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PREFACE
Third AEC Air Clecaning Conference

Sponsored by
Division of Engincering AEC Washington

Held At
Los Alamos Scientific Laboratory

September 21, 22, 23, 1953

The following compilation of papers represents the proceedings of the third
air cleaning seminar. The first was held in June 1951 at the Harvard
University ..ir Cleaning Laboratory and the second at Ames Laboratory in
September 1952, The proceedings of the latter conference were published

as I’JASH"]J-}9 °

These seminers are an important part of a continuing program to assist in

the solution of air cleaning problems encountered in AEC operations, and to
develop improved and more economical air cleaning systems to meet AEC re-
requirements. The purposes of these conferences include the review of
operating. perforsance of existing facilities and the presentation of funda-
mental information obtained from basic studies of aerosol behavior. The list
of titles gives a better indication of the scope of the program.

Tne Stack Gas Problem Working Group under the Chairmanship of Dr. Abel Wolman
held its meebting simultancously with the conference. Their contributions
added materially to the success of the conferences

Yuch was elso contributed to the success of this meeting by the Los Alamos

Scientific Laboretory under Dr. Norris E. Lracbury, Director. Their hospi-
tality and assistance is gratefully ackncwledged.

6 , WASH-170
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Y : LOS ALAMOS AIR CLEANING ACTIVITIES

J. B. Graham
CMR Division
Los Alamos Scientific Laboratory

Because of the brief time allotted for these remarks, I feel that it h
would be unrealistic to go into dctail on some one arbitrarily selected plece._
of work here at Los Alamos. Instead, I will give you a brief explanation of
the orpanization here, the type of work being done by the various parts of
the organization and the nanmes of people involved in each type of work. 1In
this way it is hoped that from this information, you will follow up your own
special interests. Only the host installation finds itself in this fortunate
position so we hope you take this opportunity to meet our people and inspect
our facilities.

There are three major organizations at Los Alamos. The Atomic Energy
Coumission steff is, of course, responsible for overall opecration of the Los
Alemos project. The University of California is responsible for the operation
of the Los Alamos Scientific Laboratory, and the Zia Company is the waintenance
contractor for botn townsite and laboratory.

Of interest to this seminar, the Atomic Energy Commission operates the
Vaste Disposal Laboratory at los Alamos. This Industrial Waste Section of the
riealth and Safety Branch is under the direction of Mr. C. W. Christenson, who
is inactive at present due to' illness, and his work is belng carried on by
Everett Matthews. This section, with a staff of 16 people, operates three
waste treatment laboratories on a combination routine and pilot plant basis.
" These plants handle all industrial and radiocactlve waste from the main techni-
cel areas at Los Aleswos on a routine basis but at the same time are carrying
out a research and development progrem on the coprecmpltatlon of Pu by ferric
hydroxide and aluminun hydroxide.

In eddition to the above this Section carries out a rescarch and develop-
ment program vhich mzy be best explained by listing some of their recent work.

l. Radiation tolerance of activated sludge. This was done on a
leboratory scale using cobalt sources on activaled sludge.
The work is complete &and will be publisbed‘

2. Removal of P32 and 1131 by use of trlcklxng fllters. Work 1s complete.

3. Removal of mixed fission prqducts by a trlc&llng filter.

L, Removal of TNT, RDX and Ba salts by a precipitation of the Ba
as PaS0), and adsorption of the TNT and RDX on activated carbon.

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

6. Treatment of radioactive laundry wastes by activated sludge process.
7. Concentration of Pu in industrial waste effluent by various algne.
WASHI-17T0 T
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Within the framework of the University of Cnlifornia organizullon atl
Los Alamos, there are several groups doing work of intercst to this sculnar,

In the Health Division, Group H-95, under the direction of Harry Schulte,
is responsible for the Industrial Hygienc activities in the Laboratory. Mr.
Schulte's group of 19 pecople concerns itself with all health problems involv-
ing non-radioactive uaterials bul the work of this group is of interest here
because of their experience in air sampling techniques and their experience ~
. in the evaluation of various hazards. This group is involved in one way or
another witih most steck gas problems at Les Alamos. This group acts in an
advisory capacity on air sampling techniques to the Monitoring Group, H-1,
which is under the dircction of Mr. Dean Meyer.

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

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

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

3. Development and medification of air sampling equipment for special
Jjobs., _ . :

L. sSurveys for radioactive end non-radiocactive hazards outside the
Technical Areas to protect the community and the surrounding areas.
As a resuit of this work, this Group has done a great deal of the
air sampling and evaluatiion work in connection with the Nevada
tests.

In the University of California Engineering Department, Mr. Charles
Wherritt hcads the Mechanicel Design activities of Group ENG-2. As a part of
their work, this group derigns ventilation and filtration systems throughout
the project. ince the main function of the Los Alemos 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 work of Mr. Wherriti's Scc»lon includes:

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

2. A 25 ton air conditioning system for the 70l calculator.

3. Equipment to maintain a flow of -700 F dew point air thru a process
unit. '

A Division of the Los Alawmos Scicentific Laboratory, the Chemistry and
Metallurgy Rescarchn Division concerns dtself almost exclusively to research
and production work involving radioactive materials. Because of the special
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problems in this work, the Chemdslry and Mcetalluwrgy Division hus people on its
staff doing work of interest to this seminar.

In the CMR-10 Growp of this Division, work donc on the capillary air
washer by Hammond and Leary is being carried on by Mr. Robert Clark of that”
Group. Mr. C. 5. Leopold, a consulting engincer of Philadelphia, is also .
taking an active part in this work. Tnis work which has extended over a
period of secveral years has been centered around the rescarch and developuent ™
of the so-called "capillary air washer." This air cleaning device consists of
a conventioncl capillary washer section followed by a dry vad section. The
capillary washer sections are wmade up of 8" thick pads of 250 p glass fibers.
The first stage of the washer scction is countercurrent flow while the second
stage is concurrent flow. The dry pad folliowing this washer section is made
up of 13" of 100 ] glass Libers followed by 3 A" of 10 p glass fibers.

The above arrangement is followcd by a second section consisting of one
concurrent capillary cell stage followed by a dry pad.

- Work has been done involving the variables, velocity, particle density
and size, filter media density, water rates, etc. Also as a part of this work,
& rather extensive program was carrled out on saupling techniques and aerosol
generation.

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

Also in the Chemistry and Metallurgy Division, CMR Engineering under
my direction is responsible for the design of ventilation end filtration
systeus Tor this Division. 8Since CMR Znginecering includes a mechanical
equipment design section the work is usually a combination of equipment design,
ventilation end {iltration. This scction develops special hoods and dry boxes
Tor the Division as well as special ventilastion and filtration systems. The
ventilation systems worked on by this Group range from cowplc»e building systems
of 600,000 cfm to single enclosures of 30 cfm.

I believe it 1s evident in work of this kind at a research laboratory thas
there is no one type of filter that answers all problems and it is the responsi-
bility of this group to apply the p“opcr filter for the parulcular Job in CHR
Division.

This section has developed an interchangeable dry box system that is now
availaeble coumercially.

They have rccently been concerned with the ventilation of laoozdtories
handling very light gases.

In general, you will find that the approach to the filtrsation problem
has . been as follows:
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Production arcas. The supply air is filtered thru commercial
filters and in addition, that portion of the supply air cnter-
ing dry box irains is agoin filtered thru CUS type filters or
the varinble density Llype edge filters. The exhaust from these
arcas is filtered as close to the box as possible then passed
thru back up filters before discharge to atmosphere.

Rescarch arcas. Due to changing conditions, it is usually not
Teasible to filter locally so all air from these arcas is .
passed thru a main filter system. In two of cur lurpect finstal-
lations, capillary washer systecms as described previously are
used.

This is a brief explenation of the work at Los Alamos which may be of
intercst to you and an introduction to the people involved in that work. Ve
hope you take advantage of your visit here to Investigate matters of special
interest to you.

sve-
4




THE_JOS ALANOS INCINMRATUR

By H. ¥. Schullc, IASL

The Los Alamos incinerator han been discussccd at Air Cleaning Scuincre
but the progress during the past year justifics its discusclon agnin, Lact

Fall tects of cozbustion cfficiency wero mado by Richard Corey and his mssoc-

S

lates of the Bbureau of Mines and recommendations were made for cﬁangcs to
improve this efficlency. After making most of the changes, good combustion
efficiency vas obtained, Limitod testing of the air cleaning syctem at the
same time indicated thet its performaqce was-generaily 2g designed,

After a winter shut éown, the vihole unit was overh;uled in the Spring,
After noting the bad condition of the fiberglass filters, it was decided not

to replace them during the following test period, A serles of test runs vere

pade on the vhole system duripg the summer using unconteminated trach to which

measured smounts of radio—barium-lanthénum had been added, Congiderable diffi

culty had been experienced previously in sampling beceuse of the high texper~
ature and wvater content of the gases, Sauwpling of the hot gases was accoxpl-
ished using two large impingers in series icmmersed in an ice bath., The water

from the impingers was eveporated, plated and dbeta ectivity counted. For

gsempling at the outlet stack a vatcr separstor and reheater followed by a

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

the separator was evaporated, plated end counted but was found to contein very

little activity., A water content of.approximately 1 ml/cu.ft. of stack air

was found, fficiencies on a radioactivo basis were as follows:

: Averaga Mazioum
Cyclons (dry) | 703 9.7
Cyclong (vet) 82 &9
Venturi Scrubber 94 97
Overall (Cyclore & Scrublbor) 97 99.8
WASH;IYO

11




12 WASH-170

" Tho averago porcontr.ge of the radiosctivity charged into thc incinerator
which reachod the stack was spproximately 0.3% or a docontamiration factor of
300. The adbove figures for tho wot cyclone were obiained using a spray systen

vhich had been installed for cleaning down the cyclone walls, , .

Tenporaturcs during the runs wero as follows:

Incinerator outlet 1200 °r
Spray Cooler outlet 540 °F
Separator outlet 125 °Of
Stack ‘ "~ 90 OF

Theso texperatures were unaffecied dy the addiitlon of water in the cyclene,

As a result of-experience with the‘incinerator it seemed likely that difficulty
would be experienced in keeping AOwn contaxzination during charging eand ash removal,
After a visit to Argonne National Laboratory, the followingz changbs vere reconmended
and aroe now beinz completed:

.1, Contircuous instead of batch charging

2, Collection of ashes in a sealed drum instead of pumping into a $ank
with vater :

3. Provision for by-passing the glacs filters during normal runs and
quiczly changing to filtration if necessary

t

4, Instellation of & medium pressurc vater spray system in the 4inlet
of the cyclone

With these changos it should be pocsidle to obtain a decontamination factor

of 300 to 500 which i sufficient for the type of combustible now being buried,




Venlidion and Alv Cleaning lhaceilities
For Normal Uranium Jabrication

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

The fabricalion of uraniuin nccessitates rigid dust coﬁtrol
procedurcs and effoctivé_air cleaning équipment to minimize the
inhalation hazard both inside and outside the workroom areas. The
effectiveness of control is evaluated through air analysis wlﬁch in
turn is correlated with urinalysis and integrated with a medical
control program.

The level of air contaminati.on_reachedl high proportions in the
early part of 1951 in the normgl uranium processing areas which
include the foundry and machining operations. The latter was moved
into erilarged facilities and it was felt that hooding and exhaust
vehtilation were needed if widespread contamination 'WaS to be avoided.

Alter a preiiminary study of diversified machining operations, it
was decicded that the polishing operaiion was the most dusty. Two hoods

were installed and a substantial reduction in air contamination at the
breathing zone of the machinist was noted.

WASH-170
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In the design of t'n.c facilitics, the contractor provided exhaust
outlets, piping, and exhausters. Also air cleaning was apparent if
operations were hooded since the‘uranium dust would concentrate in | . N
the effluent air and might constitute an air pollution problem. Fibrous |
filters were incorporated in the hoods in Ian effort to capture th_e dust
as close to the source as possible. Both hand packed bronze fibrous
“filters and commercial glags fiver filters were testgd and it‘was found
that the former was ineifiicient 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 ldading with

[N

a diminution in the air {low rate thus reducing the 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 which were acceptable to production and were effective in abating dust .




part of machinists. , o
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) Dpreindion ops ralion, orer b g
large chips werce found whicl could readily scllle in the ducls thereby
(4) Minimizing and partial mechanization of polishing
constituting a polential fire hamard, A chip tvap or incftia] type collector
(5) Reduction in time required to machine parts
was installed as near as possible to the hood outlet, and two small lathes,
(6) Production
on which indentical work was done, were selected for testing. Uranium
Several hoods were installed on large and small lathes, nd duest
loading was higher without the trap, and chip clusters, were found on the
cag boaove ve takon v the branedy duets Lo orci e e st | e .
probe tube of the sampler in the duct. The efficiency of the chip trap is

H M L S I A S S T ¥ P |I\,‘ !l»:'l"!" try 1Y l\l"'\" | l. ( v

about 65% on a welght basis (amount collected was over 200 grams of

H T T T T T S I L PPN S TR \

uranium over 400 hours of operation (not machine time), and the unit has

pressure drop of 2" Water Gage when ‘nandliﬁg 400 cfm. The unit collects
conside?gble coolant mist which is returned to the rﬁachine. A:lso the
device is readily demountable for cleaning at inventory‘.time.
Air-borne contamination was not as great a problem in the foundry
rea as the machining area. The trend is dc;wnward in the general level of |
air contamination beginning with the lat'ter part of 1951 to present. Faciors

responsible for the reduction in air-borne uranium are:

(1) Improvement in techniques (handling of material)
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© (2) Belter housckeeping
(3) Renovat.ibn and improvement of existing source
ventilation | -
(4) New equipment
(5) Production
Exhaust air ventilation from the hoods in the foi;ndry were cleaned
by AATF Multiduty units. These units discharge at robf 1ev¢l and constitute
a potential hazard since air intakes are near. On several occasions, the
units were without oil, and consi;ierable quantities of uranium were dis-
chafge@ on the roof. The units required consi_derakble maintenénce and the
cleaning operation, once monthly for inventory purpoée, was very messy.
Dust loadings were light} and averaged about 5 gr/1000 £3,
The AATF units will be dismantled arid all dust laden ventilation air
will be passed through bag {filters (self. cleaning type). The outlet from each
exhauster (A27 units in all) whizh handles contaminated air {rom a given

number of orerations will discharge into a piping network progportioned to
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handle air at a velocity of 3000 fpm. The air from the main will split into
two streams (150, 000 cfm) and each porlioﬁ distributed through a filter house

containing G4 wool feltl bags (white virgin wool, 26 oz.,by American Felt Co.)

N

.18" in diameter and 19' high with a filtering velocity of 30 c¢fm/sq. ft. .ba;g

surface. | A 150,000 cfm (300 HP) exhauster will handle air from each bag
filter at a negative pressure of 7" Wd, and both units will discharge into a
250-1t stagk.

A bypasé damper is installed in the_system to insure a negative pres-
sure of about ‘2" WG in the main duct work. In the event that the exnauster
fails and a positive pressure is built up in the system, the Eypeiss damper
will open .and an audible alarin acti4vated.

The dust coliectors cosf $58, 000 and bags (non-treated with adjust-
able blow rings) about 315, 000. 'I‘otai c;ost of the system is $1. OO_'per cim.
(Interior of duct work has a prime cgat and enameled). The system is still

under consiruction and should be completed by November 1.
{

We hope to get some information on the performance of the sysiem
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when it is put into operation. This system should complete ventilation,

air cleaning and hooding at normal uranium opcrations.
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THE HANDLING OF RADTOACTIVE-CONTAMITATID AIR

AT OAK RIDGE NATTONAL LAGORATORY#
By W. G. Stockdalo, C&CCC, ORNL

L. Introduction

Alxr contaminated with radioisotopcs constitutcs tho groatest volumo of

S

radioactivs wagle created by the operation of nuclecr eactors ard associated
chenical Procasses; It is pert of the most costly single item In a modern
radiochemical process - Weste Disposal.

VWaste &isposal accounted for 20 per cent of the total construction buiget
of a recently constructed radiochemical plaexnt. This 20 per cent exceels the
total amount of estimated capital exvenditure (E. P. Wiéner and Associates)
thav cén be ellowed for a fuel *ecovery plant in connecliion with a power .
reactor if the reactor 1s 1o coxpare favorebly Mlvh the present nethods for
producing pover. This clearly indicatles the ixportence of proper and
. econocaical dispossl of radil oactive waste and the Izportance thet should be
attached to it in desim

This presentation is to discuss the sys tems in use &t Oak Ridge Tational
Laboraoory for decontanination of rediooctive-con tauipatea air and its Pinal
disposal. "

In 1948, at the sta:w of the present eir-cleaninz prog-am at Ok Ridzge
Netional Leboretory, the major source of the particulate contexmination in the
air vas cexpecied to pe the eir-cooled nuclba reactor, end work was Irmediotely
initiated on the desizn of a gysten Lfor cleaning this eir. Al the seme time, a
slrvey was underieken to ovaluaic the comtrivution of all thé'potential gouxrcos

L

in the Laborztory to this problea of particulate contemination. Tho resulis

%  Papor wpresenved ot Adr Cleaning COﬁ;CTCﬁCO end Svack Gas Working Groun MHoelting
Sopterd

opterdor 21-23, 1953, Loas Alawos, Now liexico.
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of this study indicated that the large-scale chomilcal processing units at the
Laboratory cortributod more to the gcnb1al arca contamination than did the
operation of the nuclcar recactor. In addition, it was Zound theat the emount

of radioactivity.contributed to the gencral atmospheric contamination from N

Laboratory hoods was relatively insignificant.

2. Air-Clecning Facilities for OXNL Gravhite Reactor

As a result of a literature search end consultation with companies con-~
ceraed with problems of cleaning air, filtration was sclected as the procedure
to be used for cleaning the air from the muclear reactor. Among the other
techniques thet were considered for this adplication vere cyclone separators .
and electirostatic precipitators.

The ORNL graphite reactor filter house vasg desi~nea to filter 120,000 cfm
of elr et a temperatﬁre of 215°F and.a negzative pressure of 50 inches vater geze.
The exvected dust load was less than G000 grams per cay of particles with a maxizmun
diemmeter of 600 microms, a lerge number of them being in the subﬁicron renge.
The designed efficiency of this house was 99.9 per cent or better for particles

<

down to 0.1 micron in slze.

To remove rmuch of the estimated atmospheric dust load of 0.3 grain per
1000 cublc feet (280 graums per day), the cooling air is filtered befors It enters
" the pile with American Air Filter Company Airmat Type PL-2L4 filler waits loaded
vith 3/32-inch type G Alramat filter medium,

The f1lter house is a large reinforced concrete structure composcd of four
identical cclls, each conuaininv a rougning Tilter end a polilshing filter. The
~ capitel investment was of ithe order of /hOO 000. This 15 cotimated to be

epprox:imately 295 per cent above normzl coats oving to tho crach progrem of

two 10-hour shifts during construction, which was wvarranted bocause of the
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scxrious atmosphoric contamination at that time. A crons scction of tho filter
houso is showa in Yig. 1.

- The air enters the top of the filter house, passes dovmward through the
roughing filter, then horizoatally through the polishing filter into the exit
qir duct. A canal lqcated across the front of the Tilter house providéco a
wvator seel botween the roughing filter area and the atmosphere anéd is a sefe
recoptacle for the dust-laden filters when the filter medium is being renewed.

Procautions ere teken to.seal ell filters in placeAin structural steel
framss 1o easure against leaks and bypassing of the filters. All access
to:the filters is through removeble roof slabs vhich provide a method for
remoto maintehance. .

The roughing filters are sitanderd A.A.F. Co. deep-pocket Zllters, each
pocket coataining iwo layers of filter mediua - first a l/2-inch layer of FG-25
1 ' -

end then a l/2-ihch layer of FG-50. 'The polishing or finishing filters are

CWS No. 6 o= AEC No. 1 uwanits 2 feet by 2 feet by 11-1/2 inches in plywood frames.
LI .
Keintenance of the filter house is prectlcally nonexistenl except for
H '

the perioéicirenewal ol the fiiter nediun. The average life of fhe roughing

Tilters is two years and of the polishing filters itwo and one-helf years.

The roughing filters are chanzed ome cell at & tize at approxzimately
six~month intervais when the vpregsure drop across the Tillier house eapproaches

. b
or exceeds 8 inches water gege. The filiers are washed dovm, removed, and

stored in the canal. The medium is removed from the pdckets and dburied, and
the pockels are reloaded for the next change.
The polishiﬁg filtera:arc 2ll changed et tho same time when the pressure

drop acrogs thenm reeches or aypproachos 5 Inchos water gage. Both sides of

these cre spreycd with strlp coating before they are rcemoved Tron the bullding

(1)

for dburial. Thoe wmanpovwor required for changing Tiltero is as follows:
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Roughing Filters(1)
Loading and gaskoting f£1lter pockots
Millvrights
Laborers
Chan;ing filters

Oporation

Utility mechanics
Health vhysics swrveyors
Unloading and cleexning pocketis

Operators

Total

Polishirg Filters

damufacture and loading of framzes

Cerpenters
- Changing filters
Riggers
Paluters
Truclk drivers
Health physicas surveyors

Total

}an-dayvs vor Coll
6
2

T R S

10

26

10

10

Bl v o ow
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Tho cost of opecration of the filter houso is low except during
£iltor chonges. Normal operation of the house roquires less than 1
ranhousr por day. The following 1s & broskdown of the cost of a complete>

£iltor change: (1)

-~
1

. Rovzhing filters

Material $ 3,800
Lebor and Equirment 3,400
Subtotal ' P 7,200 $ 7,200

'"Polishing filtexs

kateriel $20,000

Labor end Equipment 4,500
Subtotel gi4,500 = $1k,500
Dotal $£21,700

With oze rouzaing filter change every two years and one polishing
filtex chanze every two and oxe-half ysers, the ennual maintenance

3

cost would be £9,L400.

(1) Date taken froa letter to W. R. Peze, BiL, lay 21, 1952 by J. A. Ccx, (RNWL.
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3. Alr Cleaning Mecilitics for Tnboratorics and Chemical Plants

During tho rocent construction program at Osk Ridpzo National Loboratory
to replace temporery facilitiles, it was nocessery to develop now basic

A 3

procodwres for the ventilation of the working arcos and the control.of redlo-
active contanmiration in alxr, It was provoscd to reduco to a nint=uz the
axount of ailr thai is certain to or has & posaibility of beocomning conteminated,
and to clagsify radicactivo contamirated alr eccording to the dezree of con-
terination and to vrevent its dilutién by less ralloactive strecsas belor
treatment., The creas considered in this mrosram were officss, lavoratories,
hoods, cells, and radiochonlcal processing equip:eni.' These procedures &are
briefly swmarized as fpllovs:

Office Alr:  six charzes of aixr por hour, Vithout txroetient.

Leboratory Alr: nminimam of tea ckanges of &ixr mexr hour, withoubt treatzznt.

Leboretory ool Air: mininm of 50 feet zTor minute face velocity wila

-

- provisions for the iInstallation of The Lilver whon Cenonstrated necessary.
In addition, each hood will have two vacuun systems: tho 2irst systex witha
iO inches of water vacuua to draw tho gases off vessels containing hizn
levels §f radioactivity end the second system vith 20 inches of mercury
vacuwa to be used for solution traunsfers azd other appiications vrere
high vacuwa is required. Tho air {rca both these vacuum systems will bs
c¢leaned before beiﬁg Gischaxrgzed ©o tﬁe.atmosphere.

Cell Air: held &t reduccd pressure (L inch of water) waen comteminaiion
is enticizated; air flov 1iﬁ§ted to gbout 250 cubic feef ver ninule,
wnlch will reguire tho air to be clcensd. VWhen cell air contemination

10 not probudble, 20 chapzoo of eir por howr withoubt treatment is permittied.
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Radiochemical PYroceas Vessel Off-Gas: a systcm with a vucuuh'of L0 inches

of waﬁqr 10 be usod for tho dlssolvor and proccas veoscl off-gao line end
ono with a vacuum of 28 inches of mercury to dbe used for solution transfors

and high-vecuun applications. The alr from both vacuum systems will be

treatod.

A ceatral facility has been estﬁblishod at Oak Ridge National Laboratory
to clcan the radioactive.con»uminated eir from the chemical processing oroes
end to disposo of 1t to tne atmosphere. The air fron the off-gas systeng 1s
clcened by passing it throuvgh a Cot rell eloctrostatic precipitator followved
by ea A. A. F. Co. FG-25-50 co‘b¢nauion filter identicel in performance with
those described in Sect. 2. Thls systen has & capacity of 2000 cubic feet
ol alr per ninute axnd callects ges from gll radioi;otopa production vessels,
off-sas rrom.hooau, end ventilation air Trom Gy bozes.

The second air-c‘ea ing faciiity in this.area is on the ventilation
Eystexs froﬁ‘:aéiochémiéal processing areas. Thiszs facility consists ol a
benk o Fu-25 50 conb’*°tion A. A. P. Co. backed by CWS NWo. 6 paper filters,
gnd is eséentially a m;niauure of the graphite reactor filter house described

earlier. - . )
Thé third syste: consists of central collectilon ducts from laboratory

Loods in the eree and experimental colls when, by the nature of the work,

the possiviiity of contadin»u*cn is sliznt. Thié volume of alr 1g discherged

| to the atzosphere via & 250-foot-hizh stack without prelimirary cleenup.

. The discharge frca the two proviously mentvionod systems also emptles into
J

this steaciz.
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‘Figare 2 is o schematle drawing of the central air-cleaning facility.
Pioure 3 is a photogruph/of tho area as congtructed. To tho loft bechind tho
* concrete barricado is the filtor bank on the ventilation systems. To the
right foreground arc the main exhaust fans. Figurc b is a photograph of
the samos area showling the ton of the Cottrell nrecipitator and the atainicsc
steel dischoxge line to the stack., Figure 5 is a phptograph of the precipitetor
durirg. consiruction.

The Cottrell precipitetor 1s of the exposed-tube type, containing
twenty-three 8-inch-dioneter tubes 12 feet in lemgth, fabricated of No. 1k
gage stainless steel. Those paris of the precipitator thet come in contact
with the gases 1o be cleanced vhich may be corrosive ere constructed of tyve
347 steinless steel. Fiéure 6 is a cross-section oraw*ng of the precipitetor.

The discharge elecirode systen 1s stainless‘steel wire longitudinally
centered throuzh sach collectirg elecirode, suspenced froz porcelein insulators,
and held teut by porcelein welghts et the botbom. | ‘

The pre tator is equipped with a continucus vater-flush system. Nozzles
arc provided at the top of_edch tube in such e manner that a continuous filn o
water 1s m2intained on tho inrer surface o the tube.: In addition, a water-syray
systen is located in the extreme top Yo facilitate wasndovms,” Therwater vnich
is collected in a catch tank is recircu1a+ed Yo the precipitstor. When the
ectivity level or the acid coatent (NO and NOE are present in the off-gas)
becones high, the vater 1s diccherged to 1its bropcr location in the liquid-
wastoe-adisnocal system of the plant.

The precipitator is designed tb oéérato et a peximun terpereture of 20097
and & negetivo pressure of 60 inchos waoter at a flow of 2000 cubic fcot por

uinute., The waler flush oysicm oZoretoy at 3 to 6 5allons per minute pexr tube.
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The electrical dosign voliage is 75,000 volts, 25 kilovolt-omperes and
operatog én'hho-volts 3-£hasc 60-cycle current to the power pack. In actucl
practice the precipitator is operating with 52,000 volts and a current of
130 milliazmeres. o |

The capitel investment of the entire system is $100,000.

In addition to tho main centrel facility, scveral sz2ll alr-cleening
filters aro located at isoleted experimental radiochenicel installations.
These ere minieture replicas of the graphite reactor filter irstellation

excent LTor one unit in vhich a graded filter-fibre unit developed at

Hanloxrd 1s used.

5. Ecmozenous Reactor Irmeriment A¢:~Clean_“c Systen

A chercceal systea vas co*"*:ucv & Jor the Hemogenous Reacior Zxperiment.

.D .

Its pwrsoco 4s To absorb the fission gases present in the effluent ges
stresr, eand {teercdy kold up the active gases until they have kad time to decay
1o & sale levol before beinz discharged to.the at-osphere. This systen

consisied of & »ine coil 328 Zeet In leonzta and contailhing 13.9%4 cubic feet of
*

-’

Colw-dbia activaied coconus charcoal (gaze 9, 8 to 14 mesh granuler) and vas

L)

¢esi 3ncc Lo opcwate &t evmosgheric termperalure and pressure with & flow raztle

o2 24 ghan card cubic feet per doy. Here, the air clcaning facilitics wer

Yo be uscd oy for the relatively short tixs ou.in~ which the eiperiments

eTe S0 bo carried out. v : -




HANFORD ATR CLLANIVG OPERATIONS
A. G. Blasewitz, G. E.

1.  INTRODUCTICN

At a previous Air (leaning Seminar, a presentation was made o? the progrem
.

vhich led to the development and adoption at Hanford of the silver reactor and
- the Fiberglas filter as methods for the intensive removal of radioiodine and
particulate contamination.from process gas streams. The initial evaluation data
of the plant-scale equipment, which espabllo“ea that the iodine removal efficiency
of the silver reactor was gréater than 99.99 per cent and the filtration efficiency
of the deep bed Fiberglas filter was in the order of 95.99 per cent, wers also pre-
sented at that meeting. At the completion of thé évaluation of this.equipment,
a2pproximately 2—1/é years ago,'t.e.Hanford Stack éas Group was disbanded and the
personnel assigned to other activities.

Altnougn there has been no formal progrzm conducted by porsonrel of the
Techinical Seciion since that time, there are two items associated with this pericd
which appear appropriate to today's aiscussicns. The fkrst is a brief summary ol
the operating experience which hzs been obtained at Hanford with the,dcep ted
fibrous glass filters and silver reactors, gnd the second is an aliernative filier
equipment which is présently under consideration for the filtration of the ventilz-

tion air of Separations Plants.

I, OPERATING EXPZRIZNCE WITH PLANT DECCHNTAHINATICHN EQUIFHENT

A. . Glass Fiber Filters

There are at the present time eleven fibrous glass filters in operation a

av
- Hanford which could be described as major plant instzllations; in addition, therz

4 ' * /"
ko . WASH-170 g
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is a large nwber of sccoundary or auxiliary applications. All of the major uniis

arc in applications involving continuous opcration. The scrvice lives of these
filters presenily range frem one to three ycors. All of the original units are still
operating and there have been no significant variations in the operating char-
acteristics. Likewise, there have been no maintepance requirements for any of’”

the filters.

B. Silver Reactors

A total of seven silver reactors have been installed at Hanford. The basis
of opzration is the use of a silver bearing, reacting bed at an elevated temper-
ature. For the purpose of economy of silver, Berl saddles which have been coazted
with silver nitrate are used for the reactor pac<ing. The icdine reaclts chem-
ically to form silver iodide and is retained within the bed. The rapidity of the
reaction and the low vapor pressﬁre of iodine above silver iodide at the operat~
ing temperature are primary factors in the success of the process.

At last year's meeling, the monitoring data which established that the filira-
tion efficiency of the plant scale Fiberglas filte; was in the order of 99.59% were
presented. The time then available did not permit the presentation of the actual
monitoring data of the plané silver reactors and the ré§ults were only mentiorned.
It would, therefore, be desirable to take this opportunity to present this informa-

tion. The data are contained on the first slide.
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SLIDE I

PERFORMANCE OF A PLANT SILVER RiSACTOR

Total

Sample Radioiodine Total Radioiodine ' .

Sample Flow Rate in Scrubber Off Gas * to Stack . -
Period (scfa) Sol. (uc). Flow (scfm) (curies)
1 1.0 0.48 100 0.00005
2 1.0 0.35 90 0.00003
3 1.0 1.72 90 0.00015
L 1.0 L.73 87 0.00041
S 1.0 . 2.68. 85 0.00023

Total 0.00087

~# Flow was not recorded for this perioed....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
monitoring valuss adjusted accordingly.

Reactor Efficiency > 99.99%.

.One difficulty was experienced in the operationiof the silve; reactors.
Appreciable quantities of radioiodine were detected passing through three of
the first reactor installations éfter approximatély two monthst! operation. The
situation was investigated and it was determiﬂéd that the difficulty had been
caused by an overheazting of the reactor assemblies vhich resulted in the silver
nitrate film melting and running off the Berl saddle packing. A lowering and
closer control of the temperatufe of ﬁhe gas strcams passing to the reactors

has essentially eliminated this difficulty.
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During this operating period, it has also been determined that a high
removal efficiency can be quite casily restored to a reactor which is beginning
to permit the passcoge of a significant amount of radioiodine. When an appreciable
quantity of radioactive iodine is deteciled downstream from a reactor assembly, °
- the unit is cooled and a 5 molal silver nitrate solution is sprayed over the tdﬁ

of the reactor packing. The treatment requires only a few hours and is sufficient
" to restore the efficiency to the 99.99 per cent range. The various reactor in-
stallations have operated for periods ranging from three months to iwo years be-
.tween such treatments. The variation in the operating periods is due to the dif-
ferent quantities of material which have been passed through the units and
individual operating circumstances, such as an accidental overheating of an
. .
assembl&.
| In summary, the Hanford operating experience with the deep bed Fibergles
-filters and silver reactors has been hignly satisfactory, both from the viewpoinis
of the inlensive contamination removal which they have provided and the low

maintenance requirements.

III. ALTERNATIVE FILTER EQUIPVENT

. The second item is concerned wiﬁh a}ternative filipr eguipment arrangements
which are currently being.considered for the treating of ventilation air streans.
In the first Separations ?lants constructed at Hanford, ine vent gases from the prccass
vessels were discharged to the cells énd then. to the main ventilation air strean.
When the presence of radioactive particles in the plant environs was demonstirated,
Phe ﬁroblem was met by the filtration of the ventilation air through deep bed
sand filters.: |
A corollary study performed during the subsequent Fibergl#s filter deve;ép-

ﬁént prozgram established that the process vessel vent gases constituted the
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primaty source of ihe radioaclive aerosol present in the effluent vcﬁtilntion
air. This information was incorporated into the design oan plant which was
constructed approximately two ycars. ago to the extend that a scparate vessel
vent system was provided to permit the removal of the contaminated aerosol at
its source. This was accomplished by manifolding the vessel vent lines and
passing the ccmposite_off—gases tnhrough a deep bed, high-efficiency, Fiberglas
filter. A sand filter was also provided for the filtration of the main ventilztion
air stream.

The inclusion in this plant of both high-efficiency Fiberglas unité for the
separate filtration of the vessel vent gases and a sand filter for the decontam-
ination of the main ventilation air stream, together with appropriate monitoring
facilities, made it possible to assess the relative qontributions of the two
systems to the particulate decontamination of the effluent stack gases. When
the design for a new Separations Plant was iﬁitiated approximately a year ago,
this information was consulted to determine whether any possible improvements
in the ventilation system were indicated. At tha£ time, the plant having indivicdual
filtration facilities for the vessel vent sjsfem had been in operation for one
year. The'data showed that the average radioactivity content of the ventilaticn
air prior to its passage through the sand filter at this iﬁstallation_was less
than the activity present in the zair sitreams downétream from the.original plant
sand filters. .

In view of this information, an alternative eguipment for filtéring the

ventilaticn air was proposed. This arrangement is shown on the following slide.
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The primary advantage to be gnincd through the usc of such a standby filter
unit is that it is no longer necessary to incorporate a large life expectancy
factor into the equipment and an appreciable savings in fabrication and installa-
tion costs can therefore be realized. A comparative cost estimate has been made .

for a sand filter and an emergency.unit, each having a capacity of 100,000 cfm
and has shown a cost differential of approximately $500,000 in favor of the
stondby unit. ' |

The decision was made a year ago by the people responsible for the design
of the new Separations Plant that a detailed study would be made of the ventilation
system of the plant presently providing separate filtration facilities for the
§esse1 vent gaseé and the main ventilation air stream and that the results of this
study would guide future construction. During theApast year, process changes
have necessitated an almost continual alte?ation ahd‘replacement of equipment in
this reference plant. This has resulted in a more frequent occurrence of signif-
icant activity 1evelé in the ventilation air than was experienced during the first
yearl!s operatioh. The detailed study of the long term radioactiv&ty level of the
ventilation air and the characteristics of tﬁe coﬁtaminated aerosol, as they are
related to the feasibility of this standby filter arrangeﬁgnt, has been made thel
responsibility of the group under the direction of Frank Adley and it is presently
plaéned to conduct this investigation before the end of the year.

| The consideration of Technical Section personnel of alternative filter

equipment is based upbn iwo primary factors. These factors are that a ventil-
ation air stream be treated in accord with both the decontamination required

and the present state of equipment developﬁent, rather than through the use of
equipment vhich will undeniably do the job but which may represent an unwarranted
overdesign.or antedated design.

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

stendby filter which has just been discussed, represents only the most economical,
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and thercfore the most atiractive, means of providing an additional decontam-

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

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

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

SLIDE III

VENTTLATION AIR DISPOSAL SYSTEMS

Direct Installation Costs#

Ventilation Air Treatment (100,000 cfm)
1. Direct discharge to stack.
2. Standby filter....occasional
99% decontamination. : $100, 000
3. " Main line, deep bed, fibrous _
filter....99% decontamination. $250,000
L. Main line, deep bed,. fibrous : '
filter....99.99% decontamination, . $375,000
5. Main line sand filter. ‘ $750,000
# Exclusive of overhead.

Note: (1)‘ The premise is made that vessel vent gases will

be filtered at their source.

(2) The estimates for items 2, L, and 5 were prepared by
personnel of the Estimsting Unit at Hanford Atomic
Products Operation and the estimate for item 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

guidance for future plant construction, represents an investigation which was both

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




Alr Clcaﬁing Aqtivitiou at Argonno Nationnl Laboratory

Prooéntod at tho Los Alamoes Mooting of tho
Air Cloaning Sominar

Soptombox 21-23, 1953

"By D. P, O'Neil, ANL

Tho majority of tholair cleaainz studies made at Argonne vary little
fron thoso thnt woﬁld bo made in any large diversified ressarch laboratory.
This morning I would like t{o discuss two of the investigations we've made
within the past year, one of which has already been completed, the 6ther
io 8441l in progrecn.

The first concorngd the 1nvéstig&tion of the absorption of some halogen
gasos fronm an oir Btreﬁm. Bofore any work was staried on this project a
poarch of tho literaturq rqvealod that eeséntially tvo methods used in the
pant sﬁould be investigatod to determine thelr applicability to our setup,
neae vere first, a method dy T. P. Hignett and M. R. Sieéel in Industrial
Engineering Chomiotry, 41,2493 (1949) wherein they used a four foot.decp bed
.of %";- 4" 00li%ic limestone particles to extract HF from the exhaust gases
of a-fhoephaté roaating procens where the temperature of thq gases ranged
from 200 to 900°F, Efficiencies of 71 to 96¢ wore obtained with the aid of
a rocycio procooo used to remove the calcium fluoride fines and thefoby pro—
vido fresh reaction surface. The 83litic type, i.e.& the large opon grained
typo limeztono, was found to be superior to non-éélitic (fipe grain structure)
fuch ae crusﬁod marblo, bocauso the calcium fluoride reaction product held to
tho parént calcivm carbonsic lean tonacigpoly. ‘

The other method for removal of halogons was that of absorption dy acru.bbinu

Taic hnd been 1nvontigatod by W. B. Burford and J. M. Hamilton in National
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maintain the opray cono had little offoct on tho efficiency. W1£h contoct
timo no short as 1.7 soconds, 1t wns found that 984% officicncics weroe
obtaincd for fluorino absorption, whilo hydrogen halidos showed comparadle )
aboorption efficiencies.

At concontrations ranging from 900 to 70,000 PFM and under wvarious
operating conditions, the lowcot efficlency obtained for any halogen or inter-
halogen in the scrubber was groater than 90%.

From these results, and.many othors which time will not permit uc to
discuss, it was concluded that the 361litic-limostone is adoqunte for the
romovel of HF from air stroams at room temperature until about 50% of the bed
is con;umed, providing particles 3 - 4% 4n dimmetor are used., An incresse in

the dopth of bed will givé an increase in efficiency vhile a docrease in particle

sizo will increase capacity. The limestone, however, is not Adeqpato for

halogens other than HF particularly bromides 1f & high efficiency and capacity

. are donired.

The concurrent spray tower with 1 stage will effectively remove halides
and interhalogons with efficiencies groater than 90% when a 5% EQH scrubber
solution io used., 1In addition, there is the edvantego of vorking undor a
nogligible pressure drop through the system bocause of‘the aspiratory effect
of tho spray nozzle, making an increase in blower capscity or strengthening
of ductwork in the exlicting systenm uﬁneceonﬁry, It ip ostinated that using
tho consorvative distanco of 1 foot boivweon each of threeo otagea'and uoing 3000
to 6000 pounds por hour of scrubber liquid por sq. ft. of tower with & gac

contact timo of 1.7 seconds, a halogen concentration of 2000 ppm would bs reduced

to an c¢ffluont concontration of 10 ppm.
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Thie work wap done by Mossrs, R. C. Liimatainon and M. lovenson of the
ANL Chemical Enginooring Division and is writton up more thoroughly in ANL v
Roport 5018. |

4nother study dbrought on by economic considorations revolves around theo
prefiltors boing used in the leboratory hoods. Those filiers used in tho
reaxr of all hoods as shown previously by Mr. VanValzah sexrve two useful
purposen; first, they act as diffusors moking for an even flow across tho
faco of the hood, and cecondly, they prefilter tho ailr before it passes through
the final filter and thereby it is hoped they increasc the life of the final
A¥C filter. Howover, this second point has never definitely becn established
and the exact offoct on the 1life of the final filter is not known, The pre-
filters in use (PF 314) have an averasge life of from 3 to 6 monthe.  While the
final filters vary from 12 to 18 months, the relative cost of the final to the
prefilter is approximately 10-1. | .

Theoretically, the prefilter.could shorten the life of the finpl filter
by only intercopting the large particles and thereby permit the ;maller ones®
to pass through to the final filter where they could plug it more rapidly than
if tho large particles hed becn allowed to pass. This poésibility is, of courses,
remote, but has not been recolved, so a test was undertaken to determino the
trve situwation. ' .

A typical hood was selocted in & new bullding in which the supply eir
is profiltercd and air samples were taken simultancously on the clean and
dirty sido of a ncw hood prefilter using AA millipore filters.

These samples were taken poriodically over a gwé months pericd, counted,

- and sizod. The counts ranged from 32,000 to 900,000 particles per cubic foot,

and hnd an estimated goomotric moon diamoter of .17 4 and a slendard doviation
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of 3.28 on tho dirly sicdo and .12 a1 with a standard doviation of 3.0 on tho
clcan sido. These valuon for tho geomotric moan diamctor were odbiaincd dy

exirapolating the curves obtained by plotting tho cumulative porcont less than

a cortain sizo ve., that size on logarithmic prodadbility paper. For‘example,' _

-~

on the dirty side it was found that 80% of the dust was .52 m or less in

diameter and that 98.5% of tho dumst was 3,0 1 or loss in diamoter. There ware

othor'intermcdiate points that foil along this line, dut tho smallost sized
group plotted was that in the range from e52 A1 down to the limit of rosolution
of tho microscope which was plotted at the .52 m size. Since this gfoup
contained 80% of the dust{ it was then necossary to extrapolate back to the

50% size to determine the geomotric mean vize of the dust,

The stondard deviations vere obtained by dividing tho 84.13% eizo by

- the 50% sizec as selected from the logarithmic p%obability plot.

Efficiencies of the prefilter, by count, ranged from 17.2% to 69% with an
averaege of MZ.Z%. Thepe efficiencies were for pérticlos «33 A in dimmeter or
larger, «33.1 being the limit of resolution for the lens coﬁbination wsod for
counting. EHowover, only 36% of‘tha dust slzod was greater than .33.4 in
diameter as determined by the logarithmic probabilit& curve and 8o it is
expocted that the true efficiency will be pomewhat less, |

From these preliminary studiods, we now know tho approxim&te.nize
distridution of tho dust we'lre doaling with, and the efficiency by count of
the PF314 prefilter. However, the really important work lies shead, that is
the offect of the prefilter on the life of the final filter. We plan to get
information on this by installing three or four different typee of prefilters

in difforont modules with similar dust exposuro. By pro-weighing these filters




5h o o " WASH-170

oand tho final AEC {iltor, and dotormining tho original prounuro‘drop acrosg
both, tho lifc and weight gnin of oach typo including tho final filter can
be doterminod. A singlo somple with each type will not bo significant
statiotically ond so it is oxpocted that thios ;ork will continuve over o
pofiod of timo. :

It 18 hoped that more conclusive rosulte will be availadble next year,




VENTIIATION ACTIVITIES AND PROGRAMS AT ARCONNE NATIONAL. LABORATORY

By R. W. Van Valzoh, ANL

Tho ventilation program at Argonno may be considored as having progressed
through three perlods, the first being the design and construction pericd, the
second being an opcrating poriod of several yoars, and tho third being & transi-
tion period in which modifications to tho presont systems are nocessary in order
to meet the new roquiromontes and domands of the scientific staff. Changeos and
additions havc boen made during tho oporating poriod but tho capacity limit of
the present supply systems hns been reached. More supply and oxhaust air is
particularly needed throughout the Chomistry Bullding 200 while the Physics
Building 203 and the Chemical Engincering Building 205 have only a limited num-
ber of laboratories which require additional ventilation, With this increased
ventilation problem thore also 1s the attendant provision for increased air con-
"ditioning facilities. A preliminary proposal has recently been submitted to the
JAEC for making the requirod changes to the present ventilation systems,

' The ventilation systems in all three of the above mentioned buildings are
not identical. However, the Chemistry Building 200 may be considered representa-
tive of all threo and a brief resume of the ventllation 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., Blickman hoode
with or without glove panels, and vacuum hoods, werc generally adapted for the
research activities which cover a wide range of chemistry applicetions. Srecial
ventilation problems which the standard design would not accomodate were to be
dealt with Individuelly. Some of these special problems will be described later.

The Chemistry Building is divided up into six wings tled together at both
ends by transverse corridors connecting with the wing corridors. The wings ere
separated by courtyards so that the plan resembles a laddor., ZEach wing is di-
vided up intoc laboratories-and offices with a corridor between them. The unit of
width for a module is 10 feet so that & laboratory or' office may be any multiple
of this number, The normal laboratory unit consists of two 10 fool modules and
two 10 foot offices. Hausorman steel panel partitlons are used for dividing each
wing into the reguired number of laboratories and offices, the maximum boing 24
of each,

All 8ix wings of the bullding are of similar design and construction and
contain practically identical heating and ventilating equipmont, Perhaps the
starling point for an understanding of the ventilating and air conditioning
systomo is & doescription of tho supply system. Slide 501-219 is a schomatic
diagram of the supply ventilation systom In each wing. All fresh alr 1o teken
from the outside and passod through the primary and secondary filters, Theco
are AAF Company Type PL-2h filters with standerd 9 ply fire resistant airmat in
the prinery filters and standard 10 ply firo resistent alrmat in the socondary
filters. Tho 1life of the primary and secondary media rangeos from 1 to 2 months
end 2 to 4 months rospectively basod on a maximwe prossure drop of approzimatoly
5" WG for each, Theso filiors arc romoving a hipgh poercontsgo of tho dust parti-
cloo as Indicaled by tho particle sizo officloncy tosts conducted by Mr. O'Neil
on tho hood profiltors.

WASTI-1T0
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The suprly air io next drawn through tho proheat coll by two funs and dis-
charged into a plonum from which there aro threo separate branclhos. Tho firot
main branch supplios a constant volwno of air to tho offices and corridor, the
socond niain branch oupplics a constant volume of ailr to itho luboratorics and the
third main dbranch supplics a variablo amount of air to the corridor. Ceooling
and rchecat coils in the threo mains temper the alr to the required conditions
for maintaining tho spocificd tomporaturo and hmwidity. Spoclal rooms arc pro-
vidod with booster hoating and cooling coils in tho supply risors whero lower
- than general conditions arc required.

The air flow pattern is as follows: ailr from the offices is vitiated to
the corridor; the corridor air and the vitiated offico air is vitiated into the
laboratories; and thie air togethor with the laboratory supply air is removed by
the leoboratory exhaust systoms,

Whenever the lasboratory exhaust air demand is greator than the minimum eir
.supply, the extrs supply alr is provided through the varieble air branch which
diescharges into the corridor fram which it is vitiasted to the laboratories. A
etatic pressure regulator controls tho opening of the variable air daupor. The
other temparature and humidity controls are also indicated but time does not
permit further oxplanation of them,

The removal of the minimum supply air for elr conditioning purposco and the
maximum exhsaust roguiremonts will be discussed next, In view of the varying ex-
haust demands per laboratory and the necessity for flexibility, the exhaust
Bystems were set up on a modular basis, ZEach ton foot module may have a maximum
of two fans and two runouts exhausting epproximately 1000 cfm each. The number
of hoods in the laboratory determines the pumber of fans. A maximum of three
Blickman boods per runout has been established. One hood fully open requires
1000 cfm at a 150 fpm face velocity but this avallable quantity of exhsust air
may be divided up between the other hoods on the runout. An &larm bell on the
Bystom notifies the occupant when the exhaust limit has been reached.

