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PREFACE 

Third AEC Air Clcnninc Conf crence 

Sponsored by 
Division of Engineering AEC Washington 

Held At 
Los Al&~os Scientific Laboratory 

September 21, 22, 23, 1953 

Tne following compilation of papers represents the proceea:i.ngs of the third 
air cleanine seminar. The first was held in June 1951 at the Harvard 
University :.ir Cleanin~ LaboratorJ and the secor:d at .Ames Laboratory in 
September 1952. Tne proceedings of the latter conference were published 
as WASH-1490 

These ser.iinars are an ir;.portant pa.:::-t of a continuing program to assist in 
the solution of air cleaning probler.'.s encountered in AEC operations, and to 
develop ir.iproved and more econor.rl.cal air cleming systems to meet AEC re
requirements. Tne purposes of these conferences include the review of 
operating peTfo~r.iance of existing facilities and the presentation of funda
mental information obtained from basi.:e studies of aerosol behavior. 'I"ne list 
of titles gives a better indication of the scope of the program. 

The Stack Gns Problem Working Gro'..lp under the Chairmanship of Dr. Abel Wolman 
held its rr.eetine siinultanoously with the conference. T'neir contributions 
added materially to the suc{;ess of the conference o 

!-!uch l-JaS also co•. tributcd to the success of this meeting by the Lo$ Alarnos 
Scie:ntific Laboratory under Dro Norris E. EraC.bury, Director. T'neir hospi
tality and assistance is gratefully ackncwledged$ 
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LOS AL!\MOS AIH CLl·J\NrnG AC'rIVI'l'U.:S 

J. n. Grnhn.m 
CMH Division 

Los Alnmos Scientific Lnborn.tory 

Beco.use of the brief time allotted for these remarks, I feel thnt it 
\lould be unrealistic to go into dctnil on some one arbitrarily selected piece,_ 
of work here nt Los Alamos. Instead, I will give you n brief explanution of 
the oreaniz.o.tion here, the type of work being done by the various part::; of 
the orgn.niz.ntion nnd the names of people involved in en.ch type of vork. In 
this ... ,ay it is hoped tha.t from -:this informo.tion, you will follow up your o•m 
specinl interests. Only the host installation finds itself in this fortunate 
position so we hope you tnke this opportunity to meet our people nnd ins.Peet 
our fo.cilities. 

There nre three major organizations at Los Alamos. The Atomic Ener&Y 
Cow..~ission stc..ff is, of course, responsible for overall operation of the Los 
Alnr.ns project. The University of California is responsible for the operation 
of the Los Alo.mos Scientific La.boratory, and the Zia Company is the maintenance 
contractor for both townsite and laboratory. · 

Of interest to this seminar, the Atomic Energy Commission operates the 
Waste Disposal Laboratory at Los Alarr.os. This Industrial Waste Section of the 
nealth and Safety Branch is under the direction of Mr. c. W. Christenson, who 
is inactive at ~resent due to' illness, and his work is being ca~ried on by 
Everett 1-fatthews. This section, with a staff of 16 people, operates three 
waste treatment laboratories on a co~bination routine and pilot plant basis • 
. These plants handle all industrial and 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 a."ld aluminum hydroxide. 

In addition to the .above this Section carries out a research and develop
ment program vhich may be best e>.."J>lained by listing some of their recent work. 

1. Radiation tolerance of activated sluoge. This was done on a 
le.boratory scale using cobalt sources on activated slu.dge. 
The work is complete ur.d will be publi::;hed. 

... 

2. Removal oi' p32 nnd 1131 by use of trickling filters. Work is complete. 

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

4. Removal of T~'T, RDX and Ba salts by n precipitation of the Ba 
as BaS04 nnd adsorption of the TNT and HDX on activated carbon. 

5. ?·~ovencnt of Pu thru soil and rock surrounding waste seepage pi ts. 
This work is in progress. 

6. Treatment of rndionctive loundry 'r~~tcs by activated sludge proccsc. 

7. Concentration of Pu in industrial ~astc effluent by vorious ulgnc. 
WASil-170 7 
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Within the framc .. :ork of the University of Cnlifornlu orc;anlzul.lon at. 
Los Alnmos, there nrc several eroup~ doine; work of interc~t to thi:.; ~cmlnar. 

In the llc:ilth Division, Group H-5, under t.hc direction of H:irry Schulte, 
is rcspon~~iblc for the Indus tri~l Hygiene ncti vi tics in the klboratory. :.:r. 
Schulte's r.roup of 19 people concern:..; itscl.f with u.11 hco.lth problem:; involv
inr, non-rnJio.3.ctivc m.:iterin.ls but the .,,·ork of thi:::> eroup is of interest here 
bccnuse of their experience in nir snmplin~ techniques nnd their cxt>cricncc 
in the cvaluo.tion of vo.rious hQz:i.rds. This croup is involved in one wo.y or 
anoth~r wi t:1 most stack gns problems at Les Alamos. This gToup acts in an 
ndvisory cupucity on air snmpling techniques to the Monitorinti Group, H-1, 
which is . under the direction of r.:r. Denn Meyer. 

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

l. Development of certain phases of the Los Alat:10s incinerator. Y.r. 
Schulte will have more to say about this in n few minutes. 

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

3. Development and modification of air sampling equipment for special 
jobs. 

4. Surveys for radioactive and non-radioactive hazards outside the 
Technical Areaa to protect the comrr.unity and the surrounuing areas. 
As a result of this work, this Group has done a great deal of the 
air sampling and evaluation work in connection with the Nevada 
tests. 

In the University of California Engineering Department, V.:r. Charles 
Wherritt heads the Mechanical Desie;n activities of Group ENG-2. As a part of 
their work, this group der-i.gns VC!";tilation and filtration systems throughout 
the project. Since the main fu.~ction of t~e Los Alamos'Scientific Laboratory 
is research, the work of this Group must follow the research program and, as 
a result, is very wide in scope and is ever changing. 

Recent ~ork of Mr. Wherritt's Section includes: 

l. Irr.provement of the air filtration system at the Graphite Shop. 
Tnis was done by using a cyclone filter fol.lowed by a Hersey filter. 

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

3. Equipment to ma.into.in a flow of -10° 1' ... dc.:w point uir thru n process 
unit. 

A Di vision of the Los Alamo~ Scientific I.>'lborutory, the Chemistry a."ld 
11.etallurCT Rcscurch ·Division concerns ·itsel.:f nlmo::;t exclusively to research 
and production work !ovolving rudio~ctive mn.tcrials. Bccau~c or the special 

' -
' 
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problem:> in thi.:; wurk, the ChemJ.~;Lry a111.l Ncl.a.llurGY D.i.vi.sion ht.LG people on it;:; 
staff doinG work of intcrc:::;L to thi:::; ~cmiuar. 

In the cr-m-10 Group of thin Division, work done on the cnpillo.ry o.ir 
washer by l!nn;inond nnd Lc~ry is beinc; carried on by Mr. Hobert Clo.rk of thut · 
Croup. Mr. c. ::;. Leopold, n consultinf, cneincer of Philac.lelphio., is ul.so ' 
taking an ucti vc purt in this work. 'l'his work which h3.s extended over o. 
period of several years has been ccn"t.cred nround the rczeo.rch and develorr:ncnt '
of the so-called "capillary air "W-l.shcr." This air clen.nin[S device consi~;t:.> of 
a convcntion::cl capillary 'W3.sher section follo\.lcd by a dry pad section. The 
cupillury washer sections arc mo.de up of 811 thick pads of 250 p glass fibers. 
The first stn.0e of the washer section is countcrcurrent flow while the second 
stage is concurrent flow. The dry pad following this washer section is made 
up of l}" of 100 p gluss fibers followed by -~" of 10 p glo.ss fibers. 

The above arran~ement is followed by a second section consicting of one 
concurrent co.pillary cell stac;e followed. by a. dry pad. 

Work has been done involving the variables, velocity, particle density 
and size, filter media density, water· rates, etc. P.lso as a part of this work, 
a rather extensive program was carried out on sampling techniques and aerosol 
generation. 

Work has been going on at other installations along similar lines and 
~a-. Clark will be happy to dis~uss the work end facilities here vith any 
interested persoils. 

Also in the Che::;iistry and Metallurgy Division, C!•lR Engineering under 
my direction is responsible for the C::..:!sign of ventilation and i'iltrution 
systeras for this Division. Since Ci'2 Engineering includes a mechanical 
equipment desicn section the work is usually a combination of equipment design, 
ventilation and filtration. This section develops special hoods a..~d dry boxes 
for the Division as well as special ventilation and filtration systens. The 
ventilation systems worked on by this Group range from complete building systems 
of 600,000 cfra to single enclosures of 30 cfm. · 

I believe it is evident in work of this kind at a research laboratory that 
there is no one type of filter that answers all proble~s anc.l it is the responsi
bility o:f this group to apj!ly the proper filter -£or the :particular job in c~.:._q 
Division. 

This section has d0vcloped an interchaneeable dry box system that is now 
a.vuilable cor.:.:-~ercially. 

They have recently been concerned with the ventilation of laboratories 
hnndling very licht gases. 

In general, you will :find tho.t the approach to the filtration problem 
has been o.s follows: 

ii 
' -"* 
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l. Production nrc:i::;. 'l'hc D\tpply n.ir is fil tcrcd thru coi:uncrc inl 
filter::; uncl in nddil.ion, that porl.ion of the ::;upply nir entcr
ini; dry box trnins is nc;uin filtered thru CHS type filters or 
the vn.rinblc density type c<lc;c filters. 'l'hc cxhn.u::;t from these 
nrcns is :filtered o.s clo::;c to the box as possible then passed 
thru bo.ck up filters before dischar~e to a tr.1o::;pherc. 

2. Research nrcas. Due to chanc;inc; conditions, it is usually not 
feasible to filter locally so o.ll air from these urea:> is 
passed thru a i:.ain filter systc::l. :r:n two of ou1· i~ .... ~r:~:t 5.ns-:ol
lations, capillary ~asher systems us described previously are 
used. 

This is a brief explanation of the work at Los Alamos which t:i:lY be of 
intert:!st to you and an introduction to the people involved in tho.t vork. We 
hope you take adYnnta.s;e of your visit here to investieate matters of special 
interest to you. 

. ... . . 

" 
,_ 
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Tho Loo Alunioo incincrnto~ hn.L1 been diucur.ocd nt Air Clcnnint; Swinnro 

but the proQ"oOo dur~nG the pnGt yonr juotifio:.J ito diucuncion a(;nin. Lnct 

Fnll tact::; of co~b\u;tion efficiency woro inndo by Richard Corey nnd hi:; n.sooc-
...... 

iatoa of t~o .1't1rc..iu of ~Hnco and reco:imiendations were mado for chan.:;cs to 

improve thio effici~ncy. After makinG mo~t of the changea, rood corabustion 

efficioncy \:as obtained,. Limi tocl teatin6 of tho air cleaning syr.tcm at the 

sac:io time indicated that its performance was i;enerally as der;igned. 

A:rtor a \"linter shut do\":n 1 th~ \:1l1ole un!.t vaa overhauled in the Sprine; • 

.After notinb the bad. condition of the fiberglaoa filt~rs, it was decided not 

to replace tliem during the follovinc; test period. A aeries of test runs ,.,ere 

~a~e on the ~~ole system during the eUl:l::ler using unconta!ilinated trach to vhich 

measured ai:iounts cf ra.0.io-barium-lant.l:.anum had been adcied. Considerable diffi-

culty had been experienced ·previously in Gac.:pling because of the high te~por-

ature an.d \mte:r content of the gaces. Sruo;pling of the hot gar;es was acco~pl-

ished u~ing t\10 lar6.::: iropin;;ers in series icmersed in an ice ·bath. The water 

frou tho i~ing~r3 w~3 evaporated, plate~ and beta activity counted. For 

~amplin~ at the outlot st~ck a vatcr separator ~nd :reheater followed by a 

glazs P"por filter was used. The pz.per was counted directly. The water from 

tho sepc...r<.'~or vae eva;?ora.ted, plated end counted but was found to contain very 

little activity. A vat er content of. appro::d:an.tely 1 ml/ cu.ft. of a tack air 

vas found. Efficiencieo on a radionctivo basis were as followo: 

Avera,~ Ma:d.mum 
Cyclone (d:ry) 10% 9i4 -

Cyclone (\;et) 82 89 

Vcm~uri Scn::.bbcr 94 97 

Ovorll.ll (Cyclor.£: & Scrublior) 97 99.8 

WASil-170 ll 
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Tho nvornco porcontr.c;o of the radioL"ctl vi ty chnr~cd into tlic incincrntor 

'Which ronchod the ctnck w~s upproxi.111atcly O.Jf:. or n docontrunir..o.tion factor of 

300. The nbove f i[;Ul·os for tho wot cyclono were obtHincd uoinc; a. :;pray syctcra 

\lhich had been inntallod for clonninG do\:rn the cyclone wallc. 

~P..llLporaturcs durinc; the runs wcro o.c followo: 
,_ 

lncincr~tor outlet 

Spruy Cooler outlet 540 °l! .. 

Separator outlet 

Stnck 

Theso te:nperatures \\'ere unaffec~ed by tho addition of \later in the cyclc·ne. 

As a result of experience vith the incinerator it soe;:;ed likely that dif:f iculty 

vould be e:;...11&riAnced in keeping dovn cont~ination c!.uring charGin~ ruid. s.c.h ro:.lo-;al. 

After a visit to Ar{;onne National Laboratory, the :f'ollo\·;ing changes were recowrnended. 

~d are no\"1 being co:r:pleted: 

l. ContiLuous instead of batch charging 

2. Collection of ashes in a sealed dru.m instead of pur..7in& ~nto a tank 
·with ve.ter 

J. Provi~ion for by-passin~ the glcss filters durin~ nor~a.l runo and. 
quic:c:ly chEillging to filtration if nacesaary 

4. lnstallr..tion of a :::ediwa prest>u::o vater opray ayotem in the inlet 
of the cyclone 

With thcae chan~os it choul~ be poo~ible to obtain a ~econtamination factor 

of JOO to 500 vhich ia suff icicnt for the type of combuotible no~ boinc buried. 



V~nlibli. 1n and J\.it· Clc::.i.ninr.J Facililic::; 
Fo1· No1·mal Ut:..inium Fabricali:1n 

By W. II. Baumann, C&CCC,Y-12 

'fhe fabl'icalion of uranium nccessilalcs ricJid dust control 

procednrcs and effective air cleaning equipment to minimize the 

inhalation hazard both inside and outside ti1e workroom areas. The 

effectiveness of control is evaluated through air analysis which in 

turn is correlated with urinalysis and integrated with a medical 

control program. 

The level of air contamination.reached high proportions in the 

early part 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 
' 

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 m?st dusty. Two hoods 

were installed and a substantial reduction in air contamination at the 

brealhinfJ zone of the machinist was noted. 

WASH-170 

• ' l .r, ~. '-' •· ( ' • 'I 

" 

13 



WAGH-1'(0 

In the dcsi<Jn of the f:lcililics, the contractor provided exhaust 

outlets, pipin<J, and cxhausters. Also a:r clcaninCJ 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 lo capture the dust 

as close to the sou·~ce as possible. Both hand packed bronze fibrous 

filters all: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 resistance with loading with 

a diminution in the air :flow rate thus reducing tl-ie performance of the 

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

a reversible jet bag type unit which handles dust from machining operations 

as well as foundry operations was chosen. 

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

selected \11hich v1ere accept2~ble to production and were effective in abating dust 

. . ..... .. '. •. ~ .. .. "'"' .. . ... ... .. . .. - .. . . . .. .. .. "' .. "' . .. .. .. .. .. .. .. . ~ . .. " . .. ~ 
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lar<J~ chips W(!rc found whkh could readily ~:;ell le in the duel::; thereby 

(4) Mi nimizin<J and parthl mechanization of polishin<J 

conslitutinCJ a p0lcnlial fire kt7.ard. A chip trap Oi' inertial type collcclor 

{5) Reduction in time required to rnachine parts 

y.ras installed as near as po;,siblc to lhc hood oullct, and two small laUws, 

{6) Production 

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

Sevvral hoods were installed on large and srnull latl1e~3, .. nd .1i1:;t 

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

probe tube of the sampler in the duct. The efficiency of the chip trap is 

,,., •., ·.:· •« , I 1 .. 11. II; !1 :ti1·11· 111 I'· I .i''I'.' I: 1· { 0 • 

about 65% on a weight basis (amount collected was over 200 grams of 
I • 

uranium over 400 hours of operation (not machine time), and L'l.e unit has 

pressure drop of 2 11 Water Gage wben handling 400 cfm. The unit collects 

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

' 
device is readily demountable for cleaning at inventory .time. 

Air-borne contamination was not as great a problem in the foundry 

area as the machining area. The trend i.s downward in the general level of 

air contamination becJinninCJ with the latter part of 1951 to present. Faci~0~s 

responsible for the reduction in air-borne uranium are: 

(1) Improvement in techniques (handlinr; of material) 

............ 
~ .. .. .. .. 

~----~~~~~--~:......;..~ ~ .. . . 
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(2) Belter housckccpin'} 

(3) Renovation and improvement of existinlJ sou:rce 

ventilation 

(4) New equipment 

(5} Pr~duction 

Exhaust air venlilation from the hoods in the fo~ndry were cleaned 

by AAF Multiduty units. These units discharge at roof level and constitu~e 

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

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

charged on the roo~. The units required considerable maintenance and the 

cleaning operation, once monthly for inventory purpose, was very messy. 

Dust loadings wore light and averaged about 5 gr /1000 n3. 

The AAF units will be dismantled and all dust laden ventilation air 

will be passed through bag filters (self cleaning type). The outlet from each 

exhauster (27 units in alU v1hi:~h handles contaminated air from a given 

number of or.ierations will discharr;c into a piping net\'/ork proportio;icd to 
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handle air al a velocity of 3000 fpm. The air from the main will splil inlo 

two streams (150, 000 cfm) and each portion dislribulcd lhrourJh a filler house 

containing G4 wool fell bags (white virgin wool, 2G oz.J by American Felt Co.) ' 
... _ 

18" in diameter and_19' high with a :filtering velocity of 30 cfm/sq. ft. _bag 

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

filter at a negative pressure of 7" WG, and both 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" \VG in foe main duct work. In the event that the exhauste~ 

fails and a positive pressure is built up in the syste.m, 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 C()st of the system is $1. 00 per cim. 

(Interior of duct work has a prime coat and enameled). The system is slill . 
under construction and should be completed by November 1. 

We hope to get some informa.tion on the performance of the system 

········--·-·-·--·---· ·------·····--··········· 
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when it is put inlo operalian. This system should complete ventilation, 

air clcanin<J and hoodinCJ at normal uranium operations. 

225 

200 

er 

I 

NORMAL URANIUM MACHINE SHOPS 
GENERAL LEVEL U-AlR CONT. VS. TIME 

Fig. 1 

I••• 1.I 
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~·1m lTANN.rr\l"~ OF HADTOAC'J'I\''Ji:-cor:rAi-iD!A'.r:m AIR ------···--------Nl' Ol\J\ l\IDGE Ni\'l'IOX1U. IJlGOl\Nl'OnY·i\· 

By W. G. Stockualo, C&CCC, ORNL 

l. Introduction 
... 

Air contruninated '11th radioiElotopcs constitutes tho gronteot voliz:.o of 

radioactiv~ vaota created by tha O?cration ot nuclec= ~eactors a:t:.d associated 

cho~::.cal processes. It is pert of the mor:;·;; co:::itly ai~le itc::n in n :oodorn 

ro.dioche::aicnl process - Wuste Dispooal. 

'Waste cisJ?osal accoturted for 20 pc;:- cent of the total connt:ructiori budGet 

of a recently constructed radioc1:craical pla:it. This 20 per ce:t:.t exccees the 

total e.;::iou.nt of esti::gted cnpital e.:.:penditure (E. p. lli[;i.1e:r nnd Associates) 

thn·;; can be e.llowed for a fuel recovery plant in connec-".:.:ton \Tith a pcver 

reo.cto:· if the reactor is to co::;.pare favo:cc.bly \iith the J?reserrt r.:.ethoas for 

producins pmre;..·. This clearly inoicates "'~he ieyorlance of proper and 

econo~~cal disposal of radioactive ¥as~e a~d the i.r..-:>ol""'~ance that should be 

attached to it in design. 

Thia :p;..·esentation is to discu::is the systems in use at Oak Riese l~a:'cio::al 

Laboratory for deconte.::1ination of radionc~ive-cor.ta.:wi~ted air and its final 

di.o:posnl. 

In 191.:-8, at the start, o-:t the p:.·esent e.ir-clcnning proc;.·a.m at Oek :Rioge 

N'e:C.ional Laboratory, the r:-.ajor eou:cce of the ;particulate con-te.:Unation in the 

air '\ms o:;..1x,cted to be the e.ir-cooloa. nucl.::c:;:- reactor 1 e.nd vork vas 1L:::::".ec1iutely 

initiated on the des~sn of n nysto::i for cleanh13 this e.ir. At the se.r.a tir:e, a 

si..:.:-vey '\.'as unci.er~u~~cn to (JValuu.tc · tn.o co:r~:·ibutio~ ot all the :poter.tinl aourco o 

in tho Lo.bo::.-c.tory to this ;p:roblC:::J. o-:? ::_xlr'.;iculate contru;:.il'lE.tion. Tho :ro:::;ulta 

* l'upor r>:.·c;;onted nt Air Clccnin.:; Co~orcnco end Stack Gao Woridne G:;:oup 2·!oet1:nz, 
Soptcr::.~"J:"" 21-23, 1953 1 Lo::i Aln;:·,0::;, Uov l-:c::dco. 
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of thin .ot~dy .indicntcd that tho lnr.:;c-ncnlc cho:nicnl procc:::oir.z unitn nt the 

Ln.borntory cor..tributod more to the i;cnc1·0.l nrco. conto.r.dnntion than did the 

operation of the nuclcn.r reactor. In ndclition, it wo.n ~ound thc.t the anount 

or rudioo.ctivity. contributed to tho general atmospheric contrunino.tion fro:::a 

La.borato:-y hoods '\.'n~ relntivcly insisnificant. 

2. Air-Clcenin~ Faciliticn for O~:'lL Grny.iM.te Renctor 

As o. result of a literature search o.nd consultation vith cowpo.nies con-

cer~ed with proble~s of clennine; o.ir, filtration vns seiected ns the procedure 

to be used for cleanins the air fro~ the nuclear reactor. Among the other 

techniques thnt vere considered for this a?plication vere cyclone separators 

and electrostatic precipitators. 

The ORNL ep.·aphite reactor filter house \ms deeii3!led to filter 120,000 cfu 

o~ air at a te~erature of 215°F and.a negative ~ressure of 50 inches vater gage. 

The ex:pected dust load vas less than 900 gra:n.s per day of particles with a r.axi~u::i 

dic..~etcr of 600 ~icro~s, a large nur:i.ber of the~ being in the submicron ran_se. 

T'n~ desiG!led efficiency of this house was 99.9 ~e~ cent or better for particles 

down to 0.1 oicron in size. 

To rei::;.ove much of the estil:lated at:ri.o.c:pl:eric dust load of 0.3 grain per 

1000 cubic ~eet (280 g:rarJs per day), the coolin.g air is filtered before it enters 

the pile v!:';;h /.:::erican Ai:r Filter Company Air.nnt Type PL-24 filter units loaded 

vith 3/32-inch ty:pe G Air~~t ~iltor medium. 

T'.ne filter .house is a lnrge reinforced concrete structure ~o::rponcc1 of fo'\11' 

identical cells_. each containing a. rouc;hinc; :filter and a polinhing :filter. The 

capitcl inve::itmcnt wao of -'.,he order of y,1~00, 000. This is entir..'lted to be 

e.;ppro:~i!."'.Ei.tely 25 per cent above nor=.~l co::it::i oui:n.z to ~.;ho cro.Gh. :::>ro1:7c:.::.::i of 

tw·o 10-hour nM.fts durin::; co;-.~;truction, ·which wuo uo.rre:.nted boco.uGe of' the 

"'"""""-·-~-..i.--~-·-~ ~·· .~ __ :,., ... , . . .. -.-.... ,, .. __ ,_.., ___ . 
. ........... _, _____ .,,_~-~-----.... """""' . 

.. 
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sc1·ioun nttlonphoric contnmin ... '1tion nt thut time. A crono ocction of tho fil tor 

houno is ohovn in l•'ig. 1. 

The nir cntcrn the top ot: the filter houoo, i)Uosos do·.mwo.rd .throueh tho 

roushins filter, thon horizontally throuzh the poliohing filter into the exit 

air duct. A cnnn.l locnted ncross the front of the i"iltcr houcc provicco n 

'\ro.tor seal botwcen the roushins :filter a:reo. nnd the atmocphcrc o.nd is n snfe 

receptacle for the dust-ludcn filters when the filter medium is beins rcnevea. 

Procautio .. 1s ere taken to scnl all :filters in ;plnce in structural stool 

frru.:;.3s to ensure aga:inst lea1rn and bypnosin.'.) of the filters. All access 

to ·the filters is throU$h re;::i.ovable roof' slnbs 11hich provi~e a method for 

re~oto maintonnr.ce. 

The rou.:;.1.inr; f'ilte;:os are standard A.A.F. Co. ccep-pocket filters, each 

poc~~at co::itai::i1:1.3 tvo laye:r-s of. filtel" :mediuw. - fil"s~c a l/2-inch layeI' of FG-25 

and then a l/2-inch laye~ of FG-50. The polishin3 o~ finishins filtel"s are 

·-

CWS Ho. 6 o:.· AEC No. 1 units 2 feet by 2 fecr'.; by 11-1/2 inches in :plywood frames. 
: 
I • 

lt..ainter.£.nce of the filter house ie practically nonexistent except for 

the periodic ;ronevre.l of the filter uediu:::i. T'.ne average life of the roughing 

tilters is t\lo:years and of the polis'b.in.z filters tvo and one-hc.lf years. 

The rouihins filters are changed one cell nt a tilr.e at approxirr.z.tely 

s~-mon~h intervals vhen the ~ressu:ce drop across tho filter house ap~::oe.ches 
I 

· o:.:- e::.:ceeds 8 ·inches '\ra·;;er gage. The fil·~crs are vashed dmm, removed, and 

atorcd in the cn:na.l. · The racdium is ror.loved from tho pockets and buricc1, and 

the pocl:cts are reloaded for the no::.t cha.nse. 
• I 

T'.ne polbh:l:n..;; filters: n::c oll chnnzcd nt tho onrr.e tit;e vhen the J?rosGu.re 
• i 

dror' ncrooo then rccchea or DJ!proochoo 5 inchos vo.tcr eo.ec. Both aides of 

thc::;c ere c:?rc.yod vi th ot:.:-ip coo.tin,::: bcfo:::-a they ore re:movcc1 frc•u tho buildir,.z 

for bu:.:-:.:.o.l. Tho ir.::i.n;;>0wor rsqu:troc1 fo~ chnnzing i'iltcro io no follows: (l) 

'--------·····-·······-··················-·-··---·-·-·············· ...... -··--------····---·-·····---········----·-----···-
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Rou.;;h.1213 Filtcro(l) 

Loadill,3 o.nd s;onkotins f'iltcr })Oc~ots Z.~n-do.yo nor co:.l 

Mill,:rights 6 
.... 

Lnbo::rors 2 

Chan.::;ins filters 

Opo14 e.tion 4 

2 
I' 

Utility ~echanics l 

Henlth ~hysics su:::veyora 1 
·~-- .. 

Unloading and clea~~:::i..:; ~ockets 

10 

Total 

Polishinz Filters 

10 

Chn~in.g filte~a 

Riesers 10 

3 

Truc1:: <h'ive:..4 a 2 

Health physics surveyors 2 

Toto.l 



-· 
I 
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Tho coot of opci·ntion of tho filter houoo io low except during 

f'iltor cho.ngcs. Norll:[l.l operation of tho hou::io roquil·o:; less them l 

t:An..'10~· per day. Tho followil'll) is a bronkdown of tho cont of o. co;:;plcte 

filter chi:mzc: (1) 

i.::atorial 

Labor and E<?.uip1'lent 

1 
· Polishi:::iz :f'iltm:s 

l-~tcrial 

: . . . ~- ... 

Subtotal 
: 1 ••. 

!i'otal 

¢ 3,800 

3,400 

¢io,ooo 
4,500 

¢14,500 

~ 7 /200 

~21,700 

With o:.:e rou,::J.il'.1,3 filter ch~e evo-:..-y ·~wo yE.u::::-a end one polishing 
' \ . 

:fil~.:.o:- cho.ll,3e evo-::y tvo and o::.e-half years, the e.nnuul maintenance 

cost would be j'.!9,400. 

(l) Da·;;.a takc:n f:ro::a letter to W. R. Pcze, J3l\I.; l·~Y 21, 1952 by J. A. Ccx, CR1\I,. 

· ... 
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3. A:Ir Clcnnin.~ li1:.1cilit:!.o::; for I:i11oratorion nncl Cher.deal ?lant:J 

Dm·illS tho r0ccnt con!Jtruction 1n·o.:;rxn nt Onk I\H:..:;o Natio~.nl Lr.borutor:r 

to replace tc:cporv..ry facilitic:::, it wns noccc:::nry to develop no"W basic 

procod\U·es for the ventilntion of the '1orki:n.:; crcns 0...'1.d the control of rnd!o-· ... 
active conta::J.~tio:::. in ui.:r. 

ru:lount of air that is certain to or has n pos3ibility of boco~r-3 con~r..::;ii:lctoa, 

nnd to classify rndiooctiv0 contominated nir acco:rdinz to the C.cs;roe of co:::.-

tree.t:.::ent. The c:.:ea.s cc:isiC:e:.:ed in this :;?ro:;..4 ru:.i '\i0re of:'icoo, laborato::ios, 

hoods, cells, and racioche~ic~l processir._: equip=o:u~. These ?~ocedu:..4ea a~e 

briefly su1""1"«\rized e.s f ollo~:s: 

In addition, each hood will have two vacul:-::.1 syste:::lS: tho first syste~ vith 

10 inches of water v:.:~u-.;:.::i to d:caw t~10 c;ases off', vessels contabinG hiC:'l 

levels of raC:ioa.ctivity a::.a the seco~d systel:l \iith 20 inches of :::ercu...--.r 

va.cu\m to be used for s:>lution transfei-a a.:.'.ld o"'.,-;her e.p:plicc.t::.on.s \1[.erc 

high vacu~n is l·ec1uircd. T".r ... o ai:.c f'".:c::i both these vacuu::i. sy;Jte:::.s vill be 

Cell l-.5:r.: helc1 ut :..·ea:uccd l?:..·osn~o (l inc..1. of ...ro.tcr) vhcn conte.~i:::..2-tio::i. 

is c.ntic:::1u"'~cc; air flcr;1 lir..tl.tod to about 250 cubic fee·::; per tlintite, 

vidch '\Till ::coc:.ui:ro tho cir to bo cloc.:.'.l.Gd. When cell o.ir conto..-:ti.n:J.tio::i. 

in not p~9bable, 20 ch~n~oo of cir ~er hour without treat~ont io po~ittea.. 

·--------'-·-........ .. 
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Rndiochc1aicnl rror.ca::i Vcc.ticl Off-Guo: a Dyntom with a vncuum ·of lrO inchcn 

of wu.1~or to be unod for tho diouolvor ond proccno vcoacl off-c;no line nnd 

ono '1ith n vacuu:n of 28 inches of mercury to bo uscc1 :for s_olution trunoforo 

nnd hic;..1.-vncuut1 npplicntions. The nir :t'rom both w.cuu::i eyatemo vill be 

trentod. ·. 

A central fncility has been csto.blishod e.t Oa!~ Rid~e No.tional Lnboro.tory 

to clean the radioactive coiltunin.o.tod nir r.:-o~ the chcu:ical ?rocossin3 nrons 

e.nd to dispose of' it to the ntr:.osphere. The air frow the off-cas c;yotc:J.s is 

clca:ied by pnssi.:13 i·c thro~'i a. Cot·l:;rell electros'.:;atic p::-ecipitator followed 

by io.n A. A. F. Co. :FG-25-50 co~:.binntion filter identical in )?er:fom.-3.D.ce vith 

those described in Sect. 2. This system hns e. cn?acity ot 2000 cubic feet 

ot e.~ per ninutc n:ld collects ces rro.l all redioi~oto?e ~roduction vessels 1 

o~t-c;a.s ~oD hoods 1 er.a ventiiation air f':::'om a:;, bo~es. 

Z.1e ueco~d o.ir-c:ea~in~ ~acility 1n thia a:rea is o~ the ventilation 

ayste::s f::..·o:r.; :~aaioche=ical ;p::..~ocessiD,3 a.reo.s. T'.nia facility consists of' a 
......... 

bank of FG-25-50 cor.D:>ir.e.tion A. A. F. Co. backed by CWS No. 6 J?a~er filters, 

and is essentially a Lrl.niatu::..~e of' the graJ?hHe reactor :filter house described 

earlier. · .. 

'i':O.e third systc-...1. co:1sists o:t central collection ducts from laboratory 

the ;pos::i:i.bil:i:~y of conto.:::ilnc.t::.o:i is slizb,t. T"nis volu:n.:.e of air is dischurged 

to the a·~::os:?:.iere vin. n 250-i'oot-hi.:;.1. st<J.c1:: 11i:';;hout ;prclimir.nry clcc.m1:;?. 

The disc~J•rce fxa~ tho two proviou3ly mentioned syntews also empties into 

thin stack. 

I 
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'l•'igm·o 2 i::i n :Jchcm.atic drawing of the ccnt1·a.l uir-clcnning fncil1.ty. 

pj~n·c 3 ia a photo~rn1)h of' tho uro::i. cw con.otructec1. 'l'o tho loft behind tho 
I 

concr0tc burric::i.do i::i the filtor bo.nk on tho vontilo:tion riyatcr.w. To the 

risht forc~romh'i nro the t1C1in c:::-:hauot fnns. Figure 4 is .'\ photograph of 

the s;lEv nrca sno\.l'h1s the "'~o:::.) o~ the Cott::-cll rirecir,iit.'.ltor ~na the atninlcsc 

29 

eteol di1Jchc.rge line to tho stack. Figure 5 ie: n photozraph of the :preci:pitc.tor 

durir..,s.construction. 

The Cottr0ll precipitc.tor is of the oxposed-tube type, conto.inins 

tventy-three 8-inch-c'!io.i..ctcr tubes 12 feet in len..srth, fabricated of Ko. 14 

gage stainless steel. Those pa~ts of the prccipitntor thet co::io in contact 

vi th the gnses to be clean0C. w:1ich In2-Y be corrosive c.:re constructed of type 

347 stainless steel. Figure 6 is a c14 oss-section drawing of the preci:pitato::. 

Tne discharge electrode syste~ is stainless steel vire lon::;itudir..ally 

ce:nte:..~ca. throu.;;:l e~ch collecti:::.g elec·;;:rode J sus:?enC.ed :fxo:n. ::porcelain :tr..sul[:. tors, 

and held te.ut by porcelain weic.iits e:;; the bot·:;o::n. 

The ;pl·ecipita·:;or is equ::.;9?ed with a co:1-Ci:nuous \rate:r-:flush system. 1;oz~les 

are provided at the top of .ee.ch tube in such a n:anr.:.er that a continuous fib of 

vater is maintained on tho inr...er su:cfa.ce of the tube •. In addition, a wa~er-s:;>ra:r 

eyste:o is located in the e;:trer.:.e to~ to facilitate vashdmrns. · The va.ter \lh:!..ch 

is collected in a catch te.:nk is reci:rcule.ted to the prcciDitntor. When the 

activity level o:::- tho c..cic1 co:'1tcnt (NO and N02. are presort(; in the off-gc..s) · 

beco;J.es hizh, tho ·water is cicchr.rced to its pro;pc:r location in the liciuid-

vaoto-dis:;;,)OCl:.l systc:n. of the ;plr~nt. 

The ;preci:;iit[J.tor is dc::iicned to o:pcr<;.to &t a v.n:::in;:u::1 tetJl)ere.turo of 200°.:? 

nnd n nezc.tivo ;pre:JSu=o of 60 incho~ \;.-.:.ter nt a :flc~r of 2000 cubic :rcot por 

uinutc. The \mt or tlu::ih oyut0:r.i. o:;oro.to::i ~t 3 to 6 go.11onn per minute po:r tube. 

·. 
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The clcctricnl dooi~n voltuec i::i 75,000 volte, 25 kilovolt-e.t.;pcreo nnd 
I 

opl.}rutoo on .1140-voltn 3-ph~i::io 60-cyclo current to tho J?O'W'cr p.."l.ck. In nctw..l 

practice the ~recipitntor is opcrutin:; vith 52,000 volts and n current o~ 

T~e capital invustment of the entire system ic pl00,000. 

In addition to tho :i::n.in centrul fncility, several si::.:i.11 air-cleaning 

filters er~ located at isolnted expcriIJ.entul rudiochc:iicul installations. 

·These e~e ~iniatu:re replicas of the craphite reactor filter installation 

e~ce~~ for one unit in vhich a grndeo filter-fibre unit develo~ed at 

lian:o;a is used. 

A charccal sys·ce::i ~;a.s co:.:st:cuc·~ec "J:o"J: ·;;he E:o=.o.:;anot:.s Reac"'.;or Exper~errt. 

Its pu..i.-;?oco is to abso~b the fission zases present in the effluent gas 

" 

.... 

st:;:ar.::.:, e.nd thorob:,.~ hold u::p the active c;ases until t:b.ey have had ti::J.e to decay 

to e safe levol befo::e bein3 c1ischarc;ed to. tha a.t::os;phere. T'.nis syster:i 

. co:l.Sis-'.;ec1 o-: a pi:.n~ coil 328 feet :=.n lc~:h and contaih:.i.n,'.; 13.91, cubic feet o-: .. 
Col,,--·o::.a activ:::;ea coco:lu·~ c'ho.1·coal (ca:e 9, 8 to 14 t:esh g:ranula:r)' and vas 

t(!_ be used c~y tor the rolr.:.tively short t:iz..9 c1Ul"ing w:1ich the o:..-pc:rir;;.o:its 

&Te to bo car:ricd out. 



. I. INTRODUCTI0N 

HANFORD AI!l CLEA:!ING OPERATIONS 
A. G. Bln~cwitz, G. E· 

... 

At a previous Air c,1eanine Seminar, a presentation v:as made o~ the progr2:r. 

l<:hich led to the develop.11ent and adoption at ·Hc;nford of the silver reactor and 

the Fibe:-~las filter as methods for the intensive removal of radioiodine and 

particulate contamination from process gas streams. The initial evaluation data 

of the plant-scs.le equip:nent, which established that the iodine rerr,on.l efficienc:,· 

of the silver reactor ~as greater than 99.99 per cent and the filtration efficie~~y 

of the deep bed Fiberglas filter was in the order of 99.99 per cent, were also p:-c-

sented at that meeting. At t.'rie co:n?letion of the· evaluation of this equip:r.ent, 

approx:L-nately 2-1/2 years ago, the. Hanford Stacx Gas Group was disbanded and the 

personnel assigned to other activities. 
.· 

Although there has been no formal progrcr;1 conducted by perso:i.'1el of the 

Technical Section since that time, there are t•-:o items associated with this peric~ . 
which appear appropriate to today1 s aiscussio~s. The first is a brief SU.::-.:.iary o: 

t'."ia operating experience which has been obtained at Hanford with the deep 1:.ed 

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

equipment whlch is presently under considerriUon for the filtration of the venti:a-

tion air of Scparation5 Plants. 

A. . Glass Fiber Filters 

?here are at the present time eleven fibrous glass filters in oporatio:i at 

Hanford which could be described as major pl<int inst.:lhtions; in addi tio:i, thcr~ 

l:o 
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I ... 
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is a larl~c mur.lX!r of ::>ccoad:iry or au.xi.li.::ii·y appli<.;<itions. All of the major unit:; 

arc in applic~1ti.ons involvinc continuous operation. The service live::; of thc:.;c 

filters prc::;ently r;lni;e frcm one to three yuars. All of the origin;1l uni ts a:-e still 

operating and there have been no siGnificant variations in the operatinc char

acteristics. Likewise, there have been no maintenance requirements for a:-iy or·-

the filters. 

B. Silver Reactors 

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

of op3ration is the use of a silver bearing, reacting bed at an elevated tempe~

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

with silver nitrate are used for the reactor pac~ing. The iodine re~cts ~~e~-

ically to forrr: silver iodide and is retained within the bed. The rapidi t.y of the 

r~action and the low vapor pressure of iod;i.ne above silver iodide at the operat

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

At last yearts meeting, the monitoring data which established that the filtr~

tion efficiency of the plant scale Fiberglas filter was in the.order of 99,99;,; ·,.;ere 

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

monitoring data of the plant silver reactors and the re'sults were only mentior.eC.. 

It would, therefore, be desirable to t~e this oppo::::-tuni ty to present this ini'or:aa

tion. The data are contained on the first slide. 

------· -------·-----·--0-<il'"''''""'"""""""''"-"'"""-"'""~""""'"' .... , ____ , 
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SLID:.!: I 

PEtlFORMANCE OF A PLANT SILVEH Rt~ACTOR 

Total 
Sample Radioiodine Total Radioiodine 

Srunple Flow Rate in Scrubber Off Gas to Stack 
Period (scf:n) Sol. (uc). Flo~.; (scf;n) (curies) 

l 1.0 o.48 100-;} 0.00005 

2 1.0 0.35 90 0.00003 

3 1.0 1. 72 90 0.00015 

4 LO 4.73 87 0.00041 

5 1.0 2.68. 85 0.00023 
Total 0.00007 

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

Note: A value of 100 curies has been substituted for the 
actual radioiodine content of the metal and the 
monitorin~ values adjusted accordingly. 

Reactor Efficiency > 99. 99%. 

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

Appreciable qu~~tities of radioiodine were detected passing throush three of 

. ... 

the first reactor installations after approxiinately two rr.onths 1 operation. Tne 

situation was invcstieated and it was determii1e<l that the difficulty had been 

' 

caused by an overhe~tinG of the reactor assemblies which resulted in the silver 

nitrate film melting and running off the Berl saddle packing. A lo\.."ering and 

closer control of the temperature of the ga~ strc~~s passing to the reactors 

has essentially olir.linatcd this difficulty. 
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During this operatinG period, it has al:;o been determined th.:it a hich 

removal efficiency can be qui tc ca:>ily rl!ston~d to a reactor which is begi;min;; 

to pcrmi t the p.:iss.'.l[;C of a sir;nificc'.l11t amount of radioiodinc. When an app~ciab~e 

quantity of radioactive iodine is detected downstream from a reac to~ assembly, 

-the unit is cooled and a 5 molal silver nitrate solution is sprayed over the t~p 

of the reactor packing. The trcatrr.ent rt?qui:::-c::; only a few hours anci is sufficie:::-:.. 

to restore the efficiency to the 99.99 per ce~t range. The various reactor :L~

stallations have oper~ted for periods ranging from three months to two years be

tween si..:.ch treatr.ients. The variation in the operating periods is due to the dif-

• ferent quantities of material which have been passed through the uni ts and 

individual operating circumstances, such as an accidental overheating of an 

EJssembly. 

In su.":'l.11ary, the Hanford operating experience with the deep bed Fiberglas 

·filters and sil\rer reactors has been highly satisfactory, both from the vie· .. rpoi::~s 

of the intensive cont~~Jnation removal which they have provided and the low 

maintenance requirements. 

III. ALTSRNATIVS FILIBR EC,!UIPiGXT 

The second item is concerned with alteroative fil~r equip."T!ent a.rraneer..ents 

which are currently being considered for the treating of ventilation air strea.":ls. 

In t.he first Separations ?lants constructed at Hanford, the vent gases from t.hc :;:.:-cc:-3.ss 

vessels were discharged to the cells and then, to .. the main ventilation air strec;:i. 

\·Jhen the presence of radioactive particles in the plant environs was demonstrated, 

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

sand filters. ' 

A corollary study performed during the subsequent Fiberglas filter develop

ment procr~~ establishod that the process vessel vent cases constituted the 
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prima~.-y source of the radio0cLiv0 acro~;ol pre:.;ont in the effluent ventilntion 

air. This inform.1t..ion was incorporated into the desii:;n of a plant which was 

constructed approxim.:i.tcly two years aco to the extend that a separate vcssP.l 

vent system w::ts provided to l:-~rmi t the removal of the contaminated aerosol \lt 

its source. This was acco:r.plished by manifolding the vessel vent lines and ... 
passing the composite off-gases throueh a deep bed, hiGh-efficiency, Fibe+g~as 

filter. A- sand filter was also provided for the filtration of the main ventile:.tion 

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 decontarr,

ination of the main ventilation air stream, toeether with appropriate monitoring 

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

sy~tems to the particulate de~ontamination of the e~fluent stack gases. vlhen 

the design for a new Separations Plant was initiated approximately a year ago, 

this information was consulted_ to determine whether any possible i.rr:provements 

in the ventilation system were indicated. At that t:i.Jr,e, the 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 ventilation 

air prior to its passage through the sand filter at this installation _was less 

than the activity present in the air streams dom1stream from the original plant 

sand filters. 

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

ventilation air was proposed. This arrangement is shown on the following slide. 

/ 
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The primary adv<.int<icc to be gnined throuch the use of such a st,inclby filter 

unit is that it is no lancer nccc::;~;<1ry to incorporate a larce lifo expcct<incy 

factor into the equipment and an appreciable savings in fabrication and instalb-

tion costs can therefore be realized. A comparative cost cstin1ato has boen made 

for a sand filter and an emergency unit, each havine a capacity of lCX>,000 cfm 

and has shown a cost differential of approximately ~500,000 in favor of the 

stundby unit. 

The decision was made a year ago by t.he 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 ~eparate filtration facilities for the 

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

study would guide future 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

icant activity levels in the ventilation air than was experienced during the first 

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 stnndby filter arrangem~nt, has been made the 

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

plai;ned to conduct this investigation before the end. of the year. 

The consideration of Technical Section personnel of alternative filter 

equipment is based upon two pr:Una.ry !actors. These factors are that a ventil-

ntion air stream be treated in accord with both the decont0mination required 

and the present Gtate of equipment development, rather th.:in through the use of 

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

overdesign or antcd<ltcd dco:i.gn. 

In thi0 regard, it &hould be noted trwt the pcirticular alternate, tho 

standby filter which h::i~ juct. been discun0ed, ropresents only tho most oconomical, 

-------------------·········--······ 
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nnd therefore tho most at.tractive, mean:3 of providi.nr: an ad<li.tionnl decontam-

ination of the air stro<irn. There nre, however, sovoral steps in tho economic 

runi:;o of possible facili tics and tho.'.:>o, togcthor with approximate co3t estimates 

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

SLIDE III 

VENTILATION AIR DISPOSAL SYSTEMS 

Ventilcition Air Treatment 

l. Direct discharge to stack. 

2. Standb~r filter ••.. occasional 
99% decontamination. 

J. · Main line, deep bed, fibrous 
filter •••• 99% decontamination. 

4. Main line, deep bed,. fibrous 
filter .•.• 99.99% deconta~ination, 

$. Main line sand filter. 

* Exclusive of overhead. 

Direct Installation Costs* 
(100,000 cfm) 

$100,000 

$250,000 

$375,000 

$750,000 

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

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

. .. 

In view of the large cost differentials involved 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 

guidDncc for future plant construction, represents an investigation which was bofa 

indicated and required; and results of· this study will be nwaited with interest. 

·-···-····-.... -··--··-----------··-.. 
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Air ClcuniJ'I[; Activitioo l\t Arc;onM Nntionl\l Lnborntory 
'. 

J>rooontod nt tho Lon .Alnmoo Hootine; of 
Air Clonnillc'.; Sowinnr 

Soptombor 21-2J, 1953 

By D. P. O'Noil, ANL 

tho 

Tho majority of tho nir clesnine studios ma.de at Argonne vary little 

from thooo th~t would bo ma.d.o in nny lnrgo diveroified reoonrch laborntory. 

Thio morninc I would like to d.iocuoa two of the inveotigntions we've ma.do 

vi thin tho pnst yea.r, ono of vhich h~o nlrondy boon completed, the other 

io otill in progreco. 

!rhe firot concorned tho inveotigation of the abaorption of oomo halogen 

gaaoa frora an nir atrerun. J3ofore any vork wna ats.rted. o_n thie project a. 

eoarch of tho literature rcvonlod th.at oeaontially tvo mothodo used in tho 

pnot should bo invosticatod to determine their applicability to our setup • 

.Llene were !irot, a method by T. ~· Rignett and M. R. Siegel in In~uotrial 

Enginooring Cho~iotry, 41,2493 (1949) wherein they uaed a four foot.deep bed 

of ia - ~" ooli~ic liraostono particleo to extract RF from tho exhaust gases 

of a·phoephnte roaatiug proce»a whore the temporature of th~ gases ra~ed 

i'ro10 200 to 900°F. Efficiencio a of 71 to 9(if, woro o bta.ined. ~11th the o.id of 

n roc~clo procooo uaed to roraovo the calcium fluoride finoo nnd theroby pro-

vido fror.h reaction ourfnco. Tho oolitic tYPO I i.e.' the lure;e opon grained. 

typo limontono, va.o found. to bo Duporfor to non-oolitic (fine grain otructure) 

cuch no cruohoQ marblo, bocnuno the cn.lcium fluoride reaction product held to 

tho po.rent co.lcium cnrbonr.tc lcno tor..:;,cio',l-Dly. 

T"ne other method tor ro~ovnl of hnlogono vnu thnt of nboor;ption by Dcrubbin&. 

T".aio hnd been invooticntod by \/. :B. :Burfora nnd J. M. Hnmil ton in lfotiono.l 

J Wl.ZlI-l.'"(O 
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Jnt\intnin the a.pray cono hnd littlo oifoct on tho cfficioncy. With contnct 

till\O u.o oho rt no 1. 7 oocondG, 1 t \mo found thnt 98-l~ officicncioo woro 

obtnincd for iluorino nboorption 1 whilo hydrogen ho.lido; chovcd coropn.rnblo 

nboorption officioncica. 

At concontrntiono rnn~in& irom 900 to 70,000 PPM and under vnrioua 

oporntine; conditiono, the lo~cot officioncy obtnined for BI1Y halogen or intor

halo~cn in tho scrubber wno grontor than 9~. 

From thooe ro~ulto, and many othors which time vill not permit uo to 

discuoa. 1 t wna concluded tho.t the ooli tic-limoetone is adoqunte ior the 

romovol of HF from nir atroo.ma at room temperature until about 50% of the bed 

io connumed, pro'7idir.g pnrticloo i - i" in die.meter a.re used. An incroe.oe. in 
I 

tho dopth of bod. \rill give nn increaoe in efficiency \rhilo n decrease in particle 

sizo vill incroaso capacity. The limestone, ho*~ver, iB not a.dequnte for 

halo6ena other than RF particularly bromidao if a high officiency and capo.city 

. e.ro do ai rod. 

~e concurrent cpray tower with l ot~e vill effectively.remove halides 

and interhalogona with efficioncieo groater than 90'fa vhon a 5~ XOR sc1"Ubbor 

6olut~on io usod. In addition, there is tho e.dvo.nt~o of ~orking undor a 

nogligible prcoaure drop through the oystem bocnuoo of the aapiratory offcct 

of· tho cprny nozzle, u..skine an incronoe in biower c~p~city or strenethonine 

of ductwork in the e:dnting syotem unnoceoi.mry.. It io ootimnted that uoing 

tho connorvativo distance of 1 i'oot botweon on.ch of three otnges and uoing JOOO 

to 6000 pound a por hour of ecrubbor liquid por eq. :f~. of to\1or vi th n gac 

contact tiroo of l.? occondo 1 n halogen concontrntion of 2000 ppm vould b~ roducod 

to nn effluent concentration of 10 ppm. 
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Thio "''ork ,,,.no don'-'l lly Hoooro. lL C. Liillllltninon nnd M. Lovennon of tho 

.Ah"L Chcmicnl Zncinoorioc; Divit;ion nnd io writton up more thoroue,hly in .AUL 

Ro1)ort 5015. 

Another ntucly broue)lt on by economic conGidorntionn rovolvoo around tho 

prcfiltors boi11(; usod in tho lo.boro.tory hoods. Thoao !iltoro uecd in tho 

renr of nll hoodo no vhown proviouoly by Hr. Vnn.Vo.lzoh sorve two useful 

purpocco: first, thoy net nn diffuooro ma.kin& for a.n even flow acrooc tho 

!nco of tho hood, nnd oocondly, they prefiltor tho air before it passes thro\ll;h 

tho final :filter and thereby it is hopod they increnoo the life of the final 

JJ'~C filter. Ho~~ver, this second point has never definitely been established 

and the e::i;:a.ct offoct on the life of the final filter is not known. The pre

!iltera in use (PF 314) have an averll(;e life of from ) to 6 months. Whilo the 

!innl filtero va.ry from 12 to 18 months, the relative cost of the finnl to the 

prefilter 1s npproximatcly 10-l. 

Theoretico.J.ly, the profil ter could shorten tho life of the finn.1 fil tar 

by only intercopting tho largo particles and thereby permit the smaller onoe 

to po.as throuL;h to the final fil tor where they could pl\1€; 1 t more rapidly than 

if tho large pa.rticlea had. been el.loved to pa.ss. Thin po·~.,ibility ia, of course, 

remote, but hoo not been reoolved, eo a teat ~ae ur1dortaken to detennino tho 

true oi tuo.tion. 

A typical hood wna aelocted in n new build.ing· in which tho aupply air 

1 o pr.oii l te red and o.i r onrnple o wore taken aimul tnnooualy on tho clenn and 

dirty nido of a new hood profiJ.ter uoing AA milliporo filtoro. 

~ooo oomplcn wore tn.ken poriodicnlly over o. two mont.ho period, counted, 

nnd ni7.od. Tho counto roneod from 32,000 to 900,000 pnrticlco per cubic ioot, 

e.nd. hnd o.n cotimnted goomotric moo.n dit,moter of .. 17,..u nnd a stnnclard dcvil\tion 
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oi J.28 on tho dirty oi<io ruld .12 ...u with f\ otnndnrd dovintion o! 3. 0 on tho 

clcnn &ido. Thone vnluon for tho eoomotric monn din.motor vorc obtninod by 

oxti·npolntinc tho curvoo obtninod by plot tine tho cu.nru.l.ati vo porcont lono than .. 
a cortnin nizo vo. thnt oizc on loc;nri thmic probnbili ty pnpor. For oxnmple. · 

on tho dirty nici..c 1 t vno found that 80-~ of tho dunt vno .52 ...u or loos in 

~nmoto1· nnd that 98.5~ of tho dunt va.n ).O,.u or looo in d.icunotcr. There "'·ore 

othor intermediate pointo thnt foll o.lo~ thill line, but tho omnl.loot sized 

group plotted was thnt in tho re.n<;o from •S2/ll down to tho limit of rooolution 

of tho microscopo vhich wan plotted e.t tho .52.fa oizo. Sinco this group 

contained 8~ of the dU&t it wan thon necooaary to extrapolate back to tho 

so~ size to determine the geometric mean eizo of tho duet. 

The ntandard devintione were obtained by dividing tho 84.l~ eizo by 
. 

tho 50-p oizo as selected frail!. tho logarithmic probability plot. 

· Efficiencieo of the prefilter, by count, r~ed from l?.2~ to 69'% ~~th an 

average of 42.2%. Tlleoe e!ficiencieG were for particloa .JJ.JU. in diameter or 

larger, .33.).l being the limit of reaolution for tho lens combination uaod. for 

counting. However, only 3c:f% of tho dust sizod vaa granter than .)).Al in 

dinmeter aa doterminod by tho logarithmic probnbilit~ curve and so it iu 

oxpoctod that the true efficiency will be DomoHha.t losa. 

Froro. theae preliminary atudioo, \le nov know tho np:prox.imn.to nho 

diotribution of tho dust we're dealing wi~h, and the efficiency by count of 

tho .PJ?Jl4 prefiltor. However, the reo.lly importo.nt ·\rork lioo ohond, th.at ia 

tho effect of tho prefiltor on t~e life of the final filter. We pla..n to got 

information on thi a by inutnlline 'throe 01· four different ty:pcB of :prei'il torn 

!>3 

in dif.foront rooduloo with oi111ilar duot o:xpoouro. :By pro-weighing thooo .fil tere 
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nnd tho !innl .A.EC i1lto1· • nnd dotormininc tho ori{;ino.l prooouro drop f\CroBo 

both, tho lifo nnd woic;h t coin of onch tYPo includinc tho finnl fil tor cnn 

bo dotcrminod.. A oi1-ielo oo.mplo 'With co.ch typo will not bo oic;nificnnt 

otntinticnlly and oo it iu o~poctod thnt thio work will continue ovor n 

poriod of t1L1o. 

It ie hopo~ thnt more conclusivo rcoultg \till bo nvl\ilablo noxt yenr. 

,, 

, . 
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V1."N'rIIA'l'ION ACTlYrrIES /u'ID l'HOG1W1S AT AHGONJ'ill NJ\'l'IONAJ, IADOMTOHY 

Dy R. W. Von Volz.uh, ANL 

... 
Tho ventilation progrrun nt Argonno mny be conoidorod no huving proe;rooood 

through threo poriods, the firot being the dosign and construction period, t~e 

eecond being an operating poriod of oovornl youro, o.nd tho third being a trru:si
tion period in -wh1 ch modifi cutiono to tho proeont ayatame nro nocooonr.r in ordor 
to moot the new- roquiromonto and domando of tho ociontific otnff. Chru1c;oo and 
additions hovo boon mude during tho operating :period bu.t tho capo.city limit of 
the present oupply oyotomo lmo been roached. Moro oupply u.nd oxhnust air is 
particularly nooded throughout the Chomiotry Build1J1g 200 whilo the Phyoics 
Building 203 u.nd the Choruico.l Engineering Building 205 have only a limited nU.!!1-
ber of lo.boratorioo which require ndditi.onnl ventilation. With this illcreo.sed 
ventilntion problem thore also is the attendant provioion for incroased air con-

. ditioning facilitioo. A preliminary proposal hns recently' been submitted to the 
,AEC for making the requirod chn...~ges to the present ventilation systems. 
· The ventilntion systems in alJ. three of the above mentioned buildings are 
not identical. However,· the Chemistry Building 200 may be considered re:riresento.
tive of alJ. threo e.nd a brief resume of the ventilation facilities in this build
ing will be given. The systems were originally designed on the basis that all 
toxic and radioactive experiments would be performed in hoods. Blickmnn hoods 
with or without glove panels, and vncuum hoods, were generalJ.y adapted for the 
research nctivi ties which cover a wide range of chemistry appllcations, S;,ec!.al 
ventilation problems which tho sta.~dard desis;n would not accomodato were to be 
dealt with individuo.11y, So:ne of the so special problems will be described later, 

The Chemistry Building is divided up into six wings tied together at botb 
ends by transverse corridors connecting with the wing corridors. The wings are 
separated by courtyards so that the plan resembles a ladder. Each wing is di
vided up into laborntories·ond offices with a corridor between them. The unit of 
vidth for a module io 10 feet so that a laboratory or' office may be any multiple 
of thin number. The normal laboratory unit consists of two 10 foot modules nr.d 
two 10 foot offices. Ho.usorman stool panel partitions are used for dividi:r.g each 
wing into the roquirod number of lnboro.tories and ofi'ices, tho maximum being 24 
of each. 

All six wings of tho buJldlng are of eimilar deolgn and conotructio;i and 
contain practically identical heating nnd vontilnting equipment. Perhaps tpo 
etnrt.ing point for an understanding of tho 'ventilating and air conditioning 
eyetomo io a doocription of tho supply oyotom. Slido 501-219 is a achomo.tic 
dingro.m of tho Gupply vontilntion oyatcr.i in each wlng. AlJ. frooh o.ir io tr.ken 
from tho outoide und paosod throue;h tho pr:l.Illllry and second.ury filturs. Trill GO 

are AAF Company TYI>e PL-2l~ f1ltora with otnndo.rd 5 ply firo rooistant airnw.t in 
the primo.ry filtoro o.nd eto.nclurd 10 p1y firo rooiotlmt o.irmnt in tho oocor.dn.ry 
filtcro. Tho life of tho primary nnd ooconclnry media rangoo from 1 to 2 months 
nnd 2 to 4 montho roo:poctive1y baood on o. IllD.Ximwa. prooouro drop of o.ppro:drn...n..toly 
.5" WG for each. Thooo filtoro o..ro· removing o.. hie,h porcontngo of tho duot pa.rt.1-
clon uo indicutod by tho I>Urticlo oizo officioncy too to conductod by Mr. O 1 Neil 
on tho hood profiltoro. 

