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PREFACE
Third AEC Air Cleaning 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 ixportant 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 cleming systems to meet AEC re-
requirements. The purposes of these conferences include the review of
operaving performance 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.

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

Much was also contributed to the success of this meeting by the Los Alamos

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

6 , WASH-170
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’ : LOS ALAMOS AIR CLFANING ACTIVITIES

J. B. Grahanm
CMR Division
Los Alamos Scientific Laboratory

Because of the brief time allotted for thesc remarks, I fecl that it h
would be unrecalistic to go into dctail on some onc arbitrarily selected piece._
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 names of people involved in each type of work. In
this way it is hoped that from this information, you will follow up your own
specinl 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 orgenizations at Los Alamos. The Atomic Energy
Coumission steff is, of course, responsible for overall opcration 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 wmaintenance
contractor for both townsite and laboratory. : '

0f 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 vork is belng carried on by
Everett Matthews. This section, with a staff of 16 people, operates three
waste treatment laboratories on a combinetion routine and pilot plant basis.
" These plants handle all industrial and radioactive waste from the main techni-
cel areas at Los Alamos on a routine basis but at the same time are carrying
out & research and development program on the coprecmpltatlon of Pu by ferric
hydroxide end aluminum hydroxide.

In eddition to the above this Section carries out a resecarch and develop-
ment program vhich m2y be best explained by listing some of their recent work.

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

2. Removal of P32 and 1131 by use of trickling fllters. Work 1s couplete.

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

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

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

6. Treatment of radioactive laundry wastes by activated sludge process.
7. Concentration of Pu in industrial waste effluent by various algae.

WASH-170 T
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Wwithin the framework of the University of California organlzullon at
Los Alamos, thiere are several groups doing work of intercct to this sceulnuar.

In the Health Division, Group H-9, under the direction of Harry Schulte,
is responsible for the Industrial llygienc activities in the Laboratory. ir.
Schulte's group of 19 pcople concerns itself with all health problems involv-
ing non-radioactive uaterials but 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 hozards. This group is involved in one way or
another witll most steck gas problems at Leos Alamos. This group acts 1n an
advisory capacity on air sampling techniques to the Monitoring Group, H-1,
which is under the dircction of Mr. Decan 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 mcdification of air sampling equipment for special
Jjobs. _ .

L. Surveys for radioactive end non-radiocactive hazards outside the
Technical Arezs 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 evaluation work in connection with the Nevada
tests.

In the University of California Engineering Department, Mr. Charles
Vherritt heads the Mechanicel Design activities of Group ENG-2. As a part of
their work, this group derigns ventilatlon and {iltration systeums 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»10n inclucdes:

1. Improveument of the alr Tiltration system at the Graphite Shop.
This was done by using a cyclone 111ter followed by a Hersey filter.

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

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

A Division of the Los Alawmos Scientific Laboratory, the Chemistry and
¥etalluryy Rescarch Division concerns dtself almost exclusively to research
and production work involving radioactive materials. Because of the special

~

-
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problcms in this work, the Chemislry and Metallurgy Division hus people on its
staff doing work of intercst to this seminar.

In the CMR-L1O Group of this Division, work donc on the capillary air
washer by Hammond and Leary is being carriecd on by Mr. Robert Clark of that-
Group. Mr. C. S. Leopold, a consulting engincer of Philadelphia, is also .
taking an active part in this work. This work which has extended over a
period of scveral years has been ccntcrcd around the rescarch and development ™
of the so-called "capillary air washer." This air cleaning device consists of
a conventional capillary washer section followed by a dry pad sectlon. Tine
capillary washer sections are made up of 8" thick pads of 250 u glass fibers.
The first stage of the washer scction is countercurrent flow vhile the second
stage is concurrent flow. The dry pad following this washer section is made
up of ll" of 100 u glass Libers followed by 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 becn done involving the variables, velocity, particle density
and size, filter media density, water rates, etc. Also as a part of this work,
a rather extensive program was carrled out on Sdmpllng techniques and aerosol
generation.

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

Also in the Chenmistry and Metallurgy Division, CMR Engineering under
‘my direction is responsible for the design of ventilation and filtration
systeus for this Division. Since CMR Enginecering includes a mechanical
equipnment design section the work is usually a combination of equipment design,
ventilation end filtration. This section develops special hoods and dry boxes
for the Division as well as special ventiletion 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 is evident in work of this kind at a research laboratory tnatv
there is no one type of filter that answers all problems and it is the responsi-
bility of this group to apply the p“opc“ filter for the parulcular Job in CHR
Division.

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

They have rccently been concerned with the ventilation of laoozatories
handling very light gasces.

In general, you will find that the approach to the filtration 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 enter-
ing dry box trains is again Tiltered thru CHS type filters or
the variable density type edge filters. The exhaust from thesc
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
feasible to filter locally so all air from these arcas is .
passed thru a main filter system. In two of cur lurrect instal-
lations, capillary washer systcms as described previously are
used.

This is a brief explenation of the work at Los Alamos which may be of
interest to you and an introduction to the people involved in that work.

interest to you.

sve-
4

Ve
hope you take advantage of your visit here to investigate matters of special




THE_JOS _ALANOS INCINMHATOR

By H. ¥, Schulte, ILASL

The Los Alamos incincrator han been discussced at Air Cleaning Scuinore
btut the progress during the past year justifics its discusclon again, Lact

Fall tects of coabustion cfficiency wero mado by Richard Corey and his assoc-

S

lates of the Bureau of Mines oand recommendations were made for cﬁangcs to
improve this efficiency. After making most of the changes, good combustion
efficiency was obtained, Limitod testing of the air cleaning syctem at the
samno time indicated thet its perform&qce 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 repl&ce them durlng the folloulng test period., A series of test runs vere

pede on the vhole system durirpg the summer using unconteminated trach to which

-

measured amounts of radio—barium-laathénum had been added, Considerable diffi-

culty had been experienced previously in sampling because of the high temper-
ature and vater content of the gases, Saupling of the hot gases was accoxpl-
ished using two large impingers in series immersed in an ice bath, The water

from the impingers wes eveporated, plated and dbeta ectivity counted, For
gempling at the outlet stack a wator seperstor and reheater followed by a

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

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

little activity, A4 water content of.approximatelj 1 ml/cu.ft. of stack air

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

. Average Maxioum
Cyclonc (dry) | 703 9L
Cyclene (vet) 82 89
Venturl Scrubber 94 97
Overall (Cyclore & Scrubbor) 97 99.8
WASH;IYO
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which roeachod the stack was

300. The above figures for

vhich had been installed for
Temporaturcs during the
Incincrator outlet

Spray Cooler outlet

Separator outlet

Stack

WASH-170

ionctivity charged into the 1ncinerat§r
approximately 0,3% or a docontamination factor of
tho wet cyclone were obtained using a spray éystcm.
cleaning dovwn the cyclone walls, , | ~
rung wero as followes: .
1200 °F

540 °F

125 OF

90 °F

Theso temperatures wvere wnaffecied by the additlon of water in the cyclone,

As a result of experience with the ‘incinerator it secmed likely that difficulty

would de experianced in keep*ng dowvn contazination during charging and ach romoval,

After & visit to Argonne Nati
and are now beingz coxpleted:

1. Continuous instead

onal Laboratory, the following changcs viere recomnended

o batch charging

2, Collection of ashes in a sealed drum instead of purping inuo a tank

with water

3. Pro»zs- on for by-pas

quickly changing to filtratioa if nacessary

ssing the glasa filters during normal runs and

t

L, Installation of & medium pressurc water opray system in the inlet

of the cyclone

Vith these chanzos it chould be pocsidle to obiain a decontamination factor

of 30C to 500 which is sufficient for the type éf combustible now being buried,




Ventilution and Alv Cleaning Iwacilities
For Normal Uranium Jabrication

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

The fabrication of uranium nccessitates rigid dust coﬁtrol
procedures and effective air cleaning équipment to minimize the
inhalation hazard both inside and outside the workroom areas. Tne
effectiveness of control is evaluated through air analysis wlﬁch in
turn is correlated with urinalysis and integrated with a medical
con£r01 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
ventilation were needed if widespread contamination 'was to be avoided.

Alter a preiiminary study of diversiﬁed machining operations, it
was decided that the polishing operaiion was the most dusty. Two hoods
were installed and a substantial reduétion in air contamination at the
breathing zone of the machinist was noted.

WASH-170 » - 13
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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 | . \
the effluer}t air and might constitute an air pollution problem. Fibrous |
filters were incorporated in the hoods in lan effort to capture the dust
as close to the source as possible. Both hand packed bronze fibrous
“filters and commercial glass fibver filters were testgd and it‘was found
that the former was ineilicient as a.particle- collector whereas the latter

deteriorated quickly under the high filtering velocity. Another objectionabdle

feature of filters of this type is the buildup in resistance with ldéding with

[N

a diminution in the air flow rate thus reducing the performance of the
hood. At this time, a central dust collecting system was considered, and
a reversible jet bag 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 .

3
v
.
e
)
t
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part of machinists.,
16 WASI-170 - - :
G Sprcanding ops tabione vvrer acba
large chips werce found whish could readily setlle in the ducls thereby
(4) Minimizing and partial mechanization of pollshing
constituting a potential fire hamard, A chip trap 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, .ond Jduest
loading was higher without the trap, and chip clusters, were found on the
oy bosove e taken b dhe braneh doets o orcas e the st | e .
probe tube of the sampler in the duct. The efficiency of the chip trap is
! T T OV E IR R Y S WA Y PO AP BRI IO R R SR |

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

H FR O RO jroe o b i TSI I BN

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

pressure drop of 2" Water Gage when handling 400 cfm. The unit collects
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 greata 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. Factors

responsible for the reduction in air-borrne uranium are:

(1) Improvement in techniques (handling of material)
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© (2) Better housckeeping
(3) Renovat.ibn and improvement of existing source
ventilation | -
(4) New equipment
(5) Production
Exhaust air ventilation from the hoods in the foundry were cleaned
by AAF 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 considera'ble maintenénce and the
cleaning operation, once monthly for inventory purpoée, was very messy.
Dust loadings wére light} and averaged about 5 gr/1000 £3,
The AAF units will be dismantled arid all dust laden ventilation air
will be passed through bag {ilters (self. cleaning type). The outlet from each
exhauster (A27 units in all)} whizh handles contaminated air from a given

number of onerations will discharge into a piping network proportioned to
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handle air at a velocity of 3000 fpm. The air from the main will éplit into

two streams (150, 000 cfm) and each porlioﬁ distributled through a {ilter house

containing 64 wool felt bags (white virgin wool, 20 oz.,by American Felt Co.)

N

.18" in diameter and 19' high with a filtering velocity of 30 ¢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
25-1t 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 éost 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 system
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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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NORMAL URANIUM FOUNDRY
GENERAL LEVEL U-AIR CONT. VS. TIME
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THE HANDLING OF RADTOACTIVE-CONTAMTIATED AIR
AT OAK RIDGE NATTONAL LABORATORY#

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

L. Introduction

Air contaminated with radioisotopecs constitutcs tho groatest volumo of

S

radioactive weate created by the operation of nuclecr reectors exd associated
chenical procasses; It is vert of the most costly single item in a modern
radiochemical process - Weste Disposal.

Waste disposal accounted for 20 per cent of the total constructlon dbudget
of a recently construcied radiochenical plant. This 20 per cent exceels the
total emount of estimated capitel expenditure (E. P. Visner and nssociates)
thav cén be ellowed for a fuel *ecovery plant in commectiion with a pover
reacto* if the reactor is to cozpare favorably mlvh the present methods for
proéucins pover. 'This clearly indicates %he irportence of proper and
. econcuical dispossl of *5d*oact*ve vaste and the Zmportence thet should be
attached to it in design

Thle presentation is to discuss the sys ters in use &t Oak Ridge TFationzl
Laborauory for decontenination of rediocactlive-con tauipated air and its final
disposal. "

In 1948, at the sta:w of the present air-cleaninz prosam at Oek Ridge
Netional Leboretory, the major source of the particulate contexirnation in the
air vas cxpecied to bpe the eir-cooled nuclba rcactor, end work wes irwediotely
ipitiated on the desiszn of & system for cleaning this eir. At the same tixe, a
sLrvey was underieken to ovaluatc the contribution of all thé'potential gouxrcaes

L

In the Laborctory to this problem of particulate conteminetion. The resulis

% Papor wresented ot Alr Clecaning COﬁ;CICﬁCO end Stack Gag Working Groun Uoeting,

o
Sopterdor 21-23, 1953, Los Alewss, Now lcxico.

WASH-170 2
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of this stqdy.indicntcd that the larze-scale chomical processing units at the
Laboratory céntributod wore to the échéral area contamination than did the
operation of the nuclear reactor. In addition, it was Jound thet the emount

o? radioactivity. contributed to the general atmospheric contamination from | N

Laboratory hoods was relatively insignificant.

2. Air-Cleoning Facilities for ORNL Graphite Reactor

As a result of a literature search end consultetion with companies con-
cerned with problems of cleaning Air, f1ltration was sclected as the procedure
to be used for cleaning the air from the nuclear reactor. Among the other
techniques that were considered for this application were 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 negative pressure of 50 inches vater gege.
The exvected dust load was less than 500 grams per cday of particles with a maxizun
dicreter of 600 rmicrons, & lerge nmumber of them being in the subﬁicron renge.
The designed efficiency of this house was 99.9 pes cent or better for particles

<

dowvn to 0.1 nmicron in size.

To remove ruch of the estinated atmospheric dust load of 0.3 grain per
1000 cubic feet (280 grzums per day), the cooling air 1s filtered before It enters
" the pile with Azerican Air Filter Cowpany Alruat iype PL-24 Tilter units loaded
vith 3/32-inch type G Airmat filter medium.

The f£ilter house is a large reinforced concrete structure composcd of four
identical cclls, each conuaininv a rougning filter and a pollshing filter. The
 capitel investment wap of the order of /hOO 000. This I3 estimated to be

epprozizmately 25 per cent above norzmz:l coals owing to tho crash progran of

two 10-hour shifts during construction, which weas wvarrzated bocauvse of the
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serious atmosphoric contamination at that time. A crons scction of tho filter
houwso is showa in Yig. 1.

~ The air enters the top of the filter house, passes downward through tho
rouching filter, thoen horizoantally through the polishing filter into the exzit
qir duct. A canal lqcated across the front of the {ilter house proviéco a
wvator seel botween the rouzhing filter area and the atmosphere and is a safe
recoptacle for the dust-laden filters when the filter medium I1s being renewed.

Procautions ere taken to.seal ell filters in placeAin structural steoel

frarss 1o onsure against leaks and bypassing of the filters. All access
to:the filters is through removeble roof slabs vhich provide a method for
remoto maintoﬁance. .

The rouzhing filters are standerd A.A.F. Co. dcep-pockel Tllters, each
pockhet coataining two layers of filter mediua - Lirst a l/2-inch layer of FG-25
1 ' -

end then a l/2-ihch laye:r of FG-50. The polishing or finishing fillers are

CWS No. 6 or AEC No. 1 units 2 feet by 2 feet by 11-1/2 inches in plywood frames.
v
Keintensnce of the filter house is prectically nonezistent except for
ll [}

the periodic renewal ol the filmer nediuwn. The average life of fhe roughing

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

The roughing filters are chanzed one cell atl a tixe at approrimutely

siz-month intervals when the vressure drop across the filter house epprocches

. b
or exceeds 8 inches water gege. The filucrs arc washed dovn, removed, and

sptored in the canal. The nmcdium is rChOVbd from tho pockets and dburied, and

i . i
the pockets are reloaded for the next change.
. N )
The polishing filtera:a:c all ch&nvcd et tho seme time when the prescsure
] v

drop acroos tham reeches or approachos 5 inchos water gage. Both sides of

these ere spreyced with strip coating before they are rcemoved frceia the bullding

(1)

Zor burial. Thoe wmanpovwor required for changing Liltero 1o as follows:
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Roughing Filters(d)

Loading and gaskoting f£1lter pockots
Millurights
Laborers

Chan;ing filters

Oporation
Utility mechanics

Health vhysics swrveyors

Unloading and cleexning pocketis

Total

Polishirg Filters

damufacture and loading of framzes
Cerpenters

- Changing filters

Rigzers

Palters

Truck drivers

Health physics surveyors

Total

}an-dayvs vor Coll
6
2

R I

10

26

10

10

Bl v o ow

25
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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

Feteriel $10,000

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. Afr Cleanine Meilities for Jaboratorion and Chemical Plantg

During tho rocent construction program at Osk Ridgzo Natlonal Laboratory
to repvlace temporery facilitics, it was nocessary to develop new basic

A 3

procodures for the ventilation of the working erces and the control of radio-
active contaxiration in afr. It was provoscd to reduco to a minimzm the
exmount of air that is certain to or has a possibility of becoming contamineled,

and to classify radiocactivo contamirated eilr according to the degrece of con-

texination end to vrevent its dilution by loss ralloactlve strecas belor

ck

trectmont. The ecreas ccasidered in this prozran were offices, ladoratories,
hoods, cells, and radiochenmical processizng equipment. These procedures ars
briefly swmearized as Tollous:

Office Air: six charges of aixr por howr, withoul treetuent.

Leboresory Alr: minizm of tea ckanses of eixr peor hour, without treatzant.

Leboretory Food Air: nminizaim of 50 feet zor minuve face velocily wila

-

provisions Zor the installation of The Lilter when demonstreted necessary.
In additioa, each hood will have tﬁo vacuwa systems: tho firsf pystex wiitlk
iO inches of water vacuua to draw tho geses off vessels containing hizh
levels §f racioactivity axd ithe second sysienm vith 20 inches:of zercury
vacuwa to bo used Tor solution trensfers and olther appiications vrero
high vacuwa is required. Tho alxr frca both these vacuua systems will Dbs
cleaned before beiﬁg dischaxrged ©o tﬁe.atmosphero.
Cell Air: held &t reduced prossure (1 inch of-water) vhen cormteninmation
is enticinatcd; elr flov linited %o evout 250 cubic feef vexr ninute,
wnich will requiro tho air to be cleensd. VWhen cell air conterination

19 not probudle, 20 chapzoo of air per houwr without treatment is permitied.
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Radiochenical Proceas Vesael OfT-Cas: a systcm with a vucuuh'of L0 Inches

of wator to be usod for tho dissolvor and proccas vesscl off-gau line angd
ono with a vacuum of 28 inches of mercury to be used for solution transfors
and high-vecuun applications. The air from both vacuum systems will dbe

treatod,

A central facility hag becn estﬁblishod et Osk Ridge National Laboratory
to clcen the radioactive.contaﬁinafed eir from the chemical procossing aroes
end to disposc of it to fhe atmdsphere. The air from the off-gas systens is
clcaned by passing it through a Cottréll electrostatic precipitator followed
by an A. A. F. Co. FG-25-50 coﬁbiﬁatibn filter identicel in performance with
those described in Sect. 2. bThis system has & capacily of 2000 cubic'feet
ol alr per uinute and callects gas fron gil radioigotope production vessels,
off-gas from.hooas, end ventilation air Trom dry bozes.

' The cecoad éir-éiééning Tacility in this.area is oa the ventilation
Eystexs froﬁ‘:aéioché:iéal Processing areas. This facililty congists ol a
bexk of FG-25-50 coubiration A. A. F. Co. backed by CWS No. 6 vaper filters,
gnd is eséentially a miniature'of the graphite reactor filter house described

earlier. - . ,
Thé third system comsists of central collection ducts from leboratory

hoods in the erea and experirenial colls when, by the nature of the work,

the possibility of comtaminetion is slizht. Thié volume of air is discherged

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

- The discharge froa the two proviously meationed systens also emptics into

this steci.
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‘Figare 2 is o schematle drawving of the central air-cleaning facility.
Pioure 3 is a photogruph/of tho area as constructed. 7To tho loft behind tho
* concrete barricado is the filtor bank on the ventilation systems. To the
right foreground arc the main exhaust fans. TFigurc I is a photograph of
the samos area showlng the ton of the Cottrell precipnitator and the atainicsc
steel dischoxge line to the stack., Figure 5 is a phptograph of the precipitetor
durirg. consiruction.

The Cottrell precipiteltor 1s of the exposed-tube type, containing
twenty-three 8-inch-dioneter tubes 12 feet in length, fabricated of No. 14
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 type
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 each collectirg elecirode, suspended froxm porcelein insuwleators,
and held teut by porcelain weigats et the bottom. | ‘

The pre tator is equipped with a continucus water-flush system. Xozzles
arc provided at the top of_edch tube in such e manner that e 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 to facilitate wasndovms,” Therwater vnich
is collected in a catch tenk is recirculeted to the precivitstor. When the
ectivity level or the acid coatent (NO and Noegare 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 meximun terpereture of 20097
and & negetivo pressure of 60 inchos waoter at a flow of 2000 cubic fecot por

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

The copitel invoestment of the entire system is $100,000.

In addition to the main centrel facility, scverel small air-cleening
filters ero located at isoleted experimental radiochcmicel installstions.
These ere minieture replicas of the graphite reactor filter irstellation

xcent for ore unit in vhich a gradeo filver-fibre unit developed at

Hanlord is used.

5« Ecmo=zenous Reactor Eimeriment Air-Cleaning Systen

A chorccal systea vas coastructel Jor the Hozozenous Reachor Zxperizexnt.
Its purpoco is To absorb the fission gases present in the efZluent gas
streer, end toerody Lold up the active gases until they have hed time to decay

to & safe lovol before being discharged to.the etzosphere. This systen

.consisied of a pinz coil 328 feet In lonxta and cou taithing 13.9% cubic feet of
"

-l e

Colwbia activaled coconut charcoal (gage 9, 8 to 14 mesh granuler) and was

L)

ccs*;ncc Lo opcrale el almospheric terderature &nd pressure vith & flow rate
o2 24 ghan card cubic feet por doy. Here, the air cleaning facilities wer
to be uscd only for ithe reletively short tims during which the experiments

eTe Lo be carriecd ous. v : -




KANFORD ATR CLEANING OPERATIONS
Au G. Bl{.ucﬁit“’ G. E.

1.  INTRODUCTICN

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

which 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 eveluation data
of the plant-scale equipment, which espabllo“ea that the iodine removel 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, were also pre-
sented at that meeting. At the completion of thé evaluation of this equipment,
a2pproximately 2—1/é years ago,'t.e.Hanford Stacx éas Group was disbanded anc the
personnel assigned to other activities.

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

tion air of Separations Plants.

