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Tne following compilation of papers represents the proceedings of the third 
air cleaning seminar. Tne first was held in June 1951 at the Harvard 
University ,'.ir Cleaning Laboratory and the second at 3Jnes Laboratory in 
September 1952. 
as WASH-lI4Y, 

T'ne proceeciings of the latter conference were published 

Tinese seminars are an important part of a continuing program to assist in 
the solution of air cleaning problems encountered in AEC operations, and to 
develop improved and more economical air clezling systems to meet AEC re- 
requireaen'ts, The purposes of these conferences include the review of 
operating. p2TfOl~~lliIlC~ of existing facilities and the presentation of funda- 
mental information obtained from basic studies of aerosal behavior. The list 
of titloa gives a better indication of the scope of the program. 

T;?e Stack Gas Problem Work-ing Gro.Jp under the Chairmanship of Dr. Abel Wolman 
held its meeting simultaneously with the conference. lheir contributions 
added materially to the success of the conferencco 

Xuch was also co-& ,.tiributed to the success of this meeting by the Los Alamos 
Scientific Laboratory under Dre Norris E. Gradbury, Director. Tneir hospi- 
tality and assis -1 tace is Sratefully ackncwledged, 

-. 
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LOS ALAMOS AIli CLI*tiNIIJC AC'J'IVITIF~ 

J. D. Graham 
CMR Division 

. 

Los Alamos Scicntif ic Laboratory 

Because of the brief time allol;tcd for thcsc rem-u-ks, I feel that it ' 
would be unrealistic to Co into detail on some one arbitrarily selected piccc._ 

* of work hcrc at Los Namos. Instead, I will give you a brief explanation of 
the organization here, the ty-pe of work beinS done by the various parts of 
the organization and the names of people involved in each type of work. In 
this way it is hoped that from this information, y ou will follow up your O%M 
special interests. Only the host installation finds itself in this fortunate 
position so we hope you take this opportunity to meet our people and inspect 
our facilities. 

There are three major organizations at Los Namos. The Atomic Energy 
Commission staff is, of course, responsible for overall operation of the Los 
A~CIXLS project. The University of California is responsible for the operation 
of the Los Alamos Scientific Laboratory, and the Zia Company is the maintenance 
contractor for both townsite and laboratory. 

Of interest to this seminar, the Atomic Energy Commission operates the 
\!aste Disposal Laboratory at Los Alamos. This Industrial Waste Section of the 
i;.ealth and Safety Branch is under the direction of Mr. C. \I. Christenson, who 
is inactive at present due to'illness, and his work is being carried on by 
Everett I4atthews. This section, with a staff of 16 people, operates three 
waste treatment laboratories on a combination routine and pilot plant basis. 

',These plants handle all industrialand radioactive waste from the main techni- 
cal areas at Los Alamos on a routine basis but at the same time are carrying 
out a research and development program on the coprecipitation of Pu by ferric 
hydroxide and aluminum hydroxide. 

In addition to the ,above this Section carries out a research and develop- 
ment program which may be best explained by listing some of their recent work. t 

1. Radiation tolerance of activated sludge. This was done on a 
laboratory scale using cobalt sources on activated sludge. 
The work is complete and will be published. 

2. Removal of ?32 and lljl by use of trickling filters. 1Zork is complete. 

3. Removal of mixed fission products by a trickling filter. 

4. Removal of TKP, RDX and Ea salts by a precipitation of the Ba 
as B.aS.04 and adsorption of the TNT and BDX on activated carbon. 

5. Koverxnt of Pu thru soil and rock surrounding waste seepage pits. 
This work is in progress. 

6. Treatment of radioactive laundry wastes by activated sludge procccc. 

7. Concentration of l?u in industrial waste effluent by various nlgac. 
. wAsa- 7 
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\Jithin the frnmcuork of the Univors ity of California 0rgonlzaLion at 
Los Alnmos , thcrc arc scvcrrrl croups doing work of inl;crcst to this scmlnar. 

In the Rcalth Division, Group H-5, under the direction of harry Schuftc, 
is rcspon:;iblc for Lhc Industrial Iiy~ienc nctivitics in the Laboratory. KS. 
Schultc's r.roup of 19 pcopl c conccrnL; itself with all health problems involv- 
inc, non-radioactive tmltcrialc but the work of this Group is of intcrcst here ' 
bemuse of their cxpcricnce in air sampling tcchniqucs and their cx'pcricnce ._ 

_ in the evaluation of various hazards. This Croup is involved in one way or 
another wit:1 nest stack ~3s probicms at Los Alnmos. This group acts in an 
advisory capacity on air sampling techniques to the Monitoring Group, H-l, 
which is.undcr the direction of F'r. Dean Meyer. 

Some recent work of Mr. Schulte's Group has been: 

1. Development of certain phases of the Los Alamos incinerator. W. 
Schulte will have more to say about this in a few minutes. 

2. Industrial hygiene in the Be shop. This included protection of 
the workers, aCeq;lnte cleaning of the exhaust air and a particle 
size study from the particular machine operations involved. 

3. Development and incdification of air sam@ing equipment for special 
jobs. 

4. Surveys for radioactive and non-radioactive hazards outside the 
Technical Areas to protect the community and the surrounding areas. 
As a result of this work, this Group has done a great deal of the 
air semgling and evaluation work in connection with the i\Tevada 
tests. .' 

In the University of California Engineering Department, Kr. Charles 
k?erritt heads the Nechanical Design activities of Group ENG-2. As a part of 
their work, this group deri.gns ventilation and filtration systems throughout 
the project. Since the main function of the Los Alamos‘Scientific Laboratory 
is research, the work of this Group must follow the research program and, as 
a result, is very wide in sco;)e and is ever changing. 

Recent vork of IQ. Vherritt’s Section includes: 

1. Improvement of the air filtration system at the Graphite Shop. 
Tnis was done by using a cyclone filter followed by a Hersey filter: 

2. A 25 ton air conditioning system for the 701 calculator. 

3. Equipment to maintain a flow of -TO0 F dew point air thru a process 
unit. * 

A Division of the Los Matzos Scientific Laboratory, the Chemistry and 
Ketallurm Rescarch'Division concerns itself almost cxclusivcly to research 
and production work ::r,volvinZ radioactive materials. Because of the special 

. . . 
. . . . . 
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problem:; in this wc)rli, the Chcm.i:;Lry and B;cLallurgy Division has pcoplc on its 
staff doing work of inttzrcst to this scmirlar. 

In the CPlli-10 Group of thin Division, work done on the cnpillary air 
washer by I?ana:lond and Lcnry is being carried on by Mr. Hobert Clark of that' 
Croup. blr. c. s. Leopold, a consulting engineer of Philadelphia, is also * 
taking an active part in this work. This work which has extcndcd over a 
period of scvcral years has been centered around the research and dcvclogmcntXe 

. of the so-called "capillary air was&r." T.iis air cleaning device consists of 
a conventional capillary kYL) --her section follovcd 'by a dry pad section. The, 
capillary, washer sections are made up of 8" thick pads of 250 p glass fibers. 
The first stage of the vasher section is countcrcurrcnt flo;r uhilc the second 
stage is concurrent flow. The dry pad foliowing this washer section is made 
up of l$' of lo\3 p glass fibers followed by $U of 10~ glass fibers. 

The above arrangement is followed by a second section consisting of one 
concurrenl; capillary ccl1 stage followed by a dry pad. 

Work has been done involving the variables, velocity, particle density 
and size, filter media density, water'rates, etc. Also as a part of tnis work, 
a rather extensive program was carried ou t on sampling techniques and aerosol 
generation. 

Work has been going on at other installations along similar lines and 
brs. Clark will be happy to discuss the work and facilities here -with any 
interested persons. 

Also in the Chemistry and Metallura Division, C:+Et Engineering under 
'my direction is responsible for the &sign of ventilation and filtration 
systems for this Division. Since CX3 Zngineering includes a mechanical 
equipment desip section the work is usually a combination of equipment design, 
ventilation and filtration. This section develops special hoods and dry boxes 
for the Division as well as special ventilation and filtration systems. The 
ventilation systems worked on by this Group range from complete building systems 
of ~OO,OCO cfn to single enclosures of 30 cfm. I 

I believe it is evident in work of this kind at a research laboratory tha'; 
there is no one tne of filter that answers ail problems and it is the responsi- 
bility of this group to ~>>ly the P~OPC~ filter for the particular job in C;~X 
Division. 

This section has developed an interchangeable dry box system that is now 
available cozzercially. 

They have recently been concerned with the ventilation of laboratories 
handling very light gases. 

In general, you will find that the approach to the filtration problem 
has been as foSLoYds: 
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1. Productloi~ z~rcas. The supply air is filtcrcd thru comincrcial 
filters and in addilion, that porLi.on of the suijpl.y air cntcr- 
ing dry bos trains is aGuin filtcrcd thru C!IS type filters or 
the varinblc density type cd~c filters. The cxhnust from thcsc 
arcas is filtcrcd as close to the box as possible then passed 
thru back up filters bcforc discharG:e to atmosphcrc. 

. 

2. Research areas. Due to changing conditions, it is usually not 
feasible to filter locally so all air from these arcas is 

'q . 
passed thru a main filter system. In two of GUI l~-ceci; fnstnl- 
lations, capillary washer systems as described previously are 
used. 

This is a brief explanation of the work at Los Alamos which may bc of 
interest to you and an introduction to the people involved in that hrork. \!e 
hope you take advantage of your visit here to investigate matters of special 
interest to you. 

. 
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The Lot Aluaoo incinerator h;U been discucocd at Air Cleaning Swinnro 

but the progress during the pact year juotifios ito diucuscion again. Lact 

Fall torts of combustion efficiency wore mndo by Richard Corey and his asooc- 8 
') 

iatoa of the 31iurcrr1.1 of I?ineo and roco~cnlondntions were mado for chances to 

improve this efficiency. After making most of the chanseo, good combustion . 

efficiency ws obttinod, Limited testin& of tho air cleaning syctem at the 

same time indicated that its performance was generally es designed. 

After a winter shut down, the tilole unit was overhauled in the Spring. 

After noting the bad condition of the fiberglass filtera, it was decided not 

to replace them during the foIlovine test period. A series of test runs were 

made on the rbola system during the cwer using unconte;inated trash to which 

measured anountc of rtiio-barium-lzuttznu had been added. Considerable diffi- 

culty had been experienced'previously in sampling because of the high tezpar- 

aiurs and Irater content of the gases. Sapling of the hot gases was accoql- 

ished using t\lo large impin;;ero in series imersed In an ice'bath. The water 

from tbo iqinzera was evqorated, plated and beta activity counted. For 

cmplin~ zt the outlot stack a water separator and rchoktar followed by a 

&as papor filter was used. The paper was counted directly, The water from 

the seI)czc$or wa8 evqorated, plated ezld counted but was found to contain very 

little activity. A water content of.approxix~';ely 1 ml/cu.ft. of stack air 

*'ati found. Effi6ienciea on a radioactive basis were a6 follows: 

cyc10n0 (dry) 



I The zworn~o porcontr.&o of the radiocctivity chnrgcd into the incinerator 

which ronchod the ct;nck was npproxiDra$cly O.$ or a docontcmicztion factor of ’ 

300, The above fi,w*os for the wot cyclone were obtained uoing a spray syctcn 

which hcd been installad for cloaninC down the .cyclonc wallc. 
‘c 

- Teztporaturcs during the runs wcro nc folloWc: 

Incinerator outlet 1200 OF 

Spray Cooler outlet 540 ?F 

Sep;irator outlet 125 OF 

Stack 90 OF 

Theso temperatures were unaffoc;;ed by the addition of water in the cyclone. 

As a result of ezqcrience with the incinerstor it scczed likely that difficulty 

would be eqsrisnced in keeping down contzminatfon during charsing and ash romovti. 
. 

After a visit to Argonne Eat:onal Laboratory, the following che.n&s were reconnended 

and ara now being coqleted: 

1‘ Conticuous instead of batch charging 

2. Collection of ashes in a sealed drum instead of pumping into a fank 
with vster 

3. Provision for by-passin the glzsa filters during normal runs and 
quic'kly ckingirg to filtration if nacessary ', 

4, Jnstallstlon of a medium prcssuro vater opray system in the inlet 
of the cyclone 

Vith these ch.zn.gos it should be poUw m-ible to obttin a CecontaAnation factor 

of 3OG to 500 vhich in sufficient for the type of combustible now boLnG buried. 

. 



By w. J-f. ~mlnl:Lnn, cFr.ccc,Y-u 

The fabric:rLion of uranium necessitates rigid dust control 

procedures and effective air cleaning equipment to minimize the 
. 

‘t 

- . 
inhalation hazard bcl’Lh inside and outside the workroom areas. The 

effectiveness of control is evaluated through air analysis which in 

turn is correlated with urinalysis and integrated with a medical 

control pr0gra.m. 

Tne level of air contamination.reached high proportions in the 

early -Frt of 1951 in the normal uranium processing areas which 

include the foundry and machining operations. The latter was moved 

into enlarged facilities and it was felt that hooding and exhaust < 
I 

ventilation were needed if widespread contamination was to be avoided. 

After a preliminary study of diversified machining operations, it 

was decided that the polishing operation was the most dusty. Two hoods 

were installed and a substantial reduction in air contamination at the 

breathing zone of the machinist was noted. 

WASH-170 
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In th2 dosign of the facililics, tlw contractor provided csh~~~sl 

outlets, piping, and cshausters. Also air cleaning was apparent if 

operations were hooded since the uranium dust would concentrate in. 

the effluent air and might constitute an air pollution problem. Fibrous 

filters were incorporated in the hoods in an effort to ca$ure the dust 

as close to the souxe as possible. Both hand packed bronze fibrous 

\ 

‘-e 

. filters an*d commercial glass fiber filters were tested and it was found 

. 
that the former was inefficient as a particle. collector whereas the latter 

deteriorated quickly under the high filtering velocity. Another objectionable 

feature of filters of this type is the buildup in resist&nce with loading with 

a diminution in the air flow rate thus reducing the performance of the 

hood. At this time, a central dust collecting system was considered, and 

a reversible jet bag tjrpc unit which handles dust-from machining operations 

as well as foundry operations was chosen. 
9 

Since all machines were to be hooded, two standard hood designs were 

selected which were acceptable to production and were effective in abating dust 

i 

“L .,* 1 I I ..sr *a 
. .“” . . . ..” 
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constituting a pL7ti’ntial fire IxtL 2rd. A cllip trail oi‘ inertial type collector 

(5) Reduction in time required to machine parts 

was installed as near a s possible to the hood outlet, and two small lathes, 

(6) Production 

on which indcntical work was done, were selected for testing. Uranium 

Several hoods wer c installed on large and s1mL1 latlk2:;, .,h,( ,jlt::l 

loading was higher without the trap, and chip clusters, were found on the 

. .I.! I< .; V/. I’\: I.II~:LII iI1 lilt Irl’~rIl~:II \LIIt:l:i (u I:l~+;l: IIt’-. .I~:L- tl.I.;I I : I 

probe tube of the sa,mplcr in tine duct. The efficiency of the chip trap is 

.,I I., ‘..‘, “6 , I I ..,I. II; !I :lll~!l’ III I’. I ,I’$ ,\; ‘I : I’(I. 

about 65q0 on a weight basis (amount collected was over 200 grams of 

I ; ‘. :‘, I t III ._ . . 8’s ,si jtt* I’ II',lil 41 *ii 1, ..I ( ! 

uranium over 400 hours of operation (not machine time), and the unit has 
‘--._ _~_ 

pressure drop of 2” Water Gage when handling 400 cfm. The unit collects 

considerable coolant mist which is returned to the machine. Also the 

device is readily demounkble for cleaning at inventory,time. 

Air-borne con’amination was not as great a problem in ‘Lhe foundry 

area as the machining area. The, trend is downward in the general level of 

air contamination beginning with the latter part of 1951 to present. Facf$rs 

responsible for the reduction in air-borne uranium are: 

(1) Improvement in tcchniqucs (handling of material) 



. 

(2) Better housckccping 

(3) Renovation and improvement of existing source 

ventilation . .-D 

(4) New equipment 

(5) Production 

Exhaust air ventilation from the hoods in the foundry were cleaned 

by AA-F Multiduty units. These units discharge at roof level and constitute 

a potential hazard since air intakes are near. *On several occasions, the 

units were without oil, and considerable quantities of uranium were dis- 

charged on the roof. The units required considerable maintenance and the 
. 

cleaning opu L oration, once monthly for inventory purpose, was very messy. 

Dust loadings were light and averaged about 5 gr/lCOO ft3. 

The AA?? units will be dismantled and all dust laden ventilation air 

will be passLU .a+~ through bag filters (self cleaning type).. The outlet from each 

exhauster (27 units in all) whi:::? handles contaminated air from a given 

number of or,erations wl!l discharge into a piping network proportioned to 

‘, :, .. I . .* , ... ., 

. 
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handle air at a velocity of 3000 fprn. The air from the main will split into 

two streams (150,000 cfm) and each porlion dislribulcd Through a filter house 

containing G4 wool felt bags (white virgin wool, 26 OZ.~ by American Felt Co. ) ’ 
‘- 

18” in diameter and.19’ high with a filtering velocity of 30 cfm/sq. ft. .bag 
I I 

surface. A 150,000 cfm (300 HP) exhsuster will handle air from each bag 

filter at a negative pressure of 7” WG, and bo’th units will discharge into a 

25-ft stack. 

A bypass damper is installed in the system to insure a negative pres- 

sure of about 2” WG in the main duct work. In the event that the exhauster 

fails and a positive pressure is built up in the system, the bypass damper 

will open and an audible alarm activated. 

The dust collectors cost $58,000 and bags (non-treated with adjust- 

able blow rings) about $15,000. Total cost of the system is $1.00 per cfm. 

(Interior of duct work has a prime coat and enameled). The system is still 

‘1 

under construction and should be completed by November 1. 

We hope to get some information on the performance 

. 

. 

“. ,, . . . . . ^. . , . . ~ . . . . . ..: 

J 

of the system 
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when it is put into operali9n. This system should complete vcntilatign, 

air cleaning and hoodiq at normal uranium operations. . ’ 

. 
lo f, -E 

EXPERIMENTAL HOOD7 
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By W. G. Stockdalo, C&CCC, OfiNL 

1. Introdud ion 
. 

Air contmindcd vith radioisoto:xs comtitutcs tho groated volxm of 
'* 

radioacti~a WUI%~ created by tha 02crati0n of EUC~~ZT z=eect0r3 8~d af3~0~iated 

chozkal procassos. It is pert of the not-;; costly sia;;le itm In a noaorn 

radiochedcnl process - Waste Dispocnl. 

Waste 2isposal accounted fez 20 _ne;. cent of the total construct~ori buQet 

of a recen-lLy constructed radiockenical plezt. Tnis 20 per cork exceeds the 

total t2munt of estkste6 wpital expenditure (E. P. IUser ana Associates) 

that can be d.lomd for a fuel recovery pLad in corc~.c~ion with a power , 

reactor if the reactor is to cc-are favoxXLy tii"vh the gresexrk methods for 

p~0auci~ power. This clearly indicates "ihe iqotiailce of proser sod 

. econ02 'cd disposal of radioactive m&e &=a the Z,zzzoYLance thhct should be - 

attached to i-L in dcsi@. 

This p-esentation is to discuss the'systeas in use &t Os'i RXge K~tio~l 

Laboretory for decoxdmination of raaioac~~ive-cor;ta~~ted air and its Xnal 

disposal. 

sn lgk8, at the star% of the pxsent nlr-cleaning pro&~~ at Oek Ridge 

Nctioml Laborrtory, the rzaJor sowce of the pnrticulato cox~mimtio-il in the 
. 

air rras oq?c&ed to be the air-cooled ~~.~cli;e;- reactor, and woHztms icz;=ediately 

icitiated on the dcsl,m 02 a cy~tea for clean'lxc this &ir. At the s&m tL?e, a 

6Evey xx-x3 under-tdxn to ovnluotc‘the coxk ibctio;: of all. the. potectial souxcos 
* 

in the Lzborztory to this pi-031e;l of >!ar%iculate contadmtion. Tho results 
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of this study indicntcd that the larp-scale chonicnl proccsoir& units at the ' : 

Uborutory cordributsd uloro to‘thc &xcral area contmiltntion than did the 

operation of the nuclcnr rcnctor. In adctition, It WAS 2ound thct the mount 

of radicx3ctivity.coutributed to the gencrnl atmospheric contmination from , '-c 

Laboratory hood3 ~a3 relatively Insignificant. 

2. Air-Clecnin~ Faci1itic3 for OX& Gra?hl.te Reactor 

As a result of a litcrature search and consultation With coqanics con- 

cerxd vi'ih problems of cleaniw air, filtration was dectea ns the procedure 

to be used for cleanirq the air froa the mclear reactor. bong the other 

techxiques thct were considared for this application were cyclone separators 

and electrostatic precipitators. 

The ORXL graphite reactor filter house ms designed to filter 120,000 cfh 

of &ir et a teqez‘ature of 215% and.a negative pressure of 50 inches water gege. 

The e>Tected dust load was less than 900 graze per day of particles with a xza.x~z~ 

dia&er or 600 cIcrox, a large nmber of thezbcix in t'ne subnicron rawe. 

The designed efficiency of this house was 99.9 pe: cent or better for particles 
5 

a0m to 0.1 OiCi-02 in size. , 

To rezove rmch of the estI.mted a tzospheric dust i0aa ol 0.3 paia zer 

1000 cubic feet (280 gram her day) > the cooli~ air is filtered before it enters 

the pile vL-Lh Ji;=eT; 'can Air Filter Company Airiit Ty-ge PIP24 filter ux&ts loaded 

with s/32-inch tyLe G Airqat filter nedium. 

The filter .housc 13 a large reinforced concrete structure c0;QOfiCa of four 

Identical cells, each containing a ruur$inG Zil%er and a poliohiq filter. !i.%e 

capital investnent was 0~ n the ordsr of $400,000. !%is 13 eotticited to be 

ttio lo-hour shift3 during corztruction, >:hich WC.KI rrarrailted bocaur;e of the 
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~~2riou:, atnoaphoric contnniin3tion nt that time, A crons ocction of'tho filter 

hou30 is ohown in Fig. 1. 

The air enters the toi> of the filter houco, pr;r;os doxward.throu& tho 

rou&i~ filter, thon horizontally through the polishing filter into the exit ' 

air duct. A canallocated acros3 the front of the filter house providco a 
'.w 

water seal botveen the rou&ixq filter area and the atmosphere and is a tefe 

receptacle for the dust-laden filters when the filter medium is bcirq renewed. 

Procautioiis era taken to seal all filters in place in structural steel 

frams to onsure against leaks and bypaosi~ of the filters. All access 

to.the filters is through rozovouble roof slabs vhich provide a method for 

remok mz3intonance. 

The rou$iint; filters are standard A.A.F. Co. doep-pocket filters, eech 

pockat containi; two layers of,fiite-r EE&ULI - firs% a l/2-inch layer of E-25 
I 

. and then a 1/2-&h layer of FG-50. The polishin or fitishir~ filters are 

CWS I?o. 6 OL.-:AEC No. lunits 2 feet by 2 fee"; by 11-l/2 inches k glywood frams. 

Uinter~nce of tho fiiter house is prectically nonexistent except for 
b 

. the periodic $xnewal of the filter nedium. The average life of the rou.ghLng 

filters is tVo:years and of the polishi~ filters two and one-helf years. 
; i 4 

The rou&ing filters are chaaged one cell nt a t&e it approxtitely 

six-morkh interv?uls when the pressure drop across the filter house app:ocches 
; 

or exceeds 8'inches tra-Ler Ccge. The fil-kra are washed doxn, removed, and 
_ 

stored in the cm~l.‘ The medium is ronoved from the pockets and buried, and 
1 

the pockets are reloaded for the no,lr", charge. 
, 

Tne polish!.n~ fil"cero,nrc all chewed at tho scze time when the press-ae 
I , 

drop acronn them recchos or spproachos 5 inches water Cage. Both sides of 

thcsc zlre cprcyod with ok, +ip coating before they arc removed frcxnthc buildira ' 

for burlal. The manpower rqquirod for chawlng filters is a3 follows: (1) 



bboxrs 

Chmqizq filters 

Oporst ion 

RisSors 
'1 . I 

Utility zechac:cs 

Health physics suxeyoro 
--- 

Unlozdi~ and clee~,Iq pockets 

Operator' 

Total 

2 

4 

2 

1 

1 

Total 

25 
. 

Polishi-?,- Fiitere 

Cha~3.q filte23 

Tru?- d-ivex .L 

Health physic0 surveyors 2 
. 

c 
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Tho cost of oJcration of the filter houao io l.ou csccpt duriw . 

filter chmng23. Norm1 operation of t!lo houso roquiros less thnn 1 

rsnhoui- por day. The following is a bronkdown of tho co& of a complete 

filtor chmGo: (1) 

RoWil?;; filters 

Uterial 

kbor ezd Eguipmnt 

j.f 3,800 

3,400 

Subto-:a1 
0 

"Pollshi~3 flltem 

kZteria1 

Lad& end Ecpipzen-2 

. :s..:. , .* 

slibtote1 :a... ; , 

TOtd 

$7,200 $ 7,200 

ti 10,000 

4,500 
. 

$i4,509 $14,500 

&X700 

fil'kez chaxe every two and oze-ha= yacro, tine azmml maixtellrsnco 

cost t:oliLa bo $9,400. 

(1) &*:a taken fro2 letter to 17. R. Pqe, EXCL; $2~ 21, 1952 by J. A. CcsI ais. 

. 



to replace tcqorm-y facilities, it wno'nocccsnry to develop nw basic 

procodumo for tha ventilation of the 1rorM.r; meas m-d the control of .reeioSZ 

active co;ltzztitio;l in a3. I'c was ,ropoai to reluco to a rLs,tiE the 

. 

amunt of air that is certain to or has Q pomibility of boco-&rG contrzx~cto~, 

and to classify radioactivs contmimted air according to the r?c,nee of coz- 

taization and to qzevent its dilution by loss ra<ioadiva strcc.xs bc:o:-x~ 

trea-L;;=;eEt, The CLYEiS CC2sidered iii this ?rossxJ mre offices, labo=rto~ies, 

hoods, cells, and rediochozic~l grocessiq ec,ui~~ciS. These grocedurea cre 

10 inches of trzte-f vcp-~3 to draw the Cases ofi" vessels coz-itaidng hi* ‘ 

levels of radioactivity .zYi the second syster= dth 20 inckes,,oZ zzercuzy 

high VZCULZLI ia required. TLO a-isr ~S-G;II both these vacuuzi syzte;ls will be 

CleaEed before bein discharged to the etnos@re. 

Cell )?.Lr: held at i*educed ~ZOSOWC (1 in& of water) when corrtrzZztio=l 

is entici~atc5; air flu,7 lGi%ed to tibout 230 cubic fec't per ti;‘ie, 1 

which rrill roguim tha cir to be cloxmC. When cell air contc*tioz 

13 not ~~~br;blc, 20 ckmj~oo of air per hour dkhout trentmnt is pe;-=,itted. 
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r\ndiocllcl:licnl Procon vcsocl. err-Gtm: a oyotom with a vucuum'of $0 in~!p~~ 
of wu-!xr to be usod for the diooolvor and proccoo vcoscl off-gau lint and 

one \rith n vacuu;n of 28 inches of mercury to bo used for s.olution tmnofaro 

and high-vacuum np?llcations. The air from both MCUUZ~ ayatemo will be ' 

treatod. 

A central fccility has been cstablishod at Oak Ridge National Laboratory 

to clorn the rcdiozctive conttirded cir from the chedxal >rocoscing aroe 

f2na to diqoso of it to the atrzosphere. The air from the off-gas qy3tczg ifj 

clezxed by pss-e i-i; th.ro@ a Cotkrell eloctrodxtic precipitator follolred 

by tin A. A. F. Co. i;Tr-2‘j-50 cozbkdion filter identical in perforrznce with 

those Gi-?scribed in Sect. 2. This system his c cqacYiy of 2000 cubic feet 

of aL- pal- tlizdc ~26 collec-lx 2223 fz022 elX redloisoto~e j?roauOtion vessels, 

off-gas fror? hoods, and veatihtion air from 6;~ boxes. 
. . . 

5%~ aec0;sd air-clesdns faciiity 
. 

cystezs f:-or; zadiochezicel processiq 
..'- & . * 

be& of ~~-25-50 cor2b~~tion A. A. 3. 

nnc3 is essentially a tiniatu;-e of the 

earlier. 

in this araa is 02 the ventiiation 

areas. !it?nis facility consist6 of a 

Co. backed by C%S No. 6 pager filters, 

grap:hi-Le reador filter house described 
I 
,. I 

'Ilhe third systa co-=lsio%s of central collection ducts from laboratory 

hood6 in ‘ii23 area acd cr~e21I~e~-~al c---l U--S when, by the mture of the work, 

the pDssLbii-l.ty of con'~osinztloz-~ 13 sSi&t. !Zii$ volume of air 13 dischzrged 

to the a-kq&ere via tc 250-foot-his? st;?ck rrfthout prcli;Ilirnrgr CiCCXU~. 

The diz.chJirge fr~;;2 the two 3roviou31y ccdicnod syd.e& aloo eqkicc into 
. 

thin stcck. 



'l~iguro 2 13 LL 3ch~~tatic drmix of the central air-clcming facilI.ty. 

l:j~trc 3 is n photogxph,.of tho arm a6 constructed. To tho loft behind the 

concrtitc barricads is the filtor bunk on the ventilation r;yotcm. To the 

right forccround are the onin cxhxmt fans. Pigurc 4 is r\ photogmph of 
'w 

. tha sax3 arca showi;q the to3 o- fl the Cottzall prcci>itator 2nd the 6taLnlcsc 

eteol discharge line to tho stack. Figure 5 is a photograph of the precipitator 

durir~.construction. 

The Cottrall precipitator is of the oqosed-tube tmo, coutai~i~~ 

gage stainless steel. Those pcL--t D of the precipitator tiiat ccme in contect 

with the eases to be cleamd Glich my be corrosive cze constructed of tse 

347 s-ixinless steel. Figwe 6 is a moss-sectcon dra~~w of tSe precipitator. 

Tne 

centered 

and held 

The 

discharge electrode system is st&ltiess steel. wire lo~ltudimlly 

throes such collec'iiq electrode, suspended fro-, porcelati Usulato~s, 
\ 

taut by porcelain x:ei$ts a$ the bottom. 
.' 

precipitator is egul22ed with a cox2i-cuous tote%-flu6h syoten. Nozzles 

. are provided at the to> of-each tu3e in ouch a mmxz that a continuous f'I3z.1 of 

water is mintained on tho imer suz-face of the tube. I In additio;l> a ceter-spay 

systen is located 

is collected in a 

activity level or 

becoxes high, 'S-LO 

in the ezkcze to2 to facilitate rra6hdom.s.' The water which 

catch tati is recirculcted to the szccipitator'. When the 

tho acid cmtent (X0 and NO2. are presext in the off-gas) 

water is discharged to its proses: location in the liquid- 

The precipitator is dcoiped l;'o o~crcto at a xzxS..m~~ tec@ereturo of 2009 

and Q nogztivo pressure of GO inchoq mter at a flo:r of 2000 cubic fcot par 

licinuto . The rruior flush 6ysi;cm ozoratos c/;t 3 to 6 ~all.om per tiutb por tcbc. 
. 

.  
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The clcctricd donign voltngc i3 75,000 volts, 22 kilovolt-c.qcroo ani: 
/ 

operatoo on 440-volts 3-phnao GO-cycle current to the powr pack. In actur.1 

practice the grccip:tctor io oprating with 52,000 volts and a current of 
'w 

. 130 zilliaqercs. 

The ca?ital investment of the entire system is $100,000. 

In addition to S-m min centrcl facility, scvcral s1~11 air-clecril~ 

filters cm located at isolrtcd exqxzimntal radiochcxicai imtallationn. 

'These 833 nicieturo rqiicas 0 f the maphite reactor filter imtellation 

erceg-k for ona unit in r;hich a graded filter -fibre unit develoyed at 

HanZ'o?d is used. 

A chc-cccl systen :;ETS costruc-:eC fur the Eico~ano~s i?.eactor Xx~erLxzt. 

Its pupxa 16 to absorb the i”ission gz.ses present in the effluent gas 

ctreq and t’nords~ kold up the active Gases mtil they have &d t”ae to decay 

to a safe iovsi befox beti: dlschargcd to.tha ctzos?here. Tin18 systen 

. _ co23i r;';.cd of a pC;x coil328 =leet :n io-@h and cO?itaihlng 13.91; cubic feet of 
,. 

Coi& 23 act i\r- :- Uwed coco=lu-b charcoal (&a20 gr 8 to i4 rrash granular)'and was 

: . 
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HANFOIID AIR CLkX??INC OPiZATIOi'iS 
A. G. Blnsc:dtz, G. E. 

. 
. 

‘.m 

. I. INTXDUCTIC.4 

At a previous Air Cleaning Seminar, a presentation was made OF the program 
\ 

which led to the development and adoption at L.O- 'v*,nford of the silver reactor and 

the Fiberglas filter as methods for the intensive removal of radioiodine and 

particulate contamination from process gas streams. The initial evaluation data 

of the plant-scale equipment, which established that the iodine removal efficlencj- 

of the silver reactor ws greater tha.z~ W.y? per cent and the filtration efl'iciezzy 

of the deep bed Fiberglas filter was in the order of 99.99 per cent, were also pre- 
. 

sented at that meeting. At the com?ietion of the evaluation of this equipment, 

approximately 2-l/2 years ago, the.Hanford StacK Gas Group was disbanded and the 

personnel assigned to other actlvitles. . 
.' -- 

. Although there has been no formal program conducted by persomel or’ the 
._--. 

Technical Section since that time, there are t:<o items associated c:ith t'nis pericti 

which ap-$ar appropriate to today's discussions. The first is a brief suzary of 

the operatin, 0 experience which hzs been obtained at Hanford With the deep bed 

fibrous glass filters and silver reactors, and the second is an alternative filter 

equipment which is presently under consideration for the filtration of the ventila- 

tion air of Separations Plants. 

A. - Glass Fiber Filters -- 

Thcra are at the present time eleven fibrous glass filters in operation at 

. Hanford which could be dcscribcd as major plant installations; in addition, t!:cr2 
1 
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is a large IILU:,!JC~ of SOCOili!3ry Or auxiliary applic;ltions. All of ttlC ni;Ij Or Units 

arc in applications involvin;: continuous operation. The scrvicc lives of t!loso 

filters presently ranG:e frcm one to three years. Al.1 of the origin-11 units are still 

operating and thcro have been no significant variations in the operating char- ' 

. actcristics. Likewise, there have been no maintenance requirements for any of“ 

the filters. 

B. Silver Reactors 

A total of seven silver reactors have been installed at‘Hanford. The basis 

of operation is the use of a silver bearing, reacting bed at an elevated tempr- 

ature. For the purpose of economy of silver, Berl saddles which have been co&ted 

with silver nitrate are used for the reactor packing. The iodine reacts &em.- 

ically to form silver iodide and is retained within the bed. The rapidity of the * 
. 

reaction and the low vapor pressure of iodfne above silver iodide at the operat- 

ing temperature are primary factors in the success of the process. 

At last year's meeting, the monitoring data which established that the filtrz- 

tion efficiency of the plant scale Fiberglas filter was in the/order of 99.592 xere 

presented. The time then available did not permit the presentation of the actual 
. 

monitoring data of the plant silver reactors and the results xere only mentioned. 
, 

It would, therefore, be desirable to take this opportunity to present this in_for;;la- 

tion. The data are contained on the first slide, 

. : 

. . . 
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Sample Radioiodine Total 
SNnple Flow Rate in Scrubber Off Gas l 

Period (scfm) Sol. (UC). Flax (scfm) 

1 1.0 0.48 10CH 

2 I.0 0.35 90 

3 1.0 1.72 90 

4 1.0 4.73 87 

5 1.0 . 2.68. 85 
Total 

Total 
Radioiodine 
to Stack 
(curies) 

0.00005 

0.00003 

0.00015 

0.00041 

0.00023 
0.000~7 

.Q Flow was not recorded for this period....100 scfm 
assumed for purposes of the calculation. 

Note: A value of lG0 curies has been substituted for the 
actual radioiodine content of the metal and the 
monitoring values adjusted accordingly. 

Reactor Efficiency >YY.YY$. s 
, 

One difficulty was experienced in the operation',of the silver reactors. 

Appreciable quantities of radioiodine were detected passing through three of 

the first reactor installations after approximately two months* operation, Ti-ie 

situation was investigated and it was determir&.d that the difficulVJ had been 

caused by an overheating of the reactor assemblies xhich resulted in the silvar 

nitrate film melting and running off the Bcrl saddle packing.- A lowering and 

closer control of the temperature of the gas streams passing to the reactors 

has essentially eliminated this difficulty. 



Durin;; this operatins period, it has ,also been determined that a hi@ 

removal cfficicncy can be quite easily rcstorcd to a reactor which is beEinning 

to permit the passs~c of a significant ,amount of rsdioiodinc. Khen an appn!ciable 

quantity of radioactive iodine is dctec*ted downstream from a reactor assembly, ' 

-the unit is cooled and a 5 molal silver nitrate solution is spraytzd over the to5 

of t5e reactor packing. The treatment requires only a few hours and is sufficient 

to restore the efficiency to the 99.99 per cent range. The various reactor in- 

stallations have operated for periods rangin ' g from three months to two years be- 

tween such treatments. The variation in the operating periods is due to the dif- 

,ferent quantities of material which have been passed through the units and 

individual operating circumstances, such as an accidental overheating of an 
l 

assembly. 

In sumzmary, the Xanford operating experience.with the deep bed Fiberglas 

-fil+ters and silver reactors has been highly satisfactory, both from the viehToir,ts 

of the intensive contaCnation removal which they have provided and the lou 

maintenance requirements. 

* The second item is concerned with alternative filt,er equipment arrangements 

‘which are currently bein g considered for the treating of ventilation .air streams. 

In the first Separations ?lants constructed at IIanford, ihe vent gases from the ;rccsss 

vessels were discharged to the cells and thcn,to.'the main ventilation air stream. 

Men the presence of radioactive particles in the plant environs was demonstrated, 

the problem was met by tine filtration of the ventilation air through deep bed . 

sand filters.' 

A corollary study performed during the subsequent Fiberglas fil.t;er develo;l- 

mint program established that the process vessel vent gases constituted the 
I 



primaYy source of the radionctive aerosol prcscnt in the! effluent ventilation 

air. l'his informtion was incorporated inLo the design of a plant which was 

constructed approximately two years ago to the estend that a separate vessel 

vent system was provided to permit the removal of the contaminated aerosol at I 

its source. This was accomplished by manifolding the vessel vent lines and *(I 

passing the composite off-, -ases through a deep bed, high-efficiency, Fiberglas 

filter. A. sand filter was also provided for the filtration of the main ventilation 

air stream. 

The inclusion in this plant of both high-efficiency Fiberglas units for the * 

separate filtration of the vessel vent gases and a sand filter for the decontam- 

ination of the main ventilation air stream, together with appropria*te monitoring 

facilities, made it possible to assess the relative cor,tributions of the two 

systems to the particulate decontamination of the effluent stack gases. W-ien 

the design for a new Separations Plant was initiated approxima"&ly a year ago, 

this information was consulted-to determine whether any possible improvements 

in the ventilation system were indicated. At that time, tne plant having individual 

filtration facilities for the vessel vent system had'been in operation for one 

year. The data showed that the average radioactivity content of the ventilaticn s 
' air prior. to its passage through the sand filter at this installation ~was less 

than the activity present in the air strea;rs downstream from the original plant 

sand fil"t-ers. 
. . .- 

, 

In view of this information, an alternative equipment for filtering the ' 

ventilation air was proposed. Tnis arrangement is shotin on the following slide. 
. 

* 

. 
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The primary advantaGe to be gnincd through the USC of such a standby filter 

unit is that it is no longer nccerC* Q.,r~ry to incorporate a large life expectancy 

factor into the equipment and an appreciable savings in fabricatibn and installa- 
. 

tion costs can therefore be realized. A comparative cost estimate ha+ been made 
-w 

for a sand filter and an emergency unit, each having a capacity of 100,000 cfm 

and has shoim a cost differential of approximately $500,000 in favor of the 

standby unit. 

The decision was made a year ago by the people responsible for the design 

of the new Separations Plant that a detailed study would be made of the ventilation 

system of the plant presently providing separate filtration facilities for the 

vessel vent gases and the main ventilation air stream and that the results of this 

study would guide fiture construction. During the past year, process changes 

have necessitated an almost continual alteration and replacement of equipment in 

. this reference plant. This has resulted in a more frequent occurrence of signif- 

ic&t activity levels in the ventilation air than was experienced during the first 
I 

year's operation. The detailed study of the long term radioactivity level of the 

ventilation air and the characteristics of the contaminated aerosol, as they are 

related to the feasibility of this standby filter arrangeipnt, has been made the 

responsibility of the group under the direction of Frank Adley and it is presently 

planned to conduct this investigation before the end,of the year. 

The consideration of Technical Section persorkel of alternative filter 

equipment is based upon two prirrary factors. These factors are that a ventil- 

ation air stream be treated in accord with both the decdntamination required 

and the present state of equipment development, rather than through the use of 

equipment lrhich will undeniably do the job but which may'represent an unwarranted ' 

overdesign or antcdatcd design. 

In this regard, it should be noted that the particular alternate, the 

ttondby filter which hns juct been discussed, represents only the most aconomical, 



and ther*cforC the most nt.tractivc, means of providing: an additional decontam- 

ination of the air stream. There are, however, sovcral steps in the economic 

range of possible facilities and these, togothor with approximate cost estimates 

for a capacity of 100,000 cfm arc indicated in the next slide. 

SLIDE III 

VENTILATION AI8 DISPOSAL SYSlXF5 
- 

Ventila$ion Air Treatment 

1. Direct discharge to stack. 

Direct Installation Costs* 
(100,000 cfm) 

2. Standby filter....occasional 
99; decontamination. $100,000 

3. ' Main line, deep bed, fibrous 
filter.... 9% decontamination. $250,000 

4. Main line, deep bed,,fibrous 
filter . ...99.992 decontamination. 

5. Main line sand filter. ' 

b 

$3'75,000 

, E7So,ooo 

* Exclusive of overhead. .' 

Note: (1) The p. remise is made that vessel vent gases will 
be filtered at their source. 

(2) The estimates for items 2, 4, and 5 were prepared by 
personnel of the Estimating Unit at Hanford Atomic 
Products Operation rind the estimate for item 3 is 
based upon an interpretation of the data contained in 
these estimates. 

In view of the large cost differentials gnvdlved in the use of these various 

systems, it has been the consensus of,opinion that the proposed detailed study of 

the most recently installed ventilation system, which will be conducted to provide 

guidance for future plant construction, represents an investigation which was hot:? 

indicated and required; and results of'this study will be awaited with interest. . 
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Air Clcanil~ Activitioo’ nt Arl;onno National Lqboratory . 

Proddntod at tho Lo3 A~~IIIOIY Nooting of tho 
Air Clonniw Somlnnr 

. 

scptooibor 21-23, 1933 

By D. P. O’Neil, ANL 
. 

. * 

. 

*.w 

The ma,jority of tho air closnlr~ studies made at Argonne vary little 

from thooo thnt would be mndo in any large diveroified reooarch laboratory. 

m!i!hio morting I would like to diacuos two of the inveotigations welve mado 

within the past year, one of which hno alrondy boon completed, the other 

io otill in progroca. 

!Zhe firat concorned the invootigation of the aboorption of OOJDO halogon 

gas06 froa an air atrem. Bofqre any work IfaLso started op thia project a 
. . 

soarch of the literature rovoalod thrrt ossontlally two mothodo used in the 

pgot should ba invostigatod to determine tholr applicability to our oetqp. 

nene vere firot, a method by T. P. Hlgnett and M. R. Siegsl in Induotrial 

li;~iaoarin~ Ohoniotry, 41,2rCg3 (lg%l) h w orein they uoed a four foot.deop bed 

of $I! L &I 68li’;ic limostono psrticleo to extract HI? from the exhaust gasee 

of a-phoaphate roaoting proceso tiero the temperature of the gases ranged 

from 200 to 9OOoF. Efficlencioo of 71 to 96$ wore obtained ;<tith the aid of 

a racy&o procooo used to ronovo the c~1ciu.m fluoride finor, and theroby pro- 

vido froth reaction ourfaco. The bdlitic typo, i.e., the large opqn grained ,- 

tQ6 liIiXFitOn0, vao found to bo auporj.or to non-6illtic (fine groin otructuro) 

mch (LO cruchod marble, bocnuno the calcium fluoride roactlon product held to 

the paront calcium carbonate loan tccxi&ly. 

Tne other method for roaovnl of halogono uaa thnt of aboorption by acrubbiq. 

Tnic hnd beon invooticotod by V. B. Burforh and J. M. Brsmilton In Gtional 

. 

ht. , .~.. . I.4 . . . . . . . . . --.. - . I . 
. 



maintain the cyrny cone hnd llttlo offoct on tho cfflcloncy. With contact 

ticlo m chart no 1.7 ooconds, it wnn found thnt 984s offlclcncioo woro 

obtnincd for fluorino nboorption, vhilo h@rogon hnlidoo ohowcd comparable 

aboorptlon officioncioo. . 

At concontrationo rnnL;iq from 900 to 70,000 PI34 and under varloun 
*w 

oporntine; conditiona, the lowcot officloncy obtained for any hnlogen or intor- 

halogen in the ocrubber wno greater than gO$ 

From thooe requlto, and many other0 vhicb time will not permit uo to 

dlecuoo ( it vne concluded thnt the bblitic-limootone ie adoqunte for the 

romovnl of HIV from air straamo at room temperature until about 5O$ of the bed 

in concumed, pro-;idlrG pnrticloo 5 - 51' in diameter are ueed. An lncroene, in 
, 

the dopth of bed will giv; an increnoe in efficiency while a docrease in particle 

size will incroaeo capacity. The llmectone, hovcwer, ia not adoqnato fox 

haloceno other than HP particularly bromlders If 8 hi& efficiency and capacity 
. 

.ero doairod. 

The concurrent spray tower with 1 otage will effectively'remove halidea 

and interhalogono with efficioncieo greater than 90$ whon a $ KOE scrubbar 

r;olutLon io used. In addition, there is the advantage of workSzg under a 
, 

negligible prcooure drop through the oystem bocnuoo of the aopiratory offcct 

of'tbo cprny nozzle, Eiking an incronoe In blower cnpo-city ox Btren&honing 

of ductwork in the exicting Byotem unnoceutsary.- It io ootimated that uoing < 

tho conBorvntive dictanco of 1 foot botweon each of three otagee and using 3000 

to 6000 poundo por hour of acrubbor liquid por oy. ft. of tower with LS ,gxc 

contact timo of 1.7 aoconda, n halogen concontrntion of 2000 ppm would bo roducod 

to an cffluont concentration of 10 ppm. 
. 

. 

, . . 



l%iu work wno dona by Nouoro. li. C. Liimntninon nnd M. Lovenoon of the 

Ah% Chcmicnl Xn@noorinc Divir;ion nnd io vritton up moro t.horou&ly In fiG 

Report 5015. 

Another Gtudy brou&t on by economic considorntionc rovolvoe around the 
*. 

prcfiltore boil% usod in the laboratory hoodo. Those filter0 uocd in tho 

. 

rear of nil hoodo no ohown proviouoly by Mr. VAnVnlmh aorvc two ueeful 

purpocco; first, they n.ct no diffuooro making for an even flow acrooc the 

fnco of the hood, nnd oocondly, they prefiltor tho air before it paeeoe through 

the fin& filter and thereby it ie hopod they increaoo 'the life of the final 

AXC filter. HoliOver, this Aecond point has never definitely been sstnblished 

and the exact offoct on the life of the final. filter ie not known. !I!he pre- 

filtero in uae (PI' 314) have = averwe life of from ‘3 to 6 monthe. . While the 
. 

final filtero vary from 12 to 18 months, the relative cost of the fianl to the 

prefilter if4 fipproximntcly 10-1. . : 

!!heoretlcol.ly, the profilter could shorten the life of the fine.1 filter 

by only intercepting the large particles and thereby permit the smaller once 

to pnfis throu6fi to the final filter where they could ~1% it more rapidly than 

if the large particle0 had been allowed to paas. This po'y6ibility is, of co=Be, 
1 

remote, but hno not beon resolved, 80 a teat w&a udortabn to iloterm~no the 

true oitwtion. 

A typical. hood wa.o uelocted in a new builri,im'in which the supply air 

ia profiltercd and air onmpleo were taken Dimultnnoouoly on tho clean and 

dirty oido of a new hood prafil.ter uoing M milliporo filtoro. 

Thooo oamplcn were t&en periodically over a two montho period, counted, 

and aizod. The counto rnwod from 32,000 to 900,000 particle0 per cubic foot, 

snd hnd nn ootimntcd E;OorGotric moan ditimotor of -17~1 and a stnndard dovintion 



of 3.28 on tho dirty oido n.nd .12~1 with n otnndnrd dovintion of 3.0 on tho 

clcnn ~ido. Thooe vnluoo for tho Domotric monn dinmctar woru obtninod by 

extrnpolnting tho CUTYOO obtained by plotting; tho cumulutivo porcont le~o than 
‘, 

n cartnin nizo ~0. that oizo on lognrithmic probability papor. For oxmple, ’ 
‘e 

on the dirty oido It WAD found thot 80s of tho duot wno .52~~ or loso in 

anmeter nnd that 98 .$ of tho dust WRI) 3.0~ or 1000 in dlnmotcr. There were 

othor intermediate pointa that fell nlollg thio line, but tho amnlloot sized 

group plotted was thnt in the ran&e from .52fi down to tho limit of rooolution 

of the microscope which wao plotted at tho .52& oiae. Since thie grog 

contained 8C$ of the duct it WOO then necoosnry to extrapolate back to the 

50; size to determine the geometric mean oieo of the duet. 

The standard dcvintions were obtained by dividing tho 84.1% oisso by 

. the 50; oieo as selected from- tho logarithmic probability plot. 

- Efficiencieo of the prefilter, by count, gxmge$ from 1’7.25 to 6% with an 

average of 42.2s. Theoe officlenciee were for particloa .33m in diameter or 

larger, .33~1 being the limit of recolution for the lens combinntfon uood for 

counting. How-over, only 30$ of the dust eizod ua8 greater than .33x1 in 

dlsmetcr ao doterminod by the logarithmic probabiliti cu1‘ve and 80 it io 

expected that the true efficiency will be oomovhat 108B. 

From thsEe prol:minary otudion, we now know tho approtimato oieo 

distribution of the dust we*re doeling wi$h, and tho efficiency by count of 

tho XT314 profilter. However, the really important’vork lioo tiond, that in 

tho offcct of the prefiltor on the life of the final. flltor. We plan to get 

information on thto by inutnlling ‘throo or four different types of prefiltoro 

in difforont; modules, with oimilAr duot oxpoouro. By pro-weighing thono flltero 
* 



. . . 

nnd the finnl AX filter, and dotormining tho original proonuro drop PcroRo 

both, the llfa and woi&t pin of onch typo including tho finnl filter can 

bo doterminod. A oin&o oamplo with oath t=o will not bo cigniflcant . 
. 

otatloticnlly aud 80 it la ozpoctad thnt thlo work will continue 0vor.a 
‘* 

period of tine. 

It i8 hoyod that more conclueivo rooulto will bo available noxt year. 

. 
. 

c 



J'l.!XJXXATI@N ACTl-VlTIES AND PXOGHAMS AT ARGONNE NATIONfU LABORATORY 

By R. W. Van Valzah, ANL 

The ventilation program at Argonno may be connidorod ao having progrooood 
through three porlode, the flrot being the doeign and conetructfon pried, the 
second being an operating yorlod of oovornl youro, and tho third being a tranoi- 
tion period in which modificationn to the prooont eyotamo are noccoonry in order 
to moct tho new roquiromo:ltn and domando of tho ociontific ntaff. Chongon and 
addition8 have bocn made during the operating period but tho capacity limit of 
the prooont oupply oyotomo hao been roached. More oupply and oxhauot air ia 
particularly noodcd throughout the Chamintry Building 2CO while the Phyoico 
Building 203 and the Chemical Englncering Building 205 havo only a limited num- 
ber of lnboratorioo which require additional ventilation. With thio increased 
ventilation problom there also is the attendant provioion for increased air con- 

'ditioning facilitioo. A preliminary propooal haa recently been submitted to the 
,AEC for making the required change8 to tho present ventilation syoteme. 

The ventilation ayotema in all three of the above mentioned building0 are . 
not identical. However,' the Chemistry Building 200 may be considered representa- 
tive of all three end a brief resume of the ventitition facilitieo in this build- 
ing will be given. The eystomo were originally designed on the baeis that all 
toxic and radioactive experiments would be porformod in hoodo. Blickman hoode 
with or without glove panels, and vacuum hoodo, were generally adapted for the 
research activities which cover a wide range of chemietry applications. Special 
ventilation problemo which the otandard deeign would not acco,modate were to be 
dealt with individually. Some of theoe special problem8 will be described later, 

The Chemiotry Building ie divided up into six wings tied together at both ' 
ends by tranoverso corridorn connecting with the wing corridora. The wingo are 
eeparated by courtyard8 80 that the plan reeemblee a ladder. Each wing ia di- 
vided up into laborntoriee.and offices with a corridor between them, The unit of 
width for a module io 10 feet 80 that a laboratory or‘ office may be any multiple 
of thio number. The normal laboratory unit consietR of two 10 foot module6 and 
two 10 root offices. Hausorman stool penel partitionn are used for dividing each; 
wing into the roquirod numbor of laboratories and officee, the maximum being 24 
of each. 

All eix winge of the building are of similar dooign and conotruction and 
contain practically identical heating and ventilating equipment. Perhaps the 
starting point for an underotanding of tho'vontilating and air conditioning 
eystomo io a doocription of the supply oyotem. Slide 501-219 ie a ochomatic 
diagram of the tiupply ventilation oyotcm in each wing. All fronh air in taken 

from the outoide and posed through the primary and secondary filtora. TheGo 
are MF Company Type PI,-21, filter8 with ntandard 5 ply firo rooistant airmat 13 
the prtiry filtoro and 6tnndard 10 ply fire roniotant air-mat in tho ooc~ndary 
filter-o. Tho life of the primary and uocondery media rangoo fram 1 to 2 month8 

and 2 to 4 month5 roopectively baood on a muximwn prooouro drop of approaimatoly 
.5” WG for each. Th550 filtora aro*remotig u high percentage of tho dunt parti- 
cleo ao indicated by tho particlo oizo officioncy tooto conducted by Mr. 0'Noi.l 
on tho hood profiltoro. 

/ * WASH-l-~0 55 
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The ouply nlr lo XlCSt; drllwll ~lhrOU(?;ll t110 p.rohonI- coil by two full5 CUld dio- 
chnl*g;cd into fl plox~Ulll l'lUU WlliCll t11crc are thrco 0cpMutc brtu1cl1o5. !nlO f irot 
muill br:uic]l nupp1j.o~ n co11oLunt VO~UIK) of air to tflo offYcuo nrlc. corridor, the 

eocond rilin brnncll nuppl-1.o~ a conotant volume of air to tllo luboratoricu and the 
third main brclch oupplico Q variublo amount of al.r to tho corridor. Cooling 
and rchcnt co110 in the throo main0 tc:n;zr the aj'r to tho required condition5 
for maintaining the opociflod tompornturo and humidity. Spocinl roomo arc pro- ' 
vidod with booator hontiug and coolln~ coil5 in the oupply riooro whcro lowar ., 

.tha.n gcnoral condition5 nro rcquirod. 
The air flow pattern i5 a5 foll.ow5: air from the office8 io vitiated to 

tho corridor; tho corridor air and the vitiated office air lo vitiated into the 
laboratories; and thio air togothor with the laboratory supply air ie removed by 
the laboratory exhnuot oy5t0mo. 

