from 
0.2 (within 25% at high value in the range). 

Cp • K Ii 1 x 10-3 

therefore 

c • 1 x lo-3/p 

The data presented in Appendix II and in Figures 2 and 3 indicate that for 
individual air cleaning units such as the Duatop Filter or the Absolute Filter, 
the cost-penetration relationship can be represented by the following equation: 

Low Volume Requirement 

High Volume Requirement 

C • -2.3 x l0-1 lOg10 P 

P • 2 x lo-3 c-1.s 

Since there are ao many variables associated with the use of these units, 
the estimations of the costs and the knowledge of the collection efficiencies, 
the use of only an approximate value is justified at this time. For comparative 
purposes, it may be observed that the adjusted costs for air cleaning units in 
radioactive areas are approximately the same costs determined by Silverman for 
non-radioactive areas. In the non-radioactive air cleaning systems, the loading 
may be higher but the waste disposal and handling costs should be less than 
those associated with radioactive cleaning systems. These factors might explain 
the agreement in costs but considerable data will be necessary to establish a 
relationship. 

Future Plans 

As indicated in Table l, future plans will involve the reorganization of 
criteria, the initiation of the final survey, the inclusion of additional sites, 
the setting forth of recommendation on appropriate research and the compilation 
of an effective manual on Air Cleaning Syatems Their Cost and Effectiveness. 

Conclusions 

This study to date has indicated the need for an improved system of 
communication with respect to air cleaning activities within the various 
laboratories and sites that we may make known in adequate time the findings 
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of each Laboratory. In this manner, we may all make progress more rapidly 
and effectively towards our main objective to provide appropriate and efficient 
air cleaning systems. 

In addition, this preliminary survey has demonstrated the necessity for 
improved communications between the engineering service groups responsible for 
the development and maintenance of air cleaning systems and the irrlustrial 
hygiene or health physics group responsible for the radiological engineering 
aspects which set the working standards with respect to the maximum permissible 
penetration of radioactive materials through an air cleaning system • 

The preliminary data indicate that an approximate relationship exists 
between the cost of air cleaning and the maximum permissible penetration of 
materials through composite air cleaning systelll5. In general, •t the present 
time we may approximate the cost by the following simplified fonnula. 

c - 1 x 10-3/p 

To illustrate the use of this formula, the cost of an air cleanine 
system requiring a collection efficiency of 99% of a penetration value 
of io-2 would be lo-3/10-2 or $.1/cfm/yr. If an efficiency of 99.9% 
or p • lQ-3 were required, then the cost would be estimated at $1/cfm/yr. 

For a given maximum permissible penetration, there are many 
variables associated with the evaluation of the economical aspects of 
air cleaning. Consequently, all values must be 'Well qualified. Listed 
below are some of the variables. 

(A) Quantity of Air circulated or recirculated 

(B) Quality of the air: 

(a) Concentrations of radioactive or 
material 

(b) Concentration of inert material 
(c) Corrosive effective of material 
(d) Particle size distribution 

toxic 

(e) Combin ation of filter units and the 
corresponding flow rates 

(C) Operational philosophy: 

(a) Time cycle changing of filter units 
or cleaning of systems 

(D) Quality of the radioactive material collected: 

(a) Dose rate problems 
(b) Airborne problems 
(c) Liquid waste problems 

(E) Construction of the air cleaning systems such 
that operational costs are minimized or lessened. 

(F) Managerial aspects influencing and forming policies 
which refer to the periods in which filter units, 
etc., are changed by specific groups. 

(G) Research costs and the variations of overhead charges 

(H) Write-off policy for the depreciation of the con
structional materials. 
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Th:! cooperation and participation in the pro~ram survey has been 
excellent - and the results have been expressedly beneficial to many 
sites even before the completion of the preliminary surve:f. All of the 
data presented are preliminary and they are presented through the courtesy 
of the Sites representatives that prepared and compiled the data. Although 
considerable benefits have been mutually accrued as a result of this 
cooperation and participation, we have at this time merely initiated 
the survey. Considerable information will be forthcoming in the 
future. Improved survey forms will be developed a!Xi then forwarded 
to each Site along with a sample copy of a completed form. The final 
survey is scheduled for completion before the end of next year (1960). 
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APPE>!DIX I 

Technical and Economical Data 
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IOC,.I "' ~ .. .. "' .. - "' •Ill•• "' O...l•lt••-ull,Sl4<t,,.,.12!) 

___ , 
o .... 
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100..,.,0 .. ~ ....... Rolot.•t -lt!fl- e&,400<;,.. 
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-·-... ii 
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to oa 
co 

lp\a 
c..a--

(1)7U'-

• 

ClP.f'lner 

T 
:).tntra 

Abeolute 
T';pe 

DBSCR!PTIVE AnD OPERATIOKAL DATA 

)I E. t:'l~""l..ng Requirsct & ProccH '.J r. Space Requi..-t 
·1 !t 

3.~1."li.Ll L.o:t,~- ·•1!~:~~ ~.~ ·-r~.~:,.:..~1;.-~t~e\:-,::c:..irn- l~.-o.:=-· , 2.C\&.rt. f3,-;....,. -
c1....... c1e .... , Re"""· : ~isc. : COllpO- \ Bise : tiao - \It. .i Diaen. /r:FM I Area 

I ""-'• ; o1t10D 1· Cbarac:t· :. or Acthit;y ' (:.1o1t COl. j I CleaA. /1000 
I Vr.por, ! eriatics I !Jf!T ~it & C&p. CIP'v.' Cap. I enc 

, Rare . 1 Vol•.- or , : l Cl.:-• 
I Gue• -+-----~-~¥ •.!-+-·---- ca . 

I I 
i • • 430,000 era . .033 ! 5•5 ; , ....... 

D. Site Applicaticm 

:n .pr~f,-l~e~ ~ ;:.rr.~.1 
,, (Suppl)) : (&xh.) i 

I 

I 

--l!j:'lUIIIO -,li5. IRlftU' ADI ll!8!D 

! 'Dut • 
. =:;::: = ~ =~ . 1: ~ ---=-=---~ -· ·:-:..=:07.=--::::S:·--r~=o:--:::=±:::;·-;--- • • • • .,.... • · • • .,..,ooo cfll .6111-U.o 

•tic Metal BIJIU)M: 97M • il'rIAL PltOJIC'l'S GOP~ Sl'9ftM i 1 •<l•t\o 
a~,,. : . 

lf}'Rmi"~ ·- ·--.--,.......-':""---m-~ ..... -.- o • • • .--.-."liUi"·-----:··-· '--"'--::· ·· ····- ---·--;--- · - · ·r;r.AO ·a-.· --:oo~~~-•">i:-1':-
M.s.A. • lu\e . ' , · 

=:=~·.-:--.. -:::.~.c=:=:.-==- ~ i: 1UbliM i]i., 9')!j8 • BiJidi&iR-"iil--~=-::"'-·+-- -:::: .. --o=.-t,;;:.. ::-:=c· =·-:V=-=-.c: .•. "7:.:::"F-"f:;" ·:==t"""·- ·c::-...; 

(l)lllc Cal. ~ • ;Nn- • r"lltN nwic • - • • - • DMt • I • • i.a· z 9.,. x .050 ; ,2.3 
lllR - (""1) ' I · J2' x 2 IUUte ! l'l•ft• 

==·~-----:--~..:..-:it=..=..:::p;;=..-- ·™"'-=='t -- ~Viii!I tiifj_,; - ~- --=,.,,_, __ . --=--:::.T'C'"':=~"" ::T.;:..·:·:<:>;•_A~~~.'.:..~~d..,.,.--= 
(l~ ~ 111Mo • • AU Olua • • • - • : Dan • • • 2 1200 eta ,00)85 ~ 9'•ft• 

IC.SJ.. • ;bate . ' . 

(l)ftliei- e::1:;;~· CjlDlfte~-;-· • - • • ;~ --- --·-;-··----i~ .()05'5 I • 

(3JJUiei ~· ~- • • - • • ~-~ - • .... :rm-:;..... :: 
:. 11 i,..... I _iJicm """' t nWAA& - --... a ... 

. . 2;200----. ~ -.~ ~;Jll 
.... ft, 

·-li ~ --- -: ;1 IJU ..... ~ 7c...,a..a. • "~_.......,,_ .. .-~ -....vu ... ICl'l.9-

!(l~ ;~ :· ~; • • • :'. • • • • • Jwio- • 'IViH • 18• a'°" a 0,03 
· , ~. '· ac'1"n I 60" I i' . I ~ I I 8oo eta (l)lmi 51. , W .... Ji( • I • • • I · · • ' ... 15 • Ir a 55* z 0.691 6f.' 

Ji i: ! :;;w I- l6l" 
' H I I f 1.500 eta I 



..., 
~ 
0 

lln• A. B. C. Cl-r ClaaaiticatiOll & Type 
~ Mam&tac- Trade 

turer -

(1)111& Col. fulYer• lllllro-
1&ing Col. 
llaeh. 

l.llolll!h:l.ag 2.Hiej1 Ei'f, 3.Ultra 
or Pre-Cl. Absolute 

Pre-Cl. or FiJ>aJ. Tn>e 
hll Cl-r 

Pelted Fabric 
(llool.) 

[lOJ'Uiir-------Colidn~-l:I;~· s;r!ltliet1c 
ent&l Air 
Filter 

ffim"ter &ei'iean Pt:~ 10-~ --
Air 1'11- hpe1' 

Table 3 ORNL, Y-12 Data 
SXllKllIC SUIMIJ !:. AD • GAS ClM1IIJIO onRATIOlll 

'l'YPICAL SY8TDll Ill llNRAnOS ta Y ·12 PLAlll 
UllIO!i CARBIDB llUCJ.Mll 00. • OAK RIIXll, '1'11111. 

DESCRIPTIVE AKD OPERATIONAL DATA 

IatormtlaD tor J. J. rtt.qual.d 
llanud lh1ven1t:r Bcllool. ot l'lablle 

llealtll 
Jlma 22, 1959 

D. Site J\ppl1cat1m E. Cl"""'inS llequir-t & Proceas f • Space ReqU11'ellleftt 

l.Prcf'ilter 2.rre-ci. 3.l'ina.l 4.llf'tcr 5.Product I.ill.ult 
(Bllpply) (li:xll.) Clean. Cl...... Rocov. Misc. 

Flme, 
V'lpor, 
ilare 
Guee 

BUIU>IH:I 9'fl2 • "Jf' VIllO Mu:ll EXl!Alm :.."YSTl!ll 
• • * Dust 

* * -~ 

2"Aeroaal. 
Coolpo• 
aitiOll 

3.Particle 4. Conceu:tro.-
Btle tiOD • wt., 

Cbuact- or Act1v1t:r 
eri•tice ~r lb1t 

Volum ot 
G68 

l. 0"8rall 
DI.MD. 

(lliait Col.) 
&r Cap. ant 

L x V x B 

l)' x ll' x 29 1 

64,ooo c1'11 

---:--·-· ---·------r;ooo-cfi!! 

2.Cl.l.Ft. J. Face 
/cw. Area 
Cleu. /1r:ioo 

Cap. Cftl 
Clea.a.. 

~ 

.ol'6 69.4 

.~sq:-rr:-· 

·-.:-----···---- --=--·-..- ·· "'i)is't ----·-:- ------ :--- · -- ·--:-- --·-r;oao·.~r; ·· - .0035.,..i.rt:-

ter 
{li)rutefCiiiiiri~ge AboO: -·-.-----------cerlul.oa..---: · -- -.- . -- ~-it ... -- "T,<iocf·;:n.;· --- --:oow~-i;-.-.:i:-rc· * 11.s.A. - lute Asbeotoa 

Fland.er& 
(5)1'1lter • Abso- • • ceuU!Qie---.-· • • --~;r--·---~·----------~--· .. -·· --:.-----·50-c1ii'---:cii154----a:f-

hlte Aabestoa ~-~~•,.c'--:-=...""llC,,. . .c-:::--R-g;;:o;:; ---·rn=:r=_,,..,...,._. s3.tt• 

(1)111& Col. V.etern llu&l• 
Jlftc1P1• Aire 
tat1oc 

r:nrtRU- AM1'1can pt;;2fi 10-Pli 
Air Fil· ..,.. 
ter 

(l)Bmg Col. V.atern llu&l• 
Prec1J'i• Aire 
tat1on 

( 2 )11lter Colltin- CA-211 
eat&l Air 
Filter 

(3)'11ter liiier1cu-~21i 
Air ru-
ter 

S)'lltbit1c 

10·PJ¥ 
I'll,... 

Pelted :Fabric 
(Wool) 

felted hbric 
(llool.) 

llUIU>OO 9215 • "N" VIH:I llOWJST sYSTEM 
• - • Duet 

• • Duat 

BUIU>n«: 92l.5 • "<f' llIRl IXllAUS'l' GYSmt 
• - • Duet 

* • DWit 

* • n&St 

24• x i8• " 28• .036 'j7.4 
85 ,000 ctm sq.ft. 

l,000 chi .0035 Ii eq.i"t. 

24• " 1.8' " "8' .036 
85,000 ctm 

I;OOOCt\ii -- . 0035 

37.4 
sq.ft, 

Ii eq.rt.. 

-----------------r;oooctiil-----:OOW-48q. rt. 

(4 )filter &iibriciae Aliso- - - CeuulOse - - * - • Jiia\ - - - ;ooo-cnn 
11.S.A. - lute Asbesto. 
rlandar1 

(5 )Oil Jii.t VfttLag- Oil • l!lji VOltaca • • ---- * - • • · Oil vapor - - 1,200 ctm .15 --i,- eq. «."" 
Callactor bouH M1at llac:tro-

llec. Pree. lltat1c 
Con). - - - - - ----- ---

( Corltl1111ed) 

"' 



N 
..::i .... 

.. - • 

D ! SCRIPT IV! Arr D 0 P ! RAT I 0 1' AL DAT A (Can't.) 

a. Opent.1118 Cllllrac:terlAtic:s B. iiet.bod of~ or i:l-.111& of iW.I& 

r.~~Prtiiiillft -fJl>ftr~--- i..ci- lelTice Lite 5-0jiii'iitlliS --o;\11.tv-cii'lrc::i'iMhll ~-----.,.oor.-- 1.\lllili- 2.1/Uli- l·RePl&C9- li'.RiiPl&ce- 5.v- 6.0tlllil' 
Vel. Loe9 • ID. (BP hr 1000 CPM Airj '1'9p. • Vol./JJJOO Cftl Air !tt. 1118 • 1Dg • - ot - at Cl.ma• 
PP.I. lilater a.,. ii.-..r c.LC. PiW8i' a.m ii.llePi&Ci!- lhaidit1.a9 a.~ ii.ii'ei'CmE c.dilmle&l wt. • st.- Re- Filter CIJlpl.ete 1Dg 

Wttili Maz. ~ ~ fbr !lect- CJ.ma. er - ~ Reqcl.e Jletuire· Act. ci-. oiliDf Media 1.ta1t -
All.oor. - or :rmtatic 'l1Pe • ..ts Baaill 1.e. Dast 

ci.a. llltire llc:rub. Pncipita- u../ Ill&. re- atop or 
rr.e. 1119t. Lf4u1d tors Ill/ Sq.ID. ._t/ Abealute 

u.i. 1.00 j.00 

a5.70 .1.0 .50 

36.00 .1:; .50 

lo.5 1.0 4.o 

~.j 1.0 4.o 

r.e Jllmp BP 1000 CPM 1000 CPH 
~ /l.000 Ur Air 

CPM Air 

1.22 i.59 - - - G J.i:>ntl1s 7C "f.' I jO'f, 

- - - - - i:-mt.oi 

- - - - - l~ 

- - - - - 1-

- - - - - lllaatla 
26.7 1.00 ,.oo 1.70 2.116 - - - .,--:-~- -70•!!, 5o;: 

3b.o .15 .50 1 !1'nt.t. 

• 
• 
• 

* 
• 

~-r--1;-w--:r:-00- i.39 2.16 - ------- - 1batht:; 10"F, 50;; - - - - - - • 

&>.10 

36.00 

li.5 

.10 

.1; 

1.0 

.50 

.50 

4.o 

1 1-Tonth 

1 !obnth 

1 llaatla 

]00 •JO l.jO .<.17 • • .Q5o 1 lt>rit!l - ')!]':" - - - - • 
310- ---~- - - - - ~---- - ----------;c- - - - -..-

~ .30 -;,;- - ~ - J.J. iJ"'7;JO:"' ---1.u::r?-<iC' 
.eie Oil 

3 l.O 4.o 2 Teare 
23.6 l.O 5.00 i.13 1. 77 - - - l Year 7'J":', ,a;, 

2.5 

2390 

228 

0.5 Ii.Cf 2. 7 C..5 • • • Yariea ljO"F 

i..o 2.7 4.5 JOO"F 

l.O 4.o 2. 7 Jo.5 • • • YariH 150"F 
4 4 0.6125 2.lB • • ftiiie Req'd. Teare l50"F 

15 6 6 o.9" 2.lB caatS- 90"F 

... 

• 
• 

~ 

• 

• 

• 
* 

• 

• 

• 
1:1-a Pro
:l=t Recei
ver 



N 
~ 
N 

DES CR IP TI VB A ID 0 PB RAT I 0 I AL DAT A (Ccm't.) 

I. Criteria tor Cleaaer Clllmges J. 118Ddl1ag &ad D1epoeal MetbodB K. c-ta Relative to P'orqoillg It-

l.Praslll'e 2.Ac:t1rlt)-J.T1- fycle 
i-a 

li.ot.ber - 5.llliO Jleoter- ----r:J'ereoapef 2.~ ).BaJ.1ag 4.Iilcliirra- -5.Blirl.&l l.Re&am ~. Derlce 3·SllSili!•tLili 4.Re~ 
(Mech. Iii.DH Cri- Protec:t1ca t:i- or 
Fa.11111'e terl.& tor Storep 
Diie to MaiAt.aace 
Sroelcm, (!le&ltll ~·. 
eorroaim, a.g1m>er1ag, 
Deeip or !lldwltrial 
Appl1cat1ca) il:)'g1.me, 

1181at-) 

tor Selec
tica ot 
,,..., Olla 

T7Pe 
C1-r 

ll&tlatac:t0!'7 tor ~- 8-earda 
.. to -1- lag Baaed 
1t7 or ci-- ca Field 
1.ag - OnJ'8ll Blperlellce 
Coetl 

ChOD. Qi>eraticma ;'\eO]lir::.toro Fl.c.stic illl.(;a • Material 
Recoverz . .. -- . " . .. 

* :ff'i:::il!nc: Yeo 
Lov Ma!Jrt.. ·------------

• • .. ....-. - . ~-----

• .. 
* 

:&1.e.£>la.l 
:'.c:::cvcr:t 
Adequate 
"l'ti-Z .i.ltl;;!r 
::fficiene:t 
Materl::.l Rc.;;o•. 

-~~--------- ------------..-----,-~----------·----------·- --··--· -.-- -;irtei-1~il :.lCCb. ·or,e.·a.ti..r.6-· ::;e;.~li<.tu:& I'4'-t.;.--;-·~~-------· -

• • 
• 

• • 
* 

.. .----

------------
• 

• 

* • 
• 

Recovery 
• 

!ttcr1:.l ?~c!l. ~atio~ =-:.cspiratoJ.·s &~i.1..: ~s 
. ?e~OVt!~ --W--

• 

~ficieOC;1 lea 
lot! H::.i1~t. 
Ad,eq11.).tl!-·------..~------·:.:.-------

t--.. ·e-Filter 
bf4i<:~)---

:- ;.n1nt • 
ltlter1"1 

Yea 

* ::ecvverx 
--.r- " Ade<J)J&te -,..--------· 

• !'re-Filter 
• Ettidency 

-------~-------,,..-----------
·.--.t_.r.i~l "":~,·ov. 

---=---·----=-----"°~"-;;·r~1:c1;:""::-::c':!!Y~~~;;;;=·--..-::·::::=========""-'=~====-===== 
- ·xf'f'ic1Pncy Yes 

--------------

Mecli. Operi.Uons 
··----·---- --------·--·· ---~d.el· Fil'-::.-======-==~===--= 

Aui-tio Yea - • 
7ee.tures 

~---------r.-------;:qir;tOrSI-bct."f~-----------. --.----- ---.---::f?r:ie~----.r---_------.--====:-·---== 
lttt.,rf.tl ·Mech-. ~rat.T~ns Resrirt\tors Plar.tio !Be• - - • - Erl'tciency Yea ----------
'.leo<>WJ'Y 

~-· ORera.ti!?ns Respirator• PJAStic llags _ _::_ ____ ....;*_-_- Efficiency Yea 
-n-equale 141.t.erial 

Recovery • • 
Pre-Filter 
!.'re-:. niter llo 

;'lec11a.1\lcal ~rstio11-~--- - - --- ---:--- - - - - ~c--:.----- - Yea 
i'aU.ure 1enq low llaiat. 
Mecllanical Operatimia Reap1ratora • - * - Higlll!i'lic- Tff 
Failure lenc;,. lov Ma1at. 

Better Media 

,. ' ' 



~ 
~ 

"" 

l!Jat.ell 
Compallat. 

( l )Bag Collector 
(2)F1lter 
(J)Filter 
(i.)rilter 
(5)F1Uer 

:: 

111~ Collector 
2 Fl ter 

! l )liq Collector 
2)F1lter 

(3)1"1ltcr 
(4 )f'ilter 
( 5 )Oil lllat Col. 

(l)Filter 

-
(l)Filter 

(2)1'iltar 

( l )Baa Collector 

--
!l)Filter 
2)C)'Clone 

(3)1'1lter 

! l )C)<clone 
2 )1111& Collector 

• 

t:. Iidti&l Collector Cillit 
$/JJXXl er. 

$3oB.20 
3~.30 
30.00 
43.:xi 141.20 

$302.00 
30.00 

$302.00 
35.30 
30.00 

ll•l.20 
563.00 

$ 38.00 

$2000.00 

30.00 

$250.00 

$ 65.ClO 
677.00 

3820.00 

$11.67.)0 
1206.)0 

,. • 

GAS CI.EAlllNG COSTS 

I. E;uii:-at Cbarg• • AYerage YearlJ Coate 

a;-:::i ... A Ba..~cn) to 10 Yr. llrite ctt -
$/lOCIJ cn./Yr. ( tadimte Write Ott Period) 

c. ~--ntPiirt• 0¥er&lI-YiiU-Tj'Cont. - --~- Pllrts (rt~ 
tJlOOO c~- eo.t/St.udard l!Aopla.,.....t llilit 

l. ·~ 2. m.tn 3. R<rolace- ii. Filter 5-:-otliiir 
Awq" • Flltere mt Bags 

$61.54 
7.06 
6.oo 
8.tlO 

26.24 

llcNgh1ag AH; Media 
TJpc 'l'zpe 

BIJJLDING 9212 - "£" lill•G W.n EXHAUST SYSTQ! 
Five (52 Yr. llrito-orr 

$516.00 
1694.()() 

$81.6o 
81.6o 

$130.00 ~5.00/bag 
6.8o/b:i.B.Dket 
6.8o/roll 

43.00 ea. 
7 •. )6 ca. 

BUil.Dlro 9".J2 • "~f llWG EIO!AUST SY:•TEJ.! -:.-·-----~:.::= 
*6Q.4o Five (5J Yr. llrite-ott 

6.oo 

BUIIDPG92i~WLG ExHAUsT s?STE;.1 
$6().40 Five (5) Yr. Write-off 

7.o6 • 
6.00 

26.24 • - $1691•.00 
U6.6o 

BIJiwr:JC 9215 - Sl.IPPI.Y AIR SYsTEM 
$ 7.tlO Five (5) Yr. Write-off 

BIJllDI:iG 9706 • MACl!.filE iXllAUST SYSTIJ! 
$400.oo Five (5) Ir. llrite-ort 

6.00 $ 30.00 

$81:So 

$81.6o 
81.6o 

$ 65 .oo 

$ 65.00 

,4~:~~t 

=·==-==:=-==-==-..=..=- =--=--:::::.~-::.....--.:::::=::= 

$12~00 

t o.o6 

$o.007 
0.17 

$4J.02/b>\e 
.; . 00/b L'.Ulket 
6.llo/ro'l 
7 .l'6 ea. 
7.00/sct 

$ 0.2:; g11.l. 

0.07/l'YXJ gal. weter 
c.25 o;al. oil 

$6o.oc 

BUUDiiiGS 9212 & 99')8 • SUi'l'!Df,;R AREA MAC:ll~t. & FOOJDRY ElCliA:JS';' 5YsTEM -
$50.00 Five (5) Ir. llrite-ort • - • $ 27.75 • $65.00 

BUI!DFiG 9206 -. llA.5TE o::3'1'RUC'IOO OO!AIJST :::!$'t'F)( 
$13.00 Fin (5) Yr. llr1te-off - $1200.00 
135.4o • - -
764.oo • $58.oo 

lluW>f:G 9211 - !'IC!lOLS-HERJ::silOFF P"JRliACE i':XJWJS'l' SI:>TDi 
$237.50 Fhe (5) Ir. lfr1te-ot1' 
.!'<l.6o Five (5) Ir. lfr1te-ort 

$317.00 
Mone 
ftone 
$ 58/ cbaoge 

0.24 



to:I 
~ .... 

A. Iut&ll&t:im OVer <. Abov .. eqlli:iitent. Cor.t. 
llued cm !l!.lliJ!ll"'R 1fritc~1· Period 

11aD liolln/1000 CFH/T-.r 

!
ll lump-Swa Cactrect 
2 .50 
3 .50 
4) 8.oo 
5) 6.00 

( 1) Lump-SW. Contract 
(2) • 

m Wmp-~ Contract 

(5) • 

( l) r.u.p-s.... Contract 

(1) 
(2) 

(1) 1-p-Swa Contract 

gi 1-p-~ COlltract 

bi . 

(1) 
(2) 

• 

G A S C L E A N I Ii G C 0 S T S (C..'t.) 

II. !Allor ::barGe• • C>.-crall Yearly Coot 

II. Rcrutloe :talntcU&D.Ce 6 !as~ct!.an 
I :lllll Ko\&r'S/1000 r,;-; /':ear 

C. Cl.iiUJ.i&& Oi'Replacln<; D. "l:lail~ .'. :iiofi.sa.J. -- E. LallOi--Cli&rces • S,1;v1c!u&l?'1.tel" RerJ.acoiMii£""" 
Filter Med1a ; = "J:un/ltXX1 cFM/Teez Mu llo"ro/l')(Y) ~'?i-;f'tco:r 

M~_ llao&..:i!L_lOOO "'.PM/Year _____ _ __________ J_. _ __"'lotli ~ 2. ~lit• Pilter j. otber 

.48 

.;,a 

.48 

1.00 

BUIU>lllG 9212 • "i" VX:IG WJ:il J!X)IAlJS'l' sr.l'l'FJI 
.50 .50 

lj.OO 
15.00 
6.oo 

~'tl.<Al 

15.<Xl 
l; .()() 
6.oo 

120.00 

BUIU>DIG 9212~ 11111ngo1AUST SYSTEM .,o 
15.00 

DullDI;;c; 912f_; - "o" l/L.C -~;A:.::;r t'f..:T~! 
.50 

15·..x> 
l.i.00 

120.00 
2.00 

---- BUIIbllli 921; - SUP>'LY Alli Sl$TD! 

.50 
lj.00 

.50 
i;.oo 
15.00 

.L<0.00 

1.48 

1.48 

1.48 

.lfl .U()IJ 

.13 

.4<1 

1.00 

nutw1:«: 976b----lilt:Hr:Jl J;;::A:i1l' tY.:~. 

.,3 
.75 
.27 

3l-.E£([.!-C:~-::12rr-&·~~ - 5;:i.:pJ..."9!'._:' A..~ i'-!llC!!l: !:i i· FV_·-!•Fr ·=~;:,a.~~::T .3YS~.ls::: 
.2:; .25 .9') 

BuIWiif. 92oe-:: WASTX ·nm~ EICHA~ SmDI 
ro.oo w.oo 

- J0-00 
13.J'l 6.65 

BuilbDIG 9211 - NICIIOL:;-lllRESllOFF PUR!>ACE-m!lWT SIS'l'l!M 

12.00 
240.00 

-- -

-

2li0.00 

.ao 

31.00 

.. 

30.uu 
~0.00 

-
30.00 

--
-

30.00 
30.00 

-
3.00 

---
.O'/? 

-
.88 

3').00 
19.95 



N 
~-en 

• 

P. OCIRa - c.lMa OS • llepa1r ot -., 
lllllltwft, Deccmtaaiut.ia, ·lite. 

IT ... 2 2.00 

~ 2-00 

5 

-
!l) ·062 
2) 2.00 

!il .<>61! 

!~ 
= (l) 
-
m 
-
(1) .1:;5 

{ll 10.00 

~ io:oo 

-
~l) 
2) 

• • 

G I\ S C L E A N I N G C 0 S T S (Oaa 't.) 

Q. N:Laeelle•ofte Costa 

1. A,_... oa.t ot lOit Pl'Odiiiitim ~~ -----Y. ea.te ot Ali' ClmD1Jli -- -----... ~deiiib 
n.&e to Equ1i:-t ~ T1tle ('.'> or Total l'l.lu>t :1a~cc) (TiM to other 'Jep&rtMllta Chargeable 

to !!ltlliP:ieat Failure or Ma!Jatenance) 
1.e. Be&ltla nt,ys_ie11, ~:il!B. ate. 