II., OPERATING EXAPZRIZNCE WITH PLANT DECCNTAHINATICN EQUIPHENT

A. . Glass Fiber Filters

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

av
- Hanford which could be describted as major plant instzllations; in addition, thersz

' ' * /"
ko . WASH-170 :
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is a large nuwiber of sccondary or auxiliary applications. All of the major units

are in applications involving continuous operation. The scrvice lives of these
filters presently range frem one to threc yecars. 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 maintegance requirements for any of ”

the filters.

B. Silver Reactors

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

At lest year's meeting, the monitoring data which established that the filira-
tion efficiency of the plant scale Fiberglas filte; was in the order of 99.99% were
presented. The time then available did not permit the presentation of the actual
monitoring data of the plané silver reacvors and the re'sults were only mentionecd.
It would, therefore, be desirable to take this opportunity to present this informe-

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

PERFORMANCE OF A PLANT SILVER RiACTOR

Total

Sample Radioiodine Total Radioiodine ' .

Sample Flow Rate in Scrubber Off Gas * to Stack . -
Period (scfm) 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
kL 1.0 L.73 87 0.00041
5 1.0 ) 2.68. 85 0.00023

Total ©0.00087

% Flow was not recorded for this peried....l00 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 values adjusted accordingly.

Reactor Efficiency > 99.99%.

-One difficuity 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 months! operation. The
situation was investigated and it was determiﬂéd that the difficuliy had been
caused by an overheating of the reactor assemblies which resulted in the silver
nitrate film melting and runnlng off the Berl saddle packlng. A lowering and
closer coutrol of the temperaturb of the gas strcams passing to the reactors

has csscntially eliminated this difficulty.
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During this operating period, it has also been determined that a high
removal cfficiency can be quite casily restored to a reactor which is beginning
to permit the passoge of a significant amount of radioiodine. When an appreciable
qQuantity of radioactive iodine is detecied dowmstrcam from a reactor assembly,

-the unit is cooled and a 5 molal silver nitrate solution is sprayed over the tdﬁ
of the reactor packing. he treatment requires only a few hours and is sufficien:

" 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 two years be-
.tween such treatments. The variation in the operating periods is due to the dif-
«ferent quantities of material which have been passed through the units and
individual operating circumstances, such as an accidental overheating of an

. .

assemblf.

| In summary, the Hanford operating experience with the deep bed Fibergles
-filters and silver reactors has been hignly sdnlsfactory, both from the viewpoini
of the intensive contamination removal which they have provided and the low
maintenance requirements. '

I1I. ALTERNATIVE FILTER EQUIPMENT

. The second item is concerned wifh a}ternative filipr ecuipment arrangements
which are currently being.considered for the treating of ventilation air streams.

In the first Separations ?lants constructed at Hanford, ihe vent gases from the precass
vessels were discharged to the cells énd then.to the main ventilation air sirean

Vihen the presence of radloactlvg particles in the plant environs was demonsirated,

the prob1e1 was met by the flltratlon of the ventilation air through deep bed

sand filters.:

A corollary study performed during the subsequent Fiberglas filter develop-

ment prozram established that the process vessel vent pases constituted the
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primaty source of ihe radioactive 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 through 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 Qessel 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 Separatiions 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 individual
filtration facilities for the vessel vent sjstem had been in operation for one
year. The'data showed that the average radiocactivity content of the ventilaticn
air prior to its passage through the sand filter at this iﬁstallation_was less
than the activity present in the air streams downstream from the.original plant
sand filters. .

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

ventilation air was proposed. This arrangement is shown on the following slide.
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The primary advantage to be gnincd through the use 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 ilhe 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 altefation 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
yearts 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 {s 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 two primary factors. These factors are that a ventil-
ation air stream be treated in accord with both the decontomination required
and the present state of equipment dcvelopﬁent, 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

standby filter which has just been discussed, represents only the most economical,
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and thercfore the most atilractive, means of providing an additional decontanm-

ination of thc 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

VENTILATION AIR DISPOSAL SYSTEMS

Direct Installation Costs#

Ventilation Air Treatment (100,000 cfm)
Y., 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 dand 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 boih

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 other
io 8441l in progrecn.

The first concorngd the 1nvéstig&tion of the absorption of some halogen
gases fron an air Btreﬁm. Bofore any work was started 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
tino as short as 1.7 soconds, it was found that 984% officicncion woroe
obtained for fluorino absoorption, whilo hydrogen halides showed comparable
aboorption efficiencies,.

At concontrations ranging from 900 to 70,000 PFM and under wvarious
oporating conditions, the lowcot efficiency obtoined for any halogen or inter—
halogen in the scrubber was groater than 90%.

From these results, and.many others which time will not permit us to
discuss, it was concluded that the 83litic-limostone is adeguate for the
romoval of HF from air streoams at room temperature until about 50% of the bed
is consumed, providing particles 4 - 3" 4n dismeter are used. An increese in
the dopth of bed will givé an increase in efficiency vhile & dscrease in particle

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

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

. are doaired.

The concurrent spray tower with 1 stage will effectively remove halides
and interhalogons with efficiencies groater than 90% when a 5% EQCH scrubber
solution 1o used, In addition, there is the edvantego of vworking undor a
nogligible pressure drop through the pystem bocauso of‘the aspiratory effect
of tho spray nozzle, msking an increase in dblower capscity or strengthening
of ductwork in the exicting system uﬁneceoaﬁryy It 10 ostimated that using
tho consorvative distance of 1 foot Poiweon each of three otagea'and uoing 3000
to 6000 pounds por hour of scrubber liquid por sq. ft. of tower with o gac

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

to an effluont concontration of 10 ppm.
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Thie work wap done by Mossrs, R. C. Liimatainon and M. lovenson of the
ANL Chemical Xnginooring Divicion and is writton up morc'thoroughly in AYL v
Roport 5015, |

4nother study dbrought on by economic considorations revolves around theo
prefiltors boing used in the laboratory boods. Those filiers used in tho
rear of all hoods as shown preoviously by Mr. VanValzah serve two useful
purposen; first, they act as diffusors moking for an even flow across tho
face of the hood, and secondly, they prefilter tho air before it passes through
the final filter and thereby 1t is hopod they increase 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 oir samples were taken pimultancously on the clean &nd
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




WASH-170 . b %

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
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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,




VENTITATION ACTIVITIES AND YROGRAMS AT ARGONNE NATIONAL, LABORATORY

By R. W. Van Valzah, ANL

Tho ventilation program at Argonno may be coneslidored as having progrossced
through three perlods, the first being the design and construction pericd, thre
second being an operating poriod of sevoral yoara, and tho third beling & transi-
tion period in which modifications to tho presont systems are noceooary in order
to meet the new requiromonts and domando of the sclentifilc staff. Changos and
additions have boen made during tho oporating poeriod but tho capacity limit of
the presont supply systoms has been reachod. More supply and oxhaust air 1s
particularly needed throughout the Chemistry Bullding 200 while the Physics
Building 203 and the Cheomical Engincering Bullding 205 have only a limited num-
ber of laboratories which require edditional ventilation. With thie increased
ventilation problem thore also 1s the attendant provision for Incrcased air con-
“ditioning facilities. A preliminary proposal has recently been submitted to the
AEC 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 Bullding 200 may be considered representa-
tive of all three and a brief resume of the ventilation facilities in this bulld-~
ing will be given. The systems were originally designed on the basis that all
toxic and radioactive experiments would be performed in hoods, Blickman hoods
with or without glove panels, and vacuum hoods, werc generally adapted for the
research activities which cover a wide range of chemistry applications, Sieciel
ventilation problems which the standard design would not accomodate werec to be
dealt with individuelly. Some of these special problems will be described later.

The Chemistry Building is divided up into six wings tied together at both
ends by transverse corridors comnecting with the wing corridors. The wings ere
separated by courtyerds so that the plan resembles a ladder. ZEach wing ie di-
vided up into laboratories-and offices with a corridor between them. The unit of
wvidth for a module is 10 feet so that a laboratory or' office may be any multiple
of this number. The normal laboratory unit consists of two 10 foot modules and
two 10 Toot offices. Hausorman steel panel partitions are used for dividing each
wing into the reguired nuwber of laboratories and offices, the maximum boing 24
of each,

All six wings of the bullding are of similar decign and construction and
contain practically identical heating and vontilating equipmont. Perhaps the
starting point for an understanding of the ventilating and air conditioning
systoms is & description of tho supply system. Slide 501-219 1s a schomatic
diagrom of the supply ventilation system in each wing. All fresh air ip teken
from the outside and passod through the primary and secondary filters. Theso
ere AAF Company Type PL-2h filters with standard 5 ply firo resistant airmat In
the primsry filters and standard 10 ply firoc resictunt elrmat in the soccndary
filters. The life of the primary end sccondsry medis rangos from 1 to 2 months
and 2 to 4 months respectively basod on a maximwa prossurce drop of approzimatoly
.5" WG for each. Thoso filiors are removing & high porcentago of tho dust parti-
cloo an indicalod by the particle sizo officloncy tosts conducted by Mr. O'Neil
on tho hood profiltors.
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The suprly ajir ie next drawn through the prohoat coll by two funo and dis-
charged into a plonum {rom which there aro threo separate branclos. Tho firet
main branch supplios a conslant volwno of air to tho offices and corridor, the
socond main branch oupplics a constant volumo of air to tho luboratorics and the
third main branch supplics a variablo amount of air to the corridor. Cooling
and rcheat coils in the threo maino temper the air to the required conditions
for maintaining tho spocificd temperaturo and huwuidity. Spocial rooms arc pro-
vidod with boostor heating and cooling coils in tho supply risors whero lower
. than gerneral conditiono arc required.

The air flow pattern is as follows: air from the offices is vitiated to
the corridor; the corridor air and the vitilated office air is vitiated into the
laboratories; and thie air together with the laboratory supply air is removed by
the laboratory exhaust systoms,

Whenever the lsboratory exhaust air demand is greator than the minimum air
.pupply, the cxtra supply alr is provided through the varieblo air branch which
discharges into the corridor fram which it is vitiated to thc laboratories. A
static pressure regulator controls tho opening of the variable air daupor. The
otker tempsorature 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
maximim exhsust roguirements will be discussed next. In view of the varying ox-
haust demasnds por laboratory and the necessity for flexibility, the exhaust
systems were set up on a modular basis. Each ten foot module may have a maximum
of two fans and two runouts exhausting aepproximately 1000 cfm each. The number
of hoods in the laboratory determines the number of fans, A maxlmum of three
Blickman hoods per runout has been established. One hood fully open regquires
1000 cfm at a 150 fpn 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
systom notifies the occupant when the exhaust limit has been reached.

The runoutse from the lsboratory go up to the fan loft wkere they discharge
into the dirty plenum. Slide 420-315 shows the risers comnecting into the dirty
plenum. Between the dirty plenum and the cleen plenum are located the high ef-
ficiency filters. Slide 420-313 shows the mounting of the filters with inspec-
tion doors above and below the filters. The demper operating sectors which allcw
for the isolation of the filter from the system when filter changes are made ars
aloo shown. Slide 420-312 shows the exhaust fans connected to the clean plenun
and diocharging the air above the fan loft roof to the atmosphere,

Wherever radiloactive hoods are installed, a lsboratory bypass duct from the
dirty plenum in the fan loft to a regioter in the laboratory is used 8o that a
minfiim amount of air is exhausted ot 21l times from the laboretory. The hoods
are provided with air veloclly regulators vwhich maintein nearly e constant air
flow velocity for any position of the hood door. Alr may either be exhzusted
from the hoods or from the laboratory bypass. A plenum static pressurc regula-
tor controis the laboratory bypass dempor and elso a clean plonum damper, All
the extaust fens on the system run continuously co that the ebove dampers regu-

te tho emount of air romoved from the laboretory up to the capacity of the fazs
51ide 501-218 shows & control diagram for the hood, lab bypuss and plenum bypacs
doxpers. Whoro ile minimum air is removed by a constant exhaust from enother
piece of equipwont such as a vacuum hood or canopy no lab bypass is requirod.

No doubt you &ll ere fomilisr with Blickman hoods., Slide 420-31h4 shows one
of thnoo Loods irnstulled in a laboratory. At tho back of the hood aro four pro-
filters. Theno rn'ntein uniformity of alr distribution acroos the face of the
hood, remove & corluin portion of tho particulato matior theroby incrcasing tho
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1ife of the spoclal filiors and condonso voio of tho vapors that would othor~isoe
bo carriod into tho systom, Two typoo of modia have boon used in thouvo filters
namoly 25 FG and I'F 314 fiborglas. Those filtors havo to bo changed at anywhero
from 3 to 6 month intorvale doponding upon tho presouro drop, Tho maximum al-
lowablo roglsotanco for thoso filtors in ordor to malntain tho requirod air flow
io ,T" WG. 1t is thcrofore oconomlcally advisablo to sturt with as low an initial
rosistancoe as possiblo consistant with tho roquirod efficioncy for obtaining the
maximwn lifo from the filters. With the above roguiremonis 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 type of filter and discontinue
tho two other types.

One of the special alr cleaning problems which has boen under development
at Argonne is that of removing perchloric aclid fumos, This mattor was referred
to Dr. Silverman who deveoloped a scrubber for this purpose. The constructed
modol which may be placod inside of a hood has bcen Iin operation &t Argonne for
approximately 6 montho. Rocently the filter which wes 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. Apparently the aluminum scperators disintegrated either from
the NepCO3 or the acid fumes., Arthur D. Little, Inc., kindly made 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 Energy sorios, Div. VII, Yol, I, McCGraw-H1ll, N.Y. 1951 Pnge 19S;
R. Landau and R. Rosen, Ind., Eng. Chom., 40,1389 (1948) and National

Nucloar Enorgy Sories, Div, VII, Vol. 1, McGraw-Hill, Now York, 1951,

.

Pogo 133 ond E. M. Borly, M. W. First and L. Silverman in ¥.Y.0.~1585 1952,
Thoe formor two using NaOH os tho scrudbor liquid with low gas velocities
and a relatively lorng contact time of approximatoly one minute reportod high

abosorption of F2 and HF. The latter, i.0., Silverman et al., using succossive

-stagon of saran fidro wetted by a spray of wator and followod by & dry cell

offccted officiencios of 99% with velocition of 200 L ¥M but with a prescuro
drop of 4n h,0.

-With these two mothods availadble then, it was tho odbjective to evaluate

_each, i,e., for the limostons bed process to detormine the efficiencies for

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

minimum bed depth and gas velocities for minimum pressure drop snd for adeguate
efficiency with no recycling. And for the scrudber method to dotermine the
efficiency for elemontal fluoripe and interhalogens using a'contact tims on

the ordor of scconds rather than minuted in order {0 kesp the pige of tho

tower reasonable. :

The investigation of tﬁoue two procosses involved the une of'two S5 inch
diomoter pipes, one 4 feet long used as a spray tower in vhich a‘Shutte~Koerting
hollow cono 60° spray nozzlo was contoered ond one 6 feet long in vhich the
various depths of limestono bed wero packed. After the mixing of the halogen
and the air strcam, the air-halogen ntreamiéntored o gao distribution section,
flowing elther up through the bed‘in‘the limsstons adbsorption tower or dovn
through the spray tower flowing concurrently with the aquoous potassium hydroxide

solution which was sproyed from tho nozuzle and which was 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 tho
Argonno Active Wasto Incirerator has boon completod, and the 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. The 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 frcaa tho incinorator has, under normal combustion conditions, boen
consistently below the exhaust gas tolerance spescifiod by Health Phyaics
and has in nmost casos contained leoss imnediately measured activity than
that found in normxl surrounding aumosphere.

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

and flouwsheot that Wero nocessary to obtain maxinwn officlency throupghout
the systome. Theso modifications wera the rosult of the data obtained in
the oxporimental phase of this program and have resulted in a 50 per cent
increase in combustion rate and in an incroease of A.E.Ce filter life from
6 hours por {iltor to more than 60 hours por filter. The maximum over-all
decontanination factor fr%m feod to exhaust gas for the presont oporating
conditions is 2 to 3 x 10/, ,

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

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

surrounding atmosphora, the incinorator systom is able to handle higher

levela of activity than used in those yuns to which aotivity was added

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

these high lovel runs wag a factor of 20 lower than tolcorancee Howeovor,

on tho basis of tho high background activity rcadings oncounterod during

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

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

Tho incinorator cquipmant consists of a typoe 330 stginless steel
incincrator bedy in vhich tho rmatorial is burned in tho presence of oxress
aiy; a Schrajforw-partolucci vano plato washor, in which large particlos of
fly ash cro ronovcd; and a gocondary zerubbing unit consisting of a Poaso~
Anthony Vonturi and & Poabody scrubber in which tho gas-borne radioactivity
is norrally roduced to within tolorancoe Final clean~up is acccomplishod
by an A.E.Ce. filtor which 13 capablo of romoving radioactive particlas to
%cll wvithin tho minimun toloronco lovols spocifisd by this Laboratoryts
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Radiolopgical llhysics Division (2 x 103 bota disint./(min.)(cu.m.) and 70

alpha disint./(min.)(cu.ms))s Whon roplacemont is nocossary, tho loaded

filtor is bwrned in tho furnace. Fram tho filter, the gases aro drawn

through a positive displacomont blowor which moves tho gas stroam én to

the dischargo stack cn the roofe Tho ash resulting fran’ combustion falls
through a grato systom and sstitles through water locatod in tho cono in .
tho baso of tho furnace into a canvaa bag filtor inside of a stainloss

stool drume. Tho bag and its contonts aro ronnoved from tho systom, dowatersd,

and thon storod.

Sampling of the gas stroam to detormino the officiancy of ocach
pioce of cquipmont was carried out in two ways. Tho first mothod was
based on theo total amount of activity enteoring and loaving ceach unit.
The socond mothod was based on the total amount of particles (basod on
weipght) entoring and leaving a unite Ixperimeontal results have shown

that those two mothods produce nearly equal results, at least in the less-

than-2 p particle sizo rangoe

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, holps to insure safc operae
tion of ths incinerator with respoct to the total amount of radionctivity
discharged to the atmosphero.

In cases whoro the gas temporature was too high (above 200°F)
%0 allow uso of collulose filter papor (Watman #lli), a spocial fibor glass
filter was usode Tho only samplc point whoro this modla 18 necessary is
“prior to tho Schroier-Bartolucci scrubbere Hera, in addition to high
temporatures, a hoavy particle loading is encountored. In order to be on
a comparable basis, both influont and efflusnt gas camples around tho
Schroior«Bartoluccl scrubber wore taken with the sare mediae

Isokenetic samples wore taken with a sample probe or head which
was insertod dircctly into the gas duct through a 2ninch open1ng. Stairmand
discs wore used prior to each sample pointe

Aftex tho sarple has beon takon, the filter madia was removed
and the radiocactive count detcimined by, use of Bradley Proportional Countorse.
The lou level samplos (less than 1 x 10 beta cte/min. per papsr) wvere
counted by moana of PC-2 cowntors and the high level semplss (greator
than 1 x 1C4 bota ct./nine per papor) were counted in PC-~l countora. The
counting time varied from 1 to 10 minutos doponding on activity level.

Both countors have 62 par cent yicld.

Por woipht doterminations, the saplo mediwa was dricd and woighed
prior to and following tho sanplinge Both wolight efficloncies arnd activity
officioncios can bo dotermined on each samplo. Efficloncies aro bazcd on

-tho influont and offluont particulateo concontration in tho gas at cach unii
of tho scrubbing traine Tho experinonta). propram that wag carried out
invostipgateod tho major oporating variables of the gus cleaning traine Tho
salient rosulis obtninod from this inveutigalion aro as followa:
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Tho decontmaination factors producod by thu furnace itsolf varied
from 150 to 300. It should bo noted that this docontamination factor is
significantdly difforont from that proviously roportod by KAPL (about 2000) «
Privato comnunications indicato that tho originally roportoed fipure of
2000 was in orror by a faclor of 10, and tho two sitos are in agreament
that 200 is a rvalistic valuo for tho furnaco docontamination factor.

Ao it was nol feasiblo to sample tho gas stream botwecon tho Poaso-
Anthony Venturl scrubbor and tho Poabody scrubbor, tho radioactivity removal
officioncy was detemalned around the Peago~inthony VenturiePoabody scrubber
couple at a constant wator tomporaturo and flow rate to the Poabody scrubbar.

The scrub solution to gas ratio in the Vonturi was variod botwoon
Le7 and 1,5.6 gal./min. por 1000 cu.ft./mine The most effoective flow ratio
was about 20 gallons of scrub solution per 1000 cubic foot of gas.

The efficioncy of the Venturl is indirectly proportional to
temporature of the scrudb solution over the range of 64°F. to 148°F.

Tho use of steam injection to enlarge ths particles by moans of
the condonsation nuclol principle was also investigated. Steam uas intro-
duced into the duct leading to the Poase-Anthony scrubber about 12 inches
upstream from the Ventwri throat.

In goneral, it wao found that for a given Venturi scrub soclution
tomperaturo, particle removal officioncy was about 50 per cont greator
with stoam injoction than without steam up to tomporaturos at which effi=~
ciency foll off rapildly with no stéam (about 1LO to 110°F., rospoctively,
with and without scrud solution in the Peabody scrubber)e. Above thase
tomperatures, removal efficiency with steam injection decroeased only slowly
as tho scrub tomperature was further increased compared to a rapid decreasc
in efficiency in the absence of steame

. " As long as the plates in the Peabody scrubber are kept covored with
scrudb solution, noither the scrub solution tonper&turﬁ or rato affects tho
officioncy of this unit betwoen 100%F to ML5°F and 2.5 to 7.0 gale/mine

' Tho officiency of ths Poabody scruvbbor is proportional to the nmurbaxr
of wot plates botwoon zero and three plates; the addition of a fourth wotted
pPlato dods not appoar to increase the efficiency of this unit appreciablye

It appearz that tho officioncy of the Schreier-Rartoluceld scrubber
iz dopondont vpon tho naturo or size of the particulato boing fed to it
The -officioncios varied frcoa 25 por cent to ‘75 por cent doponding upon the
typo of matorial being burncd.

Vory litile oxporimontal vwork has beon donoe to dotormina tho ovarw
a1 officloncy of tho A«E.C. filter ginco A. D. Littlo Company, vho designed
tho filtor, has deturmined that it in 99.5" por cont officiont on 03 to 1
micrea slzod particulate. This corrosponds to minimum docontamination
factor of L x 107, :
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Tho efficiency of tho filtor was checkod during ono of tho high
activity level runs, and an avoerage decontamination valuo of 2.6 x 103
was obtainod. This value corresponds to an officloncy of 99.96 por cente

The ovor-all docontamination factor for tho entiro éystom is pro-
portional to the lovel of activity in tho feed and rcachos a maximum value
of 2 to 3 x 107 whoxo it romains constant.