The runouts from the laboratory go up to the fan loft wkere they discharge
into the dirty plenum., Slide L420-315 shows the riscrs comnnecting into the dirtiy
plenum. Between the dirty plenum and the clean plenum are located the high ef-
ficiency filters, Slide 420-313 shows the mounting of the filters with inspec-
tion doors above end below the filters. The demper operating sectors which allcs
for the isolation of the filter from the systom when filter changes are made are
aleo shown, 8Slide 420-312 shows the exhaust fans connected to the clean plenun
end discherging the air above the fan loft roof to the atmosphere.

Wherever radloactive hoods are installed, a laboratory bypass duct from the
dirty plemunm in the fan loft to a rcgloter In the laboratory is used 80 that a
minfiin amount of alr ie exhausted ot ell times from the laboretory. The hoods
arc provided with air velocliy regulators which malnteln nearly a constant air
flow velocity for any position of the hood door, Air may either be exhrusted
from tho hoods or from the laboratory bypase. A plenum static pressurc regula-
tor controls tho laboratory bypass doupor end slso a clcan plonum damper, All
the exbaust fans on the system run continuously so that the ebove dampers regu-

te the emount of air romoved frem the laboraetory up to the capacily of the fazs.
5lide 501-218 shouwo & control diagram for the hood, leb bypuse and plenum bypacs
dempors. Whoro ile minimum sair is romoved by a constant exhaust from another
plece of equipuwsnt such as a vacuun hood or canopy no lab bypase is requiroed.,

No doubt you all ere fomilisr with Blickman hoods. Slide 420-31L4 shows one
of thnoo Loods inslulled in a laboratory. At tho back of the hood aro four pro-
filters. Theoo rn!ntein uniformity of alr distribution across the faco of the
bood, remove & cortuin portion of the particulate matlor theroby increasing tho




WASH =170 x » o7

1ife of tho spoclal filtoro and condonso voro of tho vapors that would othorwise
bo carriod into tho systom, Two typos of modin have boon used in Lthouvo filters
namoly 25 FG and I'F 314 fiborglas., Those filtors have to bo changed at anywhero
from 3 to 6 month intorvale doponding upon tho presouro drop, Tho maximum al-
lowablo rogslotanco for thoso filtoro in ordor to mnintain tho requirod air flow
io ,T" WG. 1t is thcrofore oconomlcally advisablo to start with as low an initial
rosistanco as possiblo consistant with the roquirod efficioncy for obtaining the
maximwn lifo from the filtors. With the above roquiremonis in mind, AAF Co. his
recontly developed a new media for this filter with an initial resistance of .2"
WG or less at an air flow of 250 cfm, The dlscoloration efficiency tests with
atmospheric dust for theoso filters ran 47 to 5G;. It is undorstood that AAF Co.
is going to standardizo on this media for this typo of filter and discontinue
tho two other types.

One of the special alr cleaning problems which has boen under developuent
at Argonne is that of removing perchloric acid fumos, This mattor was referred
to Dr. Silverman who developed a scrubber for this purpose. The constructed
modol which may be placod inside of a hood has becen In operation at Argorne for
approximately 6 montho. Rocently the filter which was made especially for this
unit by Arthur D. Little, Inc. became clogged. The following slides show the
unit as well as the condition of the filter after failure: Slide Nos. 235-108,
109, 124 and 125. Apparonily the aluminum scperators disintegrated either from
the NepCO3 or the acid fumes. Arthur D. Little, Inc. kindly mede a replacement
filter, the scparators of which are made of shcet steel instead of alwminum.

The Air Cleening Studies Progress Roport for February 1, 1951 to June 30, 1952

covers a description of the scrubber along with test data on the performence ol
the scrubber with sulphuric acid. Further tests by Mr. O'Neil on thls unit wit
perchloric acid showed efficiencies ranging from 96 to 99.9%. Drawings are now
in progress for the construction of several of these units.

There are other ventilation problems at Argonne still in the process of
resolution. The one causing the most concern at present is the ventilation
treatment required for metallic fluorides. It is hoped that some information
in this connection may be obtalned during this visit,

-*
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Nucloar Encirgy sories, Div. VII, Vol, I, HcOraw-Hill, N.Y. 1951 Pngo 198,
R. Landau and R. Rosen, Ind. Eng. Chom., 40,1389 (1948) and National
Nuclear Energy Sories, Div. VII, Vol, 1, McGraw-Hill, Now York, 1951,

.

Pogo 133 and E. M. Berly, M. W. First and L. Silverman in N.Y.0,-1585 1952,
Iho formor two using NaOH as tho scrubbor liquid with low gas velocities
and a relativoly long contact time of approximately one minute reportod high

abosorption of F2 and HF, The latter, i.o0., Silverman et al. using successive

-stagen of saran fidro wotted by a spray of wator and followod by & dry cell

offccted officiencion of 99% with volocities of 200 L FM but with a prescuro
drop of 4n h,0.

-With these two mothods availadle then, i{ was tho objective to evaluaioe

~each, i.,e., for the limostone bed process to detornmine the efficiencies for

" fluorides, chlorides, and bromides at room temperature and to determine the

ninimum bed depth and gas velocities for minimum pressure drop and for adsguate
efficiency with no recycling. And for the scrubber method to determine the
efficiency for elemontal fluoripe and interhalogens using a'contact tims on

the ordor of scconds rather than minuted in order Yo kesp the pige of the

tover reasonabdlo. :

The investigation of tﬁoue tvwo procasses involved the une of‘two S5 inch
diomster pipen, one 4 feet long used as a spray tower in vhich a‘Shutte~Koerting
hollow cono 60° spray nozzlo was coentered and one 6 feet long in vhich the
various deptho of limestone bed wero packod; After the mixing of the halogen
and the air strcam, the air-halogen ntreamiéntored o gan distribution section,
flowing elther up through the bed‘in‘the limsstons adbsorption tower or dowvn
through the spray tower flowing concurrently with the aguoous potassium hydroxide

solution which was sproyod from tho nozzle and which wos used as the absorbing

solution.




THE ARGONNE INCINERATOR PROGRAM

Prosontod at tho Los Alamos }ooting of tho
Air Cleaning Sominar
Soptemboer 21-23, 1953

By W. A. Rodgor and D, C. Hampoon, ANL

Tho baslc program for tho investigation of tho oporation of the
Argonno Active Wasto Incirerator has boen completod, and tho two primary
objoctives of this program havo bocn succossfully accomplishede Thoy are:

First, to dosign and construct an incinorator which would safoly
and oconcnically rcduce the volumo of ccmbustible radioactive waste that
is produced at Argonno National Laboratorye. Tho incinorator's capacity
of 100 cubic feot of normal wastos por 8«houv day is more than zmple to
handle the daily accumilation of wastes. ‘The radioactivity of tho exhaust
gas frau tho incinorator has, under normal combustion conditions, boen
consistently below the exhaust gas tolerance spscifiod by Health Physics
and has in nmost casos contained loss imnediately measured activity than
that found in normxl surrounding aumosphere.

. Sccond, to dotexmine and make the nodlficationo in the equipment

and flouwsheot that WeIr9 nocessary to obtain maximwn officlency throughout
the systom. Theso modifications wera the rosult of the data obtainoed in
the oxporimental phase of this program and have resulted in a 50 per cent
increase in combustion rate and in an incroase of A.E.C. filter life from
6 hours por {iltor to more than 60 hours por filter. The maximum ovox-all
decontanination factor fr%m feod to exhaust gas for the present operating
conditions is 2 to 3 x 10/, ,

: As shown by the over=all decontamination factors and by the fact

* that tho offluont oxhaust pgas contains less than tho patural activity of the

surrounding atmosphera, the incinorator systom is able to handlo highox

levela of activity than used in those zuns to which activity was added

- (mwaximun of about 1021 disint./(nain. ){cu.ft.) since the effluent gas fraa

these high lovel runs was a factor of 20 lower than toleorancee Howeovor,

on tho basis of tho high background activity recadings encounterod during

these runs, it is apparont that romoto charging, ash rumoval, and additional

ghieldinz of the furnaco cono and agh barrel would have to be providod to
onablo such levols of sctivity to bs handlcd routinoly.

Tho incinorator cquipmant consists of a typoe 330 stoinless stool
incincrator bedy in vhich tho ratorial is burnced in tho presence of exress
aiyr; a Schraforw-bartolucci vano plalo washoer, in which large particles of
fly ash cro ronovcd; and a gocondary gcerubbing unit consisting of a Poaso~
Anthony Vonturi and & Poabody scrubbor in which the gas-borne radioactivity
is norrally roduced to within toloranco. Final clean~up is acccomplishod
by an A.E.Ce. filtor which 13 capablo of romoving radioactive partlclas to
wcll wvithin tho minimum toleoronco lovols spocificd by this Laboratorytso
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Radiolopical I'hysics Division (2 x 103 bota dinint. /(min.)(cu.m.) and 70
alpha disint./(nin.){cu.ms)). Whon replacemont i1s nocossary, tho loaded
filtor is buaned in tho furnace. From tho filter, the gascs aro drawn
through a positive diuplacomont blowor which movos tho gas stroam én to

the dischargo stack cn the roofe Tho ash resulting fran’ combustion falls
through a grato systom and ssitles through water locatod in tho cono in

tho baso of tho furnace into a canvaa bag filtor inside of a stainloess

stool drume Tho bag and its contonts aro ronoved from tho systom, dowaterad,
and thon storad.

Sampling of tho gas stroam to detormino the officiency of cach
pioca of equipmont was carriod out in two ways. Tho first mothod was
based on tho total amount of activity enteoring and leaving cach unit.

The sccond mothod was based on the total amount of particles (based on
woeipght) entoring and leaving a unit. Experimontal results have shown
that thoso two mothods produce nearly equal resulis, at least in the lesa-
than«2 p particle size rango. '

Tho gas stroam was also monitored aftor it passed through the
finil unit of tho cleaning train (A.E.C. filtor). This monitoring, based
on radioactive counting of particulate matter, helps to insure safc opera-
tion of the incinerator with respoct to the total amount of radionctivity
discharged to the atmosphere.

In cases whoro tho gas temperaturo was too high (above 200°F)
1o allow uso of colluloss filter papor (Watman #lili), a spocial fibor glass
filter was used. Tho only samplc point whoro this media 18 necessary is

" prior to tho Schroier-Bartoluceil scrubbere Hora, in addition to high
tonporatures, a heavy particle loading is encounterad. In order to be on
a comparable basis, both influont and effluent gas samples around tho
Schroior=Bartolucci scrubber wore taken with the sarns mediae

Isokcenetic samplos woero taken with a sample probs or head which
was insertod dircctly into the gas duct through a 2ninch open1ng. Stairmand
disca woxre uced prior to each sample pointe.

Aftex tho sample has beon takon, the filter madia was romovad
and the radioactive count deternined bj use of Bradleoy Proportional Countors.
The lou level samplos (less than 1 x 1 4 bota ct./min. per papsr) vere
countcd by moans of PC-2 cowntors and the high level asemplos (greator
than 1 x 1C4 bota ct./nine per papsr) wero counted in PC~l countora. The
counting time varied from 1 to 10 minutos doponding on activity level.

Both countoxs have 62 por cent yiold.

Por woipht doterminations, the samplo mediwa was dricd and voighed
prior to and following tho sanplinge. Both wolght efficioncies and activity
officioncios can bu dotermined on oach sanmplo. Efficionciea aro bazcd on

-tho influont and effluont particulate concontration in tho gas at each unit
of tho scrubbing traine Tho exporimontal. program that was carried out
investipgatod tho major oporating variables of the gus cleaning traine. Tho
salient ruosulis obtainod from this inveutipgalion aro as followa:
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Tho decontmaination factors produced by thu furnace itsolf varicd
from 150 to 300. It should bo noted that this docontamination factor is
significantly difforont from that proviously roportod by KAPL (about 2000).
Privato comnnunications indicato that tho originally roported fipure of
2000 was in error by a factor of 10, and tho two sites are in agreamont
that 200 is a rvalistic value for the furnaco docontamination factor.

Ao it was not feasiblo to sample tho gas stream botweon tho Poago-
Anthony Venturi scrubbor and the Poabody scrubbor, tho radioactivity romoval
officloncy was dotemilned around the Poagso-inthony VenturiePoabody scrubber
couple at a constant wator tomporaturo and flow rate to the Poabody scrubbore.

The scrub solution to gas ratio in the Vonturi was varied botwoon
Le7 and ;5.6 gal./min. por 1000 cu.ft./mine The most offective flou ratio
was about 20 gallons of scrub solution per 1000 cubic feot of gas.

The efficicncy of the Venturi is indirectly g;oportional to
temporature of the scrudb solution ovor tho range of 64°F. to 148°F.

Tho use of stoam injection to enlargo ths particles by moans of
the condonsation nuclei principlo was also investigated. Steam vas intro-
ducod into the duct leading to the Poase-Anthony scrubber about 12 inches
upstream from the Vonturdi throat.

In goneral, it wao found that for a given Venturi scrub solutiocn
tomperaturo, particle removal efficioncy was about 50 psr cont greator
with stoam injoction than without stoam up to tomporaturos at which effi=-
ciency foll off rapildly with no stéam (about 1LO to 110°F., rospoctively,
with and without scrub solution in the Peabody scrubber)e. Above those
tomperatures, ramoval efficiency with steoam injection decroased only slowly
as tho scrub tomperature was further incroased compared to a rapid decreasec
in efficiency in the absence of steame

. " As long as the plates in tho Peabody scrubber are kept covored with
scrub solution, noithor the scrub solution tonper&turﬁ or rato affects tho
officioncy of this unit betweon 100°F to 1L5°F and 2.5 to 7.0 gal./min.

' The officiency of ths Peabody scruvbbor is proportional to the nurbar
of wot plates botwoon zero and throe plates; the addition of a fourth wotted
plcto doos not appoar to incroase the efficiency of this unit approciablye

It appoara that tho officioncy of thoe Schreler-Rartolucei scrubbar
is dopondent upon tho naturo or sizo of the particulato boing fed to it.
Tho -officioncios variocd frca 25 per cent to ‘75 por cont deponding upon the
typo of matorial being burnod.

Vory litila oxporimontal work has beon dono to dotormino the overw
all officioncy of tho A«E.C. filtor gince A. D. Littlo Company, vho designed
the filtor, has doturmined that it im 99.5" por cont officiont on 0.3 to 1
micrea slzcd partlculate. 7This corrosponds to minimum docontaminationm
foctor of 1 x 107, :
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Tho officiency of tho filtor was checkod during ono of tho high
activity levol runs, and an avorage ducontamination valuo of 2.6 x 103
was oblainod. This valuo corresponds to an officloncy of 99.96 por cente

Tho ovor-all docontamination factor for tho entiro éystom is pro-

portional to the lovel of activity in tho feed and reachos a maximum value
of 2 to 3 x 107 whore it romains constante .

A summary of decontamination achieved by the incincorator compdhents

is;
Decontamination
Conponont : Factor

Furnaca _ 262 X 102
Schroior-Bartolucci Scrubbor l.2
Peaso-~Anthony Venturi Scrubber [0}

AeE.Co Filter 2.6 x 103
Over—all , 3.0 x 107

In order to test the officioncy of tho gas scrubbing train on
atmospheric dust, two exporiments wore conducted in which air from outside
of the bullding was drawvn through the gas train. The conditions were the
gamo as during 2 normal combustion period except that no naterial was
burnede The rosults are as follows:

Alr Intake, , Alr Exhaust

disint./ disint./
(min. ) (cuome) ' (min.)(cu.ms)
Run 1 az="73 : ’ Background of
Counter
$ =29 L0
Run 2 a = 393 | 2.8
P = 863 . 1l

P

It is appqront oince tho oxhoust stacl gas nommally contring
losa activity than tho natural radioactivity proaont in the surrounding
atnosphora, that considorably lowor officiency could be tolerated throughe
cut tho systca. Thoe main valuo of incroasing tho ovorwall officiency is
in docronoing tho "dust" load to tho AesB.Ce filtor, thoruby incroasing
ito oporating lifoe Tno oxporimontal worl on the VenturilPosbedy couple
producod data vhich oncbled the filtor 1lifo to bo oxtonded from one
8<hour day to ton f-hour deys. Thig over-all incroese has reduced tho
_coot of tha filler from $L0.00/day to $L.00/daye

/
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The coust of incinoration of activo waotos baned on 8-hour opora-
tion, and 24-hour oporation are as follows:

8-Houx " 24-Hour
“Direct Oporating Costs $1.78/cu. 4. $l.38[cu.ft;
?Ihprociation of Building and iqpipment $0.90[cu.ft. $0.22/cu.ft.'
| TOTAL $2.68/cu.ft. $1.60/cu. rt,

Theee values are direct out of pocket costs based on actual
operating figures. S '

At the time the incinerator program was originally set up thore
vero two primary motivations to the program. One was to provide a means of
safely reducing the dbulk of the dry active waste for temporary storage at
thio nite; since at that time no s8ite had been estadblished as either an
interim or long term Natiopal Burial Ground. The other was to pilot plant
the process of incinsration to obitain cost and operating data, since thero
was at the time widosprend end goneral interest in incineration as a unit
oporation,

The pilot program has been successfully corpleted and reported in
dotnil in AKI~5067. Oak Ridge National Laboratory bas recently boen will-~
ing to accept shipnent of all the polid wante from this Isboratory and
indications are that tho arrangement can be continued for some time.

A coot analyois of tho first shipment of waste to OBNL indicated
that tho savings to bo realiged by incineration of the combustible portion
of the vaoto wore only about ten conts/oubic foot over shipping all of tho
wabto an collected. . .

In viev of the curront man~powver nphorisge and in light of the above
focts, the incincrator progrom bhas been concluded and the equipment placod
in stenddy conditions T ' ,

H VI i




AIR CLEANING PROELEMS AT NRTS

By A. L. Biladeau, AEC, 100

Tho National Reactor Testing Station's air cleaning problem ié '
similar in most respects to that encountered elsewhore. However, we do
have conditions that are somewhat different from that normally encountered.

The terrain on which our reactors are constructed is in a fairly
flat desert area with sagebrush being the principalAvegetation. Once the
sagebrush is removed and the ground disturbed, the dust problem becomes
intenso. Soil stabilization 1s required at all our plants as a means of
dust control. Fortunately fhe natural ground, if undisturbed, is fairly
stable., Winds are rather comhon and at times of féirly high velocity.
Prefiltering of al} air is, therofore, required in all our ﬁlants.

_ The Chemical Procossing Plant is the NRTS's only plant to date
requiring air oleaning facilities above that normally required, A1l air
entering the plant is cleanod by the use of capilla;y aif washer filters.
.The Hood system uses C W S filters and oxhaust direct to the atmosphero
through vents located on tho plant roof,

Positive pressure ventilation igrsuppliéd to the cold areas in
the plant by 2~60 HP fans. This air is distributed to the cold arcea and
flows to the roof vonbs or to the hot arcas. After passing through tho
colls, tho hot area ventilation emerges in two vent tunnels on cach side of
tho building. Thoso vents go to tho fan building via tn above growad
motal duct. |
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Tho fan building contains 2-75 HP fans which draw air from tho
above ducts and discharge it diroctly to tho stack without filtering, Tho-
stack ﬁas a minimum diametor of 10 feot and is 250 feot in height. A
stack hoater is provided to incrcaso the stack draft during poriods of
adverse weather conditions. .

The sampler off-gas vaentilation system takes its air from the’
cold areas, draws it over the sample bottles and through fiberglas filtors,
Two fans dischargc tho filtered air directly to the metal duct leading to, .
the fan house.

) Al) vessel off—gas is vented separately and operates under re-
duced'pressures with respect to the.cells. This aif is discharged through
a six inch stainless steel pipe to fan house where the air is filtered
through spscial fiberglas filters bofore teing exhausted to'the stack by
2 ~ 2400 cifm fans, . |

These gascs are filtered through fiberglas filters and discharged
to the stack by a stoam jet. |

The Materials Testing Reactor air is prefiltered on entering

.the reactor. That air used to cool the graphite core, and at present the

‘only contaminated air of any volume, is filtered and monitored before

boing dischargod to a § foot dimmetor 250 fboﬁ—stack for dispersion to the
atmosphera.

The Exporimontal Brecder Reactor air is profiltered by uso of
oloctrosﬁatic air cleaneors (pracipitroh) and that air used to cool the
outer coro is sgain filiored and monitorod before boing discharged to the -

at?onphoro through a 50 fi. mota) stack on top of the roactor,

eecae
ia
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Tho Ship Thormal Reactor air cloaning problamn can bo considerod
as routinoe. Thoy havo provided spocial filterod forco air discharge to
the atmosphero through metal stacks locatod on top of the reactor in evont

of trouble involved in the diémantling or ropair of tho reactor,

A new gas treating problem and one involving greater Yolumes ‘
than any of our other plants, including the Chemica; Processing Plant, is
tho now ANP Project. The testing and opcrations of a nuclear aircraft
enginé wlll involve a very complex air treatment problem.

Some of the problems to overcome are: (1) Treatment of high air

- %emperaturos, (2) Limited restriction on the amount of back pressure

‘permitted through the filtering process. The efficiency of these engines
"drops off rapidly with any degree of back pressure. (3) A stack 150 feet
in height and 20 feet in diameter will have en effective stack height of
around 600 feet under the above conditions and & 15 mph ambient air

v

4Velocity.

........ - - e e ' B ——— e = e P

Dust will be ono of thfee likely'sourceé of radioactive con-
taminants to remove, That dust in the air, on being‘drawn through tho
nucloar engine, will be highly contaminated on discharge. Fuel elcaent
erosion particles will be another contaminant that will have to be removed.
Possiblo fucl olenent rupture nlco must_bofcoﬁsidcrpd in tho air cleoning
design. Radioacﬁivo argon may be & contaminant that will have to bo
rcooved, The degrec or percentage of each contaminant to rcuove can only
‘be estimated. The dust problem can be partislly corrected by selocting
the day in which to run the engine tosts, Tho U, S. Veather Burcauw vill )
be the chief consultant in this mattor, Fuol eloment, erosion and rupturo
have yot to be firmoed up, but thoy hopo to have it by tost time,

.
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Thoe extraue tcmperatures at which thc gasos are disphafged will
creato a filtering problem but will help by reducing the required stack
height for adequato dispefsion. )

Doctors Silverman and Lapple have both becen retaihed as consultants
on these problems and can probably give you a much more detailed account

of the problem encountered should you bo interested.

G




OPERATING ECONOMICS OF AIR CLEANING EQUIPMENT
UTILIZING THE REVERSE JET PRINCIPLE

William-B. Harris
Health and Safety Laboratory
U. S. Atomic Energy Commission

and

Mont G. Mason
Health Physics Department
Mallinckrodt Chemical Works

May 195L

ABSTRACT |

Plant experiences with the operations of 18 dust collectors is des-
eribved. This equipment, supplied by two different manufacturers,

is in continuous operation in one plant. The units are operated at
housing pressures from 2" of water to 10" of mercury with capacities
from 700 cublc feet per.minute on pneumatic conveying to 12,000 cfm
on dust control. The total designed 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 5§ grains per cubic foot. Dis-
charge air measures 0.0001 grains per thousand to O.Ll grains 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 99.986. Overall annual cost, including five-year amortization,
is 0.32 dollars per year per c¢fm for all equipment and 0.23 dollars
per ycar per cfm for suitably designed equipment. This compares with
three large wet collectlors which have been described. They operate
at 93.5% collection with an annual cost of 0.197 dollars per cfm.
Maintenance costs of the wool felt collectors alone amount to 0.12
dollars per year per c¢fm for all units and 0,042 dollars per year
per cfm for 1k adcquately designed collectors.

68 . | WASH-170
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.OPERATING ECONOMICS OF ATR CLEANING EQUIPMENT
UTILIZING THE REVERSE JET PRINCIPLE

With the obsolescence of the war-built equipment for the refining and
processing of uranium, it has been necegssary to design replacement
facilities. While the heavy stress of production was being carried

by existing plants, it was possible to give adequate study to the many
problems before settling on new plant designs.

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

l. The design of process controls and equlpment 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. A

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

Experiences which had been gained 'in the many plants which cooperated
in the production of uranium materials 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 dic¢tate 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 spplied to the choice of equipment:

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

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

3. Dcep-bed filters were discarded as not having sufficient holding
capacity nor would thoy permit satisfactory recovery of thc mdte-
rial for reprocecssing.
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L. Any iind of well desipned and conatructed cloth filter arrestor
' was believed to be adequale for this Jobe.

- After a careful investipgation of commerciallv available cloth collectors,
it appeared that conventional equipmcnt had several basic disadvantages
for our type of operation. Briefly, these were:

1., Under our conditions of use, this equipment required a degrce of
maintenance in man hours per year which resulted in unacceptably
high radiation dosage to maintenance personnel. The only pro-
tection possible apainst exposures of this type is uneconomical
shifting of personnel to reduce the duration of exposure.

.
-~

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

3. Our expcrience'showed relatively high out-of-service time resulting
elther in process or sometimes plant shutdown with the alternative
of large unnecessary loss of valuable product.,

Lh. The fluctuating collector pressure drop of the conventional dust
collector required either exhaust system overdesign, 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 immediately after filter
cleaning.

In our attempt to reduce these deficiencies, we investipated the use
of reverse jJet air cleaning equipment. Installations were made on
small extremely difficult units and considerable experience was gained.
As a result of experiences with the operation of these few early dust
collectors, the decislon was made to standardize on the use of wool
felt, reverse jet type, air cleaning equipment in all cases where high
efficiency of collection was required and where the material being
handled was dry dust. Other types of collectors have been used under
other conditions. However, the purpose of this report i1s to describe
the experience of one plant in thc use of this type of alr cleaning
equipment.

The information presented in this report covers the operation of 18
dust collectors bullt by two different manufacturers, all under the
Hersey palent. These dust collectors are in continuous operation at
the Mallinckrodt Chemical Works, Atomic Energy Commission plants,
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SUMMARY

The following dala summarize the conditions of operation:

1.

2.

3.

6.

Te

8.

They arc operated at housing pressures varying from 2" ¢ - c¢er
to 10" of mercury, vacuum.

The individual capacity range is from 700 cubic fcet per idnute
on a pneumatic conveying system to 12,000 cubic feet per minute
on & simple dust control application.

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

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

The discharge air from the individual collectors under full dust
load conditions contains dust concentrations ranging from a mini-
mum of 0.0001 grains per 1000 cubic feet to 'a maximum 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 pneumatlic 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 two-year study
period on individual collectors in the group has ranged from a
minimum of 99.9L6Z 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.

The overall costs for operating thls equipment including a five-
year write-off on initial installed cost and all labor and mate-
rial maintenance comes to 0.32 dollars per year per cubic foot

. per minute. This, however, 1s not an accurate presentation of

the facts as this number includes a cost of over 83 per year
per cublic foot per minute for a single grossly undersized dust

‘collector to an average of 80.23 per cubic foot per minute per

year for equipment of adequate design.

Maintenance costs alone amount to ©0.12 per year per cubic foot
per minute when all units are included, and 0.0l2 dollars per
year per cubic foot per minute for equipment of adequate design.

Y
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PILOT TINSTALLATIONS

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

The second installation was also designed for 20 cfim per square foot,
but before it could be completed, the process equipment was revised
so that it became necessary 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 & pneumatic con-~
veying operation; it operates at an air/bag ratio of 17 cfm per square
foot and an average grain loading of 1l grains per cubic foot with
peaks excecding 100 grains per cubic foot. This machine has given
goou cleaning efficiency, but malntenance problems have been excessive,
indicating some deficiency in design. Certainly, for a collector of
this design the dust and pressure loads are too high for the available
filter.

In both of these latter filters the differential pressure across the
fil+er was found to range from four to ten inches water gauge, even
with continual operation of the reverse jet blow ring. Under the
conditions as stated, bag life on both of these machines averaged
about three weeks of operating time. There was found:-to be excessive
stretching of the bags from the high differential pressure. This,
combined with continuous blow ring operation, caused both the bags
and the blow rings to wear excessively. .

The experience gained with these three machines indicated that satis-
factory cleaning could be done at an air/bag ratio of 20 cfm per squsre
foot; however, it ,was apparent that when dust loadings were high enough
to cause excessive pressure drops across the bag; the 1ife of the filter
would be shortened and maintenance would be high.

FIRST PRODUCTION GROUP v ‘ -

The next seven machines installed were designed to operate at & dust
loading of approximately 1 grain per cubic foot of air, with air/bag
ratios not to exceed 20 to 1. Many additional features were incorpo-
rated in this group of seven machines to eliminate some of the short-
comings which had developed with the first three installations.
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Performance tests on these seven machines under operiting conditions
showed that six of them were doing a very satisfactory job of cleaning;
the lowest efficiency found being 99.990%. Tho seventh machine, how-
ever, did not give completely satisfactory service, despite the fact
that the air/bag ratio was only 17.5 to 1, with a dust loading of L.2
grains per cublc foot. Extensive experimental work with this last
machine established that the dust being handled is a "seeper® which

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

+*SECOND PRODUCTION GROUP

Experience gained with this first group of machines resulted in the
selection of a lower air/bag ratio for subsequent installations. Most
of the collectors installed since that time have been designed to have
an air/bag ratio not to exceed 15 cfm per square foot. The elght col-
lectors installed since then have given very satisfactory long term
operation.

MAINTENANCE PROGRAM

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

1. Blow rings must remain smooth and level to avold excessive bag
wear. '

2. Bags must be maintained taut to aveid sagging or bulging.
3. Contact between blow ring and bag must be correct.

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

S.‘ Canvas wear strips over sewed seams iﬁ the bags must remain in
.place to avoid gplitting the bag from blow ring wear.

The Malntenance Departmsnt has assigned to one man the sole responsi-
bility for ell dust collectors; he has learned the problems of each
individual machine and usually anticlipates trouble before it happens,
This policy has proved most advantageous.
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Maintcnance requirements for the eighteen collectors averaged 2 1/2
man days per week over a two-vear period. If only 1L machines are
included, this is a 1 man day/week. This covers both rcpairs and
preventive maintenance.

With the exception of the three troublesome units previously dis-
cussed, maintenance problems have been minimal: 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,
& thorough inspection program and a preventive maintenance program
in order to assure good continuous operations.

INSTRUMENTA TION

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 abnormalities 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 have 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 temperatures (175°F).

MAT NTENANCE

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

. underdesipgned pneumatic system and ore crushing system collectors,
as well as the high usage on the seeper before the speclal resin
treated felt was installed. The following breakdown shows actual

usage by groups of machines, ’ - ‘
Machine # Machines No. of Bags # Bags Bag Life
: Replaced/ Months/Bag,
2 Years

Pneumatic System 1 "1 70 0.33=1.5 wks
_Ore 1 2 L9 1
"Black™ 1 L 16 6
"Orange" C ' 1 L 16 , 6
Others ‘ 1k 52 29 L3
TOTAL y 18 63 180 8
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Since-these data were collected, a new collector has been installed

on the pneumatic conveylng system. Although there are still some bugs
in this system, bag life is now approximately two months. Further
improvements to the system, now underway, are expected to extend this
number to six months,

Plans to increcase the size of the ore room collector were cancelled
because recent process changes reduced both dust load and usage of
this machine so that bag life now exceeds six months.

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

ROUTINE MATINTENANCE PROBLEMS

‘le 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 sir supply hose due to excessive operation
- of the blow ring and/or poor allignment of air outlets on the
side of the collector housing --- will result in failure to clean
the filter medium which in turn causes excessive pressure drop
across the bag with resultant bursting of the bag.

3. Excessive blow ring operation due to underdesign of equipment or

’ to changes in ductwork - continuous blow ring operation causes
unnecessary bag wear and low collection efficiency. This in turn
causes frequent bag changes and high effluent dust loadings.

L. Faulty blow rings, i.e.: warping of the blow ring; improper manu-
facture, and poor selection of blow ring material; 'erosion of the
blow ring surface, or buildup of residue on the face of the ring
causing localized wear of the bag which eventually results in
splitting. The material of choice for blow rings is stainless
steel with overlapping staggered slots. It has been found that
very few dusty materlals will adhere to stanless steel and the
hardness of stainless steel minimizes surface 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 collector housing temperatures
do not exceed 175°F.

6. Some chemical fumes may result in splitting of the bags st the
seam due to acid or alkaline action on the materlial used to sew
the seam. Wool felt is moderately resistant to both mlld acids

15
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and mild alkalines. However, the material used for stitching
the scam should be solected to resist the particular chemical
fume present. Nylon stitching has been found satisfactory for
alkaline fumes and orlon stitching is satisfactory for acid
MBSQ ’

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

8. Stretching of bags usually due to excessive temperature or exces-
sive presgsure 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. L

COSTS

Total maintenance cost for all machines during the two year period is
summarized as follows:

Total bag cost for 180 bags $16,500.00
Blow ring hose 1,800.00
Miscellaneous parts 2,000.00
Maintenance labor ' 6,300.00

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

110,000 cfm @ $13,300/year = $0.12/year/cfm.

Operating costs may be computed on the basis of £13.90/1000 c¢fm or
$1L00 for 110,000 c¢fm. Assuming a five year write-off and using
€1.00/cfm as installed collector cost, the total anmial cost for all
machines is:

22,000 ¢ 1,L00 ¢ 13,300 = $36,700
or $0.335/year/cfm.

Cost for maintaining new deslgn equipment is obtained as follows:
Operating COsts for 1L machines: .

Total bag cost for 29 bags $3,900,00
Miscellaneous parts 1,500.00

Maintenance labor 2,L00.00

$7,800,00/2 years or
$3,900/year

93,000 cfm © §3,900/year = $0.0L2/year/cfm.
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A caltulation similar to that made previously shows, for tho 1k well
designed machines: .

Operating Costs $ 1,300.00

. Maintenance Costs . 3,900.00
Amortization 18,600.00
$23,800.00

or $0.256/year/cfm.
The following conclusions may be drawn from the above datai

All Collectors Well Designed

Units
Man hour/week for maintenance 21/2 - 1
Downtime - hours/month/machine 3 2
Bag life - months/bag 8 L3
Total cost - $/year/cfm 0.335 0.256
Maintenance cost - &/year/cfm ' 0.120 - 0.0L2
Total cost - §/ton material handled 6.50 5,00
Maintenance & operating costs - $/ton 2,50 © 1,00

An interesting comparison can be drawn betwsen the operation of these

¢+ dust collectors and that of three large wet collectors recently reported
by Bloomfield®. These three units were high efficiency wet collectors

with a cumulative capacity of approximately 52,000 c¢fm. Installed

cost of these collectors is $38,600 or 0,7L dollars per cfm.. On the

bayis of the data given, the annual cost of these collectors, neglecting

maintenance ist

Operating Cost (assuming power ~ $§ 2250,00
at an average cost of S mils)

LN

Maintenance -
Amortization BOO0.0Q
TOTAL , $10250.00 or 0.197 dollars

per year per cfm,

The overall average efficlency of these collectors operating on an
average dust load of 1.70 grains per cubic foot is 93.5%.
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"Efficiency Studies on Three Wet Type Dusgt.Collectors", Heating and
Ventilating, Volume 51, No. kL, Page 89, Bernard D. Bloomfield.
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It can be seen from the above data that any cost advantage is lost
when the material being collected can be valued at $16.00 a ton or
MOTO. :

It 1s also interesting to note that the installed cost of collector
A’ operating at 89% was .6L dollars per cfm, while collector C which
had an average efficiency of 97% cost 1.20 dollars per cfm.




VENTILATION AND DUST. CONTROL IN REFINING
URANTUM ORES AND CONCENTRATES

_ H., I. Miller, Jr.
Senior Projoct Engineer
Catalytic Construction Campany
Philadelphia 2, Ponnsylvania

The metallurglcal processing of most ores and concontrates is attendod by
the presence of noxious or nuisance dusts and gases that rust bo controlled to
varying degrees depending on the toxicity of materlals encountered, The refin-
ing of uranium ores and concentrates into the motal is typical in a general way,
involving heavy metal dust, hydrogen fluoride, and oxides of nitrogen. To tkese
are added the unususl categories of radiocactivity of radium during the early
stages of the refining process, and radiocactivity of the wranium and 1ts daughter
products throughout, Operations involving these elements call for control of air
‘pollution, both within and outside of the operations area, to an unuousally high -
degree, Fortunately standard ventilation and dust control equipment cen te
adapted to the purpose, .

This paper presents some of the problems and their solutiomns in the design
of control facilities for health protection in a large uranium producing plent
~ operated for the Atomic Energy Commission,

Design criteria called for masintaining an operations atmospheric pollution
level for radiocactive dust not to exceed TO disintegrations per minute per cubic
moeter of air (which for uranium is equivalent to 50 micrograms per cublic meter).
This figure served for dust control of uranium and any dusts associated with 1t,
including pitchblende dust with ite radium content, Uranium is an alpha-ray
emitter. Direct radiation from it is unimportent, being stopped by almost any
barrier, including the normal skin. However, inhaled or ingested into the body
where it attaine close proximity to tissue it can do sericus barm, Uranium
slovly breaks down into daughter products, UXj and UXp which are beta-ray
emittors, The beta rays encountered in this process are readily stoppad by thin
glass or metal Bo that hood or hopper may provide ampls protection fram radiatiom.

The radium in the pitchblende ore and in the process rejects is a gamma rey
source and constitutes the most serious direct radiation hazard in the process.
Design criteria called for a maximum weekly exposure of 300 mr. of gemma radia-
tion. Actusl design was predicated on a tolersnce of half this amount to alicw
for inevitoblo short poriocds of high level exposure by oporators subject to
unusuel duties. Radium is always accompanigd by its daughter product, radon gas,
for which the design_griteria limit was 10™Y curies per cubic meter of air (or
approximately 7 x 1 parts per million). .

Other contaminants were to be limited Iin accordence with currently accepted
standards for maximum allowable concentrations,
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INTEGRATION OF DESIGN

Tho projoct group handling tho industrial hyglono phascs also boro tho ro-
spansibility for radiation protoction and for tho gonoral hoating and vontilat-
ing of buildingn, in order to coordinato offoctivoly all these interrolated
functions, This group of spocialist engineers producod complotoly intograted
dooign to satisfy tho requiromonts for process, hoalth, and comfort in tho work-
ing onvironmont, It is not ospecially portinent to this paper, but of gonoral
intorost as to coordination of offort, that this projoct group also designed (1)
& modical disponcary camplotely equipped to do X-ray work and minor surgoery; (2)
& "hoolth-physica" laboratory, with instrument repair and calibration facilities,

" machine shop, dark roam, and chemical laboratory, with associated equipment; and
(3) a docontamination roam, furnished with fixed and portable equipment suitable
for treatmont of surfaces contaminated with radioactivo materials; even a repsir
shop for contaminated shoos was set up in this roam. Theso features, along with
specifications covering issue clothing and shoes, were dono in consultation with
medical and health spoclelists of the Atomic Energy Commission and Operating
Contractors, who made available their wealth of experienco,

The design approach for ventilation and dust control did not differ, except
in degreo, fram usual industrial hygiene methods. Thoy had to be adapted, as
-neconsity dictated, to the intorposing of radiation barriers and remote control,

Tho methods may be briefly listed as (1) isolation of process, (2) epplica-
tion of local and/or general exhaust ventilation, (3) highly efficient filtration
of s0lids from collected air, and noutralization of acid vapors where appropriate,
(%) aispersion of offluont gases by discharge through high stacks, (5) provision
of adequate tempored make-up air to replace that exhausted, and (6) wet handling,
Although it is impossible to separate out each entity for discussion in its owmn
right bscouse of the goneral interrelationship, an attempt 1s made in the re-
mainder of this discussion to indicate briefly examples or considerations for
the methods listed.

ISOLATION OF FROCESS

Ths value of tho materials, as well as their toxicif&, required that special
offort be made to utilize tightly inclosed equipment, such as elovators, con-
veyors, blenders, batch dumping equipment. Theoretically these can be maintained
dust~-tight, but actually poor maintenance must always be presuned, Where there
is any possibility of dusting out, local exbaust vontllation must be applied to
the inclosure, In falrly tight eystems there arisc the problems of air quantities
and the maintaining of conveying velocities for dust laden alr under varying cir-
cumstances, A discusslon of these matters 1s glven under EXHAUST VENTILATION
bolow,

The major point to be emphasized in this connectlion ie the Importance of
kooping process materials within the procoss stream ond thoreby minimizing the
health and econanic probleoms of rchandling that portion collected as dust,

An example of a process not amenable to control by closecly applied cover or
exhouot ventilation was the wolghing and dehosading of drums of pitchblendo.

" Thoso operations had to be walled off bocauso of gamma radioactivity, and inci-
dence of radon and dust, For protoction of plant omploycos these operations
wero established in & closed ventilated room utilizing remotely oporated equip-
mont, It was oxpediont further to isolate tho opcrator in a concrote walled
roan that projoctod into the procossing mroa, Tho concrete walls and a lead
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glaoo ‘window provided for his cauplole protoction,

The handling of hydrogon fluoride is obviously a dangorous oporation, and
where it wvas nccossary to do so indoors, tho bulk of tho equiyment was isolated
in a walled off erca of the buillding, provided with continuous supply and ox-
haust ventilation at sbout fifteen air changes por hour. Emorgoncy ventilation
fanc woro furnishod that would move up to about sixty air changes por hour and

thoso were linked olectrically with automatic dampors in tho exterior walls
which would opon when ths fans operatod, insuring adequate inflow of air to the
space. .

EXHAUST VENTILATION

Both local and general exhaust ventilation were employed wherever needed
throughout the project.

Dust control claimed the major portion of all the design work dome on the
industrial health aspects, embracing a variety of procoessos in several buildings,
Self-balancing systems wore designed such that at tho desired rates of flow the
total preesures at main and branch Junction points were calculeted to be identi-
cal,

It 48 not Infroquontly the casc on construction contracts, and this was no
exception, that dust collecting and other air handling equipment must be ordered
very early in the design period to insure delivery on timse., This meant estimat-
ing collecting requirements before the process equimment was fully known. Then,
aefter process design was firm, however changed, i1t meant recalculating the local
exhsust systems to (1) give the desired control, (2) be self-cleaning, (3) be
solf-balencing, and (4) be adaptable to the collectors bought. Heat losses in
some bulldings were only a fraction of the heat required for replacing ventilat-
ing air, so that the procurement and adeguacy of supplied air heaters and blowers
were directly affected by the early estimates, Successful accomplishmont of this
type of work necesslitates spocialists of considerable experience and Judgment.

The handling of hot corrosive dust laden gases, scmetimes accompanied by
water vapor, required alloy ductwork and collectcrs as well as Judicious cooling
by water Jacketling of ductwork in some instances or introduction of dilution sair.

Air quantities for local exhaust vertilation wers determined by the needed
inflow through actusl end anticipated cpenings to prevent contaminant from get-
ting out. Volumes and entrance lossos for the unusuwal typos of hooding were
readily determined, but, for tightly closed vessels receiving dry materials,
venting for egroos or ingress of alr had to be provided, and for reascnably
tight systems some provisions had to bo made for inspoction ports which might be
left open or panels not tight. Throe measures were employed.

1. Wwhere a vesscl was perfectly tight and was to £ill or empty at a steady
rate, e breather bag of large slze was suspendod vertically, the top end closed
and the lower end tled over a short vent pipo on the vessel. Usually a dust col-
lector bag was used. A woathor cover was furniched on outdoor installntions,

No exhaust ventilation was applicd.

2. TFor tight weigh vessols, not tolerating o breathor bag, a conical or
bell-shaped oxhaust system inlet was located over and around the top of the veont,
but not touching it. Thise io an adaptotion of the familiar draft diverter stack
connection usod on domoutic gas furnacos. Tho requlred velocity of air for dust
carrying is maintainod in the exhaust branch without physical connoction or un-
due draft on the voosel, yot eny escaping dust is cepturod. Volumo and velocity
of tho exhaust air must bo adequate for any oxpoctod surges whon filling the
vosool,
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3. For fixed vosocls or rcasonably tightly onclosod .systoms a rigid duct
connoction was mado., A port was cul into tho sido of the duct close to tho con-
noction and a 8llding slecovo installed to pormit covoring as much of the port as
necospary for control, This dovicoe pormits application of draft to tho vessol
or systom oxactly as nooded and allows sufficiont by-pacs air through the port
to maintain carrying volocity.

Powerod roof ventilators wore widely employod for general ventilation for
the removal of hoated air gonorated by procoss or summer sun, A five dogres F
tomporature rise ovor ambieont was usually takon as poermissible for calculating
volumos to bo removed., (Make-up elr was not provided for heat removal exhaust).

An exbaust systom of some interest was that provided in a pitchblende thaw-
house for removal of radon. A thawhouse is a necessity in winter for treetment
of frozen drums of ore prior to processing. Enormous quantities of heated air
would be necded for the combined requirements of radon removal and thawing under
ordinary circumstances, Using the isolation princlpal, the thawhouso was made
up es8 & tight box, the drums of pltchblende traversing it on powered conveyors
betwoen steam heated plate colls, Inlet and outlet doors were self-closing,
counter balancod, open only for introducing or releasing drums. An exhauster,
discharging to & high stack, was made to operaete continuously. "It could draw
little air except when a thawhouse inlet or outlet door was opened, and even then
. 1t was dampored to about half capacity. Should access by personncl be necessary
either or both of two large purge doors in the sides of the thawhouse could be
opened, whereupon the exhauster damper would autcmatically open wide and the
chamber would be purged of the heated, highly radon-contaminated gases. Blocking
open the end doors would hasten the purging. Following the emergency, shutting
the purge doors cause the fan to be dempered as before., (Of course the radiation
bazard is serious in this bullding so that operators having to enter can stay
only a very limited time.)

‘ For comploteness, it is well to mention that a plercing device was placed et
each inlet door for perforating heads of drums prior to thelr introduction. By
this means any dangerous steam pressure buildup in the drums during thawing was
averted. .

FILTRATION OF SOLIDS .

The choice of air filtration equipment for uranjium dust and asesociated ma-
terials was the reverse Jet suspended bag-type collector. Cost, adequacy of
filtration, commerclal availabillty, practicability for maintenance, and success-
ful experience in similar operations were all Important considerations. Although
not subjected to the heavy lcadings for which-this type collector was designed it
had been found to give better than 99 por cent recovery at fractional grain load-
ings of compareble dust. An optimum filtration rate of 10 to 11 c¢fm par square
foot of filter cloth was determined on &n efficiency - horse-power - maintenance
besis; 15 cfm per square foot was the design meximum. The bags employed were &
specisl resin treated wool felt, and yanged from 9 to 18 inches in dlameter, do-
pending on the vendor. Their top operating temporature was limited to 180°F.
Recently, calendared orlon bags have become availuble and some were furnished to
the project on en experimental basis., These show much promise in regard to acid
and elkali resistance, high temporature (275°F.) and wear.

Fixed vecuun cleanor syctoms were estsblished for cleanup work, and in some
instances to provide or supploment local exhaust ventilation. The effluent air
from thoso, haoving beon filtered in cotton bags, is dirocted to roverce Jet bag-
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type tollectors for cloanup. Tho vacuum cloanor systems in many instancou also
provide dust colloclor unloading facilitico. Thooo colloctors so sorved aro
fittod at bottoms of hoppers with a uniquo wind-swopt vulvo connocted to tho
vacuun system. All dust caught in scvoral colloctors con bo transported to ono
locality whoro tho matorial can bo placed in drumo and roturned to procons,
Dust collectors woro thoroughly instrumontod. ZXach stack is monitored by a
photoolectric haze detoctor with alarm to warn of leoaking or brokon bags. To
reduco woar on bags and to maintain & high filtration efficiency, blowring oper-
ation is controlled by differontiel pressurc across the bags, usually being
placed in oporation at four inchos wator gage and cutting off at two Inches
water gage. Each colloctor has a low differential pressure alarm, normally sot
at one inch water gage. This dovice also deotocts broken beags.

Wot collectors were specified for hundling stoamy dusty alr, utilizing the
principle of passing air around an underwater baffle. Provision was made for
fiberglass after-filters, should they be required. ZElectrostatic mist collectors
were provided for handling uranium bearing oil mist from machining operations,
the cleaned air being returned to the room,

MARE-UP AIR

In buildings having exhsust ventilation the provision of make-up air is an
important factor in the control of toxic dusts or gases., It is often overlooxed.
Where small volumes are withdrewn infiltration may be adequete, but 1t 1s alwegys
woll to investigate. To prevsnt rooms or buildings becoming sirbound and to in-
sure the unimpaired functioning of hoods and inclosures connected to exhaust
systems, make-up elr was carefully distributed, tempered as needed, in amount
equal to or slightly greater than thet withdrawn. In most instances it was
further heated to teke care of the winter heating requlrements of the bullding.
To consorve steam the large make-up eir units were sutomatically dampered to
recirculate room air when exhaust ventilation systems were shut down. ZEach such
supplied air unit consists of & standard steam coll and blower set supplemsnted
by a moving freme automatic oil-typse alr flilter and by a damper set and controls
that permit outdoor air for make-up and recirculated air for the remeinder, The
filter protects the heating coils and keeps dirt out of the distributlon system,
The oil in the filter is itself clesned by pumping it through e replaceabls
cartridge filter similar to that in an automodblle 01l system,

Supplied air distribution systems followed the usuel ASHVE practice. Stain-
less Bteel and protective~coated steel had to be provided in corrosive arees.
Certain recirculating air heating colls were protected by a baked-on protective
goatling. -

WET METEODS

Tho haﬁdling of tho roject gangue materials with which the radium leaves
the procoss strcam offored a potentiel bazard es (1) radioactive dust, (2) a
source of direct gamma radistion, and (3) & source of radan gas. Catalytic 8
process enginooring group workoed out a system such that the materisl i1s never
handled in dry form. Following digestion of the orc, the insolubles are filtered
and washod and the wot fllter cake 18 ropulpod immndiately. The resultent slurry,
carrying the redium, is pumpod to lerge covored concrote storage tanks located
woll away from the oporations aroa. Tho solids settle out in thoso tanks and tho
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cloar docant liquor ia recycled for uso sgain as tho ropulping modium. Tho £il-
tration 10 dono in voutilatod rooms bohind barrier walls,

Roferonce wao mado oarlior to the use of fixod vacuum cloaning systoms for
cleanup of dry matorinle, For wet spills sump systems wero provided into which
tho floor and platform washings can bo directed. Sump contents aro subsequeontly
introdugod into tho process strcam in wet form., '

.SPECIAL PROBLEMS

There were many unususl problems, One wherein processing and health were
equally demanding involved the ventilation of a rotary pitchblende dryer. As
much as five per cent of the charge could be carried over in the off-gasos,
which were to be in the vicinity of 4009F., undoubtedly 100°, or more, higher at
times. Bag filtration was the method of choice, but bag allowable temporature
was limited at the time to 180°F. To cool the gases a heat exchanger was pro-
cured, having a water tube bundle suspended in an insulated shell through which
the gases should pass. To prevent condensation on the tubes (gases could have
as high as 130°F. dew point) and to minimize duet adherence to cold surfaces a
recycling system for the cooling water was designed to maintain its entrance
temperature at sbout 100°F. (A higher temperature gave too little spread for
cooling.) To relieve the cooler of the great burden of dust & multi-cyclone was
provided ahead of the cooler, Both cyclone and cooler were equippsd with rotary
feedsers continually discharging the accumulated dust to a process conveyor.
Finally, the riser fram dryer to multi-cyclone was made as large &as practicable
to reduce the velocity and the carryover (ebout 1400 fpm was the lowest attain-
able). Such a system is more complex than desirable, but with attention will
pey for iteself in values saved many times over.

