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 Illinois 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. During 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 urbsn
communities. Two technical reports have been issued, as follows:

T.R. No. 15, (Serial No. CO0-1017) "Electrostatic
Effects in the Deposition of Aerosols on Cylindrical
Shapes," March 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 availasble at the AEC Technical Information Service at Oak
Ridge, Tennessee, only a brief summary of the work will be given here.

In T.R. No. 15 a fundamentsal study of the deposition of smsall
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 stmosphere of charged aerosol particles;

(2) & charged cylinder is surrounded by an atmosphere 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 aervsol particles on
cylindrical collectors from a moving stream of gas under various electro-
static conditions. The experimental results agreed well with the theory
and the results should be useful in the engineering design of aerosol
collectors. An experimental study was also made of the effects of
electrostatic charges on aerosol particles on the filtration efficiencies
of glass fiber mats and tangled-wire dipole mats.

In T.R. No. 16, measurements are reported on the effective
dlameter, porosity, and uniformity of agglomerates formed from several
species of servsols. The studies were made by means of a Millikan Cell
and the results were compared with electron micrographs of the agglomerates.
The results show that:
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(1) vhen an agglomerate is composed of particles of
uniform size end shape the vold space is minimal
and the effective density is close to that of the
primary particles from which the agglomerete is
formed.

(2) When the primery particles are not uniform in size
and shape there are wide variations én the density
of the sgglomerates and a plot of CD™F versus mass
differs considerably from the line calculated from
the normal density of the substance.

(3) when the primery perticles have irregular shapes
there 1s a difference between the drag diasmeter of
the agglomerate determined from rising and falling
velocities. This conclusion has practicel signifi-
cance in the efficiency of electrostatic precipitation
of such aerosols.

(%) The cascade impactor can be used for determining
the size and size distribution of sgglomerates when
the Millikan Cell is used to provide supplementary
information sabout the nature of the agglomerates.

The study of agglomerates is being extended to include the
effects of humidity, the presence of organic vapors, and the presence
of several species of serosols on the nature of the agglomerated parti-
cles. The results of thls work should give important information for
engineering purposes and on the physiological effects of breathing air
containing aserosols.

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. The results with sulfuric acid nuclei show that the rate
of growth becomes constant within this interval of time. Measurements
are now being made on sodium chloride nuclei, and on nuclei of molybdenum
oxide, lead oxide, and other oxides and salts that are representative

of fisslon 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. The relative smount 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
vwere used. The former catalyze the ebsorption 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 for the reactlon is reduced to less than half
of that when only mangsnese sulfate nuclel 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 adiebatic expansion. It has been cbserved that droplets of fog are
formed when the relative humidity 1s below 1008 and these are much more
active for the sbsorption-oxidation reactlion than the larger unsaturated
droplets normally present in fogs. This work is also being continued
to study the effects of very small aserosol perticles in the nucleation
of other reactions.
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HARVARD AIR CLEANING 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 additlon, 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 1n detail in later papers. The first
is the economlic survey we are canducting on ailr 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 1s a need for some detalled evaluation and costs of
air cleaning in proportion to the performance expected.

The next major project is the incineration study on which Mr.

Dennis willl 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 ifem 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 1s 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. 1In
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 c¢fm) unit set up in the laboratory and
are trying to determine open-cycle efficlencies 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 kind 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 develcop 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
%0 the Commission, 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 oxlde, 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 u
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 equilibrium 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 which 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 1s reduced and the resistance at
equilibration on fume shows the same limitation as the larger unit.
It appears that the pulse cleaning mechanism i1s 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
dioxlde from power plant effluents by means of fluldizing 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 summery data available on tests of pulsating units?

A. (Silvermen) We didn't bring it with us. We had thought originally

of putting a complete paper on the program but it will be ocut

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?

Yes, we are trying out one of the units we have in our plan,
running some tests of some of the burnouts we have. We Jjust 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.

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 1b. air, multiple pulses is fairly critical. The
thing we find is thet 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 taken shock
transducer measurements all over and we are pretty much convinced
that eir volumes are not critical but the pulse pressure is.

The 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 gystems and to enlist their
cooperation in the Joint participation of a technical survey of air cleaning.
Personnel 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 end radiocactive 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 of this program?

What are the future plans?

Purpose 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 systems.

The methods and the schedules to fulfill the stated objective are
listed in Table 1 below.

TABLE 1

Statement of Goal Scheduled Completion Data Comments

1. Establish Preliminary 1956 Criteria set forth on

Criteria pages 95 to 97 in TID=

7551

2. Promulgate the Criteria 1957 Announcement formally made
at Fifth AEC Air Cleaning
Conference (See TID=-7551)

3. Make Preliminarr Survey 1959 Eleven sites visited in
1959. See next section on
Status of Survey

L. Evaluate Preliminary Data 1959 Preliminary evaluation of
survey reported at Sixth
AEC Air Cleaning Conference

5. Initiate Final Survey 1959 Includes the development
of improved criteris and
submission of the criteria
to additonal sites for
completion

6. Integrate Data 1960 Involves the compilation of
all the data into an approp-
riete form for the most
effective use by all con-
cerned.

7. Recommend Appropriate 1960 On the basis of the survey,

Research a recommendation will be

made with respect to the
research required to fur-
ther the primary objective
to provide appropriate
and effective air cleaning
systems.
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8. Communicate Final Findings
to Participating Groups 1960 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.
9. Present Data at the Next 1961
Air Cleaning Seminar Make available reviewed
data for general discussion
and distribution.
10. Compile a Manual 1962 On the basis of the data

compiled, draw up a manual
on "Air 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 cleaning 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, thelr effective-
ness and costs with respect to the growing nuclear 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 Savamnah River Plant, Oak Ridge National
Laboratory, National Lead Company (Fernald, Ohio), the Connecticut Aircraft
Nuclear 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 persomnel
of General Electric Atomic Nuclear Propulsion Department in Ohio, have com-
pilgd considerable economical data on their alr 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 summarized 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 compilatféon 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 deeB bed fil+er? The capacity of these systems varied in flow rates
from 10° c¢fm, to 10

The space requirements range from approximately 10~2 f££3/cfm to 10~ £t3/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 known since measurements 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 permissible levels are
prevented. From an operational and regulatory viewpoint, this measurement
of the effectiveness of the collection 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, particle 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 expresses 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 vary
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
bagis 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

hygiene unit, the operations group or the plant maintenance or service
section.

The methods of handling, storage and disposal of the filter
unit vary considerably from one location t¢ amother. 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. Liguid 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 terms 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 ‘o collect the toxic
materiasl 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 mom 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 reviaved in the Appendix vary from $0.000L4 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 vary with respect to the
materials present in the effluent. Consequently, a spread of cost
values and efficiencies or penetration are presented in Figures 1l 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 1 indicate that the
product of the cost and penetration is a constant., 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
lup =kC (2)

C - "2.3 lo
- € 10 P

(3)
For the special case where kC is much smaller than one, the following

lationships i vali ime in =
re ps is a d approximation since 1 ekc. Since the value of K
from the data appears to be in the range of 180 to 1000 cfm years/dollar,
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then the cost must be in the range of 10-3 tol0=k dollars/cfm/yéar or less to
make equation L valid.

3= 1+ke (u)
cC=1 -

-y ()
C=K (1-p) where K = 1 (6)

P k

Note that the specific case is only valid for kC values being much smaller than
1 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 1 indicate that the cost-penetration for
composite air cleaning systems 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 F1x103
therefore

C=1x10/p

The data presented in Appendix II and in Figures 2 and 3 indicate that for
individuel air cleaning units such as the Dustop Filter or the Absolute Filter,
the cost-penetration relationship can be represented by the following equations

Low Volume Requirement C= =2.3 x10-1 10g,, P

High Volume Requirement P= 2x10-3 c-1.5

Since there are so 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 radiocactive 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 1, 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 Systems 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 wvarious
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 toc 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 industrial
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 systems. In general, at the present
time we may approximate the cost by the following simplified formula.

C=1x10"3/p

Tc illustrate the use of this formula, the cost of an air cleaning
system requiring a collection efficiency of 99% of a penetration value
of 10-2 would be 10-3/10=-2 or $.1/cfm/yr. If an efficiency of 99.9%

or p = 10-5 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 toxic
material

(b) Concentration of inert material

(¢c) Corrosive effective of material

(d) Particle size distribution

(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,
ete., are changed by specific groups.

(G) Research costs and the variations of overhead charges

() Write-off policy for the depreciation of the con-
structional materials.
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The cooperation and participation in the program survey has been
excellent - and the results have been expressedly beneficial to many
sites even before the completion of the preliminary survey. 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 ami 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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APPENDIX I

Technical and Economical Data

SURVEY OF AIR AND GAS CLEANING OPERATIONS

OAK RIDGE GASEOUS DIFFUSION PLANT
UNION CARBIDE NUCLEAR COMPANY
DIVISION OF UNION CARBIDE CORPORATION
OAX RI%, TENNESSEE

59
NOTE. All equipment cost and labor charges are estimated since records of operoting coet are not in this detail.
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DESCRIPTIVE AND OPERATIONAL DATA
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Table 3 ORNL, Y-12 Data

ECONOMIC SURVEY OF AIR & GAS CLEANING OPERATIONS Information for J. J. Fitsgerald
TYPICAL SYSTDMS IN OPERATION AT Y-12 PLANT Barvard University 8chool of Mublic
UNTON CARBIDE NUCLEAR CO. - OAK RIDGE, TENN. Health
June 22, 1959

DESCRIPTIVE AMND OPERATIONAL DATA

System A. B. C. Cleaner Classification & Type D. 8ite Application E. Cleaning Raquirewent & Prooccae ¥. 8Space Requirement
Compomemt  Mamufac- Trade
turer Name
1l.Roughing 2.Eigh Eff. 3.Ultrs 1.Prefilter 2.Pre-Cl. 3.7{oel k.After S.Product 1.Dust 2.Aerosal 3.Particle k.Concemtro- 1.Overall 2.Cu.Ft. 3.Pace
or Area

Pre=Cl. Absolute {Supply) (Ban.) Clean. Clean, Recov. Misc. Cagpo= 81ize tion - Wt. Dimen. /e
Pre~Cl. or Pinal Type Fume, sition Charact-  or Activity (Unit Col.) Clean. 71000
Fan Cleaner Vapor, eristics per Umit & Cap. OPM Cap. om
Rare Volume of Lx¥x® Cleen.
Gases Gas Lap.
BULIDING « "E* WING MAIN EXHAUST SYSTEM
{1)Bag Col. Pulver- Mkro- - Pelted Fabric - - - * - * Dust - - - 15 x 11’ x 29* 046 89.4
1zing Col. (Wool) €4,000 cfm
Mach,
[2Filter Contin- CA-2%  Gynthetic - - - ¥ - - * st - p T 1,006 cfe 35 b sq.tt.
ental Air
Pilter . e mn e = e e e e e e eemens e ]
Glter  Imerican ¥L-20  10-My - - - ¥ - : : s : : ST TG AR T I0E T T ey
Alr File Paper
ter S . e+ g e e et i s o et et e o e — R
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Flanders S I . . .
5JATter - Absos 2 - Cellulose - - ¥ - ¥ Bust - ST T T T S50 ~o00% 8.5
lute Asbestos 3q.0%.
— LS = A R
BULLDING 9215 - "M" WING EXHAUST SYSTEM
(1)Bag Col. Western Duale - Pelted Fabrice - - - - - * Dust - - - 2h x 18' x 28' ,036 374
Precipi~ Alre (Wool) 85,000 cfn 8.0t
tation
[2JAiter  American FL-2k 10-Ply - - - * - - " Dust < < - 1,000 cfn .0035 b sq.Pt.
Mr Fil- Teper
ter
BULLDING 9215 - "O" WING EXEAUST SYSTEM
(1)Bag Col. Western Dual- - Felted Fabric - - - . - * Dust - - - 24t x 18* x 28' .036 37.4
Precipi- Adre {wool) 85,000 cfn &q.rt.
tation .
{e)Fiiter  Contin-  CA-2h  Synthetic - - - * - - * Dust - - - 1,000 cfm 0035 & #q.ft.
ental Air
Filter
(3/Hiter  American YL~-2% 10-Ply - - - * - - * Dust - - - 1,560 cfm L0035 L aq.rft.
AMr File Paper
ter
i Eer Cambridge Abso- - - Cellulose - - * - [ Pust - - - 1,660 cfmn .00305 b sq.Tt.
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(Continued )
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DESCRIPTIVE AMD OPERATIONAL DATA (Com't.)
G. Operstimg Characteristics H. method of Replacement or Clesning of iedis
T.Fi1. 2.Pressuxe J.Pover T .Cleaner Bervice Life 5.0perating  b.Weter or Scrubbing Liquid  7.Col. 1.Wmab- 2.Vash- 3.Neplace- W.Replace- 5.Vecam G.0Cher
Vel. Loss - In. HP Per 1000 CPM Alr) Temp. & Vol./1000 CPM Alr o 8 ing & ing&  mentof memt of Clsan-
b7 o Water . Nater c¢. . Pover a.Befare b.Replace- Mmiditics a.Spray b. c. Ww. & Steam Re- Filter Camplete ing
Toiticl Max. Sprays for Klect- Clesn. or ment Nozzle Recycle Require- Act. Clean. oiling Hedia Uait -
Allow. Bane or rostatic Type & memts Basis {.e. Dust
Cless. Estire Scrub.  Precipita- e./ 6. re- Btop or
Press. Oystes Liquid  tors DY/ 8q.In. agemt/ Absolute
loes Pump HP 1000 CIM 1000 CMN
only /1000 Adr Alr
CPM Alr
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%7 T00 5.0 IL.10 2.8 - - = G Months  70°F, 507 - - < - = = ¥ - - -
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DESCRIPTIVE AND OPERATIONAL DATA (Com't.)