A summary of decontamination achieved by the incinorator compdhents

is;
Decontamination
Corponont : Factor

Furnaca _ " 2e2 X 102
Schroior-Bartolucei Scrubber l.2
Poaso~Anthony Venturi Scrubbor [}

AeE.C. Filter 2.6 x 103
Ovor-all . 3.0 x 107

In order to test the officioncy of tho gas scrubbing train on
atmosphoric dust, two exporiménts wore conducted in which air from outside
of the bullding was drawvn through the gas train. The conditions were the
gamo as during a2 normal combustion period except that no material was
burned. The rosults are as follows: -

Alr Intake, Air Exhaust
dismto/ diSinto/

(min.)(cuomne) ' (min.)(cu.ma)

Run 1 az 73 : g Background of
Counteor

g = 219 L0
Run 2 ase 393 . 208

P = 863 . 1k

P

I¢ is apparont, oince tho orhaust stack gas nomally contring
losa activity than tho natural radioactivity prosent in the surrounding
atmosphoro, that considerably lowor officiency could be tolorated through-
cut tho oystcne Thoe main valuo of incroasing tho over-all officlency io
4n docronsing tho Wdust" load to tho AeE.Ce Lfiltor, thoruby incroasing
its oporating lifoe Tho oxporinontal worlk on the VenturiePoshody couple
produced data which onzbled tho filtor 1ifo to bo oxtonded from one
8<hour day to ton 8B-hour deys. This ovor-all incrocso has reduced tho
coot of tha f£illor from $10.00/day to $L.00/daye

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

8-Hour " 24-Hour
“Direct Oporating Costs $1.78/cu.ft. $l.38[cu.ft;
?Ihprociation of Building and iqpipment $0.90[cu.ft. $0.22/cu.ft.'
| TOTAL $2.68/cu.1t. $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 originnlly sot 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
thios nite; since ot that time no 8ite had been estadblished as either an
interim or long term Natiopal Burial Ground. The other was to pilot plant
the process of incinsration to obtain cost and operating data, since thero
was at the time widospreand 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 Ioboratory and
indications are that tho arrangement can be continued for some time.

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

In viev of the curront man~powver nhorisge and in light of the above
focts, the incincrator progrem has been concluded and the equipment placed
in stenddy conditions T ' ,

H VI i




AIR CLEANING PROBLEMS AT NRTS

By A. L. Biladeau, AEC, I00

The National Reactor Testing Station's air cleaning problem ié '
similar in most respects to that enqountcrod 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 principal vegetation., Once the
sagehrush is removed and the ground disturbed, the dust problecm becomes
intense. Soll stabilization 1s required at all our plants as a means of
dust controls. Fortunately fhe natural ground, if undisturbe&, is fairly
stable. Windso are rather comhon and at times of féirly high velocity.
Proefiltering of al} air is, therofore, required in all our ﬁlants.

The Chemical Processing Plant is the NRTS's only plant to date
requiring air cleaning facilitioes above that normally required. All air
entering tho plant is cleaned by the use of capilla;y aif washer filters.
.The Hood system uses C W S filtors and oxhaust direct to the atwosphero
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 area and
flows to tho roof vonts or to the hot areas. After passing through the
cells, tho hot area ventilation emerges in two vent tunnels on cach side of
tho building., Those vents go to tho fan building via un above grownd
metal duct. |

: .. WASI-170
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Tho fan building contains 2-7% HP fans which draw air from tho
above ducts and discharge it diroctly to tho stack without filtering. The .
stack ﬁas a minimum diamector of 10 fcot and is 250 feot in height. A
stack hoater is provided to increaso the stack draft during poriods of
adverse weather conditions. .

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

_ All vessel off—gas is vented separately and operates under re-
duced pressures with respect to the.cells. This aif is discharged through
a six inch stainless steel pipe to fan houss where the air is filtered
through special fiberglas filters bofore toing exhausted to.the stack by
2 « 2400 cfm fans, . |

These gases 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 & § foot dismetor 250 fboﬁ—stack for dispersion to the
atmosphere.

The Experimental Breeder Reactor air is profiltered by use of
olectrosﬁatic air cleaneors (pracipitroh) and that air used to cool the

outer coro is egain filicred and monitorod before being discharged to the -

 atmopphore through a 50 ft. motul stack on top of the roactor,
) _
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Tho Ship Thormal Reactor air cleaning problaan can bo considerod
as routino. Thoy havo provided spocial filtered 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 operations 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 embient air

v

4Velocity.

........ - - e e ' B ——— e — ey 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 boe another contaminant that will have to bo removed.
Possiblo fucl olenent rupture nlco must_bo'coﬁsidcrpd in tho air cleoning
design. Radioacﬁivo argon may be & contaminant that will have to bo
rcooved, Tho degrec or percentage of each contaminant to rcuove can only
‘be estimated. The dust problem can be partizlly corrected by selocting
the day in vwhich to run tho engine tests, Tho U, S. Weather Burcauw vill )
be the chief consultant in this mattor, Fuol element, erosion and rupturo
have yot to be firmod up, but they hopo to have it by tost timo,

.
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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.
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OPERATING ECONOMICS OF AIR CLEANING EQUIPMENT
UTILIZING THE REVERSE JET FRINCIPLE

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

and

Mont G. Mason
Health Physics Department
Mallinckrodt Chemical Vorks

May 195k

ABSTRACT |

Plant experiences with the operations of 18 dust collectors is des-
ceribved. 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 cubic feet per.minute on pneumatic conveylng 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 § grains per cubic foot. Dis-
charge air measures 0.0001 grains per thousand to O. L1 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 yecar per cfm for all equipment and 0.23 dollars
per ycar per cfm for suitably designed equipment. This compares with
three large wet collectors 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 cfm for all units and 0.0L2 dollars per year
per cfm for 1L adcquately designed collectors.,

68 . | WASH-1T0
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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 necessary to design replacement
facilities. While the heavy stress of production was being carried

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

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

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

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

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 diétate dry collection as
~the preferable means of dust separation. Particle size and dust
concentrations in all cases were comparable to usual industrisl
loadings. -

CHOICE OF EQUIPMENT

On the basis of our experience with the collection of this type of
dust, the following criteria were &pplied to the choice of equipment:

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

2. Inertial and scrubber type alr cleaners were fornd to be inherently
of too low efficlency for most of the materials to be removed,

3. Decep-bed filters were discarded as not having sufficient holding
capacity nor would they permit satisfactory recovery of thc mdte-
rial for reprocessing.
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L. Any rind of well designed and conatructed cloti filter arrestor
' was believed to be adequale for this Job.

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

1, Under our conditions of use, this equipment required a degree 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 exvosure.

2. The same thing is truec 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 expcriencé showed relatively hipgh out-of-service time resulting
either in process or sometimes plant shutdown with the alternative
of large unnecessary loss of valuable product.

L. 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 investigated the use
of reverse jet 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 decision 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 is to describe
the experience of one plant in thc use of this type of air cleaning
equipment.

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

The following data summarize the conditions of operation:

1.

2.

3.

5.

6.

Te

8.

They arec operated at housing pressures varying from 2" ¢ -+ cer
to 10" of mercury, vacuum.

The individual capacity range is from 700 cubic feet per :dnute
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 a minimum of 0,002 grains per cubic
foot to a maximum of 32.0 grains per cubic foot. A peak dust
load in excess of 100 grains per cubic foot occurs in the one
pneumatic conveying system. The overall operating average dust
load is about 5 grains per cubic foot.

The discharge air from the individual collectors under full dust
load conditions contains dust concentrations ranging from a mini-
mim 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 pneumatic conveying system as well as all process dust
control filters. It should be noted, however, that they repre-
sent normal operating conditions (including cleaning cycles)

but do not take into account unusual losses through the collector
from abnormal operations such as excessive seepage or bag failure.

The average cleaning efficiency found during the 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 this equipment including a five-
year write-off on initial installed cost and all labor and mate-
rial maintenance comes to 0.32 dollars per year per cubic foot

. per minute. This, however, is not an accurate presentation of

the facts as this number includes a cost of over 83 per year
per cubic 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 0.0li2 dollars per
year per cubic foot per minute for eauipment of adequate design.
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PILOT JINSTALLATIONS

The rst 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 éonce these corrcctlons were
made, it did do a very good Job of air cleaning. Mcasurements made
under operating conditions showed an average grain loading of 2.02
grains per cubic foot with an average cleaning efficiency of 99.977%.
Within twelve months after the beginning of successful operations with
this machine, two more machines were installed. '

The second installation was also designed for 20 cfm per square foot,
but before it could be completed, the process equipment was revised
so that it became 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 a pneumatic con-
veying operation; 1t 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 maintenance problems have been excessive,
indicating some deficiency in design. Certainly, for a collector of
this design the dust and pressure loads are too high for the available
filter. '

In both of these latter filters the differential pressure across the
fi1+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 ratioc of 20 cfm per squsre
foot; however, 1t ,was apparent that when dust loadings were high enough
to cause excessive pressure drops across the bag; the life of the filter
would be shortened and maintenance would be high.

FIRST PRODUCTION GROUP v ‘ -

The next seven machines installed were designed to operate at a dust
loading of approximately 1 grain per cubic foot of air, with air/bvag
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 operating 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 oxperimontal 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
8ll 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 followling:

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

2. Bags must be maintained taut to avoid sagging or bulging.
3. Contact between blow ring and bag must 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 mist remain in
.place to avoid splitting the bag from blow ring wear.

The Maintenance Departmont has assigned to one man the sole responsi-
bility for all dust collectors; he has learned the problems of each
individual machine and usually anticipates 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 1li machines are
included, this is a 1 man day/week. This covers both rcpairs and
prevcntive 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 jJet 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).

MATNTENANCE

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 c°nveying system
collector and the one other heavily loaded machine.

‘Average bag life for all machines included in these data was eight
months per bag. However, this number does not correctly illustrate
the true usage picture because it includes the high usage of the

. underdesigned pneumatic system and ore crushing system collectors,

as well as the high usage on the seeper before the special 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 gt 70 0.33=1.5 wks
Ore 1 2 L9 1
"Black" 1 L 16 6
nOrange" 1 L 16 ] 6
Others 1L 52 29 L3
TOTAL 18 63 180 8

.
ver . .
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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 increase the size of the ore room collector were cancelled
because recent process changes reduced both dust losd 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 MAINTENANCE PROBLEMS

‘1le Wear of supporting chains and drive sprockets results from exces-
sive blow ring operation, from misallignment, and from faulty
equipment design. Chain or sprocket slippage will cause cocking
of the blow ring which in turn may tear up the filter medium and
may cause breakage of the blow ring.

2. Failure of blow ring air supply hose due to excessive operation
. of the blow ring and/or poor 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 cholce for blow rings is stainless
steel with overlapping staggered slots. It has been found that
very {ew dusty materials 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 chemicﬁl fumes may result in splitting of the bags st the
seam due to acid or alkaline action on the material used to sew
the seam. Wool felt is moderately resistant to both mild acids

15
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and mild alka’ines. However, the material used for stitching
the scom should be solccted to resist the particular chemlcal
fume prosent. 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 pressure drop across the bag --- the bag should be pulled
tight at frequent intervals to avoid lapping of the filter media
beneath the blow ring. This eventually results in creasing and
splitting of the bag. .

COSTS

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

Total bag cost for 180 bags $16,500,00
Blow ring hose 1,800.00
Mi scellaneous 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 cfm or
$11,00 for 110,000 cfm. Assuming a five year write-off and using
$1.00/cfm as installed collector cost, the total annual cost for all
machines isi .

22,000 4 1,L00 + 13,300 = $36,700
or $0.335/year/cfm.

Cost for maintaining new design equipment is obtained as followst
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 calculation similar to that made previously shows, for tha 1L well
dosigned 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 datas

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 between 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 cfm. Installed

cost of these collectors is £38,600 or 0.7L dollars per cfm.. On the

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

maintenance ist : .

Operating Cost (assuming power ~ 8 2250,00
at an average cost of 5 mils)

LN

Maintenance -
Amortization BOO0.0Q
TOTAL , $10250,00 or 0.197 dollars

per year per cfm,

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

- 4 o = e o o " el s e e T P T 8 0 S e R S o S o P T e = e T e S e R e S

- ‘
WEfficiency Studies on Three Wet Type Dusgt.Collectors", Heating and
Ventilating, Volume 51, No. L, Page 89, Bernard D. Bloomfleld.
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It can be seen from the above data that any cost advantage is lost
when the material being collected can bo valued at $16.00 a ton or
MOoTe. .

It is also interesting to note that the installed cost of collector
A’ operating at 89% was .6L dollars per cfm, while collector C which
had an 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 1s attendod by
the presence of noxious or nuisance dusts and gases that must be controlled to
varying degrees depending on the toxicity of materlals encountered. The refin-
ing of uranium ores and concentrates into the metal is typical in a general way,
involving heavy metal dust, hydrogen fluoride, and oxides of nitrogen. To tkLese
are added the unusual categories of radiocactivity of radium during the early '
stages of the refining process, and radiocactivity of the uranium and its daughter
products throughout. Operations involving these elements call for control of air
‘pollution, both within end outside of the operations area, to an unusually high -
degree, Fortunately standard ventilation and dust control equiyment cen be
adapted to the purpose. .

This paper presents some of the problems and their solutioms 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 msintaining an operations atmospheric pollution
level for radioactive dust not to exceed 70 disintegrations per minute per cubic
moter of air (which for uranium is equivalent to 50 micrograms per cublc meter).
This figure served for dust control of uranium and any dusts assoclated with 1t,
including pitchblende dust with its radium content, Uranium 1s 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 attains close proximity to tissue it can do serious barm, Urenium
slowly breaks down into daughter products, UXj and UXp which are beta-ray
emitters. The beta rays encountered in this process are readily stopped by thin
glass or metal so that hood or hopper may provide ample protection from radiaticm.

The radium in the pitchblende ore and in the process rejects is a gamms ray
source and constitutes the most serious direct radiation hazard in the process.
Doeign criteria called for a maximum weekly exposure of 300 mr. of gamma radia-
tion., Actusl design was predicated on a tolerance of balf this amocunt to ellcw
for inovitaoblo short periods of high level expeosure by operators pubject to
unusucl duties. Radiumn is always accompanigd by its daughter product, radon gas,
for which the design_criteria limit was 10~V curies per cubic meter of eir (or
approximatoly 7 x 1 parts per million). :

Othor contaminsnts were to be limited in accordence with currently accepted
standards for naximum allowable concentrations,
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INTEGRATION OF DESIGN

Tho projoct group handling tho industrial hyglono phascs also boro tho re-
spansibility for radiation protoction and for tho gonoral hoating and vontilat-
ing of buildingo, in order to coordinato offoctivoly all thesoe interrolatod
functions, This group of spocialist engineers produced complotoly intograted
dosign to satisfy tho roquiromonts for process, honlth, and comfort in tho work-
ing onvironmont. It is not ospecially portinent to this paper, but of gonorel
interost as to coordination of effort, that this projoct group also designed (1)
a modical dioponsary complotely equipped to do X-ray work and minor surgory; (2)
& "health-physics" laboratory, with instrument repair and calibration facilities,

" machine shop, dark roam, and chemical lsboratory, with associated equimment; and
(3) a docontamination roam, furnishod with fixed and portable equipment suitable
for treatmont of surfaces contaminated with radioactivo materials; even a repsir
shop for contaminated shoes was set up in this roam. These features, along with
specifications covering issue clothing and shoes, were dono in consultation with
modical and health spociselists 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 degree, from usual industrial hygiene mothods. Thoy had to be adapted, as
-neconsity dictated, to the intorposing of radiation barriers and remote control,

The 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 B0lids from collected eair, and noutralization of acid vapors where appropriate,
(4) aispersion of offluent gases by discharge through high stacks, (5) provision
of adoquate tempored make-up air to replace that exhausted, and (6) wet handling,
Although it is impossibls to separate out each entity for discussion in its own
right becouse 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 the materials, as well as their toxicif&, required that speclal
offort be made to utilize tightly inclosed equiment, such as elevators, con-
veyors, blenders, batch dumping equipment. Theoretically these can be maintained
dust-tight, but actually poor maintenance must always be preswnsd. Where there
is eny possibility of dusting out, local exhaust vontilation must be applied to
ths inclosure., In fairly tight eystems there arisc ths problems of air quantities
and the maintaining of conveying velocities for dust leden alr under varying cir-
curstances, A discussion of these matters 1s glven under EXHAUST VENTIIATION
bolow,

Tho major point to be emphasized in this conmnectlon 1s the importance of
kooping process materials within the proccss stream and thoreby minimizing the
health and econamic probleoms of rchandling that portion collected as dust.

An example of a process not amenable to control by closely applied cover or
exhoust ventilation was the welghing and dehoading of drums of pltchblende.

" Theso operations had to bo walled off bocause of gamma radioactivity, and inci-
dence of radon and dust, For protoction of plant omploycos these operations
woero established in a closod ventilated room utilizing remotely oporatod equip-
ment. It was oxpedient further to isolate the orcrator in a concrote walled
rocm that projoctod into the procoosing area, Tho concrete walls and a load

ctice
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gloos “window providod for his couplete protoction.

The handling ol hydrogon fluoride is obviously a dangorous oporation, and
vhero it was nccessary to do so indoors, tho bulk of tho oquirmont was isolated
in a walled off erca of the building, provided with continuous supply and ox-
haust ventilation at sbout fifteon eir changes por hour. Emorgoncy ventilation
fano wore furnishod that would movo up to about sixty air changes por hour and

thooo were linkod olectrically with automatic dampors in tho exterior walls
which would open 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 211 the design work dons on the
industrial health aspects, embracing & variety of procespes in several buildings,
Self-balancing systems worc designed such that at tho desired rates of flow the
total praesures et main and branch Junction points were calculeted to be identi-
cal,

It 48 not infrogquently 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 time, This meant estimat-
ing collecting requirements before the process equimment was fully known, Then,
aftor process design was firm, however changed, it meant recalculating the local
exhaust systoms 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 builldings were only a fraction of tho heat required for replacing ventilat-
ing air, so that the procurement and adequacy of supplied air heaters and blowers
were directly affected by the early estimates, Successful accomplishmont of this
type of work necessitates spocialists of considerable experience and judgmernt.

The handling of hot corrosive dust laden gases, sometimes accompanied by
water vapor, required alloy ductwork and collectors as well as Judiciocus cooling
by water Jacketing of ductwork in some instances or introduction of dilution air.

Afr quantities for local exhaust vertilation wers determined by the needed
inflow through actual end anticipated cpenings to prevent contaminant from get-
ting out. Volumes and entrance losses for the unusual typos of hooding were
roadily determined, but, for tightly closed vessels recelving dry matorials,
venting for egross or ingress of air had to be provided, and for reasonabdbly
tight systems saue provisions had to bo made for imspoction ports which might be
left open or panels not tight. Three measures were employed.

1. Where a vessecl was perfectly tight and was to fill or empty at a steady
rate, 8 breather bag of large size was suspended vertically, the top end closed
ard the lower end tied over a short vent pipo on the vessel, Usually a dust col-
lector bag wes used, A woather cover was furnished on outldoor installations.

No exhaust ventilation was applicd.

2. For tight weigh vessols, not tolerating a breathor bag, a conical or
bell-shaped oxhaust system inlet was located over and around the top of the vent,
but not touching it., This io an adaptation of the familiar draft diverter stack
connoction usod on domoutic gas furnacos., Tho required velocity of air for dust
carrying is maintained in ths exhcust branch without physical connoction or un-
due draft on tho vososel, yot eny escaping dust is cepturod, Volumo and veloclty
of tho exhanust air must bo adequate for any oxpoctod surges whon fi1lling the
vosool,
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3. For fixed vopools or recasonably tightly oncloood .systome a rigid duct
connoction was mado, A port was cult into tho sido of tho duct close to tho con-
noction and a sliding slecovo installed to permit covoring as much of tho port as
necossary for control, This dovico pormits application of draft to tho vessol
or systom oxactly as noodod and allows sufficiont by-pass air through tho port
to maintain carrying volocity. :

. Powerod roof ventilators wore widely cmployed for gonoral ventilation for
tho removal of hoated air gonorated by procoss or summer sun, A five degroes F
tomporature riso ovor ambiont was usually tokon as permissiblo for calculating
volumes to bo removed, (Make-up air was not provided for heat removal exhaust).

An exhaust systowm of some interest was that provided in a pitchblendeo thaw-
house for removal of radon. A thawhouse is a necessity in winter for treestment
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 thawhouse was made
up a8 a tight box, the drums of pitchblende traversing it on powered conveyors
betwoen steam heated plate colils, 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 operate continuously. "It could draw
little air except when a thawhouse 1lnlet or outlet door was opened, and even then
. it was dampored to ebout 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 dsmper would automatically 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
bezard is serious in this bullding so that operators having to enter can stay
only a very limited time.)

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

FILTRATION OF SOLIDS .

The choice of air filtration equipment for uranium dust and aseociated ma-
terials was the reverse jet suspended bag-type collector. Cost, adequacy of
filtration, commercial availsbility, practicability for maintenance, and success-
ful experience in similar operations wore 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 per cent recovery at fractional grain load-
ings of comparable dust., An optimum filtration rate of 10 to 11 cfm per square
foot of filter cloth was determined on &n efficiency - horse-power - maintenance
besis; 15 cfm per square foot was the design maximum. The bags employed were e
special resin treated wool felt, and ranged from 9 to 18 inches in diameter, de-
pending on the vendor. Their top operating tempeorature was limited to 180°F.
Recently, calendared orlon begs have become aveilable and some were furnished to
the project on en experimental basis., Thesc show much promise in regard to ecid
and elkali resistance, high temporaturo (275°F.) and woar. )

Fixed vecuuun cleanor syctoms wore established for cleanup work, and in some
instances to provide or supplemont local exhaust vontilation. Tho efflucnt air
from thoso, having beon filtered in cotton bags, is directed to roverse Jjet bag-
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typo tolloctors for cloanup, Tho vacuum cleanor oyotems in many inetuncos also
provide dust colloclor unloading facilitico. Thooo colloctors so sorvod are
fittod at bottoms of hoppers with a uniquo wind-swopt vulvo connoctod to the
vacuum system. All dust caught in scvoral colloctors con bo transported to ono
locality whoro tho matorial can bo placed in drums and roturned to procooss.
Dust collectors woro thoroughly instrumonted. ZXach stack i1s monitored by a
photoolectric haze detoctor with alarm to warn of loaking or brokon bags. To
reduco woar on bags and to maintain & high filtration efficiency, blowring opor-
ation is controlled by differontial pressure across the bags, usually boing
placed in oporation at four inches wator gage and cutting off at two inches
water gage. Each collector has a low diffeorential pressure alarm, normally sot
at ono inch water gage. This dovice also deotocts broken bags.