TESTING - .

All beating and ventilating and vacuum c¢leanlng systems were subject to
rigld porformance testing by the constructlon contractor prior to turnover to
the operating contractor. Catalytic specifications covered air quantities,
balancing, permissable instruments for tesiing and methods of conducting tests,
a8 well as workmanship and furnishing of specified materials and equipment,

Very generally +15 to -5 por cent of design rating was allowable for dust col-
lector systems, with a + 10 per cent for balancing. Supplied air systems, being
less complex end being balanced by dempering, were required to be balanced to

+ 5 por cent, .

T " In conclusion it is worth noting that the work done on this project on
hoating and ventilating and dust control occupled the efforts of six engineers
for 1-1/2 to 2 years and resulted in installatlions in these categories approxi-
mating somc $2 million, installed cost, or about 2-1/2% of total project cost.

In the six major plants ~ Ore Refining, Grecn Salt, Metals, Metals Fabrica-
tion, Sampling, and Scrap - thoro are 34 duet collectors and 34 fixed vacuum
cleansrs, plus cortaln aurxiliary continuous exbausters, emorgency exhausters,
and requisite make-up air hoaters, Based on procured equipment only (mot in-
cluding piping, ductwork, conduit or eny installation costs) all such hoaeting
and vontilating equipment roprosented about 4 per cent of the total process
equipment cost for these plants. The voriation wes 2-1/2% to 10h. Hersoy-typo
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collectors rangod in oizo from 600 cfm (at equipmont cost of $3 to $6 por cubic
foot dopending on deoign and uso of stainloso utool) to 15,000 cfm (ut $0.95 to
$1.35 por cubic foot),

Acknowledgmont is mado of tho consliderablo apsistanco afforded by Mr. W, B.
Barris and hio staff of tho Health and Safety Laboratory, New York Operations
Office, AEC; also that recoived from Mosors, K. J. Caplan and Mont G. Masan of
Mallinckrodt Chemical Works, St. ILouis, and fram Mr., R. C. Eeatheorton and ’
Joseph Quigloy, M., D., of National Ioad Co, of Ohio, Cincinnati.
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TESTS OF THE AERODYNE DUST COLLECTOR
warren H, Smith, G.E., ANP i

This presentation of the alr cleanling program of the Aircraft
Nuclear Propulsion Decpartment of Gecneral Electric will be limited
. to recent tests of the Aerodyne dust collector.

Mechanical dust separators usually do not involve as great expense
due to accumulated dust as do filters. The Acrodyne was a mechanli-
cal dust separator which was available..for test and which appeared
possible to operate at required efficiency in the 2 to 5 micron
range of dust particle slze. Previous tests on the Aerodyne had
been made at dust concentratlions of 0.5 grain per cubic foot and
higher, as are encountered in usual dusty industrial processes.

This information Indicated an increase in efficlency with a decrease
in dust concentration. No informatlon 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 efficlency of dust
separation 1s dependent upon the slze distribution of the test dust.
To test the efficiency at small particle sizes, 1t 1s necessary to
separate, from the test dust, the large agglomerates, which may con-
tribute a large fraction of the mass. To permit comparison of
results, the size distribution of the airborne dust must be deter-
mined.

The essential feature of the Aerodyne dust collector is a cone,
shown 1n Slide 1; thils cone i1s the primary separator, in which
dust is concentrated toward the apex; the separation occurs when
the air makes a sharp turn out through the louvres and the dust,
having greater lnertia keeps a stralghter path, toward the apex.
'(S1ide 2). sbout five percent of the total alr flow, along with
the separated dust passes out from the narrow sectlon of the cone
and is drawn through a two stage cyclone separator of conventionzl
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 ozxide powder, of Merck or Baker & Adamson
manufacture, technical or CP grade.
The dust was dispersed from the Jjet shown in Slide 3. The copper
oxide agglomerates were transported to the jet where much of the
agglomerated material was sheared into smaller particles. The
dust feed system is shown in Slide 4.

_The copper oxide was fed to the pneumatlc transport tube at an
adJustable rate by raising a hydraulic elevator. The elevator
and copper oxide tube were in a pressurized container, bullt up
from pipe, tubing, and fittings: the standard fittings are not
detalled in the schematic drawings. Compressed air at about 90 psig
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was put through 2 parallel, porous, lliquid entralnment separators
and then through a depth of about 6 feet of 6-12 mesh silica gel
to make the air unsaturated. Thils drled air was fed to the jet
and to the pressurlizing contalner for the feed tube. The flow
through the pneumatic transport lineé was stabllized by a diaphragm
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
supply tube and a small light permitted observation of the copper
oxide level in the supply tube and indicated the uniformity of
delivery to the transport tube. Feed rates yielding from .5
grain/cubic foot down to .0087 grain/cubic foot were used, at

2320 standard CFM total flow. i :

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 Filsher-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. The average of 20 values is given; the
maximum deviation from the average was 2%. Manometers were also
‘used to check pressure differentlals across the large filters,
across the blowers, and at several other points of the flow system.

The efficlency of dust separation was obtained by welghing the

dust collected in the Aerodyne dust chamber and taking the ratio

of this to the amount dellivered to the Aerodyne; the amount de-
livered 18 the difference between the total amount fed to the Jjet
and the amount that settles out in the large dust chamber. The
amount settling out was determined by careful cileaning of the large
dust chamber with a "Filter Queen" brand vacuum cleaner. With thils
cleaner 1t is possible to weigh the filter and collected cusc
separately from the rest of the cleaner so that accuracy to one
thirtieth (1/30) of one ounce 1s posslble. The same method was
used to get the welght of Cu0 in the dust collection chamber of the
Aerodyne Unlit. K . .

The Aerodyne Unit as supplied by the manufacturer gave separation

- efficiencles around 41%, due to partial flow through a pipe from
the dust concentrate line to the main blower, (Slide 2). Vhen this
opening was plugged and reasonable flow establlished in the second-
ary flow circult by increasing the secondary blower speed by 33%

to give .3 inch water lower pressure 1in the cone exlt than in the
cone chamber, the dust removal efficlency was increased to the '
values given in the abstract, 62 to 79%, depending upon dust
concentration. _
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The airborne dust particle size distribution was obtained by
examination of a.typical area of a "Millipore" analytical filter,
upon which a sample of the dust was deposited.

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

‘The parameter M, Slide 6, i1s the index number of the areas, and

corresponds with the micron scale when the o1l immersion, 95X
objective was used, with 15X eyepiece. Other magnifications

were used to Increase the statistical accuracy for larger particles,
but the data at high magnification is required to provide the
distribution at small sizes. Use of the 3 magnifications and re-
duction of data to equivalent 95X conditions leads to some non
integral values of M. All data are normalized to the same total
area, corresponding to 30,300 reticle flelds 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

Ayt »

volume and normalized to give the mass distribution:
3 ( AN
51.5 D7 (-Zgr)

The mass median'was obtained by numerical integration of the mass
distribution, giving the value 4.3 microns; the mass median size
is indicated. 4

" The overall efficiency* of the Aerodyne, E, 1s in terms of the

separate average efflclienclies of the cone, E;, and of the cyclone,
Ez : . ' . v .
E = TZE;(I-Ez)

This relation follows from the steady state condition for the
mass of dust recycled per second, K, in terms. of the effliciencies

E; and Ez and the dust mass fed to the system per second, M:

K= (K+M E; (1-Ez)

Here K + M 1is the dust load per second .entering the Aerodyne cone,
E; the average efficlency 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 séparation efficlency 1is
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 efficiency, Ez, similarly applies to K + M, the combined

»*

Derived by C. C. Gamertsfelder, private communication.
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distribution, but miltipllicd by the separation efficlency, 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 indlicated by the dotted squares 1in Slido 2.

With other conditions the same as when the overall efficlency of
69% was obtained with the cyclones as dust collectors, with the
filters an overall efficlency of T3% 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 efficlency 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 efficlency of 73% 1s used with the overall Aerodyne
efficiency of 69% (all at .1 grain/cubic foot), and if the effic-
iency for the combined recycle and primary dust is assumed the
same a8 for the primary dust, the calculated cyclone efficiency

. for the combined dust is 82%. : :

The efficlency relation gives.useful and possibly unexpected

results: .
1 2 -
(primary) (secondary) (overall)
50 /100 50
100 50 1100

These values indicate that the primary efficiency E, is (if both
E; and Ez are tolerably good) much more importanc. :

XXX
.
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The .Aerodyne Test Results are tabulated:

Welghts of Cul, grams:

Settlied Delivered Collected Collectlon ‘ Dust Concen-

To Jet 1in Dust to by - Efficlency tration grains/
Chamber Acrodyne Aerodyne % . ecublc foot

820.0 461.6 358,14 222.3 62 - W49

614 248 366 232 69 .112

710 231 479 249% 5% | 112+

621 281 340 269 79 .0087

* Filters replaced cyclones.

ACCURACY:

Welghts were accurate to 1% or to one gram, the. larger being
applicable. The collection efficiency accuracy is 1%. The
particle size distribution by number has statlstical 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 magnification used in counting'
particles, to another magnification displaced the corresponding
points of the distribution by slightly more than a M = 1/2.

Fach particle was assigned to a group within & M = 1/2, The perceptidble dis-
persion of tho experimental points of Slide 6 is duc primarily to the diffi-
culty in classification by group index M, even though eleven groups were used.
This source of error is larger for smaller numbers of groups. The mass median,
4.3, microns, is accurate to ane micron, limited by exporimentel uncertainty
in the distributionm.

To summarlze, the efficlency of an Aerodyne Dust Collector was
determined as a functlon of dust concentration, for values below
1 grain/cubic foot. Copper oxide powder was the test dust, with
an experimentally determined mass median of 4.3 microns and with
no particles observed above 9 microns. .The efficilencies obtained
were: - .

Approximate

’ ~ Dust Concentration Welght Efficiency
’ .5 grain/cucic foot - 62%
.1 grain/cubic foot 69%

.01 grain/cublc foot T9%
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BRIEF SUMMARY OF AIR CLEANING PROGRAM AT
WESTINGHOUSE ATOMIC POWER DIVISION,
PITTSBURGH, PA.

E, C. Barnes

Until recently the Westinghouse Atomic Fower Division experi-
mental facilities were largely devoted to the development and.
manufacture of the submarine thermal réactor\(STR)ApQVer plant.
During the first phase of our program, whlch involved construct-
ing nev facilities and doing reseaxrch, development and design work;
congiderable effort ﬁas oxﬁended not only in controlling the hazards

during this work, but also in developing processed vhich would

minimize the production or dispersion of dust or fumes.

Currently a wide variecty of research anq development work is
being done involving such activitles as chemistry, chemical engi-
neering, physics, metallurgy, enginoccring and electronics, Also,
manufacturing operations are being donc which involve a varliety
of processcs and macdnes. Radiation or radloactive materials

are used in many phases of theso operations,

A considoerable variety of dusts and fumes are evolved wvhich
requlirc the use of some form of dust or fume collecting equiﬁmcnt;
but, vith & few exceptions, high dust loadings or high levels of

| WASH-170 ‘ 99
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radioactivity are not oncountored. Some of the.facilitics which
require exhaust ventillation and dust 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 in slze from No. 1} to No. 6 with a total capacity of
approximately 70,000 cfm. Precipitrons having a capacity of
7,500 c¢fm are in use for dust conﬁrol. A specilally designcd filter
is used on coertain metallurglical and machining operations. Ve
refer to this as an "accountablility filter", and it vas designed
pricarily Lfor the collection of dusts vhich might need to bve

recovered.

These units consist of & rectangular case with air entering
at the top &nd passing dowvavard throuvgzh two layers of FG-50 fiber-‘
glass f£iltor media supported horizontally on a scroen. The filter
nedia is operated at lOO.cfm per squafe foot. Immediately beneath
the £ilter is a plonum chambor contalning an ex@aust fan., The
flat top of the case is removable to permit access directly to the
filter medla so that it can be rolled up and retain all the cust Iin
it. This arrangement poermlits cleaning of -duct work and openling
the tép of the filter to clean down the vortical‘surfacés on the
dirty side of the filter media while the exhaust blover is operat-
ing. This preveats any dispersion of the dust, as well as deposit-
ing it all dirocily on the filtop media. 'The dust loadings on
" these oporations are low, Thirteon of these units are in use:

10 - 500 cfm units, 1 - 2500 c¢fm unit and 2 - 5000 cfm units,

« 4
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In addition to this dust collecting ecuipment, therc has
beon necd for a number of "clean rooms"”, and these are furnished

with air which has boon clecanod by Procipitrons.

Stacks from some dust collectors are sampled continuously
during their operating period using filter paper aampiers which
have beon permanently installed. Such monitoring 1s done on only
those stacks vhere it has been demonstrated that rédioactive

. materisals may pass through filters in éignificant concentrations.
Other dust collectors are period;callyiinspected to insure satls-

factory operation.

In general 1t can be said that the dust collecting equipment
vhich we are using at the present time is taking carc of a wide

varlety of dust, fumes and vapors; and serious difficulties are

not beoing experienced.




TOWER OBSERVATIONS OF ATMOGHIERIC DUST
AT THE NATIONAIL REACTOR TKIGTING STATION

By P. A. Rumphroy, E, M. Wilkins, and D. M. Morgan, USWB, 100

Considoration that tho placing of air intakes for roactors at
various olovations above the ground may bo important to air cleaning

dosign has resulted in towor observations of dustiness at the National

‘Reactor Testing Station. The purpose of those observations is to deter-

mine for various meteorologlicael conditione the veriations of dustiness

in the vertical.

It wvas assumed beforchand that the vertical gradient of dustiness
would show characteristic differences for various wind velocities, and for

‘temporature lapse (daytime) and temperature inversion (nighttime) conditions,

Tho 250-foot radio tower 1n the Central Facilities area was used to
elevate high volume alr samplers to various heights above the ground
(Figure 1). The tower also accommodates qontinuous recordiné resistance
thermomstors at the 5, 100 and 250-foot lJevels, which aro used to determine

temporature lapse and temperature Iinversion condition@. Continmuous wind

spced rocords from an instrument exposed 20 feet above ground were used

. rather thon records from the wind equipment on top of the tower. The

high-volume samplers were attachod to the towor at 5, 15, 30, 100, and 250
feet (Figure 2). Reto of flow through tho samplers was checked at the

boginning and ending of each sampling period.

Dust Concontrations

As might be expoctod, 1t is oxtremoly difficult to soparate the effect

of winds from thet of air étability, bocauso the stronger winds and

102 ' WASH-1T0
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temperature lanse conditions tend to occur simultancously. Plots of dust
concentration versus hcigiht for several conditions are shown in Figure 3.

The following points are made:

1) Concentrations near the ground are much higher during periods
of strong winds, but at 250 feet they are no higher than during

periods of light or moderate winds.

2) There is little practical difference between cancontrations
during lspse conditions and Inversion conditions as long

a8 wind specds arse about the same. .

3) The decrease of dustiness with height shows a distiﬁct advantage
in having air intakes located at the highest fcasible elevations.

This is especially trué for the dustiest conditions.

Table I gives percentagcs of the 5-foot level dust concentrations
found at levels above five feet. Note that there is only 42% as much dust
at the 30-foot level during dustiest conditions and from 505-69% as much

during average conditiocns. .

Particle Sizes

For particle sizing, dust was vacvumed off of the fluted filters on
to molecular filters, and counting was accompiishcd by conventional methods
using a Porton graticule in the ocular éf the microscqpc. Hedian sizes
ranged between three tenths and six teﬁths of a micron for all sampling
periods,'and all levels. As might be expected, the medizr size decrecases

with height, and increases with wind speed. There was a noticeably smaller
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percentago of particles greater than 10 microns at higher levels. In the
dustiest sample, the percentape of particles larger than 10 microns was

five tines less at 250 feet than at five fect.

. ;
Also of interest is the variation of the standard gcometric deviation
of particle sizes with height during various conditions. The same samplings
shown in Fipure 3 are plotted in ?igure L. The exact shape of the curves
cannot be verified for so few sanples; however, the foilowing ifems are

worthy of mention:

1) The two curves for lapse conditions show characteristic increases
in standard geometric deviations (which means decreasing

homogeneity of particle sizes) with height. Wecar the ground,

however, the deviations are smaller for the cleaner somple.

2) The curves for "inversion" and for "lapse and inversion" show
characteristic decfcases ol stamiard‘geomctric deviations with
height in the lower levels. These curves shos larger standard
geometric deviations near the ground than the two curves for

L 3

lapse conditions.

3) The standard geometric deviations tend to be about the same at
the 30-foot level during all melcorological conditions, ranging

from five to six.

Larger Particles

Since the characteristics of the larger particies were not easily

observed at the magnification of 1800X used for particle sizing, material

wne
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rnoderate winds; but only 6% had moderate winds in the second test,

Table 1, Percent of 5-Foot Level Dust Concentrations .
T - Fourd a2t Various levels

National Reactor Testing Station

Total .

- Exposure 5-Ft. level
wind Condition Hours Concentration 15-Ft, level 30-Ft. Level 100-FLt. level
1APST »
Mostly Strong 10 . 0.416 mg/m3 —% L2% 17
Mostly Light 33 0.028 ' &9 62 3e
Mostly Light A €.085 89 63 39
LAPSS AND DNVERSICN' _ ?
Yoderate Day - Light, Night 21 0.091 90 IA _ B
‘Moderate, Day - Iizht, Nisht 21, 0.075 85 69 . L9 &
Maierate, Day - Light, Night 2L 0.072 76 50 22 ©
Mederate, Day - 1ichy, Night 72 0.069 - 55 35
Yostly Light, Day - Light, light 21, 0.068 83 , 57 11
Mostly Moderate, Cay - llostly Light, Night 72 0.053 _— —_ - 38

i DNVERSION %
Light . - 53 0.065 99 ' 79 . 65
Light 55 0.051 ey 79 56
Light Wind O - 11 mph, Moderate 12 -'23 mph, and Strong > 23 mph
© % In the first inversion test, 19% of the preceeding lapse periods had

U. s. y". B.

Strong winds did not affect either test.

Got



106 WASH-170
}

was shaken from the fluted filters by rapping and exomined at 100X,
The following remarks apply to the examinations of the samples at low

power and do not compare particles smaller than bgy.

A )

For all conditionsg at the elevations sampled,particles
in thec size range from Q;u to 99A predominafed the microscopic
field. At lower levels inorganic matcfial was predominant over
organic material when smaller sizes are considered except
during the windy, lapse period and dﬁriég the typical inversion

period. During these periods inerganic and organic material

were more uniformly mixed.

At -higher elevations there were fewer iarge inorganic
particles C>-109A0,and in the typical inversion case there were

practicallj none even at the lowest elevation,
Laréést inorganic particles varied as fo;lows:
TABLE II.'
5t 10! 2501

Continuous (Lapse and 309#—559# 269/* 7§u—l7§/u

Inversion)

Typical Lapse - 6400 a5 - —
Windy Lapse 890 360m 100
© Typical Inversion 20g/1 ?2/( -

Shape was perhaps a factor in determining the heights at which

largest inorganic particles were found since some were flake-like..
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Crgenic material appears to have lcss density and does
not show significant size variations with height. The ratio
of small to large particles remains nearly constant. Pollen

varicties from 69;4 to 1,594 were evident at all levels.

Several houseflies were always present in each filter
for 5 and 15 foet, but never at 30 feet and above., Smaller

insocts (309«-2809&4) were present at all "levels.
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ADDENDUM

Metcorological conditions during test periods considered in Figures
3 and 4. Wind given for 20 feet. Temperature gradient considered for 5 feet-

to 250 feot.

On:
. Duration:

Wind Spced:

Stability
Condition:

Sky Condition:

Vicather:

LAPSE AND INVERSTION

0805 ST, August 25, 1953 - Off: 0805 MST, August 28, 1953
‘f2 continuous hours

Moderate during day and light at night -

'Auggst 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
at 1428 MST. )

e

Aupust 26, Hourly averages, 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. Peak gust 33 miles per hour at 1136 MST.

August 27. Hourly averages, calm to 5 miles per hour
until mid-morning, becoming 12-16 miles per hour during
afternoon and then dropping to 2-8 miles per hour at
night. Peak gust 2§ miles per hour at 1,47 IST,

August 28, Hourly averages, calm to 6 miles per hour
until terminated at 0805 MST. Peak gust 9 miles per. hour
at 0100 MST. .

+.

August 25. 10 hours lapsc, maximum 6.2°F. 6 hours
inversion. :

August 26. 12 hours lapse, maximun 6,9°F. 12 hours
inversion. . ”

August 27. 12 hours lapse, maximum 5.4°F. 12 hours
inversion, ' _

Aurust 28, 2 hours lapse, maximum 2.0°F. 6 hours
inversion.

Mostly clear skies for entire pericd.

None




Duration:

Wind Speed:

Stability
Condition:

Sky Condition:

Weather:

INVISRSION,

WASH-170

JIGHL WINDS

Aupust 14,

1909 MST, August 10, 1953 - Off: 0815 MST, August 11, 1953
1915 MST, August 11, 1953 - Off: 0815 MST, August 12, 1953
1903 MST, Aurust 12, 1953 - Off: 0643 NST, August 13,.1953
1832 MST, August 13, 1953 - Off: 0750 MST, August 14, 1953

53 hours 4 minutes
Light for entire périod except for 2 hburs molerate

Auvsust 10, Hourly averages, 5-9 miles per hour until

midnight . Peak gust 15 miles per hour at 21C0 MST,
Au ggst 11. Hourly averages, calin-4 miles per hour in

morning, 3-8 miles per hour at nlght. Peak gust 14 miles
per hour at 1900 MST, :

Aumust 12, Hourly averages,
morning, 7-10 miles per hour

per hour at 1900 MST.

August 13, Hourly averages,
morning, 7-17 miles per hour

calm-5 miles per hour in
at night. Peak gust 16 miles

1-8 niles per hour in
at night. Peak gust 28

- miles per hour at 2130 MST.

v

August 14, Hourly averages, calm-4 miles per hour until
termination.

Peak gust 8 miles per hour at 0100 MST.

Aumust 10. Inversion began 1917 MST.

Inversion ended 0636 MST,

Aumust 11. began 1914 MS3T.

Aupust 12, began 1859 MST.

August 13.

Inversion ended 0710 MST,
Inversion ended 0708 MST, began 1819 MST.
Inversion ended 0647 M3T,

Mqétly clear August 10, 11, and 12, partly cloudy 13 and 14.

None .
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JAPSE, LIGHT WINDS

On: 0810 MST, August 4, 1953 = Off: 1610 MST, August 4, 1953 -
On: 0757 VST, August 5, 1953 - OLf: 1612 M3T, August 5, 1953
"On: . 0755 MST, August 6, i953 - Off: 1611 MST, August 6, 1953
" On: 0745 MST, August 7, 1953'— Off: 1545 MST, Avgust 7, 1953
Duratiou:. 32 hours 31 minutes
Wind Speed: Mostly light with some moderate

’ August /. Hourly averages, 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 averages, 4-~10 miles per hour entire period.
Peak gust 20 miles per hour at 1600 MST. :

August 7. Hourly averages, 3-9 miles per hour except 12-15
miles per hour last two hours of period. Peak gust 28
at 1538 MST, o
Stability e
Condition: August 4. Lapse began 0655 MST, ended 1921 MST, maximum
’ .5OF. ’

-

A“EESt 5. Lapsc began 0646 }ST, ended 1930 MST, maximum
5.6°F. ,

éupgst 6. Lapse began 0700 MST, ended’ 1808 MST, maximum
.50F,

August 7. Lapse began 0716 MST, ended 1845 ST, maximum
00 F. ‘ . .

Sky Condition: Mostly clear August 4, 5 and 7, partly cloudy on 6.

Weather: None




On:
Duration: -

Wind Speed:

Stability
Condition:

Sky Condition:

Jeather:
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LAPSE, STHONG WINDS

L

0843 MST, August 2, 1953 - Off: 1857 NST, August 24, 1953
10 hours 14 minutes

Hogtly strong with some moderate

Aupust 24. Hourly averages 24-25 miles per hour most

of time with 12-21 miles per hour at beginning and end
of period. Peak gust /1 miles per hour at 1403 MST.

upust 2k. Lapse began 0728 ST, ended 1900 MST,
maximum 7.6°F. .

Scattiered cloudiness

Tn addition to the general dustiness of the air, individual
clouds of blowing dust from numerous sources of loose soil
were visible in all directions. Dust clouds from nearby
points of origin frequently blew across the sampling site.
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_' : KAPL AIR CIEANING FROGRAM

By L. J. Chorubin and J. J. Fitzgerald, GE, KAPL

o
ABSTRACT:

A brief description of the air cleaning regquiroments at the Knolls Atomic
Powor Laboratory is given. A total of 407,600 cfm of air is cleancd in which
the CWS-6 filter units are used to clean approximately 80 per cent of the air
at the Laboratory. Caustic scrubbers and an electrostatic precipltator are
utilized in specific eir cleaning opcrations,

The efficiency of the air cleaning units is indicated by the low concentra-
tions of radicactive and toxic materiels in the environs which are tabulated.

The collection efficiencies of six filter media used for air clecaning and
air sampling arc 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 describe
the Leboratory and its program. - The Knolls Atomic Power Laboretory is operated
by the General Electric Company under contract with the United States Atomic
Energy Commission. Mr. Karl R. Van Tassel is the General Manager. Dr. Kenneth
H. Kingdon is the Technical Department Manager while Mr, F. E. Crever, Jr., is
the Engineering and Projects Department Maneager.

The Knolls Atomic Fower Laboratory is primarily concerncd with the develop-
ment, design, manufacture, and installation of an intermediate reactor for sub-
marine propulsion., This reactor, first of its type, uses uranium as fuel and
sodium as a coolant and will be installed in an actual portion of a submarine
under construction at our West Milton Site. The reactor end engine room com-
pertment of this submarine prototype will be enclosed in a tank of water located
within a gas-tight 225 foot steel sphere, the largcst aver built, The laboratory
is also engaged in developing a submarine intermediate reactor for actual instal-
lation in & sea-going vessel., 1In addition to this type of work, KAPL is respon-
sible for furnishing the necessary dovelopment work as asslstance to the Hanford
and Savenneh River operations offices. This offort is directed toward improving
production facilities,

The work on these projects, illustrated in Figure 1, is carried on in the
following facililios: the Kuolls Atomic Power L&boratory, located in the Town
of Niskamyuna; Pecck Street Site, located in the city of Schencctady; the Alplaus
Site, Jlocated in the Town of Alplaus, and the VWest Milton Site, locoted in the
Town of West Milton., The Knolls Atomic Power Leboratory (KAPL) io located on a
plot of approximutely 170 ucres of land in the Town of Niskayuna, Noew York,
about 5 niles caot of thoe conter of the Clty of Schenectady and about 1/2 mile.
from tho Genoral Electric Compony Roscarch lLaboratory. It was complotod Janu-
ary 1, 1950, at a cost of approximately $28,000,000.
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Buildings

Chomistry end Chemical
Ergineering (E-1, G-1)

Separations Pilot
Plaat (G-2)

) Sep&ratioﬁs Pilot
Plant (G-2)
Seperetions Pilot

Plant (G-2)

Memufacturing (D-3,%)

Marufeacturirg
(D’l; D"h: Q’h)

Physics.and Metallurgy -

(F} Z“3; A-E)

Redioactive Materials
Leboratery (E<2)

Total

Ko. Exkeust
Thaits

Capaclty Cleaning
Systenm, in cfm

TABLE 1

Alr Cleaning
System

5(3"19 2, 6:7:8)

2(k75-3, 475-4)

2(e-4%, 475-1

475-2)

]

1(E-1)

7(E'h;12; 13)
(E'3: A:E:B)

4(p-3,4)
3

26

154,000

43,000

103,500

200

1,400

78,600

. °®

21,600
4,500

407,600

Glass Wool and’

C4S

Glese Wool and
CWS

Glass Wool and
CWS

NaCH Spray
Colurm - 13'

NaOH 30" I.D.
x 47' high
rorcelain-ring
packed, colurm
23 high

Multiclone
precipitator,
electrostatic
precipitetor,
gless wool

Glass Wool and
CWs

Class Wool and
CWS -

Glass Wool and
CW3

Description of
Arens Tentlleted

Ieboratories, Loods
hot caves, basecents

Cells, evaporator areas,
rot d-ain tunnels, control
&nd change roczs

Weligh tank ard coanstent

read ereas, oifices, kot cave,
crene gallery, cell eaccese
corriders, sampling end
rotemeter alsles, cells

Dissolver off-ges end heed
end process vessels vent
eir scrubber

Fold-up end feed, recycle
tanks, ban¥s, end decoa-
temination rocn

Machire shop ventiletlon,
metal worxirg laboretory,
laboratory hoods, veult,
ckarge arces, (high and
low velocity systems)

Health Physics Leboratory,
laboratories end roods,
furpaces end filling room,
vault, degreaser

Hoods

Cave Area, decontamination
arca, hot boxes

Tnits Served or
Zrnee Corered

97

€2

ok

38

529

ol.c-HoYM

61T
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The Atomic Fower Laboratory, as shown in the cowposite photogruphs, connioto
of a main group of five intercommected buildings providing space for adminiolru-
tion, cafeteria, physico laboratory, genoral shops, and motallurgical and engl-
neering laboratorios. In addition, there io another group of thrco interconnectod
buildings housing a chemical laboratory, pilot plunt laboratory, and Separations
Process Research Unit. Therc aro also 12 dotached buildings providing for scrvice
facilities. Thero is approximately 371,000 squarc feet of gross floor spacc in
these facilities. Additional site facilitios include o Preliminary Pile Asscmbly
which is a flexiblo mockup for tho intermecdiate nuclear recactor, a Thermal Test
Reoctor, uscd primarily for resecarch purposco, and Test Cells for a Radioactive
Materials Laboratory.

~ Approximately 20 per cent of the staff is employed at the Peck Street Site
located in Schenectady about one .mile north of the center of the city, and the
liquid metal research work is conducted at the Alplaus Site which is situated in
the Town of Alplaus, approximately 3 miles nmorthecast of Schenectady.

The West Milton Site is located on a plot of about 4,000 acres in the County
of Saratoga, approximately 18 miles north of Schenectady. The construction of
the 225 foot sphere to house the submarine prototype, shown in the composite photo-
graph, has been completed and the sphere has been successfully prossure tested.
Six permanent-type buildings will be erscted at this site. There are epproximately
2,000 people exmployed at the Xnolls Atomic Power Iaboratory and its facilities.

ATIR CLEANING REQUIRLMENTS AT KAPL

To describe the KAPL air cleasning program, the air cleaning reguirements will
be enurerated by a conslderation of the numbers and types of air clceaning systems
used together with the capacities of these systems and the arens serviced. The
efficiencies of these air cleaning systems will be indicated by the concentrations
of toxic elements in the stack air effluents and enviroms,

However, before illustrating the date on the KAPL air cleaning systems and
the concentratlions of toxic materials in the stack effluent and the environs, a
few pictures of the stack air cleaning systems, typical areas ventilated and the
environmental monitoring equimment will be presented to aid in the description of
the KAP'L alr cleaning program.

A 100-foot stainless steel stack serving the Separatlons Pilot Plant is shonn
in Photograph 1120906. The lLiguid Waste Processing building which is situated t
the left of the main building in the photograph has a 50-foot high stainless steel
steck., To the right of the 100-foot stack i1s a caustic vent scrubber serving in
- sgeries with a glass wool CWS filter unit. Separations Proccob gasep and entrained
particulato material are vented through this scrubber snd CWs filter. On top of
the Pilot Plent Bullding you can sce one of many typicel stubby alr exhaust pipes
utilized at KAPL. These exhaust pipes are approximatcely 16 to 20 fect above roof
levels.

A typlecal filter unit encloslng gleos wool and CW3 filters is shown in Photo-
graph 1120529, A portion of the cyclone separator which precedes the electro-
static precipitator ir the Specisl Materials Machine Shop where beryllium and
uraniut arc machined is depicted in Photograph 108699%. A hood in vhich highly
rodjoactive materinls ere manipulated is illustrated in Photograph 1120898, Yuoto-
graph 1085992 shows ventilatlion provided 3in the Special Materials Machine Shop.
Photograph 1120928 deplicts & cave arce in which highly radiocctive mrterianls are
studied for radiciiovn durapgo or offoct on roactor structural materiel or fucl
olomonto., A typical alr monitoring insirurentation omployod at KAPL is shown in
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Photograph 1096993. A GM countor and an air ionization chambor aro unod for thc
monitoring of air in the environs, ‘

Photograph 1107715 dopicto an onvirommental continuous ailr particulato moni-
toring unit employing a GM countor, a vibrating rood oloctromotor and continucus
rocordor, scalers and recordors for tho two GM countors.

An I-131 scrubbor usod for stack and onvirommontel ailr monitoring purposco
is i1llustreted in Photograph 110kh1h, Not shown, however, is a Kanno Chambor
unit usod to dotect the radiloactive noblo gasos and tritium

Tho data in Tablo 1 indicate the various bulldings on thoe Knolls Site, the
mmbor of air exhausti units, tho total capacity of the air clcaning units, tho
type of alr cleaning aystems, a genoral doocription of arcas vontilatoed, and a
number of units sorved or zonen coverod, You can roadily sec that the gluss
wool CWS filtor systems predominnto, that tho cyclono soparator-clectrostatic
precipitron is a major systom whilo the caustic scrubbers are confinod to scrv-
ing thoe vonting of process vessels In tho Pilol Plant and troal a very small
volunes of the laboretory alr at KAPL.

The pature and amounts of toxic elements emltted in 1952 from the various
laboratory buildings are listod in Table 2, Emission of radiogascs is associated
with short periods (a fow hours) end dilution in large volume of stack air.
These gmpes have presented no significant health hazard problems et KAPL., All
those toxic elements are released into stacks discharging from 40,000 cubic feet
of air per minute or more. The Scparations Pilot Plant stack effluent is the
most important factor in the contamination of atmosphere with fission products
and alpha activity. The stack effluent from the Spocial Materials Machine Shop
building (D-3) is the major potential source of berylliwn contaminaticn in the
envirorment., .

The data in Table 3 indicate to samc dogreo the radiation lovels at contact
associated with the particulate filters. As one would expsct process cell air
filters are the highest, :

The range of concentrations of the various toxic elements in the KAPL stack
air effluents ere illustrated by the data in Taeble L4, The data indicate that
etmospheric air dilution must be relied upon for the Separations Pilot Plant
stack exhaust air but the dilution factors required are low even at the maximum
concentrations, / .

The data in Table 5 indlcate that atmospheric dilution ie also requircd to
~reduco I-J131 concentration emitted from the Separations Pilot Plant, and the
beryllium concentration relecased from the Special Materiels Maochine Shop build-
ing to pcrmissible concentrations in the environs. The data indicate that the
CWS filters are vory effective in removing beryllium from laboratory hood ex-
haust air,

The data listed in Table 6 show that no concentration of berylliuwm above
the presceribed limit of 0.01 #g/M3 was detected in the environs. The radioactive
particle count represents sompling of three on-site and two off-site locations
and io dilutcd by data from the West Milton Site. These data also reflect out-
side iInfluences mp well; however, maximum particle counts from KAPL opcrations
exceed those aspociated with outside influence, Tho local particle problem re-
sults from the entrainment of particulate mnterial from the separations procoss
oporations rather than from stack corrosion,

The Tilterable particulate fission, product concontrations which woeroe deoter-
mined at tho environmontal stations at KAPL and Weost Milion are illusilrated in
Tablo 7. Theso concentrations ropreoont 3-or l-day avoragos. Building M-2 1o
in tho prevailing wind direction from the stuck ut a dictanco approximately 10
rirck hoighin awoy. Tho Wool Milton datn aro considored background data for




TABLE 2

AMOUNTS OF -TOXIC ELEMENTS DISCHARGED INTO ATMOSPEERE - 1952

i ~.
Non-Volatile ' :

Puilding Beryllium Fission Products 1 I-131 Radioactive Gases Alphe Activity
Stack Milligrams Curles Millicuries Curies - Curies

D-3 110 ’ -- . -——- -—- | ===

D-k : 11 ' - —— -—— . —

E-1 ——— - - ~500 ——

E-2 ——- - —— ——— -——-

S.P.P. . Lo ko . 113 91 0.7

Total 121 b | _113" : 591 0.7

cct
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TABLE 3

ACTIVITY LEVELS OF AIR CLEANING SYSTENS

- Radiation Levels
(Contact Measourement)

_Building Ares mrep/hr mr /hr
E-1 Laboratory Hood Filter 500 50
E-2 . Radiocactive Materials . .
Laboratory R 10 5
G-1  laboretory Hood Filter 175 10
G-2 Hood Filter ' , 370 1k
' Cell 1 Filter _ . 20,000 1,500 at 3 ft.

: G Pipe Tumnel Filter . .. 950 150




"TABIE L
STACK EFFLUENT CONCENTRATIONS AFTER ATR CLEANING

ALPHA ACTIVITY

Buildigg . No. Samples * No. <3 x 10-13 pc/cc No. >3 x 10-13 yc/cc Meximum pc/ce
¢-2 (5.P.P.) 572 384 188 . 5.7 x 10-11
G-2 (Leboratery 151) 248 ' 218 : -— -—-
E . 521 - 501 . _— —-
E-2 T3 66 7 1.8 x 10732
E-1 502 502 _— -
. G-1 246 - 246 -——- —
DA | | _ FISSION PRODUCT ACTIVITY
e Building No. Semples No. <1011 pycfec No. >10711 pe/ec Meximum pe/cc
G-2 (s.P.P.) . 572 - 43 529 - 6 x 1077,
‘ G-2 (Laboreiory 151) 2L7 o247 _ —-- -
i | 500 L5 9 1.k x 1011
q-2 : 72 . 26 - L6 6.7 x 1011
E-1 502 502 | -—- . —-
G

1 . 26 246 - - —-

het

OLT~IISVM
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G-2 (S.P.P.)

D-3 (Machire Shop end laboratories)

Bullding

Building

Buildin

D-% (Leboratories)

D~k

Building_

) T

D-3 imchine Shop end laboratories) !
Leboratories)

TABLE 5

STACK EFFIUENT CONCENTRATION AFTER CLEANING

I-131
No. Sanmples
L6k 154

No. >10-11 pe/cc

: . TRANTUM
‘ No.> 10‘5
: <5 x 1079 pgfec

No. Semples No. <106 pgfee

T00 486 214

- URANTUM (ENRICEED)

Meryirmm ye/ce

%.7 x 10-8

Maximum ce

8.1 x 106

No. >10™12
No. Samples No. <1012 p¢/ec < 3.3 x 207 pefec Veximum pc/ee
656 . 655 . 1 5.1 x 10712
No. >0.1
No. Samples No. <0.10 ug/M3 <1.0 pg/¥3 Meximun pg /M3
69k 693 1 0.2
655 €55 .-- 0.02

oLt-nsvM



Beryllium
Locaticn

Cn site, downwind

Radioactive Particle Count

Iocation

Toree on site
™o off site

KAPL ENVIRONMENTAL ATR MORITORING - 1952

136

......

i No. Semples

No, Samples

519

-

.

TABIE 6

No. < 0.01 pg/M3

136

Dally Average Number of
- Particles/1033

287

. Meximum pg/M3

<.0l

Meximm Monthly Averege Nuzber of .

Particles/103¥3

954

9et
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Fedbruary

March

August

Septexbor

October
November

Decermber

= Average
= Naximunm
- Average
- Meximunm
- Average
- Meximum
- Average
- Maximunm
- Averege
- Meximm
- Average

« Maximm

- Averege
- Mexirmm
- Average
-~ Mexirum
- Average
-~ Moximem
- Averece
- Meximum
- Averare
- Maximim
- Averege

3

- Mexirum

' KAPL ENVIRONMENTAL AIR MONITORING - 1952

Fission Product Activity, in 10713 uc/cc

TABLE 7

-

Iocetlions

“Bullding K Building M-2
<3 [ 3.1
<3 \_} 8.6 .
<3 ’ 5.7
<3 " 17.0

<3 6.5
<3 18.
<3 4o.
<3 310.
<3 302.

. 7.2 2400.
6.4 41,
16. 190.
<3. 6.8
3.3 25.
3.0 T.4
6.3 15.
<3 <3.
T.2 15.
<3 <3.
<3 <3
<3 <3
<3 3.1
<3 206.2
1L 1400.0

Building A-1

<3
<3
<3
<3
<3
<3 :
T.1
h5o
i3.
6.
12‘
3L,
4.7
15.
3.7
T.
<3
<3
<3
<3
3.7
20.0
<3
5.8

Research lzboratory

West Miltom

<3
<3
<3
<3
<3
5.8
<3
3.4
<3
5.2
11,
38.
° 5.6
1k,

7.2

<3

<3

<3

<3

<3

<3

<3

<3
<3 -
302
12,
2"?30
3.&
7.9

<3
3.5

<3
L1

. <3

<3

<3
4.2

<3
3.5

OLT-HSVYM
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Poriod

Jeanuary

Februery
March
April
¥ay
June
Juldy |

August

September *

Octoder
Koverber

December

KAPL ENVIRONMENTAL VEGETATION MONITORING (FISSION PRODUCTS) - 1952

Site
locatlon

Krolls
Kear EKnolls
West Milton
Knolls
Neer Knolls
Wost Milton
Enolls
Neer Enolls
West Milton
Erolls
Near Knolls
Wost Milton
Knolls .
Near Xnolls
West Milton
Knolls
Near Knolls
West Milton
Kn0lls
Ncar Xnolls
West Milton
Knolle
Near Knolls
West Milton
Enolls
Near Knolis“
West Milton
Knolls
Near Xnolls
West Milton
Knolls
Near Knolls
Weat Milton
Knolls
Near Knolls
West Milton

#<20 x 1076 pe/g

TABLE 8

. No, No. >20'x 10-6 Average Ma.x%:.nn
Sempling Points pele 1n 106 uc/p in 10°° /e

7 2 20.5 34
T 3 36.6 23
no sanples
6 b 21 21
3 0 * -
1 17 34 3%
6 - - yo— 22 36
3 2 / 20.5 25
no samples ‘ ,
7 7 i 27.8 o5
8 T 31.4 &
2 2 29.5 59
T. 3 27.0 €2
8 3 23.6 35
5 1 24 24
T T 57.1 176
9 8 ‘96,2 287
5 4 65.0 209
7 2 25.5 52
8 2 23.1 51
4 0 * -
T 0 * 22
9 o] * 20
5 .0 * -
T 1 37 61
9 0 * 30
no samples
T 0 * 21,1
9 0 » -

.3 . 0 » -
T 4 28.7 8:,2
9 8 25.9 128.0
3 2 41.3 89.0
7 5 44,1 138.0
9 9 Lo.6 127.
3 3 K7.4 14

g2t
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~ on

" ne

An -

Period

Jenuvery

February.

" March

April

Vey

June

July

August

September

October

November

Decexber

- TABLE 9

EAPL ENVIRONMENTAL VEGETATION MONITORING (I-131) - 1952

Site
Location

No.
Sempling Points

Fo. >3 x 10-6
pefe

Avegaga

x 107 pefp-

Vayimm
x 1075 pc/g

Knolls
Rear Knolls
West Milton
Erolls
Lear Enclle
west Milton
Enolls
Near EKnolls
West Milton
Fnolls
llear Knolls
Weot Milton
Hnolls
Near Knolls
West Milton
Knolls
Weor Fnolls
West Milton
Enolls
Neer Enolls
West Milton
Krolls
Hear Enolls
West Milton
Rnoells
Kear Rnolls

West Milton '

Erolls
Necr Knolls
West Milton
Knolls
Near Knolls
Weat Milton
Enolls
Near Knolls
West Milton

WO DWW\ FONWOOINONFR~TOW-TOWAHWANO I

[eRe) [eNeNeNeNe]

[efojoRojooRoReNoNeNeRoRoNeNoNoNoNoRoNo N \\Neo NN}

6
5

»

4
3

15
5.3
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Filter

Media

w-40
W-41
E-~T0
AEC-1
cc-6

AAA

WASL-170

TABLE 10

EFFICIENCY OF FILTER MEDIA

Y3

Maximum Minimum -
Efficiency. Efficioncy
" Effi-  Partifcle  Faco Effi-  Particle  Face
clency, Size, Yelocity, cioncy, Sizo, Veolocity,
Por Cent Micron em/soc., Por Cent Micron cm/sec.
99.7 ~2.1 lOO_ 59.3 2 10
99.6 2.1 10 85.2 2 2
93,9 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  20,50,80 975 .2 %0
TABIE 11
EFFICIENCY OF FILTER MEDIA‘
Poer Cont Efficlency | ‘ :
Filter (at 50 cm/sec and for _ . ‘Relative
.Media i 0.2 micron particles) Penetration Penétration
W-40 | 97.2 ' 2.8 4.0
w-h1 98,4 1.6 2.3
H-70 989 ©oaa 1.6
AEC-1 99.3 0.7 1.0
cc-6 99.2 ‘, 0.8 1.1
AMA 98.8 1.2 1.7
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ootimating outside influoncos. Thoro concentrations 1ndicato no significant in-
halation hazards at tho Knolls Sito. Alpba activity dotorminations woro bolow
statiotically significant valuoso. .

Tho status of vegoetation contamination on tho XKnolls Sito, vicinity and
Wosi Milton is indicated in Tablo 8. Variations in natural potassium activity,
and outsido influcnces mako 1{ difficult to assess the solo influcnce of local
oporations. Wost Milton samplos, howevor, aro a guide to the influence of out-
sido sourcos. Contamination of veogotation due to activity in procipitation
(rain or esnow) is probably the dominant effect rathor than tho doposition from
" fall-out.

An occasional ovidence of I-l3l contamination in the environs is Indicated
by the data in Tableo 9.

Sumning up the air cleaning statistics at KAPL, the most signific&nt amounts
of alpha activity, fission product activity, and radiocactive particles are
emitted from the Separations Process stack (approximntely 100 ft. high). The
stack effluent from Building D-3 roof stack {approximately 16 feet high) contains
the most significant concentrations of beryllium. Atmospheric dilution, though
usually of a low order, must be relied upon occasionally, even after treatment,
to reduce sirborne contaminants to acceoptable levels from the point of view of
inhalation hazard end vegetation contamination. The Separations Pilot Plant
stack air effluent has received the grostest attention with respect to isotopic
identification of radiocelements emitted, particle size, and proper sampling
methods. :

AIR SAMPLING AND AIR CLEANING INVESTIGATIONS

Air sanmpling end air cleaning investigatione at the Knolls Atomic Power
Leboratory during fiscal year 1953 were grouped into three categories: (1) ef-
ficiency studies of filter media, (2) efTiciency studies of air sampling end air
cleaning units, end (3) the evaluation of the KAPL separations process stack ef-
fluent. Some of the results of efficiency studies of filter media are dbriefly
discussed here,

Filter Efficiency Studies : .
) The efficiency of six air sampling filter medias was determined in the par-
ticle pize range of 0.2 to 2.1 microns under the light microscope uasing Millipore
filters. The filter media, Whatmon-40 and 41, Hollingsworth end Vose-T0, AEC-1,
Chenmical Corp 6 (CW3-6), and AAA {1106-B) glass fiber paper were tested through-
out the face veloclty range of 0.5 to 100 cm/scc. Eff-iciency was expresscd on a
sizc count basis Tor solld particles of 2.7 gm/cm3 density. The maximum and
ninimum efficlencics for thesc filter media in the speclfied ranges arc listed
in Table 10, _ )

The meximum efficiency for all filier media wan greater than 99.%5 per cent
at various faco velocities for 2.1 micron particles. The minimun efficlency for
all filter modia except the Whatman was greater than 92.8 per cent for particle
s8izos of 0.2 micron. It is indicated by the dala in Teble 11, however, that at
operating face velocities of 50 cm/oec, the efficicncies of all Tilter modia ars
groater than 97 por cent even for 0.2 micron particles.