1. Criteris for Cleaner Changes J. Handlimg amd Disposal Methods K. Comments Relative to Foregoing Items
“I.Pressure 2.Activity 3.Time Cycle U.Other - ~ 5.Who Detera 1 Fersomel Z.Packaging 3.Balimg &.Incimera- 5.Burial 1.Feasm 2.1s Device 3.5uggestion  &.Recoomended
loss (Mech. mines Cri- Protection tiom or for Selec~ Satisfactory for Isprov- Research
Failure teria for Storege timm of as to Qual- ing Based
Due to Maintemsnce Any One ity of Clean- on Field
Erveiom, (Uealth Phys., Type ing - Overall Experience
Corrosiom, 3ngineering, Clesner Cost?
Design or Industrial
Application)  Hygieme,
Maimtemance)
- - * Material Chem. Operatioes  sespirctors  Flestic bags - * - Zfficiency Yes - -
- Recovery Lov Maint. B
¥ - * N " " N - B - Talerial -
Lesovery " - -
s - ry w w L " - - - Adequate
ive-tilter " - -
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Material Recov. " - -
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Recovery lov iuind.
¥ - * v v T A - * - Adequate: hd I z
rre=Filter
- - * irterial Yicch. Operations  .espirators [laotlc Lags = [ Eiilciency | Yes - =
Jecoverr Ton mint.
r = ¥ " w w L - i - Toterisl - - =
) Tecuvery
- — % - w 4 w - w - Adequste w - -
Pre-Filter
* - * w w i v - - - Efficiency
= Swterinl Tecov. " - -
— ~ - - " ad " - - - =ticiency " L b
T - . - - - - - - - - Bfficiency Yea - -
" . Adeq. Pilter
- - < = Wech. Operations - - - < - Automatls Yea - B - .
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- - - - T «espirators  rlocti: ioss - - ¥ “fTiciercy v L =
- - - Moterial Mech. Operations Respirators’ Plastie Bags - - * Efficiency Yes - -
Recovery . _
* - - - Chen. Operations Respirators Plastic Bags - - * Efficiency Yes - -
- - w Materisal Aequate
Recovery » " * - - - Pre=-Pilter “ - -
* - - v il * - - - Pre-Pilter No Better Media -
- - - ~ rechanical Operations - - - - - JEEais ¢ 00 Yez - -
failure lency Low Maimt.
- - - Mechsnical Operations Respirators - - * - High Ce Yes - -
Failure lency Maiat.
L] v Y . “ .
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GAS CLEANING COSTS

&

1. Egquipment Charges - Average Yearly Coects

A. Initial Collector Cost

B. Item A Based om 5 to 10 Yr. Write Cff -

C. Peplacement Purte Overall Yearly Cont -

B. Feplacemeat Parts (ltem C)

$/1000 cfe $/1000 ct/Yr. (Indicate Write Off Period) _$/1000_ctu/Yr. Coet/Standard Replacement lnit
I ™rov 2. dtra 3. Repiace- L. Fllter 5. Other
Avay" - Filters nent Begs
Roughing AEC Medis
Type
BUTLDING 9212 - "8" WING MAIN EXBAUST SYSTEM
{1)Bag Collector $308.20 $61.55 Five (5) Yr. Mritc-off - - - $130.00 - 465.00/vag
(2)Filter 33. 7.06 " - - $81.60 - - 6.80/bianket
(3)FiLter 30.00 6.00 " - - 81.60 - - 6.80/ro11
(b)F1lter 43,00 8.60 " - $516.00 - - - 43.00 ea.
(5)F1lter 141.20 28.24 v - 169%.00 - - - 7.96 ca.
R o ( BUIIDING 9212 « "M WIIG EXHAUST SYSTEM
1jBag Collect: .00 U0 Pive (5) Yr. Write-off - - - 65.00 - £43.02/beg
ia{n ter 3500 $69-0 Five (5) e - - $81.50 $6 - g.%roh
BUIIDLG 9515 - "0" WL G EXHAUST SYSTE! = S
1)Bag Collcctor $302.00 $60.40 Five (5) Yr. Write-off - - - $ 65.00 - $43.02/vag
2)Pilter 35.30 7.06 " - - $81.60 - - 6.80/blanket
(3)Filter 30.00 6.00 " - - 81.6¢ - - 6.80/ro1d
(k)Filter 1%1.20 20,24 " - $1694.00 - - ~ 7.06 ea.
(5)0il1 Mist Col. 583.00 115.50 " - - - - $12.00 7.00/set
BUTLDPI.G 9215 - SUPPLY AIR SYSTEM
{1)Filter $ 38.00 $ 7.60 Five (5) Yr. Write-off - - - - $ 0,06 $ 0.25 gai.
BUTIDIIG 9766 - MACHTIE EXHAUST SYSTEM
(1)Filter $2000.00 $400.00 Five (5) Yr. Write-off - - - - $0.007 0.07/10% gal. water
G.17 G.25 gal. oil
(2)®ilter 30.00 6.00 " - $ 30.00 - - - 360.00
BULWDLIGS 9212 & - SULFLOW-R AREA MACIIM: & FOUIDRY £XHAUST SYSTEM
{1)Bag Collector $250.00 $50.00 Five (5) Yr. Write-off - - - $ 27.75 - $65.00
BUTIDT G 9205 - WASTE DESTRUCTOR IJCIAUST CYSTEM -
1)Pilter $ 65.00 $13.00 Five (5) Yr. Write-off - $1200.00 - - - Wone
2)Cyclone 677.00 135.5%0 . - - - - $317.00 flone
(3)Fi1ter 3820.00 T64.00 " $58.00 $58/change
BUILDL. G 9211 - | ICHOLS-HERCOIOFF FURTACE cXHAUST GYOTEM
1)Cyclone $1187.50 $237.50 Five (5) Yr. Write-off - - - - 0.24
2)Bag Collector 1208, 241.60 Five (5) Yr. Write-off - - - - -
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CAS CLEANING COSTS3 (com't.)

Labor Tharjes - Overall Yearly Cost

A. Installation Over Q& Abave quinment Cost
Based on Bqui Write-0f7 Period
Map Hours/1000 CPM/Year

B. Routine !lalotcnance & Tmsvectian C. Cleaming or Replacing D. Tleadll % Hs_osal
'nn Howrs/1000 ¢T3/ ear

Filter Media
Man Hou-a/1000 “FM/Year

oo ‘loars/1000 CRY/ Year

E. labor Charges - Tlividual Fillter Rerlacememt
Mam Hours/100M URafYerr

1. “loth Bege 2. Absolute Filter 3. Other

BULIDING 9212 - "E" WIG MALil EXHAUST SYSTEM

1) lump-Sum Cactract .h8 +50 «50 1.48 - -

2 .50 - 15.00 15.00 - - 30,00

3 .50 - 1,.00 15.00 - - 20.00

) 8.00 - 6.00 6.00 - 12.00 -

5) 6.00 - 120.00 120.00 - 210,00 -

_ BITIDIG 9212 = "W ViiG BAUST SYSTEN =

(1) Lmp-Sum Contract 8 50 +50 1.48 - -

(2) " - 15.00 15.00 - 30.00
DUTIDLIG 9215 -~ "O" WLL AT CYoT.

1) Lump=-Sum Contract 48 50 .30 1.48 - -

2 " - 15.00 1;.00 - - 30.00

3 - - 13.00 15.00 - - 30.00

i - - 120.00 120.00 - 240,00 -

{5) " 1.00 2.00 - - 3.00
BU G 9215 - SUPS 5

(1) Lusp-Sus Contract w7 009 - - - 79
TUILDTNG 3705 - WENDE Lot CY s

21) - .13 - 75 - - .88

2) - - 23 27 - .30 -
SUIOL G 9212 & 7930 = S TFIAWES AnGA FACAL & & FO TRl WARUST SYSTER

(1) Lump-Sum Contract 43 25 .25 .99 - -
BUILDIIN: 9206 - WASTE DESTRUCTOR EXHAUST SYSTEM

1} Lump-Sum Contract 1.00 20.00 10.00 - 31.00 -

2 - - - 30.00 - - 3.00

3) " - 13.39 6.65 - - 19.
BUTIDTIG 9211 -~ NICHOLG-IBRESHOFF PURLACE EXHAUST SYSTEM

1) - - - - - - -

2 : : : : : :

] . » \ .
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GAS CLEANING COSBTS (Con't.)

P. Coats - Clesa Out & Repair of Hoods, G. Miscellanssus Costs
Dactvork, Decontamiunstios, -itc.
1. Average Cost of lost Production 2. Faa Maimtemamce 3. Costs of Air Cleaning 4. Indivect Costs
Due %0 Pquimment Down Tine (% of Total Plant iinintemance) (Time to Othcr Mepartments Chargesble
to Bquipcient Failure or Maintenance)
i.e. Health Thysics, BEmgineering, Bte.
BUILDING 9212 - "£" WING MAIN EXHAUST SYSTEM

1)$ .062 - - -

2 2.00 - - -

e 2.00 - - -

5 - - - -

BULLDING 9212 - " WING FXHAUST SYSTEM
51) <062 - - -
2) 2.0 - -
LG 2> = 0 WIi SYSTeM

'y 062 - - -

2 - - - -

8 : : :

@) RUILDING 9215 = SUFPLY AIR SYSTEM

1 - - - -

BUILIDLG 97100 - MACHINA EXBAUST SYSTER
& ' : :
2 - - - -

BUTIDINGS 9202 & 9990 - SUNFLOWER AREA MACHINE & POUMDRY EXHAUST SYSTRM

(1) .55 -
BUIIDING 9205 ~ WASTE DESTHUCTOR EXHAUST SYSTEM

g;z 10.00 : : :