/ 
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'l'hO OUJl}'ly n:lr j 0 llllXl. drmm tlu'OUf,h thu })l'Ohont Coil by two fWlO (Uld dio
Chnrgod into n })lonum from which the:;:u n.ro tlu·eo oepnrutc 1.1nu1choo. Tho firot 
mu in br:u1ch ou11plJoo n co no Lunt volrnao of o.ir to tho of fi cuo nml corridor, tho 
eocond r.i!lin brunch oup1ll:l.cu n conoLant volumo of ntr to tho luborutorico rnhl tho 
third mnin brn:1ch oup}llico o. vo.riul>lo nmount of n:!.r to tho corridor. Cooling 
nnd rchc.:it coilo in the tlrroo mnino tc:n1'lCr tho nfr to tho required condi tiono 
for mnintuining tbo opocificd tomy.crnturo ru1d lmmidi ty. Spocinl roorno nrc pro
vided vith boontor hontinG nnd cooline coiJ.o in tho oupply rinoro whore lower 

. th.nn gcr.oro.1 condi tiono nro rcquirod. · 
The air flow pnttcrn io no follmrn: air from the offices is vi tinted to 

tho corridor; tho corridor o.ir nnd tho vitiated office air io vitio.ted into the 
l.nborntorieo; nnd this air together with the lo.borutory supply air is removed ·oy 
the lnborntory oxhnuot oyotonw. 

W11onovor tho lnborntory oxh.o.uot air demand ie greo.tor than the minimu.ll air 
. oupply, tho cxtro. ou11ply air io provided. through tho va.riablo o.ir bro.nch which 
diachnrgos into the corridor from which it. in viU.o.ted to the lnborntorioo. A 
otntic :pressuro regulntor control.a tho opening of tho variable nir durnpor. Tb.e 
other temperature nnd humidity controls nre also indico.ted but ti.me docs not 
permit further oxplnnntion of them. 

The removo.1 of tho minimum supply o.ir for air conditioning purpoc.eo and tho 
maximum exh~uot rog_uiromonts will be discussed next. In view of the vary:ing ex
haust demands per laboratory lllld the necessity for flexibility, the exhaust 
systems were oet up on a modulnr baaio. Each ten foot modulo may hn.ve a ma.ximum 
of two fans und two runouto exhausting approxim.o.tely 1000 cflll co.ch. T'ne number 
of hoods in tho lnboratory doterminos the number of fans. A maximum of three 
Blickrr...an hoods per runout hn.o been esto.bliohod. Ono hood fully open requires 
1000 cf:m at a 150 fpn face velocity but this available quantity of exbnust air 
may be divided up botweon tho other hood.a on the runout. An alarm bell on the 
eystom notifies the occupant when the exhaust limit has been reo.ched. 

The· ru.nouts from tho laboratory go up to tho fan loft wt.ore they dioc:::ia.rge 
into the dirty plenum. Slide 420-315 shows tho risers con...l'lectirig into the dir't.y 
plenum. Between the dirty plenum and the cleun plenum are located the high ef
ficiency filters. Slide 420-313 ahaws tho mpunting of the filters with inspec
tion dooro above and bolow the filters. The drunper operating sectors which allc.; 
for tho ioolation of the filter from the system when fiiter changes are made a.re 
aloo ohown. Slide 420-312 shows the exbB.uet fano connected to the cleEL~ plenum 
and diochnr£ing the nir above the fan loft roof to the o.tmoephere. 

Wherever radioactive hoods are inotal1ed, n laboro.torJ by-pass duct fro~ the 
dirty plcnu:n :in the fan loft to n rcc;ioter in the laboratory is used so that a 
miniL:wr.-. ar..ount of air io eY..h:.t.ustod o.t ell times from the lnboro.tory. The hoods 
aro p:;:o·ddocl \.:i th o.ir velocity regulators which muiritain ricarly a constont air 
flow vcloci ty for o.ny position of tho hood door. Air mny either be e:dw.uotcd 
fro~ tho hoodo or from tho laboratory bypo.os. A plenum otntic pressuro regula
tor controlo tho l.nboro.tory bypa.oo drun11or n.ncl o.loo a clca.n plomun Cnn:LX!r. All 
tho oxbauot funo on tho ayotcm run continuouoly no that the above drunp3ro regu-
ln to tt.o n:::ounl of olr removed from tho lubore.tory up to tho capacity of the fn::s. 
Sl.ide 501-218 nho-.w Cl control dlnerum for tho hood, lnb bypuoo £md plcm.L"!l. bfi.[1.00 

dn.7.poro. Whore U.o inini.murn c..ir io removed by o. constant oxhnuet from ruiothcr 
piece of equlp:i.ont ouch uo a. vacuum hoocl or co.nor•Y no ln'b bYJJO.oo io required. 

No do·.ibt yoci c.ill c.ro i'nr:liliur \Ii th Blickmnn hoorlo. Slide 1~20-314 ohowo ono 
o:: thooo r .. oo:':~ ir.ulrJ.llod in n luborotory. At tho bnck of the hood nro fc.ur :pro-
1"iltcro. 'l'heoo r.J~~nlnin uniformity of nir d1otr:ibution o.crooo the fnco of tho 
hooc"l, remove n corltJ.ln portion of tho po.rticuluto mnttor thcroby incroLwing tho 

.. . . 
' 
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life of tho 01><..idtll f iltoro fl111l COndonoo UO;:;o Of tho VUpOr:.J thnt 'W'OUld othor,d :JO 

bo cnrr:!od i11Lo tho oyut.om. Two typoo of modln hnvo boon uood in thouo filtoro 
nruuol.y 2'.) 1''G ru1ll l'F 31!1 fi'borc;l..'l.o. 'l'houo i'illoro hnvo to bo chrn1god nt CUlYWhoro 
from 3 to G month intorvnlu dopomUng upon tho 1)rououro drop. Tho nu1.ximwn nl
lowublo rooictm1co for thooo filtoro in ordor to mnintnin tho roquiro<l. o.ir flew 
io • 7" WG. 1 t :! o thcroforo oconornlcnlly ndvionblo to oturt with o.o low o.n ini tinl 
rooiotnnco no poooiblo cono:! oto.nt vi th tho roquirod efficiency for obtaining tho 
mrucimtun lifo from tho filtoro. With tho nbovo roguiromonto in mind, NU~ Co. ~Jl.o 
recently dovclop..:id a ncv modia. for this filter vith o.n initial reeietnnce of .2" 
WG or loso nt an nir flow of 250 cfm. Tho diocoloro.tion efficiency tootu wit~ 
o.tmoo11horic duot for thooo filters rnn 117 to 5Gp. It io w1dorotood thnt AAF Co. 
io going to otnndc.rd,izo on this modio. for thio typo of filter o.nd diocontinue 
tho two other typ.30. 

Ono of the s:poci~l nir cloo.ning problomo which hns boon under dovelop:nent 
at Argonne io thnt of removing perchloric ncid fumes. This mnttor wao referred 
to Dr. Silverman who_dcvolopcd a scrubber for thio purpooo. The conotructed 
model which mn.y bo placod inoide of a hood hno been in operation at Argor.ne fo:
approximatol,y 6 montho. Recently the filter which was made especially for this 
unit by Arthur D. Little, Inc. beco.rce clogged. The following slidoo show the 
unit as well as the condition of the filter after failure: Slide Nos. 235-108, 
109, 124 nncl 125. Apparently the aluminum separators dis:Integrated either frorr:. 
the Na2C03 or the acid :fumes. Arthur D. Little, Inc. kindly made a replacement 
filter, the so1Jarators of which are made of shoot steel instead of aluminum. 
The Air Cleaning Studios Progreos Report for February 1, 1951 to June 30, 1952 
covers a deocription of the scrubber along with test data on the :performunce of 
the scrubber with aulphuric acid. Further teats by Mr. O'Neil on this unit with 
:perchloric acid showed efficiencies ranging from 96 to 99. 9f>. Drawings are no-.: 
in progress for the construction of several of' these units. 

There are other ventilation problems nt Argonne still in the process of 
resolution. The one co.using the moot concern at present is t~e ventilation 
treatment required for metallic fluorides. It is hoped that some information 
in this connection may be obtained during this visit • 

. . . 

.. 
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Nucloar Eull~'bY Dorio~, Div. VII, Vol, I, ?foOrnw-11111, lr.Y. 19,51 I'nt,o 193; 

R. Lnndnu nnd R. Rooon, Ind. En~. Chom., 40,1389 (1948) o.nd Nntionnl 

Nucloar Enorey Sorico, Div. VII, Vol. l, McGrnv-llill, Now York, 1951, 

Poeo 133 and E. M. ~orly, M. W. Firot nnd L. Silvormn.n in ».Y.0~-1585 1952. 

!rho formor tvo uoinc::; NnOH no tho ocrubbor liquid with lov gns volocition 

nnd n rolntivoly lor~ contnct time of approximntoly one minute reported hi&h 

a'baorption of F2 and HF. Tho latter, 1.o., Silverman ot nl. using euccooo1-ro 

stneon of naro.n iibro vottod by n spray of vator nnd iollo"od 'b,Y n dry coll 

effected o:f'ficiencioo o! 99~ 'llri th voloci tioo of 200 L FM but \.1. th a pre aouro 

drop of 4" hzO • 
. With thooe two methods available then, it vaa tho objective to eva.luato 

enc.h, 1.e., for the limootone bod procooe to determine the efficiencies for 

fluorides, chloridoo, and bromidoa at room temperature and. to determine the 

minimum bed depth and gao volocitieo for minimUlll preDsure drop and. for a.d.Q~uate 

etficiency with no recycling. And for the scrubber method to dotormine the 

eff icioncy for elemonta.l fluorine and interhalogona uoing a contact tim9 on 

the ordor of socondo rather than minutao in order to keop the oize of tho 

to~er reaoonablo. 

The invootigation of thooe tvo procoeoeo involved the uae of tvo S inch 

dinmater pipeo, one 4 foot lon~ uood ao a nprny tower in ~hich a Shutte-iroerting 

hollow cono 60° spray nozzlo vae centered._ o.nd. ono 6 foot long in \thich tho 

variouo doptho of limeotono bed voro pnckod. After· the mixin{; of tho haloeon 

and tho nir stream, the nir-hnlogen otreo.m.cntored n gno diotribution oaction, 
. 

flowin~ either up throu,ih tho bed in tho limoetono nbaorption to~er or dovn 

throue)l tho oprny to\rlor ilowin{; co?'lcurrcntly with tho nquoouo ;potnaoiwn hydro:x:iO..o 

oolution which \mo r.prri.yod :from tho noz~~lo nncl \olhich wo.a uoed ao tho o.baorbinc 

llolution. 
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P.ro~JOntod nt tho Lo:J Alamo:J l~ootinc of tho 

Air. C.lonnint; !Jomin;ir 

Soptcmber 21-23, 1953 

By W. A. Rodger nnd D. C. Ilrunpoon, ANL 

Tho basic proermn for tJ10 invcrntiG<.1tion of tho oporation of tho . 
Arr:onno Activo Wa!Jto Incinorator ha:-. boon cornpl&tod, and tl10 two primary 
objoctivoa of this pro[!r<m havo boon r;ucco::rnfully accompll!lhed.. Thoy nre: 

First,, to donicn and con!ltruct an incinerator which would so.foly 
and oconcraica..Uy reduce the volumo of ccmbu:Jtiblo rudioactivo w~wto that 
is produced at ArG0..."'1rl-:> National Laboratory. Tho incinerator's capacity 
of 100 cubic foot of normal ;motes por 8-hotL\' day iD moro than muplo to 
handlo tho daily accurrn.uation of wast-Oso Tho radioactivity of tho omauat 
gas frc.11 tho incino:i.·n.tor has, undor nonnal combustion conditions,, boon 
consistently bolow tho o:Ahauot gas toloranco specifiod by Health Phyaics 
and has in nrot casos cont3inod loss i.mnediatoly monnured activity than 
that .found in nor.m.al ourroWldine atmo::iphero .. 

Socond.:i to dote.rm.no l'.nd make the r.iodii'ications in the oquipmont 
and now3hcot that woro nocossa:cy to obtain n:axirnumofficiency throughout 
tho SJ'3tcr.lo Those modifications uoro the rosult of the dat.a obtninod in 
tho oxporimontal phase of this program and havo rooultod in a 50 per cont 
incre<Wo in co."ilbu.stion rato and in nn incro~e of A.E.c .. filte1 .. li.fo from 
6 houra por fil tor to more than 60 hours por 1'11 ter. 'Ille maximum ovol....,all 
decontamination factor frr:_ faod to exhaWJt gas for tho present operating 
conditio•.iD is 2 to 3 x 10 o : 

Ao ahcr_,."'D by tho ovcrcaaU. docon"Wrninntion .fqctora and by tho fnct 
th~t tho offluont o>j1uUDt gus contains loso than tho natural activity of tho 
:iurrounding o.t.'1l0.3phor.J i tho incinorato:c sy3tom is nblo to handlo higher 
lovols of o.ctivity thnn used :l11 tho~rn l'U11S to which aotivity was nddod 
(maxi..mura of about loll diaint./(1ain .. )(cu.ft<>) since tho ofnuont r;as fra:\ 
thooe hiGh lovol runs \ra!l n fnctor of 20 loHC~r than toloranco. Howovor" 
on tho b~i.o or tho hich bnckcrou11d activity readings cmcount.orod dur'.i..ng 
thc:so ru.nn,. it in npp~ont that ru1:10to ch:u;eirig,. nnh rornoval, and additional 
Dhioldine of tho fu.rrw.c:<> cono ruid anh barrol \.lould have to bo provided to 
on::iblo such lovulo of activity to w han~od routinoly._ 

'l'ho incinorntor oquipr.1')nt consi.Bt3 of a typo 330 stcinloo:J ot<iol 
incinor~tor bo<ly in l:.'°ltch tho roatorial in burned in tho prosonco of cxcoos 
ail~; a Schr~ioru-Bn.rtolucci vano pl~to \m:.;hor,. in which largo po.rticloo of 
fiy aoh cro l'<l~ovcd; nnd n aocondary ccrubbing unit connioting of a P1)1'1.3G,, 

Anthony Vonturi nnd a Poabocl.y Dcrubbor in whid1 th~ c;a::iD•borno ra.dionctivlty 
in non:.illy roducod to wl'c.hin tolo:cnnco. Final clonn-up iG accor.iplinhod 
by nn A•EoCo fil tor \lhioh in cap:1blo of ror.iovin~ radioactivo pru-ticlon to 
i.:oll \tlthin tho rd..nirnum tolor;:inco lovol:J opocifiod by thin Laboratoryio 

WASR-170 
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Radiological l'hy·.dcn Dlv.l:J:ion (2 x 103 bota di:Ji.nt./(rnin.)(cu.m.) and 70 
nlph.1 di::>int .. /(r.rin.)(cu.mo )J. Whon roplaccmont. i!J noco.'.:i:Jury, tho loadod 
.fil tor in hurnod in tho furnnco. Fl'\."l.'11 tho f'll tor• tho g:l~cn aro drawn 
tlu·ou~h n po!1itivo <li:1placomont blo>:or \-1hich 111ovoo tho cas str(lam {in to 
the di:1ch•u·go ::;tack en U10 roof. TI10 ash :rcoult:in~ froin· corubu3tion fallo 
through a grat-0 ::;yztom and ~ottlc::J throuch water ·locatod in tho cone in 
tho ba::;o of tho furnace into a canvan bag filtor innido of: a stainloss 
stool d1·umo Tho b.1g and its contonta arc ror:iovod f1·om tho systom, dowaUl1"3d, · ... 
and then storod. 

SampLi.n~ of tho eas stroctn to detornuno the officioncy of oach 
pioco of oquipmont \ms carried out in two wayn. 'l'ho firnt mothod wan 
based on tho total amount of nctivity cntoring and loaving oach unit. 
The 3ocond ri.uthod Wtl3 ba!lod on the totnl a.mount of particles (basod on 
woirJ1t) cntorine a.'1d loavlnG a uni.to Exporimontal rosults have shown 
that tho~rn t~10 mothodn produco noaxly oqual resu.l ts, at least in tho loss-
than-2 µ particle aizo rnngo. · 

Tho gas Dtrorun waG D.lso monitored aftor it paaa~d through ~~e 
final unit of tho cloaning train (A.E.C· filter). Thin monitor:in~, based 
on radioactivu countill8 of particlllato mattor, holps to insu...-..e safe opera
tion of tha inci.~orator With ~DpOCt to the total. B.mO\Ult of radionctivit7 
disch.argod to the atmosphere. · 

In casoa uhoro the gas teroporatui-o wa.8 too hi&h (above 200°F) 
·. to :Ulow uso o.f collul.o5t'I f'il tcr papoi· (Watm:m {/lih), n spocia.l fiber glasa 
, .filter was u.sod. Tho only sample point \Jhoro thin roodia is neco3anry iD 
· prior to tho Sc.hroior-Bartolucci sc1-ubboro Horo, in addition t'o high 

toroporaturos, a hoavy particle loading is oncom1tored. In order to be on 
a coropnrablo bnsio, both influont and of fluent gas omnples around tl10 

Schroior .... Bru."'toluc.:ci scrubber woro talcon with tha B£U1'13 media. · 

Isokonotic amnplos woro takon 'Wit,h a sample probn or hoad which 
'WO.S i.nsertod directly into tho gas duct through a 2 .. inch opening. Stairmand 
discs WOl'U u~od prior to eri'ch snmple point •• .. 

After tho uarq.>lo han boon taken, tho fil tor roadin 't1<.U3 romovad 
and tho radioncti vo cou:nt. dotcrmincd b:t1 U!JO of Brndloy Proportionv.J. Covntor..c o 

'l'ho 1011 lovol sru:iplo3 (lo~1r:; than 1 x ld-' bcitu ct./min. pol~ pap3r) vcrc 
counted by tnoana of PC~2 co1mwr.:; <1.llil the hich lcvol ao.mploa (grcntor 
than l x lC4 l:>ota ct./1aino por papor) uoro courrtod in PC-1 oountor-a. Tho 
count:ll1e til:io varied froiil 1 to 10 minutos doponding on nctivity.levol,. 
13?.th counter~ havo 62 par cont yield. 

For woiGbt clotorroinationa • tho o~rnplo r.iedi urn wau driod on<l \K1iehcd 
prior to ru'.d follo\Jlnc tho ~unpling. Both ·1-1oight ·o.rficioncio3 a4d activity 
officioncio:; cnn bo dotorrnincd on o~ch Dc'.l.l'llplo. Eff1cioncio3 nro bolicd on 

·tho influont :md effluent p:irliculato concontration in tho enn at c:i.cb. unit 
or ·tho :1orubbi.t1G trtln. Tho oxporlr.irmtnl procrnm thnt w1a carrlod out 
1nvcvti{!atod tho ronjor oporatinG v.arinblo!) of tho gnn clo.anin~ trnin. 'Iha 
oaliont. ro::nt.l to obtninou from thin invo~tiGation aro n.n follmw 2 
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'l'ho c!ccont:utlnation factor:; producod by thu furnaco i t!JOlf varied 
from 150 to ,3000 It :Jhould bo 11otcd that thl.:> c!ocont:i.m:ination factor is 
Dianlfic;mt.ly difforont from that proviowJly n.1portod by KAPL (about ~). 
Privato cor.~'":lunication:J indicato that tho orir,i.ually roportod fir;uro of 
2000 wa:::i in error by a f~ctor of 10, ruJd tho two 3itoa aro in aGroumont 
that 200 is a roali!Jtic valuo for tho .furnaco dacorit.nmination factor. 

Ao it wan not fo::t!liblo to :::iamplo tho gan ntroam botwcon tho Poaoo .. 
Anthony Vonturi ncrubb-or and tho Ponbody scrubber,. tho radioactivity ro:::ioval 
efficiency WM doton:Unod around t.'"le Poaso-i\nthony Vonturi.,.Poubody acrubbt:lr 
couplo at n con::itnnt. lmtor t.Draporaturo nnd flow rato to tho Ponbody ocrubbor. 

Tho scrub solution to eno ratio in tho Venturi wan varied botw~on 
4. 7 and h5 .6 gal./m:tn. por 1000 cu.ft./min• Tho moot offoctivo fl011 ratio 
was about 20 gnllons of scrub solution par lOCX> cubic root o!' gas. 

Tho efficioncy of tho Vonturi is indirectly proportional to 
t.ompornturo of the acrub aolution ovor tho rnngo of 64°F. to l48°F. 

Tho uso of steam injection to cnlarr,o ths particloo by moans of' 
the condooontion nucloi principle wa3 also invootigatod. Steruu uao intro
ducod into tho duct loading to tho Poaso-Anthony scrubbor about 12 inchoa 
upstrorun from the Venturi throat. · 

In gonora.1, it wno found that for a givon' Vonturi scrub oolution 
temperature, particle removal officioncy was about 50 per cont groator 
with stonm injection than 'Without stoaro up to tomporaturos at "Which offi-. 
cioocy foll off rapidly with no st-Orun (about 140 to llO°F., roapoctivoly, 
with and without ocrub zolution in tho Ponbody scrubber).. Abovo thoso 
tornporaturo3, removal officioncy with storuu injection docroasod only slowly 
as tho scrub tompora ture ua..s furthor incrousod com.pared to a rapid docroaso 
in efficiency in tho absence of steruno 

As long ao tl10 plato3 in tho Poabody scrubber nro kept covorod \.lith 
ocrub solution, noit11or the scrub solution tor:-ipernturo or ro.to a!.fecto tho 
officioncy of thiD unit betwoon lOO°F to lL5°F and 2.5 to 7.0 gal./mino 

Tho of!icicncy of th3 }'oo:i.body oc:rv.bbor is proportional to t.ho mi;r.b-1r 
of wot plnto3 bct..:oon zoro and throe plaUJ:J; the addition of a .fourth \.'otted 
pltrto do:rn not appoar to incroruJo tho efficiency of this· unit nppreciablyo 

It nppoarD that tho officion~ of tho Schr<3ior~E~rt-0lucoi scrubbB~ 
in dopondont upon tho nat'UI'Q or .oizo of tho pnr'"....iculato boing fed to it. 
Tho ·cffic1oncio3 varied fro~ 25 por cont to ·75 por cont dopondine upon tho 
typo of ma to rial b:;):inc bu.mod o 

Vory littlo oxporiir.0n~u work h~w bcon dono to dotormino tho ovor
tll oH'icioncy of tho A·E·C· filtor ainco A. D. Littlo Company, trho do3ienoo 
tho fil tDr,. bno doforminod thnt it iD 99.~;:P por_ cont o.fficiont on 0.3 to l 
rnicrcn. Bizod pm1,iculnto. 'l'hio corrcnipond.!3 to minimum docontaminntion 
fuctor of l x ioJ. 

/ 

. " 
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Tho efficiency of tho fil tor w;10 chcckotl clurin~ ono of tho hiGh 
activity lcvol runG1 and an nvorn~o chlcont:unination valuo of 2.6 x 1o3 
'Was obtained. 'l'hin valuo corro:ipondrJ to an officioncy of 99.96 par ccnto 

'l'ho ovor-nll docont.:uni.nation factor for tho entiro Dystcm fo pro-· 
portional to tho lovol of :ictivity in tho feed and roacho~ n maximum valuo 
of 2 to 3 x 107 whoro it romnin.o con3tant. . 

A surru:iary of docontar.i..i.nation achieved by tho incinerator compooont.3 
isz 

Docontruninn ti on 
Cor:Jponont }~actor 

Furnaco 2.2 x io2 

Schroior-Bart.olucci Scrubbor l.2 

Poaso-Anthony Venturi Scrubbor SO 

A.E.Co Filter 2.6 x 103 

Ovor-aJ.l ).4 x io7 

In ordor to test tho of ficioncy of tho gas acru.bbing train on 
atmosphorio dust, two exporlrdent.s wore conducted in which air from out.Dido 
of the building \;as drn\ffi through tho gas traino Tho condi tiono wore tho 
samo an during a non-:ml conbu.ction poriod oxcept that no r:iaterial was 
bu.mod.. The ro::nU.t.s are ao !ollowaz 

Run l 

Run 2 

Air Intaka,, 
disint./ 

(roin .. ) ( CUoffi•) 

a :: 73 

p = 219 

a :: .393 

fl = 86) 

Air Exhaust 
dis int./ 

(mine)(cu .. mo) 

Backg.r.ou.nd o! 
Counter 

40 

It is a.ppaNnt,, D:l.nco tho o;-.hnu:;t st.:i.cl: c;ao nom~y cont.r-.inn 
lo1:w nctivity thn.n tho. naturnl radioactivity prooont in tho ouri~wi:iiJ~ 
ntr:ioaphor~, thnt con3idor~bly lowor officioncy could bo toloratod throu.;b
c;ut tho oyotcmo 'Ii10 main ·valuo of incron.sin~ Ulo ovo:z--.!llJ. o!ficioncy io 
1n docro~nine tho "dU.3t" load to tho AaEoC" filter, thoruby incr~n.oi.113 
1 to oporatinc li.fo o 'l'no oxporlmontnl wo1·!c on thu Vcnturl.,.I'vr.bod;v courJlo 
produced dntn uW.ch on:;..blcd tho .filter li!'o to bo ox:tondocl from ono 
8-hou;.· dny to t-Gn fl.,hom· dnyD e Thia ovor~::U.l 1ncrof!!lo hno roduccd tho 

. coot of tho tilt.or i'rorn ~l.OoOO/da.y t.o t4oOO/dnyo 

/ 

Gl 
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~c cout of 1nc1nornt1on o! acUvo wnotoo baucd on 0-hour opo1·0.
tion, L\Jl.d 2Li-hou.r opo1·ation nro no !ollowo: 

'l>iroct Oporatini; Coote 

l>eprticia:Uon of 13u1lding and J:quipment 

8-liour 

$1.?8/cu.:rt. 

$0.90/cu.ft. 

1;2.68/cu.'ft. 

24-llour 

$1.,S/ou.:t't. 

$0.22/cu.ft. 

$1.60/cu.:ft. 

Thooo vo.lueo are diroct out of pocket costs bo.oed on o.ctu.n.l 
operating fie;urou • 

.At tho thia tho incinerator progrnm wao originnlly act up thoro 
voro two prinary mo ti vo.tions to the program. One waa to provido o. meo.na of 
&a..fely reducing tho bulk of the dry active waste for temporary etorage at 
thio oitoi since o.t that time no site had been ontabliohed ao either o.n 
interim or long term lfotionnl :Burial Ground. The other \tas to pilot plant 
the process of incinorntion to obtain cont and opornting dnta, since thero 
~as at the time ¥idoapreo.d. nnd goneral interest ~n incineration ao a unit 
oporation. 

~he pilot progrrun ho.o been ouccooo:f'ul.ly completed and reported in 
dotnil in ANir5067. Oo.k Ridco National L..~boratory hao recently boon will
ing to nccopt chip~,ient of all tho volid \fnote from thio lebora.tory and 
indica.Uono are that the, arrcm.gement cnn bo con.tinu.ed for some timo. 

A coot o..nalyoio of tho firot sh~.pment of \mote to omrr, indica.tod 
that tho oavinGs to bo realized by incineration of tho conbuatible portion 
o! tho vnoto w.:iro only about ten conts/oubic foot ovor ohipping all of tho 
waeto no collected. 

.. 
In vieu of the curront l'i"An-po\'1er Phorto..go and in light of the above 

fo.cto, tho 1ncinorator progrru11 haB been concluclod o..ncl the o quipmont plncod 
1.n st Md by Condi \•ion. .. -

• •\' \ • .. ~ • • ,j \ \I I• 
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Am CLEAN ING PROIILDJS AT NRTS 

By A. L. Biladeau, AEC, IOO 

Tho National Reactor Testing Station's air cleaning problau is 

similar in most respects to thnt encoW1tcrod elsewhore. However, we do 

have conditions that are somewhat different from that normally encountered" 

Tho terrain on much our reactors are constructed is in a fairly 

f'l.at desert area with sagebrush being the principal vegetation. Once the 

sagebrush is removed and tho groW1d disturbed, the dust problem becomes 

intensoo Soil stabilization is required at al.I our plants as a means of 

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

stablo. Windo aro rather common and nt times of fairly high velocity. 

Prefiltcring of all air is, therefore, required in all our plants. 

The Chemcal Processing Plant is the NRTS's only plant to date 

roquiring air cleaning facilities above that normally required. All air 
.. 

ootoring tho plant ia cleanod by the use of capillary air washer filters. 

The Hood syotom usos C W S filters and oxhawt direct to tho atmoaphoro 

through vonta located on tho plant roof. 

Positive pressure ventilation is supplied to tho cold areas in 

tha plant by 2.:..6o HP .fnno. Thia nir is distributed to the cold aroa and 

nows to tho roof vonts or to tha hot areas. After passing Urroueh tho 

cells, tho hot o.ron vontilntion omcreos in two vent tunnel~ on each sido of 

tho building. Thoso vents eo to tho ran building vin ~ nbovo ground 

tnotnl. duct. 

. , ... . . 
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Tho fan buildtnc contains 2-75 HP fnn::i which draw air from tho 

above ducts and dischareo it diroctly to tho stack without filterinc. Tho. 

stack has n minimum dbmotor of 10 feet and j_s 250 feet in hoicht. A 

stack boater is provided to incrcnso tho otack draft durinG periods of 

advorso weather conditions. 

The sampler off-gas vontilation system truces its ai~ from tho 

cold aroas, draws it over tho samplo bottles ancl through fiborglaa filtors. 

Two fans discharge tho filtorod air directly to tho metal duct lendin~ to: 

tho 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 steel pipe to fan house wh~r.e the air is filtered 

through special £iberglas filters boforo being exhauDtod to the stack by 

2 - 2400 cfm fans. 

These gases are filtered through fibergla.s filters and discharged 

to the stack by a steam jet • 

Tho Materials Testing Reactor air is prefUt·ored on entering 
l 
I 

i •· ·the reactor. That air u_sod to cool the graphite coro, and at present the 

j 
I 

:only contaminated air of any volume, is filtered and monitored beforo 

boing diccha.rgod to a 5 foot diP.mctor 2!'A> foot stack for cliaperaion to tho 

atmoophero. 

Tho Exporimontal Brooder Heactor air is profil tored by uso of 

cloctroato.tic nir cloanors (precipitron) and that air unod to cool the 

outor coro io scnin filtered nnd monitorod bofore boin;! dincharged to the · 

nt.moophoro tJll'ouch a 50 ft. motal stack on top or tho roactor. 
1 

<#•· •• , v •• 
u • 
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~ ... "" " ... ... . 
"" •· ...... 

.................................. ________ .........;. .......... _,,,,,, ........................... _ ......................... __ ,, 



WASII-1'[0 

\. 
Tho Ship Thormal Ro:i.ctor air cleaning problcin can bo considorod 

as routino. 'Ploy havo provided spocial filtoro~ forco air dischnrgo to 

tho at.'!losphcro throuch metal stncks locatod on to.p of tho reactor in evont 

of troublo involved in tho di~anUing or ropair of tho reactor. 

A now gas trcatinc problem and ono involving greater volumes 
' 

than nny of our other plants, including tho Chemical Processing Plru1t, is 

tho now ANP Project. The testing an<l operations of a nuclear aircraft 

engino \Till involve a very complox air treatment problem. 

Some of the problems to overcome are: (1) Treatment of hic;h air 

·temperatures. (2) Limited restriction on the amount of back pressure 

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

drops off rapid~ with any d~gree of back pressure. (3) A st~ck 150 feet 

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

around 600 feet under the above conditions and a 15 mph ambient air 

velocity. 

Dust lrlll be ono or three likely sources or radioactive con-

tamina.nts to remove. That dust in tho air, on being d:rmm through tho 

nucloa.r engine, will bo highly contaminated on dischurge. Fuel elcmont 

erosion pnrticles uill bo another contominant that will have to bo removed. 

Possiblo fuol olc~cnt rupture ~loo must bo-conoidcrod in tho nir clconing 

dosign. Radioactive argon n.ay be a contaminant that ldll havo to bo 

rcmovod. Tho dogroo or porcontnGo of cnch contominnnt to rcnove cnn only 

be estimated. The dust problom can be pnrtio.lly corrected by ooloctinG 

tho day in rrhich to run tho engine tosto. Tho U. s. \'lc<.ither Burcnu 'rill 

bo tho chic! consultnnt in thiD m.attor. Fuol olomont, erooion nnd rupturo 

have yot to be firmed up, but thoy hopo to have it by toot timo. 

.. .... . . . • ·~ UV II ••••••• 
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Tho extror.10 temperatures at which the ga.soa arc discharged will 

creato a filtcrinc problem but will holp by roducinc the roquirod stack 

height for adoqunto dispersion. 

Doctors Silverman nnd Lapple have both been retained as consultants 

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

of the problem encounterod should you bo interested. 

.. . 

.. 
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OPERA TI NO ECONOMICS 01', AIR CLEANI?-JJ EQUI PMENI' 
UTILIZING THE REVERSE Jb""l' PRINCIPLE 

Wi.lliam·B. Harris 
Heal th and Safety Laboratory 

U. S. Atomic Energy Commission 

and 

Mont G. Hason 
Health Physics Depnrtment 

Mallinckrodt Chemical Works 

May 19.Sh 

ABSTRACT 

Plant experiences with the operations of 18 dust collectors is des
cribed. This equ:lpment, 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 1011 of mercury with capacities 
from 700 cubic feet per.minute on pneumatic conveying to 12,000 cfm 
on dust control. The total des:l.gned capacity is 110, 000 cfm • .. 
Dust loading varies from 0.002 grains per cubic foot to 32 grains 
per cubic foot, with an average of S grains per cubic foot~ Dis
charge air measures 0.0001 grains per thousand to O.Ll p;rains per 
thousand with an average of 0.16. Average cleaning efficiencies 
range from 99.9L6 to 99.9996 with an average under all conditions 
of 99.966. Overall annual cost, includfr1g five-year amortization, 
is 0.32 dollars per year per cfm for all equipment nnd 0.23 dollars 
per year per cfm for suitably des:i ened equipment. This compares with 
three large wet collectors which have been described. They operate 
at 93.S% collection with an annual cost of 0.197 dollars per cfm. 
Maintenanco costs of tho wool fcl t collectors alone amount to 0.12 
dollnrs per year per cfm for all uni ts nnd O. Oll2 dollars per year 
per cfm for lh aduquatcly designed collectors. 
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OPERATIKG ECONOMICS OF AIR CLEANING EQUIPMENT 
trrILIZHJJ THE REVERSE JET PRINCIPLE 

With the obsolescence of the war-built equipment for the refining and 
processing of uraniulll, it has been necessary to design replacement 
facilities. While t.he 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 nrcas 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 l'Tlinimum pro
cess losses and a clean external environment. 

Experiences which had been gained ·in the ~any plants which cooperated 
in the production of uranium imterials were carefully examined in 
every design area. On the basis 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 
concentrations in all cases were comparable to usual industrial 
.loadings. •· 

CHOICE OF EQUIPMENT 

On the basis of our experience with the collection of this type of 
dust, the following criteria were applied to th.e choice of equipr;entt 

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

2. 

3. 
I 

Inertial and scrubber type air cleaners were fo~nd to be inherently 
of too low efficiency for most of the materials to be removed. 

Deep-bed filters were discnrdcd ns not hnving sufficient holding 
cnpnci ty nor would thoy perini t aatisfactory recovery of the mate
rinl for reproccosjng. 

.., I 

I • 
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L. Any :'.:in.i of well dc~ir,ncd nnd con3tructcd clot:1 filter arrestor 
\WS believed to he n<lcquatc for this job. 

A f'ter a careful investl.r,a ti on of commcrcia 1lv available cloth collectors, 
it appeared tbnt conv0ntional equipment had several bnsic diaadvonta~es 
for our type of operation. Briefly, these were:· 

1. Under our conditions of use, this equipment required a de~rce of 
maintennncc in inan hours per year which resulted in unacceptably 
high radiation dosaGe to maintenance personnel. The only pro
tection possible ar,a1nst exposures of this type is uneconomical 
shifting of personnel to reduce the duration of exposure. 

2. The same thinp. is true of dust exposures to these toxic materials. 
Although in most cascsJ this type of exposure could be reasonably 
well controlled throur:h the use of personal respiratory protectionj 
this type of protection is, in our opin:lon, undesi rab1e. 

). Our experience showed relatively high out-of-service time resulting 
either in process or sometimes plant shutdown ft~th .the alternative 
o.r large unnecessary loss of valuable product. 

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

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

In our attempt to reduce these deficiencies, we"investir-ated the use 
of reverse jet air cleaning equipmen~. Installations were made on 
stnall extremely difficult units and considerable experience was gained. 
As n 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 jct type, air cleaning equipment in all cases where high 
eff:l.ciency of collection was required and ~here the mater:l.al being 
hnndled was dry dust. Other types of collectors have been used. under 
other conditions. However, the purpose of th:!s report is to describe 
the C:>.."Pericnce of one plant in the use of this type of air cleaning 
cquipn;cnt. 

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

·, '·· .... : ··.:· . . 
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su~~ti\RY 

The following data summarize the conditions of operation: 

l. They ore operated at housing pressures varying from 2" c • c,cr 
to 10" of mercury, vacuum. 

2; The individual capacity range is from 700 cubic feet per 1dnute 
on a pneumatic convcyinr, system to 12,000 cubic feet per ndnute 
on a simple dust control application. 

3. 

s. 

6. 

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

The aver.are operating ·dust load for the individual collectors 
covers the ranr,e of from a mininrum of 0.00? grains per cubic 
foot to a maximum of )2.0 grains per cubic foot. A peak dust 
load in excess of lCO grains per cubic foot occurs in the one 
pneumatic conveying system. The overall operating average dust 
load is about 5 r.rains oer cubic foot. 

The discharfe air from the individual collectors under full dust 
load conditions contains dust concentrations ranging from a mini
nrum of 0.0001 ~rains per 1000 cubic feet to ·a maxinum of O.Ll 
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. It 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. 

The average cleaning efficiency found during the t~o-year study 
period on individual collectors in the group has r~nged 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 cos~ arid all labor and .mate

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

the facts as this number includes a cost of over $) per year 
per cubic foot per minute for a sinrle grossly undersized dust 
collector.to an averaec of ~0.23 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 llrl.nute when all units are included, and O.Ol12 dollars per 
year per cubic foot per minute for equipment of adequate design • 

. '• 
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PILOT !N'..iTJ\ LlJ\ l'IONS· 

The !'irst Hersey type filter installed at the plant 'Wns designed for 
an air/bng ratio of 20 ·cfm per square foot of filter surface.· A 
number of small mechanical problems required correction before this 
machfne gave satisfactory service, but once these corrections were 
made, it did do a very good job of air cleanint:. Measurements made 
under operating conditions showed an average grain loading of 2.02 
grains per cubic foot with an average cleaning efficiency of 99.9T1%. 
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 cfm 
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 lL grains per cubic foot with 
peaks exceeding 100 grains per cubic foot. This machine has given 
gooj cleaning efficiency, but maintenance problems have been excessive, 
indicating some deficiency in' design. Certainly, for a collecto.r of 
this design the dust and pressure loads are too high for the available 
fi.l ter. 

In both of these latter filters the differential pressure acrci.ss the 
f~ 1 +. 0 r was found to range frorn 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 
stretchine 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 dust loadings were high enough 
to caUBe excessive pressure drops across the bag; the life of the filte·r 
would be shortened and maintenance would be high. 

FIRST PRODUCTION GROUP 

'lhe next seven machines installen were designod to operate at a dust 
loading of approxirrntely 1 grain per cubic foot of air, with air/bag 
ratios not to exceed 20 to l. Many nddi tionnl features were incorpo
rated in thio group of seven machines to eliminnte some of the short
comings ~hich had developed with the first three installations. 

. ~ . ..... . ._ ... 
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Performance tests on these seven machines under opcT~ting conditions 
showod that six of them were doing a very sat1sfnctory job of cleaning; 
the lowest efficiency found being 99.990%. Tho seventh 11inchine, how
ever, did not p,ive completely satisfactory service, despite the fact 
that the air/bag ratio was only 17.5 to l; 'With a dust loading of L.2 
grains per cubic foot. Extensive oxperimontal work with this last 
machine' estnblished that the dust being handled is a "secpcr" 'Which. 
migrates throur,h the filter medium resulting in excessive losses. 

·After several chanr,es, 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 
neintenance standpoint as any two other collectors of this group of 
seven. 

·SECOND PRODUCTION OROUP 

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 tiire have been designed to have 
nn air/bag ratio not to exceed 15 cfm per square foot. The eight col
lectors installed since then have given very satisfactory long term 
operation. · 

MAINI'ENANCE PROGRAM 

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

1. Blo'W rings must remain smooth and level to avoid excessive bag 
wear. 

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

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

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

. 
$.. Canvas wea·r strips over sewed seams in the bags must remain in 

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

The Maintenance Departmont has assigned to ono man the sole responsi
bility for all° dust colloctors; he has learned the problems of each 
indivjdual machine and usually anticipates trouble beforo it happens. 
This policy has proved most advanta~eous. 

•' . . . . ~· . . . . ·., . 
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Maintenance rcqui rcmcnts for tho eighteen 
man days per week ovbr a two-vcar period. 
included, this is a 1 man day/week. This 
preventive maintenance. 

collectors avernr,cd 2 1/2 
If only 14 machines are 

covers both repairs and 

With the exception of the three troublesomo uni ts previously dis
cussed·, maintenance problems have been rrd.nimnl; however, none of 
these collectors can be expected to give continual good operation 
over long periods if allowed to go completely untended. It has 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. 

INSTRUHENTA 'l'ION 

All reverse jet collectors at the plant are now provided with pressure 
control instruments to provide intermittent blow ring operations; this 
instrumentation is of the recording type so that inspection of the 
charts immediately reveals abnonnalities in operation. Optimum pres
sure setting maintains a pressure differential across the filters of 
between three and four inches water gauge. Electric eye dust detec
tors havo been installed in the discharge stack ·of all collectors to 
detect bag failure. Thermocouples are installed in the housing of 
all collectors handling heated gases to provide an alarm and to safe
guard againsts rises above permissible filter te·mperatures (175°F). 

MAINTENANCE 

The average downtime for sixteen of the collectors 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. 

·Average bag life for all machines included in these da\a was eight 
months per bag. However, this number does not correctly illustrate 
the true usage picture because it includes the high usage of the 
underdesiened pneumatic system and ore crushing system collectors, 
as well as the high usage on the se~per before the special resin 
treated felt was installed. The following breakdown shows actual 
us.age by groups of machines. .· 

Machine II Machines No. of Bage 

Pnewnatic System l 1 
Ore 1 2 
"Black" 1 L 
norange" l 4 
Othera lL 52 
TOTAL 18 63 

. ·. . ~ : .. 
. ~. 

# Bags 
Replaced/ 
2 Years 

Bag Life 
Months/Bag 

70 0.33.1.5 wks 
L9 l 
16 6 
16 6 
29 Ii) 

180 8 

. . .. . . .. - ··~··· ........ . 

-----------·--------, ... ·-··-····· . 
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Since·thcse data were collected, a new collector has been installed 
on the pneumatic conveying system. Although there are still some bugs 
in this system, bag life is now approxin~tcly 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 usaee 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. 

ROUTINE MAI NI'ENA NCE PROBLEMS 

1. Wear of supporting chains and drive sprockets results from exces
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 may tear up the filter medium and 
may cause breakage of the blow ring. 

2. Failure of blow ring air supply hose due to excessive operation 
of the blow ring and/or poor alligrunent of air outlets on the 
side of the collector housing --- 'W'ill result in failure to clean 
the filter medium which in turn causes excessive pressure drop 
across the bag with resultant bursting of the bag. 

3. .Excessive blow ring operation due to underdesign of equipment or 
to changes in ductwork - continuous blow ring operation causes 
wmecessary bag wear and low collection efficiency. This in turn 
ca.us.es frequent bag changes and high effluent dust loadings. 

h. Faulty blow rings, 1.e •. 1 warping of the blow ring; improper ma.'nu
facture, and poor selection of blow ring material; 'erosion of tho 
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 rraterial of choice for blow rlnes 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 su~rface flaws. 

5. High temperature will result in rapid degeneration of the wool 
fibers, which in turn cause freQuent bag failure. Exhaust sys
tems should be designed so that ~ollcctor housing temperatures 
do not exceed 17SOF. 

6. Some chemical fumes may result in splitting of the bags at the 
seam due to acid or alkaline acti"ori on the material used to sew 
tho seam. Wool felt is moderately resistant to both rnilq acids 

. ., 
.--~ . 
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and mild nlka~incs. However, the roatorlal usod for stitching 
the senm should be solected to resist the particular chcrni cal 
fumo proscnt. Nylon stitching has been found satisfactory for 
alkaline fumes and orlon stitching is satisfactory for acid 
i\unes. 

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

8. 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 maintenance cost for all machines during the two year period is 
swnmarized as follows: 

Total bag cost for 180 bags 
Blow ring hose 
Miscellaneous parts 
Maintenance labor 

$16,Soo.oo 
1,800.00 
2,000.00 
8,300.00 

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

110,000 cfm ~ $13 1 300/year = $0.12/year/cfrn. 

Operating costs may be 
$1LOO for 110,000 cfm. 
~l.00/cfm as installed 
machines isi 

computed on the basis of ~13.90/1000 cfm or 
Assuming a five year write-off and using 

collector cost, the total annual cost for all 

. .. 
22,000 t 1,Loo ~ 13,300 = !36,?o::> 

or $0.JJS/yenr/cfm. 

Co.st for maintaining ne'W' design equipment is obtained as followst 
Operating costs for lL machines: __ 

Total bag cost for 29 bags 
Miscellaneous parts 
Maintenance labor 

93,000 cfm G $3,900/year : 

/ ............ .. 

$3,900.00 
l,Soo.oo 
2,Loo. oo 

t?,800.00/2 years or 
SJ,900/year 

SO.OL2/year/cfm. 

__ ..__ .. -.... 
- • • ........ _..__ •• _ ........ 4 

'I •• • _, . . . . , . . . . . 
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A cal~ulntion similar to that made previously ahovs, for tho lL woll 
doBigncd machines: 

Operating Costs 
Maintenance Costs 
Amorti7.a tion 

or $0.256/year/cfm. 

$ 1,300.00 
3,900.00 

;tB,600.00 

$23,800.00 

The following conclusions may be drawn from the above datas 

All Collectors Well Designed 
Units 

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 1/2 
3 
8 
0.335 
0.120 . 
6.50 
2.50 

l 
2 

hJ 
0.256 
O.OL2 
5.00 
1.00 

An interesting comparison caq be drawn between the operation of these 
dust collectors and that of three large wet collectors recently reported 
by Bloomfield*. These three uni ts were high efficiency wet collectors 
with a cumulative capacity of approximately 52,000 cfm. Installed 
cost of these collectors is $38 1 600 or O.?L dollars per cfm •. On the 
ba~is of the data given, the annual cost. of these collectors, neglecting 
maintenance is 1 

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

Maintenance 
Amortization 

TOTAL 

$ 2250.00 . 
.. 

8000.00 

$10250.00 or 0.197 dollars 
per year per cfm. 

The overall average cf ficiency of these collectors operating on an 
average dust load of 1.70 graina per cubic foot is 93.5%. 

----------------~----------------------------------------------------... 
"Efficiency Studie3 on Threo Wet Type Du st Collectors 11 , Heating and 
Ventilntine 1 Volumo 51, No. L, Page 89, Bornard D. Bloom.field. 

' 

·. . . . -. 
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It can be seen from the above data that any cost advantage is lost 
llhen tho material boing colloctcd can bo valued at $16.00 a ton or 
1110re. 

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

/ 

'--·-· 

.. 
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VENTIIATION AND DUST. CONTHOL IN REFINING 
URANIUM ORES AND CONCEN1.'RATF.S 

H. I. Mill.or,_ Jr. 
Senior Project Engineer 

Catalytic Construction Campany 
Philadelphia 2, Ponn.Bylvania 

The meto.llurgical processing o:f moot oroo nnd concontratoo ia attendod by 
the proscnco o:f noxious or nuisance dusts and gaoes that lilllBt be controlled to 
varying degrees depending on the tox.lcity o:f materials encountered. The refin
ing of uranium ores and concentro.tes into the motal is typical :in a general •:o::r, 
involving heavy metal dust, hydrogen fluoride, and oxides of nitrogen. To tL.ese 
are added tho unusual categories of radioactivity of radium du.ring the early 
stages of the refining process, and radioactivity of tho uranium and its d.aut;hter 
products throughout. Operations involving theoe elements call :for control of air 
pollution, both vi thin and outside of the operations area, to an unuou.a.lly high 
degree. Fortunately standard ventilation and dust control equipnent can be 
adapted to the pucyose. , 

This pa.per presents same of the problems and their solutions in the design 
of control facilities for health protection in a large uranium producing plant 
operated for the Atomic Energy Coimll.ission. 

Design criteria called for maintaining an operations abnospheric pollution 
level for radioactive dust not to exceed 70 disintegrations per minute por cubic 
moter of air (which for ur.anium is equivalent to 50 microgre.mB :per cubic I:J.eter). 
This fig~re served for dust control of uranium and arty dusts associated with it, 
including pitchblende dust vith its radium content. :Uranium is an alpha-ray 
emitter. Direct ro.diation from it is unimportant, being stopped by almost e.rv 
barrier, including the normal akin. However, inhaled or ingested into the body 
where. it attains close proximity to tissue it can do serious harm. Ure.nium. 
alowly breaks dmm into daughter products, UX1 and UX2 which are beta-rey 
emi ttors. The beta rays encountered in this process are readily stopP3d by thin 
glass or metal so that hood or hopper mn:y prOV-ide ample protection frcm radiation.. 

The radium in the pitchblende ore and in tho process rejects is a garm:-.a ray 
source and conotitutea the most sorious direct radintion hazard. in the proceos. 
Do sign criteria called for a :maxinuun weekly exposure o:f 300 mr. of gamma. ro.dJ a
tion. Actual design wno predico.tod on a tolerance of half' this amount to allo-,.r 
for inovi to.blo ohort :poriod.o of'. high lovel exposUTQ by opera.taro subject to 
unuouo.l duties. Radium 1a o.lwuya o.ccompa.ni~d by its daughter product, re.don gaa, 
for which the deoign~xriteria 11lllit wo.o io-~ curiea per cubic meter of air (or 
approY..imo.toly 7 x l~ pnrts por mi,llion). · 

0th.or contam.in.a.~to woro to be limited in accordance with currently accepted 
etanda.rd.D tor I:l.LlXiraum o.llowablo cor.1.centrntiono, 

WASH-170 
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lN'rB::lRATION OF DESIGN 

Tho projoct group hnndJ.ing tho induotrio.l byglono phnooo o.lao boro tho ro
eponoibili ty for rnclio.tion protection o.nd for tho gonoru.l honting and vontil.o.t
ing. of build.in.go, 1n ordor to coordinnto offoctivoly nil thcoo intorrolntod 
:functiono.. Thin group of opocin.liat ongiJ1ooro produced completely intogrutod 
dooign to so.tiafy tho roquiromonto for proceaa, henlth, o.nd com.fort in tho work
ing onvironmont. It is not oopacio.lJ.y portinont to thin pupor, but of gonoral 
intorost as to coordination of effort, that thio project group alao deaignod (1) 
a moclicul. dio:pononry complotoly equipped to do X-rny work and minor surgor.r; (2) 
a "hon.l.th-pbyoico 11 laboratory, vi.th ill.l3trumnnt repo.1r and calibration fncilitios, 

· mnchino shop, dark room, and chemical lnbora.tory, vith aooociatod equipment; and 
(3} n docontrunino.tion room, i'urniohod with fixed end portable equipment euitnblo 
for trontmont of surfaces contnmino.tod with radioactive ma.torio.ls; even a repair 
shop for contamino.tod shoos was set up in this room. Tb.Bao features, a.long vith 
epecif:i.cntions covering issue clothing and shoos, were dono in consultation with 
medical and heo.lth specialists of the Atomic Energy Commission and Operating 
Contrnctors, who made availnble their ¥ealth of exporienco. 

The design approach for ventilation and duet control did not differ, except 
in degree, from ununl industrial hygiene method.a. Tb.oy had to be adapted, as 

.necoosity dictated, to the intorpoaing o~ radiation barriers and remote control. 
Tho methods may be briefly listed as (1) isolation of process, (2) applica

tion of local. 6Jld/or genornl exbn.uat ventilation, (3) higbl.y efficient filtration 
of solids from collected. air, and neutralization of acid vapors where appropriate, 
(4) ·dispersion of offluont gn.oea by discharge through high stacks, (5) provision 
of adequate tempered. make-up air to replace that exhausted, and (6) wet handling. 
Although it is impossible to separate out each enti.ty for discussion in its own 
right because of th.a general interrelationohip, an attempt is made in the re
mainder or this discussion to indicate briefly e:x.am.plos or considerations for 
the IIJ.Othoda listed. 

ISOI.J\.TION OF PROCESS 

Th.a value of tho ma.terial.B / as well as their toxicity, required that special 
effort be made to utilize tightly incloned equipment, such as elovators, con
veyora, blenders, bat.ch dumping equipment. TheoreticaJ..ly these can be maintained 
dust-tight, but a.ctu.e.J.J.y poor maintenance must always be presumed. Whore there 
is a.ny possibility of dusting out, local exhaust vontilntion must be appliod to 
the inclosure. In f'airl.y tight systemB there arise the _problem.a of air quantities 
and the maintaining of convuying velocities for d.Ust laden nir under varying cir
cwn.atancea. A discussion of these matters is given under Ex:HAUST VENTII.ATION 
bolmr. 

Tho major point to be om:ph.o.sized in thia connection is the i.m:porta.nce of 
keeping process muterial.s vi.thin the process strerun. und thereby minimizing the 
health and economic probloma of rchn.nd.:j..ing that portion colloctod a.a dust. 

An e.xamplo of a proceoo not a:monohlo to control by clouo13 applied covor or 
exh.o.uot ventil.D.tion wua tho weighing o.nd debouding of drum.a of pitchblende. 
Th.ooo operationo had to bo walled off bocauoo of gnmmn. radioactivity, nnd inci
dence o:f radon and. duot. For protoction of plant om:ployooo thooo operations . 
vero oatabl.iohod. in a cloaod vontilo.tod room utilizing romotoly oporatod oquip
xr.ant. It vns o:q.ed:1ont further to iaolo.to tho O}Nrator in a concrete vnlled 
room thnt projoctod. into tho procoooing aroa. Tho concrete vnlla and a lond 

• • • ~ vw ~ ~u ~~ • • ~ ~ •t • 
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gl.nao ·window proviuoJ. for hio caiu.ploto p:.i.·otoction. 
Tho h&.ndling of hydrogen fluorido io obviouoly n d.o.ngoroua oporotion, and 

vhoro it wo.o nocoooo.ry to do oo indooro, tho bulk or tho oquiJ.llll.Ont wna ioolntod 
in n wo.llod off' nron of tho building, providod with continuouo nuppl.y n.nd ox
hnuot vontilntion at nbout fiftoon nir 'ch.o.ngco por hour. Em.orgoncy vontilntion 
i'ruio wore furniohod that would move up to nbout aixty o.ir chnngco por hour o.nd . . 
thooo were linkod olectrically with automatic drunporo in tho exterior walls 
vhich would opon when tho fnno opero.tod, inouring adequate inflow of air to tho 
spnco. 

EXIIAUST VENTILATION 

Both loco.l and gonoral exhaust ventilation were employed wherevor needed 
throughout tho project. 

Dust control clnimod the major portion of o.ll th.a design work done on the 
industrial health aspects, embracing a variety of proccsooo in several buildings. 
Sol.f-bal.ancins oystems woro deoig:nod such thn.t nt tho desired rates of flow the 
toto.l. pressures at mnin nnd branch junction points were calculated to be identi
cal. 

It is not in.froquontly tho caoo on conatruction contructs, and thio was no 
exception, th.at dust collecting and other air hond.ling equipnent IID.lst be ordered 
very early in the deaign period to insure delivery on ti.me. This meant estimat
ing collecting requiremento before the process equipnent was fu~ kno.rn.. Then, 
after process design was firm, however cb.a.ngod, it meant recalculating the local 
exhaust aystoms to (1) give tho desired control, (2) be aol.f-cieaning, (3) be 
self-balancing, and ( 4) be adnpte.ble to the collectors bought. Heat losoes in 
some buildings were only a fraction of tho heat required for replacing ventilat
ing air, so that the procurement and adequacy or supplied air heaters and blowers 
were directly nffected by the early eoti.mates. Successful a~com:plisbir~nt of this 
type of work necessitates apocialists of considerable experience and judgment. 

The hand.ling of hot corrosive dust laden guses, sometimes accompanied by 
water vapor, required alloy ductwork and collectors as well as judicious cooling 
by water jacketing of ductwork in some instances or introduction of dilution air. 

Air quantities for locnl exb.llust ventilation were determined by the needed 
inf'low through actual e.nd anticipated openings to prevent contaminant from get
ting out. Volumes and entrance looaoo for the unuou.o.1 'tYJXlB of hooding were 
rendily determined, but, for tightly closed voooels receiving dry matorinla, 
venting for egrooo or ingress of air had to bo provided, and for reasonably 
tight systems oome provioiono had to bo made for inspoction ports which might be 
left·open or panels not tight. Throe meaBUJ'OB·were employed. 

l. Where a vessol wns perfoctJy tight o.nd wo.a to fill or empty at a steady 
rate, e. breather bag of largo sizo wuo auspendod vertically, the top end clooed 
and the lower end tied over a short vent pipo on tho vessel. Usually a dust col
lector bag was uoed. A wonthor cover was furniobod on outdoor inate.lJntiona. 
No exhaust ventilation i.raa o.ppliod. 

2. For tight weigh voosola, not tolerating a broathor bag, a conical or 
bell-shapod oyJ1.aust system inlet was located ovor and around the top of tho vont, 
but not touching it. This io nn adaptation of tho fruniliar draft divortor stack 
connection uood on domoutic gua furnaces. Tho roquirod velocity of air for duet 
carrying is maintained in tho oxhnuot brunch with.out phyoical. connection or un
due dro..ft on tho voooel, yot ru:ry eocnping duot is cnptu..."'Od. Volumo nnd veJ0city 
of tho o:xhnuot nir must be o.doqunte for any oxpoctod surgoo wbon fiD.ing the 
vooool. 

... . ' ... 
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3. For fixed voooolo or rcnoonnbly tightly oncloooJ. .oyotomo n rigid duct 
connection \.m.o rn!ldo. A port wno cut :Into tho o:i.do of tho duct clooo to tho con
nection nnd n oliding eloovo inotnl.loJ. to ponni t covering o.o much of tho port as 
nocooonry for control. Thio dovico pormito npplicntion of draft to tho vooool 
or oyotom o.xn.ctly no noodod o.nd o.llowo oufl'iciont by-po.no nir through tho port 
to J11D.int,nin carrying voloci ty. · 

· Powered roof vontilo.tora wore widely omployod for gonoro.l ventilo.tion for 
tho romovul of hontod o.ir gonoro.tod by procooo or oununor oun. A fivo dogro-e F 
"tomporature rioo ovor ambient we.a uouully to.kon as pormioaiblo for calculating 
volumes to bo romovod. (Mo.ko-up air wo.o not provided for hoat romovo.l exh.nuat). 