Wot collectors were specified for hundling stoamy dusty elr, utilizing the
principle of passing air eround an underwator baffle. Provision was made for
fiberglass after-filters, should they be required. Electrostatic 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 exhaust 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 adequate, but 1t is alwgys
woll to investigate. To prevent roams or buildings becoming eirbound and to in-
sure the unimpaired functioning of hoods and inclosures comnected to exhaust
systems, make-up eir was carefully distributed, tempered as needed, in amount
equal to or slightly greater than that withdrawn. In most instances 1t was
further heated to teke care of the winter heating requlrements of the bullding,
To conserve steam the large make-up air units were asutomatically dampered to
recirculate room air when exhaust ventilatlon systems were shut down. ZFach such
supplied air unit consists of & standsrd steam coll and blower set supplemsnted
by a moving frame sutomatic oil-type air filter and by a damper set and controls
that permit outdoor air for make-up and recirculated air for the remainder, Tke
filter protects the heating colls and keeps dirt out of the distribution systen.
The o0il in the filter is 1tself cleaned by pumping it through e replaceabls
cartridge filter similar to that in an sutomodblle oil system,

Supplied air distribution systems followed the usuel ASHVE practice. Stain-
less Bteel and protective-coated steel had to be provided in corrosive areas.

Certain recirculating air heating coills wore protected by & baked-on protective
goatling. -

WET METEODS

Tho haﬁdling of tho roject gangue materials with which the radium leaves
the procoss strcam offored a potential bazard as (1) radioactive dust, (2) a
sBource of direct gamma radistion, and (3) a source of radan gas. Catelytic's
process englneoering group worked out a system such that the material is never
handled in dry form. TFollowing digestion of the oro, the insolubles are flltered
and washed and the wot fllter cake is reopulped immodiately. 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 the
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cloar docant liguor is reocycled for uso sgain as tho ropulping modium. Thoe £11l-
tration io dono in voutilatod rooms bohind barrier walls,

Roforonce wao mndo oarlior to the uso of fixod vacuun clooning systems for
cleanup of dry matorianls, For wet spills oump syotems wero provided Into which
tho floor and platform washings can bo directed. Sump contents aro subscquontly
introdugod into tho process strecam in wet form, '

.SPECIAL PROBLEMS

There were many unusual problems, One wherein processing and health were
equally demanding involved the ventilation of a rotary pitchblende dryer. As
much as five per cont of the charge could be carried over in the off-gases,
which were to be in the vicinity of 4OO®F., undoubtedly 100°, or more, higher at
“4times. Bag filtration was the method of choice, but bag allowaeble 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 io minimize dust adherence to cold surfaces &
recycling system for the cooling water was designed to msintain 1ts entrance
temperature at about 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 equipped with rotary
feeders 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 18 more complex than desirable, but with attention will
pay for itself in values saved many times over,

TESTING - .

All heating and ventilating and vacuum c¢leaning systems were subject to
rigld performance testing by the constructlion contractor prior to turnover to
the opereting contractor. Catalytic specifications covered elr quantities,
balencing, permissable instruments for testing and methods of conducting tests,
a8 well as workmanship and furnishing of specified materials and equimment,

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

+ 5 por cent, .

" 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 enginecrs
for 1-1/2 to 2 years and resulted in installations in these categories approxi-
mating somc $2 million, installed cost, or sbout 2-1/2% of total project cost.

In the six manjor plants ~ Ore Refining, Green Salt, Metals, Metals Febrica-
tion, Sampling, and Scrap - thorc are 34 duset collectors and 34 fixed vacuun
cleaners, plus ceortain suxiliary continuous exhanusters, emoergency exhausters,
and requisite make-up eir heaters, Based on procured oquipment only (not in-
cluding piping, ductwork, conduit or eny installation costs) all such hoasting
and ventilating equipmont reprosented about 4 per cent of the total process
equipment cost for these plants, The veriation wes 2-1/2% to 10h. Hersoy-type
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collectors rangod in oize from 600 cfm (at equipmont cost of ¢»3 to $6 por cubic
foot doponding on design and uso of stainloos otoel) to 15,000 cfm (at $0.95 to

$1.35 por cubic foot),
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TESTS OF THE AERODYNE DUST COLLECTOR
warren H. Smith, G.k., ANP !

This presentation of the air cleaning program of the Aircraft
Nuclecar Propulsion Dcpartment of General Electrlc 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 fllters. The Acrodyne was a mechanl-
cal dust separator which was available..for test and which appeared
possible to operate at required efficiency in the 2 to 5 mlcron
range of dust particle slze. Previous tests on the Aerodyne had
been made at dust concentrations of 0.5 grain per cubic foot and
higher, as are encountered in usual dusty industrial processes.

This information 1ndicated an increase in efficlency wilth a decrease
in dust concentration. No informatlion 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 size distribution of the test dust.
To test the efficiency at small particle sizes, 1t is necessary to
separate, from the test dust, the large agglomerates, which may con-
tribute a large fraction of the mass. To permit comparison of
results, the size distribution of the airborne dust must be deter-
mined.

The essential feature of the Aerodyne dust collector is a cone,
shown in Slide 1; this cone is the primary separator, 1in which
dust is concentrated toward the apex; the separation occurs when
the air makes a sharp turn out through the louvres and the dust,
having greater inertia keeps a straighter path, toward the apex.
(S1lide 2). sbout five percent of the total alr flow, along with
the separated dust passes out from the narrow section 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 Jjet.

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

_The copper oxlide 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 contalner, bullt up

from pipe, tubing, and fittings: the standard fittings are not

detalled in the schematic drawings. Compressed air at about 90 psig
WASH-1T70 » ' 87
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was put through 2 parallel, porous, lliquid entralinment separators
and then through a depth of about 6 feet of 6-12 mesh silica gel
to make the air unsaturated. This drled air was fed to the jet
and to the pressurlizing contalner for the feed tube. The flow
through the pneumatic transport 1liné 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 window, 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 ylelding 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 Fisher-Porter flowmeter with
indicated rates reduced to standard pressure.

Total air flow was measured by the differential pressure across
the standard flow nozzle. Readings were corrected Ifor 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 delivered to the Aerodyne; the amount de-
livered 1s the difference between the total amount fed to the Jet
and the amount that settles out in the large dust chamber. The
amount settling out was determined by careful cleaning of the large
dust chamber with a "Filter Queen" brand vacuum cleaner. Wilth this
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 CuO in the dust. collection chamber of the
Aerodyne Unlt. -

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). When this
opening was plugged and reasonable flow established in the second-
ary flow circult by increasing the secondary blower speed by 33%
to give .3 inch water lower pressure in the cone exit than 1in 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 distributlion 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 in 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, 18 the index number of the areas, and

corresponds with the micron scale when the oll immersion, 95X
objective was used, with 15X eyepilece. Other magniflcatlions
were used to increase the statistical accuracy for larger particles,
but the data at high magnification 1s 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 normallzed to the same total
area, corresponding to 30,300 reticle fields with the 95X objective;
the data plotted indicate the overlapping ranges of size observed
at the 3 magnifications used. The particle distribution by number,
AN , as graphically averaged, was multiplied by the particle

M »
volume and normalized to give the mass dlstribution:

3 ( AN
515 D7 ()
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, 18 in terms of the

separate average efficiencies of the cone, Ei, and of the cyclone,
Ez: : ‘ o, .
E = TZE;(1-Ez)

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

.E1 and E> and the dust mass fed to the system per second, M:

K=(K+M E; (1-E2)

Here K + M 1is the dust load per second entering the Aerodyne cone,
E; the average efficiency of the cone, not for the primary dust,
but for the combined distribution of primary feed M and recycled
dust K; this combined dust tends to smaller average particle size
than the primary dust because the cyclone separation 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, simllarly applies to K + M, the combined

»*

Derived by C. C. Gamertsfelder, private communication.
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distribution, but miltiplicd by the separalion 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 indlcated 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.%, 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 effliciency 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 Acrodyne
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 50 100

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

XXX
.




WASII-1(0 ' o 91

The .Aerodyne Test Resulls are tabulated:

Weights of Cul, grams:
Settlied Delivered Colleccted Collectlion Dust Concen-

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

820.0 461.6 358,14 222.3 62 - W49

614 248 366 252 69 .112

710 231 479 354G« T3* o L112+

621 281 340 269 79 .0087

* Filters replaced cyclones.

ACCURACY:

Weights were accurate to 1% or to one gram, the larger belng
applicable. The collection efficiency accuracy 1s 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 magnificatlion 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 a M = 1/2, The perceptible dis-
porsion of tho experimental points of Slide 6 is duc primorily 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 experimentel uncertainty
in the distributionm.

+.

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

Approximate

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

.01 grain/cubic foot - 79%
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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 Power 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, whilch involved construct-
ing nev facilities and doing reseaxch, development and design work;
congiderable effort ﬁas oxﬁended not only in controlling the hazards

during this work, but also in developing processed which would

minimize the production or dispersion of dust or fumes.

Currently a wide variety of research anq development work is
being done involving such actlivitles as chemistry, chemical engi-
neering, physics, metallurgy, enginccering 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 thesoe operations.

A considerable variety of dusts and fumes are evolved vwhich
requlrc the use of some form of dust or fumo 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
roquire 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 size 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 speclally designcd filter
is used on coertain metallurgical and machining operations. We
rofer to this as an "accountabllity filter", and it vas designed
pricarily for the collection of dusts vhich might need to be

recovered.

These units consist of & roeotangular case with air entering
at the top snd passing dowvavard throuvgh two layers of FG-50 fiber-‘
glass £iltor media supported horizontally on a scroen: The filter
nedia is operated at loo.cfm per squafe foot., Immediately beneath
the filter is & plonun chanber contalning an ex@aust fan. The
flat top of the case is removeble to permit accessa directly to the
filter medla so that it can be rolled up and retain all the cust Iin
it. This arrangenent poralts cleaning of -duct work and openling
the tép of the filter to clean down the vortical‘surfacéa on the
dirty side of the filter medla while tho 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 oporalions are low, Thirtoon of these units are in use:

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




WASH-170 o | : 101

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

with air which has boon clocanoed by Procipitrons.

Stacks from some dust collectors are sampled continuously
during their operating period using filter paper aampiers which
have beocn permanently installed. Such monitoring 18 done on only
those stacks vhero it has been demonstrated that rédioactive

. materials may pass through filters in éignificant concentrations.
Other dust collectors are period;callyiinspected to Insure satlis-

factory operation.

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

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

not boing experienced.




TOWER OBSERVATIONS OF ATMOGYNERIC DUST
AT THE NATIONAYL REACTOR TIGTING STATION

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

'  Considoration that tho placing of air intakes for roactors ot
various elovations above tho 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 meteorological conditions the veriations of dustiness

in the vertical.

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

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

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

temporature lapse and temperature Inversion condition@. Continuous wind

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

~rather than records fraom the wind equipment on top of the tower. The

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

beginning and ending of each sampling period.

Dust Concontretions

As might be expoctod, 1t is oxtremonly difficult to separate tho effect

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

102 ' WASH-1T0
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i

tenperature lapse conditions tend to occur simultancously. Plots of dust
concentration versus height 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) Theore is little practical difference between cancentrations
during lapse conditions and Inversion conditions as long

a8 wind specds ars 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 nuch dust
at the 30-foot level during dustiest conditions and from 50%-69% as much

during average conditions. .

+

Particle Sines

For particle sizing, dust was vacuumed off of the fluted filters on
to molecular filters, and counting was accompiishcd by conventionil methods
using a Porton graticule in the ocular éf the microscqpc. Yedimm 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 decreases

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 feect.

. ;
Also of interest is the variation of the standard geometric 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. Necar the ground,

however, the deviations are smaller for the cleancr saanle.

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 metcorological conditions, ranging

from five to six.

Larger Particles

Since the characteristics of the larger particics were not easily

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

wne




105

*d *M°S

*1S9% JOY3Te 909JJ®

qou pIp SpuULs JUAIsg

*4537 puods8s SY73 UT SPUTM 93BJISPOW pEY 9 ATUO 4ng {SPUTM 54BJIIpOU

] o pey spotaad ssder Jurpesdead sy jo 26T €3507 UOTSJISAUT 3SJITJ 9U3 UT s
ydu ¢g < Suoxjg pue ‘ydu ¢z.- T ©3238Pol ‘ydu TT - O PUTM IYITI
9¢ 6. 8 T50°0 (44 . 3u3TI
$9 64 66 §90°0 £g ’ IITT
% NOISUEANT.
8t - — — £50°0 4 BT Gu8TT Q,m 31 = £og fsqEIopojy AT3S0j
1T LS €8 890°0 A BT ‘qudTT - Leg ‘qudTy Sﬁo.,
ce §s - 630°0 A pmuﬂw $ouSTT - Leg ‘oqeIsTON
Q e 05 9L ZL0®0 e qudty ‘auSTI - Sfeg feqTIorcy
i 67 69 ¢8 ¢L0®0 e 1Y5TIN ¢ pntrk - 4&2¢ ‘9921800,
3 - 79 06 T60°0 WA WSIN “wITT - Leq 9svIopoy
3 CNOTISEASNT GNY ;moqq
6€ £9 68 §80°0 T HETI :Imﬁ
8¢ 29 63 880°0 €e SUITI ATISOR
%1t oA y n,r\oe 9TY°0 - 0T : Suoaszg 41350y,
EEQVI
TILF] *5J-00T 18487 *Hg-0f Teae] *94-GT UOTRJIFUSDUOY SJINOH UOTSTPUC) PUTM
12497 * 35~ aansodxy )
: Teq0]

uoTqeqs Juryss] J030BaY TRUOTIEN

STOAY] SNOTJIBA 48 [UNOJ

SUOTABIJUAOUCY) 4SSN TOAST 3004-§ JO quUsdJIag °T oﬂpma




106 WASH-1T0
)

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

power and do not compare particles simaller than bgy.

A )

For all conditions at the elevations sampled,particles
in the 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 fever iarge inorganic
particles (>100u), 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 100t 250!

Continuous (Lapse and 30045504 2604  T5:-175

Inversion)

Typical Lapse ' 6LOm 225 m -—
Windy Lapse : 899}i : 369/* 109/4
+ 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 less density and doces
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 feect and above. Smaller

inseocts (309«-2809“) wore present at all "levels.




WADH~L (U

100

T T T T f \ ,/ s

R
3 < Trvr v AW.HH u\‘n\-\ﬂ-’ e o .
. . <l

. -ty
o . ,m 14
o . .
2 * "
|
. R .
mls Mu i
1 M —, N — . 1 - h.‘. . Y
c=t- R e Ty ey G Prtteg g Soour deta s T WP Yottt M w : - = o
§ -~ .‘.w..au”k.v ..!.!l.!v'ol.\’lv P R Sl e Y m B e o d ad i it A R RN 2 o TEE ﬂ..s el A - TR 4] a2 sn.
. . T
2 : » ‘ : T VIR
- . ; . L N
- . . . g -3
i . : . : <N 4
AN A
I Pt BT
\ iy Fazad N
O R '
FRF-CI N |
.~ ] P ow o~
i . Vo foees iT3
' > .
¢ »

v

:
[ SR
Fi
¥
|
¥
i

Y

. . . fv - .\ oo
vl ; b - R S U S0 PO D PRI . . R P COJC At - b

Figuro 1




109

WASH-170

e o weee . e -

st el it e S e bl ok e st hn s A e e e

A
AN R

A

Nt e 2 a W et e s L B o

T T

s Do

aa

!

- e e bt el

Figuroc 2




110

—

¢ am31g

SNAQ 40 SLN3W3YASYIW HI2AMO0L

AmE\oEv Uot§pajuddU0Y
S’ oY’ se” og¢’ G A Sl or SO 0]
»Uvm i i i i _ 1. i L 1 rtp A L ;— I Y i 1 i FEN i il A 1 i 1 —l | 1 1 R i 1 ) L Uvm
S - . . - - . — e — oﬁ!! - S
lllllllllllllllllll /
gl e - MR e - el
. C T — // / .
- T R et ! NN 3
g~ -:IIJ.-- - T I I /:l ~ 1O
] P ....l....
| ! | Rt \ /
_ | 4 \
: h . ~ \ #
| A
_ N ' dn
! : : ., i ﬂ
w . . _ | “ oca ~ v
i i i PO I 2
oYo,§ SN S T Lepe - Sl SRR oors
< | - | 5
7 % | 2
: | . | | : S
= ; : X ! \ o
H [l { . -~
| , | |
! . 1 . Q
| " | ... S
i i ! ' a
_ H
spuim Buouys ‘asdDY ----eveee--- _ :
sput jyb1] ‘asdo] — — — — |
sputm jybij ‘uoisiaau| i
UOISJBAUl PuD 3407 —— —— ! '
| “
aN39371. . '
| m
NOILVYLN3ONOD L _ . :
0521 : _ A

0G¢e




11
(@]
[+3)

oo!
2
—~
!
5
= .
cszl 2.

—— e an

(0 Q) uo1401A3p S1S}aw0sh p
, C'9

J0PpuUD}S
oS

Spulia Buoays ‘8sdDT <eeeeereen--
sputas 4ybr} ¢8sdo — — — —
spuisa Jybip ‘uolsiaau] .
uoisleAul pub 8sdD} —— —
GN3937

LHOIZH SA b0

e e i e e dm e e e

f 8In3Tg

o'¢
15
Sl
--log
z
-+ Q012
-
)
3
2
S
P
[te]
)
[
>
Q.
0s2

e,

P
.

PY L




WASII-170 )

ADDENDUM

Meteorological conditions during test periods considered in Figures
3 and 4. WVind given for 20 fect. Temperature gradient considered for 5 feet-

to 250 fcot.

On:
. Duration:

Wind Speed:

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 -

August 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. )

il

Auggst 26, MHourly 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 1447 }ST.

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 lapse, maximum 6.2°F. 6 hours
inversion, :

August 26. 12 hours lépse, maxdimum 6,9°F, 12 hours
inversion. . .

August 27. 12 hours lapse, maximum 5.4°F. 12 hours
inversion, ‘ o

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

Mostly clear skies for entire period.

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: 0843 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

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

midnight . Peak pust 15 miles per hour at 21CO MST.
Au ggst 11. Hourly averages, calm-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 riles per hour in
at nignt. Peak gust 28

- miles per hour at 2130 MST.

v

August 14, Hourly averages, calm-} 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, amd 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 - Off: 1612 M3T, August 5, 1953
“On: - 0755 MST, August 0, i953 -~ Off: 1611 MST, August 6, 1953
" On: 0745 MST, August 7, 1953'— Off: 1545 MST, Avgust 7, 1953
Duration: 32 hours 31 minutes
Wind Speed: Mostly light with some moderate

’ August 4. 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 I
Condition: Aupust L. Lapse began 0655 MST, ended 1921 MST, maximum
. .5OF. .

-

A“EESt 5. Lapsc began 0646 MST, ended 1930 MST, maximum
5.67F. ,

Aupust 6. Lapse began 0700 MST, ended 1808 MST, maximum

o e ]

5.50F .,
Aucust 7. Lapse began O716 MST, ended 1845 MST, maximum
6.0CF, : . |

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

Weather: None




On:
Duration: -

Wind Speed:

Stability
Condition:

Sky Condition:

Weather:

WASI-1T70 - b 1315

LAPSE, STHRONG WINDS

L

0843 MST, August 2L, 1953 - Off: 1857 MST, 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.

Aupust 2h. Lapse began 0728 ST, ended 1900 MST,
maximum 7.6°F. .

Scattered 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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K : KAPL AR CIFANING FROGRAM
By L. J. Cherubin and J. J. Fitzgerald, GE, KAPL

o
ABSTRACT:

A brief description of the air cleaning requiroments at the Knolls Atomic
Power 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 air cleaning operations,

The efficicncy of the air cleaning units is indicated by the low concentra-
tions of radiocactlve and toxic materials in the environs which are tabulated.

The collection efficiencies of six filter media used for air cleaning and
air sampling arc tabulated as a function of face velocity and particle size.

INTRODUCTION

Before discussing the air cleaning requirements and investigetions et the
Knolls Atomic Power laboratory, it seems appropriate that onc should describe
the Leboratory and its program. . The Knolls Atomic Power Lsboratory 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 Manager.

The Knolls Atomic Fower ILaboratory 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 conetruction at our West Milton Site. The reactor end engine room com-
partment of this submarine prototype will be enclosed in a tank of water located
within a gas-tight 225 foot steel sphere, the largecst ever buili, The laboratory
is also engapged in developing a submarine intermediate reactor for actual instal-
lation in a sea-going vessel, In addition to this type of vork, KAPL is respon-
sible for furnishing the necessary dovelopment york as assistance to the Hanford
and Savennah 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 facilitios: the Knolls Atomic Power L&boratory, located in the Town
of Niskayuna; Pecck Strecet Site, located in the cily of Schencetady; the Alplaus
Site, located in the Town of Alplaus, and the West Milton Site, located in the
Town of West Milton., The Knolls Atomic Power Lsboratory (KAPL) io located on a
plot of approximutely 170 ucres of land in the Town of Niskayuna, New York,
about 5 nmilcs cast of the conter of the City of Scucnectady and about 1/2 mile.
:from the Genoral Electric Compoany Roscarch lLaboratory. It was complotod Janu-
ary 1, 1950, at a cost of approximately $28,000,000.
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The Atomic Fower Laborateory, as shown in the comiosite phologruphs, consioto
of a main group of five interconnected buildings providing space for adminiotru-
tion, cafeteria, physics laboratory, genoral shops, and motallurgical and engl-
ncering laboratorios. In addition, there 1o another group of thrco interconnected
buildings housing a chemical laboratory, pilot plunt laboratory, and Separations
Procoss Research Unit. Therc aro also 12 dotaclicd buildings providing for scrvice
facilities. Thero is approximately 371,000 sguarc feet of gross floor spacc in
these facilities. Additional site facilitieso include o Preliminary Pile Asscmbly
which is a flexiblo mockup for tho intermcdiate nuclear recactor, a Thermal Test
Reoctor, uscd primarily for resecarch purposcs, and Test Cells for a Radioactive
Materials Laboratory.