BUIU>Il«l 9212 - "I!." vm:; !If.IN EXllAlflT Sts'J»I 

BUIUlil«l 9212 - ""!f~VIl«l Jl;lCHAlflT BlS'l.'l!ll 

BUlllloo-mT;; ~,rwoo-~~ .>~ 

!lUIUlll«l 921:;~ SUPPL?" AlN SY5'mi 

llUIUliiiG 97G6 - MACl!Dii E:itiiAUST SYST"""1 

BliW>l!ClS ·9212 -& 99'}8 -~ AIU!A-- Mt\cii.I!il & POO!UIY Ell!All!T S"t.l'Dlll 

llOIU>00-9205 ;; WAS'm-D~i!lOO'l'Cffm!AIBf SYS'.mi 

BUILl)IJ«l ~ NIC!fOls-llBlliSHOFF ~ liXllAW'r SIS'nll ____ ------



Table 4 CANEL Project Data 
SURVBY OF AIR • GAS CLBANING Cl'l!RATIONS 

PRATT • Wlll™BY AIRCRAFT - CANBL 

MAY 27. 1959 

Blog. No. Oe:scri2!!ve It ~eratiooal O..ta Equip. L.abor Ola.!jes - Dollars Remarks 

• Mfg, and/or Cleaner Site Cleaning Space Operatulg Mclbod Of Cri~lor Halldlillg. Charges M.Untenance Yearly CleaDiDg Disposal 
Location Trade Name Class1flcadc:m AppUcatton RequiremeDU RecpdremeaU Cba.ractert.stlcs RepW:luji Cleaner Disposal Ye.a.:rly It [nspection • Rtpla.cement 

• Type or Cleaning CbaDp Method 

Bldg. 440 Model 3A-85 CPM 

HV-1 c.ambridge Aerosolve PA l RC [lust (6) ) 6150 N""" TI.me Cycle 1Dcll>£rattcm $ $6.00 I 4.00 I 4.00 ()-After ume cycle d-=i.otes .:banges per year 

l)Jst Stop Spun Gius FA l RC [lust (6) 23 3/8 • 23 3/8 • 2 ) None TI.me Cycle lnclDeratioa 56. 16 18.00 8.00 8.00 FA- Fresh.a.Ir 
AC-2 Cambridge Aeroaoive PA Dust (2) 3A·85 ) 1800 None Time Cycle(!) lnc!Jleration 2.00 2.00 2.00 RC - Recirculatioo 

Dust Stop Spun Gius PA [lust (2) 23 3/8 • 23 3/8 • 2 ) NODe Time Cycle (6) lnciJleration 18. 72 •.00 6.00 6.00 1A - Inside a.ir 
Model IA- 1000 ) B-Z-K.leen 

AC-3 Cambridge .U.olutes FA Dust (3) 24 • 24 • 11 1/2 ) 2800 None Time Cycle (0) 168.00 4.00 A-I · $1. 50 each per 1000 CFM 
Dust Stop Spun Glass PA Dust (3) 23 3/8 • 23 3/8 • 2 ) Noac nme Cyclo(6) lncineratlaa 28.08 4.00 8.00 6.00 8- t changes per year per 1000 CFM 

AC-4 Cambridge A.,rosolw FAl RC Dust (4) 3A-85 ) 3500 None Time Cycle ( 1) lnC.lllerarioo 16.00 5.00 2.00 $1.00 per M CFM 
DJ.st g:op Spun Glass PA & RC Dust (4) 23 .3/8. <!3 3/8. 2 ) None Tim• Cycle (6) lnciJleratlon 37. 44 4.00 8.00 6.00 A-2 - . 25 per M CFM x 4 per year 

AC·5 Cambrt<lge Aero solve FAl RC [lust (3) 3A·85 ) 3300 None Ti.me Cycle(!) lncineratioo 12.00 2.00 2.00 

Dust Stop Spun Glass FA l RC Dust (3) 23 3/8 x 23 3/8 • 2 ) Noae Time Cycle (6) Incineratlm 28.08 +.00 8.00 6.00 D.lst Stop 
AC·6 Cambridge Aerosolve FA l RC Dust (3) 3A-85 ) 3300 None Time Cycle(!) Incmeratioo 12.00 2.00 2. 00 A-1 - Unit cost per 1000 CFM :r -I changeSjyear 

Dust Stop Spun Glass FA l RC Dust (3) 23 3/8 • 23 3/8 • 2 ) None Time Cycle(6) Jncinerattcn 28.08 4.00 8.00 6. 00 A-2 - 25 per M CFM x 4 per year 
AC-7 Cambridge Aeroaolve FA l RC Dust (4) 3A·85 ) 4000 Nooe Time Cycle (1) IDc:.1.neratioa 16.00 5.00 2.00 B-4 - Changes per year per 1000 CFM (~ 100/CFM 

Dust Stop Spun Gius FA l RC [lust (4) 23 3/8. 23 3/8 x 2 ) None Tim< Cycle (6) (ncloeratloo 37.44 4.00 8.00 6.00 @ $1. 00/M Cl'M 
AC-8 Cambridge A.eroaolve FA & RC Dust (4) 3A·85 ) 4000 None Tune Cycle (I) lnciJleratioo 16.00 5.00 2.00 Aeroaolve +Absolute 

Dist Stop Spun Glass FA l RC Dust (4) 23 3/8 x 23 3/8. 2 ) Nooe Time Cycle(6) lncll>erattoo 37.44 4.00 8.00 6.00 A-1-Price 
AC-9 Cambridge Aero.solve FA Dust (2) JA-85 ) 1.200 Nooe Timo Cycle(!) (ncloeration 2.00 2.00 2.00 A-2 - 00. 25 per M CFM x 4 per year 

N (2) 23 3/8 X 23 3/8 I 2 ) 18. 72 4.00 6.00 6.00 B - 2 cJlan&'e& per year per llXX> CFM@ $1. 00/M ... Dust Stop Spun Gius IA Dust (2) 16x 20 x 2 ) Nooe Time Cycle(6) lnciJleratloo 8. 88 4.00 6.00 8.00 CFM 
~ AC-10 Cambrl ... A.erosolve FA Dust (2) 3A·85 ) 1200 Naoe Tl.me Cycle (1) Jncineratim 2.00 2.00 2.00 AC - Air conditti:mer 

(2) 23 3/8 X 23 3/8 I 2 ) 18. 72 4.00 6.00 6.00 SF • SUpply Ian 
Dust Stop Spun Glua FA Dust (2) 16. 20 x 2 Nooe Time Cycle (6) loclneratloo 8. 88 4.00 6.00 8.00 BF - Exhaust fan 

AC·ll Cambrl ... Absolutes PA [lust (4) 24 x 24 • 2 8000 None Time Cycle 4.00 
Dust Stop Spun Gius PA Dust (4) 23 3/8. 23 3/8 x 2 Naae Time Cycle (6) lncinerat1oa 37.-44 8.00 8.00 4.00 

AC-12 Cambridge ,,_ ..... FA Du"' (4) 24 x 24 x 2 8000 Noae Tim< Cycle 4.00 
Dist Stop $tJD GlaH FA Dust (4) 23 3/8 • 23 3/8 x 2 None Time Cycle(6) lnclneratioo 37.44 8.00 8.00 4.00 

HBP-21 E·Z·lCleetl Alumaloy IA Hood It AJr (2) 23 3/8 x 23 3/8 x 2 1800 Wash rinse &. cote Time Cycle Dispose 10. 30 4.00 
B-Z-Kleea Alwnaloy IA RC (2) 23 3/8 x 23 3/8 • 2 Wa.sh d.nse l cot.e TI.me Cycle Dispose 10. 30 

Hl!P-9-4 a-z-Ceea Alumaloy IA Hood l AJ.r (l) 23 3/8 x 23 3/8 x 2 1.200 Wash rinse l cote TI.me Cycle Dispose 10. 30 4.00 
B-Z-Kleea Alwnaloy IA Air arc. (2) 23 31s • 23 3/8 • 2 Wash nnse • cote Tlme Cycle Dlspoae 10. JO 

HBP-104 B-Z-Kleea Al...Woy IA Hood. A.Lt (2) 23 3 8 X 23 J/8 I 2 1200 Wash rinse • c«e Time Cycle lllspoae 10. 30 4.00 
B-Z-Kleea Alwnaloy IA Air a.re. (2) 23 3/8 x 23 3/8 x 2 Wash rinse • cote T1me Cycle Dlspoee 10. 30 

RC AC-II B·Z·ICleeD AlumaloJ RC Dust (8) 23 3/8 x 23 3/8 x 2 Wub rt.a.ace • ccxe TI.me Cycle Dispose 41.20 2.00 
1B - 1000 

Cambrt ... .U.Oluto R C Dua (8) 24x 24 x 12 None Tim< C.'ycle lllspose 448. 00 12.00 
RC AC-12 Dust Stlop Sptm GiaH RC [lust (8) 23 3/8 • 23 3/8 x 2 - nme c,de(4) lnciDeratiao 49. 92 2.00 16.00 8.00 

IB· 1000 
Cambrtdp .U.Olute RC Dust (8)24x24x 12 None Time Cycle [lapose 448.00 12.00 

NPBP-lll Dust Stop Spun Gl&u RC Dust (9) 23 3/8 x 23 3/8 • 2 2000 None Tim< Cycle -- H.04 12.00 
Cambrldp At>ool .... ll c Dust (9) 2h 24x12 - Timec,de lllspose 504. 00 u.oo 

NPBP-UI B-z-~ AlwrWoy R. c Dust (9) 23 3/8 x 23 3/8 x l 2000 Wasb rlnR • cote TI.me Cyc1a Dispose 46. 35 12.00 
Cambrl'11" Aloooluleo ll c Dust (9)24x24x2 None nme ctcie Dispose 504. 00 12.00 

BrJ..a II) Du• Stlop SptmGl&u p Duot (I) 12 x U x2 - Time Cycle(6) lodneration 3. 96 •.00 
BrJ..a 110 Dult ..., sp.GlaH f Dull (I) 12 x U x l - TI.me Cycle(6) loclnerulao 3.96 4.00 
Bl<IJ. 140 (4) 12x 18. 2 
BP 1-1 Fllleqlu Sptm Glu• BxAlr Dua (2)24x30x2 2200 Rem.Oft by baud Time Cycle lnctDeratiaa 1.00 2.20 8.80 -- A 1"10 lb;.A.lt Duot (2)24x 30x 12 Rem.,... by - T1me Cycle (ncloeratton 2.20 4. 40 

(I) 18x 24 x l 
BP 1-2 Plberp. SpunGlu• lb;.A.lt Dust (I) 24 • 30 x 2 1460 Remon by baud Tune Cycle lncinerad(J:l 4.00 1.46 5.85 -..... A 1250 lb;.A.lt Duat (1) 24 x 30 x 12 Re..,.. i,., - nme Cycle (ncloeratiaa 1.46 2.92 

(3) 2h 24 x 2 
BP 4-1 Plllerp. Sj>omGlu• lb;. Air Dust (9) 12x llx2 2500 Rem.ave by band Time Cycle lncul<ratioo 1. 40 26.00 10.00 

Allsolute A 1000 Bx Air Dust (3) 24 • 24 x 12 Rll!Dlove 1JI/ b&nd Time Cycle lncineratioo 26.00 5.00 

• • -



~ .... .... 

//> 

Bldg. No. Descrtfld.n • q>eraticmal om. 
l Mfa. &ad/or Clu"'11catt<m SU. CleoDlng 5poce OpentiDg Mod>od ol Criterl.a tor -dllog l 

I..outian Trade N&me l Tnie AppllcatioD hquJ.remellU llet:ptlremeDUI ClJaracteristia ~ Oeaner Dspou.l 

A-I 
ll<p<ip 

a.a,_ 
Yearly 

Per 1000 

Gm. Lah 
lll<IJ. 140 
BP-27-l 

BP·H·l 
HEP 4-1 

HBP 4-2 

HBP4·3 

HEF 10·1 

HBP 11-1 

HBP ll-2 

HEP Jl-3 

HEP 11-4 

HEP 11-5 

Ahoolute 
Fiberglas 
Fll>erglaa 
Absolute 
Fiberglas 
J\beolure 
PtbertW 
Absolute 
Fll>erp. 
.\bsolute 
Fll>ergl.u 
.U.olute 
Fll>erglu 
Absolute 
Fthe.-gW 
Absolute 
Fiberglu 
Absolute 
FlbeTpo 
Absolute 
Fll>ercW 

HBP 11-6 Abeolute 
Plbergl&s.s 

HEP 13-1 Absolute 
FtherJla.s 

BF 33- I Aerosoln 
MEP JJ-2 Ah!olute 

Flberglas 
HEF 33-3 Absolute 

Fiberglas 

Bldg. 150 
BPJ-1 Dult~ 

A-1200 
SpuuGluo 
SpuuGluo 
Type l Sl.R H 
'l>W> GI.an 
Type I !be H 
SpuuGLu• 
Type I Size H 
Spun Glau 
Type I Size H 
Spun Gtu• 
Type 1 Size H 
sp.mcw. 
Type l Size H 
sp...Gtuo 
Type I Size H 
5p.m Gla .. 
Type 1 Size H 
SpuuGLu• 
Type I Size H 
~Glus 

Type I SU. H 
Spun GI.us 
Type I Size F 
Sptm Glu11 

Type I Size H 
sp...Gtus 
A 1200 
SiMm Glass 

Spua. GlaH 

Bx Air 
Bx Air 
Bx Air 
8'< Air 
Bx Air 
Bx Air 
Bx Air 
l!o Air 
ExAl.r 
Bx Air 
l!x Air 
l!xAl.r 
l!x Air 
BxAl.r 
.... Air 
hAir 
Bx Air 
R1 Air 
.... Air 
Bx Air 

""Air 
Bx Air 
l!x Air 
l!x Air 
Bx Air 
l!x Air 
.... Air 
R>.All" 
.... Air 
Bx Air 

FA. • 

IJuot 
Dust 
Duot 
Hood 
Dust 
Hood 
Duot 
Hood 
Duot 
Hood 
Dust 
Hood 
Dust 
Hood 
Dust 
Hood 
Dust 
Hood 
Dust 
Hood 
Dust 
Hood 
Dust 
Hood 
Dust 
Dust 
Dust 
Dust 
Duot 
Duot 

l-24x30xl2 
l-24z30x2 
l·24x24:1:2 
1·24x30xl2 
l-24x30x2 
1-24 :I: JO x 1.2 
l-24x 24x2 
l-24xl0112 
l-24x24x2 
l-24IJ0I L2 
t-24x30x2 
l-24x30x 12 
l-24x30x2 
I-24 .. JOxU 
1-24xJOx2 
l-.Z4 x 30 x u 
1-24 x 30x 2 
1-24 ... JOz 12 
1-24 x .JO J: 2 
1-24 x 30 x 12 
I-24x30:.:2 
l-24xl0x L2 
l-24x30x2 
I-2-4x24x 12 
1-24 :1 JO x 2 
3-24 x 24 x u 
2-24 :l 24 :l L2 
2-24 x 24 :l 2 
2-24 x JO x 12 
2-24:130:12 

100% No RC Tbrow away l-23 3/8 x 23 3/8 x 2 

~--- Plandl!n LA. 1000 100% No RC D&9t 1-24 .. 24 .. 12 

l!P4·1 BZIC!eea Aluma.lay Bdwun: 
Ahoolure FlandeTs I.A 1250 Bxbaust 

BP 4-2 Du.• 9rop Spun GI.as• Bmaust 

,,_..... F'landerai l.E 1000 Bmaust 
BP 4-3 B Z rlee:a. Aluma.lay 2.xb.uut 

Ahoolute Glanders 1.A. 1250 Emaust 
BF 6·1 llust Stop Spun Glass Exbau« 

BF 6-1 Absolute Flanders I A 1000 Ezhau.r: 

BP 6-2 llust Stop Sp.an Glass Bxbau.st 

BP 6- l A,b9olute Flandl!rs l A 1000 llxbau.st 

l!F 6-3 llust Stop Spun Glass Bxhlust 

BP 6- 3 Atmolute Flanden 1 A 1000 B:maust 

Bf 6-4 Du.• Sap Spun GI.us Exhaust 

BF 6-4 A.bsobR Flanders I A 1000 Exhaust 

BP 6· 5 Dust Stop ~GlaH llxhauot 

BF 6-S Absolute Flanders l A 1000 lb:hau.st 

BF 6-6 DustStop sp.mci.., -.,,,, 

EF 6-6 . 
l!F 6-7 

Absobrte Pl&nden 1 A 1000 
E Z Dam ll>.aloy 
B Z Kle11!11. Spun Gla.ss 

• llumal.O'J' 
lb solute n.&nder1 

._,_.,.. Ml1M 

Exba•st 

llxhaust 

"'""'"1 
Attention 

Dust 

l 4-2J l/2 x 29 1/2 x 2 
4-24 x .J) ]( 12 l 1)-23 3/8 :l 23 3/8 x 2 

6-24 ]( 24 x u 

[
6-24x:Jlx I 
6-21fo:r. J.lx U 

[' 

l-24124x2 
(1)(2)23 3/8 x 23 3/8 x 2 

nt.Bt 2-24 x 24 1 12 
Spec. Ait'n 

Dist f (2) 2-24 x 24 % 2 
DlSt l 2- 233/8x233/8x2 

siiec. Att'n ~~~:: ~: ~ ::! {2·23 3/8 x 2 3~x 2 
' 2-24 x 2• x 12 

Spec. All: JI. 

Dust 

~- Att'n 
Dust 
Dust 

Spec. Att'n 
Duot 

Duot 

Duot 
spec. AJ:t'n 

Dust 

{

l-24x24x2 
2-23 3/8 x 23 3/8 x 2 
2-24 x 24 ]( u 

{ 

2-24 x 24 x 2 
2-23 3/8 .J: 23 3/8 x 2 
2-24 :r. 24 x 12 

{

4-20 x 20 x 2 
3-24 x 24 x 2 
4-24 J: 24 x 12 
lo-23-l/B x 23-3/e x 2 

{

l-20x20x2 
2-23-J/B x 23-3/B x 2 
1-24 x JO x l2 
l-24x)Oxl 

CFM 

1200 

1000 
1250 

1250 

1250 

1250 

1250 

1250 

1250 

1250 

1250 

USO 

IOOO 

1100 
llOO 

2llOO 

620 

5000 
5500 

5500 
9000 
9000 
1320 

1320 

2600 

2600 

792 

792 

1188 

1188 

1656 

1656 

3000 

3000 

lJ2ll 

a.qe Motbod 

hmOff: bf bDd Time Cycle IDclacnDan 
RemaYe by bmu1 nme Cycle lllci!M!ratian 
Remme ht' band Time Cycle Ind..oeratian 
Rem.OR bJ band TI.me Cycle l:ncineratlaa 
R.em09"e by- band Tlmr Cyde IadDeratiaa. 
R.em!lft bf ba.nd Time Cycle 1Ddnerat1oa. 
Remm"e bf bmd Tim.e Cycle lnclnerat:t.aa 
Remm-e by' bad nme Cycle lncineratiOD. 

Re.matt by band Time Cycle lndneratl<m. 
Remove by band Time Cycle Inci.Derattaa 
Remove by band nme Cycle lnc:iner.u::ian 
Remove by band Time Cycle lncloera:tion 
Remove by band Tl.me Cycle lndneractco 
R£move by bed Tune Cycle lnd.ncratian 
Rem<J'Te by band Ti.me Cycle l:ndneratl.cm 
Remove by band Tl.me Cycle lnci.nerauoo 
Remove by" b&nd. TI.J1lil! Cycle lad:lerati<m 
Remove by band T1mr: Cycle lnclneratiaa 
RemO'\l"e bf band Time Cycle ln~radaa 
Remove by band nme Cycle lna.nenti<m 
Rem.ave by band Time Cycle Incineration 
Remove by band nme Cycle lndneratle:wi 
Remove by hand 'nme Cycle lnctneratl<m 
Remove by band Tillle Cycle Inc.l..aerat.ian 
Re-n09"e by band Time Cycle Jncinenttaa 
Remove by hand Tl.mr Cycle lnci.neratiaa. 
RemO"V'e by band Time Cycle lnd.nen:.tl.~ 

Remove by band nme Cycle lnc.tneraaoo. 
R.ema.-e by bind Time Cycle lnd:Deradoa. 
Rem.cm: by bod nme Cycle 1Ddneru1aa 

CFM 

$ 
2.40 
2.88 

2.30 

2.30 

2.30 

2.30 

2. 30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.88 

'i.24 

2.28 

,..,. Tum Cycle 
C:O.W... ~rly 
Spec. Hudling 6. 24 
• l)Upooa.l -· -· N<me ---· Naoe -----e -. -Nooe 

None -
Nooe --·-

Time Cycle emam. Spec. -· Tune Cycle 
Time Cycle 

~··~OO'Y 
Tune Cycle Spec. lllDdllog 37. « 

• lllspooa.l nm. Cycle .• .• 

TI.me Cycle ll7. 44 
Time Cycle -
Time Cycle Spec. Hud1log 

Tim• Cycle Spec. -
• lllapooa.l 

'n.meCy~ 

Time Cycle 

Time Cy<le "*'· -
Tune Cycle "*'· Hu<illDc 

l lllopooa.l 
Tune Cycle Spec. lfluJdlJDg 

Time Cycle 

Time Cycle 

Time Cycle 

"*'·~ 
• D.sposa.I 

"*'· """""'
Spec.talHandllllg 
l lllspooa.l 

Tune Cycle Spec. Handl.lnc 

Time Cycl< "*' Handling 
._ Dsposal 

Time cyc1e lndnera.tion J.70 

A-2 B 
i..bor a.up •. Dollan 

Malal- YearJY 0eam,. D1._i 
• .lnllpecti<m .. llrplacelDflnt 

Per HXX> CFM/ hr 1000 CPM 
br. 

L20 
L20 
LOO 
L~ 

L~ 

L~ 

1.25 
L~ 

LD 
L~ 

L~ 

L~ 

LD 
L~ 

L~ 

LD 
L~ 

L~ 

LD 
1.B 
LZ 
LZ 
I.~ 

LOO 
LOO 
L~ 

LIO 
LIO 
2.80 
2.80 

4.00 

10.00 

8.00 

10.00 

8.00 

2.40 
•.80 
2.00 
2.50 
5.00 
2.50 
5.00 
2. 50 
5.00 
2.50 
5.00 
2.50 
5.00 
2.50 
5.00 
2.50 
5.00 
2.50 
5.00 
2.50 
5.00 
2.50 
s.oo 
2.00 
4.00 
3.20 
2.20 
4.40 
5. 60 

U.20 

lD.00 

16.00 

20.00 

12. 00 

ll.00 

15.00 

ll.00 

,,, .. 

Ra:larb 

B·Z·!Oom 
A.·l $1.50-.dlper 1000 CFM 
A-2 .25 per M CF'M :r 4 per year 
8 4 c..la.ninp per year per 1000 CFM 

; Sl.00 per M CFM 

Duot - (Glu•) 
A-1 Unit cost per 1000 CFM :r 4 du..ap9 

per yet.r 
A-2 _ 25 cents per M CFM x 4 per year 
B 4 ctanaes peT year per 1000 CFM @ 

$1.00 per M CFM 

Aerosol ft + Ahaolutes 
A-1 Price per 1000 CFM 
A-2 .25 p@r' 1000 CPMx 4 per year 
8 2 ~ ptt year per 1000 CFM@ 

$1.00/MCFM 

HBF Hood exb&usd.C1D fa 
MBP Machine e1haust fa 

Nore: All 8.lters contamim.led with 
radloa.ctlvtty are handled as radlaactin ..... ,,,. 



lnlt!.a.l 
Bldg. No. .._oom No. Manufacturer Class1fication Appllcanoa Requirements Size CFM Cleanmg Cntena Cost 

102 None Pease- A.nth.any Scrubber final · Exhaust Air Pume 5 Da. x 13' H1 5000 CFM Self-cleaning $ L2, 500 
IO ~w Mat"ls lnsp. [)Jst Kop (Aget) col. D.i.st Collector Pre -cleaning 8.xhaust Dlst 3' O" x l 6" HOO Pressure Loss 

N 10 Moc:kup A.AF Romclone [)J.st Collector final Exhaust Dlst 12' x 8' 17000 Wood & Plastic Dut Time Cycl~ 

.... 10 .\ssembly AAF Rotoc:lone [)J.st Collector final Clea.nuig Dlst 3. O" .'t 9· Q" 2500 TUne Cycle 2, 000 
OD 10 9leet Metal AAF Rotodone [).ist Collector fl.nal Clean!Jlg Dlst 3 O" x 6' O"' 2500 Time Cycle 2, 500 

10 Tool GrUlding Dust Kop (Ai't) D.s t Collector Pinal Oeaning Dlst 3' O" x I 6" l400 Pres:rure Loss 
110 C;a.rpenter 91op D.Lst Kop [)wit Collector fi.nal ClealWlg Dlst 6' :r. 6' 2050 Va.cuum Time Cycle J, 289 
110 Slo~ Saws Dist Kap D.ist Collector final Cleaning O.st .!' x 6' 2050 Vacuum ?rei.i'...re Loss 

... • .. .. 
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BXIKlaC sumt "' m - au CUUDIO Ol'EIU.ttm! " JllOOKRAV!I •TICUL LUORATORT 

-b7• L • .._11 ... f. D. - ~1959 

rllte1' a.. lllmt&ctW'9r ......,._ CIMNr .... ..... Clum1.flcatton A.ppllmtlan ........ 
·--

I. &Mo\or• .a.nou .llr 
_ ... 

It.ah lttlcl.cJ Pntll.ter 
tnlot. rut.er Co. All' Pll.Mr Pncl..,..r ....... _,. 

GlaN Fibre Cooll.rw Air 
BH. Prafor-.cl 

"'"'"' PUWl"dl:Ma 

II. llMotar Doll1nltt OlMotaz Rich !tflclen1:7 Ptml Clamiqg ........ .............. VD•n GlaM ftml Cl.Nner &xhaut Air 
Prar ..... d , ....... 

Cool ... 

I 
I 

Ill. c:t..laal - Rlch ltflciena1 l"""'Claan1tlg ......... vn Clleaioal Bllllmt .I.Ir 
Bot Lab. Scnab• --J~IlJl 

tT, Abeol•e ,,._ .. Air Pttre Ultra {.lbliolD.t.) PiM.1 Cl.Mainl 
ftlt.n rut.en, lee. Plltor (Olaa) LabBaalo -· Mi«h Le-..1 
Rot o.u... RlidloiaotopM 
Dtbticm -· Becl._tloa 
J.,..a, etc. 

V, .Ur ~rtsn .t.11' 1. Hr Milt TJP91 ......... PnclMnille 
Oond.lt10ftillC ter Co. 2. Roll09tlc l. Pibni Bllllk rt.nal. clean!Jl 
ftlt.n 2. Pretormd oia .. Air condl ti on ru., Rot Le 
&08 1 etc ... _ ... ._. - s..., bv.t 

'1bntelaN Corp. ln...U 
1 

Package IJnlt. 

---

ClaRaq11,....rR9 
and Pf'o099• 

1.2. .ltmephlric ..... 
~: r.'s:i~~J 

t ~~O&Ctift 
Particles 

~: ~a!~-:.n,, 

1. '-•-Yapon 
2. Acids, Radlo 

iodi .. 
J. Leu than 21 J1 
4 .... ll 

1. nan, t'Het. 
2. Radiot.otoi:-• 

!: ~:~l;o-5 i!K3 

l. Out, Mt..t. 
~. At.o.phertc 

hrticle1 
J. 4 .Sxlo-5 g/M.3 

.. 

Table 5 BNL Data 

I 
si-.. 

J ==illtlr I Jllst.bod of Requiremnt. 
I 

Jlepl~nt 

-\ 
l. ~r~;~~ I :: ~·~~ 
~: ~7~~ra-3~ j J. !:110:~1ooocnt 

I bplaCHeni. of 
l'tlter Media 

l. 210"z210•xti• 
c.ap."""tloo (7M 

2. o.0022rtJ/cn1 
J. 6.8ft2/lll00ca 

1. 4 ecru.bber11 
ea. 51 Rz:2 1dia. 

2. ~~2s= 

24•x24•x57/!• I'· 5 ··-24"i:JO•.z57/8• 

~::lg:~~%!. 

1 a.2 22.SHP/lOOOCPM 
14 ..... 4 ,.,... 

5. 0-91JOP 
R.H. to l()()J 17. 75j Uticiency 
O.J a particle 

1. U.7 tt./>dn 
2. 0.)8""20 ... _. 
J. 0.12SHP/looocnt 
4. SM J a.2 aboft 
s. 1JO-J.4a°C 
1. 95j Etticienq 

J'or •l»Tti 5 JI 
25-JOJ below 
5 p particle 

6. >S pl/oin 
b. l~ 

llb/lOOOCPll/ 
caaatio JM.r 

1. s.o ft./•in 
2 ••• 0.9"ff20 

b. 2.0-fl20 
J. a.I 0.45HP/10CX>CPM 

a. 2 1 HP/lOOOCftf 

I H&""n't •eu 
Replaciad 

....,..,,,, 
buUuc Sol'n 

I :p=n~n1t 

8xflx57/8" 4. k ;pun 
2. o.004-o.oosrtl/CPM 5. 2SOO P Ku. 
J. 200ft2/1000Cftf 75• R. H. 

1. 99,95j l!:ttlclency 
O.J,..u particle 

11. '4"x2l.•x6• l. 40 tt./•ln , _,,,. ••• .,._ 
cap. 1000 CPM 2. a.l. 0.028•¥ •t Paper 

2. o.oo~ttJ/c"' a.2. 0.5 11~ & !Jut Stop 
J. 2Sft /lOOOCPM J. a. O.lOHP lOOOCPM Unit 

1. ill .isu •· o.~ """"" I 
. 2. ~-OOOJtt.l/CPM ~: ~ro!: -.a I a... l J. 2 tt2/lOCKlC1M Up to lOQC R.H. 

l. 500 tt./oin 

I 
2. 
) . .. 

b. 2.5Hl'/•in 
4. 12weQ 
s. 0-700P lOOIR.H. 