3) 10.00 - - N

" TG - NICHOLS-HERESHOFF EXHAUST SToTaN e

2) - - -




Table 4 CANEL Project Data

SURVEBY OF AIR & GAS CLEANING OPERATIONS
PRATT & WHITNEY AIRCRAFT - CANEL

9LZ

MAY 27, 1959
Blag. No. Descriptive & Operatonal Data Bquip. Labor Charges - Dollars Remarks
% Mig. and/or Cleaner Site Cleaning Space Method of Criteria for  Handling & Charges Maintenance Yearly Cleaning Disposal
Locaton Trade Name Classification Application  Requirements Requirements Characterisdcs Replacing Cleaner Disposal Yearly & Inspection & Replacement
& Type or Cleaning Change Method
Bldg. 440 Model 3A-85 CEM
HV-1 Cambridge Aerosolve FA & RC Dust (6) ) 6150 None Time Cycle Incineratdon § $6.00 $ 4.00 $ 4.00 ()- After time cycle denotes changes per year
Dust Stop Spun Glass FA & RC Dust (6)233/8x233/8x2 ) None Time Cycle Incineration 36. 16 18.00 8.00 8.00 FA- Fresh alr
AC-2 Cambridge Aerosolve FA Dust (2) 3A-85 ) 1800 None Time Cycle(1) Incineration 2,00 2,00 2,00 RC - Recirculation
Dust Stop Spun Glass FA Dust (2)233/82233/8x2 ) Noae Time Cyde(6) Incineration 18.72 4.00 6.00 6.00 iA - lnside air
Mode! 1A-1000 ) B-Z-Kleen
AC-3 Cambridge Absolutes FA Dust (2Ux2x1112 ) 2800 Nane Time Cycle(0) 168.00 4.00 A-1 - $1,50 each per 1000 CFM
Dust Stop Spun Glass FA Dust (3)233/8x233/8x2 ) Noge Tune Cycle(6) Incineration 28.08 4.00 8.00 6.00 B- 4 changes per year per 1000 CFM
AC-4 Cambridge Agrosalve FA & RC Dust (4) 3A-85 ) 3500 None Time Cycle(l) Incineration 16.00 5.00 2.00 $1.00 per M CFM
Dust Stop Spun Glass FA & RC Dust (4)233/8x233/8x2 ) None Time Cycle(6) Incineraton 37. 44 4,00 8. 00 6,00 A-2 - .25 per M CFM x 4 per year
AC-5 Cambridge Aerosolve FALRC Dust (3) 34-85 ) 3300 None Time Cycle(l) Incineration 12.00 2.00 2.00
Dust Stop Spun Glass FA & RC Dust (3)233/8x233/8x2 ) None ‘Time Cycle(6) Incineradon 28. 08 4.00 8.00 6.00 Dust Stop
AC-6 Cambridge Aerosolve FA & RC Dust (3) 3A-85 ) 3%00 None Time Cycie(l) incineration 12.00 2.00 2.00 A-1 - Unit cost per 1000 CFM x 4 changesfyear
Dust Stop Spun Glass FA & RC Dust (3)233/8x233/8x2 ) None Time Cycie(6) Incinerstion .08 4.00 8.00 6.00 A-2 - 25 per M CFM x + per year
AC-7 Cambridge Aerosolve FA LRC Dust (4) 3A-85 ) 4000 None Time Cycle(l) Incineration 16.00 3.00 .00 B-4 - Changes per year per 1000 CFM (1 100/CFM
Dust Stop Spun Glass FA & RC Dust (4)233/8x233/8x2 ) None Time Cycle(6) Incineration 37. 44 4. 00 8.00 6.00 a $1.00/M CFM i
AC-8 Cambridge Aerosolve FA&RC Dust (4) 3A-85 ) 4000 None Time Cycle(l) Incineration 16.00 3.00 2.00 Aerosolve + Absolute
Dust Stop Spun Glass FA & RC Dust {4) 23 3/_8 x233/8x2 ) None Time Cycle(6) Incineration 37. 44 4.00 8.00 6.00 A-1 - Price
AC-9 Cambridge Aerosolve FA Dust g; :?38/1 23 3/8x2 ; 1200 None Time Cycle(l) Incineration 572 fg gg :% A-2 - 00.25 per M CFM x 4 per year
x x . . . . - 2 change
Dust Stop Spun Glass A Dust (2)16x20x2 ) None Time Cycle(6) Incineration 8.88 4.00 6.00 8.00 8 (ZIFM s per year per 1000 CFM @ §1.00/M
AC-10 Cambridge Aerosolve FA Dust (2) 3A-85 ) 1200 None Time Cycle(l) Incineratian 2.00 2.00 2.00 AC - Alr conditimer
(2)233/8x233/8x2 ) 18.72 4.00 6.00 6.00 SF - Supply fan
Dust Stop Spun Glass FA Dust (@) 16x20x2 Noue Time Cycle(6) Incineration 8.88 4.00 6.00 8.00 EF - Exhaust fan
AC-11 Cambpridge Absolutes FA Dust (4)24x24x2 8000 None Time Cycle 4.00
Dust Stop Spun Glass FA Dust (4)233/8x233/8x2 None Time Cycle(6) Incineraton 37.44 8.00 8.00 4.00
AC-12 Cambridge Absolute FA Dust (4)24x24x2 8000 None Time Cycle 4.00
Dust Stop Spun Glass FA Dust (4)233/8x233/8x2 Noge Time Cycle(6) Incineration 37.44 8.00 8.00 1.00
HEF-21 B-Z-Kleen Alumaloy A Hood & Air (2) 233/8x233/8x2 1800 ‘Wash rinse & cote Time Cycle Dispose 10. 30 4.00
B-Z-Kleen Alumaloy RC (2)233/8x233/8x2 Wash rinse & cote Time Cycle Dispose 10. 0
HEF-9-4 B-Z-Kleen Alumaloy A Hood & Alr (2)233/8x233/8x2 1200 Wash rinse & cote Time Cycle Dispose 10. 0 4.00
B-Z-Kleen Alumaloy I Air Circ. (2)233/8x233/8x2 Wash rinse & cote Time Cycle Dispose 10. 30
HBF-104 E-Z-Kleen Alumaloy 1A Hood & Alr (2)233/8x233/8x12 1200 Wash rinse & cote Time Cycle Dispose 10. 0 4.00
B-Z-Kleea Alumaloy 1A Alr Circ. (2)233/8x233/8x2 Wash rinse & cote Time Cycle Dispoae 10, 30
RC AC-11 B-Z-Kleen Alumaloy R C Dust (8)233/8x233/8x2 Wash rinse & cote Time Cycle  Dispose 41.20 2.00
®B - 1000
Canbridge Absolute RC Dust (8) 24x 24 x 12 Nooe Time Cycle  Dispose 448, 00 12.00
RC AC-12 Dust Stop Spun Glass R C Dust (8) g 3/8x233/8x2 None Time Cycle(4) Incineration 49.92 2.00 16.00 8.00
- 1000
Cambridge Absolute R C Dust @) 24x24x12 Nane Time Cycle  Dispose 448.00 12.00
NPEF-111 Dust Stop Spun Glass RC Dust (9233/8x233/8x12 2000 Nooe Time Cycle Incineration 14, 04 12.00
Cambridge Absolute RC Dust (9)24x24x12 None Time Cycle Dispose 504.00 12.00
NPEF-121 B-Z-Xleen Alumaloy RC Dust (9)233/8x233/8x2 2000 Wash rinse &k cote Time Cycle Dispose 46. 35 12.00
Cambridge Absolutes RC Dust (924x24x2 None Time Cycle  Dispose 504.00 12.00
Bryant # Dust Stop Spun Glass F Dust {()12x12x2 None Time Cycle(6) Incineradan 3.96 4.00
Bryant $10 Dust Sop Spum Glass F Dux (Diz2x12x2 None Time Cycle(6) Incineratian 3.96 4.00
Bldg. 1O 4 12218x2
BF 1-1 Fibergias Spun Glass Bx Alr Dust (2)24xW0x2 2200 Remove by hand Time Cycle Icineraton 8.00 2.20 8.80
Absolute A0 Bx Alr Dust (2)24x W0 x 12 Remove by hand Time Cycle Incineration 2.20 4.40
(1)18x24x2
BF 1-2 Fibergias Spun Glass Bx Alr Dust (DUxWVx2 1460 Remove by band Time Cycle Incineratian 4.00 1.46 5.85
A 1250 Bx Alr Dust :;;:‘xz!)lll Remove by hand Time Cycle Incine ration 1.46 2.92
4x 24x2
BF ¢-1 :r;::’ mh-- z :: g:: (3) 12x12x2 2500 Remove by band Time Cycle  [Incineration 1.40 26.00 10.00
(M24x24x12 Remove by hand Time Cycle Inciperation 26.00 5,00
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- -
A-1 A-2 B
Rldg. No. Descriptive & Operational Daza Baquip Labor Cimrges - Doliars Remarks
& Mig. and/or Classification Site Space Operating Method of  Criteria for  Handling & Charges  Maiot scanos Yearly Cleaning Disposal
Location  Trade Name & Type Application  Requirements Requirements Characteristics Replacing Cleaner Disposal Yearly & Inmpection & Replacement
Change Method Per 1000 Per 1000 CFM/ Per 1000 CFM
CFM hr.
Gen. Lab CFM
Rdg. 140
BF-27-1  Absolute A-1200 Bx Air Dust 1-24 x 0 x 12 1200 Remove by hand Time Cycle Incineration $ $ L2 $ 2.40 B-Z-Klsen
Fiberglas Spun Glass Bx Atr Dust 1-24x30x 2 Remove by hand Time Cycle Incineration 2,40 1.20 4.80 A-l  $1.50 each per 1000 CFM
EF-41-1 Fiberglas Spm Glass Ex Air Dust 1-24x24x2 1000 Remove by hand Tune Cycle Incineration 2.88 1.00 2.00 A-2 .25 per M CFM X 4 per year
HEFP 4-1  Absolute Type | Slze H Ex Air Hood 1-24x30x 12 1250 Remove by hand Time Cycle Incineration L25 2.50 B 4 clesnings per year per 1000 CFM
Fiberglas Spun Glass Bx Air Dast 1-24x30x2 Remove by band Time Cycle Incineration 2.30 125 5.00 2 $1.00 per M CFM
HEF 4-2  Absolute Type ] Slze H Ex Air Hood 1-24x 0 x 12 1250 Remove by hand Time Cycie hcineration 1.25 2.50
Fiberglas Spun Glass Ex Air Dust 1-24x 24x2 Remove by hand Time Cycie Incineration 2.2 .25 5.00 Dust Swop (Glass)
HEF 4-3  Abeolute Type | Size H  Ex Air Hood 1-24x 30212 1250 Remove by band Time Cycle [ncineration 1.25 2.50 A-1 Unit cost per 000 CFM x 4 changes
Fiberglas Spun Glaas Ex Air Dust 1-24x24x2 Remove by hand Time Cycle Incineration 2.30 1.25 5.00 per year
HEF 10-1 Absolute Type | Size H Bx Air Hoad 1-24 x 30x 12 1250 Remove by hand Time Cycle Incineratian .25 2.50 A-2 .25 cents per M CFM x 4 per year
Fiberglas Spun Glass Bx Air Dust 1-241x30x2 Remove by hand Time Cycle Incinerarion 2.3 1.25 500 B 4 changes per year per 1000 CFM @
HEF 11-1 Absolute Type | Size H Ex Air Hood 1-24230x 12 1250 Remove by hand Time Cycle Incineration LB .50 $1.00 per M CFM
Fiberglas Spun Glass Ex Alr Dust 1-24130x2 Remove by hand Time Cycle Incineradon 2.30 .25 5.00
HEF 11-2  Absolute Type | Size H  Bx Air Hood 1-242 0 x 12 1250 Remove by hand Time Cycle Incineration L2 2.50 Aerosalve 4 Absolutes
Ftherglas Spun Glass Bx Air Dust 1-24x30x 2 Remove by hand Time Cycle Indneration 2,30 L2 S.00 A-1 Price per 1000 CFM
HEF 11-3  Abaolute ‘Type | Size H Bx Air Hood 1-24 x 30 x 12 1250 Remove by band Time Cycle hcineration .25 2.50 A-2 25 per 1000 CFM x 4 per year
Fiberglas Spun Glass Bx Air Dust 1-24x30x2 Remove by hand Time Cycle Incineration 2.30 1.25 5.00 B 2 changes per year per 1000 CFM @
HEF 11-4 Absolute Type | Size H Ex Air Hood 1-24z230x 12 1250 Remove by hand Time Cycle Incineration L.25 2.50 $1.00/M CFM
Fiberglss Spun Glass Bx Adr Dust 1-24x30x2 Remove by hand Time Cycle Incineration 2.30 .25 5.00
HEF 11-5 Absolute Type 1 Size H Bx Air Hood 1-24 x 30x 12 1250 Remove by hand Time Cycle Icineratian 1.25 2.50
FPiberglas Spun Glass Ex Air Dust 1-24x30x2 Remove by hand Time Cycle Incineration 2,30 1.5 5.00 HEF Hood exhaustion fxn
HEFP 11-6 Absolute Type | Size H Ex Air Hood 1-24x30x 12 1250 Remove by and Time Cycle hcineration L.25 2.50 MRBF Machine exhaust fan
Fiberglass Spun Glass Ex Air Dust 1-24x30x 2 Remove by hand Time Cycle Incinerstam .3 .25 5.00
HEF 13-1 Absolute Type | Size ' Ex Alr Hood 1-24 x 24 x 12 1000 Remove by hand Time Cycle Incineration L.00 2.00
Fiberglas Spun Glass Ex Alr Dust 1-24x30x 2 Remove by band Time Cycle Incineratian 2.88 100 4.00
EF 33-1  Aerosolve Bx Alr Dust 3-24x24x 12 1600 Remove by hand Time Cycle Incinerarian 1. 60 3.20 Note: All filters contaminated with
MEF 13-2 aAbsolute Type | Size H  Ex Air Dust 2-24x24x 12 1100 Remove by band Time Cycle Ihcinerarian L.10 2,20 radloactvity are handled as radicactdve
Fibergias Spum Glass Ex Air Dust 2-24x24x2 Remove by band Time Cycle mhcineration S. 24 Lo 4.40 waste.
HEF 33-3  Absolute A 1200 Bx Alr Dust 2-24x30x 12 2800 Remove by hand Time Cycle Incineradon 2.80 5. 60
Fiberglas Spun Glass 8x Alr Dust 2-24x30x2 Remove by band Time Cycle Mhcineration 2,28 2.8 11.20
Bldg. 150 FA Conram, Quarterly
EF 3-1 Dust Stop Spun Glass 100% No RC  Throw away 1-233/8x233/8x2 620 Nane Time Cycle Spec. Handling 6.24 4.00
A & Disposal
Absolute Flanderx 1. A, 1000 100%"&: RC Dust 1-24x 24 x 12 None Tume Cycle Cantam. Spec.
Handling &
Disposal Quarterly
BF4-1 EZKeem Alumaioy Exhaust 4-231/2x291/2x2 Naoe Time Cycle 96.00 10.00 20.00
Absolute Flanders 1A 1250 Exhaust 4-24 x 30 x 12 S000 None Time Cycle
BF4-2  Dus Stop Spun Glass Exhaust  Special 5-233/8x233/8x2 5500 Nane Time Cycle Spec. Handling 37. 44 8.00 16,00 12.00
Aftentdon { & Disposal
Abeclite Flanders.E1000 Exhauet - 6-24x 24 x 12 5500 Nane Time Cycle "
EF 4-3 E Z Kleen Alumaloy BExhuast " 6-24x30x1 9000 Nane Time Cycle = 7 T 127.44 10.00 20,00 15.00
Ahsolute Glanders 1.A 1250 Exhaust 6-24%x W x 12 9000 Noae Time Cycle ” - "
EF 6-1 Duzxt Stop Spun Glass Exhsust Dust 1-242 24 x2 1320 Nane Time Cycle Spec. Handling
(1223 3/8x233/8x2
BF 6-1 Absolute Flanders 1 A 1000 Exhaust Dust 2-24x24x 12 1320 Noae Time Cycle Spec. Handling
Spec. Ant'n & Dispossl
BF 6-2 Dust Swp Spun Glasa Exhaust Dust @ 2-24x 2%4x2 2600 None: Time Cycle
2-233/8x233/8x2
BF6-1  Absolute Flanders 1 A 1000 Exhaust ‘:"‘ 424324 x 12 2600 None TimeCycle * -~ °
4
EF6-3 DutSop  SpmnGlass  Rhmst  Dust PR Tt N M2 Name Time Cycle Spec. Handling
BF 6-3 Absolute Flanders] A1000 Exhaust ﬁ;e?mm'n 2-24x24x12 ™2 Nane Time Cycle ?:' H:fnn'
spo!
BF 6-4 Dust S Glass Exhaust Dust 1-24x24x2
* s 2-233/8x233/8x2 e Nooe Time Cycle Spec. Handlag
BF 6-4  Absolute Flanders 1 A 1000 Exhaust *;mmﬂ 2-24x24x 12 1188 Noae Time Cycle Spec. Handlig
& Disposal
BF 65 Dust Stop Spun Glass Exhaust Dust 2-24x 24x2 1656 Cycle Handltrg
2-233/8x233/8x2 Nooe Time Spec.
EF 6-5  Absolwte  Flanders 1 A1000 Exhaust 2-24x 24112 1656 Nane Time Cycle Special Handling
6-6 & Disposal
EF 6- Dust Glas, Bxhau:
Stop Spun L] st Dust {;:2:2:: 3000 None Time Cycie Spec. Handling
EF 6-6 Absolute Flanders 1 A 1000 Exhagst Dust 4-24x 24 x 12 i
* EZ0sen  Alsmloy * Spec. Aa L2338 x23-3/8 12 None mec""f’““‘“‘”“‘
EF6-7 B ZKeem  SpunGlass Exhaust Dust Nene . Disposal
- Alwaloy . « 2-23-3/8 z233/8x2 Time Cycle Inclneration 3 8.00 12, 00 12.00
Avsolute Flanders . . %30 x 12 1320 Noos )
Anerican Maize . . 1-2h x30x1l
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Bldg. No. “oom No. Magufacturer Classtfication Application Requirements Size CFM Cleaning Critena Cost
192 None Pease- Anthony Scrubber Final - Exhaust Alr Fume 5 Diax 13" Hj 5000 CFM Self-cleaning § 12, 500
10 Raw Mat’ls Insp. Dust Kop (Aget) col. Dust Collector Pre-cleaning Exhaust Dust 3'0"xt 6" 1400 Pressure Loss
10 Mockup AAF Rotoclone Dust Collector Final Exhaust Dust 12'x 8 17000 Wood & Plasdc Dust Time Cycle
10 Assembly AAF Rotoclone Dust Collector Final Cleaning Dust 3'°0"x9°0 2300 Time Cycle 2,000
10 Sheet Metal AAF Rotoclone Dust Collector Final Cleaning Dust 3'0"x6 0" 2500 Time Cycle 2, 300
10 Tool Grinding Dust Kop {(Aget) Ixst Collector Final Cleaning Dust 3 0mx1 6" 1400 Pressure Loss
110 Carpenter Shop Dust Kop Dust Collector Final Cleaning Dust 6x6 2030 Vacuum Time Cycle 3,289
110 Store Saws Dust Kop Dust Collector Final Cleaning Dust +'x6 2030 Vacuum Press.re Loss
» A
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Table 5 BNL Data
ECONMIC SURYRY OF AIR AND GAS OFERATIONS XY MTIOUL L
Survey by: L. Gesmell and T. D. Murphy Pebreary 1959 .,
Filter Use Mamfactarer Trade Fame Cleaner Site Claaning Space Opereting Nethod of loriteria ! Lasor
at BL Classification Application Raqlirements Requiremsnts 1atic R [for Cleaner ! Ant Disposal Charges Charges
0 Trpe sad Process Changes Methods
- T — - . h. P 1 Packaged £ 1. Cost & Eff. A, $420/10000M Man hours = wh
1. Resctor Amsrican Air Bed Righ Etficlency Prefilter 1.2. Atmospheric 1, 2'3%x2'3%x300" 1. 21.1ft/min Replacement of Is. pu?&JZIZ... Sea Dl.p:]. 1f |2, Yoo 8. /onocm
Tnlet Flter Co. ALr Pilter Precleaner Reactor Duat Cap, ~12%0 cPM 2. a. 0.2YR20 Filter Media radioactive 3. Ml €. 1,35/1000CP/yr 8. 0.5ah/1000CM/yr
Hodel A Glase Fibre Cooling Atr 3. Wok | oy ®) 2, 0.011Lr83/cmm b, 3.5% or burned on |k, Wil . $0.75 . 0.L5mh/1000CM/yr
Bed, Preformed b b.Sx10m> g/ 3. U7.21¢2, 3. .1 0.6aP/1000cr dupm D. Negligible
70-100 2.2 22.5KP/1000CM £, 0.053mh/1000CM/yr
Pilterdom 4 Avg. L oyrs.
5. 0-900F
R.H. to 1008 .
7. 758 Efficisncy i
0.3 u particle }
-
It Replaced | No experisnce 1. fomt & Eff 1. $265/1000CM
3 uet 1. 2r0mx2'0mdy 1. W? fi/win Haven't Been 1. Pressurs lose 2. Yoo 2, 20.50/1000CP/yr 8. 0.5wh/1000CW/yr
II. Resctor Dollinger Olasstax Righ Efficiency Final Clemning - Radiosctive Cap, ~500 CIM 2. 0.38"R0 Replaced K. Pile Operations| 3. M4 C. Mo experisnce €. Mo exparience
Exhaust Corporatica Vown Glase Firal Clesner xhaust Alr Particles 2. 0.00227L3/CM eent L. w1 D. Approximately, . .
Preforsed Reactor 3. See II-7 3. 6.B£2/10000M [3. 0.125HP/1000CM $30,000 for E. »
Cooling L. 1x10-! L. Ses 3 u,2 above Replacement ’ "
S, 130-140°C
7. 958 Efticiency
For sbove 5 a
25~30% below
S p particle
III. Chesical Fonemsde Righ Efficlency Final Cleaning 1. Fumee-¥apors 1. 4 serubbers 6. 15 gal/min Repleniah |u 4 1. of |Wo R, Fegligible
Scrubber et Chemiocal Extaamt Air 2. Actde, Radio ea. S'iix2'dta. | b, 100f Fuastic Sol'n loeco |dumped into removing Ip | has been made G. Teglipible
Bot Lab, Sorubber Produciion 1odine cap, 233@1 e, 11b/10000m/ neutralised | BML Liquid Coet & £7f. |on initial cost D. Hone
Area-713} i Less than 21 3 |2. o©0.0257¢°/Cm canstio year System 2, Yes of replacement
. 3. W
L. W1
1. Dust, Miete 1. S s1sew 1. 5.0 ft/ain Replacessnt . Pressure loss |If highly I Cost & Eff. |A. $600/200CHy B. 0.15mn/LO0OGIN/:
I¥. Absolute Plamders Alr Pure Ultrs (Abeclute) Pinal Clesning 2. Radioisotopms 24" x2l,"x57/R" 2. . 0.9"Hx of Filter Unit 100£t/min radicactive 2. Yes B. M/{lwocm c. 5.1'5 £ below =
Hiters Filters, Inc. Pilter (Olase) Lab Boods i. 0 s 24"x3)0"x57/8% b, 2.0% at hood face packaged for P, Pilters €, $25/1000CM 1f Radicactive
el Righ lavel o b5x1075 g N [5. Health Phyeicis{ sea disposal should be D.  $100/1000CH 0. Lah/1000CPN
¢ Calls Rad1oisotopes otharviee fire resist- T, 1.0mn/1000CPW/;
Dilation - 2 +dumped ant r z.o.mooom/';
3.
Area, ete,
L .
, . Pressure 1. Dumped 1. Cost & Eff. (4, Mo way to tell B, C,D,EF
V. oar merican atr |1, 1r Mt Typed Roughing Precluatng  } geats Mo R O e A pipce dir- 1oee 2. I B Approxinately
Conditiontng [Mlter Go. 2. Rollotic | 1. Pibre Bulk Floal cleaning | pertibies 2. oBaroom = 1 0-0280 bt b8 5. Plant 9. w1 C.  $4.40/1000CM7yr 0F 25ah/ 1000CR/yr
- ! - ! Ma . . .
mh,"m b 2. Preforwsd Olass| Air conditioning ,. ) 5x10-5 g/} 5. 2%eve/10000mm 3. o 0108 000crM | Tatt intenance b oWl p. 8 10/10_0:?!/
“' u.. ete b, 0. 000CEH vu"o.h:
1. ALl sizes L. s 12 wekn
Oveng-Corning Dost-Stop Seme Same, but Beme Sam
Pibreglase Corp. in swall 2 cvogoste/am s, o-r007 Sens h. Fo wy to tell
Packege Unite 3. 2 112/1000CH Up to 1008 R.K, B, o A e n
E. $2.50/1000cm/yr
1. 500 ft/uin b. $1.25/Replacement
. Unt
3. a.
b, 2.5HF/uin
L. 12 weeks
S. 0-700F 100%R.H,
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AIR CIEANING DATA