Thoeoe officioncy studiocs of the filtor modia aro boing oxtonded to the sub-
microocopic range vy anelyzing undor tho olectron microscope tho particles onter-
ing and pessing through iho lcst filtor wmodia,
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BROOKIWVEN ATR CLZANING OI'CRATIONS

Lco Gommell
Health Physics Div., Brookhaven Nai'l, Iab.

Natﬁre has been kind to the Brookhaven arca of Long Island by providing
an unusually clean atmosphere. In 1949 continuous tests were run by the
Meteorology Group to determine the dust loading over a perlod of six months
from March to September. Fiberglas No., 25 and 50 and CWS paper filters were
used with flow rates of .75 ¢fm and ,375 cfn, respcctively. A total of 200,000
cu, ft. passed through the fiberglas and 100,000 through the paper, The totalz
weight of material collected on the fiberglas was only «2114 grams and on the
Cﬁslﬁaperl.IBOQvgms. Analysis showed lle particulate matefial ‘0 be quariz
grains, pollens, spores, a few salt crystals and considerable unldentifiable
material, probably clay and humus. .

This light loading of the atmospheric dust gives filters an extraordinarily
long life. The cooling air intake filters at the Pile, for example, have been
used about 3 years. Treﬁendous volumes of air have passed throuéh them and
still they show only slight loading. | -

The laboratory policy at Brookhaven states that there shall be no undesirable
accunulation of contamination, The discharge of radiocactive particulate contamina-
tion is to be avoided by the use of appropriate filters or suitable experlmental

. technicues. TFor operations likely to involve serious air éontamination, such as
machining active metals or chemical processing of hi hly active materldlv, the use
of dry boxes with suitable filters and ventilating blowvers is required. As a re-~
sult of this policy most lab hoods, where there is a chance of radioactive partic-
ulate being gencrated, are equipped with the CWS-6 type filters. These arcas
include Chemistry, Blology, Medical, Cyclotron Tqrgot Lab, Hot Iabé; Hot lachine

Shop, Metallurgy Labﬁ, Nuclcir Enginczering labs and Pile Iabs. A total of 215 of
U2  WASH-170




WASH-1T0 _ " k3

this type of filtor is presently in use at BHL. Air uond§tioning at the Pile,
Hot lab, ctc. are prosently 9sing fimerican Air Filter Co., Adir Mat material.: }

Of coursc, the greatest air cleaning oberation at Brookhaven is in connection
with the cooling air at the Pile. To cut down on particulates entering the Pile
via the cooling air, two banks of deep pocket FG-25 and FG-50 filters are provided
for ﬁrecleaning. Each bunk has 4350 sq. ft. of effective surface, to handle a
désign load of 140,000 cfm, which results in a face velocity of 32 ff/ﬁin. This
face veloclty gives an initial resistance of 1 inch of watér. The efficiency of
these filters is widely known.

The exit air from the Pile contains oﬁly those pérticles passed'by the
intake fi;ters,.undoubtedly a small amount of graphite dust end other impurities
plcked up'by the scrubbing action of'the air stream, and an amount of radio;cti&e
argon gas. This air is pulled along through two duéts, 10 ft. by 14 ft. each,
by as many as five 1500 H,P, fans, The exit filters are made of glass fiber
cloth known by tﬁe trade name ®Glastex" manufactured by the Doilinger Corp. They
were selected mainly because of low resistance ;nd their ability to withstand
temperatures to 500° F, The cloth was.chosen because of the possibi}ity of bonded
meterials failing under prolonged high temperatures and eausing voids. The filter-
ing efficiency is not high as compared to the intakevfilters. They are of the ceep
socket type, 10 ft, high, 4 ft. wide and 4" thick., Each penel weighs 450 1bs, in
its frame, and there are 32 -panels in each duc? to satisfy 750,000 1bs. of air'per
hour at 347° F,

After 1éaving the efflucnt filters, the air is passed througﬁ a heat exchanger
and then discharged fron a stack aboul 320-fect high. The dilution of the atmasphérev
is sufficient to handle the activated aréon whose half-life is only 110 minutes,

Monitoring stations in the area have shoun that thero has been no significant risec

in background due to Brookxhaven operatlons,
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Since the min concern is the prcvcntién of radlouctivity from getting
into the cnvironmani, it scems appropriate to describe bricfly ccrtéin safet; ’
devices that have been installed to show up'any possibie equipment failures,
less hazardous conditions such as excessive stack air activity, loss of battnry—
eharging current, etc. 1ctuatcs an alarm and an annunciator drop which shogg the
causc of the alarm at the control panel. _ ‘

Beta-éanma monitors are installed at various points in the Pile buildlng
to monitor for external radiation from possible shield leaks or from high-lecvel
contamination. The rcadings are recorded by an 8~poin£ recorder which gives
an alarm above a certain radiation level. |

In each duct, between the Pile and the exit air filter,-a sample of the
cooling air is drawn through.a filter by a pump and then returned to oné of the
ducts., The filter is 1tuatnd in an ionization chamber.which is connectéd to a
sensitive d.c, amplifier, The activities on the filter are recorded locally by
a 2-point recorder, as well as,remotely in the control room, Excessive activity
activates the alarm system.

Inmecdiately in front of tpeiexit air filfers are openings into the ducts,
Long steel rOds,'with 0ily adsorbent material attached t; the end, are extendéd
through these openings into the air stream., The adsorbing material tends to
collect particulate material., Periodically, thcse'probes arc removed and checked

» some type of survey instruszent, This glves an estimate of possible particulate
contamination, | |

. The final stack air is monltored for argon gctivity. A portion of the éfflucnt
flows continuously from a tap on the dischﬁrgo duct, through a large ionization

chamber (Xanno air chamber) and back into the suction duct, The chamber 1s
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-connecctod to a sensitivo d.c, amplificr whOSC'outbut i3 recorded both locally

in the fan housc and in the control room, Excessive argon or particwlates
actuate the alarm systom.

Air samples are taken continuousl& in those places where air contamination

is possible, Ihenever assays show airborne contamination to be above the maximum

<"

pormissible allowable, the worker is required to wear respiratory cguipment that

will reduce the breathbing hazard to complete safety. .
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<41t CLEANING PRODIFMS AT THYE SAVANNALL RIVER PLANT

By J. R. Clark, Du Pont

DESIGN PHILCSOPHY

The Savannah River Plant design has had the bonefit of tho
considerable experience in air cleaning problems which has been accumulated
at other AEC sites. The intent has been to profit by tho developments wﬁich
have succossfully withstood the test of time at other installations, to avoid
past difficulties which have arisen when possible, and‘to adapt new develop-
ments to special or conventional problems where no new risk is assumed in so
doing. The basic design philpsophy has three main points:

(1) All air streams containing radioactive particulates are ciaaned ——
we do not depend upon dilution.

(2) Contamination is confined to the smallest possible area. There~
fore we ﬁave adoptod individual venting of the process vessels

in conjunction w&th area venting in the "hot" areas.

(3) Considerable attention has beeh given to protecting o&tside
" areas from the release of radioactive contamination, by fires

and spills, even where these occurrences may be extremely

unlikely.

ATR CIEANING SYSTRS IN & PﬁOC‘SSS LREA

>

The diagran shows schematically the air clea'ning systams in a
process arca which for convenience is here divided into sub-arcas. Five
different types of sub-areas are equipped wi'th individual air c].c;aning systens
which include four‘difforent typos of high~efficiency filters. The vontilation
air stremm from oach of these sub-arcas is pulloed through a filiration systca,

by blowers, and all oxhaust to a common stack 200 feet in hoight.

1
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| AN AR CLEANING SYSTEM FOR PARTICULATE RE!OYAL AT THE SAVANNAH RIYER PLANT

60 6 6 O
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Tho fan house is cquipped with emergency dicsel-clectric
gonerating cquipncﬁt for use in cas; of failure of the primary source of
power. Spare cquipment is provided to insure continuity of operation of
the blowers. A minimum suction level i# set for oach of the process sub-
areas shown. 1In the event that the suction falls below this scf—pbint,
indicating failure of a blowcr, Aﬂ alarm is sounded, and a spare blower startﬁ'
‘automatically. .

Thc-stack is of corrosion resistant pbnstrudtidn. It is equipped
with a stainless stecl pan at the bottom for collection of céﬁdcnsate,
vhich is transferred to the high activily waste systeme Two sampiers are
provided in the stack, one at the level of 50 feet, and the second at 196
fect. These are designed to sample the gasos satisfactorily eitﬂer for
particulate matter or chemical content, |

Sub-area 1 on the diaéram is the central area occupicd'sy
personnel. It is unlikely that the ventilation systqm in this area will-
ever become significantly contaminated with rédioactive materials., It is
equipped with filter units on the exit end in order to confine any'such_
contamination within the building. The filter medium is CWS Type 6 paper.
Each filter unit is divided into three compartments which égn be individually
isolated by remote control for maintepancc..

Sub~arca 2 as shown on the chart éonsists of the inside
process vessels convaining aﬁpreciable amounis of radioactive materials.
The ventilation air from these vessels is filtered through assembled mats
of ¥Fibreglas packed into stainless stecl drums which can be cqnycgiently

replaced as a unit.
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‘The filter packing in the dircction of air flow is as follows:

Type Density Depth

1st Layor : 115 K .75 12 in..

. 2nd v | 115 X 1.5 18 in.
3rd | 115 K 3.0 12 in.
Lth SSPS 3.0 . 11-3/L in.
Sth n PF 105 AA 1.2 1-1/L 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 thi$ system are equipped ﬁith butterfly daupers
on both inlet and outlet side. These dampérs are electrically operated
to open and closé as the blowers start and stop.

Sub-area 3 consists of process vesséls_having a low content of
activity. The venﬁ air from this system is heated to 1SO°F before filtefing
to preveﬁt condensation in the filters, The filters are of the séme

replaceable drum "Fibreglas" type as used in Sub-area 2 on the diagram.

Sub-area L on the chart includes ventilation of mechénical'

‘cabinets enclosing process equipment. The individual streams of air in

this system are filtered through small fire-proof "Fibreglas" base filters,

?his'would 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 gas. This stream is filterod'through

a deep bed sand filter which is modeled after the Hanford units. The .

air from the ventilation system enters the botiom of the filter
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through a distribution system made up of clay tiles. The san& size decrcascs
going upward through the bed. Above the main layer the filler contains two
thold~down" layers totalling 12 inches to prevent mounding, Efficiency of
the 7 ft. sand filter is about 99.7%. The filter is equipped with an
automatic dew point recorder operating on the gases centering the fiitcr.
Provisions have been made for sampling the entering and exit air continuously.
Air from these points is drawn through filte% papcf contained in a sample
unit which is part of thc plant Health Physics monltorlng system. The
building design 1ncludes shielding to protect personnel while carrying out
their normal assigrments.

A slack gagx&Iépérsion study was made of the Savannah River

Plant area by the Du Pont Engineering Department, The purpose of this study

. was to determine (1) the ground level concentrations of stack gas contaminants -

under various conditions, (2) the geometrical shape of the ground level
dispersion pattern downwiﬁd, and (3)'the relationship between short-time
peak concentrations and thé average concentrations at downwrind points,
The study also included weather conditions such as dry bulb and wct»bulb

temperature variations, frequency and duration of inversion conditions, and

-frequency and duration of rains. As a result of the study, working charts were

developed for rapid computation of ground level concentration for various

conditions. It was found that stable inversions are usually}less than 300

feet thick at the Savannsh River Plant site. A new diffusion equation was

4developed for the Savannah River Plant area.bascd-on‘the data obtained in

the study. This is a modified form of the Bosanquet-Pzarson Equation,
. The Health Pnysics section at the plant has a rather comprehensive

air sampling program for the plant buildings and the outdoor plant areas
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as part of its regular HF survey work. Some of tho buildings are equipped
with vacuwg lines exclusively for air sampling purposes. These are designed
for a 10 cfm sampling rate assuaing a 50.:3 use factor for the multiplc
sanpling points in cach area. Other buildings are sanpled with modified |
hoﬁschold-vacuum cleaners. The sampling paper used in each case is ab

I x 8" rectangulér shect of CWS Type 6. At a sampling rate of 10 cfm

a minimun sample of 300 c¢f is monitored, using a minimum sanpling period.

of a half hour. Air samplers are countea routinely for a, B, and ¥

activity.




AIR HANDLING FACILITIES
at theo
"AMES LABORATORY

ﬁy R. W. Fileher, Amos

The Ames Laboratory installation is primarily concerncd w{th two
_typés of air handling: (1) a general type for supplying fresh air to the
buildings proper and (2) special filtering centers for handling contaminated

air from the various process areas.

SECTION 1 - General Air Suoply for the Research Building

'Ihe air handling system in this building has recently béen increased
to handle 60;000 cfm fresh air at -20°F, The systen wéé originally designed
for BO% recycle of laboratory air to cut down on heating and air conditién-
ing load. However, due to the number of hoods which are in operation
throughout the building, it wés necessary to increase our fresh air supply
from 2Q,OOO cfn to 60,000 cfﬁ. The tbtal air handling capacipy-is approxi-
mately 100,000 cfm.

The ‘fresh and/or the recycled air is first passed fhrough an oil-tfeated
Farr filter, then through a bank of electrostatic filt;rs end finally
through carbon canisters vwhich remove odors and other materisls passing
through the electrostatic filters, These carbon canisters are loaded
with coconut-shell charcoal and have a life of appfoximately two years. We
have found from operating experiences that these canisters must be given a
protective coating to prevent corrosion., The estimated operating cost is
- . approximately five cents per cfm per year. We believe that this cost is more
than justifiéd since it does permit the recycling of laboratory air which
normally would not be permitted, resulting in’ a much lower operébing cost Bbth
for'steam in winter and chilled water in summer, |
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The air, after passing through the carbon canisters, pocs across the
heaiing or cooling coils, then through spray chambers which serve to cool
or hunidify, depending upon the requ?reménts of the noment. The system
is then divided into two zones with individual reheat coils at the duct
entrances. In addition, each of thesec zones is sub-divided into a number
of branch zones with additional reheat coils to permit balancing.the
system and altering temperatures for various areas. The building is kept
under a positive pressure of approximately .02 to 0.1 inch of water by use

of venturi dampers in the exhaust system,

SECTION 2 - Hot Canyon Air Handling System

This Section of the Research Building is not air conditioned since
the amount of air handled is too great to justify the cost. One hundred
per cent of the air is dischébged out of the stack. 15,000 cfm of air is
Abroﬁght in through a pre-filter consisting of a benk of Farr filters, then
through a bank of deep-pocket FG-25 fiber glass filéers. The_ air enters
the Canyon 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 filters, thén through
a bank of FG-50 decp-pocket filters and finaily through a bank of CWS
high—gfficiency filters. The exhausﬁ system consists of welded metai
ductwork located outside the building prope} extending up to the roof
where it is Aischarged straight up int§ the atmosphere. The exhaust fan
-is powcred by a two-speed, high-head blower, enabling the system to operate
at the lower speed during shut-down times and in evenings wheﬁ no work is
being carried on. This maintains a negative pressure in the work area at ~

all times preventing back-contamination.
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In addition to the two-spced blower, an auxiliary,. high-hcad, 6,000
cfm blower is installed i% the line which serves as a safety factor in case

the large motor should fail., ™ith the Qbove set-up it is possible for us

to selectively discharge 6,000 ¢fm, 12,000 cfm, or 17,000 cfn depending

on the needs of the momé;£. 'All of the Canyon exhaust system is further

protected by an auxiliary power supply which cuts in automatically within

four seéonds in casc of a power failure.

Fonitoring devices have been plaéed in the filter system to enable
us to check the activity of the filters and to remove them beflore the
activity reaches a dangerous level. In case of an emergency, light
weight diving suits have been provided to enable operating personnel to
enter the filter chamber and remove highly active filters.

In addition to the gross air handling facilities, the air for each
of the individual operations including glove boxes, etc., is prefiltered
by a small CWS type filter‘before béing discharged into the geﬁeral
system, By this method the general filter éhould run for a number bf
years before any maintenanqg and filter replacements‘will be required.

In addition, the activity will be confined to a relatively small volume,

éiding in the disposal,

SECTION 3 - Thorium Production

Approximately one year ago, the thorium production activity at the
Amés Laboratory was sﬁut dowvn as a result of a survey which showed the
dust levels to be abnormally higﬁ.‘_As,a result of this survey all of
the process equipment was redesigned with a view toward reducing £hese

levels to the tolerances prescribed,’ . -
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In the oxalatec prc:zipitation stgp, the unloadiﬁg of.thc thorium nitrate
tetrahydrate is done by a cioscd system using a special hood which reduces
the dust level in this area beclow tolerancés. The area where the oxalic
acid had been handled was complctely Hooded by a closed, plexiglass hood,

-A vent line terminating in a canopy was.run to the rotary filter to éick

up whatever dust might be generated from the damp filte% cake. The hood,
~which is used to handle the wet and dry oxalate, was revamped by the

addition of a pivoting plexiglass front, reducing the obep area and thereby.
increasihg the face velocity of the hood. A curb was placed on the front
edge of the loading table to prevent powder from spilling onto the floor.

) As a further ﬁeans‘of reducing dusting to the atmosphere, an enclosed

grinder was installed in the hood through the work table surface, discharging
into a sealed container below, |

The rotary caléiner was quipped with a vented hopper permitting drums
of dry oxalate to be dischargéd into ii with no leakage into the room,

The discharge side was completely sealed by use of a pneumatic 1ift, per-
mitting the oxide to go directly into a staihless steel drum in a ciosed system.

The off-gases of this process (approximately 70 cfn) at 550°C are
filfered by means of a venturi scrubber utilizing a steam jet, and, thence,
into the stainless steel cyclone separator. These hot gases are then
additionally filtered through a heat-resistant, high-efficiency filter which
is periodically cleaned and replaced. The efficiencies of the above system
are as follows:

Cyclone separator aloﬁe gives approximatély 80% efficiency by weight,

The additibn of the steam spray and venturi scrubber broﬁght the .

efficicncy up to approximately 95% by weight.

r
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The NF furnace is a new type not previously used #t the time of the
shut down. This continous furnace is loaded by means of a hopper similar
to that used for the calciner and is diséhargcd by mcans of.an auger to
a vented, five-gallon container. The off-gases, containing hot, wet HF,
thorium oxide, and thorium fluor;de, are passed through an inconel cyclone
separator and then through a carbon filter with automatic blow-down feature.
This syétem vorks quite well but requires considerabie maintenance of the
carbon filter., The HF is then condensed in a spray chamber and the acid
solution is automatically neutralized with a sodium carbonate solution
by means of a Beckman dipping electrode located on the discharge side.

The effluent from this chamber is then discharged into the sanitary sewer
system,

In addition to the above-mentioned equipment, all of the nmixing and
loading equipment used in the reduction step were given additional hoods
which discharged first to é\cyclone geparator and then into a Type N
roto-clone before being discharged outside the building. Air'samples,
which are taken periodically, show our dust levels to be low enough so as
to present no problem to thé surrounding areas. We féel that the process
area, as a vwhole, was improved up to a point that the Ames Lzboratory
thorium operation could_be very wcll,carrica out in a thickly popuiated
_community. )

It is realized that imérovements conld be nade to the abové-mentioned
equipmegt. ﬁ;wever, since this was a crash pfogram of a 1imited duration,

it was felt that further work would be unnccessary and uncconomical.
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SITE AND CONTRACTCR ACTIVITIES AND PRCGRAMS
U. C. RADIATION LABORATORY

By M. D. Thaxter, UCRL

The tadiatien lLaboratory handles I should guess over 99% of its isotope curies

‘ .in' erkeley boxes. Cur air cleaning probxgms are so intimately connected with this

~concept that it would perhaps be helpful to show a few slides about boxes.

SLIDE 1 Observe in the middle a gimple box shell. It is mounted on a sé—called

- dolly with casters, Various kinds of equipment may be added to sult the job. Left
and right are shown boxes equippéd for fairly high levels of routine alpha work. On
top notiée filters in series terminated in a blower., The blower may discharge to a
nearby hood or to manifolds constructed for the ﬁurpose. In passing, note each box
is a COmblcte laboratory.

SLIDE 2 Shows a closer view of a simple box. Note air inlet tubes at left and right
lower corners, They distribute air which comes in the rear of the box via 1.3 micron
fibergiass media, Observe the glass fume hood for close capture of airborne material
during ovaporating; funing, grinding, etc.

SLIDE 3 Shows a box in a hood. Our hoods have two purposes (1) Stink chemistry with
or without tracer work (2) secondary onclosures.Ior "hot" boxes,

‘ SLIDE 4 Showing two boxes hooked together for linear opcraﬁions in this case housing
(1) preparation area and (2) DC sparking area for spectrographic work., The spark is
lit within a quartz tube; the resultant aerosol is flushed thru a lst sampler, two CWS
6 filters, a final sampler, thence to anoiher CiS 6 with general box air and out the
stack, We have never had an airborne alpha contiﬁination_in the rooﬁ although somé of
the sparked samplcé contained more than 1010 counts per'minute. During the trial periods
we captured the exhaust in evacuzted tanks but never found any céunts,-henco the stack,
SLIDE 5 Showing th any room can ba a multipurpose lab; four boxes exhausted via a
comnon ranifold. We've had nine boxes in bnc room,

SLIDE 6 When garmas ars involved, we wheel a lead shield up, replace gloves with

manipulators, add lead glass windows and continue. No chango in ventilation requirements.
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SLIDE 7 A_eﬁioldod box for simple work,

SLIDE 8 A shiolded box for a complex chemical sequonce. The control panol handles
olectrical equipment inside,

SLIDE 9 Shown are some of tho complex goar: hot and cold baths, roagents on a rotat-
ing rack; manipulator, pipettors and sampler in front, |

SLIDE 10 A recently used shiclded box with equipment in place.

SLIDE 11 _ A sequenco of boxes for handling pile slugs: cutting, unloading, dissolving,
complote chemistry, column separation and purification, Exhaust capacity about 30 C%M.

A recent count showed we have put 266 boxes of all sorts to use; 135 of these are cur-
rently at work. The average exhaust rate each is possibly 10 CFM. Our air clesning
IVOlume then for "hot" work is 1350 CFM. We have over 100 hoods handling either no activ-
iﬁy or tracor and short half life stuff; they average about 1000 CFM each; a total of
'100,000 CFM for the project. We don't clean tﬁis 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 the costly gear: blowers, plenums,'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 difficult to assess
cost-wise, Our associated waste disposal problems aro reduced bulkwise because our
little 8" x 8" filters operate on rigorously preclecancd air and some have lasted more
than 3 years ;s’a conscquence, This all sounds rosy. But the future is getting cloudy
in the aircleaning field as we see 1t. Where we nsed to deal with microcuries we are
with increasing frequency handling curie and lsrger guantities in & boxs The usual air
cleaning train ending with & CWS type filLer is not always enough. A few counts are
coning thru. Somocone has to invent a better air cleanef; 99.96 € is not good enough

for materials requiring confinement to the 10th decimal point of 9's. We are making

& few advances in trying to prevent aerosolization at the opcratiné point but this is
difficult because some processces just caé't ﬁe avoided or tinkered with, The use of
iononchango resins is a blessing in this.diroction removing as it does in many cases

the requirement for extensive heavy chomistry and its conconmitant acrosol formation
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and dispersion, )

(ne of our ;ontinuing problems rogarding air cleaning is mainly psychological,
Graduato choulsts como to us with a ISng training bohind them dealing with non-
radioactive materials. They are used to bench and hood worle and the total enclos-

ure or box idea is at first felt to hampor them. Conversion takes days for sore,
months for others. Occasionally, a convort is made dramatically as in the éasc of

a gross spill on a bench top rendering months of work invalid in a lab now uninhabit-
able. Spills in boxos relativoly speaking aro easy to handle: we give the chemist

a ncw box (somotimes in a matter of minutes) and he continues his work in the same
“room where he eats his lunch, smokos and writes his reports., And the contaminated
ductwork and filtoers are a part of the removed box, not a part of the building,

In the slides, I showed & moro or less standard basic box uniﬁ. Some applications
demand special shapos. For instanée in handling tritiwa we house an entire vacuum
rack'of glass apparatus in a box about 50 cubic feet in volume. Wo have enclosed
aﬁuttering dovices, motal production units, masé spectrograph units énd a host of
othor special oquipment in odd sized enclosures, Ventilatlon-wise cach supplies the
samo virtues: small air volumcs,'pre-cleancd operating alr, a positive barrier botween
operators and contaminated air, small air cleaning equipment, readinéés of disposal,
small investmont, It is truo this concept seems'suitable only to research lab scaloe
worke Wo are rcallstic in not é]aiming to be able to box up'an operating pile or
geparations plant. Yet it is iﬁteresting to find at time§ o;e of our chemists working
in a box with quantities of materials which at some other site would be called produc-
tion quantities, curio-wise. Weo don't plécélblind faith in any equipment, including
boxes, Wo colloct over 1000 air samples per month, anal&zing for alpha-and beta-gamm;
contaminaticn, WO‘havo never had a beta-gamma contamination exceoding 10% of the daily
"maximm permissible exposure., Our alphd contamination has crept up in-the last four
years so that we now find about two sampi;s A month reaching the level permitted for

everydany exposure. This is disturbing even when one realizes the curies of material

handled today is at loast 100,000 times what it was in 1949,
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Part of thc cause lics in pure arithimctic: where a 0.01% loss was undetectable in 1949,
today it is detectable. Ftart i; due to higher specific activities of the isotopes being
handled. Thoy scem to behave differently, ‘
Up to this point my remarks have been omphasizing our air cleaning problems as regards
keeping the activity confincd to the operating volume of the enclosure, We should also
rocognize the'impact of what pets into the operating enclosure from the outsidé. Sinco
the rosults of much rescarch work are based on a finai sample wherein perhaps a few
counts pof hour may be the basic data it is apparent that cross contamination can be
dictating thobvalidity of much rescarch endeavor, Thus non-contaminated supply air is
essential; this demands an air cleaning program of good efficiency, Our boxes have
enjoyed this all along, as mentioned. There is a threat however., As contaminants
; increasé ;n quantity the requirements must be beefed up. As atmospheric btackground
goes up due to Uncle Joe'!s shots we can possibly forecast iha need for supplying cleaned
alr to counting devices not normally so supplied.. Recently we collected atmospheriec
contéminants blowing in off the Pacific containing 0.2 counts beta-gamma per hour in a
500 cc volumo with an apparent half life of 19 days. This is a substantiallyvgreater
quantity than previously found at Berkeley, The trend has been rapidly up in the last
25, months, Whet the next few ysars will bring I cannot estimate, These remarks per-
tain of course to purely technical problems, not health hazards. These latest air
pollution values are still 1/150th the health hazard level.
To surmarize, we can report from the Radiation Laboratory:
Ao As to the past: o

1. Our stack gas air cleaning probram has worked pretty well, We handle about
1350 CF¥ of air at good cleaning effic;ency, at mlAimum cost in investment and malnte-‘
nance, ]

’ 2.v Cur supply air cleaning prograﬂ.iikehise has been technically aAequato.

B. Regarding the future:
1. Rocent and probable future increcases in specific activity and'quantitics of

rescarch material handled sﬁggost the need for groatly increased off-gas air cleaning
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efficiency beyond that obtainable from traditionul devices onding in CWS 6 typo filtors,
2, Cleaned supnly air may be reguired in certain rescarch devices and arocas not

now needing it because of increasos in radioactive atmospheric pollutants resulting

from detonations of foreign and domestic nuclear dovices,
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AIR CLEANING PROGRAM AT THE LIVERMORE RESEARCH LABORATORY

By G. T. Saundors, CR&D

. .To appreciate the alr cleaning program at the Livermore Resoarch laboratory
opersted by the California Roescarch & Development Company, it 1s necessary to
placo oursolves goographically, metoorologically and problem wise.

Livermore, California is located approximately 45 miles east and south of
San Francisco, at the eastern end of the Livermore Vallocy. The outline of tho
valley itoelf is roughly an enlongatod ovel - or football shape - with the long
axis on tho east west line, and it is relatively small being some 13 miles long
and six miles wide, Tho surrounding hill structure averages some 1700 foet with
a small oponing in the southwest coxmor. So that the valleoy, when viewod from
above, resombles a large bowl with a flat bottom. Figure I. :

The region 1s wholly en agricultural area: the largest crop being vwine
grapos, and secondiy caitls ralsing.

The moterological conditions can best be stated as extracted fram a Unlted
States Wcathor Bureau report on this area as prepared by Paul Humphrey of the
Arco Idaho Office.

"Thoe expected meteorological conditions at the Livermore, California Site
are from a practicel viewpoint, entirely favoreble as far as the more familier
climatic elexents are concerncd. Surface temperatures, winds, and rainfell ere
of comparatively little concern when considering coanstruction problems or the
comfort of personnel, Primarily, meteorology must be considered because of the
effocts of atmosphoric conditions upon harmful effluent which might be releesed
from stacks during various operations. In that respect, considering the fact
that the Livermore Site is in a bowl-shaped valley surrounded by an important
egricultural area and a significent population, the metesorological conditicn
ere less favorable. High sfacks alone, such as are used at some other sites,
would not be practical as a method for the eliminatlionl of harmful concentrations
of effluents. Such stacks would lessen ground conteminetion on the site itself,
but would not significantly reduce average ground concentrations within the
Livermore Valley, It appeares that safe routine operetions as far as stack ef-
fluents are concorned should be brought ebout by properly enginecrcd devices for
cleoning off-gases rather than by consideration of meteorologicel conditions."

The atmospheric conditions present three basic points: (1) Prevailing SW
wvind during summer days. (2) Prevailing NE wind during winter deys. (3) Stable
(calm) conditions at least ten percent of the nights, and some four percont of
the days during tho winter months,

Probleom-wise: At the roquest of the Atomic Energy Commission, tke Standard
01l Company of Caslifornia formed the Californias Resecarch & Develoyment Company,
somo three yoars ago, to work on the MIA program, This new campany precentod a
. very fire situation from tho hoalth physics standpoint, as tho engincors wero
vory recoptive to sugzestions and ideas, Few, if asny, were bound by any prode-
" termined concopts of radiation control, etc. As a practical result, the health
physics steff was ebleo to institute its own prodetorminod concepts of raediation
control,
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Tho aosigned probioms to tho cowpany wore principally basic rogourch, and
ao ouch necossitatod chomlotry and physics laborutory epaco: metallurgical test
colls, procoss colls, otc.

Thus, to the onginooro wo pavo tho following baso-linoo wo wanted to follow:

1, All potontially conteminated air will bo: .
a) Cloanod
b g Saupled

2. All duct work will be:

&) Readily accecssable
b) Easily replacoablo
3. All filtors-ascemblies will
"a) Have pro-filtors
" b) Be accossible for ease of change
¢) Bave & simplo indicating device for loading effect,

To a great extent wo succoedod -and our active alr cleaning program is es-
pentlally this:

"Al1l potentially contaminated air is filtercd as close to its source as is
practiceble: this air is then sampled as it is discharged to atmosphere."

"The general atmospheric contamination is checked by constant air sempling
in and around the eantire Livormere Velley,"

To accomplish this, we have standardized, in general, our wnits to certain
filtering equipment and procedures. The fume hoods, for exemple, are all
equipped with 2' x 2' x 2" fiborglass prefilters and 2' x 2' x 5-7/8" cWws #6
equiv, back-up filters. Gloved-boxes have "thaxter" PFl05 prefilters and 8' x
8" x 5-7/8" CWS #6 equiv. final filters. Figure III. The glove box manifolds
(each having a capacity for 12 boxes) are equipped with en additional back-up,
or insurence filter (CWS #6 equiv.). The filters are either incorporated into
plywood throwaweys or are top loading for easc of change. The only filter units
not at shoulder level (or lower) are the gloved box insurance filters; however,
the anticipated rate of change for these units is once every four years.

The effluent air 1s sampled in each duct run, the samples being so arrangsd
thet any detecteble activity can be in turn traced to its source., For this pur-
pose, we use a sampler that is Injected into the duct stream and operated in the
Isokinetic Region of flow. Filgure IV. .

The laboratory room alr is sampled by use of "Filter Queen" type vacuum
cleancrs and we extract the elr through a 3- J/ " diameter disc of HV-T70 paper.
The 3-1/2" diameter was chosen to meet the maximum sized ocintillation counter
that wes constructed at the time our prograr was initiated. Figure V.

Tho valley alr 1s sampled at various polnts throughout the countryside and
for this purpose, we have used a "moto-air" unit and egain, we have used theo
3—1/2" diemeter discs. Figure VI. These unlts operate continuously and the
papers ere chenged once cach weok, In addition to a radlo-count of tho papers,
for both alpha end beta-gemma, we run a radiooutograph of the papera., We actu-
ally find thet tho particle count 1s a much more senSLtive device than the
counting procodures,

To swumerize our progrem for alr cleaning which is really a four point plan
wo can kecp with the modern trend and call it oporation "tost".

l. Test now equipment

2, Educate englnccrs

3. Sample offlucnt laboratory alr

4, Tako continuous environs backgrounds

[
-
rr.ce .
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METEOROLOGICAL ASI'ECTS OF AIR CLEANING

By P. A. Humphroy and E. M. Wilkins, USWB, IOO

‘Although there are many topics which hhoﬁld be mentioned while
considering meteorological aspects of air clcéning, this opportunity is
is being used to review the effects of vertical temperature gradient on
stack gas behavior and to show some photographs from the National Reactor

" Testing Station illustrating typical conditions.

The appearance of stack effluent plumes is regulated largely by the
configurafion of the vertical gradient of air density, or temperature.
With respect to a high stack on nearby level terrain there are five
different configurations of the vertical tempepature gradient that occur,

‘and these usually have a diurnal cycle.

These configurations, along with the expcctéd behavior of an effluent

' plumne, is shovm schematically in‘Figure 1.

14

Loopiﬁg-— occurs with a superadiabatic (very unstable) temperature lapse
rate. The stack effluent, if visible, appears to loop because
of relatively large thermal eddies inhthe ﬁjnd flow, Diffusion
is rapid, but sporadic puffs having strong concentrations are
occasionally brought to the ground near the base of the stack.

Looping is favored by fair weather with relatively light winds.

- occurs with a gradient lying between dry adiabatic and
isbthermal. The effluént stream is shaped like a cone with
axis horizontal. The distance from the stack that efflﬁent first
cones t§ the ground is greater than with looping. Mechanical
mixing predominates.  Although this condition is ideal for

WASH-170
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calculating grouqd concentrations by means ofvdiffusion
eqguations, it does not often persist except during cloudy,
windy weather. During fair weather, it is transitional and is
most likély to occur only for a bricf 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 a ‘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,.widcning very gradually
with distance from the stack. Depending on the duration of the
stable.ﬁeriod and the ﬁind speed at stack level, the effluent
may travel for many miles with little dilution, With level
terrain ground condenﬁrations of effluent do not ocecur; however,
isolated objects which‘extend up into the plyme, or hillsides
.which are encountered, can receivé.large concentrations even

brthough miles away from the stack.

.

Lofting - is usually associated with the transition from lapse to inversion,
but may persist at times for one to several hours. Occasionally
the inversion does not build up to stack level during an entire

. night due to interference of winds and/or cloudiness. The zone

s

of stronger effluent conccntration, as shown by shading, will
depend on the height of the inversion. It is causedvby trhpping
by the inversion of effluent carried into the stable layer by

turbulert eddies that penetrate the layer for a short distance.
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Except when the top of the inversion is very near ihe ground,
this type may be considerad as’thé.most favorable diffusion
situation to Le encountercd. The inversion prevents effluent
from reaching the ground; and at the same tine the‘effluent'may

be rapidly diluted in the lapse layer above the inversion.

Fumigatingv— occurs at the time that the nocturnal inversion is being'
dissipated by heat from the morning sun. The lapse layer begins
at the ground and works its.way upward, rapidly in summer, but
slowly in winter. At some time the inversion is just above the
top of the stacl, and acting as a 1lid, forces the effluent stream
to dilute within the shallov lapse layer near the ground. Lar5¢
concentrations are brought to the grouﬁd along the entire effluent
stream by thermal eddies in the lapse 1ayer. Sustained conccntra;
tions near the ground Vill be highér with this situation than

v

with any other,

Smoke ex%eriments were performed by the Wbaiher Dureay using the
'250-foo£ Chemical Plant stack to determine the validity of the associations
" of plume behavior with the temperature zradient configurations Just shoun.
Pictures of smoke behavior during sowe ofAthése experiments are shown on

the slides to follow.

Figure 2 - Looping condition. 0945 MST, April 9, 1952.
Temporature lapse rate was moro thﬁn three times the dry
edicbatic rato (which is 0.54CF./100 £t.) in tho lowor

250 foot,

J T
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 Pigure 6B - Fumigotion (contimued). O748 MST. The first

WASH-1T0 » i

Figuroe 3 =~ Coning conditions, 1910 MST, (pril 16, 1959.
Lapso rato in lozpr 250 feot was Blightly less than the

dry adiabatic rate.

Figuro 4 - Fanning condition. 0722 MST, April 11, 1952,
Pronounced temporature inversion from the'surface.to

scmewhere above 500 fest.

Figure 5 - Lofting condition., 1945 MST, April 16, 1952.

Inversion, surface to 200 foet, with lapse above 200 feet,

Figure 6A - Fumigating condition, O7h6 MST, April 11, 1952,
Lapse layer has worked up Jjust to the'250-féot level. Note
that eddies in the lapse layer have begun to penetrate the
shokeAbearing layer, as evidoenced by streamers extending

downward from the concentrated plume.

4

-8troamer reached the ground about 10 stack lengths from

the stack about two minutes after streamers began to decend.

_Inversion based ebout 300 fect,

Figure 6C - Fumigation (continued). 0802 MST. By this
tine strong smoke concentrations aépearcd oﬁ the ground
along almost the entire visiblo length of the plume, Note
that the qoncentrated sméke.layer aloft that was visible
in Figuraé 4, 6A end 6B is no longer visible. The ontire

plumo eppears to have been mixed downward. Inversion

basod about 380 feot.

-----

itecase "
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It was montionod earlior that tho typos of tomporaturo gradiont uoually
have & ddurnal cycle. This is illustrapod by figuro 7T which givos plots of
tomporaturoc soundings on a cleaxr day., Noto that tho fumigating condition
(for a 250-foot stack) was prosent at 0900 MST. By 1100 MST the inversion
had dissipated, and looping conditions preovailed until tho inversion boé&n
A‘to form in tho evening. Lofting'conditions weroe present at 1830 and 2000

MST, and fenning conditions at 0200 through 0700 MST the following morning.
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FIBROUS AEROSOL FILTERS

- by .

c. E. Lapple
Chomical Engincoring Dopartmont
Tho Ohio Statc Univoraity

. Columbus 10, Ohio

INTRODUCTION

There are, in penoral, two basic types of fibrous filters, the so-called
“"paper" or thin-bed filters and the deep-bed filters. The distinction between
the two 18 primarily one of philosophy of application. The deep-bed filters are
designed to be maintenance-freco with a life corresponding to that of the entire
installation or process. Once they become plugged with dust, the entire unit is
abandoned. The paper filters, on tho other hand, are usually designed for a
limited life, to be replaced or cleaned periodically. They can, however, also bo
designed on an eabandonment basis.

A discussion of deep-bed filters was presentoed at the Ames meeting in the
Fall of 1952. These filters can be considered in two basic categories, the gran-
" ular or sand types and the fibrous types. The discussion at that time dealt
largely with the relative merits of these two types from the standpoint of design,
performance, and cost, It was shown at that time that fibrous units possess a
considerable economic advantage over sand filters although long-period large-
scale exporience was relatively meager for the fibrous type whereas the sand fil-
ters had an extended backlog of successful operation. ' .

It 1s the purpose of the present paper to discuss the fundamental performance
characteristics of fibrous filters. This discussion is essentially a preview of
recent developrments arising from regular thesis work at Ohio State University (12).

-

BASIC CONCEPTS

,  Methods of Expressing Collection EfflClencv While the collection eff1c1ency
of a filter is normally exprcssed as the fraction,?” , of incoming aerosol particles
that are collected in the filter, 1t is often more convqnlent to express collection
efficicncy in terms of number of trensfer unitse, Ny, where the number of transfer
units is related to the fractional colJectlon efficiency by

n=1-e N - | (1)

Ny = In (> | C - (2)
l-1 ) .
It should be noted thet the term Ny 18 identical to the corresponding term used
in mass transfor for tho casce whore there i1s a negligible vapor pressure of an
absorbod pas or vapor from tlhe liguid phaso, It should also be noted that the

term Ny 1o directly rolated to the docontemination factor, D.F¥., which has bnoen
widoly used in atomic enorgy applicationo (l),

or

WASH-170 205

-----




206 ' WASH-170

Ny = 2.303 (D.F) . (3)
Tho deposition of aorosol particlos on body surfaces, such ao c¢ylindors or
spheres, hoo been customarily oxpreosod in temms of a targot efficioncy, 7y,
defincd as the ratio of cross sectional aroca of tho original gas stroam, from
which particlcs of & glven sizo aro removod bocause tho particle trajectory in-
tervccts the colleocting ourface, to tho projocted aroa of tho collector in the
nominal direction of flow,

For cascs where tho fibors aroc normal to the direction of flow, it is

- readily shown that

Ny =m0, A Nyfe_m : : (%)

In the derivation of Equation 4, it is assumed that Ny is a constant throughout
the filter and either that the  fractional deposition in eny one layer of fibers
is small or that thero is complote mixing of the aerosol between layers. The
first assumption restricts Equation 4 to homogencous aerosols, For heterogeneous
acrosols, however, Equation I will still express the performance characteristics
for any given particle size if it is recognized that the terms Ny and 7 1n Equa-
tion 1 will then represent the performance for that same size., If the fibers are
not normal to the direction of flow, an additional orientation factor must be
provided in Equation 4. ,

If means are availabile for evaluation N4 as a function of particle size,
fiber size, and opcrating conditions, it is apparent that Ny may be celculated by
means of Equation 4 and the corresponding values of % or D.F. from Equations 1
and 3, respectively. The subsequent discussion will show how 7 may be evaluated.

Depositicon Mechanisms: The deposition of aerosol particles on a body may be
due to any one or more of several mechanisms, wherc, as shown by numerous investi-
gators, (2)(4)(5)(6)(7)(8)(9)(20)(11),  the effectiveness of each mechanism is
moasurable in terms of the physical and operating conditions by a dimensionless
group, which will be termed a separation number, Ng. These ars listed bolow:

Depoéition Mechanism Separatioﬁ Number

" Flow-line (or Direct)

- Interccption | " Ngp = Dp/Db

Inertial Intorception Ngi = kp Py Dpauo/lB B Dy
Diffusionel Doposition Ngg = bv/uo Dy '
Gravitational Deposition Ngg = u%/llo'

Elcctrostetic Deposition

1t

kg € p €bafu & Dp u, '
: 2
By Induction Ngei = kme%s DP2 (6, -6 )/ 6% Dy g

Thormal , Ny = [K/(2 % 4 K (T = 1) /21 /i 2 Dy ug ]

By Charges Nacc
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A dotailcd.conuldorution will. ohow ihat turgot officioncy is a function of
somo two dozen variables.’ By dimencionul analyocis, My may then be shown to be a
function of some 1- 1/2 dozon dimensionloss groups, which includo all of the Ng
terms listed above in eddition to othor groups which moasure modifying 1nfluunccn
on tho flow patiern and force fields.

For simplification, it may be assoumed that eloctrostatic and thermal effects
are ncgligible, Tho laticr will normally be the case if no marked temperaturc
gradioents are present., The magnitude of eloctrostatic effects will be discussed
lator, With thouu assumptions it may be shown that

g nkw(NBf’ Ngi» Nga» Nsgs Nges evJ ) (5)

Relative to other deposition mechanisms, gravitational sottling will normelly be -
significant only with aerosol particles laerger than about 1 micron diameter and
with collecting bodies larger than some 100 microns diammeter when operated at
low face velocities., Gravity settling would be expected to act somewhat inde-
pendently of the other mechanisms with little interactive effect. Consequently,
for most purposes, this may be treated as a separate additive erffect on target
efficiency, having a magnitude on the order of Ngg.

To further simplify Equation 5 we may assume that the modifying influences
of NRe and €, on flow pattern are noegligible, Equation 5 then becomes

= ¥2 (Yor, Yoy, Noa) N (6)

or, in alternate forms, '

Ng = 4/’2 (Nsi;; Nsd_J Nsc) - ’ (7)
ny = ¢’3 (st) NBi" NBC) . ' (8)
where Nge = Nog2/Ngi Nag = 18 #/kg pp Dy | (9)

The term Ng. is analogous to the Schmidt number in mass transfer and
measurea the interactive effect of flow-line and inertial intercecption and dif-
fusicnal deposition. It should be noted that Ny, involves simply the physicel
properties of the pas and the aerosol particle.

In order to be able to predict that target efficlency from Equations 6,7 or
8, 1t is necessary to kmow the functional relationship between the variableu.
Soveral investigators have attempted to develop this relationship analytically
" for conditicns where one or the other of the seperatlng mochanisms is controlling.
To date, howover, no genoral solution has becn devoloped., The nearest approach
i8 that of Davies (2). The purpose of tho invostigation of Ohio State University
was to develop tho relationship exporimontally,

crce
tcere § o -
< =

L5 1
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EXPERIMENTAL ‘PROCEDURE : .

In the exporimontal invostigation, a tecot worosol was pascod through in-
dividual pads of fiber mats in sorios. Collection officioncios woro detorminod
ovor a wide air velocity range (0.02 to 20 ft./soc.) by measuring tho amount of
acrogol rotained in cach pad and tho amount passing tho scries of pads.

In order to take advantago of the convonicnce of colorimetric tochniquca,

a dyo was sclected for producing the acrosol. Theo test aorosol was prepared

from a volatile dye, du Pont "0il Orange," in & large-scale version of the

la Mer generator (3). Unlike the La Mer generator, however, the aerosol was
formed by quenching the hot dye-vapor-laden air with filtered room air and no
nucleation was employod. Throughout all the tests, the generator conditions

wore held constant to give a fixed reproducible aerosol as determined by frequent
checka of filtration efficiency on a given filter-pad arrangement. Tho size of
‘the aerosol particles was determined with jet impactors borrowed from the Unilver-
ity of Illinois (8). The aorosol particles were relatively uniform but not
homogenoous, having & mass medilan diameter of O.4 micron and a standard geometric
deviation of 1.4, It is believed that.the particles were present in the air '
stream as spherical supercooled droplets of dye, although it is known that they
crystallize into necdles on shock or after a period of 10 to 20 minutes., Con-
centrations were on the order of 1 to 2 mg. of dye per cu.ft. of air.

The filter pads consisted of 0.l-in. thick layers of glass fiber packed be=-
tween retaining screens, Five such pads vere mounted in series in each test.
Four types of fibers were used at various packing densities:

Trade Name Mcan Fiber Diemeter,
Fiber No. (Owens-Corning Fiberglas Corp. ) Microns
- F-1 : Aerocor-PF-Type AA 1.29
 F-2 Basic 28 7.6
F-3 Fine Vool ' - 10.7
F-l Curly Wool (Type ll5K) . 29.4

.

All test fibers were fired at 400°C. to remove any binder or lubricant. The
clean-up filters located after the test pads consisted of two standard Aerocor-
PF-Type AA mats in series. The amounts of dye collectcd on each pad and by tre

clean-up filters wore determined by leaching out the dye with benzene and anelyz-
ing the solutions colorimetrically. .

EXPERIMENTAL RESULTS

Figure 1 shows tho experimental results precented in the form of a plot of

- transfer units vs, suporficial air velocity for the various fibeors at severel
packing densitico. It will be notod that the same typo of curve was cbtoined
with all the fibors and puacking densitios. The high-velocity ond roprescnts the
region in which inortiel intorcoption is tho controlling deposition mochanisa.

As tho velocity 48 reduced, inortial deposltion bocomes less e¢ffoctive and col-
lection efficicacy (mc&burud in tcermn of trensfer units) decrcuses. At velocities
on the ordoer of 1 to 10 ft./soc., howovor, diffusional deposition bocames a sig-
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nificant factor. At lower velocitics, diffusion bocomes tho controlling doposi--
tion mechaniom and collection cfficicncy increcasos with o further decrcase in
velocity., It will algo be obscrved that the curves becomo flattor for the fine
fibors. This reflects the superimposcd offect of flow~line interception, which
is rolativoly morc pronounced with tho fino fibers and is independont of gas
velocity in the magnitude of its effect.

While tho data aro prescntod directly in Figurce 1, they are of little
gencrel utility in this form. It is nccessary to generalize them in térms of
fundomental concepts. This may be done by using the data as a mecans for evealuat-
lng the exact nature of the functional rolationship implied by Equations 6, T,
and 8.

Since the gas properties and the aerosol particle size were held constant
throughout this study, the value of the interaction paramcter, N,., defined by
Equation 9, was constant at a valuc of 21kO. Equation 7 and 8 would now indi-
cate, pursuant to the assumptions made in deriving them, that all the collection

efficiency data expressed as target efficiencies, should be unique functions of
either the inertiel interception number, Ngi, and the flow-line interception
numboer, Ngr, or of the diffusional seperation number, Ngg, and the flow-line in-
terception number, Ngr. In other words, if the target efficiences obtained in
this study are plotted against either Nsi or Nsd: unlque curves should be ob-
taincd for given values of Ngf.