" Approximately 20 per cent of the siaff is employed at the Pecek Street Site
located in Schenectady about onc .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 northcact 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 root spherc to house the submerine prototype, shown in the composite photo-
graph, has been completed and the sphere has been successfully prossure tested.
Six permanent-type buildings will be erected at this oite. There are approximately
2,000 people exployed at the Knolls Atomic Power Iaboratory and its facilitiles.

ATR CLEANING REQUIRLMENTS AT KAPL

To describe the KAPL air cleasning progrem, the air cleaning roguirements will
be enurerated by a consideration of the numbers and types of alr clecaning systems
used togother with the capacities of these systems and the areans serviced. The
efficiencies of these air cleaning systems will be indicated by the concentrations
of toxic elements in the stack air effluents and enviromns,

However, before illustreting the datz on the KAPL air cleaning systems and
the concentrations 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 air cleaning program. .

A 100-foot stainless steel stack serving the Separations Pilot Plant is shown
in Photograph 1120906. The Liguid Waste Processing building which is situated 1o
the loft of the main building in the photograph has a S50-foot high stainless stecl
stack. To the right of the 100-foot stack is a caustic vent scrubber serving in

. series with a glass wool CWS filter unit. Separations Proccop geses and entreined
particulato materisl are vented through this scrubber and CWS filter. On top of
the Pilot Plont Building you can sce one of many typlcal stubby alr exhaust pipes
utilized at KAPL. These exhaust pipes are approzimatcly 16 to 20 fect above roof
levels.

A typical filter unit enclosing glass wool and CW3 filters is shown in Photo-
graph 1120929. A porticn of the cyclone scparator which precedes the electro-
static precipitator ir the Special Materials Machine Shop vhere beryllium and

uraniut are machined is depicted in Photograph 108699%. A bood in which highly
rodioactive materinls ere manipulated is 1llustratced in Photograph 1120898, ruoto-
graph 1085992 shows ventilation provided in the Specilal Materials Machine Shop.

Photograph 1120928 duplcts e cave arca in which highly radiocctive mrterials are
ptudicd for radiaiiovn durago or offect on roactor structural materiel or fuel

elomonts, A typical air monitoring instrumentation omployod at KAPL is shown in
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Photograph 1096993. A GM counter and an air ionization chambor aro unod for thc
monitoring of air in the environs, ‘

Photograph 1107(15 dopicto an onvirommental continuous air particulato moni-
toring unit employing a GM countor, a vibrating rood cloctromotor and continuous
rocorder, scalors and recordors for tho two GM countors.

An I-131 scrubbor usod for stack and environmontel alr monitoring purposeco
is 1llustrated in Photograph 110kh1l, Not shown, however, is a Kanno Chambor
unit ueod to dotoct the radioactive noblo gasos and tritium .

The data in Teblo 1 indicato the various buildings on tho Knolls Site, the
nmbor of air exhaust units, tho total capacity of the air clcaning units, tho
type of alr cleaning aystems, a genoral doscription of areas vontilated, and a
number of units sorved or zonen coverod., You can roadily sco that the gluss
wool CWS filter systems predominate, that the cyclono soparator-clectrostatic
precipitron is a major systom whilo the caustic scrubbers are confined to scrv-
ing the vonting of process vessels in tho Pilol Plant and treat a very small
volunes of the laboratory ailr at KAPL.

The nature and amounts of toxic elemonts emitted in 1952 from the varilous
laboratory buildings are listoed in Table 2., Emission of radiogascs is mssociated
with short periods (a few hours) end dilution in large volume of stack air.
These guses have presentsed no sipgnificent health hazard problems at KAPL., All
those toxic elements are released into stacks discharging from 40,000 cubic feet
of air per minute or more, Tho Scparations Pilot Plant stack effluent is the
most important factor in the contamination of atmosphere with fission products
and alpha activity. The stack offluent from tho Special Materlals Machine Shop
building (D-3) is the major potential source of berylliwm contaminatican in the
envirorment. .

The data in Table 3 indicate to somo degreo the radiation levels at contact
associated with the particulate filters. As one would expect process cell air
filters arc the highest, .

The range of concentrations of the various toxic elements in the KAPL stack
air effluents ere illustrated by the data in Teble 4, 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 etmospheric dilution is also requircd to
_reduco I-J131 concentration emitted from the Separations Pilot Plant, and the
beryllium concentration released from the Special Materiels Machine Shop builcd-
ing to pcrmissible concentrotions in the environs. The data indicate that ihe
CWS filters are vory coffectlive In removing beryllium from laboratory hood ex-
haust air,

The data listed in Table 6 chow that no concentration of beryllium above
the preseribed 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 is diluted by data from the West Milion Site. These data also reflect out-
side iInfluences ap well; however, maximum particle counts from KAPL opcrations
exceed thosc aspoclated with outside influence, Tho local particle problem re-
sults from the entrainment of particulate material from the soparations procoss
operaotions rather than from stack corrosion.

The filtereble particulate fisslon product concontrations which wero detor-
mined at the environmentel stations at KAPL and Weost Milton are illusirated in
Tablo 7. Theso concentrations ropreoont 3-or l-day avoragos. Building M-2 is
in iho prevailing wind diroction from the stuck utl a diotance approximately 10
plrck hoightn away. Tho West Milten data aro considored background data for
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TABLE 3

ACTIVITY LEVELS OF AIR CLEANING SYSTENMS

- Radiation Levols
(Contact Measurcment)

. Bu‘ildihg Area mrep /hr mr /hr
E-1 laboratory Hood Filter _ 500 50
E-2 . Radiocactive Materials ‘ .
Lsboratory Lo 10 5
G-1  laboratory Hood Filter 175 10
G-2 Hood Filter ' . 370 1k
' Cell 1 Filter ) - 20,000 1,500 at 3 ft.

E Pipe Tumnel Filter . .. 950 150
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Filter

Media

W-L0
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 | ‘ :
Filtor (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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ostimating outside influoncos. Thoso concentrations indicato ne significent in-
halation hazards at tho Knolls Sito. Alpba activity dotorminations wore bolow
statistically significant valuos., ’

Tho status of vegotation contamination on the Knolls Site, vicinity and
Wosl Milton is indicated in Table 8. Variations in natural potassium astivity,
and ocutsido influonces mako it difficult to ansoss tho solo influcnce of local
oporations. Wost Milton sumplos, howevor, areo a guide to the influence of out-
sido sourcos. Contemination of vegotation due to activity in precipitation
(rain or snow) is probably the dominant effect rathor than tho doposition from
" fall-out. : 4

An occasional ovidence of 1-13)1 contamination in the environs is indicated
by the data in Table 9. . T

Summing up the air cleaning statistics at KAPL, the most significant amounts
of alpha activity, fission product activity, and radioactive particles are
emitted from the Separations Process stack (approximntely 100 f£t. high). The
stack effluent from Building D-3 roof stack {approximately 16 feet high) contains
the most significant concentralions of beryllium. Atmospheric dilution, though
usually of a low order, must be relied upocn occasionally, even after treatment,
to reduce airborne. contaminants to acceptable levels from the point of view of
inhalation hazard and vegetation contamination. The Separations Pilot Plant
stack air effluent has received the grestest attention with respect to isotopic
identification of radicelements emitted, particle size, and proper sampling
methods. - .

AJR SAMFLING AND AIR CLEANING INVESTIGATIONS

Alr sampling and air cleaning investigations at the Knolls Atomic Pover
Laboratory during fiscal year 1953 were grouped into three categories: (1) ef-
ficiency studies of filter media, (2) efTiciency studies of alr sampling snd air
cleaning units, and (3) the evaluation of the KAPL separations Pprocess stack ef-
fluent, Some of the results of efficiency studies of filter media are dbriefly
discussed here. : .

Filter Efficiency Studier : .
) The efficlency of six alr sampling filter media was determined in the par-
ticle pize range of 0.2 to 2.1 microns under the light microscope using Millipore
filters. The filter media, Whatman-40 and 41, Hollingsworth end Vose-T0, AEC-1,
Chomical Corp 6 (CWS-6), and AAA (1106-B) glass fiber paper were tested through-
out the face velocity range of 0.5 to 100 cm/scc. Eff-iciency was exprosscd on &
size count basis Tor solid particles of 2.7 gm/cm3 density. The maximum and
ninimim efficlencics for thesc filter media in the specified ranges axrc listed
in Table 10, _ )

The maximun efficiency for all filier media wan greater than 99.5 per cent
at various faco veloclties for 2.1 micron particles. The minimuwn efficlency for
all filter modia except the Whntman was greater than 92.8 per cent for particle
8izos of 0.2 micron. It 1s indicated by the dala in Teble 11, however, that at
orerating face velocitios of 50 cm/oec, the efficicncies of all filter modia ars
groater than 97 por cent even for 0.2 micron particles.

Thooe officioncy studics of the filtor modia arce boing oxtonded to the sub-
microscopic rango vy unelyzing undor tho olectron microscopo tho particles onter-
ing and pesoing through itho losl filtor modia,




STATE sT.

o oo

R

Ve adias pvv
o

e i e S

PELK ST.

WASH-170 . )

.

.
]
i
«

|
|
1

C e e e g aw e A apn e s

K PR SR SR |

R a4 |

.
.

s

ods

g

RIEYEHY 4
[3LE

WEST MILTON

po v - - . . ..

e _,"'"'vl.‘....-
e

Y T
BT

KAPL




133

WASI[-170

A e e

fraw s e

vereae emee

.

T LT

Py gt

.

DI L It SR  Pp

e N e

b

e e R . T VYU PR P EY S PUR S SPURIE P R R SIS NS AT

- s

1120906




WASH-17/0

13h

.v '

. N
f —ry e A g T L prg et L v i = e v [ s C e e e e s PSR . . e e e .
e T L T T L DTG T e o e e sty i 3 208 T et v et e 2y oy i s
g ' ’ !
. * . .
v : . % ; !
- . . N - ~4 1 — r 1
et Bt wa cat . war g mrties e aSmd ee cwh et s re e o e e ecwas By h
.
r 1 e — s o e htna - - : T YT
R . - " r {
! . s :
I R S DR -
N

1120929

r.
i3
HE
1
Do e e et e e T e L
TTBTTW s ce vt e et e g e e ey e
_ .. - g - Y T T e e s ey b e

.-,

K}

e

R e i
e

3
3
“a,

{
" i & -
4L et . N “.1 . s
’ - -~ . . - Thwey o . -
w. \\.\: . P, o e i, .
n. N " . \ qn) _ —r -t
IS - ’ . Ry . .
ey A ' ’ w T
R 4 ¥ * ' ! o e o
. . ‘.
h . vevme oot T

NE ! i N ) ) .
L Y ¥ 2 - AUUPREIIOF SEbA ) PO TN




..ivi..{.....w..q.«i..'.. 6..1-./
KEPE i : A

135

3
-
: A . ey,
AR A . . .
[ BRI : N
Lo ..‘./1 CEe e
R L I A
H X x,. CLe R 5, .
. t L . . M

e S el e,

WASI[-170

e T T W T YA ey e YT

- g S

- - o
TR S PV

1

L T D e A tara AL h st Lo i ta it et e ld J‘V\.‘ . "
. - . i .. .-,

-

-}

1086995




WASH-17(0

N adirat ade Seloan bl dhe

¢

Guos e ae

e

e e p e e e

REE

S S st o a4 b

136

pe

[EY S .

e s e e s o

8680211

F.oa v Ay g s we——

e

S USRI .

(R Y 2 _~..
IR

17

I

S
[

_ I

S Est

. = -
oy
7.
oo
b o
L Lo
L Doy
- ",
i .

Sl ve ey PO waa, L

»
.
i
L
.
i »
i
EEFE
E
et
Loais
»
¥
B
v
.
P
.
.
- ) :
-




137

WASH ~170

R Rate R ARt

- ¢669801

DRt A Lo S e e SRt M TSR o v sl oty

. ¥ - ot . .

Rlan Y

‘

A
et
.
A ol Sesmtr Aad . ety 4 bt B

< yeem

TN

"™
'

gy Y-

~‘-,—.,
_'j

A adn n Bt it sas

g rgeiae

.

.

DR N D R I SIS

+

.

. : . - Lo g . E- . uqlw..w}.ﬂ

. . B . .
L mte . e i ; vt 1eed
h . . J . Lk
P S——
. e P
. o i
ﬂl pon cwet, &z
Lo e
>’ =

et
L




WASII-1770

138

- e e - e e e e T .h..i... - ynrey
* e b v e .l}r..-..tl..nrl!lc.nx..\l.'ln.(. . . .- '
e v
'
-
g
\
T
. . 2
Ao
- M : f. :
- R R v '\
- . . . . i

. 'S

TIPS Ay ey Y L

.. - I . - T -
.. — s ) *
. - - S
.
N .
- .
P - e tm = e e — ——— ’ S SR e
. haa ki YYe -
t T e c——— RIS N )
B . ) ’..t.lnlll-.f’l!(d}- -
. S ‘(«lulkl.
. RN . . Mg
. . A - ]
ro-. - - et ———— Ll =Tl C L « l.l//-lnAJ
. R . .
1’0‘1"! e = oy ' . M L . .
‘ - LN Lt
] ; ° ’
L , .o . - 3
. . ' . k
. . ! . N
". v v . .. . e e .. R - H e N
! . : N
D s . : . 8 : i
H et ‘Y [ ' :
i . , . ¢ v *
. . * ! . . . ' -
i . .
; ) . . i o
; P B .. :
1] H . - . . e o T ea . | b . e s ee et emem s . o eere e s m———
‘ . ’ w - : ) '
» - - R
' P . \ R Gt B it e A R e e L St R e i) - - ~ R S
. T . ‘ . . )
. . - -
» ‘ . . N :
i i } .. . . T . '
. - b ) - . L L, - N ) N
. P, . . .
= o —— ! 2 L3 o,

1120028




WASH-170

€669601

. . ———o;
; 1.41 ,.-..... e -111. \1«\.%.‘3%{ ~ »J\ Y 3
s X i - ‘ N\ S
: e — : . T . / A w
) : . ’ . T ’ RN - ’ : . =~ AN g ) AR T :
. . ., i . P T
. ! ~ » - . . - Yol
. - o : . - : ‘ : S . \
. C . 3
. : * '
- -p. \ M
s \
]
N .
L -
X N -
b . A\
i i, S 3
i H \
,
. _ }
H
» ' ' °
- : LY L2
- M ’
. .~ M .
] . N
B ‘ :
- - ER B
¢ H : 1332
{ ; — :
M - - . - e - ‘ N
' i E PRGSO Ve T e o t L
n. By R e R Tt i ey * res
ﬁ.!"! - . e mam e MOy el e s W, Ry PTE STpET Siay SO et . t
N (T N e oL 2 h . -
- - e L o : v,
r " ’ ' \
3 e e e e Vo e s J
e . H H
1 o T, v — 4
;o b L vag Il . . ]
! I :\..t)rn\. =T e e
L. . L .
] ro :
k- N. \ -
c. 14 H
i 4 B
<. :
b ! M
. ’ oy t
.- . i . ~
Y -0 £ine ~ N ¢
3 A : s N .\\.. \\\\ \
" R .. T L ) - . . . ,.(o-l, \\/,6.11' — 7, (\‘\AJ;\:!’.’ +
- - . ; o L . v . AT . . 3
A AR N ),l - ¢ :
f
Fad » - --s [P ) . s . L. N , AR e «e L,
Swdva e : : B .
-«.’l - ..\l')l!l.i.‘.t).‘!..; )iE‘.’I}h ” st ree
CT 2 e e o e e liam L. vl e .~ e ;. . -
-7 * * T LRI . o B S It ? L s TR TR R N N
3 b v W
3 - N - -
. . . . ) s
. : . v ! 3
. > VL. T . . e b ' ! y _— . .- B
- - . - E . . - . 3 Lo
- - - s s a= wel . i e o R 3 ..
- o . @ e - N
- . PO o i b - 1
" - . f e 3 , ? .
Ve - - e e - ot . v - - o . N
’ bd ‘ - - . K
T ’ - - - - . .y y -
LI - e L Lt . - e . - . H
- . RPN R e . 2Ly, . ey - : . - . ;
. . / PPEIRLRIN A Y et .‘-h
. : 1]
! )
. : . . :
¢ P H
. . .
' [ . +
; . !
. }
Y v i . ] ) .
e v o . .
w o ] " e .- e i " » 4 i et St Aot St oSt 8 b
e # . - Aameairs 4, e




h )

WASH-170

i e e e im e,

o o
¥ Rt
N

Yo
B
£ !
- L
S
ﬁ\ ‘.
1 i

Leienme o o]

B uv)..u.gs..h)tu,i!vrl..l\-. -

BRI R, TR Y~ L)

P A N Wl

3

oo

.Iﬂﬂ!l..{:’.: - n,u.l‘lo.‘uc..-: } T ry—

i ’
I
.
b .
WETGIITTTIR, i
N ’ o
o N
: b e
TeseraAe
.
" ’ -
L - - ,. N
. - . . . N .
; o ] . ‘ =
. ,mv ' N r.
. “ . T
. . o |
T g R | L
* .- A
| : .
o m RO
: S
L .
(Rt T ; ~ R
. oy . S
it ) i .
s ) P :
i b B
1 =
13
R
: ” - [Oopp

\

1107715

f




WASH-170 )

1

- rr—— e vired

{0 e e e N
| - 1\ NN . - |

. 1

- b % s Crpr O v syl ’ .ok, ;1
S R D ey
3 S P LR B R e e e s e g - Ty
. . . . . i o - - .L/_,. N ) ) ! ; i e \ . : )
. . L 4_«" M .
B ) P e s P .
e e+ g e o P = e p— - aiTas o~ . , ¢
r— " N Rl Ty c / " ( © Y . . {(j ;'

Ak

ot

ot

— P
> . e 1

¢ . VoL

I I .( . . i

) | . / ’ -.\“T'r‘:“‘;"""-' - |~‘| Lo

t SIS ' i T

i e oo o o oo ot e P
- IR [ U U SR . ,

SO SO ARSI o il

- - . .. . . . — e 2 0D b
- i . B O
e vy . . - .\t . - Bl s . /|~ . r . <
s C_......—._..--....._' . . o, iKY rf,'ﬂ_ ST "Tv i K .

.

ek

bR iy

1104414




BROOKIAVEN ATR CLZANING OI'ERATIONS

Leo Gormell
Health Physics Div., Brookhaven Nati'l, Ianb.

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 period of six months
from March to September. Fiberglas No, 25.§nd 50 aﬁd CWS paper filters were
used with flow rates of .75 c¢fm and .,375 cfm, resﬁcctiveiy. 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 fibcrglas was only 2114 grans and on the
Cﬁs:kaperl.IBOQvgms. Ainalysis showed Lie particulate matefial to be quartz
grains, pollens, spores, a few salt crystals and considerable unidentifiable
material, probably clay and humus.t . .

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

| The laboratory policy at Brookhaven states that thef? shall be no undesirable

accumulation of contamination, The discharge of radioactive particulate contamina-
tion is to be avoided by the use of appropriate filters or suitable experimental

- techniques. TFor operations likely to involve serious air éontamination, such as
pachining active metals or chemical processing of highly active materials, the use
of dry boxes with suitable filters and ventilating blowers is required. As a re-
sult of this policy most lab hoods, where there is a chance of radioactive partic-
uwlate being gencrated, are equipped with the CWS-6 type filters. These arca;
include Chemistry, Bilology, Medical, Cyclotron Tqrgct Lab, Hot Iabé; Hot lmchine

Shop, Metallurpy Labs, Nuclcir Enginzering labs and Pile Iaba. A total of 215 of
U2 . WASH-170
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this type of filtor is presently in use at BNL. Air uond%tioning at the Pile,
Hot lab, etc. are presently 9sing fmericun Air Filter Co., Adir Mat material.: }

Of coursc, the greatest air cleaning oberation at Erookhaven is in connecction
with the cooling air at thq“Pi}e. To cut down on particulates entering the Pile
yia 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 velocity gives an initiai 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 filters, undoubtedly a small amount of graphite dust and other impurities
picked up'by the serubbing action of'the air stream, and an anount of radio;cti&e
argon gas. This air is pulled aleng through {wo 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 malnly because of low resistance ;nd their ability to withstand
temperatures to 500° ¥, The cloth was'chosen because of the possibi}ity of bonded
meterials failing under prolonged high temperatures and causing voids. The filter-
ing efficiency is not high as compared to the intakevfilters. They are of the deep
socket type, 10 f4{, 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 léaving the effluent filters, the air is passed througﬁ a heat exchanger
and then discharged from & stack about 320 fect high. The dilution of the atmosphere
is sufficient to handle the activated aréon whose half-life is only 110 minutes.

Monitoring stations in the area have shown thai there has been no significant rise

in background due to Brookhaven operations.,




bR ~ WASH-YT0

Since the min concern is the prcv»niLon of radlouctivity from getting
into the cavironme nt, it scens appropriate to deseribe bricfly ccrtain saf et; ’
dcvices that have been installed to show up any pOSSible equipment failwures,
Less hazardous conditions such as excessive stack air activity, loss of bdttnry—
charging current, etc, 1ctuatcs an alarm and an annunciator drop which shoxg the
causc of the alarm at the coatrol pianel. _ 4

Beta-éanma monitors are instulled at various points in the Pile buildlng
to monitor for external radiation from possible shield leaks or from high-lcvel
contamination. The readings are recorded by an 8~poin£ recorder which gives
an alarn 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 ionlzatlon 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.

Inmeciately in front of tpebexit air filfers are openings into the ducts,
Long steel rods,'with oily adsorbent material attached t; the end, are extendéd
through these openings into the alr stream. The adsorbing material tends to
collect particulate material, Periodically, thcse'probes arc removed and checked
by some type of survey instrument, This gives an estimate of possible particulate
contamination, | |

. The final stack air 1s monitored for argon gctivity. A port on of the effluent
flows continuously fron a tap on the dischArgo duct, through a large ionization

chamber (Khnnq air chamber) and back into the suction duct., The chamber is
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-connectod to a sonsitivo d.c, amplificr whosc out;iut i3 recorded both local‘lj'(
in the fan }.muso and in thoe control room, Exccssive argon or particuwlatcs
actuate the alarm systom.