Whonever the lfiboratory oxhauot air demand is greator than the mFnirnLm air 
.oupply, tho extra oupply air io provided through the variable air branch which 
dj.echarSee into the corridor from which it 15 vitiated to the laboratorieo. A 
otatic preoouro regulator control8 the opening of the variable air dampor. Thf3 
other temperature and hum-idity controls are also indicated but tFmo dm8 not 
permit further explanation of them. 

The removal of the minimum supply air for air conditioninS purpoccn and tho 
maximum exhauot roguiromonts will be discussed next. In view of the varyjng ex- 
haust demand5 par laboratory and the neceaoity for flexibility, the e-xhaust 
system5 were oet up on a modular baaio. Each ten foot module may have a maximum 
of two fane and two runouto exhausting approxixrately 1000 cfm each. The nwiker 
of hood5 in the Laboratory doterminos the number of fnno. A maximum of three 
Blickman hoods per runout ha5 been cotnbliohed. Ono hood fully open requireo 
1000 cfm at a 190 fp face velocity but thio available quantity of exhaust air 
may be dLvidcd up between the other hood-a on the runout. An alarm bell on the 
system notifies the occup5n-1; when the exhaunt limit ha8 been reached, 

The.ru.nouta from the laboratory go up to the fan loft where they diocharge 
Into the dirty plenum. Slide 420-315 show8 the rioero connecting into the dirty 
plenum. Between the dirty plenum and the clean plenum are located the high ef- 
ficiency filtcro. Slide 420-313 shows the mounting; of the filters with inapzc- 
tion door5 above end below the filtern. The damper operating sectors which allow 
for tho iooletlon of the filter from the 5y8tem when filter change6 are made are 
al50 ohown. Slide 420-312 show5 the exhaust fano connected to the clean plenum 
and diocharging the air above the fan loft roof to the atmo82here. 

Wherevor radioactive hood8 are inntalled, a laboratory bypuoe duct from the 
dirty plc;n~m in the fan loft to a regioter in the laboratory i8 weed 50 that a 
m*Lniux, a;;;oWit of air io exhuoted at all times from the laboratory. The hood5 
are p;'ovidod with air velocity re&ulators trhich.maintein nearly a constant al.r 
flow velocity for any pooition of tho hood door. Air mny either be exhuotcci 
frcm the hood5 or from the Laboratory bypaoe. A plenum otatic pre85urc reguln- 
tor controio tho laboratory by-pa55 dampor and al50 a clean plornLm dampr. All 
the exbaaot fan5 on the oyotem run conttiuouoly cio that the above d.amItiro regu- 
Ia% the amount of uir romoved from the laboratory up to the capacity of the fans. 
Slide 501-218 ohu~o u control diapaii for tho hood, lab by-pan5 and plenum bjr;;noo 
clIizpe 1'0 . Where the m11lin;u.m air 55 romoved by a conotant exhaust from another 
plecc of equip:nflrit uuch a5 a vacuum hood or catioy)y no lab by-paoo to rcquirod. 

NO dodbt yowl all are familiar with BUckman hood5. Slide 420-314 ohcr~15 0x10 
Of thOO0 hOO?CJ ir,iJtr~].lod in Q laboratory. At tho back cif the hood nro four pro- 
filtcro. . The55 rf:!rll.cin uniformity of air dIotr3bution acrono the face of tho 
hood, remove a certajn portion of tho particulate mattor thoroby incrcuuing tho 



lift! oj: t.h opwlul fi ltoro n1,3 co~~duiioo uoi:;;) of tho vnporo thnt would otl:or~!3~ 
- bo carrlod 111to tho uy:,L.om. Two tylun of modln hnvo boon uood 111 thouo filtoril 

nanlolJ 25 FG rulli I'Y 314 fibor&no. Thooo filtoro hnvo to bo chanced at anyw!w~w 
from 3 to 6 rwntl~ lntorvolo dopondl.1~ 111,011 the prooouro drop. The nulximum nl- 
lowablo rooictanco for thou0 Ylltoro III ardor to m?lntain tho rcquirod air flex 
lo .7” WG. It j3 thcroforo oconomlcnlly adviorlblo to ottrrt with no low an inltjal 
rooiotanco 00 pooolblo conoj:otmt with tho roquirod offj.cjoncy for obbining tple 
maximum lifo from the filtoro. With the rtbovo roquiromontn in mind, AAF Co. l-20 

. recently dovclolxd a IEW modla for thie filter with an initial reeietace of .2" 
WC or 1030 at an air flow of 290 cfm. The discoloration efficiency tooto witfi 
atmoophoric duet for thooo filtcro ran 47 to >@. 1% io undorotood that AU' Co. 
io going to otn.ndard,izo on tNB modia fo r thio t3-p of filter and diocontinue 
tho two other typo. 

One of the opocipl air cleaning problomo which has bocn under dovolopent 
ut Argonne io that of removing prchlorlc acid fumoe. Thie matter wao referred 
to Dr. Silverman who.devolopod a scrubbor for thio purpooo. The conotructed 
Juodolwhich msy be ylacod inolde of a hood hno been in operation at Argor~le for 
approximately 6 montho. Recently the filter which wco xx&do eopocially for thlo 
unit by Arthur D. Little, Inc. became cloggod. The following slidso show the 
unit ao well QO the condition of the filter titer failure: Slide NOB. 235-109, 
109, l.24 Nld 12~. Apparently the aluminum scpratore disinte@yated either from 
the Na$O3 or the acid f-wee. Arthur D. Little, Inc. kindly made a replacement * 
filter, the separators of which are made of ohcot steel instead of aluminum. 
The Air Cleaning Studieo Progreos Report for February 1, 1951 to June 30, 1952 
dovero a deocription of the scrubber alon& with test data on the performznce of 
the scrubber with oulphuric acid. Further teats by Mr. O'Neil on this hit with 
perchloric acid showed efficiencies ranging from 96 to gg.$$p. Drawings nre noi 
in progress for the construction of several of these units. 

There are other ventitition problema at Argonne still in the proceeo of 
resolution. The one coueing the moat concern at present io t$e ventilation 
treatment required for metallic fluorldee. It is ,hoped that come information 
in thie connection may be obtained during this visit. 

. 

. * 
*. 

..’ 

. 

. 

. 
. 

. 

,... - , 



49 

,, Nuclonr Ercr~ oor?o3, Dir. VII, Vol, I, KcQrn;lr-Hill, N.Y. 1351 Prq';o 193; 

B. Lnndau nnd B. Eooon, Ind. Eng. Chom., 40,1389 (1948) and Nntionnl 

Nuclear EnorC;y Sorico, Div. VII, Vol. 1, McGraw-Hill, Now York, 1951, 
. 

Po,g 133 and E. M. Borly, M. V. Birot snd L. Silverman in N.Y.O,-1585 1952. 
'w 

The formor two uninif NnOH an tho acrubbor liquid with low gae volocltioo 

r\nd a rolntivoly lore contnct time of approximately one minute reportod high 

aboorption of F 2 and HI?. Tho latter, i.o., Silvormnn ot al. ueing succoooivi3 

! stngon of caran flbro wottod by a epray of water and follovod by a dry cell 

offcctod offlciencloo of 9$ with volocitioo of 2.00 L FM but with a presouro 

drop of 4" %O. 

.vith thooo two mothodo available then, It wao tho objective to evaluate 

each, i.e., for the llmootone bsd procoas to dotormine the officlencioe for 
. 

.' fluorides, chloridoa, and bromidoo at rbom temperature and to determine the 

mininun bed depth and gao velocltleo for minimum preoeure drop and for tis$uate 

efficiency with no recycling. And for the ocrubbor method to dotormine the 
. 

efficiency for olomontal fluorine and interhalogono uolng a contact tins on 

the ardor of socondo rather than minuteo in order to keop tho oiee of the 
‘ 

tower rcaoonablo. . 

The invootigation of thoao two procoeooo involved the ~88 of two 5 inch 

dinmoter pipon, one 4 foet long uoed AB a Fpray tovor in which a Shutte-Zoerting 

hollow cone 60" "pray nozzle was contored-and one 6 foot long in vhich the 

variouo dcpthn of limeotono bed uoro pnckcd. After' the mixi% of tho halc?@n 
. . 

and the air stream, the air-halogen otreom.entorod CL gao dlotribution osction, 

* flowing oithcr up throu&h tho bed'in the liIU36tOno absorption towor or dovn 

throua tho apray towor flowing co?currcntly with the aquoua potaeoium hydroxi&o 

oolution which wao qrcr;rod from tho noz::lo MB which wall unod aa tha nboorbj.n(: 

solution. 
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Prooontod nt tho Los Alum03 15ooting of tho 

. 

By W. A. Rod&or and D. C. IIam~~oon, ANL 

The basic progrmn for the invczk@tion of the operation of the 
Argonno Active Wasto InciMrator has baon corriplcltod, and tile two prln~uy 
obJoctivoe of this program have bon succosofully acccxnpU.shed. They are: 

First, to dosicn and construct an &ci.norr\tor which would ~afoly 
and oconcmically reduce the volu~m of cczbustib3.o radioactive uasto that 
is produced at Argazx~a Nation& tiboratory. Tho incinorator~s capacity 
of 100 cubic foot of nonal wsctos par 840~~ day ~II more th‘an rnplo to 
handlo the daily accumulation of wa~tos~ The radioactivity of tho exhaust 
gas frGx tha incinorntor has, undar normal co?abustion conditione, boon 
conaistonkly below the axhauot gas toloranco spectiiod by Health Phyoics 

and has 3.n most cases containad 1~35 imnodiatily momured activity thin 
that found in noqad. oluruunding ntmo3phsro- 

. 
Second, to dst-ermino cu~3 tie the nodjficatlons in the oqtipxoat 

and flowshcot that wore nocosxary Lo obtain rcaximum officioncy throughout 
tho sy&cme Theo modifications ~OIW the rosul.t of the data obtxinod in 
tho oxpx-;lmantal phase of this progr;un rued havo reaultod in a 50 per cant 
increzoo in cozabustion rab and in an iacroca3e of A.B.G filter life fkoa 
6 hours par fF1tir to mom than 60 hours per f’ilter. The rrw5m-w ovo1-3l3. 
docontamination factor fr.- 

)" 
feed to oxhau3t gas for the prosont operating 

conditioia is 2 to 3 x 10 o . 

Au ahox% by thu over-aU. docontamination fqctors and by the fact 
. that the offluont otilnu~t gas contains lo%~ than tho patural activity of the 

aurroundin~ at?nor;phor~, tho incinerator s~-~tom is nblo to hmd3.o higher 
10~01s of activity thnn used ~JI thozo x-u.r-13 to which aotivity wa added 
(mximua of &bout 1031 dioint./(l;lins)( cu.ftb) since tho offluont gas fra 
thmo high lovol rune XXI n factor of 20 loiror thnn toloranco. Howovor, 
on the bzsti of the hrLgh background activity readings oncountxwod during 
thcso X-U.I-I.IJ, it in nppzzant that ~xx~?oto chz@g, aoh rurmoval, and additiond. 
ahioldinz of t-ho furnace cone rued nub barrel would have to bo provided to 
onablo auc!~ luvolo of activity to b handled routtioly., 

1710 Sncinorator oquipr;k3nt con3i3t3 of a typo 339 otcinloo3 ~*Lool 
incinorz.tor b&y in KM.C?I tho notarial ti burned in the prrt~onco of oxcooo 
ah-; a Schraior-Ewtolucci vane p3.ab.1 tmshor, in which l<argo particloo of 
fly null cro m~avo2; ,x-d n cocondar~ ccrubbin g unit conaiot~ of a Psaso- 
Anthony VonturJ. and CI Ponbocly ocrubbur in which tk3 garr-borne mdionctiv1ty 
5.a normlly mducod to within tolwmco. Final clonn-up in rrcconpl13hod 
by un A.E.C. filtir whioh 1.7 cnp:~blo of ronovin~ rzldionctivo particlan to 
uoll within tho nininum teloranco lovolr, opocifiod by thio Laboratorytu 

. . 



fiadiologic:LI. lIurjic3 Div13j.w (2 x lo3 bota di3~~t./(r,11;1,)(c~l.m.) and 70 
alpha disirll;.,/(r.~in.)(cu.mo),). When roplaccn~o~~t 13 nocos~rny, tho lo<dod 
filtor is burned in tho furnncu. Fxm tho filter, tho Casts are drawn 
through a ponitivo displncomont bloxor which IIIOVOD tho CGw strc;un dn to 
the di:xharg:o stack cn t.ho roof. Tho a3h rcoult*g frotn'combustion fnllo 
through a gr‘nto system &and sottlcs through water located in the cone in . 
tho base of tho furnace into a canvas bag filter insido of a stainloss . 
stool drum0 Tho tig and its contonto are roI3ovod from the system, downtomd, *- 
and thon stored. 

SamplSnC of tho gas stream to detormino the officioncy of oath 
pioco of oquiprnont was carried out in two ways. Tho first mothod was 
based on the total amount of activity cntoring and lowing oath unit. 
The oocond n&hod was based on the totnl amount of particles (based on 
woi~~~t) ontoring and losvln~ a unit0 Exparimontal roaulti have shown 
that thoao txo mothodn produce nearly equal results, at least in the loso- 
than-2 p p*articla oizo ranCoo 

The gas otroam na s also monitored aftor it passed through the 
finril unit of tho claaning train (A.E.C. filter). This monitoring, bawd 
on radioactiva counting of particulate mattor, ho3ps to insure safe opora- 
tlon of tha incinerator with rqopoct to the totaJ. +nount of radionctivity 
discharged to tho atL?osphero. 

In cases uhoro the gas temporatuut w& &o high (above 20C°F') 
'.to allow uso of coUuloss fiLtcr pkpor (IJatman {'w,), a special fibor glass 
! ri.lt.Qr ua3 used. Tho only sample point uhorv this rnodia is necosoary io 

prior to tho Schroior-Bartolucci scrubbore Hero, in addition to high 
tempornturos~ a hoavy particl.~ loadink irr oncountorado In or&r to bo on 
a comparable basin, both influont and offkwnt gas oaxqkm around the 
Schroior-Bartolucci scrubber ~oro t&on with tho 8a.m media. ’ 

Isobunotic aamplos wore talson with a sample probe or hoad wNch 
ms inserted directly into the gas duct through a 2-inch oponingb StairnwncI 
discs uore ueod prior to sa‘ch swfla FOiLA-t. . 

. . 
Aftor tho uarylo has boon Mmn, the filter w&ia was removed 

md ths radionctiva cow& dotcr&nod by use of EWtldloy Proportional. Countorao 
The 1011 love1 s~plos (less I&a+ 1 x ldr beta ct./r&n. par papar) WC~ 
COLul"&d by \oa.m of I%-2 conntor~ 

c 
and the high letml oomplf.le (gmnhr 

than 1 x 1C bota ct./lnlnb par papor) were countid in PC-b oountora. The 
counting ttio varied fror;l 1 to 10 ntinutos d~oponding on octivity.levolo 
Both counters have 62 par cant yield. 

,For uoight dot.mminationo, tho omplo ngdiwo wa,u driGd mci mighcd 
prior to ar&folloting tho sapling. Both ,lol&llt 'officioncios and activity 
officioncios cnn bo dotornincd on onch nanplo. Efflcioncias RN bawd on 

'the influont and offluont pnrticuktt-o concentration io tho Gas at axh tit 
of 'the 3arubbs-Iq trxlno The oqmrlrmntd. program that vat0 carz4od aat 
invostigztod the maJor operating vax5ablos of the C&s clo,tig trti. Tko 
ociliant xuaulto obtninod fron this jrrvustiCation are as ftiowot 
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The dccont:u.til;ltior. fitctorS )?rcducud by thu furnnco it3ol.f. varied 
fram 19 to 90. It 3hould b0 noted that this docontnnin~tion factor is 
oign5ficanay diffolwnt from that proViou:lly Z-UlJOl’tOd by K/LPI, (about m). 
Private c01;uiunica.ti0:13 indlcato thrit tho origtilally roportod fig\uo of 
2000 WXI in on-or by a foctcw d 10, and tho trqo sitoti are in agruomont 
that 200 1s n rualIstic mluo for tho furnace dacol;tmnrainntiou factor. . 

Au it WUI not fouiblo to a~arnplo tho gas r;troam botucon tho Poaoo- *- 
- Anthony Venturi r;crubbar and tho Psobody sctibor, the radioactivity I-OQOV~~ 

off+ioncy K;L~ dotominod around the Pooso-llnthony Venturi-Poobody scrubbr 
coup10 at a cor-&nn-t wat-or tinporatm and flop rata to tho Nobody ocrubbar. 

The scrub solution to gao ratio in tho Vonturi WUI varied botwaon 
4.7 and 2~5.6 @L./mh. par 1003 cu.ft./nin. Tho most offoctivo flo\r ratio 
was about 20 gallons of scrub solution par 1000 cubic foot of gas. 

Tho efficiency of tho Venturi is indirectly roportioncil to 
tomporaturo of the ocrub oolution ovor tho rango of 64 FF . to 148o~. 

Tho use of steam injection to onlargo th3 particlo~ by monns of 
the condomotion nuclei principle ~33 aIlso invuoti&atod. Steam uao intro- 
ducod Vito tho duct loading to tie Poaso-Anthony scrubber about 12 inches 
upstream frum the Venturi throat. 

In gonorcil, it wno found that for a giv&i Venturi scrub oolution 
toqernturo, particlo lumoval officioncy WIG about 50 psr cant gmntor 
with stinm injection than without steam up to tomporatms at which offi- 
cioncy foil off rapidly with no st&m (about140 to IJO??., rospoctivoly, 
Hith and without ocrub solution In tho I'onbody scrubber)., Above th3so 
tmporatum3, removal officioncy with stoom injection docroasod only slowly 
as the scrub tomporoture vas furLher incroasod cbqarod to a rapid docroasa 
in efficjxtncy in tho absence of st.oarno 

As long 8~ the @to3 ix~ t&o Peabody scrubber nro kept covorod with 
'ocrub solution, noithor the scrub solution tonporcturo or rota affectu the 
officionw of tNa unit botwoon 100%' to Iwo13 and 2.5 to 7.0 gal./min,, 

Tho officicncy of th:, Mabody ecm~bar ia proportional to the IILILWIC 
of wot plates bctwoon zero and throo plates; the addition of a fourth uotted 
plti doao not nppoar to incro~~~o the efficiency af thio- unit opprociabl.yo 

It ng,po~-~7 that tho officionLz of tho &hreior-Eart-olucoL ocn~bba~ 
io do,%ndant upan tho natm or oizo of tho par-?c;icvlat=, being fed to it. 
Tho ,officioncios vatiod frc;n 25 yor cant to '75 par cant dopanding upa tho 
typo of ncttr,rin.l balq burnad, 

Vory’littlo oxparlir,wix-J work hsa bcon dono to dotrormlno tho ovoru 
a. officiollcJ~ 0 f tho A.E.C. filter air~o A. De Little Company, trho dosipml 
tho filter, hou dotirrntilod that it io 9Pe$" p3r.cont officiont on 0,3 to 1 
micrm sized pa.~ ~~culnto. 

3 
Thic corTo3pond3 to minimum docontamtilatiun _ 

fuctor ti b x 10 . 

/ 

‘._.__ ‘. : .,.. ..-.- . . * . . . . 
. . . . *_ ’ 



Tho officicncy of the filter wao chcckod durir~~ 0110 of tho hif;h 
activity lcvol rum, ‘and nn nvorn~o d0contnmin:\tion value of 2.6 x 103 
was obtaillod. 11113 value corraq>ondrJ to *an officioncy of 99.96 par ccnto 

The OVOI+~~ docontamination filctor for the ontiro &tam is pro-' 
portionnl to the lovol of activity in tho feed and roacho~ CI maximum vdluo ' 
of 2 to 3 x 107 whom3 it romnino constsar&. -* 

k-3; 
A summary of docont&tion achieved by tha Fncinorator ccxnpononts 

mcontslninotioA 
Coqonant Factor 

Furnace 2.2 x 102 

Schmior-Bartolucci Scmbbor 1.2 

- . 
Poaso-Anthony Vantur5 Scmbbor 

A.E.C. l?titor 

over-all 

50 

2.6 x 103 

3.4 x 107 

In ardor to test tho officioky of tho'gaa scrubbing train on 
atmosphario dust, two eqxxc%Gnts wore conduct;Od in which air from outside 
of the building ~8 dram through the gas train0 Tha conditions wore tho 
eamu as during a non4 conbuotion potiod except that no material was 
burmd, The ranat are a0 fouoMor 

Air Intako, 
disint./ 

Air Exhaust ti 
disint./ 

RuAl a z 73 Backgm.md af 
Countm 

p '= 219 ll0 

2.8 

It is .qxronC, oinco the oz!-mwt stat!: ~30 nomay contrA.nc 
1000 nctitity than U-IO. natural radioactivity prooont 3-n the ourrouts~i~l;r 
ntmoophoro, that cowidorably lowor offlcioncy could ho tiloratod through- 
cut tha oy~tcin~ Tim r&.n'valuo of incronr;ing the OOO,LWLU. officiancy io 
in docre.xinZ th3 ndu3t" land to tho A&.Co ffitar, thortiby S.ncraartiq 
it0 oposati.l~(= lifoe Ti"no oxporlxtontal work on thti Vant;urf.-Rxibc-Sy co*@& 
ptiucod dntn uN.ch onzblcd the filtm 1Ffo to bo oxtondod from ono 

* &how day 'to Cm &hou do;n. Thh ot-or-all 3.nsra!~~o hno mduccd the 
ccat of the KLtrJr from $*0.03/day to @i000/dloy0 

/ 



Vhe coot of incinorntlon of active waotoo baocd on O-hour opera- 
fion, and Z&hour opyoration nro WI followo: 

'Direct Opornting Coote 
! 

8-Hour 244xour 

$1.78/cu.ft. $1.3B!ou.ft. .) * 

Depreciation of Building and Equipment $0.90 cu.ft. $0.22/cu.ft. s 

TOTAL $2.68/cu.ft. $lAO/cu.ft. 

Thooo vnlueo are dlract out of pocket coets baood on actual 
operating figuroa. .. '. 

At tho time the incinerator program wao originally oot up there 
wore two priory motivations to the program. One wae to provide a meana of 
aefe3.y reducing the bulk of the dry active waste for tcxporary otorage at 
thio nito; eincc at that time no elte knd boon ontabliohed QO either an 
interim or long term Nation&. 33urial Ground. The other was to pilot plant 
the proco~s of inclnoration to obtain coot and operating data, since thero 
WCS at the time widosprend end goneralinteroat $n incineration ao a unit 
oporation. 

The pilot program hoe been ouccoo~fully completed and roported in 
dotnil in A.KI+5G67. Oak Ridge Xatlonal tiboratory hao recently boon will- 
ing to accept ahipaent of all tho oolid vaoto from thio hboratory and 
indicntiono are that the arrangement con bo continued for some tfno. 

A coot an.slyoio of tho firot shipment of uaate to OTUTL Indicated 
that tho oavings to be roulieed by incineration of tho conbuotible portion 
of tho wmto xoro only about ten conte/oubic foot ovcw ohippiag all of tho 
waste no collected. . I 

In tieu of the currant E?nn-powor ohortago a& in light of the above 
facta, the incinarator program ban been concluded and the oquipmont plecod 
'in stadby ;condition, * !.,, ,,., . *. - i 

. ../ ,I 1. 

. 

,. 
*I’ . 

. 
.’ . *,‘.,. ,. 

. I 

.’ 
* 

. ..-... ** 

. . . . . LV_ 

*. . I 
I. * 



AIR CLEANING PROBLUS AT NRTS 

By A. L. Biladeau, AEC, 100 

The National Reactor Testing Station's air cleaning problan is 

eimilar in most reQvects to that encountcrod e1aewhere. However, we do 

have conditions that are some&at different from that normally encountcredy 

The terrain on which our reactors are constructed is in a fairly 

flat desert area with sagebrush being the principal vegetation. Once the 

sagebrush is removed and the ground disturbed, the dust problm bocomoa 

intense. Soil stabilization io required at all our plants as a means of 

dust control. Fortunately the natural ground, if undisturbed, is fairly 

stable. Windo are rather common and at timee of fairly high velocity. 

PrefUtering of all air is, therefore, required In all our plrmts. . 

i 
The Chemical Processing Plant is the NRTS'a only plant to date' 

\ -: requiring air aleaning facilities above that normally Icoquired. All air 

entering the plant 5.0 cleaned by the use of capillaky air washer 'filtera. 

The Rood syatm usea C VI S filters and axhaunt direct to the atmoophoro 

through vents located on the plant roof. ,_ 
. 

Positive pressure ventilation is supplied to the cold noas in 

the plcant by 2& HP fane. Thio air is distributed to the cold area and 

flows to the roof vonl;s or to the hot areas. After passing through tho 

cella, tho hot area ventilation emcrgea in trro vent tunnels on czkh side of 

the building. Thoao vanta eo t0 tho fan building via u above ground 

motal duct. 

. . . WUI-170 63 
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Tho fan building contains 2-75 HP fan:, which draw air from tho 

above ducts and dischaqo it directly to tho stack without filtorirq. ,Tho 

I I 

i 
I 

I 

I 

. 

.- 

t 

. 

stack has a minimum di‘amotor of 10 fcot and is 250 feet in height. A . 

stack hoatcr is provided to incrcnso the stack draft during periods of *. 

sdvorse weather conditions. 

The sampler off-gas ventilation system t&es its air from the 

cold areas, drarva it over the samp1.0 bottles and through fiberglac filtora, 

TWO fans diScharl;e tho filtered ‘air direotly t0 the metal duct leading to, 

the fan house. 

All vessel off-gas is vented separately and operates under re- 

duced’pressures with respect to the cells. This a,ir is discharged through 

a six inch stainless ateol pipe to fan house wher.e the air is filtered 

through special fiberglao filters bofore b:oinZ exhauotod to the stack by . 

2- tioo cfrn fans. 
. . 

These gases are filtered through fiberglas filters &d discharged 

to the stack by a steam jet. 
) ; ___... __-..- 

; ’ 
t1 

i 

The Materials Testing Reactor 
, 

i I- .,tha roaotor. That air used to cool the 

I 
1 

‘orily contami.nated air of any volume, Is 

I 

1 
being dicch,xgod to a 5 foot dionotor 25% foot stack for clioparsion to the 

. 

air is preflltered on entorlrq 

graphite core, and at preeont the 

filtered and monitored before 

i. atmosphere. 
I 
i 

i 

The F=xporinontal Broodor Reactor air is profiltered by us0 of 

I 

i 
oloctrostatic ati cloanors (precipitron) and that air used to cool the 

I 
I. ,I outor core 5x1 acain filtered and motitorod before being diochargd to the - 
, . 

atponphoro through n 50 ft. motel stack on top of the reactor. 
-- --.- 

. 
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Tho Ship Thermal. Ronctor air cleaning problem can bo considorod 

as routino. Day h avo providod cpociKl. filtorod force air dischnrgo to , 
. 

the atmosphcro through metal. stacks located on tsp of tho reactor in evont 
'w 

of troublo involved in tho di,snantUng or repair of tho reactor. 

A new gas treating problem and one involving greater volumes 
\ 

than any of our other plants, including tho Chemical Processing EUnt, is 
. . 

tho now ANP Project. The testing and operations of.a nuclear aircraft 

enginc will involve a very complex air treatment problem. 

Soma of the problems to overcome are: (1) Treatment of high air 
- __ 

: 
4.emperaturos. (2) kited restriction on the amou.nt'of da& pressure 

I . 
permitted through the filtering process* The efficiency of these engines . _ . - . ..- 

‘drops off rapidly with any degree of back pressure. (3) A sty& lp fee% - 

in height and 20 feet in diameter will have an effective stack height of 

around 600 feet under thk above conditions and a 15 mph ambient air 
. , 

'velocity. 
_--.--- c _.----- -_., ! -_- _-_- - -. _ . . __. . .--._ . ' 

Dust will be ono of three likely'sources of radioactive con- 
* 

- taminants to remove. That dust in tho air, on boing &awn through the 

nuclear engine, Y&ILL be highly contamtinted on discharge, Are1 elcmont 

erosion particles null. be another contaminant that till have to bo removed. 

Poosiblo fuol olcncnt rupture c\lco must bo-considcrod In tho air clczn2ng ' 

doaign, Radionctivo argon may be a contaminant that will havo to ba 

rcznovod, Tho dogroo or porcontago of each ccntamin~t to remove can only 

‘be estimated. The dwt problem can be partially correctad by r;clocting 

the day in which to run tho ongine toatu. The U. S. Weather Rurcau 1rQ.1 

be the chief consultant Fn thio matter. a01 olomont, erooion and rupture 

have yot to be flmncd up, but thoy hopo t& have it by toot, t&o. 
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Tho extrox~o tcmpcraturos at which the gases arc discharged will 

create a filtering problem but will holp by reducing the roq&rcd stack 

height for adoquato dispersion. 

Doctors Silverman and Lapple have both been retained as consultants ' 
*e 

. on these problems and can probably give you a much more detailed account 

of the problem encountered should you bo interested, 

. 

.’ 

.’ 

. 

. 

. . . . _ . . . 



OPEMTIKG ECONOMICS OF AIR CLFANITJ; EQUIPMENT 
UTILIZING THE REVERSE JhT FRINCIPLE 

Wil1iam.B. Harris 
Health and Safety Laboratory 

U. S. Atomic Energy Commission 

and 

Mont C. Mason 
Health Physics Department 

Hallinckrodt Chemical Works 

ABSTRACT. * 

Plant experiences with the operations of 18 dust collectors is des- 
cribed. This equipment, supplied by two different manufac'turers, 
is in continuous operation in one plant. The tinits.are operated at 
housing pressures from 2" of water to 10" of mercury with capacities 
from.703 cubic feet perminute on pneumatic conveying to 12,000 cfm 
on dust control. The total desj.gned capacity is 110,003 cfm. 

,, 
Dust loading varies from 0.002 grains per cubic foot to 32,grains 
per cubic foot, with an average of 5 grains per cubic foot. Dis- 
charge air measures O.OCOl grain s per thousand to O.Ll grains per 
thousand with an average of 0.16. Average cleaning efficiencies 
range from 99.9h6 to 99.9996 tith an average under all conditions 
of 99.986. Overall annual cost, includiilg five-year amortization, 
is 0.32 dollars per year per cfm for all equipment and 0.33 dollars 
per year per cfm for suitably detigned equipment. This compares with 
three large wet collectors which have been described. They operate 
at 93.5s collection with an annual cost of 0.197 dollars per cfm. 
Haintenanco costs of the wool felt collectors alone amount to 0.12 
dollars per year per cfm for all units and 0.0212 dollars per year 
per cfm for lb adequately designed collectors. . 
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'OPERATIKG ECONOMICS OF AJR CLEANING EQUIPFlENT 
IpTILIZItG THE REVERSE JET PRINCIPLE 

. 

With the obsolescence of the war-built equipment for the refining and *. 

processing of uranium, it has been necessary to design replacement . 
facilities. While the heavy stress of production was being carried 
by existing plants, it was possible to give adequate study to the many 
problems before settling on new plant designs. 

. 

Among the areas requiring special attention, the control of inplant 
and outplant pollution received intensive engineering consideration. 
This included: 

1. The design of process controls and equipment to reduce exposures 
to potential toxic materials to within specified limits. 

2. The design of adequate replacement air facilities to make up for 
that which would be removed by ventilation. : 

3. The design of air cleaning equipment to provide for minimum pro- 
cess losses and a clean external environment. 

Experiences which had been gained5n the many plants which cooperated 
in the production of uranium mterials were carefully examined in 
every design area. On the bad.3 of these experiences, it became ob- 
vious that the major problem in the choice of air cleaning equipment 
for operations of this type was to find equipment which would 'effi- 
ciently remove airborne dust from exhaust system effluents. The 
process and the material were such as to dictate dry collection as 
the preferable means of dust separation. Particle size and dust 
concentration3 in all casts were comparable to usual industrial 
loadings. ,. 

. 

CHOICE OF EQ'JTPMENT 

On the basiv of our experience with the collection of this ty-pe of 
dust, the following criteria were applied to the cho-ice of equipment: 

s 

1. 'To attain the high efficiencies required both by health standards 
and process accountability, olcctrostatic precipitation was con- 
sidered uneconomical. 

2. Inertial and scrubber type air cleaners were found to be inherently 
of too low officicncy for most of the materials to be removed. 

3: Deep-bed 
t capacity 

rid for 

. 
filters were discnrdcd ~9 not hnving sufficient holdine; 
nor would they pennit oatisfactory recovery of the mate- 
reprocccsj ng. 

. . . 

. ..: 
.., , 

3’ ’ 
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L. Any kin.3 of ucll dcslr,ncd and conatructcd clot:1 flltcr arrestor 
was believed to be ndcqunlc for this Job. 

After a careful invest3gntion of commcrciallv available cloth collectors, 
it appcarcd that conventional equipment had sevcynl basic disadvantages 
for our type of operation. Briefly, these wcrc: 

‘1, Under our conditions of USC, this equipment required a degree of 
maintenance In man hours per year which resulted in unacceptably 
high radiation dosage to maintsnnnce personnel. The oniy pro- 
tection possible aga3nst exposures of this type is uneconomical 
shifting of personnel to reduce the duration of exposul-e. 

‘. 

2. The same thing is true of dust exposures to these taxi< materials. 
Although in most cases, this type of exposure could be reasonably 
well controlled through the use of personal respiratory protection; 
this type of protection is, in our opini.on, undesirable. 

3. Our experience showed relatively high out-of-service time resulting 
either in process or sometime s plant shutdown with .the alternative 
of large unnecessary loss of valuable product. 

Ir. The fluctuating collector pressure drop of the conventional dust 
collector required either exhaust system overdesiFn, or the opera- 
tion of the system at low efficiency during a portion of the cycle. 
In either case, this resulted 3.n a diminished economy and generally 
in some loss of product either through increased carry-off or 
+reased dispersion into the worlting environment* 

5. A study of plant effluents revealed that large bursts of dust 
found their way outside of the plant immediately after filter 
cleaning. 

In our attempt to reduce these deficiencies, we'investi.Fated the use 
of reverse jet air cleaning equipment. Installations Lere made on 
small extremely difficult units and considerable experience was gained. 
As a result of experiences with the operation of these few early dust 

' collectors, the decision was made to standardize on the use of wool 
felt, reverse jet type, air cleaning equ3pment in all cases where high 

! eff3.ciency of collection was required and w-here the mater3.al being 
handled was dry djust. Other types of collectors have been uscd,under 
other conditions. Howaver, the purpose of th3s report is to describe 
the experience of one plant in the use of this type of air cleaning 
equipment. 

The information presented in this report covers the operation of 18 
dust collectors built by two different mnnufacturers, all under the 
Hersey patent. These dust collectors are in continuous operation at 
the Ikllinckrodt Chemical Works, Atomic Energy Commission plants. I 

. ,. *- . ‘ ;-. ) ;: , c;, . . . . s, .‘, * . 
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sumtl RY . 

The following data summarize the conditions of operation: . 

1. They arc operated at housing pressures varying from 2" c - ccr 
t6 10" of mercury, vacuum. 

- 2: The individual capacity range is from 700 cubic feet per rdnute 
. on a pneumatic conveying system to 12,000 cubic feet per minute 

on a simple dust control application. 

3. The total design capacity of all of these machines is about 
110,000 cubic feet per minute. 

a 
&. The average operating.dust load for the individual collectors 

covers the range of from a minimum of 0.002 grains per cubic 
foot to a maximum of 32.0 grains per cubic foot. A peak dust 
load in excess of 100 grains per cubic foot occurs in the one 
pneumatic conveying system. The overall operating average dust 
load is about 5 grains oer cubic foot. 

. 

5. The discharge air from the individual collectors under full dust 
load conditions contains dust concentrations ranging from a tini- 
mum of 0.0001 grains per lOGO cubic feet to 'a maximLlm of 0.!11 
grains per 1000 cubic feet. The overall average being about 
0.16 grains per 1000 cubic feet. The data include the filter 
for the pneumatic conveying system as well as all process dust 
control filters. Tt should be noted, however, that they repre- 
sent normal operating conditions (including cleaning cycles) 
but do not take into account unusual losses through the collector 
from abnormal operations such as excessive seepage or bag failure. 

6. The average cleaning efficiency found during the t;wo-year study 
period on individual collectors in the group has ranged from a 
minimum of 99.9L6% to a maximum of 99.9996% with an average ef- 
ficiency for all machines under all. conditions of test of 99.986% 
for the same period. 

7. The overall costs for operating this equipment including a five- 
. year write-off on initial installed cost and all labor and.mate- 

rial maintenance comes to 0.32 dollars per year per cubic foot 
. . per minute. 'Ihis, however, is not an accurate presentation of 

the facts as this number includes a cost of over 83 per year 
per cubic foot per rrdnute for a single grossly undersized dust 
collector'to an average of Z?10.23 per cubic foot per minute per 
year for equipment of adequate design. 

8. Maintenance costs alone amount to $0.12 per year per cubic foot 
per minute uhen all units are included, and O.Ok2 dollars per 
year per cubic foot per minute for equipment of adequate design. 
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FIWT INSTALLATION5 

The first Herscy type filter installed at the plant was designed for 
an air/bag ratio of 20 ,cfm per square foot of filter surface.- A 
number of small mechanical problems required correction before this 
machine gave satisfactory service, but once these corrections were 
made, it did do a very good job of air cleaning. Measurements made . 
under operating conditions showed an average grain loading of 2.02 
grains per cubic foot with an average cleaning efficiency of 99.977%. 
Within twelve months after the beginning of successful operations with 
this machine, two more machines were installed. 

*The second installation was also designed for 20 cfm per square foot, 
but before it could be completed, the process equipment was revised 
so that it became necessa.ry to operate this machine at about 28 cf'm 
per square foot in order to obtain satisfactory dust control. After 
start-up this machine was found to have dust loadings as high as 32 
grains per cubic foot. 

The third machine was installed as a final filter on a pneumatic con- 
veying operation; it operates at an air/bag ratio of 17 cfm per square 
foot and an average grain loading of lb grains per cubic foot with 
peaks exceeding 100 grains per cubic foot. This machine has given 
gooi cleaning efficiency, but maintenance problems have been excessive, 
Indicating some deficiency in design. Certainly, for a collector of 
this design the dust and pressure loads are too high for the available 
filter. 

In both of these latter filters the differential pressure across the 
f!'+.ar was found to range from four to ten inches water gauge, even 
with continual operation of the reverse jet blow ring. Under the 

. conditions as stated, bag life on both of these machines averaged 
about three weeks of operating time. There was found*to be excessive 
stretching of the bags from the high differential pressure. This, 
combined with continuous blow ring operation, caused both the bags 
and the blow rings to wear excessively. 

The experience gained with these three machines indicated that satis- 
factory cleaning could be done at an air/bag ratio of 20 cfm per square 
foot; however, it.was apparent that when du'st loadings were high enough 
to cause excessive pressure drops across the bag; the life of the filter 
would be shortened and maintenance would be high. 

XFST I'HCDUCTION GROUP 

'ihe next seven machines installed were designed to operate at a dust 
loading of approximately 1 grain ?er cubic foot of air, with air/bag 
ratios not to exceed 20 to 1. Many additional features were incorpo- , 
rated in this group of aeven machines to elimimto some of the short- 
comings which had developod with the first three installations. 
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Performance tests on these seven machines under opcrlting conditions 
showed that six of them were doing a very satisfactory job of cleaning: 
the lowest efficiency found being 99.9902. Tho sevonth machine, how- 
ever, did not give completely satisfactory service, despite the fact 
that the air/bag ratio was only 17.5 to 1; with a dust loading of &.2 
grains per cubic foot. Extensive oxpcrimontal work with this last 
machine' estnblished that the dust being handled ia a t'seepcrn which. 

*migrates throwh the filter medium resulting in excessive losses. 
After severnl changes, a special resin treated felt which resulted in 
satisfactory operation was finally obtained from the supplier of the 
collector. However, this machine still gives as much trouble from a 
maintenance standpoint as any two other collectors of this group of 
seven. 

l SECOND PRODUCTION CRGUP 

Experience gained with this first group of machines resulted in the 
selection of a lower air/bag ratio for subsequent installations. Most 
of the collectors installed since that time have been designed to have 

* an air/bag ratio not to exceed 15 cfm per square foot. The eight col- 
. lectors installed since t,hen have given very satisfactory long tern 

operation. 

MAINTENANCE PROGRAM 

A preventive maintenance schedule provides for a daily inspection of 
all collectors and charts by production personnel. The Kaintenance 
Department inspects each machine bi-weekly for mechanical conditions 
of bags, blow rings, suspension chains, drive sprockets, blow ring 
air supply tubes, etc., paying special attention to the followingt * 

1. Blow rings must remain-smooth and level to avoid excessive bag 
Wear. 

2. Bags must be maintained taut to avoid sagging or biging. 

3. Contact between blow ring and bag must to correct. 

h. The blow ring air supply hose must be good to assure that bags 
are properly cleaned. : 

F . 
5.. Canvas wear strips over aewed seams in the bags must remain in 

..place to avoid splitting the bag from blow ring wear. 

The Maintennnc,a Departmant has assigned to ox-m man the sole rcsponsi- 
bility for all dust, collectors; he has learned the problems of each 
Individual machine and usually anticipate8 trouble beforo it happens. . 
TM.8 policy has proved most advantageous. 

. 

. . 
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Maintcnanco requircmcnts for tho eighteen collectors averngcd 2 l/2 
man days per week over a two-vcar period. If only 1l.1 machines are 
Included, this is a 1 man day/week. This covers both rcpnirs and 
preventive maintenance. . 

With the exception of the three troublesome units previously'dis- 
cussed, maintenance problems have been minimol: however, none of 
these collectors can be expected to give continual good operation - 

. over long periods if allowed to go completely untended. It ha3 been 
found desirable to provide safeguards in the form of instrumentation, 
a thorough inspection program and a preventive maintenance program 
in order to assure good continuous operations. 

. 

INSTRUMENTATION 

a 

All reverse jet collectora at the plant are now provided with pressure 
control instrument3 to provide intermittent blow ring operations; this 
Instrumentation is of the recording type so that inspection of the 
charts immediately reveals abnormalities in operation. Optimum pres- 
sure setting maintains a pressure differential acros3 the filters of 
between three and four inches water gauge. Electric eye dust detec- 
tors have been installed in the discharge stack‘of,all collectors to 
detect bag failure. Thermocouples are installed in the housing of 
all collector3 handling heated gases to provide an alarm and to safe- 
guard againsts rises above perndssible filter temperature3 (175'P). 

MAINTENANCE 

The average downtime for sixteen of the collector3 including preventive 
maintenance, has been less than two hours per month per machine. For 
the two remaining collectors downtime has averaged about two hours per 
week per machine; these machines are the pneumatic conveying system 
collector and the one other heavily loaded machine. . 

aAverage bag life for all machine3 included in these da\a was eight 
months per bag. However, this number does not correctly illustrate 
the true usage picture because it include3 the high usage of the 

. underdesigned pneumatic system and ore crushing system collectors, 
as well a3 the high usage on the seeper before the special resin 
treated felt ua3 installed. The following breakdown shows actual 
usage by groups of machines. 

: 
. . 

Machine # Machines No. of Bag3 # Bag3 
Replaced/ 

Bag Life 
Months/Bag * 

2 Year3 I__- 

Pneumatic System ' 1 1 0.33-1.5 wks 
. Ore 1 1 . . 

"Black" 1 z 
g 

nOrangcn 
It 

t 16 . *. 

Others 52 
TOTAL 18 63 



Since-these data were collected, a new collector has b&n installed 
on the pneumatic conveying system. Although thcrc are still some bugs 
in this system, bag life is now approximately two months. Further 
Improvements to the system, now underway; are expected to extend this 
number to six months. 

. 
Plans to increase the size of the ore room collector were cancelled 

. because recent process changes reduced both dust load and usage of 
this machine so that bag life now exceeds six months. 

The special resin treated felt has produced satisfactory operations on 
the seeper and it is not planned to make further changes to this sys- 
tem. 

ROUTI NE MATNI'EXA:AhTCE PROBLEMS 

-1. 

2. 

?* 

L. 

5. 

6. 

Wear of supporting chains and drive sprockets results from cxces- 
sive blow ring operation, from misallignment, and from faulty 
equipment design. Chain or sprocket slippage will cause cocking 
of the blow ring which in turn msy tear up the filter medium and 
may cause breakage of.the blow ring. 

Failure of blow ring air supply hose due to excessive operation 
of the blow ring and/or poor allignment of air outlets on the 
side of the collector housing --- will result in failure to clean 
the filter medium which in turn causes excessive pressure drop 

across the bag with resultant bursting of the bag. 

Excessive blow ring operation due to underdesign of equipment or 
to changes in ductwork - continuous blow ring operation causes 
unnecessary bag wear and low collection effi'ciency. This in turn 
caus.es frequent bag changes and high effluent dust loadinga. 

. 
Faulty blow rings, I.e..8 warping of the blow ring; improper ma'nu- 
facture, and poor selection of blow ring material;'erosion of the 
blow ring surface, or buildup of residue on the face of the ring 
causing localized wear of the bag which eventually results in 
spl'itting. The material of choice for blow rings is stainless 
steel with overlapping staggered slots. It has been found that 
very few dusty rraterials will adhere to stanless steel and the 
hardness of stainless steel minimizes surface flaws. 

High temperature will result in rapid degeneration of the wool 
fibers, which in turn cause fre.quent bag failure. Exhaust sys- 
tems should be designed 50 
do not exceed 175oB. 

that collector housing temperatures 

Some chemical fumes may result in splitting of the bags at the 
seam due to acid or alkaline actSon on the material used to sew 
tho seam. Ho01 felt is moderately resistant to both xrdld, acids 

. 
‘I 
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and mild nlka?ines. Howcvcr, the matorfal used for stltehing 
the scnm should bc solccted to resist the particular chemical 
fumo proscnt. Nylon stitching has been found satisfactory for 
alkaline fumes and orlon stitching is satisfactory for acid 
fumes. . 

. Poor clamping of the bag to the bag collar resulting in the bag 
tearing loose at high pressure differentials, with a resultant 
high loss of material in the effluent air stream. 

Stretching of bags usually due to excessive temperature or exces- 
sive pressure drop across the bag --- the bag should be pulled 
tight at frequent intervals to avoid lapping of the filter media 
beneath the blow ring. This eventually results in creasing and 
splitting of the bag. 

COSTS 

Total mtintenance cost for all machines during the two year period is 
8Umm&.zt?d as folloWS: 

' Total bag cost for 180 bags $16,500.00 
Blow ring hose 1,800.00 
Miscellaneous parts 2,ooo.oo 
Maintenance labor ~,300.00 

I . . 

$26,600.00/2 years or 
$13,300.00/year 

. 
110,000 cfm @ $13,30O/year = $O.lUyear/cfm. 

Operating costs may be computed on the basis of $13.90/1000 cfm or 
!$I~00 for 110,000 cfm. Assuming a five year write-off and using - 
$l.OO/cfm as installed collector cost, the total annual cost for all 
machines isr 1 

*. 
22,000 + l,!lOO d 13,300 = $36,700 

’ 

t or $0,33S/yenr/cfm. 

Cost for maintaining new design equipment is obtained as followst 
Operating costs for lh machines: 

Total bag cost for 29 bags 83,900.OO 
Miscellaneous parts l,~OO.OO 
Maintenance labor 2,too.oo 

t’l@;. ;;J;y~ears or 
# ear 

93,000 cfm 0 $3,9OO/year = $O*Oh2/ylcar/cfm* 
. 



. 
A calculation similar to that mado previously shows, for the lb well 
doeigncd machinas: 

. 
Operating Costs $ 1,300.00 

, Maintenance Costs 3,900.oo 
Amortization 18,600.00 

$23,800.00 

or $0.2%/yoar/cfm. 

The following conclusions may be drawn from the above datar 
1 . 

All Collectors 

Man hour/week for maintenance 
Downtime - hours/month/machine 
Bag life - months/bag 
Total cost - $/year/cfm 
Maintenance cost - $/year/cfm 
Total cost - $/ton material handled 
Maintenance & operating costs - $/ton 

2 l/2 

83 
0.335 
0.120. 
6.50 
2.50 

Well Designed 
units. 

1 

II: 
0.256 
O.OL2 
5.00 
1.00 

An interesting comparison can be drawn between the operation of these 
'! dust collectors and that of three large wet collectors recently reported 
! by Bloomfielfl. These three units were high efficiency wet collectors 

with a cumulative capacity of approximately 52,000 cfm. Installed 
cost of these collectors la t38,6ocl or O.?L dollars per cfm.. On the 
basis of the data given, the annual cost,of these collectors, neglecting 
maintenance is t 

Operating Cost (assuming power 
at an average cost of 5 mils) 

t 2250.0? 
. . 

Maintenance -- 
Amortization 8000.00 

TOTAL $10250.00 or 0.197 dollars 
per year per cfm. 

. : 

The overall average efficiency of these coilcctors operating on an 
aterage dust load of 1.70 grains per cubic foot is 93.5%. 

r---------------i----------------”---------- ------_-_------------------ 

qfficiency Studies on Three Wet Type Dud.Collectors“, Heating and 
Ventllota, Volumo 51, No. h, Page 89, Bernard D. Bloomfield. 
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. . 

It can be seen from the above data that any cost advantage is lost 
when the material being collected can be valued at $16.00 a ton or . 
more. . 

It Is also interesting to note that the installed cost of collector 
A'operating at 89% was .6L dollars per cfm, while collector C which 
had an averago efficiency of 97% cost 1.20 dollnra per cfm. . 

, 
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VENTIL4TION AND DUST.CONTROL IN REFINING ' 
URANIUM ORl3 AND CONCEIWRATYS 

H. I. Miller,,Jr. 
Senior Project Hngineer 

Catalytic Construction Company 
Phlladolphia 2, Pennsylvania 

. 

The metallurgical processing of most ores and concontratoo ie attended by 
the presence of noxious or nuisance duste and gases that must be controlled to 
varying degrees depending on the toxicity of materials encountered. The refin- 
ing of uranium ores and concentrates into the metal ie typical in a general wq, 
Involving heavy metal dust, hydrogen fluoride, and oxides of nitrogen. To these. 
are added the unusual categories of radioactivity of radium during the early 
stages of the refining process, and radioactivity of the uranium ana its daughter 

,products throughout. Operations Involving these elements call. for control of air 
pollution, both within and outside of the operations area, to sn unusually high 
degree. Fortunately standard ventilation and dust control equilxnent can be 
adapted to the purpose. , 

Thie paper presents some of the problems and their solutions in the desi@ 
of control facilities for health protection in a large uranium producing plant 
operated for the Atomic Energy Commission. 

Design criteria called for maintaining an operations a&ospheric pollution 
level for radioactive dust not to exceed 70 disintegrations per minute per cubic 
meter of air (which for uranium ie equivalent to 20 micrograms per cubic meter). 
This figure served for dust control of uranium and aqy dusts associated xith it, 
inchdin& pitchblende duet with its radium content. .Uranium is an alpha-m 
emitter. Direct radiation from it ia unimportant, being stopped by almost any 
barrier, including the nom1 skin. However, inhaled or ingested into the bow 
where, it attains close proximity to tiseue It can do serious hams. UIX.TXl.Um 
slowly breaks down into daughter products, UX1 and UX2 which are beta-ray 
emitters. The beta ray8 encountered in this process are readily atoppad by thin 
glass or mtal so that hood or hopper may provide ample protection fran radiation. 

The radium in the pitchblendo ore and in the process reJedto is a garz.a ray 
source and constitutes the most serious direct radiation hazard in the proconB. 
Deeign criteria called for a maxlnum weekly expooure of 300 mr. of gazma ratia- 
ticm. Actual design was predicated on a tolorance of half this amount to all~v 
for inevitable short porlodo of high level exposure by operators oubJect to 
unusual duties. Radiun io alwayo accompani 

8 
d by Its tiJghtor product, radon gas, 

for which the deolep 
4 

rlterio limit was 10' curies per cubic meter of air (or 
appror3matol-y 7 x 1 part6 por mi,llion). 

Other contaminmtn wore to bo limited in accordence with currently accepted 
etandardo fur naximum allauablo concontrationo, 

. 
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RUEGRA!J!ION OF IZSIGN 

Tho project @?oup hnnbling tho induotrial hyglono phaooo atio bore tho ro- 
sponoibility for radiation protoctian and for tho gonoral hoattilg and vontilat- 
ing. of buSdingo, In ardor to coordlnato of'foctivoly all thcoo titorrolatod 
functiona. Thin group of opciallot onginooro produced complotoly intogrcltod 
&oQn td eatlofy tho roqulromonto for procoao, hoalth, and comfort In tho work- 
ing 0nGironmont. It lo not oop%iaUy portlnont to thla papor, but of gonoral 
2ntoroet aa to coordination of offort;, that tkio pro,joct group alao deolQlod (1) 
a modkal diopnoary complotoly oqulppod to do X-my work and mFnor ourgor~; (2) 
B "health-phyoico" laboratory, with instrument repair and calibration facilitioa, 
machino shop, dark room, and chemical lnboratory,'with aooociatod equipment; and 
(3) a docontamination room, furniohod with fixed a;nd portable equipment aultablo 
for troatmont of Burfacoo contaminated with radioactive matorialo; even a repair 
shop for contaminated shoe8 waa set up in this room. These features, along with 
apecificationn covering Issue clothing and shoeo, were dono in consultation with 
medical and health specialists of the Atomic Energy Cammiooion and Operating 
Contractore, who made available th.eir wealth of oxperienco. 

The design approach fox ventilation and duet control did not differ, except 
In dope, from uuual induatrialhygione mothod8. Thog bad to be adapted, a~ 

.necoosity dictated, to the intorposlng of radiation barriers and remote control, 
Tho method6 may be briefly listed a6 (1) leolation of procoes, (2) applica- * 

tion of local and/or gonoral exhaust ventilation, (3) highly efficient filtration 
of solide from collected air, and neutralization of acid vapora where appropriate, 
(4)'diaperslon of offluont gaoee by discharge' through hia stacks, (5) proviclon 
of adequate tamped make-up air to replace that exhausted, and (6) wet handline;, 
Although it is impossible to aeporate out oath entity for discusoion in it8 own 
right because of the general interrelatlonrlhip, an attempt is made in the re- 
maindor of thi6 cU.~cu~~ion to indicate briefly examplae or conoiderationn for 
the methods llstod. ,' , . 

ISOIATION OF PROCESS . . . 

The value of tho materials, ae w&L 88 their toxicit), required that special 
effort be made to utilize tightly Incloned equipent, euch aB elevators, con- 
veyoro, blendera, batch dumping cquipmcnt. Theoretically them can be maintained 
dust-tlgh:, but actually poor maintenance muet always bo preawned. Wre there 
IS any po~aiblllty of dusting out, local exhaust ventilation must be applied to 
the inclo6ure. In fairly tight eyfstermrr there arioo the problem of air quantities 
and the mintaWing of convoying velocltie5 for duet Men air under varying clr- 
cumotances. A diocuosion of theee mattor6 la given under EXHAUST VE~LATION 
bolau. 

The major point to be empkaoized in thlo connection ie the importance of 
keeping process materials within the procoeo stream and thoroby minimizing the 
health and econmLic problomo of r~ha.ndJ.ir,~ n that portion colloctod aa duet. 