Table 6 Savanah River Plant Data

I

J

G a G H 1 Who Deter- Disposal Replacement Replacement Man-krs/
s c D £ I3 Operational Pressure Power Replacement Criteria mines Criteria Kethods Frequancy Coat 1000 chr.
A~ Application Requirements Sive Craracteristics Losa Hp/1000 CPM for Changes for Changea $/1000 CP¥/yr.
Hiter
250 FPM Int, ~ 1 in, 3 3/2-20 ) Complete Pressurs 1 2
Cambridge sbsolute Final Cleaning | Particle 2Lx30x12 1/2 P. ress oss Bldg. Serv. Pers. Prot, yrs. $30/unit 30 ainfunit
Tope 4 & Gless-hsbestos | Lab Hood Removing 2hx2lxil 172 200 FAM Fin. - 2.5 2 Fig. ctivity Radn. Cont. |Packaging
8x8x11 1/2 200 FPM 10 Time cycle Burial total $15 1/l man-hrs.(total)
Mech. fuilure
. 1dg. Serv. Same as 2 yrs. $50/unit 30 min/unit
Camb Absolute Final Cleaning { Particle 24x30x11 y? 250 FRM Int, - 1 in, 11/2 Complete Same as °
Trp-r;d‘. Glass-Asbestos| Lab Hood Removing 12x1axs 1/8 Pin. - 2.5 s Pky. above Radn, Cont. |{a.ove
Cambridge Abeolute Final Clesning | Particle 2xjoxll 1/2 250 FRM Int. - 1 in. 11/2 Complete Same as Mdg. Serv. |Same as 2 yrs.
Type D Glass-Asbestos| Lab Hood Rewovi ng Fin. ~ 2.5 pugfn above Radn. Cont. labove total $25  |1/4 man-hrs.(total)
Part 250 FPM Int. - 1 in, 11/2 Complete Same as Same &s Seme as 2 yrs.
Cambri Absoluts Final Clsaning icle 2lix30x11 1/2 o
Type :" Glass-Asbestos| Lab Hood Removing 12x12x5 7/8 Fin. - 2.5 5 Pkg. above asove sbove
Micro-Metallloc Porous Pre-Cleaning Particle & Wash with Preasure loss Bldg. Serv. Same as
Stainless Process System | Vapor water abave 5 yra. No cost -
Steel {Moisture Sep.}! Removal
Dollinger Fiver (7) Exh,-Process | Vapor & Bldg. Serv. |Same as 2 yra. $10/unit 1 man-hr/yr/unit
Fibe Syte Liquid Int, - 2 in. 10 Completa Pressurs loss above
(Fioer {Moisture Sep.)| Removal Final - & - 10 Tig. Mech. failure total $50/yr{ 10 man-hre.(total)
Resaarch 011 Coated | Exh.-Special 1 Perticle 12a2x2 3 Wash & Pressure loss lidg, Serv. | Cleaning 4 months Ko cost 4 1/2 manchra(tote)
Product, Inc.  Metal Scresn | Hood | Removal Re-0il Mech. failure Op. up & re-use
Alumsaloy Time cycle
Dust-Stop Glass Fibers | Prefilters Particle s Find - 0.5 ta. | 11/2 - 2 -5f Compiete Pressure loss Ddg. Serv- T reaibg | 2 momthe » Y3 maacts. (total)
Prefl Gen. Ventilat. | Removal 20x25x2 €. hctivity -
s Hooda 16x20x2 Time cycle Qp. Groups burisl
12x12x2 Mech. failure
8xBx2
. = 0.5 in, Complete Time cycle
Air-Mat Woven Pra-filter Particle Int me Cyc Bldg. Serv. | Seme 28 3 monthd b 3 wan-hrs. (total)
" Final - 1.0 in, Pug. Pressure loas :
Piber Supply A/C Hoch fatioen Radn. Cont. above
Submitted by R. H. Hals, Ssvannah River Plant
- - A4
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Table 7 KAPL Data

A8 4]

ZCONOMIC SURVZY OF KAPL AIR CLEANING OPZRATIONS

“pace Requirements

Face

cu ft/CFM Area
Capacity Clesning (sa f)

Cleaner Site Cleaning lequirement Overall
Manufacturers Trade Name (Classification _Application and Process Dimensions _(CFM) Capacity égooc
1
Clean—
ing
Capa-
o city
American Air  Throw eway Precleaning Prefilter Supply Suburban Arsa atmos- 2"x2L"x2L" 1200 3.3
Filter Co. type glass performed Gen.Ventilation phere air wrepared
fibre fil- glass for nuclzar fuel
ter. sxeminction and woste
processing arses.
American Air Multi-Duty  Precleaning, Prefilter Supply Suburban area atmos- 8'x3.5'- 18,900~ 25
Filter Co. Air Filter oil-coated met- Air, Gen. Venti- phere preparad for 18'x1l2' 60,000
autcmatic, 21 screens, lation. production mechine  All ere 20"
s Lf-clean- type MS shop and laborzatorizs. deep.
ing.
Dollinger Co. Dollinger Precleaning, Prefilter Supply Surburban Arez rimos- 10'-12.5'- 40,000 6.25x10-3 3.1k
automatic, oil-coated Air, Gen. Venti- phere preparsd for 15'x12.5 to
self-clean- metal secrszens lation. laboreteories. All are 2' 60,000

American Air
Bilter Co.

Flanders
Filter Co,

ing.

Throw eway
type glass
fibre fil-
ter.

Alr pure,
Gaw. No.
2G70v

Przcleaning
preformed
glass

Ultra filter-
F200 filter
media

Precleaning Hx-
hrust Air Multi-

Curie Fission
Froduct Lab.

Final Cleaning

Exhaust Alr tul-
ti-Curiz Fission

Preduct Lab.

deep.
Laboratory evhaust 2%x2lMxel® 1000
air prepared for sub-
sequent ultre filtra-
tion.

Laboratory <xhaust  11"xz24"x24" 100~
air prepared for pub- 1000
lir environment.

b

6.4x10 4

4x10-2.

Lo-4



Western Pre-
cipitation
Corporation

Improviszd

Multicone
Type 9VG/2
Model P-
19923-40

Nons

Precleaning
cyclone
separator

Final dleansr,
Fibre bed
preformed

Pracleaning Bx. Machine Shop metal 8!'x8'x8! 59,000
haust Air Produc- dust removal from
tion Mach, Shop  exhaust air

1'x10'x8' 59,000
Final Cleaning-  Machine Sheop air pre-
Bxhaust Air Pro- pared for public en-
duction Mach.Shop vironment.

8.61:].0"3 ——

1.1;:{10—3

1.1
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8c

Tc
5.1

1.2
3.2
1.3
2,2
3.3
11
le
2b

la

3a

APPENDIX II

Estimated Costs of Air Cleaning Systems

Table 8. Air Cleaning Costs of Roughing and Precleaning Filters

Cost in Dollars per cfm per year

flow Rate Depreciation Equipment  Power TIabor Total Comments
- -- 0.003 2.775 0.002 2.780  Power Costs inclnded
and dominate
- _— - 0.450 0.027 0.L77 Initial Cost high
16,000 .LL000 0.0002 - 0.0053 0.4055 +
38,0 - 0. 0000 - 0.3120 0.3120  Labor Costs Dominate
1000 .0071 0.0816 —_— 0.1800 0.2687 ard
1000 L0071 0.0816 - 0.1800 0.2687  Equipment Charges
1000 .0060 0.0816 -- 0.1800 0.2676 Relatively High
1000 . 0060 0.0816 - 0.1800 0.2676 +
1000 .0060 0.0816 - 0.1800 0.2676
10200 - 0.0250 - 0.0750 0.1100
High Flow
100,000 - 0.032L - 0.0015 0.0339
Rates
1760 .0096 0,0558 - 0.0082 0.0736
Low Equipment
6847 —-— 0.0027 - 0.0161 0.0188
and
92865 - 0.0023 -- 0.0155  0.0178

Labor Costs

Type

Dustop

OCMS
ocMs
Taylor
Ga=-2l
Ca-2l
P1-2l
P1-2]
P1-2)
F:RA,S
F:15R/0T
P1-2}
Dustop

Dustop
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23
25
2k
L.l
21
1d
10
16

= w N

OCMS ¢

RSVT:

654,00
120,000
120,000
130,000
108,000
65,000
110,000
26,000
3,600,000
1,630,000
7,200,000
2,700,000

5,400,000

0jl Coated Metal Screen

Air Cleaning Coste of Roughing and Precleaning Filters

0.0010
0.0008
0.0008
0.0001
0.0009
0.00L9
0.0001
0.00010
0.00033
0.00012
0.00002
0.00002

0.00001

Rotating Screen Viscous Type

0.0117
0.0096
0.0096
0.0005
0.0071
0.0030
0.0045
0.00185
0.001L8
0.0005L
.00043
.00041

0.00028

0.0127
0.010l
0.010k
0.0082
0.0080
0.0079
0.00L46
0.0020
0.0018
0.0007
0.0005
0.0004

0.0003

Fi--=, FUlflo=—=—

AM:KF;

Air Maze Kleen Flow

RSVT
RSVT
RSVT
OCMS
RSVT
OCMS
F:15R/QT
Pritchard
AM:KF
AM:KF
AM:P-5
AM:P-5

AM:P-5
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Table 9. Ailr Cleaning Costs of Electrostatic Precipitators

Flow Rate,
D Type in cfm Depreciation Equipment  Power Labor  Total Comments
1b Electro- 184000 0.085 0.02 * 0.058  0.167 Adjusted power;
matic equipment and labor
3.5 0il Mist 1200 0.117 0.012 - 0.018  0.147 costs indicate tctal
Prec. cost of $.15 to 0.2
) Electro- 5380 0.10L - 0.028 -~ 0.132  ber cfm/year.
matic
20 Cottrell 960,000 -- Hi 0.007 0.021 0.028 Depreciation costs not
Fpt included. The deprecia-
22 West. Elect, y .
) : tion and power costs
Ppt 19,000 -- i -- 0.005  0.005 014 result in an esti-
: . mated addition cost of
2d 0il Mist
Prec. 65,000 — #* —— 0.o04)y 0.004s $0.1 per cfm per year

# TIncluded under labor cosis

3¢ No costs to date



1=

7.3

8.2

1.1

2.1

3.1

6.1

Table 10. Air Cleaning Costs of Bag Collectors

Cost, in Dollars per cfm per year

Type Flow Rate, Depreciation* Equipment Power**Labor Total%** Comments
in cfm
feroturn 600 - 1.307 - 0.20 1.927 Unit costs high with
low flow rate
Disc. 2200 0.76L 0.058 - 0.120 1.942 High installation cost
Filter but low operational costs.
Amerjet 3500 0.238 0.0002 - -- 0.242
Mikro~ 64,000 0.062 0,130 - 0.009 0.201 Costs decreases with
Col
Dual- increase in flow
Aire 85000 0,000 0.065 - 0.009 0.13l
rate
Dual~- 85000 0.060 0.065 - 0.009 0.134
Aire
Aeroturn 300,000 0.050 0.028 o 0.006 0.08),

% Write-off over a period of 5 years

IV
Preetd

IYRYS
W

Avg. labor costs of $6/man-hr were assumed
Hp/1000 cfm requirements for the above collectors vary from 0.9l to L.5 for 8000 hrs operations per
year with fan and motor efficlency taken as 60%, 1 Hp/1000 cfm would result in a power cost of $0.150/cfm/yr.

Power costs for ID 7.3 is estimated at $0.6/cfm/yr whereas the other power costs are approximated at

$0.3/cfm/yr on the basis of $0.015/kw-hr.
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28

3.b

1.5

2a

7.1

2¢c

Le

2e

1.L
La

Table 11. Air Cleaning Costs of High Efficiency Filters

Cost in Dollars per cfm per year

Type Flow Rate, Depreciation Equipment  Power  Labor Totnal Comments
in cfm R
Absolute 50 —-— 2640 - 1.440  4.0BO  Unit cost high at cont. flow rate.
Add, 0.015- Power and 0.028 for
depreciation
Abs.(Cell- 1000 0.028 1.694 - 1440  3.162 Units replaced each month. Add
Asb) 0.30 for Power.
Abs. (Cell- 50 0.028 1.694 - 1440  3.162 Low flow rate and monthly re-
Asb) placement.. Add 0.015 for Power.
Aibs. (Glass~
Cell) - _— 0.015 2.025 0.002 2.042 High power costs dominate
Abs, (Cell~ 68L47 - 0.261 - 1.L60  1.721 High level activity area
Asb)
Abs. (A1l 2200 0.013 1.200 - 0.186 1.399 Tquipment costs dominate
Glass)
Abs. (Glass == -- 0.025 0.975 0.002 1.002 Costs governed by power
Gel1) requirements
Abs.(CGlass-  -- - 0.025 0.975 0.002 1.002 M=
Cell)
Abs.(Glass) 100,000 0.680 0.027 - 0.020 0.727 Installation costs high, opera=-
tional relatively low,
Abs, (Cell- 1000 0.008 0.516 - 0.072 0.596 Add 0.30 for power costs.
Asb)
Abs. (Cell- 92865 - 0.140 -~ 0.396  0.536  Flow rate high contributes to

Asb) relatively low costs.
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3ec

5.2

Air Cleaning Costs of High Efficiency Filters (Cont'd)

Abs.(Glass- -- - 0.025 0.225 0.002 0.252 Replacement costs low, filters
Cell) changed every two years

Abs. (A11 1000 0.006 0.030 - 0.005 0.041 Filters replaced every two years.
Glass) Add 0.30 for Power.

Conclusions: Under conditiors specified ahove the annual operational costs

(including power and depreciative costs) for the use of Absolute

Filters is estimated to be 0.5 to 5.0 dollars / cfa.



Table 12,

Composite System

costs, in dollars/cfm/year

Air Cleaning Costs of Composite Systems

Flow Zate,

in cfm
Rad.Materials Lab. 5380
Exhaust Systems 67050
Waste Incinerator 5500
Ten Site 27600
Reactor Exhaust 100,000

Chemical Metallurgical 35,000

D.P.W. 184,000
Reactor Supply Air 109,000
Reactor Supply Air 100,000
General Supply Air 130,000
Ganeral Supply Air 26,000
General Supply Air 7,200,000

EgE.

99.95 .00LUS

99.95 .0005
99.95 0005

?

99.95 .0005
99.95 .0005
99.5 .005
75 .25
79 .25
60 A
60 b

60 o

# Included new equipment and labor costs

st Included under equipment costs

et LEF, Low Efficiency Filters, the Dustop, etc.