• • 

lcrtten. ! HmadllJw ~nte I l'lala-nt ~bo,;.. 
tor Cl.Mner .lnl DUpoul 0-,...1 

awr.u Mltbode __ -4----------
fL· PneaaN loa1 Paabf:ld tor 1. COit & Ut. J.. tl.20/l.OOOCnf Nan ho1U'9 • .ti 
IS. Pile Op.ration1 S. Dlapoeal tt 2, t.. I !. *'2/lOOOCPM 

rwtioacthe ). 111 I c. 1.35/lOOOC'"/J?' e. O.Stiih/looocPll/:rr 
or burned on l&. 111 D. .,. 75 C. 0.4Siah/1000Cft\IJ1" 

dupm t ~~~~yr 
I 

i 
I 

U Replaced I 11o elq)erial'IC9 1. r.oat & !.ff. 1. $26S/1000Cllll 
1. PrH•un lo• . 2. rea 2. 20.so/loo:x:ni/71" e. o.Sllh/lOOOCPlt/yr 
[S. Pile Open.tiOrt*f ': :n g: !°,,~it:.1:::;, ~: "° eJ:pllrience 

I $JO,OOO for I. " I Replace..nt r • 

I 
i 

lcuaeti.: I U rwc .... ry l. hc•Hlt7 of •o uti•te ll, 1.,1tpible 
!beoo... 1d1111Pd into rw.onn, 12 hae beera .ia C. llegllpible 
neutralised. 

1 
IJIL Liquid Colt• Ett. on initial 001t D. Nora 

,s,.tea 2. r.. of repl.ace.ent 
I ~. 111 i b. 111 
; 

, PntHani loN Ill htchJ.7 • COllt • Uf. A. *600/lOOCllf B. o.l.Sllh/l.OOOCnt/JT 
lOOtt/id.n ndioactift • r.. D. $60/lOOOCPM c. SU I belcm 

~- ~al~ Ph~cia~pa.:~~:i ~~~be ~: :~U>i: o. ~~~-
ou.nn.. tire rHUt- 1. l .o.b/lOOOCftV',JT 

;d!Ullpld ant p, 2.Clllh/lOOOClllf/)'I' 

I 
! 

I ·--

:i. PreHlU'I I 1. Dumped l, COllt l Elf. J, !° -:7 !° "":21 B, C, D, !, p 

~ L- ~ ·--~ 5
• ;:!:::~nance l: :u ~: ri:~~~~=yr 0.2Sllh/1oooc.M/)'1' 

l s... ~-nt 
• lo _, to tell 

B. • II • • 

c. $2.So/lOOOClll/7'" 

I 
D. $1.25/Repl-

Unl t/200Clmlt 

I 
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AIR CIEAHING DAT A 

1-B c D E 

T1J'I T:rpo Application Requireraenta 

PUter 

CUlbrldge Ab•olutc P'inal Cleaning Particle 
T:rpo J. Gl.ua-A•belltoa Lob Hood Removi"" 

Cub ridge 1beolute Final ~aning Particle 
T:rpo 8 Gl&.H-Mblat.oa Lob Hood -vi ... 

Ceabridg• Abeolllte 11.nal Cleaning Particle 
T;n>e D G~Aebeat09 Lob flood Re.oriag 

Cub ridge .1b8olute Final Cleaning Particle 
T:rpo , Cll&H-Nbeatoa Lob flood Removing 

Mioro-Metallio Porou Pre-Cle-.ning Particle & 
St.ainl ... ProceH S)'Bta• Vapor 
Steel (Moieture Sep.) Re..o.al 

Doll~er Fiber (7) E%t\.-ProceH vapor & 

(Fiber SJ'ate• Ll(Jlid 
(Hoteture Sep.) 0-val 

lleeearch OU Coated EXh.-Special Particle 
Product, Inc. Motel Sc ...... Hood Pemc:>Tal 
il-1<>7 

Duat-Stcp GlaH ~J'8 Pre!ilten Particle 
Pnf'1Uer Gen. Ventilat. ReaoTal -
.lir-Mat ...... tr.-tuter Particle 

Fiber Sopp}T J./C Rellon.l 

Submitt.9d by R. H. Hale, :.nnnah River Plant 

" 

F 
Siee eta 

---
21.xJOxll 1/2 
24.x24xll l/2 
8x8xll 1/2 

21.xJOxll x2 
12xl2x5 1 8 

21.xJOxll 1/2 

24xJOxll 1/2 
12xl2xS 7/8 

-
12xl2x2 

25"2Sx2 
20x25x2 
16x20x2 
12xl2x2 
8x8x2 

Table 6 Savanah River Plant Data 

I I J 
G a G H I Who Deten- Diaponl Replace.ent Replaceme1tt llon-hre/ 

erattonal Preeeure Power Replace11ent Criteria mines Cri terie. ~:ethoda Frequency Coat 1000 C"l(yr. 
racteriatics Losa Hp/1000 GJiM for Chaneee for Ch&nt(ea $/1000 Cn</yr. 

250 rno Int. - 1 in. ll/2-20 C:O.plete Pre.!lsure 1oaa Alde. S#trv. Per8. Prot. 2 yrs. $JO/unit JO •in/unit 200 Fiii Fin. - 2.5 2 Pkg. Activity kadn. Cont. Packaging 
200 Fiii 10 Ti.Al! cycle Bo rial totel $IS 1/4 --hr•. ( totel) 

Mech. failure 

250 Fiii Int. - l in. l 1/2 Complete Same u left. Serv. -.. 2 yrs. $50/onit JO ain/onit 
nn. - 2.s s Pier. above Radn. Cont. a·.ove 

250 Fiii Int. - 1 ln. l 1/2 Gomplete Same aa "'Idg. Ser•. same .. 2 yre. 
Fin. - 2.5 Pkg. above Radn. C.ont. •bove totai $25 l/h --hr•. (tot.al) 

250 Fiii Int. - 1 in. l 1/2 Complete s ...... Same •• Same aa 2 yre. 
Fin. - 2.5 5 Pkg. above ·-· -... 

Waa:h vi.th Preasure loae Bldg. Sen. Same .. 
water above 5 Tr•· No coat -

Bldg. Serv. sa..ae 2 yre. $10/onit l Mn-hr/JT/un1t 
Int. - 2 in. 10 Compli:!t.e Preaaure loas above 
Final - 4 - 10 Pkg. Mech. f.allu.re total $50/Tr 10 man-bra. (t.otal) 

J Wuh & P"'aauni loaa 8ldg. Serv. Cle&ning b 11anth8 Jilo ooat 4 1/2 een-hra(tote: 
Re-oil Mech. failure Op. Groop & re-wte 

Ti• cycle 

Final - 0.5 in. 11/2-2-S Coaplete PresaW1! loaa filde. Serv. Person prot. J month• u l/J aan-hrtl. (tot.el 
10 Pkg. J..ct1vit7 Radn. Cont. ~ckaging, 

Tioe cycle Op. Groupe buri&l 

Mech. failure 

Int. - 0.5 ln. Colllpl~te Time cycle Bldg. o:;erv. -.. ) 90ntri8 1 3 un-hro.(tctel) Final - 1.0 in. Pkg. Prea:iiul"fl Joas 19.dn. Cont. obo .. Mech. rann~ 

• • 



N 
OD ... 

Manufacturers 

Americ2.n Air 
Filter Co. 

American Air 
Filter Co. 

Dollinger Co. 

American Air 
lHlter Co. 

Flanders 
Filter Oo, 

Trade Name 

Throw 2.w2.y 
type glRSS 

fibre fil
ter. 

Multi-Duty 
Air Filter 
e.utcm2.tic, 
s lf-cle?.n
ing. 

Dollinger 
e.ut oma tic, 
self-clean
ing. 

Throw 2.way 
type gle.s s 
:fibre fil
ter. 

P.ir pure, 
Ga~. No. 
2G70b 

" 
.. 

Table 7 KAPL Data 

3CONOMIC SUREY OF ICAPL AIR CL:sAN!UG OP::;RATIOUS 
'~pP..ce Requirements Face 

Cleaner Site Cleaning ~lea_uirement 
and Process 

cu ft/CFM Area 
Overall Capacity Cle?.ning (sn_ ft) 

Classific2.tion Apnlication Dimensions (CFM) Capacity 1000~ 

Precleaning 
performed 
glass 

Precleaning, 
oil-coated met
<'.l screens, 
type MS 

Pre cleaning, 
oil-coated 
metal scre:c;ns 

Prccleani:ng 
21reformed 
gloss 

Ultra filter
F200 filter 
media 

Prefil ter Su:rply Suburban Arec>. P.trnos- 2 11 x24 11x24 11 

Gen. Ventile.tion phere air '"lrspared 
:for nucl:o<=:r fuel 
exP.minP. ti on rrnd i:r~ste 

processing aree.s. 

Prefil ter Supply Su"burb?n a.rea atmos- 8 1 x8.5' -
Air, Gen. Venti- phare ~repared fDr 18 1 xl2 1 

lation. })rodudion m2.c'.llne All ['.re 20 11 

shop ;:md l?.bor2.tori:3S. deep. 

Prcfil tcr Supply Surburhan Are~ ,, trnos- 10 1 ·rJ2 .5' -
Air, Gan. Venti- nhere preoara<l. for 15 1xl2.5 
lation. labor2torius. All ~re 2 1 

Precleaning B.x
hP.us t Air Multi
Curie Fission 
Product Lab. 

:Sf\boratory e~haust 
air· prepared for sub
s6nuent ultr~ filtra
tion. 

deep. 

2 11:x24"x~4 11 

Final Cleaning Laboratory -:,xh<iust ll 11x24 11x24 11 

Exhaust .t>.ir Hul- air prepo.red for pul)-
ti-Curi~ Fission li~ environment. 
Product Lab. 

1200 

18,900-
60,000 

40,000 
to 

60,000 

1000 

100-
1000 

5.6xl0--4 

6x10-J 

CFM 
CleP.n
ing 
Capa-

illL 
J.J 

36 

6.25x10-J J.·14 

-4 
6.4xl0 4 

4xlo-2_ 
4x1o··J 40-4 



tiestern Pr0- Multicone Precleaning Pr9cleaning E:x-- Machine Shop metal 8 1 x8 1x8 1 59,000 8.6xlG-J 
cipitatibn Type 9VG/2 cyclone haust Air Produc- dust removal from 

N Col'J:loration Model P- sep.?.rator tion Mach, Shop el[h.aust air 
CID 1992J-40 N 

1 1xl0 1x8 1 59,000 l.4xl0-J l.L 
Improvis;;d None Final cleaner, Finci.l Clt::anine- Machine Shop ai r pre-

Fibre bed Exhaust Air Pro- pared for vublic en-
pr;;fonned duction Mn.ch.Shop vironment. 

• • .. 
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APPENDIX II 

Estllna.ted Costs of Air Cleaning Systems 

Table 8. Air Cleaning Costs of Roughing and Precleaning Filters 

Cost in Dollars per cfm _pE;>r yea!' 

ID Flow Rate Depreciation Equipment Power labor Total Comments Type --
8c -- -- 0.003 2. 775 0.002 2.780 Power Coste incltlded Dust op 

and dominate 

7c -- -- -- o.45o 0.027 O.li77 Initial Cost high OCHS 

5.1 16,ooo .4000 0.0002 -- 0.005J 0.4055 t OCMS 

9 3840 -- 0.0000 -- 0.3ll:'O 0.3120 Labor Costs Dominate Taylor 
N 
OD 1. 2 1000 .0071 0.0816 o.H3oo o. 2687 a1~d Ca-24 c.o --

J.2 1000 .oon 0.0816 -- 0 .1800 0.2687 Equipment Charges Ca-24 

1.3 1000 .0060 0.0816 -- 0.1800 0.2676 Relatively High Pl-24 

2.2 1000 .ooeo 0.0816 -- 0.1800 0.2676 f Pl-24 

3,3 1000 .0060 0.0816 -- 0.1800 0.2676 

Hit Flow 

Pl-24 

11 10200 -- 0.0250 -- 0.0750 0.1100 F:HA,5 

le 100,000 -- 0.0324 -- o.001s 0.0339 F:l5R/OT 
Rates 

2b 1760 .0096 0.0558 -- 0.0082 0.0736 Pl-24 

la 6847 -- 0,0027 -- 0.0161 
Low Equipment 

0.0188 Dust op 
and 

3a 92865 -- 0.0023 -- 0.0155 0.0178 Dust op 
Labor Costs 



Air Cleaning Cosk of Roughing and Precleaning Filters (Cont•d) 

23 65400 -- 0.0010 -- 0.0117 0.01?7 RSVT 

25 120,000 -- 0.0008 -- 0.0096 0.0104 I RSVT 

24 120,000 -- 0.0008 -- 0.0096 0.0104 RSVT 

4.1 430,000 0.0076 0.0001 -- 0.0005 0.0082 OCMS 

21 108,000 -- 0.0009 -- G.0071 0.0080 RSVT 

ld 65,000 -- 0.0049 -- 0.0030 0.0079 OCMS 

10 40,000 - 0.0001 -- 0.004$ 0.0046 F:l5R/QT 

16 26,000 - 0.00010 -- 0.00185 0.0020 I Pritchard 

1 3,600,000 - 0.00033 -- 0.00148 0.0018 I AM:ltr' 

N : 2 1,630,000 -- 0.00012 -- 0.00054 0.0007 I AM:KF 

5 7' 200 ,ooo -- 0.00002 -- .00043 0.0005 I AM:P-5 

3 2,700,000 -- 0.00002 -- .0004J 0.0004 I AM:P-5 

4 5,400,000 -- 0.00001 -- 0.00028 0.0003 l AM:P-5 

OCMS: Oil Coated Metal Screen F:---, Fulflo-----

RSVT: Rotating Screen Viscous Type AM:KF; Air Maze Kleen Flow 

.. • 
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Table 9. Air Cleaning Costs of Electrostatic Precipitators 

Flow Rate, 
ID Type in cfm Depreciation Equipment PowPr Lah or Total Comments 

lb Electro- 184000 0.085 0.024 ~} 0.058 0.167 Adjusted power; 
ma tic equipment and lator 

3,5 Oil Mist 1200 0.117 0.01? -- 0.018 0.1)~7 costs indicate tctal 
Pree. cost of $.i5 to 0.2 

s Electro- 5380 0.104 -- 0.02Fl -- 0.132 per cfm/yE:ar. 

ma tic 

20 Cottrell 960,000 -- -;~~} 0.007 0.021 0.02fl Depreciation costs not 
N Ppt 
GD included. The deprecia-OI 

22 West. Elect. t..i.on and power costs 
Ppt 19,000 -- ~H~ -- O.OJ5 0.00~ 

would result in ~n e5ti-

2d Oil Mist 
mated addition cost of 

Pree. 65,000 -- '' -- 0.0041+ 0.0044 $0.1 per cfm per year 

~~ Included under labor costs 

~H:- No costs to date 



Table 10. Air Cleaning Costs of Bag Collectors 

Cost, in Dollars per cfm per year 

ID ~ Flow Rate, Depreciation ~~ 
~~* Total >HH< Comments Equipment Power Labor 

in cfm --
27 Aeroturn 600 -- 1.307 -- o.C20 1. 9'?7 Unit costs high with 

low flow rate 

7,3 Disc. ??00 0.764 0.058 -- 0.120 1.942 High installation cost 

Filter but low operational costs. 

8.2 Amer jet 3500 0.238 0.0002 -- -- 0.242 

1.1 Mikro- 64000 0.062 0.130 -- 0.009 0. ;JQJ Costs decreases with 

Col 
N 2.1 Dual- increase in flow 
OD ca Aire 85000 o.o6o 0.065 -- 0.009 0.134 

rate 

3.1 Dual- 85000 0.060 0.065 -- 0.009 0.131.i 
.Aire 

6.1 .Aero turn 300 ,ooo o.oso 0.028 -- 0.006 0. Oi3)~ 

>< Write-off over a period of 5 y.;ars 

-:HH~ Avg. labor costs of $6/man-hr were assumed 

=< Hp/1000 cfm requirements for the above collectors vary from 0. 9i1 to L. 5 for 8000 hrs operations per 

year with fan and motor efficiency taken as 60%, 1 Hp/1000 cfm would result in a power cost of $0.1)0/cfm/yr. 

Power costs for ID 7 _ 3 is estimated at $0.6/cfm/yr whereas the other power costs are approxi.mated at 

$0.J/cfm/yr on the basis of $0.015/kw-hr. 

,. .. .. 
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Table 11. Air Cleaning Costs of High Efficiency Filters 

Cost in Dollars per cfm per year 

ID Type Flow Rate, Depreciation Equipment Power Labor Tob.l Comments --in cfm 

28 Absolute so -- 2640 -- 1. i~40 4.080 Unit cost high at cont. flow rate. 
Add. 0.015.- Power and 0.028 for 
depreciatbn 

3.4 Abs. (Cell- 1000 0.028 1.694 -- l. 41~0 J.J.62 Units replac8d each month. Add 
Asb) 0. 30 for Power. 

LS Abs. (Cell- so 0.028 1.694 -- 1.1140 3.162 Low flow rate and monthly re-
Asb) placement. Add 0.015 for Power. 

l.._{ Abs. (Glass-
Cell) -- -- O.OlS 

N 
2.025 0.002 2.0h2 Hj_gh power costs dominate 

OD 
~ 

2a Abs.(Cell- 6847 0.261 1.460 1. 721 High level activity area -- --
Asb) 

7.1 Abs. (All 2200 0.013 1.200 -- O.J8o J,399 Equipment costs dominate 
Glass) 

2c Abs. (Glass -- -- o.02s 0.97S 0.002 1.002 Costs governed by power 
Cell) 

requirements 4c Abs. (Glass- -- -- o.02s 0.97S 0.002 1.002 
Cell) 

2e Abs.(Glas~) 100,000 0.680 o.on -- 0.020 0.727 Insiall~tion costs high, opera-
tional re la ti vely low. 

1.4 Abs. (Cell- 1000 0.008 0.516 -- 0.072 0.)96 ~dd 0.30 for power costs. 
Asb) 

4a Abs. (Cell- 92865 -- O.Jl10 -- 0.396 o.SJ6 Flow rate high cont~ibutes to 
Asb) relatively low costs. 



Jc 

N 
CD 
CD 

5.2 

,. 

Abs. (Glass-
Cell) 

Abs. (All 1000 
Glass) 

Air C1eaning Costs of High Efficiency Filters (Cont'd) 

0.025 

0.006 O.OJO 

0. 22.5 0.002 0. 252 Replacement costs low, filters 
changed every two years 

0.005 0.041 Filters replaced every two years. 
Add O.JO for Power. 

Conclusions: Under conditior.s specified ahove the annual operatj onal costs 

(including power and dPpreciA.tive costs) for thP use of AbsoJute 

Filters is estimated to be 0.5 to 5.o dollar/3 / dm. 

"' • 
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Table 12. Air Cleaning Costs of Composite Systems 

ComEosite System costs, in do1lars/cfm/year 
1HH~ Flow 'I.ate, Eff. F D.F. Depreciation Equipment Power Labor Total Comments 

in cfm - -
Rad.Materials Lab. 5380 99.95 .OOU5 2000 -- 7. 732 -- -;H~ 7.732 Includes LEF, 

l1eF,EP 

Exhaust Systems 67050 99,95 .0005 2000 -- 2.614 -- 1.881 4.495 Includes LEF, 

Waste Incinerator 5500 99,95 .0005 2000 -- 2 .L~87 -- .486 
HEF, BC 

2.973 Includes CY, 
HEF,BC 

Ten Site 27600 ? 2000 .361 .319 1:- . 218 .898 
Reactor Exhaust 100,0JO 99.95 .0005 2000 .680 ,028 -- .020 . 728 DPF, BEF 
Chemical Metallurgical 35,ooo 99.95 .0005 2000 .195 ,362 i\ .118 .675 LEF,HEF,etc. 

D.P.W. 184~000 99.5 .005 200 .095 .080 -~~- .066 .241 Includes LEF,EP 
.., Reactor Supply Air 
GD 

100,000 75 .25 4 -- .043 -- .006 .049 Includes LEF 
co Reaotor Supply Air 100,000 75 .25 4 -- .032 .002 .034 Includes LEF --

General Supply Air 430,000 60 .L.. 2.5 .0076 .0001 -- .0005 .0082 OCM:::i 
Ganeral Supply Air 26,000 60 .L 2.5 -- .00010 -- .oo:85 .0020 LEF 
General Supply Air 7,200,000 60 .4 2.5 . - .00002 -- . 000!13 .0005 AM 

~~ Included new equipment and labor costs 

'H<- Included under equipment costs 

-:HH<- LEF, Low Efficiency Filters, the Dustop~ etc. 

HEF, High Efficiency Filters, the Absolute Filter, EO~c. 

EP, Electrost.2.tic precipitators 

BC, Bag Collectors 

CY, Cyclone 

DPF, Deep Pocket Filters 



Discussion 

Q. (c. E. I.apple, Stanford Research Lab.) I would like to ask 
you about your proposa.l to express equipment costs in terms 
of penetration. If I interpreted your suggestion correctly 
the first approxiDBtion you would present costs in dollars per 
year per CFM, for a unit of penetration, as being a rough 
constant. On that basis if you have 39fo efficiency and want 
to raise it to 99.99 you say it would cost a hundred times 
as much per year to do that. Am I interpreting your sugges
tion right? 

A. If you have 99'fo efficiency and want to raise it, you would use 
a factor of 100 - seems that would be extremely pessimistic -
expect implementing cost would be factor of 3 to 4. 

Suppose you have filter giving 9gfa efficiency and put an 
filter in series with it, if you have a homogeneous aerosol 
you would get 99'fo over all at just about twice the cost. 
Actually aerosol is not homogeneous so you would not get 
that much efficiency, but it would still be 99 something 
percent efficiency. I suggest consideration for presenting 
the costs in terms of dollars per year - for the present time, 
let's take what we have because we have to go a.long with exper
iment data. Experimental. data shows penetration times the 
cost is equal to the constant. 

Q. (Belter - AEC Washington) Joe, has srry consideration been given 
especially after more data is accumulated to breaking do'WD. 
this data by the type of facility. Whether it would be say 
a laboratory facility or production site or perhaps a certain 
type of reactor site. 

A. Yes, definitely. We have even started on that. Our data a.a I 
presented it, there are specific systems but we are also goi.DC 
to integrate that into the broad functions of the whole site. 
We must get the basic data and the essential data so that we 
can build up on it. 

Q. (B. L. Rich, PPCo.) I was wondering -- an economic review seems 
to intimate that you would evaluate a process in terms of 
economics rather than evaluate in terms of process in regard 
to fil teration problems. Is this part of your program? 

A. Yes, as I pointed out - we are interested not only on the 
economics of the efficiencies with respect to the financia.l 
setup but also with respect to the physical or th~ effective
ness of that system. Thereby wherever we can be helpful in 
pointing out something in pointing out what others have done 
I think we would put into it as we have a.lready done that in 
the survey. You will notice that the economics is just one 
phase of the whole evaluation. 
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RICHARD DENNIS, and LESLIE SILVERMAN 
Harvard School of Public Health, Boston, Mass. 

ABSTRACT 

Research studies on removal of fine fumes ( < O.$µ.) from high 
temperature gases (l000°F) are being conducted at Harvard for the 
American Iron and Steel Institute. Four main phases of this project 
are discussed in this report: (l) agglomeration of fine fume; (2) 
heat transfer characteristics of rotary screw agglomerators; (3) 
shock wave cleaning of mineral wool filters; and (4) pilot plant 
investigations of use of mineral wool for high temperature fume 
filtration. 

Through agglomeration, submioron particles in metallurgical 
furnace effluents can be increased in size, facilitating their 
removal by fiber filters and extending filter life. The rotary 
screw agglomerator used for this purpose has shown a heat transfer 
rate in excess of What normally might be expected which considerably 
reduces (100 to 600°F) the temperature of gases going to the filter
ing unit. Shock wave cleaning of mineral wool filters has been used 
to extend filter life in laboratory and field units as well as to 
reduce space requirements on a prototype unit. Using this shock 
wave cleaning method, as well as features from previous pilot plants, 
we have had very encouraging results on a 2000 cfm mineral wool 
filtering unit operated on fume from open hearth and electric 
furnaces. 

Introduction 

Many industries exhaust high temperature gases containing sub
micron fumes directly into the atmosphere. There is cleaning equipment 
available to control these situations, but because of the small particle 
size (-< 0.5µ) and the high temperatures ( > 1000°F), cost of such equip
ment presents an undesirable capital burden. 

Steel industry problems are primarily concerned with removing 
visible (non-toxic) particulates from metallurgical furnace exhaust gases 
from the standpoint of air pollution control, and as such, they require 
removal of greater than 90% of the fumes. Results of these studies can 
be applied to certain AEC problems such as incinerator effluents, air or 
gas cooled nuclear reactors, certain gaseous, liquid and solid process 
wastes, etc. 

291 



N 
co 
N 

TABIE l 

Characteristics of Experimert al Rotary Screw Agglomerators 

Nominal DiaJlleter, Inches 12 2lj. 

Actual Diameter, Inches 
Pitch or Lead, Inches 
Screw Length, Inches 

2-3/4 6 12 24 
2 6 12 24 

24 36 54 140 

Number of Screw Turns 12 6 7 6 

Shaft Diameter, Inches l 21 3 4 ~ 
Inlet and Outlet Sizea, Inches 1-!ID 3-2ID 6ID In 24 x 4-3/4 

Out 12ID 

Cross-Section of Gas Pathb, Square Feet 0.011 o. 090 0.38 i.625 
Hydraulic Radius of Gas Path, Feet 0.025 0.062 0.136 0.289 
Total Length of Gas Path, Feet 7.3 7.8 17 .5 29.9 

Spiral Channel Reynolds Number lo4-1. 5 x 105 104-1.5 x 105 104-i.5 x lo5 1.5 x lo5-3.5x105 
Overall Reslstancec, Inches, Water 1.2 3.0 Z.5 2.2 
Gas Flow, cfm, STP 38 200 600 2400 

Collection Efficiencyd, % 47IF 15LF 40FF 44FF 
Spiral Channel Friction Factor (f) 0. 013-0. 0085 0. 013-0. 0085 o. 013-0. 0085 0.026 

---- ----------··---- -

a. Twenty-four inch model constructed with slotted inlet extending across two adjacent flights. 
b. Assumed from a plane passing through the screw axis. 
c. Inlet velocity 3000 feet per minute at stated gas flow. 
d. LF = laboratory fume simulant, FF = field open hearth f~~e. 
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Fig. 1-Field installation of agglomerator and cyclone. 



l'he principal objective of this project is to produce a gas 
cleaning unit that will require minimum floor space, low capital 
investment and lov; operational cost. Research work directed toward 
this end has shown that a rotary screw agglomerator can both increase 
particle size, facilitating subsequent fume filtrat~on, and greatly 
reduce gas temperatures, s~mplifying the construction of the filtering 
unit. In addition, mineral wool fibers (ll/lb.) can be used repeatedly 
on iron oxide fume when cleaned with shock waves to extend filter life. 
This development has been applied to a pilot plant unit presently being 
field tested which can filter and clean within the same chamber thereby 
reduc:i.ng floor space and aux~liary equipment. 

Agglome~ation Studies 

The study of agglomeration is divided into two parts; the particle 
concentration instrumentation,to be presented separately, and the means 
of producing agglomeration, mechanisms of which have been presented (1). 
This paper is a continuation of studies reported at the 5th Air Cleaning 
Conference, with some of this previous information being included in the 
tabulations. 

A vertical 24 in. diameter rotary screw agglomeration unit {see 
Table 1) has been field tested on open hearth furnace effluent. A 
24 in. diameter cyclonic vane type collector was operated in series 
with the agglomerator or with the agglomerator by-passed as shown in 
Figure 1. The fielC. operations showed that neither lntermittent nor 
contirnious rotation of the screw caused any apparent change in 
collection efficiency above that when the screw was held stationary. 
Efficiencies of the various arrangements tested are listed in Table 2. 

TABLE 2 

Particle Removal Efficiency of Rotary Screw Agglomerators 

Nominal 
Screw 
Size 
Inches 

3 

Aerosol~} 

IF 
IF 
IF 
IF 

Fly Ash 
FF 
FF 
FF 
FF 
FF 

Efficienc~-
% 

Remarks -

0 
2.5 

47.0 
1.5.2 
22.0 
40.0 
43.8 
1.5 • .5 
35.6 
.52.6 

Insulated, no settling chamber 
Insulated, with settling chamber 

Uninsulated, with settling chamber 
Uninsulated, no hopper 
Uninsulated, no hopper 
Uninsulated, with long. hopper 
Screw Agglomerator 
Cyclone Eff, (following screw) 
Cyclone Eff'. (by-pass screw) 
Cyclone and screw 

* IF = laboratory simulant .iron oxide, FF = field open hearth fume 
** Inlet temperature 500°F or above, screw stationary or rotating 

at l to 2 rpm. 
~Hi- Screw unit in vertical position. 

Collection efficiency of the 24 in. agglomerator (primarily not a 
collector) was slightly larger than the collection efficiency of the 
24 in. cyclone. 
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Sample 
Number 

1 
2 
3 
4 

Aver.age 
5 
6 
7 

Average 

TABIE 3 

Performance 8 of Rotary Screw Agglomerators on Iron Oxide Fume 

------ ---- l)--- --
Particle Size 1 Microns 

Inlet Outiet 
Mg 6 g Mgt Mg G' g 

0.17 1.8 0.47 0.23 2.1 
0.09 1.9 0.30 - -0.12 1.9 0.42 0.13 2.1 
0.24 1.8 o. 70 0.15 2.5 
0.15 1.8 o.47 0.17 2.4 
0.019 1.8 0.049 0.013 2.7 
0.11 2.1 o.63 0.23 2.1 
0.015 3.4 1.6 0.017 2.3 
0.048 2.4 o. 76 o. 087 2.4 

% Increase 
Mgt Mg Mg' 

4.9 35 940 - - -
0.60 8 43 
1.9 -38 170 
2.5 13 430 
0.32 -32 550 
1.6 109 150 
0.13 13 -92 
o.68 81 -10 

Unit 
Diameter 
Inches 

12 
II 

II 

II 

II 

24 
II 

II 

" 

Remarks 

During lime boil 
II 

" 
" 

During working period 
II 

During flush-off period 

a. Results of electron microscope analysis of inlet and outlet particle size, average magnification 
30,000 x. 

b. Mg = count median diameter, µ, .S- g = standard geometric deviation, Mg' = mass median diameter. 