An example of a procooo not amondblo to control by clouo3;r applied cwor or 
cxhauot ventiLntlon wau the woigh.Lng and dohoading of druma of pltchblendo. 
ThDoo oI;orationo had to bo walled off bpcauoo of gnmn~ radioactivity, and tic&- 
dence of radon and duot. For protection of pplant omployooo thooa oporatione 
were ootabllahod in a cloood vontllutod room utilizing romotoly oporatod oquip- 
mmt. It was oxysdlont further to loolute thr, -rator in a concrete walled 
roam that projoctod into tho procooolng area. Tho concrete wnlle and a load 

. . . 
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glaoo'xindow provido3 for hio cauploto protection. 

The hmdling of hydrogen fluorido IO obviouuly a dAn&orouo oporntion, and 
vhoro It wao nocoooary to do oo lndooro, the bulk of tho oqulpmont wan ioolatod 

in 8 walled off area' of the building, providod with contlnuouo oupply and ox- 
houot vontilntion at about flftoon air 'changoo per hour. Emorgoncy vontllntion 
fma wore furnlohod that would move up to about olxty air c-00 per hour and 
'thood were llnkod olectricnlly with automatic dmporo in tho exterior wnll~ 
which would open whon the fcmo operatod, inourlng adequate Inflow of air to the 
space. 

EXB'NST VF3TIL4TION 

Roth local and gonoral etiust vontllatlon were employed wherever needed 
throughout the project. 

Duet control claimed the major portion of all the deolgn work done on tb.e 
industrial health aspecte, embracing EL variety of procesooo In 8everalbuildinga. 
Self-balancing oysterno wore denignod ouch thnt at tho deelrod rateo of flow ths 
total pre6aureu at main and branch junction point6 were c.alcuZcted to be identi- 
cal. 

It 1s not lzfroquontly the caao on conotructlon contracts, and thin wao no 
exception, that dust collcctlng and other air handling equipment must be ordered 
very early in the deoign period to Insure delivery on time. This meant efAimat- 
lng collecting requirementa before the procea8 equlment waB fully known. Then, 
after proceoA deei@;n was firm, however c&ngod, ltmeantrec.al.culatingthelocal 
exhaust nystono to (1) give the desired control, (2) be oolf-cieanlng, (3) be 
self-balancing, and (4) b e adaptable to the collector8 bought. Heat loeoee ln 
ame bulltinge were only a fraction of tho heat required for replacing ventilat- 
ing air, 80 that the procurement and adequacy of supplied air heatera and blogern 
were directly affected by the early eotimates. Succceoful a~compl..lshrL3nt of this 
type of work noceseitatee opocialiste of coneiderable experience and jud.@ent. 

The handling of hot corrofsive dust Laden gaeB, eonetimes accompanied by 
water vapor, required alloy ductwork and collectors ae well BB judicious cooling 
by water jacketing of ductwork ln eomo infstancoo or Introduction of dilution air. 

Air quantltieB for locai oxhnuot ventilation we& determined by the needed 
inflow through actual end anticipated openings to pre+ent contaminant from get- 
ting out. Volumeo and entrance loooou for the unuounl tgpoe of hooting were 
readily determined, but, for tightly cloBod voaools recoiv~ dry matorlala, 
venting for egroao or ingreso of air bad to bo provided, and for reaeonabb 
tight eyetern ooze provloiono had to bo n?ade for inopoctlon port8 which might be 
left.open or panelo not tight. Throe mea+*reo'wore employod. 

1. Where a veaool was perfectly tight and wa8 to fill or empty at a steady 
rate, a breather bag of large size wao suspended vertically, the top end clooed 
and the lower end tied over a short vent pip'3 on the veeeel. Uoually a duBt col- 
lector bag WOO wed. A woathcr cover was furniohod-on outdoor inotallntlono. 
No oxhauet vontiLatlon was applied. 

2. For tight weigh veoeols, not tolerating n broathor bag, a conical or 
bell-ohapcd oxhtiuet aythxn inlet was located over and around the top of the vont, 
but not touching it. Thie lc an adaptation of the fomillar draft divortor stack 
connection uaod on domootic guo furnacoo. The roquirod velocity of air for duet 
carrying io maintained in thu oxhauo't branch without phyolcal connoctlon or un- 
duo draft on tho voooel, yot any eocaplng duot Is captured. Volume and velocity 
of the oxhauot air muot bo udoquate for any oxpoctod eurgoo when fllXng the 
voooel. 
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3. For fixed v~ooolo or rcaoonllbly tlght3y oncloood.oyotomo a rigid duct 
connection uno mndo. A port wao cut Jnto the oido of tho duct cl000 to the con- 
noction &nd a oliding sloovo inotallod to porm.i.t covering ao much of tho port ae 
nocooomy for control. ThiD dovico pormito application of draft to the vooool 
or oyotom exactly CLD noodod and allowo ouf?iciont by-pnoo air through tho port 
to maInt,ain carrying velocity. 

Powered roof vontilatora wore widely omployod for gonoral ventilation for 
the removal of hoatod air gonorated by procooo or oummer oun, A fivo dogro-e 3 
'tomporuturo rioo over ambient WLLEJ uoually taken aa permioeiblo for calculating 
volumoe to bo removed. (Mak o-up air wao not providod for hoat removal etiuot). 

An exhauot syotom of 8ome intereot wae that provided in ~1. pitchblondo thaw- 
houso for‘removal of radon. A thawhouoe ia a neceoelty In winter for trectment 
of frozen drumf3 of ore prior to procoeeing. Enormouo quantitieo of heated air 
would be neodod for the combined requirements of radon removal and thawing under 
ordinory clrcumatanceo. Using the leolstion principal, the thawhoueo wao made 
up 06 a tight box, the drums of pit&blend8 traversing it on powered conveyors 
between stem heatod plate coila. Inlet and outlet door8 were self-closing, 
counter balanced, open only for introducing or releaeing druma. An exhnuoter, 
discharging to a high etack, wae made to operate continuouely. It could draw 
little air except when a thawhouoe inlet or outlet door was opened, and even then 

. it wa8 dampored to about half capacity. Should acccBB by pereonnelbe necessary 
either or both of two large purge door8 in the oldes,of the thawhouee could be 
opened, whereupon the cxhaueter damper would automatically open wide and the 
chamber would be purged of the heated, highly radon-contaminated gases. Blocking 
open the end doors would ha&en the purging; Following the emergency, shutting 
the purge doore cause the fan to be damBred as before. (Of course the radiation 
hazard ie serioue in thie buildFng 80 that operatore having to enter can etay 
0llljl n very limited time.) 

For complotenesn, it ie well to mention that a piercing device we.8 placed et 
each inlet door for perforating heads of drums prior to their introduction. By 
this mean8 any dangerous steam preeeure buildup In the drume during thawing wa8 
averted. 

. I 
FILTRATION OF SOLIDS 8. 

The choice of air filtration equipm8nt for uranium dust tid aosociated ma- 
teriale was the revcrae jet suependod bag-type collector. Coat, adequacy of 
filtrstion, commercial availability, practicability for maintenance, and 8ucce86- 
ful experience in eimilar opzratione wore all important conolderations. Althozgh 
not subjected to the heavy lcadingo for which-thie type collector was dcoigned It 
hod been found to give better than 99 per cent recovery at fractional grain load- 
ingo of comparable duet. An optimum filtration rate of 10 to 11 cfm par square 
foot of filter cloth WBE determined on 6.n efficiency - horoo-power - mnintecance 
baeia; 15 cfm per square foot was the design maximum. The bage employed were a 
special reein treated wool felt, and ranged from 9 to 18 inchoo in dian;etcr, do- 
pending on the vendor. Their top operating tomporature wau limited to 180%. 
Recently, calendared orlon bago have become avail.XblG and aome were furniohed to 
the project on an exporimentolbaoio. 

high temporaturb 
Theoe chow much promise in regard to pcid 

and elk&i reoiatance, (2750r;l.) and wear. 
Fixed vacuuin cloanor oyotomo wore eetabliohod for cleanup work, and In oome 

lnotnncoo to provlda or oupplomont local oxhnuot ventilation. Tho effluent air 
from thooo, hnviag boon filtered in cotton bago, IA diroctod to rovorce jet bag- 

. . . . 
..F\. . ..-a... . . 
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typo colloctoro for clotmup. The vncuum clonnor t,yutomo in mntly inotartcoo ~100 
provide duot collocLor unlondin~ facilitico. 'Thooo colloctoro oo oorvod (11'0 
fittod nt bottom of hoppcro with a unique wind-owopt valve connoctocl to tho 
vacuum oyotom. All duet cnu~~t in ocvorul colloctoro can bo trmoportod to ono 
locality whore tho mntorinl can bo placbd In drums and roturnod to procooo. 
Duet colloctoro woro thoroughly inotrumontod. Each otack iS monitored by a 
photdolectric hue dotoctor with alarm to warn of loakin& or brokon bogo, To 
reduce wear on bago and to nlrrintnin a high filtration efficiency, blowring opr- 
stlon 10 controlled by dlfferontinl preaouro acrooa tho bqo, uoually boing 
placed in ogoration at four inchoo wator gage and cuttine off at two inchoo 
uater GA@. Each collector hao a low difforentinl prooouro alarm, normally oot 
at ono Inch water gage. Thie dovico also dotocts broken bags. 

Wet collectors wore epecified for handUng otoamy duets air, utilizing the 
principle of paoojng air around nn underwater baffle. Provleion wao made for 

1 fiborglaos after-filtcra, should they bo roquirod. Electrostatic mifst collector8 
were provided for handling uranium bearing oil mi& from machining operation8, 
the cleaned nir being returned to the room. 

in building8 having exhauet ventilation the provision of make-up air io m 
important factor In the control of toxic duets or gases. It is often overlooked. 
Where txnall volume8 are withdrawn infiltration may be adequate, but it lo alw8~s 
well to investigate. To prevent rooms or builiiinga becoming airbound and to Fn- 
sure the unimpaired functioning of hoode and inclosures connected to exhaust 
Bystems, make-up air was carefuUy difstributed, tempered ais needed, in amount 
equal to or slightly greater thn.n that withdrawn. In most inetance8 it wao 
further heated to take care of the winter heating requirements of the building. 
To conBo17re steam the large make-up air unit8 were automatically dampered to 
recirculate room air when exhaust ventilation ayatom were ehut da%. Each such 
supplied air unit conoiste of a etandard'steam coil and blower set suppleclanted 
by a moving frame automatic oil-type air filter and by a dampr set and controls 
that permit outdoor air for make-up and recirculated,air for the remainder. The 
filter protecte tho heating coil8 and keopB dirt out pf the distribution oystesl. 
The oil in the filter 18 ltoelf' cleaned by pumping it through a replaceable 
cartridge filter similar to that In an automobile oil system. 

Supplied air dlatribution By&em followed the uauel AXWE prectlce. Staln- 
leee eteel and protective-coated steel had to be provided in corrosive areaa. 
Certain recirculating sir heating coil8 wore Protected by a baked-on protective 
Coat lng . * 

Tho h.xidli.ng of tho reject ~;nn.gm matori& with which the radium loaveo 
the procooo otrc& offered a potential hazard a8 (1) ratioactive duet, (2) a 
source of direct ~AZZUL radiation, and (3) a oourcu of radon gao. cchdytic '6 
proceoo onginooring group worked out a oyatom ouch that tho,mflterial lo novcr 
handled in dry form. Follawing digootion of tho ore, tho ineolubloo ore filtered 
and waohod and tho wot filter cake is ropulpod -dint&y. Tho reoultant plurry, 
carrying tho radium, is pum,pod to Lcrgo covered concrote otorage txxnko located 
wall away from tho oporationo urea. Thct eolid~ Bottle out in thooo tanke and tho 

- a . . . . .. - - . - . _ 
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clear docant liquor is rocyclod for uoo ugain ao the ropulping medium. The fil- . 
tration io dono in vontilatod roomo behind barrier walln. 

Roforonco was mado ourlior to the uao or fixod vacuum cleaning ayotomo for 
cleanup of dry matorinlo. For wet apillu o~np ayotcmo wcro providod into which 
tho floor and platform waohingo can bo dix'octcd. Sump contonto aro subocquontly 
introduced into tho PrOCODD stream in wet form. * 

.SPECIAL PROBLEMS 

There were many unusual problems. One whcrrein procoosing and health were 
equally demanding involved the ventilation of a rotary pitchblende.dryer. As 
much ao five per cent of the charge could be carried over in the off-gaoes, 
which were to be in the vicinity of 400°F., undoubtedly loo', or more, higher at 
.-times. Bag filtration wa6 the method of choice, but bag allowable temporature 
was limited at the time to 180oF. To cool the gnoes a heat exchanger was pro- 
cured, having a water tube bundle euspended in an insulated shell through which 
the gaoes should pans. To prevent condensation on the tubes (gaseo could have 
a8 high aa 130°F. dew point) and to minimize dust adherence to cold surface6 a 
recycling oyetem for the cooling water was designed to maintain its entrance 
temperature at about lOOoF. (A higher temperature gave too little opread for 
cooling.) To relieve the cooler of the great burden of dust a multi-cyclone wa6 
provided ahead of the cooler. Both cyclone and cooler were equipped with rotary 
feeder6 continually discharging the accumulated dust to a procese conveyor. 
Finally, the riser from dryor to multi-cyclone was made aa large a0 practicable 
to reduce the velocity and the carryover (about 1400 fpm was the lowest attaia- 
able). Such a system ie more ccmplex than desirable, but with attention will 
pay for itself in values saved many time6 over. 

TESTING , 

All heating and ventilating and vacuum cleaning systems were subject to 
rigid performance testing by the construction contractor prior to turnover to 
the opcret ing contractor. Catalytic specifications covered air quantities, 
balancing, permis6able instrument6 for testing and xriethds of conducting tests, 
a8 well a8 workmanship and furnishing of specified materials and equipment. 
Very generally i-15 to -5 per cent of design rating was allowable for dust col- 
lector syatema, with a 2 10 per cent for balancing. Supplied air systems, being 
less complex and being balanced by damporing, were required to be balanced to 
2 2porcent. 

In conclusion it is worth noting that the work done on thie project on 
heating and ventilating and dust control occupied the efforts of 01x engineera 
for l-1/2 to 2 years and ro6ulted in inetallations in these catogorioo approxi- 

do mating f3oino .+ m illion, inetallod cost, or about 2-l/Z$ of total project coot. 
In the six major plant6 - Ore Refining, Green Salt, Metals, Metal8 Fabrica- 

tion, Sampling, and‘scrap - thoro are 34 duot collector6 and 34 fixed vacuum 
cleaner6 , plu6 certain auxiliWJ continuous exhauatero, omorgoncy exhau6ter0, 
and requinite make-up air hontero. Based on procured equipment only (not in- 
cluding piping, ductwork, conduit or any inotallation coote) all nuch boating 
and ventilating equlpmont reprooentod about 4 per cent of the total proceoo 
equipment cost for these plants. The variation wao 2-l/2$ to lC$. Horooy-typo 
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collectoro rangod In aizo from 600 cfm (at oquipmont coot of $3 to $6 por cubic 
foot dopondlng on.dooign and uao of etolnloaa atool) to 15,000 cfm (at $0.95 to 
$1.35 por cubic foot). 

Acknowlodgxont lo mudo of tho conoidorablo ODO~D~CUICCI afforded by Mr. W. B. 
Harrla and hla staff of the Hoolth and Safoty Laboratory, Now York Oporationo 
Office, AECj aleo that rocolvod from Moooro. K. J. CapLanandMontC.Mnoan of 
Malllnckrodt Chomlcal Worka, St. Loulo, and from Mr. R. C, Boathortnn and 
Joso@ Qtighy, M. D., ti National Und Co. of Ohio, Cincinnati. 
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TES'E 012 THE AERODYNE DUST COI.LXCTOII 
Warron ii. Sadtil, G.E., ANP' i . 

This presentation of the air cleanI.ng program of the Aircraft 
Nuclear Propulsion Dcpartmcnt of Ccneral Elcctrlc will be limited 

. to recent tests of the Aerodyne dust collector. 

Mechanical dust separators usually do not involve as-great expense 
due to accumulated dust as do filters. The Aerodyne was a mechsnl- 
cal dust separator which was avallablh.for test and which appeared 
possible to operate at required efficiency In the 2 to 5 micron 
range of dust particle: size. Previous tests on the Aerodyne had 
been made at dust concentrations of 0.5 grain per cubic foot and 
higher, as are encountered in usual dusty industrial processes. 
This information indicated an increase in efficiency with a decrease 
in dust concentration. No information was available at concentra- 
tions below 0.5 grain per cubic foot or with relatively high specific 
gravity of the dust material. This test was made to cover the range 
of dust concentration below l/2 grain/P. The efficiency of dust 
separation is dependent upon the size distribution of the test dust. 
To test the efficiency at small particle sizes, it is necessary to 
separate, from the test dust, the large agglomerates, which may con- 
tribute a large fraction of the mass. To permit comparison of 
results, the size distribution of the airborne dust must be deter- 
mined. 

The essential feature of the Aerodyne dust collector is a cone, 
shown in Slide 1; this cone is the primary separator,,in which 
dust is concentrated toward the apex; the separation occurs when 
the air makes a sharp turn out through the louvres and the dust, 
having greater Inertia keeps. a straighter path, toward the apex. 
'(Slide 2). &bout five percent of the total air flow, along with 
the separated dust passes out from the narrow tiectlon of the cone 
and is drawn through a two stage cyclone separator of conventional 
design. The cyclone effects final concentration of dust to solid 
material. The air from the cyclone goes through a blower necessary 
to maintain circulation in the secondary loop, and from the blower 
is returned to the duct above the inlet to the cone. 

Most of the total air flow entered the test s&tern through efficient 
paper filters; a small fraction was supplied by the jet. 

The test dust was cupric oaide powder, of Merck or Baker & Adamson 
manufacture, technical or CP grade. . . # 
The dust was dispersed from the jet shown in Slide 3. The copper 
oxide agglomerates were transported to the jet where much of the 
agglomerated material was sheared into smaller particles. The 
dust feed system Is shown in Slide 4. 

The copper oxide was fed to the pneumatic transport tube at an 
*adjustable rate by raising a hydraulic elevator. The elevator 
and copper oxide tube were in a pressurized container, built up 
from pipe, tubing, and fittings: the standard fittingsare not 
detailed in the schematic drawings. Compressed air at about $30 psig 
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was put through 2 pnrallel, porous, liquid entrainment s'eparators 
and then through a .depth of about 6 feet of 6-12 mesh silica gel 
to make the air unsaturated. This dried air was fed to the jet 
and to the pressur1Zing container for the feed tube. The flow 
through the pneumatic transport line was stabilized by- a diaphragm 
pressure control and adjusted to maintain the copper oxide powder 
level 1'n the supply tube about one inch below the inlet of the 

’ transport tube to the jet. Use of a plastic viewing wlndow, glass 
supply tube and a small light permitted observation of the copper 
oxide level in the supply tube and indicated the uniformity of 
delivery to the transport tube. Feed rates yielding from .5 
grain/cubic foot down to -0087 grain/cubic foot were used, at 
2320 standard CFM total flow. 

Some control of the particle size distribution for the larger 
particles was obtained by variation of the average residence time 
for air in the dust chamber, dependent upon the location of the 
partition, as shown in Slide 5. 

Flow through the sampling filters was either limited by a critical 
pressure orifice or measured by a Fisher-Porter flowmeter with 
indicated rates reduced to standard pressure. 

Total air flow was measured by the .differential pressure across 
the standard flow nos:sle. Readings were corrected for barometric 
pressure and temperature. 'rhe average of 20 values is given; the 
maximum deviation from the average was pp. Manometers were also 
'used to check pressure differentials across the large filters, 
across the blowers, and at several other points of the flow system. 

The efficiency of dust separation was.obtained by weighing the 
dust collected in the Aerodyne dust chamber and taking the ratio 
of this to the amount delivered to the Aerodyne; the amount de- 
livered- is-the difference between the total amount fed to the jet 
and the amount that settles out in the large duet chamber. The 
amount settling out was determi'ned by careful cleaning of the large 
dust chamber with a "Filter Queen" brand vacuum cleaner. With this 
cleaner It is possible to weigh the filter and collected dust 
separately from the rest of the cleaner so that accuracy to one 
thirtieth (l/30) of one ounce 1.s possible. The same method was 
used to get the wclght of CuO ix-i the dust. collection chamber of the 
Aerodyne Unit. r 

The Aerodyne Unit as supplied by the manufacturer gave separation 
. efficiencies around 41$, due to partial flow through a pipe from 

the dust concentrate line to the main blower, (Slide 2). GIhen this 
opening was plugged and reasonable flow established lin t;he second- 
ary flow circuit by increasing the secondary blower speed by 33s 
to give .3 inch water lower pressure in the cone exit than In the 
cone chamber, the dust removal efficiency was increased to the 
values given In the abstract, 62 to 79$, depending upon dust 
concentration. 

*., ., 
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The airborne dust particle size distribution was obtained by 
examination of n.typlcal area of a "Milllpore' analytical filter, 
upon which a sample of the dust was deposited. 

The dust particles were comparcd.ln size with circular areas on 
an eyepiece reticle, made by Kodak, Ltd. The comparison areas' 
increased geometrically, each being twice the next smaller one. 

-The parameter M, Slide 6, Is the index number of the areas, and 
corresponds with the micron scale when the oil immersion, 95X 
objective was used, with 15X eyepiece. Other magnifications 
were used to increase the statistical accuracy for larger particles, 
but the data at high magnification is required to provide the 
distribution at small sizes. Use of the 3 magnifications and re- 
duction of data to equivalent 95X conditions leads to some non 
Integral values of M. All data are normalized to the same total ' 
area, corresponding to 30,300 reticle fields with the 95X objective; 
the data plotted indicate the overlapping ranges of size observed 
at the 3 magnifications used. The particle distribution by numb.er, 

G-z-# 
as graphically averaged, was multiplied by the particle 

volume and normalized to give the mass distribution: 

51.5 D3 (‘++-) 

The mass median was obttined by numerical integration of the mass 
distribution, giving the'value 4.3 microns; the mass'median size 
Is indicated. 

.The overall efficiency* of the Aerodyne, E, Is In terms of the 
separate average efficiencies of the cone, El, and of the cyclone, 
E2: / 

El& . 
E = 1 -El(&E2) 

This relation follows from the steady state condition for the 
mass of dust recycled per second, K, In terms,,of the efficiencies 
.EI and E2 and the dust mass fed to the system per second, M: 

K = (K + M) El (1432) 

Here' K + El is the dust load per second,.entering the Aerodyne cone, 
El.the average efficiency of the cone, not for the pr,lmary dust, 
but for the combined distribution of primary feed M and recycled 
dust K; this combined dust tends to smaller average particle size 
than the primary dust because the cyclone separation efficiency is 
higher for larger particles; however, a competing effect, the 
higher efficiency of the cone for larger particles, tends to 
Increase the size of the recycle dust compared to primary. The ' 
cyclone efflclcncy, EP, similarly applies to K + M, the combined 
+ 

Derived by C. C. Camertsfelder, private communication. 
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distribution, but miltipllcd by the separation efficiency, a 
function of partial.size, for the cone. 

To Investigate the influence of the cyclones upon the efficiency 
of the Aerodyne, the cyclone unit was replaced for one run by 4 

.two inch thick American Air Filter “Amerglas” f;llter units in . 
e 

series, as indicated by the dotted squares in Slide 2. 

With other conditions the same: as when the overall efficiency of 
68 was obtained with the cyclones as dust collectors,, with the 
filters an overall efficiency of 73% was obtained. The amounts 

' recovered on the successive filters were 271, 53.3, 10.7 and 4.0 
grams, indicating that the first filter removed 78%. The amounts 
collected on each filter are plotted (Slide 7) and If the curve 
Is extrapolated to estimate the efficiency of the four filters 
by comparison with an Infinitely thick filter, then the effici- 
ency of the four filter units used was 98$. This indicated that 
the Aerodyne cone efficiency was about 73’$ at this dust conccn- 
tration; recycling in the secondary flow circuit is here unimport- 
ant since the small sizes passed by the four filters are passed 
with high probability by the Aerodyne cone. 

If the cone efficiency of 73% is used with the overall Aerodyne 
efficiency of 69% (all at .l grain/cubic foot), and if the effic- 
iency for the combined recycle and primary dust is assumed the 
same as for the primary dust,, 

.for the combined dust is 82%. 
the calculated cyclone efficiency 

The efficiency relation gives useful and possibly unexpected 
results: , 

(prZary) I 
E2 

(secondary) I (oveEal1) 

50 I 100 50 ‘*. 

100 50 100 

These values indicate that the primary efficiency EL is'(if both 
El and E2 are tolerably good) much more importan;. 

. 

. 
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The .Aerodyne Test Rcsult;s are LabulaLcd: 

Wclt';hl;s of CUO, 
Settle --i+$$iFtcl,d Collected C 11 tion Dust Conccn- 

To Jet in Dust to by E&&my tration grains/ 
Chamber Aerodyne Aerodyne % cubic foot 

222.3 62 -49 
2P2 69 .112 

710 231 479 349” .112+ 
621 281 340 269 .0087 

+ Filters replaced cyclones. 

. 

ACCURACY : 

Weights were accurate to l$ or to, one gram, the.larger being 
applicable. The collection efficiency accuracy is 1s. The 

. particle size distribution by number has statistical accuracies 
of lO$ from .3 micron to 5 microns, l?$.at 6 microns and 30% at 
8.5 microns; no particles larger than 9 microns were found. 

Systematic variation from one magnificat,ion used in counting 
particles, to another magnification displaced the corresponding 
points of the distribution by slightly more than .A 14 = l/2. 
Each pzwticle wa8 as6lgned to a gi-oup within A bI = l/2. The perceptible die- 
peraim of thcr os~rinxntal pointo or Slide 6 is duo primxily to the diffl- 
culty in claoDificntion by group index PI, even though eleven grmpa xero mod. 
Tnio source of error is larger for omKUor nwribero of groupo. 'The rmm medim, 
4.3, microno, 15 accurate to cne micron, limited by experlmentcl uncertainty 
in the +lstribution. 

To summarize, the efficiency of an Aerodyne DSst Collector was 
determined as a function of dust concentration, for values below 
1 grain/cubic foot. Copper oxide powder was the test dust, with 
an experimentally determined mass median of 4.3 microns and with 
no particles observed above 9 microns. ..Thc efficiencies obtained 
we-re : . . 

. Approximate 
I :. Dust Concentration Weight Efficiency 
I 

.s grain/cubic foot .' 62% 

.l grain/cubic foot 69% 

.Ol grain/cubic foot 79% 
* 

, .,. I. 
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TEST- DUST COLLECTED 
ON 4 FIBER-GLASS FILTERS 
IN SERIES, REPLACING THE 
CYCLONES. 
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BRIFJ;' SUMMARY OF AIR CLEANING PROGRAM AT 

WESTINGHOUSE ATOMIC POWER DIVISION, 

PITTSBURGH, PA. 

E. C. Barnes 
. 

Until recently the Westinghouse Atomic Power Division experi- 

mental fscilitles werc'largely devoted to the development and. 

manuf;acture of the submarine therrr;;ll reactor%(STR) power plant. 

During the first phase of our program, .which involved construct- 

ing near facilities and doing research, development and design work; 

conoiderable effort wan expended not only in controlling the hsmrds 

during this worL’k, but also in developing procesoe3,which would 

minimize the production or diaper&on of dust or fumes. 

Currently a wide variety of research an8 development work is 
l 

being done involving such activities 016 chemistry, cheml.cal en@.- 

neering, physics, metallurgy, ongl.mwhg and oloctronics. Also, 

manufacturing operations are being done \ridch involve a variety 

of procesoe~ and matines. Radiation or radioactive materials 

are used in many phasea of them Opel-ations. 

A considerable variety of duntn and fumes are evolved which . 

roqulro the use of ~omo form of duet or fuo collecting oqu$pment; 

but, with Q few oxceptlono, high duot loading8 or high lcvols of 
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radioactivity are not oncountorod. Some of the.facllitics which 

require exhaust ventillatlon,and duet collating equipment are 

metallurgical and machining operations, analytical chemistry 

laboratories, physics activities and a five-cell hot Laboratory. 

At the present time there are 17 Type “N” Rotoclones in use 

ranging .in size from No. 13 to No. 6 with a total capacity of 

approximately 70,000 cfm. Precipitrons having a capacity of 

7,500 cfm are in use for dust control. A specially deeigncd filter 

is used on cortnti notallurgical and machising operations. 1;s 

rofor to this 

prL.marilg for 

recovered. 

as aa "accountab2bfty filter", and it was dc35gned. 

the collection of dusts whichmight need to be 

These units consist of a rootangular case with air entering 

at tho top and passlag do~~n17ard through two layers of PO-50 flber- 

glass fdltor media supported horizontally on a scroon: The filter 

media is operated at 103 cfm par square foot. Immcdlately beneath . 
tho filter Zo a plonuril chnmbor contatiing an exhaust fan. Tho *. 
flat top ob the case is removable to permit acce33 directly to the 

filter media so tbt it can be rolled up and rctab. all the dust In 

it. Thio arrangement pomit 3 cleanjl?g _of,duct \rork and openZng I 

the top of tho filter to clean down the vox%I.cal suritacos on the 

dirty side of the filter media Jrhllo tho exhaur;t Klovcr in operat- 

Ln.3. This pmvcnto any dlnporalbn of tho dust, as rrell as deposLt- . 
ing It all directly on the filtor media. 'The dust loadings on - 

thooo oporationa ztm low. Thirtoon of these uits are In use: 

1 -10 " 500 cfxn lmitu, 1 - 2500 can wit aid 2 - 5000 cm WLits. 



boon 

with 

I 

J-n addition to this dust collecting e?.uipment, thoro ha3 

need fop a numbor of “clean room”, and them are furniohed 

air which has boon cloanod by Procipltrons. 

Stacks from BOPO duet collectors are sampled continuously 

. d.urIng their operating period using filter paper samplers which 

have boon pormiincntly installed. Such monitoring is done on only 

those stacks vhcro it has been demonstrated that radioactive 
a 

matcrlals may pass ttiowh filters in &.gnificant concentrations. 

Other dust collectors are porlud+allg inspected to insme satis- 

factory operation. 

Da general it can be. said that the dtist collecting equipment 

which we are using at the present time $6 taktig cape of a wide 

variety of dust, fumea and yapors; and serious difficulties are 

not being experienced. 
, 

. 

s. 



TOWER OBSl~l~VATIONS OF ATMOS~'IMRIC DUST . 
AT 'XX NATIONAL REJJCTOI~ TICSTING STATION 

. 

By P. A. Eumphroy, E. M. Wilklno, and D. M. Morgan, U'SUB, 100 . 

I Conoidoration that tho placing of air intnkoo for ronctora nt 

. varloue olovntlono abovo the ground may bo important to air cleuning 

design hao reoultoh In tower obeervatione of duotineoo at the National 

.Roactor Toating Station. The purpooe of thoeo observations io to deter- 

mine for varioue meteorological condition0 the.variation0 of duotineeo 

in the vertical. 

It wae asBurned beforehand that the vertical gradient of duotinees 
. 

would show characterietic differences for various wind velocities, and for 

%emperature Lapse (&ytime) and temperature inveroion (nighttime) conditions. 

Tho 250-foot radio tower in the Central Facilitieo area wae uoed to 

elevate high volume air aamplore to various .heighte above the ground 

(Figure 1). The tower aloo accommodates continuous record& resistance 

thermometore at the 5, 100 and 250-foot levels, which are ueed to determine 

tempraturo Zappoe and tomprature inveroion condition\. Continuouo wind 

speed mcordo from en instrument exposed 20 feet above ground were ueod 

rather than ~)cordo from the wind equipment on top of the tower. The 

high-volume oampler~ were attachod to the t;owoi: at 2, 15, 30, 100, and 250 

f&et (Figure 2). Rcto of flow through tho nampleru wno chocked at the 

boglnnine, and ending of each oampling period. . 

Duet Co:xo:~tretiOnB 

Ao might bo oxpoctod, it io oxtremoly difficult to eepsrate tho offoct 

of windn from tkrzt of air &ability, bocauoo tho etronger xindo and 
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temperature la~~se conditions tend 1;~ occur simultaneously. Plots of dust 

concentration versus height for several conditions are shown in Fignrc 3. 

The fol1oG.q points arc made: 

1) Concentration s near the ground arc much higher during periods 

of strong winds, but at 250 feet they are no higher than during 

periods of light or mcdcrate winds. 

2) Thoro is little practical difference between concontrationo 

dur;lng lapse conditions and Inversion conditions as 10% 

ao wind apeods are about the came. , 

3) The decrease of dustiness with height shows a distinct advantage 

in having air intakes located at the highest feasible elevations. 

' This is especially true for the dustiest conditions. 

Table I gives percentages of the s-foot level dust concentrations 

found at levels above five feet. Note that there is only 42% as much dust 

at the 30-foot level during dustiest conditions and from 502-695 as much 

during average conditions. . 
* 

Particle Sizes 

For particle sizing, dust was vacuumed off of the fluted filters on 

to molecular filters, and counting was accompli&cd by conventional methods 

using a Porton gratlcule in the ocular of the microscope. Xediul sizes 

ranged between three tenths and six tenths of a micron for all sampling 

periods, and all levels. As might be expected, the mcdiar size decreases 

h-ith height, and increases with wind speed. There was a noticeably smcallcr 

. . . . . _ 



percentago of pnrticlcs grcatcr than 10 microns at higher lcvcls. In the 

dustiest samplc,thc pcrcenkqe of particles larger than 3.0 microns was 

five times less at 250 feet than at five feet. 
, 

Also of intcrcst is the variation of the standard Zcometric deviation. 

of particle sizes with height during various conditions. The same samplings 

shown in Fi.,gre 3 are plotted in Figure 4. The exact shape of the curves 

cannot be verified for so fclir samples; however, the following items are 

worthy of mention: 

1) The two curves for lapse conditions shots characteristic increases 

in standard scomctric deviations (which means decreasing 

homogeneity of partic!_e sizes) with height. Near the ground, 

hokrever, the deviations are smaller for the cleaner sample. 

2) The curves for l'inversionl' and for "lapse and inversion" show 

characteristic decrcc?ses of standard geometric deviations lrith 

height in the lower levels. These curves shotir larger standard 

geometric deviations near the ground than the tpo curves for 
*. 

lapse conditions. 

3) The standard geometric deviations tend to bc about the same at 

the 30-foot level duriq all ~~tc~r~lo~i'czl conditions, ran&q 

from five to six. 

I.arp,cr Parti.cles 

Since the characteristics of the larger partj.cicss were not easily 

observed at the m:qyifj.c~tion of 1000X used for particle sizing, material 
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was shaken frOrr\ the fluted filters by rappin; and c4xmincd at 300X. 

The folloxing rcm.-mlcs apply to the cxminntions of the samples at low 

powcr.and do not cotuparc particles sm&cr than 45~. 

\ 

For all conditiong at the clcvations sampled,particles 

. in the size range from 4p to 9y predominated the microscopic 

field. At lower levels, inorganic material was predominant over 

organic material when smaller sizes are considered escept 
. 

during the windy, lapse period and during the.typical inversion 

period. During these periods inorganic and organic material 

were more unifoxily tixed. 

At .hi.gher elevations there were fewer large inorganic 

particles (>lOCJ,U),and in the typical inversion case 

practically none even at the lowest elevation. 

. . . 
Largest inorganic particles varied as follows: 

TABLE II . 

Continuous (Lapse and 
Inversion) 
Typical Lapse 64y 225~ 

Windy Lapse c5oji ‘39 

Typical Invcrs5.on 200) 7y 

there were 

250' 

7*-175/A 

-- 

?? 

-- 

Shape ms perhaps a factor in dctcrmki~~~ the heights at which 

largest inorganic particles were found since sme were flake-like.. 



wm-170 I 107 

Crgmic material appears to have 3.css density md dots 

not show signif'ic;cnt size variations with hc?.&t. The ratio 

\ of sinal.l to lnrce particles rwkns nc:wlJ constant. f'ollcn 

varictics froin 60 to 1~50 4wcrc evident at all 1cvel.s. 
r / 

Several hol!scflies wcrc always present in each filter 

for 5 and 15 foot, but never at 30 feet end above. Smaller 

inoocto (3oop-2800~) were present at alllevels. 
. 

. 

, 

. 
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: 
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Kctcorologicnl conditions 
3 and it. Wind 

during test periods considered in Figures 
given for 20 feet. Tcmperaturc Cradicnt conoidcrcd for 5 feet. 

to 250 rcot. 

On: 

Duration: 

Wind Speed: 

I 
I 

Stability 
Condition: 

. . . 

S@ Condition: 

Au,wst 28. 2 hours lapse, maximum 2,O'F. 6 hours 
inversion. . . . '* : 

Kostly clear skies for entire period. 

Wcathcr: NOM 

0805 YST, August 25', 1953 - Off: OeO5 MT, August 28, 1953 

72 continuous hours . 

Pioderate during day and light at night . 

Aumst 25. Hourly averages, calm to 8 miles per hour 
from beginning of test until almost noon then increasing * 
to 12-19 miles per hour and dropping to 2-9 miles per 
hour after late afternoon. 
&l&28 IGT. 

Peak gust 30 miles per hour 

I * 
hmst 26. Hourly averages, 
mid-morning, 

2-10 miles per hour until 
increasing to 12-19 miles per hour during 

afternoon and then decreasing to 5-8 miles per hour after 
early evening. Peak gust 33 miles per hour at l13.6 BLST. 

August 27. Hourly averages, 
until mid-morning, 

calm to 5 miles per hour 
becoming 12-16 miles per hour during 

afternoon =and then droppinG to,2-8 miles per hour at 
night. Peak gust 29 miles per hour at 1447 IGT, 

Aufplst 28. Hourly averages, calm to 6 miles per hour . 
until terminated at OS05 KST. Peak gust 9 miles per hour 
at 0100 FIST. * 

. 6. 

Aumst 25. 10 hours lapse, maximum 6.2'F. 6 hours 
inversion. 

Awust 26. 12 hours lapse, maximum 6.9'F. 12 hours 
inversion. . : 

Au&t 22. l2 hoUs lapse, maximum 5.4'F. 22'hours 
inversion. 

. 



Ch: 

On: 

61: 

. on: * 
Duration: 

Wind Speed: Light for entire period except for 2 hours moderate 

Stability 
Condition: 

. 

i 

4 

1309 MST, Au,q.& 10, 1753 - Off: 0815 MST, August 11, 1753 

1915 MST, Aqust 11, 1753 - Off: 0615 YST, Awust 12, I.953 

1903 MST, August 12, 1953 - Off: OG43 PST, August 13,.1753 

1832 PET, August $3, 1953 - Off: 0750 UT, August 11+, 1753 

53 hours 4 minutes 

Au.qlst 10. Hourly averages, 5-9 miles per hour until 
midnight. Peak fist 15 miles per hour at 2lCO KST. 

Aumst 13. Hourly averages, calm-4 miles per hour in 
morning, 3-S miles per hour at llight. Peak gust 14 miles 
per hour at 1900 FIST. 

AuLqust 12. Hourly averages, calm-5 miles per hour in 
morning, 7-10 miles per hour at night. Peak gust 16 miles 
per hour at 1900 ET. 

Au,n.ust 13. Hourly averages, l-2 miles per hour in 
morning, 7-17 miles per hour at night. Peak gust 28 
miles per hour at 2130 NST. 

, 
August 14. Hourly averages, calm-4 miles per hour until 
termination. Peak gust 6 miles per hour at 0100 ESi'. 

AUIE;Ust 10: Inversion began 1917 ES?. 

AU/Q& 11. Inversion ended 0636 MST, began 1914 I/ST. 

Aumst 12. Inversion ended 0710 MST, began 1859 NST. 

Au{Tlsst 13. Inversion ended 6708 IGT, began lSl9 MST. 

AuEust 11,. Inversion ended O&+7 IGT. 

i - Sky Condition: Eostly clear August 10, 11, and 12, partly cloudy 13 and 14. 

Wcathcr: None . . 



on: 

On: 

On: 

* on: 

Ihat ion: 

&nd Speed: 
1 

Stability 
Condition: 

Sky Condition: 

Weather: 

L/WX, LUXIT WTNDS . 

0810 IJST, August I&, 1753 - off: 

0757 ET, Aqust 5, 1953 - Off: 
. 

0755 Y&T, Aqwst 6, 1953 - Off: 

0745 PIST, August 7, 1753 - Off: 

32 hours 31 min~te~ 

Mostly light with some moderate 

1610 MST, Aupst 1+, 1953 : '- 

1612 MST, Aq-yst 5, 1953 . 

1611 MST, August 6, 1953 

151~5 MST, August 7, 1953 

. 

Au&t&. Hourly averages, 13-17 miles per hour entire period. 
Peak gust 29 ITISCS per hour at 1600 BIST. 

Auplst 5, Hourly averages, 3-9 miles per hour entire period. . 
Peak gust 15 miles per hour at 1600 MST. 

AuDst 6. Hourly averages, 
Peak gust 20 miles per hour 

4-10 miles per hour entire period. 
at 1600 MST. 

7. Aumst 
miles per 

Hourly averages, 3-9 miles per hour except 12-U 
hour last two hours of period. Peak gust 28 

at 1538 RX. 

Lapse began 0655 &IST, ended 1921 KST, maximum 
, 

W’ Lapse began 0616 ET, ended 1930 IGT, maximum 

Au.qu.st 6. Lapse began 0700 MST, ended',,1808 MST, maximti 
5.5OF. 

Lapse began 0716 HST, ended la/;5 PST, maximum iz%Y’* 
Nostly clear August I+, 5 and 7,' partly cloudy on 6. 

Notie ‘. 
- . . 

/ 

. 
8.. . . . ., 

l - -* ,. d..*. 
. *- . . . ..-, . . . . . . . . . . . _ 

Y” .a’ C. . *I 
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On: 

Duration: 

Wind Speed: 

Stability 
Condition: 

Sky Condition: 

Weather. . 

.- 

LAKX, STItiJ?NC WINDS . . 
. 

0643 IGT, AuC:ust 24, 1953 - off: 1057 ET, August 24, 1953 

10 hours 14 minutes 

Plostly strong with some mcdcrate 

Aufllst 24. Hourly averages 24-25 miles per hour most 
of time with 12-21 miles per hour at beginning and end 
of period. Peak gust 1J miles per hour at 1403 JET. 

Lapse began 0'728 ET, ended 1900 EST, 

Scattered cloudiness 

In addition to the general dustiness of the air, individual 
clouds of blowing dust from numerous sources of loose soil 
were visible in all directions. Dust clouds from nearby 
points of origin frequently blew across the sampling site. 

, 
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By L. J. Chorubin and J. J. Fitzgoruld, GE, KARL 

A brief description of the air cleaning rcquiromonts at the Knolls Atomic 
Powor Laboratory is given. A total of 40’7,600 cfm of air is cleaned ixiwhich 
the CWS-6 filter units are used to clean approximately 80 per cent of the air 
at the Iaboratory. Caustic scrubbers and an electrostatic precipitator are 
utilized in specific air cleaning operations. 

The officicncy of the air cleaning units is indicated by the low concentra- 
tions of radioactive and toxic materials in the environs which are tabulated. 

The collection efficiencies of six filter media used for air cleaning and 
air sampling are tabulated as a function of face velocity and particle size. 

IRTRODUCTION 

Before discussing the air cleaning requirements and investigations at the 
Knolls Atomic Power Laboratory, it seems appropriate that one should describe 
the Laboratory and its progrsm. The Knolla Atomic Power Laboratory is operated 
by the General Electric Company under contract with the United States Atomic 
Enera Commission. Mr. Karl R. Van Tassel is the General Manager. Dr. Kenneth 
B. Kingdon is the Technical Department Manager while Mr. F. E. Crever, Jr., is 
the Engineering and Projects Department M‘anager. 

The Knolls Atomic FoTder Laboratory is primarily concerned with the develop- 
ment, design, manufacture, and installation of an intermediate reactor for sub- 
marino propulsion. This reactor, first of its type, uses,uranium as fuel and 
sodium 86 a coolant and will be installed in an actual portion of a submarine 
under construction at our West Milton Site. The reactor and engine room com- 
pertment of this submarine prototype will be enclosed in a tank of water located 
within a gas-tight 225 foot steel ophcre, the largest ever built. The Jaboratory 
is also engaged in developing a submarine intermediate reactor for actual instal- 
lation in a sea-going vessel. In addition to this type of work, KAPL is reopon- 
sible for furniohing the nccesoary dovclopmcnt York as assistance to the Hanford 
and Savannah Rivor operational offices. Thio offort is directed toward improving' 
production facilities. 

The work on these projects, illustrated in Figure 1, is carried on in the 
following facilitioo: the Icliolls Atomic Power hboratory, located in the Town 
of NioLaiywm; Peck Street Site, located in the city of,Schcncctady; the Alplaus 
Site, located in the Town of Alplauo, nnd the West H5lton Site, locutcd in the 
Tam of Gloat WIton. The Knolls Atomic Powor Laboratory (YX'L) is located on a 
plot of approximltcly 170 ucrcs of land in the Town of Niskuyuna, Now York, 
about 5 lailoo cast of the cantor of the City of Scim-mctady and about l/2 mile. 

:from the Gcnoral Electric Compny Roocurch Laboratory. It WQO complotod Janu- 
ary 1, lpfjo, at a coot of approxi~toly $28,OOO,OC3. 
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The Atomic PoVcr Lriboratory, (rn ClllcwIl I.11 the coJl~?,aJitc phloto~,r~lphu, corlrlioto 

of a m:lill pxnlp of fivo intcrcolnlcctcd buj.ldirlGu providing npaco for adminiotrli- 
tion, cafctcria, phy~jca laboratory, gcnornl ohop~~, and motnllur~ical and cngl- 
nccrinc laboratorioo. In addj.tibn, thcro lo another group of thrco intcrconncctod 
buildillCO housing a chemical laboratory, pilot plant )nborntory, and Separation0 
Procooo Rcooarch Unit. A I'hero are a100 12 dotucllcd building0 providjng for acrvice 
facilltico. There io approximately 371,000 square feet of grooo floor space in 
thaso facilitioo. Additional rzitc facilitioo include Q Preliminary Pi10 Anocmbly 
which io a floxiblo mockup for the intermediate nuclear reactor, a Thermal Tcot 
Reactor, ur;cd primarily for rcocarchpurpooco, and Tont Co118 for a Hedioactivo 

Natorials Laboratory. 
Approximately 20 per cent of the otaff is employed at the Peek Street Sltc 

located in Schenectady about onc.milo north of the center of the city, and the 
liquid metal research work io conducted at the Alplauo Site which io oituatcd in 
t.& Todn of Alplauo, approximately 3 miles northecact of Schenectady. 

The West Milton Site is located on a plot of about 4,000 acres in the County . 
of saratoga, approxjrsately 18 milcr, north of Schenectady. The construction of 
the 223 foot sphere to house the oubmarinc prototype, ohown in the componite photo- 
graph, hao been completed and the ophcro hao been successfully.prosour tested. 
Six permanent-type buildings will be erected at this oite. There are approxinntoly 
2,000 people employed at the I'nolle Atomic Po*rer Iaboratory and ita facilities. 

AIR CLEANING REQUIRENEXTS AT KAPL 

To dcocrlbe the YXPL air cleaning program, the air cleaning rcquiremento will 
be enumerated by a consideration of the number8 and types of air cleaning ByetemR 
ur;ed together with the capacities of those Gystemo and the area.8 serviced. The 
efficiencies of these air cleaning system8 fill be indicated by the concentrations 
of toxic elements in the stack air effluent0 and environs. 

However, before illustrating the data on the KAPL air cleaning systems and 
the concentrations of toxic material0 in the otack effluent and the environs, a 
few picture& of the stack air cleaning systems, typical area6 ventilated and the 
environmental monitoring equipment k Till be presented to aid in the deocription of 
the KAI'L air cleaning program. 

A loo-foot otajnlcso oteel atack eerving the Sepnra&ons Pilot Plant is sho;ni 
in Photograph X-20306. The Liquid tlaote Proccssi!G building which io oituated to 
the loft of the mainbuilding in the photograph ham a >O-foot hi& stainleua steel 
stack. To the right of the lOO-foot stat, b io a caustic vent scrubber acrving in 
oerieo with a glues wool CWS filter unit. Separationo Yroccoo gcaeu and entrulncd 
particulate material are vented throu~thio scrubber and CXE filter. on top of 
the Pilot Plant fiulllding you can DCB one of many typical o-tubby nir exhaust pj.y,es 
utilized at KARL. Thooe exhmnt -pipet? cre approximately lc to 20 feet above roof 
levc3.0. 

A typical filter unit enclooing gleou wool nnd CJE fil.tcrB ia nho;m i.n Photo- 
graph 1120929. A portion of the cyclone ccpzator which prcccden the electro- 
static precipitator jr the Special Eaterialo Machine Shop %lhorc bcryl2lum and 
uranium are machined j.n depj.ctt!d jn Photopnph lC@~~~>. A hood in which hif$ly 
rzdioactivo materjala are manjpulatcd io illuntratcd in Photograph 13X898. P!lotO- 
graph lo&g92 nhohTO vontilation provided j.n the Special Xotcrialo Machino Shop. 
PhotoL:raph 132Ow8 rluplcto a cave aroa in uhj.ch highly riLclioactivc ma.torialo nre 
atudicd for radiaiju;l dunago or offoct on reactor ntracturnl material or fud. 

olomunto. A typicnl air monitoring inotrumoutation omployod at Y3PL in ohorm in 
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Photograph 1096933. A Cbl countor and an air Ionization chumbor aro uaod for the 
mo~~itorjng of air in the cnvirono. 

, ‘ 

Photogrnyh llOT[l', dopicta an onvironmontnl colltinuouo air prrrticulato moni- 
toring unit employing a CM countor, a vibrating rood oloctromotor and co~~tj~~uouo 

rocorrlor, Bcalora and recordora for tho two GbI countora. 
An I-131 acrubbor uood for atack and onvironmontcl air monitoring purpoooa 

io illuotroted in Photograph llO)r)+llr, Not ahown, howover, ia a Kunno Chamber 
unit uaod to dotoct the rndionctivo nob10 guaoa and tritium. 

The data in Tablo 1 indicate the vurioua buildinga on tho Knolla Site, the 
numbor of air oxhnuat units, the total cnpaclty of the air cleaning units, tho 
type of air cloanlng oyBtcmt3, a general doacriytion of areaa vontilatod, and a , 
number of unit0 served or zonon covorod. You can. rortdily Boo that the glaoa 
wool CWS filter ayatcma predomlnato, that tho cyclone aoparator-olectrostatic 
precipitron ia a major oystorn while the cauotic ocrubbora are confinodto eorv- 
ing the vuuting of proceoo veaselo in the Pilot Plant and Wont a very omall 
voluw of the laboratory air at KAPL. 

Tho nature and amounts of tosic elemonte emitted in 1952 from the various 
laboratory buildings are liatod in Table 2. Emioaion of radiogaac6 io aaaociated 
with short periods (a few houra)‘and dilution in large volume of stack air. 
Thcae gnaca have presented no eignificant health hazard problems at MPL. All 

. these toxic clcmento are released into atncka discharging from 40,000 cubic feet 
of air per minute or more. .The Separation8 Pilot Plant atack effluent ia the 
moot bcportant; factor in the contamination of atmosphere with fiBsion products 
and alpha activity. The otack effluent from the Special Materials &'&hi.ne Shop 
building (D-3) ie the major potential oource'of beryllium conl;aminaticQ in the 
enviromcnt. 

The data in Table 3 indicdte to aae dogreo the radiation lovela at contact 
aaaocinted with the particulate filters. AG one would expect proceB8 cell air 
filtera are the hi.&oat. 

The range of concentration8 of the various toxic elements iii the KAPL stack 
air effluents are illustrated by the data in Table 4: The data indicate that 
etmoapheric air dilution must be relied upon for the Separations Pilot Plant 
etnck exhaust air but the dilution factora required are low even at the ma4:imum 
concentrations. , * 

The data in Table 5 indicate that atmoephcric dilution ia also required to 
.reduco I-I31 concentration cmittcd from the Separationa Pilot Plant, and the 

beryllilun concentration released from the Special Materials Machine Shop build- 
ing to permiaaible concentrationa in the environs. The data indicate that the 
CWS filtera are vory affective in removjng beryllium from laboratory hood ex- 
hnuat air. .- 

The data liatcd in Tab10 6 chow that no cbnccntration of beryllium above 
the prcacribcd limit of O.Ol/~g/E13 ua8 detected in the onvirona. The radioactive 
particle count repreaente aa.mpling of three on-aito and two off-aite locr.tiona 
and in diluted by data from the Wcat Milton Site. Thcoe dntn al.30 reflect out- 
Bide influencea ao well; howe.fcr, maximum particle count0 from KAPL opcrutiona 
exceed thoae auaociotcd with outaidc influence. The local particle problem rc- 
oulta from the entrainment of particulate material from the ooparatioim procoaa 
oparotiona rother thfm from atack corrosion. 

The filterable partlculr~tc fiaaio:l,product concontraliona which were dotor- 
ml.nod nt the environmental ntntiozn at Kf:?L and Woot Nilton are illustrated In 
Tablo 7. Theao conccntrntiona roprcoont j-or I&-day avoragoa. Duilding M-2 la 
in tho prevniling wind direction from the atuck tiG n diotanco nppro>cjmlto~$ 10 
I’( ‘.ck hOi&tAJ OWOY. Tho Woat Milton dirltn are conaidorod background dutu for 

. ____ . ,, _ .-. ,.,_ . . . . . ., . ., . -. . . - . . . ‘. 
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TABLE 3 . 

ACTIVITY IJZ'VEIS OF AIR CJZANITJG SYSTWS 
. 

.Building 

ET1 

E-2 

G-l 

G-2 . - 

H 

. l 

RadJ.ntion Lovol8 

Area ' 
(Contact Kcaouremcnt) 

mlWp/hT mr 

hboratory Hood Filter 500 50 

Radioactive Eintorials 
hboratory 10 5 

laboratory Hood Filter 175 10 

. Hood Filter 370 14 

. Cell 1Filter . 20,000 1,500 at 3 ft. , 

'Pipe Tunnel Filter : 950’ 150 

. 

. 

. 

, 
’ . . .I.’ , , 

, 

. . . 
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Filter 
Elodia 

w-40 

w-41 . 

H-70 

. Am-1 

cc-6 

WASU-170 

. 
. 

TN3I.E 10 

’ 8kCiNUN . ’ 

Efficiency. 

Effi- PtWt~Clt3 Face Effi- 
ciency, SiZO, 

Per Cent Micron Por Cent 

99.7 x-2.1 100 59.3 

99.6 2.1 10 85.2' 

99,Y 2.1 5150 97.0 

>YY.Y 2.1 5~80 . 92.9 

>YY.Y 2.1 2 98.2. 

syy.9 2.1 20,50,80 97.5 

.\ 

TABLE Jl ’ 

ICETIC~CY OF FILTER NED& 

Filter 
Media 

w-40 

w-41 

H-70 

A&l 

cc-6 

. Per Cent Efficiency 
(at 50 cm/oec and for 
0.2 micron prticle~) 

i 
97.2 

98.4 

-'98.9 

99.3 

99.2 %, 
. 98.8 

. 

Penetratioi 

e.8 

.1.6 * 

1.1 

0.7 

0.8 

1.2 

. 
. 

* : 

-. 

Minimum 
Efficloncy 

Particle Face . 
Size, Velocity, 

Micron -cm/oec. 

.2 10 

.2 . 2 , 

.2 10. 

.2 1 

.2 0.5 

.2 40 

'Relative 
Penetration 

4.0 

2.3 

1.6 

1.0 . '- 

1.1 . 
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ontimating outoldo 1nfluoncoo. Thor?o concontratiollrt indicate no oignificant in- 
halation hnzardo at tho Knoll0 Slto. 
etatiotically eigaifictant vals105. 