An exhnuot ayotom of some intereat was thnt provided in a pitchbJ.ondo thaw
houeo for·removal of radon. A thawhouoe is a necessity in winter for treutment 
of frozen drums of ore prior to processing. Enormouo quantities of heated air 
would be needed for tho combined requirements of radon removal and thawing under 
ordinary circunlBtances. Using the isolation princi:pnl, the thnwhouso was made 
up as a tight box, the drums of pitcbblendo trnvorsing it on powerod conveyors 
betwoen steam heutod plate coils. Inlet and outlot doors were self-closing, 
countor balanced, open only for introducing or releasing drumo. A:n exhnuster, 
discharging to a high stack, wo.s made to operate continuously. ·It could draw 
little air except when a thawhouoe inlet or outlet door was opened, and even then 
1 t was dampored to about h.nlf capnci ty. Should access by personnel b!:'! necessary 
either or both of two large purge doors in the sides.of the thawhouae could be 
opened, whereupon the exhauster damper would automatically open wide and the 
chamber would be purged of the heated, highly radon-contrunino.ted gases. Blocking 
open the end doors would hasten the purging; Following the emergency, shutting 
the purge doors cause the fan to be da.mpered as before. (Of course the radiation 
hazard is serious in this building so that operators having to enter can stay 
on.1.J a very lim.i tod time.) 

For complotoness, it is well to mention that a piercing device waa placed at 
each inlet door for perforating head.a of drums prior to their introduction. By 
this means e:n:y dangerous steam pressure buildup in the drums during thawing vaa 
averted. 

FILTRATION OF SOLIDS .. 

The choice of air filtration equipment for urunium dust and aosociated ma
terials yaa tho reverse jet suspended bag-type collector. Coat, adequacy of 
filtration, commercial avail.ability, practicability for maintenance, and success
ful experience in similar o:porations wore all important considerations. AlthO'tig.h 
not subjected to the heavy leadings for which·thie type col.lector was designed it 
had been found to give better than 99 per cent recovory at fractional grain load-
1ngo of comparable dust. An optimum filtration rate of 10 to 11 cfm J;Br square 
foot of filter cloth wae determined on an efficiency - horoe-powor - maintenance 
bnaia; 15 cfm per square foot was the design maximum. The bags employed were a 
special resin treated ~ool felt, and ranged from 9 to 18 inchco in diameter, de
pending on the vendor. Their top operating tomporature wau limited to 18o°I<,. 
Rocontly, cal~ndarcd orlon bego have become nvailliblG nnd some were furnished to 
tho project on an experimental baoio. These show much promise in regard to acid 
and alkali reoiatnnce, high temporaturo (275°F.) nnd woo.r. · 

Fixed vacuum cleo.nor ayotomo wore ostnbliehed for cleanup work, and in so~o 
inotnncoo to provide or eupp1omont local oxhauot ventilation. Tho effluent air 
from thooo, hnving boon filtered 1n cotton bngo, is diroctod to rovoroe jet bo.g-

I .,• •' I 
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tYI>O t:olloctoro for clomlUp. 'l'ho vncuwn clonnor c,.Yotcmo 1n mnn.y inotu.ricou uloo 
provido duot collocl..or Wlloo.J.ing fncili tico. ·Thooo colloctoro oo oorvod ru:o 
fitted nt bottomo of hoppcro with n unique wind-owo1)t vulvo connoctod to tho 
vo.cuum oyotcm. All duot cnuc.ht in ocvorul colloctoro cnn bo tranoportcd to ono 
locality whoro tho rontorinl can bo plncbd in drumo and returned to procooo. 
Duot colloctoro woro thoroughly inotrumontod. Each otnck 16 ruoni torod by n 
photo'olectric h.uzo dotoctor with alarm to wnrn of lonk:!.ng or brokon bo.go. To 
reduce woar on bngo and to mnintnin n high filtration officiency, blmrring oper
ation ia controlled by differential preoouro acrooo tho bngo, uounlly being 
plnced in operation at four inches water gne;e and cutting off at two incheo 
vater gage. Ench colloctor hno a low differential preoouro aln.rm, normally sot 
at ono inch vnter gage. Thia device also detects broken bags. 

Wot collectors were specified for b.u.ndling etoruny dusty air, utilizing the 
principle of :po.ooh1g air around nn underwa.tor baffle. Provision wao ma.de for 
fiborglnoa after-filtcro, should thoy bo required. Electrostatic mist collectors 
vere provided for hn.ndling uranium bearing oil mist from machining operations, 
tb.e cleaned nir being returned to the room. · 

MA.KE-UP AIR 

in buildings hnving exhaust ventilation the provision of make-up air ia an 
important fnctor in the control of toxic duets or gaaea. It is often overlooked. 
Where small volumes are withd.rrom infiltration may be adequate, but it ia alweys 
well to investigate. To prevsnt roams or buildingo becoming airbound and to in
sure the unimpaired :functioning of hood.a and inclosurea connected to exhaust 
systems, make-up air was carefully distributed, tempered as needed, in amount 
equal to or slightly greater thn.n that withdrawn. In moat instances it vas 
:further heated to take care of the winter heating requirements o:f' the building. 
To consorve steam the large make-up air units were automatically da.mpered to 
recirculate room air when exhaust ventilation syatoma were shut down. Each such 
supplied air unit consists of a standard· steam. coil and blower set aupplc::ianted 
by a moving frame automatic oil-type air filter and by a damper set and controls 
that :perm.it outdoor air for make-up and recirculated ,air :for the remainder. The 
filter protects tho heating coils nnd keopa dirt out pf the distribution syste~. 
The oil in the filter is itoelf' clenned by pumping it through a replaceable 
cartridge filter similar to that in an automobile oil system. 

Supplied air distribution system.a foll~wed tho uuual ASllVE prectice. Stnin
leea steel and protective-coated steel had to be provided in corrosive n.reao. 
Certain recirculating air heating coils wore protected by a baked-on protective 
~oating. · 

WET ME1'HOD3 

Tho hn.ridJ.ing of tho reject gangue mn.torio.l.a with which the radium leaves 
the procooo otrcOm. offered a potential bll.zo.rd aa (1) radioactive duot, (2) n 
source of direct grur.ma ro.dio.tion, and (3) o. oourco of radon ga.n. Cate~ic 's 

' proceoo ongineoring group worked out a oyotom ouch that tho.mn.terinl ia never 
hand.led in dry form. Following dJ.gootion of tho oro, tho inaolubloo nre filtered 
and vaohod and tho vot filter cake ie ropul1>0d 1.mmodintoly. Tho resultunt olurry, 
carrying tho r~d.ium, ie pumped to largo covered concrote otorago tanko loco.tod 
voll away from tho opore.tiono aroa. Tho aolido aottlo out in thooo tonka nnd tho 
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clonr docunt liCJ.uor io recycled for uoo nen:ln uo tho ropulpinG ruodiuru. Tho fll
trntion io dona in vuutilo.to<l. roomo bohind bnrricr wullo. 

Roforonco wno mndo ourlior to the uoo of fixed vacuum clenning oyotemo for 
cleanup of dry mntoriulo. For wet opillo otunp oyotcmo wcro provided into which 
tho floor and platform wo.ohinr;o cnn bo di:toctcd. Sump contonto aro eubooquontly 
introdu;ed into tho procooo atrcrun in wot form • 

. SPECIAL PROBLEMS 

There were mn.ny unusual problems. One whoroin procoosing and health were 
equalJy demanding involved the ventilation of a rotnry pitchblende dryer. Ao 
much as five per cont of the chnrge could be carried ovor in the off-gases, 
which wero to be in tho vicinity of 4000J.i'., undoubtedly 100°, or more, higher at 
."times. Beg filtration was the method of choice, but bng allowable temperature 
was limited nt the timo to 180°F. To cool the gases a heat exchanger wao pro
cured, having a vater tube bundle suspended in an insulated shell through which 
the geaos should :pass. To prevent condensation on the tubes (gases could have 
ae high as 130°F. dow point) and to minimize dust adherence to cold surfaces a 
recycling system for the cooling water was designed to maintain its entrance 
temperature at about lOO°lt'. (A higher temperature gave too little opread for 
cooling.') To relieve the cooler of the great burden of duet a multi-cyclone vas 
provided ahead of tho cooler. Both cyclone and cooler were oquippod with rotary 
feeders continua~ discharging the accumulated dust to a process conveyor. 
Finally, the riser from dryer to multi-cyclone was made as large ao practicable 
to reduce the velocity and the carryover (about 1400 fpm was the lowest attain
able). Such a system is more complex than desirable, but with attention will 
pay for itself in values saved many times over. 

TESTING 

All heating and ventilating and vacuum <;:leaning ey&tems were oubject to 
rigid performance testing by the construction contractor prior to turnover to 
the operating contractor. Catalytic specifications covered air quantities, 
balancing, permissable instrum.ents for ~eating and method.a of conducting teats, 
as well as workmanship and furnishing of specified materials and equipnent. 
Very generally +15 to -5 per cent of design rating was allowable for duet col
lector systems, with a. ~ 10 per cent for balancing. Supplied air syetema, being 
less complex and being balanced by dam.poring, were rociuirod to be bale.need to 
+ 5 per cent. 
- · In conclusion it is worth noting that the work done on this project on 
heat~ng and vontilnting e.nd dust control occupiea the efforts of oix engineers 
for 1-1/2 to 2 years and resulted in inetnllJltions in these catogorioa npproxi
m.ating soma $2 million, installed cost, or about 2-1/2.fo of total project coot. 

In the six mn.jor plo.nts - Oro Refining, Green Sult, Metals, Metal.a Fabrica
tion, San.pling, and.Scrap - thoro are 34 duot collectors and 34 fixed vacuum 
cleaners, pluo certain auxilinr'J continuous exbnustero, omorgoncy exhauotora, 
and requisite make-up nir hontoro. Baaed on procured o~uipment only (not in
cluding piping, duct-work, conduit or e:ny inotallution coots) all ouch hoating 
and vontHating equipment roprooentcd about 4 per cont of" the tota1 proceoo 
equipment cost for thooo plnnts. Tho variation wna 2-1/z:f, to l(Jj,. Horooy-typo 
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colloctore rnngod in oizo from 600 cfm (at oquiIJillont coot of $3 to ~6 par cubic 
toot doponding on ·dooign nnd uoo of atninlooo otool) to 15,000 cfm (ut ~0.95 to 
$1.35 por cubic foot). 

AcknOW'lodgmont io mudo of tho conaldorublo uooiotnnco uffordod by Mr. W. B. 
Rnrrio nnd hio otn.ff of tho Houlth 8l1d Snfoty Lnborntory, Now York ()porntiono 
Offico, AEC; also tb.o.t rocoivod from Moooro. K. J. Caplnn o.nd Mont G. Mn.non of 
Mall.inckrodt Chomico..l Work.a, St. Louio, and :from Mr. R. C. Hoathorton and 
Joaoph Quigloy, M. D., Oi' Nation.al 1'3nd Co. of Ohio, Cinc1.nnnt1. 
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TESTS 01" THE Ar~HODYNB DUST COLIBCTOH 
warren H. Smitl1, G.l!:., ANP. 

This prescnt~tion of the air cleaning proerar~ of the Aircraft 
Nuclear Propulsioh Department of General Electric will be limlted 
to recent tests of the Aerodyne du3t collector. 

Mechanical dust separators usuallj do not involve as· great expense 
due to accumulated dust as do filters. The Aerodyne was a mech~nl
cal dust separator which was available..for test and which appeared 
possible to oper~te at required efficiency in the 2 to 5 micron 
range of dust particle slze. Previous tests on the Aerodyne h~d 
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 1/2 grain/CF. 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 distribut~on of the airborne dust must be deter
mined. 

The essential feature of the Aerodyne dust collector is a cone, 
shown in Slide l; this cone is the primary separator, in which 
dust is concentrated towa~d the apex; the separation 6ccurs when 
the air makes a sharp turn out through the louvres and the dust, 
having greater inertia keepa 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 ~ection 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 system through efficient 
paper filters; a small fraction was supplied by the jet. 

The test dust was cupric o~ide 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 aeglomerates were transported to the jet where much of the 
agglomerated material was sheared into smaller particles. The 
dust feed system ls shown in Slide 4. 

The copper oxide was fed to the pneumatic transport tube at an 
·adjustable rate by r~ising a hydraulic elevator. The elevator 
and copper oxide tube were in a pressurized cont~iner, built up 
from pipe, tubing, and fittings: the standard fittings are not 
detailed in the schematic drawings. Compressed air at about 90 psig 
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was put through 2 p~rallel, porous, liquid entrainment separators 
and then through a depth of about 6 feet of 6-12 me3h silica gel 
to make the air un~aturated. This dried air was fed to the jct 
and to the pressurizing container for the feed tube. The flow 
through the pneumatic transport line was stabilized by a diaphraem 
pressure control and adjusted to maintain the copper oxide powder 
level in the supply tube about one inch below the inlet of the 
transport tube to the jet. Use of a plastic viewing wlndow, glass 
~upply tube and a small light permitted observation of the copper 
oxide level in the supply tube and indlcated the uniformity of 
delivery to the transport tube. Feed rates yielding from .5 
grain/cubic foot do\·m 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 nozzle. Readings were corrected for barometric 
pressure and temperature. ~he average of 20 values is ~iven; the 
maximum deviation from the average was q'b. Manom~ters 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 du~t chamber. The 
amount settling out was determlried by careful cleaning of the large 
dust chamber with a "Filter Queen" brand vacuum cleaner. With this 
cleaner it is possible to weich the filter and collected duoc 
separately from the rest of the cleaner so that accuracy to one 
thirtieth (1/30) of one ounce .ls possible. The same method was 
used to get the weight of CuO in the dust. collection chamber of the 
Aerodyne Unit. ~ 

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). ~hen this 
opening was plugged and reasonable flow established in the second
ary flow circuit by increasing the secondary blower speed by 33% 
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 dunt particle size distribution was obtained by 
examination of a.typical arcn of a "Millipore" analytical filter, 
upon which a sample of the dunt was deposited. 

The dust particles were compared .in size with circular areas on 
an eyepiece reticle, made by Kodak, Ltd. The comparison areas· 
increased geometrically, each bein~ 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 

89 

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 o'f 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 number, 
.AN, as graphically averaged, was multiplied by the particle 

• :ZS .M 
volume and normalized to give the mass distribution: 

51 . 5 D
3 

( ! M .) 

The mass median was obtained 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, E1 , and of the cyclone, 

E2: ~ 

E1E2 

This relation follows from the steady state ~ondition for the 
mass of dust recycled per second, K, in terms, of the efficiencies 
.E 1 and E2 and the dust mass fed to the system per second, M: 

Here' K + M is the dust load per second .entering the Aerodyne cone, 
E1 the average efficiency of the cone, not for the primary 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 efftcicncy, E2, similarly applies to K + M, the combined 

* Derived by C. C. Gamertsfelder, private communication . 
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distribution, but ml1tipllcd by the separat.lon 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" filter units in 
series, as indicated by the dotted squares in Sli~ 2. 

With other conditions the sam~ as when the overall efficiency of 
69% 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 concen
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 .1 grain/cubic foot), and if the effic
iency for the combined recycle and p~imary dust is assumed the 
same as for the primary dust., the calculated cyclone efficiency 

. for the combined dust is 82%. 

The efficiency relation gives useful and possibly unexpected 
results: ~ 

E1 
(primary) 

50 

100 

I 

E2 
(secondary) 

100 

50 

E 
(overall) 

50 . 

100 

These values indicate that the primary ~fficiency E1 is (if both 
E1 and E2 are tolerably good) much more ~mportan~ • 
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The ~erodyne Test Results are tabulated: 

Wcie;hts of CuO, {.';r:-tms: 
Settled Dclivc1'ed Collected Collection Dust Conccn-

To Jet in Dust to by Eff iclency tration grains/ 
~ . Ch:unbe1' Aerod:tne Acrod;ync cubic foot 

820.0 461.6 358.4 222.3 62 . 49 
6111 248 366 2~2 69 .112 
710 231 479 3 9* 73* .112* 
621 281 340 269 79 .0087 

* Filters replaced cyclones. 

ACCURACY: 

Weights were accurate to 1% or to· one gram, the.larger being 
applicable. The collection efficiency accuracy ls 1%. The 
particle size distribution by number has statistical accuracies 
of 10% from .3 micron to 5 microns, 17%.at 6 microns and 30% at 
8.5 microns; no particles larger than 9 microns were found. 

Systematic variation from one magnificat~on used in counting 
particles, to another magnification displaced the corresponding 
points of the distribution by slightly more than AM = 1/2. 
Each particle was assigned to a group w1.thin c:. H "" 1/2. The perceptible dis
persion of thu o:q:,erim.enttl points of Slido 6 :I.a duo primru:ily to the diffi
culty in clo.ooification by group ind.ox M, even though eleven groups wero usod. 
Tnis source of error is larger for smaller nll.r.lbera of grou:po. · The Ill.Ilsa median, 
4.3, microns, is accurate to one micron, J.,imited by experim.ento.1 uncertainty 
in the distribution. 

.. 
To summarize, the efficiency of an Aerodyne Dust 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 o.f 4. 3 m1crons and with 
no particles observed above 9 microns •.. The efficiencies obtained 
we-re: 

Approx:l..ma tc 
Dust Concentration 

.5 e;rain/cubic foot 

.1 grain/cubic foot 

.01 grain/cubic foot 

Weight Effic:l.ency 

62% 
69% 
79% 
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BRIF.F SUMMARY OF AIR CLEANING PROGRAM AT 

WESTINGHOUSE ATO~UC POWER DIVISION, 

PITTSBURGH, PA. 

E. c. Barnes 

Until recently the Westinghouse Atomic Fower Division experi

mental facilities were.largely devoted to the development and. 

manuf.act.ure of the submarine therlr..al reac.toi., (STR) power plant. 

During the fil"'St phase of our program, .which involved construct-

ing nell facilities ancl doing research, development and design work; 

considerable effort va s expended not only 1n controlling the h~.zo.rd s 

during this wor·k, but also in developing processe.s, vhich would 

minimize the production or dispersion of dust or fumes. 

Currently a wide variety of re search anB. development vork j_ s .. 
being done involving such act1v1t1es as chemistry, chem:tcal engi

neering, physics, metallurgy, eng1.nocr1ng nnd electronics. Also, 

manufacturing operations a.re being (!one: wh"lch involve a variety 

of processc:s and macJ:ines. Radiation or radioactive materials 

are used in many phases of these operations. 

A considerable variety of dusts and fumes are evolved \:hich 

require the use of aome form of duut or fwno collecting equlpmcnt; 

but, v1th a few cxcept1onn1 high duot loadin~o or high levels of 

WASH-J.70 99 
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radioactivity are not oncow1torod. Some of the .fac111t1ca vhich 

require exhaust ventillation_and duot collecting 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 .1n size from No. l~ to No. 6 with a total capacity or 
approximately 70,000 cfm. Precipitrons having a capacity of 

7,500 cfm are in use for dust control. A specially designed filter 

1a used on certain .mete.llurgical and machining ope:ra.tiona. We 

re.f'er to this as an "accountability fil tor", and it '\Tao dcoisned· 

prit:arily t:or the collection of dusts vh1ch.m1ght need to be 

recovered. 

These units consist of a reotangulur case vith air entering 

at tho top and passing dO\lll\Wrd through. tvo J.ayers or FG-50 fiber

gla sa .f il tor Iiled1a supported horizontally on a scl,oon. Tho f 11 ter 

media is operated at 100 cfm per square foot. Immediately beneath 

the f.iltel' is v. plonum chamber containing an exhaust fan. The .. 
flat top or the case is removable to pe~mit accoss directly to the 

!'llter media so t.fi.nt it can be rolled up and retui...'1 nll the dust in 

it .. ~rh:to ari·an3erJ.cnt porm1to cleaning,o.i·cJ.u.ct \/Ork nnd opon.ing 

the top of' tho filter to clean dovn the vo1•t1cal sL.n~.racoa on the 

dirty side of the f1ltor media vhilo tho cxhauot bloucr 1s operat

ing. Th1o p1~cvcn~o any d1opors1'on or tho dust, us uell ao dc::p~a~.t-

1ng it all diroctly on tho filtor media. "Tho dust loadings on 

· tho~rn oporution.s a1•0 lov. Th1rtoon of' theoe w11ts aro- :fn uso: 

10 - 500 c.rm uni to, 1 - 2500 cfr.i unit llnd 2 - 5000 crr.i \ml tr>. 

• .. .. ' t. ... " '· •• '• "... .. ., .. . .. . . 
., "·I 
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In addition to thin dust collecting ei·•.uipmcnt, there hao 

boon need !01• a number of ''clean rooms", and theao aro furniohcd 

v1th air vh1ch has boon cleaned by Procipitrons. 

101 

Stackn from so~e dust collectors are sampled continuously 

d.ur1ng their operating per10<1 using filter paper samplers vhich 

have boon permanently installed. Such monitoring 1s done on only 

those stacks \Thero it has been demonstrated that radioactive 

materials may pass th.l·oueh filters in significant concentrations. 

Othor dust collectors are period~cally inspected to 1nsui~e satis

factory operation. 

In gene;ral it can be said that the dust collecting equipment 

vh1ch ve are using at the present time fs taking care of a wide 

variety or dust, fumes and yapors; and serious dif'ficult1es are 

not boing expor:lenced. 
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TOW1:..1l ODSlmVA'l'ION3 OF A'l'MOSl'llliRIC DUS'l' 
AT THE NATIONAL IU'.:ACTOH 'rJt::.>'l'ING STATION 

By P. A. Rum1>hroy, E. M. Wilkino, nnd D. M. Morgon, US\-ffi1 100 

Conaidoro.tion th.o.t tho placing o.r nir into.koo for ronctoro o.t 

various olovntiono nbovo tho ground may bo importruit to air clou.ning 

doaign hao rooultod in tower observations of duatinooo at the No..tiono.l 

·Reactor Tosting Station. The purpooe of thoso observntiona io to deter-

mine :for var:l.oua meteorological conditiono the. vario.tiono of duetineso 

in tho vertical. 

It wne assumed beforeh.o.nd that the vertical gradient of dustiness 

vould show characteristic differences for various wind velocities, and for 

·temperature lapse (daytime) and temperature inversion (nighttime) conditions. 

Tho 250-foot radio tower in the Central Facilitioo area was used to 

elevo.te high volume air samplers to various .heights above the ground 

(Figure 1). The tower also accommodates cont:l.nuous recording resistance 

thormometors at the 5, 100 and 250-foot levels, which a.re used to determine 

temporo.turo lapse and temperature inversion condi tion'u. Continuous wind .. 
apood rocorda from an instrument expoaed 20 ;feet o.bovo ground were usod 

rather thun record.a from the wind eciuipment on top of the tower. Tho 

hieh-volume aaro:plera wero attnchod. to tho ~O\to·r at 5, 15, 30, 100, and 250 

feet (Figura 2). Rato o:f flow through tho oomplero wuo chocked nt the 

boginninc n.nd ending of eo.ch onmpling period. 

Dust Cm1contre. ti one 

Ao m1.ght bo cxpoctod, it :I.a oxtremoJ.y difficult to eepa.rato tho offoct 

of vindn from tbn.t of air stability, bocauoo tho etrongor vindo nnd 

102 WASH-170 
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tcmperaturo lapse conditions tend t:..;> occur Gimultancou~ly. PlotG of dust 

concentration vcr:ms hcic;ht for several conditions are shown in Fieurc J. 

The followine po:i.nts o.rc made: 

l) Concentrations ne:ir the crotmd arc much hieher durint; periods 

of strong winds, but at 250 feet they arc no hieher than during 

periods of lir;ht or mcx:icrate winds. 

2) Thoro is little practical dif£orenco between ccmcontrationa 

durlng lapse conditions nnd inveroion conditions aa long 

a.a wind c:peoda are about the some. 

3) The decrease of dustiness with height shm,rs n. distinct advantage 

in having air intakes located at the highest feasible elevations. 

This is especially true for the dustiest conditions. 

Table I gives percentaecs of the 5-foot level dust concentrations 

f our:d at levels above five feet. Note that th ere is only 42% a:s much dust 

at the 30-foot level during dustiest conditions and from 50%-69% as much 

during average conditions. 
.. 

Particle Si7.es 

For particle sizine, dust uas vactiumcd off of the fluted filters on 
-

to molecular filters, and countine was acco;nplishcd by convcntiono.1 methods 

using a rorton grat.:'..cule in the ocular of the microscope. Hedim sizes 

ranecd between three tenths and six tenths of a micron for all samplinc 

periods, and all levels. As might be expected, the mcd:i.ar size decreases 

wlth hcieht, and increases with wind speed. There was a noticeably smaller 

________ . ______ ....__,,_. ___ ·········' ........... . 
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percentn.c;o of particles greater than 10 r.1icronn at higher lcvcln. In tho 

dustiest srunplc, the percentae:e of particlen lnrccr than 10 nicrons waa 

tivc tirac::; less at 250 feet th;in at five feet. 

Also of interest is the vari;ition of the ::;tanclard geometric deviation. 

of particle sizes with height durinc various conditions. The same samplings 

shown in Fiz,ure 3 arc plotted in Figure 4. The exact shape of the curves 

cannot be verifj_cd for so few s:ir.1ples; hm·rnver, the following iter:1s are 

worthy of mention: 

1) The tuo curves for lapse conditions show characteristic incre2.ses 

in standard r,eornctric de via ti ons ( w:-iich me ans de ere 3.SinG 

homogeneity of partic1e sizes) with height. Near the eround, 

hm·rever, the deviu.tions are sr,1aller for the cleaner sc.rn;;le. 

2) The curves for "inversion" and for "lapse and inversion" show 

characteristic decrc2.ses of standard r;co::nctric deviations uith 

height in the lower levels. T'nesc curves shad larger st~ndard 

geometric deviations near the grormd tho.n the t,wo curvc3 for 
.. 

lapse conditions. 

3) The standard e;eomctric deviations tend to be about the sar:te at 

the .30-foot level during all liwteorologi.cal conditions, ra.'1.cinz 

from five to six. 

Lareer Part5cles 

Since the ch<lro.cteristics of the larger partic:L.;s were not easily 

obnervcd at tho nngnifica.tion of 1800X used .for particie sizing, matcrin.l 

.. 
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Table 1. Percent of 5-Foot Level Dust Concentrations 
Foun:i at Various Le7els 

National Reactor Testing Station 

5-Ft. Level 

, 

Wind Cor.dition 

Total 
Exposure 
Hours Concentration 15-Ft. Levtl 30-Ft. Level 100-~. ~·re!. 

Li\P33 
!·~ostl:r Strone 
Hostly !.J..g!1:. 

· }~ostl v· Ll.R}1t ' .,, ~ 

UPS~ A.\TD DPIE].SlCN. 
\'ode-""° P. n_,;,. - Li0 

l"P'l,t 'r.i ..,.}.t .. .. ;.. C..t....,....., Al.__", I,:, • J J.\:..-v•"' 

'J.!odernte, Day - Li_::-it, Nitlfit 
~·~:.j_c:-ate, Da~r - Li:;1Tt,, Xieht 
}~cde::--atc, 0£1..y - ~~:::,, }:ir,nt 
v "'- 1 • Li ' "'- D T . h"'" " • ,,.,.,t . LOS v-J' , en v, O • .'J - _.1g u 1 l,J.g_., 

Yostly Moderate, !Jny - !rostly Light, Night 

:nrTERSICTf * 
.Lig~t 

Lieht 
~ 

10 0.416 mg/m3 
33 0.088 
4l 0.085 

24 0.091 
24 0.075 
24 0.072 
72 0.069 
24 0.068 
72 0 .05.3 

53 0.065 
55 0.051 

Lieht Wind 0 - ll raph, Mode.rate 12 -·23 mph, a.'1d Strong > 23 mph 

* In the first inversion test, 19% of U1e preceedinc lapse periods had 
noderate winds; but only 6% had moderate w.inds in the second test. 
Stroni; winds did not affect either test. 

-% 
89 
89 

90 
85 
76 

83 

99 
84 

~ 
62 
63 

64 
69 
50 
55 
57 

79 
79 

U. S. W. B. 

11% 
38 
39 

49 
21 
35 
ll 
38 

65 
56 

~ 
E; 
t::::: 
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I-' -..: 
0 
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0 
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was &hakcn fron\ the fluted filters by rappin~ a.nd c.x.::.m..i.ncd nt lOOX. 

The follm:ing rem:1rks npply to the examinations of the samples at low 

pO\·rcr. a.nd do not cotnparc particles sma1lcr than 4~. 

For all condition~ at the clcv.:i.tions sampled, particles 

in the size range fro:n 4j.». to 9~ predominated the microscopic 

field. At lm<er level:;, inorganic material was predor:tlnant over 

organic material when smaller sizes a.re considered except 

during the windy, lapse period and during the.typical inversion 

period. Durinc these periods inorganic and org~ic material 

were i:1orc uniformly niixed. 

At-higher elevations there were fewer laree inorganic 

particles (> 10_9.-U), and in the typical inversion case there were 

practica.11~' none even at the lowest elevation. 

Largest inorganic particles varied as folloHs: 

Continuous (Lapse and 
Inversion) 
Typical Lapse 

Windy Lapse 

Typical Inversion 

TABLE II · 

5' 

3Qgµ-559,JJ 

64~ 

699J\ 

20~ 

. 
10Q 1 

26C?JA 

22~ 

36g_µ 

7V< 

,-

250' 

100,..;-< 

Shape \·t2.:J perhaps a factor in dctermininc the heig..t-its at which 

largest inorganic particles were found since some were flake-like •. 

. .. . .. .. .. .. 
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Crge.nic inntcrial appears to have J.c~s density ~nd clocs 

not shovt signific:v1t size val'i«tions wlth hc:!.t:ht. The ratio 

of sm.:ill to lnrr;c pnrticlcs rCJn3in:; nc~u·ly constant. l'ollcn 

varictic s fro;n 6)u to h5~A.. were evident nt all levels. 

Sevcr.11 hm~scfl:i.es \'/ere .:i.lways present in each filter 

for 5 and 15 foet, but never at 30 feet end above. Smaller 

inoocta (30~-2809-'"') were present at all ·1evels • 

.. 

. . . 
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ADDEND.UH 

Meteorological condition:> durj11g tcGt periods considered in Ficures 
3 and h. Wind given for 20 feet. Temperature erndient considered for 5 feet· 
to 250 feet. 

On: 

Duration: 

Wind Speed: 

Stability 
Condition: 

'· 

LAPSE /tND ItNEHSION 

0$05 ?<'.ST, August 25, 1953 - Off: 0805 HST, AuGUst .2S, 1953 

'12 continuous hours 

Noderate during day and light at night 

Aueust 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. Peak gust 30 miles per hour 
c\t i428 HST. . 

I 

Aur;ust 26. Hourly averaees, 2-10 miles per hour until 
mid-morning, increasing to 12-19 miles per hour during 
afternoon and then decreasing to 5-8 miles per hour after 
early evening. I'eak gust 33 miles per hour at 113.6 MST. 

/mgust 27. Hourly averages, calm to 5 miles per hour 
until mid-morning, becoming 12-16 miles per hour during 
afternoon and then droppinr, to. 2-8 miles per hour at 
night. Peak gust 29 miles per hour at l/i.47 HST .. 

August 28. Hourly averages, calm to 6 miles per hour 
until terminated at 0805 MST. Peak gust 9 miles per hour 
at 0100 lv'.ST. 

.. 
. August 22 . 10 hours lapse, maximum 6.2°F. 6 hours 
inversion. 

.A~ust 26. 12 hours lapse, rnaximwn 6.9°F. 12 hours 
inversion. 

AuRust 27. J.2 hours lapse, maximum 
0 5.4 F. 12 hours 

inversion. 

August 28. 2 houra lapse, ' 2 o0 k' ma:x:i..mum ~ • ~ • 6 hours 
inversion. .. 

Sky Condition: Mostly clear skies for entire period. 

Weather: No!'lo 

' . . 

. . ........ 
.. -.· .. 
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On: 

On: 

On: 

On: 

Duration: 

Wind Speed: 

j . 

Stability 
Condition: 

WASil-170 

INVEHDION I J,JGJrl' WJND~~; , 

1909 MST, Augu;:;t 10, 1953 - Off: 0815 MST, AU[;U::it 11, 1953 

1915 MST, Aur,ust 11, 1953 - Off: 0815 YST, August 12, J.953 

1903 MST, AU GU St 12, 1953 - Off: 0Cli3 Y...3T, Aueust 13,.195.3 

1832 NST, Aueust i3, 1953 Off: 0750 rt.ST, Aur,ust 11~, 

53 hours 4 minutes 

Light for entire period except for 2 hours mcxlerate 

Aurrust 10. 
midnieht. 

Hourly avcrar;es, 5-9 miles per hour until 
Peak eust 15 miles per hour at 2lCO MST. 

1953 

Aunust 11. Hourly aver aces, calm-4 miles per hour in 
morning, 3-8 miles per hour at night. Peak cust 14 miles 
per hour at 1900 HST. 

August 12. Hourly averages, caJni-5 miles per hour in 
morn inc;, 7-10 miles per hour at night. Peak gust 16 miles 
per hour at l~CO MST. 

Aur;ust 13. Hourly averaees, 1-8 r;d.le s per hour in 
morning, 7-17 miles per hour at night. Peak gust 2S 

· miles per hour at 2130 MST,. 

August '.!:.S.· Hourly averages, calm-4 miles per hour until 
termination. Peal{ gust 8 miles per hour at 0100 HST. 

. . 
August 10. Inversion bcean 1917 V.S'l;'. 

August 11. Inversion ended 06,36 MST, began 1914 MST. 

,AU[!E.St 12. Inversion ended 0710 MST, began 1859 HST. 

August l~. Inversion ended 0708 XST, began 1819 MST. 

Au13ust 111;. Inversion end~cl 06'1.7 MST. 

... Sky Condition: Mostly clear Aueust 10, 1'1, arrl 12, partly cloudy 13 and 14. 

Weather: None 

\ 

........ . . 



On: 

On: 

On: 

On: 

Duration: 

Wind Speed: 

Stability 
Condition: 

WASH-170 

J.APSJ·;~ Lln111' WINDS 
, . 

OSlO HST, Augu:;t h, 195.3 - Off: 1610 M:JT, Auc;ust I+, 195.3 

0757 l{ST, Aucust 5, 1953 - Off: 1612 M3T 1 Aueust 5, 195.3 

0755 MST, Aur;ust 6, 195.3 - Off: 1611 MST, Aueust 6, 1953 

0745 MST, August ?, 195.3' - Off: 151+5 MST, August 7, 1953 

32 hours .31 minutes 

Nostly light with some moderate 

August~~· Hourly averaees, 13-17 miles per hour entire period. 
Peak gust 29 miles per hour at 1600 MST. 

August 5. Hourly averages, .3-9 miles per hour entire period. 
Peak gust 15 miles per hour at 1600 MST. 

August 6. Hourly averaees, 4-10 miles per hour entire period. 
Peak gust 20 miles per hour at 1600 MST. 

,Ausust 7. Hourly averages, .3-9 miles per hour except 12-15 
miles per hour last two hours of period. Peak gust 28 
at 15.38 MST. 

A~st 1±. Lapse began 0655 HST, ended 1921 HST, maximum 
6:56F. 

Au~st 5. Lapse began 061/> N.ST, ended 19.30 MST, maximum 
5. F. 

Au PU st 6. Lapse began 0700 HST, ended
0

1808 HST, maximum .. 
5.5°F. 

AU,";USt 
6.o°F. 

7. Lapse began 0716 HST, ended 18h5 HST, maxirnum 

Sky Condition: Hostly clear Aueust I+, 5 and 7,· partly cloudy on 6. 

Weather: None 
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On: 

Duration: 

Wind Speed: 

Stab:i.li ty 
Condition: 

Sky Condition: 

Weather: 

Lhl'SJ~, STH\!NG WINDS 

0$43 HST, J\Ul_~ur.t 24, 1953 - Off: 1857 Y.S'l', Aueust 24, 1953 

10 hours 14 minutes 

Hostly stronc "rlith :.;ome moderate 

Aur~ust 2lr. Hourly averages 24-25 miles per hour most 
of time with 12-21 miles p~r hour at beginninc o.nd end 
of period. Peak gust JJ_ miles per hour at 140.3 H.ST. 

Aur:ust 24. Lapse began 0728 1':ST, ended 1900 HST, 
maximum ?.6°F. 

Scattered cloudiness 

In addition to the general dustiness of the air, individual 
clouds of blowinc 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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I KAPL 1i1n CLEANING rnoGHAM 

By L. J. Cherubin nnd J. J. Fitzgoruld, GE, KAPL 

A brief description of the air clenninr; rcquiroments at the Knolls Atomic 
Powor Ln.bortitory is given. A total of 407 ,600 cfm of nir is cleaned ir1 which 
the CWS-6 filter \Ulits are used to cle~n approximntcly 80 per cent of the nir 
nt the l.aborntory. Caustic scrubbers ru1d o.n electrostatic precipitator are 
utilized in specific air cleaning operations. 

Tho efficiency of the air cleaning units is indicated by the low concentra
tions of rudioactive and toxic materials in the environs which are tabulated. 

The collection efficiencies of six filter media used for air clcw1ing and 
air sampling are tabulated as a function of face velocity and particle size. 

INTRODUCTION 

;Before discussing the air cleaning requirements and investigations at the 
Knolls Atomic Power Laboratory, it seems appropriate that one should dcGcribo 
the Laboratory and its program •. The Knolls Atomic Power LD.boratory :i.s operated 
by the General Electric Company under contract with the United Stateo Atomic 
Energy Commission. Mr. Karl R. Van Tasoel is the General Manager. Dr. Kenneth 
H. Kingdon is the Tecbnico.l Department Manager while Mr. F. E. Cr.ever, Jr., is 
the Engineering and Projects Department Manager. 

The Knolls Atomic Fower laboratory is primnrily concerned with the develop
ment, design, manufacture, and installation of an interruedio.te reactor for sub
Illllrino propuloion. This reactor, first of its type, uses.uranium as fuel and 
sodium as a coolant and will 9e installed in an actual por,tion of a submarine 
under construction at our West Milton Site. The reactor and engine room com
partment of thio submarine prototype will be enclosed in a tank of water located 
vithin n gas-tight 2~5 foot steel ophcre, tho lureoot ever built. The Laboratory 
is nloo engaged in developing a submurine intermediate reactor for actual instal
lation in a sea-going vessel. In addition to this type or work, KAPL is respon
sible for furniohing tho neccaonry dovclopmcnt vork as assiotanco to the Ranford 
and Savannah River o:poration8 offices. Thia offort is directed tomird improving 
production facilities. 

The work on these projects, illustrated in Ficure l, is carried on in the 
i'ollowing facili tio3: tho Kuolls Atomic Power Lu.boratory, loco.tcd in tho 'l'own 
of Niokayunu; Peck Street SJte, located in tho cj_ty of. Schcnc.:ctud,y; the A.lyilaue 
Site, located in the Town of Al1Jlnuo, nnd the Wont Milton Site, loco.ted in the 
Town or Weot i.alton. The .Knolls Atom:i c Powor L9.borutory (KAPL) io loc:atcd on a 
pl.ot of' o.pproxiro:J.tcly 170 u.crca of lnnd in tho Town of Nisk£lyuno., New Yorl:, 
about 5 Jailoo cnot of tho contor of tho City of Scilenoctudy o.nd about 1/2 mile. 

:from tho General Electric Comp0.ny Rou0arch lnborutory. It wno complotod Jnnu
o.ry 1, 1950, o.t a coot of npproximD.teJ.y $28,ooo,oci::). 

118 WASII-170 
... , ~ .· 

'• . ~ ... " . .. ., . ~ . . . 



·. 

E'lil1i~s 

Ch!J:::.istry e.!ld. Cb.e:ical 
E--...,si!lceri:ig (E-1, G-1) 

Li!lu id Weste 
Proc~cs!ng (IT) 

Sena.rations Pilot 
PL~':. (G-2) 

Se:Jaratione Pilot 
.P~t (G-2) 

Se~e.tions Pilot 
Ph:.t (G-2) 

Y.a:iufacturing (D-3,4) 

Y.e.r.ufe.cturil"g 
(D-1, D-4, Q-4) 

No. Ex.he.uet 
t':lits 

5(E-l~ 2,6,7,8) 

2(475-3, 475-4) 

2(E-4, 475-1 
475-2) 

1 

1 

l(E-1) 

7(E-4,J2,13) 
(E-3, A,E,B) 

P!:ysics a.:.d Xetallurgy 4(n~3,4) 
(F, Z-3, A-2) 

~e~ioactive Xateriale 3 
:..e.borntczy (E-'2) 

'l'otal 26 

Capacity Clen.:.ing 
Systco, in cf'::l 

154,ooo 

43,000 

103,500 

200 

1,400 

78,600 

21,600 

4,500 

6,800 

407,600 

TABLE,l 

Air Cleaning 
Syete~ 

Glass Wool and· 
CW'S 

GlR.se Wool e.nd 
cws 

Glaee Wool and 
cws 

Ne.OH Spray 
Colw:m - 13' 

Ile.OH 30" I.D •. 
x 47' high 
:porcelain-ri:ig 
pa.eked, colw::n 
23 f high 

.Multiclone 
preci:pite.tor, 
elect::oatntic 
precipitator, 
glees wool 

Description of 
A::eno 7ent!lated 

Leboratoriee, ~001.a 
hot cavee, be.ee::.ents 

Celle, evaporator areas, 
hot d:-ain tu.m;.ele, control 
e.nd cha.nee roo=.s 

Weigh tank e.z:.d constant 
head areas, offices, hot ce.ve, 
crane gallery, cell e.ccese 
corridors, e~~pli!lg e...;.d 
rote.i:eter e.islea, cells 

Dieeolver off-gee end head 
end process vesaele vent 
air scrubber 

Rold-up e..;.d ~eed, recycle 
tenks, ban~e, end decon
tami.::iation roo.::i 

¥.a.chine shop ventilation, 
metal vorking laboratorJ, 
laboratory hoocs, vault, 
crarge areea, (high ~d 
lcv velocit7 eyste::::.s) 

Glass Wool and Health Phyeics I.e.boratory, 
CWS laboratories e.:i.d hoods, 

furnaces end f illi~g room, 
vault, degreaser 

Glass Wool and Roods 
cws 

Glass Wool and Cave Area, deconte.::iination 
C'..'S area, hot boxes 

Uni ts Seno~ or 
Z".lr.ee Ccr.erc-!. 

197 

62 

94 I 

122' 

38 

4 

12 

529 ' 
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'l'hc Ato::iic ro\\cr Laborntory, 0.0 ohOl.'n in tho COll')_.0UltC photoe.rupho, corinioto 
of n main group o.f i'ivo intcrcornioctcd buildJ11c;tJ providing 01mco .for ndminiuLru
tion, crifotcria, phyoico luboraLory, gcnoral ohopa, nncl motnllurglcul and cngl
nccrinc; lnboro.torioo. In uJ.cl:ition, thcro io unothcr group of thrco intcrconncctod 
buildinco houoing n chomicnl lnborutory, pl lot pln.nt )nborntory, nnd SCJlO.rntiono 
Procooo Rcoourch Unit. Thero uro uloo 12 dotucltcd buildings providjng f'or ocrvico 
:fo.cilitioa. Thero io npproxirno.tely 3(1,000 aqua.re f'oet of grooo i'loor apace in 
thooo fncilitioo. .Additional oitc i'ucilit:loo include o. Preliminary Pile Aooemb1y 
'-:hich is n 1"loxiblo mockup 1"or tho intermcdinte nuclear rcnctor, a ~'hermn.l Toot 
:Rco.ctor, uoed prit~'lllrily :for rcoeo.rch purpooco, nnd To st Colle :for a Radioncti vo 
Matorio.ls Lflborntory • 

.Ap1Jroximnte1y 20 per cent of tho otuf.f is employed at the Peck Street S:! te 
located in Schenectady about one.mile north of the center of tho city, and the 
liquid metnl research work is conducted at the Al:plnuo Site which io nituntcd in 
tne Town of AlpluuB, np:proximutcly 3 miles northeuct of Schenectady. 

The West Milton Site is located on a :plot of about 4,000 acres in the Cmmty 
of Saratoga, approxir:.iately 18 mJ.lco north of Schenectady. Tho construction of 
the 225 foot sphere to house tho submarine rirototypo, ahown in the composite photo
graph, hao been corarloted and the ophoro has been success.fully·:prossure tested. 
Six permanent-type buildings will be erected at this oite. There are approxiraatoJ.y 
2 1 000 11eop,le e::nployed at the Y.nolls Atomic Power laboratory nnd its f'acilities. 

AIR CLEANING REQUIRE:t-IBNTS AT KAPL 

To deocr:1be the YJJ'L air cleani:::i.g :program, the air cleaning roq_uirements will 
be enwrerated by a consideration of tho numbers ana typos o:f air cleaning systems 
used togGther with the capacities of these systems and the arena serviced. The 
efficiencies o:f these air cleunilig systems will be indicated by the concentrations 
of toxic elements in the stack air effluents nnd environs. 

However, before illustrating the data on the KAPL air cleaning systems and 
the concentrations of toxic materialo in the stack effluent and tbe environs, a 
£ew pictures of the stack air cleaning systems, typical arena ventD.nted and the 
envirorur,ental monitoring equipment will be presented to nid in the description o.f 
the KAPL air clenning program. 

A 100-f'oot stainless stool stack serving the Separations Pilot Plant is sho·.rn 
in Photograph 1120906. The I.iquid Waste Processing building which is situated to 
the loft of the main buildi-ne in the photograph has a 50-foot hic;h stainleuo steel 
stack. To the right of the 100-foot stack is a caustic vent scrubbor serving in 

· aeries with a glass wool CWS filter unit. Sc:po.rationo Proccoo gnoeo and entrained 
particulato rmteriv.l n.re vented throu[;h thin scrnb'ber rmd CW'3 filter. On top of 
the Pllot Plcmt Building you can nee one o:r mn.ny ty:picnl stubby air cY .. .hu.unt p1r·os 
utili:z.ed nt KJ\PL. Those exlmuot pipes are llJJproximnto}y lG to 20 feet above roof 
lcveJ_o. 

A typical filter unit encloolnc gle.oo vool nnd CW3 :fi).tcra io nhown jn Photo
grar,h 1120929. A portion of the cyclone cc:p::i.rator which pre cc den tho electro
static prccipi tutor ir the Special l,iateriulo Mo.chine Shop 'Whore bcrylliu.:n CTid. 
uraniu,-r. nrc :rr.nchincd j a de11:l cted in Photoern1)h l08G99'.>. A hood in which hichly 
r~::Uonctivo r.10.tcrjalo nre mo.n1puJ.utod io illuntro.ted in l'hotogrnpr1 ll2Ci>98. l)hoto
grnph 1086992 uhrr"'o vontilntion provided jn tho Special Mntcrio.lo Mo.chino Shop. 
I'hotor;ruph 1120928 cluplcto o. cuvo o.roo. in -..:Mch. hichly rnclionctivc mP.torio.lo nre 
atudiccl for rudin~i,j un dwr:a~o or offoct on ronctor otructuro.l mntorioJ. or :fur~l 
olomonto. A typicnl uir moni to:r.ing inatrwr.outl\tion om11loyod nt Y.APL in oho-.111. in 

... 
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Photogrnph 1096993. A GM counter nnd o.n nir ionization cllllmber o.ro uood for tho 
mo1~1tor111g of o.ir 1n tho cnvirono. 

Photogrnph 110Tfl5 dO})icto ru1 onvironmontnl continuouo nir purticulnto I:i.oni
toring unit omployi1113 n GM counter, n vibruting rood oloctromotor and continuouo 
rocordor, aco.loro nnd recordoro for tho two GM countoro. 

An I-131 ocrubbor uood for otuck und onvironmonto.l nir monitoring purpoooo 
io illuotrntod in I'hotoernph llOJ1hll1. Not ohown, howovor, !o a Krumo Chumbor 
unit uood to dotoct tho rndionctivo noblo guoon n.nd tritium. 

Tho dntn in To.blo 1 indicate tho vuriouo buildll1go on tbo Knolls Sito, tho 
number of air ox1inuot units, tho toto.l cupacity of tho o.ir cleaning units, tho 
ty:po of uir clouning systems, n general doocription of n.reao vont:tlutod, and o. 
number of 1.Ulita served or zonon covorod. You co.n rondiJy soo thnt the glass 
wool CWS filter oyotorun prodom.innte, thnt tho cyclone oopo.ro.tor-cloctrosto.t ic 
precipitron in n mnjor system while tho caustic scrubbers o.ro confined to serv
ing tho vontinG of' process vessels in tho Pilot Pln.nt ru1d trout n vory small 
volurjo of the laboratory air nt KAPL. 

Tho nature nnd runounts oi' toxic elements omitted in 1952 i'rom tho var:l.ous 
laboratory buildings a.re listed in Tuble 2. Emission of radiogaocs is associated 
with short periods (a :row hours)' and dilution in l.n.rgc volume of stack air. 
These gancs have presented no sienifica.nt health huzo.rd problems at KAPL. All 
those toxic elements are released into stuck.a discharging from 40)000 cubic feet 
of nir p:::ir minute or more. .Tho Scparat ions Pilot Plant stack effluent is the 
most im11ortant f'actor in the contrutlnation of atmosphere with i'ission products 
and alpha activity. The stack effluent from tho Special Materials :V.n.chino Shop 
building (D-3) is the major potential eourco ·of beryllium contruni.nation. in the 
envir01;.mcnt. 

The data in Tnble 3 indicate to oomo dogreo the radiation levels at contact 
associated with tho particulnte filters. As one would exJ)3ct process ceJJ. air 
filtero arc the highest. 

The range of concentrations of the various toxic elements ii1 the KAPL stack 
air effluents are illustrated by the data in Table 4. The data :tndicate thnt 
atmoopheric air dilution must be relied upon for the Separations Pilot Plant 
etnck exhaust air but the dilu:tion factors required are low even at the maximum 
concentrations. / 

Tho d.ato. in Table 5 indicate that atmospheric dilution is also required to 
. reduco I-J31 concentration emitted from the Separations Pilot Plant, and the 
beryllit~~ concentration released fro~ the Special Mo.terio.ls Machine Shop build
ing to pcrmiooiblc concentro.tiono in the cnvlrons. The data indicate thnt the 
CWS filters are vory effective in remov:inc berylliwn from laboratory hood ex
hauot nir. 

The dntn lintcd in Table 6 chm: thnt no concentration of' beryllium above 
the prcocrfoed limit of 0.01 µcf1'13 was detected :i..n tho onvirona. The rnd:tonctivo 
parttcle cmmt represents ao.mpling of .three on-o:i.to and two off-oi te locntiono 
and io diluted by do.to. from the West ?-Ulton Sito. T!'lcso datn nlno reflect out
side influences no vcll; however, roaximu.rn particle counts from Y~PL opcrutionn 
exceed thoac noood o.tcd with outnido influence. Tho local pnrt:tcle problem re
aulto from the entrn:tnmont of :pnrticulnto mated.al from tho oopo.rntions procooo 
or>0rntiono rnt:ier th.an f'rom stnck corrooion. 

'I'ho filterable pnrticulatc fiooion. product concontrntiono which woro dotor
m1.ncd o.t tho onvi.ronmonto.l ntationri nt Kfd>L uncl \.loot Milton nro illustrated in 
Tublo 7. 'l'booo conccntr11tiono roprcoont 3- or l1--do.y uvoro.e;oo. JJuildinc M-2 is 
in 'Lho :prcvnilinr; wind diroct:ton from tho otuck ut n diotn.nco npprox:IJr.•.itoJ..y 10 
f' l •.ck boiel.t1J uwuy. 'l'ho Woot Milton d11tn. nro consiclo1·od bo.cl~e1·ound du tu for 
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TABLE 2 

.A.V.OUNTS OF·TOXIC ELEMENTS DISCHARGED INTO ATMOSPHERE - 1952 

--Non-Volatile 
Building Beryllium Fission Products . I-131 Radioactive Gases Alpha. Activity 
Stack !>~illigra.'llS Curies Milli curies Curies Curies 

D-3 110 
~ 

D-4 11 -- --- --- --- E; ... ....., 
I 

.-· 1-J 
:E-1 --- \ -- --- -500 --- -: . 

0 

E-2 

S.P .P •. --- 40 113 91 0.7 
. 

Total 121 40 113 591 0.7 

' 
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TABLE 3 

ACTIVITY 1$VELS OI~ AIR CLEANING SYSTEV.S 

Ra.d:tntion Levels 
(Contact Mcaouremcnt) 

. Building Area mrep/hr mr/nr 

E~l Laboratory Hood Filter 500 50 

E-2 Radioactive Viaterinls 
Laboratory 10 5 

G-1 Laboratory Rood Filter 175 10 

G-2 Rood Filter 370 14 
Cell l Filter 20,000 1,500 a.t 3 f't. 

R Pipe Tunnel Filter 950 150 

.. 

\ 
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... .. . , 
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TABLE 4 

STACK EFFLUENT CONCENTRATIONS AFTER AIR CLEANING 

ALPHA ACTTVIT'! 

BuildiS)_ No. Sam.'Oles · No. < 3 x lo-13 ~ cLcc No. > 3 x 10-13 e cLcc Ma.xi.mU.:!l E!.cL cc 

G-2 (S.P.P.) 572 384 188 5.7 x io-11 
G-2 (.Laboratory 151) 248 248 
E . 521 521 
E-2 73 66 7 1.8 x lo-J2 ~ E-1 502 502 --- --- l=I 
G-1 246 246 --- --- I . !:; . . 

o· . . . 
. c ; .· FISSION PRODUCT ACTIVITY . 
.. ·'"'-.. ........ - Building No. Se.mJZles No. < 10-11 1t.cLcc No. > lo-11 1!. cLcc Me.xi!!l.um. £!.CLcc . . 

G-2 (S .P .P.) 572 43 529 6 x 10-1'. 
G-2 (Labo~atory 151) 247 247 

1.4 x io-11 .. R 504 495 9 
: :3:-2 72 ·. 26 . 46 6.7 i:. io-ll 

E-1 502 502 
G-1 246 246 

. ' 
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Building 

G·2 (S.P.P.) 

Building 
. 

I 
I 
I 

\ 

D-3. {~~chi~e Shop end laboratories) 

:B-.iilding 

D·4 (Le.boratories) 

l3uild.ing 

D-3 ~?l..achine Shop end. I.aboratoriee) I 
D-4 .Le.~oretories) 

TABLE 5 

STACK EFFIIJE?."T CO~CEN'l'P.ATION AFTER CLEJ\...~Ilm 

I-131 

No. Samples No. >10-ll µc/cc 

464 154 
.....___ 

URANIUM 

No.> 20-6 
<5 x 10-5 µg/cc No. Samples No. < 10-6 µ g/cc 

700 486 214 

· URANIUM (ENRICHED) 

No. >10-12 
No. Samnlee No. < 10-12 p. cl cc < ~.3 x 10-ll i:_cLcc 

656. 655 l 

. - BERYLLIUM 

No. Sam!!lee No. < 0.10 µ 6_fM3 
No. >0.1 

3 < 1.0 µr:,/M. 
·. 

694 693 1 
655 655 ---

. 
}l°.aY.JJ::u.!:t µe I c c 

4.7 x lo-8 

?l.e.x ilc.1!!1 µ g/ cc 

8.1 x 10-6 

Y .e.x:!.-"'U!!t µ c L cc 

4.1 .x 10-12 

}l.e..Y.1.:lu::i µ gjy} 

0.2 
0.02 

~ 

~ 
c::: 
I ,._. 

-.l 
0 

~ 
\,.~ 
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I 
j. 

Beglli'U!:l 

Loce.ticn 

On site, down.Yind 

Re.directive Pe.?"ticle Co·mt 

Locatio::i 

Three on site 
'.0.·o off site 

TABLE 6 

KAPL ENVIRONMENTAL AIR J.mNITORING - 1952 

No. Se.m;plea 

136 

No. Sar.role a 

519 

No. < 0.01 µg/M3 

136 

Daily Average Number of 
· Pa.rticlea/103M3 

287 

'· 

?t.a.xinu=:i µ g/J.~3 

<.01 

!'...e...~imum. Monthly Averege !\u=.ber of 
Pe.rticles/lo:5y.3 

954 

. ' 
" 

~ 
°' 

s en 
r:::: 
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TAJ3LE 7 

. KAPL m,'VJ:RONMENTAL AIR M01ITTORING - 1952 

Fission Product Activity, in lo-13 uc/cc 
...... 

Locations 
Period . Building K Building M-2 Building A-1 Research Laborato17_ west ?-alto:i 

J e.:i.ua..-y - Average <3 3.1 ...... _ <3 <.3 <3 
- ?-~:i=1.1"n. <"" ;) . 8.6 <3 <3 <3 

Feb:rua..-y - Ave::-a.r,e <3 5.7 <3 <3 <3 
- l·~a.xir:rum <3 17.0 <3 <3 <3 

}~rch - Average -< 3 6.5 <3 . <3 <3 
- }!axiI:lUlll. <3 18. <3 . --- . ·-. 5.8 <3 ~ 

April . - A>era.c,e <3 40. 7.1 <3 <3 \/) ..... 
- i·mi::n!!l <3 310. 45. 3.4 <3 

,... 
I 

~· .. v - Average <3 302. . 13. <3 <3 !:; 
'- .... .,. . 0 - . - ?·:a."'= i I!JJ..Ull 7.2 2400. 76. 5.2 3.2 I 

June - Avere.se 6.4 41. 12. ll. 12. 
- Kn .. xi::i:.m 16. 190. 34. 38. 43. 

July - Avcrace < 3. 6.8 4.7 - 5.6 3.4 
:- . - }~"(ir:;:um 3.3 25. 15. 14. 7.9 

Aug-.ist - Avcrac,e 3.0 .. . '7 .4 3.7 3.2 <3 
- :·~"'Cit:'U.J.~ 6.3 15. 7. 8.3 3.5 

Septc=ber - Avera.r,e <3 <3. <3 <3 <3 
' - - }~"Ci:::l:J!l. 7.2 15. <3 <3 4.1 : 

October - A'•erace <3 <3' <3 <3 - < 3 
- l·~ "d. !I!l.:m. <3 <3 <3 5.4 <3 

NoveJ:Jber - Averar:,e <3 <3 3.7 <3 <3 
- }~'Cim:J..!.!!l. <3 3.1 20.0 9.0 4.2 

Dece::ilier - k:cre.r:,c <3' 206.2 <3 <3 <3 
- 1r~C...'"{~ 14 1400.0 5.8 7.2 3.5 

. ' 

f\) 
-.1 



TABLE 8 
J:;:) 
C> 

KP.PL ENVIRONMENTAL VEGETATION MONITORING (FISSION PRODUCTS) • 1952 

Site No. No. > 20' x io-6 Average ?IAY~ 
Period. location Srun;plin~ Pointe 1:.c/g in 10-6 1:.cLs_ in 10 ll.cL~ 

Janun:ry Kr.oils 7 2 20.5 34 
Near K..TJ.olls 

. 
7 3 36.6 53 

West Mllton no samples 
Febru!!I"Y' K..TJ.olls 6 l 21 21 

Nce.r Knolls 3 0 * Wost Kilton l .. - i-:--· -- ... 
34 34 

?-'.arch K:lolla 6 __ . __ 
-·· 4 - -- 22 36 

Neer Knolls 3 2 I 20.5 25 ! West Milton no samples i ......_ 
April K::!olls 7 7 I 27.8 95 

Near Knolls 8 7 31.4 &5 
Wost Hilton 2 2 29,5 59 

z.'.ey K.'101.ls 7 3 27.0 62 
Near Knolls 8 ? 23.6 35 .J 

West .!-'d.lton 5 l 24 24 ~ June K.'1olls 7 7 57.1 176 
N·~r Knolls 9 8 96.2 287 I .... 
West Milton 5 4 

. 
66.o 209 -.:J 

0 
July K..'1olls 7 2 25.5 59 

N0ar Knolls 8 2 23.l 51 
Wcot !.Ulton 4 0 * 

Auguat K.TJ.olls 7 0 * 22 .. 
Near Knolls 9 0 * 20 
West Milton 5 ·O * 

Septe::i.ber • K:iolls 7 1 37 61 
Near Knolls' 9 0 * 30 
w~et Milton no samples 

October K:iolls 7 0 ... 21.l 
Near Knolls 9 0 ... 
West Milton '3 0 * 

Nove::iber Knolls 1 4 28.7 84.2 
Near Knolls 9 8 25.9 128.o 
West Milton 3 2 41.3 89.0 

December K.'10119 7 6 44.1 138.o 
J;eer Knolls 9 9 40.6 127. 
West Milton· 3 3 47.4 71.4 

*<20 x 10-6 µc/g 



. 
TABLE 9 

ll:A.PL ENVIROZ..'MENTAL 'VEGETATIO!{ MONITORING (I-131) - 1952 

Site No. No. >3 x io-6 Ave~e.2',9 :!I.ax 1!:ru:n 
Period Location Se.mpli:ng Pointe µe/g :x_ 10- 1::.cLr,.· x lo-6 ~els_ 

Je.nuary Knolle 7 5 6.4 15 
Neru- Knolle 7 l 5.3 5.3 
Went Milton 0 

February_ Kr..olln 6 0 
r.ear Knolle 3 0 - I 
West 1'~1lton 1 0 -· "-. 