D.F,

2000

2000
2000

2000
2000
2000

200

NN
AS 2SRV RN, |

Depreciation  Equipment  Power Labor  Total Comment;‘
- 7.132 -- & 7.732 Includes LEF,
HEF,EP
- 2.61] - 1.881  L.L95 Includes IEF,
HEF, BC
- 2.187 - 486  2.973 Includes CY,
HEF,BC
261 .319 .218 .898
680 L0728 - .020 .728 DPF, HEF
.195 362 .118 .675 LEF,HEF,etc.
.095 .080 .066 .241 Includes LEF,EP
-- L0L3 -- .006 .0L9 Includes LEF
- .032 - .002 .03l Includes LEF
0076 L0001 -— . 0005 L0082 0CMs
- .00010 - 00285 ,0020 LEF
.- .00002 - .00043  .0005 AM

HEF, High Efficiency Filters, the Absolute Filter, e.ic.

FP, Electrostatic precipitators

BC, Bag Ccllectors
CY, Cyclone

DPF, Deep Pocket Filters



Discussion

Q.

A.

(C. E. Lapple, Stanford Research Lab.) I would like to ask
you about your proposal to express equipment costs in terms

of penetration. If I interpreted your suggestion correctly
the first approximation you would present costs in dollars per
Yyear per CFM, for a unit of penetration, as being & rough
constent. On that basis if you have 39% 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?

If you have 99% 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 L.

Suppose you have filter giving 99% efficiency and put an
filter in series with it, if you have a homogeneocus aerosol
you would get 99% over all at Just about twice the cost.
Actually serosol 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 along with exper-
iment data. Experimental data shows penetration times the
cost is equal to the constant.

(Belter - AEC Washington) Joe, has any comsideration been given
especially after more data is accumilated to breaking down

this data by the type of facility. Whether it would be say

& laboratory facility or production site or perhaps a certain
type of reactor site. '

Yes, definitely. We have even started on that. Our data as I
presented it, there are specific systems but we are also going
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.

(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 filteration problems. Is this part of your program?

Yea, as I pointed out - we are intecrested not only on the
economics of the efficlencies with respect to the financial
setup but also with respect to the physical or the effective-
ness of that system. Thereby wherever we can be helpful in
pointing out something in pointing ocut what others have done
I think we would put into it as we have already done that in
the survey. You will notice that the economics is Just one
phase of the whole cvaluation.
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PROGRESS REPORT ON HARVARD-AMERICAN IRON AND STEEL
INSTITUTE RESEARCH PROJECT

LESTER H. LEVENBAUM, CHARLES E. BILLINGS, NARI MALANI,

RICHARD DENNIS, and LESLIE SILVERMAN
Havvard School of Public Health, Boston, Mass.

ABSTRACT

Research studies on removal of fine fumes ( <0.,5up) from high
temperature gases (1000°F) are being conducted at Harvard for the
American Iron and Steel Institute, Four main phases of this project
are discussed in this report: (1) 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 wcol for high temperature fume
filtration,

Through agglomeration, submicron particles in metallurgical
furnace effluents can be increased in size, facilitating their
removal by flber 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 fllter 1life 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 pllot plants,
we have had very encouraging results on a 2000 c¢fm mineral wool
filltering 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
availlable to control these situations, but because of the small particle
size ( =« 0.5u) 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.
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TABLE 3

Characteristics of Experimert al Rotary Screw Agglomerators

2
Fominal Diameter, Inches 3 [ 12 ol
Actual Diameter, Inches 2=3/4 2 ig gﬁ
Pitch or lLead, Inches 2 0 ol 146
Screw Length, Inches 2L 3
Number of Screw Turns 1% g X g ﬁ .
Shaft Diameter, Inches - -1
Inlet and Outlét Size?, Inches 1-3ID 3-%ID 61ID In 2 x L=3/4
Out 121D

b 8 1,625
Cross-Section of Gas Path~, Square Feet 0,011 0. 080 0.3 o
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 104-1.5 x 105 104-1.5 x 105 10%-1,5 x 105 1.5 x 105-3.5x105
Overall Resistance®, Inches, Water 7.2 3.0 2.5 2,2
Gas Flow, cfm, STP 38 200 600 21,00
Collection Efficiencyd, % L7LF 15LF LFF
Spiral Channel Friction Factor (f)

0.013-0,0085 0,013-0,0085

LOFF L
0.013-0.0085 0,026

Twenty-four inch model constructed with slotted inlet extending across two adjacent flights.
b, Assumed from a plane passing through the screw axis,

Inlet velocity 3000 feet per minute at stated gas flow,
LF = laboratory fume simulant, FF = field open hearth fume.
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QUTLET T_ I GAS INLET AND INTERMEDIATE
QUTLET HEADER SAMPLE
SAMPLE TANGENTIAL QUTLET

i o

{ A — 4 ._
-~ ' OUTLET 4 INCH DIAMETER
! T T ]
l | i 24 INCH DIAME TER ROTARY SCREW
! l CYCLO-TRELL - AGGLOMERATOR
i I CYCLONE 1 -
]
15 HP FAN —__ HELIX .
VENTURI

INLET FROM FLUE-
DAMPER BELOW WASTE HEAT
BOILER

HOPPE R
N +
BY-PASS LINE —-'\ >/ (g_‘_
INLET
HOPPER — SAMPLE

i J
Va4 777777777

Fig. 1—Field installation of agglomerator and cyclone.



The principal objective of this project is to produce a gas
cleaning unit that will require minimum floor space, low capital
investment and low operational cost. Research work directed toward
this end has shown that a rotary screw agglomerator can both increase
particle size, facilitating subsequent fume filtration, and greatly
reduce gas temperatures, simplifying the construction of the flltering
unit. In addition, mineral wool fibers (1£/1b.) can be used repeatedly
on iron oxide fume when cleaned with shock waves to extend filter 1life,
This development has been applied to a pilot plant unit presently being
field tested which can filter and clean within the same chamber thereby
reducing floor space and aux!liary equipment,

Agglomeration 3tudies

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 intermittent nor
continuous rotation of the screw caused any apparent change in
collection efficiency above that when the screw was held stationary.
Efficlienclies of the varicus arrangements tested are listed in Table 2.

TABLE 2
Particle Removal Efficiency of Rotary Screw Agglomerators
Nominal Aerosols: BITiclency:s Remarks
Screw o
Size
Inches
3 IF 0 Insulated, no settling chamber
IF 2.5 Insulated, with settling chamber
LF 47.0 Uninsulated, with settling chamber
6 LF 15.2 Uninsulated, no hopper
12 Fly Ash 22,0 Uninsulated, no hopper
FF 40.0 Uninsulated, with long. hopper
2l FF L3.8 Serew Agglomerator
FF 15.5 Cyclone £ff, (following screw)
FF 35,6 Cyclone Eff, (by=pass screw)
FF 52.6 Cyclone and screw

# LF = laboratory simulant iron oxide, FF = fleld open hearth fume
#% Inlet temperature S00°F or above, screw stationary or rotating

at 1 to 2 rpm,
s+t 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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TABIE 3

Performance® of Rotary Screw Agglomerators on Iron Oxide Fume

Sample Particle Sizgﬁ;kMicrons Unit Remarks =
Number Inlet Outlet % Increase Diameter
Mg ¢&8g Mgt Mg G &g Mg! Mg  Mg! Inches
2 0.09 1.9 0.30 - - - - - 1 "
3 0,12 1.9 0.42 0.13 2.1 0.60 8 L3 " "
L 0.2 1.8 0.70 0.15 2.5 1.9 -38 170 " "
Average 0.15 1.8 0.47 0.17 2.4 2.5 13 430 " -
0.019 1.8 0.049 0.013 2.7 0.32 <32 550 2l During working period
6 0.11 2.1 0.63 0.23 2.1 1.6 109 150 " "
7 0.015 3.4 1.6 0.017 2.3 0.13 13 <92 " During flush~off period
Average 0.048 2.4, 0.76 0.087 2.4 0.68 81 =10 " --

a. Results of electron microscope analysis of inlet and outlet particle size, average magnification
30,000 X.

b, Mg = count median diameter, u, &g = standard geometric deviation, Mg' = mass medlan diameter,



An snalysis 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 agglomerator
the outlet particle size 1s in excess of the inlet size and this
increase 1s 1n 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 studles 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 agglomeratlon 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 ), Particle Size of Iron Oxide Fume Removed From Mineral Wool
Filters By Shock Wave Cleaning

Test Particle Size = Micronsé Magnlfication Blast.
No, Mg o8 Mg? Pressure
In Hg
1 0.056 1.9 0.19 30,700 -b
2 0.12 2.1 0.62 30,700 3
2! 0.32 1.7 0.72 7,700 3
0.076 1.9 0.27 30,700 L
0.37 2.1 2.0 7,700 6
5 0,063 2.0 0.29 30,700 12

a., Mg = count median diameter, microns; ¢ g = standard geometric
deviation; Mg' = mass median diameter, microns.

b. Initial fume slze 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 maegnifications.
Lines 2, 3 and 5 show that the dislodged particle size is larger than
the generated size but that it 1s decreased as the blast pressure is
increased.

Heat Transfer Study on 6 in., Jacketed Agglomerator

One of the unanticipated but desirable aspects of the ascrew
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 Description

Our present model (Figure 2) consists of a helical screw within
a vertical steel tube with an outer concentric steel tube forming a
Jjacket for the cooling liquids. The 93 in. outside diameter by 5 ft.
long jacket has a 1 in, pipe inlet and outlet. High temperature gas
is admitted by a rectangular tangentlal 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  1Inlet  Gas Flow Coeff.,  Temp, Drop
Temp, 1lbs./hr. Btu/hr./ °F
°F ft.2/°F -
A, VALUES REPORTED IN PERRY, J.E., "CHEM, ENG, HANDBOCK"
Nat'l, Conv., Gas - - - 0.6=2 -
Fore. Conv,, Gas - - - 2 =6 -
Nat!'l, Conv,, Liquid - - - 1l =3 -
Forec, Conv., Liquid - - - 2 =10 -
Nat'l. Conv,., Boil, Lig. = - _- 1 =10 -

e

————

B, SIX INCH DIA, UNJACKETED AGGLOMERATOR = LAB. STUDY (Scr, Horiz.)

Nat'l, Conv,, Air Out 670 340-560 0.60«0,66 70=95
n n In 700 370-550 1,3 -1.8 120«190
" " In 1000 [10-500 1,8 <2, 220-360
Running Water Film In 500 L 40=-620 13 ~17 220-230
n " In 700 L 00 =540 12 =16 320«350
" " In 1000 310= 480 10 =16 520-630
C. TWENT?-FOUR INCH DIA, UNJACKETED AGGLOMERATOR =~ FIELD STUDY (Screw
Vert,
Nat'l, Conv, Alr In oo - 1600 157 C00% 55 to 270
to 1200 to 5 000

12800 *Btu/hr

150 hours operation analyzed for 12 days, upon rotation of screw the
heat transfer rate increased 30%.

D. SIX INCH DIA, JACKETED AGGLOMERATOR = LAB. STUDY - (Ser. Vert,)

Nat?¥i. Conv,, Ailr in T000 200-660 1=3 100=150
Fore. Conv,, Air In 1000 200-700 35,5 150=300
Fore. Conv,, Water In 1000 250-850 7-16 300=550
Boil, Water =~ Steam(100#)In 1000 250=-800 C=15 300=1400
F.C. = Dowtherm A In 1000 200=850 6=-16 250=560

" " In 1500 170-740 6-15 590=950

" " Out 1000 190-820 3«13 270=350

" n 1500 190-750 =13 500-650

S ——— e e s S S S

Test Results

Teble 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
2l 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 times 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 Studles

Results of Previous Investigations

Prior to the start of the present study in the lasboratory, 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-e#top and
AEC High Efficiency (Absolute) Space Filters held in a 20 in., diasmeter
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 1s 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 primarily of movement of filter media within
the filter frame, usually ¢ In. or more away from the blast direction.

Dust reentrainment studles 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 (%L) from AEC filters
tested in the fleld was found to be proportional to overpressure,
initial dust loading, and inversely proportional to filter depth:

126 Ly PO+l

% L= (1
5 0.8 )

where the overpressure (P) is expressed in psi, the initial filter
loading (Lj) in grams/sq.ft. of filter surface (100 sq.ft. for

500 cfm filter, 200 sq.ft. for 1000 e¢fm 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 initlal filter resistance) lostessentially 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 Shock Inftial InItIal Dust Remarks
Device® Wave Dust Dust Loss
Pressure Load Load grams=j
in,Heg. grams A

A. Laboratory 20 Inch Diameter Shock Tube Study

Dust=-Stop 1.5 - - - Blast effects study =
moderate damage®

Dust-Stop 3.0 - - - Blast effects study =
complete failure

AEC =6 L.3 - - ~ Blast effects study = no
damsage

AEC =6 6.3 - - - Blast effects study -
partial failure

AEC -6 12.1 - - - Blast effects study =
complete fallure

AEC -6 3.4 155 75 152 98

AEC =6 3.7 126 56 7% 59

AEC=6 3.8 26 10 32

AEC =12 5.0

429 100 359 84
AEC=12  L.7 39 8 20 51

B, Fleld Study of Simulated Ventllatlion System Exposed to Shock
“Wave from Nuclear BXplosion

AEC =6 2.6 357 98 306 86
AEC <6 3.2 213 30 155 73
AEC -6 1.4 275 100 177 64
AEC =6 1.3 212 25 110 52
AEC=12 2.8 Tl 100 557 75
AEC=-12 2.4 575 31 331 58
AEC=-12 3.0 55l 56 294 53
AEC=12 1.1 826 69 460 56
AEC=~12 1.3 585 50 26 L Filter preceded by blast
attenuation device,
AEC =12 1.3 548 L9 224 L1

a. Dust-Stop Fiberglas filter - 20 x 20 x 2 inch = 800 cfm rated
capacity,
AEC=6: Pleated cellulose asbestos paper filter - 24 x 24 x 6
inch = 500 cfm rated capacity.
AEC=12: Same as above, 12 inches deep = 1000 cfm rated capacity.
b. Peak over-pressure; positive phase duration 800 millisec., in
laboratory study, and 800 to 1000 millisec. in field study,
¢c. Extensive reentrainment of dust initlally on filter, but not
quantitated,
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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 Equipment

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., diemeter by 6 ft. long (1.22 cu.ft.)
pressure reservoir downstream of (behind) the filter test section and
the blower used to draw alr through the system was connected to a
tee, as shown in Figure 3., During normal operation, room air (30 cfm
for 150 fpm filtering velocity) was drawn into the 6 in. diameter
pipe, entraining iron oxide fume generated by combustion of iron
pentacarbonyl (Fe(CO)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 (1 cfm) were withdrawn simultaneously
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 ailr to the reservoir (to the
desired overpressure, usually 5 to 10 in. Hg.) and puncturing with
the lance shown. This simple process caused & minor explosion which
generated a shotk wave that traveled down the tube through 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 efficlency decreased below
80%, when the test was stopped.

Figure li 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 medlia. This vaelue was found to be
5 in, Hg for an arrangement of 6/1.2/5 (6 in. diaphragm diameter,
1.2 cu.ft. blast chamber volume, 5 in. Hg overpressure). (See
lines 1 and L, Table 7.)

The ratio of the dlaphragm 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 pleces was installed to operate in
conjunction with the 6 in, diameter diaphragm. Thls arrangement also
required at least 10 in., Hg overpressure for adequate cleaning. (See
lines 1, 2, 3 & S4in Table 7.)

The blast chamber size was varied from 1.2 to 0.72 and O.L4) cu. ft.

by inserted objects. The 6/0.7/5 and the 2.,3/0.7/10 arrangements
tended to function similar to those using the 1.2 cu.ft. blast
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Fig. 4—Blast wave filter cleaning setup (photograph before blast).