Alpha activity dotorminationo wore bqiow 

Tho statue of vogotation contaruination on tho filollo Site, vicjnity and 
Wont Nilton io lndicatod in Tablo 8. Variation0 In natural potaooium activity, 
and outoido ~~~UOIEOU II&LO it difficult to aooooD the 0010 influence of local 
OpOratiOil0. Woot Nilton oamp100, howovor, aro a guldo to tho lnfluonco of out- 
eido ~ourcoo. 

- !aJi 

Contamination of vogotation due to activity In precipitation 
ra n or onow) io probably the dominant offoct rathor than tho dopooition from 

-' . o&It 
An occaoionnl ovidcnco of I-131 contamination in the envlrono is indicated 

by the data in Tublo 9. . 
Summing up the air cleaning statiotica at KAPL, the moot oignificant amounts 

of alpha activity, fiooion product activity, and radioactive particle0 are 
emitted from the Separations Process otack (approximately 100 ft. high). The 
stack effluent from Building D-3 roof stack (approximately 16 feet high) containi 
the moot significant concentration6 of beryllium. Atmoaphoric dilution, though 
ueually of a low order, must be relied upon occasionally, even after treatment, 
to reduce airborne contaminants to acceptable levolo'from the point of vie-< of 
inhalation hazard and vegetation contamination. The Separations Pilot Plant 
stack air effluent has received the greatest attention with roqect to isotopic 
Identification of radioelements emitted, particle size, and proper sampling 
methods. 

AIR SAMPLING AK3 AIR CLEARING INVESTIGATIONS 

Air eampling and air cleaning investigationa at the Knolls Atomic Power 
Laboratory during fiscal yoar 1953 were groupd into three categories: (1) ef- 
ficiency studies of filter media, (2; efficiency studies of air trampling and air 
cleaning units, and (3) the evaluation of the KAPL separation8 'process atack ef- 
fluent. Some of the results of efficiency studies of filter media are briefly 
discussed 'here. . 

Filter Efficiency Studiee . 
* 

The efficiency of eix air sampling filter media WQB determined in the par- 
ticle oize range of 0.2 to 2.1microns under the light microacopo uoing Mi.llipore 
filtore. The filter media, Whatman-& and 41, Hollingeworth and Vase-70, AEC-1, 
Chemical Corp 6 (CUS-C), and AU (1106-B) glass fiber paper were tested through- 
out the face velocity range of 0.5 to 100 cm/occ. Efficiency WRB expreoocd on a 
size count baoio'for oolid psrticleo of 2.7 @t/cm3 donrjity. Tho IILX&GU and 
minimum cfficiencicn for thcec filter media in the specified rangeo are lioted 
In Table 10. 

The maxbun efficiency for all filter media Tao penter than 99.5 per cent 
at variouo face velocitieu for 2.1 micron particlco. Tho minimum officiencjr for 
all filter media cxcopt the Whatman woo greater than 92.0 por cent for particle 
eizoo of 0.2 micron. It io indicated by the data in Tablo U, however, that at 
olprating face velocitioo of 20 cm/net, the efficicncieo of all. filter media are 
greator than 97 per cent even for 0.2 micron particloo. 

Theoe officloncy otudioo of the filter modiu aro being oxtondod to the nub- 
microocopic rwqp L/ analyzing under the electron microocopo the partlcloo ontcr- 
lng and paorjing thsough tho toot ffiltor modiu. 

. . . . ., . . . . . * 
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BROOICILlVI3N AIR CIZ~KIX CI?:RXl'IONS 
I 

. . 

Loo GomnlCll 
Health Physics Div., Brookhaven Nat'l. Iab. 

l .’ 

. 

. 

Nature has been kind to the Brookkven area of Long Island by providing 

an unusually clean atmosphere. In 1949 continuous tests were run by the 

Meteorology Group to determine the dust loading over a period of six months 

from March to September. Fiberglas No. 25 and 50 and CWS paper filters‘were 

used with flow rates of .75 cfm and ,375 cfm, respectively. A total of 2CC,OW 

cu. ft. passed through the fiberglas and 100,000 through the paper. The total' 

_- weight of material collected on the fibcrglas was only .2ll.$ grams and on the 

CilS !pBper ,.13C5l gms. Analysis showed tie partlcuiate material to be quartz 
. . 

grains, pollens , spores, a few salt crystals and considerable unidentifiable 

material, probably clay and humus. 

long 

used 

. . 

This light loading of the atmospheric dust gives filters an extraordinarily 

life. The cooling air intake filters at the Pile,,for example, have been 

about 3 years. Tremendous volumes of air have passed .through them and 

still they show only slight loading. 

The laboratory policy at Brookhavcn states that there shall be no undesirable 

accumulation of contamination. The discharge of radioactive particulate cont.zzLna- 

tion is to be avoided by the use of appropriate filters or suitable experimental 

techniques. For operations likely to involve serious air contamination, such as 

machining active metais or chetical processing o f highly active materials, the use 

of dry boxer 3 with suitable filters and ve:ltilat.ing blowers is required. As a re- 

sult of this policy most lab hoods, where there ic r) a chance of radioactive pzrtic- 

ulatc being gonoratcd, are equipped tith the WS-6 type filters. These arms 

include Chemistry, Diolog~~, Mcdicnl, Cyclotron Tclrg,ot Lab, :-Jot Iabs, hot Ibchinc 

Shop, metallurgy tabs, 

3112 
Nuclc:;r Enginccrj~ng Labs and Pile Iabo. A total of 215 of 

UGH-170 
__. * . . . ' , ! . 

I. . .._ - . _ .' ,... "' 
2, . .., .: . . . c r,. * ,* , .%. ." '. , '. I '. 

<: , 1 L ,. ., 
.L s . .I . . ,-"..A..: - ;.. ,,j ," 



Mm-170 
1 

143 - 
. . 

this type of filter is presently in use at NIL. Air ..onditioning :\i the Pile, 
. 

Bat Iab, etc. are prascntly t,$ng Amcricun Air Filter Co., Air Mat mtcrial.: 

Of courscJ the greatest air cleaning operation ht Erookdmvcn is in connection 

with the cooling air at the Pile. To cut dowu on prticulatcs entering the pile 

via the cooling air, two banks of deep pocket FC-25 and FG-50 filters are provided 

for precleaning. Each bunk has 4356 sq. ft. of effective surface, to handle a 
. 

design load of U+O,OOO cfm, which results in a face velocity of 32 ft/min. This 

face velocity give s an initial resistance of 1 inch of water. The efficiency of 
. 

these filters is widely knoxrll. 
. 

The exit air from the Pile contains on>y those p&clcs passed by the 

intake filters, undoubtedly a small amount of graphite dust and other impurities 
, 

. 

picked up by the scrubbing action of the air stream, and an amount of radioactive 

argon gas. This air is pulled along through two ducts, 10 ft. by J.4 ft. each, 

by as many as five 1500 H.P. fans. The exit filters are made of glass fiber 

cloth known by the trade name &asteu," mtinufactured by the Dollinger Corp. They 

were selected mainly because of low resistance and their ability'to withstand 

temperature's to 500° F. The cloth was chosen because of the possibility of bonded . . 

&terials failing under prolonged high tmperatures ancl causing voids. The filtcr- 
. 

ing efficiency is not high a s compared to the intake filters. They are of the deep 

socket type, 10 ft. high, 4 ft, wide and 4" thick.. Each ~ncl weighs 450 lbs. in 

its frame, and there are 32.panels in each duct to satisfy 

hour at 3470 F. 

750,000 lbs. of air per 

After leaving the effluent filters, the air is passed through a heat exchanger 

and then d&charged from a stack about 321) feet high. The dilution of the atm,,sphcre 

1s sufficient to hnndlc the activated argon whose half-life is only 110 minutes. 

knitoring st;\tionn in the area have shown thxt thcro hrls bmn no sign2ficant rise 

in h&ground due to Brookhavcn opcrtitions. 
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Since tJ)o .x.lin concern is the prcvcntion of r:~dto.xctivity from getting 

into the cnviron'nont, it sce:x appropriate to &xcribo briefly certain safetg 
. 

dcviccs thnt have boon instilled to show up any possible equipment fiilurcs. 

Loss hazardous conditions such as excekr;ive stick cir octtvj.f,y, 10~3 of &ttery- 

.c!i3rging current, etc. actuates an alarmand an annunciator drop which shads the 

cause of t!lc alarm at the control p-d. 

Beti-gamma monitors are instillled at various points in the i)ile building .' 

to nonitor for external radiation from possible shield leaks or from high-level 1 

contzmination. The readings are recorded by an 8-point recorder which gives 

an alarm above a certain radiation level. . 

AL each duct, between the Pile and the exit air fi.lt.er,.a sample of the 

cooling air is drawn through a filter by a pump and then returned to one of the .a 

ducts. The filter is situated in an ionizati'on chamberSwhich is connected to a . 

sensitive d.c. amplifier. The activities on the filter are recorded locally by . 

a 2-point recorder, as well as remotely in the control room. Excessive activity 
, 

activates the alarm system. 

hmediately in front of the exit air filters are openings into the ducts. - . 

Long steel rods, with oily adsorbent material attached & the end, are extended 

through these openings into the air stream. The adsorbing material tends to 

collect p&ticulate nxterial. Periodically, thcsc' probes are removed and checked 

by soxe typo of survey instrument. Thij gives-an cstimata of possible particulate 

cont3nination. 

.Tho final stack air is monitored for argon gctivity. A portion of tho effluent 

flows continuously fron a tap on tho discharge duct, through a large ionization 

chamber (ICanno air chamber) and bxk int,:, the suction duct. The chamber is _ 

. . 
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cOnnCCtOd to a sonsitivo d.c. nmplificr whose output i:, recvrdcd both locn& 

in the fan iouso and in the control room.’ Exccs3ivc argon'or prticulntC3 . 

aCtUlto tho alarm sy3tom. 

Air =mPlCs are k&on continuowiy in those placc~ whcrc air conwninntion,‘ 
. 

is possible. !ticnsvor 0-c ti.ays show airborne contamination to bo above the r~~xlnuq' 

parmissiblo nllowable, tho workor is rcquircd to wear respiratory oq*uipmcnt that : 

will reduce the brsathing hazard to complete sa?ety. 
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By J. R. Clark, Du Pant 

DESICM RIILCSOPiiY 

The Savanxah River Plant design has had tho bonefit of tho . 

oonsidcrable oxpericnco in air cleaning probloms which has bcon accumulated 

at other AX sites. The intent has been to profit by tho dovelopzlents which 

havo successfully withstood the test of time at other installations, to avoid 
. 

past difficultio s which have arisen when possible, and to adapt ne-x develop- 

ments to special or conventional problcms,whore no new risk.is assumed in so 

doing. The basic design philosophy has three main points: 

(1) All air streams containing radioactive particulates are cleaned - 

ue do'not depend upon dilution. 

(2) Contamination is confined to the smallest possible area. There- 

fore we have adoptod individual venting of the process vessels 
i 

in conjunction with area venting in the flhotlf areas. 

(3) Considerable attontion has been given to protecting outside 

areas from the release of radioactive contaLnation, by fires 

. and spills, even xhcrc these occurrences may be oxtrcmely 
, 

unlzikely. 
. . 

. 
The cliapxn shows schematically tho air cle&.ing systems in a 

prcccss arca which for convoniencc is hcrc divided into sub-‘areas. Five 

difforcnt types 0 f sub-areas are cquippod with individual air cleaning systems 

which include four difforent typos of high-efficiency filters. The vbntilation 

air stream from oath of those sub-arcas is pulled through a filtration systc;;i. 

by blouors, and all exhaust to a common stack 200 fcot in height. 
, 
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Tno fan holzo is cquippcd with morgcncy dicscl-clcctric 
. 

goncratin: cquipxcnt for use in cast of failure of the primary source of 

power. Sparo cquipmcnt is provided to insure continuity of operation of 

the blorzrs. A minimum suction lovcl is set for oath of the process sub- 

rarcas shown. In the cvcnt that tho suction falls below this set-point, 
. * 

indicating failure of a blower, an alarm is sounded, and a spare blower starts 

automatically. 

The stack iS of corrosion resistant construction. It is equipped 

with a stainless steel pan at the bottom for collection of condensate, 

which is transferred to the high activity waste system. Two samplers are 

. provided in the stack, one at the level of 50 feet, and the second at 196 

feet. . These are designed to sample the gasos satisfactorily either for 

particulate matter or chemical content. 

Sub-area 1 on the diagram is the central area occupied by 

personnel. It is unlikely that the ventilation system in this area will 

ever become significantly contaminated with radioactive materials. It is 

equipped witn filter units on the exit end in order to confine any such 

contmination within the building. The filter medium is C%S Type 6 paper. 
. 

Each filter unit is divided into three compartments which can be individually 

isolated by remote control for maintenance. 
. 

Sub-area 2 as shown on the chart consists of the inside 

process vessel:: containing appreciable amounts of radioactive materials. 

The ventilation air from these vc ssels is filtered through assc-rbled mats 
. 

of *%.brcglas*~ packed into stainless steel drums which can bo conveniently 

replaced as a'unit. 
e 

. 
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-The filter packing in the direction of air flow is as follows: 

Ty$e Density pcpth 

1st Layor 115 1; .75 12 in.. 
. 

. - 2nd '1 : 115 K 1.S 18 in. 

3rd 11 115 K ;.o 12 in. 

bth t~ 55 Ps 3.0 ll-3/4 in. 

5th t~ PF105;M 1.2 l-l/4 in. 

Total pressure drop through the filter at 30 ft. per 

min. is 5.8 in. of water. Over-all efficiency is 

99.99G. 

The blohors on this system are equipped with butterfly dampers 

on both inlet and outlot side. These dampers are electrically operated 

to open and close as the blohers start and stop. 

Sub-area 3 consists of process vessels having a low* content of 

activity. The vent air from this system is heated to lsO°F before filtering 

to prevent condensation in the filters. The filters are of the same 

replaceable drum &brzglas~t type as used in Sub-area ; on the diagram. 

Sub-area 4 on the chart includes ventilation of mechanical 

'cabinets enclosing process equipment. The individual streams of air in 

this system are filtered through small fire-proof ltFibreglasrl base filters. ' . 

This'wmld prevent release of activity to the stack in the event of fire. 
I 
! Sub-area 5 has tine largest ventilation flow, accounting for 

. 
about 60 per cent of the total stack gas. This stream is filterod'through 

a deep hod sand filter which is modeled after the Hanford units. The - 

air from the vontilation system enters .thc botLom of tho filter 

._ . . . , . _, - 

\iB *’ 
. 

. * .:, ..,,. :‘. ;__ ‘. _ _* 7. :., ‘..J :.__*. _ . 



WASH -170 . I 159 . 

through a distribution system made up of cl‘ay tilts. The sand size dccrcsscs 

going upw,ard through th; bed. Above the main laycr tho filter contains twa 

"hold-down" layers totalling 12 inches to prcvcnt mounding. Efficiency of 

the 7 ft. sand filter is about 99.7$. The filter is cquippcd with an 
. 

automatic deu point rocordcr operating on the Sascs cntcring the filter. 

Provisions have *been made for sampling the entering and exit air continuously. 

Air from these points is draxn through filter paper contained in a sample 

unit which is part of the plant HealtIn Physics monitoring system. The . I 
building design include: shielding to protect personnel while carrying out 

their normal assi&ments. 
*.. ._ _ 

A stack gas tispcysion study was made of the Savannah River 

Plant area by the Du Po'nt Engineerilx Department; The purpose of this study 

was to determine (1) the ground level concentrations of stack gas contaminants 

under various conditions, (2) the geometrical shape of the ground level 

4 
dispersion pattern downwind, and (3)'the relationship between short-time 

peak concentrations and the average concentrations at dow&ind points. 

Tne study also included weather conditions such as dry bulb and wet bulb 
* 

temperature variations, frequency and duration of i'nversion conditions, and 

'frequency and duration of rains* As a result of the study, working charts were 

. developed for rapid computation of ground level concentration for various 

conditions. It was found that stable inversions are usualp/ less than 300 

; feet thick at the Savannah River Plant site. A no-d diffusion equation was 

developed for the Savannah River,Plant area based.on the data obtained in 

the study. This is a modified fo?m of the Dosanquct-Pearson Equation. 

. 

The Health Piiysics section at the plant has a rather comprehensive 

air sampling program for the plant builciin~s and the outdoor plant areas 

. 



as part of its ragular !IF s~vcy wrk. Some of the buildings arc oquippcd 
. . 

itith vacuum lines osclusivcly for ai~ srrIlpling purposes. These arc dcsicncd 

for a 10 cfm sampEn& rate 8-e d..a:ni~ a 50:; use factor for the multiple 

saqplin:: point s in'cxh carca. Other buildings are sampled with modified . 
. 

houschold.vacuun cleaners. The scvrlpling paper used in each case is a ' 

till x 81' rectangular sheet of GS Type 6. At a saqpliny, rate of 10 cfm 

a minimum saxplc of 300 cf is monitored, usiq a mini.mum smplhg period 

of a half hour. Air samplers are counted routinely for a, g3, and y 

activity. 

. 
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AIR 11ANDLING i'i\CILIKlXS 

at tho . 

By R. W. Fiohcw, boo 

The Ames Laboratory installation is primarily concerned kth two 

.types of air handling: (1) a gcncral type for supplying fresh air to the 

buildings proper and (2) special filtering centers for handling contaminated 

air from the various process areas. : 

SECTION 1 - General Air Supply for the Research Building 

- The air hnndling system in this building has recently been increased 

to handle 60,000 cfm fresh air at -20'3. The system was originally designed 

for 80% recycle of laboratory air to cut down on heating and air condition- 

ing load. However, due to the number of‘hoods which are in operation 
. 

. throughout the building, it was necessary to increase our fresh air supply 

from 20,000 cfm to 60,000 cfm. The total air handling capacity is approxi- . 

matcly 100,000 cfm. 

The.fresh and/or the recycled air is first passed through an oil-treated 
. 

Farr filter, then through a bank of electrostatic filters and finally 

. through carbon canisters which remove odors and other materials passing 

through the electrostatic filters. These carbon canisters RT~ loaded 

with coconut-shell charcoal and have a life of approximately two years. I&2 

have found from operating experiences that these canisters must be given a 

protective coating to prevent corrosion. The estimated operating cost is 

.approximatcly five cents per cfm per year. We believe that this cost is more 

than justified since it does permit the recycling of 

normally would not be permitted, resulting in'a much 

for steam in winter and chilled water in summer. 

laboratory air which 

lower operating cost both 
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The air, after passing through) the ciirbon cnnistcrs, goes across the 
. 

heatin:: or cooling coils, then through spr,ay chambers which serve to cool 

or humidify, depending upon the requirements of the moment. The system . 

is then divided into tuo zones with individual reheat coils at the duct 

. entrances. In addition, each of these zones is sub-divided into a number 

of branch zones with additional reheat coils to permit balancing the 

system and altering temperatures for various areas. The building is kept 

under a positive pressure of approximately .02 to 0.1 inch of water by use 

of venturi dampers in the exhaust system. 

SECTION 2 - Hot Canyon Air Handlinr. System 

This section of the Research Building is not air conditioned since 

the amount of air handled is too great to justify the cost. One hundred 

per cent of the air is discharged out of the stack. 15,000 cfm of air is . . 

,brought in through a pre-filter consisting of a bank of Farr filters, then 

through a bank of deep-pocket FG-25 fiber glass filters. The-air enters 

the Canypn through a perforated ceiling. All of the air is exhausted - 

through the stainless steel cave and other dry box systems. This exhaust 
l 

air is filtered through a bank of FG-25 deep-pocket filters, then through 

a bank of FG-50 deep-?ocket filters and finally through a bank of WS 

high-efficiency filters. The exhaust system consists of welded metal 

ductwork located outside the building prop& extending up to the roof 

where it is discharged straight up into the atmosphere. The exhaust fan 

-is powered by a two-speed, high-head blower, enabli.np, the system to operate 

at the lower' speed during shut-down times and in evcnincs when no work is 

being carried on. This mai.ntaj.ns a negative pressure in the work area at - 
. 

fi times PreVCnting baCk-COntnnlination. 



1 

WASII-170 . . J-67 

In addition to the two-speed blower, an nuxiliary,.hiCh-head, 6,000 

cfm blower is installed in the line which serves as a safety factor in case 
/ 

the large motor should fail. >Xth the above set-rip it is possible for us 

to selectively discharge 6,000 cfm, 12,000 cfm, or 17,000 cfm depending. 
-._. 

on the needs of the moment. All of the Canyon exhaust qrstern is further 

protected by an auxiliary power supply which cuts in automatically within 
. 

four seconds in case of a power failure. 

Monitoring devices have been placed in the filter system to enable 

us to check the activity of the filters and to remove them before the 

activity reaches a dczngerous level. In case of an emergency, light 

weight diving suits have been provided to enable operating personnel to 

enter the filter chamber'and remove highly active 'filters. 

. In addition to the gross air handling facilities, the air for each 

of the individual operations including glove boxes, etc., is prefiltered 

by a small CXS type filter before being discharged into the general 

system. 3y this 

, years before any 

In addition, the 

method the general filter should run for a number of 

maintenance and filter replacements till be required. . 

activity will be confined to a relat"lve3y small volume, 

aiding in the disposal. 

SECT103 3 - Thorium Production _ 

Approximately one year ago, the thorium producti.on activity at the 

Ames Laboratory was shut down as a result of a survey which showed the 

dust levels to be abnormally high. ,ks.a result of this survey all of 

the process equipment wa s redesigned with a view toward reducing these 

levels to the tolerances prescribed,' c 

- . -. ., 
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In the oxalatc prcsipitntjon step, the unloading of the thorium nitrate . 

tatrahydrate is done by a closed system using n spccia,l hood which reduces 

the dust level in this area below tolerances. The area where the oxalic 

acid had been handled was completely hooded by a closed, plexiglass,hood, 

-A vent line terminating in a canopy was run to the rotary filter to pick 

up whatever dust might be gcneratcd from the damp filter cake. 'ihe hood, 

which is used to handle the wet and dry oxalate, was revamped by the 

addition of a pivoting plexiglass front, reducing the open area and thereby- 

increasing the face velocity of the hood. A curb was placed on the front 

. edge of the loading table to prevent pok?der from spilling onto the floor. 

As a further means of reducing dusting to the atmosphere, an enclosed, 

grinder was installed in the hood through the work table surface, discharging 

into a sealed container below. 

The rotary calciner was equipped with a vented hopper permitting drums 
; 

of dry oxnlate'to be discharged into it with no leakage into the room. 
I 

The discharge side was completely sealed by use of a pneumatic lift, per- 

mitting the oxide to go directly into a stainless steei drum in a closed system. 

The off-gases of this process (approximately 70 cfmj at ssO°C are 

filtered by mezns of a venturi scrubber utilizing a steam jet, and, thence, 

into the stainless steel cyclone separator. These hot gases are then 

additionally filtered through a heat-resistant, hi.gh-efficiency filter which 

is periodically cleaned and replaced. The efficiencies of the above system 

are as follows: 

Cyclone separator alone gives a?pro&ately fiC$ tifficiency by,weight. 

The addition of the steam spray and venturi scrubber brought the 

efficiency up to approximately 95% by weight, 

. . . 
. 1 : 
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The IIF furnace is a new type not previously used at the time of t,hc 

shut down. This continous ' furnace is loaded by moans of a hopper siniilnr 

to that used for the calcincr and is dischnrgcd by nlcnns of an auger to 

a vented, five-gallon container. The off-gasc s, containing hot, wet HF, 

. thorium o+a, and thorium fluoride, arc passed through an inconel cyclone 

separator <and then through a carbon filter with automatic plow-down feature. 

This system works quite well but requires considerable maintenance of the 

carbon filter. The 3I'r' is than condensed in a spray chamber and the acid 

solution is automatically neutralized with a sodium carbonate solution 

by means of a i3eckmcu? dipping electrode located on the discharge side. 

The effluent from this chxzbcr is then discharged into the sanitary sewer 

system. 

In addition to the above-mentioned equipment, all of the tiing and 

loading equi?nent used in the reduction step were given additional hoods 

which discharged first to a cyclone separator and then into a Type N 

. 
. 

roto-clone before being discharged outside the building. Air' samples, 

which are taken periodically, show our dust levels to be low enough so as 

to present no problem to the surrounding areas. Ye feel that the process , 

area, as a whole, was improved up to a point that the Ames Laboratory 

thorium operation could be very ~~11 carried out in a thickly populated 

.community. 

It is realized that improvements collld bc made to the above-mentioned 
*. . 

equipment. However, since this was a crash program of a limited duration, 

'it was felt that firthcr work would'be unnecessary and uneconomical. 

-. 
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SITE AND COKTRACPOH ACTIVITIk3 AND PilC!CRAk!S 
U. C. RADIATION LAUOIXTCRY 

,By M. D. Thaxtor, UCRL 

The'l'adiaticn Laboratory handles I should guess over 99% of its isotopo curios . 

in erkeley boxes. Cur air cleaning problems are so intimately connected with this . . 

concept that it would perhaps be helpful to show a few slides about boxes. 

SLIDE 1 Observe in the middle a simple box shall. It is mounted on a so-called 

-dolly with casters. Various kinds of equipment may be added to suit the Job. Left 

and right are shown boxes equipped for fairly high levels of routine alpha work. On 

top notice filters in series terminated in a blower. The blower may discharge to a 

nearby hood or to manifolds constructed for the purpose. In passira, note each box 

is a complete laboratory. 

SLIDE 2 Shows a closer view of a simple box. Note air inlet tubes at left and right 

lower corners. They distribute air which comes in the rear of the box via 1.3 micron 

fiberglass media, Observe the glass fume hood for close capture of airborne material 

during evaporating, fming, grinding, etc. 
, 

SLIDE 3 Shows a box in a hood. Our hoods have two purposes (1) Stink chemist-~ with 

or tithout tracer work (2) sscondarjr onclosures for "hot" boxes. 

SLIDE 4 Sho;;in& two bcxcs hooked together for linear operations in this case housinG 
l 

(1) preparation area and (2) DC sparking area for 3pcctroSraphic work. The spark is 

lit within a quartz tube; the resultant aerosol is flushed thru a 1st sampler, two CXS 

6 filters, a final sarnplor, thence to another WS 6 with general box air and out the 

sta'ck. L!e have never had an airborne alpha contamination in the room although some of 

the 'sparked sam$cs contained more than lOlo counts wr minute. During the trial periods 

we captured the exhaust in evacuated tanks but never found any counts, - henca the stack. 

SLIDZ 5 Showing how any room can be a multipurpose lab; four boxes exhausted via a 

common manifold. We've had nine boxes in one room. 

SLIIIZ 6 b'hen Car;~nsn &a involvud, WC wheel a lead shield up, rcplaco gloves with 

manipulators, add lead .&se windows and continue. No chnngo in ventilation rcqulrczcnts. 



SLIDE 7 A shioldod box for simple work. t 

SLIDE 8 A shielded box for a co~i~>lCX chemical ooquonco. The control pnnol hnndlcs 

oloctricol equiplwnt insido. 

SLIDE 9 Shown nro sorno of tho complex &oar: hot and cold baths, rongents on a rotat- 

. ing rack; manipulator, pipettors and sampler in front, 

SLIDE 10 A recently usod shicldod box with equipment in place. 

SLlDZ 11 . A scquenco of boxes for handling pilo slugs: cutting, unloading, dissolving, 

complete chemistry, column separation and purification. Exhaust capacity about 30 CM. 

A recant count showed we have put 266 boxes of all sorts to use; 135 of those are cur- 

rcntly at work. The average exhaust rate each is possibly 10 WM. Our air cleaning 

volume then for lrhotrl work is 1350 CFM. Wo hnve over 100 hoods handling either no activ- 

i!y or tracer and short half life stuff; they averago about 1090 CFH oath; a total of 

. lOC,OCO CFN for the project. We don't clean this air. h'o think we can make a good case 

on ventilation alone for saving lrslny thousands of dollars in not employing large C%'S 6 

. 
filters and the costly goar: blotiers, plenums, etc., needed by them In contaminated 

room-hood type operations, The hiddon savings in manpower hours by not requiring special 

clothing, respirators, etc. is an incidental and valuable benefit difXicult to assess 

,CO6t-h‘iSC. Our associated waste disposal problems aro reduced bulkwise becouso our 

little 8"'~ 8" filters operate on rigorously preclcancd air and some have lasted more 
. l 

than 3 years as a conscquenco. This all sounds rosy. But the future is getting cloudy 

in the aircleaning field as we see it. Where we wad to deal with microcuries we are 

with increasing frequency handling curio and lcrgw Txntitics in a box. The usual air 

cleaning train onding with a 015 type filter is npt always enough. A few counts are 

com3.n.g thru. Someone has to invent a hotter air cleaner; 99.96 $ is not good enough 

for materials requiriw confinement to the 10th decimal point of 9'3. Wo are making 

a few advances In trying to provent aerbsolization at tha operating point but this is 
I 

difficult because some processes just can't be avoided or tinkered with. The uso of 

ion axchango resino in a blessing in this direction removing as it does in many cases 

the requirement for extcnoiva heavy chenclotry and its conconmitant ncroiol formation 
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and dispcrnion. 

@no of our continuing problcmu regarding air cleaning is mainly psychological. 

Craduato chomiatc cone to us with a long training behind thorn dealing with non- 

radlonctiva mntoriala. Thor are usod to bench and hood work and tho total ancJ.os- 
. 

ure or box Idea is at first felt to hampor them. Conversion takes dayo for aomc, 

months for *others. Occasionally, a convert is mndo dramatically as in the cast of 

a gross spill on D bench top rondoring months of work invalid in a lab now uninhabit- 

able. Spills in boxos rolativoly speaking aro easy to handle: we give the che,mist 

a new box (somotinao in a matter of minutes) and ho continues his work in the same 

fzoos whore he eats his lunch, Bmolcoo and writes his reports. And the contaminated 

ductwork and filters aro a part of the romovod box, not a part of the building. 

In the slides, I showed a more or less standard basic box unit. Some applications 

demand special shapes. For instance in handling tritim we house an entire vacuum 

rack of glass apparatus in a box about 50 cubic feet in volume. Wo havo oncloscd 

sputtering dovicoo, sots1 production units, mass spectrograph units and a host of 

othor special oquipmcnt in odd cizcd onclosurcs,, Ventilation-wise each supplies the 

sama virtuea: small air ~olumca, pre-cleaned operating air, a positive barrier botwoen 
, 

operaton and contaminated air, small air cleaning equipment, readiness of disposal, 

small invostmont. It is true this concept seems suitable only to research lab zcala 

uork. Ws aro rcaliotic in not claim5.r~ to be able to box up*an operating pile or 
. 

separations plant. Yet it is interesting to find at times ono of our chemists working 

in a box.with quantitiao of materials which at somo othor sito would be called produc- 

tion quantities, curio-wise. Wo don't place blind faith in any equipment, including 

boxco. Wo collect over loo0 air samples per month, analyzing for alpha.and beta-gamma 

contamination. Wo have never had a beta-gamma contamination exccoding 10% of the daily 

cum permissible exposure,, Our alph;i contamination has crept up in the last four 

years so that we now find about two samplks a month reaching the level permittod for 

everyday exposure. This is dioturbing even whon one realicoo tho curios of matorinl 

handled today io at Last lCO,GGO times wbt it was in 191+9. 

_.. -.- . , 



Part of the cause lic3 in pure nrithmctic: uhero a 0.01s loss was undetectable in 1949, 

. 

today it is detectable. i'art is due to higher si‘ccjfic actjvities of the isotopes baiti 

hand1 cd. Thoy soem to bchsvo differently, 

Up to this point my rcunarks have been emphasizing our air clsaniw problems as rcCards 

keeping the nctivity confined to the operating volu11710 of the enclosure. We.should also - 

rocognizo the impact of what & the operatin,: enclosure from the outside. since 

the results .of much research work are based on a final sample wherein perhaps a few 

counts per hour may be the basic data it is apparent that cross contamination can bc 

dictatix the validity of much research endeavor. Thus non-contaminated supply air is 

essential; this demands an air cleaning program of zood efficiency. Cur boxes have 

enjoyed this all along, as mentioned. There is a throat however. As contaminants 

- .' increase in quantity the requirements must be bccfcd up. As atmospheric background 

goes up due to Uncle Jocls shots we can possibly forecast tha need for supplying cleaned 

air to countbg devices not normally so supplied. Recently we collected atmospheric 

contaminants bloking in off the Pacific containing 0.2 counts bota-ganzna per hour in a . 

500 cc ~olumo with an apparent half life of 19,days. This is a substantially greater 

quantity than previously follnd at Berkeley. The trend has been rapidly up in the last , 

2l., months. h’het the next few years till bring I cannot estimate. These remarks per- 

tain of co&so to purely technical problems, not health hazards. These latest air . 

pollution values are still 1/150th the health hazard level. l , . 

To summarize, wo can report from the Radiation Laboratory: 

A. AY to tho past: . . 

1. Our stack gas air cloani.nC program has worked pretty well. We handle about 
. ' 

1350 CFH of air at good cleani% efficiency, at minimum cost in investment and mainte- 

nancc. 

2. Our supply air cleaning program iikwise has boen technically adequate. 
1 

.B. * Regarding the future: 

1. Roccnt and probable future increases in specific activity and quantities of 
I 

research m"xterial handled sucgost the nocd for Croatly increased off-@a air cleaning 

.,. . . . . 
. . . 

- . . _ . . . . . . . . . . * . ._ ' 
, I., '. . . . . . I 
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officicncy beyond thnt obtninciblc from traditions1 dcvicco ondin& In CWS 6*typo filtoro. _e 

2. Cleaned supply air may bo roquircd in certain rascarch dcvicos and aroaD not 

now needing it bocnuso of incroasos in radioactiva ntmosphoric pollutants raoulting 

. from detonations of foreign and dornostic nuclonr dOViC0G. 
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AIR CWING pnOGRA31 AT TRE LIVERXORE RESENICR LABORATORY 
By G. T. Saundore, CR&D 

.To a@preciato the air cleaning program at the Liver-more Roooarc!l Laboratory 
operated by the California Roooarch S; Development Company, it 13 nocomary to 
place ournolveo googrnp!~ically, motoorologically and problem wioo. 

Liver-more, California is located approximately 45 miloo east and south of 
San Francisco, at the caotern end of the Livermoro Valloy. The outline of tho 
valley itoclf i6 roughly an onlongatod oval - or football shape - with the long 
axis on the east woot line, and it is relatively omallbeing home 13 miles.long 
and nix miles wide. Tho Burrounding hill structure averages BONO 1700 feet with 
a small opening in the Routhwoot cornor. So that the valley, whon vicwod from 
ab eve , rasomblos a IarGo bowl with a flat bottom. Figure I. 

The region is wholly an agricultural area: the lar@st crop being wine 
Craps, and secona;Y cattle raicing. 

The moterological conditiono can best be stated, aa extracted from a Dnitod 
Statea Wcathcr Bureau report on thio area as prepared by Paul Ibqh,rey of the 
Arc0 Idaho Office. 

"The expected meteorological condition8 at the Liver-more, California Site 
are, from a practical viewpoint, entirely favorable a8 far a8 the moro familiar 
climatic elementf3 are concerned. Surface tamperaturoo, winds, and mixfell c-e 
of comparatively little concern when considering construction projlemo or the 
comfort of peroonncl. Primarily, meteorology must be conoidcred because of the 
effocto of atmoophorlc condition0 upon harmful effluent which,might be relecscd 
from stacks during variouc operations. In that reopect, coneidering the fact . 
that the Liver-more Site is in a bowl-shaped valley eurrounded by an important 
agricultural araa and a si@.ficcmt population, the meteorological conditions 
are Leon favorable. IIQh otacka alone, such a8 are used at 8oma other sites, 
would not be practical a8 a method for the oliminatiori of hermf'ul concentration6 
of effluente. Such ctacks would leasen pound contam&ation on the site itself, 
but would not oignificantly reduca average gro-and concentrationo within the 
Liver-more Valley. It appoaro that safe routine operations a~ far aB stack ef- 
fluents are concornoh ohould ba brougn ‘t about by proprly engineorcd devlccs for 

cleaning off-ga8ea rather than by consideration of meteorolo@.cal conditions.' 
The atmospharic conditions present three basic pointo: (1) Prevailing Sil 

wind during summer days. (2) Prevailing h X wind during winter tiys. (3) Stable 
(calm) conditiono at laaat tan percent of the nighto, and some four porcont of 
the dayo during; the winter oontho. 

Yroblom-wine: At the roqueot of tho Atomic Energy Commi88ion, the Standard 
Oil Company of California formed the California Research EC Dovolopnent Company, 
some three yoaro ago, to work on the Ml% program. Thio new company prosentod a 

: very fire nituetion from tho health phyoica standpoint, aB the enginoors wore 
vary receptive to ouaaationo and ideas. Fow, if any, were bound by any prodo- 
torminod concoptu of radiation control, etc. Ao a practical rooult, the health 
phyoico otaff was ablo to inotituto it8 own predotorminod concept6 of radiation 
control. 
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Tho aooignod $robiomo to tho co;opuny woro principally baoic rouoccch, and 
aa ouch necoooitatod chomiot'ry and phyoico laboratory opaco: motallurgicul toot 
cello, procooo colla, etc. 

Thuo, to the onginooro wo gave tho following baeo-linoo wo wanted to follow: 
1. All potentially contaminated air will bo: 

a C10a.Il0d 
j 

. 

b Sampled 
2. All duct work will bo: 

a) Readily acccsoable 
b) Easily replacoablo 

3. All filtoro-assemblies will 
a) Dave pro-filtoro 
b) Be accessible for ease of c-e 
c) Bavo a simple indicating device for loading effect. 

To a great extent w ouccoodod -and our active air cleaning program is es- 
sentially this: 

"All potentially contaminated air is filtered aa close to Its source as is 
practicable: this air is then sampled as it is diochargod to atmosphere." 

"The gonoral atmoopheric contamination is checked by constant air sampling 
in ald around the ontiro LiVOXlCre Valley." 

To accomplish this, we have otandardized, in general, our unit5 to certain 
filtering oquipmcnt and procedurao. The fume hood8, for cx,emple, are all 
equipped with 2' x 2' x 2" fiborglaos prcfilter5 and 2' x 2' x 5-7/8” CWS #6 
equiv. back-up filters. Gloved-boxes have "thaxtor" PFlO> prefilters and 8’ x 
8" x 2-7/S” CtlS #6 equiv. final filtero. Figure III, The glove box manifolds 
(each having a capacity for 32 boxeo) are equipped with an additional back-up, 
or insurance filter (CWS j/G equiv.). The filters are either incorporated into 
plywood throwaways or ara top loading for ease of change. The only filter unite 
not at shoulder level (or lower) are the gloved box j.nsura.nce filtere; however, 
the anticipated rate of change for these units ia once every four year5. 

The effluent air i5 sampled in each duct run, tho 5amplcs being 50 arranged 
that any detectable activity can be in turn traced to it5 source, For thia pur- 
pope, we u5e a 55mpler that io lnjoctcd into the duct stream and operated in the 
Isokinetic Region of flow. Figure IV. . 

The laboratory room al.r is sampled by use of "Filter Queen" type vacuum 
cleaners and we extract the air throu& a j-3./2" diameter disc of EN-70 paper. 
The 3-l/2" diameter wa5 chosen to meet the maximum oized ocintillation counter 
that wee constructed at the time our prosam was inltintod. Figure V. 

The valley air Is sampled at various point5 throughout tho countryside and 
for this purpooe, we have u5ed a "mote-air" unit nnd again, we have used tho 
3-l/2" diameter discs. Figure VI. Theoe units operate continuou5ly and the 
papers are chsnged once oath week. In addition to a radio-count of the papero, 
for both alpha and beta-&cl??, we &LL~ a radioautopaph of the papere. We actu- 
ally find that tho particle count I.6 a much more oenoitive device than the 
counting procedures. 

To oummrizo our pro&ram for air cioanjng which is really a four point plan, 
we can lrccp with tho modern trend and call it operation '%o5t". * 

1. Test new cquipmcnt 
2.. Educate englnccro 
3. Sample offluont Laboratory air 

. 

4. Tako continuouo onvlrono backgrounds 
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hSE'I%OlIOLOGICAL AX'LSCTS Ol? AU CLEANING 
t . 

. . 

By I'. A. Ihqhroy and X. M. WiUdwx, US\,'B, 100 
. 

.AlthouSh there arc many topics which ohould bc mentioned while 

considering meteorological aspects of air cleaning, this opportunity is 

is boing used to review the cffccts of vertical tcmpcrature gradient on 

stack gas behavior and to show some photogrnphs from the National Reactor 

Testing Station illustrating typical conditions. 

. The appearance of stack effluent plumes is regulated largely by the 

configuration of the vertical gradient of air density, or temperature. 

With respect to a high stack on nearby level terrain there are five 

different configurations of the vertical. temperature gradient that occur, 

-and these usually have a diurnal cycle. 
.' 

These configurations, along with the expected behavior of an effluent 

plu;nc, Is shOV?I schematically in'Figure 1. 

Looping - occurs with a supcradiabatic (very unstable) temperature lapse 

rate. The stack effluent, if visible, appears to loop because 

of relatively large thermal eddies in the Gind flow. Diffusion 

is rapid, but sporadic puffs having strong concentrations are 

occasionally brought to the ground near the base of the stack. 

. Looping is favored by fair weather with r.elativcly light winds. 

. . 
- occurs with a gradient lying between dry adiabatic and 

isotheml. The effluent stream is shaped like a cone with 

axis horizont?A. The distance from the stack that effluent first 

comes to the ground is grcatcr than tith looping. Kech,anic,al - 

mixir;~ predominates. Although this condition is ideal for 

w&3x-170 
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. 

Fanning - 

. 

c,alculating ground conccntrntions by moans of diffusion . 

equations, it does not often persist cxccpt during cloudy, 

windy wcathcr. During fair wcathcr, it is transitional and is 

most likely to occur only for a brief interval about sunset as 

the strong daytime lapse condition is converted to an inversion. 

occurs with temperature inversion conditions. Such lamitiar flow 

may also occur in a.layer of air that is isothcmlal, depending 

on wind speed and roughness of terrain. The. stack effluent 

diffuses practically not at all'in the vertical, and the effluent 

trail may resemble a meandering river, widening very gradually 

with distance f&n the stack. Depending on the duration of the 

stable period and the wind speed at stack level, the effluent 

may travel for many miles vrith little dilution. With level 

terrain ground concentrations of effluent 'do not occur; however, 

isolated objects which 'extend up 5.nt.o the ~~I.JXE, or hillsides 

.which are encountered, can receive large concentrations even 

though miles away from the stack. . 
. 

Lofting - is usually associated with the transition from lapse to jnvcrsion, 
. -. 

but may persist at times for one to several hours. Occasionally 

. 

. . 

the inversion does not build up to stack l&e1 during an entire 

night due to intcrferencc of winds anti/or cloudiness. The zone 
I 

of stronger effluent concentration, as shown by shadin;, will 

depend on the height of the inversion. It is caused by trkpping 

by the inversion of effluent carried into the stable layer bjr - 

turbulent eddies that penetrate the layer for a short distance. 
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Except \,%cn the top pf the inversion is very near the ground, 

this type may bc considcrzd as thc,most favor'able diffusion 

situation to kc cnc3untcrcd. The invr:don prevents cfflucnt 

from reaching the ground; and at the same tirx the effluent'may 

. be rapidly diluted 31 the lapse 1,ayer above the inversion. 

Fumigating - occurs at the ti;ne that the nocturnal invexion,is being 

I dissipateil by heat from the morning sun. The lalxe layer begins 

. at the ground and works its ilay upliard, rapidly'in suxner, but 

slowly in xi nter. nt sane time the inversion is just above the 

tpp of the stack, :and acting as a lid, forces the effluent stream 

to dilute within the shallox lapse layer near'the ground. iarce 
., 

concentrations are brought to the ground along the entire effluent 

strewn by thel;nal cddics in the lapse layer. Sustnined conccntra- 

tions near the ground will be higher with this situstior, than 
, 

with any other. 

Smoke experixnts were performed by the W&her Gureay usin the 

.250-foot Chctical Plant staclc to detcr;l.dnc the validity of \the associations 

' of plume behavior 16th the temperature gradient configurations just SllOwl. 

Pictures of smoke behavior during so1r.e of those eqxrimcnts are s!loT,rn on 

the slides to follow. . 

Figure2 - Looping concutlon. 0942 ET, April 9, 1952. _ 

Tompratuzo l&2oa r&o was moro than tbroo times the dry . 

adiabatic rato (which is 0.~4GF./100 ft.) in tho lower 

250 foot. 

._ .._.... - . . . . 
. 

.,.. . . 
b_ 
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Fi@~o 3 - Coning conditiono. 1910 KT, /.pril 16, 19'~. 
. 

Lap00 rnto in loyr 250 feat vao ollghtly leoo than the 

dry adiabatic rate. 

. 

Figuro4 - Fanning condition. 0722 MST, April 11, 1952. 

- Pronouncod tompornturo inveroion from tho ourface.to 

somewhere above 500 feet. 

m Figure 5 - Lofting condition. 1945 XST, April 16, 1952. 

Inversion, surface to 200 foot, with lapse above 200 feet, 

Figure 6~ - Fumigating condition, 0746 MT, April 11, 1952. 

. Lap60 layer has worked up just to the '250-foot level. Note 

that ohdies in the lap@ layer have begm to penetrato the 

. 

smoke-bearing layer, QB evidenced by strewnera extending 

downward from the cow&rated plume. 

Figure 6B - Fumigation (continued). 0748 NST. The &rot 

*streamer reached the ground about 10 stack lengths from 

the hack about 

Inversiqn baaed 

.-. 

ttro tinutes after streamers b'cgan to decend. 

&bout 300 feot. . 

Figure 6C - Fumigation (continued). 0802 MT. By thi8 
. 

time strong smoke concentration8 appeared 0; the ground 
. 

along almost the entim vioible length of the plume. KOiXl 

that 'TAti concoutrated smoke .l&yer aloft that was vioible 

in Figwoo 4, 6A and 6B io no lonO,or vioiblo. The entire ' 

plaza aypaaro to have been mixed downward. Inveroion 

bosod aiiout 380 foot. 
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It WIG montionod oar:ior that thu typo of tomporatul-a gradient uou,dJy 

bavo a diuxnnl cycle. Thio io llluotratod by f&uro 7 which givoo ploto of 

tomporcrturo sounding0 on a clenr day. Noto that tho *iEating condition 

(for Q 2>0-foot stack) wao proaont at 0900 EST. By 1100 EST the invcroion 

had dimi.pted, and 1oopFng~ondItiono prevailed until tho invereion bo&n 
. 

to form in tho evening. Lofting conditions wxo premnt at 1830 and 2000 

Y&T, and fanniug conditiono,at 0200 through 0700 ET th? following morning. 
. 
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1 . #-- . 
WIND + 

lK 

(A) STRONG LAPS; CONDITION (LOOPING) 

(B) WEAK LAPSE CONDll-ION (CONING) 

(C) IFJVERSION CONDITION (FANNING) 
~‘SOQ FT. .’ 

w---c, 

. 

(E) LAPSE BELOW, INVERSION ALOFT (FUMIGATING) 

. 

. 

I 

. DASH LINE ~EPI~ESENT~ DRY ADIACATIC RATE: 

Fig. l--Schamtic roprooontation of stack eaa bohnvior under varlouo conditiono 
of' vertical otnbillty. 
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1 . 
FIBROUS AEltOSOL E'ILTERS . 

. -. by 
. c. E. h&.0 . 

Chornical Enginooring Department 
Tho Ohio State Univoroity 

. Columbus 10, Ohio 
. 

: .' 

There are, in general, two basic typco of fibrous filtcro, tho so-called 
II pap l." or thin-bed filters and the deep-bed filters. Tho distinction bctwecn 
the two is primarily ono of philosophy of application. The deep-bed filtcro arc 
designed to be maintenance-frco.with a life corresponding to that of the entire 
installation or process. Onto they become plugged with dust, the entire unit is 
abnndonod. The paper filters, on tho othor hand, are usually dooignod for a 
limited life, to bo replaced or cleaned periodically. They can, however, also bo 
designed on an abandonment basis. 

A discussion of deep-bed filters was presented at the Ames meeting in the .- 
Fall of 1952. These filters can be considered in two basic categories, the gran- 

. ular or sand type8 and the fibrous types. The discussion at that time dealt 
largely with the relative merits of these two tncs from the standpoint of design, 
performance, and cost. It was shown at that time that fibrous units possess a 
considerable economic advantage over sand filters although long-period large- 
scale experience \:a8 relatively meager for the fibrous type whereas the sand fil- 
ters had an extended backlog of successful operation. 

It is the purposo of the present paper to discuss the fundamental performance 
characteristics of fibrous filters. This discussion is essentially a preview of 
recent developments arisiw from regular thesis work at Ohio State University (12). 

BASIC CONCEPTS 

Methods of Expressing Collection Efficiency: trnile 
of's filter is normally expressed as the fraction,q 

the collection-efficiency 
) of: incoming aerosol particle8 

that are collected in the filter, it is often more convenient to express collection 
efficiency in terms of number of transfer units, Nt, where the number of transfer 
units is related to the fractional collection efficiency by 

-Et : 

rl 1-e z 

or 

It should be noted that the term Nt io Identical to the corresponding term used 
in mass tranofor for tho case whore thcro is a negligible vapor pressure of an 
aboorbod zao or vapor from the: liquid phano. It should also be noted that tho 
term Nt is directly rolatod to the docontamination factor, D.F., which has beon 
vidoly uaod in atomic onorgy applications (l), 

WASH-170 205 
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Nt = 2.303 (DA') 
. 

(3) 
. . . 

Tho deposition of aoroaol particlou on body ourfacoo, ouch ao cylinder0 or 
op?lcres, boo been cuotclr~rily oxproaood in tor?uo of a targot officioncy, T/t, 
do.fincd as tl~e ratio of cross sectional area of tho original guo otroam, from 
which particlco of a givon oizo aro rcmovod bocnuao tho particlo'traJoctory ln- 
toruccto the collecting surface, to tho projoctcd aroa of tho collector in tho 
nominal dlroction of flow. . 

For casts where tho fibors are normal to tho direction of fluw, it ie 
eroadily shown that 

‘It = XP,, A NI;/B~ m (4) 

In the derivation of Equation 4, it is assumed that nt isa constant throughout 
the filter and either that the.fractionnl deposition in any one layer of fiber8 
io small or that thero is complotc mixing of the aoroool between layers, The 
first assumption restricts Equation 4 to homogeneous aerosols.' For heterogeneous 
aerosols, hor:evcr, Equation 11 will still express tho performance characteristics 
for any given particle size if it is recognized that the terms Nt and n in Equa- 

_ tion 1 will then represent the performance for that same size. If the fibers are 
not normal to the direction of flow, an additional orientation factor must be 
provided in Equation 4. , 

If means are availabile for evaluation '7t as a function of particle size, 
fiber size, and operating conditions, it is apparent that Nt may be calculated by 
means of Equation 4 and the corresponding values of n or D.F. from Equations 1 
ad 3, respectively. The subsequent discussion will show how 'It .may be evaluated. 

Deposftion $:echsnisms: The deposition of aerosol particles on a body may be 
due to any one ormore of several mechanisms, where, as shown by numerous invcsti- 
gators, (2)(~~)(~)(6)(7)(8)(~)(10)(11),~ the effectiveness of each mechanism is 
measurab1e.i.n terms of the physical and oFrating conditions by a dimensionless 
group, which uillbe termed a separation number, IV,. These are listed below: 

Deposition Mechanism 

Flow-lino (or Direct) 
Interception 

Inertial Interception 

Diffusion& Doposition 

' Gravitational Deposition 

Electrostctic De;position 

By C'hargce 

By Induction 

Thormal 

Separation Number 
s 

NBOC =k;lEp -/C( 6 Dp u. 

N eoi = k&o Dp2 (bp -6)/pb2 9, u. 

.N,t E: [k/(2 k + kp)' [(T - Tb)/T]{P/k, P Db & 
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A dotnilcd.conlrldorution will, ohow that targot officioncy is a function of . 
aomo two dozen variabloo. ' 
function of scmo l-1/2 dc 

Dy din~cnnionul anulyoio, 771; may then bo shown to bc a 
rz:on dimcnolonloso groups, which include all of the XT, 

tormo liotcd nbovo in cddition to other groups which moaouro mpdifying influcncca 
on tho flow pattcrn and force ficldn. 

For ointplification, it may bo aooumod that eloctrootatic and thormal cffccts 
are negligible. Tho lnttcr will normally be tho case if no marked tcmporaturo 
gradionts aro prorient. The rnagnitudc'of cloctrootutic effects will be diocusocd 
later. With thotiu nooumptiono it may be shown that 

‘It = +(N,f, Nair N,dr Ns6> NRC, E v> (5) 
Relative to other deposition mechanisms , gravitation&l sottling will normally be 
significant only with acroool. particles larger than about 1 micron diameter and 
with collecting bodies larger than some 100 microns diameter when operated at 
low face velocitice. Gravity settling would bo expoctod to act somewhat indo- 
pendently of the other mechanisms with little intoractivo effect. Conscquentiy, 
for most purposes, this may be treated as a separate additivo affect on target 
efficiency, having a magnitude on the order of Nsg. 

To further simplify Equation 5 we may acsume that the modifying influences 
of NR~ and Cv on flow pattern are negligible. Equation 2 then becomes 

'7t = +1 

or, in alternate form8, 

'It = (1’2 

'It =JI3 

. . (6) 

4 

(N N,,) . ’ , 8fj N,d.' (7) 

(N*fr Nsij Nsc) (8) 
. 

where N BC = %r2/%i Nsd = 18 cl/h pp D, ’ (9) 

The term N,, is analogous to the Schmidt number in mass transfer and 
meanureg the interactive effect of flow-line and inertial interception and dif- 
fusional deposition. It should be noted that N,, involves simply the physical 
propertics of the gas and the aerosol particle, 

In order to be able to prodic-t that tars et efficiency from Equations 6,7 or 
8, it is necessary to kno;; the functional relationship bc-twccn the variables. 
Soveral investigators have attempted to dovelop this'rolntionohip analytically 
for conditions where one or tho other of the ssparating mechanisms is controlling. 
To date, however, no general solution has been devolopcd. 
io that of Davies (2). 

The noarost approach 
The purpooo of tho investigation of Ohio State University 

WOB to develop tho rolatlonship exporimontally. . 

.__ . . _ ___ _ _ _ 
* . . 

.- 

.’ * 
.a, , 

., 

. 
,, - _. . . , . 
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In the experimental invootiGation, a tcot aorooolwno paoood through in- 
dividual pads of fiber mats in sorlos. Collection officlo~~cio~ woro dotoxzinod 
ovor a wido air velocity rango (0.02 to 20 ft,/ooc.) by measuring tho amount of 
aoroool rotainod in'each pad and tho amount passing tho ocriea of pads. 

In order to tnko advantngo of the convonicnco of colorimotric tcchnlquco, 
a dye was sclcctcd for producing the ncronol. Tho tcot aorooolwno prcparod 
from a volatile dye, du Pont "Oil Orange," in a Jargo-scale version of the 
La Nor generator (3). Unlike the La Mcr generator, however, the aerosol was 
formed by quenching the hot dye-vapor-laden air with filtered room air and no 
nucleation was employod. Throughout all the tests, the goncrotor conditions 
were held constant to give a fixed reproducible aerosol as determined by frequent 
checks of filtration officicncy on a given filter-pad arrangement. The size of 

.* .the aerosol particles was determined with jet impactors borrowed from the Univcr- 
elty of Illinois (8). Tho aorosol particles wore relatively uniform but not . 
homoganoous, having a mass median diameter of 0.4 micron and a standard geometric 
deviation of 1.4. It is believed that.tho particles were present in the air 
stream as spherical supercooled droplets of dye, although it is known that they 
crystallize into needles on shock or after a period of 10 to 20 minutes. Con- 
centrations were on the order of 1 to 2 mg. of dye per cu.ft. of air. 