· Y.arc?i. F".nolle 6 0 -i 
near Knolls 3 0 
West ?-'J.lton 0 

April Y..nolle 7 0 
!!car Knolls 8 

. 
0 

Weot Milton 0 
l'.e.y !::...':.oils 7 0 - - ~ c near Knolls 8 1 - 4.4 ' . . ., 

4 -West Milton 0 . - - I I ". June Knolls 7 2 3.3 8.3 I-' -: 
Neur Knolls 8 0 0 - -
West Milton 5· 0 - 3.7 

Jul;r Kr..olle 7 0 - 6.1 
,. : '"c ! . Near K.'1olle 8 .. 0 - 3.8 
~ '- Wcot Nilton 3 0 

Auguet • Kr.. oils 7 0 - 5.5 
Ileo.r Knoll.a • 9 0 
Wcet Hilton 4 0 

September K::iolls 7 0 
Ncur K..'1.olle 9 0 
Wcot Milton 3 0 

October Kr.ollo ·7 0 
Ncc.r Knolls 9 0 
Wcat Milton 3 0 

Novermer Knolle 7 0 
Near Knolle 9 0 
Wcot !·l:!.lton 2 0 

Dece::ber Y..nolls 7 0 - ~ 

Neur Knolls 9 0 
Weat ~'.ilton 3 0 

~ 
"' 
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Filter 
Media 

w-4o 

w-41 

H-70 

AEC-1 

cc-6 

AAA 

WAfHI-170 

r • 

TABLE 10 
.. 

EFFICIENCY OF FILTF.R MEDIA 

Mo.xi mum Minimum 
Eff'iciency- Efficiency 

Effi- :Particle Face Effi- Particle Face 
ciency, Size, Velocity, cioncy, Size, Velocity, 

Por Cont Micron cm/soc. Por Cent Micron cm/sec. 

99.7 ,2.1 100 59.3 .2 10 

99.6 2.1 10 85.2· .2 2 

99,9 2.1 5,50 97.0 .2 10 

>99.9 2.1 50,80 92.9 .2 1 

>99.9 2.1 2 98.2. .2 0.5 

>99.9 2.1 20,50,80 97.5 .2 40 

TABLE ll •. 

EFFICIENCY OF FILTER MEDIA 

Per Cont Efficiency 
Filter (at 50 cm/oec and for • ·Relative 
Media 0.2 micron :particles) Penetration Penetration 

w-4o 97.2 2.8 4.o 

w->il 98.4 1.6 2.3 

H-70 98.9 . l..l 1.6 

AEC-1 99.3 0.7 1.0 

cc-6 ~9.2 o.8 1.1 

AAA 98.8 1.2 1.7 

.. ... . ~ ... .. . . .. . ... "' . ,, 

·------------------·-'"'""''"'"1,i-,~···""'"""''"'"~~ ......... ,.,,&,._,_ .. ,.._.11 .............. -'\ ·-· ---........... _______ ,.,,,.."'_,, •• ---·--····--·-·---"·---·-""''" 
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ootiJnati11g outoido iufluoncoo. Thooo concontrutioi.u indicnto no oie,nificunt in
hnlntiou hn:.nrJ.o nt tho Knollo Sito. Al1)hn activity dotonn:U1ntiono woro bo.J-ow 
etntioticnlly eie;nificru1t vnluoo. . 

Tho atntuo of vogotntio11 coutwui.nutiou on tho .Knollo Sito, vicinity nnd 
'Woot .Hilton io indico.tod :1.l1 Tublo 8. Vo.rintiono in nnturo..l potnooium n~ti vity, 
o.nd out$ido ini'luoncoo mn.ko it difficult to 0.00000 tho oolo influence of local 
oporntiono. Woot l-lilton owuploo, howovor, aro n guido to tho in.fluonco of out
eido oourcoo. Conto.minntion of vogotntion due to activity in procipitntion 
(rain or onow) is probably the domil1nnt ofroct rnthor thlln tho dopooition from 

· :fall-out. 
An occnoionnl ovidenco of I-131 conto.:nino.tion in the environo is indicated 

by the dn.tn in Tublo 9. 
Summing up the air cloWling atntietica at KA.PL, the moot oignificant nmounts 

of alpha activity, fioaion product activity, and radioactive po.rticleo are 
~mitted from the Sop.'.lrations Process stack (approximn.tely 100 ft. high). The 
stack effluent from Building D-3 roof stack (o.pproximn.tely 16 feot high) contains 
the moot significant concentrutions of beryllium. Atmospheric dilution, though 
usually of a low order, must be relied up~n occasjonally, even after treatment) 
to reduce airborne contaminants to nccoptuble levels from the point of view of 
inhalation hazard nnd vegetation conta.:nination. The Sopnrations Pilot Plant 
etack ai:r effluf'lnt. has receive.a_ the great.est attention with respect to isotopic 
identification of radioelements emitted, :particle size, and proper sampling 
methods. 

AIR SAMPLING AND AIR CLEANING INVESTIGATIONS 

Air srunplil1~ and nir cleaning investigations at the KnollB' Atomic Power 
Laboratory during fiscal yoar 1953 were grouped into three categorios: (1) ef
riciency studies of filter media, (2) efficiency studies of air sampling and air 
cleaning units, and (3) the evaluation of the KAPL separations process stack ef
rluent. Some of the results of' efficiency studies of filter media are briefly 
discussed ·here. 

Filter Efficiency Studies 
•· 

The efficiency of six air sampling filter media was determined in the par
ticle oize range of 0.2 to 2.1 microns under the lieht microscope uoing M:Ulipore 
filters. The filter media, Whatrnn.n-40 &"ld 41, Hollingsworth end Vose-70, AEC-1, 
Chemical CorJ? 6 (CHS-6), and AAA (1106-B) glnss fiber paper were tested through
out the .face vcloci ty ranee of 0.5 to 100 cm/occ. E.ff·lciency wao exp.Noocd on a 
aizc count bnoio "for oolid p~rticlco of 2.7 r;n/cm3 dcnoity. Tho mn.ximum o.nd 
minimum efficiencico for these filter media in the specified rungco are lioted 
in Tablo 10. 

Tho maximum efficiency for all filter media. van greater tb.rul 99. 5 per cent 
at vnriouo fuco velo9itieo for 2.1 micron particles. Tho minimwn officiencJ for 
all filter modin except the Whn.trnru1 wao grcntcr than 92.8 per cent for pa.rt:iclo 
eizoa of' 0.2 micron. It ia indicated by tho dD..ta in Tublo ll, however, t})n.t at 
operating face vclocitioa of 50 cm/occ, the efficiencies of aJJ. filter moclin nro 
greater thnn 97 por cent even f'or 0.2 micron pnrticloo. 

Thooc officioncy otudioo of tho .filtor modiu nro being oxtondod to the nub
roicroocopic ru.neo "v.:1 wm.1.yzinc undor tho ciloctron microocopo tho :po.rticloo enter
ing Wld pcwoing tlirouch tho toot .fi1tor Liodiu. 

. ' .. 

-. . : . 
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I.co Gemmell 
Honl th Physics Div. , Bro okl m vcn Nat' 1. In b. 

Nature has been kind to the Brookh::i.ven area of Long Island by providine 

a.n unusUD.lly clean atmosphere. In 1949 continuous tests were run by the 

~~teorology Group to determine the dust loading over a period of six months 

f'rom M:trch to September. Fiberglas No. 25 and 50 and CWS paper filters· were 

... • 

used with flow rates of .75 cfli1 and • .375 cflll, respectively. A total or 200,000 

cu. ft. passed through the fiberglns and 100,000 through the paper. The total· 

.- wei~ht of material collected on the fibcrgl3'.s was only .2ll4 grams and on the 

C'11S :paper .1300 ems. lmalysis showed t:i.e pa.rticula te material to be qmrtz 

grains, pollens, spores, a few salt crystals and considerable unidentifiable 

material, probably clay and humus. 

This lieht loadine of the atmospheric dust gives filters an extraordinarily 

long life. The cooline air intake filters at th~ Pile,_ for example, have b13en 
.. 

used abou~ 3 years. Tremendous volunes of air have passed through them and 

still they show only slight loacine. 

The laboratory policy nt Brookhaven states that there shall be no undesirable . 
accumulntion of contamination. The cischarge of radioactive particulate conta.~Qna-

tion is to be avoided by the use of appropriate filters or suitable experinental 

techni~ues. For operations .likely to involve serious air contamination, such as 

r:iachining active .meta.is or chemical processing of ~1.ehly active materials, the use 

of dry boxes with suitable filt~rs and ve:1tilattne blowers is required. As a re-

sUlt of this polic;.r r:io::;t lab hoods, where there is a chance of radioacti vc p."l.rtic

uln te being generated, are equippec.1 with the CHS-6 type filters. These areas 

include Chemistry, Diolo(;'.r, Medical, Cyclotron 'J'areot Ui.b, ;fot I.abs, Hot lbchinc 

Shop, 1"..;t.:i.llurey L~bs, Nuclear Encin.-::cr5.nc lab::; :-ind Pile Inbn. A totnl of 215 of 
I 

lJi2 ~ASH-170 

•• • .. 1C. _______________ ..,;....._.,.;;-._,.;;;....., .... ~...'.~.~··~·····"" 
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thin type of f:i:ltor is prcGcntly in use nt DNL. .Air .. onditioninc at the Pile, 

Hot lnb, etc. are presently using /1.1:1.ericun Air Filter Co., Air lht r.ut~rial. · 
I 

Of com·sc, the cr~ntcst air clcaninc operation at Brookhaven is in connection 

with the coolinr; air n. t the Pile. To cut dowi1 on pnrticula tcs en1:.crinc the Pi.le 

via the cooling air, two blnlcs of deep pocket FG-25 and FG-50 filters are provided 
. 

for preclcanlnc. Each h.tnk has 4J50 sq. ft. of effective surface, to handle a 

design lo~d of lJt0,000 cfm, which results in n face velocity or J2 rt/~n. This 

taco velocity gives an initial resistance of 1 inch of water. The efficiency of 

these filters is widely lmo;.rn. 

The exit air from the Pile contains on~y those pl.rtlclcs passed by the 

intake fi~ters, undoubtedly a small amount of grap~ite dust and other impurities 

picked up by the s~rubbing action of the air stream, and nn anount of radi~ctive 

argon gas. This air is pulled along tllroueh two ducts, 10 .rt. by 14 ft. each, 

by as ma.ny as five 1500 H.P. fans. The exit filters are mn.de of glass fiber 

cloth known by the trade name RGlastex11 ms.nufacturcd by the Dollineer Corp. They 

were selected rrainly because of low resist~nce and their nbility'to withstand 

terapcrature·s to 500° F. The cloth was chosen because of the possibility of bonded 

materials failing under prolonged high temperatures and causing voids. The filter-

ing efficiency is not high o.s c~nparcd to the intake filters. They are of the deep 

socket type, 10 ft. hieh, 4 rt. wide nnd 411 thick. Each pc.ncl weighs 450 lbs. in 

its frame, anc there are 32·p'3.nels in er.ch duct to sati~fy 750,000 lbs. of air per 

hour at 31+ 7° F. 

After leaving the effluent filters, the air is passed throuch o. hcnt exchanc;er 

and then d.ischarc;ecl fror:i. a stuck about J20 feet hieh. The dilution of thr! .:itr:nsphcrc 

is sufficient to handle the ncti vn. tcd o.rcon who::>e hn.lf-lifc is only 110 minutes .. 

1".i0nitorin13 stationn in the nren. have sho\m th~1t thcro h!l.~ been no sicnlficunt rise 

in br..ickeround due to Broo~:ha.vcn opcrnt.lon::;. 

• 
.1 

. . . 
·.Ho' 
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Since tho ::uin concern in the prcvcnt..ton of radto~.lctivi t,y from cetti:-ic; 

into the cnviron:n~mt, it scei:is ~pproprfo. tc to tlcscri h~ briefly certain so.!'cty 

devices thnt huvc been in:.>t.:i.llcd to sbo\1 up any pos:>ible equipment .failurc::i. 

Less ~o.zo.rJous conditions such ns excessive stn.ck air activity, loss of rottery

·chareinu current, etc. actuates an alnrm. a.nd nn annunciator drop which shows the 

cause of the alurr:i at the co!ltrol p:1nol. 

Bew-gamma rn::mi tor;:; are inst<1llcd at various points in the Pi.le buildine 

to nonitor for external radiation from possible shield leaks or from hieh-lcvel 

contaminntion. The readings are recorded by an 8-point recorder which gives 

an alarru above a certain radil'ltion level. 

.In each duct, between the Pile and the exit air filter,·a sample of the 

cooling air ls drawn through a filter by a pump and then returned to one of the 

ducts. The filter is situated in an ionization ehambcr·which is connected to a 

sensitive d.c. amplifier. The activities on the filter are recorded lo~ally by 

a 2-point recorder, as well ns remotely in tho control room. Excessive activity 

activates the ahrm system. 

Immediately in front of the exit air filters are openines into the ducts. 

Long steel rods, with oily adsorbent rraterial attached to the end, are extended 

through these openings into the air strea..~. The adsorbine mRterial tends to 

collect particulQte m1terinl. Periodically, these probes arc removed and checked 

by so~o typo of survey instrur~ent. This gives-an estimate of possible p::.rticulate 

cont:i.mina tion • 

. Tho .fino.1 st!lck air is monitored for areon l)-ctivity. A portion of tho cf.fluent 

.flows continuously fro1J a tap on tho discho.rgo duct, through a largo ionization 

chamber (Ko.nno air cho.mbcr) nncl back into tho auction duct. The chamber is 

· .. 
. ·. 
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. conncctod to n sonsi tivo d.c. nmplificr who::;c· output i~ rccor<lod both locally 

in tho fnn house and in tho control room. Exco::;sivc nreon'or particulates 

actunte tho nlnrm zystom. 

Air samples aro tn.kon continuously in thoso plo.ccs where nir conwnino tion. 

is possible. ~\ncnevor nzsnys show airborne conUi.minntion to bo nbovc tho r.nxl.r.'lllm 

pormissiblo allowable, the wo:i:-kor ls required to wonr respiratory oqUipmcnt that 

\lill reduce the breathing hazard to co~plcte sa~cty. 

t . 
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#.in CLEANING rnom.l~.'.S AT '.l'HE SAV11m~AII IUVEJ1 PI.ANT 

By J. R. Clnrk, Du Pont " .• 

DESIGN PHILOSOPHY 

The Savannah River Plant design has had tho benefit of tho 

considerable OAJ>crienco in nir cloani~ problems which has beon accumulated 

at other AEC sites. The intent has been to profit by tho dovelorrnents which 

havo succossfully withstood the test of t:ime at other installations, to avoid 

past difficulties which have arisen whon possible, and to adapt new develop-

ments to special or conventional problcus. where no new risk.is assumed in so 

doing. The basic design pM:losophy has three main points: 

(1) .All air strowns containing radioactive particulates aro cleaned 

'W0 do· not depend upon dilution. 

(2) Contamination is confined to the smallest possible area. There-

fore we have adopted individual venting of the process vessels 
' I 

in conjunction with area venti~ in ~he "hot" areas. 

(3) Considerable attention has been given to protecting outside 

areas .fro:n the,_release of radioactive contc:mination, by fires 

and spills, even where these occurrences may oo extremely 

unlikely. 

AIR CIEAJ.mm SYSTD.'.S IN A PTIOCESS /UIT..A -
The diagra.11 shows schematicalJy tho air cle;Jrl_ng systoms in a 

procc::;s arcn which for convonicnco is here div-ldccl into sub-areas. Five 

different types of sub-areas are cquippod rrlth ind_i.vidual air cleaning systcn:s 

which include four different typos of hieh-cfficicncy f:Lltors. The vontilation 

air strc[m from oach of tho::;o sub-ureas is pullod throuc;h a filtration systC'.71. 

by blowers, and all oxhau::;t to a. common stack 200 foot in hoiGht. 
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Tho f.:in h01~::0 is equipped with cmor(;cncy <lic::;cl-elcctric 

concrdin_:: cquip;!cnt for use in c~wc of f .:iilurc of the primary source of 

power. Spare cquip;ncnt is provided to in[ntrc continuity of operation of 

the blouers. A ruinimum suction levci is set for each of the process sub

areas shown. In the event that tho suction falls bclou this set-paint, 

indicntine failure of a blower, an ala.nu is sounded, and a spare blower starts 

automatically. 

The stack it of corrosion resistant construction. It is equipped 

rd.th a stainless steel pan at the bottom for collection of condensate, 

rlhich is transferred to the hieh activity waste system. Two samplers are 

provided in the stack, one at the level of )0 feet, and the second at 196 

feet. These are designed to sa~ple the gases satisfactorily either for 

particuJ.ate matter or chemical content. 

Sub-area 1 on the diagrrun is the cen:t.ral area occupied by 

personnel. It is unlikely that the ventilation system in this area will 

ever become significantly conta11inated rd.th radioactive materials. It is 

equipped with filter units on the exit end in order to confine any such 

contamination within the building. The filter raedium ~s CWS Type 6 paper. 

Euch filter unit is divided into three compartments rmich can be inclividuaJJ.y 

isolated by remote control for maintenance. 

Sub-area 2 as shown on the chart consists of the inside 

procc:ss vessel~ containing appreciable amounts of radioactive materials. 

The ventilation air from these vessels is filtered t~ough asseubled nats 

of t1Fibrcclas" packed into stain.less steel drums which can be convcr;D-cntly 

replaced as a unit. 

. ..... . . 
Ip .. ... .. • 
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·The filter pack~nc in the direction of .:iir flo\·1 is as follow5: 

TYt)e Densitl DcEth 

1st Layor 115 K • 75 12 in •. 

2nd II ll) K l.5 18 in. 

3rd It 115 K 3.0 12 in. 

4th II 55 PS J.O 11-3/4 in. 

5th II PF 105 AA 1.2 1-1/4 in. 

Total pressure drop through the filter at 30 ft. per 

min. is 5.8 in. of water. Over-all efficiency is 

99.996~. 

The blowers on this system are equipped with butterfly da.11pers 

on b:>th inlet and outlet side. These dampers are electrically operated 

to open and close as the bloh~rs start and stop. 

Sub-area 3 consists of process vessel$ having a low· content of 

activity. The vent air from this system is heated to 150°F before filterine 

to prevent condensation in the filters. The filters are of the same 

replaceable drum "Fibr<:!glas 11 type as used in Sub-area 2 on the diagram. 

Sub-area 4 on the chart includes ventilation of mechanical 

·cabinets enclosing process equipment. The individual strc<1r.l.s of air in 

this system are filtered through small fire-proof !'Fibreglas 11 base filters. 

~s· ~~uld prevent release of activity to the stack in the event of fire. 

! . Sub-area 5 has the largest ventilation flow, accounting for 

about 60 per cent of the total stack eas. This strea.11 is filterod throueh 

a deep bod sand filtor which is modeled after the Hanford units. The 

air from tho ventilation system enters the bot'i..om o.f tho filter 

•I. 

·. . . ... . . 
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throuch a distribution sy::;trn:i :n~.dc up of clay tile::;. The ::;;_m<l size decrease;, 
. 

going upwnr<l throuch tho bed. Above the main layer tho fill.er contains tr.'O 

"hold-down" layers totallil'"IZ 12 inches. to prevent mounding. Efficiency of 

the 7 ft. sand filter is aoout 99. 7;~. The filter is equipped 1·rith an 

automatic de-..: point recorder operatinc on the eases cnterinc the filter. 

Provisions have been made for samplinr, the cnterine and exit air continuously. 

Air from these points is drawn throuGh filter paper contained in a sample 

unit which is part of the plant Health Physics monitoring system. The 
I 

I 
building design includes shielding to protect personnel while carrying out 

their nonnal assignments. 

A stack gas dispc1'sion study was made of the Savamw ... '1 River 

Plant area by the Du Pont Engineerin~ Department~ The purpose of this study 

was to determine (1) the ground level concentrations of stack gas contaminants 

under various conditions, (2) the geor.ietrical shape of the ground level 

dispersion pattern downwind, and (3) 'the r~lationship between short-time 
. 

peak concentrations and the average concentrations at downwind points~ 

T'ne study also included weather conditions such as dry bulb and wet bulb 

temperature variations, frequency and duration of 1nversion conditions, and . 
·frequency and duration of rainso 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 in~ersions are usually less than JOO 

feet thick at the Savannah River Plant site. A new diffusion equation was 

developed for the Savannah River.Plant area based.on the data obtained in 

the study. This is a modified fo11n. of the Bosanquct-Pzarson Equation. 

Tho Health Physics section at the plant has a rather comp~ehensive 

air sampling program for the plant builclinGS and the outdoor plant area.s 

...... - - . · .... --........ _ .... - . 
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as part. of its rccular HF survey work. Some of tho buildincs arc equipped 

with vocuum lines exclusively for ail· s.'.'tnplinc pm·poscs. 'l'hcsc arc dcsiencd 

for a 10 cfm swnpling rate assu::iinr; a .So:~ uso factor for the muJ.tiple 

sa~pline points in' each area. Other builclincs are swnplcd with modified 

houschold·vacuu11 cleaners. The sampling paper used in each case is a 

'4" x 8" rectaneular sheet of C1iS Type 6. At a. s.:impline rate of 10 cfm 

a min'iJnlliil sa11plc of ,300 cf is r.i.onitored, usine a minimum so.11pline period 

of a half hour. .Air samplers are counted routinely for a, ~' and 'Y 

activity. 

'· 
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AIR HANDLING 1"ACILI1'IES 

at tho 

AMES LADOfiATOilY 

By R. W. Fiohor, Amoa 

, 
The Ames Laboratory installation is primarily concerned with two 

types of air ho.ndline: (1) a general type for supplying fresh air to the 

buildin$S proper and (2) special filtering centers for handling contaminated 

air from the various process areas. 

SECTION 1 - General Air Snoply for the Ifoscci..rch Building 

The air hnndlinG system in this building has recently been increased 

to handle 60,000 cfm fresh air at -20°?. 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 buildinc, it was necessary to increase our fresh air supply 

from 20,000 cfra to 60,000 cfm. The total air handling capacity is approxi-

matcly 1001 000 cfm. 

The ·fresh and/or the recycled air is first passed through an oil-treated 

Farr filter, then throueh a bank of electrostatic filters end finally 

throueh carbon canisters }mich remove odors and other materials passing 

throur;h the electrostatic filters. These carbon canisters are loaded 

·with coconut-shell charcoal and have a life of approximately two. years. ~rle 

have found from operatinr. experiences that these canisters must be r,ivcn a 

protective coating to prevent corrosion. The estimated operatinc cost is 

. approx)matcly five cents per cfm per year. We believe that this copt is more 

than justified since it does pcrrr.it the recyclinr, of laboratory air \.Jhich 

normally would not be permitted, resultine in' a much lower operat,inr; cost both 

£or steam in winter and chilled water in summer. 
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1'hc air, after passinr, througl) the carbon canisters, r,ocs across the 

heatinr, or coolinr. coils 1 then throu,:h sprey chambers which serve to cool 

or hwnidify, depcndinc upon the rcquireir.cnts of the moment. Tnc system 

is then divided into two 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 balancinc the 

system and alterinc temperatures for various areas. The buil<linc 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 Handl:i.ne E'ystem 

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 dischareed out of the stack. lS,ooo cfm of air is 

brought in through a pre-filter consisting o.f a bank of Farr filters, then 

through a bank of deep-pocket FG-2S 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 . 
air is filtered through a bank of FG-25 deep-pocket fflters, then through 

a bank of FG-50 deep-pocket filters and finally through a b<mk of C1:!S 
. 
high-efficiency filters. The exhaust system consists of welded metal 

ductwork located outside the building proper cxtendinr, up to the roof 

where it is ~i~chareed strair,ht up into the atmosphere. The exhaust fan 

-is powered by a two-speed, hir,h-head blower, enablinr, the system to operate 

at the lower speed durin; shut-dO\·m times and in evcninr.s when no work is 

beinc carried on. This m.!l:i.ntains a necative pressure in the work area at 

all tirr..cs preventing back-cont:m1ination. 

'. . .. . ·-. . . 
' ... : 
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In addition to the two-speed blo~cr, an au.xiliary,.hir.h-hcad, 6,000 

crrn blower is inst:illcd il) the line which serves :is a safety factor in case 
I 

the l:ircc motor should fail. -.rith the above set-tlp it is possible for us 

to selectively discharce 6,ooo cfm, 12,000 cfm, or 17,000 cfrn dependin~. 

on the needs of the moment. All of the Canyon cx."1aust system is further 

protected by an au.."<iliary power supply which cuts in autom2tically within 

four seconds in case of a power failure. 

1-:onitoring devi-ces 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 dC!.Ilr;erous level. In case of an emercency, licht 

weight divine suits ~ave been provided to enable operating personnel to 
. . 

enter the filter chamber and remove hir,hly ci.ctive filters. 

· . In addition t~ the eross air handling facilities, the air for each 

of the individual operations including glove boxes, etc., is prefiltered 

by a small CWS type filter before being discharged into the general 

system. By this method the general filter should run for a number of 

years before any maintenance and filter repl;icements will be required • . 
In addition, the activity will be confined to a relatlvely small volume, 

aidine in the disposal. 

SEC'.l.'ION 1 - Thorium Production 

Approximately one year ago, the thorium production activity at the 

Ames Laboratory was shut dO\m as a res'.llt of a survey which showed the 

dust levels to be abnorm~lJy hit;h •. As .a result of this survey all of 

the process equipment was redesigned with a view toward reducine these 

levels to the tolerances prescribed; 

.. , 
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In the oxalate pre. ~ipitat:i.on step, the unloadinc of the thorium nitrate 

tctrahydratc is done by a closed system usinr; n spcci:i.l hood which reduces 

the dust level in this area below tolerance5. The area where the oxalic 

acid had been handled was completely hooded by a closed, plcxir,lass. hood. 

·A vent line terminatine in a canopy was run to the rotary filter to pick 

up whatever du~t might be e~ncrated from the damp filter c;ike. ~e hood, 

which is used to handle the wet and dry OXrtlate, was revamped by the 

addition of a pivoting plexiglass front, reducinc the open area and thereby • 

increasinr; the face velocity of the hood. A curb w~s placed on the front 

edee of the loadine table to prevent powder from spilling onto the floor. 

As a .further rneans of reducing dustine to the atmosphere, an enclosed. 

grinder was installed in the hood through the work table surface, discharging 

into a sealed container below. 

n-ie rotary calciner was equipped with a vented hopper permittinr, drums 

of dry oxalate to be discharged into it with no leakaee into the room. 

~e discharge side was completely sealed by use of a pneumatic lift, per-. 

mittine the oxide to eo _directly into a stainless steel drum in a closed system. 

The off-gases of this process (approximately 70 cfm) at 55o0 c are 

filtered by means of a venturi scrubber utilizinG a ste&~ jet, and, thence, 

into the stainless steel cyclone separator. These hot gases are then 

additionally filtered through a heat-resistant., high-efficiency filter which 

is periodically cleaned and replaced. The efficiencies of the above system 

are as follows: 

Cyclone separator alone eives approxir11::1.tely 80% ui'ficiency by weic;ht. 

The addition of the steam spray and venturi scrubber brought the 

efficiency up to approximately 95% by weight. 

. .. . 
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The HF furn.:i.cc is a new type not prcviou~ly u:;cd a.t the time of the 
. 

shut down. This co:-itinous furnace is loaded by m0D-ns of a hopper sinular 

to thnt used for the calcincr and is discharecd by means of an aur:er to 

n vented, five-gallon container. The off-gases, cont.ainine hot, wet HF, 

thorium o~ide, ancl thorium fluoride, are passP.d throuch an inconel cyclone 

separator and then throur,h a carbon fi 1 ter with automatic _blow-down fe::iture. 

This system works quite well but req'.lires considerable maintenance of the 

carbon fi.lter. The JIF is t"hcn condensed in a sprciy chamber and the acid 

solution is automatically neutralized with a so<lium carbonate solution 

by means of a Beckman dippinr, electrode located on the discharee side. 

The efflncnt .from this cha.":1bcr is then clisch::i.rr,cd into the. sanitary sewer 

system. 

In addition to the above-mentioned equipment, all of the nixing and 

loading equipment used in the reduction step were given additional hoods 

which dischart;ed fj_rst to a cyclone separator and then into a Type N 

roto-clone before beinG dischar~ed outside the building. Air" samples, 

which are taken periodically, show our dust levels to be low eno~~h so as 

to present no problen to the surrotmding areas. ~-le f~el that the process . . 

area, as a whole, was improved up to a point that the Ames Laboratory 

thoriUJil operation could be very Hell carried out in a thickly popul;ited 

.community. 

It is realized that ir.:proven:ents co 1lln be riade to the above-~cntioned 

equipment. However, since this wa~ a cr~sh proeram of a limited duration, 

lt was felt that further work would 'be imnecessary and tmeconomical • 

', .. .,,, ...... 
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SITE AND CONTRAC'1'0H ACTIVITIES AND PRCGRAHS 
U. C. RADIATION LABOllATORY 

,BY M. D. Thructor, UCRL 

The·radiat:!.cn Laboratory handles I should guess over 99% of its i5otopo curies 

in erkelcy boxes. Our air cleaning problems arc 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 ~imple box sholl. It is mounted on a so-called 

·dolly with casters. Various kinds of equipment may be added to suit the job. Left 

and rit;ht are shown boxes equi;Jped for fairly high levels of routino alpha work. On 

top notice fllters in series terminated in a blower. The blouor may discharge to a 

nearby hood or to manifolds constructed for the purpose. In passir..g, note each box 

is a complete laboratory. 

SLIDE 2 Shows a closer view of a s1rnple box. Note air inlot tubes at left and right 

lower corners. They di.stributo air which comes in the rear of the box via 1.) micron 

fiberglass media, Observe the glass fume hood for close capture of airborne material 

during evaporating, fuming, grinding, etc. 

SLIDE 3 Shows a box in a hood. Our hoods have two purposes (1) Stink chemistry with 

or without tracer work (2) secondar.r enclosures !or "hot" boxe5. 

SLIDE 4 Sho~~ng two boxes hooked tocether for linear operations in this case housing . 
(1) preparation area and (2) DC sparking area for spectrocraphic work. The spark is 

lit uithin a quartz tube; the resultant aerosol is flushed thru a 1st sampler, two CWS 

6 filters, a final sampler, thence to another C'l'IS 6 with general box air and out the 
- . 

stack. We have never had an airborne alpha contamination in the room althouch some of 

the "sparked swnplea contained more than iolO counts per minute. During th~ trial periods 

we captured the exhaust in evacuated tanks but never found any counts, henco the stack. 

SLIDE 5 Showing how any room can bo a multipurpose lab; four boxes exhausted via a 

com.:non ll'Jl.nifold. We 1 vo had nino boxes in one room. 

SLIDE 6 When carr:maa aN involved, we wheel a lear:l shield up, replace gloVO:J ·with 

manipulators, add load glaos w:l.ndowo and continuo. No chr.ngo in ventilation rcqu1rcr.-.cnts. 
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A ehioldod box for simple work. 
. 

SLIDI~ 7 

SLIDE 8 A shioldod box for a complex chemical sequonco. 

ol()ctrical equipmont inside. 

f 

The control panel hnndlcs 

SLIDE 9 Shown nro some of tho complex gear: hot and cold batho, reagents on n. rotat-

ing rn.ck; manipulator, pipottor::; and sampler in front. 

SLIDE 10 A recently used shicldod box with equipment in place. 

SLIDE 11 A sequence of boxes for hnndline pile slugs: cuttine, unloading, dbsolving, 

complete chemistry, column separation and purification. Exhaust cap&city about JO CFM. 

A recent COW1t showed we hnve put 266 boxes of all sorts to use; 135 of these arc cur-

rently at work. The average exhaust rate each is possibly 10 CFM. Our air cleaning 

l'(l 

vol\une then for 11 hot 11 work is 1J50 CFH. We have over 100 hoods handling either no activ

i~y or tracor and short h~lf life stuff; they average about 1000 CFM each; a total of 

100,000 CFM for the project. Wo don't clean this air. We think we can make a good case 

on ventilation alone for saving many thousands of dollars in not employing large CWS 6 

filters and t.he cootly gear: blo\iers, plenurn.s, otc., needed by them in contaminated 

room-hood type operations. The hidden savings in manpower hours by not requiring special 

clothing, respirators, etc. is an incidental and valuable benefit dif.ficult to assess 

.cost-wise. Our associated waste disposal problems aro reduced bulkwise because our 

little 8 11 ·x 8" filters operate on rigorously preclcancd air and some have lasted more 

than 3 years as a. conscquonco. This all sounds rooy. But the future is getting cloudy 

in the airclcanine field as we see it. Where wo •\sod to deal with microcuriea -we are 

with increasing frequency handling curio and l~rg.>r ':['-Uintitics in a box. The twual air 

cleanin~ train ending with a Cn'S type filter is not always enoueh. A few counts are 

co:ning thru. Someone has to invent a better air cleaner; 99.96 % is not good enough 

for materials requiring confinement to the 10th dccil:'.al point of 91s. We arc making 

a few advances in trying to prevent aerosolization at tho opcratine point but th.is is 

difficult because sor.10 processes ju!lt can •t be avoided or tinkered with. The use of 

ion exchaneo rosins io a blessing in this direction re:mov:inz a.s it does in many cases 

the requirement for extcnai vo h'!nv;y chom.iairy and i ta concon:mi.tont acronol formation 

j 
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and dbpcraion. _ 

Ono of our continuing problemu rogarding air clcD.nins in mainly poycholocical. 

Graduato chemists co.-no to U3 with a long training bohind thom donling with non-

radiollctivo nuitorialo. They are U!lod to bench and hood work and tho total cnclos-

ure or box idea ia at firot felt to hampor them. Conversion takes dayo for so~c, 

months for others. Occasionally, n convort ie mado dramatically as in tho case of 

A gross spill on a bench top rondoring months of work invalid in a lab now W1inhabit-

ablo. Spills in boxos relatively speaking aro easy to hnndlo: wo give tho chemist 

a new box (eomot1.moo in a mattor of minuton) nnd ho continuoa hi.a work in tho same 

· roo:n whore he en ts hi5 lunch 1 emokoa and wri tea his reports. And the contaminated 

ductwork and filtoro aro a part ot the romovod box, not a part of the building. 

In the slides, I shoHcd a moro or less standard basic box unit. Some applications 

demand special ahapoa. For instance in handling tritiu;:i we .house an entire vacuum 

rnck o! glnas apparatus in a box about 50 cubic feet in volu:nc. Wo havo enclosed 

sputtering dovicon, ~otal production units, mass spectrosraph units and a host of 

other special oquipment in odd ~izod enclosurcso Ventilation-wise each supplies tho 

sama virtuoa: small air volu:uics, pre-clenncd operatinz air, a positive barrier between 

operatol"3 and contaminated air, small air cleaning equip~ent, readiness of disposal, 

small invostmont. It iB truo thia concept seems suitable only to research lab scalo 

vork. \'lo aro rcaliotic in not cJaimir~ to be able to box up•an operating pile or 

~eparations plant. Yet it is interesting to find nt times ono of our chemists working 

in a box.with quantitiea of materials which at sorao othor site would be called produc

tion quantities, curio-wise. Wo don't place blind faith in any equipment, includine 

boxco. Wo collect over 1000 air sample~ per month, analyzing for alph.~·and beta-garr.-na 

contrunination. Wo havo never had n beta-gan::ma contaminntion exceodin~ 10% of the daily 

maximUill permissible exposure •. Our alpha conta.min~tion hao cropt up in tho last four 

1ears so that we no-..r find abou.t two srunplos a month rcachir~ the level permitted for 

everyday exposure. Thia is diaturbing oven whon one realizos tho curies of matorinl 

handled tod:iy ia at luast 100,000 times whllt it was in 19/+.9 • 

.... ·. 
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Pnrt o! the cause lic:i in pure arithmetic: whoro a O.Ol;b lo::;s wa~ undotect.able in 191.9, 

today it. is detectnble. !"art is due to hi.::hrr S!'ccHic nct.:ivitio::; of the isotopes boi~ 

handled. Thoy soem to behave differently. 

Up to this point my remarks have been emphasizin-i; our air cl"'aninc problems as rci:;arJs 

keeping the nctivity confined to the operat:inc volume of the cnclo:iure. We.should also 

rocognizo the impact of what cets into the opcratin.; enclosure from the outside. Sinco 

the results of much research work are ba::>ed on a final .sample wherein perhaps a few 

counts por hour may be the basic data it is apparent that cross contamination can be 

dicta.ti~ tho validity of much research endeavor. Thus non-contaminated supply air is 

essential; this detr~nds an air cleanine program of 6ood efficiency. Our boxes hsve 

enjoyed this nll along, as mentioned. There is a threat however. As contn.minants 

increase in quantity the requirements must be beefed up. As atmospheric 'tackground 

goes up duo to Uncle Joe's shots we can possibly forecast tha need for supplying cleaned 

air to count:i.ng devices not normally so supplied. Recently we collected atmospheric 

contaminants blo~"i.ng in off the Pacific containing 0.2 counts bota-garrana per hour in a 

500 cc volume with an apparent half life of l9_days. This is a substantially greater 

quantity than previously fo'.llld at Berkeley. The trend has been rapid.l~ up in the last 

2J.. months. What the next few years will bring I cannot estimate. These remarks per

tain of course to purely technica~ problems, not health hazards. These latest air 

pollution values are still l/150th the health hazard level. 

To eumnarizc, we can report from the Radiation Laboratory: 

A. As to tho pa.st: 

l. Our stack gas air cleaning program has worked pretty well. We handle abo~t 

1350 CFM of air at good cleaning efficiency, at minimum cost :in investment and mainte-

nancc. 

· 2. Our supply air cleanine procram iike~~se has been technically ndcquato. 

B. Regardine the future: 

l. Roccnt and probable future incrcns~s in specific activity and. quantities of 

research n"-l.terial handled a~ecoot the nocd for ercatly incrcaood off-gaa air cleo.ninc 

.. 
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o!ficicncy beyond that obtainable from tradition~l dcvicco ending in CWS 6 'typo !iltors. 

2. Cleaned sup:oly air may bo required in certain rc:Jcarch dcvicou nnd nroaa not 

now needing it because of incroasos in radioactive atmo5rhoric pollutnnt3 rcsultine 

from dctonntions of !'oreic;n and domostic nuclcnr dovicen • 

. 
\ 
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AIR CLEANING l'ROGRAM AT T1IE LIVl~U.iORE RESEAHCII IABORATORY 

By G. T. Snundors, CR..~D 

To apprecinto the nir cleaning program e.t tho Livermore Roooo.rch Laboratory 
operated by tho Culifornie. Rooonrch & Dovolopr:i.ent Company, it io nocoooary to 
placo ouroelveo goographical1y, ruotoorologicully and problem wise. 

Liv.ormore, California is locutod a.pproximn.toly 45 milo3 east and south of 
San Francisco, nt the eastern end of tho Livermore Vnlloy. The outline of tho 
vnlloy itoclf is ro11ghly nn onlongntod ove.l - or football shape - with the long 
axis on tho east woot lino, and it is relo.tive1~ omall being some 13 miles long 
and nix miles wide. Tho surrounding hill structure nvorages somo 1700 foot with 
a small oponing in tho southwoot corner. So th.o.t tho valley, when viewed from. 
above, resembles a large bowl with a flat bottom. Figure I. 

The region is wholly £lll agricultural area: the largest crop beine wine 
grapes, and secondly cattle raising. 

Tho moterological conditions con best be stated, as extracted fram a United 
Sta.too Weather Bureau report on this area as prepared by Paul Humphrey of the 
Arco Idn.ho Office. 

"The expected meteorological condi tione at the Livermore, California Site 
are, from a practical viewpoint, entirely favorable as far ae the more farri liar 
climn.tic elements are concerned. Surface temperatures, winds, a...1d rnL"'li'e.ll are 
of comparatively little concern when considering construction problems or the 
comfort of personnel. Primarily, meteoroloror must be considered because of the 
effects of atmospheric conditions upon harmful effluent which.might be released 
fro~ stacks during various operations. In that respect, considering the fact 
that the Liveroore Si to is in a bowl-sha:ped valley surrounded by an importa...'1.t 
agrlcultural area and a significc.nt :population, the meteorological conditions 
e.re less favorable. High stacks alone, such as are used at some other sites, 
vould not be practical ae a method for the elimination of harm.f'ul concentrations 
of effluents. Such stacks woulcl lessen ground contrunfuation on tho site itself, 
but would not nign:tficantly reduce averae;e ground concentrations within the 
Livermore Valley. It appears that safe routine operetiono us far as stack ef-
fluents aro concornud should be broutYit c.bout by prop0rly engineered devices for 
cloo.ning off-gases rather than by consideration cf meteoroloeico.l conditions." 

The o.tCTospheric conditions present th.r~o basic pointo: (1) Prevailing S~ 
wind during sun:rr.ar dnys. (2) PrevaiB.ng N'.Li: wind dur:inc; winter days. (3) Stab1e 
(calm) conditions o.t leaot ten percent of tho nights, and some four percent of 
tho duyo durine tho winter months. 

Problom-wioe: At the roq_uoot of tho Ato;n.ic Energy Co::nr.lission, the Stn.:ld.nrd 
Oil Co~:rpD.Y,y of Culiforniu forr::ed the California. Rcoearch & Development Co;:ip!:lT',y, 
eomo three y0aro ago, to work on the Ml'A prov-run. This new company pro:::;ontod a 
very .fino oitua.t:i.on from tho houlth physics stand:poL"'lt, as tho engineers woro 
vory receptive to ouegestiona and ideas. Fow, if any, were bound by ruiy proclo
terminod concopto of rndio.tion control, etc. Ao o. practical result, tho hculth 
pbyaico stuff vas ablo to inotituto its own ~rodotorminod concepts of radiation 
control. 
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Tho noo1gnod problomo to tho co;opuny woro principally baoic roool1Ich, and 
ao ouch necoooitntod chomiotry cmd i1hyoico luborutory 01)0.co: motnllurgicul toot 
colle, procono collo, otc. 

Thuo, to tho onginooro wo cuvo tho follow:1.ng baao-linoo wo wnntod to follow: 
l. All :potontinlly contruninutod o.:1r will bo: 

o.) Clounod 
b) Snm1)lod 

2. All duct work will bo: 
a) Rondily ncccoonble 
b) Ens:!.ly rcpl.uconblo 

3. All filtoro-nsccmblies will 
· a) IInve pro-filtoro 
b) Be accoasiblo for ease of change 
c) Hnvo n simple indicating device for lending effect. 

To a great extent we ouccoedod and our active air cleaning program is es
sentially this: 

"All potentially contamino.ted air ia filtered as close to its source as is 
practicable: this air io then srunplcd ns it is diochargod to atmosphere." 

11The general atmospheric contrunino.tion is checked by constant air sampling 
in ru1d around the ontiro Livermore Vc.lloy." 

To accomplish this, we have oto.ndurdized, in general, our unite to certain 
filtering e~uipmont and procedures. The fume hoods, for example, aro all 
equipped with 2' x 2' x 2 11 fiborglaas prefilters and 2 1 x 2' x 5-7 /8" CWS ff6 
equiv. back-up filtero. Gloved-boxes have 11 thaxter" PF105 :prefilters and 8 1 x 
811 x 5-7 /8 11 Ci-IS ff6 equiv. final filtero. Figure III. The glove box manifolds 
(each having a capacity for l2 boxeo) are e~uipped with an additional buck-up, 
or insurance filter (cws #6 equiv.). The filters are either incorporated into 
:plywood throwaways or are top loading for ease of change. Tho only filter unite 
not at shoulder level (or lower) are the gloved box :!.nsure.nce filters; hcr..rever, 
tho anticipated rate of change for these units is once every folir yenrs. 

The effluent air is sampled in each duct run, tho oo.mples being so arranged 
that a.'1.y detectable activ:l.ty can be in turn traced to its source. For this pu.r
pooo, we use a sampler that io injoctod into the duct stream and operated in the 
Isol:inetic Region of flow. Figure rl. 

The laboratory room a:ir is aam11led by use of "Filter Queon'1 type vacuum 
cleaners and we extract the air through a 3-1/2" dirun.eter disc of HV-70 paper. 
Tho 3-1/2" diameter was chosen to meet the mn.ximum sized scintillation counter 
that wu::i constructed at the time our pror;:rrun was ini tinted. Figure V. 

Tho valley air is sampled at vo.rious pointo tlu·oughout tho countryside end 
for this purpooo, we have uocd o. "moto-o.ir" unit and again, we have used tho 
3-1/2" dia:neter discs. Figure VI. Theoe units operate continuously and the 
papura e.ro chr:.ne;od once oe.ch week •. In addition to a radio-count of tr..o papero, 
for both nlpha ruid beta-gamma, we nm a ro.dioo.utog:raph of the papers. Wo actu
ally find that tho particle count is a much more sensitive device than the 
counting procoduroo. -

To DWilinl!.riz.o our prov:c.m for o.ir cloun:lng which is really a four point plan, 
'W'O Clin keep with tho modorn trend and cull it op~ration "toot". 

l. Teat now equipmont 
2. Educate englnocra 
3. Sample offluont laborotory air 
4. Tnko continuouo cinvirono buckground.6 
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FIGURE IV 

lSOKINETIC SAMPlER 

FIGURE V 

"FILTER QUEEN" SAMPLER 
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METEOHOLOGICAL J\Dl'ECTS OF AlH CLEANING 

·Althou:::;h there are many topics which ahould be mentioned while 

considering meteorological aspects of air cleanine, this opportunity is 

is boing used to review the effects of vertical temperature gradient on 

stack eas behavior and to show s~r.ie photographs from the National Reactor 

Testine Station illustrating typical conditions. 

The appearance of stack effluent plumes is regulated largely by the 

conficuration of the vertical gradient of air density, or temperature • 
. 

With respect to a high stack on nearby level terrain there are five 

diff crent con.figurations 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.'11e, is sho\m schematically in Figure 1. 

Looping - occurs with a superadiabatic (very unstable) temperature lapse 

rate. The stack effluent, if visible, appears to loop because 
. 

of relatively large thermal eddies in the w-.lnd flow. Diffusion 

is rapid, but sporadic puffs having strong concentrations are 

occasionally brought to the ground near the base of the stack. 

Loopine is favored by fair weather with r.elatively light w.inds. 

- occurs with a grad:i.ent lyine between dry adiabatic and 

isotherp.:i.l. The effluent stream is shaped like a cone with 

axis horizontal.. Thti distance from the stack that effluent first 

coraes to the ground is greater thnn with looping. Mechanical 

mixiti0 predo;ninc.tes. · Al th ouch this condition is ideal for 

, 
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calculatinc grotmd concentrations by means of diffusion 

equ.:i.tions, it docs not often persist except durinc cloudy, 

windy \·reather. Durine fair weather, 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. 

Fanning - occurs with temperature inversion conditions. Such laminar flow 

may also occur in n·layer of air that is isothermal, 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 gradunlly 
; 

with distance from the stack. Depending on the duration of the 

stable period and the wind speed at stack level, the effluent 

may travel for many railes with little dilution. With level 

terrain ground concentrations of effluent ·ao not occur;. however, 

isolated objects which 'extend up into the pl1Ji11e, 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. Occasio:ially 

the inversion does not build up to stack level durine an entire 

night due to interference of winds and/or cloudiness. The zone 
,· 

uf stronger effluent concentration, as shovm by shadin0, will 

depend on the heip,ht of the inversion. It is caused by trapping 

by the inversion of effluent carried into the stable layer by 

turbulcr.t eddies that penetrate the layer for a short distnnce. 
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Except \";hen the top pf tho inver:;ion is very near t.he ground, 

this t;ype muy be corwidcr.:?d as the most favorable diffusion 

situJ.tion to l:c cncountcn:d. IJ.'hc invl!r.:;ion prevents effluent 

from re;i.chin& the nround; and at the same tiMe the cf fluent may 

be rapicily dilutccl in the lapse leyer above the inversion. 

Fumigating - occurs at the ti;:ie that the nocturnal inversion is being 

dissipated py he at from the morning sun. The lapse layer begins 

at the ground and works its 1-1<1.y upHard, rapidly· in sUJ-:L11er, but · 

slowly in winter. At some time the inversion is just above the 

t~p of the stack, and actj_ng :is a lid, forces the effluent strew'l 

to dilute within the shallo'.r lapse layer near.the ground. Laree 

concentrations are hrougj'lt to the grotmd ai·ong the entire effluent 

strea.:'Il by thermc.:.1 eddies in ~he lapse layer. Sustained conccntra-

tions near the ground will be higher with this situ~tion than 

with ~r other. 

Smoke experiments were pe~fon:ied by the Weather L>ureal.J. using the 

' 
· 250-foot Chemical Plarit st::i.cl< to detcrntine the validity of the associat:i,ons 

of plume behavior with the temperature gradient configurations ju$t shmm. 

Pictures of smo1<e behavior during so1r.e of these experiments are shown on 

the slides to follow. 

Figure 2 - Looping condition. 0945 ll..ST, April 9, 1952. 

Tom1~rnturo 10.poe rato was moro than throo ti.moo the dry 

adiabatic ruto (which is o.r;;4°F./100 ft.) in tho lowor 

250 :foot. 

'. .,_ .. - . 
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Figuro 3 - Coning condi tiono. 1910 MST, l.,,Pril 16, 1952. 

Lnpoo rnto in loW'.cr 250 foot wo.s slightly leoo than tho 
I 

dry ndinbutic ro.te. 

Figuro 4 - Funning condition. 0722 MST, April 111 1952. 

Pronounced tompornturo i~voroion from tho surface to 

eomewhero above 500 feet. 

Figure 5 - Lofting condition. 1945 MST, April 16, 1952. 

Inversion, surface to 200 foot, with lapse nbovo 200 feet. 

Figure 6A - Fumigating condition. 0746 MST, April 11, 1952· 

Lapse lnyer has worked up just to the 250-;f'oot level. Note 

that eddie'.3 in the lnpse layer have begim to penetrnto the 

smoke-bearing ~er, as evidenced by streamers extending 

downward from the concentrated plume. 

Figure 6B - Fur:ligution {continued). 0748 MST. The first 

·stream.er reached tho ground about 10 stack lengths from 

the stack about two m:tnutes after streamers begnn to decend. 

Inversion based about 300 feot. 

Figuro 6c - Fumigntion {continued). 0802 Vi.ST. By this 

time otrong omoke concentrations appeared on the ground 

along almost tho entire visib1e length of the plurr.e. Note 

that the concontrutod arn.oke .layer aloft that wo.s vioible 

in Figu1·00 l~, 6A t:md. 6B is no longor vioiblo. The entire 

plurr.c n;ppeo.ro to have been mixod downward. Inversion 

baaod n1Jo'..lt 380 f'oot. 

•.. .. . . . : . : .. 
. . . . ... "' " . . " .. . . . .. .... "' . . . . 
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It Yns mentioned cnr~ior thnt tho typoo of tomporatu1~ gro.diont uounlly 

hnvo a diurno.l cyclo. Thia io illuotro.tod by fiE:,'1.U'O 7 which givoa :plota of 

tomporo.turo soundingo on o. clonr dn.y. Noto tbnt tho ~igo.ting condition 

(for o. 250-:foot stuck) wno prosont nt 0900 MST. By llOO MST the inveroion 

hnd disoi:patod, and looping conditions provo.iled until tho inversion begun 

to form in tho evening. Lofting conditions wore present at 1830 and 2000 

11..ST, and fo..nning conditions, at 0200 through 0700 MST the following morning. 
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(C) INVERSION CONDITION (FANNING) 
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(D) INVrRSION 
~00 fT. 

(£)LAPSE BELOW, INVERSION ALOFT {FUMIGATING) 
$00 rT. 'h 

' \ 
\ 

\ 

' \ 
$fC \ 

()ASH LINE ~EPRESENTS DRY ADIAGATIC RATE 

Fig. l--Scho1::ntic roprooo~tntion or stack eao behnvior undor variouo conditiona 
or vertical ot.ubility • 
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INTRODUCTION 

FIBROUS AEHOSOL }'IL'l'ERS 

by 
C. ·E. Lnpplo 

Chomicul Engtncorine Dopo.rtmont 
Tho Ohio Stnto Univoraity 

Columbuo 10, Ohio 

Thero nre, in general, two bo.oic typco of fibrouo filtcro, tho ao-cnllcd 
"paper" or thin-bed filters und the deep-bed filtera. Tho distinction between 
the t\.ro is primnrily ono of philonophy of application. Tho docp-bed filters o..rc 
dosignod to be runintennnco-frco with a life corresponding to th.at of the entire 
instnllntion or process. Once they beco:no plugged with dust, the entire unit is 
abandoned. Tho paper filters, on tho othor rumd, are usunlly donignod for a 
limi tod lifo, to bo rcplncod or cleaned :periodically. They co.Ii, howevc r, also bo 
designed on an abandonment basis. 

A diocusoion of deep-bed filters was presented at the Ames meeting in the 
Fall of 1952. These filtero can be considered in two basic categories, the gran
ular or sund types and the fibrous typos. Tho discussion at that time dealt 
largely with the relative merits of those two types from the sta..'1dpoint of design, 
perfo~~~nce, and cost. It was shown at that time that fibrous u...~its possess a 
conoidorable oconomic advantago over sand filters although long-period largc
acale exporience was relatively meager for the fibrous type whereas tho sand fil-
ters had an extended backlog of successful operation. · 

It is the purposo of tho present pnpor to discuss the fundamental performance 
characteristics of fibrous filters. This discussion is essentially a preview of 
recent developments arising from regular thesis work at Ohio State University (12). 

BASIC CONCEPTS 

! Mothodo of Expressing Collection Efficiency: ~rnile the coJJ..ection efficiency 
of a filter is norm.ally expressed as the fraction,~ / o~ incoming aerosol po..rticles 
that are collected in the filter, it is often more convenient to express coJJ..ection 
efficiency in terms of number of transfer units, Nt, where the number of transfer 
units is related to the fractional collection efficiency by 

or 

-Nt 
17=1-e (l) 

(2) 

It ohould bo noted that the term Nt io identical to tho correoponding term used 
in tnll.OO tranofor for tho caoo whore thcro is a negligible vapor prcnsure of an 
e.boorbod ens or vapor from t11u liquid phnno. It should o.loo be notod thn t tho 
torn Nt io directly rolatCJd to tho docontc...'nination factor, D.F., which hus b0on 
vidoly uoed in atomic onorgy applicationo (1), 

~-·-·,.I'·~· .... : .. · ... 

. -· .... ; 
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(3) 
. 

Tho dopooi tion of uoroool pnrticloo on boey ourfucoo, ouch no cylindoro or 
o:phereo / hoo bccu cuotcm.urily oxprooood in tonno of n tare;ot ofi'icioncy, T/ ti 
do·fiucd aa the ro.tio of crooo oectiono.l aroo. of tho original guo otrorun, from 
which pnrticlco of a given oizo aro removed bocnuoe tho po.rticlo· tro.joctory in
toroccto the collecting ourface, to tho projoctcd aroa. of tho collector in tho 
nomino.l diroction of :flow • 

For co.sco where tho fibers aro normal to tho direction of flow, it is 
· roo.dily ohown that 

(4) 

In the deri"vat.ion of Equation 4, it io nsoumed that 17t is a conoto.nt throughout 
the filter and either that the·:fractionul deposition in any one layer of fibers 
io omo.11 or that there io complete mixing of tho o.oroool between layers. The 
firot usoumption restricts Equation 4 to homoGcncous aerosols. ]'or heteror;eneoua 
aoroools, hO\:cvcr, Equation l~ will still express tho performo.nce characteristics 
for o.ny given particle oizo if it is recognized that the terms Nt and 71 in Equa
tion 1 will then represent the performance for that same size. If the fibers are 
not normal to tho direction of flow, on additional orientation factor must be 
:provided in Equation 4. 

If meano are availabile for evaluation 71t as a :function o:f :particle size, 
fiber size, and op;_)rating conditions, it is apparent that Nt may be calculated by 
meano of E~uation 4 and the corresponding values of~ or D.F. from Equations 1 
and 3, respectively. The subsequent diacussion will show how 71t .may be evalu~ted. 

pe:posj_tion Mechanimns: ?he dopos:i.tion of aerosol particles on a body r:.ay be 
duo to any one or more of several mechanisms, where, as shown by numerous investi
gators, (2)(11)(5)(6)(7)(8)(9)(10)(11),. the effectiveness of each mechanism is 
measurable ·in terms of the physical o.nd oporo.ting condi tj.ons by a dimensionless 
group, which will be termed a sepuration number, N6 • These ar~ listed bolow: 

Doposi ti on Mechanim:1 

Flow-lino (or Direct) 
Interception 

Inertial Interception 

Di:ffusiono..l Deposition 

Gravitational Deposition 

Elcctrostntic De;position 

By Induction 

Tho rm.al 

Separation Number 

Nor = Dp/~ 

Nei = km Pp Dp 2u0 /18 µ ~ 

Nad = Dy/uo D-o 

Nag = u-t/ u 0 

Naoc = km€ p € bs/µ 6 Dp Uo 

2 2 . I 2 Nsei = ~€be DP (op - 0 ) µ 6 ~ Uo 

·. N0 t s:: [k/(2 k + ~)l [(T - Tb)/Tlfµ/l;n P ~ u 0 ] 

' ...... . ,, "" .. . ... .. , .. ' .. .. . , .. ... . 
....... W "' •., ~ II .,., ' 

............. "'~"'"'"'" ___ _ 
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A dotnileu .cono1dorution will. ohow Umt tureot officioncy is n function of 
oomo two dozen va.rinblco. · By dimcnoionul unulyoio, 71 t mo,y then be ohown to be u 
.!'unction of 00mo 1-1/2 dozon dimenoionlooo groupo, which includo all of the N0 
tcrmn lioted nbovo in udui tion to othor groupo which moo.ouro modifyine influcncco 
on tho .flow puttorn o.nd force fieldo. · 

For aimplifico.tion, it mny bo liooumed th.at cloctrootatic o.nd thormo.1 effects 
nro negligible. Tho lnttcr will normally be tho cnoe if no IllD.rkoc:l tcmpornturo 
grndionts nro prcnont. Tho m.."l.r;nitudc.of cloctrootutic cffecto will be diocuoocd 
1.ntor. With thouu aooumptions it may be shown thnt 

(5) 

Relative to other deposition mccho.ninms, gravitational settling will normal1y be 
significant only with neroool particles larger than about 1 micron dio.r:1otcr and 
with collectinc; bodies lurc;or than oome 100 microns dinrueter when opora.tod at 
low face velocities. Gravity settling would bo expoctod to act some~hat inde
pendently of the other mechanisms with little intoractivo effect. Consequentiy, 
for moat purposeo, this may be treated as a separate addi tivo effect on target 
efficiency, hc.ving a magnitude on the order of Nag• 

To further simplify Equation 5 we may aoaumo that the modifying influences 
of NRe and Ev on flow :pattern are negligible. Eg_uation 5 then becomes 

(6) 

.or, in alternate forms, 

(7) 

(8) 

vhere (9) 

The term Nae is analogous to the Schmidt number in mass transfer and 
mear.ureo the interactive effect of flow-line and inertial interception a.vid dif
:fucioi1al dcpo8i tion. It should be noted that N8 c involves simply the physical 
properties of tho gas and tho aeroool po.rt:Lcle, 

In order to be able to predict that target efficiency from Equc.tions 6,7 or 
8, it is necessary to kno-..; tho functional rvlationship between the vo.rie.bles. 
Several inventi gators have attempted to dovolop this ·rolo.tionohip ruialytically 
for conditions whore ono or tho other of tho Du1mrnting mochnnioms is controlling. 
To date, ho-Jover, no general oolution has bcon developed. The nouroot approach 
is that of Duvioo (2). The purpooo of tho invootieo.tion of Ohio Sta to Univeroity 
vaa to dovolop tho rolationehi.p oxporimontnlly. 