An analysis of electron-microscope targets of simultaneous inlet 
and outlet fume samples from the 12 in. and the 24 in. agglomerator 
are presented in Table 3. In 2 out of 3 cases for each agglom.erator 
the outlet particle size is in excess of the inlet size and this 
increase is in excess of what might be expected for unaided diffusion 
coagulation. 

Presently a 6 in. agglomerator is being adapted to use an 
additional agglomeration producing mechanism, the introduction of 
moving targets such as alundum shot or extended surface packings. 

Another phase of the agglomeration studies is the examination 
of resuspended particles from a loaded filter. It was first suggested 
by E. Anderson (2) in 1934 that filters could act as agglomerators 
with reentrained larger particles collected subsequently by other 
devices. The results of these agglomeration tests using low level 
shock waves to dislodge particles from mineral wool filters are 
presented in Table 4. Line 1 shows the characteristics of the initially 
generated fume with.the following tests being made on resuspended 

Table 4. Particle Size of Iron Oxide r'ume Removed From Mineral Wool 
Filters By Shock Wave Cieaning 

Test Particle Size - Micronsa 
No. Mg G'g Mg' 

l 

2 
2' 

3 

4 

5 

0.056 

0.12 
0.32 

0.076 

0.37 

0.063 

1.9 

2.1 
l. 7 

l.9 

2.1 

2.0 

0.19 

0.62 
0.12 

0.27 

2.0 

0.29 

Magnification 

30, 700 

30, 700 
7, 700 

30,700 

7, 700 

30, 700 

lhast."9 
Pressure 

In.H5._ 

_b 

3 
3 

4 
6 

12 

~----~--------~·----------------~----------------------------~--~ 
a. Mg= count median diameter, microns; 0-g = standard geometric 

deviation; Mg' = mass median diameter, microns. 

b. Initial fume size as generated and filtered. 

particles. Lines 2 and 2• are the results from the same grid of an 
electron microscope target but at different magnifications. The 
lower magnification evidently over-estimates the fume particle size 
by a factor of about the same as the ratio of the magnifications. 
Lines 2, 3 and 5 show that the dislodged particle size is larger than 
the generated size but that it is decreased as the blast pressure is 
increased. 

Heat Transfer Study on 6 in. Jacketed Agglomerator 

One of the unanticipated but desirable aspects of the screw 
agglomerator has been its performance as a heat transfer unit. 
Because of the spiral flow .and disturbed boundary layer, eddy transfer 
is enhanced. An added advantage of the unit is the walls may be 
cleaned by merely rotating the enclosed screw so that the agglomerator 
becomes a self cleaning heat transfer unit. 
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Unit DescriEtion 

Our present model (F'igure 2) consists of a helical screw within 
a vertical steel tube with an outer concentric steel tube forming a 
jacket for the cooling liquids. The 9~ in. outside diameter by 5 ft. 
long jacket has a 1 in. pipe inlet and outlet. High temperature gas 
is admitted by a rectangular tangential entry to the screw through 
the base of the jacket. A round tangential exit is above the expansion 
collar connecting the steel tubes. The 6 in. diameter by 6 in. pitch 
screw can be held stationary, rotated, or removed from the unit • 

Table 5 
SUMMARY OF HEAT TRANSFER CHARACTERISTICS OF ROTARY SCREW AGGLOMERATORS 

Cooling Fluid Screw Inlet 
Temp. 

Op 

Gas Flow 
lbs./hr. 

Coeff. 
BtuLhr./ 
ft.2/°F 

Temp. Drop 
Op 

A. VALUES REPORTED IN PERRY, J.E., "CHEM. ENG. HANDBOOK" 

Nat•l. Conv., Gas 
Fore. Conv., Gas 
Nat 11. Conv., Liquid 
Fore. Conv., Liquid 
Nat 11. Conv., Boil. Lig. -

0.6-2 
2 -6 
1 -3 
2 -10 
1 -10 

B. SIX INCH DIA. 
Nat 11. Conv., Air 

UNJACKETED AGGLOMERATOR - LAB. STUDY (Ser. 
0.60-0.66 
1.3 -1.8 

Horiz.J__ 
70-95 

120-190 
220-360 
220-230 
320-350 
s20-s30 

II II 
Out 670 340-560 
In 700 370-550 
In 1000 410-500 
In 500 440-620 

II II 1. 8 -2.4 
Running Water Film 

II II 

II II 
In 700 400-540 
In 1000 310-~80 

13 -17 
12 -16 
10 -16 --c. TWENTY-FOUR INCH DIA. UNJACKETED AGGLOMERATOR - FmLD STUDY (Screw 

Vert.) 
Nat*i. Conv, Air In 845 

to 1200 
?600 

to 
12800 

157' 000* . 
to 885,00D* 

*Btu/hr. 

55 to 270 

150 hours operation analyzed for 12 days, upon rotation of screw the 
heat transfer ra~~reased 30~. -

- LAB. STUDY - (Ser. Vert.) D. SIX INCH DIA. JACKETED AGGLOMERATOR 
Nat f 1. Conv., Air In 1000 
Fore. Conv., Air In 1000 
Fore. Conv., Water In 1000 
Boil. Water - Steam(lOO#)In 1000 
F.C. - Dowtherm A In 1000 

11 
" In 1500 

" t1 Out 1000 
" t1 Out 1$00 

200-660 1-3 100·150 
200-100 3-5.5 150-300 
250-850 7-16 300-550 
250-800 5-15 300-400 
200-850 6-16 250-560 
170-740 6-15 590-950 
190-820 3-13 270-350 
19o-z5o 2-13 __ soo-650 --

Test Results 

Table 5 lists the results of heat transfer studies obtained with 
this unit using air, water, steam, and Dowtherm A, with the screw in 
place and removed. The results of previous tests on a 6 in. and 
24 in. unjacketed agglomerator in addition to values from a standard 
reference are also reported. It is evident from these studies that 
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Fig. 2 -Rotary screw agglomerator, heat transfer unit. 
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the overall heat transfer is on the order of 1.5 to 2 ti.mes greater 
than standard values. Studies are presently being continued with 
modifications to the 6 in. jacketed screw unit, to investigate heat 
transfer in addition to agglomeration effects, as mentioned previously. 

Shock Wave Studies 

Results of Previous Investigations 

Prior to the start of the present study in the laboratory, a 
comprehensive investigation had been undertaken for the U. s. Atomic 
Energy Commission on the effects of shock waves on gas cleaning 
equipment, particularly filters and electrostatic precipitator plates. 
This AEC study was composed of two parts; (a) an investigation of 
filter damage and dust reentrainment from commercial Dust-itop and 
AEC High Efficiency (Absolute) Space Filters held in a 20 in. diameter 
laboratory shock tube (3), and (b) an extended investigation of dust 
dislodged from 6 and 12 in. deep AEC absolute filters and electro
static precipitator plates (coated and uncoated) in a ventilation 
system subjected to a shock wave from a detonated nuclear weapon (4). 
(Shock waves were produced in the laboratory tube by bursting 
calibrated Kraft paper diaphragms.) Both of these studies have been 
reported in detail in references cited, so only a partial summary of 
pertinent test results is presented in Table 6. Laboratory shock 
tube tests on standard Dust-Stop filters and 6 in. deep AEC filters 
(24 x 24 x 6 in.) indicated some structural failure occurred at over
pressures of 1.5 and 6.0 in. Hg., respectively. Moderate damage or 
partial failure consisted ~rimarily of movement of filter media within 
the filter frame, usually 4 in. or more away from the blast direction. 

Dust reentrainment studies from 6 and 12 in. deep AEC filters 
in laboratory and field installations indicate from 4 to 98% of 
initial dust loading is removed by weak shock waves, at overpressures 
ranging from 1.1 to 5.0 in. Hg. Dust removal C%L) from AEC filters 
tested in the field was found to be proportional to overpressure, 
initial dust loading, and inversely proportional to filter depth: 

126 Li p0.4 
'f, L = D 0.8 (l) 

where the overpressure (P) is expressed in psi, the initial filter 
loading (Li) in grams/sq.ft. of filter surface (100 sq.ft. for 
500 cfm filter, 200 sq.ft. for 1000 cfm filter) and depth (D) in 
inches (6 or 12). The amount of dust removed from these filters was 
proportional to the amount of dust on the filter before the blast, 
i.e., a filter with 100% dust load (defined as amount required to 
double the initial filter resistance) lost essentially all of this 
dust when exposed to a shock wave. It was found experimentally that 
peak overpressure was a somewhat less important factor than had 
originally been suspected, 1.e., a doubling of the overpressure with 
a constant amount of dust on the filter caused only a 30% increase 
in dust removal. 

The purpose of these laboratory and field tests was to establish 
levels of shock wave overpressures that caused structural damage to 
elements of gas cleaning systems, particularly filters; to determine 
amount of dust reentrained from gas cleaning devices below critical 
(damage) pressures; and to determine effective means of controlling 
or minimizing both. The rather large amounts of dust removed by 
shock waves below damage level overpressures suggested this method 
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TABLE 6. -- DUST DISLODGED FROM FILTERS BY SHOCK WAVES 

Test 
Device 8 

Snock !nrtii!- Initial Du~ Remarks 
Wave Dust Dust Loss 

Pressureb Load Load grams-% 
----.~~--i_n_~._H_g_. ______ g~r_a_m_s _____ .!:_ ____________ _ 

A. Laboratorz 20 Inch Diameter Shock Tube Stud;y_ 

Dust-Stop 1.5 

Dust-Stop 3.0 

AEC-6 4.3 

AEC-6 6.3 

AEC-6 12.1 

Blast effects study -
moderate damageC 
Blast effects study -
complete _failure 

Blast effects study - no 
damage 
Blast effects study -
partial failure 
Blast effects study -

------------~--·-----------~·~-----------c-o~m.e-...~2.....f~a~i~l-u_r_e ____ ~---
AEC-6 3.4 155 
AEC-6 3.7 126 
AEC-6 ,2.8 26 

AEC-12 5.0 429 
AEC-12 - 4.7 39 

75 
56 

.J:.O 
100 

8 -

152 
7~ 

359 
20 

98 
59 
32 

B. Field Studut Simulated Y,!El!_lation §.Istem Exposed to Shock 
"Wave Q:~Ji~ear t:!E~ion 

357 98 306 86 
213 30 155 73 
275 100 177 64 
212 25 110 52 -- ~---------

744 100 557 75 
575 31 331 58 
554 56 294 53 

826 69 460 56 
585 50 26 4 Filter preceded by blast 

attenuation device. 
filt§_ ~9 224 41 --
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as a potential means of cleaning filters for reuse. This has led 
to the application of shock wave treatment to mineral wool filters 
used to collect open hearth fume, to lower their resistance periodi
cally during use as described below. 

Description and Operation of Test Eguipment 

To test the effectiveness of shock waves for cleaning of mineral 
wool filters, our standard 6 in. diameter filter test unit (5) was 
modified by addition of a 6 in. diameter by 6 ft. long (1.22 cu.ft.) 
pressure reservoir downstream of (behind) the filter test section and 
the blower used to draw air through the system was connected to a 
tee, as shown in Figure 3. During normal operation, room air (30 cf'm 
for 150 fpm filtering velocity) was drawn into the 6 in. diameter 
pipe, entraining iron oxide fume generated by combustion of iron 
pentacarbonyl (Fe(C0)5) at the inlet. Fume-laden air passed to the 
6 in. diameter by 2 in. thick slag wool filter (from right to left 
in Figure 3) where fume was removed at 90-99% efficiency. The cleaned 
air was then exhausted through an orifice meter in the branch line to 
a fan. Up- and downstream samples ( l cfm) were withdrawn s.imul taneously 
at locations indicated, by means of sampling probes holding 1-9/16 in. 
diameter all glass filter papers. As fume accumulated on the slag 
wool filter, resistance rose to a predetermined level, whereupon 
generation of the aerosol was stopped and the valve on the branch 
leading to the fan was closed. A Kraft paper diaphragm (one or more 
sheets, as required) between the pressure reservoir and the filter 
was then burst by admitting compressed air to the reservoir (to the 
desired overpressure, usually 5 to 10 in. Hg.) and puncturing with 
the lance shown. This s.imple process caused a minor explosion which 
generated a shock wave that traveled down the tube thro'ugh the slag 
wool filter (from left to right in Figure 3). This procedure of 
loading the filter with iron oxide and subsequently removing it with 
a shock wave was repeated until the filter efficiency decreased below 
Bo%, when the test was stopped. 

Figure 4 is a picture of the shock tube prior to the blast. The 
normal steel inlet is replaced with a transparent plastic tube to 
indicate the results of the blast shown in Figure .5. 

Laboratory Results 

The blast pressure should be large enough to reduce the filter 
resistance to the initial value, or near it, and yet not dislodge 
excessive amounts of the filter media. This value was found to be 
5 in. Hg for an arrangement of 6/1.2/S (6 in. diaphragm diameter, 
1.2 cu.ft. blast chamber volume, 5 in. Hg overpressure). (See 
lines l and 4, Table 7.) 

The ratio of the diaphragm to the filter area was varied from 
1:1 to 1:7 and 1:9. Two orifice plates with 2.3 in. diameter open
ings holding a diaphragm between them were installed to give the 1:7 
ratio. The chamber pressure had to be increased to 10 in. Hg over
pressure to obtain adequate cleaning. A temporary 18 in. diameter 
filter holder with transition pieces was installed to operate in 
conjunction with the 6 in. diameter diaphragm. This arrangement also 
required at least 10 in. Hg overpressure for adequate cleaning. (See 
lines l, 2, 3 & 5 in Table 7.) 

The blast chamber size was varied from 1.2 to 0.72 and 0.44 cu.ft. 
by inserted objects. The 6/0.7/5 and the 2.3/0.7/10 arrangements 
tended to function s.imilar to those using the 1.2 cu.rt. blast 
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Fig. 4-Blast wave filter cleaning setup (photograph before blast). 
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Fig. 5-Blast wave filter cleaning setup (photograph during blast). 

o. 1----1-___ !__ __ _J ___ --J ___ _J_ ___ -l.. ___ -l.. ___ -+----...J_-'fr'--~o 
20 24 2 8 32 36 42.S 4 8 12 16 

-;!'.5' MINE RA LITE FILTER 

6" DIAMETER DIAPHRAGM 

1,2 CU. FT. VOLUME IN 8LAST CHAMBER 

0.0852 AVERAGE INt.ET LOADING JN GRAINS/cu. FT, 

150 FlfMlNUTE FACE VELOCITY 

40•t. OF BLAST CHAMBER RESTRICTED 

AVERAGE BLAST PRESSURE 5" HG 

Fig. 6-Blast performance study curves. 
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Table 7. 

Total 
Testedb 

2 

5 
l 

2 

l 

3 

4 

1 

1 

sununary of Shock Wave Cleaning Tests on Mineral Wool Filtersa After Collection of Iron 
Oxide Ftmle 

Shock Tube 
Characteristicsc 
Dia./R.V./B.P. 

6 1.2 5 

2.3 1.2 10 

18h-6 1.2 10 

6 0.7 5 

2.3 0.7 10 

6 o.L~ 5 

6 1.2 8 

6 1.2 5 

. 6 1.2 5 

Inlet Filterd 
Cone. Packing 

gr/cu.ft Density 

0.12 5 
0.06 5 

0.01 5 
0.03 5 
0.06 5 

0.01 5 

o.o5 3 

0.02 7.5 

0.02 10 

Filter Resistance 
In. _H2Qe 

First Init. Fin. 
Avg. Av;:::,. 

4.0 4.2 8.o 

3.8 4.7 8.1 

2.6 3.3 4.0 

J.6 4.8 8.2 

3.6 4.1 7.9 

3.3 5.2 7.5 

2.1 2.3 5.5 

1.5 9.0 14.1 

9.4 14.7 28.2 

Avg.f Total g 
Eff. Number 
% Bursts 

92 31 

86 42 

81 13 

90 32 

91 10 

90 29 

77 13 

99 13 

99 13 
I 

Time 
Mins. 

69 

128 

188 

89 

16 

59 

88 

44 

84 

% Wt. 
Loss 

17 

12 

-
8 

9 

3 

12 

-
0 

-

a. Bethlehem Mineral Wool - 2 inches thick by 6 inches diameter (except in line 3, 18 in. diameter). 
b. Number of filters used in total series of tests. 
c. Dia. = diameter of burst paper diaphragm, inches; R.V. =reservoir volume, cu.ft.; B.P. =blast 

overpressure, in. Hg. 
d. Filter packing density - pounds per cu.ft. 
e. At 150 fpm filtering velocity, avg. initial does not include "first" value. 
f. Average weight efficiency in all tests including last one of each series which was less than 

80%, the criterion for stopping test. 
g. Total number of exposures to blast of all filters tested. 
h. 18 in. diameter (2 in. - 5 lb./cu.ft.) filter mounted on 6 in. reservoir. 
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chamber. The 6/0.4/5, however, was not as effective on cleaning as 
the previous two. (See lines 1, 4 and 6 in Table 7.) 

Increasing the filter packing density resulted in increased 
efficiencies and initial resistances as was expected, but the 5 in. 
Hg overpressure shock wave cleaning was not as effective on the 
denser filters as can be seen in the difference between the first and 
the initial resistances. (See lines 1, 8, and 9 in Table 7.) 

Filters can be cleaned from 10 to 20 times by low level shock 
waves before the efficiency is reduced below 8<>%, the arbitrarily 
set minimum. (See Figure 6.) 

Slag Wool Filter Pilot Plant 4 
A 2000 cfm pilot plant has been developed using slag wool for 

a high temperature filter media. The unit is designed to evaluate 
three methods of cleaning the filter media. Cleaning is done within 
the filter chamber conserving space and equipment. Another feature 
is the elimination of mechanical motion during filtration enabling 
the use of simple seals. 

Unit Descrip~ 

Major items in the pilot plant unit are a 700 gallon holding 
tank, 200-300 gpm slurry pump, a 30 HP gasoline engine driven fan 
and the 5 ft. diameter filter chamber. (See Figure 7.) The filter 
chamber consists of a 5 ft. steel cylindrical shell 7 ft. high, 
containing two reenforced expanded metal screens, a blast chamber 
on the top of the shell, and a compressed air manifold at the conical 
chamber base. The bottom screen, on which the slag wool filter is 
formed, can be rotated about a major axis to dump the spent wool. 
When not raised to storage position the top screen holds the bed in 
place between the screens for upward flow of gas or water. A 110 gal. 
chemical drwn forms the blast chamber, which is equipped with a two 
ton jack to position a 2 ft. diameter diaphragm and a mechanical 
lance to puncture this diaphragm and create the shock wave. Compressed 
air is supplied to the manifold on the bottom for mixing slurries 
within the filter housing. 

Operation 

This unit incorporates three methods of cleaning the filter media, 
which are designated PP4, A, B, and c. The initial operations of 
each are quite similar with tb.e slag wool being separated from the 
slurry to form the filter media, dried of almost all moisture, and 
exposed to the furnace effluent. The next operation differs in the 
cleaning method with PP4 A, B, and C being cleaned by a reslurrying 
of the media similar to the initial operation, a reverse flushing of 
water through the media, and a blast wave in opposite direction to 
the normal gas flow, respectively. The final mutual step consists 
of dumping of the spent wool and flushing it to waste or reclaiming 
processes. (See Figures 8, 9 and 10.) 

Open Hearth Field Results 

The data taken on the Wlit arranged to operate as PP4 A or B 
using the exhaust fume (700°F) from a local 20 ton cold metal open
hearth furnace are presented in Table 8, except for orientation runs 
1 and 2. Runs 3, 5, 7, and 8 on new beds, which maintained a 3 in. 
H2o initial :f'ilter resistance, sbowe!J increasing efficiencies of 55 
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Fig. 7-Pilot plant 4A. 
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Fig. 8-0peration of pilot plant 4A (reslurry). 
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Fig. 9-0peration of pilot plant 4B (backwash). 
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Table 6. 
SUMMARY OF SLAG WOOL FILTER PILOT PLANT 4.A, B TESTS ON 20 TON COLD METAL OPEN HEARTH FURNACE FUME 

Test Filt. Vel. 8.-fpm In. Cone. Filt.Fes.b-In.HfO Eff. TimeC Temp.a 
No. !nit. Fin. gr./cu.ft. !nit. F n. % Min. °F Remarks 

) 96 90 0.02 3.) 5.2 55 48 550 New bed - 6# - DHG 
4 95 83 0.02 S.7 1.s 94 46 580 Same bed 

5 92 54 0.05 3.6 13.1 68 44 550 New bed 
6 44 32 0.03 14.0 15.6 99 44 480 Same bed 

7 90 45 o.J o 3-4 14.4 89 60 540 New bed - 5# - DRA 

8 90 42 0.09 3.2 14.0 95 52 510 New bed - DRA 

9 89 54 0.05 4.7 12.5 98 48 500 New bed - 2# 
10 so 32 0.03 12. 7 15.2 99 47 440 Same bed 
11 91 78 0.05 - - 92 16 500 10 Backwashed 

co 12 13 so 0.24 - - 89 28 440 11 continued 
Q 
OD 

31 0.11 9.3 15.2 99. 7 53 430 New bed - 4# - DHG 13 67 
14 31 18 o.os 15.5 18.o - 23 370 Same bed 

15 92 89 0.04 3.0 7.9 93 42 550 New bed - 3 - DRA 
16 75 57 0.02 8.8 12.l 95 41 500 Same bed 
17 93 83 o.os 2.0 8.4 68 48 540 16 Backwashed - ORA 
18 BS 78 0.03 8.2 10.0 31 62 530 17 Continued 
19 93 93 0.10 2.3 2.5 44 52 520 18 Backwashed - DRA 

20 93 88 0.09 3.2 520 New bed - 2 
21 82 82 o.os 1.1 530 20 Reslurried in place 

F ltering ve oci y, eet per m nute at n co umn 8. r 
a. 
b. At temp. in column 8. 
c. Total operating time, sampling time usually 1 to 10 min. less. 
d. Average of max., min. from both inlet and outlet gas. 
e. Indicates origin of bed, packing density in lb./cu.ft. when available and method of drying -

DHG = dried on hot clean furnace gas (furnace banked) for about 20 mins.; 
DRA = dried on room air for about 4 hours. 
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Table 9. Shock wave Cleaning Tests on 2000 CFM Slag Wool Filter (2"-S#/cu.ft.) With Electric 
Furnace Fume 

Test Filt. Vel.a-fEm In. Cone. Filt. Resist.a-rn.H20 Bl.Press. Eff. Time Remarks 
No. iiiit. 'Finar gr/cu.ft. Init. Fin. Aft. Bl. In.Hg % Mins. 

22 118 109 0.10 5. O" 8.o 4.8 5 70 37 New filter 

23 114 101 0.61 4.8 9.4 - - 61 49 Same filter 

~~ 117 101 o.os 5.4 8.7 S.6 s 79 42 Newb 
116 82 0.16 5.6 14.7 6.6 5 64 35 Same 

26 111 90 0.03 6.6 12.3 6.5 5 13 24 It 

27 111 92 0.02 6.5 12.3 - - 67 29 II 

28 117 90 0.08 5.2 11. 7 6.2 5 84 31 Newc 
29 114 95 0.04 6.2 11.7 6.5 5 74 18 Same 
30 113 90 0.17 6.5 11.7 - - 82 10 II 

31 113 87 0.08 5.2 12.3 6.0 4.!. 93e 22 Newd 

w 32 112 87 0.04 6.o 12.3 6.1 52 79 12 Same 
0 33 109 - - 6.1 12.3 6.2 5! - 1 ti 

co 
34 106 89 0.19 6.2 12.3 6.4 6 86 3 ti 

35 106 89 0.06 6.4 12.3 6.5 51 79 7 tt 

36 108 86 0.04 6.5 12.3 6.8 52 92 17 II 

108 - - - - 6.S 5 - - - (extra blast) 
37 lo8 89 0.04 6.S 12.3 1.0 5! 96 16 " 

10~ - - - - 7.0 5 - - ti 

38 10 85 0.02 7.0 12.3 7.5 5 88 22 " 
106 - - - - 1.0 5 - - " 106 - - - - 1.0 5 - - " 39 106 89 0.04 1.0 12.3 6.6 8! 86 ~~ 

ti 

40 104 90 0.02 6.7 12.3 6.9 9 81 It 

a. At gas temperature of 120°F, approx. 
b. Periphery of filter provided with rubber tubing seal. 
c. Periphery of filter packed with slag wool lightly by hand. 
d. Periphery of filter packed with slag wool heavily by hand. 
e. No plllille visible from tests 31 through and including 40. 



68, 89 and 95, respectively, as theleyS1rformation procedure was im
proved. Higher efficiencies produced lower downstream loadings and 
in these field tests required changing of the downstream glass 
wool filled canister (weighing 50,000 mgs and collecting only a few 
mgs) to an 1106B glass filter disk (weighing about 100 mgs). 
Subsequent testing on similar new beds with ll06B filters indicated 
efficiencies over 90 per cent for rwis 9, 13, 15 and 20. Again, 
the initial pressure drop was about 3 in. H20. Continued testing 
of beds already loaded with particulates (rwis 4,6,10,12,14, and 18) 
ga\18 generally higher efficiencies and higher filter resistance as 
was expected. RWls 11, 17 and 19, which were cleaned by backwashing 
the principle of PP4 B, had efficiencies of 92, 68 and 44, respective
ly, and run 21, which had been cleaned by reslurrying, the principle 
of PP4 A, had an efficiency of 60 per cent. These studies will be 
continued to evaluate the most feasible cleaning method. 

Electric Furnace Field Results 

Upon completion of the above studies an effluent test was made 
on a 13 ton electric furnace in the same vicinity. Furnace fume 
conditions were quite similar except that effluent temperatures were 
lower (150°F); so the wiit was relocated with the required changes 
to fwiction as PP4 c. 

The unit was arranged and operated in essentially the same manner 
as at the O.H. location, except for the reversal of gas flow (upward) 
through the filter chamber, which necessitated the use of the top 
screen. Initial average efficiency of 65 per cent was due to leakage 
of the furnace fume past the edge (or periphery) of the filter. After 
a new filter bed was formed, a sand filled rubber hose was placed on 
the periphery of the filter media to act as a more positive edge seal, 
and this resulted in an increased average efficiency of 71 per cent 
for runs 24-27. The periphery of another new bed was then hand 
packed with additional dry wool giving a higher average efficiency 
of 80 per cent for runs 28-30, and when the periphery of still another 
new bed was tightly packed, the highest average efficiency of 87 per 
cent occurred with no visible effluent plume for 10 runs, 31-40. 
(See Table 9.) 

The original resistance of filters tested with shock wave cleaning 
was about 5 in. H20 (higher than expected), and subsequent cleaning 
by low level shock waves (5 in. Hg) gave generally increasing initial 
resistances. Following runs will be made with higher blast pressures 
(10-12 in. Hg). The unit is presently being modified to handle these 
higher pressures as well as to eliminate the need of hand packing the 
edges of the filter. 
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DEVELOPMENT OF AN IONIZATION DETECTOR FOR THE MEASUREMENT 
OF AEROSOL PARTICLE CONCENTRATIONS 

R. E. YODER and L. SILVERMAN 
Harvard School of Public Health, Boston, Mass. 

ABSTRACT 

A portable instrument has been developed which can readily 

detect aerosols in concentrations from 2 x 103 particles/cm. 3 to 

1 x 109 particles/cm.3. The instrument consists of two ioni-

zation chambers connected as series arms of a Wheatstone bridge. 

The ionization is produced by a Radium D foil lying on the 

inner chamber wall. Aerosol particles passing through one of 

the ion chambers will carry away some of the ions in the sensitive 

volume and a decrease in the ion current will result. The change 

in current is proportional to the particle concentration. 

A second ion chamber will compensate for changes in the 

carrier gas composition and battery fluctuations. The coiriplete 

instrument weighs less than two pounds exclusive of a vacuum 

pump capable of drawing 5 liters per minute. 

Introduction 

In the study of dynainic aerosol systems it is frequently 

necessary to evaluate number concentrations of the suspension 

during the action of external forces. We are presently develop-

ing dynamic particle agglomeration devices whose performance is 
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best evaluated in terms of a change in particle numbers per unit 

gas volume {particles/cc). Several methods have been used for 

actually measuring particle concentrations, among them being 

various electronic counters {cumbersome, expensive), light 

scatter (particle size shape and index of refraction dependent), 

and optical or electron microscopy {more or less absolute, but 

tedious and not adapted to "in vivo" measurements. Limitations 

of these methods appear to be excessive size, cost, or time 

required for analysis. What is required is a portable, inexpen-

sive device which responds instantly to particle concentration 

changes in some readily discernable manner. We have investigated 

the cloud chamber technique originally used by Aitken as modified 

by Vonnegut (l) and by Saunders (2). The aerosol particles flow 

into a chamber with a collimated light source at one end and a 

photoelectric detector at the other; the air is saturated, and 

a slight vacuum is drawn on the chamber to permit moisture to 

condense on the particles, causing them to grow to a uniform 

size and interrupt the light beam in proportion to their number. 

This device was built and tested on industrial dust loadings. 

As was indicated by Vonnegut (1), when dealing with high number 

concentrations <>106 particles/cm.3 approx.), the response Clll'Ve 

no longer remains proportional to numbers present, but flattens 

out and the result becomes indeterminate. Dilution systems to 

reduce particle concentration from 109 particles/cm.3 or greater, 

down to <"106 particles/cm.3, are generally large, and must be 

very carefully calibrated to minimize the large order of magnitude 

error possible by successive dilution. A commercial model of 

this device is available, but is limited to about 106 particles/ 

3 cm. (3). 
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Another unique method is presently under development 

utilizing the ionization of air by means of a small radioactive 

source and the collecting of the ions formed, by a central wire. 

The ion current so generated is measured on a microammeter. When 

an aerosol passes between the ion source and the collector wire, 

some ions attach themselves to particles, reducing the ion 

current in proportion to the number of particles present. This 

method has been used in principle by Drozin and La Mer (4) to 

measure particle size, and by others (5) to measure gas con

centrations (by first forming the aerosol from the gas). 