The filter pada consisted of O.l-in. thick layers of glass fiber packed be- 
tween retaining 6creem3. Five,ouch pads were mounted in series in each test. 
Four types of fibers were used at various packing deneities: 

Trade Name Kean Fiber Diameter, 
Fiber No. (Owens-Corning Fiber@3 Corp.) Microns 

, 

F-l Aerocor-PF-Type AA 1.29 
. F-2 Basic 28 . . .7.6 

F-3 Fino Wool 10.7 
F-4 Curly Wool (Type Jl5K) . 29.4 

l 

All test fibers were fired at 400°C. to remove any binder or lubricant. The 
clean-up filters located after the teat pads consisted of two standard Acrocor- 
Pi?-Ty-pe AA rmta in series. The amounts of dye collected on each pad and by tte 
clean-up filters woro determjned by leaching out the dye with benzene and aualyz- 
i.ng the solutions colorlnetrlcally. . 

. 

EXPERIt4EKCAL RESULTS 

FIgurc 1 shows the experirrental results presented in the for4 of a plot of 
transfer units vu. suporficlaJ. air velocity for the various fibers at several 
packing denoitioo. It will be noted that the same type of curve was obtained 
with all the fiborn and packing donoitioo. The high-velocity end roprcoonts the 
region in which lnortlal lntorcoption is tho controlling deposition mochan!.sm. 
As the voJ.oclty lo roducod, inertial doposition boconoo loos cffoctivo and col- 
lection officl6;;lcy (mccr;ured in terms of trraofcr unito) docrcuoos. At volocLtlc~ 
on thu ordor of 1 to 10 ft./not., however, diffuojonnl doposition boccmoo a sf.g- 
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nif lcnnt focior. At lower volocitico, dlffuoion bocomoo tho controlling dopooi- 
tion mcchaniom and collection cfficicncy incrcasos with a further dccroaoo in 
vol.ocity . It will also bo observed that tho curves bccomo flnttor for tho fine 
f  iboro. This reflects the oupcrimpoood offcct of flow-line intcrccption, which 
lo rolntivoJy more pronouncod with the fine fibcro and is indopcndont of gas 
velocity in the n:agJlitudo of its cffoct. 

While tho data are prcscntod directly in F5gure 1, they are of 1ittJ.o 
goncrcl utility in this form. It is ncccooary to gencralizo them in terms of 
fundsmental concoyte. This may be done by using tho data as a means for evaJust- 
*%ng tho oxact nature of the functional relationship implied by Equations 6, 7, 
and8. 

Since the gas propcrtioo and the aerosol particle size were held constant 
throughout this study, the value of the interaction parameter, Nsc, defined by 

. Eouation 9, was constant at a value of 2140. Equation 7 and 8 would now indi- 

*: I 

. ! 

cate, pursu&ant to the asmmptione medo in deriving them, that all the collect\on 
efficiency data expressed aa target efficioncieo, s'hould be unique functions of 
either the inertial intorco?tion number, N,;, and tho flow-line interception 
nwribor, Nsfr or of the diffusional separation nwber, Nsd, and the flow-line in- 
torceptJ.on number, Nsf. In other words, if the target efficiences obtained in 
this study are plotted against either Nsi or Nsd, unique curves should be ob- 
tained for given values of Nsf. 

In Figure 2, the data are shown in the form.of a plot of tergct efficiency, 
f)t, vs. Nsi with Nsf as the pdra*meter. Figure 3 represents the same data plotted 
as target efficiency, rlt, vs. Nsd with Nsf as &e parsmeter. It should be em- 
phmizcd that these two figures are not indepandent; they are merely altexiata 
ways of presenting the same data and it is possible to go from one to the other 
by direct calculation. Since the interaction parameter N,, is constant, once 
any two of the three separation numbers, Nsf, Nsj, and Nsd, are fixed, the t'tird 
is determined (Equation 9). The value of the third parameter is shown as a 
daehed line in each figure. Figures 2 and 3 may be regarded as the graphical 
manifestation of the functional relationships implied by Equations 8 and 7> 
respedtively, for the specific value for khe interaction parameter of 2140. 

. 
l 

DISCUSSION OF RESULTS 

Validity of Assumptions: In deriving Equations 6, 7> and 8, several ass~~~p- 
tiom wore rrsldc. The facthat. the resulting indicated method of correJAt!os chid 
result 3.n unique raJationshipo for the data mey be taken as evidence, althou* 
not proof, that the assumptions were valid within,the precision of the data. In- 
'divJdual.consideration of the various assumptions ~13.1 lend further weight to 
this conclusion. 

.Since the tests were run under eosontielly isothermal conditions, no the,-1 
deposition would be expected. Order-of-magnitude eotlimates also indicated tkt 
deposition by gravity oettllng should b e ncgligiblo over the range of conditions 
employed. Tnio was confimcd cxperimcttally by tho fact that no.oignificant Clf- 
fcrcncco In collection efficiency were obtained when the gao was paoocd horizos- 
tally through t& filter pads or vertically up or dolm tliroup;h tho panda. 

It is known that the Rcynoldo number, hk3) has an influence on the flow i;at- 
torn around single cyl;ndoro and, honco, would bc cnpsctcd to inf'lucnce dez.Dr;:tio;l 
officioncy in thnt CQUO. With proxjmato cyllndoro, co In fibrous filter pads, 
howovor, tho Reynolds number should have no of'fcct provided it is not above a 
value of on tho order of 1. In the cp-ant tcoto t;lo Roynoldo numbor was le~o 

_. 
. 

. 
... ..-. . - . 
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than lo al:.: uoc:~l~ l.c33 ,lml 1. The nbocnco of a Rgynolil;J nwiCr cffcct on tho 
flow pnttcn is furthor oubstaltiatod by the fact that the proouurc drop through 
the psdo v:js oooontinlly a liucnr function of air velocity. For Roynoldo numbers 

. grcator than 10, howovor, n distinct effccf would bo oxpoctcd, although this re- 
gion io beyond the ocopo of tho prcoont test data. 

The data show co distinct offcct of*pnckin(; dcnoity on tarGct cfficicncy 
although there is an indication ttulf; higher donoitles rooult in aomcwhat hiehcr 
target cfficioncieo. Since bed dcnnltioo were not vnriod widely, however, thcoe 
in.dicatiorm are not sufficiently beyond the precision of the mcnouromcnta to be 
conclusive. Actually it would be cxpoctod that higher bed deneities would com- 
preoe the streamlines around the fibers and yield highor target officioncies. 
For the range of dcnoitloa investigated, howcvor, it may be concluded that den- 
sity has no major effect on target efficiency. 

From the fact that a correlation was obtained by neglecting electrostatic 
@*“fCCtX, OX might conclude that electrostatic effects were of no major oignifi- 
cance in these tests. If the electrostatic separation nt&er fOllOwed the mm 
trend in all the testa as one of the other separation numbers, however, this 
conclusio~~ vould not be valid. An examination of the various separation numbers 

.will show that the group Nseir which is a measure of electrostatic deposition by 
induction, \;ould be directly proportional to the diffusional separation number, 
Nbd, if any surface charge, Ebs, had been the same on all the pads tested. kW.10 
this would reprcrent a coincidental condition, it is not an unllkcly one. The 
only direct evidence against this possibility is the fact that the target effi- 
cicncies obtained are of the order of magnitude that would be expected if dlf- 
fusion were a controlling factor in,the absence of inductive deposition. Con- 
sequently, while it cannot be conclusively demonstrated that electrostatic 
effects were absent, it can be concluded that ay such effects that might have 
been present were not major factors. 

‘Corn~ariscn with Other Investigators:‘ --- There are only two sets of data 
available in the literature which are sufficiently complete to approach a baeis 
for coqari. eon. The data of Blasewitz et al (1) dealt with an aerosol thatwas 
quite heterogeneous and, in addition, involved considerable uncertainty ae to 
the magnitude' of the particle size. IA Mer et al (3), while complete in other 
respects, did not measure the pro~rties of the filter pads. Hence, the com- 
parative intcrpretnt:on of their data involves a possible e'rror of several-fold. 
When presented on the same basis as Figures 2 and 3, the data of Blaeewitz snd 
La Mer indicate qualitative aE;rccment with the present data. 

The data in Figtires 2 and 3 sumcat limiting curves for N,f = 0. These 
liavo been dmxa in ao dotted or short-dashed lines. In Figure 2 this limiting 
curve would represent the target efficiency at low Reynolds numibers If enertial 
intcrce$.io:r alone were involved. Langmuir (4) reports a calculated value of 
N,i of 0.27 below which no deposition by inertial intorccpticn can occur at low 
Reynolds om:bars, although he gives no dotails as to tho method of arriving at 
this val:le. This value was used an an asymptote in drawing the limiting curve 
for Nsf = 0 in Figure 2. Also ahown ao a dotted curve in Figure 2 are the 
calculated values reported by 1.angmuir and Bl.03, rrott (3) for p0tont1s.1 flow. 
These values would correspond to tho targe" L efficiencies to bo oqectod 'for puro 
inertial interception at very high Reynolds numbers and ehould be much Grcator 
than thooe for viscous flou. 

Davies (2), Lar,a;nuir (4), Jewis and Smith (k), Ranz (7), and Stairmand (ILL). 
have all dW0lO~K3d approxi-" ,.Lato anulyticnl exprooo5.ono for target efficiencies 
Wider ccnditionn of pure diffusion to single cylindoro. While thoso exproosions 
liffcr by sovoral-fold factors owing to difforoncos in nimplifying assumptions, 

. . . ., . -_. -. I. ..__ __ . . 
. . '. 
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that of Laqpuir,io pro'-ably tho moot accuruto. Languir'o oxprosoion falls bc- 
low thti dotted line of Plguro 3'by a Yactor I&@.~ from O.$-to x-fold. Lcwio 
and Smith ~bl;~Lx~ rosulto 70; hiGhor I;~L'u the dottod line xhi10 Stairmand is 
h.i&cr by a factor of 3. Ran= is in upproximato agrocmont with Langmuir. It 
should bo rcmcnbcrod that thcoo analytical cxprcosiono are for sing10 cylinders, 
RI&or tar& officioncico would bo oxpoctod for proximuto cylindcro. 

API'LICATION 

Figures 2 and 3 c;lvo a qwantitativc representation of dcpooition in fibrous 
filter ncdin at low Reynolds numbers (lcso than 10) in the abscncc of'significant 
thoriil, eloctrootatic, or gravitational effccto. They are specific, however, 
for an interaction number of 2140. To obtain a @neralization of these curvea, 
it would bo necessary to obtain similar curves for a range of the interaction 
number. For hi&or values of the interaction number, the curvcc of constant Nsf 
would, in general lie belo-d those of Figures 2 and 3; while, for lo%%r values of 
K s., the curves of constant Nsf would lie above thooc of Figures 2 and 3. In 
oithor case, horrovor, the curves of constant Nsf would approach those of Figures 
2 and 3 at high values of N or NBi (i.e. at tho right-hand side of each figure). 
In other words, for high va Ed ucs of Nsi and Nsd, the curves of Figures 2 and 3 
would be sensibly indepecdont of N,,. 

To.uoa Figures 2 and 3 for general design estimates in the absence of more 
extensive similar data at other v~d1203 of the interaction number, the followirz 
procedure is suggested. For the specific values of the separation numbers Nsf, 
Noj., ad lf,d involved in a particular problem, calculate from Figures 2 and 3 the 
target efficiency corresponding to each of the three combinationa of two of the 
separation nuCbers. In general, this will yield three velueo for the estimated 
tar.L-pt efficiency, For tho si.nguJar case where the interaction number for the 
specific problem is 2140, these three values of target efficiency will, of necea- 
sity, come out equal. If the interaction number is lese than 2140, use the 
highest of the three tar&et efficiency values obtained. If the interaction num- 
her is greater than 2140, use the lowest of the three target efficiencies ob- 
tained. This al>?roximation should yield estimates that are correct within a 
factor of two for the rang+ e of conditions likely to be of practical interest, 

k method has been przscnted for generalizing the principloa ~ovcrnicg depcsi- 
tion of aerosol psrticles in fibrous packing b-y the mochcnism of flow-line in- 
terceptl on, inertial interception, and diffucional deposition. Experimental data 
have been obtained which exproos theEe principles quantitatively for an lnterac- 
tion number of 2140. In the absence of more oxtcnsjvo data over a rango of in- 
teraction numbori?, a method is suggested for utilizing tho preoont data for 
general deoi;;n or pcrforzzmce cotirzatoo. 

Tho follcmllrig is a list of indlcntcd diroctlonn for further research to fully 
develop the fundc~ontals of aerosol dcpooition in fiJ.tcrs: 

1. Conrlrm~.rl~ nltu. In this field, with its w uncertainties regarding 
basic tochniquon of moaouro:~cnt, it lo oo~>ocialJy dcoirablo to obtain comparisons 
with other data obtained indcpcndont!y and proforably using difforcnt tcchniquon: 
Litorcturo datu currsntly uvniLablo cro not cufficion.tly comyluto to enable quan- 
titativu CG~i~&l-i3GMl to bo r:Ule, 

. . . ..- . . . . . _ -. . . I 
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2. Effect of Intox-::lction Number. Whii1.C nn cip~u~osimto method 10 ouggxtod 
for c:::ployit~~ t1~0 &lt:t prosentod heroin for gcnarr\l dooiC11, it io nccconuly thvlt 
furtlior tilta bo obtained ~vcx*"a wido rango of the ixlteraction numbor (say for ~6, 
ranging from 100 to 100,000). 

3. Effect of Bod Donoity. Data aro roquirod to ootablish the quantitative 
ofi'octo of packing density. The prosont study involvod a rolativoly Jlmitod 
rax~o . Such data 6hould bo extcndod to donoo packings such a~ my be oncountered 
in compxusnod mats. 

4. Effect of Rcyx-xolds Numbor. For practical conditions under which deposi- 
tionsby flow-line intcrccption or diffusion arc oignificant, tho Reynolds number 
should bc sufficiently low that it i6 queotionablc whether tho Roynoldo number 
would have any oimificant scparato influc~~co. For inertial interception, howovcr, 
high wlueo of the Reynolds number, for which marked effect6 would be cxpccted, are 
fqcquently encountcr\sd. 

5. Effect of N:om Free Path of Gas bloleculcs. Inaofar as the mean free path. 
effects the flow around fibcr6, this factor has been essentially ignored by all 
but Langmuir (4) who provides an approximate allowance. In practice it will be 
significant with very fine fibers or at reduced prcscureo. Although not sop- 
rately allowed for, it was probably beginning to be Q significant factor in the 
case of the finest fiber employed in the present 6tudy. 

6. Effect of Other Doposition MeChZdSmB. Considerable work remains to be 
done to evaluate the principles of deposition by gravity, electrostatic, and 
thexmal mechanisms; Ranz (7) (g), in particular, has made a start in this direc- 
tion. 

'I* Effect of Fiber Orientation. There has been essentially no systematic 
work on the quantitative effect of fiber orientation, The present study dealt 
exclusively with fibers mounted perp&di,cular to the gas flow. 

8. Deposition in Granular Solids. There has becn,essentially no fundamental 
work to evaluate tho quantitative principles of deposition in beds of granular 
solids. 

9. Filter Life. The above-indicated needs for further reoearch are aimed 
primarily at developing the fundamentals of deposition. In practice, a far more 
important consideration is that of filter life from the s$andpoint of plugging 
by the particlco deposited in the filter. To date there has been no syotematic 
evaluation of this p,hase. Actualb, before a truly fundsmental analysi6 of fil- 
ter life can be made, it will probably be neceosary to first develop the prin- 
ciples of deposition. 

10. Mcctinical Stability. In practice, the comy?reseive properties of 
fiber6 are an im,mrtant consideration in design of deep-bed filters. Mechanical 
stability with time under corrosive or stressed conditl~na ie al60 vex-y impor- 
tant. * Thcso phares have hardly been touched upon in investigations to date. 

. 

A = face arm of filter pad norm1 to direction of guo flow, sq. cm. 

4, = fiber diameter, cm, I 

DP = aeroool particle diameter, cm. 

Dv = diffuoion coofficicnt for noroool particle = km R T/3 n/-i N Dp,' 6q. cm./occ. 
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k = 

%l = 

kp 
a 

m - 

N - 

NRe = 

N* = 

%3, = 

.- NBd = 

N 8OC = 

%,i = 

Nt 

R. 

BV 

T 

UO 

Ut 

6 

&P 

42 

%J 

thermal conductivi?y of gnti) (cal.~/(cm.)(°K.)(ooc.) 

Stokes-Cunnin&xn corr;ction factor for moan froo path of gas molocule'o, 
dimensionloos. 

thormal conductivity of aerosol prticlo, (ca1.)/(crn.)("K.)(sec.) 

maes of filter pad through which gas flows, grams. 

Avagodro"s number = 6.023 x lo23 mo~.oculoo/(gram mole). 

Reynolds number = Dt, u. P/CC, dimonsionlcso. 

separation number, dImensionless. 

interaction number = 18 p/km py I+,, dimensionless. 

diffusional separation number = Dv/uo Db, dimensionless. 

eleciiostatic Eeparation numbor for effect of charges = km Epcbs/p 6 Dp 
uo, dimensionless. 

electrostatic separation number for effect of induction' = k,EbE Dp2 
C&p - 6)/p b2 Db uo, dimensionleos. 

. 
flow-line interception number = Dp&,, dimensionless. 

gravity separation number = quo, dimensionless. 

inertial interception number = kmPp Dp2 u,/1.8 P Db, dimensionless. 

thermal separation number = [k/(2 k + kp)] [(T - Tb)/Tl [P/km P'Db uo], 
dimensionless. 

. 
number of transfer units, dimensionless. . 

gas constant, 8.31 x 107 (ergs)/(OK.)(gram mole). 

specific surface of fibers, = 4/Db for cylindrical fibers, aq. cm./cu. cm. 

gao temperattire, OH or OC abs. - 

eupx-ficial gas velocity (based on filter face area), un./soc. 

terminal settling velocity of aoroool ~~rticlo in gravity field, cm./aec. 

permittivity of gao, (statcoulombo)2/(dync)(aq. cm.). * 

permlttivity of aoroool partlclo, (3tatcoulomb*)2/(dyn*,)(oq. cm.). _ 

fibor density, g./cu. cm. 

aoroool partlclo dansity, g./cu. cm. 

. . .- L -.’ : . . 
. . . a * . - 
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gne viecodity, p0i000, . . . 

1. 

2. 

3. 

4. 
5. 

6. 
7. 

8. 

9. 

10. 

11. 
12. 

fractional voids in filter pad, dimonsionlooo. 
. . 

oloctric chargo on particle, atatcoulombo. 

oloctric chargo on fiber eurfaco,,(otatcoulombo)/(oq. cm.). 

overall fractional collection efficiency, fraction of particles entering 
filter that are dopositod in tho filter pad, dimonoionlooo. 

ratio of cross-sectional area of tho original aerosol stream, from which 
particles of a given sizo'are removed becnuoo tho particlo trajcctoriea 
intorsoct the fiber surface, to the area of tho fibers projected normal 
to the nominal direction of gas flow, dimonsionlooe. 

'a function' of." . 
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! . AIR klUNIN;: ' 
NEW D~WEI~)~‘AWNTS AT U.C. RADIATION LADORATCRY 

By M. D. Thaxtor, UCRL ' : 
. 

I'd like to touch on two items under. the heading of new devoloDmtcnts at tho 
Radiation Laboratory, under the topic of air cleaning. The first is a mFnor 
item, a scrubber for the entire or partial removal of corrosive vapors. We've 
been fiddling with this gadgot for 2-l/2 years and have found it uocful in our , 
box applications aa well as In non-radioactive bench chemistry. Its purpose is 
to protect filters, ducts, blowers and other air cleaning and air handling 
equipment. At the outset let me give credit to the Barvard air cleaning lab for 
tho stimulus r :oived thcro in 1921 whore their scrubber was demonstrntcd. We 
usod the saran 2od reported by them. The rooomblanco ends there, however, and 
our results cannot be compared with theirs. hTe were seeking a very compact 
pa&age whereas Barvard's was on an industrial scale. 

- We mey describe our unit as "a small vertical gas scrubber, concurrent flow, 
single stage, with saran fiber bed, scrubbing liquor circulated by air lift, and 
containing an integ.9al reservoir." A downstream exhsuster is universally used. 

The unit may b'j said to have two major portions, upper and lower, The up- 
per portion contains gas inlet port, liquor dischsrge, spreader plate, sarsn bed 
disengaging space and gas outlet. The lower contains the air lift feed and 
reservoir of scrubber liquor. The assembly is tubular and has been made in three 
sizes, our so-called 2", 4" and 6" sizes. The 2" and 4" sizes are sol-f-contained 

. in po3yetbylene and industrial glass Pyrex pipe sections respectively, whereas 
the largest is 6” Pyrex pipe housed in a 30 gallon common drum, polyethylene 
lined. 

Some dimanaions may be of interest: I 

DATA: 

1. ' 2" 

Overall height, inches . . . 
Width, inches 
Bed internal diameter inches 
Bed cross sectional area--inches 
Bed dopth--Inches 
Lift height--inches, 
Liquid rescvoir height--inches 

volume-- 
Liquor cycling rate, cc's/min. 
Thruput gas volume as lift air 

17.3 

53 
2.6 
6 

Scrubber Size & Dimensions 

j4.J 6” - 

3:: 
“8-p-6 

10' 
25 
I2 

2 liters 
400 . 

0.23 cm 

34 
21 
4-3/4 

17.0 
10 
26 
l-6 
Y{ gallons 

600 
1.7 CFM 

Total gas thruput @ 3” w.g., CFM 3-l/b 10 19.2 

It wao experimentally doterAinod by cut and try mothods that the optimum- 
air line tubo diamctor wus 7 mm inoido tho air lift tubo of 16 mm. 

21G WASH-170 
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Obsorvo in the abovo data the thruput is directly ,olatod to bod diamo-tar. 
Laboratory officioncy f;Osts have boon run only on the 4" oizo with and without . 
~1 upotroam condenser. Vapors from boiling 12.6 M IICl mixed at tho vapor pickup 
with room air to make up volume was the food matorlal. Hbnco tho concentration 
droppod as VO~lUXO wont up. Total acid in onch run was 100 ml boilod to dryness. 
The tooto wore ropatod with 16.2 PI 1'03. Efficiency calculations aro based on 
back titration of ocrtibbor- liquor which was 2 N NaOII. Rocults are oxprooood as 

. % 
removal to scrubber liquor from the air otroam. 

HCL toots 

CFEI 4” scrubber 4” acrubbor,with condonsor 

. 
35 66 100 

91 
1 ;I; w- 

*Not determined; acid reacted with tubing used in asnombly. 

In one application where beta-ga.mma radioactive mists were encountered the 
scrubber also acted as a satisfactory air.cleaner. This is, however, an excep- 
tion; its efficiency for particulate9 is like all scrubbers, rather poor. Quali- 

. tatively these scrubbers have performed well for our major purpose of protecting 
downstream equipment. They have worked visibly well on HF as. expected but not 
60 well on H2S04. The 4" and 6” units are mounted downstream and outsi.de of 
Berkeley boxes. The 2" under current study is designed to go inside such boxes.' 
Rough sketches are available for those interested. 

Tho oecond item to bo discuascd is more important. It might be said that 
it concerns not air cleaning, but a method of avoiding a probable failure of air 
cleaning. A few introductory remarks are necessary: At UCRL we encounter our 
mij or air cleaning problems in connection with invcbtigations on the transuranics. 
Substantially, as you know, these arc alpha emitters; some of them are bcta- 
gamma and neutron emitters a3 well, When tho specific activity is high a very 
small porcontugc loss to room air or to stack gas will result in exceeding the 
AEC limits for air pollution. 

When one manipulates substantial quantities of high specific activitjr ma- 
terial and the troatmcnto involve heating, cooling, stirring, transferring, &a~- 
sing, contrifugation, precipitation, disoolving, evaporation to drynone snd a 
host of energetic chemical reactions, tho chanceo for aerosol formation and dis- 
persion are conoidcrably enhanced. 

Since in r:~Gccrch prac t'ico it nevor occur-n that tho ocquenco of processing 
ovonto, or conditions surrounding oath ovont, is duplicated in ouccoo3iv6 ciq'l,'ri- 
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"oaw~aC;o link" prcp:rrc?d by tho usual hoat-sea&in, technic. All compononto of 
tho oyotcm aro liquid, s0li.d and &tDOOUU waatc roccivcro as ouch, and will bo 
concroto jnckottod .and buried at the torminatj.on of tho operations, with tho ex- 
CCptiOn of the nccitnUlr~tor tanltu. It is planned to sample the baCs in thcoo and 
assay their contcnto by three mothodo: filtration, ESP and vibrating reed clcc- 
tromctcr. Attempts to c1ca.n the accumulated G:LSCS are planned and will be pros- 
ecuted if time and the assays permit. 
will bo comprcsscd in stool cylinders, 

In the event of poor success the Casco 
jackcttcd in polyethylene and oncaoed in 

concrotc for burial. . 
. WO haVC become truly amazc~ at the dctailinG rcquirad. Tho two opcratjng 
boxos require elovon gloved boxes to serve them, l-200 feet of polyethylene piw, 
500 hoso clamps, OVC~ 120 valves and much other impcdimcnta, The cost is of 

', course comncnsurate. The designed capacity of tho systen is 615 cubic feet with 
! a two-fold safety factor on vo1u~110. It is anticipated the equipment will run 

. continuously for some 60 days. An example of tho complexity a closed system rc- 
quircs may bo given. Consider the sole factor of environmental tcmper;Lture vari- 
ations. 140 p1,a.n to hold the system at all times at'about minus l/2" water gauge 
with respect to atmospheric pressure. .Yet a shift of 11 demeeo F would cause a 
charge of prossure in all voids of the apparatuo of about 13" w.g. Stated 
another way, if the volume of one of our accumulators is 240 cubic feet, this 
would.mean a volume change of about 8 cubic feet just because of' this small tez- 
perature variation. This must be allowed for in the sensing and controlling ap- 
paratue and provisions made for tempering the smbient atmosphere. 

What I should like to hear at this meeting of course is a description of &n 
air cleaning train with sufficiently emple deccntsmination ability SO all the 
above headaches could be avoided when we run into this type of problem sgain. 

I 

. 
. 

. . 

. 
_. . . . . . ___- -. 
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A CONSTANT VOIUME RADIOCXE&U HOOD 

i 

By G. T. Saundoro, CR&D 

DESIGN PEIJLOsomY -'. _. . 

In 1921, design criteria wcrc being eotabliahcd for a now chcmiatry labora- 
tory to be built by the California Rcocarch EC Devclopmcnt Company, and studies 
were undertaken at that tine to dctcrminc the type of radiochcmjstry hood that 
was to be used. The first requirement eotablishcd was that the hood must be an 
integral part of a constant volume central exhaust oyotcm. Secondly, and op- 
posed to a conotant volume unit, it was deoired to obtain a constant face voloc- 
ity regardlcsa of door setting. Lastly, it had to bo inexpensive. 

An examination of commercially available radiochcmical hoods and thooe In 
current use at A.E.C. sites showed that none could meet our three dcmando. The 
problem was resolved by the designing of a hood that was formulated around 
several features: 

1. To meat constant volume and constant face velocity -- which we set at 
approximately 100 FE&l -- It wao determined to use the hood door itself 
a6 an air regulating valve by incorporating‘s by-paoo port directly 
above the hood comIartmcnt. 

2. The exhaust filters were to be inetalled immediately adjacent to the 
hood outlet and at floor level to facilitate ease of change. 

3. The hood must be readily portable and must paos through a otendard 
3'0" x 7'0" door. 

4. It must be eaoily disassemblei 80 that in the event of contamination 
only the affected part need be taken away. , 

5. It muot be icexpeneive. 
How these features were achieved are to be illustrated by a look at the 

unit as it'was deeigned and teeted. (Refer to Figures I & II (Slides 1, 2, & 3)) 
. . 

* 
GENERAL DFSCRPTION 

The overall dimensions of the hood are 9'2" high by 4’3” wide and 2llO-l/2" 
deep, without front air foil -- with foil it is 311-l/2" deep. It ie constructed 
throughout with mild carbon steel. The canopy and coverplatea are of sheet mete1 
and the oupporting members utilize Standard structural shapca. All surfaces that 
are oxpooed to either corrosion or contamination are finiohed with a baked ?heL 
nolic rcoin. The hood opening io equippod with a rcmovuble air foil to insure 
smoother air entry. 

The hood deck will supprt a flqor loadin, n of 500 pounds per square foot. 
Standard uti.llty conncctiono are provided, which includco a cup air&. 

The hood ocction and the by-pa3n'ooctiorl both have a face arc;~ of ILL square 
feet; the hood window lo likcwioc 11 square feet and ao it is moved up or down 
the total air intake area rcmins at 11 square feat. With an averago face ve- 
locity of 100 FM, tho volume remaino at rougl-Jy XL00 CK4. 

The air from both the hood and bypaoo ccmpartmcnto paoa through the filter 
unito at the baoe of tho hood. A fiber&an3 prufiltcr is provided for each of 
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two 2r x 2' x j-*(/On ChG jlG (eqwivi) filtora connccLod in parallel. The total 
air volume in tho unit can bo adjuotcd by mo.sns of a butterfly damper locctcd 
downntrcm from the filtcro. An indicating nltulometor oharo the prcoou.rc drop 
across the filtor bed, and as the f iltcr loading incroaoco the total air volume 
can bo adJust& to a m.xsi:num of 3” static prcsouro drop across tho filter bed. 

The concrete slab construction of tho building procludcd any scrvicc base- 
ment 80 that a furred-in spnc c is provided at the oido of the hood for the util- 

. itico and duct run front the floor to the ceiling. Since two or moro hoode are 
normally installod.sidc-by-side, the common usngo of the utility space is eco- 
nomically.achicved. All valveo and controls are mountod on the panclbctwccn 
the hoodo. 

The hood is quite simple to disassemble. The upper hood and by-pass r;ection 

rests by gravity on the supporting structure. By disconnecting the utility out- 
&to, the top sectio;l cran bc lifted off and taken from the room. The lower fil- 
ter box and ouiporting structure can bo removed by disconnecting a coupling to ._ 
both water drain and to the air ducts. 

The filters are changed by removing the cover plates and withdrawing the 
filters horizontally. 

HOOD DEVEIN'WCXT 

In order to ascertain the air currents, pressure drops, and general flow 
ChaYacteristics of the hood, a unit was mocked up to be run for smoke and ve- 
lometer te8tB It was essentially as &own in Figure I and was used to deter- 
mine optimum baffle, air foil and o;xning sizes. The unit was also uced to de- 
termine the effect that each component had on the other. 

In the original concept a simple'vertical adjusting baffle was used at the 
back of the hood chanbcr. This demonstrated a very rapid increase in face ve- 
locity for the lower (hood) section as the door was closed. H'owever, the total 
air volume remained fairly constant since the major pressure drop was concen- 
trated at the narrow exhaust outlet between the hood and filter plenum. 

To correct this increase in face velocity of the hood section, the verti- 
cally adjusting baffle was replaced by a hinged baffle,which could be moved to 
decrease the air volume ( --thus velocity--) in the lower hood section when the 
hood door was lowered. This mechanism works in this fashion: when the door is 
cloyed to 10" or less froiii the bottom, tho operator may move the baffle to a 
partially closed position by pulling a handle on the control panel. The baffle 
locks in this position untli.1 the door is raised at which time it returns to its 
original position. If there is no objection to the higher face velocity, the 
bafi'ie does not have to bc closed. Figure III (Slide 4) shows this linkage in 
8chc;;lcti.c fashion. Figure IV (Slide 5) shows the total volume and avoragc face 
volOcity of the hood in o,%ration, 

The use of the baffle showed that a more laminar floVr of air was achieved 
with it than without it, and there was a minimum of hood turbulence rcgardleos 
of door sctting. Tharc 'al,i,cnrcd to bc no back-up of air from OIE. co:npartrrlent to 
the other, although, as would be anticipated, there was an increase' in stapatcd 
air in the bottom (hood) com?artmcnt as the door was lowcrcd. Experiments with . 
various sizco of air foils showed that there wae little variation in cffcct due 
to size. BoVovor, tho larger ono performed bottcr. Tho final radius WOG the 
maxim73 curvature to fit the physical installation limitations imposed by both 
building and poroonnol access. Slotted fuiringo were found incffcctivo ct tho 



224 . WASE-lye 

ro~tivoly 10~ volocitloo involved. It lo WOIJ to rrtrl.3, houovor, thflt.. the flow 
>lqttor;lo with tho air foils woro CKJJ~ tlmoo bottor tlvrn without: the OVOdLl 
air pattern was lamfnar with, but turbulent without, tho folio. 

EOOD LXXITATIOXS AND, COST 

There aro limitations, of course, to this type of hood. The moot obvious 
one is tlu~t the numbor of hoods to a roozu Is limited unlcos special air supply 
devicca are used. This is duo to the constant volume aspects of tho hood. 

The installed price by a commeri'cal fabricator of flftoen units was approx- 
imately $1000 oath. No attempt wao made to dotcrnino the cost of a @LLler num- 
ber of units. 

Ae in all initic? designs, there are areas of Improvement and wo feol if 
additional units wore to be built wo would at least modify the following items: 

1. Add a clazq?i~ bar on filter holders to facilitate holding. . 
SimpliQ baffle linkago. 

32: u so countor weights on door instead of sash balances. 

. 
~oxcumoss ‘. 

The hood has proven quite satisfactory in operation and we feel that the 
desirable features were obtained at's miuir;;um of cost, 

Divider Panel 

i ._ 

! 

FIGUXZ I 

ScW,ATIC DRAWING 03' XOOD ELEVATION 
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b. cloco-up of Hood Inotcllod 

.FIGUfUZ II 
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Herbert b!. Decker, 
f ',. 

J. Bruce Iinrstad; Frank J. Pipor 

Chemical Corps, U.S. Army, V/ashin&.on 25, D.C. 
and I.'url X. l:ilson, 2nd Lt.,USXF 

A survey of laboratory acquired infections in the United States 

: - reported in 1951 by Sulkin and Pike (1) tabulates a total of 1,334 

infections acquired in the laboratory. Filtration of exhaust air from 
I.---... 

ventilated bacteriological vior!; hoods tid from rooms or buildings used 
:y.-,:'*?., 
.. .,...: ?;. in' the st-udy .'o-$ -. ..' 

T ..*-c 
hi.gh& infectious diseases will therefore assist in the 

,' ', 7 ., 4. 
-.,-..I 

reduction of laboratory acquired infections. 

At the last Air Clean* Seminar a paper wis presented on the I~Bemoval 

of BacLcria and Bacteriophage from the Air by Glass Fiber Filters.11 cention 

was made at that time that prelimikry tests indicated a high filtration 

efficiency of microor&anisms through &lass fiber paper filters. Since then, 

'a number of tests have been conducted on this type of filter media. 

During the past year filter manufacturers have devote'd considerable time 

and effort to the development of ultra microfine glass fiber paper 

filters for removal of biological and radioloCica1 contamination from. 

a&r supply systems. . . 

. The glass fiber filter originally developed jointly by the 

Department of the Navy and the National Wreau of Standards is now being 

procuced commercially. This filter,io as thin ao cosrse pnpr (lO.mlls). 

' The fibers arc known comwrcially as type E Glass Xicro Fibers, have a 
. 

melting point 0 f 1450 F, and an avcrase diameter of 0.5 to 0.75 microns. 

wnsn-170 . 221 -.". . . . . .,.- -.. .*._ ,.. . I . 2 I , 
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A sJ:on,i nw tjye of filter papor is . being devclopod by a rcscarch and 

C,:$noc:*i;G organization. This second type is composed of a mixture of 

jl3SS fibers nnd asbestos fibers. Figures 1, 2, and 3 show the fibers 

as they appcclr in the PF 105 spun glass fiber pads and the two newer 

,Ciltcr papers. It is evident that the Type E filter material (fisurc 3) 

has the most uniform fibers. It was reported at the 1952 meetins that . 

t-h-0 layers of PF 105 spun &as s exhibited an efficiency of 99 per cent in 
a 

rc~~oving Serratia indics from an air stream. --I_ Since that time, glass paper . 

filters have been evaluated. 

Serratia indica a harmless elongated bacterial organism, about olne 

nicron 511 length and one half micron in thickness was used to evaluate 

the efficiency of the filter papers. The test equipment is illustrated 

in fi;;ure 4. The organisms uere atomized by a Chicago type nebulizer 

into a cloud chamber where the cloud of bacteria was mixed with air, then 8 

passed into the pre-filter sampling chamber, through the filter at face 

velocities of 10 and 20 feet per minute into a post-filter sampling chamber, 

and finally exhausted by means of a blower to tne outside air. Biological 

mterial from this nebulizer is not always unicellular~ because 

agglomeration of organisms may occur during or after release of &he . 

aerosol. 

L The air v;as sampled in front of the filter by ll-quid impineers 

constructed viiith a critical orifice nhich permitted air to be drawn 

tkough the collecting nediu;l at approximately 0.5 cubic feet per minute. 

Tilt col1ecti.y mr:dium in the impinccrs consisted of 20 ml nutrient‘broth 

ad 6 LQ a drops of olive oil. One-tenth ml of the sample was streaked . 
-. - _._ .. 

* . 
‘, ,,, --: 

. . . 

.-.. . . .* ...a ,. . . ., 
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.- FIGURE 1. PF 105.Spun Glass Filter Kcdia 

FIGURE 2, Asbestos Glass Filter Papor 
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FIGURE 3. Glass hltcr Paper 
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hIking Chombr Sampling Chamber Sampling Chamber 

Air Filtration Test Unit 

- FIGURE 4. Air FiltraCion Test Unit 
1 

. 



WAm-lye . I . . 
231 

. 

on 0. corn steep agar plate. In addition; one ml. smplcs fror;l the liquid . . 

impingers ore scricrlly diluted and one-tenth nil samples of the dilutions 

wcx streaked on plates for incubation and counting. Sieve zxmplers 

containing corn steep agar petri plates were used to sample air .after 

it had phssed through the filter. 

The efficiency of the filter paper was dctermincd by sazlpling tho 

cloud concentration beforc and after the filter. The results of the test 

are shosvn in figure 5. At an air flow of'20 linear feet per rfinute penetra- 

tion of 2 indica throqh the type E glass filter paper was two organisms 

from each 100 million test organisms recovered in front of the filter. 

At an air flol#d of 10 linear feet per minute the penetration mas one 

. organlsn. With the asbtistos-glass paper, at an air flow of 20 linear 

‘feet per minute, the penetration vjas 26 drganisrns per 100 million test 

organism. Khen the air flow throu,gh the asbestos glass paper vias 

reduced to 10 linear feet per minute the penetration increased to 140 

organisms. The increase in penetration from 28 tb L!+O probably results 

fron the lesser im$xgenent of the organisms on the fibers at the lomr 
. 

velocities. * 

Since steam is frequently used in safety cabinets for biological decon- 

tamination pu~osos, tests were conducted to determine whether the pasage 

of stoat throu& the type E glnoo filter titorialwould have en affect on 

the filtration efficiency. Free flowing steam wae paoced tbrou& a 100 CF;y! 

'type E glass pleated filter for a‘total:of three hours. The results of the 
. 

tests indicatcti that there YCIS no apparent change in filtration efficiency. 

. 

. . 
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COIWIJSIONS l . 
. 

. . 
The data obtained on the r'iltcring efficiency of the filter pads and 

paptirs are most pronisinz, and indicate possibilities for \iidc practical 

iipplication. Results of our earlier aork showed 

e1.28 micron size spun glass at a linear air flo:v 

average of 99 per cent of the bacteria and virus 

that this type of air filtration system would be I 

that two $ inch pads of 

of 20 fpm removed an 

organisms. It was felt 

satisfactory for general 

building exrlaust supplies such as in hospitals and in industrial concerns. ' 

hovtever, in specialized circumstances such as jn the case of some research 

institutions xnere organisms may be handled in large numbers or in 

apparatus in which significantly infectious bacterial aerosols are 

accidentally or deliberately created, a e;reatcr arrestance is necessary. 

There is now available a highly efficient mineral filter paper that 

can be easily used at h&h tempera6ur.e; is fire resistant, does not 

disintegrate when wet, and can be biologically decontaminated by neat. 

A bon-combustible filter frame for the all-glass fiber filter is bein2 

developed commercially (figure 6). The filter made .of asbestos fibers and 
. 

glass fibers is also a>?roachinz commercial availability. Industrial 

installations, hospitals and research laboratories wilich require removal 

of biological, radiological or other particulates from an air stream, non 
L c 

have access to a highly effective,, i'ire resistant'and chemical (except 

hydrogen fluoride and alkalies) filter. Frequently, such a filtration 

system may be used in lieu of a. costly incinerator. 
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(1) SIX%ZY of Laboratory kcqutrcd Infections, Sdkin, E.S. and P.&e, R.M. 

Ane?icm Jl. of Pub. Health, i951, vol. f&l, pp 769-781. 
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A. T. ~ossono, Jr., M . s . , 'Rosearch Follow* ' 
Nnrvurd School of Public Houlth 

55 Shattuck Stroot 
Boston 15, Jkssnchusotts 

c 

I. Introduction 

At the last air cleaning seminar we prosented a preliminary report 

of our studies on electrostatically chnrgod aerosol filterr. At that 

time via outlined some basic concepts of eloctrostntics such as methods 

for producing static electricity, mechanisms of charge reduction and 

measuromont of charge. In addition, vie reviewed oxirting information on 

the nature and behavior of the rosin-wool filter. In this paper y;o shall 

attempt to bring you up to dato on the results of our continuing research 

. . 
on the electrostatic affects in fiber filtors. 

, 

II. kporimontnl Studios on the Effect of Aerosol Charro on Filter Efficiorcv 

A. Apparatus and Procedure 

The electrical machanicm of removal in a dry fibrous filter is 
. 

related to the electrostatic force between the aerosol and the collecting 

surface. This force may be either a Coulomb or a polarization forcol. 

Tho Coulomb force exerted on an aerosol particle possessing a chargo Qp 

in an‘olectric fiold of intensity E surrounding a charged fiber.is as 

f 011 ov;s s ** 

F,= E 
B I 

* Sonior Sanitary Engineer, U. S. Public Hoalth Service on assignmont 
from tho Environmental Health Contor, Cincinnati, Ohio 

+w The units ucod are in the "unrationnlizod" cgs or Gaussian system. Thot is, 
F is in dynoc, E in statvolts/crn, Q in statcoulombs, and r in centimeters. 



. 
The field E nt a diUtnnoo r from tho axip of a. long Glondor fibor charCod 

. 

uniformly with Qf units of charge por contfmotor of langth is as followsr 

Since tho rolntivo dielectric constant k for air i6 nearly 1, the Coulomb 

force experienced by the aerosol particle in air ist 

F* = 2Q,Qf 
r . 

Thus, the romovnl force is a function of thk product of the charge on the 

individual pnrticlo and the chnrgo on the fiber. 

If Fc'is negative, the particle6 tend to move from the aorosol stream 

onto the collecting SUrfQCO, the not effect being an increase in filtering 

efficiency. Conversely, a positive value would indicate a lowering of 

effioioncy. . . 

In tho case whom one of the component's is charged and the othor is a ‘ 

dielectric, the force between the two may be a polarization force2. An 
T 

uncharged pnrticlo who60 dielectric constant differs from that of the 

surrounding medium oxperionces a net force when placed in a non-uniform 

electric field. 
. 
. 

Considar an unchnrged partiole in the non-uniform field E surrounding 

. . a long olondor charged fiber’in air. Tho inductive force on a particle of 

volume V and af dielectric constant k is as 'follows: 

Fp = (k-l.)VE 22 
477-- .p - 

whoro r is tho radial distance from tho fiber. 

Thus, the aollocting force on a dielectric pnrticlo is rolatod to the 

absoluto value of the oloctric field surrounding tho chargod.fibor, ~8 ~011 

a6 the field gradient. The-motion of tho prticlo vii11 bo in direction of 

. . . 

, 

’ ‘. “< 

9 

. . ., - . . . ., . . 
:.... ~,. ,> . . I_. a. 

.-. ,*I 
. , . . . . . 

. ” . . . 
_. .” 

. “_. 1 
. 



wA.su-l’~o . 1 . 237 

the greatest field ctrength, that is, towrds the fibor., rogordloss of the 
. 

. polarity of the fiber. Since E = 2'2f', Fp = (k-l)dzQt'z whore .d is the 

r -ST 

particle dinmotor. 

An evaluation, therefore, of the rolo of olootrostatics in filtration 

must concern itsolf with two components - partiale charge and fibor chrgo. 

In. this study we hsvo divided our investigations into two phasos. Tho 

first phase is concerned with tho offeots of particle churgo on the filtration 

officioncy of an initially uncharged fibor filter. The remainder of this 

papor deals principally with this aspect and will include a description 

of the 'cost procedure, apparatus and results. 

. 
The second phaso isconcerned with the effect. of charged fibers on 

the officioncy of filtration of uncharged aerosol particles. Some exploratory 

work on this nspoct has been initiated, and brief mention will be mado of 

tests in progre6s. / 0 

a) Aerosol generator '. 

. FigurG 1 shows the general layout of the entire test assembly. A 

15 inch diameter steel drum- open at the top houses a *constant speed motor 

driving a horizontal 4 inch diameter brass disc.* From an overhead constant 

head tmk, a solution of 0.1 percent mathylene blue in 95 porcsnt ethyl 

alcohol is fed'through a hypodermic needle onto the center of tho disc. The 

resulting thin liquid film is contrifugod off the edgo to form a fine liquid '. 

spray consisting of droplots of two distinot sjzos; tho main droplets and tho 

satellites, of approximately l/3 tho size of tho main onos. Tho diamotor of 

tho main droplets is a function of tho rotational speod, radius of tho diso 

and physical chnrnctoristics of tho liquid. An induced downward flom of air 

c- 

* Tho aerosol was gonoruted by n spinning 
unit doveloped by !';alton & Prow~~i;t~. 

disc sprnyor adapted from the 

I 
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through the drum intorcupLs the sutollito; nnd convoys them into tho inlot 
. 

of tho 5 l/4 inch test duot. Contact with dry roo;n air rosults in tho 

evaporation of othnnol from thoso droplots and solid spheres of mothylene 

bluo are foriulod. Pnrticlo size distribution, determined by moans of a Cascade 

Tmpactor -having a molecular filter (W or Milliporo Filter)* as the fifth 

stago, showsd tho aerosol to have a mass median dinmoter of 2.0 p and a 

goonotric standard doviation of 1.3. Loadings could be varied from about 

0.1 to 1.7 mgs. per cubic meter with good reproducibility. 

A Stnirmand disc And diffuser scraou are provided in the duct to insure 

uniform cross-sectional distribution of tho aerosol. 

b) Aerosol charging device 

The aerosol is charged by means of an ionizer section containing 

a series of electrodes consisting of fine’wiros and coplanar brass cylinders. ' 

h direct current powr supply furnishes controlled voltages up to 12,000 
‘ 

volts and ion currents up to 150 microamperes. A unipolar corona discharge 

is established botwon the wire and cylinder electrodes. Particles entering 

the elactric field between.the wire and cylinder are charged as a result of, 

'bombardment of ions having the samo polarity as the kire. The emerging 

aerosol, thoroforo , possesses a charge having p redominantly the same polarity 

as the discharge olectrodo. Aerosol c'nnrgo could be varied from test to test 

by varying the ionizing voltage and currant. 

c) Srm?linf: 

Sampling probos placed oh either side of the test filter porrnit 
1 .. 

determination of filtration efficiency. The filtor medium in the' sampler 

is a 1.T (Hyd rocol.Aosny Typo) having an efficiency of opproximatoly 100 _ 

parcont. Tho canpliny, rate was 5 liter-c por minute. 

9 LoVoll Chemical Company, y;atorto-U*m 72, Kassachuaotts 
-'. . 

. '- < . . . 
. I. .* ."... ., Y Y.d ,. .I I , ".." . .I . I . . : . e . . I . .., . 

-,-, "~--m"."-~e,,"sM/w" -", .~(-_ 
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. 
'b4ass concontrntion of mothyleno bluo norocol colloctod by tho samplers 
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is deturminod by dissolvin, v tho ,molacular filter in acetone, adding ethanol 

to dissolve the msthylono blue and andyzing the solution cblorimotrically 

on a Klett colorimotor. 

d) Aerosol charge mcasuremont 

Tho filtor medium used in thesc tests was 50 p diameter glASt3 

fibers packed to a density of one pound per cubio foot. The filter was 

5 l/4 inches in diamotcr and 1 inch thick. Aerosol chnrge monsuromonts 

wore made with a Faraday cage consisting of an 8 inch long brass collar 

- around a Lucite filter holder as shown in Figure 2. A Rawson electrostatic 

voltmotor of low capacitance and high leakage rosistanco is connected to 

the Faraday cylinder. The capacitance of the entire electrical system 

including the meter is dotermined by a capacitance meter*. &lectrical 

shielding of'the measurement unit eliminates the effects of stray oloctric 
4 

fields and capacitance. Critical parts of the test assembly are carefully 

I grounded through conductors using soldered connections. 

Tho product of the capacitance of a body and its potential equals its 
. 

charge. Thercforo, the collection of aerosol part'icles on the test filter 

is reflacted by a steady change in voltage roading. Thus dddt = C dV/dt**r 

that is, tho product of the cylinder voltage change and the capacitance of 

the cystom is a measure of tho not charge of collected aerosol por unit of 

time. Appropriate corrections are made for the charge carried by air ions, 
. 

. atmos?horic dust and alcohol vapor. 

Y~70vrlng tho aerosol concentration upstream of the filter, 'as dotermincd 
. 

by tho upstream sampl.er, it is possible to CAlCUlAto the weight of methylone 

blw collcctcd on the filter after oorrocting for monsurod filter efficiency. 

I 
I 

l.l-- 

* C~rtr~:,al Rbcldio 1612h1, R-F Cupacltunco Kotur 0 to 100 Hylf’. 
YY Xnoro Q lo in Statcoulombs, C in Statfnrndo and V in Statvolts. . . . . I. . .,. ' . . I . I . . . 

, ,. . I ., I" ". u _1 ; y,y I((__ ., r '. . . . "-,"1", mm-.*- 



2110 ww-170 . . 
. 

From theso dntn the rutio of churga -to mn6s In terms of statooulombs por . 

gram csn bo ctilculntod. Since the modian pnrticlo 6izo is known, a reasonably 

accurate approximntion of tho avoraga electron chnrgo units per particle can 

be obtained. 

B. Test Results 
. 

Two sorios of runs were mnde, one with positively charged particles 

and the other with nagativaly charged particles. The suporficinl filtering 

velocity w-as 33 foot per minute with a filter resistnnco of 0.024 inches w.g. 

Aerosol loading rangod from 0.10 to 0.65 mgs/cubic motor for negative nerocol 
. 

tects, and 0.19 to 1.7 mgs/cubic meter for positive aorosol tosts. Although 

the filter used for the negative aerosol was a.different one from that used 

with tho positive aerosol, the'medium, packing density, filtration velocity 

and resistance were quite similar. 

1-t will bo noted that the filter officioncy at zero chnrgo wa6 different * 

for the two filters. This is of little significance since those tests were 
c 

concerned only with the relative offeot of aerosol charge on penetration. 

The shape of the Curvos in Figures 3'and 4 indicate that the filter 
l 

efficiency gradually increases with aerosol charge from an initial value at 

zero charge to a maximum value, remriining constant with increasing aerosol 

charge. The results are,similor in tho case of the positive and negative 

a'ero6ols. 
. 

Tho,ma;rimu:n increase in portent removal duo to charge in either case is 

= 12.4% for the negative aerosol, and 

= 12.7$ for the pocitivo aerosol. Also noteworthy i'r, the fnot 

that, with either polarity, the maximum efficiency is roached at an aerosol 

'I charge of about 2 x 105 6tntcoulombs per gram. , 

Tofit rosultr; can bo oxplclinod as fo?lowsr Tho initial or "zero chargo" 
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pwotratio.n through tho filtor ic dotqrmined by its .inhoront mechanical . 
. 

filtrntion efficiency. AS filtration timo incmnsos, tho doposition of chargod 

partioleo on tha filter gradually caunos it to become charged. As thir filtor 

chargo incrensos, tho olactrio fiold nt the filter surface becomas moro intense. 

Thus ,.opproaching chargod pnrticlos experience an inoroasing Coulomb repulsion 

until tho electric field is suffioiently high to rotard or rope1 oncoming 

porticlos. 

For the purpose of this discussion let us assume that the filter surface 

roprosents a uniformly chargod infinito plane. This, admittedly is an over- 

'simplificntion of tho fiold conditions, but nevertholoss it is R limiting 

4 o&se . Thent E = 2/7s where E 
y 

= Electric field intensity 

C= eleotric chargo density at filtor surface 

. k & dielectric constant = l.for air. 
- ..____- - 

Since the repulsive foroo F, on an approaching partial0 with a chargo of 

I 

, 

Q, is as follor?s: Fe = EQp, thon Fe = iff/d.C$ butt =dQ*t whero 
-. --- 

AQ i6 the filter oharge'incromont per unit of tike. 
A 

Therefore Fe = 27i"dktmQp 
1.k . 

This electrical replusion ORUSOS the prticlis to decelerate. Eioxaver , 

as the particles 61oW do;;n the visoous drag force of the airstroam on the 
. 

partiolo incroa6os as folloxsr . . 

Fd = 3r7d*AV - Fd = drag force, 

7 = viscosity of air 
. 

. d = particle diamator 
. . 

AV = velocity of particle 
relative to the air-stream. 

S&o F, = Fd = 3fl.d AV, Av(fI;m) = (2.6 x 105)AQ*t*g 

Valuoc of AV during filtration of pcci tivo aorosols of relatively lorr 

and high chat-go ruspockivoly ware caloulatod and plotted in Figuro 5. It * _ .- .--.- I ._. -. . . .,I. , * :'..‘; . <. 8 . . 
.: . 

. 
I. .- 
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. 
will bo xxot,qQ that the repollin, '.._. _ r offoot of tho f'iltor,.ns it gradually . . 

. 
&comes charged by virtue of dopositod chargod partiolos, is of significant 

mngnitudo. This reduction of particlo velocity roducos filter ponotration 

since it incroasos the effoctivoness of such removal factors a6 gravitnfional, 

diffusiopsl and electrostatic forces normally operating in mechanioal 

filtration. The repellin g effect in the case o f tho more highly charged 
* 

aerosol is much more marked. 

Fros a comi>arison of the slopes of tho two curves it may be inferred 

that at aorosol charge valuas slightly higher than 2.2 x 10' Statcoulombs 

por gram the repulsion effect of tho filtor reaches a maximum. It follovr, 

thorofore, that boyond this point filter efficiency assumes a oonstant 

maximum value. This is in general agreement vrith'oxperimontul rosults shown 

.in Figure 8 which indicate that percent removal of aerosol roaches a maximu;n . 

at an aerosol oharge of about 2 x 105 Statcoulombs per gram. 

The abovo explanation i6 bnsed‘on the assumption that the filter 

represents a.uniformly charged infinite plane. The aotual &ape and 

intensity of the electric field at the surface of the test filter ismore . . 

complex than this. The actual charge density at the-filter face is lower 

than asswod, and thoreforo the eleotrostctic effects are less mrkod. 

Kovor$holoss, theso figures servo to domonstrate the general character of 

these effects and howthog vary with aorosol chQrg;O. 