"· .,. 
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EXPEHIMENTAL·PHOCEDUHE 

In tho exporimontnl invootigo.t:i.on, n toot noroool wno puoood through in
dividual puds of fiber ma to in sorioo. Collection officioncioo woro dotor::linod 
ovor n "Wido air velocity rnngo (0.02 to 20 ft./ooc.) by moo.ouring tho o.mount of 
aoroool rotninod in.each pad nnd tho runount po.o:::iinc; tho aerico of pn.dn. 

In order to tuko ndvo.ntuc;o of the convenience of colorimetric tcchniquco, 
a dyo wus selected for producing the ncronol. 'l'ho toot noroool wuo prepared 
i'rom o. volatile dye, du Pont "Oil Oranc;o," in a largc-:::iculo voroion of the 
La Mer generator (3). Unlike tho La Mer generator, howovor, the norosol wo.o 
formed by quenching the hot dyc-vapor-ludcn nir with filtered room air and no 
nucleation wao employed. Throughout all tho toots, tho generator conditions 
wore held conotant to give a fixed reproducible aerosol as detennined by frcqt<cnt 
checko of filtration officicncy on a given filter-pad arrangement. Tho size of 

·tho aerosol particles was determined with jct impactors borrowed from the Uni vcr
ei ty of Illinois (8). Tho aerosol particles woro relatively uniform but not 
homogonoous, hn.ving a mnso median diameter of 0.4 micron and a standard geo~otric 
deviation of 1.4. It is believed thn.t .tho particles were present in tho air 
atrcam. 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
centr~tions were on the ordor of l to 2 mg. of dye per cu.ft. of air. 

The filter pads consisted of 0.1-in. thick l~yers of glass fiber po.eked be
tween retaining screens. Five.such pads were mounted in series in each test. 
Four types of fibers were used at various packing densities: 

Fiber No. 

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

Trade Na.me 
(Owens-Cornins Fiberclns Corp.) 

Aerocor-PF-Typo AA 
Baoic 28 
Fino Wool 
Curly Wool (Typo ll5K) 

1'1can Fiber Die.meter, 
Microns 

1.29 
7.6 

10.7 
29.4 

All test fibers were fired at 4oo0 c. to remove any binder or lubricant. The 
clean-up filters located after the test pads consisted of two standard Aoroco~
PF-Type AA ma.ta in soriea. Tho amounts of dye collectod on each pad and by tl:e 
clean-up filters wore determ1ned by leaching out the dye with benzene anq. ana::..Yz
~ng the solutions colorimetrically. 

EXPERIMENTAL RESULTS 

Figure 1 shows tho expcrirr..ontal rosulto presented in tho fonn of a plot 01-

tranofer units vs. supori'icinl nir velocity for tho various fiboro at sevcrc.l 
packing donsi tico. It will bo notod thJJ.t tho so.mo typo of curve was obtn.inecl 
with all tho fiboro o.nd :pucking donoitioo. Tho hieh-volocity ond ropreoonts tt.e 
region in which inertial intorcoption is tho controlling deposition mocr..n.n~_s::;.. 

Ao tho voloci ty is roducod, ir.ortfo.l doponi tion boconos loo a ei'foctivo and col
lection offich,..:J.cy {ffioc.u:;urod in tormn of trc..noi'cr uni to) docrcunos. At voloc~ ti.cs 
on tho order of 1 to 10 ft./ooc., howovor, diffuojonnl do1)oniti.on bocc;r;.on u si.g-

.. . . . . . 
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nificnnt fnctor. At low~r voloci ti co, dlffuoion bocomeo tho controlling dopooi
tion m~chuniom ru1d collection cfficic:1cy incroo.oo:::i with o. :furthor docronoc in 
vclod ty. It will aloo be obo0rvcd that tho curvco become flo.ttor for tho fino 
fiboro. Thio reflects the DUJ>orim1x)ocd of feet of flow-lino interception, wr...ich 
ia rolativol;r mo::o pronotmcod with tho fine fibcro o.nd io indopondont of guo 
vcloci ty in tho mns-,ni tudo of i to effect. 

Whilo tho dntn o..ro proscntod directly in Flgura 1, they o.re of little 
gonorc.l utility in thio form. It io ncccoon.ry to gencrulizo them in tcrmo of 
:f'und.runcnto.l concepts. Thi o mny be done by using tho do. to. o.o a. mcc....-.s for evnluo. t
·1ng tho exact nuturo of the functional relationship implied by Equations 6, 7, 
and 8. 

Since the gns J>roportioo and the aerosol po.rticle size were held conotD:lt 
thl.·ouchou t thl s o tuJy, the vo.lue of the interaction parameter, N 0 c, defined by 
Equo.tion 9, wo.s constant o.t o. value of 2140. Equation 7 and 8 would now incli -
co.to, pursuant to tho ascumptions rondo in deriving them, that all the collcct~on 
efficiency data expressed ao target efficiencies, should be unique functions of 
either the inertial intorco:ption mm.bc,r, Nsi> and tho flow-line interception 
number, Nsf> or of the diffusional separation number, Nsd, and tho flow-line in
tercepU.on number, N8 f. In other words, if tho tar eet effi cience s obtained i..r1 
this study are plotted against either Nai or Nsd> unique curvco should be ob-
tained for given values of' Nsf. · 

In }"igur_e 2, the data arc shown in the form ·or a plot of to.re;et efficiency, 
~t, vs. Nsi with Nsf as the para~eter. Figure 3 represents the same data plotted 
as target cfficie~cy, ~t' vs. Nad with N8 r as the parameter. It should be e::i.

ph.o,sized that these two figures arc not independent; they are merely alternate 
ways of presenting the sa.~e dnta and it is possible to go from one to the otter 
by direct calculation. Since the interaction paro.meter N8 c is constant, once 
any two of the three separation nur£bers, N6 f, N61 , and N8 d, are fixed, the third 
is deter.nined (Equation 9). The value of the third parameter is shown es a 
dashed line in each figure. Figures 2 and 3 may be regarded as tr>.c graphical 
manifestation of the functional relationships implied by Equations 8 and 7, 
respectively, for the specific value for xhe interaction para.rector of 2140. 

DISCUSSION OF RESULTS 

· Validity of Assumptions: In deriving Equations 6, 7, and 8, severo..l assu::..p
tions were xnuclc. The fact that the resulting indicated n:..ethod of' correJnt:!o:: d.id 
result in unique relationships for the data mny be taken cs evidence, althoue)l 
pot proof, that the assumptiono were vo.Hp. within.the precision of the data. In
divj dun.l. consideration of the various aosuuptione will lend further weie;r.t to 
thio concluoion. 

·Since the testo were run under eacentic.lly isother.:nnl conditions, no ther::i.al 
deposition would be expected. Ordor-of-mnenitude eotJ.mntcs also indicated tr.;at 
dopooi tion by grcwi ty settling should be negliGiblo over th0 range of condi tio:,s 
employed. Thia wao confirmed experimentally by the fact that no. oie;nifice...'1t ~f
fcrcncco in collection efficiency wore obtained. when tho gas was paoocd horizor:.
tal.ly through tI'...o fil tor pc.do or verti co.lly up or do1m through tho pado. 

It ia lmmm thc.t the Reynaldo munbcr, "NJ.\.J, han nn influence on the flo'W :r-at
torn o.round oinglo cyl~ ndero o.nd., honco, vould. be oxpoctcd to influonco dc:r:-Jci ti on 
officioncy ir. thnt co.no. With prozJnw.to cylinders, o.o in fibrouo filter ~C..n, 
bowovor, tho Roy11oldo number ohould h£ivo no affect provide cl it io not o.bovo a 
value of on tho orclur of 1. In tho Cl_trront tcoto tho Roynoldo nu:nbor wo.o lcoo 

.~ ",, u ...... 
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thn.'1 lo e.::-i ucmnlly lc::rn .,h.n.n l. The nbocnco pf n ncynoldn number effect on tho 
flow l>nttcrn io furLhor oubotn.ntintod by the fu.ct thut the prooourc drop through 
the pn.da \.:no ooocntinlly n lincnr func t.ion of u:!.r· voloci ty. For Roynoldo munbcro 
grcntor than 10, ho\.:ovor, o. diotinct cffcc~ would bo oxpoctod, o.lthoue,h thio re-
gion io beyond the ocopo of tho pn~:Jont teot d..'1.tn. · 

The data ohow no diotinct effect of·pnckinc; dcnoity on tnrt;ct efficiency 
nlthough thore is o.n indication that hii:;her donnitiea rooult in eomcwhnt higher 
ta.rgot efficiencieo. Since bed dcnoitioo were not vnriod widely, however, thooo 
indica.tione Ciro not oufficiently beyond the procioion of tho meaouromcnta to be 
concluo1ve. Actually it would be expected thut higher bed dcnaitieo would com
preoe the otreruulinco around. the fiboro and yield highor target efficiencies. 
For the range of dcnoitios 1nvcatigated, however, it may bo concluded that den
ei ty hao no m.ujor effect on target efficiency. 

From the i'nct thut e correlation wns obtnined by noglecting olcctrootatic 
effects, o~c might conclude that electrostatic efi'octa were of no ma.jor signifi
cnnce in these testo. If tho eloctrostntic sopnration munber followed tho so..uo 
trend in all the tests us one of the other separation numbers, however, this 
conclus:!on would not be vnlid. An examinntion of tho various sopnration nurr.bers 
will show thD.t the group Nsei' which is a measure of electrostatic deposition by 
induction, would bo directly proportional to tho diffusional separation number, 
Ned' if nny surface chnrge, € 08 , had been the same on all the po.d.s tested. While 
this would represent a coincidental condition, it is not an unlikely one. The 
only direct evidence aeainst this possibility is the fact that the target efi'i
cicncics obtained arc of the order of magnitude that would be expected if dif
fusion were a controlling factor 1n the absence of inductive deposition. Con
se~uently, while it cannot be conclusively demonstrated that electrostatic 
effects were absent, it ca...~ be concluded that arzy such effects that might have 
been present were not major factors. 

·comnn.rison w~th Other Investiri;ntors: There are on~ two sets of data 
available jn tho literature which arc sufficiently complete to approach a basis 
for co::n:par:i.eo:n. The data of Blasewitz et al (1) dealt with an aerosol that _was 
quite heterogeneous and, in addition, involved considerable uncertainty as to 
the magnitude· of the particle size. La Mer et al (3), while complete in other 
respects, did not measure the properties of the filter pado. Hence, the com
parative interpretation of their data involves n possible error of several-fold. 
When preoented on the ae.:'!le basis as Figures 2 and 3, the data of Blaacwi tz a...~d 
La Mer indicate qualitative ac;reoment with the present data. 

The dntc in Figures 2 and 3 suggcot liriitin5 curves for Nsf = O. These 
hayo been draw:i in as clotted or ahort-dnshcd linen. In Figure 2 this lim.iting 
curve would represent the target efficiency at low Reynolds numbers if enertial 
intcrce;it.ion alone werB involved. Langmuir (4) r:eports a calculated value of 
N61 of 0.27 below which no do:position py inertial interception co.n occur at low 
Reynolds nur.:bars, although ho gives no dotails no to the motl1od of arriving at 
this vahw. Thia value wao usod ao an asymptote in drawing tho l:imlting curve 
for Naf "' O in F1gure 2. Aloe ohown ao a dotted curve in Figura 2 o.ro the 
calculated. value a reported by Langmuir and J31oJ,zott ( 5) for :potentinl flow. 
'l'bcso values would correspond t.o tho target ef.ficiencios to bo ox110cted for puro 
inertial intercoption e.t vocy high Reynold.a nUll'bero and should be much greo.tor 
than those for viscous flo~. . 

Davies (2), Lar.gi:mlr (4), J...ewio und Smith (6), Ranz (7), and Stairmand. (11) 
hnvo o.11 dovolor>0d. e.pproxirr .. '1te o.nulyticul ex:prouoiono for tnrgot officioncies 
u.ndcr conditiono of pu.ro diffusion to oinc:;lo cylind.oro. Whilo thooo oxproooiono 
liffcr by oov01·0.l-fold rc~ctoro owing to difforoncoo in oimplifying nooumptiono, 

/. .., ... , _____ , _________________ --~----· 
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tlmt of Lnng:nuir io pro'-ubly tho moot nccuruto. !Ancuir' o oxpro~oion fnllo bc-
10\.r thu dottod lino of l1'igm·9 J by n-..fnctor rungi.aj from 0.5-to 3-fold. I.cwio 
nnd Dmi th ol>tuin rooulto 70;, highor thn.u thu dotted lino whilo Stnirmn.nd io 
higher by n .fuctor of 3. Rru1z 1o in upproxiillll.to D{~rocmcnt with La.nc;muir. It 
ohoulu bo rcrucmbcrod thnt thcoo nna.lyUc11l cxprcooiono nro for cinglo cylindoro. 
Ilic,hor turgot cfficioncioo would be oxpoctod for proximate cylindora. · 

:APPLICATION 
j 

I 
Fi~ron 2 nnd 3 givo a quanti ta.tivo representation of dcpooi ti on in fibrous 

f:i.lter nod..i.n a.t low Reynolds nu..."I!bcrs (leso thon 10) in the abocncc of· significant 
thorill[l.l, cloctrontutic, or gravitational cffocto. They arc specific, however, 
for an intcruction number of 2140. To obtuin a gcnornlization of theoe curves, 
it would bo necesno.ry to obtain oimilnr curves for a rnnge of the interaction 
number. For hie;hor values of the interaction nl.lr.lbcr, the curveo of constant N6 f 
would, in gcnc::.·ul lie below those of' Figures 2 nnd 3; while, :for lower values of 
N6 c, tho curves of constant N8 r would lie above those of Figures 2 ruid 3. In 
oithor case, howover, tho curves of constant N8 :r would approach those of Figures 
2 and 3 at high values of N&Jd or N8 i (i.e. at tho right-band side of each figuro). 
In other words, for high values of Nai and N0 d, the curves of Figures 2 and 3 
vould be senoib)y independent of Nsc. 

To .use F:!.gurea 2 and 3 for general design estimates in tho absence of more 
extensive air:JJ.lnr date at other vuluo3 of the interaction number, the following 
procedure is suggested. For the specific values of the aepurntion numbers N6 r, 
N0 :1_, and N6 d involved in a particular problem, calculate from Figure·a 2 and 3 the 
target efficiency cor1~oponding to each of the three combinations of two of the 
eepm·ution nu::..bers. In general, thio will yield three values for the estin:.ated 
target efficiency. For tho singular case where tho interaction number for the 
specific problem is 2i4o, theoe three values of target efficiency will, of necea
ei ty, co~e out e~ual. If the interaction number is leas than 2140, use the 
highest of the three tar[::>et efficiency values obtained. If the interaction num
b.er is greater than 2140, use the lowest of the throe target efficiencies ob
to.ined. This a1):;;>roximation should yield estimates that a.re correct within a 
factor of two for the range of conditions likely to be of practical interest. 

SU1'21Jt'RY AND CONCLUSIONS 

A ru.cthocl bw been prosented for generalizing tho principloo govcrnir;g deposi
tion of aerosol p~rticles in fibrous packing b'y tho mochunis~n of flow-line in
terce11t1 on, inertinl intorco:ption, and diffuoionnl deposition. Ex:perimentnl de.ta 
h.avo beon obtuinod vhich exproos theso principles qunntitutively for an interac
tion number oi' 21~0. In the absence of moro oxtcns:lvo data over a rango of in
teraction nu::'.iJ)OrD, a I:'.ntbod is suggested for utilizing tho present data for 
general deoit::n or por.for;;!LU1Ce cot~too. 

Tho follO'..iir.r; io n liot of indicated diroctionn for further roooo.rch to fully 
develop tho fur,d.e..':lonto.ls of aeroool clcpooi ti on .in fi1tors: 

1. Coni'irm.jrig Dutu. In thio fiold, with its nw.ny uncertainties rogardine; 
bnoic tochnlq_uoo of mououro:uont, it io ospociully dcoirublo to obtain co:npo.ri~wno 
vith otb.or C.ntu obtuinod jnccpo:1dontJ_y o.nd proforub)y uoing different tochniCJ.uon. · 
J,i t0rc.Luro dri.tu. curro:itly uvnilublo uro not cufficio:::rtly comploto to enn.lilo ciuc..n
ti tu ti vo cc.o..:i.lJlLl'irrnrw to bo r~ill.do. 

""""""'""'""'"•"···········"·"'""""''''''"'"•"•··· 



212 WASll-170 

2. .Effoc t of Il1toractio11 Number. While nn <lpproXiIIUlto method io ouce;cotod 
for employ inc tho datn. prcocritod horoin for ecnornl dooic;u, it io nccc:rnury thr.1.t 
f'urtlior d.atn be obtained over' n wido rnngo of tho intoruction number (ouy !'or Na 
rnnsing .from 100 to 100' 000). . c 

3. Ef.foct of Bod Dvnnity. Dato. ti.ro roquirod to ootablish the quo.ntitntivo 
offocto of puckini:; donoity. Tho prooont otudy involved o. rolntivoly limited 
ra.11,so. Such da.tn ohould. bo o.."Ctcndod to douoo puckingo ouch o.a m:iy bo oncounterod 
in comprcsnod mo.to. 

4. Effect of Reynolds Nurubor. For practical conditiono under which deposi
tion ·by flow-lino interception or diffuoion o.rc oignificnnt, tho Roynoldo number 
should be sufficiently low tbnt it is questionnblc whether tho Roynoldn number 
would have any sir;nificilllt so:parato influence. For inertial interception, however, 
high values of tho Reynolds number, for which marked efi'octs would be expected, aro 
frequently encountered. 

· 5. Ef.fect of Mea...'1 Free Path of Gus Molecules. Ineorar as the mean free path. 
effects th.e flow u.round fibers, this fo.ctor has been essentially ignored by all 
but Langmuir (4) who provides an o.pproxim.nte allowance. In practice it will be 
significant with very fine fibers or at reduced pressures. Althoug.'-1 not ecpn.
rateJy allowed for, it was probably beginning to be a significunt i'actor in the 
caso of the finest fiber employed in the present study. 

6. Effect of Other Doposi ti on Mechanisms. Considerable work remains to be 
done to evaluate the principles of deposition by gravity, electrostatic, and 
thermal mechn.nismo~ Rnnz (7) (9), in particular, has rnnde a eturt in this direc
tion. 

7. 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 :perpei'1dicular to the gas flow. 

8. Deposition in Granular Solids. ' There has been essentially no fundamental 
vork to evaluo.te the quantitative principles of deposition in beds of granular 
solids. 

9. Filter Life. The above-indicated needs for .further research are aimed 
primarily at developing tho fundamentals of deP.osition. In practice, a far ~ore 
important consideration is that of filter life from the s;tandpoint of plugging 
by tho particlco deposited in the i'ilter. To date there has been no systematic 
evaluation of thio phase. Actually, before a truly fund.nruental analyois of fil
ter life can be made, it will probably be necessary to first develop tho prin
ciplos of deposition. 

10. Mechcnical Stabj.li ty. In practice, the compreosive properties of 
fibers a.re an iDportant con8idoration in design of deep-bed filters. McchD.nicnl 
stability with time under corrosive or stressed conditi9ns is alno very im1.>0r
tant. · Thcoo pbnses have bnrdly been touched upon in investigations to date. 

A =face arou of filter .:pad nor;n.al to diroction of gas flow, s~. Cfil. 

~ =fiber di~~etor, cm. 

DP = aeroool po.rticlo diameter, cm. 

Dv = diffuoion coefficient for noroool particlo = Y-m, R T/3 ~ µ N DP,· nq. cro./occ. 
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k c: thcrmnl cornlucti vi ~y of gno, ( ca.l. '/ (cm. H °K. )( ooc. ) 
' 

"' Stolws-Cunningl:w.m corruction fuctor for moun froo path of guo moloculoo, 

m 

N 

dimonoionloos. 

• thermnl conductivity of aerosol po.rticlo, (cnl.)/(cm.)(°K.)(oec.) 

.. maoo of filter pad through whi.ch gas flowo, grruno. 

• Avagodro"o number r:: 6.023 x io23 moloculoo/(grrun mole). 

r:: Reynolds number = ~ u0 p/µ, dimcnsionlcso. 

c aepnration numbor, dimensionlecs. 

= interaction number == 18 µ/kw, Pp Dy, dimensionless. 

= diffusional separation number = Dv/u0 ~' dimensionless. 

= electrostatic se.parution number for effect of charges = km E p E bs/ µ 6 Dp 
. u 0 , dimension.less. 

= electrosto.tic separation munber for effect of induct.ion' = kin Eb; Dp 2 

(6p -6)/µ62 Dt u 0 , dimensionless. 

= i'low-lir.e interception number = Dp/~,. dimensionless • 

. Nag = gravity separation number = '1it/u0 , dimensionless. 

Nai = inertial interception number = ~Pp Dp
2 

u 0 /18 µ De>, dimensionless. 

Nat =thermal separation number-= [k/(2 k + kp)] [ (T - Tb)/Tl [µ/km P De> u 0 ], 

dimensionless. 

Nt = number of transfer units, dimensionless. 

R · "'gae constant, 8.31 x 107 (ergo)/(°K.)(grrun mole). 

Bv • specific surface of fibers, = 4/~ for cylindrical fibers, sq. cm./cu. cm. 

T = gas temperature, °K or 0 c abs. 

u 0 = superficial gas volocity (bened on filter face area), crn./soc. 

Ut = torminal oottling volocity of aoroool r~rticlo in gravity field, cm./oec. 

6 •permittivity of gao, (atatcoulornbo)2 /(dyne)(oq. cm.). 

6p • J>ermittivity of' aoroool particle, (otatcoulombo)2 /(dyne,) (oq. cm.) •. 

f>b •fiber density, g./cu. cm. 

Pp ... noroool :particle density, g./cu. cm • 

... . ~-... 

. ' 

. . 
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µ m gas viecooity, poiooo~ 

f.v c :rrnctiono.l voids in .filter pud, dimonoionlooo. 

f.p =electric chnrso on pnrticlo, otn~coulombn. 

f.ba =electric chn.re;o on f'ibor eurfaco,. (otatcoulombo)/(oq. cm.). 

TJ = ovoro.ll frnctiono.l collection efficiency, fraction of :pn.rticlea entering 
filter that nro deposited in tho f'ilter pnd, dimenoionlooo. 

17t = ratio of crooe-aoctiona.l area of tho original neroool stroa'.m, from which 
particles of a given size· are removed bocnuoc tho ptirticlo trajectories 
intcrooct the fiber our.face, to the area of tho fibers projected normnl 
to the nominal direction of gas flow, dimonsionloos. 

l/J = "a function· of." 
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SUPERflCll>J.. VELOOTY, FT./SEC.• 

FIG. 1 

SUMY.ARY OF EXPERIKENTAL COLLECTION EFFICIENCY DATA 
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AIR °ClEANING 
Nl<.'W DEVELOPMF'.JfrS A'l' u. c. RADIA'l'ION l.J\J30HA'rOHY 

By M. D. Thnxtor, UCRL 

I'd like to touch on two 1 terns under. tho hco.dinG of new dcvolopm.ents at tho 
Radiation I.n.borutory, under the topic of nir clcnninr;. Tho i'irat is a minor 
item, a scrubber :for tho entire or partial removal of corrosive vapors. We've 
been fiddling with this gndc;ot for 2-1/2 yea.rs ond hn.ve found it uocful in our 
box applications as well o.o in non-ro.dio.:ictivo bench chemistry. Ito pU.rpose is 
to protect filters, ducts, blowers o.nd other air cleuning nnd o.ir hn.ndJ.ing 
equipment. At the outset let me give credit to the Harvard air cleaning lab for 
tho stimulus r ~oived there in 19'.)1 whore their scrubber was demonstro.ted. We 
usod the so.ran "Jed Nportcd by them. 'l'he roscmblanco ends there, however, and 
our results crumot be compared with theirs. We were seeking a very ca:npact 
package vhcreas Hnrvard 1 s was on an industri.al sco.lo. 

We may 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··al reservoir." A downstrerun. exhauster is universally used. 

The unit may b ., said to have two major portions, upper and lower. The up
per portion contains gas inlet port, liquor discharge, spreader plate, saran bed 
disengaging space and gas outlet. The lowe~ contains the air lift feed and 
reservoir o:f scrubber liquor. The assembly is tubular and has been m.e.d.o in three 
sizes, our so-called 2", 4" and 611 sizes. The 2" and 4" sizes are self-contained 
in polyetr..ylone end industrial glass Pyrex pipe sections respecti voly, whereas 
the largest io 6" Pyrex pipe housed in a 30 go.lion common drum, polyethylene 
lined. 

Some dimensions may be of interest: 

DATA: Scrubber Size & Dimensions 

J 2" 411, . 6" 

Overall height, inches ·· 17.5 34 34 
Width, inches 2 4 2-l 
Bed internal dia.~oter inches J...8 3-5/16 4-3/4 
Bed crosn sectional areo.--inches 2.6 8.3 17 .8 
Bed dopth--incheB 6 10 10 
Lift heieht--incheo. 17 25 26 
Liquid resevoir height--inches 8.5 l2 16 

volume-- 2 litoro Y( gallono 
Liquor cycling rate, cc' s/m:l.n. 400 600 
Thruput gas volume as lift air 0.23 CFM 1.7 CFM 
Total gas thruput @ 3" w.g., CFM 3-1/4 10 19.2 

It vaa experimentally doter ... 'linocl by cut o.nd try methods thnt the optimum 
air line tuba din.motor wuo 7 mm inaido tho air lift tubo of 16 mm. 
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Obsorvo in tho o.bovo datu tho thruput io directly ... olntod to bod diomotor. 
J,nborutory officioncy too to hnvo boon rw1 only on tho 4" oizo with ond without 
nn upntr.:irun condcnocr. Vo.porn from boiltng 12. 6 M IlCl mixod nt tho vapor pickup 
with room nir to mnko up volume wo.o the food ma torio.l. libnco tho concuntrc.tion 
dro1)pod as volumo wont up. Total acid in cnch run wa.s 100 ml boilod to dryncoo. 
The tooto woro ropoutod with 16.2 H HN03. E1~ficicncy co.lculntiono uro bnood on 
back titration of oci-llbbor liquor which was 2 N No.Oil. Rooults o.ro exprooood as 
~.removal to ocrubbor liquor fr~~ the air otrorun. 

HCL toots 

CFM 4" scrubber 4" scrubbor .with condonoor 

5 66 100 
3 71 91 
1 88 

RN03 tests 

5 58 
3 --* 67 
l --* 98 

*Not detonnined; uci~ reacted with tubing uoed in asocmioly. 

' In one application where beta-gamma radioactive mists were encotmtered the 
scrubber also acted as a satisfactory air.clea..~er. This is, however, an excep
tion; its efficiency for :particulates is li.ke all scrubbers, rather poor. Quali
tatively these scru.bbers have perfor.ned well for our major purpose of protecting 
downstream equipment. They have worked visibly well on HF as expected but not 
so well on H2S04. The 411 o.nd 6" units are mounted downstrcrun a."ld outside of 
Berkeley boxoo. The 2" under current study is designed to go inside such boxes. 
Rough sketches are available for those interested. 

The oecond item to be discussed is more important. It might be said the.t 
1 t concerns not air cleaning, but a method of avoiding a probable failure of air 
clcuning. A few introductory remarks are neccosary: At UCRL we encounter our 
major O.ir ClC0....'1ing problems in Com1ection W1 th invcstigat:i.ODS On the trn.,,'1SUrl.l..."ll CS• 
Subotantinlly, as you know, these arc nlphn emitters; so~e of the~ arc bcta-
gruuma and neutron cn:i.i ttero ao well. When tho specific activity is hlt:,h a very 
small pcrcentuec. 1000 to room air or to stack eao will result in exceeding the 
AEC limits for air pollution. 

When ono ma.nfpulo.tco subotE.mtitl ciuo.nti tics of hi13h specific p.ctivi ty ma
terial o.nd the troc.t~ents involve heating, cooling, stirring, transferring, cns
sing, contrifugn.tion, precipitation, di.soolving, evaporation to drynoos e:.cl a 
hoot of cnercctic chemical rcactiono, the clw.ncc:o for aerosol forIIL'.ltio:1 and dis
persion nre conoidornbly e:nhnnced. 

Sinco in r':>r_,cc.rch rJro.ct'ico it nevor occuro thnt tho acqucnco of proccooing 
ovonto, or conditiono surrounding on.ch ovont, ifl duplicutod in ouccoouivu cxr10ri-
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11 uuuonco link" prcparud by tho uuual hco..t-ouul_inv toclmic. All componontu of 
tho oyotcm nru liquid, oolid nnc.1 gaoeouo waotc roceivcro no ouch, nnd will bo 
concroto jncklittcd. ru1d burioJ. at the torminntlon of tho oporatiouo, with the ex
ception of the nccumulator tunlw. It ia plo.nned to orunplc tho baeo in the no nnd 
noony their contento by three mcthodo: filtration, ESP nnd vibrating recd clcc
tromctcr. Attcmpto to clonn the ucctuuul.::i.tcd cases nrc planned o.nd will be :pros
ecuted if ti rue nnd the o.snnys pcrmi t. In the event of poor oucceos the eo.oco 
will be comprcoocd in otool cylinders, Jnckcttcd in polyethylene and enco.oed in 
concrete for burial. 

Wo hnvc become truly O..'Il.!lze~ nt the dotnilins required. Tho two opero.t:1ne; 
boxes require cloven gloved boxes to serve them, 1200 feet of polyethylene pipe, 
500 hoso clumps, over 150 vulveo and much other i:npedimento.. The cost is of 
courso co:-nmonsurnte. Tho desiGned capo.city of tho system is 615 cubic feet with 
a two-fold sufcty fa.ct.or on volume. It is anticipated the equip.'llent will ru.'1 
continuously for some 60 days. An cxo.mple of tho complexity a closed system re
quires Ill11Y be given. Consider the solo factor of environmental temperature vari
ations. Ho plrui to hold the systc;n at all times o.t about minus 1/2" water gauge 
with respect to ntmospher:i.c pressure •. Yet a shift of ll deereoo F would cause a 
chrul.ge of pressure in all voids of the appo.ratus 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 ch.o...~ge of about 8 cubic feet just because of this small te~
perature variation. This must be allowed for in ~he sensing and controlling ap
paratus and provisions made for tempering the ambient ut;nosphere. 

~lli.at I should like to hear at this meeting of course is a description of an 
air c"ieaning train with sufficiently emplc decontamination ability so all the 
above head.aches could be avoided when we run into this type of problem again. 

I 

~ '. ' 
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A CONSTAN'l' VOWME RADIOC1Ili:r.1ICAL HOOD 
I 

By G. T. Suundoro, CR&D 

DESIGN PllILOSOPlIY 

In 1951, deoi(7l. criteria were being eoto.bliohed for a new chemiotry lo.bo::-u
tory to be built by the California Reoco.rch & Develornnent Co.:npu.ny, ond studies 
vero undertaken at that time to determine the type of radiochemistry hood trot 
vo.s to be uocd. The firGt requirement entublishod wan tlw.t tho hood must be o.n 
integral po.rt of o. constant volume central exhnuElt syotem. Secondly, and op
posod to a. constant voltL"llC uni_t, it was desired to obtain a constru1t face veloc
ity regru:dlcss of door setting. Lastly, it had to bo inexpensive. 

An examination of cornr.iercially available radiochemical hoods o.nd those in 
current use at A.E.C. sites showed that none could meet our three dc:nnndo. The 
problem was resolved by the designing of a hood that was formulated o.round 
several features: 

1. To meet constant volume and constant face velocity -- which we set ct 
approximately 100 FPM -- it was determined to use the hood door itself 
as an air regulating valve by incorporating ·a by-pass port directly 
abovo the hood compartment. 

2. The exhaust filters were to be installed im.~ediately adjacent to the 
hood outlet and at floor level to facilitate eo.se of change. 

3. The hood must be readily portable and must po.as through a standard 
3'0" x 7'0" door. 

4. It must be easily disassembled so that in the event of contaminatio~ 
only the affected part need be taken a.way. 

5. It must be inexpensive. . 
How these features were achieved are to be illustrated by a look at the 

unit as it was designed and tested. (Refer to Figures I & II (Slides 1, 2, & 3)) 

GENERAL DF.SCRIPTION 

The overall dimensions of the hood are 9'2 11 high by 4 1 311 wide and 2 1 10-1/2" 
deep, without front air foil -- with foil it is 3'1-1/2" deep. It is constructed 
throughout with mild carbon steel. The canopy and coverplates are of sheet metal 
e.nd the supporting members utilize standard structural nhupcs. All surfaces tr.at 
are exposed to either corrosion or contamino.t:i_on nre finished with a baked phe ~ 
noli c resin. The hood opening is equipped with a. rcrr.ovublc air foil to insure 
s~oothcr air entry. 

The hood deck will support a floor loo.~in~ of 500 pounds per nquo.rc foot. 
Standcrd utility connoctiono are provided, which includco o. cup sinl~. 

The hood section and tho by-po.:Ja 'section both rw.vc a fo.ce area 9f 11 square 
:feet; the hood window io likewise 11 oq_uure feet and as it is moved up or down 
the tota.l air intake area remains at 11 squaru foot. With cm averaco face vc
loci ty of' 100 FPM, tho volume rccai.na at rougl1ly llOO CFH. 

Tho air from both the hood o.nd uypo.no cornpo.rtmonto :rx:i.on through tho filter 
unito nt the bo.ao of tho hood. A fibcrGlan:J prcfiltcr io provided for each of 
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two 2 r x 2' .x 5·-7 /D" CWS fl~ ( eL1ui v .- ) .fi lto1'n conncc tod in purnllc 1. 'l'ho totul 
nir volwnc in the unit cn.n be o.djtwtcd. by mc:mn of n butterfly damper loco.ted 
do'W'nntr0n.m fr0m the filtcro. An inclicn.tinc; m1momotor ohowo tho prcoourc drop 
ncroso the filter bed, o.nd no the f:i.ltcr loading incronooo the totnl nir volume 
con be o.djuot0~l to o. m ... '1...Xi:num of 3" static pro::inuro drop o.croao tho filter bed. 

Tho concrete oln.b construction of tho buiJ.ding precluded rui.y acrvico bn.oc
mcnt so thnt o. .furred-in s1x1cc is provided nt tho oido of tho hood for the uUl
i tics o.nd duct run fro:u the floor to the ceilin[;. Since two or moro hoods arc 
normnlly insto.llod.sidc-by-oide, the common usnc;o or the utility spnco is eco
noii.ico.lly· achieved. All vo.lveo and controls aro mounted on the panel between 
tho hoods. 

The hood is quite simple to disassemble. The upper hood and by-p'.l.oo nection 
res to by gravity on the su11portinc structure. By disconnecting the utility out
.lets, the top section can be lifted off and to.ken from tho room. Tho lower fil-
. tor box and cmpportinc structure ce.n bo removed by disconnecting a coupli11g to 
both water druin and to tho nir ducts. 

The :filtcro are changed by removing the cover plates and wi thdro:wing the 
filters horizontally. 

. 

In order to ascertain the air currents, pressure drops, and e;enera.l flow 
characteristics of the hood, a unit was mocked up to be run for s~oke and ve-
lometer tests It was essentially as shown in Figure I and was used to deter-
mine optimum baffle, air foil and opening sizes. The unit was also used to de
termine the effect that each cow.ponent had on the other. 

In the original concept a simpl0'vertical adjusting baffle was used at the 
back of tho hood chamber. This demonotratcd n very rapid increase in face ve
locity for the lower (hooa_) section as the door was closed. Irowevcr, the total 
air volume rer:lllined fairly constant since the major pressure drop was concen
trated o.t the narrow e.xhauot outlet bet'W'eeri the hood and filter plenu;n. 

To correct this increase in face velocfty of the hood section, tho verti
cally adj us tinG baffle was replaced by a hinged bo.ffle, which could bo moved to 
decrease the nir volume (--thus velocity--) in the lower hood section when the 
hood door was lowered. This meche.nism works in this fafihion: when the door is 
closed to 10" or less from the bottom, tho operator may move the baffle to a 
imrtialJ.y cloned position by pulling a handle on the control pc.nel. Tho baffle 
lockn in thjs pooition until the door is raised at which time it returns to its 
ori£?.nc.l position. If there is no objection to the higher face velocity, the 
ba.f'ile doeo not ha.vo to be cloned. F1Gure III (Slid6 4) shows this linkage in 
achcuLD.tic faohion. Figure IV (Slide 5) shows tho total volume and avorn[;C face 
velocity of tho hood in operation. 

Tho uoc of the bo.ffle showed tbo.t a more lnminar flo·.r of air wno achieYcd 
with it thnn without it, and there wua o. minirnu.':l of hood turbulence re0urdleos 
of door c;ottin,s. Thora ·1:1111Jcnrod to be no bnck-up of air from one co::J.Jl.;."lrtn,C;;nt to 
tho other, olthoueh, as would b0 anticipated, there was o.n increaoc· in staen~tcd 
air in the bottom (hood) compartment ao the door \U'.S lowered. Ex:por:ir..ento vi tb 
variouo nizeo of air foilo showed thnt there wno little vc.rintion in effect due 
to sizo. Rovovor, tho lr..!"eor ono performed better. Tho final ro.di us we.a the 
maxi..":'lu::i cu .... -..Yo.turo to fit tho phyoicn.l inoto.llo.tlon limi t11tiono ir.ipoocd by both 
building and rioroonnol accoos. Slotted fuirin.zo wc.:1·0 found ineffective c.t tho 

·-.......... -... _, ___________ ___,...: 

·-------··--···-····-····"'""' 



224 wASu-rro 

rolntivoly low volocitioo involYod. It io woU to o_ti1::.o, ho"Wovor, th.o.t tho flow 
}.'1..'\ttorno 'With tho nir roilo Yoro mu:ny timoo bot tor tb.u.n without: tho ovorull 
o.ir l"\Ut torn wo.o lru:iino.r with, but turbulent without / tho foilo. 

ROOD LDITTATIONS Al:.'D COST 

There nro limitations, of couroo, to thio type of hood. Tho moot obviouo 
one io tlu1t tho nu~bor of hoodo to o. roe~ io limited unlcos op.:>cio.l nir oupply 
devicco nru used. Thia io duo to tho constant voluno nopccts of tho hood. 

The inotnllod price by n commcr{cnl fabricator of fiftocn units wno n]>prox
imately $1000 oach. No attempt wno mudo to dotcrr.i.ino tho cost of a smaller mun.
bar of units. 

As in o.11 ini~icl designs, theru aru aroao of i~provcment and wo feol if 
o.dd.i tionnl uni to wore' to be built wo would nt least modify the f.ollowing 1 terns: 

1. Add n cl.D..'llping bar on filter holdero to facili ta to holding. 
2. Simplify bu:fflo l.ink.ago. 
3. Uso counter weights on door instead of sash bal.ancoo. 

Tho hood has ~roven quite satisfactory in operation and we feel that tho 
deairuble features wera obtained at a minirru.un of cost. 

! . 

.. 