Instrument Design 

An ionization current will flow between two oppositely 

charged electrodes if the gas between them is ionized by some 

external source, such as x-rays, ultraviolet light, or nuclear 

radiations. The ionization current is proportional to the 

intensity of the source of ionization, the gas composition between 

the electrodes and the geometry of the ion collecting system. 

Figure l shows the design of the ion chamber used to detect: 

aerosols. The outer wall is a brass tube 10 centimeters long 

and 1.6 centimeters in diameter and the center electrode is a 

0.020 in. diameter stainless steel wire. Each chamber is 

fitted with Lucite end pieces designed to allow gas flow through 

the chamber and also support the center electrode. Clean 

insulators are necessary as a leakage current as large or larger 

than the ionization current being measured may flow in the 

circuit thereby affecting the system balance and sensitivity. 

In any electric field some particles will be precipitated. A 

particle may be transpoEted through the field by the gas stream 

but be deflected by the weak field sui'ficiently to be deposited 

on the Lucite insulators. The conductivity of a gas (the 
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Fig. 2-Ion current vs. voltage in either detector or compensator chamber. 
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reciprocal of the resistance) varies with the potential difference 

established across the gas between the electrodes. Particles 

collected on the electrodes change the geometry of the electric 

field sufficiently to change the instrument sensi ti vi ty. 

Ionization within the chambers is produced by a Radium 

D + E + F alpha source of approxirna tely 500 micro-curies in a 

foil -:f" wide and 211 long located at the entry to the ion 

chamber. A 500 micro-curie alpha source produces 18.5 x 106 

alpha particles per second. The alpha particles are produced 

by the decay of the 138 day half-life Po-210 (RaF) and each 

alpha has an energy of 5. 03 Mev and will produce 1.4 x 105 ions 

(at 35 e.v./i.p.). There are available 26.4 x 1011 ions per 

second but at most only one~half enter the chamber and one would 

expect a current of 2.1 x lo-7 amp. Actually a much lower value 

of current occurs because the low voltage used allows a great 

deal of ion recombination. Figure 2 is a typical ion current 

vs. voltage curve, (and is similar to that for almost any ion 

chamber). 

The interesting thing to note here is the independence of 

flow rate upon the ion current. For convenience a flow of 3 

liters per minute has been arbitrarily selected for normal use. 

The highest signal to noise ratio will lie in the low voltage 

proportional region between 15 and 100 volts. At this voltage 

level any loss in ion current (or decrease due to particle 

capture) will be a larger fraction of the total current than 

at any higher voltage where a plateau is approached. Generally, 

30 vol ts are used across each chamber. (Voltage is supplied by 

hearing aid batteries). 

The electrical circuit of the detector is shown in Figure 3. 

A Wheatstone bridge is balanced with the variable resistors 1 and 
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2, which have a value of 5 meg ohms. Electrical balance is 

determined with a high input impedance voltmeter {preferably an 

electrostatic unit should be used but a high quality, high 

input impedance vacuum tube voltmeter may be used). The electro

meter circuit is then activated. If.the chambers are dynami

cally balanced as regards impressed voltage, ionization acti.v ity 

and flow rate, no current will flow between junctions A and B. 

The tube used is relatively unimportant as long as it is a high 

quality electrometer tube with characteristics such that the grid 

current is less than lo-13 amperes. Some electrometer tubes are 

available with grid current of 10-l5 amperes, and would be prefer

able, but are too delicate for a portable instrument. Any change 

in the conductance of either ion chamber will cause an unbalance 

in the bridge and will upset the grid bias thereby increasing 

or decreasing the current in the electrometer tube. 

A flow diagram is shown in Figure 4. The aerosol enters 

the system at A, passes through chambers C and D simultaneously 

and exits at B. Air entering both chambers is filtered and the 

system balance is obtained. One chflmber is then exposed to 

unfiltered air containing particulate material. Some of the 

ions present in the chamber will become attached to the aerosol 

particles which pass through the electric field. The charges 

captured by these particles are carried out of the chamber and 

a decrease in the ion current is measured. 

Instrument Calibration 

We are presently calibrating the instrument under various 

operating conditions. Table l presents a summary of data on 

detector-cell response in the presence of gases and aerosol 

particles of known diameter (approximately). Type of aerosol or 

gas alone is shown in Column 1,, the response of the instrument 
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DETECTOR CIRCUIT 

Fig. 4-Schematic aerosol flow diagram. 



microarnmeter is shown in Column 2, and the approximate particle 

concentration in Column 3. Concentrations <106 particles/cm.3 

are being determined by means of the continuous condensation 

nuclei meter developed at Oak Ridge by Saunders (2). 

The first four tests shown were made with ambient air 

containing atmospheric dust, and with oil smoke (Dial 55). 

Calibration in the low ranges was determined with successive 

dilutions of filtered air. Since the instrument has been 

developed with a view toward uses on industrially occurring 

aE'lrosols, such as open hearth furnace stack effluents, the 

TABLE I 

INSTRUMENT RESPONSE 

The following data was obtained using filtered 
{ll06B glass paper) and unfiltered laboratory 
air and an oil smoke of 0.6 micron diameter 

Aerosol Meter Reading 
(µ a) 

Filtered air 0.75 

Laboratory air 1.25 

Oil smoke (0.6 µ diameter) 5.0 

Oil smoke l:l dilution 2.50 

S02 in detector 

so2 in compensator 

so2 in de tee tor and 
compensator 

Filtered air 

Full Scale 

Zero 

l.5 

1.5 

Particle Concentration 
particle/cm.3 

600 

15,450 

38,700 

19,120 

presence of so2 gas was considered as a likely interference. 

By using a filtered stream through our detector chamber, the 

signal due to change in gas composition can be eliminated, 

since both chambers see the same amount of gas simultaneously, 
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but the unbalance is caused by particles in one chamber. 

We are presently investigating the influence of aerosol 

particle size on detector response, by means of homogeneous 

DOP particles from a LaMer-Sinclair (6) generator. 

Conclusion 

The development of an ionization-type aerosol detector 

for agglomeration studies has indicated that response is 

proportional to concentration of particles, at least in the 

lower ranges { <106 particles/cm.3). Further development will 

continue with studies of particle size sensitivity, and response 

at higher loadings. By using two detector tubes, it is possible 

to eliminate spurious signals due to changes in gas compositions, 

as might be expected in industrial aerosols. 
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IODINE COLLECTION STUDIES 

LESLIE SILVERMAN, RICHARD DENNIS, 
EDWARD KRISTAL, and FELIX STEIN 
Harvard School of Public Health, Boston, Mass. 

ABSTRACT 

Several methods for the removal of radioactive iodine 
from process and laboratory gas streams are tmder investi
gation by the Harvard Air Cleaning Laboratory. Major test 
objectives are to develop collectors which (1) afford at 
least 90 per cent Il31 collection, (2) have low resistance, 
(3) are relativel7 inexpensive and easy to fabricate and 
maintain, (4) have a long, i.e. up to 2 year service life 
1n terms of holding capacity and corrosion resistance, (5) 
can function at gas temperatures up to 300°C, and (6) are 
non-combustible. Hone or the collectors now in field use, 
1.e. Ranford silver reductor, caustic scrubbers, and acti
vated carbon satisfies all of the above requirements. 

Preliminary studies were made with normal rl27 to 
simplify analytical and handling techniques during the 
screening phase of the study. 

or the several chemical and metallic coatings applied 
to slag wool fibers (KI, AgN03, Cd, Cd-Sb, and Ag) vacuum 
plated silver on slag wool showed the highest efficiency, 
>99.9 per cent and lowest resistance, 1.1 in. water. 

Tests on metal ribbon {Sn and Cu) and Zn granules 
indicated a very high efficiency for Cu, > 99.99 per cent 
and low resistance, 0.1 in. water at 60 ft. per min. face 
velocity. Activated carbon was the onl1 adsorbent showing 
high efficiency, but the resistance was considerably greater, 
4-5 in. water. 

Copper ribbon performed well at room temperature but 
failed after 25 hours of hot (300°C) operation. Silver plated 
copper ribbon showed no sign of breakdown after 100 hours of 
hot operation. Presence of moisture and high temperatures 
improved performance of both Cu and Ag-Cu ribbon indicating 
that chemisorption was the primary iodine collecting 
mechanism. NH3, HN03, and R2S did not interfere with iodine 
collection. 
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Special tests on Ag-Cu ribbon with mixed isotopes 
(1 mg/'M3 Il27 and 10-8 to 10-6 mg/M3 Il31) showed that iodine 
collection was (1) concentration dependent and (2) was the 
same for Il27 and Il3l. Increased metal surface area per 
unit collector volume, attained by increasing ribbon dimensions 
or increasing the packing density, improved collection effi
ciency significantly. Iodinel31 efficiency of Ag-Cu (25 mil x 
2 mil ribbon, 33 lbs./cu.ft.) was estimated to be 50 per cent 
with an inlet iodine concentration of 10-6 mg/M3 {123 µc/M3). 
For the same inlet loading the efficiencies of 5 mil x 4 mil 
ribbon (58 lbs./cu.ft.) and 3 mil x 2 mil ribbon (71 lbs./cu.rt.) 
were estimated to be >97 and >98 per cent, respectively. 

INTRODUCTION 

At the Fifth Air Cleaning Conference at Harvard (1) we 
presented a brief discussion of a new approach to the problem 
ot iodine removal and at that time indicated that we were 
concentrating on the development of an inexpensive, practical 
unit for this purpose. As you know, the principal devices 
that have been used for iodine removal include caustic 
scrubbers (l), activated carbon beds (2), and heated reductors 
packed with silver nitrate-coated saddles such as are used for 
dissolver off-gas streams (3). Various other collectors have 
been tried such as other scrubbing liquors (4) and electro
static precipitators (5). 

It was our intent to develop a unit which would function 
at temperatures as high as 300°0 and which would not offer 
significant resistance to air flow. It became apparent after 
due consideration that an appreciable compaction could be 
obtained by modifying the Hanford dissolver off-gas cleaning 
system. In this unit the particulates, including the iodine, 
are filtered through a fiberglass filter and then the iodine 
ic subsequently removed by a silver nitrate granule reactor. 
We believed it was possible to combine the filtering and 
absorbing functions in a single device. At the Fifth Air 
Cleaning Conference we reported some preliminary data on the 
use of silver plating {chemically) on 4 micron diameter slag 
wool fibers. Although the efficiency was rather high, extended 
testing indicated a relatively short life for the chemical 
deposit. The major application for our project in 1957 is 
still an important consideration. A device is needed for 
large ( >10, 000 cu.ft. per min.) gas flows containing iodine 
in varying conc6ntrations such ae might be associated with a 
large air-cooled reactor. A successful high performance unit 
developed for this application could, of course, be adapted 
to many other problems. The use of scrubbers or activated 
carbon beds results in high resistance carryout or potential 
fire problems. We recognize that extended fine fiber beds 
can create high air flow re~i~tance. However, the optimum 
size of coated fibers for iodine removal does not need to 
coincide with maximum aerosol collection. 

The processes where iodine contamination is most likely 
to occur are off-gases from dissolvers, uranium and plutonium 
separations, reactor cooling air and contaminated exhaust air 
from hot laboratory facilities. There may be variations in 
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gas volume .from 100 to 40,000 cu.rt. per min. or greater and 
temperatures may range rrom ambient to 1$00°C for air or gas 
cooled reactors. 

For the design or iodine collecting equipment, the .follow
ing tentative performance criteria were established. 

l. Efficiency greater than 90 per cent (in some cases 
decontamination factor8* of lo4 to 106 may be required). 

2. Retention of several grams of radioactive iodine 
without significant reduction in performance. (Efficiency 
and resistance constant if possible.) 

3. Ur:maintained collector life o~ two years if possible. 

4. Efficient operation at temperatures from 20 to 300°C. 

5. Satisfactory operation in the presence or oxides of 
nitrogen, nitric acid mists, amnonia, hydrogen fluoride, 
hydrogen chloride, or other corrosive substances or solvents 
found in dissolver and other off-gases. 

6. Operate at face velocities of 1 foot per second or 
greater to conserve space. 

7. Low resistance to gas flow ( < l inch or water at 
1 .fps). 

8. Minimal space requirements (possibility or insertion 
in existing ducts or piping. 

9. Fireproof or resistant to decay heat and combustion. 

Although 90 per cent iodine removal appears to be rather 
low, it is believed that operation at this level may constitute 
satisfactory cleaning for many applications in which continuous 
losses rather than intermittent releases take place. On the 
other hand, decontamination factors on the order of 104 to io6 
may be desirable, particularly where hazardous situations are 
likely to arise. 

Holding capacity is somewhat arbitrary and is extremely 
conservative 1n view of the high specific activity of rl31. 

A filter life of two years is a realistic target, parti
cularly in operations presenting accessibility and handling 
problems. 

Satisfactory performance at elevated temperatures or in 
the presence of corrosive gases may or may not be a specific 
cleaning requirement, depending upon the collector application. 

* Decontamination factor is de.fined as the ratio of upstream 
to downstream concentrations. Decontamination index is 
referred to as the log of this ratio. 
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Low collector resistance is desirable, but other consider
ations (high decontamination requirements, small gas vol'l.mles, 
etc.) may make higher pressure losses acceptable. High velo
cities associated with optimum removal will provide minim.al 
space. 

The several iodine removal methods investigated and 
reported here were selected on the basis that they would 
fulfill essentially all of the tentative performance require
ments. It has been assumed that the effluent gas stream 
would require pre-cooling to temperatures not in excess of 
300°c. This is based on the following facts: 

1. Collection by physical adsorption is adversely affected 
by high temperatures. 

2. Most chemical compounds of iodine either decompose or 
volatilize at temperatures above 300°0. 

The number and type of tests on any one medium varied 
directly with its relative performance. When initial screening 
showed an efficiency less than 90 per cent, low holding 
capacity, or high resistance to gas flow, extensive tests were 
eliminated. 

Iodine collectors employed in this investigation were 
composed of either granular or fibrous materials which were 
amenable to packi.ng between supporting pads or screens in 
cylindrical filter holders. The primary mechanisms responsible 
for removal of gaseous iodine were either physical or chemical 
adsorption, or a combination of both, depending upon the chemical 
composition of the collector. The removal process should not be 
classified as filtration (although many of the finer carbon 
fibers are actually good particulate filters) except where there 
exists a possibility of iodine adsorption upon suspended solids 
prior to encountering the fibrous or granular collector, or 
where condensation might have occurred producing droplets 
containing iodine or iodide particles. 

Detailed descriptions of test equipment and methods and 
evaluation of the various iodine collectors will be presented 
in a complete AEC report at the completion of this study. 
This report will summarize the principal results obtained. 

Te~t Equipment and Procedures 

Two types of filter holders were used in this study (a) a 
12 in. long, l in. diameter Pyrex glass tube, (Figures 1 and 2), 
and (b) a 3 ft. long, 6 in. diameter steel pipe (Figure 3). 
Both granular and fibrous media were tested in the l in. glass 
cylinder whereas only fibrous materials were tested in the 
6 in. steel pipe. Figure 2 shows a typical silver plated 
copper mesh test medium in place. 

Most data were obtained at a constant air flow of 60 cu.rt. 
per min. per sq. ft. of media face area (60 rt. per min. face 
velocity}. Velocity effects were studied in the 6 in. steel 
pipe over the range of 60 to 240 rt. per min. 

Tests were conducted with norm.al iodine at inlet concen
trations varying from 2 to 600 mg. per cu.m. Iodine vapors 
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LEGEND 
GLASS TUBE-0.875" 1.0., 12° LONG 8 BURET 

2 SILVERED COPPER RIBBON 9 BUBBLER 

3 THERMOMETER 10 AIR FILTER 

4 LEAD SHIELD II MANOMETER 

5 U-TUBE EVAPORATOR 12 SURGE BOTTLE 

6 TEFLON NEEDLE VALVE 13 ORIFICE 
7 IODINE131 IN CCL4 14 LEIMAN PUMP 

12 12 

Fig. 1-Iodine-131 collection test apparatus. 

• 

Fig. 2-Silver-plated copper ribbon in glass tube, % in. inside diameter, bed depth, 4. 5 in. 
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A = GAS BURNER 
B : STEAM SUPPLY 
C : IODINE GAS GENERATOR 
01 : 2"DIAM., 3'-4" LONG PIPE 
Da : 2" DIAM. PIPES 
E : s"x 2

11 
RED. 

F =FILTER HOLDER ,6"DIAM., 2
11

DEEP 

F
1= SILVER-PLATED 

COPPER RIBBON 
PACKING DENSITY 
27 LBS./ CU. FT. 

G : 2
11

VALVE,BY-PASS AIR FLOW CONTROL 
H = EXHAUST FAN 

JS> ft H 

J = FRITTED GAS ABSORBER 

K = SAMPLE FLOWMETERS 
M1 = ORIFICE MANOMETER 
Ma• FILTER RESISTANCE MANOMETEF 
M,,= SAMPLE MANOMETERS 
0 = ORIFICE 
T, = THERMOCOUPLE 
Tz. = THERMOMETER 
-DIRECTION OF AIR FLOW 

Fig. 3-Experimental equipment for iodine collection studies. 



were generated by sweeping an aliquot of the inlet air stream 
across the surface of iodine crystals. The sublimation rate 
was increased when necessary by ~pplying heat to the iodine 
crystals. Radioactive iodine IlJl was obtained from commercial 
sources as iodine Il)l with normal iodine carrier in carbon 
tetrachloride, carrier free iodine from tellurium metal, or 
Nail)l in sodium sulfate (Na2S03) solution. The carbon tetra
chloride solution was volatilized as shown in Figure l in the 
U-tube evaporator. The carrier free iodine from tellurium 
was transferred to sodium thiosulfate (Na2S203) and heated. 

The carrier free iodine, prepared from Tel30, was handled 
by extraction with 5 per cent sodimn thiosulfate (Na2S203) 
which was then dried in aliquots and heated in a U-tube similar 
to that shown in Figure l. The NaI131, carrier free, was 
supplied in a 5 per cent Na2S03 vehicle. This was treated by 
adding 5 per cent sodium thiosUl.fate in serial dilution. An 
aliquot was heated for each run. The carrier free studies 
reported in this paper are limited and will be presented in 
greater detail as more information is accumulated. 

In later tests which are briefly mentioned here prefiltered 
air was employed by use of filters shown in location in Figure 1 
to ascertain the effect of possible deposition of iodine on 
atmospheric nuclei. Chamberlain and DeWiffen ( 7) have indicated 
that very high concentrations of nuclei can adsorb carrier free 
Il31. 

For high temperature measurements the gas stream was heated 
by indirect methods, electrical coils or gas burner in the 
case of the l in. Pyrex tube and by direct flame gas combustion 
produ.cts with the 6 in. steel pipe as shown in Figure 2. 
Thermocouples measured average gas temperature through the 
collection medium. 

Fritted absorbers operating at 10 liters per min. and 
containing 50 ml. of 5 per cent potassium iodide were used 
to collect the iodine Il27. Collection efficiency was determined 
from iodine concentrations in the up- and downstream gas samples 
with a Klett-Summerson photoelectric colorimeter at 440 mµ. 
Absorber efficiencies were dependent upon the amount of iodine 
collected in the potassium iodide solution and ranged from 92 per 
cent at 150 mg. I2 per liter of KI to 89 per cent at 500 mg. per 
liter. This, of course, was largely due to the volatility of 
the iodine in 5 per cent KI solution. 

In the presence of materials which would liberate iodine 
from potassium iodide, i.e. nitric aoid, carbon tetrachloride 
was substituted as the absorbent for potassium iodide. An 
ice-salt water bath was used to reduce CClk evaporation losses. 
Iodine collected in the carbon tetrachloriae was also determined 
colorimetrically in the photometer. 

Iodine 131 distribution in the collection tube and collector 
was ascertained by scintillation detectors. Variations in Il)l 
loading were determined by placing a scintillation head in 
contact with the absorber. Integral cotmting was employed with 
a pulse height of 200 MEV. The cumulative count rate was 
plotted against time with a recording galvanometer. The record
ing obtained indicated a nearly constant Il31 feed rate. The 
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collected absorber samples were measured by differential 
counting (350-370 KEV) of aliquots in a well scintillation 
detector calibrated with a simulated 0.067 µc source. Distri
bution of activity through the collector depth was checked by 
(a) traversing the tube surface through a port in a lead brick 
with the integral counter head in place and (b) actual assay 
by cutting the material (copper or silver-copper mesh) into 
segments which could be placed in the well scintillation 
detector. These results are reported as counts per minute per 
gram of collector. The concentration of Il27 in the Il31 
isotope when carrier was present was determined colorimetrically 
and the initial mass ratio was determined from these data. 
After establishing the initial mass ratio the ratio at any time 
due to decay could be established. 

Results 

Data for all the tests reported here are summarized in a 
series o~ tables, Tables l to 8. Most of the initial study 
was pdrformed with normal iodine since it could be readily 
utilized for screening of many materials. 

The information in Table l refers to treatment of slag 
wool fibers with various surface coatings. An examination of 
the reactions of iodine with various metals and reagents 
indicates that several metals, metallic iodides and iodi:re 
reactants would have potential application. The most promising 
of these were tried at what appeared to be an optimum velocity 
of 60 fpm or l fps for space requirements. It is obviously 
not the most desirable velocity for collection in many of the 
cases shown in Table l. The most effective unit shown was 
obtained by vacuum plating silver metal on the slag wool fibers 
(Test No. 8) since it afforded high efficiency at the lowest 
flow resistance. The silver nitrate treatment as used on ~erl 
saddles at Hanford however, gives comparable removal at some
what higher resistance. The Rochelle salt mirroring was next 
in order of performance. In the case of Rochelle salts 
several milligrams of iodine could be collected but the effi
ciency decreased with extended use. 

On a basis of these tests further screening was felt 
desirable so that a number of media were assayed as shown 
1n Table 2. Of the solid adsorbents, activated charcoal from 
various sources was the best but because non-combustible 
adsorbents or absorbents might be necessary, activated al\Ullina, 
Thirsty glass (m.icroporous), Attapulgus clay, mossy zinc, tin 
foil and copper mesh were examined. 

Over-all evaluation in terms of resistance, temperature, 
economy, total recovery, and collection efficiency indicated 
copper mesh to be one of the most promising of this series. 
Therefore, a more detailed test program was established for 
this medium. 

Table 3 presents temperature and extended performance 
data for copper ribbon mesh placed in the 6 inch unit shown 
1n Figure 3. The data are consistent with those of Table 2 
when correction is made for the difference in packing density. 
The presence of water vapor added as steam was found to enhance 
performance of collector A. It was also observed however , 
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Table 1 

Iodine Collection with Various Coatings on 4 Micron Diameter 
Slag Wool Fibers 

------~~----~~·--------------------·----~~--~~~~~------Test _££,!Jector Description8 

No. Weight Depth Packing 
Coating Collector Performanc~-
Material Initial Hesiatance 

Efficiency inches of 

1 

2 

3 

4 
5 

6 

7 

0 

a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 

grams inches Density 
#/cu. ft. per cent wat~-

178 l 24.0 Kib 23 2.4 

As above moistened (H20) Kib 80.2 5.3 

133 l 17.9 Cd0 
40 3.8 

212 l 29,0 74% Cd-26% Sb 0 31 5.2 
As above moistened (H20) 74% Cd-26% Sbc 39 8.6 

148 1.5 18.8 AgNo
3

d > 99.9 
e 5.8 

208 2 14.0 Agf 90.0 6.7 

4.9g 4 2.0 Agh ) 99.9 1.1 

-
Slag wool pads, 6 inch diameter, face velocity 60 ft./min., 20°C. 
Coated by dipping in saturated KI solution and drying. 
Coated by spray metallizing one side, 7 layers in filter, 
Coated by dipping, 61 grams AgN03 retained in filter. 
Efficiency decreased to 97.7% after collecting 1.4 grams I2. 
Chemically plated, Rochelle salt technique. 
Bed diameter = l inch. 
Vacuum plated, 14 layers of fiber, plated one side only. 
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Table 2 

Iodinel27 Collection with Mfocellaneous Media 
at 60 Ft. Per Min. Face Velocity 

Coiiector Descrip£ron Temp. :Resl'Stance 12 !2 Collection 
oc In. water Inlet Retained Efficiency 

Cone. grams ;eer _cent 
!!!SLM3 Initial Final .. 

Mossv Zinc - 76 grams, 
89.6 coarse granules 20 150 0.20 97.0 

t2tassiurn H!droxide -
7ir-irams, pellets 20 7.50 o • .56 99.8 99.9 

Tin Foil - 20 grams, 
0.084 92.6 96.9 9)'o x 3 mil ribbon 20 61 

!!.n Foil - 74 grams, 
30 x 3 mil ribbon 120 360 o.84 99.0 9.5.o 

Activated Alumina -
871:'4 mesh, )b lb7ft.3, 30 1.3 600 0.030 86 avg. 
211 bed, Aluminum Ore Co. tDO 170 0.007 78 avg. 

Thirstt Glass - .53 20 0.3 1.50 0.008 45 avg. 
iS.7r .3, 2irbed, 200 1.50 0.004 37 avg. 
Corning Glass Works 

Attapul~us Cljy - 1.5/30 
meih, 8 lbs ft3, 2" 
bed, Minerals and Chem. 

0.0000.5 Corp. of America 20 1.4 6 6 avg. 

~n Fiber! - 24 lb/ft3, 
l in. bed. Carbonized 
wool fibers, Atomic 27 2.4 240 0.024 40 avg • 
Laboratories, Inc. 1.50 60 0.0001 .5 avg. 

Activated Charcoal -
8714 mesh, 28 lbs/ft.3, 

4.8 0.018 1. 7 11 bed, Columbia 30 2.50 > 99.9 avg. 
Carbon, Grade 60 170 200 0.011 > 99.9 avg. 

Activated Charcoal -
""12736 mesh, jo Ibs/rt3, 
1 11 bed, Pittsburgh 
Coke & Chem. Co., 
Type B PL 25 0.7 120 0.20 ?99. 98avg. 

CopEer Ribbon - 2.5x2 mil, 
42 lbs/rt.:3, 3 11 bed -
"Chore Girl 11 Scouring 
Pad, Metal Textiles Co.,20 0.1 200 0.16 99.99 93 • .5 
Roselle, N.J. 120 500 2.96 )99.9 90 

(25 br, test) 
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Table 3 

Effect of Steam and Temperature on Iodine127 Collection 
with 

Copper Ribbon (25 mil x 2 mil) 

Collector Test Temp. Test 
0 c Period 

hrs. 

Cumulative 
Test Period 

hrs. 

r2 Inlet 
Con

3
c. 

mslfd 

Collection 
Efficiency 

per cent __ 

A 
A 
A 

B 
B 
B 
B 
B 

1 25 0.33 
2 s 25 o.67 
3 s 300-350 0.16 

1 s 
2 
3 s 
~ ~ 

300 
25 
25 

300 
450 

1 
1 
1 
1 
0,5 

0.33 
1.0 
1.16 

24 
25 
26 
27 
27.5 

50 
40 

120 

100 
100 
100 
100 
100 

97.4 
99.8 

> 99,98 

~ 99. 98 
. 13 .4 

49. 7 > 99. 98 
Negative* 

Eff. Iodine 
per cent Retained 

c 
D 
D 

E 
E 

1 s 

1 s 
2 s 

300 .. 350 1 

300 24 
300 6 

1 s 300 
c. s 300 

24 
5 

7 

~4 
30 

24 
29 

100 > 99.98 

100 ) 99. 98 
100 . 87 

100 >99.98 
100 77 

Note: S indicates steam addition, 1 lb./1000 cu.ft. of air at 
indicated temperature, 
A,B,C,D,E indicate separate collectors. 

* Iodine lost as Copper Iodide and Iodine Vapor 

Bed Packing Densities, 27 lbs./cu.rt. - Bed Depths, 2 in ... 
Face Velocities, 60 ft. per min. 
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(collector B) that the copper oxidized on extended use and 
that this media when again retested at room temperature gave 
poor results which could only be partially improved by steam. 
When elevated to )00°C it again performed well with steam 
present. At a temperature of 450°C the copper iodide_ was 
completely volatilized. As much as 29 hours of a high loading 
(100 mgs. per cubic meter) was used for exposure and apparently 
a 25 hour period was the limit for greater than 99 per cent 
efficiency. 

The exact nature of the steam treatment is unknown but 
might be attributed to either a formation of Hl or a condition
ing of the copper surface. The copper collector surface was 
also treated witheydrogen sulfide which performed as well as 
the copper surface in iodine removal. At elevated temperatures 
the copper sulfide behaved similarly to the copper alone. 
Since this medium could not be expected to be protected from 
oxidation effects at high tomperature its use, as with copper, 
should be confined to room temperature operations or standby 
installations in an inert gas storage device. 

The favorable performance of the mesh extended surface 
prompted us to explore the feasibility of plating the copper 
with a protective surface. Since silver is iodine reactive 
and fairly reasonable in cost and simple to obtain as a 
platil,,g material on a copper base, it was selected for this 
purpose. 

The results of rl27 collection by the silver plated 
material (0.5 per cent Ag by weight) are presented in Table 4. 
The results are very favorable particularly at elevated 
temperature, whereas copper pads failed after 30 hours of 
operation. At comparable loadings the silver plated surface 
was still effective after 100 hours of service. Tests with 
silver plated copper indicated that tbe collector became 
relatively ineffective (31.S per cent efficient) when used 
at room temperature after high temperature operation. However, 
once returned to high temperature use, the original perfor
mance was attained. The effect of silver oxide is thus 
apparent. It is not believed that this poses any operational 
problem as the operating conditions would not be expected to 
produce this variation. It does appear desirable to maintain 
fixed temperature limits for practical operation. 

The silver surface was evaluated under conditions of 
nitric acid mist, ammonia and hydrogen sulfide exposure without 
observing any deterioration in performance. 