302




Fig. 5—Blast wave filter cleaning setup (photograph during blast).
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Table 7 Summary of Shock Wave Cleaning Tests on Mineral Wool Filters2 After Collection of Iron

Oxide Fume
Total Shock Tube Inlet Filterd Filter Resistance Avg.f Total & Time % Wt.
Te stedP Characteristics® Conc. Packing In. H20° . Eff, Number Mins, Loss
Dia./R.V./B.P. gr/cu,ft Density First Init. rin. % Bursts
Avg. Evy., -
2 6 1.2 5 0.12 S 4.0 h.,2 8.0 92 31 69 17
5 2.3 1.2 10 0.06 5 3.8 4.7 8.1 86 L2 128 12
1 18%6 1,2 10 0.01 5 2.6 3.3 L.0o | 81 13 188 -
2 6 0.7 5 0.03 5 3.6 4.8 8.2 90 32 89 8
1 2.3 0.7 10 0.06 S 3.6 L.1 7.9 91 10 16 9
N 6 1.2 8 0.05 3 2.1 2.3 5.5 77 13 88 12
1 6 1.2 5 0.02 7.5 7.5 9.0 4.1 99 13 Ll -
1 6 1,2 5 0.02 10 9.4 14.7 28,2 99 | 13 8L 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.
¢, Dia, = diameter of burst paper diaphrasgm, inches; R.,V. = reservoir volume, cu.ft,; B.P., = blast
overpressure, in, Hg.
d. PFilter 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
s the criterion for stopping test.
g. Total number of exposures to blast of all filters tested.
h. 18 in, diameter (2 in. - 5 1b./cu.ft.) filter mounted on 6 in. reservoir,



chamber. The 6/0.4/5, however, was not as effective on cleaning as
the previous two. (See lines 1, L and 6 in Table 7.)

Increasing the filter packing density resulted in increased
efficiencles 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 80%, the arbitrarily
set minimum. (See Figure 6.)

Slag Wool Filter Pilot Plant L

A 2000 cfm pilot plant has been developed using slag wool for
a high temperature fllter media. The unit 1s 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 sesals,

Unit Description

Major items 1ln 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,
contalning 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 positlon the top screen holds the bed in
place between the screens for upward flow of gas or water., A 110 gal.
chemical drum forms the blast chamber, which is equipped with a two
ton Jack to position a 2 ft, diameter dlaphragm and a mechanical
lance to puncture this dlaphragm 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 the 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 PPL4 A, B, and C being cleaned by a reslurrying
of the medla similar to the inlitial 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 unit arranged to operate as PP 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
1l and 2, Runs 3, 5, 7, and 8 on new beds, which maintained a 3 in.
H50 initial filter resistance, showed increasing efficiencies of 55
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Table 8.
SUMMARY OF SLAG WOOL FILTER PILOT PLANT hA, B TESTS ON 20 TON COLD METAL OPEN HEARTH FURNACE FUME

“Test pjit.Vel.8-fpm In. Conc. Filt.Res.P-In.H,0 Eff, Time® Temp.q

No. 1nit. Fin, gr./cu.ft. Init, Fin. % Min, °F Remarks
3 96 90 0.02 3.3 5.2 55 48 550 New bed - é# - DHG
L 95 83 0.02 5.7 7.5 9l L6 580 Same bed

5 92 5h 0.05 3.6 13.1 68 Wy 550 HNew bed

6 Ll 32 0.03 14.0 15.6 99 Ll 480  Same bed

vi 90 45 0.10 3.4 .4 89 60 5S40  New bed =~ 5# =~ DRA
8 90 L2 0.09 3.2 14.0 95 52 510 New bed - DRA

9 89 5l 0.05 4.7 12.5 98 48 500 New bed - 2#

10 50 32 0.03 12.7 15.2 99 47 LYo  Same bed

11 91 78 0.05 - - 92 16 500 10 Backwashed

12 73 50 0.24 - - 89 28 4o 11 continued

13 67 37 0.11 9.3 15,2 99.7 53 430 New bed - L# - DHG
1l 31 18 0.05 15.5 18.0 - 23 370 Same bed

15 92 89 0.0l 3.0 7.9 93 L2 550 New bed ~ 3 - DRA
16 75 57 0,02 8.8 12.1 95 41 500 Same bed

17 93 83 0.05 2.0 8.4 68 L8 Sho 16 Backwashed - DRA
18 85 78 0.03 8.2 10.0 31 62 530 17 Continued
19 93 93 0.10 2.3 2.5 Ul 52 520 18 Backwashed ~ DRA
20 93 88 0.09 3.2 8.3 97 50 520 New bed - 2
21 82 82 0.05 1.1 9.l 60 50 530 20 Reslurried in place

a. Flltering velocity, feet per minute at Temperature indicated In column 8.

b. At temp. in column 8,

¢. 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 1b./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 L hours,
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Table 9. Shock Wave Cleaning Tests on 2000 CFM Slag Wool Filter (2"-5#/cu.ft.) With Electric
Furnace Fume
ilt, Vel.8~fpm In. Conc. Filt. Resist.8-In.H20 Bl,.Press. Eff, Time Remarks
%z?t %ﬁ%t. . FInal @gr/cu.ft. Init. Fin. Aft. Bl. In.Hg A Mins.
§§ 11k 101 0.61 4.8 9.4 - - 61 49 Same filter
b
11 101 0.05 5.4 8.7 5.6 5 79 L2 New
g% 112 82 0.16 5.6 14.7 6.6 5 6l 35 Same
26 111 90 0.03 6.6 12.3 6.5 g 73 2l "
27 111 92 0,02 6.5 12.3 - - 67 29 "
28 117 90 0.08 5.2 11.7 6.2 5 8L 31 New®
29 11l 95 0.04 6.2 11.7 6.5 5 74 18 Same
30 113 90 0.17 6.5 11.7 - - 82 10 n
31 113 87 0.08 5.2 12,3 6.0 L 938 22 Newd
32 112 87 0.04L 6.0 12.3 6.1 5 79 12 Same
33 109 - - 6,1 12.3 6.2 5L - 1 "
34 106 89 0.19 6.2 12.3 6.4 6 86 3 "
35 106 89 0.06 6.4, 12.3 6.5 5% 79 7 "
36 108 86 0.0L4 6.5 12.3 6.8 5 92 17 n
108 - - - - 6.5 5 - - ~ (extra blast)
37 108 89 0.0 6.5 12.3 7.0 5% 96 16 n
- 10 - - - - 7.0 5 - - n
38 10 85 0.02 7.0 12.3 7.5 5 88 22 "
- 106 - - - - 7.0 5 - - "
- 106 - - - - 7.0 5 - - "
39 106 89 0.04 7.0 12.3 6.6 81 86 1 "
Lo 104 90 0.02 6.7 12.3 6.9 9 81 2 "
a. At gas temperature of 120°F, approx,
b. Periphery of filter provided with rubber tubing seal.
¢. Periphery of filter packed with slag wool lightly by hand,
d. Periphery of filter packed with slag wool heavily by hand.
e,

No plume visible from tests 31 through and including LO.



68, 89 and 95, respectively, as thelayser formation 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 sabout 100 mgs).
Subsequent testing on similar new beds with 1106B filters indicated
efficiencies over 90 per cent for runs 9, 13, 15 and 20. Again,

the 1nitial pressure drop was about 3 in, H20, Continued testing
of beds already loaded with particulates (runs 4,6,10,12,14, and 18)
gave generally higher efficiencies and higher filter resistance as
was expected. Runs 11, 17 and 19, which were cleaned by backwashing
the principle of PPL4 B, had efficiencies of 92, 68 and L, 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 studles 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 unit was relocated with the required changes
to function as PP4 C,

The unit was arranged and operated in essentlally the same manner
as at the 0.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 gilving 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 vislble 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 initilal
resistances, Following runs will be made with higher blast pressures
(10-12 in. Hg). The unit 1s 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

3 to

detect aerosols in concentrations from 2 x 103 particles/cm.
1 x 109 particles/em.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 1lying 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 complete

instrument weighs less than two pounds exclusive of a vacuum

pump capable of drawing S liters per minute.

Introduction

In the study of dynamic 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 mamner. We have investigated
the cloud chamber technique originally used by Aitken as modified
by Vonnegut (1) 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 curve

no longer remains proportionel 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 avallable, but is limited to about 106 particles/
em.? (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 lons 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 1s ionized by some
external source, such as x=-rays, ultraviolet light, or nuclear
radiations, The ionization current 1is proportional to the
intensity of the source of ionization, the gas composition between
the electrodes and the geometry of the ion collecting system.
Pilgure 1 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 stalnless 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 lonlization current being measured may flow in the
circuit thereby affecting the system balance and sensitivity.

In any electric field some particles willl be precipitated, A
particle may be.transponted through the field by the gas stream
but be deflected by the weak field sufficiently to be deposited
on the Lucite insulators. The conductivity of a gas (the
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Fig. 1—Detector and compensator ion chambers.

Fig. 2—1Ion 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 sufficlently to change the instrument sensitivity.
Ionization within the chambers is produced by a Radium
D+ E + F alpha source of approximately 500 micro-curies in a
foil 4" wide and 2" long located at the entry to the ion
chamber, A 500 micro=-curie alpha source produces 18.5 x 100
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.l4 x 101 ions per
second but at most only one-half enter the chamber and one would
expect a current of 2.1 x 10~7 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 1s approached. Generally,
30 volts 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 impedence 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 activity
and flow rate, no current will flow between junctions A and B.
The tube used 1s relatively unimportant as long as it is a high
quality electrometer tube with characteristics such that the grid
current is less than 10-13 amperes, Some electrometer tubes are
available with grid current of 10-15 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 chamber 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 lon current is measured,

Instrument Calibration

We are presently calibrating the instrument under various
operating conditions. Table 1 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 1is shown in Column 1, the response of the instrument

318




61¢

De"'eC‘)Lor'

1
B — A
2 — e
1) =
Detector |
DETECTOR CircuiT

Fig. 4 —Schematic aerosol flow diagram.

4-le
Volts



microammeter is shown in Column 2, and the approximate particle
concentration in Column 3, Concentrations €109 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 (Diol 55).
Celibration 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

aerosols, such as open hearth furnace stack effluents, the

TABLE I
INSTRUMENT RESPONSE
The following data was obtained using filtered

(1106B glass paper) and unfiltered laboratory
air and an oil smoke of 0.6 micron dlameter

Aerosol Meter Reading Particle Concentration
(v a) particle/cm,

Filtered air 0.75 600
Laboratory air 1.25 15,450
0il1 smoke (0.6 p diameter) 5.0 38,700
0il smoke 1:1 dilution 2.50 19,120
S0p in detector Full Scale
SO2 in compensator zZero
SOZ in detector and

compensator 1.5
Filtered air 1.5

presence of S0, 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 1s 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 lonization-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.B). FPurther 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 radicactive iodine
from process and laboratory gas stresms are under investi-
gation by the Harvard Air Cleaning Laboratory, Major test
objectives are to develop collectors which (1) afford at
least 90 per cent I131 collection, (2) have low resistance,
(3) are relatively inexpensive and easy to fabricate and
maintain, (L) have a long, i.e. up to 2 year service life
in terms of holding capacity and corrosion resistance, (5)
can function at gas temperatures up to 300°C, and (6) are
non=combustible, None of the collectors now in fileld use,
i.e, Hanford silver reductor, caustic scrubbers, and acti-
vated carbon satisfles all of the above requirements,

Preliminary studies were made with normal 1127 o
simplify analytical and handling techniques during the
screening phase of the study.

Of the several chemical and metallic coatings applied
to slag wool fibers (KI, AgNO3, 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 only adsorbent showing
high efficiency, but the resistance was considerably greater,
<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 temperstures
improved performance of both Cu and Ag~Cu ribbon indicating
that chemisorption was the primary iodine collecting

mechanism, NH3, HNO3, and HpS did not interfere with lodine
collection.
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Special tests on_ég-Cu ribbon with mixed isotopes
(1 mg/M3 I127 and 10=0 to 100 mg/M3 I131l) showed that iodine
collection was (1) concentration dependent and (2) was the
same for I127 and I131, Incressed metal surface area per
unit collector volume, attained by increasing ribbon dimensions
or increasing the packing density, improved collection effi-
ciency significantly. Iodinel3l efficiency of Ag~Cu (25 mil x
2 mil ribbon, 33 1bs./cu.ft.) was estimated to be 50 per cent
with an inlet iodine concentration of 10-6 mg/M3 (123 pe/M3).
For the same inlet loading the efficiencies of 5 mil x L mil
ribbon (58 1bs./cu.ft.) and 3 mil x 2 mil ribbon (71 1lbs./cu.ft.)
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
of iodine removal and at that time indiceted that we were
concentrating on the development of an inexpensive, practicsal
unit for this purpose. As you know, the principal devices
that have been used for iodine removal include caustic
scrubbers (1), activated carbon beds (2), and heated reductors
packed with slilver nitrate~coated saddles such as are used for
dissolver off~gas streams (3). Various other collectors have
been tried such as other scrubbing liquors (L) and electro=-
static precipitators (5).

It was our intent to develop a unit which would function
at temperatures as high as 300°C and which would not offer
significant resistance to air flow. It became apparent after
due consideration that an appreciasble compaction could be
obtained by modifying the Hanford dissolver off-gas cleaning
system, In this unit the particulates, including the ilodine,
are filtered tbrough a flberglass filter and then the lodine
is subsequently removed by a silver nitrate granule reactor,
We believed it was posslble to combine the filterlng and
absorbing functions in a single device. At the Fifth Alr
Cleaning Conference we reported some preliminsry data on the
use of silver plating (chemically) on 4 micron diameter slag
wool fibers, Although the efficlency was rather high, extended
testing indicated a relatively short life for the chemical
deposit., The major application for our project in 1957 is
stlll an Important comnsideration., A device is needed for
large (>10,000 cu.ft. per min.) gas flows containing iodine
in varying concentrations such as might be associated with =
large air-tcooled 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 alir flow resistance, However, the optimum
size of coated fibers for 1odine removal does not need to
coincide with maximun 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.ft. per min, or greater and
temperatures may range from ambient %o 1500°C for air or gas
cooled resctors,

For the design of iodine collecting equipment, the follow~
ing tentative performance criteria were established,

1. Efficiency greater than 90 per cent (in some cases
decontamination factorass of 104+ to 106 may be required).

2. Retention of several grams of radioactive lodine
without significant reduction in performance. (Efficiency
and resistance constant 1f possible.)

3, Ummaintained collector life of two years if possible,
4. Efficient operation at temperatures from 20 to 300°C.

5. Satisfactory operstion in the presence of oxides of
nitrogen, nitric acid mists, ammonia, 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 (<1 inch of water at
1 fps).

8. Minimal space requirements (possibility of insertion
in exiating ducts or piping.

9. Fireproof or resistant to decay heat and combustion,

Although 90 per cent lodins removal appears to be rather
low, it 1s 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 106
may be desirable, particularly where hazardous situations are
likely to arise,

Holding capacity is somewhat arbitrary and is extremely
conservative in view of the high specific activity of I131,

A filter 1life of two years 1s a realistic target, partie-

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 defined as the ratio of upstream
to downstream concentrations. Decontamination index is
referred to as the log of this ratlo.
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Low collector resistance is desirable, but other consider=-
ations (high decontamination requirements, small gas volumes,
etc.) may make higher pressure losses acceptable, High velo=-
citles associated with optimum removal will provide minimal
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=-
nents, It has been assumed that the effluent gas stream
would regqulre pre=-cooling to temperatures not in excess of
300°C, This is based on the followlng facts:

l., Collection by physical adsorption is adversely affected
by high temperatures,

2. Most chemical compounds of iodine either decompose or
volatilize at temperatures sbove 300°C,

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 packlng between supporting pads or screens in
cylindrical filter holders. The primary mechanisms responsible
for removal of gaseous lodine were either physlical 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 lodine collectors will be presented
in a complete AEC report at the completion of this study.
This report will summarize the principal results obtalned,

Test Equipment and Procedures

Two types of filter holders were used in this study (a) a
12 in. long, 1 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 1 in, glass
cylinder whereas only fibrous materials were tested in the
6 in. steel pipe, Figure 2 shows a typlcal silver plated
copper mesh test medium in place.