fllhrt --~i'l////J'/JJ 

Divider Panel 

· · _ Hln9td Air Baflh 
Plato 

~~~---.. (enlrel hheust ...._ ____ --s-,a.te•-~ 

FIGURE I 

SCHEY.A.TIC DRAWING OF ROOD E.Lh'VATION 
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FIGURE III 

SCHEMATIC DRAWJ.NG OF BAFFLE LlliKAGE 
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1-'ILTRA'l'ION OF MICROOi1GANISMS FHOX AIR DY GLASS Fii3En PAP.En FILT"t:US 
( 

Herbert M. Decker, J. Bruce Harstad, Frank J. Pipor 

Cha::U.cnl Corps, U.S. Ar:n,Y, Vh1shineton 25, D.C. 
and 1.ryrl E. ·;tilson, 2nd Lt., USAF 

A survey of laboratory acquired infections in the United States 

• reported in 1951 by Sulkin and Pike tl) tabulates a total of 1,334 

I 

infections acquired in the laboratory. Filtration of exhaust air from 

ventilated bacteriological 1·w:::k hoods and from rooms or buildizl(;s used 

in the study o{ ·.highly ir{~ectious diseases •~ill therefore assist in the 

reduction of laborv.tor-.1 acquired infections. 

At the last Air Cleaning Seminar a paper was presented on the "Removal 

of Bacteria and Bacteriophage from the Air by Glass fiber Filters. 11 liention 

• 
was rr.ade at that ti.me that prelir.linary tests indicated a high filtration 

r 

efficiency of r,J.icroor5aaisms through £lass fiber paper filters. Since then, 

1
a n~uber of tests have been conducted on this type of filter media. 

During the past year filter manufacturers have devote? considerable time 

and effort to the development of ultra Iilicrofine glass fiber paper 

filters for removal of biological and radiolociical contn..u"1ination from. 

air sup?lY systems. 

The glass fiber filter originally developed jointly by the 

Department of the Navy and the National Bureau of Standc..rds is now being 

proc..uced commercially. This filter io as thin ao coarse paper ( 10 mils). 

· The fibers arc known comrncrcio.lly as type E Glass i~cro .F:i.b crs, have a 

mcltin& point cf 1450 F, 2nd an averace diameter of 0.5 to 0.75 microns. 
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~ 5 ,_!~0n•i n0;·1 t~·pc of i'iltc.r p.:.i.por i:'; boing developed by n rc~carch and 

1'his second type is composed of a .raixt..urc of 

(;'b.ss fib~rs nnd asbestos fiber.::;, Figures l, 2, and 3 show the fibers 

as they apf'C.:lr in the PF 105 spun cla::;s fiber pads and the two newer 

!~lt. ... ~r p.:i.pcrs. It is evident that the Type E filter material (fi0urc 3) 

h.:1s th(! most uniform fibers, It was rt:!ported at the 1952 meetine that 

two layers of PF 105 .::;pun el.ass exhibited an efficiency of 99 per cent in 

~c;:;oving ~.:_atia indico. from an air stream. Since that time, glass paper 

.filtci·s have been evaluated. 

Serratia indica a harmless eloneatcd bacterial organis;n, about one 

nicron in length and one half micron in thickness was used to evaluate 

the ~fficiency of the filter papers. The test equipment is illustrated 

in fit;ure 4. The organisr.is \'1ere atomized by a Chicago type nebulizer 

into a cloud cirnmber \'1here the cloud of bacteria was mixed vdth air, then 

passed into the pre-filter srunpling charabcr, through the filter at face 

vclociLics of 10 and 20 feet per minute in~o a post-filter sar.tpli..-ig char.mer, 

and finally exhausted by means of a blov1er to the out&.ide air. Biolo.:;ical 

material from this nebulizer is not always unicellular, because 

agblo~cration of organisms may occur during or after release of the 

aerosol. 

The air ·was slliil.pled in front of tho filter by l~quid ir.lpingers 

cof.st:-ucted •,·ii th a critical orifice which permitted air to be dravm 

throuch the collectine mcdiur.1 at approximately 0.5 cubic feet per minute. 

Tho collectine mr;diur.1 in the impinecrs consisted of 20 ml nutrient 'broth 

ar.d 6 t.o 8 drops of olive oil. One-tenth r.U. of the sa;nple was streaked 

. .. . . . .. ~ . 
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on n corn steep acar plat,,c. In addition; one ml samples fror.l the liquid 

i.mpinccrs \·1crc scri-.Uy diluted and one-tenth ml sarilplcs of the dilutions 

wc~c streaked on plates for incubation and count.inc. Sieve srunplers 

containinc corn steep aear petri plates \'1cre used to sample air -after 

it had passed throu.:;h the filter. 

T~c e.ff iciency o.f the filter paper was dot.ermined by sa.mplinc the 

cloud concentration before and after the filter. The results of the test 

are shown in ficure 5. At an air flow of 20 linear feet per rrinute penetra-

tion of §. indica through the type E glass filter paper vias two organisms 

from each 100 million test organisms recovered in front of the filter. 

At an air flow of 10 linear feet per minute the penetration \·ias one 

organism. With the asbestos-glass paper, at an air flow of 20 linear 

feet per rai.nute, the penetration 'llas 28 organisms per 100 million test 

organisms. When the air flow through the asbestos glass paper was 
• 

reduced to 10 linear feet per minute the penetration increa~ed to 140 

organisms. The increase in penetration from 28 to 140 prob~1bly results 

frora the lesser impingement of the organisms on the fibers at the lov1cr 

velocities. 

Since steam is frequently used in BtLfety cabinets for biological decon-

tamination pur:poooo) teats were conducted to determine whether the :passage 

of atow::l through tho type E glneo filter niutorial would have en offect on 

the filtration efficiency. Free 1lowing atoam was po.seed through a 100 CFM 

type E glass pleated filter for a total ·of three hours. The results of the 

t.ests indicatcci that there \"W.S no apparent chant:;e in filtration e.fficiency • 

., . .. ... .. 
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EFFICIENCY OF GLASS AND GLASS-ASBESTOS FfLTERS 
IN REPv10\IAL OF S INDlC/~\ FR0~~1 AN AIR STREAi\~ 

I 

I - AIRFLOV·J 
i FILTER MATERIAL (linear RESISTANCE NUMBER OF 

feet per (inches of FILTERs·X4 

-EVALUATED I minute) 
water) EVtl.LUATED 

.GLASS PAPER -
FILTER 

I 
TYPE E 20 3.2 

I ' 10 
7 

1.5 5 

jASBESTOS-GLASS 
PAPER .. 20 3.1 5 

10 1.5 5 

:i:E och filter w~s tested a minimum of ten limes. 

FIGUl1E 5. Efficiency of Glass and Glass Asbestos Filters in 
Removal of .£ indica From an Air Stream 
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CONCLtl~HONS 

' 
The d<\ta obtained on the r'iltcrinL; efficiency of the filter pads and 

pap~rs arc r.1ost pror.1isin£;, -.i.nd indicate posnibilitics for wide practictl 

applicat.ion. Results of our earlier ;vork showed that t\·10 ~ inch pads of 

·l.28 r.iicron size spun glass at a linear air flow of 20 fpm removed an 

averat;e oi' 99 per cent ol' the bacteria and virus organisms. It was felt 

that this tJrpe of air' filtration syste:1 would be satisfacto:::-y for general 

buildine exoaust supplies such as in hospitals and in industrial concerns. 

ttO\~ever, in specialized circumstances such as in the case of some research 

institut.:,ions \mere oreanisms may be handled in large nu:.1.bers or in 

apparatus in l'lhich sienificantly infectious bacterial aerosols are 

accident&lly or deliberately created, a greater arrestance is necessary. 

There is now available a hithly efficient mineral filter paper that 
I 

can be easily used at hfeh temperature; is fire resistant, does not 

disinteerate when wet, and can be biologically decontaminated by heat. 

A non-cor.lbustiblc filter 1·rz....11e for th~ all-glass fiber filter is being 

developed cor.~":lcrcially ~figure 6). The filter made ,of asbestos fibers and 

glass fibers is also ap~roachin3 co~nercial availability. Industrial 

installations, hospitals and research laborntories Y1ilich require re:novo.l 

of biological, rndiolo3ical or other particulates ~rom an air strca:n, now 

·have access to a hi.chly effective,. fire resistant. and chemical \except 

hydrot;cn fluoride and alkalies) filter. Frcq_ucntly, such a filtration 

syste!f, may be used in lieu of a costly incinerator. 

. .. 
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I. Introduction 

Fl.IRTHE.1l STllDtES ON ELECTHOS'fATIC SEPARATION 

by . 

A. T. Rossnno, Jr., M.S., ·Rosonrch Fellow• 
Hnrvu.rd School of l'ublic Iloulth 

55 Shnttuck Stroot 
Boston l&, Mussnchusotts 

At the last uir cleaning sominnr we prosented a preliminary report 

of our studios on eloctrostatico.lly chnrgod aorosol filters. At thnt 

tit.io wo outlined somo bnsic concepts of eloctrostntics such ns methods 

for producing stntic olectricity, mechanisms of charge reduction and 

mensuromont of chv.rge. In addition, v;a reviewed oxisting inform..'\tion on 

tho nature and behnvi or of the rosin-wool filter. In this paper we sho.11 

attempt to bring you up to dato on the results of our continuing research 

on tho electrostatic effects in fiber filters. 

II. Exporimontnl Studies on the Effect of Aerosol Charge on F:Dtar Efficior,cy 

A. Apparatus and Procedure 

The electrical mechanism of romovul in n dry fibrous filter is 

rolntod to the electrostatic force bet\'/cen tho aerosol: and the collecting 

surfnce. This force may be either a Coulomb or a polarization forcol. 

Tho Coulomb force exerted on nn nerosol particle possessing a chargo Qp 

in nn·olectric field of intensity E surrouncing a chnrgod fiber.is as 

:f'oll OW& Si<-"* 

* Senior Sanitary Engineer, U. S. Public Health Service on assignmont 
frorn tho Environmontnl Health Contor, Cincinnati, Ohio 

iii'· 1'ho units m;od r.ro in the "unrntionn.lizod" cgs or Gaussian systom. ThElt is, 
Fis in dynoG, E in stotvolts/cm, Qin statcoulombG, and r in cent!.::,oters. 
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Tho !iold E l\t o. di.uto.noo r from tho nxi,s or n. long slondor fibor cho.rr;od 

uniformly with Qf unit:i of cho.rr;o por contfmotor or lonr;th is ns follows, 

E = 2Q.r 
W-· 

Since tho rolntivo dielectric constant k for air is nearly 1, tho Coulomb 

forco exporionced by tho norosol pnrticlo in nir iss 

Fe = 2QPQf 
r 

Thus, the removal force is n function of the product of tho chnrge on the 

individunl pnrticlo and the cho.rgo on the fiber. 

If Fe ·is negntivo, the particles tend to move from the a.orosol stream 

onto the collecting surfnco, the not effect being an increase in filtering 

efficiency. Conversoly, a. positive valuo would indicate a lov1ering of 

effioiency. 

In tho case where one of the componont"s is charged nnd the othor is a 
• 

dielectric, the for co between the two may be n polarization force 2. J,.n 

uncharged particle tinoso dielectric constant differs from that of the 

surro\Ulding medium oxperionces a net force whon placod in a non-uniform 

eloctric fi5ld. 

Consider an unchurged purtiole in the non-uniform field E surrounding 

a long nlonder charged fiber· in air. Tho inductive forco on a particle of 

volume V and Qf dielectric conctant k is AS •followss 

F p ::: (k-1.)VE 
4 7T~ 

whoro r is tho radial distnnco from tho fiber. 

Thus, tho oolluctinG force one. dielectric particlo is related to the 

e.bsoluto vnluo of tho oloctric field surrounding; tho cho.rgod. fibor, ns woll 

nc the fiold g;rr.diont. Tho _mo:tion of tho fO. rticlo wi 11 bo in direction of 

. .. ... 
. , .... 

. ........................ _, _____ , -· ..._ _________ , 
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tho gront_Ast fiold Gtrcnc;th, thnt is, to\'\e.rds t)1o fibor .• rogordloss of tho 

polarity of tho fibor._ Sinco E 

particle dinmctor. 

= 2Qr --· r 
F p = (k-1 )d3Q.r2 whore d is tho 

6rS- . 

An evnluntion, thoreforo, of the rolo of olootrosta.tics in filtrntion 

111ust concern itsolf with two compononts - particle chnrr;e o.nd fibor churgo. 

In-this study we havo divided our investigations into two phnsos. Tho 

first phase is conce:r;ned with tho effects of particle chnrgo on the filtration 

officioncy of nn initially uncharged fiber filter. Tho remainder of this 

pnpor deals principally 'vith this aspect and will include a doscription 

of tho tost procedure, appurntus and results. 

The second phaso is concerned with the effoct of charged fibers on 

the officioncy of filtration of uncharged neronol pnrticlos. Some exploratory 

·work on this nspoct has been iniUatod, and briof mention will be ma.d'J or 

tosts in progress. ' I 

a) Aerosol generator •. 

Figure l shows tho general layout of tho entire test assembly. A 

15 inch dio.l':ii3ter steel drum open a.t the top housos a •constant spoed motor 

driving a horizontul 4 inch diameter brass disc.~ From an ovorhend constant 

hea.d t!l-Tlk, a solution of 0.1 percent mothylene blue in 95 porcent ethyl 

alcohol is fod.throu:;h n hypodermic needle onto tho center of tho disc. Tho 

resultinc thin liquid film is centrifuged off the edge to form a fine liquid 

spray consisting of droplets of two distinct sizos; tho main droplets and tho 

satellites, of approximately 1/3.tho size of tho main ones. Tho dis.motor of 

tho mnin dr~plets is a function of tho rotational speod, rndius of tho disc 

and physical chnrnctoristics of tho liquid. An inducod downward flow or o.ir 

• Tho ncrosol was conorutcd by n spinnin~ disc sprnyor ndnptod from tho 
unit dovolopod by ~·;u.lton & Pro·11•:itt3 • 

. , 
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through thoJ drum int.or cu pt.s tho :.utoll ito.:; nnd convoys them into tho in lot 

of tho 5 1/1 inch tost duot. Contnct with dry roo:n nir r~1sults in tho 

evaporation or othnnol from thoso droplots nnd solid sphores of mothylono 

bluo aro for;,1od. Pnrticlo size distribution, dotorminod by moans of a Cascade 

Impactor ·havini; a moloculo.r filtor (W or Millipore Filtor)• a.s tho fifth 

stago, showtJd the aorosol to hnvo n ms.ss modinn dinmoter of 2. 0 µ and a 

goomotric standard deviation of 1.3. Loadings could bo varied from nbout 

0.1 to 1.7 mgs. per cubic motor with good roproducibility. 

A Stnir~~nd disc nnd diffuser scroon are provided in tho duct to insure 

uniform cross-sectional distribution of tho aerosol. 

b) Aerosol charging dovico 

Tho aerosol is charged by moans of an ionizer section containing 

e. series of electrodes consisting of fine" wiros and coplanar brass cylinders. 

A diroct current pow0r supply furnishes controlled vol to.gos up to 12, 000 

volts nnd ion currents up to 150 microamperes. A unipolar corona discharge 

' is established between the wire and cylinder electrodes. Particles entering 

the eloctric field between.the wire and cylinder are charged as a result of 

·bombard~ent or ions having the samo polarity as the ~~re. The emerging 

aerosol, thoroforo, possesses n charge having predominantly the same polarity 

as tho discharge oloctrode. Aerosol chargo could be varied frora test to tost 

by varyine; the ionizing voltat:;e and curro~t. 

c) - E_r\mplin~ 

Sampling probes placed oh either sido of tho test filter permit 

determinc..tion of filtration e!'ficioncy. Tho filtor medium in the" sampler 

is a. J.'.F' (Hydrosol J,nsay Typo) ho.vinr; an efficioncy of approximately 100 • 

porcont. Tho sampling rate ~o.s 5 liters por minute. 

Lovoll Chomicul Compuny, v;atorto·.·m 72, l~an~o.chunotts 
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·Mo.ss conconirntion of moth.Yl"no bluo aerosol colloctod by tho .snmplors 

is dotorminod by dissolving tho molecular.filter in ncotono. adding othnnol 

to dissolve tho methylono bluo nnd nnulyzinr; tho solution c·olorimotrica.lly 

. on n Klett colorimotor. 

d) Aerosol charge moasuremont 

Tho filtor modium used in thoso tosts wns 50 µ diamotor glass 

fibors pnckod to n density of one pound per cubio foot. Tho filter wna 

5 1/4 inchos in dinmotor and 1 inch thick. Aorocol charge mensuromonts 

woro mo.de vrith a Faraday ca.go consisting of an 8 inch long brass collar 

around n Lucito filter holder ns shown in Figuro 2. J. Rawson eloctrosta.tic 

voltr.iotor of low cupncita.nco and high lonkage rosista.nco is connected to 

~he Fnrndny cylinder. The capacitnnco of tho entire eloctrica.l system 

includine tho meter is dotormined by n capacitance moter•. ~lectricnl 

shiolding or· the measurement U...'li t elimino.tos the effocts of stray olo ctric 
. . 

fields a~d capncitnnco. Critical parts of the test assembly are carefully 
" 

grounded through conductors using soldered connections. 

Tho product or the capacitance of a body and its potential equals its 

chnrgo. Therefore, the collection of aerosol partlcles on tho test filter 

is reflected by a steady change in voltnge reading. Thus dQ/dt = C dV/dt~*, 

that is, tho product of the cylinder voltage change and the capacitance of 

the cysturn is a moo.sure of tho not chnrge or collected noro~1ol por unit of 

time. Appropriate corrections are ~ade for tho charge carried by air ions, 

atmosphoric dust and alcohol vapor. 

Y.novrinc: tho c1oro&ol concontration upstreo.m of tho filter, ·as doterminod 

by tho upstream sampler, it is possible to cnlculnto tho woight of mothylono 

bluo collcctod on tho filtor c.ftor oorroctinr, for monsurod filtor officicrncy. 

~ Gono:·al Rbdio l612AL R-F Cnpncitunco ~otur O to 100 ~1f. 
"'"" ii"noro Q ia in Sto.tcoulomb::;, C in St..o.tfo.rndn und V in Stntvol ts. 

, . 
_, -M ·-·-· --------""~"'"'--·• 
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From tho.so dnto. tho rutio of churt;e ·to mnss ln torms of stntooulombs por 

{;rel.in cfl.n bo culculntod. Sincl' tho modian po.rticlo sizo is known, n roo.sonnbly 

e.ccuro.to npproximntion of tho nvoro.go ole ctron cho.rgo units por pnrticle cnn 

bo obtuinod. 

B. Test Rosults 

Two sorios of runs were mnde, one with positively charged pnrticlos 

and the othor with nogo.tiv0ly chnrged particles. Tho suporficinl filtering 

velocity was 33 foot per minute with e. filter resistanco of 0.024 inches w.g. 

Aerosol loo.ding rnngod from 0.10 to 0.65 mgs/cubic motor for negative aerosol 

tests, nnd 0.19 to 1.7 mgs/cubic meter for positive aorosol tests. Althoush 

tho filtor used fo1· tho negr,tive e.orosol was a. .different one from that used 

~~th tho posi~ive aerosol, the medium, pucking density, filtration velocity 

and resistance woro quite similar. 

It will bo notod that the filter officioncy nt zero chnrgo Tro.s difforent 
• 

for the t~o filtors. This is of little significance sioco these tests ~~ro 

concernod only with the relative offoct of aerosol charge on penetration. 

Tho shape of tho Curvos in Figures 3 ·and 4 indicate that the filter 

efficiency gradually increases with aerosol charge from an initial value at 

zero chn-:-ge to n maximum value, remaining constant ·with increasing aerosol 

charge. The results are similar in tho case of the positive and negative 

aerosols. 

Tho r.1aximtrn increase in porcent removal duo to charge in either case is 

tho sa~3, namoly(72 ·~4~~· 5~ 100 = 12.4fo for the negative aerosol. and 

(8 5-~5 • 5 1100 = 12.7% for tho positive aorosol. Also noteworthy is tho fnot 
74.5 / 

that, with either polarity, tho ino.ximurn of!'iciency is reached e.t nn aerosol 

~ 

chnrr;o of o.bot1t 2 x 10" stntcoulornbs per grnm. 

To:>t ro:;ultr; can bo oxplo.inod ns follow:::; a Tho initie.l or "zero chargo" 

. ,,.: 

. . 
' 

.. 
0 
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ponett:ntion throui;h tho filtor is dot<?rmine~ by its inhur.:int mocho.nicul 

!'iltrntion c.fficioncy. As filtro.tion timo incronsos, tho dopo:>ition of' chnq;od 

po.rtiole3 on th~ filter grnduully co.unos it to bocome cho.rged. As thiu filtor 

churgo incronsos, tho oloctrio fiold o.t tho filtur surfaco bocomos moro intense. 

Thus, _e.pproo.ching; cho.ri;od pnrticlos exporienco o.n inoroasing Coulo:i1b ropuls ion 

until tho electric field is suffioiontly high to rotard or ropol oncoming 

porticlos. 

For tho purpose of this discussion lot us nssu~o thnt the filter surfo.ce 

roprosents a uniformly cho.rgod infinito plnno. This. admittedly is an over-

·simplification of tho fiold conditions, but nevertholoss it is a limiting 

ca.se 4 • Thens E = 21[0 y-
whore E = Electric fiold intensity 

er::: electric charr;o density nt filter surface 

k ~ dielectric consto.nt = 1 for o.ir. 

Sinco the ropulsi va i'oroo F 0 on an approaching purtiolo Yrith a chargo of 

Qp ia s.s follows: Fe = EQP' thon F 0 = ct(~~ but tr =.dqA•t 
. k 

whero 

AQ i& the filter oharge increment per unit of time. Therefore F 0 = 

This electrical replusion causes the ferticles to decelerato. HorreYer. 

as tho particles slow do..-.-n the viscous dro.g force of the airstroc.rn on the 

· particle incroo.sos e.s followsi 

Fd =drag force. 

' = viscosity of a.ir 

d = pnrticle diametor 

AV =velocity of po.rticle 
· relntivo to the a.irstren~. 

Sinco F
0 

= F d = 3/f)d AV. .D.v(fpm) ::: (2.6 x l05)fi.Q·t·~ 

Vnluoc of 11V during filtro.tion of pc;~itivo o.erosols of rulativcly lov 

nn<l hir;h chnrEo ru::ipvctivoly .woro co.l.ouhtod und plottod in Figura 5. It 

·' ' 
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will bo notod thut tho repelling offoot of tho filtor, ns it grudually 
···~- - . . . . . 

boco~lOS chnrgod by virtuo of dopo:;itod chnrgod pnrticlos, is of sie;nificnnt 

mngnitudo. This reduction of particlo volocity roducos filter ponotrntion 

sinco it incronsos tho effoctivonoss of such romovul fnctors ns ~ravitntionnl, 

diffusional nnd eloctrostntic forces normully opcrnting in mechnnioal 

filtration. Tho repelling offoct in the cnso o~ tho moro highly charged 

aorosol is much moro marked. 

Fro;:u a cotnpr..rlson of tho slopo::; or tho two curves it may bo inf'errod 

thnt nt norosol chnrge values slightly highor than 2.2 x 105 Statcoulombs 

por gram tho repulsion offoct of tho filter reaches n maximum. It follo"~ 

thorofore, that boyond this point filter officioncy assumes n constant 

maximum vnl ue. This is in genoru 1 o.groemen'.:; vri th· oxperimontul results shown 

-in Figure 8 which indicate thnt percent romovo.l of norosol roo.chos a mnximu:n 

at n...~ aerosol charge of about 2 x 105 Stntcoulombs por gram. 

The abovo explanation is bnsed on tho assumption that tho filter 
, 

represents a.uniformly charged infinite plane. Tho aotual shape and 

intensity of tho electric field nt the sur.fs.ce of the test filtor is. more 

complox than this. The nctual che.rge density at the'filter face is lower 

than assu.-:iod, and thoreforo the olectro~tutic effects ~ro less murked. 

Novortholoss, theso figures sorvo to demonstrnte the gonornl character of 

these effects and how thoy vary with aoros?l cho.rgo. 

The_ failure of the filter to nttuin a removnl valu& closer to. 100 

porcont mny bo attributed to tho fact thnt tho to~t aorosol was not completely 

• 
homogeneous in size o.nd not uniformly cho.rgcd, consoquontly, there exiatod 

particles possossing n chnrEo bolow tho critical valuo. 

III. Erfoct of Fibor Chnr~o on Filter Ponot~~tion 

Aa montionod proviously, tho eloctrootntio.mochunism in filtration 
... 

.. ... . . .. .. .. . .. "' .... 
~ l• .. ... • • .. 
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·.involvos two compo:1l'.rnts - the pt\rtlclo cho.q;o nnd tho f-ibor churgo. Tho 

fOrtrttlr WtiS diSCUSSOd nbOVO • hOWOVOr • tho fibur cho.r(,O errocts mny be Of 

oqunl or gr~ntor importanco. 

Tho nttruction of airborne dust nnd lint to synthotic fibors and fabrics 

during textile processing operations suggosts the uso of theso modia in 

aerosol filtors. Thti new synthetic fibers a.re_ known to devolop and retain 

hich stotic chnrges nnd this aerosol collection ability is related to 

elcctrostutic forces. 

Before initintin6 tests to determine the significnnce of fiber chargo 

on filter performance it ws.s necessary to devise techniques for both pro-

ducing eloctrosta:tically charged fibers nnd for measuring such charges. The 

method developed for charbe measurement involved the Faraday effect (Figure 6). 

Tho Fnrnday cylinder described previously is connectod to a Rawson electrostatic 

vol~neter in parallel with a calibrated air capacitor as n range extender • 
• 

Jt was observed that by briefly rubbing a sample of certain plastic fibers 

and dropping it into the Faraday cylinder a substantial deflection on 

the voltmeter could bo obtained. The product of this voltage and the 
i 

total capacitance or tho 1systom is equal to tho not charge on the fibers 

in units or stutcoulombs por gram. 

Figure 7 shovrs the ___ results of two tests made with 70 µ Saran fibers. 

In Test J'fl the fibers wore hand rubbed, whoreo.s in tho second test the 

cho.rgo wr.s goneratod by rolling the fiber mass in a. glass cylinder. 

It will be notod that churge'decrenues exponentiully with woight. 

Plottod on log-log papor. the average slopo of theso curves is -0.38. 

Analysis ot thos~ data disclo~ed that thoso results are in closo ngroowjn~ 

vrlth the thooroticul rolo.tion::;hip botwoon m&.s:> and tho ratio of cho.rr;o to 

!M.sn for n ~r:ih.:iro hnvinz a uniform churco donsity on its surfo.co. A compuruble 

f I 
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plot of this rolutionshlp. would yiold n l'ine with n slopo of -0.33. 

Tho~o rosults ruprosont oxporimontal vtJrificn.tion of tho foct thnt jn 

chnrr,lng fibvrs in this munnor. osscntinlly the not chnrgo is distributed 

on tho outor surface of tlw fibor wnd, sinco tribo-oloctrificntion can occur 

only nt the contact surfs.co botwoen tho wad nnd tho hnnd or glnss cylinder. 

This tntlthod of chnre;ing theroforo was not considered sntisfuctory as it 

'did not distribute tho chnrr;e _throug;hout the filter mass. Another technique 

wo.s dovised in which tho fibers wore electrostatically charged by moans of a 

set of wool ho.nd carders. It was observed thnt after several strokes of tho 

hand carders So.run fibers bocame hi~hly charged. The mochnnis:n involved in 

this method is lib.n·."ise tribo-electrificntion. In 2 series of tests, kno...,.11 

weights of Se.ran fibors were hand curded und droppod into tho Fnruda.y cage. 

From the voltngo reading o.nd capo.citnnce the fibor charge was calculntod. 

The results a.re shown in Figura 8 •. Ea.ch point represents an average of 5 

measurements. 
~ 

The significant conclusions to be derived from these results are as 

follows: 

l. The plot of' Q/M vs Q is based on 2 series 9r measurements made 

on different dnys. Since the points fall very close to the line it is 

evident that the procedurq is quite reproducible. 

2. The values of charie obte.inod by this method e.ro a.bout 18 times 

high0r than the previous mathod involvin~ rolling in a glass cylinder, 

. 
thus domonstratin& the greater effoctivQness.of this technique for charging 

I 
tho fibers. 

3. Tho cnlculated vnluo or rrinximu:n surfe.co chargo density on the 

fibers is 0.8 sti:..tcoulo~nbs por cubic motor v:hich co;npo.ros quit!;) favorubly 

with reported vo.luo:; of nhout O.G oncountorod in indu:;trinl practice, end 

...... ····---·---------......:...;...._, 
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2.0 f-or_ chnq;i11(; bolts of Van do Grnflff, olvctro:>tutic. t;onorntors 5• 

In ono Gories of tests tho snmplos ware cnrdod with 40 strokos ~Tiilo 

in tho othor 20 strokos Y1ora usod. It wns subsoquontly dctormined tho.t 

those high vo.luos of fibor charge could bo ronchod nftor only 3 or 4 strokes 

of tho hand cnrdors. Thus it ~~s concluded thnt theso resultG reprosontod 

tho limiting· charge densitios ntte. innblo by this tochnique. 

· Sinco this mothod of' charging the fibers is rola~ively simplo. roproduciblo, 

and cnpo.blo of genoriting satisfactorily high charge lovols it wns adopted 

aG stnndnrd procedure for this phnse of our studios. 

IV Conclusion 

It is planned to construct fibor filters chnrgod in this manner to 

dotermine tho relationship betwoon chnrge intonsity nnd aorosol removal 

efficionoy. Also of intorost ui.11 bo tho lifo of such ~ oh~rgo and its 

variation, if any during opor~tion. From such invostigutions it is hoped to 

obtain a bottor understanding of the electrost~tic effects.in norosol 

filtr~tion. 
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I. Introduction 

FURTtIER STUDIES OF FABRIC DUST COLLECTORS 

by 

Chnrlos E. Billings, Richnrd Donni~ 
nnd 

Loslfo Silvormo.n 
Ho.rvo.rd School of Public Hoalth 

Dopo.rtmont of Industrio.l Hygione 
55 Shattuck Streat 

Boston 15, Afo.ssa.chusotts 

In conjunction with studies on commercial dust collectors, this 

lnborntory has conducted performance tests on·a Simon Suction Filter 

(Entolotcr) furnishod by the So.foty Car ·Heating and Lighting Company, 

Inc., (Entoloter Division). Arrangements for the loan of this device 

(originally mr.nufa.ctured in Great Brita.in) wero made through the Neh'" 

York Operations Office of tho Atomic Energy Commission. 

~ho Entoleter unit is a multicompnrtment bag collector omploying 

cyclic &utoraatic rapping (assisted by back-flow air) to keop bng 

pros sure losses within n limited rnng,e to insure a nearly constant nir 

handling capo.city. The collector Ho.s intendod primarily for use in the 

flour milling industry r...nd ha.a a filtration capacity of ten cubic feet 

por minute por square foot of.cloth. 

The purposo of test3 conducted by thiG laboratory ~~re to determine 

pori'orme.nce cha.r:uctoristics of' the Entolotor unit on. fino ti.ores ols, 1.e. 

tnlc nnd fly-~sh,2.5 nnd 16 microns mass modia.n dinmotor rospectivoly, 

when opontod a.t ro.tod capacity (10 cfm/:;q.ft. ). 

Co;npo.rioun of tost do.tu with that obtc..inod from e. Horsoy rovorso-jot 
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coll oat or O!)uro.ti;1~ wl th similar o.oro~ols nnd. f iltrnti on vol oci tics porini ts 

bt.•ttor ovo.luo.'tion of tho efficiency nnd p~ossuro loss chnre.cteristics of 

the Entolotor unit. No do.to. ho.s bean published ( oxce pt preliminary do.to. . 

. in NYO 1580 (3)) on the Entolotor collector with dusts whoso si~os o.ro in 

tho ran~e 1.0 to 20 microns. Tho porformo.nco of tho rovorso-jot filter 

hns boon discussod in soverul AEC roports (l,2,3,4) o.nd by Co.plan (5,6) 

nnd Mason (7). 

The results of t'ests on tho Entolotor ·collector do not indicate 

porformance of cyclicly clonnod multicompo.rtmont units used industrially 

at usual low filtration volocities (1 to 3 fpm). 

II. Description and Oporo.tion 

A. Entolotor Unit 

Tho Entoloter unit tested hes four co~partments connected on 

tho botto~ to o. co~~on inlot heo.dor and hopper, and on tho top by moans 

of individual dumpers to a com.~on outlet header. Each co;lpartment con-

tains. eight sateen v.reavo ootton bags si:x: feet long end eight inches ·in 

dinraotor {100 sq. ft. of cloth). The bngs are att~chod at the bottom to 

a manifold plnte and at the top to o. fram3. The manifold nnd frame aro 

cormeotod rigidly tor;othor by rods so that when a. section is rapped the 

bag~ are lifted &nd dropped (about l 1/2 inches) ns n unit, thus prevonting 

disto~tion or collapse of tho.filter tubo3• Tho dnmpors o.t the top of tho 

unit connect to tho lifting g;onr so that when a. co:npartment of bag;s is 

rnppod. prirnory air .flo17 to tho fnn shuts off o.nd the compartment vonts 
I 

to ntmosphoro pormittinz; o. curront of back-flow o.ir to o.ssist the rappine; 

in dust romovnl. 

In normul opornti on dusty nir enters the bottor.1 of all tubes, pv.sst;.:; 

up tho insidv, filtort; throut:;h tho cloth, and lortve:s thu compnrtrr.ont ' 

·----------------·-·--········· ...... ,.,., '""'"" ____ l_IAllW-lll'M-11 ___ _ 
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throui:;h tho "dumpor soction!;. Durinr; its 5.2 miuuto cycl(I, onch section ii; 

dmultnnoou::;ly liftod vnd dropp1.~d :in rotation \';hllo shut off from tho 

fnn nnd vontod to nt:nosphoro. Tho clco.ninr; oporation consists of four 

su~h rnps with bnck-flow nir~ Tho compnrtmont is roplncod in sotvico by 

shifting tho dnmpor nutomc.tically to its opon position. In tho test 

unit tho totnl air flow to the fnn is govornod by the numbor of compnrt-

mants .f'iltorint;, nnd tho nmount of back-flow air anterine; whon or.::i soction 

B. Horsey Unit 

Tho revorso-jot air filtor consists of s. cJrlindor of h'ool felt 

18 inches in diameter connected to n top inlet plenum nnd n bottom hopper. 

Dust doposits on the insido of ·the cylinder nnd is blo7m into tho hopper 

by n reverso-nir jet from a slotted ring trnvorsing the outsido of tho bag. 

Pro~surv drop through the bag controls cleaning action by regulating tho 
• 

amo\Ult of ring travel. (In mnny applicntions tho ring runs·nll of the time). 

Fabric velocity varied from 10 to 30 cf~/sq.ft. Previous laboratory data 

roported (3) prossuro drop·s from 1.0 inches v:ator gago to 4.5 inches •re.tor . 
gn~o on l.O grain/cu.ft. of fly-ash to 8.7 grains/cu.ft. of i.t>Jc, re;;poctively. 

Ef'i'luont .100.d~ngs were in the rango io-3 to io-5 gra.ins/cu.f-:, It vms also 

reported that the intensity of reverse-jot s.ction and filtn,'.,j on velocity 
I 

'both directly nffect tho uffluont loading. 

III. P0rformunco Data 

It is possi-blo to co;;npare prc:::suro loss and po~otration chara.cteri::tics 

of the Entoloter nnd reverse-jot unit from tos~s at normal industrial 

opornting conditions (Tnblo I). Loadin&~ rnngo from 0.1 to l.O grnin/cu.ft. 

with to.lo at filtrution volocitivr; of 7 nnd 8 cfm/sq.ft. n..'1d from 1.0 to 
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5 .o grul ns/c ~1:ft. with ru~uspondo d (Cottra ll prooipitat~d) fly-nsh nt 10 

cfm/sq.ft. 

A. Prassuro Loss 

In Tab lo I, sovoral compnr lsons mny bo mo.do of pressure loss n~ 

constant .inlet louding; nnd f'iltrution velocity. For oxnmplo, in Test 1 

the rov~rso-jet unit has a resistance of 1.6 inches wnter gaga at 0.10 

grain/cu.ft. of tc.lc and in Test 2, the Entoletcr unit hns e. resistnnco of 

~.3 inches we.tor g,uga nt tho so.mo loo.din::; of the so.mo muteria·l. The 

Entolotcr resistnnco is double and th~ average ratio for all tests is 2.3 

(sa~o nerosol ~t constant loadinb). Although tho revorso-jot unit hns a 

wool felt bag which :Is higher in clean felt resistanco, cleaning by a 

TABLE I 

C ompnri sons of R.esistance and Effluent Loo.ding 
for 

Hersey Rever~e-Jet nnd Entoleter Bag Collectors 

- gr./cu.ft. Test .. Aerosol Capacity Resistnnco Loe.cii ng; Passc:i.ge ,. 
=ti' 

1 

2 

3 

4 

5 

6 

7 

8 

crrri/sq.ft. iwg Inlet Outlet 

Hersey'> Talc 8 1.6 0.10 D.Ollxl0-3 

Entoloter " 7 3.3 0.10 1.4 xl0-3 

F.ersc~' " 8 2.5 1.00 0.27 ::do-3 

Entolcter " 7 4.7 1.00 2.1 :x10-3 

Eerscy Fly-nsh 10 1.3 1.00 o.36 xio-3 

Entolctor " 10 3.1 1.00 2.2 xio-3 

Ho:rsoy II 10 1.6 5.00 
. -3 

O. 80 :xlO 

Ento1€-ter II 10 4.6 5.00 4.2 xio-3 

• 100/. s~low Hine; Opt!!rution, Slot Velocity 2000 fpin tulc, 
'1200 fprn fly-c.:;h. 

,. ·~ ·- _. ...... 

% 

0.011 

1.4 

0.027 

0.21 

0.036 

0.22 

0.016 

O.OM 
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rovurso:--jot. or nir rosults in n. lowor opornti~G rosis~unco. Tho cotton 

sutoon usod in tho Entolotor unit doos not e;t)t tho so.?1:0 cicr,reo of cloo.nin:;. 

Tho revorso flow air in tho Entoloter a.mounts to n mn>:imum of 300 cfm 

~i~tributoci ovor 100 square feet of cloth, or an vvcrnie reverse ~ir velocity 

of 3 fpin. It shoula bQ notod thnt tho primc.ry function of tho revcrso cir 

in this dovico is to re~ove tho suspended dust dislodbed by reppinc tho 

bugs und to prevent dust lenknbe to the cloun uir side of the unit. Tho 

reverse-jot oporntes in tho ranr;o of 2000 to 4000 fpm ovor a. very small 

area at any given time, but travels constantly ovor tho whole filter surface. 

If tho Entoletcr collector were operated nt 3 cfm/sq.ft. es in usuo.l 

bag filters, instead of 7 or 10, the resistence would be 2 to 3 times lower. 

For a given exhaust air volume this would require more collector e.reo., but 

it would not roguiro cleaning the bags a.s frequently to maintuin a specified 

.resiste.nco. 

In evalueting these collectors (both at ~aximum cleaning capacity) it 

may be noted that the reverse jet resistances ar'e based on 100 percent blcrr 

ring operation. The Entoleter cleaning mechanism, however, opero.tos only 
I 

.40 ~inutes per section in 5.2 minutes total cycle ~nd corresponds to 30 

perc:nt(
4 ~.240 x lO~oporation. From NYO 1586, p. 26, Fig. 8, it is 

possible to estimate tho s.ddi tionel rcs5 stance the.t would. be requirod to 

operate the revcrsC:J-jet cleoninb n:ochenism at 30 percent •.. This increase 

will bo 25 percent if tho 100 percent blow rinG operation resists.nee is 

5.0 inches 1..-0.ter gc.ge •. With lower resiste,ncos as indic..ntecl in Tests 1, 3, 
' . 

5, o.nd 7 thu incrcr.se is probnbly hir;hor (up to as much as 50 to 75 porcor.t 

tor low rosjstences of 1.5 to 2.0 inches water gage). This will not caus8 

tho roverso-jot rosistnnco to exccod thot nf the Entolotcr, but will put 

thom much cl o:;or tot:other. 
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All_ rosistnncos nro oxprossod nr. nverucc~. Somo indicotions of tho 

ronco nr.socintod with the nvorcq:;o oro includod bolow. In tost numbor 8 

tho Entolcter rosistc.nco is listed nt 4.6 inchos wnter r;nge. Tho nvorne0 

r.osistf\nco or prossuro drops ncross tho four sections w0re rospoctivoly 

-4.2, 4.4, 4.7 nnd 5.0 inches ~~tor boce. Just bofore shnkinc Unit IV 

(hit,hcst) the value wus 5.3; immcdintoly nftor shnking the vc.luo droppod 

to 4.8 inchos ~~tor gnge. Tho c.vor~go listed is the nverngo of the four 

uni ts (e.t equilibrium), eech unit nt its o.vernge opera.ting resistance. In 
I 

test number 7 the reverse-jet rosistnnco is listed as 1.6 inche& wator 

gage. The varintion in resisto.nco during one cycle of tho blo"l'l ring is 

from 1.6 (do.-mstroke) to 1.7 inches water gar.a (upstroke). 

B. Penetration 

The amount of dust leaving the coll ~tor per lL'1.it air volume is 

also seen to be lower in tne roverse-jot collector. Tho Entoletcr (Test 1) 

effluent loading at .10 r.ra.in/cu. ft. inlet lending of ta.le, is seen to be 

l.4 grains/1000 cu. ft. of air, compered to 0.011 grains/1000 cu. ft. for 

the reverse-jet (Test 2) at the snne inlet loading. The effluont loading 

from the Entoleter is 130 times higher. In tests 7 ·and 8 (5.0 grains/cu. ft. 

fly-&sh) the Entoleter is only 5 times_ higher in effluent. On the basis of 

all the tests shown tho Entoletor effluent excoeds the Hersey by a. i'a.ctor 

of grentcr thun 5 w~1on the inlet louding is le&s thnn 5.0 grfl.ins/cu. ft. 

At an nverage industrinl loading of 1.0 grain/cu. ft. the factor is about 

· 7 for both test dusts. 

In filtration through porous materials tho depositod 5urfe.ce dust cake 

is the principal filtorint; mochunism (8). In tho rovorso-jet unit this cnke 

is dislodt;od nt only n s:r.nll croa nnd tho inco:ninc duct ccm re-deposit 

itn.moc!:i.c.toly in this moro poroua nron. (Somo quc~tion oxicts ac to how z;1uch 

·----------------'--"""""""""''''""'"""" 
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or tho dopoaitod cnko is romovod). With tho ror.10Yul of lnrc;c nniounts of . . . 

the surfncJ cako in tho Entolotor unit moro time is raquirod to crcnto n 

layor ovor tho lnq;cr clcnnvd nren nnd ponotrntion is hir;hor. This v1ould 

bo particularly truo under light londinr; conditions when insu.f~icicnt 

mntorinl ontors to "bridco" tho spncos botwuon fibers. With lnrr;or aoro~ol 

pn•ti_cles (>so - 60 µ) tho differoncos botweon thciso collcictors mny boco:r,o 

less mnrkod. 

C. EYnluo.tion of Different Bae; Viatorials in tlie Entolotor Unit 

As oxplainod a.boYe in Section II, tho Entoloter unit shakos tho 

filter begs with out appreciable distortion in conjunction \ri th 100 'to 300 

cfrn of back flow air, so that it is possible to use bags of mntorials othor 

than cotton sateen with lowor tensile strength, hic;hor heo.t rosistanco, etc. 

The following table gives compe.rc.tive data for cotton sa.teon, wool folt 

(light a.nd heo.vy), Orlon (wovon) and glus5 ( wovon, l ubricatod with silic ono) • . 
These are compared for li~ht loadinis of atmospheric dust (0.5 µ) and cop?cr 

sulfo.te (1 µ) without sho.king, to get basic porforma.r.ce data. They are then 

compared with tulc and resuspended fly-a.sh at an nvero.ge landing of 1.0 . 
gruin per cubic foot to get an indication of actual· industrial performance 

on 
while cleaning/thci standard c~·cle. 

The approxii::-1ate order of these fabrics for lir;ht loadings with no 

6ho.ki.ng, from hightJst efficiency is s glees, ho£\vy wool, cotton, ~·lon, and 

light wool. It co.n be soon thc.t the higher officioncios are associated with 

higher resistances. Tho uso of 'henvy lond:lnf;s chrme;es the order slichtly, 

fro:n lowost penotrntion: glass, houvy wool, light wool, cotton anci C>.-lon. 

A considorntion of tho srnoothnoss ·of .fiber, nnd vroo.ve (or felt) poro size, 

will tond to confirm tho second lict o.bovo, 1Jinco tho dor;rco of dopositod 
"'\ ...... 

oo.ko filtrc,tion doponds cm tho chr.rnctor of tho mod:lum upon which tho cv.~:e 

..... ~ .. .. 
. . 

········-··-··---·----··-----------------.. ---.... -·-·· ........... -.......... .. 
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Light Wool 
Orlon 
Cotton 
Henvy Wool 
Glass 

Light "Hool 
Orlon 
Cotton 
Heavy Wool 
Glass 

Light Wool 
Orlon 
Cotten 
Heavy Wool 
Glass 

Light Wool 
Orlon 
Cotton 
Heavy '!iool 
Gless· 

\ 
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TABLE II 

Compo.risons of Efficiency of Filter Media 

A. At~osphcric Dust ot 10 cfn/sq.ft. 

Avcrnf,o .Inl ot 
Res i sta nee Lo&cB ng 

iwg gr/cu.ft. 

0.07 O. lOxlo-3 
0.10 O.l3xlo-3 
0.29 o.1sx10-3 
0.34 0.22xl0-3 
0.56 o.058xl0-3 

• B. Copper Sulf ete at 10 c~sq.ft. 
o. B9xlo-3 
o.s1x10-3 
l.oxio-3 
l.o x10-3 
0.90xl0-3 

Talc • 5 cfm/sq.ft. c. at 

s.o 1.0 
s.s " 
5.5 II 

5.6 " 
5.9 " 

D. Fly-ash o..t 10 cfrn/_r; 9. ft. 
2.6 l.O 
2.4 II 

3.0 
., 

2.7 " 
4.7 " 

.... -.. -... ' 

Weight 
Efficiency 

% 
75 
60 
81 
85 
82 

41 
46 
64 
71 
81 

Pas sago 
% 

0.074 
0.033 
0.099 
o.oz.4 
0.0063 

0.026 
0.56 
0.14 
0.030 
0.012 



Material 

Orlon 

Cotton 

Heo.vy Wool 

Glass 
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1'.ABLE III 

Fabric Comparisons 
with 

200 hr./sq.ft. of Ashostos Flouts, nt 10 cfm/sq.ft. 

Initinl Final 
Resistance Rosi stnnco 

iwg; i wg, 

0.16 0.95 

o.36 1.4 

0.36 0.90 

0.81 2.2 

• is deposited, a.s indicutod above (8) as well as the cake itself~ 

1.4 

1.1 

o. 72 

0.40 

As stated bofore (NYO 1586 I p, 47) the use or the e.bovo fribrics for 

low loadings ((0.001 gr./cu.ft.) of ra.ciioactive purticuletos woulC: require 

many hundreds of hours of operation before filter efficiency increased to 

90 parcent or granter. Therefore, the above bags hnvo been treated with 

asbestos floats ns a filter a.id and the efficiency again compared on copper 

sulfa.ta. These do.tu are given in Table III for n total of 200 grains of 

asbestos per square foot of fil tor surface. Tho bags wero not shaken 

during tho testing;. The sarr.o order of rat'ing of fabric is obtained as 

was .found in Tnblo II for tho basic efficiency on copper sulfate. (The 

.final rosistfmco is not a dirt.3ct mensure of perfo.rmunco). 

Tho use of asbestos "floo.ts" and glass or Orlon bags can substantially 

incrouso tho opcrnting tornpcro.t:..ire lirriit ror I'iltration of light aerosol 

loudin~s in tho Entolbter colloctor • 

.......... - . .- .... 

I 
«• ··---------------
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IV. Conclusions 

A compr1rison of tho Entolotor col loctor l'lith tho roverso-jot filtor 

nt equnl filtrntton v1..~locitios, dust londi~s nnd mth mn:ximun cloo.ninr; 

cnpnci ty sho·us (Tublo I) thut Entolotor ponetrntion nnd rosisto.nco nro 

on the 9.Vorug;e or 7.1 nnd 2.3 timos highor, rospoctivoly. Thooo do.to. nro 

bnsod upon "sto.ndnrd~ fabrics supplied for ench unit~ cotton for tho 

Entolotor and ~ool felt for tho rovor5e-jot unit. 

With wool folt in both colloctors, ponotrations nre found to bo 

about oquul for eo.ch nerosol tl)stod •. Rosistnnces of tho Entoloter, ho\.;ovor, 

~oro found to bo twice ns high ~~th fly-nsh and 3.5 times higher with to.le, 

as thoso of tho rovorso-jet .filtor. 

Tho wool felt is concludod to be s. better filter fabric than cotto~ 

sateen, n.t the same filtr&tion velocity and tho reverso-jet is found to bo 

a suporior taathod of cloaning wool felt. 

Tho Entolotor unit offers tho possibility of a. \·lido choice of filtor 

fabrics for speoial applications, chiefly synthotio fibers for corrosivo 

probloms, and glas:. fibers for higher tomporo.ture ti.pplicntions. subject to 

field sorvioe life tests not possible to aooomplish in the lnbor~tory. 

l. Arthur D. Little, Inc., "Investication or Stack Gas Filtorin; 
Roquiro::aonts nnd Devolopmont of Suitablo Filtor::;. Roport ={f7 11 

• 

. Cr..r..briclco, .Masco.chu::;otts, 1949. 

2. Fir&t, M. V •• Silvormnn, L., ot nl, "Air Cloo.nin~ Studios," U. S. 
A· E. C. Roport No. NYO 1581, Harvnrd School of Public Ho~lth, 
1~52. 

z. Firot, U~ W., Silvormnn, L., et nl, "Air Clonning S~udto&," U. S. 
J •• E. C. Roport No. 1HO 15BG, HnrvHrd Scl,ool of Public Houlth, 
1953. 
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Ro~ting n.nd Vontilntin0 , ~Ss79 (1951). 
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Proliminary Report 

by 

Richnrd Donnio, Churlco E. Billinr;o und Lcolio Silvorm.a.n, IIurvard 
I . 

I:'l this p~pcr the results of' prali:ninury pcrfor•nnnco ttists aro pro-

sented for the "Eloctro-polnr Fil tor", an CX?Crimentl'.ll oust collector 

devclopod by tho \\"est'3rn Preci i=ii ta ti on Cor poratior;. The objoct'i ven of' 

the field and laboratory testin~ proGram on conmsrciel dust cbllectors 

have bee:i covered in a previous i.-eport by our laboratory (1). Those 
,· 

• 
studio::is e.-:-e intended to dctermJ.ne collector perforrnnnce in accordance with 

applications Suf:cested by° the manufacturer and also to investj r,a:te new 

epplicntions by means of rnino:r operatin6 or design changes. The proper 

e-.ralu&tion of these data servo as a guide to the J\tor:iic Ener 1~~· Comn1ission 

and its· contr&ct;ors in the sel':lction and a2plic£;.tion of com:norcially 

e.vailbble nust collection npparet~s. 

The· Elect:-o-polar Filte~ now under test was developsd by the 

manufacturer's rosea.rc.:h de?artme:-it a:td would. probably".be subject to design 

chane;es prior to marketing. AEC representatives, CO!ltacted by the vrester"Q. 

~recip1tation Corporu~ion ccnsidarod it advisablo to have the unit tested 

by the Air Cleanin0 Labor~tory so thut its practicability as an air clea!ler 

for lo• ..... dust load syste!Tls could be determined. Since th~ Eloctro-poh.r 

Filter is an expcrimo:-i.tnl :nodol there is little background do.tn with which. 

. 
to cor:ipare its performance. l!owover, tho unit O'Tlploys PF 105 or pt> 316 

Fiberglas modin as tho primary filtr~tion elomcnts. The3e pads have a 

basic wcir,ht colloction efficiency of approxlmntoly 70 to 80 por cent 

n~uinst ntmosphoric dust ond are sui tub le only for low .. dust concc:i~rut). 0·1s. 

WADII-170 
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By plucin~ ·tho Ct•or pnd.:> wlthi.n n stl·onr. oloctric field, ol·::cLrostntic 

forcos nro oxpoctt)d to suc:iploriwnt tho u:.;uul filtrntion mccho~i~ms (impiction, 

intorcoption o.nd diffusion) thus i:nprovin:; tho pcrfon:innco of tho U.'1:t •. 

Dcscri:>tlon o~ Elcctro-polnr F'Hter - 1'.o<lol K 

263 

The Electro-polar Filtor consists essentially of n dielectric filt~r 

moaium of fino glass f ibcrs placed in nn electric field. Filter mediu 

01nployod ure P!." 316 mats or one to two loye.rs of Pf 105. The fibor code 

designation is that or tho Fiberglas Corporution. PF 316 is a three micron 

~inrnoter resin conted glass fiber sup~licd in l inch thick bats at a pncki~g 

density of 1 lb./ft.3. PF 105 is e. one micron ciiamotor resin coated fiber 

supplied in 1/2 inch bats at e. psckbg density of 0.6 lbs ./rt3. The elect:-ic 

field is furnishod by placint:; the fiberglas :r.at between two vertically ulicned 

metnl screens. The upstron:n screen is i'nsula.tcd and 11aintnined at a positive 

potential of 15 kilovolts; the do'vrnstream screen, l inch romoved., is grou..1:5.ed 

to the unit. Scro on constr•;ction consists of a stamped dinr..ond s'.la::_Jed 

grating with a free oree of approximately 80 percent. Totnl filtration e.ree. 

co11prises five identical screen sections (20 inch~ 60 inch) arra:"lged in a 

row and all insu1e.ted from ench other. The entire screen section (totnl 

area = 41.5 square feet) is cligned diagonally in a rectan6ulnr housinG heving 

o~erall dimensions of 2.5 x 8 x 5.5 feet. This permlts a gradual reduction 

·1n cross section of the entry plenum so that better air flow distribution 

may bo obtained. 

Tho high voltngo supply is furni~hed by a power pack with a rut~d 

output :rc.n~ine; fro:n 11 to 17 kilovolt~. Thre'.:! hundred microe.mpercs ere 

a.vnilnblo at 17 Kv. and nt currents exceeding 750 µ~ (r~sul~ing from 

shortinc or arcing) n snfoty control relny turns orr tho power. 

- • ' ••• 1 



WASil-170 

ihc powor pnc~ is cnclosod inn l~ x 16.x 9 inch box which occupios 

m10 corner of tha collector housinG• To red~co oxco$sivo dust loadings 

and prcvont sci·eon shortinc; by gross contnminants "Dustop" roughing filters 

(in a l>llnk of 3) v.re located at the inlot to tho collector. 

Rntod Operutin~ Conditions 

· Tho Electro-polnr FiltQr is desi~ned to opernte nt 3500 cfm ~~th n 

1 inch lnyor of PF 316, 2900 cfm withe. 1/2 inch lnyer of PF 105 and 1700 

cfm with two, 1/2 inch layers of PF 105. The manufacturor recommends 

thnt filters be replaced when pressure losses reach 2 inches of ~~tor 

e.lthoug;h fe.n capacity or exhaust require'.Tlents may modify this figure. 

Rocoffimendod screen potential is 15 Kv. Arcin~.betwoon grounded and high 

voltage screens may occur as a result of high points or sharp edges on the 

screen surfaces. The high curret'lt accompanying arcing will e.utoinstically 

activate the overload control switch and turn off the power supply. In 

so~o instances of arcing a sizable holo may be burnt in tbe filter ~nich 

llill, require patching;. 

Theory of Operation 

It is evidont that ths glass fiber media employod in the Electro-

polar Filter are reasonably good filters for atmospheric dust ~nthout 

superimpo:;ed electrost&tic effects. Preliminary tests indicate weight 

collection efficiencies ra~ging from 70 to 90 percent against atmo:;pheric 

dust at n filtration velocity bf 85 fpm (PF 316 modia). Previous tests (1) 

havo also sho-.·m that similar fiborgles media (PF 105 and ?F. 314) oporo.te 

in tho sa:ne ionoral effici.ency nmge. 

Electrostbtic cho.q:;o rncnsuro:.ion:.s upon PF' 105 modia havo indicatod 

potontiuls of 700 volts rcsultinG fro~n hnndlins alono. Ilie;h static cho.r0cs 
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may bo producod th1 .:>u~~h ccirdinr; :i-s illm1trnto4 by tho rosin-wool filter (2). 

This informntion indicntos thnt clcctrostuiic so~orntin& forcos como into 

plny in fibor colloctors regurdloss of cxtcrnolly uppliod oloctricnl fields 

and in addition to usunl colloctin~ mochunisrns {impaction, intorcoption 

o.nd diffusion). 

By intensifyini; tho eloctrostatic offocts throur;h placin~ tho fibeq;las 

:nedin within an eloctrico.l field tho mnnufacturor has ·sought to imi)rove 

tho overall dust removal charucterist)cs. 

The presence of dielectric fibers within an electrical fiold produces 

divergencios in field intensity such thut the regions of hichest field 

strength are conccn~rntod about the fibers. Dust particles, which become 

polarized by passinc through the electricnl field, migrate towo.rd the 

regio=1S or highest field int.ensity. It should bo notod that ~he pnrticle 

:notion is a.lwnys toward the Z0!1u of higher field strength regardless of 

field direction. Hi~hor dust concentrations in the immedia~e vicinity of 

the fibers cs.use increased agglomerntion and enhance the probability of 

capture by inertial mechanisms. 

Althou~h mathorr:atic&l forr.1Ulas have boon presented by Pohl (~) to 

quantitato the precipitation or solids from liquids in a hiEhly divergent 

field, no si:nple relatior.ships can. be advanced at the present time to dcnl 

with particulate deposition in fiber beds·. Pohl describos a system con-

sisting of a single, positively charged .central electrode o.nd n concentric 

cylindricnl negativo electrode, used to precipitate a g;re.phite-tolu0no sol. 

In this ca~e, it is possible to cvuluato tho field stron&th at any point 

as n function or tho potentinl Gradient and the olectrodo dlmcnsions. 

~quntinc ViECOUS forcos to oloctrostatic forces permits esti~~tion or 
I 

partlclo mi~ration volocitios • 

... , ·. 

.............. _.,, ... __ , ...... ------------· 
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•In a gcncr~l nquutio11 miurntion voloc.it:1 (v) r.:iy bo exprossod r.u:; a 
t 

funct5o:i. or tiic dif'f'.:·ron .. co bc~w·eon the • .H13lectric constnnt of tho fluid nnd 

ptlrtic:1late co:~1pn1111\;s (k1 - k2 ). port3ch3 rndius (a), fluid viscosity 9). 
absolute v\iluc ':.'Jf the fioU. strcnc;th (E) and its divori;enco {JE~r)• 

v = (k1 - k2) a
2 ~ (i ff l (I) 

Since no data nre nvailnblo to define fiold divur~encies in randomly 

oriented fiber b9ds, varyin~ in s~rrace chnracteristics a~d having non-

u~iforo resinous coatings, the ebove eou~tion hes only n qualitativo signifi-

ca~ce as far ns the Electro-poler Filter is concerned. It should be notod 

also that in deoline; with e. dyna::iic syste11 it wo·uld be necessary to co:.ibine 

vectorinlly the inertial and ele6trostatic forces. In practical application, 

Equation I su~gests that inc~eased particle size end field potential should 
" 

i:nprove the collection efficiency of .the Electro-polar Filter. For particle 

c~ametersiP5 riicrons, however, electrosl;atic forces a.re insignificant in 

comparison with the inertial effacts. Similarly• it nppe'ars that vnriation 

in filtrstion velocity would effect collection efficiepcy only through 
. I 

inertial or diffusional mechanisms. 

To st Procedure 

!nl9t e.nd outlet at::iosphor ic dust loacii.nss v1ere. deterr.Uned .gra.vi'r.iotricu lly 

witb hiih volume sa~plors and pleated filters (4). Sta.in efficiency measure-

'1ents wer-:: made with e. i'ilm badr,e densitor:i~ter on W"nat:r:on Ho. 41 filter discs 

e.nd count efficiencies were dctcr'ilined with a Bausch o.nd Lomb dust counter. 

Copper sulfa.to loadin0s wcro sa:np1r.:d ~·:ith AC electrostatic prccipitntors 

nnd th~ co~centrntions detcrMinod by chemico.l enolysis. The method of 

. .. . 



WASll-170 267 

f;0!1cro.tin.:; copp<Jr sulfnto :::icro:;pho:·:;Js nnJ cor.iploto aotnilc on o.11 :;n:::pli~& 
. . . . 

mothods hovo bocn doscribed in previous HYO reports (1, 5). 

Tost Rosul ts 

Proliminory tosts on the Eloctro-polor Fil tcr wore dcsign')d to c!et.:ir:"lbo 

if the use of £irl eloctr icnl fiold sir;nificnntly improved the basic pcrfor:nnncc 

of th9 Pr Jl6 fiber media.. As shoYm in Table 1, tests 1 and 3 with ntr.iospheric 

dust nnd tests 5, 6, 8 and 9 with copper sulfate indi~ato averaGe efficie~cy 

increasos of 15 and 11 percent, respectivel~~1en rated scr~cn voltage (15 Kv) 

was applied. Filter plug~in;:;, hov!ever, illustrated by slightly hit;hcr 

pressure losses in tests 2 and 7, indicntos n cradual improvement in basic 

fibor efficiency. Table Ip compares overall collection efficiency as 

obtainod by simultaneous vreit;ht, stain and count methods for operations at 

no volte.go and 15 Kv • 

. A breakdown of weight collect.ion efficiency appears in Table I since 

the "Dustop" per!'oru.o.nce is not governed by the electrical field. Ove:-e.11 

unit efficiency. therefore, shows n smaller increase (approxi-;inte:y 8 

percent) with application· of screen voltage. At lower screen vcltat;es 

(11 Kv) n very slight docroase in efficimic~· was observed for copper si.;lfat.o 

· (test 10). 

Filtration velocities rnncir.g from 36 to 85 fpm £ind scrcon voltages 

varying fro~a 11 to 18 Kv shovrncl no sii:;nificunt efficiency che.n[;CS vlith 

e.tmospheric dust (THble II) according to ste.in F.10usure'.1"1ents. However• it 

is expected th&t addition&l tests.with a copper sulfoto aerosol will pcr~it 

bottcr corro lntion cf these v£irie.bles. Cho.n~e s in co~ccntrc. tic·n P.~d particle 

size distribution of atrao:.phcric dust were portly responsible for ir.cc:;,siste::ciei:; 

in the co.to. 

·-----------· 
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Hu:nid nir also wns obscrvoc to roduc;c coll.octior. o.fficioncy c~Hhcuc;h tho 

mens i..;rc:nont s wcro CJ uc.l i tH t.: vo. 

In orJor to oliminnto tho effect cf cho!i~in& bod charnctcristics rluo 

to rotcr.tion of' copr;or sulfate, tests 5, 6, 8, 9 n:ld 10 wero run with c..lt<.:rnr.te 

screen secti'ons bloci:od off. A:r flow wr.n reduced rro?ortionntely to ::lllintl'.'in 

CO!iStnnt velocity (85 fpm) thrc'L:gh tho PF 316 medin. Sinco the Dustop filter 

e.ren wns not chnn[;od, the velocity throur;h this section. of tho unit vnrieci 

with totnl air flow (Table I). Weight collection efficiencies fer Dustcp 

filters were a direct function of velocity indicatinr that inortinl sepnr&tion 

vres tho primary collecting mechanism. 

Discussion of Tests 

Test data indicate that the use of an electr5cal field increases 

the overoll weight collection efficiency oT the Electro-polar ·Fil tor by 

about 8 percent with atmospheric dust and copper sulfate microsphercs. 

It appears that the overall aci.vantnt;e of the electrical field will decree.se 

with fi.lter ·usage since the efficiency of fiber beds increases ;·;ith plug

ging. Preliminary tests indicate this trend even thQugh pressure losses 

are still below tho rated value of 2 inches of water. 

N.o de.ta has yet been obtained for PF 105 media vrhich, becc.use of its 

small diameter (1 micron), should be a more effective filter. 

Final co:nrr.ent r6garding th~ utility of the Electro-poler Filter &s a 

hibh efficiency cleaner for low dust concentrations is withheld pondins 

completion of test~. 

,• 
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TABLE I 

Effect of Sere.en Voltage on Collection Efficiency of Electro-Pol&r :'il";er 
with Rated Velocity (85 fpn) through PF 316 Hedie. 

Test Inlet Loadine; 
Greins/1000 ft. 3 

Screen 
Voltege 

Kv 

Pressure Loss Filtration ''/~~u'r.• -C '1~ ·~o~ 1.., - t... • ...,, 0... -C . .,, ~ .j, 

PF 316 Media 7elocity 3ffi cier~cy % 
Inches ~~ter through Dustop F? 3le Overell. 

Dustop f pm 
~~~~~--~~~~~~~~~~~~-~~~~~~~~- -~~ 

a. Atr.osphor~c Dust* 

1 
2 
3 
4: 

b. 

5 
6 
7 
6 
9 

10 

0.118 
0.036 
0.179 
0.097 

0 
0 

15 
. 15 

Copper Sulfate MicrosphcreSt!<"' 

0.306 
0.281 
0. 206 
0.216 
0.185 
C.187 

0 
0 
0 

15 
15 
11 ' 

. 1. 07 
1.16 
1.07 
1.13 

1.24 
1.24 
1.27 
1.22 
1.26 
1.30 

420 
420 
4:20· 
420 

168 
168 
420 
252 
252 
252 

52 
52 
52 

30.7 
17 .o 
4:6.0 
3~.8 

3~.8 

34.e 

"' }f.£1ss ll:edian = 1.0 microns, Geometric Ste.nee.rd Deviation 1.6. 
•lfr ~foss Y.edinn == 1.2 microns, Gcor.iotric Stnndnrd Devintion 1. 7. 

32.5 
87.6 
97.0 

85.5 
87.3 
90. l 
97. 5 
97.6 
95.7 

91.6 
94.0 
9e.s 
95.2 

90. 2 
89.5 
9~.6 

93.3 
98.4 
97.2 

~ ... r . ...... ....... 
I 

-ti 
0 

ro 
C\ 
\0 
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TABLE II 

Effoct of VoltuGo und Volocity Variations on Stnin Efficiency Tests 
with Atmospheric Dust 

Test 

11 
4 

12 

11 
13 
14 

Inlot Lending Screen Fil troti on Ov£>r11ll Stain 
Groins/1000 ft.3 Vol tago Velocity Efficioncy 

Kv f pm % 

0.087 11 85 98 
0.098 1 fl 85 95 
o·.125 18 85 98 

0.087 11 85 98 
0.123 11 61 98 
0.208 11 36 98 

TABL3 III 

Effect of Sc:-een Voltni:;e on Simultaneous 1.Yoight, Stain and 
Count Efficiencies for At~ospheric Dust at Rated Capacity 

(3500 cfm) 

.. Test Screen Vol~age Overall C ollec-c ion Efficiency 

l 
3 

Kv 

.0 
15 

/ 

Weir;ht 

92 
98 

SlW.:t.ARY 

o1 
/0 

Ste.in Count 

so 51 
95 80 

Results of preliminary performo.nce to.sts are presented for the Electra-

polar Filter, e. dust colloctor developed by tho Wostorn Procip:itation 

Corporation for hich officioncy romovol of particulotos. Separation is 

achiovod throuch a co:nbino.tion of the mcch&nicc1l filtru.tion. proportios cf 

I'F 316 or PF 105 fibciq;las and. oloctrocto.tic offoct::; procucod by locetin~ 

•I ' 

. . 
' 
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tho fibers w.l thin i::n cloctricC1l field (cr~r.tod ~y two r.wLu l tcr·"'ous, ono 

mf1intnincci ct 15 Kv role:1tid o:id tho othor rrou!1doc). Theory of operation 

is bosod upon migr~tion of polnriz~d dust pnrticlcs to the rocion~ of hich . 

field intensity surrounding tho gloss fibers. 

Test results on clcnn fibers indicate that application of retcd screen 

volto.be (15 Kv) incrouscs overall collection efficiency of ntmOSIJhoric dust 

~nd copper sulfate microsphcres by nbout 8 percent. Filter plugging, however, 

results in highar baso efficiency for the fiber which tends tc lessen tho 

advnntnr.e or the electrical field. 

Current tosts include n study of the effoct of voltage and velocity 

Yeriations on collection efficiency. Final evaluation of collector utility 

is withhold penciing analysis of all test data • 

. . • 
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PRELIMINARY REPORT 
on 

COTTON AEROSOL FILTBR STUDIBS 

by 

Riohnrd D. Colomnn 
Soni or A::isista.nt Snni tury Enc;inoor 

U. S. Public Hoa.1th Sorvico 
on ns::;ir;nmont to 

Hnrvnrd Uni vori:; ity 
Air Clcnnin~ Laborntory 

I. Introduction 

Tho discharc;o of sovoral materials to tho ntmosphoro can crocto public 

health probloms. Consequently, the· furthor davoloptnont of nntisfactory lc\7 

OOSt air cloaning dovicoD may plny n pa.rt in hoalth protection by oncournging 

tho uso and installation of air cleaning facilitios. The UGe of cotton fibers 

~s filtor modin has prospoctu for economy becuuso cotton hns n relutivoly lo~ 

initial cost, h~s lorr ash (less than 0.1% (l))'ror ooono:m.ical disposal nnd ic 
• 

readily availablo. 

During tho past yoar, studios havo beon conducted at tho Harvard University 

Air Clouning L~boratory on the filtrution characteristics of various cotton 

:fibors for &.tmo:.phoric dusts. Four no.turnl fiberi:: a.nd tno ion exchC\llge ooatinf;G 

In conjunction with the basic cotton work o. paro.llol study -mi.s conductod 

on the 'co'rrelo.tion or wai.eht, sto.in, nnd count efficiencies for c.tmosphoric 

dust. If an empirical relo.tionship cun be dovolopod using o.tmosphoric loudin~s, 

Conr;idorublo tiJUO Call bo oaved in obtoining nn indo;;;: of Count and \·•oight offi-

cioncios from n simplo £to.in tcchniquo. 

In an uttompt to roduco tho woight efficioncy vurintion cau&od by n fow 

largo pnrtioloz o profiltor wuG used. Thie introducod n third phase of tho 

272 
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:itudy vohich "ho..d ns it11 ~oo.l tho .ovnluo.tion of ·tho profiltor o.s o. mon.nn of obto.in-

in& o. rolutivoly oonsistont noro~ol for filtor rntint• 

II. Egui p~.tont 

Figurv 1 in 0. Gchou~tic dingro.m or tho tost sotup. Tho protiltor had 0. 

fnco aroo. of 0.143 squuro foet nnd consisted of 10 lnyora of Uotox mist 

oliminator scroon coatod with SAE 30 motor oil. 

'l.'ho no.ppod cloth wus used to interlo.co with the test modiu;n to roinimiz.o 

Fibor Description 

·A ootto~ fibor ho.s boen described ns nn epidorwAl cell of the sood. It 

conc;ists of e.n outer wall. secondo.ry wall and n lumen. With growth, tho 

secondary wall thicknoss increo.sos until the lumon is neo.rly closed. With tho 

drying thi:;.t occurs af'tor picking, tho lumen collapses and for mo.ture fibers o. 

• 
kidney or olliptical sh;:;.pe is attained. In immature fibors the :>econdo.ry wall 

is thin a.nd upon coll~pso of the l"UJnen the fiber attains a twisted ribbon or 

U-sho.po. Jt.atth~ws (2) indico.tos the..t wall 1'.hickness mo.y vary from 0.35 to 15 µ 

~nd ribbon n~dths from 11 to 20 µ. 

The fibors tostod in this sories here sizod by Ro~suno (3). The mean 

diamotorn presontod in Tnble I are tho geom0trio meo.ns of singlo tr"nsvorse 

u~o.~uremonts or ovor 200 fibers for each grado. 

Tho Lockett srunplo containod about 93% mature fibers a.nd the Memphis 

immuturo ~bout 38% mature fibors. 

Tho ion oxchnngo troatments which h~ro tostod hnd been appliod to S x P 

fibers by tho U. S. Dopurtmont of J.griculture. Tho roi:iin troo.tmont Hru:; 

irnproi:;nntion by Ro5iloom HP, o.n unmothyl£\tod oothylolr..olo.mino rosin v.-hich has 

.found uso in ion oxcho.nc;o column&. Tho aminlz:od cotton had boon troo.tod vri th 

, . ··-. ,. ..... ,. 



2-t1.mino(1thyl1mlfuric t...::i d o.nd sodiu1!1 hydrox:,ido. Amlnizod cotton he.6 o.nion 

oxch~nb0 proportios nnd tho trontmont fncilitQtos tho uso of ncid dyes. 

Tost Procodurc 

A. Bod Prepnration 

The fibers testod hod been furnishod by tho U. S. DopW"tmont of 

A~riculture. Bureuu of Agriculturul e.nd Industrinl Chom:i.atry, Now Orlouns, 

Louisinna. Thoy were received as cnrd slivers nnd diffioµlty was e:xperionced 

in obtcinin~ reprocucnbility. The fibors wero carded ngnin and taken off as 

ca.rd '"'"b which wn.s folded into boxes for storai;o. Compaction in storage mndo 

most of the individual layors of the wob indistinguishable. The l~yors "~re 

sopa.rn.ted by hnnd s.s v.-ell r.s possible nnd cut into six inch squ::i.res. Tho 

'f>'Elight necessary to give n pnoking density of 2 lbs. per cubic foot (porosity 

0.98) vro.s computed (cotton spoc~fic grnvity 1.59). Depending upon. the typo of 

fiber c..nd tho dogroe of' compo.ction, five to ten layers W.;)re required por inch 

of finnl pad. These la.yors woro loosely placed in the plnstic box and comp;ossed 

to tho desirod bed depth by insertion of' the inside section. With this ~ochniquo 

packing densitios could be satisfactorily reproduced. 

B. Operation of Test Apparatus 

The combined operation of tho upstreum and downstream high volun:o 

snmplors brought room nir into the plenum throut;h the prefiltor at 50 cf'm 

(fnco volocity of 350 fpm). One-half' of thi~ flow wont to tho upstron~ high 

volu1r.o sampler and the othor half went through tho test section to the do-;mstrer.:n 

high volumo sampler. 

Stnirnmnd discs wore us<•d as orifice motors to dotormino tho rospoctivo 

flow rutes. Tho 25 cfm rnto through tho tost aoction gnve a. fnco velocity at 

tho to~t pnd of 100 fpm. Continuoun opor&tion of from 48 to 80 ho~rs on Boston 
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g.ir wnG roquirod to produco sic;nificnnt ipcrous1:1 i.1 tho woic;ht of the dowrrntroc1m 

snmplinc; filtors. 

C. Samplini; 

Sa.lllplos v.-oro tnkon nt throo points: -1. Room air (upstroo.m of 

profiltor), 2. Upstroo.m (downstroo.:n of profilter, upstrcum of cotton pnd), 3. 

D.o\..-n&troam (dowustronm of ootton.pa.d). 

Wair;ht londing was determin0d nt those throe points by dotormining tho not 

• vroir;ht incroaso or typo S plouted filters. Tho room nir sample ~~s colloctod at 

full flo;7 of' tho high volumo so.mplor which vo.riod from 70 cfm to ~O cfm. Both 

.upstream c.nd dovmi:;trenm s ronple s were tukon a.t 25 cfm with the vntire vol umo 

:passin:; through tho test pad collected for tho P.ownstream sample. 

After from 10 to 20 hours pf oporntion, and ngain 24 to 48 hours lo.tor, 

me:nbrcmo filter saii1plos w0re to.ken nt o. 7 cfra for count loading and stain 

efficioncy detorminntions. The roor.a. air membrane filto1· sareple was t&.ken near 

the proi'iltor and the upstreo.ru and do·.mstrevm samples were takon through probes . 
in tho test soction. These snmplos ~~re taken for 45 to 120 minutes. dopcndinb 

on the rate of stain buildup. At intervals of 15 to 20 minutes tho stain 

donGity of ench membrane filter ~~s determined by uso'of a. Photovolt, Model 200A 

tranumission donsito~oter. 

A blank for zeroing the densi tomoter on ea.ch membrane filter was obt&inod 

by bucking each filter vdth i'/hntman f/l paper to whieh a 5/8 11 circle of cellophc.r.le 

tal'o r.n.s attuchod. With this bucking, the stain was deposited in e.n annular 

pat torn and t},o cont or portion of the filter rerr.uinod clonn. 

D. }.nnlysis 

Tho st~in rontlings ~~ro plotted n~uinct timo for ea.ch filtor and 

tho timo to roo.ch n conntunt sto.in wn s dotorminod from on ch curvo. Tho stuin 

<;fficionci<JB woro thon dotorminod fro;;1 tho rolntionr;hip 

r,· ... - ... 

: ( 

-------------· .. ···-··"''"'""" 
..... " 
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WASII-r(O 

% Efficioncy = (-·ti l · 
. \ t2·t_ 100 

Tho mombrnno .filter stnins wore thon countod nnd sized microBcopicnlly 

undor oi.l irnmorsion (90X objoctivo nnd 25X oyepioco) to dotormino tho count 

loading nnd sizo distribution at each snmplin~ point. Totnl officioncy,by 

count, nnd sizo fraction efficiencies wore doterminod from those loading6. 

Tost Results 

Analysis of the date. hns not boen completed, but a. summary of ;;oight, stnin 

and count officioncies is prosonted in Tnble I for the various fibers tested. 

These officioncies are tabulated in order of decreasing ~~ight officioncy. 

The prossuro drops listod in Table I are tho final drops observed in the 

rospeotivo tests. These values represent no appreciable increase over the 

drop in the clean beds for the shorter operating periods (48 to 60 ho~rs). 

For res in treatod S X P and Memphis Immature beds there wore 7 and 11 percent 

TABLE I 

Efficiencies or 211 Pads· of Various Cotton Fibers on Atmosphoric Dust 
'Pa.eking Density 2:///ft3 

Cotton 1loan Fibor 
Dia.motor 

µ. 

?':o:nphi s 10.0 
lrn!:lnturo -----
J .. minized io.o 
s x p 

Untreated 9.4 
s :x p 

Ro3in Trec.tod 10.3 
s x p 

l,ochitt 110 13.4 

!qui to3 15.5 

Face Velocity 100 fpm 

Woight Sta.in 
E.f'ficioncy Efficio::i.cy 

% % 

82.5 78.S 

80.5 

77 72.7 

1~.s 72.5 

71.3 46 

67 46 
---------

" . 

Cotmt 
Efficioncy 

% 
63.5 

57 

58.5 

61 

39 

M1 .. · " •''I.' 

. • 

Pressure Loss 

Inches of Wa.te:-

·s.a 

3.0 

4.0 

3.6 

2.1 

1.6 
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To dato. tho. only v_rinblo~ studied huvo. boon type of fibor nnd bod dopth. 

Furthor :itudios l\ro plnnuod to tust tho fibor nt· difforont pnckine; donsitioc 

and fnco volocitio&. It is plnnnod to dolny further cotton ntudiqs until tho 

prosont do.ta on rolntionships of woight-ntnin and count-:.to.in officioncies nro 

moro complotely nnnlyzod nnd tho valuo of tho profiltor i& ostnblishod. Using 

tho proGont techniquos, nbout 5 days nro roquirod for each run in order to collect 

r.-oii;.ho.blo ::runples and count o.nd si::o the 6 moleoulnr filtort>. From o. prolimino.ry 

inspection of tho 'wight-stain rola.tionship it e.ppeura that empirionl rolntion-

ships nrlght be dorivod ~hich will roduco the time from days to hours for each run. 

If theso relationships do not provo reliublo, n synthetic test aerosol ~~11 

be g~no~ated nnd the cotton tests continuod. Future studios will ovalunta tho 

effects of various pnoking donsities nnd various r~co velocitioc. 