The radioisotope evaluations with carrier iodine are 
shown in Table 5. These data indicate an efficiency of the 
silver-copper medium at room temperature between 89.5 and 
95.9 per cent with increassd removal at higher temperatures. 
Higher iodine loadings give a greater driving force for silver 
surface chemical reaction as shown 1n Figure 5. The data for 
the copper ef.f'iciency tests in Table 6 indicate, as found with 
rl27, that iodine removal at room temperature is signifi
cantly greater than with the silvered surface. The copper 
data indicate an apparent reverse effect of iodine concen
tration on removal, namely, lower values of loading give 
greater removal. At present we believe this inconsistency 
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Table 4 

Iodine127 Collection by Silver Plated Copper (25 mil x 2 mil) Ribbon 
at 

60 Feet Per Mlnute Faoe Velocity 

Collectora Test Temp oc 

A 
A 
A 

B 
B 

1 
2 
3 

1 
2 

1 

20 
20 
20 

300 
300 

300 

Test 
Duration 
Cumulative 

hrs. 

0.16 
o.so 
o.83 

2.25 
4. 75 

100 

Inletb 
Iodine127 

ConQ. 
mg/MJ 

378 
738 
192 

715 
1000 

150 

Iod1nel27 
Retained 

Cumulative 
grams 

0.038 
0,186 
0.224 

0.966 
1.010 

2.3 

--
Collection 
Efficiency 

per cent 
Initial Final_ 

99.91 
99.91 98.2 
98,2 84.2 

99.997 99.986 
99.986 96.1 

'"> 99.8 99.6 

a. Collector A and B, Packing Density= 45 lbs./cu.ft., Depth= 
2.5 in., Weight= 22 grams.: Collector c, Packing Density= 27 
lbs./cu.ft., Depth= 2 in., Weight= 400 grams, 

b. Loading oonstant with Collectors A and B, Intermittent with 
Collector c. 

c. Efficiency reduced to 31 per cent when cooled, but greater than 
99.6 per cent when reheated to 300°0. 

Note: Silver content of plated ribbon = o.5 per cent by weight. 
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Table 5 
131 . Iodine Collection by Silver Plated Copper Ribbon and Copper Ribbon 

in 
Presence of Carrier Iodinel27 (25 mil x 2 mil ribbon) 

-
Collectora Temp.b Inlet Iodine 0 Collection 
No. Weight oc Concentration E:f'ficiency 

grams I127 I131 Iodinel31 
mg/M3 mg/M3 µ.c/M3 per cent 

Ag-Cu 

la 
lb 
le 

2a 
2b 
2c 

3a 
3b 

Cue 

a. 

b, 
c. 
d. 

e • 

22 28 0.049 8 -8 4. 7 90.56 3. x 10 8 
44d 28 0.067 3,4 x lo-

8 4.2 89.50 
22 210 0.032 1.7 x lo- 2.1 99,44 

22 28 0.84 7.6 x lo-7 93 94.62 
22 28 2.5 2.4 x lO-~ 295 95.96 
44 28 12.0 5.6 x 10- 690 95.94 

22 28 0.06 2.0 x 10-6 246 98.99 
22 28 2.4 4.3 x io-8 5.3 99. 75 

Packing Density o:f' all collectors - 33 lbs./cu.tt., Face 
Velocity - 60 :f't./min., single test per collector, Resistance 
0.1 to 0.2 in. water. 
E:f'fect of temperature - compare collectors la and le. 
Effect o:f' total (Il27 and Il3l) concentration - compare la vs. 2b. 
Effect of bed depth (4.5 vs. 9.0 in.) - compare la and 2b vs. 
lb and 2c. 
Comparison of Ag-Cu vs. Cu ef:f'iciency - la and 2b vs. )a and Jb. 
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attributable to experimental error. The effect ot bed depth 
is also shown in Table 5. These data indicate almost no 
effect indicating that most of the removal takes place in 
the first increment of the bed. This is shown graphically 
in Figure 4 where almost 99 per cent of the removal takes 
place in the first inch of medium. 

Table 7 shows the effect of increasing packing density 
of the silver plated copper ribbon. It was found possible 
to get greater compression by employing a 5 x 4 mil ribbon 
as opposed to the 25 x 2 size used previously. These ribbons 
have approximately the same surface area per gram but as 
indicated in Table 7, the packing density of the former can 
be increased to 58 pounds per cubic foot. It should be noted 
that the air flow resistance under this condition is also 
increased about .fourfold. The data of Table 7 indicate more 
ef.f'ective Il3l removal as well as comparable performance at 
4 times the velocity o.f' the previous tests (Table 5). 

Our most recent tests on media that may afford better 
performance at room temperature operation are shown in Table 8. 
Tests with rl27, Table 2, and with carrier free rl31, Table 8 
in addition to data reported by Browning et al (2) indicate 
that commercially available activated carbon is generally 
the superior collector. However, Lomac 40, a carbon impregnated 
rayon ribbon, developed by American Viscose Corporation for 
odor removal gives outstanding results at high velocity and 
low resistance and should prove useful in many applications 
where fire problems do not exist. 

In the investigation for a non-combustible granular solid 
adsorbent we have already presented data in Table 2 .for 
activated alumina and 11Thirsty glassn. Table 8 presents data 
for silica gel which like alumina has a primary preference 
for water vapor. It shows a comparable performance to Thirsty 
glass although alumina was considerably higher. By silver 
mirroring, however (which could also be done with the mineral 
adsorbents) the efficiency was raised to over 99.9 per cent. 

The activated carbon of Table 2, when retested with carrier 
free Il3l and prefiltered air indicated lower performance. 
This is in agreement with Chamberlain and Wiffen (7). 

Table 8 also shows some preliminary data on a finer silver
plated copper ribbon with approximately twice the surface area 
per pound as the previous ribbons. This appears to be very 
promising on carrier free iodine even at velocities approaching 
343 feet per minute or nearly 7 feet per second. This may be 
of especial value in instances where space requirements may 
demand such operating conditions. 

Conclusions 

Based on the data presented here the following conclusions 
may be drawn from this study. 

l. No significant difference exists between Il27 and Il31 
removal on silver-copper media assuming that comparable loadings~ 
temperature, gas velocity, and packing density are maintained. 
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Table 6 

Comparative Collection Efficiencies of Silver Plated Copper Ribbon 
(25 mil x 2 mil) for Iod1nel27 and Iodinel31 

Collector8 

A 
B 
c 

Iodine Inlet Concentration 
r127 ---ri.31-
mg/M3 mg/M3 µ.c/M3 

68.5 
62.9 
66.o 

i .1 x lo-8 
i.6 x lo-8 
6.1 x lo-9 

2.1 
2.0 
o. 72 

Collection Efficiency 
b per cent 

1131 1127° 

98.12 
97 .96 
98.22 

98.21 
97.12 
96.57 

a. 22 gram bed, 33 lbs,/cu,ft, packing density, 60 ft./min.face 
velocity. 

b, By radioactive count. 
c. By chemical (colorimetric) analysis 

Table 1 

Iodine131 Collection with Silver Plated Copper Ribbon (5 mil x 4 mil) 
Effect of Bed Depth and Face Velocity 

Collector a Face 
No. Bed Velocity 

Depth rt./min. 
In. 

A 4 60 
B l 60 
c 4 240 
D 1 240 

---
;to dine Inlet Concentration 
r121 1131 
mg/M3 mg/M3 ~/M3 

0.11 2.4 x ioj 2.9 
0.42 l.l x 10 8 1.3 
0,42 i.1 x lo-

8 
1.3 

0.)6 0.9 x io- l,l 

Collection 
Efficiency 

Iodinel31 
-E,e r c filll._ 

> 99. 95 
>99. 71 
> 99.89 

97.l 

a. Constant packing density - 58 lbs,/c~,ft,, resistance, 0.4 to 
1.6 in, water. 
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Table 8 

Iodinel3l Collection With Miscellaneous Collectors (Room Temperature 25°C) 

Collector Description Face 
Velocity 
ft./min. 

LOMAC-~O - 250 Denier Ribbon 
containing 40% act. carbon 
with rayon, 
10.5 lbs/ft.3, bed depth 1.5" 60 

17.4 lbs/ft.3, bed depth 2.5" 166 

Silica Gel - 6/12 mesh 
Unliripregnated, bed depth 2. 75" 60 

Silica Gel - 6/12 mesh 
Silver coated by Rochelle 
salts - 12 mg. Ag per gram of 
silica gel - bed depth 211 60 

Activated Carbon - 8/14 mesh 
Afr prefiltereo with AEC 
A'Bsolute Filter, bed depth 2 11 60 

Silver plated copper ribbon 
(3 mil x 2 mil) 
71.0 lbs/ft.3, bed depth 4" 343 

,.. 

Resistance 
In. Water 

0.16 

2.12 

2. 75 

2.75 

4.8 

4.0 

Iodine Inlet Concentration 

1121 1131 
mg/M3 mg/M3 µc/M3 

0.015 

0.10 

0.38 

0.16 

o.o 

0.42 

3.36 x lo-8 4.2 

2.1 x lo-8 2.6 

-8 2.4 x 10 3.0 

1.0 x lo-8 1.2 

-8 1.4 x 10 1.7 

5 -9 2. x 10 0.3 

• 

Collection 
Efficiency 

Iodine131 
per cent 

99.72 

99.93 

39.9 

} 99.92 

96.8 

99.45 

• 
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2. At room temperature copper is more effective in iodine 
removal than the silver plated-copper mesh for Il31. 

3. Iodine penetration of the media tested varies inversely 
with loading. 

4. r 131 removal varies inversely with velocity on a fixed 
bed. 

5. Bed depth above a certain value which carmot be pre
dicted at the present time is not a significant variable. 
Most of the rl31 removal takes place in the first 20 per cent 
of medium surface or depth. It is anticipated that continued 
loading will cause progressive migration into the relatively 
unused portions. 

6. Elevated temperature improves operational performance 
of copper or silver media and lowers performance of adsorbents. 

7. Efficiency of removal of silver plated-copper surfaces, 
appeara to be dependent upon concentration over the range io2 
to 10-~ mgs. per cu. meter in iodine. 

8. Steam enhances the performance of copper surfaces for 
iodine removal at room and elevated temperatures. 

9. Preliminary data on fine mesh (2 x 3Di.) silver plated
copper with higher specific surface indicates better performance. 
However, greater air flow resistance results. 

10. Iodine adsorption on atmospheric dust was not found 
responsible for low collection efficiency measured at low rl31 
loading under our test conditions. 

11. Silver plated-copper media when once exposed to high 
temperature operation and then reused at room temperature 
shows markedly reduced performance. However, this same material 
when reheated shows values comparable to initial high performance. 
The failure at room temperature is attributed to oxide formation. 

12. Practical adsorbents for use at high temperatures that 
are not combustible in themselves require chemisorption as well. 
With the aid of mirroring or chemical silver plating, silica 
gel becomes a useful selection. Resistance losses of all 
granular adsorbents are comparable at a given mesh size. 

13. For room temperature operation at relatively high 
velocity with low air flow resistance, activated carbon 
impregnated fibers appear to be a new and useful development 
(assuming that fire or high temperatures do not exist). 

14. Activated carbons in general where tire or high 
temperature hazards are not involved are highest in performance 
for decontamination of iodine bearing off-gases. Resistance 
losses are significantly greater than coarse fibrous media. 
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Discussion 

Q. (B. L. Rich, PPCo.) We are rather concerned with the special 
problem in regard to Idaho production at this facility - once 
you dissolve a i'uel element in a caustic mixture - may be -
for anyone of a dozen filter medias - do you plan to extend 
your studies to the more practical side in reference to intro
duction at some of the sites? 

A. Planning to get some data on silver filters in regard to fuel 
element - air cooled reactor - as work in Oak Ridge when ruptures 
are a problem. We were looking originally for high volume, low 
pressure drop situation - using work done at Hanford with caustic 
scrubbers indicates silver is No. 1 in perf'orma.nce on dissolving. 
Also ran some bromine tests and got results comparable to normal 
iodine. 
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Q. You said you had a J_ead shield and viewing window in which you 
detennined the efficiency o:f the bed by close sca.nninc. Can you 

elaborate on this further? 

A. we evaluate material deposited - collection gradient along the 
bed for more efficiency. 

c. (Sabo - PHS) To answer the question on the CPP we use both the 
silver fiber which is similar to what you had, as a matter of 
fact it was developed from that and the treated paper. The 
reason you prefer paper is because of continuous sampling. We 
found the efficiency varied from 4Cff, to 90fo. We have collected 
as high as 9C1f, of the iodine on the CPP process. At other 
times we have been down as low as 4o so there is no question 
about it. What they do there has a great tendency bearing on what 
you are able to sample. We sample off-site so we are a half 
mile to six miles away where concentrations are low and one must 
sample for long periods of time to even count. 

c. Using a filter under those conditions, even silver nitrate, I 
think heating would be certainly recommended, because we find 
that the heating increases a collection of efficiency. 
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SPECIAL I NC I NERATION STUD IES-1 NSTITUTIONAL DESIGN 

RICHARD DENNIS, FREDERICK L. MULLER, 
EDWARD KRISTAL, and LESLIE SILVERMAN 
Harvard School of Public Health, Boston, Mass. 

Summary 

The Harvard Air Cleaning Laboratory is currently engaged in 
designing incineration and gas cleaning apparatus for the disposal 
of low-level radioactive wastes from hospitals and biological 
laboratories. Previously, this laboratory had attempted to design 
a gas cleaning system for use with the BOMAEC-30 incinerator, 
developed by the U. s. Bureau of Mines. Operational and leakage 
problems, however, indicated that design changes would be necessary 
for practical application of the unit. 

Tests on a small (10-15 lb. per hour burning rate) commercial 
home incinerator showed combustion characteristics which were nearly 
as good as those noted for the BOMAEC-30. Since the cost of the 
former unit was in the range of $100.00, it appeared feasible to 
construct a small incinerator from a 55 gallon drum with provision 
for accurate gas flow and temperature measurements. Our first 
experimental model was designed for single inlet, tangential, over
fire air admittance (somewhat like the Bureau of Mines unit). 
However, the burning chamber was lined with a 2 in. layer of fire
brick rather than stainless steel. A charge pre-drying chamber 
located above the burning section proved unsuccessful as a means 
of handling high-moisture waste. Therefore, a single side charge 
door was installed with a sliding rack to support wet materials 
within the burning chamber while the previous charge was burning. 
This procedure enabled continuous charging of wet materials once 
the burning chamber was at temperature, >2000°F. A secondary brick
lined cylindrical chamber located immediately above the burning area 
allowed for further high temperature combustion of unburned 
volatiles and particulates, since a secondary air inlet was located 
at the base of this section. Effluent gas was cooled by dilution 
air which entered tangentially at the top of this chamber. 

Test results, based upon burning rate and volume of C02 produced 
per lb. of charge, show that the over-all performance of the current 
incinerator design, ACL II, is superior to that of the BOMAEC, based 
on cost, simplicity of operation, and the fact that wet wastes, up 
to 50 per cent moisture can be burned satisfactorily without the 
need for auxiliary gas firing. 
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Gas cleaning apparatus consists or a basket type filter, 10 sq. 
ft. surface, composed of graded glass fibers. Our present intention 
is to filter hot (600-800~) to avoid installation of cooling and 
reheating apparatus. 

Introduction 

Earlier reports by this laboratory (1,2,3,4) furnish details 
on the evaluation of the stack effluenc from a special incinerator, 
BOMAEC-30, designed by the u. S. Bureau of Mines, Combustion 
Research Section. The device was developed under contract with the 
u. s. Atomic Energy Commission for disposal of low-level radioactive 
waste materials from hospitals and research laboratories. Originally, 
this laboratory was requested by the Division of Reactor Development, 
u. S. Atomic Energy Commission to design a gas cleaning system that 
would prevent significant discharge of radioactive substances to the 
atmosphere. Our first approach was to establish the nature of the 
stack effluent under a variety of burning conditions. Initial 
studies (1,2) indicated that, under burning conditions deemed 
optimum by the Bureau of Mines personnel, the stack gas contained 
sufficient quantities of soot and condensable organics to make 
filtrat~on by woven glass fabrics difficult. Further stack sampling 
after minor changes in incinerator design suggested by the first and 
second series of tests (3), showed no improvement in the stack 
effluent. Admission of secondary combustion air at the top of the 
burning chamber did not reduce significantly the amount of combusti
bles in the stack effluent although excess oxygen in the system was 
increased from nearly zero to 5 to 10 per cent. It appeared that 
the auxiliary air by-~assed to the stack where temperatures were 
too low (about 1000°FJ to initiate secondary burning. Mean stack 
temperatures dropped about 200 F0 indicating that gas cooling was 
the major effect. 

In the absence of auxiliary gas firing (which was installed 
for the third series of tests) wet rubbish containing >10 per cent 
moisture could not be burned. Furthermore, operational diffi
culties were encountered in the use of the auxiliary gas system 
which suggested that extreme caution and well designed (and costly) 
safety devices would be required for practical service. 

Attempts to burn rubbish without auxiliary gas firing were 
unsuccessful even after eliminating most of the water. Stack 
temperatures dropped to low levels (600 to 800°F), a distinct odor 
of burning garbage was detected, and a sooty deposit appeared on 
the sampling filters. 

Cooling of the gas stream by water sprays to about 400°F 
appeared to permit filtration through the glass bags without 
prohibitive increases in pressure loss. Although initial plugging 
caused a rapid rise from 1 to 5 inches of water (at 1.2 cu.ft. per 
min. per sq.ft. of cloth area) subsequent tests showed smaller 
increases, about 1 inch of water. Mechanical shaking reduced bag 
resistance to slightly less than 2 inches of water. 

Although the bag effluent appeared to be free of soot particles, 
its moisture and condensable organic content was too high to permit 
final filtration through high efficiency AEC type filters. However, 
it is now our opinion that absolute filtration may not be required 
for many applications. 

At the completion of the Pittsburgh field tests the BOMAEC-30 
incineration unit was shipped to the Air Cleaning Laboratory so 
that extensive burnings could be made to establish the effective 
life of the glass bags. Past experience has indicated that these 
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fabrics, which are inherently brittle, tend to fail under flexure 
in much shorter periods than do those composed of synthetic resin 
or natural fibers. If the glass bags proved unsatisfactory our 
intention was to develop other cleaning techniques which would be 
suitable for typical effluents particularly those resulting from 
poor burning conditions. 

Prior to the equipment transfer, we considered that the lack 
of a means for continuous charging was a poor design feature. In 
its original form, Figure 1, the cover of the burning chamber, 

I. INCINERATOR (29• INSIDE DIAMETER , 
63" OVERALL HEIGHT ) 

2. NEW EXTENSION ON INCINERATOR 
(18" HIGH) 

3. AIR INLET 

4. PRE-HEAT AIR (SLOT) TEMPERATURE 
THERMOCOUPLE NO. 5 

5. BACHARACH SMOKE METER 

6. INCINERATOR STACt< TEMPERATURE , NO. 4 

7. INCINERATOR OUTLET SAMPLING 

PROBE ~ 

8. GAS TEMPERATURE ENTERING SPRAY 
TOWER, THERMOCOUPLE NO. I 

9. GAS SAMPLING POINTS FOR OXYGEN 
AND CARBON DIOXIDE RECORDERS 

10. AIR TO SPRAY NOZZLE 

11. WATER TO SPRAY NOZZLE 

12. PNEUMATIC ATOMIZING NOZZLE 
(CONCURRENT OPERATION) 

13. SPRAY TOWER 

14. DRAIN PLUG 

15. SPRAY TOWER SAMPLING PROBE 

16. TO GLASS FILTER BAGS 
FAN 

FEET AND 
~llllililll' 

CD 

@ 

® 

2 

Fig. 1-Schematic drawing of revised institutional incinerator (BOMAEC-30) 
showing sampling points. 

outlet pipe, heat exchanger, bag house, and exhaust fan were attached 
to a central hydraulic lift column. By elevating the above components 
about 6 inches and then rotating through a 90° arc, waste material 
could be dumped into the top of the combustion chamber. Therefore, 

346 

• 

• 



in order to charge the device safely, at least 30 minutes of cooling 
were required between burnings. Since dry, 25 lb. sawdust charges 
were burned completely in less than 30 minutes, the rated burning 
capacity (30 lbs. per hour) of the unit was essentially correct. Our 
tests with wet charges (15 to 50 per cent moisture) indicated much 
lower burning rates, 15 to 25 lbs. per hour, even with the use of 
continuous auxiliary gas firing. Allowing the unit to cool between 
burnings reduced its temperature such that the stack values seldom 
exceeded 1500°F and averaged 1200°F or less for the entire com
bustion period. We recognized that provision for continuous 
charging would ultimately be required if any improvement with single 
chamber combustion was to be attained. 

BOMAEC-30 Incinerator - Final Tests 

A. Evaluation of Glass Filter Bags 

Prior to shipping the BOMAEC-30 unit to this laboratory, the 
incinerator was altered so that charging could be accomplished 
without elevating accessory parts. A portion of the top cover was 
hinged to swing upwards and secured with dogs to provide a tight 
gas seal. Our laboratory tests, which were conducted with sawdust 
to simulate earlier Pittsburgh studies, produced an effluent which 
caused rapid plugging of the glass bags. Major difficulties 
appeared to be created by air leakage at several ~oints in the 
system (at least 100 per cent of primary air flow). Stack gas 
temperatures did not exceed 800 to 900°F at any time, the gas flow 
within the burning chamber lacked the characteristic spiral pattern, 
and the flame color as observed through the view port was a dull, 
smoky orange. 

Three glass bags ripped at the seams and with new replacements 
resistance could not be kept below 10 inches of water. At this 
point it appeared that glass bags would not be suitable unless some 
precleaning unit was used to screen out a good part of the 
carbonaceous material. 

B. Evaluation of Slag Wool Filter 

Our tests with various mineral and slag wool filters with open 
hearth fume (5) indicated that most of the particulates in the 
incinerator effluent could be retained without prohibitive resis
tance provided that tar formation was not excessive. Due to 
structure of most bulk fiber collectors cleaning by mechanical 
shaking is not effective. However, the low cost of mineral wool 
justifies fabrication of disposable unite provided that sufficient 
filtration area can be used to allow a practical service life. 
Although no experimental evidence is yet available on the amount of 
activity that might penetrate the slag wool we think that this media 
alone may provide adequate gas cleaning. 

The first test 1'ilter was constructed by placing two concentric 
expanded metal screens within a 55 gallon drum and sandwiching the 
slag wool filter between them. Side a,nd bottom area of this basket 
device provided approximately 9.4 sq.ft. of filtration surface. 

Two filters were prepared (4), the first by passing a wet 
slurry of the slag wool fibers through the screen and the second by 
making a dry hand-packed bed. Efficiency 1·or the 1'irst filter (wet 
slurry) was low, oO per cent, since drying of the bulk fibers led to 
channel rormation and subsequent leakage. 
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The hand-packed 1·11 ter was > 90 per cent efficient in solids 
remov~l and showed moderate resistance, 1 inch of water at 3 to 5 ft. 
per min. face velocity. However, gas samples collected downstream 
of the filter showed large quantities of condensed tars which had 
passed through the filter in the gaseous phase (500 to 600°F). 
Further testing of this cleaning system in conjunction with the 
BOMAEC incinerator was discontinued since it became impossible to 
control the burning conditions. Gradual warping of the heated 
surfaces of the incinerator shell produced variable leakage which 
could not be corrected with high temperature sealing compounds. An 
attempt to evaluate the slag wool media by using a small experi
mental incinerator, 3 to 5 lbs. per hour, was unsuccessful apparently 
due to scale down effects on gas flow patterns. 

11 Incinor 11 
- Home Type Incinerator 

A. Test Apparatus 

Sine~ available incineration apparatus was not amenable to good 
combustion control it was decided to investigate the utility of home 
type incinerators as a means of generating a reproducible effluent. 
A small unit, the 11 Incinor 11 (34 in. high and 20 in. outside diameter) 
was purchased for about $100.00. In its original form the burning 
chamber was cylindrical in shape, constructed of steel, and surrounded 
by a concentric outer steel shell with an inner fiber glass lining. 
A gas burner was located above the grate for igniting purposes and 
also for drying damp charges. Supply air was a combination of 
under- and overfire air with no specific entry pattern. Normally, 
the exhaust gases discharged at the rear wall of the combustion 
chamber and vented by natural draft into the flue. 

The following design changes were made prior to conducting any 
tests: 

a) A two-inch thick, fire brick liner was installed in the 
combustion chamber. 

b) An inlet pipe was attached to the base of the unit so that 
underfire air could be metered. 

c) Provision was made to meter total volume of effluent gas so 
that the amount of overfire air could be estimated. 

d) A rectangular drying chamber was placed on top of the 
incinerator for predrying wet charges prior to dumping into the 
combustion chamber, Figure 2. 

e) A filter unit, Figure 3, consisting of a circular 2 inch 
bed (2.8 sq.ft. of filter surface) of slag wool fiber, 6.5 lbs. per 
cu.ft. packing density, and housed in half of a 55 gallon drum was 
connected to the incinerator outlet pipe about 8 ft. downstream of 
the incinerator. An 8 inch layer of 1/4 inch gravel was placed in 
the bottom of the drum so that coarse particulates could be screened 
from the effluent gas prior to passing upward through the slag wool 
bed. 

f) An exhauster was installed downstream of the filter housing 
so that the entire system could be operated under negative pressure. 

g) A water cooled condenser was placed in the hot gas line 
coming from the incinerator so that bed temperatures could be varied 
in the slag wool filter unit. 
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Fig. 2 -lncinor general arrangement of unit and filter holder. 

Fig. 3-Slag wool filter-ACL Incinerator I and 
lnconor (packing density, 6.5 lb/ft3; bed depth, 
2 in.; area, 2. 78 ft2). 
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h) sampling ports were provided for determining dust loadings 
before and after the filter. Provision was also made for estimating 
gas composition (02 , C02, and combustibles reported as CO) and gas 
temperatures throughout the system. 

B. Stack Sampling Procedures 

Sampling equipment was designed to furnish a distinct cut 
between particulates (mineral or carbon) and condensation products. 
This was accomplished by passing the stack effluent through an all
glass filter disc (MSA ll06B paper) followed by a condenser and an 
A.C. electrostatic precipitator. Cooling to ambient temperatures 
removed water which condensed in a trap and permitted capture of any 
condensed volatiles (tars) in the glass precipitator tube. Tar pro
ducts were estimated quantitatively by dissolving in acetone and 
comparing the color photometrically with that obtained with standards 
prepared from the tar extract. 

In the case of filter samples collected upstream of the slag 
wool unit, a distinction was made between the coarse, readily captured 
material entrained in the gas stream and finely divided carbon 
particles. Separation was accomplished by lightly tapping the filter 
which dislodged gross particles. 

c. Test Results 

Preliminary testing on the "Incinor 11 consisted of burning 5 lb. 
sawdust charges, packed in paper bags, using underfire and overfire 
air flow rates of 30 and 20 cu.ft. per min., STP, respectively. Saw
dust was again selected as the combustible charge so that some com
parisons could be made with previous BOMAEC-30 performance. From a 
test viewpoint there were two advantages in using this material: 1) 
the effluent contained a high volatile loading which presented a 
filtration problem, and 2) the sawdust charge was reasonably uniform 
and amenable to convenient packaging. 

Burning rates for sawdust charges averaged 20 to 25 lbs. per 
hour exclusive of the time required to load and seal the predrying 
chamber. Incinerator exit temperatures ranged from 1600 to 1800°F 
and filtration temperatures within the slag wool bed varied from 200 
to 800°F depending upon the amount of gas cooling employed. During 
the test period required to burn 300 to 400 lbs. of sawdust, no 
significant rise in filter resistance above the initial value of l in. 
water was noted. However, at bed temperatures less than 200°F, 
resistance increased to 1.7 in. water during one test as a result of 
water condensation. When gas cooling was reduced so that bed tempera
ture exceeded 300°F, the slag wool filter resistance returned to 
about 1 in. water. 

The incinerator effluent prior to filtration contained approxi
mately 0.05 grains per cu.ft. of solids of which 25 to 40 per cent 
were acetone-soluble tar products. The filter effluent appeared to 
be composed primarily of tar products which either passed through the 
filter as a fine mist or fog or condensed beyond the filter as a 
result of lowered gas stream temperature. 

It was possible to burn a synthetic charge composed of 3 lbs. 
of sawdust and 2 lbs. of shredded cabbage without resorting to gas 
firing. Moisture content of this mixture was estimated to be greater 
than 40 per cent. However, burning rates were reduced to 15 lbs. per 
hour and incinerator effluent temperatures were considerably lower, 
1200 to 1300°F in contrast to 1600 to 1800°F for sawdust alone. 
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D. Discussion 

Perhaps the most obvious conclusion to be drawn from the above 
tests is that the over-all performance of a relatively simple 
commercial incinerator design was better in many respects to that 
of the BOMAEC-30 unit. A scale-up of the 11 Incinor 11 or similar 
device to the size needed for disposal of 30 lbs. of bulk waste per 
hour should cost much less than the BOMAEC-30. 

Resorting to a firebrick liner permits light weight construction 
with mild steels and allows much higher temperatures in the combustion 
chamber. It is emphasized that stainless steel construction was used 
in the BOMAEC-30 unit to eliminate the possibility of contamination 
of firebrick and its attendant problems as well as possible erosion 
and subsequent entrainment of contaminated firebrick in the gas 
stream. We do not think that this problem should exist with 
customary low activity waste material. Unfortunately, stainless 
steels limit incinerator temperatures to levels inadequate for good 
combustion and ultimately led to warping in the case of the BOMAEC 
unit. (This was also observed in the Argonne incinerator when over
heating took place.) 

We were not completely satisfied with the 11 Incinor" as an 
experimental unit since it was not possible to determine gas flow 
distribution or precisely where overfire air entered the unit. In 
addition, the device was designed for batch charging from the top 
which also was not desirable for continuous burning. It did permit 
production of a reproducible effluent and, most important, furnished 
the basis for a new experimental unit. 