The-failure of the filter to attuin a removal value closer to.100 
I 

portent may bo attributed to the fact that tho test aerosol &s not completely 

honogoneous in size and not unifortrky chargod, consequently, there exintod 

partiC possoscing a chargo bolovr,tho critical valuo. . 

III. . Effect of Fibor C:hcry,o on Filter Penetration 

1.3 IWn~iOnfJd proviously, the eloctrontntio~mochnnism in filtration 
, . . ..I. .$. .( : . .:, Y ., ,I 

' 
.' ' . . . . . . 
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‘,involVoS two components - the partlclo chnrgo and the f5bot char-go. Tho . 

for~~?ar wns discussod above, howvor, tho fiber char-go effects may be of 

equal or greater importsnco. 

The attraction of airborne, dust and lint to synthetic fibers and fabrics 

during textile processing operation6 suggests the uso of theso media in 

aerosol filters. Tha new synthetic fiber6 are knosnl to develop and retain , 

high static chnrges and this aerosol collection ability is rolated to 

electrostatic forces. 

Before initiating tests to determine the significance of fiber char-go 

on filter performance it was necessary to devise techniques for both pro- 

ducing electrostatically chargad fibers nnd for measuring such charges. The . 

method developed for charge measurement involved the Faraday effect (Figure 6). 

Tho Faraday cylinder described previously is connected to a Ravrson electrostatic 

voltme'ier in parallel with a calibrated air capacitor as a ranga extender. , 

It was observed that by briefly rubbing a sample of certain plastic fibers , 

and dropping it into the Faraday cylinder a substrlntial deflection on 

the voltmeter could bo obtained. The product of this voltage and the 
i . 

total capacitance 0 f the'syston is equal to the not charge on the fibers 

in units of statcoulombs per gram. 
. 

-.._ 
Figure 7 shows the results of two tests made with 70 p Saran fibers. 

In Test $1 the fibers were hand rubbed, vrilbrsas in tho seoond test the 

charge was gonsratod by rolling the fiber mass in a glass cylinder. 

It will be notod that chnrge‘decreaees exponentially with weight. 
1 

Plottod on log-log papor-, the average slope of theso curvo6 is -0133. 

Analysis of these data disclosed that thoso results are in close agreo"yjnt 

with the thooroticul relationship botwoon mass and the ratio of charge to 

m~sr; for a sphcro having a uniform chargo donsity on its surface. A conpnr&ble 
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. 
plot of this-;olut;ionshi~.rould yield a I'ine with a 610~0 of -0.33. 

Those results ropwsoni; ox!>orIr::ontnl vorificntion of tho fact thnt jn 

charging fibers in this mannor, esscntinlly thd not chargo is distributed 

on the outer surface of tha fibor wad, since tribo-electrification can occur 

only at the contact surface botwaen tho wad and the hand or glass cylinder. 

This method of char&in& thoroforo was not considered satisfactory a6 it 

'did not distribute the chnr~o throughout the filter mass. Another tochniqua 

was davisod in which the fibers waro electrostatically charged by means of a 

. set of wool hand carders. It ~6s obscrvod that after several strokos of the 

hand cardars Saran fibors became highly chsrgod. The mochanicn involvod in 

this method is likev,isa tribo-slectrification. In 2 series of tests, known . 

weights of Saran fibars were hand carded and droppod into the Faraday cage. 
* 

From the voltago rending and capncituncs the fibor charge was calculntod. 

The results are she-m in Figure a., Each point ro?resents an average of 5 

men sursnonts . 

The significant conclusions to be derived from these risults are as 

follows : . 

1. The plot of Q/X vs Q is based on 2 series \f measurements made 

on different days. Since tho points fall very close to the line it is 

evident that the procedure is quite reproducible. . 

2. The values of charge obtained by this method aro about 18 times . 

highor than the previous mathod involving rolling in a glass cylinder, 

thus dornonstrat ing the g-cater effoctivaness. of this tochniquo for charging 

/ " 
the fibers. 

3. Tho calculated VAlUO of niaxitnuzn surface chnrgo donsity on the . 

fibers is 0.S statcouionbs ?or cubic motor which coapnros quits favorubly 

with roportcd values of about 0.6 oncountorcd in industrial pructico, s:ld 



2.0 for-chnrgiw bolts of Vun do Grunff.olocl;fost;utic. gonoratoro5. 
. 

In ono series of tosts tho samplus we)ro carded with 40 strokes v.%ila 

in tha othor 20 strokes wora usod. It was subsoquontly dctormined that 

those high valuos of fibor chargo could bo ronchod aftor only 3 or 4 strokes 

. 
of tho hand cnrdors. Thus it was ooncludod thnt thaso recultr; raprosontod 

the limiting.chnrga doncitios attsinablo by this technique. 

Since this mothod of charging the pibars is rolativoly simple, roproduciblo, 

and cnpablo of gonorbting satisfactorily high c!aar;;a lovol? it ~11s adopted 

a~ standard procedure for this phase of our studios. 

IV Conclusior 

It is planned to construct fibor filters chargod in this manner to 

dotermine tho relationship betvoon charge intensity end aerosol removal 

. officionoy. Also of intorost till bo tho life of such c. ohE;rgo and its 

variation, if any during operation. From such investigations it in hoped to 

. obtain a bottor understandin, p of the electrostatic offects,in norocol 

filtration. 
. 

. 
* 
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. 

I. Introduction 
. 

In conjunction with studies on commercial dust collectors, this 

laboratory ha6 conducted performance tests on'a Simon Suction Filter 

(Entoleter) furnished by the Safety Car ‘heating and Lighting Company, 

Inc., (Entoloter Division). Arrangements for the loan of this devics 

(originally manufactured in Great Britain) Hero made through the New 

York Oporations Office of tho ].toir,ic Energy Commission. , 

The kntoleter unit is a multicompartment bag collector employing 

cyclic automatic rapping (assisted by back-flow air) to keep bag 

pressure louu =@es xithin a linitod range to insure a nearly constant air 

handling capacity. The collector was intcndod primarily for use in the 

flour milling industry and ha6 a filtration capacity of ten cubic feet 
. 
por minute por square foot of‘cloth. 

l 

Ths purposo of tests conducted by thir laboratory u-ore to determine 

porformancd characteristics of the Entolotor unit on fino aerosols, i.e. 

talc and fly-nsh,2.5 and 16 microns mass modian diamotor rospactively, 

. &en oporcitod at rated capacity (10 cfm/sq.ft.). 

6 Comparicun of test data with that obtcinod from a Horsoy rovorso-jet 

351 



collootor ostirating with similar aorosals and filtration volocitios permits 
. . 

bcgttor ovnlun'tion of tho efficiency and pressure loss characteristics of 

the Entolotor unit. No dntn has boon published (except preliminary data. 
. 

,in NY0 1566 (3)) on the Entolotor collector with dusts whose sizes aro in 
. . 

tho ranga 1.0 to 20 microns. Tho porformunco of tho reverse-jet filter 

has been discussod in several AEC reports (1,2,3,4) and by &plan (5,6) 

-, and Xason (7). 

I Tha results of Vests on tho Entoloter'collector do not indicate 

performance of cyclicly cleaned multiconpartmont units used industrially 

at usual 10~ filtration velocities (1 to 3 fpm). 

II. . Description and Operation 

A. Entolotor Unit 

Tho Entolster ' unit tested h&s four compartments connected on 

tho bottom to a common inlet hendor end hopper, and on the top by moans 

of individual dampers to G common outlet heador. Each com@rtmont con- 

tains eight sateon v#avo ootton bags six feet long and oight inches-in 

diamotor (100 sq. ft. of cloth). The bags are attached at the bottom to 

a manifold plate and at the top to a frame. The nanifold and frame sro 

conneotod rigidly togothor by rods so that when a section is rapped the 

bags are lifted snd drop?od (about 1 l/2 inchoc) as a unit, thus preventing 

'distortion or collapse of tho,filter tubas; Tho dampers at the top of tho 

unit connact to tho lifting gear so that when a compartment of bags is 

rnppod, primtcry air floe7 to tho fan shuts off and the conipnrtmont venta 
/ 

to ntmos?huro permitting u current of back-flo:v air to assist the rapping 

in dust romoval. 

In normal operation dusty air enters the bottom of all tubes, pnsst;; 

UP the inside, filtorc through the cloth, and loaves the coml>nrtmont , 



through tho'dnmpor sections. During Its 5.2 minute cycle, each section i.6 . 

6imultanoously llftod and droppod in rotation ahj.10 shut off from tho 

' fan and vontod to atnosphoro. The clcnninC; opuration consists of' four 

1 such raps with back-flow air; The compartment is roplacod in soivico by - I 
I 
' shifting tho dampor aU'ioma tically to its opon position. In tho test 

. 
unit tho total air flow to the fan is govcrnod by the numbor of compnrt- 

ments filtering, and the amount of back-flow air entering when orasoction 

. 
is cleaning. . 

B. Hersey Unit 

Tbo rcvorso-jot air filtor consists of a cylinder of wool felt 

. 18 inches in diamotar connected to a top inlet plenum and a bottom hopper. 

Dust dopositc on the inside of‘the cylinder and is bloxn into tho hopper 

by P reverse-air jet from a slotted ring traversing the outside of tho bhg. 

Proc6uro drop through the bag cbnt,rols cleaning action by regulating the 

amount of ring travel. (In many applications tho ring runs~nll of the time). 

Fnbrio velocity varied from 10 to 30 cfm/sq.ft. Previous laboratory data 

reported (3) prossure drops from 1.0 inck;os water gage to 4.5 inches water 
l 

- gag;0 on 1.0 grfiin/cu.ft. of fly-ash to 8.7 grains/cu.ft. of t3:Jc, recpoctively. 

Effluent -loadings v;~ro in the rango low3 to low5 grains/cu.f: e It VdTiL-4 also 

reported that 

'both directly 

. . 

the intensity of ravorse-jot action and filtrr,ll~n velocity 

affect th6 effluent loading. 
. 

III. Porforncnco Dntn 
. . 

It is poss?blo to compare pracsuro loss and ponotratlon chaycctsristics 

of the Entoloter and reverse-jot unit from tests at normal industrial 

opornting cond-itions (Tablo I). Loadings range from 0.1 to 1.0 grain/cu.ft. 

with tale at filtration volocitios of 7'and 8 cfm/sq.f't, and from 1.0 to 

- . 

’ 

. . 
* . 

. 
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5.0 p-uins/cu:l’t. with rususponde'd (Cottr;ll preoipitated) fly-ash at 10 

cfm/sq.ft. 

A. Pressure Loss 

In Tablo I, soveral comparisons may bo mado of prossuro loss at 

constant inlet loading and filtration velocity. For exampla, in Tost 1 

tho reverse-jet unit has a resistance of 1.6 inches water gage at 0.10 

grain/'cu.ft. of talc and in Test 2, the Entoletcr unit has a resistance of 

3.3 inches wator guga at the same loading, of the same naterial. The 

ktOlotCr raSiStanCa is double and the aVcrAg0 ratio for all tests is 2.3 

(saio aerosol at constant loadins). Although tho rovorso-Jot unit has a 

wool felt bag which is higher in clean felt rosistanco, cleaning by a 

. . 
TABLE I 

. 
Comparisons of R.esistance and Effluent Loading 

for 
Iiorsey Reverse-jot and Entoletor Bag Collectors 

Test 
p 

..Aerosol Capacity Resistance Loading - gr./cu.ft. Passage 
cfrll/sq.ft. iwg Inlet Outlot % . 

1 Herseyi Talc a 

2 Entolotsr ' 7 
. 

3 IIorsey 11 8 

4 Entolotor 11 7 

5 Eerscy Fly-ash 10 
. 

6 Entolctar (1 '10 '* 

7 Horsoy t, 
10 

1.6 0.10 0.011x10 -3 0.011 

3.3 0.10 1.4 x10-3 1.4 

2.5 1.00 0.27 ~10'~ 0.027 
I 

4.7 1.00 2.1 x1o-3 0.21 

1.3 1.00 0.36 x1o-3 9.036 

3.1 1.00 2.2 x1o'3 0.22 

I.6 5.00 0.80 x10 -3 O.Oi6 

8 Entoleter ' 10 4.6 5.00 4.2 ~10'~ 0.084 
- 

+ 1GOA I:lclw Kin& Opcrrti on, Slot Velocity 2000 fpm talc, 
4200 fpn fly-cch. 

. . 
. . . . .; ‘* 

. . _C. * :,. ._ *a_ Le. f 
. 

..- . . ““1 

” .-.> . 
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mm-170 . 
. 

., rovurso-jot.of air roSultS in n, lowor opornting rosistunco. The cotton 
. 

! . 
satoon usod in the Entolotor unit doos not got the SQXO cicgroo of cleaning, 

Tho reverse flov; air in tho Entoloter amounts to a maximum of 300 cfm 

dictributoci over 100 square feet of cloth, or an overage raverse air velocity 

of 3 fpin. It should bo noted that tho primary function of tho reverse cir 

in th!s dovico is to remove the suspendod dust dislodged by rapping the 

bags and to prevent dust leakuge to the clean air 6ide of the unit. Tho 

roverse-jot oporntes in the rang0 of 2000 to 4000 fpm ovor 'a very small 

area at any given time, but travels constantly over the whole filter surface. 

If the Entoletcr collector were operated at 3 cfm/sg.ft. as in usual 

bag filters, instead of 7 or 10, the resistance would be 2 to 3 times loc-er. . 

For a given exhaust air volume this would require more collector area, but 

it would not roouiro cleaning the bags as frequently to maintain a specified 

, 

.rosistnnco. \ . 4 

In evaluating these collectors (both at maximum cleaning capacity) it 
, 

may be noted that the reverse jet resistances are based on 100 Fercent bloTI 

ring operation. The Entoleter cleaning mec\:anism, hoxover, operates only 
/ 

.40 minutes per section in 5.2 minutes total cycle 'and corresponds to 30 

. ( 
4 x .40 percent -5. x lOD!oparstion. 

I 
From X!O 1506, p. 26, Fig. 8, it is 

. . 
possible to estimate tho additional reu- r;stance that would be reo,uirod to 

operate the reverse-jot cleaning mechanism at 30 percent.., This increase 

l 

will be 25 percent if the 100 percent blow ring o?cration resistance is 

5.0 inches P.-ater gage. ,Xith lower resistances as i.ndicAted in Tests 1, 3, , 

5, and 7 th6 incrccse is probably highor (up to as much as 50 to 75 porCGnt 

c 
for 10~1 rocistances of 1.5 to 2.0 'inches water gage). This will not cause 

tho rovcrso-jot rosistanco to exceoci thctt; of the Entoloter, but will put 

' thorn much closer togother. 
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All.rosistancos are oxprossod ~\s averages, Somo indicntions of tho 

range associnted with the nvoraga aro included below. In test numbor 8 

the Entolctcr resistance is listed nt 4.6 inches water gage. The avornge 

r.osistrlnco or prossuro drops across the four sections viare rospactivaly 
. 

-4.2, 4.4, 4.7 and 5.0 inches water gage. Just bofore shaking Unit IV 

(highest) the value was 5.3; immediately aftor shaking the vcluo droppod 

to 4.8 inches water gage. The avorsgo listad.is the averago of the four 

units (at equilibrium), each unit at its average operating resistance. In 
/ 

tast number 7 the revarsa-jet resistance is listed as 1.6 inches water 

gnFY* The variation in resistance during one cycle of the blow ring is 
'..-_-- 

from 1.6 (dovrnstroka) to 1.7 inches water gage (upstroko). . 

B. Penetration 

The amount of dust leaving the collector per unit air volume is 

also seen to be lower in the roversa-jot collector. The Entoleter (Test 1) 
I 

effluent loading at .lO g,rain/cu. ft. inlet loading of talc,is seen to be 

1.4 grfiins/lOOO cu. ft. of air, comperad to 0.011 grains/1000 cu. ft. for 
\ 

the reverse-, "at (Test 2) nt the same inlet loading. The affluont loading 
. 

from the Entolater is 130 timas'highar. In tests 7'and 8 (5.0 grains/cu. ft. 

fly-ash) the Entoleter is only 5 times. higher in effluent. On the basis of 

all the tasts shown the Entolator effluent axcaeds the Earsoy by a factor 

of greater than 5 H-bon the inlet londing is lass than 5.0 grains/cu. ft. ' 

At an nverege industrial loading of 1.0 grnin/cu, ft. the factor is about 

.7 for both test dusts. . 
. 

. 
I . 

In filtration through porous materials tha depositod surface dust cake 

is the principal filtering mochunism (8). In the reverse-jet unit this chka 

is dislodged at only a small txroa and tho incoxing duct can re-deposit 

irxnoc!iLtoly in this more porous aron. (Somo question oxictc as to ho-x much 

! 
. 

. 

. . . 

-..._ --- 
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of tho dnpositod cnko is romovod). Nit!) tho roelorol pf large amounts of . 
. 

the surfnc~ cnko in tho Entolotor unit moro time is roquirod to create a 

layor over the larger cleaned area and penetration is highor. This would 

bo particularly truo undor light loading conditions when insufficient 

material ontors to "bridi;o" tho spaces betwaon fibers. Wth larger aerosol 

.x 
particles 050 - 60 II) tho differoncos botwaon theso colloctors may becoxx 

less marked. 

c. Evaluation of Difforont I)ag X7aterials in tlta Entol-eter C'nit 

As oxplainod above in Section II, the Entoloter unit shakes the 

filter bags without appreciable distortion in coyjunction vrlth 100 to 300 

cfm.of baclc flow air, so that it is possi ble to use bags of materials othor . 
. 

than cotton sateon with loxor tensilestrongth, higher heat resistance, etc. 

The following table gives comparative data for cotton sateon, wool felt 

(light and heavy), Orlon (woven) tnd glass (woven, lubricated with silicona). 

These are compared for light loadings of atmospheric dust (0.5 p) and copper 

. * 

sulfate (1 p) without shaking, to get basic performance data. They are tien 

compared with talc and rssuspendod fly-ash at an average loading of 1.0 . 

grrdn per cubic foot to get an indication of actual*industrial performance 
on 

while cleaning/the standard cycle. 

The approximate order of those fabrics for light loadings with no 

shaking, from highest efficiency is: glass, heavy wool, cotton, @ion, a;d 

light wool. It can be soon thct the higher officioncies are associated xith 

higher resistances. Tho use of 'heavy load3.ngs changes the order slightly, 
. 

from loxort penotrationr glass, hoavy wool, light wool, cotton anti Oflon. 

A considorntion of the trnoothnoss *of fiber, and weave (or felt) poro size, 

will tend to confirm tho second list above, ainco tho dogrco of dopositod 
', 

oaks filtration doponds on tho character of tho nod3um upon which tho cake 

. 

I’ . 
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r;r TA3LE.11 

Comparisons of Efficiency of Filter ?&dia 

A. Atxosphcric Dust at 10 cfln/sq.ft. 

Fabric Avertigo .Inlot Ye ight 
Resistsncs Loadjng Efficiency 

. 
=w, gr/cu.ft. . % 

Light Yfool 0.07 0.10x10-3 75 
Orion 0.10 0.13x10-3 60 
Cotton 0.29 0.15x10-3 81 
pcvy Vfool - 0.34 0.22~10-3 85 
Glass 0.56 0.058x10-3 &2 

Light 'No01 
Orion 

., Cotton 
Heavy Kool 

Class 

Light 'do01 
Orion 
Cottcn 
Iieavy X001 
Glass 

B. c0pp.3 sumte at io chJ+ft. 
o.89x1o-3 41 
O.8lxlO'3 46 

_ 1.0 x10-3 64 
1.0 x10-3 71 
0.90x10-3 81 

d. Taic it 5 cfm/sq.ft. 

' Passago 
% 

5.@ 1.0 0.074 
5.5 ,1 0.033 
5.5 n . 0.099 
5.6 11 * 0.034 
5.9 n 0.0063 

Light moo1 
Orlon 
Cotton 
Iieovy ?;Gol 
Gless' 

D. Fly-ash t;t 10 cfn/sq.ft. 
2.6 1.0 0.026 

. 2.4 II 0.56 
3.0 11 . 0.14 
2.7 n 0.030 
4.7 11 0.012 

. ’ 

. .” ,. ” . . . -,,I 

. 

, 
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TARLE III 

Fabric Comparisons 
. with 

200 g;r./sq.ft. of Asbestos Floats, at 10 cfm/sq.ft. 

&ntorial Initial Finn1 

Resistance Rcsistnnco 
iwg iwg 

Passago 

% 

Orlon 0.16 0.95 . 1.4 

cotton 0.36 1.4' 1.1 

Heavy Wool : 0.36 0.90 0.72 

Glass 0.81 2.2' 0.40 . 

1 is deposited, as indicated above (6) as wall as the cake itself; 
4 . . 

AS stated before (NY0 1586, pT 47) the use of the above fabrics for 

low loadings ((0.001 gr./cu.ft.) of radioactive particuletos would require , 

many hundreds of hours of operation before filter efficiency increased to 

90 percent or greater. Therefore, the above bags have been treated with 
. 

asbastos floats as a filter aid and the effi,ciency again compared on copper ' 
. 

sulfate. These data are given in Table III for a total of 200 grains of 

asbestos per square foot of filter surface. The bags were no-t shaken 

during the testing. The same order of rating of fabric is obtained as 

was found in Table I1 for the basic efficiency on copper sulfate. (Tha 

final resistance is not a direct measure of performance). 

The use of asbestos "floats" and glass or Orion bags can substanticlly 

_ incrouso the o?et-nting tompcratxo limit for filtration of light aerosol 

loadings in the Entoloter collector. 
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IV. Conclusion3 , 
. . 

. A comparison of tho Entolotor collector with t-ho roverso-jot filtor 

at equal filtration volocitios, duct londit$s nnd with maximum clonning 

' .capacity shows (Table I) that Entolotor ponotrntion and rosistanco are 
! 

. on the average of 7.1 and 2.3 timos hi&or, rospoctivoly. Thooo data aro 

basod upon "standard" fabrios supplied for each unit; cotto f,or tho 

Entolotor and wool felt for tho rovorse-jot unit. 
. 

With wool felt in both collectors , ponotrations ard found to bo 

about oqunl for each aorosol tested. , RCJSiEtanceS of tho Entoloter, howoor, 
. 

tar0 found to be twice cs high with fly-ash and 3.5 times higher with talc, 

a6 those of tho rovsrso-jot filter. 

Tho wool felt is concluded to be a bette,r filter fabric than cotto 

sateen, nt the same filtration velocity and the reverse-jet is found to bo 

a superior method of cleaning kool felt. 

Tho Entolotor unit offers tho possibility of R wide choice of filter 

fabrics for speoial applications, chiefly synthatio fibers for corrosive 
. * 

problems, and gla66 fiber6 for higher tomporature applications, subject to 

c field r;oruioo life tects not possibla to aaaomplish in the laboratory. 
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Richard Donnia, C&lo& E. Billinga and Lcolio Silverman, Barvard 
I 
8 --- 

. 
In this pspor the results of praliminory pcrformnnco tests aro pre- 

scnted for the - "Clectro-polar Filter", an cxpcrimsntnl uust collector 

Jevclopod by the Kestsrn Precipitation Corpora-';ior;. The objoct'ives of 

the field and laboratory testinr, procram on conmsrciul dust; collectors 

have been covered in a previous report by our laboratory (1). Those 
.' . 

studies are inte:lded to determIne collector performance in accordance with 

applications suggested by t'ne manlZacturer and also to investj*yate new 

applications by moans of minor operating or design changes. The proper 

evaluation of these data serve as a guide to the Atomic Energy Comnlission 

and its'contractors in the selection'and application of commsrcially 

available dust collection apparat)Js. 

The' Electra-polar Filter now under test was developsci by the 

manufacturer's research department and would prohably'be subject to design . 

changes prior to marketing. AFC representatives, contacted by the Western 

Precipitation Corporation conur -:derod it advisahlo to have the unit tested 

by the Air Cleanins Laboratory so that its practicability as an air cleaner 

for 10:~ dust load systems could be detorntined.' Since the Eloctro-polar 

Filter is. an experimental model there is little bnckground data with which 

to compare its perfornaaco. Iiol:uver, ' the unit employs PF 105 or PP 316 

Fiberglas media as the primary filtration elomerlts. Those pads have a 

basic weight collection efficiency of approximately 7G to 80 por cent; 

nzainst atmospheric dust and nro suitnble only for lov::,dust conccntrutio*>s. 



By plucin~ %ho f;tlor pnds withig a strong electric field, olcctrostntic 
. 

fqrcos arc expoctad to supplomont the usual filtration mcc}laniems (impaction, 

intarcoption and diffusion) thus ixpr-dving tho pcrformnco bf tho u?Lt. . 
. 

Descri?tlon of Elcctrb-polar Filter - ?~odel X --- - 

The Slectro-polnr Filter consists c sscntially of a dielectric filter 

medium of fino glass fibers placed in nn electric field. Filter media 

employed are P. 0 316 mats or one to two layers of PF 105. The fibor code I 

designation is that of the Fiberglas Corporation. PF 316' is a three micron 

'diameter resin coated glass fiber supp,lied in 1 inch thick bats at a packing 

dansity cif 1 Ib./fL3. PF 105 is a one micron diamotor resin coated fiber 

supplied in l/2 inch bats at a packing dansity of 0.6 lbs.,/ft3. The electric 

field is furnished by placin S the fiberglas mat between two vertically aliEned 
. 

metal screens. The upstronm screen is insulated ahd -naintalned at a positive 

potential of 15 kilovolts; the downstream screen, 1 inch removed, is grounded 
, 

to the unit. Screen construction consists of a stamped diamond shaped 

grating with a free area of approximately 80 percent. Total filtration area 

comprises five idsntical screen ssctions (20 inch k 69 inch) arranged in a . 

row and all insulated from each other. The entire screen section (totnl 

area = 4i.5 square feet) is aligned diagonally in a rectangular housing having 

overall dimensions of 2.5 x 8 x 5.5 feet. This permits a gradual reduction 

In cross section of the entry plenum so t'nat better air flovr distribution 

may bo obtained. 

The high voltnge supply is furnished by a po~cc pack with a ratrd 

output ranging from 11 to 17 kilovolts. Three hundred microamperes are 

available at 17 Xv. and at currents exceeding 750 \~,a, (resulting from 

shorting or arcing) a safety control relay turns off the poncr. 



T)lc powr p. c 61 k is enclosed in a lfi x 16-x 9 inch box which occupies 
. 

one cornor of the collector housing. To redxu oxcossivo dust loadings 

and prevent screen shorting by gross contaminants "Dustop" roughing filters 

(in a bank of 3) are located at the inlot to tho collector. . . 

Rntod Opertltinq Conditions -- 

. The Electra-polar Filter is designed to operate at 3500 cfm with a 

1 inch layor of PF 316, 2900 cfm with a l/2 inch layer of PF 105 and 1700 

cfm with two, l/2 inch layers of PF 105. The manufacturer recomvnends 

that filters be replaced when pressure losses reach 2 inches of water 
, 

although fan capacity or exhaust requirements may modify this figure. 

3ecommondod scrsen potential is 15 Kv. Arcing,betwvcon grounded and high . 

voltage screens may occur as a result of high points or shtirp edges on the 

screen surfaces. The high current accompnnying arcing will automatically . 

act.ivate the overload control switch and turn off the power supply. In 

somo instances of arcing a sizable hole may be burnt in the filter which 

will require patching. 
. 

. 
Thecjry of Operation 

It is evident that the glnss fiber media employed in the Electro- 

polar Filter are reasonably good filters for atmospheric dust without 

superimposed electrostatic effects. Preliminary tests indicate woig:it 

collection efficiencies ranging from 70 to SO percent against ataos?heric 

dust at a filtration velocity bf 65 fpm (PF 316 modia). Previous tests (1) 

have also shoxn that similar fiborgles media (PF 105 end PF, 314) oporata 

in the sane gonoral efficiency range. 

Electrostatic chargo mcasuro-gon%s upon Pr' 105 modin have indicated 
w 

potentials of 700 volts resulting from handling alone. high static char;;es 

. . . . . . .‘.. . . ” ., 

. . 
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may bo produced thla.~;;h cording ps illugtroto+ by tho rosin-~001 filtor (2). 

This lnformntion indicntos that elcctrosttktic SoporatinG forces coma into 

play in fibor collectors regnrdloss of oxtcrnnlly applied oloctrical fields 
. 

and in addition to usual collecting mechanisms (impaction, intorcoption 

and diffusion). 

By intansifyin g the electrostatic of'fects through placing the fiborglus 

media within an elOCtriCA1 field tho manufacturer has'sought to im;>rove 

tho overall dust removal charucteristjcs. 

The presence of dielectric fibers within an electrical field produces 

_ . divargencies in field intensity such that the regions of highest field 1 

! strength are concentrated about the fibers. Dust particles, which bocone 

polarized by passing through t!le electricnl field, migrate toward the 

regions of highest field intensity. It should bo notod that the particle 

n&ion is always toward the zone of higher field strength regardless of 
1 

field direction. Hi;hor dust concentrations in the immedia,te vicinity of 

the fibers cause increased agglomeration and enhance the probability of 

captuti6 by inertial nechnnisms. . 

Although mathematical formulas have boon preserited by Pohl (3) to 

quantitato the precipitation of solids from liquids in a highly divergent 

field, no'simple relationships can be advanced at the present time to deal 

with particulate deposition in fiber beds: Pohl describes a system con- 

sisting of a single, positively charged .central electrode and a concentric 

cylindrical negative electrode, used to precipitate a grhphite-toluone sol. 

In this case, it is possible to evaluate tho field strength at any point 
. 

as a function of tho potential grodien+; and the olectrodo dimensions. 
w 

Equating viscous forces to oloctrostatic forces pormlts estinat:on of 

particle migration voloiitios. 
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, l In 8 gcncr91 ncluatioil mi,, Tration voloc.ity (g) t.sy bo oxprossod as a 

Act ion or tic 
. 

diff‘?rewo bcL:vctln the dielectric constnnt of tho fluid and 

pw%i c.11at.s c0:r,y.3;10111;5 (kl - 'x2), particle radius (a), fluid..viscosity (y), 

absolute v~luo of the fio1.d strength (2) and its divorcence (dE/dr). 

Since no data are availnblo to define field divargencies in randomly 
I 

oriented fiber beds, varying in sWface characteristics axd having non- 

uniform resinous coatings, the above eouption has only a qualitative signifi- 
, 

cance as far AS the Electra-polar Filter is concerned. It should be notod 

also that in dealing with a dyla?ic systen it would be necessary to combine 

vectorially the inertial and electrostatic force?. In practical application, 

Equation I sub0 -rests that increased cnrticle size and field potential should 
\ 

improve the collection efficiency of,thc Electra-polar Pilter. For particle 

d:,ameters?5 microns, however, electrostatic forces are insignificant in 

comparison with the inertial effects. Similarly, it appears that variation 
. 

in filtration velocity wou,ld effect collection efficiepcy only through 
. 

inertial or diffusional mechanisms. 

Test Procedure 
‘.. 

. Lnlet and outlet atxosphoric dust loadings were.determined gravi'motricclly 

with high volume ssnplcrs and pleated filtsrs (4). Stain efficiency measure- 

ments vfw3 made with a film badge densitometer on Wnatmon No. 41 filter discs w 

and count efficiendies were dctcrninad with a Bausch and Lomb dust counter. 

COppor sulfato loadings were SAmpled a.ith AC oloctrostatic prccipitat ors 

and the CO:lCC~tI~AtiOIlS detcrminod by chemical analysis. The method of 

. ..I .. . 1 . . , 

. ’ 
. 

, ,. . . 
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goncratin~~,. coppr sulf’ato microsphers s and comploto dotnilc oi all sn::alirls . 

nothods hnvo bocn doscribed in previous NY0 reports (1, 5). 

Tost Results 

Preliminary tests on the Sloctro-polar Filter were des9gnsd to detsr:?ino 

if the use of an electrical field significantly improved the basic performance 

of the P?’ 316 fiber media. As shown in Table 1, tests 1 and 3 with atmospheric 

dust and tests 5, 6, 8 and 9 with coppr sulfate indicate average efficiency 

incraasos of 15 and 11 portent, resycctivcly,w!~cn rated screen voltage (15 Xv) 

was applied. Filter plug,einZ, however, illustrated by slightly higher 
, 

pressure losses in tests 2 and 7, indicates a gradual improvement in basic 

fibor efficiency. Table III compares overall collection efficiency as 

obtainod by simultaneous weight, stain and count methods for operations at 

no voltage and 15 Kv. 

. A breakdown of weight collectjon efficiency appears in Table I since 

the "Dustop" performance is not governed by the electrical field. overall 
I 

unit efficiency, therefore, shows a smaller increase (acproxilately S 
. , 

percent) with applicationSof screen voltage. At lower Screen vcltazes 
. 

(11 Kv) a very slight docrease in officiel!c3. was observed for cOrJ;er sGlfat.o 

(tost 10). 

Filtration v0lOCitieS rangiq fron; 36 to 85 fpm and screen Folteges 

varying froa 11 to 1E; Xv showed no significant efficiency changes with 

Ltmospheric dcst (‘irib II) according to stain nuasureaents. Tiowver, it 

is expected thct additional tests,v:ith a copper sulfate aerosol will ?crmit 

bottcr corrolntion cf theso vmie.bles. Chanps in conccntrction and pnr'iicle 

size distribution of atmospheric dust were partly respansiblo for icccr,sistencies 

in the dnto. 

>, 1’ 
. . 

. . ’ ;: 
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1jumi.d air also WAS obscrvod to roducc coll.octior. officiotrcy clthcug?l i?~o 
. 

measurcmonts wore qu~litativo. 

In ardor to oliminnto tho effect cf changing bed charnctcristics duo 

to retention of copper sulfate, tests 5, 6, 8, 9 nnd 10 were run with altcrxte 

screon secti'ons %loc%cd cff. Air flow was reduced proportionntely to maintrin 

constant vo?ocity (85 fpm) thrccgh tho PF 316 media. Since the Dustop filter 

area \:ns not chnnpd, the velocity through this section. of tho unit varied 

with total air flow (Table I). Weight collection efficiencies fcr Dustcp 
L 

filters were a direct function of velocity indicating that inortinl sepnrhtion 

was tho primary collecting mechanism. l 
P 

Discussion of Tests 

Test data indicate that the use of an electrjcal field increases 

the overoll weight collection efficiency OT the Electra-polar *Filter by 

about 8 percent with atmospheric dust and copper sulfate microspheres. 

It appears that the overall advantage of the electrical field will decrease 

with filter 'usage since the efficiency of fiber beds increases vrith plug- 

ging. Preliminary tests indicate this trend even though pressure losses 

are still beloir the rated value of 2 inches of Water. 

No data has yet bsen obtained for PF 105 media which, because of its 

small diameter (1 micron), should be a more effective filter. 

Final comment regarding the utility of the Electra-polar F'iZter as a 

high efficiency cleaner for 10;~ dust concentrations is withheld pondinS 
. 

completion of tests. . . . 
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. TARLk II * 

Effect of Volt;ul;o und Velocity Variations on Stain Efficiency Tests 

.' with Atmosshoric Dust 

4 
-- 

, Test Inlot Loading 
Grains/1000 ft.3 

Screen Filtration Ovcrnll Stain 
voltA&o Velocity Efficiency 

XV fpm P. 

11 0.097 11 85 98 
4 0,09a 15 ' 85 95 

12 0',125 18 85 98 

11 . 0.057 11 85 98 
13 . 0.123 11 61 98 
14 0.203 11 ' 36 98 

TABLX III . 

Effect of Screen Voltage on Simultaneous Yoight, Stain and 
count Efficiencies for At'rcospheric Dust at Plated Capacity 

(3500 cfm) . 
, 

- ..Test Screen Voltage -- 

-_ s xv . 
Overall Collsction Zfficien? _ 

'rioiC;ht ss Count 
1 .O 92 SO 54 
3 15 98 95 80 

fiesults of pralininary performance tests are presented for the Electro- 

pol’ar Filter, a dust collector doveloped by the Xostorn Precipitation 

Corporation for hi,+ officioncy ronoval of particulatos. Soparation is 

achiovod throui;h A co&Tbination of the mechanical filtration propcrtics c;f 

PF 316 or Pi" 105 fibor~les and olectroctatic of'fucts produced 5y locatinrr u 



the fibers within r.n cloctricol field (cr+cLod by twu GWLLI~ :‘C~C’CIIS, ono . . 
meintaincd ct. 15 Kv Fotcntir.1 and tho othor krougdod). Theory of operation . 

5s bnsod upon migr&tion of polarized dust pnrticlcs to the regions of high _ 

field intonsity surrounding tho glass fibors. 
I 

Test results on clcnn fibers indicate that applicntion of rated screen 

voltcge (15 Xv) incroascs overall collection efficiency of ntmosphoric dust 

and copper sulfate microspheres by about 8 percent. Filter plugging, however, 

results in higher baso efficiency for the fiber which tends tc lessen tho 

advantage of the electrical field. 

Current tosts include a study of the effect of voltage and velocity 

rrriations on collection efficiency. Final evaluation of coilector utility 

is withhald pending analysis of all test data. '. 

. 
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COTTON AEROSOL FILTER STUDIES 

. 
. . . 

by ' 

Riohard D. Colomnn 
Sonior Assistan% Sanitary Enginoor 

U. S. Publio Hoalth Sorvico 
on nssignmont to 

Harvard Univor6ity 
Air Cleaning Laboratory 

I. Introduction 

Tho dicchargo of sovoral materials to tho atrr,osphoro can crocto publio 

.- 
health problOm6. Consaqucntly, tho‘furthoi dovolopnont of satisfactory Ion 

oost air cleaning dovicoo may play a part in hoslth protection by orcouraging 

tho use and installation of air cleaning facilities. The uce of cotton fibers 

as filtcz wodia has prospocto for ooonony because oottoa hao a rolctivolg low 

initial cost, has' 1~ c\r;h (less than 0.1% (1))'f or odonomical disposal and in 
4 

. 

readily a&ilcblo. I 

DUriAg tho past year, studios have beon conducl;od at tho Harvard University 

.,$ir Cleaning Ltiboratory on the filtrc\tion c harncterictios of various oottcjn 
. 

fibers for &nosphoric dusts. Four natural fibers and two ion exchnngo ooatingc 

sore invostigatod. 

In conjunction tith the bacio cotton gork a parallol study 'fins conductad 

on the'c&rrelation of wsiht, stain, and count offioiencies for atmorphoric 

dust. If an empirical relationship cun be dovoldpod u6ing atmospheric loadings, 

concidorablo time can bo 6aved in obtaining an indox df oount and wight affi- 

oioncios from a Sirnplo ttain tcchniquo. 

In an r\ttom2t to roduco tho weight officioncy variation caueod by n few 

large sarticloc a profiltur wa6 wed. Th:e introduced a third phnso of tho 
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study which 'had as its goal the evaluation of,tho profiltor AS A moans of obtain- 

. ing A rolfitivoly oonsistont norosol for filtor rating. 

II. Equip:1ont 
. 

FIC;ura 1 is a cchotatic diagram of tho test sotup. Tho profiltor had A 

face area of 0.143 squaro feet and consisted of 10 lnyora of Xetox mist 

eliminator screen coated with SAE 30 motor oil. 

The nappod cloth YXLG used to interlnco Mth the tost medium to minimize ' 

Fibor Description # 

.A o&bon fibor has boen described ns an opidermal cell of the soed. It 
: 

consists of an outer viall, seoondnry wall and a lumen. With growth, the 

scoondary \\a11 thickness increases until the lunon is nearly closed. With the . 

drying that occurs after pioking, the lumen collapses and for mature fibers a 

kidney or elliptical shape is attained. In immature fibors the secondary vial1 
. , 

is thin and upon collapse of the lumen the fiber attains a twisted ribbon or 

U-shape, ?&tthews (2) indicatas that wall thickness may vary from 0.35 to 15 p 
. 

and ribbon widths from 11 to 20 CL. * 

The fibors tested in this soriec wre sized by Rossano (3). The mean 

dianotors presontod in Table I are the geometrio means of singlo trmsverse 

measurements of over 200 fibers for each grade. 

The Lookett ssmplo contained about 93% mature fibers and the Kemphis 

immature about 36% mature fibors. 

Tho ion oxchango treatments whioh here tostod had been applied to S x P 

fibers by the U. S. Dopurtment of Agriculture. Tho rosin treatment wxc 

inprognation by Rosiloon HP, an unmuthylntod nothylolmolanino rosin Which has 

found use in ion oxchango columns. The aminizod ootton had boon troatod with 



. . 

2-aminoilthylsulf\Iric adid and sodium hydroxJdo. Aml.nizod cotton has anion . 

oxchnngc propartios and the treatment facilitates the uso of acid dyes. 
. 

Test Procodurc 

A. Bod Preparation 
. 

The fibers tested had been f'urnishod by tho U. S. Dopartmont of 

Agriculture, Burauu of Agrioultural and Industrial Chomiotry, Raw Orloans, 

Louisiana. They were recoived.as card slivers and diffioulty vras experienced 

in obtclning raproducabillty. The fibox- were carded again and taken off as 

card fob which was folded into boxes for storage. Compaction in storage made 

- most of the individual layors of the web indistinguishable. The layers v\%re 

separated by hand as well a6 possible and cut into s-ix inch squares. The 

weight necsssary to give a paoking density of 2 lbs. per cubic foot (porosity 

0.98) was computed (cotton szoc+fic gravity 1.59). Depending u~op,tho typo of 

fiber and tho dogreo of compaction, five to ton layors rcere roquirod pclr inch 
I 

df final .pad. These layor xoro loosely placed in the plastic box and com?rossed 
, 

to the decirod bed depth by insertion of the inside section. With this tochniquo 

packing densities could be satisfactorily reproduced. 
. 

'B. Operation of Test Apparatus . . 

The combined operation of the upstream and downstream high volume 

sam?lors brought room air into the plenum through the profiltor at 50 cfm 

(face *olOCity Of 350 fpm), One-half.of this flow wont to tho upstroan high 

voluzo sampler and the othor half went through the test section to the do;instrenm 

high voluno sam;~lor. . 

Stairmand discs wore used as orifice motors to dotormino the rospoctivo 

flovr rates. Tho 25 cfm rata through tho tact section gave a face velocity at 

the tact pad of 100 fpm. Continuous operation of from 48 to 80 boars on Boston 
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air WIG roquirod to produce significant increase i.~ tho weight of the downstream 
. 

sampling filtors. . 

c. Sampling 

Sump106 wore takon at threo pointsr -1. Room air (upstream of 

- profiltor), 2. Upstroam (downstream of profilter, upstream of cotton pt\d), 3. 

Dk-nctroam (doxxstroam of ootton'pad). 

Eaight loading was dater-mined at those throe points by dotormining tho not 

: weight incroaso of type S pleated filters. The room air rample was colloctod at 

full flog of the high volume sampler which varied from 70 cfmto 40 cfm. Both 

.upstroam end downsi;re~m samples wro taken at 25 cfm tith the s&ire volume 

!pa6SiIlg through the test pad collected for the doxnstream sample. 

After from 10 to 20 hour6 of operation, and again 24 to 48 hours later, 

membrnns filter samples were taken at 0.7 cfm for count loading and stain 

efficiency datorminctions. The room air membrane filtor sample was taken near 
‘ 

the profiltor and the upstream and do;mstraom samples were taken through probe6 I 

in tho test section. These samplos vqro taken for 45 to 120 minutes, do?ending 

. on the rate of stain buildup. At interval8 of 15 to 20 minute6 the stain 
. 

doatity of each membrane filtar xas determined by uso'of a Photovolt, Model 203, 

ttisncmission densitometer. 

A blank for zeroing the densitometer on each membrane filter wa6 obtkinod 

by backing each filter with i'htman $1 paper to which a 5/S" circle of callophclse 

tape y;~16 attached. Xith this backing, the stain vias deposited in an annular 

pattorn and t1,o cantor portion of the filter remained clean. 
. 

D. &no1 ysis 

Tho stain roadings nor0 plotted againct time for each filter and 

tho timo to roach a constant stain was dotorminod from onch curve. Tho stuin 

officioncio6 wore than dotorrninod from tho rolntionship 
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Tho mombrano filter stains wore thon counted and sized microscopically . 

under 041 immorsion (90X objoctivo and 25X oyopioco) to dotormino tho count 

loading and sizo distribution at each sampling point. Total efficioncy,by 
. 

count,and sizo fraction efficiencies wore doterminod from those loadings. 

Tost Rosults 

Analysis of the data has not bocn completed, but a summary of noight, stain 

and count officioncies is prosonted in Table I for the various fibers tested. 
_ , 
These efficiencies are tabulated in order of decreasing weight officioncy. 

The pressure drops listed in Table I are the final drops observed in the 

rospoctive tests. Theso values represent no.approciable increase over the 

.drop in the clean beds for the shorter operating periods (48 to 60 hours). . . 

For rosin treatod S X P and Memphis Immature beds there ware 7 and 11 percont 

TASLE I 
, 

Efficiencies of 2" Pads: of Various Cotton Fibers on Atmospheric Dust 
'Packing Density 2#/ft3 . 

Face Velocity 100 fpm . 

Cotton Kean Fibor Weight Stain count Pressure Loss 
Diamotor Efficiency Efficio2cy Efficiency 

??onphis 
ITXl~tU~il 

-_I- 

Aminized 
Sx? 

CL % % % .Inche_s of rater 

-. 10.0 02.5 78.8 63.5 ,5.8 

10.0 80.5 53 . 3.@ 

Untreated 9.4 77 72.7 58.5 4.0 
SXP 
Rosin Trectod 10.3 74.8 72.5 61 3.6 
SXP 

--- 140ck~rtt 140 13.4 46 39 71.3 2.1 
-op.-- 

- Iyuitos 15.5 c-7 46 1.6 
--- Iepp------^ ----- ----- -- -- -- --- p--m -... . . . ,' 1.... 

! . . . . - . . .: U. .' I ., . 1' 

. 
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To dnto, tho.only v..riablo;: stud,iod have boon type of fibor and bod depth. . . . . 
Furthor'atudies two plannod to tast tho fihor at; difforont packing donritioc 

and fclco volocitioc. It is plnnnod to dalny furthor ootton atudiqs until the 

prosont data on rolntionships of wight-stain and count -stain officioncies aro 

more completely analyzed and tho valuo of tho profiltor is establishod. U&g 

the precont techniques, about 5 dnys are roquirod for each run in order to collect 

wighablo camples and oount and size the 6 moleoulnr filters. From a preliminary 

inspection of the weight-stain relationship it appenrz that empirical rolntion- 

ships might be dorivod r;hich till raduco the time from days to hours for each run. 

If theso relationships do not Provo reliable, a synthetic test aerosol will 

be generated and the cotton tests continued. Future studies till evaluate the 

effeots of various paoking donsitiec and various face velooitios. 

Prcfiltratiox 
: . 

. . 
Partial analysic of the data indicates that the profilter caua~s little 

change in aerosol composition. The avorago size fractio;l efficioacios of tho 

profilter F-ore dotormined fro-m the data of 28 runs. The average cloud com- 

position for roo3 air was dotorminod from the same data. This average 
1 

ocmpocition KG plotted on logarithmic probability papor and, using the averace 

cizo fraction efficiencies, a seoond cloud ~28 synthasized Khich raproaontod a 

cloud loating a profiltor of avarngo perforwnce. The line represontirg this 

tooond cloud on logarithmic probability papor T,TLB olnoct cuporinposod on the 

ini.3.al line. This approach clearly shows that proaont sizing tochniquos aro 

in~on~itivo to any chmgoc tlada in the ‘aorocol CGiJlpOSitiOn by this typo of 

profiltor, 

It 1~ folt that tho major bonofit to be dorivcd from tho profiltor is in 

tho roaoval of lcrgo pcrtiolos which mtiy dis2 art any empirically dotorminod 

rolationthip botxoon stain and wolght; ufficioncion. 
. 
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XNCIN~IZATION OF COMI3USTI~3LE WASTES - 
: USING TANGENTIAL OVERFIRE AIR 

l 

BY 
1/ 21 

L. A.’ Spnno- and R. C. Corcy- 

U. S. Bureau of b:inoo 

INTRODUCTION 

At the request of the U. S. Atomic Energy Commission, 

the Bureau of Mines initiated a systematic investigation of incineration. 

The ultimate purpose of this investigation was to design a packaged 

incinerator for disposal of radioactive combustible wastes incidental 

to operations at off-site research laboratories. 

The prime requisites of any incinerator are: (1) maximum 

combustion efficiency, so that smoke, tar, and malodorous constituents 
f 

are not discharged to the atmosphere; (2) maximum retention of particuiate 
4 

matter within the combustion chamber td obtain the lowest possible 
, 

dust-loading in the stack gases; (3) maximum reduction of charge volume, 

so that the least amount qf residue must be handled. 
. 

Knowledge of the complex heat-and-mass transfer processes 

which control combustion in solid-fuel-fired furnaces, is meager. Con- 

sequently, design of efficient combustion chambers is generally empirical, 

particularly in the field of incineration. -No sound engineering data have ’ 

yet been published relating such factors as temperature, gas residence 

or contact time, and turbulence to the burning process of solid fuels. 
. 

L/ Chemical Engincc r, Combustion Research Section, Bituminous Coal 
Utilization and Preparation Branch, U. S. .Bureau of Mines, 
Pittsburgh, Pa. 

2/ Chief, Bituminous Coal Utilization and Preparation Branch, U. S. 
Bureau of Mines, Pittsburgh, Pa. 
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ep.orts,, I80 d+ees apart, 
‘.i ; 

located at diffcrcnt lcvcls of the drum. Figure 1 
. . 

.is a schematic diagram of the moclcl incinerator. 

. . -. . Th< principal objcctivo- of the model studies was to establish 

the relationship of the various process paramctcrs to the burning perfor- 
. 

mancc of’ the incinerator. The variables studied were: (1) air rate, (2) 

port arca, and (3) height of ports above the grate, All tests were made 

.tiith sawdust whose proximate analysis on the as-fired.basis was 

nominally 8 percent moisture, 74 percent volatile matter, 17.5 percent 

fixed carbon, and 0.5 percent ash. The gross heating value of the sawdust 

.was approximately 8200 Btu per pound. 
. 

! . The unit was charged at the beginning of each test with 10 

pounds of sawdust, ignited, and operated at various predetermined con- 

ditions. Each test was considered completed when the last embers were 

seen to burn out. 8 

The principal observations in each test were: (a) the time 
. , ’ . 

required to burn the charge completely; (b) the composition and the tem- 

perature of the stack gases, and (c) the relative quantity of smoke and 
. 

tar in the products of combustion. 

Four quantities were used to characterize the performance of 

the unit: (a} th e observed burning rate, that is, the pounds of charge 

consumed per hour, as denoted by the elapsed time between ignition and 

complete burn out; (b) the calculated burning rate, derived from t’he mass 

air flow rate and the composition 0.1 both the charge and the stack gases; 

(c) the combustion efficiency which is the ratio of the calculated to the 

observed burning rate; (d) the relative smoke content of the stack gases. 

/ 

. 

. 

. . . 
:. ,, .’ 

, 
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In designing the incinera,tor for disposal of radioactive wastes 

several factors, such as handling the residue and the de sign of the gas - 

cleaning system had to be considered. However, the most urgent need 

was to achieve high combustion efficiency and maximum retention of 

* particulate matter, consistent with a reasonable burning capacity. 

Generally, incinerators are required to perform satisfactorily 

over a wide range of operating conditions, For example, the refuse charged 

generally consists of different kinds and proportions of solids and semi- 

solid ivastcs whose heat of combustion and burning characteristics vary 

widely. Moreover, when charged randomly, as it is normally done, the 

flow rate. and distribution of air through and above the burning charge 

vary radically. Observations of various types and sizes of incinerators 

have clearly indicated that unsatisfactory performance is largely the 

result of inadequate control of the quantity and distribution of under-grate 

and overfire air. 

The investigation. comprised three phases: (1) Disposal of 

ash residues by fluxing them in molten Na(OH). This has been completed 

and reported upon. (2) Evaluation of the process parameters with a 

model incinerator. (3) D g esi n and evaluation of the performance of a 

prototype unit, based on the results obtained with the model incinerator. 

The objective of this paper is to discuss the operation and 

perfornl:Lncc of the prototype incinerator. 

MODEL INCINERATOR STUDIES 

Before discussing the results obtained with the prototype 

unit, it is necessary to review briefly the studies made with the model 

incinerator. 

The model incinerator consisted of a 55-gallon steel drum 

with a small axial stack at the top of the drum and four pairs of tangential 
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RESULTS AND DIkUSSI;)N .OF RESULTS 

Correlation of tllc results showed that the obscrycd burning 

rate increased almost linearly with the air rate, and for a given air 

. rate, the burning rate also increased as the port arca was dccicascd. 

Figure 2 shows the observe d burning rate as a function of air rate and 

port area. Since,the observed burning rate is based on the time required 

to consume the weighed charge, it does not show the amount of combustibles 

in the stack ga ses. The theoretical burning rate, shown as a broken line, 

. is the rate at which the sawdust would burn completely to CO2 and water 

vapor for a given air rate, if no excess air were necessary, and oerves 

as a guide in comparing the burning rates achieved. When combustion 

is complete, the burning rates lie on or below this line, and the distance 
. 

‘: below it is a r.elative measure of the excess air. It is possible, however, 
, 

to have unburned combustibles in the presence of excess air. Although 

the data failed to show a marked effect of the port height, it will be shown 

later that this variable does have a small effect on the performance of . 

the prototype unit. In general, higher combustion efficiencies were 

attained when using the uppermost ports. 

: The results shown in figure 2 suggested that the burning rates 

coul,d be correlated with a dimensionless parameter characterizing the 

flow conditions in the tangential ports. Accordingly, the results were 

plotted as a function of the Reynolds number of the.air in the tangential 
. 

ports. The effect of Reynolds numbci on both the observed and calculated 

burning rate is shown in figure 3. 
. .’ 1, 

. . . . 1. 
; . . 1 . . i 

Since the observed burning rate reprc8en;s’ all of the fuel that 

is consumed, and the calculated burning rate only the portion that burno 

. 
. . . - * . . ; 

. . ..I. . 
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? a ,_ 
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i I. .‘ ” ..: * 
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Note: Zero radius is axis of incinerator, circfcd numerals arc the 
height of the probe above the fuel bed in inches. 
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CHARGE IGNITED INTERMEDIATE STAGE OF BLIRNING FINAL STAGE OF BURNING 

AIR VELQCITY = 130 FEET PER SECOND 

Am VELOCIti = 71 FEET PER SECOND 

AIR VELOCITY = 35 FEET PER SECOND 

_’ 

TIME LiPSE PtIOTOGRhi’iiS OF ELJRKING L?d MODEL INCINERATOR TO SIIOW EFFECT OF AIR VELOCITY 
UPON FLOW PATTER8 OF GASES AND BURSlNG PARTICLES. AIR RATE = 115 POUNDS PER f13UR. 

. 

Figure 6. 
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Figure 7. Oprating conditions for o. RGpolds nuder of 19,400, 
sir rrto 1'117 pounds pm hour. 
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to co2 JIld water; the spread bctwcen these eurvcs is related to the amount 

of combustible material in the stack gases. The least spread between 

thh two curves was found at a Reynolds $numbcr of approximately I5,000. 

This is shown more clearly in figure 4. . 

The burning conditions in the combustion chamber can be 

characterized by the composition of the hot gases sweeping the surface 

of the burning charge. Figure 5‘shows the composition of the gases at 

different elevations inside the chamber for a fixed air rate of 117 Tounds 

per hour but for two different Reynolds numbers, 19,400 and 28,840. 