In Figure 2, the data are shown in the form of a plot of target efficiency,
Ng, v, Ngi with Ngr as the parameter. Figure 3 represents the same data plotited
as target efficiency, Ny, ve., Ngg with Ng, as the parameter. It should be ex-
phasized that these two figures are not independent; they ere merely alternate
wvays of presenting the same dota end it is possible to go from one to the otrer
by direct calculation. Since the interaction parometer Ny, is constent, once
any two of the three separation nurbers, Ngr, Ngy, and Ngg, are fixed, the trhird
18 determined (Equation 9), The velue of the third parameter is shown &s &
dashed line in each figure. TFigures 2 and 3 may be regarded as the graphicel
., manifestation of the functional relationships implied by Equations 8 and 7,
respectively, for the specific value for the interaction parameter of 2140.

(Y

" DISCUSSION OF RESULTS

Validity of Assumptions: In deriving Equations 6, 7, and 8, several assump-
~tions were made. The Tact that the resulting indicated method of correlation did
result in unique relationships for the date msy be taken as evidence, althougn
not proof, that the assumptions were valid within the precision of the deata. In~
dividucl. consideration of the various assumptions ‘will lend further weignt to
this conclusion. ‘

-Since the tests were run under esscntielly isotherﬁal conditions, no thermal
deposltion would be expected. Order-of-magnitude estimates also indicated thet
depesition by grevity settling should be negligible over the range of conditions
employcd. This was confirmed experimentally by the fact that no, significent éif-
ferencco in collocticon efficiency were obtalned when the gas was passed horizoxn-
telly through the filter peds or vertically up or down through the puds.

It 18 ¥mown that the Reynolds nuwmber, Nzs, has an influence on the flow xat-—
tern around single cylinders and, henco, would be cxpocted to influcnce deposition
officioncy In that case, With proximato cylinders, &s in fibrous filter pedls,
howovor, tho Reynolds number should have no offcct provided it is not above a
valuo of on the order of 1. In the curront tests tho Roynolds nwmbor wos less

e e
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than 10 and usunlly leso Jhan 1, The aboenco of o Reynolds number cffect on tho
flow pattern io furthor substantiatod by the fact that the prossurc drop through
the pads was ossentially a lincar function of air velocity. For Roynolds numbers
~ greator than 10, however, a distinct effect would bo expected, ulthough thio re-

gion 1is beyond thc scopo of the prcoent test data. .

The data show no distinet offcct of packing density on target efficlency
although thore is an indication that higher donsities rosult in somewhat higher
target efficioncies. Sinco bed densities were not varioed widely, however, these
indications are not sufficiently beyond the precision of the measurements to be
conclusive. Actually it would be expocted that higher bed densities would com-
press the streamlines around the fibers and yield highor target efficiencies.

For the range of densities investigeated, however, it may be concluded that den-
sity has no major effect on target efficlency.

From the fact that a correlation was obtained by neglecting olectrostatic
effects, onc might conclude that electrostatic effects were of no mejor signifi-
cance in thesc tests, If the elcctrostatic soparation number followed the samo
trend in all the tests as one of the other separation numbers, however, this
conclusion would not be valid., An examination of the various separation nurbers
~will show that the group Ngei, which is a measure of electrostatic deposition by
induction, would be directly proportional to the diffusional separation number,
Ng3, if any surface charge, €4, had been the same on all the pads tested. While
this would represent a colncidental condition, it is not an unlikely one. The
only direct evidence against this possibility i1s the fact that the target effi-
cicencies obtained arc of the order of magnitude that would be expected if dif-
fusion were a controlling factor in the absence of inductive deposition. Con-
sequently, while it cannot be conclusively dcmonstrated that electrostatic
effects were absent, it can be concluded that any such effects that might have
been present were not major factors, :

‘Compariscn with Other Investipators: There are only two sets of data
availeble in the literature which are sufficiently complete to approach a basis
for comparieon. The data of Blasewitz et al (1) dealt with an aserosol that was
Quite hetecrogeneous and, in addition, involved considerable uncertainty as to
the megnitude of the particle size., Ila Mer et al (3), while complete in other
respects, did not measure the properties of the filter pads, Hence, the com-
parative interpretation of their data involves a possible e€rror of several-fold,
When prescnted on the same basis es Figures 2 and 3, the data of Blasewitz and
La Mer indicate qualitative agrecement with the preseat data.

The date in Flgures 2 and 3 suggest limiting curves for Ngp = 0. These
have been drawn in as dotted or short-dashed lines, In Figure 2 this limiting
curve would represent the target efficiency at low Reynolds numbers if enertial
interception alone were involved. ILengmuir (4) reports a calculated value of
Ngq of 0.27 below which no deposition by inertiasl intorception can occur at low
Reynolds nurbers, although he gives no dotalls as to the method of arriving at
this value, This value was used as an asymptote in drawlng the limiting curve
for Ngp = O in Figure 2. Also shown as a dotted curve in Figure 2 arc the
calculated values reported by lLangmulr and Blodgett (5) for potential flow.
These values would correspond to the target efficiencies to bo ocxpected for pure
inertial intercoption et very high Reynolds numbera and should be much greater
than those for viscous flow.

Davies (2), Langmuir (4), Lewis and Smith (6), Renz (7), and Stairmand (ll)
havo all dovoloped approximate enelytical expreossions for tarpget officiencies
urder conditions of puro diffusion to single cylinders. While thoso expressions
liffer by sovoral-fold fectors owing to diffeoronces in simplifying esoumptiono,
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that of Langmulr is pro-~ubly tho mout accurale. Langulr's cxprosclon fells be-
low the dottod lino of Figwre 3 by a factor ranging from 0.5-to 3-fold. ILecwis
and Suiilh oblain rosulisc 705 highor il tho dotled line while Stairmend is
higher by & faclor of 3. Ranz is in approximato ogrocment with Langmuir., It
ohould bo remenbercd that theso analytical expressions aro for single cylinders.
Higher target officilencies would be expectod for proximato cylinders.

APPLICATION ;
/

Figures 2 and 3 give a quantitative representation of deposition in fibrous
filter mcdia at low Reynolds numbers (lcss than 10) in the absence of significant
therwal, eloctrostatic, or gravitational effects. They are specific, however,
for an interaction number of 2140, To obtain a generalization of these curves,
it would be neccessary to obtain similar curves for a renge of the interaction
numbcr. For highor values of the Interaction number, the curves of constant Ngp
would, in general lie below those of Figures 2 and 3; while, for lower valuos of
Nge» the curves of constant Ngy would lie above thosc of Figures 2 and 3. 1In
olthor casse, hovover the curves of constant Ngp would approach those of Figures
2 and 3 at high values of Nygq or N, (i e. at tho right-hand side of each figurec).
In other words, for high vagucs of Nsi and Ngg, the curves of Figures 2 and 3
would be sensibly independont of Ngg.

To . use Figures 2 and 3 for genercl design estimates in the absence of more
extensive similar date at other values of the interaction number, the following
procedure is suggested, For the specific values of the sepuration numbers Nge,
Ngi, and Ngg involved in a particular problem, calculate from Figures 2 and 3 the
target c*f1c1ency corresponding to each of the three combinations of two of the

Bepulaulon nurbers. In general, this will yleld threoc velues for the estimated
targot efficlency. For the singular case where the interaction number for the
spccific problem is 2140, thece three values of target efficiency will, of neces-
sity, come out equal, If the interaction number is less than 2140, use the ‘
highest of the three target efficiency values obtained., If the interaction num-
ber is grester than 2140, use the lowest of the three target efficiencies ob-
tained, This epproximation should yleld estimates that ere correct within &
factor of two for the range of conditions likely to be of practical interest.

SUMMARY AND CONCIUSIONS

A nethod has been presented for generalizing the principles governirg depcsi-
tion of eercsol particles in fibrous packing by the meochanisms of flow-line in-
terception, inertlel intercoption, and diffucional deposition. Experimental data
beve been obteincd which expross these principles quantitatively for an interac-
tion nurber of 2140, In the absence of more oxtensive data over & rango of in-
teraction numhors, a moethod 18 suggested for utilizing the presont data for
general design or performance cetinaton,

Tho following 18 & list of indicated diroctions for further research to fully
develop the fundemcntals of aserosol deposition in filters:

1. Confirming Date., In this fleld, with its many uncortainties rogarding
basic tochniguos of meoesuromcnt, it is ospoclally desirable to obtain comnparisous
wilh othor date obtainod independontly and proferably using difforent techniques,-
Litereluro date currontly aveilableo arxc not eufficiontly complete to enable quan-
titative ccupurisons to be nudo,

e L . . S s seimowr s
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‘2. Effoct of Intoraction Number. While an approximato mothod 1o suggcstod
for employing the data pruocntod horoln for genoral design, it is ncccessury that
further data be obtained over' a wido range of the intoraction numboer (say for Nge
ranging from 100 to 100,000).

3. Effoct of Bod Donsity. Data aro roquired to ostablish the quantitative
offocts of packing density. The prosont study involved a relatively limited
range. Such data should bo oxtended to donse peckings such as may be encounterod
in compressod mats,

4, PBffect of Reynolds Numbor. For practical conditions under which deposi-
tion by flow-line interception or diffusion are significant, the Reynolds number
should be sufficiontly low that it is questionable whother the Roynolds number
would have any significant scparate influenco. For inertial intercepiion, however,
high values of the Reynolds number, for which marked effects would be expeccted, are
frequently encountercd,

‘ 5. Effect of Mean Free Path of Gas Molecules. Insofar as the mean free path.
effects the flow around fibcrs, this factor has been essentially ignored by all
but Langmuir (%) who provides an approximate allowance. In practice it will be
significant with very fine fibers or at reduced pressures, Although not sepa-
rately allowed for, it was probably beginning to be & significant factor in the
"case of the finest fiber employed in the present study. , '

6. Effect of Other Doposition Mechanisms. Considerable work remains to be
done to evaluate the principles of deposition by gravity, electrostatic, and
thermal mechanisms. Ranz (7) (9), in particular, has made & start in this direc-
tion. :

T. Effect of Fiber Orientation. There has been essentially no systematic
work on the gquantitative effect of fiber orientation. The present study dealt
exclusively with fibers mounted perpendicular to the gas flow,

8. Deposition in Granular Solids. There hes becn essentially no fundamental
work to evaluate the quentitative principles of deposition in beds of grenular
polids.

9. TFilter Life. The gbove-indicoted noeds for further research are aimed
- primarily et developing the fundamentels of deposition. In practice, a far more
important consideration 1s that of filter life from the standpoint of plugging
by the particles deposited in the filter. To date therc has been no systematic
evaluation of this phasc. Actually, before & truly fundamentel analysis of fil-
ter life can be made, it willl probably be necessary to first develop the prin-
ciples of deposition.

10, Mechanical Stability. In practice, the compressive properties of
fibers are an important consnideration In design of decep-bed filters. Mcchaonical
stability with time under corrosive or siressed conditions is also very impor-
tant.* Thesc phases have hardly been touched upon in investigetions to date.

NOMENCLATURE - ‘ .

A = facc arca of filfer pud normal to diroction of gas flow, &q. cém

Dy = fiber diameter, cm. )

Dp = aerosol particle diamster, cm.

D, = diffusion coefficient for aocrosol particlo = Yo R T/3 Tu N Dp,‘aq. cm. /occ.

e scmrmmer oo
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thermal conductivity of gas, (cal. )/(cm. (°k.)(ooc.)

Stokeg-Cunningham corroction fuctor for moan froo path of gus moloculoo,
dimensionloos.

thermal conductivity of aerosol particlo, (cal.)/(cm.)(°K.)(sec.)
maes of filter pad through which gas flows, grams,

Avagodro"s number = 6.023 x.1023 molecules/(gram mole).

Reynolds number = Dy Y, p/u, dimensionless.

secparation numbor, dimensionless.

interacﬁion nunber = 18 4 /ky py, Dy, dimcnsionless.

diffusional separation number = /u0 Dy, dimensionless.

electrostatlc separation number for effect of charges = hne' ebs/ﬂ o} Dy

- Ug, @imensionless.

i}

electroatatic separation number for effect of inductlon = km€?b§ D 2

(6 - 6)/u62 Dy ug, dimensionless.

flow—line interception number = DP/Dbl dimensionless.

gravity separation number = ¥ /u,, dimensionless.

inertial interception muuber = kp Py Dp2 u0/18 K Dy, dimensionless,
thermal separation number = [k/(2 k + kp)] [(T - Tp) /7] (4 /xy p Dy ué],
dimensionless. :

number of transfer units, dimensionless. A .:

gas constant, 8.31 x 107 (ergs)/(°K.)(gram mole).

epeéific surface of fibers, = 4/D, for cylindrical fibers, sq. cm./cu. cm.
gas temperature, °K or °C abs.

superficiai gas vclocity.(based on filter face area), om./scc.

terminal settling volocity of aQrosol purticio in gravity field, cm./sec.
permittivity of gaa, (stetcoulombs)2/(dyme )(sq. cm.).
permittivity of aerosol particle, (statcoulomba)2/(dyne)(sq. cm. ). |
fiber density, g./cu. cm. |

porosol. particle density, g./cu. cm.
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p = gas viscooity, poisos,
€, = fractional volds in filter pad, dimensionloss.
p = eloctric chargo on particlo, statcoulombs.

€ps = ©lectric charge on fiber surfaco, (statcoulombs)/(oq. cm.).

ﬁ = pverall fractional colloction efficioncy,'fraction of particles entering
filter that are doposited in theo filtor ped, dimonsionloss.

Ny = ratio of cross-soctional area of tho original aerosol stroém, from which
particles of a given size are removed becausc the particle trajectories
intersect the fiber surface, to the area of the fibers projected normal
to the nominal dircction of gas flow, dimensionless.

¥ = "a function of."
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NEW DEVELOPMENTS AT U.C. RADIATION LABORATORY

By M. D. Thaxtor, UCRL

I'd like to touch on two items under. the hecading of new devolopments at tho
Radiation Laboratory, under the topic of air cleaning. The first is a minor
item, a scrubber for the entire or partilal removal of corrosive vapors. We've
been fiddling with this gadget for 2—1/2 years and have found it useful in our
box applications as well as in non-radioactive bench chemistry. Its purpose is
to protcct filters, ducts, blowers and other air cleaning and air handling
equipment. At ihe outsct let me give credit to the Harvard air cleaning lab for
the stimulus r eived there in 1951 where their scrubber was demonstrated. We
used the saran oed roported by them, The rosemblance ends there, however, and
our results camunot be comparcd with theirs. We were seeking & very canpact
package whereas Harvard's was on an industrial scale.

We mey describe our unit as "a small vertical gas scrubber, concurrent flow,

single stage, with saran fiber bed, scrubbing ligquor circulated by alr 1ift, and
containing an integ-al reservoir." A downstream exhauster is universally used.

The unit may by said to have two major portions, upper and lower. The up-
per portion conteins gas inlet port, liquor discharge, sprecader plate, saren bed
disengaging space and gas outlet. The lower contains the air 1ift feed and
reservoir of scrubber liquor. The assembly 1s tubular and has been made in three
sizes, our so-called 2", 4" and 6" sizes. The 2" and 4" sizes arc self-containcd
- in polyethylene end indusirial glass Pyrex pipe scctions respectively, wherees

the largest is 6" Pyrex pipe housed in a 30 gallon common drum, polyethylene
lined,

Some dimensions may be of interest: g
DATA: , Scrubber Size & Dimensions
/ 2|| h_u" . 6n
Overall height, inches 17.5 3% 34
Width, inches 2 y o 21
Bed internal diamoter inches _ 1.8 3-5/16 4-3/4
Bed cross sectional area--inches 2.6 8.3 17.8
Bed depth--inches 6 10 .10
Lift height--inches 17 25 26
Liquid resevolr height--inches 8.5 12 16
volums -~ -—— 2 liters 17 gallons

Liguor cycling rate, cc's/min. ---  Loo : T 600
Thruput gas volume as 1ift air —— 0.23 CFM 1.7 CFM
Total gas thruput @ 3" w.g., CFM 3-1/h 10 1 19.2

It was experimentally determinod by cut end try mothods that the optimum.
air line tubo diamcter wue 7 mm inoide the air 1ift tubo of 16 mm.

218  WASH-170
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Obsorvo in tho above date the thauput 1s dircctly .olated to bod diamotor.
Laboratory efficioncy toosts have boon run only on tho 4" sizo with and without
an upatroam condenser. Vapors from boiling 12.6 M HC1 mixed at tho vapor picrup
with room air to makeo up volume was the food material. Honce tho concontretion
droppod as volumo wont up. Total acid in cach run was 100 ml boilod to dryncss.
The teots wore ropoatod with 16,2 M HNO3. Efficicncy calculations are based on
back titration of scrubbor liquor which was 2 N NaOH. Rosults are exprossod as
9 removal to scrubber liquor fram the air stroam, .

CFM L" scrubber 4" scrubber with condonsor
5 . 66 - 100
3 71 ' 91

1 88 ' -

" HNO3 tests

2 58 -
3 -=% 67
1 - 98

*Not determined; acid reacted with tubing usecd in asscubly.

In one applicetion where beta-gamma radioactive mists were encountered the
scrubber also acted as a satisfactory air .cleaner. This is, however, an excep-
tion; its efficiency for particulates i1s like all scrubbers, rather poor. Quali-
tatively these scrubbers have performed well for our major purpose of protecting
downstrecam equipment. They have worked visibly well on HF es. expcected but not
so well on H2SOL. The 4" and 6" units are mounted downstream and outside of
Berkeley boxes, The 2" under current study is designed to go inside such boxes.
Rough sketchss are availeble for those interested.

The second item to be discuased is more importent. It might be said that
it concerns not air cleaning, but a method of avoiding a prcbeble failure of air
clecning. A few introductory remarxs are necessary: At UCRL we encounter our
major air cleaning problems in connection with inveétigationa on the transurenics,
Substantially, &s you know, these arc alpha emlttiers; some of them are beta-
gauma and neutron emitters es well, When theo specific activity is high & very
small percentage loss to room air or to stack gas will result in excecding the
AEC Jimits for air pollution.

Wnen one manipulates substantisl quantitics of high specific activity ma-
terial and the treatments involve hecating, cooling, stirring, transferring, gas-
sing, centrifugation, precipitation, dissolving, evaporation to dryncos end &
host of energctic chemical reactions, the chanceo for acrosol formation end die-
persion are considerably enhanced.

Since in roscarch practice 1t never occurs that tho scquence of proccssling
ovonts, or conditiono surrounding oach cevont, is duplicated in successive experi-
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"sausago link" prepured by the usual heat-scalin, tochnic., All componontis of
tho gyotem aro liquid, solid and gnscous waste roceivers as such, and will bo
concroto Jackotted and buriod at the tormination of the oporations, with the ex-
ception of the accuwnulator tanks. It is planned to sample the bags Iin these and
assay their contents by three methods: filtration, ESP and vibrating recd clec-
trometer, Attempls to clean the accumulated gascs are planned and will be proa-
ecuted if time and the assays permit. In the event of poor success the gascso
will bo compressced in stool cylinders, Jacketted in polyethylené and encased in
concrote for burial. .

Wo have become truly amazed at the detailing required. The two opcrating
boxes require eloven gloved boxes to serve them, 1200 feet of polyethylene pipe,
500 hosc clamps, over 150 valves and much othor impcdimenta. The cost is of

', courso commensurate, The designed capacity of tho system is 615 cubic feet with

a two-fold safety factor on volume., It is anticipated the equipment will run
continuously for some 60 days. An example of the complexity a closed system re-
quires may be given, Consider the sole factor of envirommental temperature veri-
ations. We plan to hold the system at all times at sbout minus 1/2" water geuge
with respect to atmospheric pressure, .Yet a shift of 11 degrees F would ceuse a
change of pressure in all volds of the apparatus of about 13" w.g. Stated
another weay, if the volume of one of our accumulators is 240 cubic feet, this
would mean a volume change of about 8 cubic feet just because of this small tem-
perature variation. This must be allowed for in the sensing end controlling ap-
paratus and provisions made for tempering the ambilent atmosphere.

What I should like to hear at this meeting of course is a description of an
air cleaning train with sufficiently emple decontamination ebility so all the
above headaches could be avoided when we run into this typs of problem again.

+




A CONSTANT VOIUME RADIOCHEMICAL HOQOD
/

By G. T. Saundors, CR&D

DESIGN PHILOSOPHY

In 1951; design criteria werc being esteblished for a new chemistry labora-
tory to be built by the California Rescarch & Development Company, and studies
wero undertaken at that time to determine the type of radiochemistry hood that
was to be uscd. The first requiroment established was that the hood must be an
integral part of a constant volume central cxhaust system, Secondly, and op-
posed to a constant volume unit, it was desired to obtain a constant face veloc-
ity regardless of door setting. Iastly, it had to be inexpensive,

An examination of commercially aveailable radiochecmical hoods and those in
current usc at A.E.C, sites showed that none could meet our three demands, The
problem was resolved by the designing of a hood that was formulated around
severel features:

l. To meect constant volume and constant face velocity -- which we set et
approximately 100 FPM -~ it was dotecrmined to use the hood door itself
as an air regulating valve by incorporating a by-pass port directly
above the hood compartment.

2. The exhaust filters were to be installed immediately adjascent to the
hood outlet and at floor level to facilitate ease of change.

3. The hood must be readily portaeble and must pass through a standard
3 o" x 7 0" door.

4., It must be easily disassembled so that in the event of contemination

" only the affected part need be taken away.

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 DESCRIPTION

The overall dimensions of the hood are 9'2" high by L'3" wide and 2'10-1/2" "~
deep, without front ailr foill -- with foil it is 3'1—1/2” deep. It is constructed
throughout with mild carbon steel. The cenopy and coverplates are of sheet metel
end the supporting members utilize standard structural shapes. All surfaces that
are exposed to either corrosion or contaminection are finished with a baked phe-
nolic rcsin, The hood opening ie equipped with a rcmovable air foll to insurc
smoother eir entry. '

The hood deck will support a floor loadinﬂ of 500 pounds per squere foot.
Stenderd utility conncctions are providcd which includes & cup sink.

The hood section and the by-pass ‘section both have a face arca of 11 sgquare
feet; the hood window 1o likewisc 11 sguare feet and as it is moved up or down
the totel eir intake erca remains at 11 squarc fcot., With an average face ve-
locity of 100 FFM, tho volume remains at roughly 11G0 CF}

The air from both the hood and bypass compartments pass through the filter
uniis at the base of tho hood. A fiberglass prefilter is provided for each of

202 . ' . WASH-1'(0

[}
5
ctciga

€

19
tica
3




WASIE-170 . e

two 27 x 2' x 5-7/8" cws #6 (equiv.) filteor's conncctod in parnllel. The total
air volumc in the unit can bo adjusted by mcans of a butterfly damper located
downstream from the filtero. An indicating manometor shows tho pressurc drop
across the filter bed, and as the filter loading Incrooscs the total air volume
can be adjusted to a maximum of 3" static pressure drop across the filter bed,

The concreve slab construction of the buillding precluded any scrvice base-
ment so that a furred-in space is provided at the side of the hood for the util-
itics and duct run frem the floor to ihe ceiling. Since two or more hoods are
normally instelled side-by-side, the common usage of the utility spece is eco-
nomically achieved. All valves and controls aro mountcd on the pancl between
the hoods,

The hood is quite simple to disassemble. The upper hood and by-pass section
rests by gravity on the supporting structure. By disconnecting the utility out-
-lets, the top sectlion can be lifted off and taken from the room. The lower fil-
ter box and supporting structure cen be removed by disconnccting & coupling to
both water drain and to the air ducts.

The filters are changed by removing the cover plates and withdrawing the
filters horizontally,

HOOD DEVELOPMENT

In order to ascertain the air currents, pressure drops, and general flow
characteristics of the hood, & unit was mocked up to be run for smoke and ve-
lometer tests It was essentially as shown in Flgure I and was used to deter-
mine optimum beffle, alr foil end opening sizes. The unit was also used to de-
termine the eflect that each component had on the other.

In the original concept a simple'vertical adjusting balffle was used at the
beck of the hood chamber. This demonstrated a very rapid increase in fece ve-
locity for the lower (hood) section as the door was closed., FHowever, the total
eir volume remalned feirly constant since the major pressure drop was concen-
trated at the narrow exhasust outlet between the hood and filiter plenun,

. To correct this incrcase in face velocity of the hood section, the verti-
cally edjusting baffle was replaced by a hinged baffle.which could be moved to
decrease the air volume (--thus velocity--) in the lower hood section when the
hood door was lowered. This mechenism works in this fachion: when the door is
closed to 10" or less from the bottom, the operator mey move the baffle to a
partially closcd position by pulling a handle on the control penel. The bafile
locks in this position until the door is raised at which time it returns to its
originel position. If there is no objection to the higher face velocity, the
belfile doos not havo to be closed., Fipgure ITI (S1idé¢ L4) shows this linkage in
schematic feshion., Figure IV (Slide 5) shows the total volume and average face
velocity of the hood in opcration,

The use of thc baffle showed that a more laminar flow of alr was achlieved
with it than without it, and there was o minimum of hood turbulence regardless
of door sctting., There ‘appeared to be no back-up of ailr from one compartment to
the other, although, as would be anticipated, thers was an increase in stagnated
air in thc bottom (hood) compartment as the door was lowered. Experiments with
various sizco of eir foils showed that there waso little veriotion in effect duc
to sizo. Howovor, the larger ono performed better. Tho final redius was the
maximum curvaturce to fit the physical instellation limitatlions Imposcd by both
building and porsonnel eccoss, Slotted falrings were found incffective et the
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rolativoly low volocitiocs involvod. It is woll to atnlo, howovor, that tho flow
patterns with tho air folls woro muny timos botter than without: the ovorall
gir pattorn was laminar with, but turbulont without, the foils,

HOOD LIMITATIONS AND COST

There aro limitations, of courso, to this typc of hood. Tho most obvious
one is that the numbor of hoods to a room is limited unless spoclal air supply
devices aro used., This is duc to the constant voluro aspects of tho hood.

The installed price by a commorical fabricator of fiftoen units was approx-
{mately $1000 cach. No attempt was made to determinoe the cost of a smaller nunm-
ber of units.

As in all initiel designs, therc aro arcas of Improvement and wo feel 1f
odditional units were to be built wo would at least modify the following items:

1. Add a clamping bar on filter holders to facilitate holding.

2, Sinmplify beffle linkago,

3. Uso countor welghts on door instead of sash balances.

‘coxcmsxo:\'s

The hood hes proven quite satlisfactory in operation and we feel that the
deslrable features were obtained at ‘a minimum of cost.

Abr By-pase —_— Divider Panel
° .
Nood Door —— |
" *
N Hinged Air Baffl
Vorking Area — \ — PI:?.: r Balle

- Air Foil

. . : Filters —— 5777777

Central Exhaust
TEystenT T

FIGURE I

SCHEMATIC DRAWING OF HOOD ELEVATION
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" The fibers arc known commercially asitype E Glass Micro Fibers, have a

FILTRATION OF MICROORGANISMS FROM AIR BY GLASS FIBE%/PAPER FILTENS

Herbert M. Decker, J. Bruce Harstad, Frank J. Piper

Chemical Corps, U.S. Afmy, Washington 25, D.C.
and liyrl E. Wilson, 2nd Lt.,USAF

A survey of laboratory acquired infections in the United States
reported in 1951 by Sulkin and Pike (1) tabulates a total of 1,334
infections acquired in the laboratory. Filtration of exhaust air from

ventilated bacteriological work hoods and from rooms or buildings used

7 in the studf'offhiéhi} iﬁiectious diseases will therefore assist in the

reduction of lgbérabory acquirgd infections,

A£ thé last Air Cleaning Seminar a paper was presented on the “Removal
of Béctéria and Bacteriophage frdm the Airiby Glass Fiber FFilters.," lention
was ﬁade at that time thaﬁ>preliminéry tests indicated a higin filtration

efficiency of microorganisms through glass fiber paper filters. Since then,

:a nuaber of tests have been conducted on this type of filter media,

During the past yeér filter manufacturers have devoté@ considerable time
and effort to the development of ultra microfine glass fiber paper
filters for removal of biological and radiological contamination from .
air supply systenms. S ..

?he glass fiber filter originally developed jbintly by the
Depaftment of the Navy and the National Bureau of Standards is now being

procuced commercially. This filter ic es thin as cosrse paper (10 mils).

melting point of 1450 F, &nd an averagez diameter of 0.5 to 0.75 microns,

WASI-170
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4 secomd now type of riltc; papor is boing devecloped by a rescarch and
eagineering organization. This second type is composed of a mixture of
class fibers and asbestos fibers, Figures 1, 2, and 3 show the fibers
as they appear in the PF 105 spun glass fiber pads énd the two nevier
filter papers. It is evident that the Type E filter material (figurc 3)

- has the most uniform fibers, Ib was reported at the 1952 meeting that
two layers of PF iOS spun glass exhibited an efficiency éf 99 per cent in

removing Serratia indica fram an air stream. Since that time, glass paper

filters have been evaluated,

Serratia indica a harmless elongated bacterial organism, about one

aicron in length and one half micron in thickness was used to evaluate

the efficiency of the filter papers. The test equiément is iilustrated
in figure 4. The organisms were abonized by é Chicago type nebulizer

into a cloud chamber where the cloud of bacteria was mixed with air, then
passed into the pre-filter sampling chamber, thfough the filter at face
velocities of 10 and 20 feet per minute inteo a post-filter sampling chamber,
and finaily exhausted by means of a blower to tﬁe outside air. Biological
naterial from this nebulizer is not always unicellular; because
aggloneration of organisms may occur during or after relcase of the

aerosol.

*  The air was sampled in front of the fiiter by liquidvimpingers
coristructed with a critical orifice which permitted air to be dravin
through the collecting mediun at dpproximately 0.5 cubic feet éer minute,
The collecting medium in the impingers consisted of 20 ml nutrient broth

ard 6 Lo 8 drops of olive oil. One-tenth ml of the sample was streaked
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on a corn stecp agar plq%e. In addition; onc ml samples from the liquid
impingers were serially diluted and one-tenth ml samples of the dilutions
were streaked on plaﬁes for incubation and counting. Sieve samplers
containing corn steep agar petri plates were used to sample air-aftef

it had passed through the filter,

The efficiency of the filter paper was determined by sampling the
cloud concentration beforc and after the filter. The results of the test
are shown in figure 5. At an air flow of 20 linear feet per ninute penetra-
tion of S indica through the type E glass filter paper was two organisms
from each 100 million test organisms recovered in front of the filter,

At an air flow of 10 linear feect per minute the penetration was one
organism., With the asbestos-glass paper, at an air flow of 20 linear
feet per minute, the penetration was 28 6rganisms per 100 million test
organisms, When the air flow through the asbestos glass paper was
reduced to 10 linear feet per minute the penetration increased to 140
organisms. The increase in penetratioﬁ from 28 to iAO probably results

from the lesser impingement of the organisms on the fibers at the lower

*

' vélocities. o
Since steam is frequently used in safety cabinets fof biological decon-

tamin#tion purposos, tests wers conducted to determine whether the passage

of stoanm through the type E glass filter material would have en offect on

the filtration efficloncy. Free flowing stecam was passed through a 100 CFM

‘type E glass pleated filter for é~tot§l;df three hours. The results of the

tests indicated that there was no apparcnt change in filtration efficiency.
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EFFICIENCY OF GLASS AND GLASS-ASBESTOS FILTERS
IN REMOVAL OF S INDICA FROM AN AIR STREAM

I

: AIRFLOW - PENETRATION
: . RESISTANCE | NUMBER OF| /nn iy
e e | e | PERRTINEE (MU oo mien

: o Tl A2 - VA

minuic) water) | EVALUATED before filter)
GLASS PAPER

FILTER
TYPE E 20 3.2 7 2

| 10 1.5 5 |

ASBESTOS-GLASS . . .
PAPER .20 3. 5 28
10 1.5 5

- 140

¥ Each filter was tested a minimum of fen times.

- FIGUnE 5.‘ Efficiency of Glass and Glass Asbestos Filters in
Removal of S indica From an Air Stream
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CONCLUSIONS - .

. ~
The data obtained on the riltering efficicncy of the filter pads and

papers are niost promising, @nd indicate possibilities for wide practical
application. Results of our carlier work sﬁowcd that two } inch pads of
-X.28 micron size spun glass at a linear air flow of 20 fpm removed an
average of 99 per cent of the bacteria and virus organisms. It was felt
that this type of air filtration systex would be satisfactory for general
building exnaust supplies such as in.hospitals and in industrial concerns,
hHowever, in spccialized eircunstances such as in the case of some research
institutions wnere organisms may be handled in large nwaibers or in
appafébus in which significantly infectious bacterial aerosols are
accidentelly ;r deliberately éroated, a greater arrestance is necessary.

There is now available a highly efficient'miheral filter paper that
can be easily used at hi%h temperature; is fire resistant, does not
disintegrate when wet, and can be biologically decontaminated by neat,

A hon~com$ustiblc”filter frame for th@ all-glass fiber filtér ié being
developed commercially (figure 6). The filter mdde of asbestos fibers and
glass fibers is also approaching compercial availabiiity. Industrial
installations, hospitals and research laboratories wiich require removal
of biological, radiological or other particulates ?roh an gir stream, now
"have access to a highly effective, fire résistant'and chemical (except
hydrogen fluoride and alkalies) filter. Frequently, such a filtration

system may be used in lieu of a costly incinerator.
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FURTHER STUDTES ON EIECTROSTATIC SEPARATION

by

A. T. Rossano, Jr., M,S., Roesoarch Foellows
Harvard School of Public Hoalth
55 Shattuck Stroot
Boston 15, Massachusotts

’

I. Introduction

At the last air cleaning sominar we prosented a preliminary réport
of our studies on electrostatically chargod aorosol filtérs. At that
time wo outlined some basic concoepts of eloct?ostatics such as methods
for producing static electricity, mechanisms of charge.roduction and
measurement of chsrge, In addition, woe reviewed oxisting information on
the nafure‘and behavior of the rosin-wool filter. In this paper we shall
attempt to bring you up to date on the results of our'continuing resocarch

on the electrostatic effects ih fiber filters,

'

'II. FExporimontal Studies on the Effect of Aerosol Charge on Filter Efficiency

A. Apparatus and Procedure

" The electrical mechanism of removal in a dry fibrous filter is
rolated to the electrostatic force betwecen fhe aerosoi and the collecting
surface, This force may be either a Coulomb or a polarization forcol,
Tho Coulomb force exerted on an asrosol particle possessing a charge Qp

in en’electric field of intensity E surrouncing a charged fiber. is as

follovwesgxx

% Seonior Sanitary Enginoer, U. S. Public Health Service on assignmont
from tho Eavironmental Health Center, Cincinnati, Ohio )

#%x Tho units used aro in the "unrationalized" cgs or Gaussian system. Thst is,
F is in dynos, ¥ in stestvolts/cm, Q in stetcoulombs, and r in centlmoters.
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}
The fiold E at a di.tancoe r from tho axis of n'long'slondor fibor chargod
uhiform]y with Qf units of charge por contimotor of length is as follows;

E = 2Qp
m >

Since tho rolative dielectric constant k for sir is nearly 1, the Coulomb

forco experjenced by the morosol particle in air isg

F, = ZQPQr
: r

Thus, the removal force is a function of the product of the charge on the
individual pa}ticlc and the chargoe on the fiber,

If F. is negative, the particles tend to move from the amerosol stream
onto the collocting surface, the net effect being an increase in filtering
efficioncy. Conversoly, a-positive valuo would indicate a iowering of
ef ficiency.

In the case where one of the ?0mponentb is charged and the othor is a

dielectric, the force botween the two may be a polarization force?, in

N

uncharged particle whoso dielectric constant differs from that of the
surrounding medium eoxperionces a net force when plaéed in a non-uniform

eloctric fisld., ‘
Considor an uncharged particle in the non-uniform field E surrounding '
a long slender charged fiber’ in air, The inductive force on a particle of

volﬁmc V and of diclectric constant k¥ is ps'follows;

Fp = (k~1)VE é E
. 4 777 R
whero r is the radial distance from the fiber,
Thus, tho collecting force on a dielectrlic particle is related to the

absoluto valuo of tho eleciric field surrounding the charged fibor, as woll

as the field grediont., The motion of the particlo will be in direction of
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the greatest fiold &trength, that is, towerds tho fibor, rogardloss of the

D —

r - ér

polarity of the fiber. Since E = 2Qr, Fp = (k-1)d3Qr2 whore 4 is the

particle diamcter.

An evaluation, therefore, of the role of eleotrostatics in filtration
must conéorn itsolf with two compononts = particle charge end fiber charge,

In this study we have divided our investigations into two phasos. Tho
first phase is concerned with tho offects of particle c%urgo on fhe filtration
officiency of an initially uncharged fiber filter, The ramainder of this
papor deals principally with this aspoct and will include a description
of the tost procedure, apparatus and results.,

The second phase is concerned with the effoct of charged fibers on
the efficiency of filtration of uncharged'nerosol particles, Somoe exploratory
work on this aspoct has besen initviated, and brief mention will be mads of

.-

tosts in progress, / '
a) Aerosol generator -
~ Figure 1 shows the general layout of the ;ntire tost assembly., A

15 inch diemster steel drum open at the top houso$ a ‘constant spoed motor
qriving a horizontgl 4 inch diameter brass disc.* From an overhead constant
head tank, & solution of 0.1 percent methylene blﬁa in 95 percent ethyl
alcohol is fed through a hypodermic needle onto tho center of the disc, Thq'
resulting thin liquid film is centrifuged off thé edgé to form a fine liquid
spray coﬂsisting of droplots of two distinot sizes; the maln droplets and the
éatollites, of approximatdly 1/3 tho size of tho main ones. The diamoter of

tho main droplets is a function of the rotational speod, radius of the disc

and physical charactoristics of tho liquid. An induced downward flow of air

« Tho aerosol was gonorated by a spinning disc sprnyof ddaptod from the
unit doveloped by Vaulton & Prowottd,
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through the drum Intloercopls tho satollitos and convoys them int; the inlet
of tho 5 1/4 inch tost duct. Contact with dry room air rosults in tho
evaporation of othanol from those dropl&ts and solid spheres of methyleneo
“ bluo aro foriod. Particlo size distribution, determined by means of & Cascado
Impactor ‘having a molocular filter (M or Milliporo Filter)s as.the fifth
stﬁge,'showod the aerosol to have a mass madian diamoter of 2,0 pt and a
goomotric standard deviation of 1,3, Loadings could be varled from about
0.1 to 1.7 mgs. per cubic meter with good reproducibility,

A Stairmand disc and diffuser screeu are provided in the duct to insure
uniform cfoss—sectionul distribution of the serosol,

b) Aerosol charging device

The asrosol is Eharged by means of an fonizer section containing
a series of'électrodes.consisting of fine wiros and coplanar brass cylinders,
A direct curreant powor supply furnishes controlled volt#ges up to 12,000 |
volts and ion currents up to 150 microamperes., A unipolar corona discharge
is established bet;een the wire and cylinder electrodes. Particles entering
the eloctric field betwoen the wire and cylinder are charged as a rosult bf
~ ‘bombardment of ions having the samo polarity as the %ire. The emorging
serosol, thorefore, possesses a charge having predominantly the same polarity
as th; disﬁharge olecerbde. Aerosol chargo could be varied from test to test
by varying the ionizing voltage and current, |

e) - Sampling

Sampling probos placed on eithqr sido of tho test filter permit
determination of filtration effici;ncy. The filtor medium in the  sampler
is a LF (Hydrosol Assay Typo) having an efficiency of approximately 100

percont, Tho sampling rate was S5 liters por minute.

* Lovoll Chomicyl Company, Watertown 72, Massachusotts
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‘Mass conconiration of muthyleno bluc aorosol collocéod by tho samplers
-is doéormihod by dissolving tho molacular filter in acotone, adding ethanol
to dissolve the methyleno bluo and unglyzing tho solution colorimotrically
-on a Klett colorimotoer,

@) Aerosol charge moasuremont

The filtor medium used in theso tosts was 50 p diamoéer glass
fibors éacked to & density of one pound per cubio_foot. The filter was
5 1/4 inchos in diamctor and 1 inch thick., Aerosol chargé measuroments
wors made with a Faraday cage consisting of an 8 inch long brass collar
around a Lucite filter holder as shown in Figure 2. A Rawson electrostatic
voltmoter of low capacitance and high leakage resistance is conneocied to
the Faraday cylinder. The éapacitance of the entire electrical system
including fhe meter is dotermined by.a capacitance moter, Electrical
shiolding of the measurement unit eliminates the effects of stray eloctric
fields and capacitance, Critiéal parts of the test assembly are garofully
grounded through conductérs using soldered connections,
.Thc,product of the capacitance of a body and its potonitial equals its
chargo. Ther&foro, the collection of aerosol particles on the test filter
is refiected by a steady chenge in voltage reading. Thus dQ/at =C dV/Atﬁt,
that is; the product of the cylinder voltage change and the capacitance of
the cystom is & moasure of the not charze of collected merosol por unit of
time, Appropriate corroctions are made for the charge carried by sir ions,
atmospheric dust and alcohol vapor., )
Knowing, the norosol concontration upstream of the filter, as dotermined

by the upstream sampler, it i1s possible to calculate the woight of methylens

blus collectod on tho filtor after corrociing for measurod filtor efficivncy.

% Gonoral Rudio 1612AL R-T Capacitanco Motur O to 100 pyuf,
v¥ Ynoro @ is in Statcoulombs, C in Statfarads and V in Statvolts.
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From theso data tho.rutio of charge 'to mass Iln torms of statooulombs por
graia can ba calculatod, Since tho modian particle sizeo is known, & roasonably
accurato approximation of tho avorage electron charge units per particle can
be oblainod, |

B. Test Rosults

Two sorios of runs were made, one with positively charged particles
and the other with negatively charged particles., The suporficial filtering
velocity was 33 feot per minute with a filter resistance of‘0.0Z4 inches w.g.
Aeroscl loading ranged from 0;10 to 0,65 mgs/&ubic ﬁotor for negative nerosol
tests, and 0,19 to 1.7 mg%/bubic meter for posltive aerosol tests. Although
the filter used for the negative sorosol was a.different one from that used
with tho positive serosol, the medium, packing dc;sity, filﬁration velocity
and resistance were quite similar, ‘

It will boe noted that the filter officioncy at zero charge was different
for the two filters, This is of little significance since these tests wero
concerned only with the reletive effect of amerosol charge on penetration.

Tﬁe shape of the Curves in Figures 3'and 4 indicate that the filter
efficioncy graduanlly increases witﬁ aerosol charge f;om an initial value at
zoro charge to a maximum value, remaining constant with inecreasing aerosocl
charge. Tho results are similer in the case of the posifive and nogative

gerosols,

Tho wmeximua increase in porcent removal due to charge in either case is

/72.5-64.5

the sows, namelyt___sﬁ_g_. 100 = 12,4% for the negative amerosol, and
(BS"ZEL%)IOO = 12,77 for the positive aerosol. Also noteworthy is the fact
74,5 ' :

that, with either polarity, the maximum efficlency is reached et an aerosol
charge of about 2 x 10° statcoulombs per gram.

Tost results can bo oxplainod as followssy Tho initiel or “"zero chargo"

. M .ot
d v o R v ;
o ey -

REE R
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poﬁot?ution through tho filtor is dotermined by its inhoront mochanical
£ilération officioncy: As filtration timoe incroasos, the doposition of chnrgéd
partiocles on the filter gradually causos it to become charged. As this filter
charge incroasos, tho electric fiocld at tho filter surface bocomos moroe intense,
Thus, .epproaching chargod particlos experienco an inoroasing Coulomb repulsion
until the electric field is sufficiently high to rotard or repel oncoming
pnréiclos.

For the purpose of éhis discussion let us assume thdt the filter surface
- reprosents a wniformly charged infinito plane. This, admittedly is an over~
simplification of the fiold conditions, but nevertholoss it is a limifing
08564. Then; E =274~  whoro E = Electric field intensity

o = electric chargo density at filter surface

k = dielectric constant = 1 for air.

Since the repulsive force Fy on an approaching particle with a chargo of

Qp is &5 follows: F, = EQP, thon F, =.EZ§?QP but o~ =Agit where

AQ is the filter ocharge increment per unit of time. Thorefore Fg = zﬁﬁi¥t‘Qp
’ : ' Ak

This electriéal replusion causes the ;artic}és to decelerato, However,
as the particles slow dovn the visoous drag force of the airstroezm on the
" particle incroasos as fgllows;
| Fq = 377'7'dAV . Fq = drag force,
- 7 = viscosity of air

d perticle diameter

1

AV = velocity of particle
" rolative to the airstrean.

Since F, = Fd = 3/7‘7(1 AV, Av(fpm) = (2.6 x IOS)AQ-’L-QP

Valuos of AV during filtration of pccitive amerosols of rolatively low

and high chargo rouspoctivoly were calouleted snd plotted in Figure 5. It

_— . v - e
v -
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will bo notod that tho_{ﬁpollingjoffoot of tho’filtor,.ns it g;udualiy
bocomes chargoed by virtuo of dopositod chargod particles, is of significant
magnitude. This reduction of particle &olocity roduces filter ponetration
sinco it increases the effoctivoness of such romoval factors as gravitational,
diffusional and eloctrostatic forces normally operating in mech&nio&l
filtration, The repelling effect in the case of the more Highly charged
Aorosoi is much more marked. | |

From a comparison of the slopes of tho two curveslit may be inferrod
that ot aorosol charge values siightly higher than 2.2 x 10° Statcoulombs
“por gram the repulsion effoct of the filter reaches a maximum. It follows
.thorofore, that boyond this point filter officiency assumes a constant
maxim'um velue, This is in genoral agroement with'oxperimoﬁﬁul results showm
in Figure 8 which indicaté that percent romoval of aorosol roaches a maximun

at an aerosol charge of about 2 x 10% Statcoulombs per gram,

The ebove explanation is based on»the assumption that the filter
rapres&nts e .uniformly charged infinite plane, The actual s%ape and
intensity of the electric field et the surfsce of the test filter %s,more
complex than this. The actual cherge density at the:filter face is lower
then assumoed, and thoreforo the electrostatic effects aro less marked.
Noevertholoss, these figures sorve to demonstrate the genoral character of
these effects and how thoy vary with aserosol cherge,.

The feilure of the filter to attuin & removal value closer to 100

. . {

percent may bo attributed to the fact that tho test eerosol was not complétely

homogeneous in size and not uniformly charged, conseguently, there existoed

particles possossing e chargo bolow the critical value. _ .

III., Effoct of Fibor Chargeo on Filter Ponctration

As montionod proviously, tho eloctrostatic mochanism in filtration
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‘involvos two componants - the partlcle charge and the fibor charge. The
‘former wns discussod above, howevor, tho fiber charyge effects may be of

equal or greater importance,

The attraction of airbornc dust end lint to synthetic fibors and fabrics

"during toxtlle processing operations suggests the uso of these modia in

asrosol filters. The new synthatic fibers are known to develop and retain
high static charges and this aerosol collection ability is rolated to
electrostatic forces,

Before initiating tests to determine the significance of fiber charge
on filter performance it was nacessary to devise techniques for both pro-
ducing eloctrostatically charged fibers and for measuring such charges, The
mothod developed for cha;ge measurement involved £he Faraday effect (Figure 6).
The Faraday cylinder described previouslj is connected to a Rawson electrostatic
voltuweter in parallel with a calibr?ted air capacitor as a rangs extender.

It was observed that by briefly rubbing & sample of cer?ain plastic fibers
and dropping it into the Faraday cylinder a substantial deflection on
the v01£m0ter could bo obtained. The product of this voltage and the
total capacitance of the/systom is equal to the net ;harge on the fibers
in units of statcoulombs por gram.

figgr; 7 shows th;\fesults of two tests made with 70 p Saran fibers,
In Test ;71 the fibers were hand rubbed, whoreas iﬁ tho second test the
charge was goneratod by rolling the fiber mass in a glass cylinder,

It will be noted that chargé‘decrggues exponentially wita weight,
Plotted on loz-log paper, the average slope of theso curves is -9;38.
'Analysis of thesé date disclosed that theso results ere in close agreocmsnt
with the thooroticul rolationship botwoon mass and the ratio of charge to

mass for u gsphere having & uniform chargo donsity on its surfece. A comparable

e - -~

-
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plof of this‘;olutionship would yicld a line with a slope of ~0.33,

Thoso rosults roprosont experimontal verificention of tho fact that in
-chnrging fibors in this mannor, esscntially the not charge is distributed
on the outer surface of the fibor>wud, since tribo-electrification cﬁn occur
only at the contact su;face botween tho wad and the hand or glass cylinder,

» This mothod of charging thercfore was not considered setisfactory as it
1did not distribute the charge throughout the filter mass. Another technique
.Wns dovised in which the fibers were electrostatically charged by means of a

set of wool hand carders. It was observed that after several strokes of the
hand carders Saran fibers bocsme highly charged., The mechanism involvedlin
this mothod is likewise tribo-electrification. 1In 2 series of tests, kmown
woights of Seran fibers were hand carded and dropped into th; Fareday cage,
Froﬁ £he voltage reading and capacitunce.the fiber charge was calculated,
The results are shown in Figure 8., Fach point represents aﬁ average of 5
measuroments,
The significant conclusions to be derived from these r;sults ere as
follows:
1, The plot of Q/M vs Q 1s based on 2 series bf measﬁremcnts made
on different days. Since the points fall very close to the line it is
evident that the procedureiis quité.roproducible.
2. The values of cﬂarge obtainod by this mcthod are sbout 18 times
highcr.than the previous method involving rolling iﬁ a glass gylinder,
V thus demonsirating the gro&ter>§}?octivenes;:of this techniéuo for charging
the fibers, /
3. Tho calculated valuec of naximun surface chargo density on the
fivers is 6.8 statcoﬁiombs per cubic moter which comparos(quito fgvorubly

with roported values of chout 0.6 oncountorcd in industrisl practice, end

te e e [ - v « v
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2.0 for charging belts of Van do Grunff_oloct;ostutic_gonorntorss.
In ono sories of t;sts tho samples were carded with 40 strokes while

in the othor 20 strokos wore usod. It was subsoquently detormined that
those high valuos of fiboer charge could be roached aftor only 3 or 4 strokes
of the hand carders., Thus it was concluded that these results represonted
tho limiting charge densities attainable by this toechnique.