ACL I - Experimental Incinerator 

A. Design Considerations 

In formulating the design for a new incinerator the following 
factors were taken into consideration: 

1) Tests on both the BOMAEC-30 and "Incinor" units indicated 
that tars and combustible gases in the incinerator effluents were 
minimized when overfire air alone was supplied. Although underfire 
air in various proportions produced higher burning rates the result
ing stack gas was more difficult to filter due to the increased 
volatile and solid loading. 

2) From the point of view of simplicity, the single chambered 
unit with overfire, tangential a~~ission of supply air appeared to 
be the best design for a compact unit. In this respect we confirmed 
the Bureau of Mines evaluations assuming that a scale-down of a 
double chamber municipal incinerator would not be acceptable for 
disposal of low level wastes. 

3) The ultimate design of the new incinerator should provide 
a simple safe means of charging the unit continuously since under 
these circumstances the combustion chamber is maintained as hot as 
possible. 

4) Ceramic liners should be installed to maintain high com
bustion temperatures and allow use of ordinary construction steels. 

5) The design of covers, doors, etc., should be such that 
warping c~used by high temperature does not cause air leakage in 
critical locations. 
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6) It should be possible to burn high moisture wastes {up to 
50 per cent moisture either by constructing a practical predrying 
device or by charging directly to the combustion chamber. 

B. Description 

Figure 4 shows the first model of an incinerator (ACL I) which 
was constructed according to the above design principles. A 55 
gallon steel drum was lined with 2 inches of firebrick to provide a 
burning chamber 29 inches deep and 18 inches in diameter. An aah 
pit, 6 inches deep, was located immediately below the grate and pro
vided with a clean-out port which also could be used if necessary 
as an underfire air inlet. A single tangential overfire air inlet 
was located about 10 inches below the top of the burning chamber. By 
inserting ceramic wedges the width of the entry air slot could be varied 
according to test requirements. Exce~t for the fact that we employed 
a single, rather than multi~le entry t4 synunetrically spaced inlet 
ports in the BOMAEC-30 unit) the external geometry of the ACL-I model 
was similar to that of the Bureau of Mines' unit. 

A charging and predrying section, 24 in. high and 12 in. x 12 in. 
square was placed directly above the burning chamber. The bottom of 
this hopper, located about 8 inches above the incinerator proper, was 
hinged to the sidewall so that by swinging downward its contents were 
dumped into the combustion chamber. In the open position the hopper 
bottom partially blocked the opening to the 3 inch diameter flue pipe 
which connected to this chamber 3 inches below the hinged bottom. This 
served to prevent any by-passing of unburned materials to the 
incinerator outlet pipe during the dumping process. 

In order to eliminate leakage, the incinerator cover and pre
drying hopper were fabricated as a single piece. The lower rim of the 
cover rested in a 4 in. deep, sand-filled circular channel section 
which was an integral part of the incineration chamber. This con
struction permitted ready access for repair or internal modifications 
and reduced air leakage to insignificant quantities (1 to 2 cu.ft. 
per min. or <5 per cent). 

The top of the predrying hopper was gasketed and held in place. 
by metal ~lamps during testing to eliminate stray leakage at this 
point. The incinerator stack effluent passed through approximately 
8 ft. of.3 in. diameter duct prior to entering the base of the slag 
wool filter unit. The latter device was the same one that had been 
used during tests on the 11 Incinorn. 

Test procedures for the ACL-I incinerator were the same as those 
reported for the rrincinor". 

c. Test Results 

Results of several combustion tests on the ACL-I incinerator 
are sununarized in Table 1. The major variables were the quantity 
and type of air supply, i.e. overfire or underfire. Data for several 
air flow conditions, Tests 1-7, represent average conditions for the 
combustion of 6 to 10 separate 5 lb. sawdust charges. Each charge 
was allowed to burn nearly to completion (based upon return of 02 
levels to 18 per cent in the stack effluent) before the next charge 
was introduced. Indicated burning rates do not include the time 
required to open and close securely the predrying hopper (about 5 
minutes) since no such delay in charging would exist in the final 

model. 
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-LEGE NO
A-INCINERATOR (SS· GAL DRUM) 
8" CHARGING DOOR • 9• x 12' OPENING 
C- ASH PIT Gl..EANOUT PORT 
D· STEEL GRATE 
E- FIREBRICK LINER 
F- TANGENTIAL IN.ETC 2' PIPE) PRIMARY AIR 
G· SAND SEAL 
H- TANGENTIAL INl..ET ( 314" PIPE) SECONDARY AIR 
I - AF"TERBURNER SECTION 
J· TANGENTIAL EXIT(3' GALV. DUCT) 
K- TANGENTIAL INLET (2' PIPE) COOLING AIR 

TC• THERMOCOUPl..E 
F 111 • FLOWlllETER 

Fig. 4-Institutional type incinerator and gas cleaner for disposal of low level activity wastes, 
ACL-I. 

A- INCINERATOR (55 GAL DRUM) 
B- PREHEAT CHAMBER (12"• 12·•, 24" HIGH) 
C- SAND SEAL 
D- TANGENTIAL AIR INLET (2" PIPE) 
E- REFRACTORY LINER 
F - STEEL GRATE 
G- ASH REMOVAL PORT 
H- CHARGING GATE 
1- PREHEAT CHAMBER COVER 
J- UPSTREAM SAMPLER 
K - DOWNSTREAM SAMPLER 
L - FILTER BED HOl.OER (HALF, !15 GAL DRUM) 
Ill- FILTER BED RETAINING SCREENS 
N • SL.AG WOOL FILTER BED 

0 
I 

B 

0- FILTER INLET PIPE (:5" DUCT) 
P- CRUSHED STONE BED 
Q- FLANGED FILTER HOLDER COVER 
R- FILTER HOLDER DRAIN VALVE 

FM- FLOWMETER 
GA- GAS ANAL.YZER(OX'fGEN,CARllON 

DIOXIDE, COMBUSTIBLES) 
PT - PRESSURE TAP 
TC- THERMOCOUPLE 

F 

Fig. 5-Institutional type incinerator for disposal of low level activity wastes, ACL-II. 
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Overfire air entered the burning chamber tangentially whereas 
underfire air was admitted from below the grate area with no parti
cular flow pattern. In both cases the air rates were adjusted to 
constant STP flow conditions. The volume of C02 and CO produced per 
pound of sawdust was obtained by graphical integration of the gas 

Test 
No. 

l 

2 

3 

4 

5 
6 

7 

TABLE l 

ACL-I INCINERATOR - TYPICAL COMBUSTION TESTS 

Supply Air 
cu.ft./min. 

Overtire Undertlre 

sob 

50 

10 

30 

30 

0 

0 

0 

0 

30 

10 

0 

30 

50 

Flue Gas 
cu.ft./lb. 
of sawdust 
co2 co 

14.8 

1$.l 

12.3 

12.9 

11.4 

12. 7 

2.6 

1.3 

l.l 

o.8 

0.4 

3.3 

1.9 

Burning a 
Rate 

lbs./hr. 

1$.0 

16.o 

13.6 

12.0 

9.5 

12.6 

15.0 

Stack 
Temperature 
Maximum °F 

1600 

1450 

1430 

1260 

1260 

1380 

1570 

a. 5 lb. dry sawdust charges in paper bags. 

b. Tangential inlet area = 4 sq. in. for Test l, 2 sq. in. for 
Tests l through 7. 

percentage versus time curve with respect to the instantaneous air 
flow rate and the amount of sawdust burned during the test period. 
The following relationships are indicated in Table 1. 

1) The burning rate increased with total air flow (overfire 
plus underfire) from average values of 11 lbs. per hour at 30 cu.ft. 
per min. to 15 lbs. per hour at 50 cu.ft. per minute. 

2) Burning rates also were generally higher for underfire air 
supply than for overfire air. 

3) Average co2 production per lb. of sawdust was highest with 
overfire air supply. 

4) The quantity of combustibles in the effluent gas were 
generally higher with underfire than with overfire air supply. 

5) Stack temperatures were higher with underfire air supply. 

In addition to the above items, it was noted that the unfilter
ed stack effluent was more smoky whenever underfire air was used. 
This condition was also observed during previous tests on the BOMAEC-30 
J,.ncinerator. 
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D. Discussion 

The selection of optimum operating conditions was based pri
marily on burning rate and combustion efficiency. On the basis of 
burning rate, no distinction could be made between 50 cu.ft. per min. 
overfire or underfire air flow. However, the volume of C02 produced, 
15.1 and 12.7 cu.rt. per lb. of sawdust, respectively, indicated more 
complete combustion for overfire air supply. The amount of combustible 
gases in the effluent gas stream (reported as CO) did not furnish a 
reliable measure of combustion efficiency, ~nless correlated with 
other system characteristics. For example, in all tests made with 
underfire air supply, combustible gas concentrations noted during 
the first 10 minutes of operation were significantly higher than 
those determined 1·or overfire air tests. Simultaneously, stack 
samples and visual observations of the incinerator effluent indicated 
much heavier smoke formation. It appeared that rapid distillation 
of resins and oils resulted in partial combustion only so that the 
percentage converted to low molecular weight volatiles, organics, or 
CO was lower tnan that detected for overtire burning. Although dis
tillation also occurred in the latter case, the skinuning action of 
the rotating air stream tended to produce more uniform burning 01· 
tne cellulose and tar components of the sawdust. 

A comparison of Tests 1 and 6 indicates that the relative CO 
emission was about the same. However, the C02 production with 
30 cu.ft. per min. underfire air was much lower, 11.4 vs. 15.1 cu.ft. 
per lb., and the presence of soot and tars in the stack effluent very 
pronounced. The CO discharge in tnis case was not due to partial 
combustion or· tar products so mucn as to the low oxygen levels in 
the burning zone. 

We did not consider it wortnwnile to attempt 1'urther corre
lation or· tne data in Table 1 since there were some variables which 
could not be controlled. Although burning rates were fairly uniform 
for the first 15 to 20 minutes of identical tests, erratic com
bustion was noted during the final phase, depending upon the position 
and degree of spread of the charge on the grate. Occasionally some 
sawdust fell into the ash pit and continued to burn at a slow rate. 
This extended the apparent burning period when C02 and 02 concentra
tions were used as a measure of operating time. 

There were also variations in sawdust composition even though 
the same grade was specified for all tests. However, based upon 
these data and visual observation of the stack effluent we concluded 

that use of 50 cu.ft. per min. overfire air would provide adequate 
burning capacity and highest stack temperatures without excessive 
smoke production. 

When the area of the tangential overfire air inlet was 
reduced from 4 to 2 sq. in. a reduction in soot formation was observed, 
Test 2. Although C02 production appeared slightly higher,the total 
yolume of combustion gases were not altered appreciably. Burning 
rate, however, was slightly higher and the CO concentrations were 
lower than those in Test l with a 4 in. sq. inlet and uniform through
out the burning period. 

E. Slag Wool Filter Rating 

It ~as intended to operate the incinerator at 50 cu.ft. per 
min. overfire air flow while burning several sawdust charges so that 
the filter life of the slag wool filter could be estimated under 
typical burning conditions. However, since there was not adequate 
fan capacity for this procedure, air flow rates were reduced to 
30 cu.ft. per min. overfire. The only previous objection to the 
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above flow rate was that the bµrning rates were considerably lower, 
about 9.5 lbs. per hour. Double charging, 10 lbs. instead of the 
previous 5 lb. package, increased the burning rate to nearly 22 lbs. 
per hour. The average of several stack sampling tests indicated that 
t.otal particulate loadings in the incinerator effluent were about 
0.15 grains per cu.ft. Half of the collected material dissolved in 
acetone indicating the presence of condensed tar products. Previous 
tests on the BOMAEC-30 unit showed incinerator stack loadings ranging 
from 0.02 to 2 grains per cu.ft. and averaging 0.25 grains per cu.ft. 

At the start of the loading tests the filter resistance was 
approximately 0.5 in. water. After burning 150 lbs. of sawdust 
resistance rose to o.66 in. water but showed very little increase 
during the subsequent combustion of 750 lbs. (Final resistance, 
0.7 in. water). According to downstream sampling measurements the 
slag wool media varied from 90 to 98 per cent efficient on a weight 
basis. It appeared that the material collected on the downstream 
sampling filter was primarily condensation products which had 
~assed through the filter in vapor form. Upon firing these filters 
(all glass media) negligible amounts of mineral ash remained. 
Examination of the slag wool filter showed evidence of edge leakage 
which probably contributed to the passage of some carbon particles. 
Our present opinion is that the mineral wool fibers, although con
stituting and effective filter, should be prepared as a bonded 
preformed bed to improve sealing characteristics. Furthermore, it 
appeared that a thinner filter with a lower packing density than 
that used with the current unit (2 in. depth, 6 lbs. per cu.ft.) would 
furnish satisfactory cleaning. When this filter was removed from its 
holder it was found that actual dust and soot penetration was confined 
to a very thin layer, 1/2 to 1/4 inch. 

F. Charging Device 

Although better combustion and proportionately greater burning 
rates were realized with the ACL I incinerator than those attained 
with the BOMAEC-30 and Incinor units, the overhead predrying and 
charging system presented operational problems. Dumping of the 
bagged sawdust charges into the burning chamber occasionally exting
uished the flame. Since residual chamber heat was sufficient to 
distill volatile materials, re-ignition at times produced minor 
explosions. A second difficulty was the premature ignition of 
charges stored in the predrying chamber. Although we believe that 
the above charging system could have been made operable, it appeared 
that the necessary modifications would lead to additional cost and 
complexity. Therefore, the overhead charging technique was discarded 
in lieu of a ~imple charge door located on the side of the cylindrical 
burning chamber. Our previous objection to the latter method of 
charging was based upon the expected interference with the vertical 
gas flow pattern within the burning chamber, However, in the design 
discussed in the following section, minimal disturbance with flow 
pattern was attained by careful control of air leakage through the 
door. 

ACL II Incinerator 

A. Description 

Our second incinerator design, Figure 5, incorporated the 
same burning chamber used in the ACL I model. A side charging door, 
13 in. x 8 in. was located 6 in. above the grate and lined with 
firebrick so that the inner cylindrical contouring was maintained. 
11 Thermoflex"* gasketing reduced stray air leakage to sufficiently 

* Johns-Manville, New York 16, N.Y. 
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low levels, <10 per cent primary air flow, such that the spiral gas 
pattern was not altered significantly. 

A two pronged sliding fork was inserted in the door, Figure 6, 
so that wet charges (up to 50 per cent moisture) could be supported 
along the wall of the combustion chamber. By means of this device, 
wet material exposed to high radiant temperatures and hot swirling 
gases was dried in less than one minute provided that the incinera
tor was heated to operating temperature~ When the, fork was withdrawn 
the dried charge fell to the grate and burned completely. This dry
ing method did not disturb the already existing fire in the burning 
chamber and eliminated the need for auxiliary preheating facilities. 
Removal of the overhead charging unit allowed space for an after
burning section which we believed would afford some advantage over 
the single burning chamber. A cylindrical, brick-lined chamber, 
20 in. high and 11 in. inside diameter, was mounted directly above 
the burning chamber. Entry to the afterburner from the burning 

-~:-··-·· 
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Fig. 6-ACL Incinerator II, charging door 
open with charge in drying position. 

chamber was made through a short brick-lined conical section. A 
tangential inlet was provided at the base of the afterburner so that 
auxiliary combustion air or gas could be admitted. A tangential exit 
was placed at the top of the afterburner so that the spiral gas flow 
pattern could be maintained in the system. Since exit gas tempera
tures were in the range of 2000°F, it was necessary to use either 
special heat resistant ducting or to provide some means of gas 
cooling. We choose the latter method and installed an extra air 
inlet pipe at the top section of the afterburner. Under present 
operating conditions dilution air, about 50 cu.ft. per min., enters 
tangentially and mixes within the afterburner to produce an effluent 
which can be handled with ordinary ventilation piping. 

Valves were provided for all air inlets so that optimum flow 
rates could be determined experimentally. Although facilities were 
available for admission of' auxiliary gas to burn materials not 
oxidized in the combustion chamber itself we preferred to avoid this 
system in view of the cost and potential hazards. Since the tempera
tures in both combustion and afterburning chambers were greater than 
2000°F it was postulated that a secondary air supply to the zone of 
oxygen depletion C<2 per cent by volume during the initial dis
tillation phase of sawdust tests) would oe a simple and practical 
method of soot and tar reduction. 
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B. Combustion Characteristics 

Preliminary combustion tests on the ACL II incinerator were 
similar to those made on the ACL I unit. Over-all performance was 
estimated in terms of the volume of co2 produced per pound of 
charge, the volume of combustible gases reported as CO, the burning 
rate, and average stack temperature. 

Two standard charges were used, the first consisting of 3.5 lb. 
packages of sawdust and the second a mixture of 2.3 lbs. of sawdust 
and 1.2 lbs. of shredded cabbage. The 7 lb. (double charge) listed 
in Table 2 consisted of two of the above 3.5 lb. bags. 

TABLE 2 

AGL-II INCINERATOR - TYPICAL COMBUSTION TESTS 

Test Type of Flue Gas Burning Stack Temperattll'e 
No. Charge a ou.rt./lb. Rate °F 

of Sawdust lbs./hr. Maxifuum MinLTium Mean 
co2 co 

A. Primary Air Flow - 48 cu.ft./min. STP, No Dilution (Coolin~Air 

l s, 3.5 lbs. 12.2 l.O 21.1 1790 1250 1500 

2b s, 2.3 lbs. 14.3 o.6 17.6 1350 770 1130 
c, 1.2 lbs. 

3 s, 7.0 lbs. 11.5 1.8 21.l 2010 1250 1590 

4b s, 1.0 lbs. 9.5 0.1 21.2 2110 1340 1730 

B. Primary Air Flow - 48 cu.ft./min. STP, Dilution Air - 50 cu.ft./min. 

5 s, 3.5 lbs. 14.9 0.3 19.3 1600 960 1260 

6 s, 2.3 lbs. 11.5 0.7 19.7 1000 780 870 
c, 1.2 lbs. 

7c s, 2.J lbs. 15.8 l.l 17 .6 1130 790 950 
c, 1.2 lbs. 

8 s, 7.0 lbs. 13.3 1.2 21.3 1710 910 1270 

9b s, 7.0 lbs. 13.7 <0.1 20.1 1720 910 1280 

lOb s, 4.6 lbs. 17 .l o.6 21.2 1210 890 1040 
c, 2.3 lbs. 

a. S = Dry sawdust ( < 10 per cent moisture); C =Shredded cabbage. 

b. Secondary (auxiliary) air admitted - 10 cu.ft./min. STP 

c. Auxiliary gas firing. 

The major variables investigated with the AGL II incinerator 
were t~e size and type of charge, the quantity and point of 
admission of primary and secondary combustion air, and the amount 
of the cooling air. 
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1. Size of charge. Comparison of several tests in Parts A 
and B of Table 2 indicated that the amount of charge placed on the 
grate had very little effect on the burning rate (Tests 1,3,5,8). 
This conformed to previous studies which showed th~t the volwne of 
overfire air appeared to be the controlling factor in combustion 
rate for a constant inlet velocity. These results were not surprising 
since, with tangentially admitted air, the major burning occurs in 
the peripheral zone of the grate. With typical loading procedures 
the main part of the charge is centered on the grate such that burn
ing is initiated at the outer edge. 

A noticeable effect of increased charge was the greater amount 
of combustible gases (reported as carbon monoxide) in the effluent 
gas stream. Generally, the appearance of filter samples collected 
in the stack correlated with combustible gas concentrations, i.e. a 
distinguishable soot deposit with increased combustible gases. When 
double sawdust charges were placed on the grate there was sufficient 
heat in the chamber to distill most of the volatile fraction of the 
charge. However, with a constant air supply, the oxygen demand of 
the increased volatile loading was exceeded which caused less 
efficient combustion. 

Measurement of carbon dioxide concentrations in the effluent 
gas were consistent with carbon monoxide results for Test pairs 
1-3 and 5-8, i.e. less C02 with more CO. However, some data with 
respect to C02 values were inconsistent with other test obser
vations, i.e. Test 4, wherein burning rate, stack temperature, and 
CO emission showed generally improved combustion. 

Mean stack temperatures appeared to increase slightly with 
double charges which should have indicated increased burning rate. 
However, mean values were based upon operating time and did not 
reflect changes in supply air volume with temperature variation. 
In Test 3, for example, the double charge produced higher peak 
temperatures during the distillation phase of the combustion. As a 
result the supply air volume was somewhat lower than that reported 
for a single charge, Test 1. Therefore for identical combustion 
rates of 21.l lbs. per hour in Tests 1 and 3, one would expect to 
find a higher stack temperature in the system having the lower total 
gas flow. 

2. ~pe of charge. Burning rates of mixed charges of sawdust 
and shredd~ cabbage (about 50 per cent moisture on a dry basis) 
were slightly lower than those for sawdust under most conditions, 
Tests 2, 6 and 7. Since the burning rate was based upon total 
charge the amount of dry sawdust burned was actually about 40 per 
cent less in these tests. Combustion products, which were based 
on sawdust weight only, were essentially the same as those for 
sawdust alone. Since the sawdust burning rate was much lower and 
the air volumes were unchanged, the stack gas temperatures were 
correspondingly lower for these wet charges. Lowered values did 
not reflect poor combustion. When secondary combustion air and 
dilution air were admitted to the afterburner (Test 10) the com
bustion efficiency for wet charges appeared higher than for dry 
sawdust based upon co2 emission. We think that the presence of 
moisture retarded the volatilization of tar products thus affording 
a better chance for more uniform burning. 

3. Air sup~ly. 
a. Auxiliary (seconda~) air. Admission of secondary 

(auxiliary) air at the base of t~ afterburner reduced soot formation 
in the stack and resulted in lower carbon monoxide emission, Tests 3, 
4-8, 9. Although no significant change in burning rate was attained, 
higher gas temperatures were observed in the stack. These data 
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indicated that the introduction of secondary air to a zone of depleted 
oxygen supply was a definite adjunct to better combustion. Since the 
gas temperature exceeded 2000°F in the afterburner there was no 
chance for the auxiliary air to dilute and cool the main gas flow to 
temperatures below the ignition point of partially burned combustibles. 

b. Cooling air. The chief reason for admitting cooling 
air at the top of the afterb~rner was to cool the effluent gas to 
temperatures within the practical operating range of mild steel 
piping. It was also presumed that with a tangential entry the 
vertical gas flow pattern within the afterburner would be accentuated. 
This would result in less entrainment of gross particles and increased 
gas retention time. According to our tests however, cooling (dilution) 
air improved incinerator operation assuming that a reduced CO emission 
indicated better combustion (Part B, Table 2). This could be attri
buted to two factors: a) the cooling air acted in part as a 
secondary air supply, and b) the increased vorticity within the 
afterburner extended down to the main combustion chamber. In the 
latter case, changes in the gas flow pattern and the ensuing 
turbulence might have improved burning in this region. Comparison 
of the following test pairs in Table 1 (1-5, 3-8 and 4-9) shows 
better combustion when cooling air was employed. 

4. Gas temperatures. We have pointed out certain limitations 
in the use of gas temperature alone as a measure of combustion 
efficiency. The range between maximum and minimum temperature was 
largest when ~istillable components of the charge were readily 
volatilized. For example, although average burning rates were simi
lar in Tests 1 and 3, the effect of double charging was to release 
volatiles at a higher rate during the first ~art of the burning. 
Thus, temperature ranges (maximum to minimum) were about 550 and 
750F 0

, respectively, for Tests 1 and 3. 

Mean temperatures, unless correlated with instantaneous gas 
flow rate did not necessarily reflect the total heat output (which 
was related directly to combustion efficiency). Since our fan 
speed was not changed during a combustion test the air supply rate 
decreased to a minimum at maximum temperature and gradually 
approached the initial values as the run progressed. Therefore, in 
comparing Tests 1 and 3, and 5 and 8 (and the slightly.higher mean 
temperature values reported for Tests 3 and 8) one must take into 
account that total gas volumes were lower in the latter case. 

However, the temperature increases noted for Test pairs 3-4 
and 8-9, appeared to be associated with a real improvement in 
combustion efficiency since with Tests 4 and 9, addition of secondary 
air led to increased gas volumes. Similarly the rather low mean 
temperatures shown for wet charges were caused by the decreased 
heating value of the charge (about 66 per cent of that for the dry 
sawdust charge) and not by poor combustion. In addition, during 
wet tests a significant fraction of the heating values were utilized 
in evaporating the moisture load. 

It was found that the mean stack temperatures reported in 
Part A, Table 2, were in reasonable agreement with predicted values 
(based upon a heating value of 7000 BTU per lb. for sawdust). 
However, it was noted that the indicated stack temperatures were 
actually higher than predicted values for most tests wherein cooling 
air was used. We believe that this inconsistency was caused partly 
by radiation to the stack thermocouple from the afterburner section. 
This effect was much more pronounced when cooling air was added. It 
was also possible that gas mixing was not complete such that the 
thermocouple did not record true average temperature in the duct 
cross-section. 
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c. Gas Cleaning 

Our tests indicated that the slag wool filter employed in 
previous studies did not provide adequate !'iltration area when 
cooling air was added to the system. Pressure loss rose to pro
hibitive values after the combustion of relatively little sawdust 
<500 lbs. Examination of the slag wool media showed a sooty surface 
coating to be responsible for the high resistance. Actually, the 
plugging was restricted to less than 1/4 in. of the 2 in. filter 
depth. We think that the only possible way to make dry cleaning 
feasible is to employ increased filtering area with a gradation in 
fiber diameter. A nbasket 11 type filter having more than 8 sq. ft. 
of filtering surface is now under construction, Figure 7. In order 
to eliminate leak problems associated with hand-packed bulk 1"iber 

Fig. 7-ACL Incinerator II, filter 
unit. 

we intend to experiment with two fiber sizes of bonded glass fiber, 
FG-25 (2 to 5 microns) and Type G Airmat (10 to 20 microns). 

D. Discussion 

Comparison of' average burning conditions r·or the various 
incinerators tested by this laboratory, Table 3, indicates that the 
latest model, ACL II, provides the best ~ombustion in terms of flue 
gas composition and stack temperature. The burning capacity of the 
ACL II was proportionately greater than that of any previous unit 
tested on the basis of effective burning rate. Aside from the 
above improvements, the ACL II model was the only device that could 
be used to incinerate wet charges without using auxiliary gas firing. 
This was impossible to accomplish with the BOMAEC-30 unit. Further
~ore, by resorting to a simple side charge door and a loading fork, 
waste materials could be introduced wet or dry without disrupting 
the combustion process. The actual time required to open the 
incinerator door and plac~ a charge on the loading fork amounted to 
less than 5 seconds. During the open period air motion through the 
door may be insufficient to prevent occasional release of gas to 
the loading zone. Therefore, auxiliary hooding should be provided 
to protect personnel involved in charging operations. 
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Our test data appeared to show a significant improvement in 
the quality of the stack effluent as a result of using secondary 
air and .cooling air. However, increased air volumes present a pro
blem in restricting dry filtering units to a practical size. There 
is no simple way of reducing gas temperatures to levels that w~ll 
not damage filter media other than dilution cooling since the use 
of water sprays or wet scrubbers are not considered acceptable for 
the present system. For typical applications in hospital or research 
laboratories, it is unlikely that facilities will be available for 
liquid radioactive waste disposal. Although some gas cooling may 
be achieved through the use of extended surface heat exchangers(fins, 
coils, etc.) we believe that complete cooling by the above methods 
would be too expensive. 

TABLE 3 

COMPARISON OF BURNING CONDITIONS IN VARIOUS INCINERATORS 

Lbs. 
Sawdust 
per chg. 

Burning 
Rate 

lb./hr. 

Volume 
C04 

cu.ft./lb. 
ch 

Max. Stack 
Temperature 

OF 

BOMAEC-30 25 45-60a 9.09 1455 

1832 

1256-1800 

1000-2112 

Incinor 5 20-25 

AGL Incinerator I 

ACL Incinerator II 

5-10 

3.5-7 

14-22 

17-26 .5 

10-13.6 

9.5-17 .1 

a. Effective burning rate approximately 30 lbs./hr. allowing for 
charging time. 

E. Future Plans 

The major problem at present is to develop an efficient and 
economical filter unit to clean the incinerator effluent. Tests are 
scheduled to evaluate FG-25 and Type G Airmat media under typical 
burning conditions to determine filter life characteristics. A 
major requirement in collector design is that fabrication cost be 
low since the entire unit including housing will be disposed of once 
the rated resistance has been exceeded. In view of this fact it 
appears that special temperature resistant fibers, i.e. aluminum 
oxide, would be excluded. 

Conclusions 

A. BOMAEC-30 Incinerator 

1. Our tests on the BOMAEC-30 incinerator indicated that 
several design changes would be necessary before this unit could 
be used successfully in the field. These included the following: 

a) Provision for continuous charging and burning of wet 
materials. 

b) Installation of secondary burning chamber. 
c) Use of ceramic liners to maintain high temperatures 

and minimize warping of metal surfaces. 
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d) Construction features which would minimize stray 
air leakage. 

e) Development of a gas cleaning system that would 
collect particulate materials at reasonable resis
tance and have a useful service life under high 
temperature operation. 

2. It was not practical to reconstruct the BOMAEC-30 unit 
in order to incorporate design changes indicated above. 

B. ACL II Incinerator 

l. An experimental incinerator, ACL II, designed by this 
laboratory and including the tangential overfireair supply system 
of the BOMAEC-30 unit, appears to overcome many of the disadvantages 
of the BOMAEC device. 

2. A charging door on the side of the burning chamber 
permitted continuous loading of the incinerator so that high 
combustion temperatures could be maintained. 

3. A sliding loading fork inserted through the door provided 
support for packaged wet materials. Waste containing up to 50 per 
cent moisture dried rapidly in the chamber and did not delay the 
combustion process. 

4. A firebrick lining within the combustion chamber permitted 
temperatures greater than 2000°F which improved the combustion 
process. 

5. A cylindrical afterburner mounted vertically above the 
burning chamber reduced the amount of tar products in the effluent 
when secondary air was admitted tangentially at the base of this 
section. 