Air samples aro taken continuousl‘y in those places where air contamination
is possible, Ihenever assays show airborne contamination to be above the maximun

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

wlll reduce the breathing hazard to coxiplete safety. .

fer Law o < . ws ®u ) 4oy w aee se




IR0 CLEANING PROBIFMS AT THE SAVANNALL RIVER PLANT

By J. R. Clark, Du Pont

DESICGN PHILOSOPHY

The Savannah River Plant design has had tho bonefit of tho
considerable experience in air cleaning problems which has beon 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 whon possible, and to adapt new develop-
menis to special or conventional problems where no new risk is assumed in so
doing. The basic design phi'lpsophy has three main points:

(1) A1l air streams containing radioactive particulates are ciaaned —

Vue do’ not depend upon dilution, |

(2) Contamination is confined to the smallegt 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 SYSTRIS IN A PﬁOCESS 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 with individual air cléaning systcns
which include four.difforent typos of high~efficiency filters. The vontilation
ajir stremm from oach of these sub-arcas is pullod through a filiration systca.

by blowers, and all oxhaust to a common stack 200 fect in hoight.
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Tho fan house is cquipped with emergency diesel-clectric
gonerating cquipncﬁt for use in cas; of failure of the primary source of
power. Sparce cquipment is provided to insure continuity of operation of
the blowers., A minimum suction level i# set for oach of the process sub-
arecas shown. In the event that the suction falls below this scf—pbint,
indicating failure of a blower, Aﬂ alarm is sounded, and a spare blower startﬁ’
automatically. .

Thc-stack i5 of corrosion resistant pbnstrudtidn. It is equipped
with a stainless stecl pan at the bottom for collection of céﬁdcnsate,
vwhich is transferred to the high activity waste system. Two sampiers are
provided in the stack, one at the level of 50 feet, and the second at 196
feet. Thesé 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'b&
personnel. It is unlikely that the ventilation systgm 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 containing aﬁpreciable amounis of radioactive materials.
The ventilation air from these vessels is filtered through assembled nats
of WFibreglas" packed into stainless stecl drums which can be conveniently

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..

. ond  m | 115 K 1.5 18 in.
3rd | 115 K 3.0 12 in,
Lth w 55 PS 3.0 11-3/L in.
Sth o 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 dampers
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 Jlow content of
activity. The vent 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 mechanical

cabinets enclosing process equipment. The individual streams of air in

this system are filtercd through small fire-proof "Fibreglas" base filters.

?his'would prevent release of activity te 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 gase 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 tilcs. The san& size decrcascs
going upward through the bed. Above the main layer the filler contains two
“hold~down" layers totalling 12 inches to prevent mounding. Efficiancy 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 fllter paper 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 stack gagxaiépérsion study was made of the Savannah River

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

- was to deteraine (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 downwind 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 compubation of ground level concentration for various

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

fect thick at the Savannah River Plant site. A new diffusion equation was

~developed 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 lF survey work, Somc of tho buildings are cquipped
with vacuwg lines exclusively for air sampling purposcs. These are designed
for a 10 cfm sampling rate assuning a 50;3 use factor for the multiplc
saapling points in each area. Other buildings are sampled with modified
hoﬁschold-vacuum cleaners. The sampling paper used in each case is ai

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

a minimwa sample of 300 c¢f is monitored, using a minimum saapling period

of a half hour. Air samplers are counted routinely for a, 8, and ¢

activity.




AIR NANDLING FACILITIES
at theo
"AMES LABORATORY

ﬁy R. W. Fieher, Amos

The Ames Laboratory installation is primarily concerned 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 Supply 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 systenm wéé originally designed
for BOZ 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 which 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 c¢fm 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 operating 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 éection of the Research Building is not air éonditioned 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 bank 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 féctor in case

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

to selectively discharge 6,000 c¢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 before 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 Tfilters.

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 Should run for a number of
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,

SECIION 3 - Thorium Production

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

levels to the tolerances prescribed,’ . -
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In the oxalate prc:ipitation 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 below 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 cfm) 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 POZ ¢fficiency by weight,

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

efficiency up to approximately 95% by weight.

r
tre
icove "

tece




WASH 1O . i

The ﬂF furnace is a new type not proviously used #t the time of the
shut down. This continous furnace is loaded by means of a hopper similar
to that used for the caleciner and is diséhargcd by mecans of.an auger to
a vented, five-gallon container. The off-gascs, 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 mixing 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 “eing 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 vhole, was irproved up to a point that the Ames Laboratory
thorium operation could_be very wcll,carrica out in a thickly popuiated
_community. ) '

It is realized that imérovements conld be made 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 CONTRACTOR ACTIVITIES AND PRCGRAMS
U. C. RADIATION LABORATORY

By M. D. Thaxter, UCRL

The t'adiatien 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 airtorne 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 & 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 equipuent insido,

SLIDE 9 Shown are some of the complex goar: hot and cold baths, reagents 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 sequence of boxes for handling pile slugs: cutting, unloading, dissolving,
complote chemistry, column separation and purification, Exhaust capscity about 30 C%M.

A recont 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 cleaning
IVOlume then for "hot" work is 1350 CFM., We have over 100 hoods handling either no activ-
i?y or tracor and short half life stuff; they average about 1000 CFM each; a total of
'100,000 CFM for the project., Wo 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,'etc., necded 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 precleaned 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 it, Where we nsed to deal with microcuries we are
with increasing frequency handling curie and larger quantities in a box. The usual air
cleaning train ending with & CWS type filLer 1s not always enough. A few counts are
coming thru., Someone 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

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

the requirement for extensive heavy chemistry and its conconmitsnt aerosol 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 work and the total enclos-

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

a gross spill on a bench top rendoring 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 mattoer 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 filters 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 tritiwm we house an entire vacuum
rack'of glass apparatus in a box about 50 cubic feect in volume., Wo have enclosed
aﬁuttering dovices, motal production units, masé spectrograph units énd a host of
othor special oquipment in odd sized enclosures, Ventilstion-wisoe each supplies the
samo virtues: small air volumcs,'pre-cleancd operating air, 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
"maximum 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

everydny 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 atmospheric
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 years will bring I cannot estimate, These remurks 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 traditional devices ending in CWS 6 typo filtors,
2. Cleaned supnly air may be reguired in certain research deviceos and arcas not
now noeding it because of increoascs in radioactive atmospheric pollutants resulting

from detonations of foreign and domestic nuclear dovices.

——

.-.-‘.“JMJL'WM

Slide 1




A5

WASH-170

¢ OPTIS

<

e« Y

e .
ﬁ. .h\\lll‘(lh: = H/—
n. .../{\ .».
ﬁ_..

... / .- , . |r. ) - r.w/..uv.-.o.v..v
. f . ,..v\..\..

BN

P Con

R X e R T e GRS RS TR TR TR :n....c.ﬂ,“...
| ;

1

!

MR 2 VI

3 ‘_,.‘ _.J g




WASH-1T70

v e mT s ey e o 1111,'} A‘Zq.iu‘l/ /
.- y / ; : " - /.

- Y

i
'
t
[}
£
b .
' . . S N

. . A-M.. .
LS
T e e el ke an e
’ )
. -,
\ L i
Y H 3 . e e
et ¢ o ab o G M Mmoo w - . %Lu.lw
- - e e 4 e

N ,w
IEN

Pt

- g

0 't ol ! S0 b S b

o = e — .._.._.,!-
N - E".‘*: -
7

PR S

o

)

P |

EadAcs




77

WASH-170

1
" e aaits £

Land 4 Y
PR e T w4

B P T ST

T -

e Vien bl Wy b e

N ~ e K
. ; . :
ﬁr I3
gt - ﬂ /
.\lrl.lll\_.‘l.l[ll.l,h )
i s
M. . !
I/‘lvx
iy . i
b T M
U !
w.¢ S
| K mv’l(rl"ll, . et
P AN E
b I
i E
- * .
[
B ! !
B N
] . . . x iy
i B
) - i
AN " ..If. f
" R -t P
41 i
v : : ’._, _ !
3 » 1 B i
_ , Hw {
i ok *
ol T 7
Pl B . g ’
e, s ———
+ v ¢ “
. \
:xw‘ s .M, ,,w !
T
Py e TS C/.M \
O, rl\n.kflo , .r’r.. i —.lrlf

Nty

Slide 4




WASH-170

=\

‘
Ll L

7

SRR

“
< eDAmeag,

b

T Rt e

I
- baed

e e
. ]
~, .
e A
- L
.\r._..

nad - .

B 4
———h




179

WASII-170

9 oPTIS

b
»
. - . e -
. . ..

-

1--!'5!\4.11.4411“\1‘1«‘.:\.\|1.1’\u« ey AT AT e et R e T e e O Ty
. < . - A Babgrettact PN B P Tachih

B . Pl dq - Ve - d .

H . * - . .

R ¥ . -
<, Tra— ; ,.nrl..qu.u.v..v\. - — S - LS '

i : . . R

4 .- L _— » NP .
: . . i 3 R
[ ) PSS : e LR P R e
| . . . ol o . 8 L " e teT s LRSS Lo
p - o : . e ) o3 e e L

. .
. e
v . - RS
. - '
: u..\\h. B H - s
| S - v, s
Llr e v
- . — ) LR |
— n . H N b
- * ‘ . -
m- I . a2
LA . - v
MR -, -~ - t-
4 - ‘ - <.
- LT -— e - . .
-, - e N
- S
Ko, e il L SO O Al g 4(:
- = -
~. i . . - -,
PR . . ' .. Rt AR S ‘
Voo - 13 Tawer, T . I —
A - . e ST -
P S ' N
i o d - PR s e
: i AL \
. t . - ——
{ e -
: " s . o . - H i T
! 1 — T ;
B 11 : o e m .
: o : . P . : -
- T L e T avtooo P
B A . i
Vs N
IS R S A
H H [
Vo o
{ P
i ey
.w e e T e - .
. H i ¥ 7 LT Lo e
. ' di e
+ [
! ﬁ -
B .o R

o
.
1
\

N
\'

[ T

- . Y, It
T\. '\ o i)
15 (e N S M .
g - (.V-(:c‘,ﬂ'fv o wa.l.l!'lllbol na
- 3 §
5 Leaid - ot N
‘. . pesi g j ety i e A i




WASH =170

180

L opITS

A | PTIVET QAT TN N,
. \\. :
t

AN

WL

-

-
v

\
¥
I
o
d\D
P
i
]
!
i
ﬂ..
1]
:
i |
i
!
1
{
m

e ewmaon -

. >,
B
e
)
EEE)
: 2
T3
’

)
.

B

.
HEN

A\

i

e

PN
.
cess




161

WASHI-1T0

g oPTIS

-y

P e e e e g A —y

e naireas covad

‘

Y TPV VRSN OO D)

-~

e res ta by e mae bge

o

FRPR TR ST EURELAR BEP Ppr a

—

s




182

.--. P e R

P B
-~ k)

e

WASH-170

. 1 8 P v, 598 PP AT TV IO A A TS L (08 e VPSS RS AY S 78S 0 e g eyt peer -

1 L 13 ‘

/‘E .
- -

(O

B
PR
.o e

b

v
. .
- 0

K

e y . o

L. . .t :

. ’ IR M

e “ o :

- v v e .

o M he - - - .. .

Slide 9



WASH-~170 ' . 183

T gt TN ST % A ST T e (T B S S ¢ .
e VS 20T .

e i et o

st e ot 8 il e

v,

ale e

Slide 10

e IELS

B e b Y ot i e @

P

e im ettt

. .
.
e .
. . ]
) P S
. . ;
. . ®
L]
;,/ . .
.
N_— . . .




WASIL-170

8L

A

—_—

o

it L

S ﬂ .




AIR CLEANING PROGRAM AT THE LIVERMORE RESEARCHE LABPORATORY

By G. T. Saundors, CR&D

~ To apprecieto the air cleaning program at the Livermore Rescarch laboratory
opersted by the Californie Rescarch & Dovelopment Company, it 1s necessary to
placo ourselves goographically, motoorologically and problem wise.

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

The rogion is wholly an agricultural area: the largest crop being wine
grapos, and secondly cattle ralsing. ,

The meterologicael conditions can best be stated, as extracted fram a United
States Wcather Bureau report on this area as prepared by Paul Humphrey of the
Arco Idaho Office.

_ "The expected meteorological conditions at the Livermore, California. Site
ere, from a practical viewpoint, entirely favoreble as far as the more familier
climatic elements ero concerned. Surface temperatures, winds, and rainfell ere
of comparatively little concern when considering construction problems or the
comfort of personnel. Primarily, meteorology must be considered because of the
effocts of atmospheric conditions upon harmful effluent which might be released
from stacks during various operations, In that respect, considering the fact
that the ILivermore Site is in a bowl-shaped valley surrounded by an important
agriculturael area asnd a significent population, the meteorologlcal condition
ere less favorable. High stacks alone, such as are used at some other sites,
would not be practical as a method for the eliminatiol of harmful concentrations
of efflucnts. Such stacks would lessen ground conteminetion on the site itself,
but would not significantly reduce average ground concentrations within the
Livermore Valley. It appears that safe routine operations as far as stack ef-
fluents arc concerned should be brought ebout by properly engincorcd devices for
cleaning off-gases rather than by consideration of meteorologiccl conditions."

The etmospheric conditions present threo basic points: (1) Prevailing SW
wind during summor days. (2) Prevailing N& wind during winter days. (3) stabvle
(caln) conditions at least ten percent of the nights, and some four porcont of
the days during tho winter months,

Problem-wise: At the roquest of tho Atomic Energy Commission, the Standard
01l Ccmpany of Celifornia formed the California Research & Develoyment Compony,
gsome three yoars azo, to work on the MIA program. This new campany prosentoed a
. very fine situstion from the health physics standpoint, as tho engincors woro
very recoptive to sugzestions and idees. Feow, if any, were bound by any prode-
" termined concopts of radiation control, etc. As a practical rosult, the health
physics staff was ablo to institute its own prodetorminod concepts of radiation
control,
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Tho aosigned probioms to the cowpany woro principully basic rocsoarch, and
ao ouch necossitiated chomlotry and physics laborutory spaco: motallurglcal tosot
colls, procoss colls, otc,

Thus, to tho onginocors wo gave tho following base-linos wo wuntod to follow:

1., All potontially contaminated air will be: .

a) Cloanod
bg Sampled
2. All duct work will bo:
&) Readily accessable
b) Easily replacoablo
3. All filtors-asscmblies will
"a) Have pro-filtors
" b) Be accessible for ease of change
¢) EBave a simplo indicating device for loading effect,

To a great extent we succoeded and our active alr cleaning program is es-
entlially this:

"All potentially contaminated air is filtercd as close to its source as is
practiceble: this air is then sampled as it is diocharged to atmosphero.,"

"The goneral atmospheric contamination is checked by constent air sampling
in and ercund the eantire Livormere Velley,"

To accomplish this, we have standardized, in general, our units 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" CWS #6
equiv. back-up filters. Gloved-boxes have "thaxter" PF105 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 insurance filter (CWS #6 equiv.). The filters are either incorporated into
plywood throwaweys or are top loading for ease of chenge. 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 is sampled in each duct run, the samples being so arranged
that 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 Reglon of flow. Filgure IV. v

The lsboratory room air is sampled by use of "Filter Queen" type vacuum
cleanors end we extract the alr through a 3- J/ " dlemeter disc of HV-T0 paper.
The 3~ 1/2" diameter was chosen to meet the maximum sized scintillation counter
that wes constructed at the time our program was Initiated., Figure V.

Tho valley eir 1s sampled at various points throughout the countryside end
for this purpose, we have used & "moto-air" unit end apain, we have used the
3—1/2" diemeter discs. Figure VI. These units operate continuously end the
papers are chenged once caech week, In addition to a radio-count of tho papers,
for both alpha and beta-gemma, we run a radloautograph of the papera., Wo actu-
ally find that 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 modorn trend and call it oporation "test",

1. Test now equipmont

2, Educate englnccrs

3. Sample offlucnt laboratory alr

4., Tako continuous environoc backgrounds

1
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METEOKOLOGICAL ASIECTS 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 effccté of vertical temperature gradient on
stack gas bchavior and to show some photographs from the National Reactor

" Testing Station illustrating typical conditions.

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

‘and these usually have a diurnal cycle.

These configurations, along with the expcctéd behavior of an effluent

' plume, is showm schematically in.Figure 1.

14

Looping-— 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
isothermal. The effluént strean is shaped like a cone with
axis horizontal. The distance from the stack that effluent first
cones tb the ground is greater than with looping. Yechanical
mixing predominates. Although this condition is ideal for
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calculating grouqd concentrations by means ofvdiffusion
equations, 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 froﬁ the stack. Dependiné 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 condenirations of effluent do not ocecur; however,
isolated objects which‘extend up into the pluyme, 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
of stronger effiuent concantration, as shown by shadiﬁé, will
depend on £he height of the inversion. It is causedvb} trapping

by the inversion of effluent carried into the stable layer by

turbulent eddies that penetrate the layer for a short distance.
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Except when the top of the inversion is very near Llhe ground,
this type may Le considerad as’thé.most favorable diffusion
situation to te cncountercd. 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 stack, and acting as a 1lid, forces the effluent streanm
to dilute within the shallos lapse layer near the ground. Lar5¢
concentrations are brought to the grouﬁd along the entire effluent
stream by thermal eddies in the lapse layer. OSustained conccntra;
tions near the ground will be highér with this situation than
with any other, ’
Smoke ex%eriments were performed by the Wbaiher Dureay usingz the
'250-foo£ Chemical Plant stack to determine the validity of %hc associations
" of plume behavior with the temperature gradient configurations Just shown.
Pictures of smoke behavior during some of these experiments are shown on

the slides to follow.

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

250 foot,
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. Pigure 6B - Fumigation (contimed). O748 MST. The first
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Figuro 3 - Coning conditions. 1910 MST, fpril 16, 1952.
Lapso rato in lozpr 250 feot was slightly less than the

dry adiabatic rate.

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

scmewhore a&bove 500 feet.

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

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

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

downward from the concentrated plume.

4

‘8troamer reoached the ground about 10 stack lengths from

the stack about two minutes after streamers began to decend,

~Inversion based about 300 feet.

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

plums eppears to have been mixed downward. Inversion

basod ahout 380 foot.

-----
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It was montionod carlior that tho typos of tomporaturo gradiont usually
havo & diwrnal cycle. This is illustrapod by figuro T which givos plots of
tomporature soundings on a clear 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 prevailed until tho inversion boéan
A‘to form in the evening. Lofting'conditions wore presont dt 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
Thoe Ohio Statc University

. 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 filtcrs are
designed to be maintenance-frco with a life corresponding to that of the entire
installation or process. Once they become plugged with dust, the entire unit is
sbandoned, Tho paper filters, on tho other hand, are usually dosigned for a
1imited life, to be replaced or cleaned periodically. They can, however, also bo
designed on an ebandonment basis,

A discussion of deep-bed filters was presented at the Ames meeting in the
Fall of 1952. These filters can be consldered 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 posscss a
considerable econonic advantage over sand filters although long-period large-
scale exporience vwas relatively meager for the fibrous type whereas the sand fil-
ters had an extended backlog of successful operation. '

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

-

BASIC CONCEPTS

,  Methods of Expressing Collection EfflClencv While the collection efficiency
of a filter is normally exprcssed as the fraction,?n , of incoming aerosol particles
that are collecled in the filter, 1t is often morc convenient to express collection
efficicncy in terms of number of trensfer units, Ny, where the number of transfer
unites is related to the fractional colJectlon efficiency by

n=1-e N - | (1)

Ny = n [ - S 2)
l-1 . .
It should be noted thet the term Ny 18 identical to tho corresponding term used
in mess transfor for tho casc where there is a negligibvle vapor pressure of an
absorbod zas or vepor from the liquid phase, It should aloso be noted that the

term Ny 1o directly rolated to tho docontamination factor, D.F¥., which has boen
widoly uoed in atomic enorgy applicationo (l),

or
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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 M4 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) :
- Interception | " 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 dotailed conuidoration will. show that turgoet officioncy is a function of
sono two dozen variables,” By dimencionul analyosis, M4 may then be shown to be a
function of some 1~ 1/2 dezon dimensionless groups, which includo all of the Ng
torms listed above in eddition to othor groups which moasure modifying 1nfluuncca
on the flow paitern and force fields,

For simplification, it may be assumcd that eloctrostatic and thormal effects
are ncgligible. Tho latter will normally be the case if no marked temperaturec
gradionts are prenent. The magnitude of eloctrostatic effects will be discussed
©  lator., With thouu assumptions it may be shown that

Mg = ¥(Ngr, Ngys Nggs Nogs Npes € y) " (5)

Relative to other deposition mechanisms, gravitational scttling will normally be -
significant only with aerosol particles larger than sbout 1 micron diameter and
with collecting bodies larger then some 100 microns diemeter when operated at
low face velocities., Gravity settling would be expected to act somewhat inde-
vendently of the other mechanisms with little interactive effect. Consequently,
for most purposes, this may be treated as a separate additive effect on target
efficiency, having & magnitude on the order of Ng

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

=¥ (hsf, o1 Vo) | R | (6)

or, in alternate forms,. :

Ny = Yo (st, Ngas Nac) ”. - ‘ (7)
Ny = ¢3 (st) NBi" Nsc) : ' (8)
where Wgo = Ner®/Ngi Nog = 18 #/kn pp Dy | (9)

The term Ng. is analogous to the Schmidt number in mass transfer and
measures the interactive effect of flow-line and inertial interception and dif-
fusional depoaition., It should be noted that Nge involves simply the physical
properties of the gas and the aerosol particle.

In order to be able to predict that target efficiency from Equations 6,7 or
8, 1t is necessary to ¥mow the functional relationship between the variableu.
Soveral investigators have attompted to dovelop this relationship analytically
" for conditicns where one or the other of the sevperating mochanisms is controlling.
To date, howover, no genoral solution has been devoloped., The noarest approach
is that of Davies (2). The purpose of tho investigation of Ohlo Stato University
was to develop tho relastionship exporimontally.

crce
tcere § o -
< =

L5 1
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EXPERIMENTAL ‘PROCEDURE : .

In the experimontal investigantion, o test aorosol was passod through in-
dividual pads of fiber mate in sorios. Collection officioncios woro detorwinod
ovor a wido air velocity range (0.02 to 20 ft./ooc.) by measuring tho amount of
acrosol rotained in'cach pad and tho amount passing tho scries of pads,

In order to take advantagoe of the convonicnce of colorimetric tcchniquca,

a dyo was sclected for producing the aecrosol. Tho test acrosol was prepared

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

1a Mer generator (3). Unlike the La Mer generator, howevor, 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, thoe gencrator conditions

wore held constant to give & fixed reproducible serosol as determined by frequent
checks of filtration efficiency on & given filter-pad arrangement., Tho size of
-the aerosol particles was determined with jet impactors borrowed from the Unlver-
sity of I)linois (8). Tho aorosol particles wore relatively uniform but not
homogenoous, having e mass medlan diameter of O.4 micron and a standard geometric
deviation of 1.4. It is believed that .the particles were present in the air '
strcam as spherical supercooled droplets of dye, although i1t 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 alr,

The filter pads comsisted 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 Mecan 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 L00°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 scries. Tho amounts of dye collected on each pad and by tkte
clean-up filters wore determined by leaching out the dye with benzene and anelyz-
ing the solutions colorimetrically. .