’ Sinco this mothod of charging the fibers is relatively simple, roproducible,
and capable of genorating satisfactorily high charge levols it was adopted

as standard procedure for this phase of our studies.

Iv Conclﬁsion

It is plenned to construct fibor filters charged in this manner to
dotermine tho relationship betwoon charge intensity end aorosol removal
efficioncy., Also of intorost will bo the life of such & oharge and its
variation, 1f any during operation. From such investigations it is hoped to

obtaln a bettor understanding of the electrostatic effects. in aerosol

filtration.
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FURTHER STUDIES OF FABRIC DUST COLLECTORS

by

Charles E. Billings, Richard Donnis
' and
Loslio Silvorman
Harvard School of Public Hoalth
Department of Industrial Hygione
55 Shattuck Streot
Boston 15, Massachusetts

I. Introduction

In conjunction with studies on commercial dust-collectors, this
labo;atory‘has conducted performance tests on'sa Simon Suction Filter
(Entoleter) furnished by the Safety Car'Heatigg and Lighting Company,
Inc;, {Entoleter Division), Arranéements for the loan of this device
(originelly menufactured in Great Britain) were made through the New
York Oporations Office of the Atomic Energy Commission. .

The Entoleter unit is a multicompartment bag collector omploylng
cyclic gutonatic rapping (assisted by back flow air) to keop bag
pressure losses within a limited range to insure a hearly constant air
handling capgcitj. The collector was intended primarily for use in the
flour milling industry and has & fiitration capacity of ten cubic feetl
.por minute por square foot of cloth, ’ ’

The purposo of tests conducted by this laboratory'wore to determine
porformaned charscteristics of the Entolotor unit oa fino asrosols, i.e.
talc and fly-ush, 2.5 and 16 microns mass moedian diamotoer roape;tively,
when oporstod at rated capacity (10 cfm/sq.ft.).

Comparison of teost datu with that obtained from a Horsoy rovorso-jot
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collootor oporating with similar eorosols and filtration volocities pormits
ﬁuttor ovaluation of tgo efficiency and pﬁossu;e loss churacteri;tics of
the Enfolotor unit. No data has beon'publishcd (except preliminary data .
4n NYO 1588 (3)) on the Entoleter collector with dusts whose sizes aro in
tho range 1.0 to 20 microns. Tho ﬁerformunco of tho reverse-jot filt;r
has boon discussod in several AEC reports (1,2,3,4) and by Caplan (5,6)
and Mason (7).

The results of tests on tho Entoleter collector do not Indicate

porformance of cyclicly cleaned multicompartment units used industrially

at usual low filtration velocities (1 to0 3 £pm)

II. Desoription and Operation

© A. Entoloter Unit

| Tho Entoleter unit tested has Lour compartments connected on
the bottom to & common inlet header and hopper, end on the top by moans
of individual daempers to & comnon outlet header.’ Each compartment con-
tains eight sateen woave cotton bags six feeg long and oight inches in
diamotor (100 sq. ft..of cloth). The Eags are éttachod at the bottom to
a manifold plate and at the top to a frams., The m;nifold end frame sro
conneoted rigidly together by rods so that when & section is rupped the
bags sre lifted end droppéd (abou£-1 1/2 inches) es a unit, thus preventing
"distortion or collapso of tho filter tubcs; Tho dampors at the top of the
unit connect to the lifting gear so that when a cgmpartment_of bags is
rappod, primary air flow to tho fan shuts off and the compurtment vents
to atmosphore pqrmitting o current of back-flow uir to assist the rapping
in dust removal. |

In normrmal opora£ién dusty air enters the bottom of all iubcs, passes

up tho inside, filtors through the c¢lolth, and leaves thoe compartimont .
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through tho'd;mpur sections, During its 5.2 minute cycle, each section is
simultancously lifted snd dropped in rotation while shut off from tho
fan and vontod to atmosphoro, The cleaning oporation consisté of four
such raps’with back-flow air, - The compartment is ropluaced in sorvice by
* shifting tho damper automutically to its opon position. 1In the test
.unit tho total air flow to the‘fan is governod by the number of compart-
monts filtoring, and the amount of back-flow air enterihg whon orosection
is cleaning.

B. Hsrsey Unit

The reverse=~jot air filtor consists of = cylinder of wool felt

. 18 inches in diameter coanected to a top inlet plenun and & bottom hopper,
Dust deposits on the insido of the c¢ylinder and is blovm into tho hopper
by a reverso-air jet from a slotted ring travgrsing the outsids of tho bag.
Procsure drop through thé bag controls cleaning action by regulating the
smount of rinz travel. (In many applications the ring runﬁ'nll of the time).
Fabrio #elocity veried from 10 to 30 cfm/sq.ft. Previous_laboratéry data
roporéed (3) prossure drops from 1,0 inches wgtor gage to 4.5 incheg water
gage on 1,0 grain/bu.ft. of fly-ash to 8.7 grainé/bd;ft. of telc, respoctively.
Effluont loadings were in the rangs 1075 to 107° grains/cu.f:. It wﬁs slso
" reported that the intensity of reverse-jot aétion and filtra?ion velocity

both diroctly affect the offluent loading.

III. Porformanco Dota ) . -

It is possibio to compare pressurc loss end penetration charecteristics
of the Entoloter and reverse-jot unit from tests at normal industrial
oporu%ing conditions (Teblo I). Loadings range from 0.1 to 1.0 grain/eu.ft.

with tale at filtrotion volocitivs of 7 and 8 cfrn/sq.ft, and from 1,0 to
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5.0 gruinS/Eﬁ:Ft. with ru§u$ponduﬁ (Cottrall préoipitatéd) fly-ash at 10
cfm/sq.ft. |
A. Prossure Loss

In Tadble I, soveral comparisons may be made of pressure loss at
constant inlet loading and filtration velozity. For example, in Tést 1
the roverse-jet unit has a resistance of 1.6 inches water gage at 0,10
grain/bu.ft. of telc and in Test 2, the Entoleter unit has & resistance of
- 3.3 inches water gagze at the same loaaing of the same material, The
Entoleter resistance is doubie aud the average ratio for all tests is 2.3
(sa50 serosol at canstant losding). Although tho reverso-jet unit has a

wool felt baeg which is higher in clesan felt resistance, cleaning by a

TABLE I

Comparisons of Resistance and Efflucent Loading
' for
Hersey Reverse-Jot and Entoleter Bag Collectors

Test ' _Aerosol Capacity Resistence Loeding - gr./cu.ft, Passare
# - cfm/sq.T¢. iwg Inlet Outlet A

1 Hersey® Tale 8 1.6 0.10 0.011x107°  0.011
2 Entoleter " 7 3.3 0.0 1.4 x107% 1.4
3 Hersey " . 8 2.5 1.00 0.27 xlé'3 0.027
4 Entoloter " 7 4.7 . 1.00 2.1 x107° 0,21
5 Herscy Fly-ash 10 | 1.3 1.00 0.36 x10™°  0.036

6 Entoloter " ‘10 IR 1.00 2.2 ;10'3 0.22
7 Horsoy L 1.6 5.00 0.80 x10™°  0.016
8 Entoleter " 10 " 4.6 5.00 4.2 x107%  o0.084

+ 160/ Blow Ring Operation, Slot Velocity 2000 fpm talc,
4200 fpm fly-esh.

. e w " @e wem
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roverso-jot . of air rosults in a lowor operating rosistanco. The cotton

.

.suLOOn usod in tho Entolotor unit does not get the samo degreo of cleaning.
Tho revorse flow air in tho Entoloter amounis to a maximum.of 306 cfm
distrituted over 100 Square feet of'cloth, Oor an sverage reverse ai£ velocity
of 3 fpm, It shoulé bg noted that the primary function of the révcrsé eir
in this device i# to remove the suspended dust dislodged by repping ihe
bags.and to prevent dust leakage to the c¢lean eir side of the unit. The
reverse-jot oporates in the range of 2000 to 4000 fpm over a very small
area at any given time, but travels constantly over the whole filter surface.

If the Entoleter collector were operated at 3 cfm/sg.ft. es in usual
bag filters, instead df 7 or 10, the resistence would be 2 to 3 times lower.
For a given exhaust air volume this would require more collector area, but
it would not reoquire cleaning the bags é; frequently to maintain & specified

.resistanco,

i

~

L

In evelueting these collectors (both at maximum cleaning capacity) it
may be noted that the reverse jet resistances are based on 100 percent blow

Ting operation, The Entoleter cleaning mechenism, howsver, operates only
: / .

«40 minutes per section in 5.2 minutes total cycle and corresponds to 30

- 4 x .40
perc?nt )

possible to estimate tho additionel resistance thet would be reguired to

\ . .
X loejoperation. From NYO 1586, p. 26, Fig. 8, it is

operate the reversc-jet cleening mochenism gt"30 percent. This increase
will bé 25 percent if the 100 percent blow ring operation resistance is

5.0 inches water gage., With loﬁer resistances as indicsted in Tests 1, 3,
5, and 7 the increese 1s probably highor (up to as much as 50 ta 75 percent
for low resistances of 1.5 to 2.0 inches water gage). This will not cause

the roverse-jot rosistanco to exceed thot of the Entoleter, but will put

thom much closor togotlior,




256 WASH-170 ‘ '

All rosistances aro oxprossod as averages, Somo indicatlons of tho
ranfo associatod with the avorage oro includod below. In test numbor 8

tho Entoleter rosistance is listed at 4.6 inchos water gage. Tho averagg

nosistnﬂco or prossureo drops across the four sections ware rospectifely

4,2, 4.4, 4.7 and 5.0 inch;s water page. Just bofore shaking Unit IV

(highest) the value was 5.3; immediately after shaking the veluo dropped

to 4.8 inches water gage. Tho averago listed is the average of the four

units (et equilibrium), each wnit at its average operating resistance, In
/

test nunber 7 the reverse-jet resistance is listed as 1.6 inches water

gege. The variation in resistance during one cycle of the blow ring is

~.

from 1.6 (dovmstroke) to 1.7 inches water gege (upsiroke).
B. Penetration | .
The amount of dust leaving the collector per unit air volume is
also geen to be lower in the roverfe—jot collector, The Entoleter (Test 1)
effluent loading at .10 grain/cu, ft. inlet loading of talé’is seon to be
1.4 grains/1000 cu, ft. of air, compered to>0.011 grains/1000 cu., ft. for

AN

the re&erse—jet (Test 2) at the same inlet loading. The effluent loading
from the Entoleter is 130 times higher, 1In tosts 7 and 8 (5.0 grains/cu. fé.
'fly—ash) the Entoleter is only 5 times higher in effluent, On the basis of
all éhe tests shown the Entoletor effluent exceeds the Hersey by a factor

of greater than 5 when the inleb loading {s less than 5.0 grains/&u. ft,

At 8n oversge industrial loading of 1.0 grain/cu. ft. the factor is sbout

-7 for both test dusis.

In filtration through porous materials the deposited surface dust cale
is the principal filtering mochunism (8). In the reverso-jet unit this cake
is dislodgod at only & small arece snd the inconing dust can re-deposit

imnodicstoly in this more porous aron. (Somo question exiects es to how much

:
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of tho dopositod cake is removed), With tho removal of large emounts of

the surfacd cako in tho Entoletor unit moro timec is required to creato a

layor over the larger cleansd area and ponetrntioﬁ is hlghor. This would
be particularly true undor light loading conditions when insufficient

material entors to "bridge" the spaces betwoen fibers. With largor aerosol
poarticles (250 - 60 i) the differoncos between these collectors may becoms
less marked.
C. Eveluation of Different Bag Materials in the Entoleter Unit

As oxplainod above in Section II, the Entoloter unit shakes the
filter bags without appreciable distortion in conjunction with 100 toISOO
¢fm of back flow air, so that it is péssible to use bags of materisls othor
than cotton sateen with lower tensile strength, ﬁigher heat resisteance, qtc.
The following tsble gives comparative déta for cotton séteon, wool felt
(1ight and heavy), Orlon (woven) end glass (wovon, lubricated with siliconoc).
These are compered for light loadings of.atmospheric dust (0.5 p) and copper
sulfate (1 p) without shaking, to get basic performance data.. They are thren
compa%ed with tele and resuspended fly-ash at an average loading of 1,0
grain per cubic foot to get an indicetion of ectual industrisl performeance
while cleaning;:ﬁo standard cycle,

‘ The spproximate order of these fabrics for light loadings with no
shaking, from highest éfficioncy isg gléss, héavy wool, cotton, Orlon, and
light wool. It cen be soon thot the higher efficiencies are associated with
higher resistances, Tho uso of‘henvy loadihgs changes the ;rder slightly,
from lowest penotration: glass, heavy wool, 1igﬁt wool, cotton and Orlon.
A considoration of tho smoothnoss of fiver, and woave (or felt) poro size,
will tond to confirm the sccond list above, Since the dog?eo of depositod

Ny
ooke filtration doponds on tho charactor of tho wmodium upon which tho cake

[
S

2

o7
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= TASLE I1I

Comparisons of Efficiency of Filter Media

A. Atmospheric Dust at 10 cfn/sq.ft.

Fabric Averago Inlet Height
. Resistance Loading Efficiency
S dwg gr/cu.ft, %
Light Wool 0.07 0.10x10-3 75
Orlon 0.10 0.13x1079 60
Cotton 0.29 0.15x10-3 81
Heavy Wool 0.34 0.22x10-3 85
Glass 0.56 0.,058x10"3 82
B. Copper Sulfate at 10 cfn/sq.ft.
Light Wool ' 0.89x10~° 41
Orlon 0.81x10-3 46
Cotton 1.0 x10-3 64
Heavy Wool 1.0 x10-3 71
Glass 0.90x10-3 81
C. Talc at 5 cfm/sq.lt,
Passage
%
Light Wool 5.0 1.0 T0.074
Orlon 8.5 " 0,033
Cotten 5.5 oo 0.098
Heavy %Wool 5.6 " ' 0,034
Glass 5.9 " 0.0063
' : D, Fly-ash &t 10 cfan/sq.ft.
Light Wool 2.6 1,0 0.026
Orlon 2,4 " 0,56
Cotton 3.0 ’ " 0.14
Heavy Wool 2.7 o 0.030
Gless’ 4.7 "

. 0.012
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TABLE II1I

Febric Comparisons
. with
200 gr./sq.ft. of Asbostos Floats, at 10 cfm/sq.ft.

‘aterial Initial Final _ Passajo
Resistanco Resistance .
iwg iwe, %
Orlon ' 0.16 " 0.95 - 1.4
Cotton ‘ 0.36 1.4 ‘ 1.1
Heavy Vool » .- 0.36 0.90 0.72
Glass' 0.81 2.2 0.40

| is deposited, as indicatod sbove (8) as well as the cake itself,

‘

As stated before (NYO 1586, p, 47) the use of the above fsbrics for
low loadings (<0.001 gr./cu.ft.) of radioactive particulstes woulé require

meny hundreds of hours of operation before filter efficiency increased to

90 parcent or grester. Therefore, the above bags have been treated with

asbestos floats as a filter aid and the efficiency aZzain compared on copper
Sulfgts. Those data are given in Table III for a total of 200 grains of
asbestos per square foqt of filter-Surface. The bags were not shaken
during the testing. The same order of rating of fabriﬁ is obtained as

was found in Table II for the basic éfficiency on copper sulfate. (The
final resistance 18 not & direct measu}e of perforéanco}.

The use of asbestos "floats" and glass or Orlon bags can substantially

“incrouse the operating temperature limit for filtration of light serosol

loudings in tho Entoleter colloctor,
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IV. Conclusions
"~ A comparison of the Entoloter collector with iho roverso-jot filtor

at equal filtration velocities, dust loadings and with maximum cloaning

capacity shows (Table I) that Entoloter penetration and rosistanco aro

on the avorage of 7.1 and 2.3'timos highor, rospectively, Theoso data aro

basod upon "standard" fabrios supplied for each unit; cotton for tho

Entoleotor and wool felt for tho reverse-jot unit. |

¥ith wool felt in both collectiors, ponotrations are found to bo
sbout equal for each aerosol tested. Rosistances.of tho Entoleter, howevor,
woré found to be twice as high with fl&—ash and 3.5 times higher witinh tale,
s those of tho reverso-jet filter, ’

Tho wool felt is concludsd to be a better filter fabfic than cottbn
sateen, at the same filtration velocity and the reverss-jet is found to be
& supeorior mathod of ﬁlaaning wool felt,

The Entoleter unit offers tho possibility of & wido choice of £iltor
fabr%cs for spesoial applications, chiefly synthotio fibers for corrosivo
problems, snd glass fiber; for higher.tgmporature tpplications, subjcct to

field sorvice life tests not possible to mocomplish in the laboratory.
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PERFORNMANCE CHARACTHE:x . [CG OF TWZ MODEL K ELECTRO-POLAR FILTHR
-Proliminary Report

by
Richard Dennis, Charles E. Billings and Leslie Silverman, Harvard

In this paper the results of proliminary performance tosts are pre-
sented for the "Electro-polar Filter", an experimental cust collsctor
devecloped by the Westsrn Precipitation Corporation, The objectives of
the field and laboratory testing program on commarciasl dust collectors
have been covered in a previous report by our leboratory (1). Those

studies are intended to determine collzctor perforwance in eccordsnce with

o

epplications suggested by the manulacturer and also to investigate new
applications by means of minor operating or design changes. The proper
evalustion of these dabta serve as a guide to the Atomic Enerygy Commission

end its contractors in the selection and applicatidn of commercially
evailable Aust collection apparatus, ’

‘The Electro-polar Filter now under test was developsd by the
manufacturer's research department and would probably:bc subject to design
chénges prior to marketing. ﬁEC representetives, contacted by the Vestern

,?recipitation Corporation considsred it advisable to have the uﬁitAtested
by the Air Cleaning Laborgtory so thut its practicsbility as an air cleaner
for low dust load systems could be detormined. Since the Eloctro~polar
Filter is an experimonta}_model there is littie background data with which
to conpare its performanco; Howovef, tﬁe unit emp10y§ PF 105 or Pw 316
Fiterglos media as tho primery filtration elements, The3e pads have a
basic weight colloction efficiency of approximatoly 70 to 80 por cent
egainst atmosphoric dust end are suitable only for low,dust éonccntru£i0ﬂs.

262 | WASH-170
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By placing -tho fivor pads within a strong eloctric ficld, eolsclrostatic
forces arc oxpoctod to supplemont tho usual filtration mecchonisms (impaction,

intorcoption and diffusion) thus improving the performancoe of the unit.

Descriptlon of Electro-poler Filter - Model X

The Electro=-polar Filter consists essentially of s dielectric filter
modium of fine glass fibers placed In an electric field. Filte; media
employed Are Pr 316 mats or one to two lay§rs of PF iOS.A The fiber code
doesignation is that of the Fiberglas Corporstion. PF 316 is a three micron
‘diameter resin coated glass fiber supglicd in 1 inch thick bsts at a packing
density of 1 1b./ft.3, PF 105 is & ons micron diamoter resin costed fiber
supplieé in l/kAinch bats. at s pacliing density of 0.6 lbs./ft3; The electric
field is furnished by placing the fibergles mat betwéen two vertvically aligned
metal screens, The upstregm screen is insulsted and maintaiﬁéd at a positive
potantial of 15 kilofolts; the downstresm screen, 1 inch removed, is grounded
to.the unit, Scraen.conétruction coﬁsists of a Stsmped dismond shaped
gratinz with a free arée of epproximately 80 percent, Total filtraiion érsa
comprises five identical screen secgions (20 iﬁch ¥ 60 inch) erranged in a
row and all insulated from each other. The entire screen section (total
area = 41.5 square feet) is aligqeﬁ diagonally in & rectanguler housing having
overall dimensions of 2.5 # 8 x 5.5 fest. Tﬁis permits a.gradual recuction
in c;oss section of the entry plenum so that better eir flow distribution
may be obtained. ‘ . o -

The high voltage supply is furnished by a powcr pack with a rat;d
output ranging from 11 to 17 kilovolts., Three hundred microeamperecs ere
aveilable at 17 v, and at currents exccoeding 750 pip (resulting from

shorting or ercing) a safoﬁy control relay turns off the power,
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The powor pack is cnclosed in a 16 x 16 x 9 inch box which occuples
ono cornor of the collector housing. To reduce excessivo dust loadings
and prevent screon shorting by gross contaminants “Dustop" roughing filters

(in & bank of 3) are locaoted at the inlot to the collector,

Rated Operating Conditions

" The Electro-polar Filter is designed to oporate at 3500 c¢fm with a
1 inch layer of PF 316, 2900 cfm with a 1/2 inch lajer of PF 105 and 1700
cfm with two, 1/2 inch layers of PF 105. The manufacturor recomnends
that filters be replaced when pressure losses reach 2 inches of water
although fan capacity or exhaust requiréments may modify this figure.
Reéommended scrsen potentiel is‘15 Kv, Arcing betweon grounded and high
voltage screens may occur as a result pf high points or sharp edges on the
screen surfaces. The high current accompanying arcing will automatically
activate the overload control switch end turn off the power supply. 1In
s0mo instanceé of arcing a sizable hole may be burnt in the filter which

will require patching.

Theory of Operation

It is.evidont that tﬁs glass fiber media employod in the Electro-
poiar Fﬁlter are ressonably good filters for aimOSPheric dust without
superimposed electros?atic effects. Preliminary tests indicate weight
collection efficiencies ranging from 70 té S0 perbent against stmospheric
dust et a filtration velocity of 85 fpm (PF 316 modia). Previous tests (1)
have also showvm that similer figorélas modia (PF 105 end PF 31%) operate
in tho same gonoral efficiency range. .

-

Electrosteatic charge measuromonts upon PF 105 modiam have indicated

-

potentials of 700 volts rcsulting from handling elono. High static charges

“ -

o

ye .

it A o,
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may bo produced thioush cerding as illusgtrated By tho resin-wool filter (2).
This information indicnéos that electrostutic seperating forces coms into
play in fibor collectors regardless of extcrnully applied electrical fields
and in addition to usual colloctigg mechanisms (impaction, intorception
and diffusion). |

By intensifying the electrostatic effects through placing thé fiberglgs
mediu within en electrical field tho manufacturer has 'sought to improve
tho overall dust removal characteristics, |

The prescnce of dielectric fibers within an electrical field produces °
divergencies in field intensity such that the regions of highest field
strength are concentrated sbout the fibers. Dust particles, which beconme
polarized by passing through the -electrical field, migrate toward the
regions of highest field intensity, it should be noted that the particie
motion is always toward the zone of higher field strength regardless of
field direction. Higheor dust conc;ntrations in the immediaﬁa vicinity of
the fibers caﬁse increased agglomsration and enhance the probability of
capture by inertial mechanisms. |

Although mathematicsl formulas have beon presedted by Pohl (2) to
guantitate the precipitation of sblids from liguids in a highly divergent
field, no.simple relastionships can be advenced at the present time to deal
with particulate deposition in fiberbbcds; Pohl describes a system‘con—
sisting of é siﬁgle, positively charged_ceﬁtral eléctrode and a concentric
cylindrical negative electrode, used to precipitete a graphite-tolucne sol.
In this case, it is possible to cvalugte tho field strongth at asny point
as a function of the potential grad{enﬁ and the electrode dimqnsions.

Equating viscous forcos to eloctrostatic forces pormits estimetion of

partlclo migration velocitios.
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" *Ya a generol equation migration volocity (v) r.ay bo expresscd as a

L
t .

function af the difforenco bebtween the dielsciric constant of the fluid and
particulats compononts (k) - kp), porticls radius (a), fluid viscosity 97),

absolute value of the ficld strength (E) and its divorgence Q;Eéér)-

, v = (k- k) ﬂz_g_%lz W77 D)

- Since no data are available to define fiold divergzencies in randomly
oriented fiber bads, vﬁrying in surfacé characteristics and having non-
uniform resinous coatings, the ebove ecuation hes only a qualitative signifi-
cance as far as the Electro-polar Filter is concerned. It should be noted
elso that in desling with & dynamic system it would be necesSary to combine
vectorially the inertial snd electrostatic forces. 1In practical spplicstion,
Equation.I suzgests that increesed perticle size and field potential should
improve the collection efficiency of .the Electro-polar Filter. For particle
diaﬁeter555 microns, however, electrostetic forces are insignificant in
comparison with the inertial effects, Similariy, if appears that variation
in filtrsation velocity wog}d effect collectionvefficiency only througa

.

inertial or diffusional mechenisms,

Test Procedure

Inlet and outlet atmosphoric dust loadings werg.determined gravimotricelly
with high volume samplers and pleated filters (4). | tain efficiency measure-
ments were made with & film badge densitometcrlpn Wnotmsn No., 41 filter discs
and count efficiencies werc determined Qith a Bausch and Lomb dust counter,

Copper sulfate lbadings wero sampled with AC electrostatic precipitators

and thz concentrations determined by chemical anelysis. The method of
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gonerating coppor sulfato microspheres end complote details on all sanpling

mothods havo boecn doscribed in previous NYO reports (1, 5).

Tost Rosults

Proliminary tests on the Eloctro-polaf Filter were designed toldetarnino
if the use of an eloctrical field significantly improved the basic pc;formunce
of the Pr 316 fiber media. As shovm in Table 1, tests 1 and 3 with stmospheric
dust and tests &, 6, 8 and 9 with copper sulfate indicate a#erage efficiency
incraasgs of 15 and 11 percent, respectively, when rated screen voltage (15 7v)
was applied, Filter plugsing, however, illustrated by slightly higher
pressure losses in tests 2 end 7, indiéatos & gradual improvement in besic
fiver efficiency. Table III compares bverull co}loction efficieﬁcy as
obtained by simultaneous weight, stain and count metﬁods for operations atb
no voltage and 15 Kv,. -

~ & dbrealdown of wéight collection efficiency appears in Teble I since
the "Dugtop" performence is not governsd by the electrical field, Overell
unit efficiency, therefore, shows a smaller increese (ecproxinateiy 8
percen£) with appliéation'of screen foitage. At lower screen veliages
(11 ¥v) a very slight decrease in efficliency wes ob;erved for copper sulfato
‘(tes? 10). | |

Filtration velocities fﬁnging.from 36 to B85 fpm snd screon volteges
VBryiﬁg from 11 to 18 Xv showecd no significant éfficiency changes with
etmospheric dust (Teuble IT) according to stein meusurements, However, it

~is expected thet sdditionzl Ltests with a copper sulfete aerosol will pernit
better corrolation ¢f these vesrisbles. Changes in concentreticen end particle

size distributicn of atmospheric dust were partly responsible for irconsistencies

in the cato.
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Humid air also was obscrvecd to roduge colluction efficioncy wlthcugh the
measuremonts wero qualit;tivo.

In ordor to ¢climinato tho effect of changing bed characteristics duo
‘o reterntion of copper sulfate, tests 5, 6, 8, 9 and 10 wverc run with selterncte
sc;eon sections blocked off. Air flow was reduced proporticnately to maintein
constanrt veleocity (85 fpm) thrcugh the PF 316~media. Since the Dustop filier
area wgs not changed, the velocity through this secction of tho unit varied
with total air flow (Teble I), Weight collection efficiencies for Dustcp
~
~ filters were a direct function of'velocity indicating that inertial separsaticn

vas the primary collecting mechanism, ’

Discussion of Tests

Test data indicate that the use of an electriéal field incresases
the overell weight collection efficiency ol the Electro-polar Filter by
about 8 éercent‘with atmospheric dust and copper sulfate microsgheres,
It appea;s that the overell edvantage of the electrical field will decreese
with fi}teriusage since the efficiency of fiber béds increases with piug—
‘gi;g. Preliminery tests indicate this trend even thQugh gressure losses
are still below the rated vaiue of 2 inches of water:

No data has yet been obtained for PF 105 medie which, becuuse of its
small diameter (1 micron), should bé & more effective filter,

Final comment regarding the utility oé the Electro-poler ?ilter 65 &
high effﬁciency cleaner for low cust concentrations is withheld ponding

0y

completion of tests. B . .

L wes




"TABLE I

Effect of Screen Voltage on Collection Efficiency of Eleéctro-Polar Filter
. with Rated Velocity (85 fpm) through PF 316 iedia

- — —— . et f——

Test  Inlet Loading Screen  Pressure Loss Filtratien ﬁeiéiﬁ.c?llection
Greins/1C0C £t.° Voltege PF 316 Hedia Velocity Zoieiency p
Kv Inches water through Dustop F¥ Z1€ Cverell.
Dustop fom
e, Atmosphoric Dustw
1 0.118 0 1,07 420 52 32.5 21.6
-2 0.036 0 1,16 420 | 52 37.6 94,0 =
3 0.179 15 1.07 420 52 97.0 92.6 2
4 0,097 15 1.13 420 - - 98.2 =
: . ]
b, Copper Sulfate Microspheresws ©
5 T, 0,306 0 1.24 168 30.7 85.5 ©0,2
6 0.281 L. 0 l.24 168 17.0 87,3 29,5
7 C.206 o l.27 420 46.0 30,1 9.6
8 0.216 15 l.22 252 34,8  97.5 82,3
9 10.185 15 l.26 252 34.8 57,6 93.4
10 C.187 11 « - 130 - 252 34,8  95.7 97.2

»

¥ass Median = 1.0 microns, Geometric Standard Deviation 1.6,
«#  Vass Medien = l.2 microns, Geometric Stendard Devietion 1.7.

692
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TARLE 151

Effoct of Voltago and Velocity Variations on Stezin Lfflelency Tests
with A% mouphorlc Dust

' ) Test Inlet Loading - Screen Filtration Overall Stain

Grains/1000 re.® Voltago Velocity Efficioncy
Kv fpm , %
11 0.037 11 85 ' 08
4 0.098 15 - 85 95
12 0,125 18 -89 ‘ . 98
11 0.087 11 85 93
13 . 0.123 11 61 93

14 0.208 11 ‘ 36 : o8

TABLE II1I

Effect of Screen Voltage on Simultaneous Weight, Stain and
Count Efficiencies for Atmospheric Dust at Rated Capacity

(3500 cfm)
..Test Screen Voltage ~Gverall Collection Bfficiency
Kv a
: VWeipht Stein Count
1 0 92 80 54
3 15 98 85 80
- SUMAARY

-

Results of preliminéfy performance tosts are prescnted fér the Electro-
polér Filter, a dust collector developed by the Vestorn Precipitation
Corporation for high off1C1cncy removal of particulates, Soparétion is
achievod through a combinution of the mechenical filtration propertics of
FF 316 or PF 105 fiberglas andc oleotrostatic effocts procuced by loceting

- e
R . ’ 4
1
:
P
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tho fibors within an cloctrical ficld (crgatod by two molul ccrecus, one
maintained et 15 Kv rolentiel and tho other prounded). Theory of operation

is based upon migrction of polarized dust particles to the regions of high . -

field intensity surrounding the glngs fibcré.
' Test results on clean fibers indicote that application of reted scrcen
voltege (15 XKv) incroases overall collection efficiency of atmosphoric dust
end cépper sulfate microspheres by sbout 8 percent. Filter plugging, howecver,
results in higher base efficiency for the fiber whicﬁ tends tc lessen the
edvantare of the electrical field.

" Current tosts include a study of the effect of voltage and velocity

veriations on collection efficiency. Final evaluation of collector utility

is withheld pending analysis of all test data.
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PRELIMINARY REPORT
S on
COTTON AEROSOL FILTER STUDIES

by

Richard D, Coleman
Sonior Assistant Sanitary Enpgineor
U. S. Publio Hoalth Sorvice
on assignmmont to
Harvard Univorsity
Air Clcaning Laboratory

Y. Introduction

Tho discharpge of sevoral materials to tho atmosphore can croato publio
health probloms. Consequently, the further devolopwent of satisfactory low
cost air cleaning devicos may play a part in health proiection by oncouraging
the uso ané installation of ealr cleaning facilitios. The use of cotton fibers
85 filtor modia has prospocts for eoonomi becauso ocotton has a relativoly low
initial cost, has low ash (less than 9.1% (1)) for gdonomicai disposal and is
feadily availedblo, )

During the past yoar, studies have beop conducved at tho Harvard University
Alr Cloaning Laboratory on the filtrotion characteristics of various ocotton
fivors for eimospheric dusts., Four natural fibers and'two ion exchange coatings
wero invostigated.

In conjunction with the basio cotton work a parallel study was conducted
on the correlation of waiiht, stoin, and count efficliencies for etmosphoriec
dust; If an empiriéal relntionship cun be develéped using atmospheric loadings,
considorable timoc can bo saved in obteining en indox of count and wolght offi~
ciencies from a simple stain techniquo,

In an sttompt to roduco tho woeight efficloncy variation cauzod by a fow

largo porticlos o prefilter wac used. This introducod a third phase of the
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atudy which ‘had as its goal tho ovaluation of tho profiltor as a moans of obtain-

"ing a rolativoly consistont aorouol for filtor rating.

II. Equi pawont
Figuro 1 is a schomatic dia rum of tho test sotup. Tho profiltor had a

faco aroa of 0,143 squaro foet and consisted of 10 layora of Kotox mist
oliminator scroeon coatod with SAE 30 motor oil.

The ngppod cloth was used to interlace ﬁith the tost modiwm to ninimize
odgo leankago. | |

Fibor Description s

A oqfton fibor has boen described as an epidorm@l cell of the sesod, It
consists of an outer wall, secondary wnllhand a lumen, With growth, the
socondary wall thicknoss increases until the lumon is neafly closed, With the
drying thst occurs affer pioking, thoe lumen collapses and for mature [{ibers a
kidney or olliptical shap; ié attained. In immaturo fibors,the secondary wali
is tﬁin snd upon collapse of the lumen the fibér atfains a twisted ribbon or
U-shape. Matthews (2) indicotes that wall thickness may vary from 0.35 to 15
&nd ribdbon wldths from 11 to 20 u. o :

The fibors tested in this sor;es were sized by Roasaeno (3). The mean
diamotors prescntod in Table I are the geomsirioc means of single transverse
moasuremonts of over 200 fibers for each grade.

The Lockett seomplo containod about 93ﬁ mature flborb and the Lemphls
immature about 38%4 mature fibers, -

Tho ion oxchango troatmentis whioh were tested had been applicd to § x P
fibors by the U. S. Dopurtment of Lgriculture. The rosin treatmont was

imprognation by Rosiloom HP, an unmethylatod mothylolmolamine resin which has

found use in ion exchango columns., The amlnizod cotton haed beon treoted with
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2-zminoothylsulfuric svid and sodium hydroxido. Aminizod cotton has anion
oxchhngc proportios and tho treatmont facilitatos tho uso of acid dyes,

Test Proccdure

A. Bod Preparastion
The f{ibers testod had ﬁcon fu;nishod by tho U, S. Dopartment of

Agricultu;e, Burcau of Agricultural and Industrial Chemistry, New Orleans,
Louisinﬁa. They were recoived.as card slivers and diffioculty was experienced
in obtecining reproducablility. The fibers wero csrded Again and £aken off as
card wob which was folded into boxes for storago. Companction in storasge made
most of the individual layers of the web indistinguishable. The layors were
soparated by hand as woll &5 possible and cut into six inch squares. The
wolght necossary to give a packing density of 2 lbs. per cubic foot (porosity
0.98) was computed (cptton specific grnvity 1.59). Depending upon the typo of
fiber and tho dogreo of compaction, five to ten layors wore rogquired por inch

of finel pad. These layors woré loosely placed in the plastic box and comprossed
to tho desirod bed depth by insertion of the inside section., With this technique
packing densities cpuld be satisfactorily reproduced, |
"Be Operatgon of Test Apparatus .
The combined operation of the upstream and dovmstream high volums

samplers 3rought roonm air into the plenum through the prefilter at 50 cfm
(face volocity of 350 fpm). éne-half.of this flow went to tho upstream high
voluﬁo sampler and the othor half wont throug# the test soction to the downstream
high volumo sampler.

Stairmend discs were used as orific; moters to detormino the rOSpoﬁtivo

flow rates. The 25 cfm rato through tho teost section gave a faceo velocity at

the tost pad of 100 fpm. Continuous operution of from 48 to 80 hours on Boston
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air was roquired to.éroduco significant ipcroasy 1. tho weight of the downstroam
sampling filters,
c. Sumpling
Sumplés wore taken at three points; -1, Room air (upstream of
profilter), 2. Uéstrenm (downstream of prefilter, upstreum of cotton pu&), 3.
Downstroam (dowastroanm of cotton pad).
Teight loading was determined at those three points by detefmining tho net
woipght incrcase of typo S pleated filters, The room air sample was collocted at

fuvll flow of the high volune semplor which varied from 70 ¢fm to 40 ¢fm. Both

.upstream end downsiream semples wore tagén at 25 ¢fm with the entire volume
’éassing ;hrough the test pad collected for the downstream sample,

After from 10 to 20 hours of oporutionf and again 24 to 48 hours later,
mevdbrane filter samples wore taken at 0,7 ofm f;r count loading and stain
elfficioncy determinations, The.room air membrane filter sample was taken near
the profilter and the upstresm and downstreem samples were téken through probes
in the tost soctioh. These samplos were taken for 45 to 120 minutes, depending
on the rate of stain bulildup, At intervals of 15 to 20 minutes the stain
donsity of each membrane filter was detefmined by use ‘of a Photovolt, Model 2004
transmission densitometer,

"A blenk for zeroing the densitometer on each membrane filter was obteinod
by btacking each filter with Vhatman #1 paper to wh;ch & 5/3" circle of cellophene
tapo was attached. With this backing, the stain was deposited in an annular
pattorn and the contor portion of the filter remained cioan. ‘

D. Anal&sis
Tho stuin readings wore plottoed apgaintt time for each filter and

the timo to roach a constant stoin vas dotorminod from each curve, Tho stain

officioncios wore thon detormined from the relationship
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l ' % Efficioncy =( ! .
[ ) * Tt°2' 100

The mombrano filter stains wore thon counted and sized microscopically
under oil immorsion (90X objoctive and 25X eyepiece) to detormine the count
loading and size distribution at each sampling point, Total efficioncy, by

count, and sizo fraction efficiencies wore dotermined from those loadings,

Tost Rosults

Analysis of the data has not boen completed, but a summary of woight, stain
and count efficiencies is presented in Table I for the wvarious fibers tested.

’

These efficioncies are tabula#ed in order of decreasing wsight efficioency,.
The preésu?a drops listed in Table I are th§ final dro?s observed in the

rospective tests. These values represent no-abpreciable increase over the

drop in the clean beds for the sh§fter operating periods (48 to 60 hbdrs).

For resin treatod § X P and Memphis Immature beds there wore 7 and 11 percent

TABLE I

Efficlencles of 2" Pads of Various Cotton Fibers on Atmospheric Dust
'Packing Density 2i£/f3

Face Velocity 100 fpm .
Cotton ¥ean Fiber Weight Stein Count Pressure Loss
Diamoter Efficioncy Efficiency  Efficiency
© % % _ % Inches of Fater
Momphis 10,0 82.5 - 78,8 63.5 - 5.8
Imnaturo )
lminized 10,0 80,5 ' : 8T - . 3,0
Sx?P .
Untreated 9.4 77 , 72,7 58.5 ‘ 4,0
Sx?P
Resin Treatod 10,3 74.8 72.5 . 61 - 3.6
Sx P :
Lockott 140 13.4 71.3 _ 46 39 2.4

Tquitos 15.5 67 46 1.6

— PUREES
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To dato, tho. only v.riablos studioed huve.boon type of fibor and bod dopth,
Furthor studies are plannod tb tost tho fibor at difforont packling donsitiocs
and face volocities., Tt is plannod to delay further cotton studigs until tho
proscent data on relationships of woight;stain and count~stain eofficiencles aro
.ﬁoro complotely analyzod and tho valuo of tho prof;lter is establishod. Using
the prosent techniques, nbout b Aays are roequirecd for each run in order to colloct
woighablo samples and count end size the 6 molecular filters, Froﬁ a-proliminary
inspection of tho woight-stain relationship it apéears that empirionl rolation;
ships might be doerived which will roduco the time from dajs to ﬁours for each run,

IT theso relatlonships do not prove relieble, a synthetic test aerosol will

be genorated and the cotton tests continucd. Future studies will evaluate the

effeots of various packing densitles and varlous facoe velooitiocs.

Prefiltration

Pertial analysis of the date indicatos tha; the prefilter causes little
changé in aorosél composition, The avorage size fraction efficioncios of tho
profiltor wero dotermined from the data of 28 runs. The average cloud com-
éosition for roon nlr was dotorminod from the same data, This average
ocomposition was piottcd on logarithmie probability papo;‘and, using the aversge
gizo fraction efficienciés, s second c¢cloud was synthoesized which reprosontod a
¢loud loaving a profilter of average pérformance. The line represcnting this
gooond cloud on logarithmio prébability papor'was s&lmoct suporimposed on the
initisl line., This approach cloarly shows that prosont slzing techmiquos are
ingensitive to any changos mado in the aerozol composiéion by this typo of
profiltor,

It 1z folt that tho major boenofit to be dcriyod from the proefiltor 1s in
thoe romoval of largo particloes which'muy disvort any ompirically detorminod

rolationshiyp belwoon stnin and wolight efficlenclos,




FIGURE 1

COTTON TEST EQUIPMENT
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INCINERATION OIF COMBUSTIBLE WASTES
USING TANGENTIAL QVERFIRE AIR

By
oy 2/
L. A. Spano and R, C, Corey

U. S. Buroau of Mincs

INTRODUCTION

At the request of the U. S. Atomic Encrgy Commission,
the Bureau of Mines initiated a systematic investigation of incineration,
The ultimate purpose‘of this investigation was to design a packaged
incinerator for disposal of radioactive combustible wastes incidental
to operations at off-sitec research laboratories,

The prime ;:'equisites of any incinerz;.tor are: (1) maximum
' combustion effiéiency, so that smoke, tar, and malodorous constituents
are not discharged to the atmosphere; (2) maximum retention of particulate
matter within the combustion chamber to obtain the lowest possible
dusf-loalding in the stack gases; (3) maximum reduction of charge volume,
80 tha.t the least amount of residue mu.st be handled,

Knowledge of the complex hcat-and-ma.ss transfer processes
which control combustion in solid-fuel-fired furnaces,.is meager. Con-
sequ.ently, design of efficient combustion chambers is generally empirical,
particularly in the field of incineration., ‘No sound enginecring data have °
yet been published relating such factors as :temperature, gas residence

-or contact time, and turbulence to the burning process of solid fuels,

.

1/ Chcmical Engincer, Combustion Rescarch Section, B1tum1nous Coal
Utilization and Preparation Branch U. S. Burcau of Mines,
Pittsburgh, Pa.

2/ Chief, Bltummous Coal Utilization and Preparation Branch, U. S.
Burcau of Mines, thtsburgh Pa.
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ports, 180 dé-gr_ecs apart, located at different levels of the drum. Figure 1

, _i's a s'c.hg‘nmti(; diagram of the model in;incrator.

- Thc pi-incipal objective of the model studies was to establish
the rclationship of the various process paramecters to the burning peffor-
mancc‘rof' the incinerator, The variables studied were: (1) air rat.c, (2:)
port arca, 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 rhoisture, 74 pcrcent.volatile matter, 17.5 percent

fixed carbon, and 0.5 percent ash, The gross heating value of the sawdust

.was approximately 8200 Btu per pound,

1

The unit was.ch_arged at the beginning of each tet;'t with 10
pounds of sawdust, ignited, and operated at various predetermined con-
éi;ions. Each test was considered compl'eted when the last embers were
seen to burn out, . .

'i‘he principal observations in each test were: (a') the time
required to burn the charée completely; (b} the cdmposition and the tem-
perature of the stack gases, and (c) the relative quantity of smoke and
taf in the products. of combustion, ' .-

- Four quantities were used to characterize the pex;formance of
the unit: (a) the observed burning rafe, that is, the pounds of charge
consumed per hour, as denoted by the elapsed tiine between ignition and
-completé burn out; (b) the calculated burning rate, derived from the mass
air flow ratec and the composition of both the charge and the stack gases;

. {c) the combustion cfficiency which is the ratio of the calculated to the

obscrved burning rate; (d) the rclative smoke content of the stack gases.

cea®
3
<
3
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In designing the incinerator for disposal 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 wastes whose heat of combustion and burning characteristics vary
widely., Moreover, when charged randomly, as it is normally done, the

flow rate and distribution of air through and above the burning charge
vary radically. Observations of various types and sizes of incinerators
have clearly indicated that unsatisfactory performance is largely the
result of inadequate control of the quantity and distribution of undergrate

and overfire air,

The investigation comprised three phases: (1) Disposal of
ash residues by fluxing them in molten Na{OH). This has been completed
and reported upon., (2) Evaluation of the process parameters with a
model incinerator. (3) Design and evaluation of the performance of a
prototype unit, based on the results obtained with the r;fxodel incinerator,

The objective of this paper is to discuss the operation and
performance of the prototype incinerator.

MODEL INCINERATOR STUDIES

Before discusesing 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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Figure 1. Schomatic diagram of model incinerator.
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Figure 1. Schomatic diagram of model incinorator.
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Figure 2. Average observed burning rate as a function of
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RESULTS AND DI:SCUSSION .OF.RESULTS

Corrclation 01; the results showed t.hat the obs'cx:ycd bu‘rning
rate increased almost linearly with the air rate, and for a given air
rate, the burnihg rate also incrcascéd as the port arca was decrcased.
Figurc 2 shows the observed burning rate as a function of air rate and
port areca. Since the observed burning rate is based on the time-rcquired
to consume the weighed charge, it docs.not_Show the amount of combustibles
in the stack gases. The theoretical burning rate, shown as a broken line,
is the rate at which the sawdust would burn comélcfcly to COp aﬁd water
vapor for a givén air rate, if no excess air were necessary, and serves
as a .guide in comparing the burning rates achic'ved. When combustion
is complete, t‘he.burning rates lie on or below this line, and the distance
“below it is a relative measux"e of the excess air., Itis possibl.e., however,
" to have unburned combustibles in the prescnce of excess air. Although
the d.ata failed to show a marked effect of the port height, it will be shown
later that this variable does have a s;rnall effect on the performance ;>f
the prototype unit. In general, higher combustion cfficiencies were
attained when using the uppermost ports,

The results shown in figure 2 suggestcd that the burning rates
could be correlated with a dimensionless parameter charactcr.izing the
flow conditions in the tangential ports. A’ccordingly, the results were
plotted as a function of the Reynolds ﬁumbcr of the air in the tangential
ports. The effect of Reyn'olglsa number ;>n both the‘ observed and calculated

burning rate is shown in figure 3,

Since the obscrved bui'ning rate -represcnt.s' all of the fuel that

is consumed, and the calculated burning rate only the portion that burns

—o="
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Note: Zero radius is axis of incinerator, circled numerals are the
height of the probe above the fuel bed in inches.
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to CO, and watcer, the sprcaq between these turves is related to the amount
of combustible matcrial in the stack gascs. Thclz least spread between

theé 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
characterized by the composition of the hot gases swccéing the surface
of the burning charge. Figure 5 shows the composition of t‘he gases at
different elevations inside the chamber for a fixed air rate of 117 pounds
per hour but for two differcnt Reynolds numbers, 19,400 and 28, 840.

It is evident from thesec data that at the lower Reynolds number
excess oxygen was present throughout the chamber, but at the higher
Reynolds number the dxygen disappeared at a radiu's of approximately
4 inches, and CO was formed., Figure 6 shows thfee stages-of the actual
burning conditions in the chamber for a fixed mé.ss flow rate of 115
pouﬁds per hour but at three diff.erent linear velocities in the ports.
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 i;i'nal stage of
burning at 35 and 130 feet per second, it will.be notcd that the average
radius of the path of the particles is greater at the higher velocity,
-which, ‘oil course, i tp be expected, |

In figure 7, the operatiné conditions for a Reynolds number
of A19, 400 are given, Special attentioﬂn is called to the s;‘nokc data- at
the top of the figure., The gray circles are reproductions of the smok.e
discs, which were taken at the time indicated on the abscissa, Their

densities agrce quite well with the corresponding photometer results,
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In figurc 8, thg results are giv‘cn for’a Reynolds number of
29,000. The discs for this test were gencrally darker than for the test at
the lower Reynolds number.,

PROTOTYPE INCINERATOR

On the basis of thoso xjesults a prototype unit approximately
five times as large as the model was designed, It consists of a cylindrical
cormnbustion chamber with an axial stack at the top and a c‘onical ash hopper
i’]angcd to the base of t};e combustion chamber. Figure 9 shows a
schematic diagram of the incinerator and the ash-fluxing pot-furnace
when assembled for c;pération. Air to the incincrafor 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 manifﬁld 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 conSists of
two semicircular, cast iron plates hinged in the centér, and counter -
balanced f‘or case of manipulation, Two quic.k-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-
bix; sealed by a guillot'inc—type door; similar to the Los Alamos unit,
Figure 10 is a photograph of the prototype incineratox:.