Most data wWere obtained at a constant air flow of 60 cu.ft.
per min, per sq., ft. of media face area (60 ft. per min, face
velocity). Velocity effects were studied in the 6 in. steel
pipe over the range of 60 to 2,0 ft. per min,

Tests were conducted with normal iodine at inlet concen-
trations varying from 2 to 600 mg. per cu.,m. Iodine vapors
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were generated by sweeping an aliquot of the inlet air strean
across the surface of lodine crystals, The sublimation rate
was increased when necessary by %Rplying heat to the iodine
crystals. Radloactive lodine Il31l was obtained from commercial
sources as iodine I131 with normal iodine carrier in carbon
tetrachloride, carrier free iodine from tellurium metal, or
NaIl3l in sodium sulfate (NapS03) solution. The carbon tetra=-
chloride solution was volatilized as shown in Figure 1 in the
U-tube evaporator., The carrier free iodine from tellurium

was transferred to sodium thiosulfate (Na2S203) and heated.,

The carrier free lodine, prepared from Tel3°, was handled
by extraction with 5 per cent sodium thiosulfate (NagSzO3)
which was then dried in aliquots and heated in a U-tube similar
to that shown in Figure 1. The NaIl3l, carrier free, was
supplied in a 5 per cent Na2503 vehicle, This was treated by
adding 5 per cent sodium thiosulfate 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 detall as more information is accumulated.

In later tests which are briefly mentloned here prefiltered
alr was employed by use of fillters shown in location in Figure 1
to ascertain the effect of possible deposition of lodine on
atmospheric muclel, Chamberlain and DeWiffen (7) have indicated
t{g{ very high concentrations of nuclei can adsorb carrier free
I .

For high temperature measurements the gas stream was heated
by indirect methods, electrical coils or gas burner in the
case of the 1 in, Pyrex tube and by direct flame gas combustion
products 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 Eer cent potassium iodide were used
to collect the iodine I127, Collection efficiency was determined
from iodine concentrations in the up=- and downstream gas samples
with a Klett=-Summerson photoelectric colorimeter at L4L}0 mu.
Absorber efficiencies were dependent upon the amount of iodine
collected in the potassium iodide solution and ranged from 92 per
cent at 150 mg. Io 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 llberate iodine
from potassium lodide, i,e. nitric acid, carbon tetrachloride
was substituted as the absorbent for potassium lodide., An
ice-salt water bath was used to reduce CCl}, evaporation losses.
Jodine collected 1n the carbon tetrachloride was also determined
colorimetrically in the photometer.

Jodine 131 distribution in the collection tube and collector
was ascertained by scintillation detectors., Variations in I131
loading were determined by placing a scintillation head in
contact with the absorber. Integral counting 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 I131 feed rate., The
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collected absorber samples were measured by differential
counting (350-370 KEV) of aligquots in a well scintillation
detector calibrated with a simulated 0.067 pc 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 I127 in the I131
isotope when carrier was present was determined colorimetrically
and the initial mass ratio was determined from these data,
After establishing the initlal 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 or tables, Tables 1 to 8., Most of the initial study
was performed with normal iodine since it could be readily
utilized for screening of many materials,

The information in Table 1 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 iodldes and lodire
reactants would have potentlal application., The most promising
of these were tried at what appeared to be an optimum velocity
of 60 fpm or 1 fps for space requirements, It 1s obviously
not the most desirable velocity for collection in many of the
cases shown in Table 1. The most effective unit shown was
obtained by vacuum plating silver metal on the slag wool fibers
(Test No, g) since it afforded high efficiency at the lowest
flow resistance. The silver nitrate treatment as used on berl
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 medis were assayed as shown
in Table 2., Of the s0lid adsorbents, activated charcoal from
various sources was the best but because non-combustible
adsorbents or absorbents might be necessary, activated alumina,
Thirsty glass (microporous), Attapulgus clay, mossy zinc, tin
foll 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
in Figure 3. The data are consistent with those of Table 2
when correction is made for the difference in pPacking 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

Icdine Collection with Various Coatings on L Micron Diameter
Slag Wool Fibers

Test Collector Description® Coating Collector Performance
No. Weight Depth  Packing Material Initlal Reslstance
grams inches Density Efficiency inches of
#/cu.ft. per cent water
1 178 1 2.0 KIP 23 2.4
2 As above moistened (H0) KIP 80.2 5.3
3 133 1 17.9 ca® Lo 3.8
L 212 1 29,0 U% cd-26% Sbt 31 5.2
5 As above molstened (H,0) 74% cd-26% Sb° 39 8.6
6 148 1.5  18.8 Agno, ¢ > 99.9 ° 5.8
7 208 2 4.0 agt 90.0 6.7
3 L.98 2.0 Agh > 99.9 1.1
a., Slag wool pads, 6 inch diameter, face velocity 60 ft./min., 20°C.
b. Coated by dipping in satursted KI solutlion and drying.
¢. Coated by spray metallizing one side, 7 layers in filter,

Coated by dipping, 61 grams AgNO3 retained in filter,
Efficiency decreased to 97.7% af%er collecting 1.4 grams Io.
Chemically plated, Rochelle salt technique.

Bed diameter = 1 inch,

Vacuum plated, 1l layers of fiber, plated one side only.
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Table 2

Todinel@7 Collection with Miscellaneous Media
at 60 Ft, Per Min, Face Veloclty

Coliector Description  Temp., Reslstance 1D p ) Collection
°c In, water Inlet Retained Efficienzy
Cone, rams per _cent
* mg/M3 8 Initial Final_
Mossy Zinc - 76 grams
coarse granules 20 - 150 0.20 97.0 89.6
Potassium Hydroxide =~
70 grems, pellets 20 - 750 0.56 99.8 99.9
Tin Foil - 20 grams,
30 x 3 mil ribbon 20 - 61 0,084 92,6 96.9
Tin Foll = 74 grams,
30 X 3 mil ribbon 120 - 360 0.84 99.0 95.0
Actlveted Alumina =
8/1f mesh, 36 Ib/ft.,3, 30 1.3 600 0.030 86 avg.
2" bed, Aluminum Ore Co. 200 - 170 0,007 78 avg.
Thirsty Glass = 53 20 0.3 150 0.008 L5 avg.
16.7Tt.3, 2" bed, 200 - 150 0.004 37 avg.
Corning Glass Works
. Attapulgus Clay = 15/30
me sh, %8 ibs/ft3, 2"
bed, Minerals and Chem,
Corp. of America 20 1.4 6 0,00005 6 avg.
Carbon Fibers - 24 1b/ft3,
1 in, bed. Carbonized
wool filbers, Atomic 27 2.4 240 0.024 L0 avg.
Laboratories, Inc. 150 - 60 0, 0001 S avg.
Activeted Charcoal - 3
“B/1ll mesh, 28 1bs/ft.-,
1.7" bed, Columbia 30 4.8 250 0.018 »99.9 avg.
Carbon, Grade 60 170 - 200 0.011 »99.9 avg.

Activated Charcoal =

“12/30 mesh, 30 1bs/ft3,

1" bed, Pittsburgh

Coke & Chem, Co,,

Type B PL 25 0.7 120 0.20  799,98avg.

Copper Ribbon = 25x2 mil,
. -E:Bm'l—'ms £.3, 3" bed -
"Chore Girl" Scouring
Pad, Metal Textiles Co,,20 0.1 200 0.16 99,99 93,5
Rosells, N.J. 120 - 500 2.96 »99,9 90

(25 br, test)

331




Table 3

Effect of Steam and Temperature on Iodine127 Collection

with
Copper Ribbon (25 mil x 2 mil)
Collector Test Temp. Test Cumulative 12 Inlet Collection
°c Period Test Period Conc, Efficlency
hrs, brs, mg/M3 _per_cent
A 1 25 0.33 0.33 50 97.4
A 23S 25 0.67 1.0 Lo 99.8
A 3 S 300350 0.16 1.16 120 Y 99.98
B 1S 300 1 2l 100 % 99.98
B 2 25 1 25 100 13.4
B 3s 25 1 26 100 49.7
B L S 300 i 27 100 » 99,98
B 55 LS50 0.5 27.5 100 Negatives
Eff. Iodine
per cent Retained
grams
c 1S 300-350 7 7 100 > 99,98 6
D ls 300 2L 24 100 4)99.98 6
D 2SS 300 6 30 100 ~ 87 7.3
E 13 300 2l 2L 100 >99.98 1.0
E z S 300 5 29 100 77 1.2
Note: S indicates steam addition, 1 1b./1000 cu.ft., of alr at
indicated temperature,
4,B,C,D,E 1ndicate separate collectors.
* Iodine lost as Copper Iodide and Iodine Vapor

Bed Packing Densities, 27 1bs./cu.ft, = Bed Depths, 2 in. =
Face Velocitles, 60 ft, per min,
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(collector B) that the copper oxidized on extended use &nd

that this media when again retested at room temperature gave
poor results which could only be partially improved by stean.
When elevated to 300°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
efficlency.

The exact nature of the steam treatment is unkmown but
might be attributed to either a formation of H1 or a condition=-
ing of the copper surface. The copper collector surface was
also treated withhydrogen sulfide which performed as well as
the copper surface in iodine removal. At elevated temperatures
the copper sulfide behaved slmilarly 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 ilodine reactive
and fairly reasonable in cost and simple to obtain as a
plating material on a copper base, it was selected for this
purpose,

The results of 1127 collection by the silver plated
material (0.5 per cent Ag by weight) are presented in Table L.
The results are very favorable particularly at elevated
temperature, whereas copper pads falled 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 the collector became
relatively ineffective (31.5 per cent efficlient) 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, ammonis and hydrogen sulfide exposure without
observing any deterioration in performance.

The radloisotope evaluations wlith 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 lodine loadings give a greater driving force for silver
surface chemical reaction as shown in Figure 5. The data for
the copper efficiency tests in Table 6 indicate, as found with
1127, 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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MICROGURIES I0ODINE'™™ PER GRAM OF GOLLEGTOR

! | | I

FAGE VELOGITY= 6O FT./MIN.
PACKING DENSITY =33 LBS./FT3

TEMPERATURE = 25°C
TOTAL IODINE INLET LOADING
(1274 (31) = 25 MG/ M3
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EFFICIENCY = 96 %
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Fig. 4 —Iodine-131 distribution within 5-in. bed of silver-plated copper ribbon.
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Fig. 5— Effect of iodine inlet concentration on penetration with silver-plated copper collectors.



Table 4
Todinel27 Gollection by Silver Plated Copper (25 mil x 2 mil) Ribbon
at
60 Feet Per Minute Face Velocity

Collector® Test Temp Test Inletb2 Iodlnel27 Collection
°¢ Duration TIodinel?’ 'Retained Efficlency
Cumulative Cong. Cumulative per cent
hrs., mg/M __grams Initial _ Final
A 1 20 0.16 378 0.038 - 99.91
A 2 20 0,50 738 0,186 99.91 98,2
A 3 20 0.83 192 0.224 98.2 8.2
B 1 300 2.25 715 0.966 99,997 99.986
B 2 300 4.75 1000 1.010 99.986 96.1
3° 1 300 100 150 2.3 *» 99.8 99.6

a. Collector A and B, Packing Density = 45 1lbs,/ecu.ft.,, Depth =
2.5 in,, Weight = 22 grams,: Collector C, Packing Density = 27
lbs./cu.ft., Depth = 2 in,, Weight = 40O grams,

b. Loading oconstant with Collectors A and B, Intermittent with
Collector C,

c. Efficlency reduced to 31 per cent when cooled, but greater than
99,6 per cent when reheated to 300°C.

- Note: Silver content of plated ribbon = 0,5 per cent by welght.
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Table 5

1

Todine®>! Collection by Silver Plated Copper Ribbon and Copper Ribbon

in
Presence of Carrier Iodinel27 (25 mil x 2 mil ribbon)

Collector® Temp ,P Inlet Iodine® Collection
No. Weight °c Concentration Efficiency
mg/M3 mg/M3 wo/M3 per cent
AgeCu
-8
1a 22 28 0.049 3,8 x 10 L.7 90.56
1y 28 0.067 3.4 x 10-3 4.2 89,50
lc 22 210 0.032 1.7 x 10~ 2.1 99. Ll
2a 22 28 0.84 7.6 x 10=7 93 9L.62
b 22 28 2.5 2.4 x 106 295 95.96
2¢ Lyl 28 12.0 5.6 x 10=6 690 95.94
cu®
38 22 28 0.06 2.0 x 10‘3 216 98.99
3b 22 28 2.4 4.3 x 10" 5.3 99.75

a. Packing Density of all collectors - 33 1lba,/cu.ft., Face
Velocity - 60 ft./min., single test per collector, Resistance -
0.1 to 0.2 in, water.
b, Effect of temperature = compare collectors la and lc.
c. Effect of total (Il27 and Il31) concentration - compare la vs., 2b,
d, Effect of bed depth (4.5 vs., 9,0 in.) =~ compare la and 2b vs,
1b and Zec,
e, Comparlson of Ag-Cu va, Cu efficiency ~ 1la and 2b vs. 3a and 3b,
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attributable to experimental error., The effect of bed depth
is also shown in Table S. 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 L 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 gir flow resistance under thils condition is also
increased sbout fourfold, The data of Table 7 indicate more
effective Il31l removal as well as comparable performance at
Iy times the velocity of 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 I127, Table 2, and with carrier free 1131, 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 4O, 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 "Thirsty glass". 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 efficlency was raised to over 99,9 per cent.

The activated carbon of Table 2, when retested with carrier
free IL31l 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 lodine even at velocitles 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.

1, No significant difference exists between 1127 gng 1131
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 Iodinel27 and Iodinel3l

Collector® Iodine Inlet Concentration Collection Efficilency
1</ 1131 p Per cent

mg/ 1> mg/M3 we/M3 1131 1127¢

A 68.5 1.7 x 1070 2.1 98.12 98.21

B 62.9 1.6 x10-8 2.0 97.96 97.12

c 66,0 6.1 x 10-9 0.72 98,22 96.57

a, 22 gram bed, 33 1bs,/cu.ft, packing density, 60 ft./min, face
velocity.

b, By radioactive count,

¢. By chemical (colorimetric) analysis

Table 7

Todinel3l Collection with Silver Plated Copper Ribbon (5 mil x L mil)
Effect of Bed Depth and Face Veloeclty

Collectora Face odine Inlet Concentratio Collection
No. Bed Velocity 1127 1131 Efficiency
Depth ft./min. mg/M3 mg /M3 we /M3 Todinel3l
In, _per cent
A L 60 0,71 2.4 x 100 2.9 599,95
B 1 60 ok2 1.1 x 107 1.3 %99,71
c L 21,0 o.42 1.1 x108 1.3 > 99,89
D 1 240 0.36 0.9 x 10-8 1.1 97.1

a. Constant packing density - 58 1bs,/cu.ft., resistance, 0.4 to
1,6 in, water,
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Table 8

Iodine131 Collection With Miscellaneous Collectors (Room Temperature 25°C)

Collector Description Face Resistance Iodine Inlet Concentration Collection
Velocity In, Water 12 131 Efficiency
£t./min. 112t 51 3 131
mg/M mg/M [»LO/M Iodine
per cent

LOMAC-40 - 250 Denier Ribbon
containing 40% act. carbon
with rayon,

ove

10.5 1bs/ft.3, bed depth 1.5" 60 0.16 0.015  3.36 x 1070 1.2 99.72
17.1 1bs/ft.>, bed depth 2,5" 166 2.12 0.10 2.1 x 108 2.6 99.93
Silica Gel - 6/1z mesh 8

“Unimpregnated, bed depth 2.75" 60 2.75 0.38 2.4h x 107 3,0 39.9

Silica _Gel - 6/12 mesh

Silver coated by Rochells

salts - 12 mg. Ag per gram of

silica gel - bed depth 2" 60 2.75 0.16 1.0 x 108 1.2 3 99.92

Activated Carbon - 8/1 mesh
Alr prefiltered with AEC
Assolute Filter, bed depth 2" 60 4.8 0.0 1. x 10-8 1.7 96.8

Silver plated copper ribbon
(3 mil x 2 mil1)

71.0 1bs/ft.3, bed depth 4" 343 4.0 0.42 2.5 x 1077 0.3 99.45




2., At room temperature copper is more effective in iodine
removal than the silver plated-copper mesh for I131,

3. Iodine penetration of the media tested varies inversely
with loading.

L. I131
bed.

removal varies inversely with velocity on & fixed

5. Bed depth above a certain value which camnot be pre-
dicted at the gresent time 1is not a significant variable.
Most of the Il31 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,
appearg to be dependent upon concentration over the range 10
to 10™° mgs, per cu, meter 1n iodine,

8. Steam enhances the performance of copper surfaces for
iodine removel at room and elevated temperatures.

9. Preliminary data on fine mesh (2 x 3in,) silver plated-
copper with higher specific surface indicates better performance.
However, greater air flow resistance results,

10, Iodine adsorption on atmospherlic dust was not found
responsible for low collection efficiency measured at low I131
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, thls ssme material
when reheated shows values comparable to initial high performance.
The failure at room temperature is attributed to oxlde formation,

12. Practicael 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 selectlon, Resistance losses of all
granular sdsorbents 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).