EXPERIMENTAL RESULTS

Figure 1 shows the experimental results precented in the form of & plot of

- transfer units vs, suporficial air velocity for the various fibors at severel
packing densitics., It will bo noted that the same typoc of curve was cbtained
with all the fibors and puacking densities. The high-velocity end ropresents the
region in which inortial intorcoption is tho controlling deposition mochanisz.

As tho velocity 1s reduced, inertial deposition bocomes less ¢ffoctive and ccl-
lection efficivacy (mc&burud in termo of trenscfer unitn) decrecusos, At velocities
on tho ordor of 1 to 10 ft,. /noc., howovor, diffusional doposition becames a sig-
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nificant factor. At lower velocitico, diffusion bocomes tho controlling doposi--
tion mechanism and collection efficicncy increasos with o further decrcase in
velocity. It will aloo be observed that the curves becomo flattor for the fine
fibers. This reflocts the superimposed offect of flow-line interception, which
is rolatively morc pronounced with the fine fibers and is independont of gas
velocity in the magnitude of its effoct.

While tho data are prcscentod directly in Figure 1, they are of little
generel utility in this form. It is necessary to gencralizo them in térms of
fundomental concepts. This may be done by using the data as a meens for evaluat-
lng tho exact naturc of the functional rolationship implied by Equations 6, T,
and 8.

Since the gas propertieos and the aerosol particle size wore held constant
throughout this study, the value of the interaction paramctor, Ny, defined by
Equetion 9, was constant at a valuc of 2140. Equation 7 and 8 would now indi-
cate, pursuant to the assumpiions made in deriving them, that all the collection

efficiency data exprecssed as target efficioncies, should be unique functions of
either the inertiel interception nuxber, Ngi, and tho flow-line interception
number, Ngg, or of the diffusional separation nuwber, Ngg, and the flow-line in-
torception number, Ngg. In other words, 1f the target efficiences obtained in
this study are plotted against either Ngj or Ngg, unique curves should be ob-
tained for given values of Ngr. : : ‘

In Figure 2, the date are shown in the form of a plot of target efficiency,
Mg, ve. Ngi with Ngr as the parameter. Figure 3 represents the same data plotied
as target efficiency, My, ve. Ngg with Ny as the parameter. It should be ex-
phasized that these two figures are not independent; they are merely alternate
ways of presenting the same data and it is possible to go from one to the otrer
by direct calculation. Since the interaction parameter Ny, is constent, once
any two of the three separation numders, Ngr, Ngy, and Ngg, are fixed, the third
is determined (Equation 9). The value of the third parsmeter is shown es &
dsshed line in each Tigure. Figures 2 and 3 may be regarded as the graphicel
.. manifestetion of the functionel relationships implied by Equations 8 and 7,
respectively, for the specific value for the interaction parameter of 21Lo0.

(Y

© DISCUSSION OF RESULTS

Validity of Assumptions: In deriving Equations 6, 7, and 8, several assuzmp-
_tions were made. The ract that the resulting indicated method of correlation d4id
result in unique relationships for the date msy be teken as evidence, althougn
not proof, that the assumptions were velid within the precision of the deta. In-
dividual. consideration of the various assumptions will lend further weignt to
this conclusion. : ‘
.Since the tests were run under esscntielly isothermal conditions, no thermal
deposition would be expected. Order-of-magnitude estimates elso indicated that
deposition by gravity settling should be negligible over the range of conditions
employcd. This was confirmed cxperimentally by the fact that no, significent éif-
ferencco in colloction efficiency were obtained when the gas was pasoced horizozn-
tally through the filter peds or vertlcally up or dovn through the puds. v
It 18 mown thet the Reynolds number, Nzs, has an influence on the flow pat-
tern arcund single cylinders and, honco, would be cxpacted to influcnce deposition
officioncy in ihnt case. With proximete cylindors, es in fibrous filter pede,
howovor, tho Roynolds number should havo no offect provided it is not above &
valuoe of on tho order of 1. In tho current tests tho Roynolds nwibor wos lees

e e
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than 10 cid usunlly lesa Jhan 1, The aboscenco of o Reynolds number cffect on tho
flow puttern 1o furlhor substantiatod by the fact that the prossure drop through
the pads was ossentially a lincar function of air volocity., For Roynolds numbers
. greator than 10, however, a distinct effect would be expocted, ulthough this re-

gion 1is beyond thc ocopo of the presont test data. .

The data show no distinct effcct of packing density on target efficilency
although there is an indication that higher donsities rosult in somewhat higher
targoet efficiencies. Sinco bed densities were not varied widely, however, theoeo
indications are not sufficiently beyond the precision of the measuroments to be
conclusive. Actually it would be expocted thut higher bed densities would com-
press the streamlines around the fibers and yield highor target efficiencies.

For the range of densities investigeted, however, it may be concluded that den-
eity has no major effect on target efficlency.

From the fact that & correlation was obtained by neoglecting olectrostatic
elffects, one might conclude that electrostatic effects were of no mejor signifi-
cance in these tests., If the elecctrostatic soparation nuzber followed the same
trend in all the tests as one of the other separation numbers, however, this
conclusion would not be valid. An examination of the various scparation numbers
~-will show that the group Nggi, which is a measure of electrostatic deposition by
induction, would be directly proportional to the diffusional separation number,
Ngg,» if any surface charge, €44, had been the same on all the pads tested. While
this would represent a coincidental condition, it is not an unlikely one. The
only direct evidence against this possibility 1s the fact that the target effi-
cicncies obtained arc of the order of magnitude that would be expected if 4if-
fusion were & controlling factor in the absence of inductive deposition. Con-
sequently while it cannot be conclusively demonstrated that electrostatic
effects were ebsent, ‘it can be concluded that any such effects that might have
been present were not major factors, :

‘Compariscn with Other Investigators: 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 acrosol that was
Quite hetecrogcneous and, in addition, involved considerable uncertainty as to
the magnitude 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 seme basis as Figures 2 and 3, the data of Blascwitz and
La Mer indicate qualitative apgrecement with the present data.

The date in Figures 2 and 3 suggest limiting curves for Ngr = O. These
have been drawn in as dotled 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
Ngy of 0.27 below which no deposition by inertiel intorcepticn can occur at low
Reynolds purbers, although ho gives no dotalls as to the method of arriving at
this value., This value was usod as an asymptote in drawing the limiting curve
for Ngp = O in Figure 2. Alco shown as a dotted curve in Figure 2 arc the
calculated values reported by Iangmuir end Blodgeit (5) for potential flow.
These values would correspond to the terget efficiencies to bo ocxpacted for pure
inertial interception et very high Reynolds numbera and should be much greater
than those for viscous flow,.

Davies (2), Langmuir (4), Lewis and Smith (), Renz (7), and Stairmand (11)
have 8ll dovolopod epproximate anulytical expreosions for target officiencies
under conditions of purce diffusion to singlo cylinders. While thoso expressions
Jiffer by sovoral-fold fectors owing to differonces in 8implifying asoumptions,
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that of Langmuir is pro~ably the most accurate. Langulr's cxprosslon falls be-
low tho dottod 1lino of Figure 3 by a factor renging from 0.5-to 3-fold. Iecwis
and Suiilh oblain rosultsc 705 highor thau tho dotltod lino while Staimmand is
higher by & factor of 3. Ranz is in approximato eogrocment with langmuir, It
phould bo remcenbercd that theso analytical expressions aro for single cylinders.
Bighor target officiencics would be expocted for proximate cylinders, '

APPLICATION ,
/

Figures 2 and 3 glve a quantitative representation of deposition in fibrous
filter modia at low Reynolds numbers (lcss than 10) in the absence of significant
thorual, eloctrostatic, or gravitatiocnal effccts. They are specific, however,
for an interaction number of 2140, To obtain a generalization of these curves,
it would beo nccessary to obtein similar curves for a range of the interaction
nunber., 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 valuocs of
Nge, the curves of constant Ngr would lie above thosc of Figures 2 and 3. 1In
oithor case, howover, the curves of constant Ngp would approach those of Figures
2 and 3 at high values of N_g or Ngy (i.e. at tho right-hand side of each figure).
In other words, for high values of Ngi and Ngg, the curves of Figures 2 and 3
would be sensibly independont of Nge.

To use Figures 2 and 3 for genercl design estimaltes in the absence of more
extensive similar date at other values of the interaction number, the following
procedure is suggested, TFor the specific values of the seperation numbers Nge,
Ngi, and Ng4q involved in a particular problem, calculate from Figures 2 and 3 the
target cificiency corresponding to each of the three combinations of two of the

peperation numbers. In general, this will yleld threo velues for the estimated
targot efficiency. For the singular case where the interaction number for the
spccific problem is 2140, these three values of target efflciency will, of neces-
sity, come out equal, If the interaction nuwber is less than 2140, use the ‘
highest of the three target efficiency values obtained. If the interaction num-
ber is gredter than 2140, use the lowest of the threce target efficiencles ob-
tained, This approximation should yleld estimates that ere correct within a
factor of two for the range of conditions likely to be of practical interest.

SUMARY AND CONCLUSIONS

A method hes been presented for generalizing the principles governing depcsei-
tion of serosol particles in fibrous packing by the mochenisms of flow-line in-
terception, inertiel interception, and diffueional deposition. Experimental data
heve been obteined which express these principles quantitatively for an inlerac-
tion number of 2140, In the ebsence of more extensive datm over a rango of in-
teraction nuzhora, a moethod is suggested for utilizing the present data for
general design or perforaance cstimatoes,

Tho following 1o a list of indicatcd diroctions for further research to fully
develop the fundementals of aerosol deposition in filters:

1. Confirming Data. In this flold, with its many uncortainties rogarding
basic tochniquos of measurcmcnt, it is especlally desireble to obtain conparisous
with othor date obtained independontly and proforably using difforceant tcchniquea,:-
Literaturo dato currontly available aro not sufficicently complete to enable quan-
titative ccupurisons to bo nudo,
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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.)

Stokes-Cunningham corroction fuctor for moan froo path of gus moloculoo,
dimensionloos.

thermal conductivity of aerosol particlo, (cal.)/(cm.)(%K.)(sec.)
mass of filter pad through which gas flows, grams, .
Avagodro"s number = 6.023 x.1023 molecules/(gram mole).

Reynolds number = Dy v, p/u, dimensionless.

separation number, dimensionless.

interaction nunber = 18 u/ky pp, Dy, dimcnsionless,

diffusional separation number = /u0 Dy, dimensionless,

= electrostatlc separation number for effect of charges = hne' ebs/“ e} Dp
- Ug, @imensionless.

1.

electroatatic separation number for effect of inductlon = km‘:bg D 2

(65 ~6)/1b62 Dy g, dimensionless.

flow—line interception number = DP/Dbl dimensionless.

gravity separatlon number = u%/uo, dimensionless.

inertial interception number = kj Py Dp2 u,/18 Kk Dy, dimensionless.
thermal separation number = [k/(2 k + kp) 1 (T - Tp) /71 (1 /ky p'Db 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 aba.

superficial gas vclocity.(based on filter face area), cm./secc.

terminal settling volocity of aQrosol purticie in gravity field, cm./sec.
permittivity of gaa, (atatcoulombs)z/(dyne)(sq. cm. ).
permittivity of aerosol particle, (statcoulomba)2/(dyne)(sq. cm. ). |
fiber density, g./cu. cm.

sorosol. particle density, g./cu. cm.
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I = gas viecédity, poisoo,
€y = fractional volds in filter pad, dimensionloss.
p = oloctric chargo on particle, statcoulombs,

€pg = ©loctric charge on fiber eurfaco,_(Btatcoulombs)/(ﬂq. cm. ).

ﬁ = overall fractional colloction efflcioncy, fraction of particles entering
filter that are doposited in tho filtor pad, dimonsionleoss.

Ny = ratio of cross-sectional areca of tho original aerosol stroah, from which
yarticles of a given size are romoved becausc the pdrticle trajectories
intersect the fiber surface, to the area of the fibers projected normal
to the nominal diroction of gas flow, dimensionless,

¥ = "a function of."
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' _ +  AIR CIEANING
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 clecaning. 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 lad for
the stimulus r eived there in 19951 whoere their scrubber was demonstrated. We
used the saran oed roported by them, The rosemblance cends there, however, and
our results camunot be comparcd with theirs. We were seecking a 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 lift, and
containing an integ-al reservoir." A downstream exhauster is universally used.

The unit may by said to have two major portions, upper end lower. Tke up-
per portion conteins gas inlet port, liquor discharge, sprecader plate, saran bed
disengaging space and gas outlet. The lower contains the air lift feed and
reservoir of scrubber liquor. The assembly 1s tubular and has been mede in three
sizes, our so-called 2", L" and 6" sizes. The 2" and 4" sizes are self-containecd
* in polyethylene end indusiriael glass Pyrex pipe sections 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 34 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 determlnod by cut and try mothods that the optimum.
air line tubo diamcter wue 7 mm inside the air 1ift tubo of 16 mm.

218  WASH-170
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Obsorvo in the above date the thruput is dircctly .olated to bod diamotor,
Laboratory officioncy toots have boon run only on tho 4" sizo with and without
an upstroam condenser. Vapors from bolling 12.6 M HCX mixed at tho vapor picrup
with room air to make up volurno was the tood material, Honce tho concontretion
droppod as volumo wont up. Total acid in cach run was 100 ml boilod to drynces.
Tho teots woro ropostod with 16,2 M ENO3. Efficicncy calculations aro based on
back titration of scrubbor liquor which was 2 N NaOH. Rosults are exprossoed as
%'femoval to scrubbor ligquor from the air stroam, .

CFM L" scrubber 4" scrubber with condonsor
5 . 66 - 100

3 71 ' %

1 88 ' -

" HNO3 tests

5 58 S -
3 -k 67
1 - 98

*Not determined; acid reacted with tubing used in asscubly.

In one application 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 1s 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 as expected but not
60 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 important. It might be said thet
it concerns not air cleaning, but a method of avoiding a prcbable failure of air
cleaning. A few introductory remarks are necessary: At UCRL we encounter our
major air cleaning problems in connection with investigations on the transuranics,
Substantially, as you know, these erc elphsa emitiers; some of them are beta-
gouma and neutron cmitters es well, When tho spocific activity is high & very
small percentage loss to room alr or to stack gas will result in excecding the
AEC limits for eir pollution.

When one manipulates substentisl quantities of high specific activity ma-
terial and the treatments involve hecating, cooling, stirring, transferring, gas-
sing, centrifugation, precipitation, dissolving, evaporation to dryncoss end e
host of energctic chemical reactions, the chanceo for acrosol formaticn end die-
persion ere considerably enhanced.

Since in roscarch practice it never occurs that tho sequence of procesoing
ovonts, or conditions surrounding oach ovont, in duplicated in Buccosslve cxperi-
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"sausago link" preparced by the usual heat-soalin, tochnic, All components of
tho gystem aro liquid, solid and gnocous waste roceivers as such, and will bo
concroto Jackotted and buried at the tormination of the oporations, with the ex-
ception of the accumulator tanks. It is planned to sample the bags In these and
assay their contents by three methods: filtration, ESP and vibrating recd clec-
trometer, Attempls to clean the accumulated gases are planned and will be proa-
ecuted if time and the assays permit. In the event of poor success the gascs
will bo compressed in stool cylinders, Jacketted in polyethylene and encased in
concrete for burial. .

Wo have become truly amazed at the detailing requircd. The two opcrating
boxes require eloven gloved boxes to serve them, 1200 feet of polyethylene pipe,
500 hosc clamps, over 150 valves and much other impedimenta. The cost is of
', courso commcnsurate, The designed capacity of tho system is 615 cubic feet with
a two-fold safecty factor on volume. It is enticipated the equipment will run
" continuously for some 60 days. An example of tho complexity a closed system re-
quircs may be given, Consider the sole factor of cnvironmental temperature veri
ations. Wec 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 ¥ would cause a
change of pressure in all volds of the apparatus of sbout 13" w.g. Stated
another wey, 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 and controlling ap-
paratus and provisions made for tempering the ambient 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
sbove headaches could be avoided when we run into this type of problem again.

+




A CONSTANT VOIUME RADIOCHEMICAL HOOD
/

By G. T. Saundors, CR&D

DESIGN PHILOSOPIY

In 1951, desipgn criteria werce being esteblishied for a new chemistry labora-
tory to be built by the California Rescarch & Development Company, end studies
wvero undertaken at that time to dotermine the type of radiochemistry hood that
was to be uscd. The first requircment established was that the hood must be an
integral part of a constant volume central cxhaust system, Secondly, and op-
posed to a constant volune unit, it was deslred to obtain a constant face veloc-
ity regardless of door setting. ILastly, it had to bo inexpensive.

An examination of commercially available radiochecmical hoods and those in
current usc at A,E.C, sites showed that none could mect our three dcmands. The
problen was resolved by the desipgning of a hood that was formulated around
severel features:

1. To mect constant volume and constant face velocity -~ which we set et
approximately 100 FPM -~ 1t was determined 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 instelled immediately adjacent to the
hood outlet and at floor level to facilitate ease of change.

3. The hood must be readily portadble and must pass through a standard
3+0" x 70" door.

4. It must be easily disassembled so that in the event of contamination

" 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 air foill -- with foll it is 3'1—1/2” deep. It is constructed
throughout with mild carbon stecl. The ceanopy and coverplates are of sheet metel
end the supporting members utilize standard structural shapes. All surfaces that
are exposed to either corrosion or contaminatiion are finished with & baked phe-
nolic rcein., The hood opening is equipped with a rcmovable air foll to insurec
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 slnk

The hood section and the by-pass 'section both have a face areca Qf 11l square
feet; the hood window 1o likewisc 11 sguare feet and as it is moved up or down
the totel eir intake erca rcmains at 11 squarc fecot., With an average face ve-
locity of 100 FFM, tho volume remains at roughly 11CO0 CF}

The air from both the hood and bypass compartmento pass through the filter
units at the base of tho hood. A fiberglass prefilter is provided for each of
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two 27 x 2' x 5-7/8" cWS #G (equiv.) filtors connccted in parallel. The total
air volumc in the unit can bo adjusted by mcans of a butterfly damper located
downstream from the filters., An indicating manomctor shows tho preussurc drop
across the filter bed, and as the filter loading incroascs the total air volume
can be adjusted to a maximum of 3" static pressure drop across the filter bed,

The concrete slab construction of thoe building precluded any service base-
ment so that a furred-in space is provided at the side of the hood for the util-
itics and duct run from the floor to ithe ceiling. 8Since two or more hoods are
normally instelled side-by-side, thc common usage of the utility space is eco-
nonically achieved. All valves and controls arc mountcd on the pancl between
the hoods,

The hood 1s quite simple to disassemble., The upper hood and by-pass section
restis by gravity on the supporting structure. By disconmnecting the utility out-
.lets, the top section can be lifted off and taken from the room. The lower fil-
tor box and supportinﬁ structure can be remnoved by disconnccting a coupllng to
both water drain and to the air ducts.

The filtere are changed by removing the cover plates and withdrawing the
filters horizontally.

HOOD DEVEIOPLENT

In order to ascertain the air currents, pressure drops, and general flow
characteristics of the hood, a unit was mocked up to be run for smoke and ve-
lometer tests It was essentially as shown in Filgure I and was used to deter-
mine optimum beffle, air foil and opening sizes. The unit was also used to de-
termine the effect that each component had on the other,

In the original concept a simple'vertical edjusting 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. However, the total
air volume remained fairly constant since the major pressure drop was concen-
trated at the narrow exhsust outlet between the hood and filter plenum,

. 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
dccrease the air volume (--thus velocity--) in the lower hood section when the
hood door was lowered. This mechenism works in this fashion: when the door 1s
closed to 10" or less from the bottom, the operator may move the baffle to a
partially closcd poeition by pulling a handle on the control pcnel. The baffle
locks in this position until the door is raised at which time it returns to its
originel position. If there 1s no objoction to the higher face velocity, the
baellTle doos not have to be closed. Figure III (S1id¢ 4) 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 the baffle showed that a more laminar flow of ailr was achieved
with it than without it, and there was o mininmum of hood turbulence rcgardless
of door scitting. There appcared to be no back-up of air from one compartment to
the other, although, es would be anticipated, thero was an increase in stegnated
gir in the bottom (hood) compartment as the door was lowered. Experiments with
various sizco of air foils showed that there was little variation in effect duc
to sizo. FHowover, the larger ono performed better. Tho final radius was the
maximum curvature to £it the physical installation limitatlons imposcd by both
building and porsomnel accoss., Slotted falrings were found incffective et tho
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rolativoly low velocitios involvod. It is woll to ainlo, howovor, that tho flow
patterns with tho air foils wore muny timos bottor than without: the ovorall
air pattorn was laminar with, but turbulent without, tho foils.

EOOD LIMITATIONS AND COST

There aro limitations, of courso, to this type of hood. The most obvious
one is that the numbor of hoods to a room is limited unless spocial air supply
devices aro used. This is duo to the constant volumo aspccts of tho hood.

The installed price by a commoerical fabricator of fiftoen units wap approx-
{mately $1000 cach, No attempt was maode to determine the cost of a smaller num-
ber of units.

As in @ll initiel designs, therc aro arcas of improvement end wo feol If
additional 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, Simplify beffle linkago. : .

3. Use countor weights on door instead of sash balancos.

CONCIUSIONS

The hood hes proven quite satisfactory in operation and we fesl thal the
desirable features were obtained at a minimum of cost.

- Hinged Air Baffls
Plate

Abr By-prse — Divider Panel
) .
Nood Door
" +
Yorking Area —— \ ’

- Air Foil

N e - ﬁlun’—\'//7/////

Centrat Exhoust
b 71

FIGURE I

SCHEMATIC DRAWING OF HOOD ELEVATICN
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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 lyrl E. Wilson, 2nd Lt.,USAF

A survey of laboratory acquired infections in the Unltec States
repoz»ed in 1951 by Sulkin and Pike (l) tabulates a total of 1,334
infections acquired in the laboratory. Filtration of exhaust air from
ventilated bacteriological viork hoods aﬁd from rooms or buildings used

o in the study OL hlghly 1nfec»10us diseasecs ulll therefore assist in ‘the

reduculon of laborubory acqulred infections,
| At the last Alr Cleaning Seminar a paper was presented on the "Removal
of Baccerla and Bac»erlophage from the Air by Glass Kiber TFilters." Liention
was made at that time that prellnlnary tests indicated a higih filtration
effiéiency of microorganisms through glass fiber paper filteés. Since then,
}a number of tests have been conducted on éhis 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 systems, S .