An auxiliary gas burner, with safety interlock devices, is
used to ignite the charge, |

The total cost of this unit including installation was approximately
$10,000. A commercial model of similar sizc could be constructed for
s&mcwhat less by eliminating .ﬁuxiliury test equipment, which is not

rcquired for satisfactory cormincrcial operation,
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EXPERIMENTAL CONDITIONS
The unit is charged batchwise with' 100 pounds of sawdust
packaged in cylindrical cardboard containers. Fiftcen cartons comprise
a charge for each test, To ignite the charge the gas burncr is turned on
for. one and one-half minutes and Qxcn turncd off for the remainder of the
test, Each test is considered completed when the last embers are scen

to burn out, The burning conditions in the chamber weré noted through

‘an observation port located at the top of the chamber.
Several tests were made at air rate.s ranging from 500 to
1000 ﬁounds 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
pcrcent-moisture. ,
DISCUSSION OF RESULTS
Since the factors that were varied with the prototype were
the same as those for the model iﬁcinerato.r, similaf parameters were
used to correlate the results, Figure 11 shows the re.lationship between
the bbser\'ed burning rate az‘ad 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 b.urning xl'a'te increases with air rate, How-
eve.r, varying the port area at a fixed air rate had li.ttle effect, ‘In the
model unit the port area had a much more pronounced effect upén the burning
" rate, ) H |

Similar trends were found with ports located at 53 and 40

inches above the grate,
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This diffcrence between the model.and the prototypc suggests
that the gas-{low p:xtlcr-n‘ established in the largcr'unit dcpends largely
‘on the total quantity of air used, and ox;ly to a minor extent on the linecar
velocity of the air in the port's. Thesc results are in marked contrast
with those from the x;aodcl stvéxdies, in which port area had a pronounced
| .effcct upon incinerator perforrﬂance. One possible explanation for this
inconsistency may be the differences in geometric rclationships‘; between
the diameter of both the ports and incinerator, which would affect the

/
transfer of linear momentum of the air in the ports' to angular momentum
in the chamber, ;I‘hat is, the expansio'n losses are greater in the proto-

type unit than they are in the model.

The effect of varying the port height on the burning performance

of the prototype incinerator is shown in figure 12, It is significant to
note that both the observed and calculated burning rates decreased when

the port hei;ht.was decreased. Moreover, a lower combus{ion efficiency
was ac hieved when the ports closez-;t to thc fuel bed were used. This
is better illustrated in figure 13, which ig a plot of the ratio of the cal-
Ct'zlated to the observed burning rate as a function' o{. air rate. Itis
evident from.these results that higher capacities, as well as higher com-
bustion efficielncics, are attainable when all the air is admitted through
the uppermost ports, : o

Since occasionally wet charges are' incinerated, some pre-
liminary tests were made using sawdust containing up to 40 ;;erccnt

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 igx‘xition. Table 1 shows the results of two tests

'
using sawdust with 7.8 and 40. 3 percent moisture, Comparing the data
within the heavy boundary lines, it is secn that both the observed and the
calculated burning rates do not vary appreciably, Howcver, when the
calculated rates are .computcd on the moisture-and—as;h free basis,
the charge containing 40,3 phrccnt moisture showed a 25 percent dccrez;sc.
It is significant to note that no auxiliary burner was used during the
tests other than to igﬁite the charges at the beginning of each test,

| CONCLUSIONS

Alt.hough a great deal remains yet to be done, the results
obtained with the prototype are sufficiently cozfxclu.sive to draw the
following general 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
simiiar conclusions based upon the model studies, A commercial
unit six;qilar in size to the prototype incinerator will burn efficiently
approximately 80 cubic fecet of wasté per day., This :based on a bulk
_density of 10 pounds per cubic foot.

2, Var;’tations of air mass flow rate showed approximately
the samc effcct on the burning rate in the prototype. unit as it did in the
model unit.

3. Tbc-effect of porg arez;' and port height on the burning rate
in the prototype unit_ was not consistent with the results obtained 1n the
model studics. In the prototype unit, variations of port height had relatively
.grcater effect than variations of port area, whercas, the opposite was
'true for the model incinerator,

.
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Table 1,

Comparison Performance Tests of Prototype Incincrator
Using Charges with Different Moisturc Content

Test No. 2 Test No., 3

Composition of charge burncd:

Moisture _ 7.80 L0.30
Volatile matter 72.30 L6.80
Fixed carbon 19,50 12.60
Ash ’ 0.40 0.30
: 100,00 100.00
Ultimate ) .
H 6.50 8.07
c . 47.00 30.54
N 0.10 0.02
S : 0.10 0.01
Ash : 0.40 0.03
g A 100.00 100.00
Gross heating value, Btu/lb. | 8070 5250 |
Operating conditions: . :
Weight of charge, ‘ lbs. 106.50 147,00
Approximate density of charge, -lbs/cu.ft. 10.65 14.70
Air rate, lbs/hr. - L‘ 854, 8?241
Air temperature at the orifice,- ©F 166.5 163.0
Linear air velocity o
in tangential ports, ft/sec. - 70.6 73.9
Reynolds number, in tangential ports, " 49,800 51,000
Operating time, nminutes 62.0 82,0
?esult v
Observed burnlrg rate, ' lbs/hr. - 103.0 107.5
Calculated burning rate ' K
(as.charged) . Ibs/hr. 87.2 99.0
Calculated burning rate
(Moisture,Ash,Frec basis)  1lbs/hr. 80.0 59.0
Maximum stack gas temperature, oF 1625 1385
Mean stack gas temperature, °F : 1270 1050
Maximum CO, content of stack gas, percent 18.9 12.8
Mean COp content of stack gas, percent 11.6 8.4
Theoretical COp content
of stack gas, percent 20.L° 20.%
FPounds of residue, 1bs, 0.559 0.72
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4, Both the combustion effi¢iency and burning capz;.city of
the prototypce unit were h/ighcst when using 'thc uppermost sct of ports,
This confirms the results of the model studies with respect to combustion’
efficiency, but is in contrast with the results in the model with respect
to burning capacity,

It should be emphasizcd that these conclusions are based on
a limited investigation of only a few factors. The effect of such variables
as the bulk density, ‘chemical composition al;ld moisture content of different
waste materials has not been determined. It is evident that these factors
mu'st be i;'xVestigated before a complete evaluation of the unit cva.n be ,

made,




PROPERTIES OF VARIOUS FILTERING MEDIA

FOR ATMOSPHERIC DUST SAMPLING

By W. J. Smith, N. F, Surpronant, A, D. Little, Inc.

INTRQDUCTION:

In sampling for atmospheric dust and for testipg atmospheric dust con-
ditions, a number of methods are in use which depend upon filtration to arrest
the dust particles. The effectiveness of any such method or even its succesé
can depend, to an important degfee, on the filter medium that is selected. Be=-
cause they may be so important, the properties of any filter medium should be
well understo&d befbre‘itsAuse is recommended for any test method., It is our
present prupose to compare and discuss prbperﬁies of several filter media wvith
respect Lo various air sampling re?uirements. A1l of the media to be con~
slidered are now avallable, ard most of thoem are being used for air assay worko‘

lThere are various reasons for collecting a sample of a%mospheric dust, and

.tho puipose to be served will influence selection of the filtering medium. To
rention some of the reasons or purposes of sampling; we have measurement of
mass concentration of dust in the air, particle size distribution, chemical
analysis 6f the particulates, toxdcity assay, radioactivity measurements; study
of organisms, and evaluation of soiling characteristics.

| Condi tlons ﬁnder which the sampling must be done may also influence selec-
tion of a modium. For example, glass fibers would'nét be used in an atmosphere
. known to contain an appreciable amount of hydrofluoric dcid Vapor,
In soms cases a particular filter moedium is used in a cgftain,application

only because of long standing practice which; for consistency, is kept un~

changod. FHowever when the need arises to solecp a filter for soms now or
WASH-170 , ' 30
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spbcial purpose, an uaderstanding of the genoral filiering propcfties of
available media should be yscful in makigg an intelligent cholice. It is ou;
- purpose to contribute to the fund of such information.

The problems associa@cd with selection aﬁd use of air sampling filter
media were discussed at the Air Cleaning Seminar, sponsored by the Atomic
Energy Cormission and held at pmes, Iowa, Sept. 1L-17, 1952. As a result of
that meeting a study of filter media and sampling practices was undertaken by
Arthur D, Little; Inc. A questionnairé survey of some 40O laboratories,: most
of them within the Atomic Energy Commission operating areas but including also
a nuﬁber of outside laboratories, provided a list of air sampling media that
are in current use at these laboratories.

We assembled a group of sanples representiﬁg nearly all of the media
that were mentioned in the survey. This paper describes #nd discusses air

1 inat

filtration test results obtained for these media and for_a few others
ﬁore included because of their special interest. Our test methods have in~
cluded di-ociyl phthalate smoke penetration, atmospheric dust penetrationg

and plugéing rave on atmospheric dust., A range of performance characteris-

tics is provided which may aid one in selectiing a filter material for any

dust sampling purposes

Di-Octyl Phthalate Smoke Penetration Test:

"The di-octyl phthalate smoke penetration meter or "DOP tester" as it is
called more commonly, was developed by the armed services during the war ard
has become a well known and highly respected device for evaluating:high eff{i-

ciency filters. Instrumental parts of the tester and theories of their

1'AEC mineral papers were added to the groupe

}Gb | B !
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opcration have been prusented well %n the 1;teratgre (1,2,3)s For our needs
herc.a very brief dcscripti;n will serve, Therc is a smoke gencrator for pr§~
ducing a cohtrdlled, mono--dispersed liquid acrosol of di~octyl phthalate. This
is accomplishpd by condensation from ihe vapof state and the droplets so formed
" are held very close to 0.3 micron diam; .Particle loading is about 50 micrograms
per cu. decimeter. Also a light scattering chamber is provided with sensitive
photcelectric pickup means for aczcurate measurement of smoke particle concentra-
tion, The tester is adjusted against full aerosol conﬁentration (unfiltered
smoke) and against absolutely clean air, Penetration through.a test specimen
of filter medium 1s then read off directly in per cent.

Since the aerosol particles at 0.3 microndiamo arerin the approximate
size range for the most nﬁmerous microscopically visible atmospheric dust pare-
ticles; the DOP test gives efficiency vaiues that parallel those.qbtained Ey
atmospheric dust counts,

Under the somevhat standardizcd‘;onditibns of normal laboratory test pro-
ceddre, DOé smoke penetration measurements are made at 28 lih;-feet per mine
through a 1.5 in., diam. circular area of‘tﬁe medium. In the work to be de=-
scribed, this area size was used for flbw rates up.to 58 feet per min, To
reach the highef flow velocities (up to 200 lin. feet per min.) a test area of
1475 ine diam. was useds

Tsble I shows DOP smoke penetration efficiencies over a rahge of air flow
' velogities for ourAwhole group of air sampliﬁg mediae It is evident immediate-~
1y that there is a very great difference in efficiencles as measured by this

test, - Perhaps this is the point at which we should stross that DOP smoke pene-

tration alone must not be taken as a general measursc of usefulness for all filters.

It 16 a very severe test and is now used primarily to rate absolute-type filters,
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then we aro dealing wath mgdia intended to-collcet bulk dust or to analyzo
for'atmosphcric dust on a weight basis, very fine particles contribute to a
minor degreo and become unimportant; the DOP test then has much less signifi-
cance. However, if our interest extends to tho sub-micron size dust particles
" of the atmosphere (and these are by far the most numerous) then the DOP tester
can tell us a great deal about what we can expect a filtering material to do,

An interesting feature of the data shown in Table I is the relation of
DOP filtering efficiency to flﬁw velocity for the different types of filter
materials, Weo have plotted sets of data selected from Table I to show same
characteristic curves, )

Fig. 1 is for CWS ##6 paper. At a low aif flow rate, it is very efficient.
This is a fortunate circumstance because this tybe of material is used princié
pally for making large volume high efficlency spéce filters in which face velo-
city through the medium is only five line. feet.per minute, W¥With increase of
flow rate, smoke perstration incfeases to a maximum at about 30 feet per min.
As‘the flow rate is further increasedy; penetration égain falls off,'and pro-
gressivelfo This beha&ior has been studied by Ramskil% and Anderson of the
Naval Research Laboratories (L) They attribute the low velocity positive
s}ope to the influence of diffusional collection while the higher velocity
negative slope is explainzd by influence of inertial effects, In addition to
flow.vélocityp these authors show how the character of the curves is comtrolled
by aerosol pariicle size; particle.densityp dilameter of tho filter fiber; and
inter~fiber spacinge | .

Pressure drop; plotted separately in Fige. l; is nearly lincar ﬁithiflow

rate indicating viscous flow through the medium.
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A of the high efficiency papers, AEC #1, AEC mincral fiber papers, and
HV 70 (18 mil) show curves similar to that for CWs #6,

Fig. 2 shows the plotted data for a still more highly effiéient medium,.
This is a sample of glass fiber paper made by the Hurlbut Paper Co. and ¢on-
taining a resin binder. The fibers in the sheet have a diameter of about 1/2
micron, The resulting curve Also shows the poak typical of high efficiency
madia. _ | '

Chomical filter papers as illustrated by fhe Whatman papers are made in
soveral types, and they glve a variety of curves, TFige 3 shows a plot for
paper No. L1 which is typical of many of the cellulose papers.

Paper No. L2 (Tsble I) is remarkably efficlent for an all-cellulose
sheets This efficlency is attained at low flow velocity; but pressure drop
is highe |
_ MSA typo "Sh filter which is used succesgfully for high volume air
sempling (5) shows an unusually uniform DOP efficienby level over a broad

range of flow rates (Fig. L). Wnile all of the other filter specimens come

in flat sheets, type “S® is different. It has a molded shape of concentric

convolutions designed to provide a large filtering area. A plece was cut fronm
a reasonably_rlat arca and used as the test specimen,

Membrane filters have been descriﬁed as molecular sieves, Collection ap-
pears‘to be almost entircly at the surface.. It is perhaps for this reason that
thoy fill up rapdily on an oil smoke (iika DOP) and so may ﬁot‘show up to best
advantage in this test,. . |

A1l fiber filter materials %fatigue® in the DOP tester. Afteé running on

DO? for soveral mirutes; the smoke penetration incrcasocs, One -explanation
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offered is that eicctxosta@ic effects in the filter body are lost duc to ac-
cumﬁlation of liquid. It is known that filte;s depending on electrostatic
effects fail quickly when ﬁsed on oily smokes, so there is some.basis for thé
sugrested explanation, For the.present, it is only important to mention that
" a DOP test should be made over a short period of time,

¢

Efficiency by Atmospheric Dust Counts:

It was stated carlier that DOP test results are comparable with effi—
ciency as measured by counts on atmospheric dust particles. This is shown
by the data in Table II. Here the DOP filtering efficiencies of the various
media‘are given, calculated from Table I, Atmospheric dust count efficiencies
are shown for comparison,
To méasure thesé efficlencies on atmospherig dust; a high~speed impactor (9) .
(6) was used for collection, Particle concentrations were measured before énd
after the filter.' In most cases, four tests wgre made on each filter and 200
counts were made each time. Efficiencies wers calcuiated from _counts on the
sonic velocity stage of the impactor; particles were one micron and smaller in
diameter. No counts were obtained on the clean side of the very efficiént ne-
dia even after running the impéctor for six hours. It should be borne in mind
that the great numbers of atmospheric dust particles are less than a micron in
diameter. Rating of a filter Py‘countélon such dust is the same as rating that
filter for perfomance in those small particlés.
Even those who have been aware of the relation of DOP efficiency to par-
ticle count efficiency may be surprised by the close correlation of these sep-
" arate methods. The results strongly indicate that the DOP tester can be relicd

upon to evaluate all filter modia with respect to efficiency agsinst sub-micron

A
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silzc atmospheric dust particles, -, . .

Efficiency Ly Particlc'Sizes

In the methods Just described we dealt only with sub-micron size pafticlcs°
Wnen wo include consideration of larger particles, our attention becomes
limited to the cellulose fiber filters on our list. Larger particles do not
penetrate the other media of thé group..

Table III shows the particle size analysis for unfiltered laboratory air
'and for the same alr after passing through each of several cellulose fiber file
ters, In every case, the count peak is shifted in the direction of the smaller
particies as would be expected. No partidles larger than two microns were ob-
served to have passed any qf the filters. Time did not permit us to include all
of the cellulose fiber filters; we did try to seléct a representative group,

Efficlency of filtration by particle size is.shown in Tablo IV, Here again
elficiency was measuroed by particle count on hiéh-speed impactor flateso No
pérticles were found above the size of two microns, and «ll of the filters showed
good to excellent efficlency on particles in the one~ to two-micron range. Vhen
the primar& inte?est Is in weight of dust coilected, these filters are generally
adequate since large dust particles contribute most. The weight contribution of
a particle is measwred by the cube of 1ts diameter,

A1 of the results reported have been on fresh samples of media, Allowance
should Be made fof ihe fact that 211 filters improve in efficiency as they £ill,
fg a practical matter; all of the ﬁodia tested here will perform much better in
usc than our figures indicate, L -

Life Teststg _
In many alr sampling spplications, plugging rate of a filter medium is not
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a problem. But in those cases where it 1s desircd t.» sample over a long period
of time or to accunulats a gizcablo quantity of particulate matter, the ratc at
which plugging occurs may become important} At times flow resistanco or the
development of flow resistance may even detennlne the feasibility of taking the
"sample, | L

" A lifc test or plugging réte test consists in operating a filier sample at
gome selected flow rate and observing the increasec in préssure dfop with time.
Phe kKind of equipment we have used for this is showm in Fige 5. It consists of
separate test stations in which samples of filter materials may be mounted and
operated over long periods of time, Each'station has a sample holder that takes
a 31/2 in. diam. disc of the medium and exposes a test area 3 in. in diam. 4
calibrated orifice meter and control valve allows each sample to be run at a
selected rate, Our testers are arranged in two bahks 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 Sp;ncer Turbine Blower, )

The flow rate tends to fall off, of course, as the filter fills with its
accurulated dust 1oéd° This necessitates.periodic adjustment of the valve to
restore the proéer rate, Pressure drop across each tes; sample is measured
with a YU¥ tube water manometer,

It seemed best to life test &ll of the media at the same time so that amy
question of varylng dust conditions in the alr would not enter in. This brought
up the matter of flow rate at which to run; for direét comparisons; all should
be run 2t thé samo r;teo The very low rate of five lin., feet per min, was se-
lected as a start with the intention of iﬁcreasing the rate after the rapldly
plugging samples had been removed. Wheﬁ pressure drop became too high for any

manomcter, that test was stopped. After L8O hours of running, the flow rate
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was stepped up to 28 lin, fect per min, for all surviving specimens except the
mceabrane filters. Only seven specimen filters were romaining 120 hours later,
Atmospheric dust loading over tho time perioed of the run was measured by weiph-
ing the total dust load on a membrane filter,

‘Table V includes life tests for the ontire group of samples., With one ex-
¢ception, the test specimens were flat discs., The exception, MSA pype ush, as
mentioned before is a molded filter with concentric convéolutions, We used a
“whole filter and adjusted air flow to allow for the greater area which we es-
timated to be 75 5Qs in. |

. It is interesting that the media which plug most rapidly are not necessar-
ily the most efficlent nof those with highest initial pressure drop. As a class
the cheanical filter papers tend to plug most readil&. High efficiency papers
show much better life. The membrane filters are‘very interesting; pressure
drop is high initially but increases pnly a little as dust load accumulates,

In our experience and to the best of our knowledge, the ﬁate at which a
filter becomes loaded does not determine its life, regardless of time the prese
sure droﬁ through a sampling filter is fixed by the ampunt of accumulaied duste.
Operating at low flow rate merely extends the time; dust loading in the air
(assuming a constant dust composition) and the total aﬁount of air passed are
the controlliny variables. In our life tests we used very low flow rates.

For' thls reason Table V gives a slow motion'picture'of plugging rates, Life

for ‘ary other flow or dust loading can bs estimated from the data given.

Discussion of Filter Propertles:
For conveniconce of reference,Table V1 contelns some general information
on the various filtor medla we have bcen discussing. Ve do not consider this

Table to bo cowplete in any way. It containy some of the more obvlious qualities
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| alonp with a few measurements of our own., Values for ash content of the chemical
papefs were given by the manufacturers, Value; for other media, we determincd,
Very often some special property will determine the suitabildty Sf a given ma-~
terial., Such properties are important and must be considered along with filter-
.ing performance when a sampling medium 1s belng selected.

Chemical filter papers appear to be used more widely than any other type of

alr assay medium, This may be because they are nearly alﬁays at hand iﬁ a labora—
tory. For those purposes where the filter must-be destroyed to isolate or con-
centrate the dust, the low ash chemical filter papefs are particularly useful,

ﬁigh surface reflectance of light from chemical papers have made them pop-
ular for those test methods which are based on dlscoloration of the collecting
surface, |

Although chemical filter papers probably wére neve} intended for alr sam-
pling work, they Have‘proved to be most popular; Many kinds are available and
déta in the Tables of this report show the range of pérfonnance;characteristics
that can be expected, There are some properties inherent in paper and other fi=-
brous medié which are disad?antageous in some cases., These will be mentioned at
thé end of this discussion.

Chemical papers in particulsr often are fourd to contain pinholes, W¥hen
this occursy, it is likely that even some very large dust particles will pene-
trateo_ | ' _' |

Unless an alr filter medium is manufactured especially for #bé purpose, its
performance characteristics are likeiy to vary from lot'to lote Chemical filter
papers arc manufactured for chemical laboratory work. They are made ;';v.nd used
primarily for wct filtrations. Therefore it is not surprising that wlde varia-

tion in air filtration is often found for chemical filter paper. Table VII
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lists some experimental resx_ll{;s that illustrate tiis point.

The manbrane filter is relatively new, but 1t holds great promise as an

all-round assay medium (7,8). It is highly efficient, may be obtained in white" _
or black, particles accumuiate only on the surface, 'refractive index is such |
that the filter structurg itself becomes invisible for oil immersion microscope
\;iewing, and the filter can be dissolved if need bs or it may bé destroyed in
other ways. Because thgy_ar_e very delicate, the membranes must be handled care-
fully and suppor'ted during use. To genoralize, there appeavr to be more useful
properties associated with membrane filters than with any other one medium,

The felt-like papers CWS #6, AEC #r;l, and the AEC mineral fiber papers were.

designed for efficient alr cleaning and serve that purpose effectively. They
are not so well suited for most assay work. Dust particles penetrate the struc-

ture so that they are buried and lost for some 4{ypes of radioactivity measure-

‘ments (O:counts)'. These papéfs .are 8o high in ash that they are not at all

useable where the filter must be destroyed to perform analysis of the dust.
If suitable precautions are taken they may be used for gravimetric sampling
on even the finest of dusts ard fumes,. '

HV 70 is a closely formed paper and has found use particularly in radio-

activity monitoringe.

All—glass.papers) like those developed by Naval Research Laboratories (10)

and mads to a limited extent by severalipaper companies, are to be recommerded
for high tenperatures or in the presence of corroéive fumes or gasess In our
series t};te Hurlbut _glass paper ls an example. These paperé are made of very
fine glass fibers #r.d are the most efficient of fibrous filters,. Some have
resin or other bindérs, and this shdu]d be burned out before using the sheet

in most kinds of {test worke In gravimetric work caroc must be taken that loose

ceen
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fibers arc not lost from the shecet,

All .fibrous'filters, celluioso or glass, have water associated or adsorbed
in their structures, The amount depends upon atmospheric humldity and will vary.
In weighing the amount of dust load collected by such filters, it is vefy im-

portant to ¢ondition the filter at a known humidity level before every weighing
and to weigh the filter in a closed container. |

Dust collected on a fibrous filter will penetrate the filter body to‘somc
extent. For this reason it is very difficult, if not mﬁ»essible, to make dust

studies under the microscope on most paper filters,

SUMMARY ¢

A group of atmospheric dust sample media has been studied for performance
characteristics. The medla were selected to represent tlkrose in use in a number
of laboratories, "I‘est methods used were di-octyl phthal te smoke penetration,
atmospheric dust penetration, efficiency by particle size, and plugalng rate on
atmospheric dust. A wide range of properties were showna

The filtering properties have been discussed and the suitability of the
media for varlous applicatlons have been indicated,

It hes been demonstrated that efficiency measureme'nts by the DOP smoke
test follow very closely the results-given by atmospheriec dust counts.  This
suggests that tk;e fast DOP method can be used to rate any filter medium on per

cent of atmospheric dust penétration by particle count.
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TAOLE 1

Erfect of Flow Kate on Fressurs Drop*s and OOP Jmoke Penetration®: for Various Alr Jampling hedla

Flow Iate
Lirear Feet ASS w3 HV 70 Huriout ¥hatman Chemical Filter Papers stS Membrane Filters AES yineral rilters
Psr  ¥Yinute [0 Y 46 9 =il 18 wil Clazs Paver Fl - JL=-FR-FLO- FL) - ALIK - # U2 L -4 50 7604 " HA" * AL Glass-lad, Ali=Slase Y34 Trpe *3°
b £ Penetration— 0,022 0,015 8.0 0.47 0.001 7. &, 3.7 da. 9. 9. s. . 6.5 30. 93. 0,002 0.002 0,029 0,008 LS.
' Pressure Drop— 0.7 0.57 1.1 1.2 1.08 1.9 0.5 7.2 2.5 035 O0.Ls 8.7 7.7 9.5 0.35 5.4 1'% ] 0.7 0.75 .3
S 10 0.036 0O,C2) 5.0 0.%3 0.301 . 68, 81, 3.0 28, &, 89. 2. L.% 13. 90, 0,002 0,002 0.0%2 0.0 %2,
1.L5 1,48 2.2 2.L5 <.2 3.75 0.95 W.6 5.1 0.8 0.9 ~17. 15.3 17.7 0.7 10,9 8.% 1.45 1.48% 0.6
- 20 0,045 0.04 3.5 0.6% 0.003 3. 7. 0.45% 16, . 8. 0.7% 1.4 3.0 85. 0.0 0.01 0.071 0.038 52,
y 2.9 2.9 L6 4.9 A 7.7 195273 10 L35 L9 3. 28.6 35.2 1.5 21.6 1.8 3.0 3.05 1. =
T 28 Q.08 0.057 2.0 0.59 0,008 7. 7. 0,35 8, 5. 7. D.22 0.5 0.9. . 0,005 0.01% 0.073 0,05 . 2. E
h. 4.05 6.3 5.9 6.1 10.6 2.8 38, 15. 2.0 2.7 A5.5 40. L8.5 2,1 31, 24.5 .25 4.25 - 1.6 [
. - s
' . v ) -J
<0 0.0, 0.8 .7 0.4L% 0.00% 1. 62, 0.3 2.8 67, 6S. 0. 0.2 0.15 67, 0,015 o.@ 0.08 0,081 si. o
el 6.7 7.5 9.4 13, 10.8 19.6 5.8 69%.4 25.3 .8 5.% g1, 7. 8.0 3.9 59.5 J9. 7.8 1.7 3.0
[ .
100 0.031 0.m7 0.2 0.1 0.005 1.2 25, - 0,23 M.  Wa- - - - 3. - - 0.0 0.5 LS.
L. 13.3 17.0 21,8 27. 19.8 40.5 11.% - SL. 8.1 1L.$ - - - 8.% - - 16.0 15.2 6.9
- . .
: . .
150 0.021 0.018 0.1 0.3 0,903 03 2. - = 29, ‘21, - - - 18 - . 0.018 0.013 .
: 22,5 25,5 .5 38.2 32,8 - "0, 181 - - 12,8 17,0 - - - 15. - | - 26.7 5. 20.8
x0 0,011 0.0 - - - - - - - 15. 3. - - - 7. - - - - - 28,
29.5 5. - - - - - P 1 T - 2y - - - - 16.3
‘®pressure Drop in inches of water, ' ‘ .

B.10P Smoke Penetration in per cent. (U1-Octyl Phthalste particles 0.3 micron diametor, 50 mlerograns/liter of air.)
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TABLE 1T

Impactor Count Efficiency on Sub-micron Atmospheric Dust Particles
Compared with DOP Efficiency for Various Air Sampling Media

FLOW RATE 20 LINEAR FEET P=ZR MINUTE

Atmospheric Dust : :
Count Efficilency DOP Efficiency

Filter Medium B Per Cent@e ‘ Per CentP*
ﬂ 1 ’ SO. ' ~ - 4 570
= .. ) 15, ' 23.
WS 3R : . 99.1 99.5
-g - hO - 8501 ’ 8)40
55 L | 26.5 | 23,
S5 lan .24 19.
g ke - 96.8 | | 9902
E Q)) hh . . 970 ) 9806
'és: Sho . . 67o . 650
s&s #ook | 13. o 15.
CEV 70 9 mil S ‘ 96.5 | 96,5
HV 70 18 mil  99.5 99,3
MSA Type “WsM L6, ' T 48. -
Millipore Type “HAM N 99,9+
Millipore Type MAAM . 999+
S & S Ultra Filter : -

(Yo paiticles

Rurlbut Glgss Paper found after o 99,99+
6 hours

Ccvis  #6 99,9+

ARC - L running. ) 99,9+

ASC Glass-Asbastos : ‘ » : 9909+

AEC £11-Glass ’ , , 99,9+

&epverage of L tests.

b'Calculated'from Tablo I.




Particle Diameter
- Microns -~

below 0.4
4 - 0,6
b - 0,8

0.8 - 1.0

1.0 - 2.0

over 2,0

TABLE I11

Particle Size Distribution in Atmospheric Dust
Before and After Filtration Through Different Media

COUNT ANALYSIS OF AIR BORNE PARTICLES -~ PER CENT OF EACH SIZE

Notes: Flow Rate: 20 linear feet per minute
through the medium,

Fach .value based on counts far two £i1-
ters with no fewer than 4O
counts each point each fil-

- ter,

Particles collected sonic velocity im-
pactor, Counts and measure-
ments by o0il immersion micro-
scope 1350X.

Unfiltered @ - - = == = = = = - Filtered Alr-e-o-e-ececea-- -
Alr whatman #1 Yhatman #4 Vhatman #41 Whatman #42 ¥3A "Sn

- 3L.8 ( 52,8 L5.2 L7.4 51.0 50.0
12.6 35,3 381 140.3 39.3 41.8
16.2 10.6 14.2 9.1 8.5 7.0
6.8 1.1 1.9 2.4 1.1 1.0
1.6 . 70,2 0.6 0.8 0.1 0.2
1.0 L - - .

0gE

OLT-HsVM



Particle Diarmeter
- Microns -

below 0.4
0.4 - 0.6
0.6 - o.ei
0.8 - 1.0
1.0 - 2,0

above 2,0

TABLE IV

Filtering Efficiency®¢ by Particle Size
for Each of Several Air Sampling Media

- FLOW RATE 20 FEET PER MINUTE

Whatman #1 whatmon #L, ° Whatman #41 Whatman #L2 MSA Type "S"

57b. 23b. 23b. 9gb. L8be
58. 32, | 28, 97. L7.
69. 38, bh 98. 7.
%2. 9. e 993 o2
95. . 0. 9.8 9.
100. . 0. . 100, 100, 100,

8.5pfficiency for.particle retention in per cent by count.
Particles above O.4 micron diameter collected by high-
speed cascade impactor, -

b.DOP smoke value used for particles below 0.4 micron dia-
meter.

0).T-TISVA
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TALE Y

Life Tests - Change of Pressure Drop Acrooss Alr Sampling Fedia with Operating Time

Flow hate Running
Linear Feet Tine- AL W3

HY 70 " Hurlbut ‘ Shatman Chemical Fllter Papers 's&s Vembrane filters - m: Yinersl Filters " Approx.
o fer_Vinute  Hours f1 £6 9=l 18ril  Glass Paper f1 fU&

2zt

OLT-HESYM

F2 FL0 L) AL FL2 AL #5004 “HA® AT Glass=asb, Alt-Slass &ﬁpﬂ"" Pust losa
. ~ 0 072 0.2 0.95 1.05 0.9 1.9 048 7.0 245 035 0.5 8.5 80 9.5 035 sS4 2.) 0.7 0.7 0.17 ~
T _ 2 om 0B L1 12 1.0 5.2 0.80 945 5.7 L2 0.85 26 165 2 045 5.3 2.3 0.1 o7 - o7 gl
i 07 075 e 128 1.0 6.2 1.15 1.9 6.85 1.5 185 - - - o8 55 28 o7 0.7 0.2
' 120 0.85 0.8 14 14 - 11 7.3 2.3 12.8 82 215 33 - . = = L8 ST 2 o8 - 0.7 0.2
'; E 192 0.85 0,9 1.55 . 1.7 1.1 . 8.0 3.2 - 9.0 2.7 4.5 . - - - 2.6 5.9 ) 2.6 0.9 .13 . 0.22 -
- : : .
p 268 0.95 1.0 1.8 1.95 1.2 8.5 3.9 - - ‘3.35 5.8 - - ' a 3.1 6.4 . 3.0 . 1.0 0.83 0.2% 3’
B P& 100 105 L9 2.0 1.2 - &1 -~ 39 - - = = 348 87 34 1.2 0.65 0.25 3
i e 1.08 1.0 1.9 2.0 1.25 - 415 . - - 4.0 - - - - 3.5 7.1 3.1 - 1.2% .95 0.25 'E )
) ! R Y ) 1.05 1.1 L9 2.1 1.25 - k.25 - - . k3 - - - = ‘ ).55:4 .1 '3.2 - 1.38 . -o.8% 0.23 ;
: . H
A:.' ’ ' . . . : . g
s Jest Continued u: 26 FPU | Gont'd at § FPY Gontinved st 28 7PN L.
“i T 0 56 615 1.0 1.7 2.0 81 3.2 7.6 875 1.2 S
Wi M A 58 63 s 121 . 7 SN XIS BT 7.9 o7 1.2
Ve A8 B 6.6 126 L2 7.4 Loss 32 e 3.0 1.2
fometede T gs e - - 7.6 D oass 3a - 5.23 1.25
120 7.0 7.4 = - Y * ( 8.8 3.4 - 3.6 .33 v
5 ' Figures show pressure émp in inches of wvater, s -
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Menuf acturer

“¥aterial Type or No. er Source
Chemical 1 W. & R, Balston
Filter L Ltd., England

_ Papers 32 : :
40 '
g 4L ‘
oy
£ L
50
540
StS 604 Schledcher &
Schuell Co.
Membrane THA" Lovell Chemical Co,
Filters HAAM
Ultra Filter S & S Co.
membrane type
HV - 70 9 mil Hollingsworth &
‘18 mil Vose
1 ‘ "'
MSA . ws Mine Safety

Glass Paper -

AEC Mineral Asbestos
Filter Glass

Appliances Co,

Hurlbut Paper C&.

Hollingsworth &
Vose

Arthur D, Little,
Inc.

TABLE V]

Some General Properties of Air Sampliﬂg Media

Thicknesab

Ach Content
Grems per Gcm

Diamcter Circle

Inches (unlecss other, stated)
.008 ©.00039 '
.008 .0005

.010 .00022
.010 00009
.010 00009
007 00004
010 . 000064
.008 ; .000051
005 S ,00016
006 | low ash
.oo8 0002

005 1.5% :
.005 1.5% -
005 - :
.009 ug
.018 uz

* 040 1.3% :
.010 958

00 ng
.CBQ 13%

.030 95.0%

. 4030 95.0%

Descriétion .

White cellulose papers

of various grades,

Noﬁ. thO 50, & 5‘&0
are hardened papers.

Parous cellulose ester

£3lms,

Asbestos bearing cel-

lulose base paper, |-

!

S
" Molded cellulose ~
* concentric convolutions

. Fine glass paper -

resin binder,

Felt-1ike paper as-
bestos & cellulose *

Glass & asbestos,
All-Glass
Both with resin

" binders,

" Present Application'

in Air Sampling

Tests depending on
discoloration or
change in light
transmission.

Analysis of parti-
culate by destrue~

tion of medium,

Particulate counts,
ident ification. by
microscope, "Final
" stage" for impacter
< counting.

General air assay &
radio activity moni-
taring.

High volume air
sampling.

High efficilency par-
ticulate removal,

High efficiency par-
ticulate removal,

High efficiency par-
ticulgte removal.

OLY-HSYM
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TABLE VII

Variations in DOP Smoke Penetration and Pressure Drop at 28 FPM '
for Various Samples of Chemical Filter Papers

_ ) Reported Res;xlta - Range
o T AP In. of Mater- Penet, AP In. of Water- £ Pemst. Testedl.

1 T8 o o 9.5-12.8 : 2.2,
D P TP S
o2 T 38. 0.35 38. = LS.  +008 - 0.35 ‘_.1
Lo S T W |  13.-1'5. -1 2
wm a0 R 20- k2 L9i =TS n
an o _é.? % 21 16e-g2 2

L2 ' L5.5 022 e = 55, o0 - .9' 4

hh Lo, o 0.5_. 40, - b8, 0025 - 05 1

50 B 09 T -6l 03 -2 2

1Thrqe samples tested in each box. - _ , ‘

¢ '

‘ .
S N . " v sgyet
B AN -
LR -
. <
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SURVEY OF AIR SAMPLING MEDIA AND SAMPLING METHODS

USED AT A.E. C. AREAS AND BY OTHERS

"By W. J. Smith, A. D. Little, Inc.

o At the A.E.C. Mr Cleaning Conference held at Ameé, Towa, Septeﬁber 15-17,
y 1952, it was agreed that a survey should be made to assemble and summarize in- |
bformatlon on a1r sampllng media and sampling methods used by groups doing air
assay wo;k. This survey was to include both A.E.C. areas and others.,

The survey was conducted by queétionnaire, and an'eicellont and higply
'1‘cooperative response was received. A fund of inforﬁation has resulted Uhich
| should be of real value to all engaged in air cloaning and in the study of air-
- borne particulate matter. i ' |

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 chart is inserted at end of
report "For the most part it is Belf—explanatory.

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 repreoent the varioﬁs questiorns that were asked in the
survey. Many of these required only a ﬁyes" or "no" reply; others needed more
detall, Where an essentlal plece of information was too lengthy to fit into the

. chart body, it is ghown as/a footnote.

e
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Organization or AEC Area

Ad1 Sampling Equipment Company
Anerican Cyanamid Company
. Idaho Reactor Testing Sta.

. Chemical Processing Plant

Ames Area Office, AEC
Jowa State College

Argonne National Laboratory
Radiological Physics Dive

Battelle Memorial Institute

‘Brookhaven National Laboratory
Health Physics Division

Depts. of Physics, Chemistry,

Nuclear Engineering and
Medecine

Brush Beryllium Co.
Cleveland Plant

Lucksy Plant

3

“Harshaw Chemical Company

~Vitro Manufacturing Co.-
Health and Safety Div.

~ California, University of

' AEC Project

Contract AT-O4-1-GEN-12

Radiation Loboratory

Califorria Research & De=
velopment Company

Livermore Research Labe.

'Carbide and Carbon Chemicals Co.
Paducah Plant '

Y-12 Area

K-25 Area, C & CCC

[ XXl EL]

_ Cleveland, Ohilo
. Idaho

snee
tooe
eore

WASH-170

QUESTIONNAIRES RECEIVED

lLocation

Ames, Jowa

Illinois

" Columbus, Ohio

New York

Cleveland, Ohio

Luckey, Ohio

Cleveland, Ohio

_LOS'Angeles, California

Los Angeles, California
Californla

Paducah

331

Tndividual

William L. Wilson

R. E. Hayden

'Allan P. Skoog (Dr.)

" Je Ee RbSe

S. Chapman

~Lee Gemmell

"F. R. Wolowicz

F. Re wolOWiCZ

Ao J. Stefanec

E, A.'MCCabe

" Robert J. Buettner

M. D. Thaxter

Re Ce Thorburn

"Re . C. Béker

Edward G. Strusness

- Js C. Bailey
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Organization or AEC Area

Chaney, Albert L. Laboratory

Columbia University
. Central Aerosol Lab,.

_Dept; of Chemical Eng.

Connecticut State Dept. of

Health e

.Bureau of Industrial Hygiene
Industrial Hygiene Lab.

Dow Chemical Company
Rocky Flats Plant

General Electric, ANP, Evendale

Industrial Hygiene Foundatioen

for America, Inc. C

Mellon Institute

Johns-Manville Research Center
CWS Contract (not commected
with AEC) :

Knolls Atomic Power Lab.
Health and Safety Unit

LOS Alamo.: S\zientific Labo
BE-1 Radiological hon1toring
Section of H Div,
Santa Fe Operations Office

L

Massachuéetts, Comnonwealth of Mass,

Dept. of Labor & Irdustries
Division of Occupational Hygiene

Monsanto Chemical Co,.
Mound Laboratory

National Bureau of Standards
U.S.Dept. of Commerce
Heating and Air Conditioning

Section

Natlonal Lead Company of Ohio
Fernald Area

¢

WASK-170

Los Angeles, Califorhia o

New York, New York

New.York, New York

Connecticut

Evendale

Pittsburgh, Pennsylvania

Manville, New Jersey

Los Alamos, New Mexico
Los Alamos, New Mexico
Méssachuseifs
Miamisburg,’ohio'

Washington, D. C,

Ohio

.

H LN
B Y YR Y
enes
orey
atnd

ssonre

i *9ees e
essens
[
L]
sesss
.
esensn

g A

We

Individual

Stanley R. Hall (Dr.)

Prof. V. K. LeMer

" Arthur Humbhrey

Allan L, Coleman

Martin
C. L. Hemeon

David Sinclair

L. Jo Cherubin
Re Z. Bouton

Dean D. Meyer -

H. F. Schulte
Ed Hyatt

urHervey B. Elkins |

Je E. Bradley '

R. S. Dill

Re C. Heatherton
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nggbizéiignﬂor AEC Area Location
National Reactor Testing Station S -
UIS.A.E.C. " T

Health Physics Division
U.S. Weather Bureau O0ffice

North American. Aviation, Inc. N .
Atormic Energy Research Deple ‘
0ak Ridge National Laboratory ‘ S -
Health Physics Division
Phillips Petroleum Co. . Idaho Fblis, Idaho
Materials Testing Reaction f L
National Reactor Testing Statlon -
Roches£er, University of © New York
 Atomic Energy Project o
Savannah River Plamt B T -
duPont Health Physics Depte o .
Stanford Research Institute . Stanford, California
Sylvania Electric Products, Ince _ . Bayside & Hicksville,
' ‘ . . Lomg Island
" Westinghouse Electric Corps ' L -

Atonic Power Division
Industrisl Eyglene

ebuae

.
X1l

.

.
sessee
XX XR)
enevs
sveves

.
-
seeess
.

swes
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Indiviaual

Po Griffiths
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EVAIUATION OF THE KAPL, SEPARATIONS PROCESS STACK EFFIUENT

PRI o By J. J Fitzgerald GE, KAPL
ABSTRACT

The KAPL Separations Process stack effluent is e&aluated. The adequacy and
the effielency of all the sampling instruments are determined, The size of the

- particles entrained in the stack are studied under both the light and the elec-
tron microscrope, The mean particle size is less than 0,05 microns. Autoradio-
graphs ef the particulate material indicate that the majJority of the activity is
deposited on these sub-micron particles.

' Chemicel separations of the material deposited on the Hollingsworth and Vose,
B-70 filter papers &nd the ceustic scrubber are made. The rare earths comprise
the lsrgest portien of the particulate activity while Ru- 106 is given off in

‘pelatively larze quantities during the Head End Operation, :

The relative percentages of the activities given off during the most impor-

“{ant phases of the Separations Process are tabulated., The KAPL stack effluent is

then gvaluated on the basis of the MPC recommended in the Bureau of Standards

Handbook 52,
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_EVAIUATION OF THE KAPL SEPARATIONS PROCESS STACK EFFLUENT

An evaluation of tho KAPL stack effluent from the operation of the gcpara-
tions process was conducted; to determine the environmontal and biological ef-

- fects of the Pilot Plant operations, to establish maoximum permissible limits for
discharge of the effluent to the atmosphero, and to determine whother more
siringent control of the discharge of activity would be required at higher (gm

~ Pufton U) oporating lovels.

: The elr monitoring and air cleaning eystem for the separations process

operations is schematically illustrated in Figure KE-9A2403. This stack is ap-

_ Pproximately 100 feet high end 3 feet in diameter. The gaseous and particulate
material emanating from the separations procoss is passed through a caustic

- scrubber which takes out somo of the volatile components while the CWS-6 filters
are over 99 per cent efficient in the collection of most particles. The stack
effluent is sampled at the top of the stack after it has been diluted by a fec-
tor of approximately 103 by the room air. At distances from the stack, constant
air monitors are located in selected sites to check the radioactive concentrations
at verious points near ground level. Vegetation ssmples are collected and ena-
lyzed on a regular schedule to evaluate the accumulation of radicactivity on the

vegetation. S

The eveluation of the stack effluent required the knowledge of; tkhe total

- activity discharged, the particle size distribution of the activity discherged
from the stack, the isotoplc composition of this activity, and the dispersel of
the radiocactive material from the stack, Each of these requisites will bo dis-

‘cussed briefly. e - : :

- TOTAL ACTIVITY

. The determination of the total activity discharged from the stack involved
the investigation of; the adequacy of the saumpling units, the efficiency of each
of the sempling units, representative sampling, and the absorption of alpha and
beta activity in the filter media. _
‘ As illustrated in Figure KH-9A2403, the sampling eystenm consists of a fil-
‘ter unit to collect efficiently the entrained particulate material followed by a
- caustic scrubder to collect such radicactive componente as ruthenium end iocdine
‘Which mey bo readily volatilized, This sempling system was considersd adequate
“since it collects or detects a portion of the Tredioactivity ~ discharged =
Tfrom thé otack with a known efficiency. The efficlencies of the Hollingsworth .
Tand Vose, E-TO filter paper were determinod for a particle demsity of 2.7 gz/cmd

.-

i

!” over a wide renge of particle sizes and lincar face velocities, At an operating
face velocity of approximately 5 cm/sec the H-70 filter paper wes 97.7 per cent

. for 0.2 micron particles. Tho efficiency of the caustie scrubber shown in

Figure KZ-1104414 was determined for a varioty of flow rates, quantities of berl

saddles end of coustic soluticns. In tho range of operating flow rates the ef-

ficlency was 95 per cant for the collection of volatile ilodine. IR

Isokinetic sampling was considercd sinco it is not only necessary that the™ 7~
monitoring syctca bo edequate but that the sample taken be reprosentative.
~ Although the system was designod for isokinotic sampling, particle size analyses

!

i
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* mado tho nood for tho balancing of tho sampling and atack linocar flow rates loos
stringont.

Absorption studios of theo alphn and bota fission product activity of the
entrained particulate material collected in tho H-T0 filter papers revealed av-
erage absorptions of 55 and 25 poer cont for the alpha and bota activitiea, re-
apectively

-+ PARTICLE SIZE DISTRIBUTION OF STACK EFFIUENT

Since the stack effluent due to separations operations is composed of a
heterogencous mixture of entrained radiocactive and non-radioactive particles,
the particle size distribution was studied in relation to the physical size of
the heterogenoous mixture of the particles, and in relation to the radicactive
“distribution. - N

The molecular filter paper was used as a filtering medium to collect a
representative sample of the stack effluent. This type of filter peper was
_ chosen for its efficiency in the collection of submicronic particles and ease in
detecting particles in the same medium under the microscope., The particle size
distribution during vaerious chemical operations of the Separations Process are
illustrated in Figure KH-9A2354, The data reveal the abundance of sulmicronic
particles end the similerity of distributions during various phases of the
chemical process. A geametric meen of 0.2 micron in each case is readily ob-
served when the data are plotted on log-probit paper as shown in Figure KH-9i235L4.
An averege of 10 analyses during all phases of the process as shown in Teble 1,
indicated a geometric mean of 0.2 micron and a standard devietion of 2.7. Sixnce
the limit of detection with the light microscope is 0.1 micron, it was felt at
the time tbat the true gocmetric mean was less than 0.2 micron. This feeling was
later substzantiated by electron microscopic analyses of the filter semples and
by autoradiographic studies of the radicactive particle size distridbuticnm.

TABLE 1 oo

_.. SIZE DISTRI1BUTIONS OF PARTICULATE MATERIAL

Repetitive Separations  Gecmetric Mean,

Run Operation - microna Stendard Deviation
1 " Diesolving ’ 0.2 2.5
1 Diesolving .2 - 3.1
2 Dissolving C .2 2.9
2 Dissolving . 2 2.7
3 Dissolving ' T2 2.6
3 Dissolving 2 2.6
L Eead-End .2 2.5
- L EBoad-End W2 2.3
L Extraction . .2 2.9
5 Extraction .2 2.4

The modifiod caccede impactor with a molecular filtor paper in ths fifth
8tage was used to determine a relutionship botwoon particlo size and activity.

4
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Even with flow rates of 34 l/min through tho impactor, ncarly all of the activity
was deposited on the moluvcular filter paper, indicating that most of the activity
was composed of or deposited on sub-micronic particles.

- Autoradiographic techniques were investigated to determine further the re-
lationship between particle size and radiocactivity. A stripping film technique
similar to the methods employed by la Riviere* and Boyd** indicated the presence
"of many sub-microscopic particles and the need for electron microscope studies,

Samples were analyzed under the electron microscope at the General Electric
Research Laboratory. Silicon dioxide was evaporated on a small section of the
Millipore filter, under a vacuum of 0.1 micron of mercury. This section of the
-filter paper was then dissolved in acetone. Upon hardening, the silicon retained
an impression of the surface structure of the filter and served to hold the
sample particles in position, - The electron micro-graph of an unexposed filter
paper uwced for control purposes is shown in Figure 1121212, The surface of the -
Millipore filter paper under a magnification of 15000 1is seen in this electron
micrograph. The electron micrograph of a portion of an exposed filter paper
which had a geometric mean and standard deviation under light microscope studies
similar to those previously indicated, is illustrated in Figure 1121213, The
. number of particles in the range of 0.01 to 0.05 micron are far in excess of
those greater than 0.05 micron. The true geometric mean, then, is closer to
- 0,05 micron than 0.2 micron as determined- under the light microscope.