It is evident from these data that at the lower Reynolds number 

excess oxygen was present throughout the chamber, but at the higher 

Reynolds number the oxygen disappeared a! a radius of approximately 

. 4 inches, and CO was formed. Figure 6 shows three stages of the ‘actual 

burning conditions in the chamber for a ,fixcd mass flow rate of 115 

pounds per hour but at three different linear velocities ‘in the potits. 
. 

These flow conditions correspond to Reynolds numbers of 56,700, 

23, 500, and 19,400. The angular path of the incandescent particles is 

clearly evident from the se photographs. Comparing the final stage of 

burning at 35 and 130 feet per second, it will be noted that the average 

radius of the path of the particles is greater at the higher velocity, 

which, of course, is to be expected. 

In figure 7, the operating conditions for a Reynolds number 
. 

of 19,400 are given. Special attention is called to the smoke data at 

. 
the top of the figure. The gray circles are reproductions of the smoke 

discs, which were taken at the time indicated on the abscissa. T.heir 

densities agree quite well with the corresponding photometer results. 
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. 
In iigurc 8, the results arc giv’cn for’s Reynolds number of 

29,000. The discs for this test wcrc generally darker than for the test at 

the lowc r Reynolds number. 

PROTOTYPE INCINERATOR 

On the basis of thooo results a prototype unit approximately . 

five times as large as the model was designed. It consists of a cylindrical 

combustion chamber with an axial stack at the top and a conical ash hopper 

flanged to the base of the combustion chamber. Figure 9 shows a 

schematic diagram of the incinerator and, the ash-fluxing pot-furnace 

when assembled for opkration. Air to the incinerator is admitted 

through three pairs of rectangular tangential ports, 180 degrees apart, 

located at three different levels of the chamber. ,The ports are valved and 

connected to a manifold so that any pair or combination of pairs can be 

used. The area of each port can be varied by means of retractable inserts 

located in the rectangular section of the ports. The grate cons’ists of 

two semicircular, caot iron plates hinged in the center, and counter - 

balanced for case of manipulation. Two quick-closing doors, one for 

overhead charging and one for side-charging, were installed for use during 

the investigation. However, the final unit will be provided with a charge- 

bin serilcd by a guillotine -type door; similar to the Lo6 Alamos unit. 
. 

Figure. 10 i s a photograph of the prototype incinerator, 
. 

An auxiliary gas burner, with safety interlock devices, is 

used to ignite the charge. 

The total cost of thi6 unit including installation was approximately 
. 

$10,000. A commercial model of similar size could be constructed for 

6omcv/lAat le 0s by eliminating auxiliary test equipment, which is not 

rcquircd for cntisfactory comincrcial operation. 
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EXPEI$IMENTAL COI’lDI’I’IONS 

The unit is charged batchwise wilh 100 pounds of sawdust 

packaged in cylindrical cardboard containe’rs. ‘Fifteen cartons comprise 

a charge for each test.. To ignite the’chargc the gas burner is turned on 

fo<.onc and one-half minutes and then turned off for the remainder of the 

test. Each test is considered completed when the last embers are seen 

to burn out. The burning conditions in the chamber were noted through 
, . . 

an observation port located at the top of the chamber. 

Several tests were made at air rates ranging from 500 to 

1000 pounds per hour, using each pair of ports at the different elevations 

of the chamber, and various tangential +ort areas. In addition, some 

preliminary tests were made with sawdust containing as much as 40 

percent moisture. 

DISCUSSlOr;r OF RESULTS 

Since the factors that were varied with the prototype were 

the same as those for the model incinerato.r, similar parameters were 

used to correlate the results. Figure 11 shows the relationship between w 

the observed burning rate and air rate for three different port areas. 

The ports were located 66 inches above the grate in each case. These 

data show that the observed burning r,ate increases with air rate. How- 
. . 

ever, varying the port area at a fixed air rate had little effect. .In the 
. . 

model unit the port area had a much more pronounced effect upon the burning 

rate, 
/ ‘. 

Similar trends were found with ports located at 53 and 40 

inches above the grate. 
,. 

:- 



This diffcrcncc bctwccn the modcl.an:l the prototype suggests 
. 

that the gas-A claw pattern established in the lnrgtr’unit dcpcnds largely 

on the total quantity of air used, and only to a minor extent on the linear 

velocity of the air in the ports. These results are in marked contrast 

with those from the model studies, in which port area had a pronounced 

effect upon incinerator performance. One possible explanation for this 

inconsistency may be the differences in geometric relationships between 

the diameter of both the ports and incinerator, which would affect the 
I 

transfer of linear momentum of the air in the ports’ to angular momentum 

in the chamber. That is, the expansion losses are greater in the proto- 
--.. _. 

type unit than they are in the model. . 

The effect of varying the port height on the burning performance 

of the prototype incinerator is shown in figure ‘12. It is significant to 

note that both the observed and calculated burning rate6 decreased when 
I 

. 
the port height was decreased. Moreover, a lower combustion efficiency 

i 

was achieved when the ports closest to the fuel bed were used. This 

is better illustrated in figure 13, which iti a plot of the ratio of the cal- 
. 

culated to the observed burning rate as a function of air rate. It is 

evident from-these results that higher capacities, as well as higher com- 

bustion efficiencies, are attainable when all the air is admitted through 

the uppermost ports. . 

Since occasionally wet charge6 are incinerated, 8ome prc- 

liminary tests were made using sawdust containing up to 40 percent 

moisture. No difficulties were encountered in burning the wet chargo, 

except that it was neceseary to operate the gae burner somewhat longer 
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to attain satisfactory ignition. Table 1 ‘shows*thc rcsult6 of two tests . I 
using saGdust with 7.8 and 40. 3 pcrccnt moisture. Comparing the data 

within the heavy boundary lines, it is 6ecn that both the observed and the 

. calcplated burning rates do not vary appreciably. However, when the 

calculated rntcs arc computed on the moisture-and-ash fret basis, 
. 

the charge containing 40.3 percent moisture showed a 25 percent decrease. 

It is significant to note that no auxiliary burner was used during the 

tests other than to ignite the charge6 at the beginning of each test. 

CONCLUSJONS 

Although a great deal remains yet to be done, the result5 

obtained with the prototype are sufficiently conclusive to draw the . . 

following gene’ral conclusions: 

1. Low ash, high volatile wastes with relatively high moisture 

content may be burned with high’copbustion efficiency in a cylindrical 

combustion chamber using only tangential overfire air. This confirms 
i 

similar conclusions based upon the model studies. A commercial 

unit similar in size to the prototype incinerator will burn efficiently 

approximately 80 cubic feet of waste per day. This based on a bulk 

density of 10 pound6 per cubic foot. 

2. Variations of air ma66 flow rate showed approximately 

th’e same effect on the burning rate in the prototypi unit as it did in the 

model unit. 

3. The-effect of port area, and port height on the burning rate 

in the prototype unit was not consistent with the result6 obtained ‘in the 

model studicc. In the prototype unit, variation6 of port height had relatively 

greater effect than variations of port area, wherca6, the opposite was 
t 

true for the model incinerator. 
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Table. 1. . 
. 

Comparison Performance Tests of Prototype Incinerator 
Using Charges with Diffcrcnt Moisture Content 

Test Ho. 2 Test No. 3 

Compsition of charge bur-ncd: 
Proxin9te 

. Moisture 
Volatile mitter 
Fixed carbon 
Ash 

. 
Ultimate 

H 
c ' 
N 
0 

. . S 
Ash 

'I 

Gross heating value, %u/l b. 

Operating conditions: ' . 
Weight of charge, , lbs, 
Approximate density of charge, ,lbs/cu.ft; 
Air rate, lbs/hr. 
Air temperature at the orifice,. OF 
Linear air velocity 

.in tangential ports, ft/sec, i 
Reynolds number, 'in tangential ports, 
Operating time, minutes 

8 Results: 
Observed burning-rate, lbs/hr. 
Calculated burning rate 

. (as-charged) . lbs/hr. . 
Calctilated burning rate . 

.fMoisture,Ash,Frcc basis) . lbs/hr. 

Maximwn stack gas temperature, OF 
Mean stack gas temperature, OF 
Maximum CO2 content of stack gas, percent 

' Mean CO2 content of stack gas, percent 
Theoretical CO2 content' 

of stack gas, percent 
Pounds of residue, lbs. 

-I 

1 7230 40 . 30 
72.30. 46.tw 
19.50 12.60 
0.40 0.30 

100.00 100.00 

. 6.50 8.07 
47 000 30.54 
0.10 0.02 

45.90 61.33 
0.10 0.01 
0.40 0.03 

100.00 100,03 
807G 5230 

105.50 147.00 
10.65 II!+ .70 

WC 872 
166.5 163.0 

70.6 73.9 
49,ao 51,O~ 

62.0 82.0 

103 .o 107.5 I 
87.3 99.0 

60.0 59.0 

1625 1385 
1270 1050 
18.9 ' 12.8 
11.6 8.4 . 

20.4. 2O.!i 
0.559 0.72 
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4. Both the ,combustion cffidicncy-and burning capacity of 

the prototyp c unit were h,ighcst when using the uppermost set of ports. 

This confirms the results of the model studies with respect to combustion’ 

efficiency, but is in contrast with the resulto in the model with respect 

to burning capacity. 

It should bc cmphasizcd that these conclusions are ba’sed on 

a limited investigation of only a few factors. The effect of such variables 

aa the bulk density, ‘chemical composition and moisture content of different 

waste materials has not been determined. It is evident that these factors 

must be investigated before a complete evaluation of the unit can be 

made. 

. . 

, 

. 

, . 
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PROPERTIES OF VARIOUS FILTERING MEDIA 

FOR ATliO,SPIERIC DUST SAMPLING 

By W. J. Smith, N. F, Surpronmt, A. D. Little, Inc. . . 

IKI'RODUCTION: 

In scampling for atmospheric dust and for testing atmospheric dust con- 

ditions, a number of methods care in use which depend upon filtration to arrest‘ 

the dust particles, Tho effectiveness of any such method or even its success 

cr.& depend, to an important degree, on the filter medium that is selected, Be- 

causa they may bo so important, the properties of any filter medium should be 

well understood before its use is recommended for any test method. It is our 

present pruposa to compare and discuss properties of several filter media 15th 

respect to various air sampling requirement&, All of the media to be con- 
, 

sidered are now available, ard most of thorn aro being used for air assay work0 

There are various reasons for collecting a sample of aimosgher5.c dust, and 

tho purpose to be served will influence selection of the filtering medium. To 

mention some of the reasons or purposes of sampling; we have measurement of 

mass concentration of dust in the air, particle size distribution, chemical 

analysis of the particulates, toxicity assay, radioactitity measurements, study 

. of or~anisns, arA evaluation of soiling characteristics. 

Conditions under which the sampling must be done may also influence solec- 

tion of a modium, For exampla, glass fibers would'notbe u&d in an atmosphere 

known to contain an appreciable amount of hydrofluoric acid vapor* 

In some cases a particular filter medium is used in j certain application 

only bccauso of long standing practice h+d.ch# for consistency, is kept un- . 

ChLtn~Gd, ,I-:ouovcr when tho noed m5sos to select a fKl.ter for some now or 

WAm-lye , 305 
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spockal purpose, an x~dcrstandi~~ of the gcnoral filtering properties of 
. 

avai!.able media should be rscful in making an intclligcnt choice0 It is our 

purpose to contribute to the fund of such information. L 

The problems associotcd with selection ‘and USC of air sampling filter 

media were discussed at the Air Cle,aning Seminar, sponsored by the Atomic 

Energy Co,mxission and held at Ames, Iowa, Sept., a-17, 1952, As a result of 

that meeting a study of filter media and sampling practices was undertaken by 

Arthur Do Little, Into A questionnaire survey of some 40 laboratories,*most 

of, them witilin the Ato,mic Energy Commission operating areas but including also 
.- 

a number of outside laboratories, provided a list of air sampling media that 

are in 'current use at these laboratories, 

We assembled a group of samples representing nearly all of the media 

that were mentioned in the survey. This paper describes and discusses air 

filtration test results obtained for,these media and for a few others'.that 

were includGd.becausc of their special interest0 Chir test methods have in- 

cluded di-octyl phthalate smoke penetration, atmospheric dust penetration, 

and plugging r ate on atmospheric dust, A range of pe?formance characteris- 

tics is provided which may aid one in selecting a filter material for any 

dust sampling purpose0 

\ Di-Octyl Pnthal.ate %no!:e Penetration Test: . 

The di-octyl phthalate smoke penetration meter or YDOP tester11 as it is 

called more commonly, was developed by the armed services during the ww ard 

has become a well knory?l ar.d highly respected device for evaluatine'.high effi- 

ciency filters, Instru;iiental parts of the te;ter and theories of their 

1 JGC mineral papers wcrc added to the group. 

. 



ol>ci*ation have been prl scntcd hell in the l$terat)lro (1,2,3), For our needs 

hcrc a very brief description will scrveo Thc'rc is a smoko @ncrator for pro- 

ducing a controlled, mono.dispcrscd liquid aerosol of di-octyl phthalatc, Th+is 
\ 

is accomplished by condensation from the vapor state and the droplets so formed 

are held very close to 0,3 micron diam,. Particle loading is about 50 micrograms 

per CLL, decimeter, Also a light scattering chamber Is provided with sensitive 

photcclectric pickup means for accurate measurement of smoke particle concentra- 

tion, The tester is adjusted against full aerosol concentration (unfiltered 

smoke) and agairst absolutely clecan air. Penetration through a test specimen 

of filter medium is then read off directly in per cent0 

Since the aerosol particles at 0,3 micron diam. are in the approximate 

size range for the most numerous microscopically visible atmospheric dust par- . 

titles, the DOP test gives efficiency values that parallel those obtained by . 

atmospheric dust.counts, . . 
4 

Under the somewhat standardized conditions of normal laboratory test pro- 
r' 

cedure, DOP smoke penetration measurements are made at 28 lin, feet per min. 

through a Los in, diam, circular area of the medium, In the work to be de- 
. 

scribed> this area size was used for flow rates up to 28 feet per min, TO 

reach the higher flow velocities (up to 200 lin. feet per mine) a test area of 
I 

'1.75 in, diam, was used0 

Table I shows DO? smoke penetration effsciencies over a range of air flow 

velocities for our whole group of. air sampling media0 It is evident immediate- 

ly that there is a very great difference in efficiencies as measured by this 

tf3sto .Pcrhaps this is the point at which we should strass that DOP smoke pcne- 

tration alone must not be taken as a general measure of usefulness for ali filters. 

It is a very severe test and is nov used primarily to rate absolute-type filters, 
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GJhcn WC are do,al.ing hlth media intcndcd to*collcct bulk dust or to analyza . 

for atmospheric dust on 

minor degrco and become 

cameo Howovcr, if our 

a weight basi sg very fine particles contribute to a 

unimportant.; the DOP tost then has much less signifi- 

interest extends to tho sub-micron size dust particles 

. of the atmosphere (and these are by far the most numerous) then the DO? tester 

can tell us a great deal about k&at we can expect a filtering material to do., 

An interesting fcaturc of the data shown in Table I 'is the relation of 

DOP filtering efficiency to flow velocity for 60 different types of filter 

materials, Vo have plotted sets of data selected from Table I to show same 
_- . 

characteristic curves0 

Fig. 1 is for CWS $45 paper, At; a low air flow rate, it is very efficient, 

This is a fortunate circumstance because this type of material is used princi- 

pally for making large volume high efficiency space filters in which face velo- 
. . 

city through the medium is only five $in, feet per minute. With increase of 

flow rate, smoka penetration increases to a mrvdmum at about 39 feet per min, 

As'the flow rate is further increased, penetration again falls off, and pro- 

gressively, This behavior has been studied by Ramskill and Anderson of the . 

Kavd. Research Laboratories (4). They attribute the low velocity positive 

slope to the influence of diffusional collection while the higher velocity 

negative slope is explained by influence of inertial effects. In addition to 

flow velocity, these authors show hosr the character of the curves is controlled 

by aerosol particle size, particle density, diaileter of tho filter fiber, and 

inter-fiber spacing= 

Pressure drop, plotted separately in Fig:, lo is nearly linear with flow 

rate irdicatiny, viscous flow through the medium0 



All of the high efficiency papers, AEC jll, AEC mincrn3. fiber papers, ax-d 

HV 70 (18 mil) show curves similar to that for CWS 1'16, 
.' 

fig* 2 shows the plotted data for a still more highly efficient medium. 

. This is a sample of glass fiber paper made by the Hurlbut Papor Co. and con- 

taining a resin binder. The fibers in the sheet have a diameter of about l/2 

microno The resulting curve also shows the paal: typical of high efficiency 

Chcznical filter papers as illustrated by the h?lntman papers are made in 

several types, and they give a variety of curves. Fig. 3 shows a plot for 

paper h'o, 41 which is typical o f many of the cellulose papers. 

Paper Xo, b2 (Table I) i s remarkably efficient for an all-cellulose 

sheet, This efficiency is attained at low flow velocity, but pressure drop 
. 

is high, 
. . 

Ei.A type ~1S~~ filter which is used successfully for high volume air 

sampling'(S) shows an unusually uniform DOP efficiency level over a broad 

rang0 of flow rates (Fig. 4). I4hile all of the other filter specimens come 

in flat sheets, type "St' is different. It has a molded shape of concentric 

convolut"lons desiped to provi.da a large filtering area0 A piece was cut from 

a roasorably flat area and used as the test specimen0 

&mbr‘ana filters have been described as molecular sieves. Collection ap- 

poars to be almost ontiroly at the surface. It is perhaps for this reason that 

tboy fill up rapdily on an oil smoke (like DOP) and so may not show up to best 

cdv~tage In this test, 

All fiber filter materials *tfatiCruetl in tho COP tostore After running on 

DO? for sovcralminutes, the smoke penetration incrcasos., One explanation 

. 
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offcrcd is that electrostatic effects in tie filter body are lost duo to ac- 

cumulation of liquid, It is known that filters depending on electrostatic 

effects fail quickly when used on oily smokes, SO there is some basis for the 

sqgcsted explanation. For the present, it is only important to mention that 

' a DOP test should be made over a short period of time, 

Efficiency by Atnospheric Dust Counts: 

It was stated earlier that DOP test results are comparable with effi- 

cicncy as measured by counts on atmospheric dust particles. This is shown 

by the data in Table II, Here the DOP filtering efficiencies of the various 

media are given, calculated from Table I. Atmospheric dust count efficiencies 

are shokn for comparison., 

To measure these efficiencies on atmospheric dust, a high-speed impactor (9) 

(6) was used for collection, Particle concentrations were measured before ard 
. 

after the filter, in most cases, four tests were made on each filter and 200 

counts were made each time, Efficiencies were calculated from.counts on the 

sonic velocity stage of the impactor; particles were one micron and smaller in 

dia3etera No counts were obtained on the clean side of the very efficient me- . 

dia even after running the impactor for six hours. It should be borne in mind 

that the great numbers of atmospheric dust particles are less than a micron in 

diameter, Rating of a 

filter for performance 

filter by counts on such dust is the same as rating that 
, 

in thbse small particles. 

Even those who have been aware of the relation of DOP efficiency to par 

title count efficiency may be surprised by the close correlation of these scp- 

arate methods, The results strongly indicate that tho.DOP tester can be relied 

upon to evaluate all filter modi a with respect to efficiency against sub-micron 



WmI -170 1 . 311 

siza atmosphoric'dust particleso -. . 
. . 

Efficiency by P,article 'Silos 

In tho methods just doscrihod we Gealt only with sub-micron'sizc particles, 

Wnen WCI includo'considoration of larger ,particles, our attention bccomcs 

Umitod to the cellulose fiber filters on our list. Larger particles do not 

pen&rate tho other media of the group,' 

Table III shows the particle size analysis for unfiltcrcd laboratory air 

and for the same air after passing through each of several cellulose Mbcr fil- 

ters, In every case3 the count peak is shifted in the direction of the smaller 
_ 

particles as would be expected, h'o particles larger than two microns were ob- 

served to have passed any of the filters, Time did not permit us to include all 

of the cellulose fiber filters; we did try to select a representative group, 

Efficiency of filtration by,particle size is shown in Tablo IV, Here again 

efficiency was measured by particle count on high-speed impactor plates., No 

particles were found above the size of two microns, arid all of the filters sho7dcd 

good to excellent efficiency on particles in the ono- to two-micron range,, When 

the primary interest is in weight of dust collected, these filters are generally 
I . 

adequate since large dust particles contribute most. The weight contribution of 

a particle is measured by the cube of its diameter. 

All of the results reported have been on fresh samples of media, Allowance 

should b6 made for the fact that all filters improve in efficiency as they fill. 

1~3 a procticrJ nattsro all of tie media tested here will perform much better in 

use than our M.guros indicate, 

Life Testso 

In many air carqlin, f9 appU.catSons, plugging rate of a filter medium is not 

--. 
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a problem, But.in those cases whore it is desired ts sample over a long‘pcriod 
. 

of time or to accumulate a sizcablo quantity of particulate matter, tho rato at 

which plugging occur s may bccomc important. At timas flow resistanco or the 

devalogmcnt of flow resistance may even determine the feasibility of taking tha 

'sample, 
. 

A U.fc test or plugging rate test consists in operating a filter sample at 

some selected flow rate and observing the increase in pressure drop with time. 

The kind of equipment we have used for this is shown in Fig0 so It consists of 

separate test stations in which samples of filter mateiials may be mounted and 

operated over long periods of time. Each station has a sample holder that takes 

a 3 l/2 in. diazn,, d-lsc of the medium and exposes a test area 3 in, in diam, A 

calibrated 0rific.e meter and control valve allows each sample to be run at a 

selected rate. Our testers are arranged in two bakks of twelve units each, all 

twelve stations in a bank exhaust into a single manifold line which is connected 

to the intake port of a three-stage Spencer Turbine Blower0 . . 

The flow rate tends to fall off, of course, as the Kiter fills with its 
. . 

accumulated dust load, This necessitates periodic adjustment of the valve to 
I 

restore the proper rate* Pressure drop across each tesi sample is measured 

with a V.Ji@ tube water manometer* 

It seemed best to life test al.1 of the media at the same time so that any 

question of varying dust conditions in the ai. would not enter in. This- broqht 

up the matter of flow rate at Khich to run; for direct comparisons, all should 

be run at the same rate0 The very low rate of fkvc lin, feet per tin, yas se- 

lected as a start k%th th8 intention of increasing the rata after the rapidly I 

plugging samples had bean removed. When pressure drop becaixa too high for any 

manoaoter, that test was sto??ed. After 480 hours of running, the flow rate I 

. _.,.‘. 
. ..’ .‘- : ” 

,. ., 
, ,.... 

* . 
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was stcppad up to 28 lin. feet por min. for all surviving spocimcns axccpt the 
. 

mcabrmc filters. only scvcn specimen filters wcro romtining 120 hours later0 

Atnosphcric dust loading over tho time period of the run was measured by weigh- 

ing the total dust load on a mrmbrana filter. 

Table V includes life tests for the ontire group of samples. With ono ex- 
. 

,cqtion, the test specimens were flat discs, Tha exception, YSA type "S", as 

mcntionsci before is a molded filter with concentric convolutions. lh used a 

-whole filter and adjusted air flow to allow for the greater area which wo es- 

timated to be 75 sq. in. 

It is interesting that the media which plug most rapidly are not ncccssar 

i3.y themost efficient nor those with highest initial pressure drop. As a class 

the chemical filter papers tend to plug most readily. High efficiency papers 

shou much better life. The membrane filters are very interesting; pressure 

drop is high initially but increase , AS only a little as dust load accumulates. 

In our ex2crience and to the best of our knowledge, the r-ate at which a 

filter becomes loaded does not determine its life, regardless of time the pres- 

sure drop through a sa-nplint 7 filter is f'ixed by the amount of accumulated dust. e 

Operating at low flow rate merely extends the time; dust loading in the air . 

( assu7Lng a constant dust composition) and the total mount of air passed are 

the controlling variables. In our life tests we used very low flow rates. 

For'this reason Tablo V gives a slow moiionpicture'of plugging rates. Ljfe 

for'a%r other fl.oz,or dust loading can ba est3matcd from the data given. 

Discussion of Piltcr Properties: - 

For convcrJance of reforence,Table VI contej.ns some general inkonnation ' 

on the variou.s filtor media uo have been discusoing. ble do not consider this 

Tablo to ba con;pl.ete in any way. It COnl;tinu rjome Gf tho mora Gbv-ous quakitics 

/ 
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along with a fcti measurements of our own. . Valucs'for ash content of the chemical 

papers were given by the manufacturers. V‘alues for other media, we dctermirdd. 

Very often some s>ccial property will,dotenninc the suitabil-tty of a given mai 

teriol. Such properties are important and must be considered along with filter- 

ing performaxe when a sampliw medium is being selected0 

Chemical filter papers appoar to be used more widely than any other type of 

air assay medium. This may be because they are nearly altiays at h,and in a labora- 

tory. For those purposes where the filter must be destroyed to isolato or con- 

centrate the dust, the low ash chemical filter papers are particularly useful0 
.- 

High surface reflectance of light from chemical papers have made them pop- 

ular for those test methods which are based on discoloration of the collecting 

surface. 

Although chemical filter papers probably were never intended ‘for ,air scam- 

pling work, they have proved to be most popular, Many kLnds are available and 

data in the Tables of this report show the range of performance.characteristics 

that can be expected, There are some properties inherent in paper and other fi- 

brous media which are disadvantageous in some cases* Th,ese will be mentioned at 

the end of this discussion. 

Chemical papers in particular ofte'n are found to contain pinholes, Nnen 

this. occursp it is likely that even some very large dust particles ryill pene- 
_ 

tratec 

Unless an air filter medium is manufactured especially for the purpose,its 

performance cha racteristics are likely to vary fron lot to lot. Chemical filter 

papers arc manufactured for chcrxLcal laboratory work. They are made and used 

primarily for wet filtrationrj. Therefore it is not surprisi-2 that wLdo varia- 

tion in ctir filtration is often found for chemical filter pqar. Tablo VII 

. . 



Usts some e~zerimcntal res$ts that illuotrato ti-153 point. . 

The manbrane filter is relatively now, but it holds great promise as an 

all-round assay medium (7,8). It is highly efficient, may be obtained in white’ 
. 

or black, particles accumulate only on the surface, refractive'indox is such 

that the filter structure itself becomes invisible for oil immersion microscope 
. 

viewing, and the filter can be dissolved if need be or it may be destroyed in 

other ways. Because they are very delicate, the membranes must be handled care- 

l filly and supported during use. To genortizo, there 

properties associated with membrane filters than with any other one medium. 

appear to be more useful 

' 
. 

The felt-lib papers Cl:! #6, AEC $1, md the AEC mfneral fiber pa?ers were 

designed for efficient air cleaning ard serve that purpose effectively. They 

are not so well suited for most assay work. Dust‘particles penetrate the struc- 

ture so that they are buried an3 lost for some types of radioactivity measure- 

'ments (cicounts). These papers,are so high in ash that they are not at all 

ussable wf;ere the filter must be distroyed to perform analysis of the dust, 

If suitable precautions are taken they may be used for gravipletric sampling . 

on eventhe fY.nest of dusts ati fumes. . 

XV 70 is a closely formed paper and has found use particularly in radio- . 

activity monitoring. 
. 

al-glass'papers, like those developed by Naval Research Laboratories (10) 

and made to a limited extent by several pqer comganios, are-to be recommerded 

for high tanpcratures or in the presence of corrosive fumes or gases. In our 

series the Hurlbut glass paper is an example. These pagers are made of very 

fine glass fibers a& are the most efficient of fibrous filters.. Some have 

resin or other bindors, and this should be burned out before using the sheet 

in most Mnds of test Work. In gratietric work care must be taken that loose 



. 
fibers la.ro not lost from the shceto 

All fibrous filters, cellulose or glass) have water associated or adsorbed 

in their structurmo The amount depends upon atmospheric humidity and will vaq~. 

In weighing the amount of dust load collected by such filters, it is very im- . 

portant to condition the filter at a known humidity loveI. before every ueighing 

and to weigh the filter in a closed container. 

Dust collected on a fibrous filter will penetrate ttie filter body to some 

extent, For this reason it is very difficult, if not imiossible, to make dust 

studies under the microscope on most paper filters. 
. . 

A group of atmospheric'dust sample media has been sWed for performance 

characteristics. The media were selected to represent tixose in use in a number 

. of, laboratories, -Test methods used were di-octyl phthalzte smoke penetration, 

atmospheric dust penetration, efficieicy by particle size, and plugging rate on 

atmospheric dust. A wide range of propertie's were shown, 
i 

The filtering properties have been discussed and ths suitability of the 
. 

media for various applications have been indicated, 

It has been demonstrated that efficikncy measureme&s by the DOP smoke 

test follow very closely the results ‘given by atmospheric dust counts, This 

suggests that the fast DOP method can be used to rate 'aw filter medium on per 

cent of atmospheric dust penetration by particle count,, 

AC'XXON-iiDCUXi'a * 

1 We are indebted to the Atomic Energy Coxxission for use of the hata used 

in this pqcr* The experirllentnl work was done by Arthur De Little, Inc. in 

comction with a research and development program oponmsod by the AX. 
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TABLE II 

.Impactor Count Efficiency on Sub-micron Atmospheric Dust Particles 
Compared with DOP Efficiency for Various Air Sampling IIedia , 

FLOW RATE 20 LINEAR FEEX P"R KCNUTE 

Filter Medium 

t 

2: 
41 

E” 
44 50 

540 

‘s&s #6ah 

n-v 70 9 mil 
IIV 70 18 mil 

ISA Type “S” 
Millipore Type %A" 
Xillipore Type "k&l' 
S & S liltra Filter 

Hurlbut Glass Paper 

ASb Glass-Asbrjstds 
AEC All-Glass 

Atmospheric Dust 
Count Efficiency 

Per Cent"* 

130 
i 

96.5 
99.5 

46, 

a*Average of 4 teStS. 

b. Calculated from Tablo 

DOP Efficiency 
Per Centb' 

570 
23. 

190 
9902 
98.6 

ZJ: 
. . 

15. 

9605 
9903 * 

-48. 

YYe9+ 
YPoY+ 

99*99+ 

9909+ 
9909+ 

9909+ 
YY*P+ 

I. . 
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TABLE'JX 

. _ _ . . . : _. . . 

Va+atdons in DOP Smoke Penetration and Pressure Drop 
for various Saxlples of chemical Filter Papern 

* 

. . 

. - 

. . . . - . 

. _ _... - 

at28FPM' w 

_ .  ̂ .:. . 
_ 

. 

Reported Rezulta 
h'natmn Nlter *(Table I) 

. . Paper No. AP In. of Water- $ Penat. 

-1 10.6 

__ . _: 

I 2.8 

32 38. 

40 : X5. - . . 

41 2.0 . 

UH .2.7 . 

42 

50 .’ 48,s 

0.35 ’ 

8. . - 

75. 

78. 

0.22 
._ _. 

0.5 

0.9 - 

%hre? sanples tested in each tux. . 
-, 

. . 

. ..-.. -. .1. . . . . . 

No. Box,es 
&P In. of Water- I Penet. TestedA 

.- 

: 

9.5- 12.8 12. - 28. 5 
_ .- . 

2;2 - 2.8 72. - ‘75. 2 

38. - 45. ,008 - 0.35 1 . 

l3.0 15. 8. -13. 2 

. 

2.0 - 4.2 49; - 75. 4 

2.7 76. - 82. '1 

i4.i 5;. .G - l 9 4 . 
: __ _ . . -.._ .- -_ . . .I- . _ .-. 

40. - 4e. 0~25 - 0.5 1 

4?j. - 61. 0.3 - 1.2 ' 2 . 

-- . 

. 

. . . b. . . 



. . 
. i 

b, . . ‘- 
7% 

. 
,..___- . _ _ .-. . - _.. . . - _ -._ _- - 

. . ..,.. 
. ’ 

:: ‘: . 6’ ., 
.I 

8’ 
-y,. L._. 1 , . t. ., s.7. . 

. . . . . - . 

. . . . ,’ . , 

c.. 

J I” A- . .*. I *-. :.a* 
-. I I” 

. . ” ” . . ::. . . 
,. _ . . . . I .a 

. . 
.” ” 



326 

. 

WAsIr-170 ! . 

~rerpfi JO seyaq-doq wxsseq 
..’ . 

---F 
-lL - . 

. -.-‘- . - I-.. 
. _ 

I. *r .“d ” 
. . . . : ‘.., ” 

. ” * .I 
* :.: . _ _ J 

, 
*. 

.-+ . . . .I.. 

I 1 . . . . . . . . . - I 

. I 

I I 



. 

. 

. 

. - 

. 

. I \ 

: 
t . 

d 

k 
hZ 

1 
I I 1 I . . t 

A--- ie 
8.3 O 

. _-_: _ 

. 

‘ 

0 

, 

. 

-. * 
. .I.‘!’ ,. 

- 
I. 

,!‘.Q . 
._ I : ..,.:t . 

. 
! 

. . , _ __.. se. 

,’ .* I( 
_,., . ..” ” ..a. ** 

,. ** .a 
,. .1 I ” .n 

I . 

. 
. _ _ 1. _ _. _ . __ _.+ . 



- . , * - .~ .- -.. , ._ . . . .,. 

9 . L. ! < 
I . ,. ,.A _ 

* 
,. . -. * * 

I 

. I I ,. ,. I : ,. 
_ d .Y. 8 

* - I, ,. ,. 
* * a . I.,, .: , 1 

4 



.a! . . 1 . . :il- /---~-~, . - - .A‘. I -_- + 7;7 y-” , -.,.rc .! 

3 _. . 
- - . . . 

. . ,,. -: :, I ,A.’ ,. I 
. . 

, * I. -* .‘. 
. . 

‘---:‘c:~ *’ i’ . .“ . . “0 ” C.. . r*, :. 
. 

. 

. 
. . I. 

.I “.. .“. ” 

” 
: :. . .* 

. 
* ” “’ ” ” “” ,,* :.‘: .- 

. , 
..Y “U . . 

..-._.,_ .A--.:. -.-. ._.,.,, ,,_.__- 



i 
. 

* 

. . . . . .( .* 

. 

.I 

_ 

SURVEYOFAIR SAMPLING MEDIA A!'!'SANPLING NETRCXX 

. USED AT A.E.C. AREAS AND BY OTHERS . ~ . . . 
. 

‘_ 

._ . . _ _ . . 
: . 

. 

.._ _. _ - 

\ 

.” .’ . 

By W. J. Smith, A. D. Little, Inc. _.. ..- . . .- 

-_ :._ _ . . ..- ._ -. _ . _ 

c 

. 

. . I At the A.E.C. fJ.r Cleaning Corderence held at Ames, ‘Iowa, September 15-17, 

.' i.952, it uas agreed that a survey,should be made to assemble and summarize in- . 

formation on air sampling media and sampling methods used by groups doing air 
. 

assay. work. This survey was to include both A.E.C. areas 'and others. 

_.. The survey was conducted by questionnaire, and an excellent and highly 
. . 

cooperative response was received. A fund of information has resulted which ' 

should be of real value to all engaged in air cleaning and in the study of air- 
, 

borne particulate matter. _._ '. 

An effort has been made to show in a single chart zill of the essential in- . 
formation supplied by the survey. A copy of the chart is ineerted at end of 

report. 'For the most part it is self-explanatory. 
. . . 

Across the top of the sheet are given the laboratories and installations 

..- along with the media favored at each site. In some- ca6es several media are 

used to meei different needs,'and this fact is shown. 
. 

. The side headings represent the various questioris that were asked in the 

survey. Many of these required only a flyes \) or kott reply; others needed more 

detail. Where.an essential piece of information was too lengthy to fit into the 

/ - . 
chart body, it is shown as a footnote. 

. 
: 
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QtiTIONNAIRES RECEIVED' 
. 

.- . 

Organization or AEC Area * Location 

ti Sampling Equipment Cornpaw 

American Cyanamid Company 
.* Idaho Reactor TestSng Sta. 

Chemical Processing Plant 

dies Area Office, AEC 
Iowa State College 

Argonne National Laboratory 
Radiological Physics Div. 

Battelle Memorial Institute 

Broo'haven Xational Laboratory 
Health Physics Division 
Depts. of Physics, Chemistry,' 

Nuclear Engineering and 
Medecine 

Brush Beryllium Co. 
Clevelard Plant 

- -; 

Luckey Plant 
t 

,Harshaw.Chemi.cal Company 
. . 

..Vi.tro Manufacturing Co. * 
Health and Safety Div. 

California, University of 
AEC Project 
Contract AT-Oh-l-GEK-12 

Radiation Laboratory 

Califorrda Research & De- 
velopment Company 
Livemore Research Lab. 

Carbide and Carbon Chemicals Co. 
Paducah Plant 

f-3.2 Area 

K-25 Area, C & CCC 

Cleveland, Ohio _._.- 

. Idaho ./ 

. . _. . . 

Ames, Iowa 

Illinois 

Columbus, Ohio 

New York 
. . 
. 

Cleveland, Ohio 
_- 

Luckey, Ohio 

Cleveland, Ohio 

.Los Angeles, California 

.: 

Los Angeles,* Califoti 

California . . 

. 
* . 

Paducah 

. “VC - 
.- ; - -. 

l 

. . 

-. i 

. 

I 

. 

. 
. 

. 

331 

Individual 

William L. Wilson 

R. E. Hayden 
. . 

Allan P. Skoog (Dr.) 

J. E. Rose 

S. Chapman f 

Lee Gemmell * 

F;.R. Wolowicz 

F. R, tiolowicz 

A. J. Stefanec 

E. A. McCabe 

Robert J. Buettner 

M. Do Thaxter 

R. C. Thorburn _ 

'R. C. Baker 

Edward G. Struxness 

J; C. Bailey 
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Organization or AEC Area 

Chaney, Albert L. Laboratory 

Columbia University 
,: Central Aerosol Lab. 

-Dept. of Chemical Eng. 

Connecticut State Dept. of 
Health . 

.Bureau of Industrial Hygiene 
Industrial Hygiene Lab. 

Dow Chemical Company 
Rocky Flats Plant 

General Electric, ANP, Evendale 

Industrial Hygiefie Foundation 
for tierica, Inc. , 
Mellon Institute 

Johns-Manville Research Center 
CXS Contract (not connected 
with A!%) 

Knolls Atomic Power Lab. 
Health and Safety Unit 

-_ . . 

Los Alamos Scientific Lab. 
H-l Radiological Monitoring 
Section of H Div, . 
Santa Fe Operations Office 

-- 

Massachusetts, Comonwealth of Mass. 
Dept. of Labor & Irdustries 

. Division of Occupational mgiene 

Location " 

Los Angeles, CalzLfornia - 

Individual 
-.. 
Stanley R. .Hall (Dr.) 

'Prof. V. K. LeMer 

-. 
. . 

Arthur Humphrey ~ 

Allan L. Coleman 

New York, New York 

New.York, New York .- 

Connecticut 
._ '_ . _ 

. 

- 

Evendale' J. A. Martin 

W. C. L. Hemeon Pittsburgh, Peimy1varG.a 
: 

Manville, New Jersey David Sinclair . 

; 

. 
L. J. Cherubin 
R. 2. Bouton 

Los Alamos, New Mexico Dean D. Meyer 

Lo& Alamos, New Mexicb H. F. Schulte 
Ed Hyatt 

- 
. . 

Hervey B. Elkins Missachusetts 
. . - 

Miamisburg,*Ohio 
’ 

Monsanto Chemical Co. 
Mound Laboratory 

National Bureau of Standards 
U.S.Dept. of Comerce 
Heating and Air Conditionirig 

Section 

J. E:Bradley 

W@ington, D. C. R, S. Dill 

4 ’ 

- . 

R. C. Heatherton National Lead 'Company of Ohio 
Fernald Area . 

! 

Ohio 

. - 
. 

..I . ..: : ..* .., l .* 
.: : 

: l .* ..: ,.: 
. . . . . . . . . . . . . . . . :.: : 

..: : ::- l 
l : 

., ., : : ..: . ..3 :.i 

. . 
ii 
. . . . ..-- -.* 
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OrpPkzaiion or ABC Area -2. -- - - 
Location ' 

_. 
P. Griffiths 
c. w. Sill National Ranctor Testing Station 

U.S.A.E.C. 
Health Physics Division 
U.S. Weather Bureau Office Paul A. Huqhrey 

..:.. - ._ . . 
Alan A. Jarrett Nor'th American. Aviation, Inc. 

,, Atomic Energy Research Dept. 

.‘I D.M. Davis 
O;tk Ridge National Laboratory 

Health Ph;;rsics Ditision 

Phillips Pctrolsu~ Co. 
Materials Testing Reaction . 

National Reactor Testing Station 
. 

Rochester, University of 
Ato;sFc Energy Project 

Savannah River Plant 
_ duPont Health Physics Dept. 

. . 

. . 
J.W. McCasl3.n Idaho Falls, Idaho 

Robert H. Wilson New York 

C.M. Patterson 

Konrad Sernrau. 

Robert P. Gleason 

Stanford, California Stanford Research Irstitute 

.Bayside & Hicksville, 
Long Island 

- 

sylt'ania Electric Products, Incc - 
. > 

Westinghouse Electrltc Carp, 
Atodc Pomr Division 
Idustrikil Hygiene . 

c * 

Paul R. Boltcn 

l 

_. _ _. _ __ _ . _ . 
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S.EPARATIONS 

Fitzgerald, 

. _. _ _ . . . 

PROCESS STACK EFFIUENT 

GE, KARL 

. 

ARSTRACT 

The WL Separations ProcessI stack.effluent is evaluated. The adequacy and 
size of the f& effieicncy of a&l the sampling instrumenta are determined. The 

~~r~Peles entrained in the stack are studied under both the light and the elec- 
~zY2!! ?z.i ergs crop2 , The mean particle SiZt3 is les8 than 0.05 microns. Autoradio- 
@%ph?s of the particulate material indicate that the majority of the activity is 
Bepes$tea ~fl these sub-micron particles. 

- Chamic@I separations of the material deposited on the Hollingsworth and Vase, 
1-76 P$2ter papora %d the caustic scrubber aro made. The rare earths comprise 
tile largest portion of the particulate activity while Ru-106 is given off in 
re%et,$veQ ~&Y;P! quantities during the Head End Operation. 

The ret2ativo percentages of the activities given off during the most impor- 
tant phases Q$ the Separatione Proces8 are tabulated., The KAPL stack effluent is 
fhen ovalusted gn the basis of the MPC recommended in the Bureau of Standards 
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jVALuATION OF TXE KAPL SEMRATIONS PROCESS STACK EFFLUENT 
. . . ^ . . 

. 
An evaluation of the KARL stack effluent from the operation of the scpara- 

tlone process wns conducted;. to determine the environmental and biological ef- 
fects of the Pilot Plant operations, to establish maximum permissible limits for 
diechar~ of the effluent to the.atmocphero, and to detormino whether more 
stringant control of the discharge of activity would be required at higher (gm 
Pu/ton U) operating lovele. 

The air monitoring and air cleaning system for the aeparatione process 
oporatione ia schematically illustrated in Figure KH-gA2403. This stack Is ap- 
&oximately 100 feet high and 3 feet in diameter. The gaseous and psx-ticulate 

i- 
f 

material emanatirg from the separations process ia passed through a cauotic 

I 

scrubber which takes out 8030 of the volatile components while tho CWS-6 filters 
'are over 99 per cent efficient in the collection of most particles, The stack 

j 
effluent is ssmplad at the top of the stack after it haa been diluted by a fac- 
tor of approximately 103 by the room air. At distance8 from the stack, constant 

I. 
I 

@.r monitors are located in selected sites to check the radioactive concentrations 
1' . at various points near ground level. Vegetation esmplea are collected and sna- 

lyzed on a regu& schedule to evaluate the accumulation of radioactivfty on the 
vegetation. . 

The evaluation of the stack effluent required the howled&e of; the total 
activity discharged, the particle size distribution of the activity discharged 

I from the stack, the isotopic composition of thi6 activit;3-, and the dispersal of 
tha radioactive material from the,stack. Each of these requisitea will bo die-, 
cussed briefly; 

-. _ . 
-. A 

I 

i TOTAL kCTrVrTY . . 

; 
; - :The determination of the total activity discharged from the stack involved 

the Investigation of; the adequacy of the sampling unita, the efficiency of each 
of the sampling unita, representative sampling, and the absorption of alpha and 

1 beta activity in the filter media. 'I 
I As Illustrated in Figure KE-gA2403, the sampling eJsten consists of a fil- , 
ii 'ter unit to collect efficiently the entrained particulate material followed by a : 

: caustic scrubber to collect such radioactive components as ruthenium and iodine 
'which may b:, readily volatilized. This sampling system was considered adequate -~ 

5 since It' 
-_- --- --- - ccllect-s- or detects a portion of the ~radio%35it~y disc-hfrgcd _ -. 

&om -th,:B stack with-a k6o-m- efficiency. -'The efflc!&&cios~~,of the-Holli.ngsk;orthi.: i 
' -and-Vase, Ef-70'filtor paper were-determined for a particle dcnoity of 2.7 gm/cmj.-- _ ___- --. 
i- w&?-h wide range of particle oi-zes-& linear face velocities. At an operating 

* 
' face velocity. of approximately 'j cm/set the H-70 filter paper was 97.7 par cent 1. : for 0.2 micron prticlee. The efficiency of the caustFe acmbbor ohm-n in 

i 
Figure E-l.l04411+ was determined for a varloty of flow rateo, quantities of bar1 

.i saddles and of caustic aolutiono. In the range of oporrrting flow rates the ef- 
,-ficj.e~~-- wa.~ 95 par cant for the collection of vo&atile .iodine. 

__. . 
i / 

.- 1 Iooklnotic oampli,ng was connidorod sinca it lo not only neconoary that the.-'---' 
monitoring nyc-tern be adequate but that the sample taken be reprooontativo. 

- h7.though the oyotm wm deoignod for lookinotic osmpllr~, particle oizo annlynao 

_.-___ . - ” 
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'm mat30 tho nood for the balancing of tho eamplin~ and otack llnonr flow ratco looo 
strin&mt. 

. Absorption studioo of tho alpha and bota fioaion product activity of the 
entrained particulate matorinl collected in tho H-70 filter papero mvealod av- 
era60 aboorptiono of 55 and 25 par cent for the alpha end bota activitieo, re- 
spactivoly . .- ._._ _ . . _ _ . _~ ---. .c- 

. 
..I PARTICIJZ SIZE DISTRIDUTION OF STACK EFFLUENT 

. 
. Since the stack effluent due to separation8 oporations is composed of a 
heterogeneous mixture of entrained radioactive and non-radi&ctlve particles, . 
the particle olze distribution was studied in relation to the physical eize of 
the heterogeneous mixture of the particles, and in relation to the radioactive 
distribution. r _ 

The molecular filter paper was ueed a8 a filtering medium to collect a 
representative sample of the stack effluent. This type of filter paper was 
'chosen for its efficiency In the collection of aubmicronic particles and ease in 

. detecting particles In the same medium under the microscope. The particle size 
distribution during varioue chemical operations of the Separations Process are . . 

. illustrated in Figure KH-PA2354. The data reveal the. abundance of sufnicronlc 
particlea and the similarity of distributions during various phases of the 
chenical process. A geometric mea of 0.2 micron in each case is readily ob- 

t served when the data are plotted on log-probit paper as shown in Figure 2X&2354. ,' 
An avarage of 10 analysaa during all phaees of the process aa shown in Table 1, 
Indicated a geometric rnem of~0.2 micron and a standard deviation of 2.7. Since 
the limit of detection with the light microscope is O.lmicron, it was felt at 
the tine that the true goozetric mm was less than 0.2 ml.cron. This feel~g wm 
titer substantiatedby electron microecopic analyses of.the filter samples and 
by autoradiographic studiee of.the radioactive particle size distribution. 

Repetitive 
Run 

- 

1 .. 
1 
2 
2 
3 

: 
4 

_- 
f 

. 
. TABLE1 

SIZE DISTRlB~IC?ITS OF PARTICUUTE MATXRIAL _,___,_. ___, .,.--;. __.. 

Separations Geometric Mean, -. 

Operatian microns Standard Deviation 

Dissolving 
s Dissolving 

Dissolving 
Dissolving _ 
Disoolving 
Dissolving ' ' 
Head-End 
Head-End 
Extraction 
Extraction 

0.2. 
..2‘, ..‘. 

.2 

.2. : 

.2 

.2 

:i 
.2 
.2 

2.5 
3.1 ‘. 
2.9 

-2.7 ’ 
2.6 
2.6. 

25 

‘3 . 

The modiflod caoccde impactor with a molecular filter paper in t>@ fifth 
atage was uned to detoxmino a rolutionehip botwoon particlo oizo and activity, 
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men vith flow rates of 34 l/min through tho impactor, nearly all of tho activity 
was deposited on the molecular filter paper, indicating that moot of the activity 
was conposed of or deposited on sub-micronic particles. 

. Autoradiographic techniques were investigated to determine ,further the re- 
lationship between particle size and radioactivity. A stripping film technique 
similar to the methods employed by La' Riviere * and Boydw indicated the preocnco 

'of many sub-microscopic particles and the need for electron microscope studies. 
Samples were analyzed under the electron microscope at the General Electric ,. 

Research Laboratory. Silicon dioxide was evaporated on a small section of the 
Millipore filter, under a vacuum of 0.1 micron of mercury. This section of the 
filter paper was then dissolved in acetone. Upon hardening, the silicon retained 
an impression of the surface structure of the filter and served to hold the 
sample particles in position. The electron micro-graph of an unexposed filter 
paper used for control purposes is shown in Figure llZL2l2; The surface of the c 
Millipore filter paper under a magnification of 15000 is seen in this electron 
micrograph. The elactron micrograph of a portion of an exposed filter paper 
which had a geometric mean and standard deviation under light microscope studies 
similar to those previously indicated, is illustrated in Figure 1121213. The 
number of particles in the range of 0.01 to 0.05 micron are far in excess of 

The true geometric mean, then, is closer to those greater than 0.05 micron. 
0.05 micron than 0.2 micron as deter;I?--, +ned-under the light microscope. 

ISOTCPIC DETEP&IRATION OF FISSION PRODUCTS DISCKARGED FRO:4 PIICT PLANT STACK 

Gnawledge of the isotopes contributing to the discharged radioactivity was 
an important requisite in this investigation. 'The biological effects and con- 
sequently the msximum permissible concentrations depend not only on the level or 
radioactivity, bu t also upon the body metabolism of the elements that comprise 
the activity. To determine the maximum permissible concentration that may be 
discharged from the Pilot Plant stack, the activity was isotopi'cally analyzed 
during all phases of the separations process for several repetitive runs. 

ISOTOPIC DZTE'RKI~ATION OF FISSION PRODUCTS COLLECTED IN'!FEE PARTICULATE FOR% 
- . 

The isotopic composition of the 'radioactive particulate components present 
in the effluent was determined by radiochemical analyeeo of the Hollingsworth 

These filter paper8 are used as-the particle . and Vase, type R-70, filter papers. 
collecting media in the health physics stack monitoring system. 

Radiochemical malyses of the filter paper samples collected during all 
phases of ths separation process revealed that the radioactivity emitted from 
the Pilot Plant stack in the particulate form was composed of the rare earths, 
ruthenium, zirconium, nioblu;n, barium, strontium, and iodine. - 

-' . 

*US%tDL-342, "An Autoradiographic K&hod of Detecting 
Active Particles in a Heterogonoous Mixture," by Philip D. 
K. Ichiki, April 1952. 

*WI%-209, "Stripping Film TocYniquos for Histological 
Ceorgo A. Boyd and Agnes Williams, May 1948. 

and Identifying Bota- 
LaRiviere and Stophan 

Autoradiographa," by 

_ . - . . . . - c 

-. . 1 . 
* 
w 

.; ; ._’ 
,.a ‘., 

,. 
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During the initial analyooa of the stack effluent, separations proceoo 
operations without variation in proceduroo wore ropeatod. These procccoco wcro 
called repetitive runs. Tho rolativo proportidnn of beta-gamma emitting radio- 
i8otopo discharged in the particulate form during each of the chemical opera- 
tione for seven ropotitive runs and several non-ropetitivo run3 wore analyzed. 
An analysis of the third repetitive run is shown in Figure MU-9A6l27. The rare 
earths predominated throughout nearly all of the operations, representing from 
approximatokf 50 to 80 per cent of the particulate activity during the diooolv- 
in.g and extraction phases, Ruthenium-106 contributed the greatest portion of 

., the particulate activity during the head-end operationa and, in most instances, 
exceeded the rare earths * during the first part of tho dissolving and latter part 

. of the cake dissolution operations (the third repetitive run shown hose was an 
exception). The cake dissolution operation usually takes place follo;ring the 
extraction cycle but it is physically a part of the head-end. Niobium was 
emitted in varying amounts during all operations, repreocnting from less than 1 
per cent to approxtitely 50 per cent of the particulate actitity. Zirconium 
represented less than 10 per cent of the activity during all operations except 
the cake dissolution. During the cake dissolution zirconium reached a maximum of 
20 to 25 per cent of the particulate activity. Strontium contributed from ap- 
prox45stely 5 to 20 per cent of the activit,y during nearly all of the dissolving, . extraction, and cake dissolution operationa of the third and fourth repetitive 
lTUXLS. The strontium component was as high aa 40 per cent during-the extraction 
cgcle.of the fifth repetitive run. 

The relative proportions of the particulate fission products discharged 
during 5 repetitive and 2 non-repetitive runs are listed in Table 2. 

The rare earths and Ru-106 composed the largest portions of the total par- 
ticulate activity during repetitive and non-repetitive runs. The per cent rcare 
earth particulate activity in the stack effluent appears to be reduced signifi- 

. cant3.y when the cooling t4ae of the slugs are reduced. from 95 to 85 days. Some 
variations in the isotopic percentage of activity discharged, however, are at- 
tributable to the variation in the decontamination factors obtained during dif- 
ferent runs. During the dissolving, head-end and extraction operations,' on the 
average, 5, 85 and 10 per cent, respectively, of the total particulate activity 
was discharged. . - 

ISOTOPIC IDXXTIFICATION Ol? VOLATILE MATERIALS IN STACK EFFLUENT 
, 

The totkl volatile activity excluding the radioactive noble gases, col- 
l&ted in the caustic scrubber &nprioed less than 1 per cent of the total ac- 
tivity‘disc'harged from the stack during all repetitive and non-repetitive runs. 
Analyses of the contaminated caustic solution revealed varying percentages of . 

I-131 and IQ-106 collected in thescrubber during operating phases. The volatile 
componenta 12-85~ Xe-133 and X0-135 detected by the conetant air monitor com- 

. prised the maJority of the activity discharged from the stack. Detail analynes 
of the percentam cczqoaltion of these volatile materials during phases of the 
separations process are given in ~~~-814 and KAPL-863. . . 

*KAPL-~~$ sari?? -Annual Progrooo Raport of Radiological Development Activ- 
ii&n in the Benlth and Safety Unit, Jan.-June 1952. 
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MA)cIMUM RZENISSIBU CONCmiTIONS IN AIE3 AM) STACK EFFUJENT 
. . 

_ . - 
Max. Percentage in MPC in Air, MPC In Stack, 

Isoto?e . Stack Effluent pc cc p cc 
.A . I 

. Beta-Gmm _, _'. -., -I ,. ..: -.- . . 
_M . 

.. ~-85 + xe-133 + Xe-135 \‘--;--- +-- 99 4 x &O-f+* (body) 

ywre Earthe EC Y-91 '14 . 7 x 10-p (bone) 

~11-106 20 3 x lo'* (-.w 1 

. R<-103 50 2 x lo-7* (kidney)' - 
s&g .' : _ : 1. 2 x lo-8* (bone) . 

2x-95 :I lx lo-@* (lung) 

m-95 4 ‘4 x lo-7* (bone) 

Ba-140 --_\. 1 6 x 10-B (bone) __-. . 