6. Use of a sand seal rather than a bolted flange reduced 
air leakage to negligible quantities at the connection between 
the main burning chamber and the afterburner. 

7. Admission of dilution air at the top of the afterburner 
appeared to reduce tar concentrations in the effluent as well as 
affording a partial precooling facility for the effluent gas. 

8. Combustible particulate loadings in the incinerator 
effluent were lower than those obtained with the BOMAEC-30 unit 
and comparable to those reported for two chamber municipal type 
incinerators. 

9. A gas cleaning device consisting of a basket type filter 
containing bulk or preformed graded mineral or glass fibers appeared 
to be the most practical method of cleaning the effluent gas 
provided that inlet gas temperature did not exceed 750°F. 

10. Absolute filtration of the effluent will be an expensive 
operation since cooling and reheat facilities must be provided to 
remove moisture and condensed tar products. Ordinarily these 
substances will pass through mineral fiber filters in.the gaseous 
phase and cause no filter plugging. 
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A REVIEW OF THE EXISTING REACTOR CONFINEMENT 
PROGRAM AT HANFORD 

R. C. WALKER 
General Electric Company, Hanford Atomic Products Operation, 
Richland, Wash. 

ABSTRACT 

This paper summarizes the current status of the confinement program 

relative to the existing production reactors at Hanford. Included is a 

description of the over-all system plus a more detailed review of the 

principal system components: 1) Fog Spray, 2) Filters, 3) Ventilation 

Control, and 4) the Electrical and Instrumentation being provided for 

necessary control and monitoring of the entire system. A brief outline 

of the associated testing and development programs is also included as 

well as several charts which more clearly delineate the physical and 

control aspects of the system. 

INTRODUCTION 

As many of you are aware, a project is now under way at Hanford to pro
vide confinement facilities for both the eight existing reactors as well 
as the New Production Reactor. Mr. Pursel will be covering the design 
aspects of the NPR in a few minutes as a separate topic since there are 
many considerations which are not common to the two projects. 

To begin ~~th, 1t is important to note that these projects are both 
referred to as confinement rather than containment. This is because in 
neither case is the familiar containment sphere utilized; rather, the 
objective is to control the flow of the ventilation air to such an ex
tent that it will be confined to definite paths which will insure that 
the exhaust air is routed through filters and other appropriate decon
tamination facilities prior to release from the stack. This approach is 
considered necessary due to the inherent massiveness of HAPO-type reactors 
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and this will become more evident as some of the design features are il
lustrated; however, it is ver-y important to realize that this is an en
tirely different concept for controlling fission product release than was 
utilized for Dresden, PWR, and many of the otner recently completed 
reactors. 

BASIC CRITERIA 

Without getting into extensive discussion of the early Hanford confine
ment studies, it was concluded that, in consideration of immediate goals, 
it should be feasible to remove approximately 99.9~~- of the particulates, 
50~ of the halogens, but none of the noble gases which may be released 
from reactor incidents. 

Accordingly, the basic features of the initial confinement facilities for 
the existing Hanford reactors will include: 

1. A dense, finely atomized spray system within the rear face 
enclosure of each reactor which will remove some halogen vapors 
and particulates as well as afford some degree of decontamina
tion, thernal cooling, and pressure control; 

2. A filtering facility which will remove a ver-y high percentage 
of all particulate matter from the exhaust ventilation air 
prior to release from the stack; 

3. Space within the filter building facility for the future ad
dition of a "dr-y" halogen collector; and 

4. Suitable instrumentation which will monitor and record, where 
necessar-y, critical operating conditions. 

In addition, it was decided to extend further study and testing toward: 

1. The development of a suitable method for the "dr-y" removal of 
halogens which would provide decontamination factors of 20 or 
higher, and 

2. Establishing the feasibility of sealing and/or structurally 
reinforcing the existing reactor buildings to withstand a 
nominal build-up of internal pressure such as may accompany 
higher order incidents. 

GENERAL FACILITY LAYOUT 

Before getting into some of the specific design details, it ma.y be well 
to orient ourselves with the general facility layout. AB noted on the 
first slide, (Figure I) the reactor block is located within the external 
reactor building structure such that there is a ventilated space between 
the block and the outside walls. While the eight existing reactors 
differ slightly, the layout shown is typical in principle. Without going 
into the details of how air is supplied to the ventilated areas, it will 
be seen that the air passes over the reactor block surfaces and is 
drawn into a common plenum on the suction side of the exhaust fans. In 
the past the fans have discharged the air directly to the stack; however, 
you will notice that the air will now be diverted through a filtering 
facility prior to this release. 

The question rray arise as to why the filters and their associated duct
work were not installed on the suction side of the fans. It is recog
nized that this method would have certain inherent advantages; however, 
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it was not done in this case since (1) the construction of the original 
buildings makes such a tie-in appear unfeasible, (2) all exhaust fans 
either are or will be shielded, and (3) we are satisfied that, by 
utilizing demonstrated techniques, our facility 1-rill be relatively easy 
to seal against the rather nominal static pressures which will occur. 

The sample building houses the bulk of the instrumentation associated 
with the confinement facilities with the exception of a small portion 
which is located in the reactor building control room. 

FOO SPRAY SYSTEM 

It will be noted that there is a spray system located within the rear 
face enclosure which is designed for automatic or manual operation. This 
is shown in more detail on the next slide (Figure II). 

Specifically, the spray system is designed for the multi-fold purpose of: 

1. Absorbing a portion of the halogen vapors which may be given 
off during a uranium fire. 

2. 8ondensing on and settling out a portion of the airborne par
ticulate matter which may be released during slug fires or 
other gross contaminating incidents. 

3. Washing down exposed surfaces within the rear face enclosure 
for removal of contaminated particles. 

4. Providing some degree of thermal cooling to exposed fuel ele
ments which may be lodged within the rear face enclosure. 

5. Condensing any steam that may be formed to prevent unnecessary 
pressure build-up within the rear face enclosure. 

The automatic control feature of the spray system is centered around a 
gamma scintillation detector which is located in the Sample Building. 
This detector is equipped to continuously monitor the reactor building 
exhaust air and is set to trip the spray system whenever the presence of 
radio-iodine is detected in the air-stream. Signals from the chamber 
are also continuously recorded on a strip chart recorder. During reactor 
shutdown or other periods when personnel may be within the rear enclosure, 
the spray system will not operate automatically until all personnel have 
evacuated the rear face area and the access doors have been closed. 

A lock-type switch is located in the reactor building control room which 
has four positions in addition to the automatic position: 

1. Automatic--Fog spray will be actuated upon a signal from the 
ganmia. scintillation detector provided rear face access doors 
are closed. 

2. Normal On--System is manually actuated provided rear face ac
cess doors are closed. 

3. Emergency On--System is manually actuated regardless of rear 
face door status. 

4. Normal Off-System is manually shut off; however, this control 
will be overridden by a signal from the scintillation detector 
provided rear face doors are closed. 
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5. Emergency Off--System is manually shut off and completely by
passed. 

FILTERING FACILITY 

As is indicated on the next slide (Figure III), the filter building is of 
reinf'orced concrete construction and is almost entirely below grade. Al
though the normal radiation activity on the filters should be quite low, 
it was decided to utilize an underground installation since, (1) earth 
is cheap shielding; (2) the building and associated ductwork would cause 
less hindrance to movement of vehicles and personnel within the area; 
and (3) abandonment, in pl.ace, would be much simpler should this ever 
become necessary. 

The volume of air being filtered is as high as 150,000 cfm in one area 
and the total number of filters are housed in two cells of the filter 
building, each of which can be individually isolated by means of a water 
seal pit from the exhaust air flow for filter replacement. Each filter 
building cell contains provisions for three banks of filters in series 
and each bank is composed of two halves, each of which is structurally 
integral units for ease of filter replacement. 

The three banks of filters in each compartment will be roughing filters, 
fine or "absolute" filters, and halogen collectors, respectively, and 
all are designed on the basis that future filters and/or halogen col
lectors may be up to two feet in thickness. This flexibility was pro
vided since design of the filter building structure ran concurrently 
with, and was completed prior to the completion of, the filter life tests 
which will be described by Mr. Wisehart in a few minutes. 

The final selection of the roughing filter for this facility has not been 
ma.de as of this time; however, it is expected that it will be a conven
tional filter of the dry strainer type for the purpose of protecting the 
second stage or fine filter. The fine filter is the key to the filtra
tion system and will be the improved CWS type which is rated for con
tinuous operation at 200"F at a relative humidity of 100 per cent. 
These, as you know, are commonly rated at an efficiency of 99.9 plus per 
cent when tested with 0.3 micron dioctyl-phthal.ate smoke. Initial re
sistance of these filters is approximately 1.0 inch w.g. when operated 
at rated capacity with air at standard conditions. 

The third filter bank will not be installed initially but will be re
served for the future addition of a "dry" halogen removal system. This 
particular component is the subject of a testing contract which is now 
unde!'WS.y and will be further discussed later. 

Design of all filter banks is based on normal filter replacement being 
accomplished by use of a portable crane and without access to the in
terior of the filter cells. In order to prevent contaminated material 
from blowing out of the filter cells during times when cell covers are 
removed for filter replacement, an exhauster is provided for creating 
a positive sweep of outside air into the cell opening which is then 
routed through the filters in service. After isolation of the filter 
cell from the ventilation air stream, start-up of exhauster to create 
a slightly negative pressure within the cell and removal of the cell 
cover, the filter bank will be withdrawn into a plastic bag for trans
porting to the burial ground. 

~1hile the probability of a serious incident is very low, an incident 
involving several tubes of fuel elements would no doubt contaminate the 
filters to the extent that replacement is somewhat problematical. Of 
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course, the incident itself would not dictate immediate replacement of 
the filters since they are well shielded. However, when the pressure 
drop through the filters had reached the point that would make continued 
operation of the ventilation system untenable, the decision rrust be made 
as to the relative feasibility of replacing the filters or constructing 
an entirely new filter building. To provide for this latter eventuality, 
filter building design has included means for ma.king such an extension 
and space has been reserved for the possible new building. 
The next slide {Figure IV) shows an enlarged isometric detail of the 
filter frame construction. Individual filters are mounted in the filter 
frame in a more or less conventional method, utilizing compression gas
kets to provide the seal for individual units. Because of the require
ment that filter replacement must be affected by semi-remote methods, the 
filter frame itself utilizes a continuous inflatable seal around the en
tire periphery of both the upstream and downstream faces. Following 
placement of the filter bank into the cell, seals will be inflated with 
instrument air and monitored continuously for lea.Y.age. 

VENTIL.Al'ION SYSTEM 

Inasmuch as the confinement facilities are being added to an existing 
building, the criteria for modification of existing fans and system 
balancing are few: 

l. Although there will be no change in normal ventilation flow, the 
addition of the filtering facilities will increase the static 
head of the system by about six inches w.g. This change in the 
system characteristic can generally be accommodated by increasing 
the speed and horsepower of the fan drives; however, new fans 
may be required in a few instances. 

2. In order to insure that the exhaust ventilation air will, in 
fact, be "confined" and routed through the filtering facilities, 
the building ventilation balance must be checked to insure that 
the static pressure in zones which are potentially subject to 
gross contaminating incidents is maintained at a level suffi
ciently below atmospheric. Critical zones will be annunciated 
so that operating personnel will be immediately aware of any 
significant change in the ventilation balance. 

3. Fan drive reliability must approach that of the reactor cooling 
system, since the entire confinement facility philosophy is 
based upon being able to insure that the air will pass through 
the filters. To this end, the electrical system to the fans is 
being examined and improved where necessary with automatic 
emergency fan drive power also being provided. 

INSTRUMENTATION 

The next slide {Figure V) shows an over-all engineering diagram of the 
confinement facilities and the associated instrumentation. Starting in 
the lower left hand corner, you will see the filtered water supply to 
the rear face fog spray system. Significant loss of pressure in this 
line will be annunciated as indicated. The fog spray valve is a normally 
closed valve which requires energization to open. Accordingly, the 
valve does not open upon loss of power and a manual by-pass valve is pro
vided for this eventuality. Annunciation is provided to indicate flow 
regardless of how it is initiated. 
M:>ving to the right, the air flow through the rear enclosure is depicted, 
with a pressure switch provided to annunciate a significant disruption 
of the ventilation balance. 
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After the air leaves the exhaust fans but prior to reaching the filter 
building, an isokinetic probe is mounted in the duct which draws a con
tinuous sample of the exhaust air. This air sample is routed through a 
particulate sampler of the strip filter type and then through a gamma 
scintillation detector before being discharged back into the main air
stream. The electrical signal from the two sampling devices is directed 
to recorders through the use of suitable instrumentation and annuncia
tion is provided for high activity. It will now be seen that the elec
trical impulse from the gamma scintillation detector also provides the 
signal to the contact meter and through the selector switch for selected 
operation of the fog spray system. Failure of electronic components 
will give a downscale trip of the contact meter which will be annunci
ated but which will not actuate the spray system. 

Vithin the filter building proper, there are three essential monitoring 
systems. One of these is a set of differential pressure gauges which 
are cor:unon to all filter installations. An additional feature is an 
annunciator for high total system drop. This is provided as a more 
positive method of insuring that filters will be replaced before the 
ventilation system balance is significantly affected. 

Also in the filter building is a radiation detector which allows remote 
indication and recording of filter activity. Finally, there is a net
work of air lines to the inflatable seals on the filter frames. Lea.~age 

of any individual seal will be accompanied by air flow through the flow 
switch which is annunciated. By valving, the defective seal can be de
termined. 

Downstream of the filter building, a second isokinetic probe is mounted 
for the purpose of sampling the air which will be discharged from the 
stack. This is basically the same system as is used for sampling the air 
upstream of the filter building with the exception of the caustic 
scrubber which is utilized instead of the gamma. scintillation detector 
for halogen sampling and recording. 

TESTING PROGRAM 

The testing program in support of the existing reactor confinement pro
ject consists essentially of design tests or tests of specific components 
rather than development tests in which a component or system is developed 
from basic criteria. I will mention some of these briefly but will 
gladly discuss them further during the discussion period as time permits. 

1. Rear Face Fog Spray Nozzle Spacing - This test was for the pur
pose of determining a suitable nozzle type and orientation for 
adequate spray coverage. Four different nozzles were tested 
with the final decision to use Rockwood Sprinlcler Co. M:ldel L-llA 
nozzles at a spacing of 10 feet and at an operating pressure of 
40-60 psig which gives a total flow of about 400 gpm. 

2. Exhaust Air Filter Frame Seal - This test is for the purpose of 
determining the sealing characteristics of the proposed inflat
able filter frame seal. Testing is partially completed and the 
only significant problem which has been encountered has to do 
with the quality of the splice in the seal. The seals will be 
extruded from 50 durometer Hypalon 4o which is rigid enough to 
prevent effective sealing at low internal pressures unless the 
splice is fairly smooth. Accordingly, testing is being extended 
to include additional specimens. 

3. Filter Life Tests - These are the tests which will be described 
by Mr. Wisehart in a few minutes, so for the moment, I will 
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only mention that the purpose of the tests is to detennine the 
optinrum combination of roughing and fine filters for best eco
nomic life. 

4. Halo en Collector Test Pro ram - This is by far, the most ex
tensive and expensive test program being performed as part of 
the design activities connected with reactor confinement. 
Basically, the test is merely for the purpose of evaluating 
the effectiveness of several candidate halogen collectors 
which have been proven on laboratory scale, but certain com
plications exist through the use of trace amounts of radio
iodine. Both the controlled injection of the tracer and the 
sampling techniques associated with this test are relatively 
difficult and, therefore, costly. These tests are just 
getting underway at the A. D. Little ~o., and there are no 
reportable results as yet. The components being tested are 
(1) activated charcoal in the configuration of a particulate 
filter, (2) silver-coated copper mesh, (3) rr,.olecular sieve, 
and (~) the particulate filters themselves. 

5. ORNL Irradiated Uranium Burning Tests - Because of the notice
able lack of basic quantitative data regarding the fission 
product release from various types of reactor incidents, 

SUMMARY 

Mr. G. W. Parker has performed several controlled burning ex
periments. Irradiated HAPO fuel was utilized for these tests 
and the data obtained is in general agreement with that pre
viously obtained with trace irradiated material except that 
the burning rate is significantly higher. Since these tests 
were of a design test nature and confined to selected parameters, 
a more general program of this nature is now being continued at 
Hanford. 

As you have noticed, there is nothing particularly unique about any of 
the components which go to make up the confinement system. Rather, the 
emphasis has been to arrange the components in a manner which will con
siderably reduce the environment hazards associated with inadvertent 
fission product release and to do so in a manner which will have the 
least possible effect on the continuity of normal production operations. 
Design of the facilities is essentially complete as of this time and it 
may be noted that the only problems of significance have been a result 
of the accelerated program with its associated overlapping of scoping, 
testing, detail design, and construction rather than matters regarding 
technical feasibility. 

If there are questions or comments of general interest, I will be happy 
to try to answer them during the discussion period and if someone has 
questions of a more detailed nature, I will be available at the close 
of this session. Thank you very much for your attention. 
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PRELIMINARY REPORT OF ACCELERATED LIFE TESTS ON 
CERTAIN AIR-CLEANING FILTER MEDIA 

D.E.WISEHART 
Industrial Hygiene Operation, General Electric Co., Richland, Wash. 

A study has been initiated to gain information pertinent to the 
performance of certain air-cleaning filter media. The purpose of the 
study is to obtain data on performance of available filter media that 
will aid in the proper selection of filters for air cleaning purposes. 
This preliminary report concerns study objectives, test equipment, and 
certain results that have been obtained to date. 

Factors to be considered in selecting air-cleaning filters are filter 
efficiency, filter life and resistance of the media to humid atmospheres. 

The toxicity, concentration and location of the aerosol contaminant will 
determine the filter efficiency required and to some extent initial·and 
replacement costs as such costs tend to be proportional to filter efficiency. 
Filter life dictates when replacement is necessary, if the contaminant 
aerosol is radioactive, replacement may be costly, difficult and hazardous 
and long filter life becomes extremely desirable. Another factor that 
determines filter selection is the effect of atmospheres containing large 
amounts of water vapor or other substances that may weaken the filter media. 

The objective of this study then is to gain information that will prompt 
optimum filter selection with regards to efficiency, filter life and 
resistance to humid atmospheres. 

Obviously the optimum test to determine a filter's performance for a 
certain situation would be to place the filter in actual operation and 
observe its efficiency and loading characteristics over a period of 
months or years. However, in this event, one has been committed to filter 
selection and may not have installed the optimum unit. Also, low efficiency 
filters may be used in a location where high efficiency air cleaning is 
necessary. Thus, for this study, time limitations necessitated some sort 
of accelerated life tests to provide a means of comparing filter units and 
combinations of prefilters and absolute filters. 

~ Procedure: 

The test procedure used consists essentially of first generating a test 
aerosol and then passing it through a filter media or a combination of 
filter media and measuring the filter loadings and efficiencies obtained. 
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Fig. I-Dust generating apparatus. 
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Fig. II-Filter test assembly. 

Fig. III-Test media. 
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The aerosols used consisted of a test dust, prefiltered test dust and 
sodium chloride particles. The apparatus used to generate the test dust 
is shown in Figure I. Attic dust that has been passed through a 65 mesh 
screen is placed in a trough placed on rollers. The trough is drawn past 
a clock mechanism at the rate of two feet per hour. Suction is provided by 
an air ejector which transports the dust into the bottom of the settling 
chamber which collects slightly mere than 99 per cent of the dust. The 
portion of dust passing through the settling chamber was used as a test 
dust. The prefiltered test dust used is the effluent dust obtained by 
passing the test dust through a roughing filter. The sodium chloride 
aerosol used was generated by vaporizing the salt with a hot nichrome wire 
coil. Particle size analysis performed of the test aerosols indicated mass 
mean diameters of 5.5 microns for the test dust, 2 microns for the pre
filtered dust and 0.5 microns for the sodium chloride aerosol. 

The filter test assembly used is shown in Figure II. It consists of a 
series of expanded sections for various prefilter and absolute filter 
media. Actual filtering areas are controlled by placing plate orifices 
and expanded sections between the flanges. Pressure taps and isold.netic 
sampling probes are placed upstream and downstream of the flanges. Also, 
sampling holes are present for obtaining relative humidity measurements. 
The test apparatus is scaled by a factor of 0.01. Controlled relative 
humiJities are obtained by mixing ~team.with the influent air of the 
test assembly. 

~Results" 

Several types of media that have been loaded with the test dust are shl:1Wll 
in Figure III. For the purpose of these tests, prefilter media are loaded 
to 1 inch of water pressure drGp and absolute filter media is loaded to 2 
inches of water ·pressure drop. 

The results obtained by loading 5 prefilter media with test dust are shown 
in Figure IV. The pressure drop is plotted versus relative loading. From 
a loading standpoint the lifes of the various prefilters vary considerably. 

The effect of doubling the filtering area of a prefilter while holding the 
air flow constant is shown in Figure V. The dust holding capacity is 
increased by about 2.8. This demonstrates the gain in life-loading by 
utilizing filter units of greater capacity then indicated by design airflows. 

The effect of particle size on the dust holding capacity of ultra filter 
media is indicated in Figure VI. The capacity for test dust is 2.5 times 
that for the prefiltered dust and 6.2 times that for the sodium chloride 
dust. 

The, ourchaser of filters for air cleaning purposes normally does not have 
adequate information to select the optimum units available from manufacturers 
for his patticular air cleaning problem. Accelerated life tests of the 
type described in tPis report should indicate relative lines and efficiencies 
of filter units available and aid in optimizing selection. 
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THE T-SONDE, A LOW LEVEL AIR TEMPERATURE MEASURING DEVICE 

C. RAY DICKSON and HARRY R. MANSFIELD 
United States Weather Bureau, Idaho Falls, Idaho 

I. Introduction 

A system to study the temperature-height relationship in 

the atmosphere to heights of 1500-2000 meters above the ground has 

been proposed. Meteorological towers and tethered blimps have been 

employed for such studies, but each has its height limitation. The 

U. s. Weather Bureau radiosonde system which observes pressure and 

humidity as well as tempe?.rature is more elaborate and expensive than 

is believed required. An economical system employing modi.f'ied radio-

sondes and simpler receiving equ:ipment has been tested recently by 

the ~eather Bureau at the National Reactor Testing Station. The 

purpose of this paper is to describe the system and to discuss its 

performance. 

II. Description and Operation 

The T-Sond! system consists essentially of a radio trans

mitter and thermistor and gound receiving equipment. The trans-

mitter {Signal Corps T69F/Alfr-2) consists of the tube 5910 for the 

relaxation oscillator, the tube JRP-5703 for the radio .frequency 

oscillator, and a single rod antenna. This transmitter emits a fre

quency modulated signal with a basic frequency of 403 me. The type 

of modulation is the relaxation (squegging) oscillator with a dipole, 

end fed antenna. 
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The transmitter was modified by removing the external plug 

and cord and a permanent jumper was put across the "on" switch from 

the power supply. The precision fixed resistor which was originally 

in series with the tEEperature sensing element was removed, and two 

Y.L 405 thermistors were placed in series to form t..'lie new temperature 

sensinr element. The two thermistors in series ~crease the total 

resistance thereby improving the accuracy. Finally, the leads were 

brought out for connecting to the thermistor and the cover was re

placed on the unit. 

Equipment at the receiving station includes a radio re

ceiver, an oscilloscope with an elliptical sweep, and a carefully 

calibrated audio oscillator. The oscilloscope sweep frequency is 

derived from the audio oscillator, and the T-Sonde subcarrier signal 

is fed from the receiver to the vertical amplifier of the oscilloscope. 

In operation, the receiver is tuned to the carrier frequency of 403 

me and the audio oscillator controlling the oscilloscope sweep fre

quency is adjusted to cause the mark for the T-Sonde subcarrier to 

stand motionless on the scope's face. Under this condition the T

Sonde subcarrier and audio oscillator freauencies are synchronized. 

The subcarrier frequency can then be read from the dial of the audio 

oscillator and referred to the calibration curve for conversion to a 

temperature reading. 

The components of the receiving station are relatively 

inexpensive. The receiver, a Navy RDO type with a frequency range 

of 38-1000 me, was obtained for $75 and the RDJ pulse analyzer and 

oscilloscope cost ~50. The transmitters were obtained from surplus 

property for $1 each and were modified at a cost of !J each. 

III. Calibration 

An antenna was fitted and iJOl'l'er was supplied to the trans

mitter. After a brief period of warm up for stabilization, the car-
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rier frequency was calibrated at LoJ me with the tem~crature measuring 

ele;nent (ML 405 thermistors) attached. The element \";as connected to 

a transmitter and then placed into a calibration medium, ~hich was 

a quantity of xylene whose tem~erature can be effectively varied 

from -20 to 100 C. As the xylene bath vras changed through a ran(;e 

of temperature from -18 to 50 C., swultaneous readings both of 

temperature and transmitted frequency were recorded. Calibration 

curves were then drawn for specific transmitter-thermistor combinations. 

In eeneral a liquid bath can be held to a closer teT.perature 

tolernnce than an air envjronment. It allows more power to be dis-

sipated jn the thermistor, it has a much higher thermal conductivity 

which allows more rapid.stabilization of test untts, and because of its 

greater thermal inertia, remains closer on temperature after the entrance 

of a test fixture holding one or more thermistors. A standard kinematic 

viscosity type thermometer made to American Society of Testing Mater-

ial specifications was used to obtain the temperature of the test bath. 

Since the T-Sonde transmitters are modified standard radio-

sondes, the resulting error of the T-Sonde should be quite similar 

to that of the radiosonde whose over-all probable error is i:. o.5 C. 

The error due to the lag constant of the thermistor will be reduced 

with the T-Sonde, because the ascent rate will be reduced to approx

imately one-third that of the 300 meters per minute ascent of the 

normal radiosonde. Finally, the error introduced by frequency drift 

of the oscillator will be minimized with the T-Sonde because of the 

reduced time of the flight and the limited range of temperature observed. 

IV. Vehicle 

The T-Sonde package consisting of transmitter, thermistor, 

and battery pack weighs 1.5 ounces and can be conveniently carried 

aloft with a helium filled 100 gram pilot balloon. The battery pack 

consists of two L.5-volt Radio B batteries (miniatures), one 22i volt 
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B battery (miniature), six it volt pen light batteries for a total or 

112~ volts of B batteries and 9 volts of A batteries with an approx

imat.e operating life of 45-60 minutes. Tracking the balloon by the 

double theodolite method provides means of computlng the heights of 

the balloon at one minute intervals following release and also allows 

computation of wind direction and speed for given levels. The addition 

of a standard radiosonde reel; which has had the pendulUI!l increased 

in length to give a longer period for t~e string to unwind, and a 

paper parachute increases the weight of the train to 22 ounces, but 

provides a means of cut off and recovery 'ldthout seriously over in-

flating the 100 gram balloon. The components of one T-Sonde package 

and flight vehicle are shown in Figure 1. 

Fig. !-Components of the T-Sonde. 

The reel is secured to the balloon and the T-Sonde unit 

is SlS?ended fro:r.i the parachute. A line from the apex of the para-

chute is wound on the reel. The length of line wound on the rachet-

controlled reel to attain the desired height was determined by ex-

perience by varying the inflation of the balloon with a given pay 
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load. The parachute and T-Sonde descend when the line is reeled off 

to pe:nnit eventual recovery of the transmitter, thermistor and para

chute. When lead-acid standard radiosonde 6-cell type batteries are 

substituted, the pay load was :L~creased to 35 ounces. The greater 

pay load required inflation of the 100 gram balloon to near the burst 

l:imit to provide an ascent rate of 100 meters per minute. Hence,, for 

fifteen-minute flights of 1500 meters with the greater pay load,, 300 

gram balloons are more desirable. 

The T-Sonde is essentially an all weat'!'J.er systen restricted 

only by extensive low clouds. The use of a tethered balloon is n:ore 

seriously restricted by strong winds, vmich make handling the balloon 

difficult as well as .limiting the height attained. 

V. Perfomance 

Examination of the T-Sonde data for the initial flights 

has been encouraging. Plots of temperature versus height display 

curves which are as expected for the particular time of day. Figure 

2 illustrates the character of the temperature-height curves obtained 

by the system. The temperature lapse rate shown is that which normally 

is expected at early morning hours with clear skies in sUlillll.er months. 

The nocturnal temperature inversion of the preceding night can be 

seen from Figure 2. It is the purpose of the program to investigate 

the height and intensity of such stable atmospheric layers and to 

relate the temperature distribution to the intensity of turbulence 

in the boundary layer atmosphere. 

The growth of the nocturnal inversion may be seen in Fig

ure 3. The temperature-height curves of this figure illustrate the 

changing temperature distribution on a clear night resulting from 

nocturnal terrestrial radiation and turbulent heat exchange within 

the layer nearest the ground. From midnight to sunrise the layers 

nearest the ground are cooled as the radiational heat loss continues. 

383 



1!500 

12~ 

1000 

7!5 

!500 

TEMPERATURE 70 

Fig. 2-Details of a nocturnal inversion resulting from a T-sonde flight. 

~11;. 

~ 
~)' 

TEMPERATURE ("F) !50 60 

Fig. 3-Growth of a nocturnal inversion. 
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During this time the height of the top of the :inversion increased 

from 275 to 800 meters. It is apparent that the greatest cooling 

occurs in the first 250-300 meters; however, sufficient heat loss 

occurs at h~her levels to cause the growth of stable layers to 

500-800 meters. Cooling in the region 250-800 meters has been best 

explained by the mechanism of turbulent heat transfer from the top 

of the inversion to the ground where it is effectively dissipated 

by the radiation process. 

It is concluded that the system observes the temperature 

of elevated layers with reasonable accuracy, and that the resulting 

temperature height curves derived from the soundings for different 

tL'De of days are consistent with radiation and turbulent phenomena 

in the lower atmosphere. It then appears that the performance of 

the system is good to show the complete temperature structure of the 

lower atmosphere. 
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