ISOTOPIC DETERMINATION OF FISSION PRODUCTS DISCHARGED FROM PILOT PLANT STACK

Enowledge of the isotopes contribultling to the diacharged radioactivity was
- an important requisite in thils investigation. " The blological effects and con-
sequently the maximum permissible concentrations depend not only on the level or
radiocactivity, but also upon the body metabolism of the elements that comprise
the activity. To determine the meximum permissible concentration that may be
discharged from the Pilot Plant stack, the activity was isotopically analyzed
during all phases of the separations process for several repetitive runs.

ISOTOPIC DETERMINATION OF FISSION PRODUCTS COLLECTED IN®THE PARTICULATE FORM

. The isotoplc composition of the radlocactive perticulate components precsent
in the effluent was determined by radiochemical aenalyses of the Hollingsworth
and Vose, type H-70, filter papers. These filter papers ere used as the particle
collecting media in the health physics stack monitoring system.

Radiochemical anelyses of the filter paper samples collected during all
phases of the separation process revealed that the redloactivity emitted from
the Pilot Plant stack in the particulate form was composed of the rare earths,
ruthenium, zirconium, niobium, barium, strontium, and iodine.

#¥USKRDL- 3&2 "An Autoradiographic Method of Detecting and Identifying Bota-
Active Particles in a Heterogoncous Mixture," by Philip D. laRiviere and Stophen
K. Ichiki, April 1952,

**UR—¢O9, "ctrjpninu Film Techniques for Histologicel Autoradiographs." by
Georgo A. Boyd and Agnos Williems, May 1948,
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During the initiul analyses of the stack effluent, separations process
operations without variation in procédurcs were repeatod. These pProcecoses were
called repetitive runs. Tho rolative proportions of beta-gamma emitting radio-
isotopos discharged in the particulate form during each of the chemical opera-
tions for seven repetitive runs and several non-repetitive runs were analyzed.
An analysis of the third repetitive run is shown in Figure MH-9A8127. The rare
earths predominated throughout nearly all of the operations, representing from

approximately 50 to 80 per cent of the particulate activity during the dissolv-
ing end extraction phases. Ruthonium-106 contributed the greatest portion of
the particulate activity during the head-end operations and, in most instances,
exceeded the rare earths* during the first part of the dissolving and latter part
. of the cake dissolution oporations (the third repetitive run shown here was an
exception). Tho cake dissolution operaticn usually tekes place following the
extraction cycle but it 1is physically a part of the head-end. Niobium was
enitted in varying amounts during all operations, represcnting from less than 1
per cent to approximately 50 per cent of the particulate activity. Zirconium
represented less then 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. OStrontium contributed from ap-
- proximetely 5 to 20 per cent of the activity during nearly all of the dissolving,
extraction, and cake dissolution 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 runs are listed in Table 2,

The rere earths end Ru-106 composed the largest portions of the total per-
“ticulate 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 days., Some

variations in the isotopic percentage of actlivity discharged, however, are at-

tributable to the veriation in the decontamination factors obtained during dif-
ferent runs. During the dissolving, head-end and extraction operéuions, on the
- average, 5, 85 and 10 per cent, respectively, of the total particulate activity
was discharged. ' ‘-

ISOTOPIC IDENTIFICATION OF VOLATILE MATERIALS IN STACK EFFLUENT
‘ The total volatile activity, excluding the radiocective noble gases, col-
lected in the ceustic scrubber comprised less than 1 per cent of the total ac-
tivity discharged from the stack durlng all repetitive and non-repetitive runs.
Anslyses of the contaminated ceustic solution revealed varying percentages of
I-131 and Ru-106 collected in tho scrubber during operating phases., The volatile
componenta Kr-85, Xe-133 and Xe-135 detected by the constant air monitor con-
" prised the majority of the activity discharged from the stack, Detail analyses
of the percentago composition of these volatile materials during phﬂses of the
separations process cre given in KAPL-81L and KAPL-863. . .

#KAPL-814, Semi-Annual Progress Report of Rediological Development Activ-
ities Iin the Health and Safety Unit, Jan,~June 1952,

B .,
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TABILE 4

MAXTMUM PERMISSIBLE CONCENTRATIONS IN ATR AND STACK EFFIUENT

' Max. Percentage in MPC in Air, MPC in Stack,
Isotope ' - __Stack Effluent ucfcc ' pefee
: Beta-Gamma e o
Kr-85 + Xe-133 + Xe-135 \ - 99 . y x .10’6** (body) - b x 107%
Rare Earths & Y-91 ,. -11+ T x 10-9% (bone) © 5x 106
Ru-106 | 20 3x10°%  (xaney) = 2x 1070
Ru-103 o | 50 -2 x 107 (Kidney) 4 x 100
sr-89 o -1 " 2x 108 (bone) - 2 x 107%
2r-95 1 1 x 10°8%* (1ung) 1x 107
No-95 | b 4 x20"™  (bome)  1x 1073
Ba-140 a1 6 x 10-8*  (bone) <6 x 10k
I-131 1 3x 109 (thyrotd) 3 x 1075
Alpha -
Pu-239 L T 10 2 x 10°12% .(bene) 2 x 10710

*MPC listed in Netlonel Bureau of Stendards Handbook 52.' '
*%}MPC listed in Handbook 52 or calculated using formula in Handbook 52.
L RMPC czlculated using formule listed in Handbook 52,
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\- AEROSOL INVESTIGATIONS

\ : :
FOREWORD

" "H. F. Johnstone ,

Technical Director, Contract AT(30-3)-28 -

Engineering Experiment Station

University of Illinois
Urbana, Illinois

At the air Cleaning Conference at Ames in September 1952, reports vere

v'given by the Illinois group on the fundamental investigations on serosols which

were being studied at that time, The following reports have been prepared by
the members of the research staff to show the status of the current work.

Most of the work on the contract at Illinols is carried on by gradueste
students in Chemical Enginscring. Thesc men are being trained in research
methode and in the epplications of physics and mathematics to aerosol technology.
By working a3 a group, they have the advantages of using standardized procedures
and of group discussions. Of those who have completed their work, several have

.taken positions in university and industrial laboratories where they have con-

tinued their interest in fundamental and practical aerosol problems. Because of
the need for greater knowledge in this field of science in this country, it is
felt that the training of scientists is one of the important contributions, of
the work. . ‘ .

’ All of the work on the project is not supported directly by the AEC con-

"trect. A part of it is being carried on in the regular graduate thesis prograa

in Chemical Engineering. The work of Mr. H. ¥. Kraemer on properties of charged
serosols falls in thils category. During the past year, the Chemical Corrs,
through Contract No. DA-18-108-CML-4789, has expanded the investigation on the
theory of filtretion of very small particles, This work is being carried on by
Dr. C. Y. Chen, a Research Associate in the Engincering Experiment Station.
Since these studies are related to the fundamentel properties of eerosols, they
ere summarized here for the interest of thoase in the AEC who are concerned with
gerosol work. ,

Tnring the year, one phase of the theoretical studies and one experimental
prograx were completed. The results were reported in two technical reports as
follows: . .

"I, The Role of Particle Diffusion and Interception in
Aerosol Filtracion; II. Determination of the Drag on a
Cylindrical Fibor at Low Roynolds Number", Technical
Report No. 8, Serisl No, S0-1009, January 1, 1953; cf.
also errata shoeot issuod with Technical Report No. 9.

WASE-170 3k9

U -t Al .




350

WASH-170

"Particlo Size Distribution in Hygroscopic Acrosols”,

 Tecbnical Roport No. 9, Serial No. S0-1010, May 1, 1953.

This work was prosented at the Symposium on Fumes and
Miste at tho moeting of the American Institute of Chemi-~
cal Engineering in St. Louis, in December, 1953; the
paper wae published in Chemical Engincering Progress

Syuposium Series,




eee. = ... .. TURBULENT DEPOSITION AND TEE BEHAVIOR Ce e

OF DEPOSITS OF SOLID PARTICLES
.vby

S. K. Friedlander, Research Assistant

. When & gas 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. This turbulent. deposition results from the fluctuating
velocity component normal to the collecting area. It occurs in the movement of
eerosols through straight ducts, through diffuser sections, and on any body whose
boundery leyer becomes turbulent when passing through a ges conteining particles,
It undoubtedly contributes to removal in such devices as cyclones and cyclone
scrubbers operated et high levels of turbulencs.

In essence, turbulent deposition 1s a form of inertial removal in which

sudden gusts of fluld move towards the surface, change thelr direction, azd
" thereby cast out the particles which they carry. There is no reel distinction

between this phenomenon and impaction. For example, when a turbulent gas flows
past a flat surlace, the moticn of the eddies towerd the surface can be thought
of a6 & series of impactions on flat plates, for which we have experimentel end
theoretical data. Similarly, a spherical water droplet moving out of phase with
an eddy probably removes particles from the surrounding aerosol by impaction.
The difficulty in a theoretical analysle of. turbulent impaction derives from our
1nability in meost cases to characterize the veloclty and scale of the turbulence.
However, since impaction is the mechanism of deposition, the important parameter

should be the inertial group (2): S e
. ) >-CPP Vb‘w o “ o o
.‘: t w N ESar— dpe
: 18pudg
whero “ C = Cunningham correctioca factor

p, = particle density -

! _ 'vg = oddy veiocity

| d = some characteristic length
# = gas viecoolty

,dp = particle dliameter
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By studying the effoct of these variambles on turbulont doposition, one should at
least be able to correlate exporimental dnta, although prediction of results
from theory is more difficult,

EQUIPWEVT

In order to study turbulent deposition and the behavior of depoaits of
solid particles, the equipment outlined in Fig. 1 was set up. The aerosol em-~

. Ployed was carbonyl iron pcwder (Grade SF) manufacturod by the Antara Chemicals

Division of the General Dyestuff Corporation. According to the manufacturer's
catalog, the mass median diamoter of the particles was 3 microns with a geometric
standard deviation of gbout 1.4, This materiel was chosen because the particles
are quite spherical, casy to sce under the microscope, and easy to disperse.

"Tests disclosed that about 10 percent of the particles were agglcmerates and

most of these were doublets. It has the dlsadventage of a density (7.8 g. /cc )
considerably higher than that of the usual aerosol particles,

The iron powder was pleced in a brass "boat", about 1 1/2 feet long, wnich
was pushed forwerd by a threadsd steel rod of similer length attached to the
shaft of & small 10 rmm. motcr. In this way, the powder was fed at a steady
rate to an atomizing nozzle. In order to remove the larger perticles and in-
crease the homogeneity of the aerosol, & l-inch cyclone was installed after the
atomizer and before the mixing chember leading to the sexpling tube. The aerosol
concentration was determined by pessing a kmown volume of air from the sampling
tube through a Millipore filter (Lovell Cbhemical Co.). The main body of air
passed through a rotemcter and was expelled from the syatem by & Roots-
Connersvills blower,

T™wo 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 ground
et ons point to permit observation of the lnner wall using a microscops with an
o1l immersion technique. The observation points for the 5.% and 13 mm. tubes
were placed 50 and 30 diamsters, respectively, from the entrance, to minimize
entrance effects., In order to rastrict the tests to a Imown particle size, only
those particles with diemeters renging from about 0.6 to 1 micron were counted
both on the Millipore filter (for determining concentration) and on thke tube
wall (for determining deposition), and & mean perticle msize of 0.8 microns was
assumed, S ‘

_ RESULTS

In general, when partlcles deposit on a surface, two steges can be rcecog-
nized, In the first, the individuel eerosol particles scatter about the surface
and, unless the valority is kigh (above 100 ft./sec.), there is little re-
entrainmeut In the second stapge, as a rosult of incrowsed deposition clumps of
particles appear end parts of these may break eway, even at moderate gas veloci=-
ties. Since the firat stage sccmed more amcnable to inweotigation, it has re-
ceived most attention in our exporimental work. ‘

The dopooitlion rate wes cheractorized dby dofining & particle transfer co~
efficiont, k, witk the dimonsions of cm. /min,
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k = N/c

where - N = deposition rato, particles/(cm.a)(min.)
¢ = particle concentration, particles/cc.

I . . . . . - o -
A plot of this coefficient as a function of velocity for both experimental tubes
is shown in Fig. 2. The data for both tubes fall essentially along the same
line. Most evident, however, is .the extreme effoct of increasing velocity on
" the transfer rate which is proportional to V2. The cause of this extrcme veloc-
* 1ty dependonce is not certain although e somewbat similar effect is found for
impaction on flat plates (1). In passing, it should be noted that at the very
high velocity (180 ft./scc.) in the smaller tube, 2.5 percent of the particles
were removed per inch of duct length. )

larger particles (those ebove 2 or 3 microns) appeared to have a greater
tendency to deposit than the smaller sizes and this tendency would be predicted
from the impaction meschenism; howevoer, the larger particles are also reentrained
considerably faster since they project into the higher velocily regions of flow.
Thus at hignh velocities, the initial deposit consisted mootly of smaller parti-
cles. This effect has also been noted by RmeP (3).
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COLLECTION OF AEROSOLS BY FIBER MATS

by

James B, Wong, Research Assistant

A major cless of aerosol filters consists of beds of individual fibers.
The efficiency of collection and the pressurc drop are the important practical
- considerations in the design of thesc fibrous filters. An understanding of the
mechaniems by which the particles ere collected on isolated cylinders and the
flow pettern eround the cylinders is fundamental in the design. In view of ths
several mechanisms of particle collection, it is best to investigate them in-
“dividually, In the present work, emphasis is placed on the mechanism of inertisl
impaction. This mechanism takes place when e particle approaching e fiver
crosses the streamlines because of its inertia and strikes the surfece of the
fiver.

-The work is divided into two parts., Part I deals with the impaction of
aeroscl particles on single cylinders (metallic wires) with axes perpendicular

" to the direction of the aerosol flow, Part II deals with the collection effi-

‘ciency and the pressure drop of fiber mats.

" PART I. IMPACTION ON SINGLE CYLINDERS (METALLIC WIRES)

The theory of impaction of particles on circular cylinders with their exes
perpendicular to the direction of flow has been studied by Sell. (12), Albrecht
(1), Lengmuir and Blodgett (9), Lendahl end Herrmern (7), and Davies (3). Devies
" indicates that the efficiency of inertial impaction should be a function of the
inertial parameter ¥ and the Reynolds Number based on the diesmeter of the cylin-
der. Albrecht, and Langmuir and Blodgett predict on theoretical grounds that a
critical value of ¥ exists below which inertial impaction does not occur.

" Albrecht gives 0,09 whercas Langmuir and Blodgett give 0.0625 for the critical

value. The other authors do not indicate such & critical velue.

- Since experimental verification of tho theoretical conclusions is lacklng,
the present work was undertaken with the purpose of ascertaining the correct
function of the efficiency of inertial impﬂction and the oxistonce or non-
eliatence of the critical value of ¥

‘One-mil and 3-mil platinum.w;res and 2-mil and 4-mil tungsten wires were
used as the circular cylinders, The averege diameters from measurements under
the microscops, were 29.0, 82.6, 53.1, and 105.7 microns, respectively, with a
waximum deviation from the average of less than 9 percent, Homogeneous sulfuric
aclid asrosols were used In the exporiments. The serosols were generated with a
condensation asrosol gonerator similar to that used by Sincleir and IaMer (13)
The perticle sizes wers measured with a calibrated Owl (\o G-2) obtainoed froam
the U. S. Army Chemical Corps. The acld concentration of the aerocsol was de-
tornmined by collecting a woigheble quentity of the partlcles In the cup of a
high velocity impactor (11) and analyzing tho contents of the cup by titrating
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with 0.1 N oodium hydroxido solution.

Tho experimontal procedure included genorating a homogeneous sulfuric acid
asorosol of tho desired particlo sizo, Impacting the aorosol particles on the
" wire which was perpendicular to the direction of the aerusol flow, collecting
the remaining particles in a glass fibor filtor train, end enalyzing the amount
of acid collected on the wire, In order to collect enough acid on the wire for
accurate ansalysis, a brass drum which could be rotated was attached to the top
of the impacting nozzle and about four feet of wire was unwound from the drum to
pass through the nozzle during a run. The wire, after being exposcd to the
aerosol at the nozzle throat, was passed down into an 8-mm, Pyrex glass tube,

At the end of the run, conductivity water was used to wash off the acid 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 10-6 N. From the quan-
tity of acid impacted on the wire and the total amount of acid in the aerosol
passing the nozzle, the efficiency of impaction could be calculated.
. Figure 1 shows the experimental impaction efficlencies on the four wires.

" The range of variebles represented are: , dlamster of aserosol particles, 0.56

“to 1.40 microns; Vo, velocity of the aerosdl stream passing the wires, 400 to
5100 cm. /sec.; and Reynolds Number (Npe = D¢ Vof@/H) based on the measured wire
diarceters, 13.0 to 330. The density of the sulfuric acid particles, Pp, was
substantially constant with an averege of 1.48 g./cc. C is the Cunningham cor-
_rection factor and U4 is the viscosity of the gas.

In the ranges of particle diemeter and aserosol stresm veloclty employed in
the experiments, collection due to the Brownian diffusion was negligible, Col-
lection by electrostatic forces was improbable since both the aerosol particles
- and the wires were uncharged. Gravity settling should also be unimportent with

. the wires in the vertical position. The collection due to interception wes esti-~
mated to be less than 10 percent of the totel collection in all cases, and thus
had very little effect ou the shape or position of the resulting efficiency
curve. The curve drawn through the points in Figure 1, therefors, represents
the experimental efficienciles of inertial impaction.

- The experimentel curve is S-shape, characteristic of the inertial imp&Cuion
mechanism on surface end body collectors. It indlcatés & critical value of V¥

of epproximetely 0.25, below which impaction does not occur. At high values of

- the inertiel parameter, the curve appears to be asymptotic to the value of 77 =

. X. The accuracy and rollebility of the results depend largely on the homogenelty

of the particle size snd thoe accuracy of the particle size measurements. The

impaction efficiencies were reproducible in terms of ny, in view of the tén-

fold variation in veloclty, the three-fold variation im particle slze, and the

insensitivity of the Owl for detecting small veristions in the particle size,

Comparisons of the data for the two platinum wires show that the higher the
Reynolds Nuzber, the higher is the impaction efficlency for the same valuc of
the inertial paremoter. The.same observation can be made on the two tungsten
wires, Tris egrees with the theoretical conclusions. Comperison of ths data
for the l-mil platinum wire with those for the 2-mil tungsten wirae, and the data
for the 3-mil platinum wire with those for the L-mil tungsten wire, however,
show opposite effects of the Reynolds Number, i.e., tke impaction efficiencics
on the 3-mil wire at lower values of the Reynolds Nucmber ere generelly higher
than those on the 4-mil wire for corresponding value of Y¥ , The explanation of
this 18 not epparent. When these wires woere ooserveu.undor the microscope, it
wvag noted that the surface of the platinum wire was much smoothor than tliat of
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the tungsten wire. Poosibly the acrosol particles adhere to the surface of the
platinum better than to the tungotcen wire,

. Figure 2 18 & plot of the expcrimental inertial impaction efficlency curve
togother with the various theoretical curvos proposed., The experimental curve
agroes closely with that calculated by Landehl and Herrmann based on Thom's
flow lines for the Reynolds Number of 10, up to V¥ = 1.4, For values of vV
betweon 0.4 and 1.2, the data indicate impaction efficiencies somewhat smaller
" than those showp by the curve of ILangmuir and Blodgett and considerebly smaller
than the values of Sell, and of Albrecht. This is to be expected since the
~ curves of Langmulr and Blodgett, and Albrecht were basod on the potential flow

«of an ideal fluid, and that of Sell was based on an observed flow pattern ob-

" tained at large values of the Reynolds Number on & 10 cm..cylinder. ©No compari-
sBon can be made with Davies' theoretical curve since it was based on viscous
flow at a Reynolds Nuzber of 0.2, far below the range attainable with the method
used in the experiment

For velues of V¥ greater than dbout 1.4, the experimental efficiencies are
‘higher than those according to the curves of Langmuir and Blodgett, and Landahl
and Herrmann, The reason for this discrepancy is not entirely clear. One point
. to be noted is that, for high efficiencies of inertial impaction, i.e., effi-
- clencies approaching unity, the particle trajectories must be nearly perallel to
the direction of flow end the particles must cut across the streamlines upstrezm

"' of the wire where the streamlines begin to spreed. In step-wise calculations of

particle trajoctories, it is not practicsl to start the calculation more then a
fow diemesters (of tho collector) upstream, It is possible that errors introduced
by this could cause the calculdted impaction efficiencies in the high efficiency
rengos to be lower than the correct ‘values,

' The critical value of v ¥ at approximately 0.25 shown by the experimental
{mpaction efficiencles agrees with the wvalues of 0.3 and 0.25 explicitly stated
by Llbrecht, and Langmir and Blodgett, respectively. The curve of Iandshl and
Herrmann also implies that the efficiency of inertial impaction is negl givle &t
the value of V¥ less than O. 25. : .

PART IT. COLLECTION EFFICIENCY AND PRESSURE DROP OF FIBER MATS

. The theory of the collection of particles on fibrous filters has been

studied by Albrecht (1), Langmuir (8), and Davies (3). Albrecht's theory is
based on the potential flow of an ideal fluid, a condition very different from
viescous flow which ordinarily takes place in these filters. ILangmuir's theory
takes into account only two mechanisms of collection, Interception and Brownlan
diffusion. The experimental date of LaMer (£), and Remskill and Anderson (10)
show that the mechanism of inertiel Impaction also plays an important part in
the collection efficilency of these filters. However, thsse authors have not
evaluated this mochanism quantitatively. Davies' theory takes into account all
of the mejor mochanisms of particleo collectlon., He proposod an cquation derived
on theoretical grounds for the efficlency of the fibers fn tho filter. The
Present work wes conducted with tho purpose of evaluating quantitatively the
mochanism of 1nercial impaction.

Prescurc drop aecross fibrous modla has beon studied on the basis of the
hydraulic radius concept of Kozeny (5) and Carman (2). Davies {3) studied the
Problem by dimensionsl analysis. Iborall (4) and Langmuir (8) derived theoreti-
cal equetions for the pressurc drop., The conclusions of these authors are not
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in godd'agrccmcnt Another obJect of the presont work was to test tho proposod

equetions experimentally. _
) By assuning (a) all fibers in the filter mat are perpondicular to the di-
roction of flow; (b) the fibers do not interfere with each other; and (c) the
ends of fibers have negligible effect, the followlng equations have been derived
for the collection officiency and the preasurc drop of the fiber mat

‘ (han)
7 mat = 1'- (Ny/N,) =1 -e \7Dg/

(1)

205 @ hep _ R L
-y . APs= ' _ i : (2)

s 1 7 ﬂDf

where
M mat = collection efficlency of the fiber mat
Np/No = fraction of particles penetrating the mat

@ = fiver volume fraction, i.e., volume of fibers per unit
volurne of mat

- i

diemeter of fibers in the mat

L=
H
i

b = thickness of the mat
p = density of thoe gas
| Vo = voluzstric velocity of the serocsol straam.paésing ﬁha-mat
. n = total efficiency of the single fiber a

- Cp = drag coefficient on the single fiber

In ectual fiber mats, none of these assumptlons 18 completely Justified, The
approach followed in the present work was to usc the cquations as beses for cor-
relating the exporimental dnta, incorporating all of the effects which were not
already teken into account as an effective fiber efficiency, Mg, and an effective
fiber drag coeflicient, Cpg, instecad of 7 end Cp in the cquaticns,

Tko fiber nats L”“d in tho present work werae formod from three typos of
glass fibers medo by Glass Fibers, Inc., Toledo, Ohio, unbonded "B" fibers, "L50"
yarns, and "150" yerns. Tho diomoters of the fibers woro measured under the mi=~
croscope and werc found to average 3.51, 6.24, and 9.57 microns, respoctivoly.
The mats wore formed by Arthur D. Littlo, Inc., Caxbridge, Massachuseits. Four
bulk densities of approximately 1.0, 1. 3, 1.6, ard 2.0 g. /uc were formed from
each type of fibor, Tho thiclkness of tho mats renged from 0.13 to 0.22 cm.

Most mats wore uniform after tho binding agent bad boen burned off.
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The experimontal procoduro was similar to thrt followed on the impaction o
single wires., The aorosol was dirccted to pass the mat which was placed in a
Iucite holdor with tho mat faco porpcndicular to tho direction of flow and tho
~ prossure’ drop was mecasured by mcans of inclinod end ordinary manometers, The
collaction efficiency of tho mat was calculated from tho quantities of acld col-
lected on the mat and in tho filter train following tho mat as determined by
titration with standard sodium hydroxide soclution and by conductivity measurc-
ment. . .. . o . ..
Figure 3 shows the experimontal collection efficiencies. The ranges of
variables ropresented are: diamoter of acrosol particles, 0.43 to 1.3 microns;
volumotric velocity of aorosol stream pessing mats, 17 to 260 cm./aec./ Reynolds

'Nuzmber based on the fiber diamoter, 0.0k to 1.4; fiber volume fraction, 0.045 to
" 0.098; and thickness of mats, 0.13 to 0.40 cm., The collection efficiency on the
mats renged from 0.04 to 0.998. '

- In the experiments, Brownian diffusion, electrostatic attraction, and grav-
ity sottling were negligible. The best curves for the effective fiber efficiency
through the points at the interception parameters (R = Dp/Dp) of 0.1, 0.2, and
0.3, therefore, represent the total efficiency of impaction, which includes the
inertial impaction and interception efficiencies, and the effect of fiber inter-
. ference, fiber ends, and non-uniformity on the total efficiency of impection.

At YV of approxirmately 0.4, inertial impaction beccomes unimportant and inter-
ception becames the controlling mechanism as shown by tha flattening of the
curves, This critical value of Y ¥ of 0.4 is betveen the values of 0.52 end 0.3
predicted by Langmuir end Albrecht, respsctively. It is greater then the value

" of 0.2 obtained expsrimentally by Ramskill and Anderscn. Filgure 3 showe that

the mechanism of inertial impactlion can be represented quentitatively in terms
- of the effective fiber efficiency, .’ .

Figure % shows the experimental pressure drop data correlated on the basis
of the effective fiter drag coefficient. The renges of veriables are the saxe
a8 thocse described for the collectlion efficiencies since the meesurements were
takeon eirultanecusly. The pressure drop across the fiber mats renged from 0.3
to 30 cm. of weter. The fiber volume fraction, @, has a marked effect on the
effective fiber dreg coefficient, Thoe higher the volume fraction, the higher
the effective fiber drag coefficient. The effective fiber drsg coefficient can
be predicted by reens of a theoretical equatlion based on an idealized mst wita
its fibers equally oriented in the three perpendicular directions one of which
is in the direction of flow and an empirical factor, 1 + 60¢1.8/Npe0.3, This
correction factor agrecd with previous conclusicns in that the drag on the fiber
increases with the fiber volume fraction and the drag decreasss with the
Reynolds Number, Curves for this equation for &« of 0,08, 0.04%, and zero are
shown in the figure. The figure also shows the theoreticsl and semi-theoretical
curves of Kozeny-Carmen, Devics, Iberall, end Langmuir. Calculated for « = 0,06,
the evercge fiber volume fraction in the exporiments, Tke Kozeny-Carman, Davies,
and Langmuir equetions ell predict the effective fiber drag coefificient to be
inversely proportional to the Reynolds Number, i.e., a straight line with a
slope of -1 in thic plot. The experimental data, however, show a definite cur-
vature. This indicates that the equations of these authcrs, while appliceble in
a limited range of the Reynolds Nurher for particuler types of fibrcus media,
are functionally incorroct. Iberall's theoretical equation ("Iberall I" in the
figurs) shows approximately the correct curvature. Tke reason thet his equetion
prodicts too kigh a pressure drop cean be explained on the basis of his errcncous
essunption that the drag fj;co por unit length for fibers paraliel to thoe direc-
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tion of flow was groater than for fibers porpendicular to the flow. it is con-
* e¢luded that the pressuro drop across fiboer mats can be correlated on the basis
of the effective fibor drag coefficient.

" From Equations 1 and 2 and the results of the exporimental work, the opti-

mum-fiber mat can be derived for filtration of aercsols in the range in which

inertial impaction is the important mechanism of collection. ) ‘

-
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FIG. 2. COMPARISON OF 'THE.ORETICAL AND 'EXPERl.MENTAL' EFFICIENCIES OF

INERTIAL IMPACTION ON CIRCULAR CYLINDERS

1.0 .
() L e
0. el |
s 0.8 = . /

2 | ( ~
-'<J ~= —~ Sells theory,bosed on experimental
. flowlings (high Npg)
o 0.6 o .
W —==—Albrecht's theory, based on potential ,
Z ~ flow (high NRg)
™ ’ — —=Langmuir and Blodgett theory, based
0-04 on potential flow (high NRe)
S - =—+— Landah] and Herrmann theory, based
Z on Thom's calculeted flowlines
o ' (NRe=10)
902 -—— Davies’ theory based on viscous
; t—_ . flow (NRge=0.2)

W 1. .
- ————Experimental (I3>Ng, >330)
o : .
= 1 1 1

"QOle .

o 04 0.8 L2 1.6 20 24 28 3.2

ﬂ}—=(¢Pf vo/'a/f"DC)'/2 Dp

OLT-HLSVYM

£9€



1

i

FIG. 3. EXPERIMENTAL EFFECTIVE FIBER EFFICIENGIES
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FILTRATION OF SUBMICRON SIZE AEROSOLS
: BY FIBROUS MEDIA

'by ’ R :..-...'.

C. Y. Chen, Research Associate
Chemical Corps Contract No. DA-18-108-CML-4789

The object of this research is to study the filtratlion of aerosol particles
through a fiber mat both theoretically and experimentally, Much work has been
done on the development of new filter material and on tho measurement of penetra-
tion of amerosols through filter material, but not much has been done on the the-

“oretical prediction of the pemetration of filter meterials and on the experimentel
study based on the theorctlcal prediction. The preseant study is along this line.

- THEORY I

For filtration of uncharged submicron size aserosols with uncharged filtering
"medium, the particles might be removed either by inertial Impaction, direct in-
terception or Brownlan diffusion. To study the filtration of aerosols by fiber
mats, it 1s necessary flrst to learm the filtration or collectlon efficiency of
& single fiber which composes the mat, .

For single fibers, the efficilency of collection of aerosols {n) by any mech-
anism can be expressed as the ratio of the crocs sectional area of tha original
stream from which particles of a given size arc removed because their trajectories
"dntersect the collector surface to the projected area of the collector in the
directicn of flow. The efficiency of collection by inertia impaction is a func-
tion of ¥ =(Cpp dpe v)/(18u dr) and Ng,; by direction interception, 7 is a function
of R = dy/d. and Fge; and by diffusion, 7 is a function of D = Dpy/v & and Nye.
The collection by inertial impaction and diffusion increases with ¥ and D, re-
spactively, and always increases with increase of Npg. The importance of direct
interception increases with increase of R and decrceses with increase of ¥ and D.

Not much experimental work has been done on the collection efficlency of =a
single fiber especielly under the conditions present during the filtraticn by
fiber rats, that 18, very low Reynolds number, Until recently, the calculation’
of collection efflclency by lnertisl impaction was based on potential flow which
can hardly be in the cese in the fiber mats when the Reynolds number is usually
much less than 1. Daviea(l) calculated the inertial impaction and direct in-
terception on fibers assuming viscous flow,., From his results, M could be plotted
es a function of ¥ with R as a paramoter. Davies' recults indicated thet inertial
Impaction efficlency baczed on viscous flow is much lower than that calculated
from potential flow, Lengmuir {2) has derived cquations for predicting the col-
lection efficioncy of a single fiber by interception, by diffusion, and by inter-
cepticn and diffusion coxblned, Eo derived hils equations from lamb's squation
for viscous flow around & cylinder trzmsverso to the flow. Tigure 1 shows the
collection efficlency by difiusion and intercoption at a Reynolds number of 1072,
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~ An intereoting conclucion from thosc calculntions is that the collection effi-
ciency due to both effocts 18 highor than the sum of tho efficloncies due to the
individual offocts alono. The same conclusion can be drawn from the Devies cal-
culation of the cambined cffocts of inertial impaction and interception. .

The ovecrall efficiency due to inertial impaction, interception ard diffusion
is very difficult to calculate. A recsonable assumption i1s that the overall ef-
ficiency will be equal to the sum of the efficiencies due to inertial impaction
and Intoercoption and that due to diffusion and interception. Calculated effi-
ciencles based on this sssumption for 2 g and 3 K diamctor fiber for different
particle size and velocity are shown in Figures 2 and 3.

The oricentatlon of fibers in ordinary fiber mats can be considered es lyirng
between two extreme cascs. In the first caso, the fibors are dispersed uniformly
and far epart and the neig hboring fibers ere staggered with respect to each other,
In the second case, the fiber in each layer of mat i1s lined up to form a group of
capillaries, The ordinary fiber mat with high porosity epproximates the first
case.

In a fibver mat of the first case with porosity approaching 100 percent, -all
the fibers are available for collection. It i1s possible to express the oversll
collection efficiency of this ideal fiber mat as & function of individuael fiber
total collection efficiency 7 as definsd above,

\

N L l-e L B ' : o
"ln—-—"-'-—,'n' — . . - (l)
No T € de S .

. This equation applies only when the fibers are far apart and there are no in-

terforence effects between neighboring fibers., Actually, the equation is ap-

proximntely true for high porosity fiber mats. It is reasonable to express the |

neighdboring fiber iInterference effect as & function of interfiber distance, or

. a8 a function of porosity only for the sams typs of mat within a narrovw rengs of
Rynolds nuzber. Thus, the following equation can be used to express ths fiber
-mat collection efficiency.

.

- XN L l-¢ L
. -In — = N s — + F (€) (2)
No~‘ s € dp

'F (€) has a limiting value of 1 for mats with porosity of 100 percent; it is
greater than 1 when tho porosity decreases, ond has an asymptotic velus for low
porosity mats, The function can be calculated from pressure drop measurements
across the mat. For a fiber mat with porosity aspproaching 100 percent with all
the fibors transverse to the flow, the pressure drop con be expresssd in tho fol-
lowing form, based on the Langmuir equation for the drag force of a single cylin-

" der transvorse to the flow when NRg is less than ono:

Ap = — . (3)
2-1n Mo dp” & :
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. White (3) bas shown that the viscous drag force for.a singlo cylinder in &
finite conteinor is higher than that predicted by Lamb's equation for an iso-
lated cylinder. The deviation is a function of tho ratio of the distance between
the fiber and the container and the fibor diameter. It can be expressed as a
function of porosity for fiber mats to account for the effect of neighboring
fivers. This function also has a limiting value of one for 100 percent porosity;
it increases to an asymptotic valuc for low porosity mats and will be approxi-

. mately the same function of porosity used above to describe the neighboring fiber
interference effect on collection efficlency. Thus the pressure drop across the

fiber mat can be expressed as : : :

16(1-€). kL
Ap =

P F () o m
2-1n Nge 45 &c S :

From this discussion, we are able to calculate the penetretion of a fiber
mat from the physical factors of the mat (thickness, fiber diameiler end porosity),
the pressure drop across the mat and the collection efficlency of a single fiber
calculated for the operating conditions (velocity, particle density and diamster). .

It 18 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 34 and 2#4 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 experinents have been carried out
under very limited experimental conditions.

TABLE I, PARTICIE SIZE AT MAXINMUM PENETRATION
Particle density = 1 g./cc,

- For Fiber Size For Fiber Size

Averege Veloclty 3 microns 2 microns
cm./sec. - mlecrons microns
- 13 - - : - .
0.1 0.52 0.45
1 0.28 - 0.23
6 0.19  0.16
10 0.15 0.1k4
ko 0.11 0.10
100 | - 0.075 0.070

EXPERIMENTAL

A la¥er-Sinclalir type homogoneoué ligquid eexrosol gonerator was bullt for
this ctudy with DOP es aeroscl materlal. The porticle size was measured elther
by the polarization "Owl", tho growth method {4), or by tho diffusion battery (5)
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deponding on tho range of tho size’ of tho particles. Ponetration through the
mat wos measurcd by the NRL-E3 pontrometor. "Extensive penotratlon mesasurcmonts
on eir-formed B glass fibor mats are In progress. The preocnt mats uced contain
‘a wide range of fiber size. Some of the initial experiments indicate that the
theory 1s quite satisfactory. .

Table II contains somo emperimontal results compared with the theory assum-
ing the diameter of fiber 1s 3.5 microns. The actual size of the fibors has a

wide renge of distribution and the average Bize is about 3.5 microns.

" TABLE II, COMPARISON OF EXPERIMENTAL RESULIS
WITH THEORETICAL PREDICTION

B glass fiber mat porosity 98.65; thickness 1.2 cm.

Aerosol material: DOP; particle size, 0.304

S . r"

: ‘ ' n . by calculation
C Velocit From Expt. based on dp = 3.5
' cm, /sec. , -

26.8 2.29 x 1072 2.58 x 1072
12.0 2.61 2.38
- 533 2.70 L 2.76
- 2.98 . 2,66 3.16
1.69 " 3.85 ’ ' 3.48
0.89 4.35 4,18

,CONCLUSIOYS

Fraom the experimental data available at the present time, the resulta egree
with the theoretical prediction fairly well. Additional experimental work is in
progress, The results indicete that the penetration of a fiter mat for tke first
time can be predicted by theoretical celculetion. Also, the develomment of a
new filter rmateriasl can be msade on a scientific basls rather thsn by a cut-and-
try method. The controversy on whether a maximum penetration size exists has
been solved by theorctical celculations and the experimental conf tlon of the
theoxy will be presented in the near future. -

NOMENCIATURE - ) .-.'
C = empirical correction for resistance of air to the movemont of
small particles (at room temperature and atmosphoric pressure,
C =1+ 0.16/dp, wbore dp is particlo diameter in microms).
dp = particle diametexr

v = upstream velocity or avoraga volocity
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de = {iber aiamoter
DgM = Brownian diffusion cooefficient of“ aorosol particles
N/No = fraction of penotration of acrosol through fiber mat .-
. L= thiehlees of fibver mat

Ap = pressure drop across fiber mat

b, mass x ft.

gc = conversion factor, 32.2
: ' 1b. force x sec.2

F(e) = & function of porosity representing neighboring fiber inter—
ference effect

Dpy
v dp

- D = diffusion parameter,

R = interception pai‘ameter, dp/d.f

C L Py &t v
¥ = inertia parameter __— ~

~ 18 u 4p
i

P, = particle density
P = £luld density . o
# = fluid viscosity
7 = collection efficiency of a single fiber

€ = porosity of fiber mat ) e e

8
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FIG. 2. COLLECTION EFFICIENCY OF 24 FIBER, PARTICLE DENSITY I_G,/CC.
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FIG.3. COLLECTION EFFICIENCY OF 3 MleR(‘)NS'FIBER,- PARTICLE DENSITY I1G./CC.
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INFLUENCES OF ELECTROSTATIC FORCES
ON THE DEPOSITION OF AEROSOLS

by
: : H. F. Kracmer
. Ethyl Corporation Fellow in Chemical Engineering

In recent years several studies have been made on the mechanisms by which
particulates can be removed from an aerosol. Although emphasis has been placed
on the inertiel mechanism of collection, the effects of small electrostatic :
cherges on the eerosol particles and on the collecting surface must not be over- '
Jooked 3in promoting the collection efficiency. Many natural aerosols are elec-
trically charged, es are some collecting surfaces such as the fibers in & resin-
wool filter. TUncharged surfaces or aerosols readily can be given an electric
charge, thereby increasing the separation of particles from the eerosol.

The utilizaetion of electrostatic forces in promoting aerosol deposition may
be adventegeous in several ways. The foremost advantage is the high collection
efficiency (based on projected cross-sectiornal area of the collector) that is
possible. Although a collection efficiency of more than 100 percent is not pos-
sible when only inertial forces are used, efficiencies of 10,000 percent or
higher may be achleved if both the collector and the aserosol are charged.¥* The
collecticn efficiency using electrostatic forces remsins high even for sub-
micron particles, although inertial forces in this case may be negligible,
Another consideration is the fact that electrostatic mechanisms of collection
requiro low aerosol velocities of flow across the collecting surface. The pres-
sure 8ropa in the system consequently will be much lower than would be the case
for siniler collection by the inertial mechsanism,

A The purpose of the current research is to investigate the mechanlsms of
serosol deposition under the influence of electrostatic forces and to indicate
....-the conditions and types of equlpment wherein electrical charging may be bene-
flcial

TEEORY ’

. Studles ere beirng rmede of the motion of a charged aerosol particle flowing
past & sipgle spherical collector Figure 1. The collection efficiency can be
calculated theoretically if the outermost limiting trejectory is known for the
aerosol particles Just grazing the collector.

The differential equations of motion of a single aerosol paiticle approach-
ing the spaericel collector are given in Figure 2. The equations are derived
fram force balances of the fluid resistance and of the electrostatic forces of

| .

*The collection efficiency is defined as the fraction of the aerosol re-
moved frocm a fube of gas eubtendoed by the collecting obstacle as the gas flows
past, ‘
)
i
{
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attraction between (1) 2 charged collector and o chargod sorosol (paramoter Kg), -
(2) a charged collcctor and its image in an uncharged acrosol particle (paramcter
K1), (3) & charged acrosol and its image in an uncharged collector (paramcters

KM and Kg). The scveral elcctrostatic forccs can be shown to be approximately
additive. Potential flow streamlines and Stokes' law aro also used in doriving
the equations. Since the differential equations have been made dimensionless,
all of the experimental variables are contained in the dimensionless parameters
-Eg, K1, KM, Kg Figure 3.

- Although the solution of the two simultaneous differential equations is
possible only by a numerical method, order of magnitude solutions may be obtained
"by ignoring the bending of the air streamlines around the spherical collector

" and by considering only one collection parameter, Eg, K1, Kg or EyM, at a time,.
: The numerical solution of the trajectory equations has been completed by
meens of the electronic digital computer, the ILLIAC. Collection efficiencies
were calculated for a range of values of the four parameters, Kg, KI, Kg and Ky.
Some of the results are shown in Figure k.

In order to interpoleste betwecn solutions obtained with the computer, the’
collection efficiencies and the collection parameters may be correlateu by curve-
fitting with a high-order multivariate polynomial,

 EXPERIMENTAL FQUIFMENT AND PROCEDURE

The equipment is shown in Figure 5. A dioctylphthalate (DOP) fog is pro-
duced by condensation of the vepor in the presence of salt nuclei, The perticle
diemeter 1is about 0.8 + 0.2 micron. The eercsol 1s charged electrically by vess-
ing it through coexial electrodes in & state of corona, Charges of +10 to +80
" electronic units can be obtained. A description of the mechanism of the charg-
ing process and of the method of measuring the charges on the aerosol perticles
was given at the Ames Conference in 1952,

The charged aerosol then flows past the spherical collector which is a 7/16"
steel ball mounted on the end of a semi-conducting cone. The cone acts &s en
electrostatic shield eround the wire conmecting the sphere to & high voltage D.C.
power supply (0-10,000 volts). Without it, the electric charge on the wire af-
fects the collection on the sphere,

The electricel charge on the aerosol ls determined from the deflection of a
streamer of eerosol flowing in a transverse electric field. The aerosol is
carried -through the fileld by en envelope of moving alr. The size of the perti-
cles is measured by the "Owl" and by & high velocity cascade impactor. Thc mass
concentratlion of the aerosol is determined by precipitation of a aample in a *
small glass and platinum Cottrell precipitator. '

The collection efficiency is determined experimentaelly by measuring the
enount of aerosol deposited on ths sphers and in the sampling Cottrell precipi-
tator., The DOP is removed from the collecting surfaces by washing with ethyl
alcohol and the concentration found by ultra-violet spectrophotametry. Collec-
tion on the sphere ranges from 1 to 10 micrograms of DOP per minute,

EXPERT.ENTAL RESULTS |
Thoe preliminary date ere shown in Figures 6 and 7. The inertisl parawoter ¥

is about 10-6, According to theory, the inertial forcos should thereforo have a
nogligible effect con tho deposition.

——
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‘ The actual collvction agrecs approximately with that predicted by theory.
In the case of the uncharged aerocol flowing noar a charged collector, tho data
heve a high exporimentsl vaeriebility on account of the small emounts of DOP that

were collected and mcasured.

In Figure 7 the data are plotted versus a modified parameter. Whenever &
collector ie grounded, even through a ' high resistence, charges are induced on
the collector by all the surrounding charged particles. This induced charge
occura in addition to the image and void space effects described by ths param-
eters Kx and Kg. The induced cherge is calculated by an integration process and
its contribution to deposition is combined with that of the Kg parameter. The
~cambined parameter is Kg. Figure 7 1llustrates data in which the induced charge
. resulting from grounding the collector was the major factor influencing deposi-

tion. .

PRELIMINARY CONCLUSIONS

A practical epplication of electrostatic forces is illuatrated in the use
of charged water dropleis for collection of aerosol particleu which themselves
are charged by passage through a corona discharge. An electrified wet scrubber
would have 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 submicron aserosol perticles, Con-
versely, it would require less water and could operate at lower velocities and
pressure drops for the same efficlency of serosol removal. Furthermore, 1t
would have eseveral advantages over the Cottrell precipltator. The precipltated
material would be removed continuously on the surfaces of the sprey droplets,
thereby eliminating the problems often encountered in precipitating dusts that
have & tendency for reentrainment. The retention time in an electrified scrub-
ber would be lower than in a Cottrell precipitator because an aercsol particle
must travel a shorter distence to the nearest spray droplet. Alsc, the elec-
trified scrubber would be operated at relatively lower voltages (1000 to 10,000
volts) since the collection distances are smaller.

An electrified sprey scrubber is now being constructed to evaluate ite
potentialities,

’
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* Angular Velocity of Aerosol Particle

3 o
E_@_ = - (2r ':1) sin@ . T
at . 2r :

Badia/l Volocity of Aerosol Particle

(kz +. Kg) K r 1

ar (r® - 1) .
— = _ §inf - —f——- - —= - Ey -
as _rs. ~— r° , r® _ (% - 1)2 r
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FIGURE 2 - DIFFERENTIAL EQ,UATIOHS OF TRAJLCTORY (F AEROSOL PARTICIE

Potential Flow with Eloctrostatic Forces and
Stokes! Reeistance _
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air~cleaning activities, 185 ) e e

Los Alamos Sclentific Lab.
air-cleaning activities, 7
Materials Testing Reactor
coolant-alr processing, 65
Membrane {iiters
efficiency, 22, 24, 28, 52, 55, 58, 131, 142, 150, 163, 168,
186, 205, 358, 364, 366, 371 :
Metallic filters
efficlency, 14, 356, 362
Microdrganisms : E -
filtration from air, 227
Mineral filter papers
efficiency, 233
Mound Lab,
sir-cleaning activities, 146
National Reactor Testing Station
{See also Arco Chemical Plant.}
air-cleaning activities, €3, 102
Nuclear afreraft power niants
gir-cleaning activitica, 88
Qak Ridge Natlonal Lab
adr-cleaning activities, 21, 30, 35

. . S -

ag
3

WASH-170

Particle deposition
effects of clectrostatic forces, 374, 377, 382

- - effects of particle size, 352, 355 i

effccts of veloclty, 352, 355
turbulent, measurement, 354 ‘
turbulent, theory, 351, ) .
Perchloric acid gases . o
removal from air stream, 57
Process-gas streams
decontamination, 40, 41, 43
Radiation
permissible concentrauons in air, 338, 342
Radiatlon Lab., Unlv, of Calif.
alr-cleaning activities, 170, 218
Radiochemical processing
air~cleaning equipment, 28
Radioactive waste disposal .
cost factors, 21 . ' :
incineration, 12, 58, 281, 284, 204
Radon
radiation hazards, 79
Reaction vessels '
silver, efficlency for
Reactor coolant-alr
processing, 65, 143
Rocky Flats Plant
alr-cleaning activities, 181
Sand-bed filters
efficlency, 158
"Savannah River Lab.,
air-cleaning activities, 155
Serratio indico '
test organism In {ilter evaluation, 228
Scrubbers
design, 218, 376
efficiency, 48, 57, 163, 219
Simon suction {ilter unit
(See Dust collectors,)
gmoke penetration meters
design, 306
performance, 307, 368
Spray columns
(See Scrubbers.)
Stack disposal
of radfoactive gases, effectiveress, 28, 44, 122 143,
159, 1173, 181, 335
Stack gases
particle-size determinations, 338, 345
radlological moniloring, 11, 44 58 60, 101, 143, 150,
1981, 337, 340
Thorfum producnon plants
alr-cleaning activities, 167
Uranium
radiation-hazards, 79, 83 -
Uranium production plants
gir-cleanting activities, 13, 15, 79 60, 82
Uranium slurries
handling, 83
Yentilation systems
cost factors, 47
design, 45, 55, 83, 22, 1586, 161, 165
effictency, 13, 28, 43, 45, 80, 82, 143, 148
radiological monitoring, 167
Westinghousoe Atomic Power Div.
alr~cleaning actlivities, 89

I removal, 41