14.31 1 3 x 10-p (thyroid) 

._ ‘. 

4 x 10-4 

5 x 10-6 
2 x 10-5 . 
4 x 10-5 

2 x 10'4 '. . 
1 x 10-4 

lx 10'3 _ 

~6 x lo-4 

3 x ,lo-5 

Alpha 
. 

m-239 ( 100 2 x 10 -12* *(bone) 
c . 

2 x-10-10 

._._ .- . _ _ - _. .- _.. .- 

*MX listed in IWLioaecl Bureau of Standards Handbook 52. 
WJPC litited in Iimdbook 52 or ca.lcuhted uohg forniula in Handbook 52. 

W*XPC cr~lculated ustig formula -lieted in Handbook 52. '. _ 

. . c 
- . 

. . 

- . 
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MILLIPORE FILTER UNEXPOSED-COmROL FILTER 
Maplfication - 15000 - Scale 0.5 micron 

. 
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hIILLIPO!IE FILTER EXPOSED TO KAPL STACK EFFLUENT 
hlagnlflcation - 15000 - Scale 0.5 micron 
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\; AEROSOL INVESTiGATIONS * 

_ ..- ._.- ._.. . . 
i 

. FOREMORD a 

. . e _ . . . 

H. F. Johnstone . - 
. Technical Director, Contract AT(30-3)-28 , . 

Engineering Experiment Station 
University of Illinois 

Urbana, Illinois 
# 

At the air Cleaning Conference at Ames in Soptember lP>2, reports were' 
. .given by the 1liinoi.s group on the fundamental investigations on aerosols which . were being studied at that time. The following reports have been prepared by 

the members of the research staff to show the status of the current work. 
Most of the work on the contract at Illinois is carried on by graduate 

students in Chemical Engineering. These men are being trained in research 
methods and in the applications of physics and mathematics to ae.rosol technology. 
By working as a group, they have the advantages of using standardized procedures 
and of group discussions. Of those who have completed their work, several have 

.taken positions in university and industrial laboratories where they have con- 
tinued their interest in fundamental and practical aerosol problems. Because of 
the need for greater kno-dledge in this field of science in this country, it is 
felt that the training of scientists is one of the important contributions.of 
the work. 
,' All of the work on the project is not supported diqectly by the AEC con- 
tract. A part of it is being carried on in the regular graduate thesis progrsm 
in Chemical Engineering, The work of Mr.,R. F. Xraemer on properties of charged 
aerosols falls in this category. During the past year, the Chemical Corps, 
through Contract No. DA-18-108-CbiL-478~, has expanded the investigation on the 
theory of filtration of very small particles. This work is being carried on bjr 
Dr. C. Y. Chen, a Research Associ&e in the Engineering Experinent Station. 
Since these otudics are related to the fundanental properties of aerosols, they 
are s.smm,srised here for the interest of those in the AEC who are concerned with _. 
aerosol work. 

During the year, one phase of the theoretical studies and one experimental 
program were completed. The results were reported in two technical reports as 
follows: 

"I. The Role of Particle Diffusion and Interception in 
Aerosol Filtration; II. Wtclrmination of the Drag on a 
Cylindrical Fiber at Lvd Roynoldz ?Iubcr". Technical 
Report No. 8, Serial No. SO-1003, Janunry 1, 1953; cf. 
also errata shoot issued with Technics1 Report No. 9. 

, 
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“Particle Size Diotributi.on in Hygroscopic Aoroaolon. 
Tocbnical Roport No. 9, Serial No. SO-1010, Mny 1, 1953. 

.. This work wan prooontad at the Sympooium on Fumco and 
. . Mists at tho moetlng of the American Inotituto of Chemi- 

4x1 Englcocring in St. Louio, in December, 1953; the . 
paper was publiehed in Cheniical Engine? Proveos 
Sy~.~poslum Scrioo. 
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TUR.BmliT DEPOSITION AN-D TBE IGX.AVXOR 
OF DEPOSITS OF SOLID PARTICLES 

. 
bY 

S. K. Friedlander, Research Assistant 

., 
. 

. 

. 

When a gae containing particles flows in turbulent motion past a surface, * 
some of the particles are deposited even though there ie no net velocity in the 
direction of the surface. Thia turbulent, deposition results-on the fluctuating 
velocity component normal to the collecting area. It occur8 in the movement of 
aerosols through straight ducts, through diffuser sections, and on any body whose, 
boundary layer becomes turbulent when passing through a gee containing particles, 
It undoubtedly contributes to removal in such devices aa cyclonea and cyclone 
scrubbers operated at high levels of turbulence. 

In essence, turbulent deposition Is a form of inertial removal in which 
sudden gusts of fluid move todarda the surface, change their direction, and 

.thereby cast out the particles which they carry. There is no real distinction 
between this phenomenon and impaction. For example, when a turbulent gas flows 
.pet a flat surface, the motion of the eddies toward the surface can be thought 
of a6 a series of impactions on flat plates, for which we have experimental snd 
theoretical dats. Similarly, a spherical water droplet moving out of phase with 
an eddy probably removes particles from the surrounding aeroeol'by impaction. 
The difficulty in a theoretical en&ysi~ of.turbulent impaction derivea from our 
inability in most cases to characterize the velocity and scale of the turbulence. 
Howevar) since Impaction is the mechanism of deposition, the important parameter 
should be the inertial group (2):. . 

__ _.-_. . _ _ ._ . _ 

__ 

-1 
. 

where C- 

PP = 
4 'v, - 

d- 

t JI= 

cc- 

.% - 

. 
. 

_._ ,__ _.._ ____.. .._. .~.. . . _.... .--- .- .--.- .---. .- _ _ _ _. _ _ .- 

CPp Ve 
$2, '. .. 

mJa, ._ 
. l 

.' 
Cunningham corroctio3. factor ' 

particle density . . . 
_- 

eddy velocity 

some characteristic length 

gan viocooity 

-. . 

. 

particle diamtor 
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By studying the effect of those variables on turbulont dopoeition, one should at 
leaqt be,able to correlate experimental data, although prodiction of results 
from theory Is more difficult. _ * 

EQUIPXE??r . . . 
- . . ..- -- . . . . 

In order to study turbulent deposition and the behavior of deposits of 
solid particles, the equipment outlined in Fig. lwao eet up. The aerosol em- 

*‘ . ployed was carbonyl iron powder (-Grade SF) manufactured by the Antara Chemicals 
. Division.of the General Dyestuff Corporation. According to the manufacturer's 

catalog, the mm33 median diameter of the particle8 was 3 microns with a geometric 
standard deviation of about 1.4. This material was chosen because the particlea 
are quite spherical, easy to Eee under the microscope, and easy to disperse. 

-Tests disclosed that about 10 percent of the particles were agglomerates and 
most of these were doublets. It has the disadvantage of a density. (7.8 g./cc.) 
considerably higher than that of the usual aerosol particles. 

The Iron powder was placed in a brass "boat", about 1 l/2 fast long, wnich 
was pushed forward by a threaded steel rod of similar length attached to the 
shaft of a small 10 rpm. motor. In this way, the powder was fed at a steady - 
rate to an atomizing nozzle. In order to remove the larger particles and in- * 
crease the homogeneity of the aerosol, a l-inch cycione was Installed after the 
atomizer and before the mixing chamber leading to the ecpling tube. The aerosol 
concentration was determined by passing a known volume of air from the sampling 
tube through a MLl.ipore filter (Love= Chemical Co.). The main body of air . 
passed through a rotameter and was expelled from the syotem,by a Roots- 
Connersville blower. ---. . 

Two asmpling tubes have been used up to the present, one 5.4. mm. I.D. and 
the other 13 mm. I.D. Both tubes were of thin rqall Pyrex, and each was ground 
at one point to permit observation of the inner wall usfng a microscope with an 
oil immersion technique. The observation points for ths 5.4 and'13 mm. tubes 
were placed 50 and 30 diameters, respectively, from the entrance, to minimize 
entrance effects. In order to restrict the tests to a 'sown particle size, only 
those particles with diameters ranging from about 0.6 to 1 micron Kere counted 
both on the Millipora 
wall (for determining 
aseumedl i. . . . . 

RESULTS . 

In general, when particlou deposit on a surface, two atcges can be rccog- 
nized. Iti the first, the individual aerosol particles scatter about the surface 
and, u.nleBa the velocity is high (above 1GO ft./oec.), tthere is little re- 
entralnmcnt. In the second Etago, a6 a,rosult of Incr&%Eed depoEition clumps of 
particles appear asd prto of these msy break away, evc;l at moderate gas veloci- 
tiee. Since the first at&Co Ecomed more wonable to inveotigation, it ham re- 
ceived moot attention in our exporimontal work. 

The dopooitioa rate was characterized by dofining 8~ particle transfer co- 
efficient, Ji, with the dimonoiono of cm./min. . 
1 

filter (for determining concentration) and on the tube . 
depoeition), and a mean particle size of 0.8 microns was 
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whore . 
, 

N = dapooition rota, part,icles/(cm.2)(rnin.) .--- 

c = particle concentration, particlee/cc. 

'I _ 
4 plot of thio cocfficie~t a6 a function of velocity for both experimental tubes 
is shown iti Fig. 2. 
line. 

The data for both tube8 fall en8ontially along the same 
Xost evident, however, ic .the extreme effect of incrcaoing velocity on 

the transfer rate which is proportional to VP. The cauoo of thirJ extreme veloc- 
ity dependonce i8 not certain although a somewhat oFmilar effect 1~ found for 
ir,usction on flat plates (1). 
ILI~II velocity (180 ft./ mc.) 

In paesing, it should be noted that at the very 
in the nnaller tube, 2.5 percent of the particles 

were removed per inch of duct length. 
I.a.rger particles (those above 2 or 3 microns) appeared to'have a greater 

te=ldency to doposit tti the smaller sizes and this tendency would de predicted 
from the impaction mectiism; however, the larger particles are also reentraissd 
cokiderably fatiter sicce they project into the hzighar velocity regions of flow. 
Thun at high velocitlea, 
cles. 

the initial deposit con8ioted mootly of amallar parti- 
ThiLs effect haa alo~ been noted by Rumpf (3): 

1. Ranz, K. E. and Non& J. BE., "Jet Impctor6 for Determining the Particle 
Size DiBtributione of Aerosolo", &ng. Expt. Sta., Univeroity of Illlnoin, 
Tech. Report No. 

2. Ranz, 
4, Serial No. SO-1004, July 31, 1951. 

W, E. l~lld Wo;'q,, J. B., 
Enzn. men. 1;4, J-371 0952). 

"Impstion of Daut and Smo'ke Particles", Ind. 

3. RumpfE., "The Fo;7cetion of Finely Distributed Substances on' the Wa3Zl.e of 
Pipe Unee", Chcmie Iraeniour Toclmik, Part 6, p. 317, (1953). -- 
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COIUXTION OF AEROSOLS BY FIBER MATS 

by _.-. _ __ _. _ _ ._ _ __ ._ 
James B. Wo,ng, Research Assistant 

A ma3or class of aerosol filters consista‘of bede of individual fibers. ' 

The efficiency of collection and the pressure drop are the important practical 
considerations in the design of theoo fibrous filters. An understanding of the 
mechanisms by which tho particles are collected on isolated cylinders and the 
flow pattern around the cylinders is fundamental in the design. In view of the 
several mechanisms of particle collection, it is best to investigate them in- 

. dividually. In the present work, emphasis is placed on the mechanism of inertial 
. inpaction. This mechanism takes place when a particle approaching a fiber 

crosses the streamlines because of its inertia and atrikos the surface of the 
fiber, . .The work is divided into two pazts. Part I deals with the impaction of 
aerosol particlea on single cylinders (metallic wires) with axes perpendicular 

_ to the direction of the aerosol flow. Part II deals with the collection effi- ,, 

.diency and the pressure d,rop of fiber mata. 
I . 

PART I. IMPACTION ON SIX&R CYLIXDZRS (MFI‘ALLIC WIRES) 

The. theory of impaction of particles on circular cylinder8 with their cxes 
perpendicular to the direction of flow has beon studied by Sell.(l.Z), Albrocht 
(l), Izqgmuir and Blodgctt (z), Landahl and Herrmsnn (I), and Davies (3). Davies 

.' IEdicatea that the efficiency o, e inertial impaction should be a function of the 
inertial parameter \Ir and the Reynolds Number based on the diameter of the cylln- 
der. Albrecht, and Langmuir and Blodgett predict on theoretical grounds that a 
critical value of * exists below which inertial impaction does not occur. 

,Albrecht gives 0.09 whereas Langmuir and Blodgott give 0.0625 for the critical 
value.. The other authora do not indicate such a critical value. 

.Sjlzce exporlmoatal verification of the theoretical conclusions is lacking, 
the present work was undertaken with the purpose of ascertaining the correct 
function of the efficiency of inertial impaction and the oxistance or non- 
existence of the critical value of 9. 

'One-ml1 and 3-mil platinum wires and 2-mil and 4-mil tungsten wires were 
used as the circular cylinders. The average diameters from measurements under' 
the microscop3, were 29.0, 82.6, 53.1, and 105.7 microns, respectively, with a 
maximum deviation from the average of less than 9 percent. Homogcneoas sulfuric 
acid aerosols were used in the experiments. The aerosols were generated with a 
condensation aerosol gsnorator similar to that used by Sinclair and LaXer (3). 
The particle sizes were measured with a calibrated Owl (So. G-2) obtained from 
the U; S. Army Chemical Ccrpo. The acid concentration of the aerosol was de- 
termined by collecting a woighablo quantity of the particles in the cup of a 
high,velocity impactor (ll) and analyzing the contents of the cup by titrating 
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with 0.1 N sodium hydroxide solution. 
The gx~rimontal procedure included ganorating a homogeneous sulfuric acid 

aerosol of tho dooirod particlo size, impacting the aoroool particles on the 
we're which was perpendicular to tho direction of the aoroool flow, collecting 
the remnining particles in a glass fibor filter train, end an&zing the smount 
of acid collected on the wire. In ordor to collect enough acid on the wire for 
accurate analyoie, a brass dnun which could be rotated was attached to the top 

* of the impacting nozzle and about four feet of wire was unvound from the drum to 
pass through the nozzle during a run. The wire, after being exposed to the 

.* aerosol at the nozzle throat, was passed down into an 8-mm. Pyrex glass tube. 
~ _' At the end of the run, conductivity water was used to wash off the acid particle8 
. impacted on the wire and the quantity of acid was determined by measuring the 

concentration of the wash eolution with a precision conductivity bridge and dip' 
cell which accurately indicated concentrations aa low as 10-6 N. From the quan- 
tity of acid Fmpacted on the wire and the total amount of acid in the aerosol 
passing the nozzle, the efficiency of impaction could be calculated. 

Figure 1 showe the experimental impaction efficienciee on the four wiree. 
'. The range oD I variables represcntod are: Dp, diameter of aerosol particles, 0.56 

_ .to 1.40 microns; Vor velocity of the aerosol stream passing the wires, 400 to 
5100 cm./sec.; and Reynolds Nuinber (NRe = DC TOP/p) based on the measured wire 
diametera, 13.0 to 330. The density of the sulfuric acid particles, Pp, was 
substantially constant with an average of 1.48 g,/cc. C is the Cunninghsm cor- 

_ rection factor and P is the viscosity of the gas. 
In the ranges of particle diameter and aerosol stretim velocity employed in 

the,experiments, collection due to the Bra-mian diffusion was negligible. Col- 
s lection by electrostatic forces ,was improbable since both the aerosol particles 

and the wires were uncharged. Gravity settling should also be unimportant with 
the wires in the vertical hosition. The collection due to 'interception was osti- 
mated to be less than 10 percent of the total collection in all caseo,'snd thus 
had very little effect on the shape or position of the resulting efficiency 
curve'. The curve drawn through the point8 in Figure 1, therefore, represents 
the eprimental efficiencies of jllertial impaction. 

The experimental cu17re is S-shape, characteristic of the inertial impaction 
mechanism on surface and body collectors. It Lndicates a critical value of49 
of appr0xFrratel.y 0.25, below which impaction does not occur. At high values of 
the Inertial parameter, the curve appears to be asymptotic to the value of VI = 
1. The accuracy and reliability of the result8 depend largely oa the homogeneity 
of the particle size and tha accura cy of the p,rticle size meaeuromento. The 
impaction efficiencies were reproducLble in terms of \Tq, in view of the ten- 
fold,variation in velocity, the three-fold variation fn particle size, and the 
insensitivity of the Owl for detect-ing small variations in the particle size. 

Compnrioons of the data for the two platinum wires show that the higher the 
Reynolds IUber, the higher is the impaction efficiency for the same value of 
the inertiai parsmotor. TheQoame observation can be mado on the two tugsten 
wires. TM.8 agrees with the theoretical conclusione. Comparison of the &ta 
for the l-mil platinum k'ire wit, h those for tho Z-ml1 -t?jngsten wire, and the data 
for the 3-1111 platinum wire with those for the 4-mil kmgaten witi, harever, 
t&w opposite effects of the Reynolds Xticr, i.e., 'the Impaction efficiencies 
on the 3-mil wire at lower valuao of the Reynolds Number are generally higher 
than those on the k-nil wire for corresponding value of $9. The explanation of 
this 18 not apparent. When those wires were observed under the microscope, it 
was noted that the aurfnco of tho p2ntinm wire wao much omoothor t&n tht of 

,- a. ., 
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the t&&m wire. Possibly the aerosol particles adhere to the ourfaco of the 
platinumbetter than to the tungntcn wire. 

Figure 2 is a plot of the oxporimental inertial impaction efficiency curve 
togother with the various theoretical curves proposod. The experimental curve 
agroee closely with that calculated by Land&l and Herrmann based on Thorn's 
flow line8 for the Reynolds Number of 10, up to JJr= 1.4. For values of J\t 

_ between 0.4 and 1.2, the data indicate impaction efficiencies eomewhat smaller 
* than those shown by the curve of Langmuir and BloQett and considerably smaller _ 

than the values of Sell, and of Albrecht. Thio 18 to be expected since the 
.I curves of Iangmuir and Blodgett, and Albrecht were baood on the potential flow : of an ideal fluid, and that of Sell was based on an observed flow pattern ob- 

' tained at large values of the Reynolds Number on a 10 cm..cylinder. No compari- 
son can be made with Davies' theoretical curve since it was based on viscous 
flow at a Reynolds Number of 0.2, far below the range attainable with the method 
used in the experiment. 

For values of \r* greater than about 1.4, the expwircental efficiencies a1ra 
.higher than those according to the curves of Langnuir and Blodgett, snd Landahl 
and Kerrmum. The reason for this discrepancy is not entirely clear. One point 

. to be noted is that, for high efficiencies of inertial tipaction, i.e., effi- 
ciencies approaching unity, the particle trajectories must be nearly parallel to 

: the direction of flow and the particles must cut across the streamlines upstream 
of the wire where the streamlines begin to spread. In etep-wise calculations of 
particle tra,jectories, it is not practical to start the calculation more than a 
fey diameters (of tho collector) up3trean. It is possibla that errors introduced 
by this could cause the calculr;ted impaction efficiencies in the'high efficiency 
range to be lob*er than the comect'values. 

The critical value of J@ at approximately 0.25 shown by the experimental 
Sapaction efficiencies agrees with the values of 0.3.and 0.25 e,xplicitb stated 
by Albrecht, and Iangnuir and Blodgett, respectively. The curve of Lsndahl and 
Herrmsnn also implies that the efficiency of inertial impaction is negligible at 
the value of & leas than 0.25. 

I 

PART II. CODLECTION EE'FICIENCY AR~PRESSURE DROP OF F&R M.!IS 

The theory of the collection of particles on fibrous filters ham been 
studied by Albrecht (l-), Langmuir (g), and Davies (3). Albrecht's theory ia 
based on the potential flow of an ideal fluid, a condition very different from 
viscous flow which ordinarily takes place in these filters. Langnuir'e theory 
takes into account only two mechanisms of collection, interception and Rrownian ' 
diffusion. The experimental dnte of LaXer (h}, and Rsmskill and Anderson (10) 
ohow that the mechanism of inertial Impaction also plays an important part E ' 
the collection efficiency of these filters. However, ttise authors have not 
evaluated this mechanism quantitatively. Davies' theory takes into account all 
of the nzoJor m=cchaniums of particle collection. Ho prop?ood an equation derived 
on theoretical grounds for the efficiency of the fibers fn tho filter. The 
presont work was conducted with the purpose of evaluntlm quantitatively the 
mechanism of inertial Impaction. 

Prascurc drop acrosn fibrous media has been studied on the.basie of tho 
hydraulic rc.diuo concept of Koseny (2) and Carmen (2). Daviee (1) studied the 
problem by dizznaional analycls. Iborall (4) and WuZr (8) dorivod thooreti- 
Cal equations for the pressure drop. The c&clusiono of thezo authors are not 
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in godd'agrccmcnt. Another objact'of the present work was to test the propoood 
equations expcrimcntolly. 

By assuiing (a) aU fibers in the filter mat are perpendicular to the di- 
rection of flow; (b) the fibers do not interfere with each other; and (c) the 
ends of fibers have ne$igible affect, tho follo.&q equations have been dorived 
for the collection efficiency and the pressure drop of the fiber mat: 

- . 

.I 

I 
'i AP = 

2pV$ .a hen 

(2) 

whera 
. 

Gat = collaction efficiancy of the fiber mat 

$J$io = fraction of particles penetrating the tit 
.’ 

* . cr = fiber volume fraction, 1.6.) volume of fibers per unit 
volume of mat 

. 

Df = diameter of fibers in the mat 

h = thLckness of the mat 
I 

P- density of the gas 

V. = volumetric velocity of the aerosol. stream passing the mat 

, 51 = total efficiancy of the single fiber 
_ _ . . . .._ 

CD - drag coefficient on the single fiber 
t 

In actual fiber mats, none of these assumptions is co&etoly justified. The 
approach folio-ded in the present work uas to use tho oquutiono aa bases for cor- 
raZoting the experimental data, incorporatiq all of the effects whic& were not 
already taken into account as an offactive fiber efficiency, qe, end an effective 
fiber drag coefficient, Cm, -- instead of 17 

The fiber mats 
and CD in the cq~cticos. 

used in tho present work were. for-mod rroa three typss -of 
glaso fibers made by Glas3 Fibers, Inc., 
yarns, and "1~" yarnn. 

Toledo, G!zto, unbonded "B" fibers, "450" 
Tho dLocLotars of the fibers woro measured under tLe ti- 

croscope and Were found to average 3.21, 6.24, ad 9.57 microns, respoctivoly. 
The mato wore formed by Azthlw D. Little, Inc., Cozbridgc, bhsoachuoetts. Four bulk densities of approximtoly 1.0, 1.3, 1.6, and 2.0 g./~c. were formed from 
euch tsp of fibor. 730 thickmoo of tho mats rangad from 0.13 to 0.22 cm. 
Moot m3tn wore uniform aftor tho binding agent had boon burned off. 
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The experimontul procoduro wao oimilru: to t&t folluwod on the Impaction 
single wiroo. Tho aoroool was diroctod to paoe tho mat which wao placed in a - -- - ._ 

ae 

Lucite holdor with the mat fnco porpondicular to tho direction of flow and tho 
presuuro.drop wns moanurod by mcane of inclined and ordinary manomotore. The 
co&&ion efficiency of tho mat wao calculated from tho quantitloo of acid col- 
lected on the mt and in tho filter train following tho mzLt as determined by 
titration with Gtandard sodium hydroxide oolution and by conductivity meauuro- 

- mont. 
Figure 3 showo the experimental collection efficiencies. The rangee of 

variables ropresontod are: diameter of aoronol particleo, 0.43 to 1.3 microno; 
.* volumetric velocity of aerosol &ream passing mats, 17 to 260 cm./nec./ Reynolds 

‘Number baaed on the fiber diameter, 0.04 to 1.4; fibor volume fraction, 0.045 to 
' 0.093; and thiclmess of mELt8, 0.13 to 0.40 cm. The collection efficiency on the 

mat8 ranged from 0.01~ to 0.998. 
I In the experiments, Brownian diffuoion, electrostatic attraction, and grav- 
iQ settling were negligible. The beet curves for the effective fiber efficiency 
through the points at the interception parameters (R r' DD/Df) of 0.1, 0.2, and' 
0.3, therefore, represent the total efflcJ.ency of tipaction, which includes the 
Inertial impction and interception officiencieo, and the effect of fiber inter- 

. fereocc, fiber enda, and non-uniformity on the total efficiency of impaction. 
At d/Q of approximately 0.4, inertial impaction becomes unimportant and inter- 
ception becomes the controlling mechanism as shown by the flattening of the 
curves. Rrie critical va>Je of J* of 0.4 is between tha values of 0.52 and, 0.3 
predicted by Lan&uir and Albrecht, respectively. It is greater than the value 

" of 0.2 obtained experimentally by Ram~kill and Anderson. Figure 3 shc;wethat 
the mechanism of inertial impaction can be represented qtlentitatively in terms 
of the effective fiber efficiency..' 

Figure 4 shows the experimental pressure drop data correlated on the baais 
of the effective fiber drag coefficient. The ranges of variables are the oame 

* as those deecribed for the collection efficiencies since the measurements were 
t&on eirzultaneously, The pressure drop across the fiber mats ranged from 0.3 
to 30 cm. of water. The fibor volume fraction, (y, has a.marked effect on the 
effective fiber drag coefficient. The higher the volume fraction, the higher 
the effective fiber drag coefficient. The effective fib+er drag coefficient ces 
be predicted by means of a theoretical equation baeed on an idealized mat with 
ita fibere equally oriented in the three perpendicular directions one of which 
ie in the direction of flo4 and an empirical factor, 1 -I- 6Oal.8/h>,eO.3. Thie 
correction factor agreed with previouo conclusions in that the drag on the fiber 
increases with the fiber volume fraction and the drag decreases with the 
ReynoldB Rumber. Curves for this equation for (Y of 0.08, 0.04, and zero are 
shown in the figure. The figure aloo showa the theorptical and oomi-thcorotical 
C~&GR of Kozeny-Carmm, Davic~, Iborall, and wir. Calculated for (Y = 0.06, 
the averega fiber volume fraction in the expcrimcnte. Tf-,e Kozeny-C~.~ZZ, Davies, 
and Langmuir eq.lzEtiono all. predict the effective fiber drag coefficient to be 
inversely proportionalto the Roynoldz Il'umber, i.e., a straight line with a 
slop of -1 in'thio plot. The experimental data, however, Ghod a deftiite cur- 
vaturo . TM.0 indicate8 that the equationo of theoe authcrn, while applicable in . 
a limited range of the Roynoldn Ku&or for particular tEea of fibrcus media, 
are functionally incorrect. lberall'fl theoretical equation ("lberall I" in the 
figura) t;hove ap?,roxi:Ately the correct curraturo. The reason that his equation 
'predicts too high n p;usauro drop can be explained on thu baeis of hio erroncou8 
aseuml>tion that the drag force per unit length for fibers ~arnllol to the direc- 

/ 



. . . 

WASH-170 
i ,' 

, 361 
: ..* ._ 

. . 
tion 6f flow wnG gxuntor than for fibers porpondicular to the flow. It la con- 
eluded that the prosouro drop ncrosa fibor mats can be correlated on the basis 

., 1.. 

of tho effective fibor drag coofflcient. 
: From Equations 1 and i and the reaulto of the experimental work, the opti- 

mum fiber mat can be derived for filtration of aerooola in the range In which 
inertial impaction if3 the important mechanism of collection, . 
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FILTRATION OF SUBMICRON SIZE 
BY FIBROUS MNDIA 

_. . . by 

. * 
. _ 

AEaosoIs 

C. Y. Chen, Research Aosociate 
.I Chemical Corps Contract No. DA-l~-lO843lL-47~9 

. . 
The object of this research is to study the filtration'of aerosol particles 

through a fiber mat both theoretically and experimentally. Much work has been 
done on the development of new filter material and on the measu=ment of penetra- 

.' tion of aerocols through filter material, but not much haa been done on the the- 
.omti~p,l prediction of the penetration of filter materials and on the experimental 

study based on the theorotlcal prediction. The preeent study is along thit3 line. 
. 

THEORY 
_.-.. . . 

' . . 
.For filtration of uncharged submicron size aerosols with uncharged filtering 

.medium, the pticles might be removed either by inertial impaction, direct in- 
.., 

terception or Brownian diffusion. To etudy the filtration of aerosols by fiber 
mate, it is necessary first to learn the filtration-or collection efficiency of 
a single fiber which coxposes the mat. 

For single fibers, the efficiency of collection of aerosols (77) by any mech- 
anism can be expressed as the ratio of the crass sectional area of the original 
etresm from which particlea of a given size are removed because their trajectories 
intersect the collector surface to the projected area of the collector in the 
direction of flow. The efficiency of collection by inertia impaction is a func- 
tion of \=I =(Cpp dp2 v)/(U/J df) ad Nfie; by direction interception, V is a function 
Of R = dy/df md RR,; aCd by diffUSiOn, fl i8 a fUC%iOn Of D = %1/V df and NRe. 
The collection by inertial impaction and diflfusion increases with \Ir and D,, re- 

-. 6p3Ctivdy, and alWay inCraaSa6 with increase of NRe, The importance of direct 
interception increases with increase of R and decreases with increase of 9 and D. 

Not much experimental work has been done on the collection efficiency of a 
single fiber especially under the conditions present duriw the filtration by 
fiber mats,, that is, very low Reynolds nux&er. ,Until recently, the calculation' 

: of collection efficiency by inertial impactionwas based on potential flow which 
can hardly be in the case in the fiber mats when the Reynolds number Is usually 
much less than 1. Davien(l) calculated the inertial impaction and direct in- 
terception on fiber8 assuming viscous flow. 
as a function of \k with R as a parameter. 

From his results, t7 could be plotted 
Davio~' reoults indicated that ine,-tinl 

impaction efficiency bu?q& on visc~ua flow is much lower than that calculated 
fram potential flow. Langmuir (2) has derived equations for predicting the col- 
lection efficiency of a single fiber by interception, by diffusion, and by inter- 
ception and diffusion CGtiicad.. Ho derived his equations from Lsmb's equation 
for viscous flo*r around .a cylinder tranoveroo to the flow. Figure 1 shows the 
collection officisncy by diffusion and lntorcoption at a Reynolds nu&er of lo-*, 
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An interooting concluoion from thnoo calculation5 is that the collection effi- 
ciency due to both offocte ie highor than the own of tho cfficioncioo duo to the 
individual offoc-to alone. The oame concluoion can be drawn from tho Davioo cel- 
ctiation of the combined offocto of inertial Impaction and intorcoptlon. 

The overall efficiency due to *inertial impaction, interception a& diffuoion 
lo very difficult.to calculate. A reasonable asoumption is that the overall ef- 
ficiency will be equal to the oum of,the efficioncioe due to inertial impaction 
and interception and that due to diffusion and interception. Calculated effl- 

- ciencles based on thio aooumptioa for 2 P and 3 P director fiber for different 
.s paxticlo oizc azd velocity are shown in Figures 2 and 3. 

The oriontation of fibers in ordinary fibor mats can be coneidered.es lying 
. between two extreme caBcB. Tn the first case, the fiboro are dispraed uniforral;i 

and far apart and the neighboring fibers are staggered with reepect to each other. 
In the second cuae, tpe fiber in each layer of mat Is lined up to form a group of 
capilla.2300. The ordinary fiber mat with high porosity approximate8 the firat 

In a fiber mat of the first ca6e with porosity approaching 100 percent,'all 
the fiber8 a-e available for collection. It is ponoiblo to express the ovcrell 

;,collection efficiency of thLa ideal fiber mat aa a function of individual fiber . 
!total collection efficiency 7 aa defined above. 

i 

N 4 1-E L . 
. -In-=-'lp-.- (1) 

No a ’ E a, 
-_ -. 

This equation applies only xh& tb'fibers are f&r awt and.there are no in- ' 
terferenco effects betmen neighboring fibero. Actually, the equation is ap- 
prorimteQ true for high porooity fiber mats. It is rennonable to eqreso the ' 
neighboring fiber interference effect EM a function of titerfiber distance, or 
a8 o function of porosity or&y for the 6am ty-pe of piat within a narrow range of 
Rynolbs nuzber. Thus, the following equation co31 be used to expre8a the fiber 
mat collectiozl efficiency. . 

F (E)has alimitlr lg value of 1 for 'jnats with porosity of 100 percent; it ie 
greater thclJl lwhen I& porosity docroaseo, and hns an egymptotic velus for low 
porosity mt3. The Afunction can be calculntad from prooouze drop meegJrenents 
acrooo the IXL~. For a fibor mat with porosity approaching 100 pcrcont with aJl 
the fibers trmsverna to t5ze flow, the proseurc drop CL-Z be expressed iz the fol- 
lowing foxa, banad on tha Langmuir equatlan for the drag force of 'a oinE;le cglin- 
der tranovoroo to the flow when iiae 1~ leoo than oao: 

16(1-c ) FL 
AP * 

2-k-L r;Ro dp2 g, 
(3) - 

/ 



. 

White (3) has shown that the vi~couo drag force for.a singi cylinder in a .' 
finite containor ie higher than that prcdictod by Lamb'8 equation for an ino- 
I.&cd cylinder. The deviation ie a function of tho ratio of the di6tanco between 
the.fibor and the container and the fibor diameter. It can be expreescd as a 
function of porosity for fiber mats to account for the effect of neighboring 
fibers. Thie function aloo has a limiting value of one for 100 percent porooity; 
it increasea to an aoymptotic value for low porooity mato and will be aprqoxi- 

- mat&y the ~amo function of porosity used above to describe the neighborLzg fibor 
interference effect on collection .efficioncy. Thud the preosure drop a.croaa the 

.I fiber mat can be ezzreesed as 
. . : - .._ 

. 
&(1-E). PL . 

Ap= 
2-h NRe l df2 gc 

l F (6) (4) 

From thie discuesion, we are able to calculate the penetration of 'a fiber 
mat from the physical factors of the mat (thickness, fiber diameter and poroaity), 
the pressure drop across the mat and the collection efficiency of a single fiber 
calculated for the operating conditions (velocity, particle density and diamter). . 

It is now possible to show whether a size of maximum penetration exists for 
a certain fiber mat from the calculation of the single fiber collection effi- 
ciency. Table I shms the results for mate of 3p and 2~ fibers. It i8 not sur-. . 
priaing from the table that the controversy concerning maximum penetration arises. 
It is simply due to the fact that only a few experinents have been carried out 

: under very limited experimental conditions. . . - 

TABLSI. PAPTICLE SIZE AT MAXIIWM PENETRATIO:~ 

Particle density = 1 g./cc. 
. 

For Fiber Size FoPI Fiber Size 
Average Qolocity' 3 micron.8 2 microns 

. ,- 
_ ._ . inmat . 

L 
cm./eec. 

dP dP 
micron8 micron8 

. . . 
.- 0.1' 0.2 0.45 . 

,;.. 
- 

0~28 0.19 0.23 0.16 
. 10 0.15 0.14 

40 0.11 0.10 
100 - 0.075 0.076 

. * 
- . 

. 

A ~LaXsr- Sinclair type homogoneoub liquid aeroool gonerator was built for 
this otudy with DOT c's aorofjol material. The particle size was moaourcd either 
by the lpolarization "Owl“, the growth mothod (4), or by the diffueion battory (5) 
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depon&ing on tho rango of the size'of the particles. Penetration through the 
mnt WCS moaoumd by the NRL-I?3 pontromotor. 'Extensive ponotration meaourcmonts 
on air-formed g glass fiber mats are in progress. The preaont mats ucod contain 
'a tiido range of fiber size.. Some of the initial experiments indicate that the 
theory is quite satiofactory. . 

Table 11 contains some experimental results compared with the theory aaou- 

ing the diameter of fiber is 3.5 microns. The actual size of the fiber0 has a 
wide range of distribution and.the avoroge size ie about 3.5 microns. 

.J 

L ‘. ' TABLE II. COMPARISON OF ExPERIKr!XrAL RESULTS 
. . WITB THEOXLTICAL PRXDICTION 

‘B, glass fiber mat porosity 98.&p; thickess 1.2 cm. 

Aerosol material: DOP; particle size, 0.3011 

. . 
. . 2)' . ._' 

rl by calculation 
. I -. Velocity From Expt. based on df = 3.5~ 

cm. /sec. 

* 26.8 2.29 x 10-2 2.58 x lo-2 

125:;3 
2.61 2.38 

._ 2.70 2.76 
2.98 
1.69 

_, 2.66 3.16 
3.85 . . 3.48 

0.89 4.35 4.18' 
. 

. 
coNcLUsIoNs 

From the experimental data available at the present; time, the results agree 
with the theoretical prediction fairly well. Additional experimental work is in 
prosesa. The results indicate that the penetration of a fiber mat for the flrot _ 
time can be predicted by theoretical calculation. Nno, the developent of a 
new filter material can be -de on a scientific basis rather than by a cut-snd- 
try method. The controversy on whether a msximum penetration size exists has 
been z,olved by thoorotical calculations and the experimental confirmation of the 
theory will be presented in the near future. : . 

I C I empirical correction for resistance of air to the movement of 
small particles (at room temperature and atmospheric prossure, 
C - 1 + 0.16/dp, w?mre dp is ~1~10 diameter in microns). 

bp - pnrtlcle diameter 

v - upstream velocity or avorngs velocity 

. 
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df= fiber almotor 

?BM = BXIK~.M diffuoion coefficient of aerosol particlqs 

L- 

AP - 

. gc = 

F(E) = 

. D= 

R= 

Q= 

pP = 

P= 

?- 

_ El 

. 

fraction of penotration,of aeroool, through fiber mk . ‘., 

thickneoa of fiber nnt 

pressure drop acro66 fiber mat 

lb. mAB5 x ft. . . __ 
converoion.factor, 32.2 

. lb. force x sec.2 

a tiction of porosity repreeentikg neighboring fiber inter-’ 
ference effect 

%M 
d.iffUSS.OIl parameter, - 

.- v df 
_ 

Interception pammeter, dp/df 

I 

inertia parmete~ ' 
CPp dp2 v 

18 p df . 
-. ,- -. 

particle density - . 

fluid density _, , 
_. 

fluid viscosity 
Q 

collection efficiency of a single fiber 

porosity of fiber mat 

L 

. . 
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. 1NFLUli;NCES 6F ELFCTROSTATIC FORCES ':'- . 
ON 'IRE DRPOSITION OF AEROSOLS .' ^ . 

: by . ' . 
_ _ .._ ..-- - -. ----- -.- - ._. -.. 

. 
H. F. Daemer 

. .I 
Ethyl Corporation Fellow in Chemical Engineering 

. . _' .-. 

112 recent years several stud.ies have been made on the'mec&nj,3m bg which 

particul~toa cnn b a removed from an aerosol. Although emphaeis has been placed 
on the inertial mechani3m of collection, the effects of 3maU. electrostatic 
charges G= the aerosol particle3 and on the collecting,surface must not be over- 
looked in promoting the collection efficiency. Msny natural aer03013 are elec- 
trically charged, aa sre Borne collecting surfaces euch as the fibers in a main- 

wool filter. Uncharged surfaces or aerosols raadily can be given an electric 
charge, thereby increasing the separation of psrticles from the aerosol. 

The.utilization of electrostatic forces in promoting aerosol deposition may 
be advantageous in several ways. The foremost advantage is the high collection 
efficiency (based on projected cross-sectional area of the collector) that is 
possible. Although a collection efficiency of more than 100 percent is not poo- 
sibla when only inertial forces are used, efficiencies of 10,000 percent or 
higher may be achieved if both the collector snd the aerosol are charged.* The 
COlleCLLiGLi efficiency using electrostatic forces reIcsin3 high even for sub- 
micron particlea~ although inertial force3 in thi3 case may be negligible. 
Another consideration is the fact that electrostatic mechanisms of collection 
require low aerosolvelocitiaa of flow acroaa the collecting surface. The pras- 
sure drop3 in the system connoquently will be much lower than would be the caaa 
for sinilar collection by the inertial mechanism. 

. The purpose of the current research is to investigate the mechanisms of 
aerosol deposition under the influence of electrostatic force3 and to indicate 

-the condition3 and types of equipment wherein electrical charging may be bene- 
ficial. 

-. ._ _ . _ _ i- -. ._. _ -. . ._ . ~. 

‘ 
THEORY i . 

Studies are being made of the motion of a-charged aerosol particle flowing 
past's sir.@ aphcrical collector Figure 1. 'The collection efficiency can be 
calcu,lated theoretically if the outer-moat limiting trajectory io 'kno;m for tho 
aerosol particles just grazing the collector. 

The differential equation3 of DOtim of a single aerosol pa%ticle approoch- 
ing the sp?m-icd. collector are given in Figure 2; The equation3 are derived 
fram force balance3 or the fluid resistance snd of the olectrostatic.forces of 

+Qhe collection afficlency ie defined a3 the fraction of the aeroeol re- 
moved frcm a tube of gas eubtendod by the collecting obktncle aa the ga3 flow3 

' past. / 
! .' 
I 
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attraction bctwccn (1) a charged collector and a chargod'aoroool (parmotor KE), . 
(2) a charged collector and it3 imngo in an uncharged aoroool particle (par=cter 
KI), (3) a charged acroool and Its image in an uncharged collector (pc.ranctc.rs 
&v=dI;S). The ocveral olcctroatatic forcca can be ehown to bo approximately 
adative. Potential flow otroamlinco and Stokea ' law are aloo uoed in doriving 
the equations. Since the differential equations have been made dimenoionlesot 
all of the experimental variableo are contained in the dimenoionleee parametera 

.EE, XI, &r, I% FGu-ro 3. 

Although the solution of the two oimultaneouo differential equationa is 
.I possible only by a numerical method, order of magnitude solutiono may be obtained 

'by Ignoring the bendin, 0 of the air streamlines around the spherical collector 
' and by considerin, r Or&y one COlkXtiOn parameter, SD, KI, .&s or KM, at R tim. 

The numerical solution of the trajectory equation8 has been completed by 
means of the electronic digital computer, the IILIAC. Collection efficiencies 
were calculated for a range of values of the four parametera, I$, KI, KS and $1. 
Some of the results are shown in Figure 4. 

In order to interpolate between oolutiona obtained with the computer, the' 
collection efficiencies and the collection parameter0 may be correlated by curve- 

. fttting with a high-order multivariate polynomial. 

- ! ) . - . 

ExpE=Rxbm,AL EQUIFXSNT'AND'PBOCEDURE 

The equipment ie shown in Figure 5. A- dioctylphthalate (DO?) fog Is pro- . 
duced by condensation of the vapor In the presence of salt nuclei. The particle 
diameter is about 0.8 ~0.2 micron. The aerosol is charged electrically by PBS- 
lng it through coexial electrodes in a state of corona. Charges of +lO to -e&3 

A heocription of the mechanism of the c'harg- electronic units can be obtained. 
ing proceso and of the method of measuring the chargeo on the aerosol particles 
wa8 given at the Ames Conference in 1952. 

The charged aerosol then flow8 past the spherical collector which Lo a 7/16” 

steel ball mounted on the end of a semi-conducting cone. The cone acts as an 
electrostatic shield around the wire connecting the sphere to a high voltage D.C. 
power supply (O-10,000 Volta). Without it, the electric charge on the wire af- 
fects the collection on the sphere. 

The electricnl.charge on the aerosol ia determined from the deflection of a 
streamer of aerosol flowing in a traneverse electric field. The aerosol i.s 
carrisd.through the field by u envelope of moving air. The size of the @rti- 
cles io measured by the "Owl." and by a high velocity caocade irrpsctor. Tho ma88 
concentration of the aerosol io determined by-precipitation of a sam@e'-In a l 

amall glass and platinum Cottrell precipitator. 
The collection efficiency is determined experimentally by mea&ring the 

amount of aerosol de;2oaited on the sphere and in the sampling Cottrell precipi- 
tator. The DOP is removed from the collecting ourfacee,by washing with ethyl 
alcohol md the concentration.found'by ultra-violet 8pectrophotometry. Collec- 
tion on the Bphere rangea.from 1 to 10 micrograms of IXX? per minute? 

The pre1imFnar-y tits are ohown id Figure0 6 and 7. The inertial para-,otcr\k 
Is aboat 10-h. According to theory, the inertial forcon should theraforo have a 
negligible effect on tho ddpooition. 
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The actual colltiction agree:, approximately with that predicted by thoorjr. 
In the case of the uncharged ooroool flowing pear a chtrrged collector; the data 
have a high oxporimcntnl variability on account of the omall amounta of DOP that 
were. collected and moooured. 

In Figure 7 the data are plotted verauo a modified parameter. Whenever B 
collector ie grounded, even through a&high reolst~cti, charge8 are induced on 
the collector by all the surrounding charged particles. This induced charge 
occur6 in addition to the image and void space effecte deocribed by the param- 
eters ?& and KS. The induced charge ia calculated by an integration proceso and 
Its contribution to depooition is combined with tF&t of the X& parameter. The 

*' combined parameter is KS. Figure 7 IUustratee data in which the induced charge 
reeultlng from grounding the collector was the maJor factor influencing deposi- 

* tion. . 

I'RUIMINARY CONCIXSIONS 

A practical application of electrostatic forcee 18 illuetrated in the uBe 
of charged weter droplets for collection of aeroeol parU.clen which themelves 
are charged by passage through a corona discharge. An electrified wet ecrubber 
would have several advantages over both the conventional wet cyclone slid the 
Cottrell precipitator. Compared to a conventional scrubber, the electrified 
scrubber should provide better removal of submicron aerosol particles. Con- 
versely, it would require leeo water and could operate at lower velocities and 
pressure drops for the same effi,ciency of aerosol removal. Furthermore, it 
would have several advantagea over the Cottrell precipitator. The precipitated 
material would be removed contimroualy on the skrfaceo of the aprey dropletn, 
the&by elizinating the problems often encountered in precipitating dusts t3et 
have a tendency for recntrainment. The retention t'ime in an electrified scrub- 

' her woald be lower than in a CottreU precipitator because &n aerosol particle 
must travel a shorter distance to the neareot spray droplet. Aloo, the e,lec- 
trified Bcrubber would be operated at relativ&y lower voltages (1000 to 10,000 
volts) eqace the collection diatancea are smaller. 

An electrified spray scrubber ia now.being conetruc+ed to evaluate ita 
potentlalitief3. I 'I' 
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- A@r Velocity df Amos01 Particle 

. de- - (2rS+ 1) 
2rC sin@ 

dt : - 

Radiaf Velocity of Aeroeol Particle .., ._ 

PIGus 2; DIl?XBEXTJAL ~~U.MIOiJS OF TBcLJ"LCTO3Y 02 AEROSOL I?MITIClXii 

_ Potent%2 Flow with Eloctroststio Forcee and ._ ._ - -. .-. 
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Aerodyne dust collectors 
(See Dust collectors.) 

Aerosol charge-measurement unit 

. 

i 
_...._ . design, 247 

Aerosols’ . 

filtration, 205, 235, 305, 356, Aerosols (charged) 36tA,.*- 

preparation, 375, 381 ‘. 
properties, 349 

Air 
purification, 39, 48, 227 

Air cleming 
meteorological aspects, 101 

.Air cleaning equipment 
maintenance, 17, 25 
performance, 22, 149 

Air condittonlng systems 
design, 55, 149, 152 

Air-sampIing equipment 
. 

d+gn, 160, 230 
performance,. 186, 305, 330, 335, 343 

Aircraft engines 
decontamination, 66 

Aircraft Reactor Experiment . . 
atr-clean1r.g facilities, 35 

__ 

Ames Lab. 
atr-cleani’ng actlvittes, 165 

Arco Chemical Plant 

. 

(See also h’ational Reactor Testing Station.) 
air-cleaning facllitles, 36, 37, 64 

Argonne Sncfnerator 
(See Incinerators.) 

Amonne h’atlonal Lab. 
dr-cleantng acttvttles, 48, 55 

Asbestos-glass filter paper 
efficiency, 227 

Bacteria 
(See Serratto indlco.) 

Berkeley boxes 
(See Fume hoods and Dry box 

Bromlne --- 
(See Halogen cases) 

Broo!hzven Natioiid 1a.b. 
air-cleanlng act!vttlcs, 142 

Carbide and Carbon Chcmlcal Co, 
air-cleaning activities, 13, 20 

Carbon canister flliers 
eUectlvenesc, 165 

Carbonyl iron powders 
as test dust, 352 

Copper oxide powders 
ao test dust, 87 

Copper eulh:e powders 
a8 lest dust, 269 

Cotton fiber fillers 
efliclcncy, 27?, 278 

Dl-octyt phthnlatc omskc 
(Set Acro3ols.) -- 

2.) 

(Y-12) 

. . . 

‘I . 

___- _.. _ 
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SUBJECT INDEX _ _. 
I 

DOP tester 
(See Smoke penetrallon meters,) 

Dry boxes 
. deslgn, 146, 170, 220 

-- Dust collectors 
. . cost factors, 18, 76 

design, 17, 81, 85, 87, 92, 96, 100, 251, 263 
efficiency, 63, 69, 83, 88, 9p, 97, 251, 253, 262, 264 
malntenancc, 73, 100 
operation, 71 

. Dust gcncratore 
design, 95 

Dust hazards ‘.. 

’ . _ in U production plants, 69 
Dust loading 

altitudlnal factoro, 102 : ._ ~.. 
at Brookhaven area, 142 
meteoroldgical factors, 102 
al National Reactor Testing Station, iO2 
al Rocky Flats plant, 161 

. Dusts 
physlcal properties, effects of altitude, 87, 103, 105, 106 . 
physical properlles, effect8 of meteorological condltlons, 

102, 105, 110 
Elcctro-polar filter unit 

(See Dust collectors.) 
. 

Electrostatic precipitation 
effect of flber charge, 242 

‘. effect of particle 237 . charge, 
theory, 235 

Electrostatic precipitators 
design, 34 Q 
efficiency, 28 

’ Entoletcr l:nil. 
(See Dust collectors.) 

-* - -. . . .. wu)msi systems - _.. 

design, 166 
. efficiency, 13, 28, 45, 81 

Eqcrimental Breeder Rcaclor 
coo1ar.t air proccsslng, 65 

Fibrous filters 
(See Membrane filters.) 

Filler hou~c 
far OXNL graphlle design, 22, 23 reactor, 

Flltcr matcrhls 

- . (See also Asbcstoc-Floss filter p3per; Carbon canister 
fillers; CottoncFfTllcru; Glxs-iiber paper tiltcy -.-- - 

.a 1 
. 

Gla.ss-wool fllter_s; ML‘m1~rar.c fils; XIctzJilc lilters; 
Mlncrat filter pnperysand-bed IlIters.) 

cost factors, 46 
sfflclcncy, 14, 22, 24, 28, 40, 43, 52, 55, 57, 61, 64, 121, 

131, 142, 150, 157, 161, 165, 188, 205, 227, 259, 262, 
305, 308, 318, 324, 330, 358 

propcrlies, ??3, 323 
Filtratton 

of very amall particles, lhcory, 348 
Fluorine 

removal from air stream, 49 
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Fume hoods 
cost factors, 224 
dcstgn, 140, 170, 222. 
efftclcncy, 14, 28, 52, 56, 227 

Gamma radistlon 
permlsslble Hml1.s :n air, 70 

‘General Electric, ANP Project . . 
air-cleaning actlvtttcs, 87 

Glass-fiber-paper filters 
~fflclency, 227 

Glass wool filters 
efficiency, 14, 40, 43, 57, 50, 64, 131, 142, 157, 

163, 166, 186, 262 
Hllogen g-x+x 

removal from air stream, 48 
Hanford Works 

alr-clcnntng activities, 40 . 
Hersey unit 

(See Dust collectors.) 
Homogeneous Reactor Experiment 

air-cieanlng facilities, 36 
Hoods 

(See Fume hoods.) 
Hydrogen fluortdes . 

.handllng,‘Sl 
removal from air stream, 48 

Idaho Chemical Processtng Plant ‘1 
(See Arco Chemical Plant.) 

Incinerators 
cost factors, 62 <. 
design, 11, 58, 281, 284, 294 

_. 

performance, 58, 283, 285, 2e7 
..---_---: 

Insects 
,_ _. 

distribution in air, 107 
Iodine I”’ 

removal from process gas streams, .41 
Knolls Atomic Power Lab. 
. air-cleaning activities, 110 

bulldings and facilities, 118 
environs mon!toring, 126, 335, 348 

Limestone 
absorptio;l of halogen gases, 48 

Lfvermore Research Lab. 
air-cleaning activltles, 185 

Los Alamos SclentiSlc Lab. 
air-cleaning activtties, 7 

Matrrlais Tcstin;: Reactor 
coolant-air procesblng, 65 

Membrane filters 
efffcicncy, 22, 24, 28, 5’2, 55, 50, 131, 142, 150, 163; 186, 

180, 205, 358, 364, 368, 371 
bietalllc filters 

efficiency, 14, 356, 362 
KtcroGrg~lsms w 

flltrntlon from air, 227 
Mineral filter pnpers ’ 

cfflclency, 233 
Mound Lab. , 

atr-cleurlng actlvitles, 140 
Natfon~l Reactor Tcsttng Station 

(Set also Arco Chcmlcal Plant.) _--_- 
air-clcanlng xtivittee, e3, 102 

Nuclear nlrcraft iwuer yivlte 
Pir-clcmbi; nct:v!tica, 86 

Oak Rldgc Kat1ona.l Lab. 
air-clean& xtlvitlas, 21, 30, 35 

. 

. . 

/’ 

. . . 

Particle deposltlon 
effects of clectroslatlc forcce, 374, 377, 382 

- effects of particle size, 352, 355 
effects of velocity, 352, 355 
turbulent, measurement, 354 
turbulent, theory, 351, 

Perchlorlc acid gases 
removal from air stream, 57 

Process-gas streams 
decontamlmtlon, 40, 41, 43 

Radlatlon 
pcrmlsslble concentrations In air, 339, 342 

Ftadiatlon Lab., Univ. of Callf. 
Jr-cleaning acttvltles, 170, 218 

RadlochemtcaI processing 
atr-cleantng equipment, 28 

Radioactive waste disposal 
cost factors, 21 
incineration, lb, 58, 281, 284, 294 

Radon 
radiation hazards, 79 

Reaction vessels 
611vcr, efflclerrcy for I*‘* removid, 41 

Reactor coolant-air 
processing, 65, 143 

Rocky Flats Plant 
afr-cleaning activities, 161 

Sand-bed filters 
efficiency, 158 

Savannah River Lab., 
air-cleaning activities, 155 : 

SerraYo indico 
test organism in filter evaluation, 228 

Scrubbers 
design, 218, 376 
efficiency, 48, 57, 163, 218 

, Simon suction filter uhlt 
(See Dust collectors.) 

Smoke penetrations 
design, 306 

performance, 307, 368 
Spray columns 

r 

. 

(See Scrubbers.) 
~. Stack disposal 

of radioactive gases, effectiverwsa, 28, 44, 122, 143, 
159, 173, 191, 335 

Stack gases 
particle-size determinatIona, 338, 345 
radlolo~ical monitoring:, 11, 44, 50, 60, 101, 143, 158, 

191, 337, 3’40 
Thorium production plants 

air-cleaning actlvlties, 167 
Urimlum 

radlntfon-haznrde, 79, 83 - 
Uranium production pIants 

air-cleaning activities, 13, 15, ‘IQ, 80, 82 
Uranium slurrlce 

handling, 83 
Ventllatlon systems 

cost bctore, 47 
design, 45, 55, 03, 82, 156, 101, 105 
efficiency, 13, 28, 43, 45, 80, 82, 143, 148 
rixilologlc~l monltorlng, 167 

Wcollnghouso Atomfc Power Div. 
air-cleaning actlviLlcu, 00 