Prcfi 1 tr a ti o::l 

Partial analysi~ of the data indicates that the profilter causes little 

chango in ao~osol composition. The nvorago si~e fraction efficioncios of tho 

profiltor ~~ro dotermineu fro~ the dntn of 28 runs. The avarnge cloud com-

position for roo~ nir ...-as dotorminod from the snmo do.ta.. This average 

oc-.npocition >;c.s plotted on lognrithraio probo.bility papor a.nd, using; the avore.ce 

&izo fr~ctio~ efficiencies. a second cloud n~s synthosized ~hich roprescntod a 

cloud lonvin~ a profiltor of nv~rngo performance. Tho lino reprosonting this 

coooad cloud on lo~arithmia probnbility pnpor ~-as almout Guporimpocod on tho 

ini'.;is;,.l lino. Thin nppron.ch clonrly sho\·1s tho.t pro:.wnt sizing tochniquos o.ro 

in&onoitivo to nny chungoi:> i:.1ado in tho 'aoroi:;ol co;npo::;ition by this typo or 

pro.filtor. 

It i:; folt thnt tho rna.jor bonofit to bo dol'i vod from tho protiltor is in 

tho ror:lov~l of lo.rr;o pc.rtiolos -r1hich l!il"l.Y diztort ony orapiricnlly dotor1Ainod 

rolo.tionzhip botwoon i;tnin v.nd vroir;hl; efficioncion. 

.. . 
.. , .. __ ., __ '"_"'""''"--------..... -- ···-·····-
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INCINERATION OF COMBUSTIBLE WASTES 
USING TANGENTIAL OVERF:IRE AIR 

By 
, 1 I Z/ 

L. A. Spano- and R. C. Corcy-

U. S. Buronu of Minoa 

INTRODUCTION 

At the request of the U. S. Atomic Energy Commission, 

the Bu1·eau 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, far. and malodorous constituents 

are not discharged to the atmosphere; (2) maximum retention of particuiate 
• 

matter within the combustion chamber to 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 hcat-and-1na s s transfer processes 

which control combustion in solid-fuel-fired furnaces, is meager. Con-

sequently, de sign of efficient combustion chambers is gene rally empirical, 

particularly in the field of incineration. ·No sound cnginecripg data have 

yet been published relating such factors as temperature, gas residence 

· or contact time, and turbulence to the burning procc s s of solid fuels . 

. :Y 

2/ 
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Utilization and Preparation Branch, U. S •. Bureau of Mines, 
Pittsburgh, Pa. ' 

Chief, Bituminous Coal Utilization and Preparation Branch, U. S. 
Bureau of. Mines, Pittsburgh, Pa. 

WASII-170 
' . 

....... 
. ..... 



wASn-rro 283 

_port:>,· 180_ ,d~-grccs apaq, located al difforcnl levels of the drum. Figure 1 

. --
.is ·a sch~.i11atic diagram of the model incinerator. 

The principal objective of the model studies was to establish 

the relationship of the various process parameters to the burning pcrfor-

rnancc of the incinerator. The variables studied were: (1) air rate, (2) 

port ar~a, and (3} height of ports above the grate, All tests were made 

.with sawdust whose proximate analysis on the as-fired.basis was 

- nominally 8 percent moisture, 74 percent volatile matter, 17. 5 percent 

fixed carbon, and O. 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. 

The principal observations in each test were: {a} the time 

requirC'd 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} the observed burning rate, that is, the pounds of charge 

consun1ed per hour, as denoted by the elap-scd time between ignition and 

complete burn out; (b} the calculated burning rate, deri vcd from the mass 

air flow rate and the composition o.f both the cha:r.ge and the stack gases; 

(c) the combustion efficiency which is the ratio of the calculated to the 

observed burning rate; (d) the rclati:ve smoke content of the stack gases. 

I 

... .. ·:·: ...... · -
·-r. 

' • ~ ~ V .. W I . ' -
'· 
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In designing the incinera.tor for dispot>al of radioactive wastes 

several factors, such as handling the residue and the design 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 \vastes 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 inade(}_uate control of the quantity and distribution of undergrate 

and overfire air. 

The investigation comprised three phases: ( l} 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 

mo~cl incinerator. (3) Design 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 

perfo;:n1~.ncc 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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Tangential 
air ports 

P~.-4'/I' 

-~ 

Figuro l. Schomatic dingra..'n of modol ~ncinorator • 
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Thermocouple 

Tangential 
air ports 

Figuro 1. Schorr~tic diagram of modol incinerator. 
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RESULTS AND DISCUSSION .OF RESULTS 

Correlation of the results showed that the obserycd burning 

rate increased alnwst linearly wit'h the air rate, and for a given air 

rate, the burning rate also increased as the port area was decreased. 

Figure 2 shows the observed 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 wdgl}cd charge, it docs not show the amount of combustibles 

in the stack ga sc s. The theoretical burning rate, shown as a broken line, 

is the rate at which the sawdust would burn completely to COz and water 

vapor for a given air rate, if no excess air were necessary, and serves 

as a guide in comparing the burning rates achieved. When combustion 

is complete, the. burning rates lie on or below this line, and the di stance 

·,below it is a r.clative measure of the excesf? air. It is possible, however, 

to have unburned combustibles in tbe 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 ~he performance of 

the prototype unit. In general, higher combustion efficiencies were 

attained when using the uppermost ports. 

The results shown inf igure 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 number on both the observed and ~alculatcd 

burninr; rate is shown in figure 3. 
. .. . . . 

Since the obsc rvcd burning rate rep re scnts all of the fuel that 

is consumed, and the calculated burning rate only the portion that burno 

I. ..!· 
' w . 

. ' 
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Note: Zero radius is axis of incinerator, circled numcrc:ils are the 
height of the probe above the fuel bed in inches. 
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lNTERMCDlATE STAGE OF DURNING 

.· 

Am VEWCITY :: 130 FEET PER SECOND 

AIR VEWCITY :: 71 FEET PER SECOND 
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FINAL STAGE OF BUR.~ING 
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to COz and ·w;..itcr~ th1..! sprca~ bctwccr-i thcGc turvcs is related to the amount 

o! combustible rnatcrial in the stack gases. The least spread between 

tht! two curves was found at a Reynolds .number of approximately 15, 000. 

This is shown more clearly in figure 4 .. 

The burning conditions in the combustion chamber can be 

c;haracterized 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 ?Ounds 

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 at a radius of approximately 

4 inches, ancl CO was formed. Figure 6 shows three stages of the actual 

burninrr conditions in the chamber for a fixed mass flow rate of 115 
0 ' 

pounds per hour but at three different linear velocities 'in the por'ts. 

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 these 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 coun;e, is to be expected. 

In figure 7, the operating conditions for a Reynolds number 

of 19, 400 are given. Special attention is c.alled 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 abscis!'la. Their 

densities agree quite well with the corresponding photometer results • 
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In figure 8, th~ results arc giv
0

cn for" a Reynolds number o{ 

29, 000. The discs for this test were generally darker than for the teat at 

the lower 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 assernbled for operation. 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 con.Si sts of 

two semicircular, cast 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 sealed by a r;uillotinc-type door; similar to the Los Alamos unit. 

Figu're .10 is a photograph of the prototype incinerator. 

An auxiliary gas burner, with safety interlock devices, is 

used to ignite the- ch'.'lrge. 

The total cost of this unit including installation was approximately 

$10, 000. A commercial model of similar size could be constructed for 

somewhat lcuo by eliminating auxiliary test equipment, which is not 

required for i;atisfoctory corn1nc rcial operation • 

. . . . . . 
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~XPE~IMENTNL CONDITIONS 

The unit is charged batchwisc with 100 pounds of sawdust 

packag~d in cylindrical cardboard containc'rs. Fifteen cartons comprise 

a charge for each test .. To ignite the charge the gas burner is turned on 

for:. one 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 
I . . 

an observation port located at the top of the chamber. 

Several tests were made at a;ir rates ranging from 500 to 

1000 pounds per hour, using each pair of ports at the different elevations 

of the chamber, and various tangential port areas. In addition, some 

preliminary tests were made with sawdust containing as much as 40 

percent moisture. 

DISCUSSION OF RESULTS 

Since the factors that were varied with the prototy.Pe were 

the same as those for the model incinerator, similar parameters were 

used to correlate the results. Figure 11 shows the relationship between . 
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 rate increases with air rate. How-
• 

eve.
0

r, varying the port area at a fixed air ra.te 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, 

:-.· ... 

. ; 

'• . " "' • .,, ......... , 4 .. 



This diffc renc c between the .modcl.a~d the prototype suggc sts 

that the gas-!low pattern established in the larger' unit depends largely 

on the total quantity of air used, and only to a n1inor extent on the linear 

velocity of the air in the ports. These results arc in marked qmtrast 

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 

ti·andcr 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 u,nit than they are in the model. 

The effect o! varying the port height on the burning performance 

o! the prototype incinerator is shown in figure 12. H is significant to 

note that both the observed and calculated burning rates decreased when 

the port hei.;ht was decreased. Moreover, a lower combustion efficiency 

was achieved when the ports closest to the fuel bed were used. This 

is better illustrated in figure 13, which is a plot of the ratio of the cal-

culated to the observed burning rate as a function of air rate. It is 

evident from. the s.e results that higher capacities, as well as higher com-

bustion efficiencies, are attainable when all the air is admitted through 

tke uppermost ports. 

Since occasionally wet charges are incinerated,. son1e pre-

liminary tests were made using sawdust containing up to 40 percent 

moisture. No difficulties were encountered in burning the wet charge, 

except that it was necessary to operate the gas burner somewhat longer 

'• 
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to attain satisfactory ig1.1ition. Table 1 'shows· the rcsultG o! two tc sts 

using sa~dust with 7. 8 and 40. 3 percent moisture. Comparing the data 

within the heavy boundary lines, it is seen that both the observed and the 

calcµlated burning rates do not vary appreciably. Howev~r, when the 

calculated rates arc computed on the moisture -and-ash free 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 charges at the beginning of each test. 

CONCLUSIONS 

Although a great deal remains yet to be done, the results 

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 ·combustion efficiency in a cylindrical 

combustion chamber using only tangential overfire air. This confirms 

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 pounds per cubic foot. 

2. Variations of air mass flow rate showed approximately 
. 

tlie aamc effect on the burning rate in the prototype unit as it qid in the 

rnoclel unit. 

3. The effect of port area and port height on the burning rate 

in the prototype unit was not consistent with the results obtained in the 

model stuclics. In the prototype unit. variations of port height had relatively 

greater effect than variations of port area, whereas. the opposite was 

true for the model incinerator. 
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Tnblo. 1. 

Comrarison Perforni.1.ncc Tc.::its of Prototype Incinerator 
Using Charges with Different Moisture Content 

30"' . .) 

Test No. 2 Test No. 1 

ComJX>::dtion of charge burned: 
Proximhtc 

Moi~ture 

Volatile m3tter 
Fixed carbon 
Ash 

Ultjmate 
H 
c 
N 
0 
s 

Ash 

Gross heating value, 9tu/lb. 

Operating conditions: 
Weight of charge, lbs. 
Approximate density of charge, ·lbs/cu.ft~ 

Air rate, lbs/hr. 

Air temperature at the orifice, · °F 
Linear air velocity 

. in tangential ports, 
Reynolds nur..bcr,'in tangential 
Operating time, 

ft/sec • 
ports, 
minutes 

Results: __ 
Observed burning rate, 
Cnlculated burning rate 

las.charged) 
Calculated burning rate 

_(Moisturc,Ash,Frcc basis) 

lbs/hr. 

lbs/hr. · 

lbs/hr. 

Maxim1JJ11 stack gas temperature, 
Mean stack gas temperature, 
Maximum C02 content of stack gas, 
Mean C02 content of stack gas, 
Theoretical C02 content 

of stack gas, 
Pounds of residue, 

~'. .. 

. . . . . . . 
' . " . . 

• ,, 1111 " .. ... .. . . ,. . 
~y ~ • •• ·~ •• 

Of 
Of 
percent 
percent 

percent 
lbs. 

.., . ..,.., . . . . . 
•;,• 

[ 7~80 40.~oJ 
72.30. 46.BJ 
19.50 12.60 
0.40 0.30 

100.00 100.00 

6.50 8.07 
47.00 30. 54 
0.10 0.02 
45.~ 61.33 
0.10 0.01 
0.40 0.03 

100.00 100.00 

[ 8070 5230 

106.50 lJn .oo 
10.65 lft.70 

I 824 872 
166.5 163.0 

70.6 73.9 
49,000 51,000 

62.0 82.0 

103.0 107.5 

87.2 99.0 

80.0 59.0 

1625 1385 
1270 10)0 
18.9 12.8 
11.6 8.4 

20.4. 20 .I+. 
0.559 0.72 



4. Both the .com bu st ion efficiency-and burning capacity of 

the prototype unit were highest when using the uppennoGt set of ports. 
I 

This confirms the results of the rnpdel studies with respect to combustion. 

efficiency, but is in contrast with the rcsulto in the model with respect 

to burning capacity. 

It should be emphasized that these conclusions are ba.scd on 

a limited investigation of only a few factors. The effect of such variables 

as 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 VAHIOUS FILTERING MEDIA 

FOR ATMOSPHERIC DUST SAMPLING 

By W. J. Smith, N. F .• Surprono.nt, A. D. Little, Inc. 

INTRODUCTION: 

In srunpling for atmospheric dust and for testing atmospheric dust con-

ditions, a number of methods are in use which depend upon filtration to arrest 

the dust particleso The effectiveness of arry such method or even its success 

can depend, to an important degree, on the filter medium that is selected. Be-

cause they may bo so important, the properties of any filter medium should be 

wall understood before its use is recommended for any test method. It is our 

present prupose to compare and discuss properties of several filter media with 

respect to various air sampling requirements. All of the media to be con-

sidcred are now available, ar.d. most of them aro being used for air assay worko 

There are various reasons for collecting a sample of atmospheric dust, and 

tho purpose to be served will inO.uence selection of the filtering medium. To 

mention some of tho 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, radioactivity measurem.ents.11 study 

of org&r~sms~ and evaluation of soilinG characteristics. 

Conditions under which the saJnpling must be done may also inO.uence solec-
-

tion of a modiumo For exa.m;:>lo, glass fibers would.not be usod in an atmosphere 

known to contain an nppreciablo amount of hydroiluoric acid vapor. 

In some cnsos a particulnr filtor 1r1odium is usod in a certain npplication 

only bocauzo of long standing practico wlU.ch 1 for consistoncy 1 is kept un-

clw.nGod.o Howovcl'.' when tho need nrisos to [lOloct a fi.1.ter for some now or 

WASil-1"{0 
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spoc:i:al purpo~;c, an · •. tadcrstancli11e 9f the gcnoral filtering properties of 

avaiJDblc media should be useful in making an intclliccnt choiceo It is our 
I . 

. purpose to contribu tc to the fund of such infonnation. 

The problems associated with selection and use of air sampling filter 

:media were discussed at the Air Cleaning Seminar, sponsored by the Atomic 

Energy Cor:::nission and held at Ames, Iowa, Septa 14-17, 19.52. As a result of 

that mcetine a stud)' of filter media and samplinr; practices was wrlertaken by 

Arthur Do Little, Inco A questionnaire survey of some 40 laboratories,. most 

of them wi tl1in the Atomic :ilerey Commission operating areas but including also 

a number of outside laboratories, provided a list of air san~ling media that 

are in current use at these laboratorieso 

We assembled a group of sar.iples representing nearly all of the media 

that were rrentioned in the surveyo This paper describes and discusses air 

filtration test results obtained for these media and for a few others1 that 
• 

wo:re included because of their special interesto ou'r test methods have in-

eluded di-octyl phthalate smoke penetration, atmospheric dust pe:1etration_p 

and plugging rate on atmospheric dusto A range of pe~fonnance characteris-

tics is provided rmich may ai.d one in selecting a filter material for any 

dust SG..r.;.pline purposeo 

Di~Octyl Phtha1ate S:no;rn Penetration Test: -

The di-octyl phthalate sr.ioke penetration meter or 1'DOP testcr 11 as it is 

called more commonly, ·was developed by thB armed services during the r-rar arrl 

has beco;;-ie a well known and highly respected device for evaluatine .high effi-

ciency filterso Instrumental parts of the tester nnd theories of their 

1AEC mineral papers ·were a:ldcd to the croup .. 

. ...... ' 
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op or a ti on h:i vc been prl scntcd well in the lit eraturo (11 2 si J). For our needs . . 
here a very brief description will serveo Thc·rc is a smoko generator fer pre·-

ducing a controlled, mono··dispcr0cd liquid aerosol of di-octyl pht.halatco This 

is accomplished by condensation from the vapor state and the droplets so formed 

are held very close to Oo3 micron diam.. Particle loadinc is about 50 micrograms 

per cu. decimetero Also a light scattering chamber is provided with sensitive 

photcclectric pickup means for a:::curate measurement of smoke particle concentra-

tion.. The tester is adjusted against full aerosol concentration (unfiltered 

smoke) and against absolutely clean air., Penetration through a test specimen 

of filter medium is then read off directly in per cento 

Si~e the aerosol particles at O .. J micron diamo are in the approximate 

size range, for the most numerous :microscopically visj_ble atmospheric dust par-

ticlesJ the DOP test gives effi~iency values that parallel those obtained by 

atmospheric dust ·countso 

Under the somewhat standardized corrlitions of nonnal labor~tory test pro-

cedureJ JX>P smoke penetration measurements are made at 28 lino feet per mino 

through a 4o5 ino di~~o 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 11.n .. feet per min,.) a test area of 

1.75 ino d:tamo was usedo 

T·able I shows DOP smoke penetration efficiencies over a range of air now 

velocities for our l>hole group of air sampling media.o It is evident immediate-

ly that there is a very great difference in efficiencies as measured by this 

testo . Pcrh<i.ps this is t.he point at which we should stross that DOP smoke pene-

tration alono must not be taken as a general measuro of usefulness for all filters. 

It is a vcr:r severe test and is norr use·d primarily to rate absolute-type filters o 

.. -..... 
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When we aro dealing r.:i.th modi a intended to· col lee t bulk dust or to analyze 

for atmospheric dust on a \.TOight bu.sis~ very fine particles contribute to a 

minor degree and become unimportant; ~he DOP test then has much less signifi~ 

canc.eo However,, if our interest extends to tho sub-micron size dust part~cles 

of the atmosphere (and these are by far the most nwnerou.s) then the DO? tester 

can tell us a great deal about what we can expect a filtering material to doo 

/Jl interesting feature of the data shown in Table I ·is the relation of 

DOP filterin~ efficiency to flow velocity for the different types of filter 

materialso Wo have plotted sets of data selected from Tab)E I to show s~~e 

characteristic curveso 

Fig. l is for CWS //6 papero At a low air flow rate;i it is very efficiento 

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 :µno feet per minuteo With increase of 

flow rate;i smoke pemtration increases to a maximum at about .39 feet per mino 
. 

As the flow rate is further increased;i penetration again falls off ,p and pro-

gressivelyo This behavior has been studied by Ramskill and Anderson of the . 
Naval Research Laboratories (4)o They attribute the low velocity positive 

s~ope to the in...."'1.uence of diffusional collection while the higher velocity 

negative slope is ro.-plained by influence of inertial effcctso In a.ddition to 

now veloc:1.ty.P these ri.uthors show how the character of the curves is controlled 

by aerosol particle size,.. particle densi ty,p diruilcter of tho filter fi.bcr,p and 

inter-fiber spacing., 

Pressure drop.ll plotted separately in Fir;o l,p is nearly linear with flow 

rate in:licating viscous flow through tile med.iumo 

. ' 
. .. . . . . . .. . . . .. . . 
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All of the high cfficioncy papers, AE'C //11 AEC mincrnl fiber pnpc1·s, an:l 

1N 70 (18 mil) show curves similar to that for CWS //6. 

Fig. 2 shows the plotted dnta for a still more hichly efficient medium. 

This is a srunplc of glnss fiber pnper made by the Hurlbut Paper Coo and Con

taining a resin binder. The fibers in tho sheot have a diameter of about 1/2 

microno The resulting cur\"'o also shows the poak typical of high efficiency 

me di Ao 

Chomical filter papers as illustrated by the Whatman papers are made in 

several types, and thoy give a variety of curves. Fig. 3 shows a plot for 

paper No. Ll which is typical of m<my of tho cellulose papers o 

Paper No. 42 (Table I) is remro.-kably efficient for an all-cellulose 

sheet. This efficiency is attained at low flow velocity, but pressure drop 

is higho 

1'~~ type 11511 filter which is used successfully for high volume air 

smnpling·(S) shows an unusually uniform DOP efficiency level over a broad 

range of flow rates (Fie. 4). While all of the other filter specimens ·come 

in flat sheets, typo 11S11 is different. It has a molded shape of concentric 

convolutions designed. to provlde a lare;e filtering area.o A piece was cut from 

~ roasor..ably flat nroa mid used as the test specimeno 

Mc...-nbrane filters have been described as molecular sieveso Collection ap-

po:us to be almost entiroly at the surface. It is perhaps for this reason thu.t 

thoy fill up rapdily on an oil smoke (like DOP) and so may not show up to best 

~vwit.i.ge in this test. 

AD. fiber filtor materials "fatigue" in tho DOP to:;tcro After running on 

DO? for sovcral minutesi the smoke penetration incronsos. Ono explan.D.tion 

' .. 

-··-··-----··---------------,·---- . .. .. ~"' " ... . . 
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offered is that electrostatic effects in Uio filter body aro lost due to ac-

cumulation of liquido It is kno\m that filters depending on electrostatic 

effects fail quickly 'hi1en used on oily smokes, so there is some basis for the 

suegcsted explanation. For the present, it is only important to mention that 

a DOP test should be n~de over a short period of timeo 

Efficienc;'{ by Atmospheric Dust Counts: 

It was stated earlier that DOP test results aro comparable wlth effi-

cic."1cy as measured by counts on atmospheric dust particles. This is shown 

by the data in Table IIo Here the IXlP filtering efficiencies of the various 

media are eiven, calculated from Table I. Atmospheric dust count efficiencies 

are shown for comparison. 

To measure these efficiencies on atmospheric dust, a high-speed impactor (9) 

(6) was used for collectiono Particle concentrations 'h'Bre measur.cd before ard 

after the filtero In most cases, four tests were made on each filter and 200 

counts were made each timeo Efficiencies were calculated from.counts on the 

sonic velocity stage of the impactor; particles were one micron and sm~ller in 

dia~etero No counts were obtained on the clean side of the very efficient me-
• 

dia oven 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 

diametoro Rating of a filter by counts on such dust is the same as rating that 
. . 

filter for perforr.wnce in those sm~ll particles. 

Even those who have been aw:i.re of the relation of DOP efficiency to par-

ticle cow1t efficiency may bo surprised by the close correlation of these sop-

· a.rate methods. The results strongly indicate that tho. DOP tester can be relied 

upon to evaluate all filter moclia with respect to efficiency agtd.nst sub-micron 

• •t • .. • ....... ' 

.. 
., 4' .. 
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size n.tmoGphoric ·dust 1~:u-ticleso 

Efficiency by Particle Si7.0S 

In tho methods just described we ~ealt only with suh-micron ·size particlcs 0 

~nen wo inclu:io- considorntion of larger particles, our attention becomes 

limited to tho cellulose fiber filters on our list. Larger particles do not 

penetr~te tho other media of the group. 

Table III shows the particle size analysis for unfiltered laboratory air 

and for the s~~e air after passing through each of several cellulose fiber fil= 

tcrso In every case_p the count peak is shifted in the direction of the smaller 

particles as would be expectedo No particles larger than two microns were ob-

served to have passed any of the filterso Tin<e did not pennit us to include all 

of the cellulose fiber filters; we did try to select a representative groupo 

Efficiency of filtration by·pa.rticlo size is shown in Tablo IVo Here again 

efficioncy was me~surod by particle count on high-speed impactor plateso No 
• 

particles were found abova the size of two microns, atid cU.l of the filters showed .. 
good to excellent efficiency on particles in tho ono- to two-micron rangeo When 

the primary interest is in weight of dust collected, these filters are generally 

adequ~te since large dust particles contribute most. The weight contribution of 

a particle is measurod by the cube of its diameter. 

All of tho results reported have been on fresh samples of mediao Allowance 

should b6 made for the fact that all filters improve in efficiency as they fill. 

A~ ~ prncticr..1. matter, all of tho media tested here will perform much better in 

use than our ftguros indicate. 

c 
/l; \ 

In marry air DrunpllnG o.ppllcntions 1 plugging rate of n filter meditun is not 

. . ~ . . 
"· ' . ,. r •. 

. ' 
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a problcino But.in those cases whore it is C;i.esircc_l t) sample over a lone.period 

of time or to accu-nulnto a sizcablo quantity of particulato matter i tho rato at 

which plur;t;ini:; occurs may become importnnto At timos flow resistance or the 

deve1,op:nent of flow resistance mny even detennine the feasibility of takini:; the 

·sampleo 

A life 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. 

',Pho kind of equipme.11l we have used for this is sh01m in Figo 5., It consists of 

separate test stations in which samples of filter materials mcy be mounted and 

operated over long periods of timeo Each station has a sample holder that takes 

a 3 1/2 i.no dia.'Tlo disc of tho medium and e>..-poses 8: test area 3 ino in diarn.o A 

calibrated orific.e meter and control valve allows each sample to be run at a 

selected rateo Our testers are arranged in two bnnks 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 Blowero .· 
The flow rate tends to fall off, of course, as the fi.lter fills with its 

accumulated dust loado This necessitates periodic adjustment of the valve to 

restore the proper rateo Pressure drop across each test sample is measured 

wlth a nun tube uater manometer. 

It seemed best to life test all of tha mod.ia at tho same ti.~e so that arry 

question of v.s.rying dust conditions in the air would not enter ino This brought 

up the m~tter of flow rate at which to run; for direct comparisonsi all should 

be run at the sw~o rateo Tho very low rate of five lino feet per mino ~as se-

lected as a start ·with tho intention of increas:tne the rato after the rapidly 

plu&gin~ s<Unples h:id be<.:n removed. When pressure drop bec;:imo too high for any 

rnanorr.oter, that test wao stopped. .After L80 hours of runr.J.n0, the now rate 
I 

.. - ... 

. ' 
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was stepped up to 28 lin. f ce;t per min. for all su:::-vi vini.; specimens except tho 

mc:r:1br<1nc filters. Only seven specimen filt.crs wcro remaining 120 hours l.atcr 0 

Atmospheric dust loadinc over tho time period of the run was measured by weieh-

ing the totc:il dust load on n manbrano filter. 

Table V includes life tests for the ontire group of samples. With ono ex-

. ception, the tcr;t specimens were flat discs.. The exception, Y.SA type "5 11 , as 

mcntion.;d. before is a molded filter with concentric convolutions. We used a 

\.lhole 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-

ily the -most efficient nor those with highest initial pressure drop. As a class 

the chc.llical filter papers tend to plug most readily. High efficiency papers 

show r.mch better life. The membrane i'iltfirs are very interesting; pressure 

drop is high initially but increases only a little as dust load accumulates • 
• 

In ou.r ex .. pcrience and to tho best of our lmowledge, the r.ate at which a 

filtor becomes loaded does not determine its life, regardless of time the pres-

sure drop through a sa.11pling filter is fixed by the amount of accumulated dust • . 
Operating at low now rate merely extends tho time; dust loading in the air 

(assu:ning a constant dust composition) and the total w-.ount of air passed are 

the controllinc; variables. In our life tests we used very low flow rates. 

For' this reason Tabla V gives a slow motion picture ·or plugging rates. LH'e 

for ·acy other flow or dust loading can be esM .. matcd from the data given. 

Discus::;:ion of Filter Properties: 

For conve:nionce of reference, Table Vl cont<d.ns some general infonnation 

on the various f-.i.ltor media wo have been discussinc. We do not consider this 

Tablo to bo complete in any way. It contd.in~ some of tho moro obv-lou.s qualitic:;; 

/ 

... ~ ~... \. '• . ; . 
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nlont; with a few measurements of ou:r own. Values ·for ash content of the chcmictl 

papers were given by the manufacturers. Values for other media,p we determined. 

Very often some special property will .dotcnnine the suitability of a given ma-

terinl. Such properties are important ~d must be considered alone with filter-

ing pcrformaree when a sampline medium is being selcctedo 

Chemical filter pnpers appear to be used more widely than any other type of 

air assay mediumo This may be because they are nearly always at hand in a labor~-

tory. For those purposes where the filter must be destroyed to isolato or con-

ccntrate the dust, the low ash chemical filter papers are particularly useful 0 

High surface reflecta.."lce of light from chemical papers have made them pop-

ular for those test methods which are based on discoloration of the collecting 

surface. 

Alt.'1ough chemical filter papers probably were never intended Tor air sam-

pllng work,p they have proved to be mos~ popularo Many ldnds are available and 

data in the Tables of this report show the range of pcrfonnance, characteristics 

that can be oxpectedo There are some properties inherent in paper and other fi-

brous media which are disadvantageous in some cases. These will be mentioned at . 
the end of this discussion. 

Chemical papers in particular ofte'n a.re founi to contain pinholeso Wnen 

this occurs,p it is likely that even some very large dust particles will pene"" 

trateo 

Unloss an air filter medium is manufactured especially" for the purpose, its 

performance characteristics are likely to .vary from lot to lot. Chemical filter 

papers arc manufactured for chemical laboratory work. They aro made and used 

primarily for ..,ct filtrations. Therefore it is not surprisi.'lg thnt wldo varia

tion in air filtrat1.on is often found for chomicnl filter paper. Table VII 

j '~ ·~ :r .. 
'. 
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lists so:no e:qJerimcntal res1:11ts that illu:Jtrate ti·i.s point. 

The membrane filter is relntively no\<11 bu.t it holds groat promise as an 
• 

all-round assay m3dium (7 ,,8). It is hiehly efficient, rna.y 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 
I • 

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-.... -· 

· fully and supported during use. To genorallzo, there appear to be more useful 

properties ~ssociated with membrane filters than with any other one medium. 

The felt-like papers CWS #6, AEC fh., nnd the AEC mineral fiber papers were 

design_ed for efficient air cleaning ani serve that purpose effectively. They 

are not so well suited for mos~ assay work. Dust ·particles penetrate the struc

ture so that they are buried an:i lost for some types of radioactivity measure-

. ments ( C( counts). These papers .are so high in ash that they are not at all 

• 
useable where the filter must be destroyed to perform analysis of the dust. 

If 51.litable precautions are taken they may be uso'd for gra~etric sampling 

On even the .finest Of dusts an:i fumes. 

HV 70 is a closely formed paoor and has founi use particularly in radio-
• 

activlty monitoring. 

f!.1-glass papers, like those developed by Naval Research Laboratories (10) 

a.'1.d madl:'l to a limited extent by several pop er comp9-Ilios, are to be recommerded 
. 

for high tenperatures or in the presence of corrosive .fumes or gases. In our 

series the H:urlbut glass paper is an example. These papers are made of very 
. . 

fine glass fibers ar.d are tho most efficient of fibrous filters •. Some have 

resin or other bindora 1 mld this should bo burned out before using the sheet 

in most ld.nds of test wo::i.·k. In grav.1..motric work caro must be taken that loose 

··-

--------------·-·--····-...... 
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.fibers arc not lost from the shceto 

All fibrous filters, cellulose or glass, have water associated or adsorbed 

in their structures. The amount depends upon atmospheric hwnidity and will var.1. 

In weiehine the amount of dust lond collected by such fi1ters, it is very im-

porta.nt to condition the filter at a lmown humidity leve1 before every weie;hing 

and to wc~gh the filter in a closed container. 

Dust collected on a fibrous filter will penetrate the filter body to s omc 

extent. For this reason it is very difficult, if not impossible, to make dust 

studies under the microscope on most paper filters. 

SUNHARY& 

A group of atmospheric· dust sa:nple media has been studied for performance 

characteristics. The media were selected to represent tJ~ose in use in a number 

of laboratories. ·Test methods used were di-octyl phthal~te smoke penetration~ 

atmospheric dust penetration, efficiency by particle size, and plugging rate on 

atmospheric dust. A wide range of properties were s~own. 

The filtering properties have been discussed and the suitability of the 

media for various applications have been in:iicated. 

It has been demonstrated that efficiency measurements by the DOP smoke 

test follow very closely the results· given by atmospheric dust countso . This 

suggests that the fast DOP method can be used to rate any filter mediu.11 on pe~ 

cent of atmospheric dust penetration by particle counto 
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TABLE II 

.Impactor Count Efficiency on Sub-micron Atmospheric D~st Particles 
Compared with. DOP Effici~ncy for Various Air Sampling :Media 

FLOW RATE 20 LINEAR FEET PZR MINtITE 

Atmospheric Dust 

319 

Count Efficiency DOP Efficiency 
Per Centb• r'ilter Medium 

1 
4 

32 
40 
41 
41H 
42 
44 
50 

540 

·s & s #604 

HV 70 9 mil 
IN 70 18 mil 

Y.SA Type 11S11 

Millipore Type Uf.A" 
Y.illipore Type t1.AAll 
S & S Ultra Filter 

Hurlbut Glass Paper 

cws /!6 
AEC · //l 

}:EC Glass~Asbestos 
AEC All-Glass 

/ 

Per Centa• 

50. 
1.50 
99.1 
85.1 
26.5 
24. 
98.8 
97. 
92. 
67. 

13. 

96.5 
99.S 

460 

(No plicles 
found a.ft er 

6 hours 
running.) 

l 
a.Average of 4 tests. 

b.Calculatod from Tablo I. 

. ·' . , . 

... .. . ~ 

y .... •• 

. 
I 

.... ·-

········-·····--------------

... w.,, ............ 
• . . 

to •I' I 'I 

J . 

570 
2.3. 
99.5 
84. 
2Jo 
l9o 
99o2 
98.6 
97. 
650 

15. 

96o5 
990.3 

. .4e. 
99.9+ 
99o9+ 

99.99+ 

99o9+ 
99o9+ 

99o9+ 
99.9+ 
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Particle Dia~eter 
- Mic reins -

below 0.4 

.4 - 0.6 

.6 - o.a 
. o.s - 1.0 

.. 
1.0 - 2.0 ... 

' . . ( ( "~ 

2.0 over 

~ ~ r " -

TABLE III 

Particle Size Distribution in Atmospheric Dust 
Before and· After Filtration 'Ihrough Different Media 

COtJNT ANALYSIS OF. AIR BORNE PARTICLES - PER CENT OF EACH SIZE 

Unfiltered - - - - - - - - - - -F i 1 t e r e d Air---------· -
Air 

JL8 

42.6 

16.2 

608 

1.6 

1.0 

Whatman #1 Whatman #4 Whatman ~41 

! 52 0 8 ----- ' 45.2 47.4 

35.3 38.1 40.3 

10.6 14.2 9.1 

1.1 1.9 2.4 

0.2 0.6 o.a 

-

Notes! FlCM Rate: 20 liriear feet per minute 
through the medium. · 

Each .value based on cou.'1ts for two· fil
ters with no fewer than 40 
counts each point each f il
ter. 

Particles collected sonic velocity im
pactor. Counts and measure
rrents by oil irrnnersion micro
scope 1350X. 

Whatman #42 ?·~SA "S" 

51.0 50.0 

39.3 41.8 

8.5 7.0 

1.1 1.0 

0.1 0.2 

w 
I\) 
0 

~ 
:::l 

' I-' 
~ 
0 



.J~. 
0 

. ,-

Particle Diameter 
.-.:, - }~crons -

~: below 0.4 

0.4 - o.6 

o.6·- o.a 

o.s - 1.0 
• t' ·: 

1.0 - 2.0 
j 

I : ' 
: ' above 2.0 

! 

TABLE IV 

Filtering Efficiencya• by Particle Size 
for Each of Several Air Sampli?l(; 1'.cdia. 

FLOW RA TE 20 FEET PER MINUTE 

Whatman #1 Wha.tmn.'1 U4 Whatman #41 Whatma.'1 #42 

57b. 23b. 23b. 99b .• 

58. 32. 28. 97. 

69. 3a. 64. 98. 

92. 79 •. 74. 99.3 

95. 74. 70. 99.8 

100. 100. 100. 100. 

8 • Efficiency for. particle retention in per cent by count. 
Particles above 0.4 micron diameter collected by high
s~ed cascade impactor. 

b•DOP amoke value used for particles below 0.4 micron dia
meter. 

: 

MSA 'JYpe "$" 
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l 

0 

2.1. 

u 
120 

1'12 

26! 

)JI> 

)!!. 

480 

0 

24 

u 
72 

120 

1~ C'tl.3 
"' 70 L.1. u. 9 oil 11 "'11 

0.12 0.12 0.95 l.OS 

o. ?S o. 75 1.15 

0.75 0.7S 1.2 

0.85 0.8 l.t. 

1.2 

1.25 

1.4 . 

o.as ·0.9 1.55 - 1.7 

0.95 1.0 1.1 l.9S 

l.CX> 1.05 1. '1 2.0 

1.os l.os 1.9 2.0 

l.os 1.1 l.9s 2.1 

5.6 

5.1 

6.1 

6.6 

1.0 

(" 

Test ConUnut'1 at 28 il'H 

6.1' 11.0 

6.)5 11.5 

6.6 12.6 

6.ss 

7.4 

... 

u.i 
12.1 

14.2 

Kurlb11t 
Glos• Paper 

0.9S 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

1.:zs 

1.25 

1.0 

7.15 

7.4 

7.6 

o.i. 

., 

.lliH..!. 

Ut• TnU - Change of Pressure Drop Aero"' Air Sampling r...tla "1 tb Operating T1lle 

· WhatNn Ch"'"1cal Filter Paper• 
LLLt. UJ 40 .• U ft.lH I 1,2 I IJ. I 50 

1.9 0.411 7.0 2,45 0,)5 0.5 e.5 e.o 9.5 

5.2 o.eo 9,1.5 5,7 1.2 0,95 28. 

6.2 1.15 11.0 6,95 1.5 l.'!>5 

7.) 2.) 12.11 8.2 2.lS 3-l 

11.0 ).2 

8;5 ).9 

4.15 

4.15 

4,25 
.. 

9,0 

.. 

2.7 4,5 

,_,, 6.1! 

).9 

4.0 

4 • .3 

/ 

16., 27. 

l!cw'e• 1111111 pre1111re tl.,,p ln lncho or wder, 

•. 

.· 

5'.S 
~ 

0,JS 

O.t,5 

o.a 
1.11 

2.6 

3,15 

).45: ,_, 
,.,, ' 

Y.<01brane Fll tertt 
"HA" ".AA" 

s.~ 2.) 

'·"' 2.5 
5.5 

5.7 

2.6 

2.6 

5.9 2.1 

6.4 ).0 

!1.7 ).1 

7.1 ).15 

1.1 3.2 

S:ont•o at S >"l'Y, 

s.1 

8.2 

s.5 

s.55 

1.6 

.. 

).2 

),1, 

3.2 

).) 

'·" 

' A£C l'.1.neral ru t.n 
!;lus-~sb. All-jlan 

0.1 

0.75 

O,?j 

O.!I 

0.7 

0.7 

0.7 

0.1 

0.9 0.75 

1.0 0.115 

1.2 0.85 

1.25 o.ss 

. 1.)5 . 0.15 

r.sA !%!>'! • r 

0.17 

0.17 

0.2 

o.z 
0.22 

o.zs 
o.zs 
0.25 

0.25 

'°"tlnu..t n 28 Ff!I 

7.6 

7.1 .. , 
1 .. 15 

4,75 

s.o 
5.25 

, .. 

1.2 

1.2 

1.2 

1.25 

1.)S 

., 
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Mr.nuf acturer 
· >:aterial .'!}:Ee or No. or Soi.:rce 

Chemical 6 l W. & R. Balston 
Filter 4 Ltd.• fugland 
Papers 32 

40 
§ 41 
!l 4 lll 
co 42 
§ 44 

50 
540 

S&S 604 ·Schleicher & 
Schllell Co. 

Me:nbrane "HA'' Lovell Chemical Co. 
Filters nAAn 

Ultra Filter S -& S Co. 
membrane t1?7 

HV - 70 9 mil. Hollingsworth & 
18 mil Vose 

. ! 

MSA 115n Mine Safet,-
Appliances Co. 

Glass Paper - Hurlbut Paper Co. 

cw s 16 Hollingsworth & 
AEC /fl. Vose 

AEC Mineral Asbestos Arthur o. Little, 
Filter Glass Inc. 

·~ 

TABLE VI 

Some General Properties of Air Sampling Media 

A!!'h Content 
Gre.rr.s per 9cm 

'Ihickneso Dl8mcter Circle · Present Application 
Inches (unless other. stated) DescriEtion in Air SamEling 

.oos .00039 White cellulose papers Tests dependlf18 or1 

.008 • 0005 of various grades • discoloration or 

.010 .00022 change in light 

.010 .00009 transmission. 

.010 .<XY.J09 

.an .00004 Nos. 41H, 50, & 540 Analysis of parti-

.010 ' .000064 are hardened papers. culate by destruc-

.ooa ' • 000051 tion of medium • 
' .005 .00016 

.006 low ash 

.oos .0002 .:, 
lii ' &:It 

1~5% .005 Porouo cellulose ester Particulate counts, I 

.005 1.5% !llms. identification.br .t; 
0 

.005 - J11icroscope. "Final 
· otage 11 for impact(!" 

<X. countlfl8. · 

.009 14% 
.. i 

Asbestos bearing eel- General air assay & 
.018 14% lulose base paper. ! radio activity moni-

·. 
tcring. I r 

' .\ 
• .040 1.3% Molded cellulose - High volume air 

corx:entric convolutio?l'-. sa.:npling. 

.010 95% Fine glass paper - High efficienc7 par-
--- .. resin binder • ticulate removal. . .. 

I 

.OJO 11% Felt-like paper as- High efficiencT par-

.CB o 13% bestos & cellulose · ticulate removal. 

.030 95.o.t Glass & asbestos. High efficiency par-

.030 95.o,t All-Glass t.iculate removal. 
Both with resin 
binders. ~ w 
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TABLE VII 

Variations in DOP Smoke Penetration and Pressure Drop at 26 FPM 
· tor Various Samples of Chemical Filter Papera 

Reported Results Range 
Wnat;nan Filter · · (Table I) No. Boxes 

Paper No. AP In. of Water- % Penet. AP In. of Water-% Penet. Testedl 

l l0.6 27. 9.5- 12.8 12. - 28. 5 

4 2.6 73. 2~2 - 2.6 72. - 75. 2 

.32 38 • 0.35 38. - 45. .008 - 0.35 l 

40 lS. a. 13. - lS. a. - l.3. 2 

41 2.0 1s. 2.0 - 4.2 49; - 1s. 4 

UH 2.7 76. 2.7 76. - 82. 1 

• 
42 4S.S 0.22 44. - 55. .05 - .9 4 

44 40. os 40. - 48. 0.,25 - 0.5 i. 

so •1 48.S 0.9 48. - 61. 0.3 - 1.2 2 

l.rro-ee ssnples tested in each box. 

.· .. '' . 
. , ·-· .. •. ... ~ ........ ~ .. · 

·' p o# .., ,_ . . 

. . 



.J'~ 
z 

4.: • ~-

• 
. i •. 

. ~ s:t 

tr11. 

: •c • . . . . 

0 
..--! 

+d 
J..t 

+> 
0 
~ 
0 
p. 

~ •• I: 

I•• C. i 
I lR, 

• • . : -.~ 
'. ' .. 
........ : : ! 

: . I 
;· 

....... 

... ' 

I 

FIGURE 1 
I 

. 

.w -35 -

.06r----1--t----1 ---- % Penetration 
---- Preaauro Drop 

0 
/ ,,,. 

/r / 
p 

I JO 

:~os ! _ I >L- I~ I I I I · ! ~if I I t 2s 
/ 

./ 
/ 

.041 tb · I I ""L I· 4 I I · I 120 
/ 

/ 

.03 i I I I I I I / t~ I I I I i 15 

/ 
/ 

.02 C'---{ I !' ,,..,. I I I 1':: I I 110 

/c( 

• 01 ~ I ~ I I I I I I I I Ul 5 

o; cJY 
0 20 40 (::IJ 80 100 120 140 160 100 

Velocity-Linear Feet Per Ydnute 

DOP S!--OKE PENETMTION AND PRESSURE DROP VERSUS VELOCITY FOR c~w .s. NO. 6 PAP:ER 

0 
200 

"" q) 

~ 
~ 
ft-4 
0 

Ill 
Q) 

.c: 
0 
s:1 

H 
I g. 
~ 

Q 

CD 

~ 
OJ 
Cl 
..> 

k 

~ 
~ 
I 

!:J 
0 

w 
I\) 

"1 



,,]~ ""-

1 .---· 

:: ff 

\ 

": c. . . . . . 
• (. It' ' . .. ' . . . ... ,,. . 
. . 
. . 

. ; .. ( ~. . 
I 

t.L.. ' . 
.t 

: ' 

I 

.. 
FIGURE 2 

.007 . 35. 

p 
• 006 l • I ) / I I Jl 30 . 

. / 

I . / 
l .005 / /) I I · n 25 

( --\ ; 
\ . 

1:1 
~. .004 20 
"'d 
S-t 

.. > 
c:> 
s:t 
o I 
~ .OOJtr--~--,)...-"~~~+-~~-t-~/--=o~r-~~-t-~~-1-~~-+--'~--+~~~,__~-----015 

lR 
/ 

I / 
.0021. / 10 

· ---- % Penetration 
.• 001 II / ---- Pressure Drop I I I g 5 

1l.-cr1 I. I ·r I .. o~~m:an....... I jft •Wlka!il'&'!"· ., •. '"'Jt!<+L 
0 20 40 60 200 160 80 100 120 J40 180 

0 

Velocity-Linear Feet Per Minute 

DOP SMOKE PEN;ETRATION AND PRESSURE DROP VERSUS VELOCITY FOR HURLBtrr GLASS _FIBER PAPlli 

.. 

Joi 
() 

+> 
d 
~ 
fo.-( 
0 

O'l 
Q) 

.t: 
0 
i:: 

H 
I g. 

S-t 
Q 

Q) 

g 
O'l 
Q) 

k 

w 
I\) 

°' 

~ 
l=1 
I 

!:1 
0 



~~ 
~ 

~ . ! . .. 
... 
! -\ ... 

~ 
1 0 

orl 
+> 
a.I 
J..t 

+> .. 0 
~ .. Cl 

' ' • Pi ' 
: 'c 

~ ( t : ... ~ 
' ' 

f:,, .. . 
·' ;. "4 

... 
4 •• 

: 

.. 
. 

. . . . 
: 

FIGURE 3 

"' <"17.5 

[ 1 I I 

I I '//' . . . 
----- % Penetration 

~['....A I I ---- Pressure Drop I I > I i 15.0 
/ 

/ 
/ . s:. 

751i 
·c{_ ... 

:+> 12.5 ' aj. 
·~ 

ft-4 
/ . 0 

~ 
. al 

Cl> 

10.0 ..c:: 
60 ' {) 

~. 
H 
I 
Pt 
0 
H 

A 
7.5 Cl> 45 

~ 
al 
Ill 
Cl> 

/:. 
.30 5.0 

0/ I I' 

·15 t 1 _,,/r I I I I I ' I ~2.5 
• 

0 Q f rm I I I 

0 20 f:J:J 100 120 140 160 '200 180 40 so 
Velocity-Linen.r Feet Per Minute 

DOP S}DKE PENETRATION AND PRESSURE DROP VERSUS VELOCITY FOR WHATMAN NO. 41 PAPm 

~ 
t=1 
I ..... 

-..l 
c 

c. 
r 



-~_.) 

. 
. . . 

: 

; 

. 
' ' . ' . : 

.. 
' ·-

s::i 
0 

o.-{ 

~ 
c::l 
J..i 
~ 
en 
~ 
(I) 

p... 

~ 

70 

&J 

50 

40 

30 

20 

10 

0 
0 

· .. 
FIGURE 4 .. ~ 

O> 

~ 
17.5. 

. 
0 : / ~· 

/ 
15.0 

/ 
/ 

·/ r.>-
I _/ o~ r---..._ 

" 7 V""' 

I~~ /• 

ef .. 
/ 

!'>< 

" / ~ . ,, 
~ 

' . 4/ 

~ / 
/ .. ,_ 

, 

12.5 
J.4 
CD 

~ 
~ 

10.0 
,._. 
0 

Ill 

~ CD 
.r:: 
0 µi 
s:: I 
H ~ 

7.5 I -.J 
p. 0 
0 

~ 
CD 

~ 
5.0 Ill 

Cl 

/ I 

• / 
CD 

k ·1 

.,... i- . 
- % Penetration ~ --- Pressure Drop ,, ... 2.5 

. / 
•. (.'o .. 

.. ifY'~ I I f · 
0 

20 40 60 80 100 120 140 160 180 200. 
Velocity-Linear Feet Per Minute 

DOP SMOKE PENETRATION AND PRESSURE DROP VERSUS VELOCITY FOR M.S.A. TYPE 115 11 FILTER 



.. 
• • . . ......... 

329 

;=t 
~ 
f5 

~ 
~ 
ix: 
~ 
ti) 

!..~ ~ 
t) 

). t::l {: 
. !.: 

(. ~ 
~ 

,. 
(. 

.. 
"' 
~ 

/1 ~ 
l' . 
i 
I 
r· 
' .. 

i 

f 
r 

_, 
'. 

•"I.· . 

WOW~-- : :~' :·~ 

: :. ~ :· ;. : ··-··--,.,,, ....... ____ ~.~-~ ........ .::.tt=.... ___ .... _______ _ 



·' 

SURVEY OF AIR SAMPLING MEDIA AND SAMPLING METHODS 

USED AT A.E.C. AREAS AND BY OTHERS 

~y W. J. Smith, A. D. Little, Inc. 

" i 
At the A.E.C. Air Cleaning Conference held at Ames, ·Iowa, September 15-17, 

• • 19521 it was 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 in.formation has resulted which 

should be of real value to all engaged in air cleaning and in the study of air-

borne particula~e matter. _ 

An effort has been made to show in a single chart all of the essential in-

formation supplied by the survey. A copy of the cha.rt ia inserted at end of 

report. ·For the most :part it is ael.f-ex:plariatory. 
• 

Across the top of the sheet are given the laboratories and installations 

along with the media favored at each site. In some cases several media are 

used to meet different needs,· and this fact is shown • 

• The side headings represent the various questions that were asked in the 

survey. Many of these required only a "yes 11 or "no" reply; others needed more 

detail. Where an essential piece of infonnation was too lellgcrthy to fit into the 
. ' J 

. chart body, it is shown as a footnote • 

........ ____ ... -:--~ 
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QUESTIONNAIRES IIBCEIVErr 

Organization or AEC Area Location 

Ail Sampling Equipment Compazv 

.American Cyanrunid Company 
Idaho Reactor Testing Sta • 
Chemical Processing Plant 

. • 

Ames Area Office, AEC 
Iowa State College 

Argonne National Laboratory 
Radiological Physics Div. 

Battelle Memorial Institute 

Brookhaven National Laboratory 
Health Physics Division 
Depts. of Physics, Chemistry, 
Nuclear Engineering and 
Mede cine 

Brush Beryllium Co. 
Cleveland Plant 

Luckey Plant 

.Harshaw.Chemical Company 

··Vitro Manufacturing Co. 
Health and Safety Div. 

Q.eveland, Ohio 

Idaho 

Ames, Iowa 

Illinois 

Columbus, Ohio 

New York 

Cleveland, Ohio 
- - _ .... 

Luckey, Ohio 

Cleveland, Ohio 

•. 

California, University of 
A£C Project 

Los Angeles, California 

Contract AT-04-1-GEl\-12 

Radiation L~boratory Los Angeles,_ Califorrda 

California Research & Do
velop:ncnt 'Compru1Y 
Livermore Research Lab. 

California 

Carbide a.'1.d Carbon Chemicals Co. Paducah 
Paducah Plant 

Y-12 Area 

K-25 Area, C & CCC 

.. ... . . .. . ..... . . . . . . . . . . . . . .. . . . . . . .. . . . . ... . ... . . . . . . . . . . . 
___________ .....;•;.;;•.....;.•;.;••.....;.•_;,;;.;• •_;• _!,_!!_ _ _'_:,,..,.,_,.,~ ..... 

... 

• '!. ·-· .• 

' .. . . . .. .. . . . . . . . . . .... 
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In:ii vidual 

William L. 'Wilson 

R. E. Hayden 

Allan P. Skoog (Dr.) 

J. E. Rose 

S. Chapman 

Lee Gemmell 

Fit· R. Wolowicz 

F. R. Wolowicz 

A. J. Stefanec 

E. A. McCabe 

Robert J. Buettner 

M. D. 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 tab. 

Dept. of Chemical Eng. 

CQnnecticut State Dept. of 
Health 

.Bureau of Industrial Hygiene 
Industrial Hygiene Lab. 

Dow Chemical Company 
Rocky Flats Plant 

General Electric, A.~P, Evendale 

Industrial Hygiene Foundation 
for America, Inc. 
Mellon Institute 

Johns-Manville Research Center 
CWS Contract (not connected 
with AEC) 

.tCnolls Atomic Power Lab. 
Health and Safety Unit 

tos Alamos Scientific Lab. 
H-1 Radiological Monitoring 
Section of H Div. 
Santa Fe Operations Office 

WASH-170 

Location 
'· 

Los Angeles, California 

New York, New York 

New.York, New York 

Connecticut 

Evendale 

Pittsburgh, Pennsylvania 

Manville, New Jersey 

Los Alamos, New Mexico 

Los Alamos, New Mexico 

Massachusetts., Comnonwealth of Mass. Viassachusetts 
Dept. of Labor & Ir.dustries 
Division of Occupational l{ygiene 

Monsanto Chemical Co. 
Mound Laboratory 

National Bureau of Sta.~dards 
U.S.Dept. of ColnI'.lerce · 
He a tins and Air Conditioning 

Section 

National Lea.d 'Company of Ohio 
Fernald Area 

Miamisburg, Ohio 

Washington, D. c. 

Ohio 

••••• . . . . . .. . . . . . . .. ... 
. .. .. . . . . . . . . . . . . . . . ... . . . .. . .. . ..... 

• •• . . . . . . . . 
• • • . .. . 

.. 

Ind.i vidual 

Stanley R. Hall (Dr.) 

Prof. V. K. LeMer 

Arthur Humphrey 

Allan L. Coleman 

J. A. Martin 

W. C. L. Hemeon 

David Sine lair 

L. J. Cherubin 
.R. z. Bouton 

Dean D • Meyer 

H. F. Schulte 
&l Hyatt 

Hervey B. Elld.ns 

J. E. ·Bradley 

R. S. Dill 

R. C. Heatherton 

' 



Orr,anization or AEC Aroa _..,. ____ _ 
National Reuctor Testing Station 

u.s.A.E.C. 
Health Physics Division 
U.S. Weather Bureau Office 

North American.Aviation, Inc. 
.ltomic Energy Research Dept. 

·' 
Oak Rid~e National Laboratory 

· Health Ph;,rsics Division 

Phillips Pctroleu.~ Co. 
Mater:'Lals Testing Reaction 

WASH-170 

Location 

-

-
-

Idaho Falls 1 Ida.ho 

National Reactor Testing Station 

Rochester, University of 
Atomic Energy Project 

Savannah River Plant 
duPont Health Physics Dept. 

Stanford Research I~~titute 

New York 

Sylvania Electric Products, IncG 

Stanford, California 

_Bayside & Hicksville, 
Long Island 

Westinghouse Electric Corpp 
Ator:'.ic Power Di vision 
Industrial Hygiene 

... '... .. ·... ...._' . ... . . .. .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . ... . .. . . .. .. 
~~~--------------~~_:..._:_., 

.. 

• 

. .. . . . . . . . . . . ... . 
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Indivi<lual 

P. Griffiths 
C. W. Sill 

Paul A. Humphrey 

. Alan A. Jarrett 

D.M. Davis 

. J.w. Mccaslin 

Robert H. Wilson 

C.M. Patterson 

Konrad Semrau 

Robert P. Gleason 

Paul R. Bolton 
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ZVAilJATlON OF TlIE KAPL. SEPARATIONS PROCESS STACK EFFilJENT 

ay J. J. Fitzgerald, GE, KAPL 

ABSTRACT 

'f~~ KAPL S~p~rations Process stack effluent is evaluated. The adequacy and 
th~ ~ffi~iQnGy of all the sampling instruments are determined. The size of the 

.. ~~rttel~9 ~ntr~in$d in the stack are studied under both the light and the elec
t;rgn mi CfQ§{;J.'9r1©, 'fh.~ mean particle size is less than 0.05 microns. Autoradio
~~~h§ Qf th~ v~rticulate material indicate that the majority of the activity is 
d.~:po~tt~Q. Qfi thi?oe eub-micron particles. 

- Chemie~l e~v~r~ttous of the material deposited on the Hollingsworth and Vose, 
l•iO ftlt@~ D~PG+~ §.Pd th.e caustic scrubber aro made. The rare earths co~prise 
th~ l~~~e~t ~~rtion ~f the particulate activity while Ru-106 is given off in 

':otil~t.:i.-vt';J_y lJ.H';3A q.uar-!tities during the Head End Operation. 
The r~lQtive ~ercentages of the activities given off during the most impor

tant v~s~Q o: th~ Separations P~ocess are tabulated.. The KAPL stack effluent is 
trnm ov~lua:teQ. on the be.sis of the MPC recommended in the Bureau of Standards 
l!Andbook 52. 

• 
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EVAWATION OF TIIE KAPL GEl'ARATIONG PROCE!::lS STACK EFFWENT 

An evaluation of tho KAPL ota.ck effluent from the operation of tho ocpnra
tione process was conductod; to detormine the environmonta.l and biologicul ef
fects of the Pilot Plnnt opera.tiono, to eota.blioh maxim.um permiooiblo li~its for 
diachnrge of the effluont to the_a.tmoophero, and to determine whother more 
stringant control of the disch.o.rge of activity would be required at higher (gm 
Pu/ton U) O,i)Orn.tine; levels. . 

The air monitoring and air cleaning system for the separations proceos 
operations ia sche:::w.tico.lly illustrated in Figure KH-9A2403. This stack ia ap
proxin:stely 100 feet high e.nd 3 feet in din.meter. The gaseous a.'1d particulate 

• material e:r:i.s.nating from the separations process is passed through a caustic 
scrubber ''hich takes out sor:io of the volatile components while tho CWS-6 filters 

I . 

·a.re over 99 per cent efficient in the collection of moat particles. The stack 
effluent ia sampled at the top of the stack after it baa been diluted by a fac
·tor of approximately 103 by tho room air. At distances .from the stack, conata.""l.t 
a~r monitors a.re located in selected sites to check the radioactive concentrations 
at var+ous points near ground level. Vegetation samples are collected and a..""l.a
lyzed on a regular schedule to evaluate the accumulation of radioactivity on the 
vegetation. , 

The evaluation of the stack effluent required the knowledge of; the total 
activity discharged, the particle size distribution of the activity dische.rged 
fro:::n the stack, the isotopic composition of this activity, a.nd the d.iapersul of 
tho radioactive material from the-stack. Each of these requisites wilJ. bo dis-. 
cussed briefly~ 

TOTAL ACTrvITY 

_The determination of the total activity discharged £rom the stack involved 
the investigation of; the ade~uacy of the sampling uni~s, the efficiency of each 
of the sampling units, representative sampling, and the absorption of alpha and 
beta activity in the filter media. 

As 1ll.uatrated in Figure KH-9A2403, the sampling Bj'"sten consists of n fil-
:; ·ter unit to collect efficiently the entrained particulate material followed by a 

: caustic scrubber to collect ouch radioactive componenta as ruthenium and iodine 
: vhich r:.ay bo rendily volatilized. Thia oe.mpling eyatem.. was considered adcq_ur..te 
. since 1 t co-llect_o. or dctEicta o. ]?ortTon of-.tne -rud:l.o-act"iv-:fty -dischnre;ed . 
from -t'le -otack. w{th-a .kno·.m effide-ncy. - .The- efficiencies- of the -Roll:ings..,,.orth · .. 