1h. Activated carbons in general where fire 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

Qe (B. L. Rich, PPCo.) We are rather concerned with the special
problem in regard to Idaho production at this facility - once
you dissolve a fuel element in a caustic mixture - may be -
for anyone of a dozen filter medias - do you plan to extend
yourstudies +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 QOak 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 performance on dissolving.
Also ren some bromine tests and got results comparable to normal
iodine,
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Q.

You said you had a lead shield and viewing window in which you
determined the efficiency of the bed by close scanning. Can you
elaborate on this further?

we evaluate material deposited - collection gradient along the
ved for more efficiency.

(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 40% to 90%. We have collected
as high as 90% 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.

Using & 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.

343




SPECIAL INCINERATION STUDIES— INSTITUTIONAL DESIGN

RICHARD DENNIS, FREDERICK L. MULLER,

EDWARD KRISTAL, and LESLIE SILVERMAN
Harvard School of Public Health, Boston, Mass.

Summar y

The Harvard Air Cleaning Laboratory is currently engaged in
designing incineration and gas cleaning apparatus for the dlsposal
of low-level radioactive wastes from hospitals and biological
laboratorlies. 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 appllication of the unit,

Tests on a small (10-15 1lb, 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 1lnlet, tangential, over-
fire air admittance (somewhat like the Bureau of Mines unit).
However, the burnlng 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 ares
allowed for further high temperature cambustlion of unburned
volatiles and particulates, since a secondary air inlet was located
at the base of thls section. Effluent gas was cooled by dilution
alr which entered tangentially at the top of this chamber.

Test results, based upon burning rate and volume of COp produced
per 1lb. of charge, show that the over-all performance of the current
incinerator design, ACL II, 1s 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 of a basket type filter, 10 sq.
ft. surface, composed of aded glass flbers. Our present intention
is to filter hot (600-800°F) 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 effluent 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 radiocactive
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 radiocactive substances to the
atmosphere., OQur first approach was to establlsh 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 gquantities of soot and condensable organics to make
filtration 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 alr by-passed to the stack where temperatures were
too low (about 1000°F) to initiate secondary burning. Mean stack
temperatures dropped about 200 F° indicating that gas cooling was
the major effect.

In the absence of auxillary 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,
i1t is now our opinlon 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 indlicated 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, wé 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 INGINERATOR

(18" HIGH)

AIR INLET

PRE- HEAT AIR (SLOT) TEMPERATURE
THERMOCOUPLE NO. 5

5. BACHARACH SMOKE METER

> “

UN

6. INGINERATOR  STACK TEMPERATURE , NO. 4 — >
7. INGINERATOR  OUTLET SAMPLING VINC)

PROBE ®
8. GAS TEMPERATURE ENTERING SPRAY |

TOWER, THERMOCOUPLE NO.|

9. GAS SAMPLING POINTS FOR OXYGEN
AND CARBON DIOXIDE RECORDERS

I0. AIR TO SPRAY NOZZLE

Il. WATER TO SPRAY NOZZLE

12.PNEUMATIC ATOMIZING NOZZLE

(CONCURRENT OPERATION)
i3. SPRAY TOWER
14. DRAIN PLUG

IS. SPRAY TOWER SAMPLING PROBE 9
I6.T0O GLASS FILTER BAGS AND FEET
FAN ) 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 1lift 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,
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in order to charge the device safely, at least 30 minutes of cooling
were required between burnings. Since dry, 25 1lb. sawdust charges
were burned completely in less than 30 minutes, the rated burning
capacity (30 1lbs. 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 1lbs. per hour, even wlth 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 portlon 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 Plttsburgh studlies, produced an effluent which
caused rapid plugging of the glass bags. Major difficulties
appeared to be created by air leakage at several points 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 units 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 filter was constructed by placing two concentric
expanded metal screens within a 55 gallon drum and sandwiching the
slag wool filter between them. Side and 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. Efficlency for the tirst filfer (wet
slurry) was low, ©0O per cent, since drying of the bulk fibers led to
channel rormation and subsequent leakage.
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The hand-packed trilter was > 90 per cent efflcient 1n solids
removal 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 experil-
mental incinerator, 3 to 5 lbs. per hour, was unsuccessful apparently
due to scale down effects on gas flow patterns.

"Incinor" - Home Type Incinerator

A. Test Apparatus

Since 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 effiuent.

A small unit, the "Incinor" (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 alr 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
s0 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. 3—Slag wool filter —ACL Incinerator I and
Inconor (packing density, 6.5 1b/ft%; bed depth,
2 in.; area, 2.78 ft?).
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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, CQp, and combustibles reported as C0) 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 1106B 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" consisted of burning 5 1b.
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 1lbs. of sawdust, no
significant rise in filter resistance above the initial value of 1 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 approxil-
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 1lbs.
of sawdust and 2 1bs. of shredded cabbage without resorting to gas
firinﬁ. Moisture content of this mixture was estimated to be greater
than 40 per cent. However, burning rates were reduced to 15 1lbs. 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 1s 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 "Incinor" 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 1limit 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 "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 Incilnerator

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 Ilncreased
volatile and solid loading.

2) From the point of view of simplicity, the single chambered
unit with overfire, tangential admission 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 caused 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. Descrigtion

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 ash
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. Except for the fact that we employed
a single, rather than multiple entry %4 symmetrically spaced inlet
ports in the BCOMAEC-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 combustlion chamber. In the open positfion the hopper
bottom partially blocked the opening to the 3 inch diameter flue pipe _
which connected to thls 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 plece, 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 clamps during testing to elimlnate stray leakage at this
oint. The incinerator stack effluent passed through approximately
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 "Incinor®.

Test procedures for the ACL-I incinerator were the same as those
reported for the "Incinor".

C. Test Results

Results of several combustion tests on the ACL-I incinerator
are summarized in Table 1. The major variables were the quantity
and type of air supply, 1l.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 Op
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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Qverfire 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 COp and CO produced per
pound of sawdust was obtained by graphical integration of the gas

TABLE 1
ACL-I INCINERATOR - TYPICAL COMBUSTION TESTS

Test Supply Air Flue Gas Burning? Stack
No. cu,ft./min, cu.ft./1b. Rate Temperature
verrire vuUnderrire of sawdust lbs./hr. Maximum °F
&, 0
2
1 5oP 0 14.8 2.6 15.0 1600
2 50 0 15.1 1.3 16.0 1450
3 10 30 12.3 1.1 13.6 1430
N 30 10 12.9 0.8 12.0 1260
5 30 0 - 0.4 9.5 1260
6 0 30 11.4 3.3 12,6 1380
7 0 50 12.7 1.9 15.0 1570

a. 5 1b, dry sawdust charges in paper bags.

b. Tangential inlet area = lj sq. in, for Test 1, 2 sq. in. for
Tests 1 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 1lbs. per hour at 30 cu.ft.
per min. to 15 1bs. 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 CO5 production per 1b. 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
incinerator.
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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 COp produced,
15.1 and 12.7 cu.trt. per 1lb. of sawdust, respectively, indicated more
complete combustion for overfire air supply. The amount of combustible
gases in the effluent gas stream (reported as C0) did not furnish a
reliable measure of combustion efficlency, tnless 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 ror overfire air tests. Simultaneously, stack
samples and visual observations of the incinerator effiuent 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 skimming action of
the rotating air stream tended to produce more uniform burning ot
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 CO2 production with
30 cu.ft. per min. underfire air was much lower, 11.4 vs. 15.1 cu.ft.
per 1b., and the presence of soot and tars in the stack effluent very
pronounced. The C0O discharge in thls case was not due to partial

combustion or tar products so much as to the low oxygen levels in
the burning zone.

We did not consider it worthwnile to attempt turther corre-
lation o1 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 COp 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 COs production appeared slightly higher, the total
yolume of combustion gases were not altered apprecilably. Burning
rate, however, was slightly higher and the CO concentrations were
lower than those in Test 1 with a 4 in. sq. inlet and uniform through-
out the burning period.

E. Slag Wool Filter Rating

It was intended to operate the incinerator at 50 cu.ft. per
min., overfire alr 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

355




above flow rate was that the burning rates were considerably lower,
about 9.5 1lbs. per hour. Double charging, 10 lbs. instead of the
previous 5 1b. package, increased the burning rate to nearly 22 lbs.
per hour. The average of several stack sampling tests indicated that
total 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 C.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 0.66 in. water but showed very little increase
during the subsequent combustion of 750 1lbs. (Final resistance,

C.7 in. water). According to downstream samplling 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.
Qur 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, 1t
appeared that a thinner filter with a lower packing density than
that used with the current unit (2 in. depth, 6 1lbs. 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 combustlion 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 Iinto the burning chamber occasiocnally exting-
uished the flame. 8Since 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 simple 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 vortical
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 alr leakage through the
door,

ACL II Incinerator

A. Description

Our second incinerator design, Figure 5, incorporated the
same burnling chamber used in the ACL I model. A side charglng door,
13 in. x 8 in. was located 6 in. above the grate and lined with
firebrick so that the inner cylindrical contouring was malntained.
"Thermoflex"#* gasketing reduced stray air leakage to sufficlently

* 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

Fig. 6 —ACL Incinerator II, charging door
open with charge in drying position.

chamber was made through a short brick-llned 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 facllities 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 (<2 per cent by volume during the initial dis-
tillation phase of sawdust tests) would pe 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 CO, 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 1lb.
packages of sawdust and the second a mixture of 2.3 lbs. of sawdust

and 1.2 1lbs. of shredded cabbage. The 7 1lb. (double charge) listed
in Table 2 consisted of two of the above 3.5 lb. bags.

TABLE 2
ACL-II INCINERATOR = TYPICAL COMBUSTION TESTS

Test Type of Flue Gas Burning Stack Temperature
No. Charge2 cu.ft./lb. Rate °F
of Sawdust 1lbs./hr. MaxImum Minimum  Mean
g0, G0

A. Primary Air Flow = 48 cu.ft./min. STP, No Dilution (Cooling) Air

1 S, 3.5 lbs, 12,2 1.0 21.1 1790 1250 1500

2 s, 2.3 1bs. 14.3 0.6  17.6 1350 770 1130
¢, 1.2 1lbs.

3 S, 7.0 1lbs, 11.5 1.8 2l.1 2010 1250 1590

B s, 7.0 Ibs. 9.5 0.7  2l.2 2110 1340 1730

B. Primary Air Flow = 18 cu.ft./min, STP, Dilution Air - 50 cu.ft./min,

S, 3.5 1lbs. 14.9 0.3 19.3 1600 960 1260
S, 2.3 lbs. 11.5 0.7 19.7 1000 780 870
C, 1.2 1lbs,
7¢ S, 2.3 1bs., 15.8 1.1 17.6 1130 790 950
C, 1.2 1bs.
8 S, 7.0 1bs. 13.3 1,2 21.3 1710 910 1270
9b S, 7.0 lbs. 13.7 <0.1 20.1 1720 910 1280
10° s, L.6 1bs. 17.1 0.6  21.2 1210 890 1040
C, 2.3 1bs,

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 vardables investigated with the ACL II incinerator
were the 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 indlcated 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 that the volume of
overfire alr 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 Iincreased 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 COp with more CO. However, some data with
respect to COp 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 alir volume was somewhat lower than that reported
for a single charge, Test 1. Therefore for identical combustion
rates of 21.1 1lbs. 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. Type of charge. Burning rates of mixed charges of sawdust
and shredded 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 welght 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 CO, emission. We think that the presence of
moisture retarded the volatilization of tar products thus affording
a better chance for more uniform burning.

3. Alr supply.

a. uxiliary (secondary) air. Admission of secondary
(auxiliary) air at the base ol the 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 attainead,
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. Cooli air. The chief reason for admitting cooling
air at the top of the afterburner was to cool the effluent gas to
temperatures within the practical operating range of mild steel
plping. It was also presumed that with a tangential entry the
vortical 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)
ailr 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 ¢distillable 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 part of the burning.
Thus, temperature ranges (maximum to minimum) were about 550 and
750F°, 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 1lb. for sawdust).
However, it was noted that the indicafed 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 ailr 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 riltration area when
cooling air was added to the system. Pressure loss rose to pro=-
hibitive values after the combustion of relatively little sawdust
<4500 1lbs. Examination of the slag wool media showed a sooty surface
coating to be responsible ror 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 1in
fiber diameter. A "basket" type filter having more than 8 sq. ft.
of filtering surface 1s now under constructionh, Figure 7. In order
to eliminate leak problems associated with hand-packed bulk tiber

Fig. 7T—ACL Incinerator I, 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. Discusslon

Comparison of average burning conditions 1ror 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 devlice that could
be used to incinerate wet charges without using auxiliary gas firing.
This was impossible to accomplish with the BOMAEC-3C unit. Further-
more, 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 place 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, lncreased alr 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 will
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, 1t is unlikely that facilitles will be available for
liquid radioactive waste disposal. Although some gas cooling may
be achieved through the use of extended surface heat exchangers(fins,
colls, etc.) we believe that complete cooling by the above methods
would be too expensive.

TABLE 3
COMPARISON OF BURNING CONDITIONS IN VARIOUS INCINERATORS

Lbs. Burning Volume Max. Stack
Sawdust Rate co Temperature
per chg. lb./hr. cu.ft./lb. °F
chg,

BOMAEC =30 25 L5602 9.09 1455
Incinor S 20=25 - 1832
ACL Incinerator I 5<10 1y -22 10-13.6 1256=1800
ACL Incinerator II 3.5=7 17-26.5 9.5-17.1 1000=2112

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

l. Our tests on the BOMAEC-30 incinerator indicated that
several design changes would be necessary before this unit could
be used successfully in the fleld. These included the following:

a) Provision for continuous charging and burning of wet
materials.

b) Installation of secondary burning chamber.

¢) Use of ceramic liners to maintain high temperatures
and minimize warping of metal surfeaces.
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d) Construction features which would minimize stray
air leskage.

e) Development of a gas cleaning system that would
collect particulate materials at reasonable resis-
tance and have g 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

1. An experimental incinerator, ACL II, designed by thls
laboratory and including the tangential overfire alr 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 maintalned.

3. A sliding loading fork inserted through the door provided
support for packaged wet materials. Waste containing up to 50 per
cent molsture dried rapidly in the chamber and did not delay the
combustion process.

. 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 alir 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 comnnection between
the main burning chamber and the afterburner.,

7. Admlssion of dilution air at the top of the afterburner
appeared to reduce tar concentrations in the effluent as well as
affording a partial precoollng 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 molsture 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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