-and-Vos~ 1 F.-70 'filter paper were d~~ermin~d for a particle <lcnaity of-2.7 g;;:./cm3 __ -
~-over-a wide range-of-Particle oizea and linear face velocities. At an operatir.g 

face velocity of a.:pprox.i.Inately 5 cm/sec the H-70 filter paper wns 97. 7 :rier cent 
,. for 0.2 micron purticles. Tho efficicn.cy of tho caunti.c acr1.1bbor oha..m in 

Figure KE-ll044Jl+ was deterrninod for a ve.rioty of flow rateo, quantities of berl 
·· sad.d.100 c..:ld of cauotic solutions. In tho run.go of operating flow rat~o tho ef-

1 . 

l f'icie:::i.C"'.f waa 95 per co.--it for the collection of v~lnti_la .iodine. r 
. l- Iookinotic on.:npling was conoidorcd since 1 t 1o not only necoooa.ry that tho -- - · 

monitoring o;rctc~ bo c.d.oquato but that tho S8.!llplo to.kon be re:prooonto.tivo. 
AJ.thouE;21 tho oyoto:.i Yna deo.ign()d for iookinotic oa:r.plir.,z, particle oizo o.nn.lyooa 

". .. . . . .. .,.flC.~~ ... ,,,,.,, ........ , __________ , __ ···-~·---,---
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.· 

·. ma.do tho nood for tho balancing of tho sampling and stack linear flow ratoo looe 
etringunt. 

. Absorption etudioo of tho alpha and bota fission product activity of tho 
entrained pa.rticul.D.te material collected in tho R-70 filter pa.pore revealed nv
eraso aboorptiono of 55 and 25 :per cont for tho alpha and bota act1v1tieo, re
spectively. 

PARTICLE SIZE DISTRIBUTION OF STAC~ EFFUJENT 

Since the stack effluent due to separations o:porations is CO!llposed of a 
heterogeneous mixture of entrained radioactive and non-radiOa.ctive particles, 
the particle size distribution was studied in relation to the pbysical size of 
the heterogeneous mixture of the particles, and in relation to the radioactive 

· diatribu.tion. · ~ 
. The molecular filter paper was used as a filtering medium to coll.act a 
~epresentative sru:i.ple of the stack effluent. This type of filter papor 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 various chemical operations of tho Soparationo Process are 
illustrated in Figure KH-9A2354. The data reveal the abund.ari'ce of sumicronic 
particles e.nd the similarity of distributions during various phases of the 
chemical process. A geometric mean of 0.2 micron in ea.ch case is readily ob
served -when the data are plotted on log-probit pa.per as shown in Figu.re KH-9A2354. 
An average of 10 analyses during all phases of the proceso as shown in Table 1, 
indicated a geo:ir.etric mean of 0.2 micron and a standard deviation of 2.7. Since 
the limit of detection v.ith the light microscope is 0.1 micron, it was felt e.t 
the tix:le that the true goo::::ietric mean was leas tr.an 0.2 micron. This feeling was 
later subste.ntia.ted by electron microscopic analyses of.the filter aa.ni:ples and 
by a.utora.diographic studies of the radioactive particle size distribution • 

TABLE 1 • 

··- ·-· --- -· SIZE DISTRlBUTIONS OF PARTICULATE MATERIAL 

Repetitive Se:parationa Geometric Moan, 
Run .OJ??ration microna Stand.a.rd Deviation 

1 Diaoolving 0.2 2.5 
1 Dissolving .2 3.1 
2 Dissolving .2 2.9 
2 Dissolving .2 .2.7 
3 Dissolving .2 2.6 
3 Dissolving .2 2.6 
4 Head-End .2 2.5 
4 Ho ad-End .2 2.3 
4 Extraction .2 '2.9 
5 Extraction .2 2.4 

The modifiod caoccde impa.ctor with n molecular filtor pnpor in tr,.u fifth 
ataga vaa uoed to detornino a rolutionahip botwoon ;pnrticlo o:!.zo and activity. 

•• ....... ... ., u ti ... u •• •• .. •• 

... • '1, • I ., .. .. .. 

... ·- -- -- .. 
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Even ~ith flow rntea of 34 l/min through tho imp~ctor, nearly nll of tho activity 
was depooitod on the moluculnr filter pnpcr, ~ndicating that moot of the activity 
was compo3ed of or deposited on sub-micronic pa.rticloo. 

· Autoradiographic techniques were investigated to determine further the re
lationship between particle size and radioactivity. A stripping film te~hnique 
similar to the methods employed by Lo.' Riviere* and Boyd** indicated the preocnco 

·of many sub-microocopic particles and the need for electron microscope studies. 
Samples were analyzed under the electron microocope at the General Electric 

~esearch 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 hllrdcning, the silicon retained 
an impresoion 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 uced for control purposes is shown in Figure 1121212·. The surface of the ' 
Millipore :filter paperr under a magnification of 15000 is seen in this electron 
micrograph. The electron micrograph of a portion of an expoocd filter paper 
which had a geometric meo.n and standard deviation under 1ight microscope studies 
similar to those previously indicated, is illustrated in Figure 1121213. The 
nutlber of particles in the range of 0.01 to 0.05 micron are far in excess of 
those greater than 0.05 micron. The true geometric mean, then, is closer to 
0.05 micron tha.~ 0.2 micron as determined-under the light microscope. 

ISOTOPIC DE:rERMIN.ATION OF FISSION PRODUCTS DISCHARGED FRO~ PILOT PLANT STACK 

Knowledge of the isotopes contributing to the discharged radi.oactivi ty was 
an important requisite in this investigation. · The biological effects and con
sequently the maximum. permissible concentrations depend not only on the level or 
radioactivity, but also upon the body metabolism of the e1ements that comprise 
the activity. To determine the maximum permissible concentration that may be 
discharged from the Pilot Plant stack, the activity was iaotopically analyzed 
during all. phases of the separations process for several repetitive runs. 

ISOTOPIC DETERMINATION OF FISSION PRODUCTS COLLECTED IN"TBE PARTICUIATE FORM 

The isotopic c0t:1position o:f the ·radioactive particulate components pre~ent 
in the ef:f'luent was determined by radiochemical a:n.alysea of the Hollingsworth 
and Vose, type H-70, filter papers. These filter papers are uaeu as.the particle 
collecting media in the health physics stack monitoring system. 

R·o.diochemical analyses of' the filter paper samples collected during all 
phases of' the separation process revealed trot tbe ruclioactivity emitted fro:n. 
the Pilot Plant otack in the particulate form was composed of the rare earths, 
ruthenium, zirconium, niobium, barium, strontium, and iodine. 

*USNRDL-342, "An Autorudiogru:phic }~othod of Detecting and Identifying Bota
Activa Particles in a Heterogonooue M::Lxturo," by Philip D. IaRiviere and Sto:phen 
K. Ichiki, April 1952. 

**UR-209, "Strlpping Film Toc1miqucs for Hiotologice.l Autorad.iogra.phu_." by 
Georgo A. Boyd and Agnoa Williruna, May 19lt8 • 

. ' ........... . 
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During the initi~l analyooo of the stack effluont, ae:paro.tiono proceoo 
operations without variation in proceduroo wore ropeutod. Thooe proccooco wore 
cai.led ropetitive runo. Tho rolo.tivc proportiono of botn-go.mma cmittine rndio
ieotopoB discbnrgod in tho :Particulo.te form during ouch of the chcmico.l opera
tions for seven repetitive runo and several non-ropotitivo runs were W1Ulyzod. 
J.:JJ. a.nalyoio of the third repetitive run ia shown in Figure MII-9A8127. The ro.re 
earths prcda.u.inated throughout nearly all of the ope"t"o.tiono, representing frcrn 
approximntely 50 to 80 :per cent of the po.rticulo.te activity during the diBoolv
ing and extraction phases. Ruthenium-106 contributed the greatest portion of 

,. the pa.rticula.te activity during the head-end operations and, in moot instances, 
exceeded the rare earths* duri~ the first part of tho diosolving and latter pn.rt 

. of the cake dissolution o:poro.tions (the third repetitive run shown here was an 
exception). Tho cake dissolution operation usually takes place foll~~ing 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 approxin:ately 50 per cent of the particulate activity. 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
prcxi~~tely 5 to 20 rer cent of the activity during nearly al1 of the dissolving, 
extraction, and cake diaoolution operations of the third and fourth repetitive 
runs. The strontium. component was as high as 40 :per cent during· the extraction 
cycle of the fifth repetitive run. 

The relative proportions of the particulate fission products discharged 
during 5 repetitive and 2 non-repetitive rims are listed in Table 2. 

The rare earths and Ru-106 composed the la.rgest portions of the total pe.r
. ticula.te activity during repetitive and non-repetitive runs. The per cent rare 
earth particulate activity in the stack effluent appears to be reduced signifi-

. cantly when the cooling time of the slugs are reduced from 95 to 85 deys. 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 
waa discharged. • . 

ISOTOPIC IDENTIFICATION OF VOLATILE MATERIALS IN STACK EFFLUENT 
• 

! The total volatile activity, excluding the radioactive noble gases, col-
lected in tho caustic scrubber cooprieed lees thn.n l per cent of the total ac
tivity' discharged from. the stack during all re1">etitive and non-repetitive runs. 
Analyses of the conta."n.inn.ted caustic solution revealod varying percentae;es of 
I-131 and. Ru-106 collected in tho· scrubber during operating phases. The volatile 
components Kr-85, Xe-133 and Xe-135 detected by the constant air monitor coo
prised the majority of the activity discharged from the stack. Detail analyses 
of' the percentage CC:llJOBition of these volatile materials di.iring pb.asea of the 
separations process ere given in KAPL-814 and KAPL-863. 

*KAPL-814, Semi-Annual Progreso Report of Radiological Development Activ-
1tiea 1n the Health and Safety Unit, Jnn.-June 1952. 

,• ... "'"" .. •• 

: 
.. . ... ~ ·---:. 
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TABIE 4 ·. 
~!MUM PERMISSIBIE CONC~"TRATIONS m A.IR AND STACK EFFWENT 

Max. Percentage in MPC in Air, MPC in Stack, 
Ieotone Stack Effluent µc/cc µcLcc 

-~ 

Beta-Gamma 

Kr-85 + Xe-133 + Xe-135 '- --·--- -- 99 4 x io-6** (body) 4 x io-4 
I 

Rare Earths & Y-91 14 7 x io-9* (bone) · 5 x io-6 

Bu-106 20 3 x lo-8* (kidney) 2 x io-5 

Ru..:103 50 2 x lo-7*** (kidney)· 4 x 10-5 

Sr-89 1 2 x lo-8* (bone) 2x io-4 

Zr-95 l l x io-8*** (lung) l x lo-4 

Nb-95 4 4 x io-7* (bone) 1 x io-3 

Ea-140 -,· l 6 x io-8* (bone) <6 x io-4 

I-131 l 3 x io-9*' (thyroid) 3 x _10-5 

Alnha 

?u-239 100 2 x io-12* •(bone) 2 x io-10 

. - ... -.. - -- - - .. -· ···- -- -·· - -- ·-- .. -- . 

*MP.C listed 1n National Bureau of Standards Ra.ndbook 52. 
**HPC lioted in liandbook 52 or calculated using fornru.la in liandbook 52. 

*i:*MPC cr.lculated.. using formula. listed in Handbook 52. 

. ' ~ -~· .. -·· -: ~-- - . 

·--------------··---···"·-·····-·- --·-············----
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MILLIPORE FILTER EXPOSED TO KAPL ST ACK EFFLUENT 

Magniflca tlon - 15000 -- Sc.a.le 0.5 micron 
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1. AEROSOL INVESTIGATIONS 
I 

FOREWORD 

I" 
I 

H. F. Johnstone 
Technical Director, Contract AT(30-3)-28 

I . 
Engineering Experiment Station 

University of Illinois 
Urbana, Illinois 

At the air Cleaning Conference at Ames in Sopteraber 1952, reports were 
given by the Illino~s group on the f'undamental investigations on aerosols which 
were being studied at that time. The following reports have been prepared by 
the members of the research staff to shaw the 1Jtntus of the current work. 

Most of the work on the contract at Illinois is carried on by grad.ue.te 
students in Cheo.ical Engineering. Theoc men o.re being trained in research 
:methodo and in the applications of physics and mathematics to aerosol technology. 
Ey vorking 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 f'undamental and practical aerosol problems. Because of 
the need for greater knadledge in this field of science in this countrJ, it is 
felt tba~ the training of scientists is one of the important contributions.of 
the work. 

All of the work on the project is not supported diJ;ectly by the .AEC con
tract. A part oi' it is being carried on in the regular graduate thesis progra;;:i 
in Chemical Engineering. The work of Mr. Ii. F. Kraemer on properties of charged 
aerosols i'alls in this cateeory. During the past year, the Chemical Cor?s, 
through Contract No. DA-18-108-CML-4789, has expanded the investigation on the 
theory of filtration of very small particles. 'Ihis work is being curried on by 
Dr. C. Y. Chen, a Research Associate in the Engineering Experitient Station. 
Since those studies are related to the f'unda.:nente.l properties of aerosols, they 
e.re cururnar-ized here f'or the interest of' thooe in tho AEC who are concerned with 
aerosol work. 

Dul·ing the year, one phase of the theoretical studieo and ~ne experimental 
program were co::npletod. Tho results were reported in two technical reports as 
i'ollowa: 

"I. The Role of Po.rticle Diffusion o..r1d Interception in 
Aeroool Filtration; II. v.;)tcrmination of: the Drag on a 
Cylindrical Fibor o.t La..r Roynold.D NUI:lbcr". Technical 
Report No. 8, Serial No. S0-1009, Jununry 1, l953i cf. 
al.so errata ohoot insuod with Technicnl Report No. 9. 

WASR-170 349 
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"Pnrticlo Size D1otr1but1.on in Hygroscopic Aoroaolo" ~ 
Tecbnicnl Report No. 9, Serial No. S0-10101 Mny 1 1 1953. 
Thia work vno prooontcd at the Sympooium on Fumco ond 
Mists at tho meeting of the American Inotitute of Chemi
cal Engineering in St. Louie, in December, 1953; the · 
J?a.rer vaa published in Chemical Engincoring Prog;reos 
S;,rmposium Sorioo. 

111.,, L:,. (' I 
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TURBULENT DEPOSITION AND TEE BEHAVIOR 
OF DEPOSITS OF SOLID PARTICLES 

by 

S. K. Friedlander, Research Assistant 

When a gaa containing particles flows in turbulent motion past a surface, 
some of the particles are deposited even though there is no net velocity in the 
direction of the surface. Thia turbulent. deTiosition results from the fluctuating 
velocity component nor::nal to the collecting area. It occurs in the movement of 
aerosols through straight ducts, through diffuser sections, and on any body whose 
boundary le.yer becomes turbulent when passing through a gas containing particles. 
It undoubtedzy contributes to removal in such devices as cyclones and cyclone 
scrubbers o:perat~d at high levels of turbulence. · 

In essence, turbulent deposition is a form of inertial removal in which 
sudden gusts of fluid move ta~ards the surface, change their direction, and 

· thereby cast out the particles which they carry. There is no real distinction 
between this pheno::nenon and impacti_on. For example, when a turbulent go.s flows 
pa.st a flat surface, the motion of th~ eddies toward the surface can be thoug!lt 
of as a series of impactions on flat plates, for which we have experimental end 
theoretical data. Similarly, a spherical water droplet moving out of phase with 
an eddy probably removes particles from the surrounding aerosol.by i.I:lpg.ction. 
The difficulty in a theoretical ar...alysis of.turbulent impaction derives fron our 
inability in most cases to characterize the velocity a.nd sea.le of the turbulence. 
However, since im.raction is the mechanism of deposition, the important parameter 
should be the inertial group (2): • 

t 

vhere 

'11 = ---
18µ. de 

C = Cunningham. col"'Z'ectio~ factor 

Pp = particle densi~y 

Ve •.~ddy velocity 

d • some characteristic length 

µ • gaa viacooity 

.c!p • particle dirunetor 

\ 
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By studying the effect of theoe var1ableo on turbulent deposition, one should at 
leaqt be.able to correlate experimental dllta, although prediction of reoults 
~rom theory ia more difficult. 

EQUIPMENT 

In order to study turbulent deposition and the behavior of depoeita of 
solid particles, the equipment outlined in Fig. 1 was set up. The aerosol em

.• . ployed vas carbonyl iron powder (Grade SF) manufactured by the Antara Chemico.la 
• .Division of the General Dyeotu.ff Corporation. According to the manufacturer's 

catalog, the mass median diameter of the :particles was 3 microns with a geometric 
standard deviation of about 1.4. This materiel wan chosen because the particles 
are quite spherical, easy to see under the microscope, and easy to disperse. 

·Tests di.sclosed that about 10 percent of the :particles were agglomerates e.nd 
moat of these were doublets. It has tho 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 1/2 f9et long, wnich 
was pushed forward by a threaded steel rod of similar length attached to the 
shaft of a sma.J..l 10 rpm. motor. In this way, the J_)Owder vas 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 1-inch cycione vas installed after the 
atomizer o.nd before the mixing chamber leading to the se..::.:pling tube. The aerosol 
concentration was determined by passing a known volume of air from the sampling 
tube through a. M.tllipore filter (Lovell Cbemical Co.). The znai11 body of air 
passed through a rote.;ncter and was expelled from the system.by a Roots-
Connersville blower. --

Two sampling tubes have been used up to the present, one 5.~- mm. I.D. and 
the other 13 mm. I .D. Both tubes were of thin wall Pyrex, and -each was g:::-ound 
at one point to permit observation of the inner wall us~ng a microscope with an 
oil immersion technique. The observation points for the 5.4 and.13 mm. tubes 
vere placed 50 and 30 diameters, respectively, from the ~ntrance, to minimize 
entrance effects. In order to rostrict tbo tests to a known :particle size, only 
those particles with diametero ranging :from about 0.6 to 1 micron were counted 
both on the Millipore filter (for determining concentration) and on the tube 
wall (for determining cepoaition), and a mean. particle aize of o.8 microns was 
assumed. 

RESULTS 

In general, when pnrticlos deposit on a. surface, tvo ate.gee can be recog
nized. In tho £irst, the indivi~ual aerosol :particles scatter ubout the surface 
and, unless the velo~ity is hJgh (above 100 ft./sec.), there is little re
entrainrr.cnt. In tho second stn~a, as a ronult of incro~oed depooition clu.:nps of 
particles appear fl.'1.d parts of these r.rIB.Y brco.k away, evc::i at moderat.e gas veloci
ties. Since the fir3t staco ooemed more rur:.onable to inveotigation, it has re
ceived moot attention in our oxpori~ontal work. 

Tho dopooitiou rate was churactorized by defining e particle transfer co
efficient, k, wit~ the dimonoiono of cm./min. . -

.. ·. --

..... , ....... _~~"'~'""""~.,~ ••• , .. _.,._, _____ ... ,_..,.._ •• _II _____ .... _,_, ____ _ 
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. k c N/c 

N = dopooition re.to, pa.rt_icloa/(cm.2)(min.) 

c = particle concentration, ~ticles/cc. 
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.. ~ plot of this coefficient as a function of velocity for both experimental tubes 
is shown in Fig. 2. The de.ta for both tubes fo.ll esscntin.lly a.long the same 

.• line. Most evident, hOW"cver, is . the extreme effoct of increasing velocity on 
the tranofcr rate which is proportional to v5. The cauoo of this extreme veloc
ity dependence is not certain although a somewhat oim.ilar effect is found for 
in:paction on flat plates (1). In passing, it should be noted that at the very 
high velocity (180 ft./soc.) in the srao.ller tubo, 2.5 percent of the particles 
were removed :per inch of duct length. 

Larger particles (those above 2 or 3 microns) appeared to.have _a greater 
te~dency to deposit than the smaller sizes and this tendency would be predicted 
:from the impaction mechanism; however, the lart;er particles are also reentrab.od 
considerably faster since they project into the higher velocity region.s of flew. 
Thuo at higil velocities, the initial deposit consiotod mootl.y of ama.11.Gr parti
cles. This ef~ect has also been noted by Rumpf (3)~ 
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COLLECTION OF AEROSOLS BY FIBER MATS 

by 

James B. Wong, Research Assistant 

A major class of aerosol filters consists.of beds of individual fibers. 
The efficiency of collection and the pressure drop are the important practical 
considerations in tho denii;n of these fibrous filters. An understanding of tho 
mechanisms by which tho particles are collected on isolated cylindero and the 
flow pattern e.round the cylinders is fundamental in the donign. In view of the 
several mechanisos of particle collection, it is best to investigate them in
dividually. In the present work, em.phaois is placed on the mechanism of inertial 
impaction. This mechanism takes place when a particle approachins a fiber 
crosses the streamlines beccuse of its inertia and strikes the surface of the 
fiber. . 

·The work is divided into two parts. Part I deals with the impaction of 
aerosol particles on single cylinders (metallic wires) with axes perpe~dicular 
to the direction of the aerosol flow. Part II deals with the collection effi
·ciency and the pressure d;r"op of fiber mats. 

-
PART I. IMPACTION ON s:rnam CYLINDERS (ME'rALLIC WIRES) 

The theory of i~paction of particles on circular cylinders with their axes 
perpendicular to the direction of flow bas been studied by Seil. (12), Albrecht 
(;!J, I.angi:.uir a..."'ld Blodgett (2,), Land.D.1.Ll and Herrmann (I) / and Davieo (1). De.vies 
indicates that the efficiency of inertial impaction should be a function of t~e 
inertial para.'L.eter '1r and the :Reynold.a Number baned on the die.meter of the cylin
der. Albrecht, and La.ngi::i.uir and Blodgett predict on theoretical grounds that a 
critical value of '1r exists below which inertin.1 impaction does not occur. 
Albrecht givos 0.09 whereas Langmuir nnd Blodgett give 0.0625 for the critical 

·value •. The other authors do not indicate such a critical value. 
· Since exporimontal 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 existence or non-
exiotence of the critic al value of '1'. · 

'One-:mil a.nd 3-mil platinum wires and 2-mil and 4-mil tungsten wires were 
used as the circular cylindero. The average diameters from measurements undo:::-· 
the nicroscopa, were 29.0, 82.6, 53.1, o.nd 105.7 microns, res:f€ctively, with a 
ir.a.x.imum deviation from. the a·rnrago of less than 9 percent. Ilomogcr:oous suL..""u=ic 
acid aerosols were used in the expjriments. The neroaolo were generated wi~h a 
condonaat:ton aerosol gonorator simi.lar to tbat used by Sinclair and. I.nl1er (13). 
The particle aizes wero mcaourod with a calibrated Owl (No. G-2) obtained from 
the U~ S. J..:rrr:y Chemical CcrDo. The acid concentration of the aeroool was de
tor;ainod by collecting a woighnblo que..~tity of the ~rticlea in the cup of n 
high, velocity impactor (11) and analyzing th3 contents of the cup by ti trnting 
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'W'ith 0.1 N oodium b.yd.rox.ido solution. 
Tho ex~rimonto.l. procedure included genoruting a homogeneous sulf'uric acid 

aeroaol of tho doairod po.rticlo size, impacting the aorosol po.rticleo on the 
'W'ire which wus perpendicular to tho direction of the noroool flow, collecting 
the remaining particlco in a glass r1bor filter train, end W18.lyzing the am:ou.~t 
of acid collected on the wire. In ordor to collect enough acid on the wire for 
accurate analysis, a brass drum which could be rotated wao attached to the top 
of the impuctinG nozzlo and about four foet of wire waa unwound from the drum to 
pass through the nozzle during a run. The wire, after being exposed to the 

.• aerosol at tho nozzle throat, was passed down into on 8-mm.. Pyrex glass tube. 
At the end of the run, conductivity water was used to wash off the acid :particles 
impacted on the wire and the quantity of acid was determined by measuring the 
concentration of the wash solution with a precision conductivity bridge and dip· 
cell which accurately: indicated concentrations as low as lo-6 N. From the quan
tity of acid impacted on the wire and the total e.monnt of acid-in the aerosol 
passing the nozzle, the efficiency of impaction could be calculated. 
. Figure 1 shows the experimental impaction efficiencies on the four wires. 

· The range of variables represented are~ np, diameter of aerosol particles, C.56 
_ ·to 1.40 microns; V0 , velocity of the aerosol stream passing the wires, 400 to 

5100 cm. /sec.; and Reynolds Number (NRe = De V0 P/µ) based on the measured wire 
diameters, 13.0 to 330. The density of the sul.fu.ric acid particles, Pp, was 
substantially constant with an average of l.48 g./cc. C is the Cunningham cor
rection factor and µ is the viscosity of the gas. 

In the ranges of particle die.meter and aerosol streaJn velocity employed in 
the.ex:periments, collection due to the Brownian diff'usion was negligible. Col
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 position. The collection due to ·interception was esti
mated to be less than 10 percent of the total collection in all cases, and thus 
had very little effect on the sbape or position of the resulting efficiency 
curve·. The curve drawn through the points in Figure 1, therefore, represents 
the e..-q;ierimentaJ. efficiencies of :inertial impaction. 

The experimental curve is S-sha:pe, characteristic of the inertial impaction 
mechanism on surface a.'ld body collectors. It indicat~s a critical value of ..f ~ 
of a:pproxirr.ately 0.25, below which impaction does not occur. At high values of 
the incrtie.l parameter, the curve appears to be asymptotic to the value of T/r = 
1. The accuracy u.nd. reliability of the results depena largeJ.y on the homogeneity 
o.f the particle size and the accl~rncy of' the p.?.rticle size measurements. The 
impaction efficiencies wore reproducible in terms of ..f 'lt, in view of the ten
rold. variation in velocity, the three-fold ~ariation in particle size, and the 
inaensi ti vi ty of the ()'...rl for detecting small vario.tion:n in the :particle size. 

Comparisons of the d.'.J.ta for the wo platinum wires show that the higher the 
Reynolds Ntiz..?er, the higher is the impaction efficiency for the same value of 
the inertial pararr.oter. The· same observation can be t:.3.do on .the two tungsten 
Vires. Thia agrees with the theoretical conclusions. Comparison of the dato. 
"£or the 1-::iil platinu:n. 'Wire with thor.rn for tho 2-mil tungsten wiro, and the data 
ror the 3-mil platinum wire with thooe for the 4-mil t";.lllgsten wire, however, 
show opposite offecta of tho Reynolds Number, i.e., the impnction efficiencies 
on the 3-mil wire nt lower values of the Reynold.a Nw:ihe!r e.re generally higher 
than those on the 4-:c.il wire for corresponding value of ..f V.f • The expla.'1ation of 
this ia not npparont. When those wiroo woro oboorveQ undor the microoco~o, it 
Yao noted that the aurfaco of tho ;plntim.:.m. wire waa ::::.::ch omootho:i: tbrul tiiat of 
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the tWlgOten wire. Poooibl.y the acroool par~icloo adhoro to tho aurfnco of the 
plD.tinu.:n better tha.n to tho tune;otcn wire. 

. Figure 2 ie a plot of the oxporirr.ental inertial impaction efficiency curve 
togother with the various thcoroticnl curvoo proposed. The experimental curvo 
agrees closely vith that calculnterl by Landahl and Herrmann based on Thom'o 
flow lines for the RoynoldJJ Number of 10, up to {'1! = 1.4. For values of {'It 
between 0.4 and 1.2, the data indicate impaction efficiencies somewhat a:rw.llcr 
than those ohmm by the curve of Langmuir and Blodgett and considerably smaller 
than the values of Sell, and of Albrecht. Thio 1~ to be expected since the 
curves of Langmuir and Blod.¢ett, and Albrecht were baood on the potential flow 
-of an ideal fluid, and that of Sell we.a based on an observed flow pattern ob
tained at l.aree values of the Reynolds Number on a 10 cm •. cylinder. No compari
aon can bo made with Davies' theoretical curve since it was based on viscous 
flow at a Reynolds Nu:::her of 0.2, far below the range attainable wi.th the method 
used in tho axperiment. 

For values of ./\II greater than about 1.4, the experimental efficiencies are 
higher than those according to the curves of Langmuir and Blodgett, and Landahl 
and Eerrm.unn. The reason for this discrepancy is not entirely clear. One point 
to be noted is th.at, for high efficiencies of inertial inpa.ction, i.e., effi
ciencies approaching unity, the :particle trajectories must be nearly :parallel to 
the direction of flow end the particles must cut across the streamlines upstree.r;i. 
of' the wire where the strea.ml.ines begin to spread. In step-wise calculations of 
particle trajectories, it is not practical to start the calculation more than a 
few die.meters (of tho collector) upstream. It is possibJ.o that errors introduced 
by this could cause the ca.lculri.ted impaction efficiencies in the.high. efficiency 
ranee to be lower than the correct "values. . 

The critical value of { '1' at approximately 0.25 shown by the ex]?erimental 
impa.ction e~ficiencies agrees vith the values of 0.3 and 0.25 explicitly stated 
by Albrecht, and Langmuir and Blodgett, respectively. The curve of Land.ahl and 
Herrmann also implies that the efficiency of inertial impaction is negligible at 
the value of .f~ leas than 0.25. · 

PAHT II. COLLECTION EFFICIENCY PJ:j~· PRESSURE DROP OF FIBKa MATS 

The theory of the collection of particles on fibrous filters ha.A been 
studied by Albrecht (1), Langmuir (8), and Davies (3). Albrecht's theory ia 
baoed on the potential flow of an ideal fluid, a condition very different from 
viscous flow which ordinarily takes place in these filtero. Langmuir's theory 
takes into account only two mechanisms of collection, in~erception 8J1d Brownian 
diffusion. The experizontal date. of La.Mer (6), and Ram.skill and Anderson (10) 
shcrw that the mechanism. of inertial 11:.paction alno plays an important part in 
the collection efficiency of these filters. However, these authors have not 
evaluated thin mocbanie::n qua.."'lti tativel;y. Davies' theory takes into account all 
of the major ~ccb.ruliom.o of particlo collection. Ro pro:poaod an equation derived 
on theorotical crounde for the efficiency of the fiboro ~n tho filter. The 
present work weo conducted with tho purpose of evaluating quantitatively the 
mechanism of inertial impaction. 

Preacurc drop acrooo fibrouo media has beo.."'l. studied on the basis of tho 
hydraulic re.diuo concopt of Kozeny (:?J and Co..r..:..:."'..D. (2). Davies (;i) studied the 
problo~ by d.b:onaioD.LJ.l o.nn.lysis. n,arnll (4) a.nd Lar1.;mu::r (8) dorivod thoo:·eti
cai o~uations for the proosuro drop. The concluaiono or theno authoro arc not 

.:. 
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in good.agrcc:ncnt. Another object·of the preaont work wno to teot tho propoood 
equations experimentally. 

By asou.~ing (a) all fibers in the filter mnt nro perpendicular to ·~he di
roction of flow; (b) tho fibers do not interfere with each other; o.nd (c) the 
ends of fibers have ne~ligible effect, tho follariing equntiona have been derived 
for the coll.ection efficiency and the pressure drop of the fiber mat: 

i 

where 

ca~) 
7iDf 

h 
71 mat :> 1·- (!ih/No) = l - e 

".) 

hen 2PV'o a 
AP = 

7f Df 

71 mat = coll.action efficiency of the fiber mat 

NhfN0 = fraction of particles :penetrating the_ mat 

a i:: fiber volume fraction, 1. 6., volumo of fib_ers ;per unit 
volume of mat 

Df = diameter of fibers in the mat 

h -= thl.clmesa of the mat 

p : density of the gas 

(l) 

(2) 

Vo s: volur::.etric velocity o:f tho e.eros·ol streo.m passing the n:at 

• 71 • total efficiency of the singl.e fiber 

Cu • drag coefficient; on the single fiber 

In actual fiber I:!B.ts, none of these aoaumptiona in completoJ...y justi~ied. The 
approach followed in the preoont work was to use tho oquationo na banos for cor
ral.a ting the exp:Jrimental d.nta., incorporating all of the e1"focts which wore not 
already tuken into account as an offoctive fiber efficiency_, ~e, and an effective 
fiber cl!'ag coofi'icient, CJX:i, instead o:e TJ and CD in the oqu.uticns. 

Tb.o fiber ~ts uood DJ. tho preaunt work wore . .fo:.rmod :rro-.1. three typ-::is of 
glaso 1'1bero .r::.n.C.o by Glasn F:l.bers, Inc., Toledo, Ohio, unhanded "B" fibers, "450" 
yarns, and "150" yc.....""'D.o. Tho diru::.otoru of the f'iborn woro :oen.sured under tL.e m
croacope and woro found to uveruge 3.51, 6.24, and 9.57 microns, respoctivoly. 
Tho muta -wore fo1"7...od by Arthur D. Little, Inc., Cfl..:n.bridse, Hn.aBo.chusetts. Four 
bulk donsities of a:pJ?rox:ir.:n.toJ..y 1.0, 1.3, l.6, a~d 2.0 g./cc. wero for.mod f:roQ 
ea.ch tyJ?O of fibor. Tho thicl::naBu of tho mn.ts rangod fro:n. 0.13 to 0.22 c::i.. 

Moat ~to -woro unifo~ uftcr tho binding up:ont hu.d boon bu.mod off. 

. : . . ' . ~ ; .. 
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tion of flcr.r was grouter than. for fibers porpondiculur to the flow. It is con
cluded that tho pronnuro drop ncrono fibor :mn.ta can be correlated on the bo.oia 
of tho effective fibor drag coefficient • 

." From Equations 1 and 2 and the resulto of the experimental vork, the opti
mum fiber mat can be derived for filtration of aerosols in the range 1n vhich 
inertial impaction ia the important mochu.nism of collection. 

LITERATURE CITED ./ 
. 1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 

9. 

10. 
ll • 

12. 
13. 

A1brecht, F., Pbysik, ~., 32, 48 (1931) • 
Carman, P. C. 1 Trc.ns. Inst. Ch~. En~., (London), 15,. 150 (1937). 
Davies, C. N., Proc. Inst. Mech. En.p:rs. (London), ~ ,!, 185 (19.52). 
Iberal.l, A. S •. , ~·Research Nat. Bur. Stn.ndurd.sJ 1}5, 398 (1950). 
Kozeny, J., Wusserk:::-aft ~· Wusoerwirk, gs, 67, 86 (1927). 
La.V.er, V. K., "Studies ·on Filtration. of .Monodis:pcrse Aerosols", Colw:iliia 
University, Final Report, N.Y.O. Rept. Ho. 512, Ha..rch 31, 1951, A.E.C. Con-

. tract No. AT(30-l)-651. · 
Land.e.hl, R. D. 1 and E:ernnann, R. G., ~. Colloid Sci. / i., 103 ( 1911-9). 
I..angnuir, I., "Filtration cf Aerosol6 ao.d the D~Yt;jlopien:t of Filter l'..a
terials11, O.S.R.D. Rept. No. 865, Sept. 4, 1942. 
Langmuir, I., and Blo.d.gett, K. B., "?t.athem.atica.1 Inveatie;a.tio:i of' Water 
Droplet Tre.jectories", General Electric Research Laboratory, Schenecta~, 
New York, Rept. No. EL 225, 1944-45. · 
Ram.skill, E. A., and Anderson, W. L., l• Colloid Sci.,§., 416 (1951). 
Ranz, W. E., and Wong, J. B., Arch. Ind. Hyg. Occupational Med.., 5, 464 
. (1952). - - - -
Sell1 w., Forsch. Gebiete In~nieurJ., g_, Forsch~nssheft, 347 (August, 1931). 
Sinclair, D., and Ls.Ner, v. K., ~· ~., §., 245 (1949) .. 

... " .... -
' . -· 



.. 
... 
.. 'f .. 

z 
0 --t-
lJ 

F I G. I. 

' 

EXPERIMENTAL EFFICIENCIES OF INERTIAL· IMPACTION 

ON CIRCULAR CYLINDERS 
1.0 r--~~--.,..~~---,-~~~~~~-,-~~~-r-~~~-,--~~--.,.~~~-

& < 

2 OJ3 

...J 
<( 

I
CC 
w 
z 

LL 
0 

>-
u 
z. 
w -u 
l!.. 
l!... 
Ld 

.... 

~ 

0. 6 - .... -L.=-

0.4 I hl-t-. 

Platinum Wire - I mil 

0.2 I I :'!-. Ix I I 1 a Plafirtwn Wire - 3 mil 
I 
. A T LO't_9sren Wire- 2 mil 

o TL{ngsten Wire-4 mi ( 
0 I -=-·~J. . ...__.,. __ ......L. ____ .J.-___ _.L ____ i._ ____________ _J 

0 04 . . 0.8 I 2 I G 2.0 . . 2.4 2.8 3.2 
. 1/2. 
"\¥ = (Cj>p v0 /J fy-l DJ Dp 

w 
0-. r.:> 

~ 
I 

.!:; 
0 



. 
' 

1 ... ~ c 

j'. '! 
< 

·..:.&: 

·• 
I • 

flG. 2. COMPARISON or THEORETICAL ANO . EXPERIMENTAL EfflC IENCIES .Of . 

z 1.0 
0 
i-
u 
< 
Q. 
2 0.8 

INERTIAL IMPACTION ON CIRCULAR CYLINDERS 

_ ........... ,.r ~~ ..:--r .,.:....:-:::.. 

, 
'//~ , ~· 

( .......__ 

J -
·~ ~ /" L ?1" -- - - Sew·s theory, bosed on experimental 
j:. . / / /JI' flowlinas (hioh NRe) 
cr06 /, · 
w · -~ -Albre~ht's theory, based on potential" 
z flow (tiir;ih NRo) 

L- - -Langmuir ond Blodgett theory. based 
0 O. on potential flow (high NRe) 

G -· - LondohJ and Herrmann theory, based 
z on Thom•s calculated flowlines 
~ (NRo=IO) 

~ 0.2 Davies' theory based on vrscous 
L... flow (NRo=0.2) 
w . 

---Experimontal (13>NRe >33~) .. ..... 
~ 

. 0 le=~ ~·r-'1 l 

0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 

JV =(Cfp v0/1a ~·De)~ Op 

• 

~ 
:.:l 
I 

!::; 
0 

VJ 
(j\ 
w 



. 
flG. 3. EXPERIMENTAL EFFECTIVE FIBER EFFICIENCIES 

.. 20 . 

a -.275 < R < .325 

~ I 
z .I G 

0 -. 2.25 <· R~.275 
ld I t:;,. -, 175 < R~ .225 -u 

I V- .125 < - R~.175 
L.. 
l!_ I 
w .12 o- R < .125 

f r 
t. _.,,, .. ,.,. 
1 · 
r : . . . 

cc D. 
lr..J !:::. 
(~ . -l1.. ea a 

~ 

~ .08 
- -

-
f-

~ --; 

... , u 
w 
Lt. 
u... 
w .04 .. 

C> 

~ 

R=O.I 
QI I I I I . 

0 0.2 0.4 0. 6 0.8 1.0 1.2 1.4 

{Tjf =(Cf p Vo/' IBft Of) Jt2 ~p 

.. 

··. 

1.e 

l.'-' 
O'\ ..-

~ 
r::::t 
I 
I-' 

-..:i 
0 



-. 

l 
l 

I 

,. 

' .. ' 

FIG~~- .. COMPARISON. OF EXPERIMENTAL· .EFFECTIVE 
. FIBER DRAG COEFFICIENTS · WITH EQUATIONS 

I . I I °" = .06 I ~ 4 oo I '\:!.)~.,,'% .. I ~I "-J I ",....._ . . . ____ Ko zen.~-Carman 
L.J __ Da.vies 
u -
li... 
Lt. 
ld 
0 
u 
(j 100 
< cc 
0 

' ' ' 
-·-I berall 
_____ Langmiur 

er 
w 
([} 

40 : ~ -"rl 

-Lt. 

w 
> -
~ 
u 
w 
LL 
IJ_ 
w 

10 

' 

x .015< o(.C:: .098 

a .065< o<..~ .075 

o · . os5< o<.. ~ :oGs 
A • 0Ll5( o<_ ~ .055 

__ C :: ir(i8-lnNr..?.) (I +60~:~\1 I I I t·'-J~ x ·-.. i'..:' l - 1 

De3N~(2-\nNR~) N~3 · -1' ................. ,, '11 1 

~ 
~ 
I 

.t; 
0 

u~ 
0.01 0.1 0.4 1.0 4.0 w 

NRe = DfVof ljJ. °' \)I 

. , 



.• 

FILTRATION OF SUBHICRON SIZE AEROSOI.S 
BY FIBROUS MEDIA 

by 

C. Y. Chen, Research Aosociate 
Chemical Corps Contract No. DA-18-108-CML-4789 

The object o~ this research is to study the filtration of aerosol particles 
through a fiber mat both theoroticalJ.y and experimentally. Much work has been 
done on the development o:f new :filter material and on tho measurement of penetra
tion o:f aerosols through filter :material, but not much has been done on the the-

. oretical prediction of the penetration of filter materials and on the experinental 
study based on the theoretical prediction. The present study is along this line. 

THEORY 

For filtration of uncharged aubmicron size aerosols with uncharged filtering 
·medium, tho particles might be removed either by inertial impaction, direct in
terception or Brownian diff'usion. To study the filtration of aerosols by fiber 
mats, it is necessary first to learn the filtration or collection efficiency of 
a single fiber which composes the ma.t. 

For single fibers, the efficiency of collection o:f aerosols (77) by any n:.ech
anism can be expressed as the ratio o:f the croGs sectional area of the original 
stream from which particles 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 il:lpaction is a func
tion of 'i1 =(Cpp dp2 v)/(18µ ~) and NRei by direction int~rception, ~ is a function 
of R = C}-p/~ and NRe; and by diffusion, Tl is a function of D = Dm.r/v dr a.n.d NRe. 
The collectio:i. by inertial impaction and difi'usion increases with 'If and D, re
spectively, and always increases with increase of Nne· The importance of ·direct 
interception increases with increase of R and decreases with increase of \It and D. 

Not ciuch experi~ental work ha.o been done on the coll.cction efficiency of a 
single fiber especially under the conditions present during the filtration by 
fiber r.i.ata,. that is, very low Reynolds number • .Unti1 recently, the calculation· 
of collection efficiency by inertial impaction was based on potential flow which 
can hardly be in the ce.se :i.n the fiber ma-cs when the Reynold.a number is usualJ.y 
much less than 1. Davieo {l) calculated the inertial impaction and d.ii·ect in
terception on fibers assuming viscous flow. Fror::i. his results, 77 could be plotted 
as a function of~ with R as a paro...uotor. Davios• reoults indicated t~t inertial 
ilnpaction ef:ficiency ba.2·.;d on viocous flow io much lower than that calculated 
:from potential f'low. .Langmuir ( 2) haa derived cq_uationo for predicting the col
lection efficiency of a single fiber by interception, by diffusion, and by inter
ception. and cliffusion co::::.bined. Ho derivod his equations .from Lru:ib 1 a equation 
for viacouo flow a.:-ound .a cylindor trnnoveroo to tho flow. Figure l shows tho 
coll.action officiency by diff·uaion and intorcoption at n Reynolds number of io-2. 
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An in~erooting concluoion from thnoo calculutiono ia tb.o.t the collection effi
ciency due to both offocta ia hiehor than the oum of tho cfficioncioo duo to tho 
individual offocts nlono. The aumo conclusion cun be dro.wn from tho Dnvieo cul
culo.tion of the combinod offocta of inertial impaction and intorcoption. . 

Tho ovcrn.11 efficiency duo to .inertin.1 impaction, interception ar...d diffuoion 
is vo-ry difficult.to cn.lculo.te. A ronsonnble assumption is that tho ovcrn.11 ef
ficiency will be equal to the aum of.the efficiencies due to inertial impaction 
and interception and thn.t due to diffusion and interception. Calculated effi
ciencies bunod on this aosumption for 2 µ and 3 µ din.motor fiber for different 

.• particle oize and velocity are shown in Figures 2 and 3. 
The orientation of fibers in ordinary fibor mats can be considered as lying 

between two extreme caoes. In the first caso, the fibers a.re dis})3rsed unifo~ 
and far apart and the neighboring fibers a.re staggered with respect to each other. 
In the second case, the fiber in each layer of mat is lined up to form a group of 
capillo.rieo. The ord'inary fiber mat with h:i.gh porosity approximates the first 
case. 

In a fiber mat of the first case with porosity approaching 100 percent,' all 
the fibers are available for collection. It is poosiblo to e.."'Cpress the overall 

··.collection efficiency of this idenl fiber mn.t as a :f'unction of individual fiber 
I 

total collection efficiency T/ as defined above. 
! 

N 4 
- ln - = - ·11· 

No 7f 

1-E L 

€ 
(1) 

This equation applies only when tb.e fibers are far apart and.there a.re no in
terference effects between neighboring fibers. Actually, the equation is ap
proxi.n:.::;.tely true for high porosity fiber mats. It is reasonable to e:x:riress tb.e 
neighboring fibor interference effect as a function of interfibar distance, or 
es a function of porosity only for the same type of mat within a narrO"w range of 
.Rynold.a mi....,1)er. Thus, the following equation can be used to express the fiber 
lnat collection efficiency. • 

- N 4 1-E L 
- ln - = - • .,.,. (2) 

No. 7r . <l:r 

F (E) has a limiting value or 1 for mats with porosity of 100 percent; it is 
greater thP.Jl 1 when tho po=osity decreases, u.nd has an asymptotic value for low 
:porosity lilll ts. The .function can be calculated frGI:l proonu.re drop measu.rern.ents 
across the run.t. For a fibor :mnt with porosity approaching 100 :percent with all 
tho f'ibors trensverno to the flow, the pressure drop c~ be e:x::preosed in tho fol
lowing fonu, based on the Langmuir eCJ.uation for the drag force of ·a. ain¢le cylin-

. der transverse to the flow when Nile io leoo tbnn o;:io: 

16(1- E ) 

l::,p = ----
µL 

2 <it & 

u 
u .. 1, 

... " ...... . . . 
4 " .., I ' 

(3) 
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White (3) has shown tha.t the viscous d.ro.g force for. a singlo cylinder in E.. 

finite conto.inor is higher than that predicted by Lamb's oquo.tion for an iso
lated cylinder. The deviation is o. function of tho ratio of tho diatonco between 
the. fibor and the container and the fiber diameter. It can be expressed as a 
:function of porosity for fiber mn.ts to account for the effect of neighboring 
fibers. Thia function also has a limiting value of one for 100 percent porooity; 
it increases to an aoyoptotic value for low· porooity mats and vill be approxi
mately the same t"unction of porosity used above to describe tho neigbbor:L"lg fiber 
interference effect on collection .efficiency. Thus the pressure drop across the 
fiber mat can be e..-cpressed as 

16(1-E). µL 
• F (€) .(4) !lp = ----

dr2 Sc 

From this discussion, we are able to calculate the penetration of a fiber 
mat from the physical factors of the mat (thickness, fiber diame~er and porosity), 
the pressure drop across the ma.t and th8 collection efficiency of a single fiber 
calculated for th~ operating conditions (velocity, particle density and diameter). 

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 shows the results for mats of 3µ and 2µ fibers. It is not sur
prising from the table that the controversy concerning maximum penetration arises. 
It is simply due to the fact that only a few experir:lents have been carried. out 
under very limited experimental conditions. 

TABLE I. PARTICIE SIZE AT MAXIMUM PENETRATION 

Particle density = l g./cc. 

Averege Velocity 

in mat 
c:m./sec. 

O.l. 
1 
6 

10 
40 

100 

For Fiber Size 
3 microns 

dp 
microns 

0.52 
0.-28 
0.19 
0.15 
O.ll 
0.075 

Fo~ Fiber Size 
2 microns 

. d p 
micron a 

o.45 
0.23 
0.16 
0.14 
0.10 
0.070-

A ·Lal·~or-Sincla.ir tY]Xl homogeneous liquid aerosol generator was built for 
this otuG.y with DOI' e.'s acronol r.w.terio.l. The purticle eizo wua moaourcd ci ther 
by tho polarization "Owl", tho growth method (4), or by tho diffusion bn.ttory (5) 

· .. 



·' 

WASll-170 369 

depending on tho rongo or tho size' of tho particloo. Penetration throueh the 
mat vc.s moa.ourcd by the NnL-E3 pontromotor. 'Extonoivo :ponotro.tion m.eaourcmonta 
on air-formed B glaoo fibor mats ero in progroso. The preoont mo.to ucod contain 
a vido range of fiber size •. Some of the initial experiments indicate that the 
theory ie quite aatiofactory. . 

Table II conto.ina some experimonto.l results compared with the theor-J aaoum
ing the dia.n:.eter of fibor is 3.5 microns. The actunl sizo of tho fiboro has a 
vide range of distribution and.the avoruge size is about 3.5 microns. 

CONCWSIONS 

. TABLE II. COMPARISON OF EXPERIMENTAL RESUL'l'S 
WITH THEORETICAL PR.'SDICTION 

!!_ glass fiber zr.at porosity 98.€J}i; thickness 1.2 cm.. 

Aerosol material: DOP; particle size, 0.30 µ 

Velocity 
cm./sec. 

26.8 
12.0 

5.33 
2.98 
l.69 
o.89 

71 
From Ex"Dt. 

2.29 x io-2 
2.61 
2.70 
2.66 

'3.85 
4.35 

Tl 
. by calculation 

based on df = 3.5 µ 

2.58 x io-2 
2.38 
2.76 
3.16 
3.48 
4.lff 

Fram the e..;::perimental. data available at the present timo, the results agr13e 
vi.th the theoretical prediction fairly well. Additional. experimental work is in 
progress. The results indicate that the penetration of a fiber mat for the first 
time can be predicted by theoretical c~lculation. Aloo 1 the developnent of a 
new filter II.B.terial can be IlW.de on a scientific basis rather than by a cut-El:!:l.~
try method. The controversy on whethe~ a maximum ~enetration size exists has 
been s.olved by thoorotical calculations and the experimental confirmation of the 
theory will be preoented in the near f'uture. 

NOMENCV\TURE 

C • empirical correction for resistance of air to the mover:ont or 
em.all particles (at roam tom)!erature a.nd. atmoaJ?horic prosouro, 
C • l + O.lb/dp, where dp is purtir.:lo din:netor in microns). 

dp • particl.o d~ruuetor 

v ~ upstrerun velocity or avorage volocity 

·- ..... 
. ..... .... ........ .. 

. . . 
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dt ~ fiber uiar~otor 

D.aM = Brown.ion diffusion coofficient of aerosol particl~a 

N/N0 = fraction of :penotrution .of aerooo~ through fiber mat 

L = thickness of fiber mat 

llP • pressure drop acroso fiber mat 

lb. ma.so x ft. 
Sc = conversion factor, 32.2 ~~~~~~~~ 

lb. force x sec.2 

F(€) = a f'unction of porosi'ty representing neighboring fiber inter
ference effect 

D = diffusion parameter, 
.· v df' 

R = interception parameter, dp/dr 

' . CPp d-p2 v 
'1t = inertia parru!l.eter 

i -, 
Pp = particle density 

P = fluid density 

.µ = fluid viscosity 

18 µ dt 

/-

~-collection efficiency of a single fiber 

€ • porosity of fiber mat 

• 
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f"IG. 2. COLLECTION EfflCIENCY Of' 2µ flBER. PA~TICLE DENSITY I G/cc. 
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FIG. 3. COLLECTION EfF'ICIENCY or 3 MICRONS flBER, PARTICLE DENSITY IG./CC • 
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INFllJENCES OF ELECTROSTATIC FORCES 
ON THE DEPOSITION OF AEROSOLS 

by 

H.. F. Kraemer 
Ethyl Corporation Fellow in Chemica1 Engineering 

In recent years aeveral studies have been made on the·mechanisms by which 
particulates can be removed from an aerosol. Al.though emphasis has been placed 
~n the inertial ~echanism of collection, the effects of small electrostatic 
charges on the aerosol particles and on the coD.ecting surface m.ust not be over
looked in promoting the collection efficiency. Many natural aerosolo are elec
trically charged, as are some collecting surfaces such as the fibers in a resin
vool filter. Uncharged surfaces or aerosols readily can be given an electric 
charge, thereby increasing the separation of particles 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. Althou[;h a collection efficiency of more th.a..~ 100 percent is not pos
sible when only inertial forces are used, efficiencies of 10,000 percent or 
higher may be achieved if both the col..lector and the aerosol are charged.* The 
collecLic;:, efficiency using electrostatic forces remsins high even for eub
micron particles; although inertial forces in this case may be negligible. 
Another consideration is the fact that electrostatic mechanisms of collection 
require low aerosol velocities of flow across the collecting surface. The pres
sure drops in the system conse~uently will be much lower than would be the case 
for sinilar collection by the inertial mechanism. 
. . The purpose of the current research is t-o investigate the mechanisms of 

aerosol dopos·ition under the influence of electrostatic :forces and to indicate 
_the conditions a.nd ty~s of equi~ment wherein electrical charging may be bene
ficial. 

~ORY 

Studies are being made of the motion of a·cbnrge~ aerosol particle flowing 
past· u sinclo sphcrjca.l collector Figure 1. ·The collection efficiency can be 
calculti.ted theoreticaD.y if the outeri:..ost limiting trajectory io known for tho 
aerosol particles just grazin3 the collector. 

The differential equations of motion of a single aerosol particle approach
ing the sp:c.i.erictl colloctor a=o glven in Figure 2-. The equations are derived 
tram force balances of the fluid rusiatance and of tho olectrostatic·forces of 

' I 

*The collection officiency ie defined an the fraction of the aerosol re-
:r::::.oved. frc-:n. a -;.ube of ga.a eubtond.od by the collocting obstacle as the gas flows 
:po.st. 
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attraction between (1) n chn.rccd collector and u ch.urged 'o.eroaol (po.remoter KE), 
(2) a chnrgcd collector and its i.mo.go in an unchnre;cd o.oroool po.rticlo (pura=oter 
KI), (3) a ch:irr;cd n.croool o.nd i ta imago in o.n unchnre;od collector (po.ra."1otcrs 
KM and Ks). The ocvoro.l clcctrostntic forces con be shown to bo approXD:lll.tcly 
additive. Potential flow otrorunlinos and Stokes' l.n.w aro also used in deriving 
the equntions. Since tho differential equations have been mnde dimenoionleso, 
all of the experimental vario.bleo are contained in the dimenoionlesa pnrometers 

. KE, Kr, ~1' Ks Figure 3. 
Although the solution of the two oim.ulto.neouo differential equationo is 

possible only by a numerical method, order of magnitude solutions may be obtained 
·by ignoring the bendine; of the air streamlines around the spherical collector 

and by considering only one collection parameter, KE, K1, )rs or KM, at a ti.mo. 
Tho numerical solution of the trajectory equations has been completed by 

mee.ns of the electronic digital computer, the ILLIAC. Collection efficiencies 
'W'ere calculated for a range of' values of the four parameters, KE, K1, Ks and K'f.i• 
Some of the results are shown in Figure 4. . · 

In order to interpolate between solutions obtained with the computer, the· 
collection efficiencies and the collection para.meters may be col?-"elated by curve
fi tting with a high-order multivariate polynomial. 

! 

EXPERIMENTAL EQUIPMENT AND.PROCEDURE 

The equipment is shmm in Figure 5. A dioctylphthalate (DOP) 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 electrica.lJ.y by pass
ing it through coaxial electrodes in a state of corona. Charges of +10 to +Bo 
electronic unite can be obtained. A deocription of the mechanism of the charg
ing process and or the method of measuring the charges on the a~rosol particles 
'W'as given at the Ames Conf'erence in 1952. 

The charged aerosol then flows past the sphericul collector -which i's 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 (0-10,000 volts). Without it, the electric charge on the wire a:f
fects the collection on the sphere. 

The electrical.charge on the aerosol is determined from the deflection of a 
strea."!ler of aerosol f'lo-wing in a transvurse electric field. The aerosol i.a 
carried .thro'J.g.h the field by an envelo:pe of moving air. The size of' the p·s.rti
cles is measured by the "Owl" and by a. high velocity caacad.e imp9.ctor. Tho ::nass 
concentration of the aerosol is determined by_preci:pitation of a sample' in a 
om.a.ll glass and platinum Cottrell preci:pitator. 

The collection efficiency is determinod experi:rnontal~ by measuring the 
Bl:l.Oun.t of aerosol deposited on the s:phe~e und in the so.mpling Cottrell precipi
tator. The DOP is removed from the collecting surfaces by washing with etbyl 
alcohol and the concentration found.by ultra-violet s:pectrophotomotry. Collec
tion on the sphere rangea·f'rom l to 10 microgra.n::..s of OOP per minute~ 

EXPERJ:·~AL RESULTS 

• 

The preliminary data are shown in Figuroa 6 and 7. The inertial parn..-:;otcr '11 
is about io-6. Accoruing to theory, tho inertial forcoa should thereforo h!l.ve n 
negli5iblo effect on tho depooition • 

. .. ~-------". 
~ .J ... ~-,;I" ~ •.. 
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T~e actual col:uction ugreco a~proximntely vith tho.t predicted by thoorJ. 
In the caoe o:f the uncharged aoroool flowing l'loar a chure;od collector, tho data 
have a high oxporimcntal variability on accou.'lt of the am.a.11 Q!llounta of DOP that 
were collected and moaoured. 

· In Figure 7 the do.ta are plotted vorsuo a modified parameter. Whenever a 
collector ia grounded, even through a·high reoiste.ncu, charges are induced on 
the collector by all the surrounding charged :particles. This induced charge 
occurs in addition to the image and void apace effects described by the param
eters K.v. and Ks. The induced charge is calculated by an integration process and 
its contribution to deposition is combined with that of the Ks paru.."'leter. The 
combined parameter is Ks· Figure 7 illustrates data in which the induced charge 
resulting fro~ grounding the collector was the major factor influencing deposi
tion. 

PRELIMINARY CONCIUSIONS 

A practical application of electrostatic forces is illustrated in the use 
of charged water droplets for collection of aerosol :part.icleo whlch themselves 
are charged by :passage through a corona discharge. An electrified wet scrubber 
would ha.ve several advantages over both the conventional wet cyclone and the 
Cottrell precipitator. Compared to a conventional scrubber, the electrified 
scrubber should provide better removal of eubmicron aerosol :particles. Con
versely, it would require leas water and could operate at lower velocities and 
pressure drops for the same effi,ciency of aerosol removal. Furthermore, it 
vould have several advantages over the Cottrell precipitator. The precipitated 
material would be removed continuouoly on the s'urf'aces of' the spray d.ro:pleto, 
thereby el:Lrr.inating the problems often encountered in procipi ta tins dusts that 
have a tendency for reentrainm.ent. The retention tir:le in an electrified scrub
ber wa~ld be lower than in a Cottrell precipitator because an aerosol particle 
must travel a shorter distance to the nearest spray clroplet. Alao, the e.loc
trified. scrubber would. be operatod at relatively lower vol.tagea (1000 to 10,000 
volts) since the collection distances arc BlllELller. 

An electrified spray scrubber is now·being conatruc~ed to evaluate its 
:potentialities. , 
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- Angular Velocity of Aerosol Particle 

d6 • - (2r3 + 1) sine 
dt . 2r" 

Radial Velocity of Aerosol Particle 
- I 

(r3 - 1) 9 . (KE + . Xs) Kr 
sin - - - - XM 

a ~ :a rs r -.... __ ~.- r 

. Potential Flov vith Eloctrost~tic Forces and 
Stokes' Res1&tanco 
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Couloz:ibio 
·x,.. • 

• J:i 
attraction 

Repulsion by 

surrounding ae:-osol 

:ir :;) 
2 ( f - l) Dp o~0 C II;.a.go f ol"co of char gad. 

3 ( C _+ 2) ;1.. Vo t o De collootor on un~rged aaroiol 

I:r.a~ force or charge"-

aerosol on uncbarGE!d collector 
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:l'IGUB:ti 3 - ELECTROS'.(l..'nC COLIZCTIOil PARA:CTEBS 
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flC. 4 THEORETICAL COLLECTION 
EFFICIENCY - SOME NUMERICAL 
SOLUTIONS ALL PARAMETERS ARE.ZE: 
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rte. 6. COMPARISON OF THEORY AND 
EXPERIMENTAL DATA FOR COLLECTION 
ON A CHARGED SPHERE. 
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