The glass fiber filter originally developed jéintly by the
Depaftmenﬁ of the Navy and the National Bureau of Standards is now being
procuced commercialiy. This filter is es thin as coarse paper (10 mils).

" The fibers arc known comncrcially as.type E Glass Micro Fibers, have a

melting point of 1450 F, znd an averagz diameter of 0.5 to 0.75 microns,

WASI-170
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A sesomd now type of filtc; papor is boeing devcloped by a resecarch and
eogineoring oyganizabion. This second type is composed of a mixture of
class fibers and asbestos fibers, Figures 1, 2, and 3 show the fibers
as they appcar 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, It was reported at the 1952 meeting that
two layers of PF iOS spun glass exhibited an efficiency éf 99 per cent in

removing Serratia indics from 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 eflficiency of the filter papers. The test equiément is iilustrated
in figure 4. The organisns were atomized by é Chicago type nebulizer

into a cloud cnamber 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 into a post-filter sampling chember,
and finaily exhausted by means of a blower to tﬁe outside air, Biological

material from this nebulizer is not always unicellular, becausec

aggloneration o£ 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 drawn
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 scerially 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 minute penetra-
tion of § 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 dabinets fof biological decon-
tamin#tion purposos, tests wers conducted to determine whether the passage
of stoan through the type E glass filter muterlal 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 apparent change in filtration efficiency.
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CONCLUSIONS -

. ~
The data obtained on the riltering efficicency of the filter pads and

papers are niost promising, ¢nd indicate possibilitics for wide practical
application. Results of our carlier work sﬁowcd that two } inch pads of
-1.28 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 ot air filtration systex would be satisfactory for general
building exnaust supplies such as in.hospitals and in industrial concerns,
hHowever, in spccialized eircuanstances such as in the case of some research
institutions wnere organisms may be handled in large nwibers 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 heat,

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., Rosearch Fellows
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 charged 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, we reviewed existing 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 chargo Qp

in en’ electric field of intensity E surrouncing a charged fiber.is as

follovwesgxx

% Senior Sanitary Enginoer, U. S. Public Health Service on assignmont
from tho Eavironmental Health Ceonter, Cincinnati, Ohio )

#%x Tho units used aro in the "unrationalized" cpgs or Gaussian system. Thet is,
F is in dynos, ¥ in ststvolts/cm, Q in stetcoulombs, and r in centlueters.
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}
Tho fiold E at a di.tancoe r from tho axis of u'long'slondor fi£or chargod
uhiform]y with Qf units of charge por contimotor of length is as follows;

E = 2Qp
m M

Since tho rolative dielectric constant k for air is nearly 1, the Coulomb

force experienced by the amorosol particle in air is;

F, = ZQPQr
: r

Thus, the removal force is a function of the product of the charge on the
individual pa}ticlc and the charge 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
efficiency. Conversoly, a-positive valuo would indicate a iowering of
ef ficiency.

In tho case whero one of the ?omponentb is charged and the othor is =

dielectric, the force between the two may be a polarization force?, An

N

uncharged particle whoso dielectric constant differs from that of the
surrounding medium oxperiences a net force when plaéed in a non-uniform

eloctric fisld.

Consider an uncharged particle in the noa-uniform field E surrounding '

a long slender charged fiber ' in air., The inductive force on a particle of

volﬁmc V and of dieclectric constant k¥ is as 'follows;

Fp = (k~1)VE é E
: L7 >
whoro r is the radiasl distance from the fiber,
Thus, tho ocollecting force on a dielectric particle is rolated to the

absoluto value of tho eleciric field surrounding tho charged fibor, as woll

66 the field grediont, The motion of tho particle will be in direction of
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tho greatest fiold &trength, that is, towerds tho fibor, rogardloss of the

D — :

polarity of the fiber. éinco E = 2Qr, Fp = (k-1)d3Qr?2 whore d is tho
: r : 6r
particle diamcter.

An evaluation, therefore, of the role of eleotrostatics in filtration
must conéorn itsolf with two compononts = particle charge and fiboer charge,

In this study we have divided our investigations into two phasos. The
first phase 1s concerned with the effqots of particle c%urgo on fhe filtration
officioncy of an initially uncharged fiber filter. The ramaiﬁder 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, Some exploratory
work on this aspoct has besen initiated, and brief mention will be mads of

’-

tosts in progress, / '
a) Aerosol generator g
~ Figure 1 shows the general layout of the ;ntire tost assembly, 4

15 inch diemster steel drum'open at the top houso$ a ‘constant spoed motor
driving a horizontgl 4 inch diameter brass disc.* From an overhead constant
head tank, & solution of 0.1 percent methylene blﬁa in 95 poercent ethyl
alcohol is fed through a hypodermic needle onto the 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 the main ones, The diamoter of

tho maln droplets 15 & function of the rotational speocd, radius of the diso

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 Valton & Prowottd,
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through the drum inlorcopls tho satollitos and convoys them 1nt; the inlet
of tho 5 1/4 inch tost duot. Contact with dry room air rosults in tho
evaporation of othanol from those dropl&ts and solid sphores of methyleneo
“ bluo aro foried. Particlo size distribution, determined by means of & Cascado
Impactor ‘having a molocular filter (MF or Milliporo Filter)s as.the fifth
stﬁge,'showod the aerosol to have a mass madian diamoter of 2,0 i 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 aerosol,

b) Aorosol charging device

The serosol 1s Eharged by means of an fonizer section containing
a series ofbélectrodes.consisting of fine wires end coplanar brass cylinders,
A diroct current powsr supply furnishes controlled volt#ges up to 12,000 |
volts and ion currents up to 150 microamperes, A uaipolar corona discharge
is established bet;een the wire and cylinder electrodes. Particles entering
the el&ctric field betwoen the wire and cylinder are charged as a result bf
 ‘bombardment of ions having the samo polarity as the %ire. The emorging
aerosol, thorefore, possesses & charge having predominantly the same polarity
as th; disﬁharge olecerbde. Aerosol charge could be varied from tost to test
by varying the lonizing voltage and current, |

e) - Sampling

Sampling probos placed oh either side of tho test filter permnit
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 § 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 wus
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 connected to
the Faraday cylinder. The éapacitance of the entire electrical system
including fhe meter is dotermined by.a capacitance moter#, Electrical
shiolding of the moasurement 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 potontial 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 aerosol por unit of
time, Appropriate corroctions are made for the charge carried by rir ions,

atmospheric dust and alcohol vapor.,

Knoving thoe norosol concontration upstream of the filter, as dotermined
by the upstream sampler, it 1s possible to calculate the woeight of moethylens

blus collectod on tho filtor aftoer corrocting for measured filtor efficiency.

% Gonoral Rudio 1612AL R-F Capacitance lotur O to 100 pyuf,
v¥ Ynoro ¢ 1s in Statcoulombs, C in Statfarads and V in Statvolts.
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From thoso data tho ratio of charge 'to mass In torms of statooulombs por
graia caﬂ bo calculatod, Since tho modian poarticle sizo is known, a roasonabdbly
accurato approximation of the avorage eloctron charge units per particle can
be odtainod, |

B. Test Rosults

Two sorios of runs were made, one with positively charged particles
and the other with negatively charged particles, The suporficial filtering
volocity was 33 feot per minute with a filter resistance of 0,024 inches Wege
Aeroscl loading rangoed from 0;10 to 0.65 mgs/&ubic ﬁotor for nogative anerosol
tests, and 0,19 to 1.7 mg%/bubic moter for positive aerosol tests. Although
the filter used for the negative serosol was a.different one from that used
with tho positive merosocl, the medium, packing dc;sity, filﬁration velocity
and resistance wore guite similar, ‘

It will bo noted that the filter officiency at zero charge was different
for the two filters, This is of little significance since these tests wero
concerncd only with the reletive effect of aerosol chargs on penetration.

Tﬁe shape of the Curvos in Figures 3 ‘and 4 indicate that the filter
efficioncy gradually increases witﬁ aerosol charge f;om an initial value at
zero charge to a moximum value, remaining constant with Increasing aerosol
charge, Tho results are simller in the case of ths posifive and nogative

aerosols.

The meximua increase in porcent removal duc to charge in either case is

. /72.5-64.5
the scoums, namelyt___strg_.

85-75.5 = o ; 3 s \ ' ;
2.2 1100 = 12.7% for the positive aerosol, Also noteworthy is the fact
7445 ' .

that, with either polarity, the maximum efficlency is reached et an aerosol

100 = 12.,4% for the negative aerosol, and

charge of about 2 x 10° statcoulombs per gram.

Tost rosults can bo oxpleinod as followsy Tho initiel or "zero chargo™

. - - Lo
DN A -4

REE R
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poﬁot?ution through tho filtor is dotermined by its inhoront mochanical
£iliration officioncy: As filtration timo incroasos, tho deposition of chnrgéd
partiocles on tho filter gradually causos it to become charged. As this filter
chargo incroasos, tho olectrio ficld at tho filter surface becomes moro intense,
Thus, epproaching charged particlos experienco an inoroasing Coulomb repulsion
until the electric field is sufficiently high to rotard or ropel oncoming
pnréiclos.

For the purpose of éhis discussion let us assune thdt the fil£er surface
- reprosents a uniformly charged infinito plane. This, admittedly is an over-
sinplification of tho fiold conditions, but nevertheloss it is a limifing
08564. Then; E =274  whore E = Electric field intensity

o = electric charge density at filter surface

k = djelectric constant = 1 for air.

Since the repulsive foroce F, on an approaching partiocle with a chargo of
Qp is &s follows; Fog = EQP, thon F =.EZZLSR. but o~ =4$i£- where
AQ is the filter oharge increment per unit of fiie. Therefore Fg = 27A5¥t‘Qp

’ ' ' Ak

This electriéal replusion causes the ;artic}és to dscelerato. However,
as the particles slow dovn the visoous drag force of the airstrozm on the
“partiocle increascs as followsy
| Fq = 377'7'd.AV - Fq = drag force,
2

d = particle diameter

viscosity of air

]

AV = velocity of particle

rolative to the airstrean.

Since F, =Fy = 379d &V, Av(fpn) = (2.6 x IOS)AQ°t-QP
Valuos of AV during filtration of pccitivo merosols of rolatively lowr

and high chargo respoctivoly were calouleted and plotted in Figure 5, It

_— . [ -« e
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will bo notod that tho_{gpollingioffoot of tho filter, as it g;uduuliy
bocomos chargoed by virtuo of dopositod chargod particles, is of significant
magnitude. This reduction of particle &olocity roducos filter ponetration
sinco it incroases the effoctivoness of such removal 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 compsarison of the slopos of tho two curveslit may be inferrod
that at aorosol charge vikluss slgghtly 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
maxiﬁum value. This is in genoral agroement with'oxperimoﬁtul results showm
in Figure 8 which indicaté that percent romoval of acrosol roaches a maximum

st an aerosol charge of about 2 x 105 Statcoulombs per gram,

The ebovo 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 {ield et the surface of the test filtor %s,more
complex than this. The actual cherge density at the:filter face is lower
than assuned, and therefore the electrostatic effects oro less marked.
Nevertholoss, theso figures sorve to demonstrate the gonoral charecier of
these effects end how thoy vary with aerosol charge.

The feilure of the filter to attuin & removal value closer to 100
porcent may bo attributed to the fact that.tﬁe t;st gerosol was not complétely

homogeneous in size and not uniformly charged, consequently, there existod

particles possossing e chargo bolow the critical value. _ .

III. Effoct of Fibor Chargo on Filter Poncitration

A3 montionsd proviously, tho eloctrostatic mochanism in filtration
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‘involvos two componants - the partlcle charge and the fiber charge. The
‘former wns discussod above, howevor, tho fiber charyge effects may boe of

equal or greater importance,

The attraction of airbornc dust end lint to synthetic fibors and fabrics

"during toxtlle processing opsrations 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 moeasuring 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 range 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 end 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 witﬁ weight,
Plotted on logz-log paper, the average slope of theso curves is -9;38.
'Analysis of thesé date disclosed that theso results ere in close agreemsnt
with the thoorotical rolationship botwoon mass and tho ratio of charge to

mass for u gphere having & uniform chargo donsity on its surfeco. A comparable

- . - g e e

-
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plof of this‘;olutionshig would yiocld a line with a slope of ~0:33.

Thoso rosults roprosont oxporimontal verificention of tho fact that in
-chnrging fibors in this mannor, esscntially the not charge is distributed
on tho outer surface of the fibor>wud, sinco tribo-electrification cﬁn occur
only at the contact su;face botween tho wad and the hand or glus; cylinder,

» This mothod of charging therofore was not considered satisfactory as it
}did not distribute the charge throughout the filler 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 method is likewise tribo-electrification. 1In 2 series of tests, known
'waights of Saran fibers were hand carded end dropsod into th; Fareday cage,
Froﬁ £he voltage reading and capacitunce.the fiber charge was calculated,
The results are shown In Figure 8., Each point represents aﬁ average of 5
measurements,
The significant conclusions to be derived from these r;sults ere as
follows:
1. The plot of Q/¥ vs Q 1s based on 2 series of 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 maethod involving rolling iﬁ a glass gylinder,
V thus demonsirating the gro&ter>§}?octivenes;:of this techniéuo for charging
the fibers. /
3. Tho calculated valuc of moximun surface charge density on the |
fivers is 6.8 statcoﬁiombs per cubic moter which comparos(quito fgvorubly

with roported values of chout 0.6 oncountored in industrisl practice, end

e e e [ - v M vt
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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
these high valuos of fiber charge could be roached after only 3 or 4 strokes
of the hand carders, Thus it was concluded that these results represonted
tho limiting charge densities attainable by this tochnique.

’ Sinco this mothod of charging the fibers is relatively simple, roproducible,
and capable of genorating satisfactorily high charge levels it was adopted

a5 standard procedure for this phase of our studies.

Iv Conclﬁsion

It is planned to construct fiber filters chargod in this manner to
dotermine tho relationship betwoon charge intonsity end aorosol removal
efficioncy. Also of intorost will bo the life of such z charge and its
variation, if any during operation, From such investigations it 1s hoped to
obtain a botter understanding of the electrostatic effects. in aerosocl |

filtration.
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FURTHER STUDIES OF FABRIC DUST COLLECTORS

by

Charlos E. Billings, Richard Donnis
' and
Loslio Silvormen
Harverd School of Public Hoalth
Departmont 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) furnishod by the Safety Car'Heatigg and Lighting COmpany,
Inc;, (Entoloter Division), Arranéements for the loan of this device
(originally menufactured in Great Britain) were made through the New
York Oporatious Office of the Atomic Energy Commission. .

The Entoleter unit is a multicompartment bag collector omploylng
cyclic sutonatic rapping (assisted by back flow air) to keop bag
pressure losses within a limited range to insure a nearly constant air
handling capgcitj. The collector was intended prim&rily 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 charecteristics of the Entoletor unit oa fino aerosols, i.e.
talc and fly-ash, 2.5 end 16 microns mass median diamotor roape;tively,
when oporstcd at rated capacity (10 cfm/sq.ft.).

Comparisun of test datu with that obteined from a Hersoy rovorso-jet
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collootor ovorating with similar aorosals and filtration volocities pormlts
ﬁuttor ovaluation of tgo officiency and pﬁossu;o loss churacteri;tics of
the Enfolotor unit. No data has beon'publishcd (except preliminary data -
in NYO 1588 (3)) on the Entoletor collector with dusts whose sizes aro in
tho rangs 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 to 3 fpm)

II. Desoription and Operation

- A. Entoloter Unit

| The Entoleter unit\testod has four compartments connscted on
the bottom to & common inlet heador and hopper, and on the top by meens
of individual dampers to & comnon outlet header.’ Each compartment con-
tains eight sateon woave cotton bags six feeg long and eight inches in
diamator (100 sq. ft..of cloth). The Eags are éttachod at the bottom to
a8 manifold plate and at the top to a frams, The m;nifold and frame saro
conneoted rigidly togother by rods so that when a section is rupped the
bags are lifted and droppéd (abou£-1 1/2 inches) as a unit, thus preventing
"distortion or collapse of the filter tubos; The dampors at the top of tho
unit connect to the lifting gear so that when a cgmpartment_of bags is
rapped, primary sir flowv to tho fan shuts off and the compartmoent vents
to atmosphoroe pqrmitting a current of back-flow uir to assist the rapping
in dust removal. |

In normrmal opora£ién dusty eir enters the bottom of all iubcs, passes

up tho insido, filtors through the ¢lolh, and leaves tho compartimont
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through tho'd;mpur soctions, During its 5.2 minute cycle, each section is
simultancously liftod snd droppod in rotation whilo shut off from tho
fan and vonted to atmosphoro. The cleaning oporation consisté of four
such raps with back-flow air. The compartment is ropluced in sorvico by
" shifting tho damper automctically to its opon position. In the test
unit thoe total air flow to the‘fan is governod by the number of compart-
ments filtoring, and tho amount of back-flow air enterihg whon orosection
is cleaning.

B. Hsrsey Unit

The reverso=~jot eir filtor consists of a cylinder of wool felt

. 18 inches in dismeter coanected to a top inlet plenun end & bottom hopper,
Dust doposits on the insido of the cylinder and is blovm into tho hopper
by a reverso-air jet from a slotted ring travgrsing the outsids of tho bsag.
Prosswre drop through thé bag controls cleaning action by regulating the
smount of ring travel. (In many applications the ring runﬁ'nll of the timeo).
Fabrio #elocity varied from 10 to 30 cfm/sq.ft. Previous_laboratbry data
roporéed (3) prossure drops from 1,0 inches wﬁtor gago to 4.5 incheé water
gage on 1,0 grain/bu.ft. of fly-ash to 8,7 grainé/bd;ft. of tsic, recpoctively.
Effluont loadings were in the range 1073 to0 107° grains/cu.fi. It wﬁs also
" reported that the intensity of reverse-joi aétion end filtrziion velocity

voth diroctly affect the offluent loading.

TIII. Porformznco Daots ) . -

It is possible to compare pressurc loss and peneiration charecteristics
of the Entoloter and reverse-jot unit from tosts at normal industriel
oporafing conditions (Teblo I). Loadinzs range from 0.1 to 1,0 groin/cu.ft.

with tale at filtrotlon velocitios of 7 and 8 cfm/3q.ft, and from 1,0 to




2ok ' WASH-170

5.0 gruins/Eﬁ:Ft. with resuspended (Cottroll précipitated) fly-ash at 10
cfm/sq.ft. |
A. Prossuro Loss

In Table I, sovural comparisons may be made of pressure loss at
constant inlet loading and filtration velocity. For examplo, in Tést 1
the reverse-jet unit hes 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 and the average ratio for all tests is 2.3
(sa50 aerosol at canstant loading)., Although tho revorso-jot unit has &

wool felt beg which is higher in clean felt resistance, cleaning by a

TABLE I

Comparisons of Resistance and Effluont Loading
' for
Her sey Keverse-Jot and Entoleter Bag Collectors

Test ' _Aerosol Capacity  Resistence Loeding - gr./cu.ft, Passaze
$ : efm/sq.l¢. iwg Inlet Outlet %

1 Hersey® Tale 8 1.6 0.10 0.011x107°  0.011
2 Entoleter " 7 3.3 C0.10 - 1.4 x107% 1.4
3 Hersey " 8 2.5 1.00 0.27 x10-%  0.027
4 Entoleter " 7 4.7 . 1,00 2.1 x10™° 0,21
5 Hersoy Fly-ash 10 | 1.3 1,00 0.36 x10™0 0,036
6 Entoleter " ‘10 S8 1.00 2.2 ;10'3 0.22
7 Hersoy v 10 1.6 5.00 | 0.80 x10™°  0.016
8 Entoleter " 10 4.6 5.00 4.2 x1075 0,084

« 160/ Blow Ring Operation, $lot Velocity 2000 fpm talc,
4200 fpm fly-esh,
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rovorso-jot .of air rosults in a lowor operating rosistanco. The cotton

.

satoon usod in tho Entoloter unit does not get the samo degreo of cleaning.
The revorse flow air in tho Entoloter amounis to a maximum of 306 cfm
distrituted over 100 Square feet of'cloth, or an sverage reverse ai£ velocity
of 3 fpm. It should be noted that tho primary function of the révcrsé elir
in this device i$ to remove the susponded dust dislodged by repping ihe
bags.and to prevent dust leakapge to the clean 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 require cleaning the bags ég frequently to maintain & specified

.resistance,

i

~

L

In evelueting these collectors (both at meximum clesning 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 —=

x 10€>operation. From NYO 1586, p. 26, Fig. 8, it is
possible to estimate‘tﬁo additionel resistance thet would be required to
operate the revcrse-jef cleéning mechenism gt"30 percent.n This increase
will be 25 percent if the 100 percent blow ring 0p§ration resistance 1s

" 5.0 inches water gege, With loﬁer resistances as indiqnted-in Tests 1, 3,
5, and 7 tho increcese 1s probably highor (up to &s much as 50 ta 75 percent
for low resistances of 1.5 to 2.0 inches water gage). This will not causs

the roverso-jot rosistanco to exceed thot of the Entoleter, but will put

thom much closor togotlior,
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All rosistances aro oxprossod as averages, Somo indicotions of tho
ranpo associated with the avorage are includod below. In test number 8

tho Entoleter rosistance is listed at 4.6 inchos water gage. Tho avoragg

nosistnﬂco or prossureo drops across the four sections wore 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 aftor shaking the veluo droppod

to 4.8 inches water gage. Tho averege listed is the averago of the four

units (et equilibrium), each wnit at its average operating resistance. In
/

tost number 7 the reverse-jet resistance is listed as 1.6 inches water

gage. The variation in resistance during one cycle of the blow ring is

~.

from 1.6 (dovmstroke) to 1.7 inches water gage (upsiroke).
B. Penetration | .
The smount of dust leaving the collector per unit air volume is
also seen to be lower in the reverse-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 greins/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. In tosts 7 ‘and 8 (5.0 grains/ocu. f%.
'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 inlet loading is less than 5.0 grains/ﬁu. ft.

At 8n aversge industrial loading of 1,0 grain/cu. ff. the factor is sabout

-7 for both test dusis.

In filtration through porous materials the deposited surface dust cake
i5 the principal filtering mechunism (8). In the reverso-jet unit this ceke
is dislodgod at only a small area and tho inconing dust can re-deposit

imnodictoly in this more porous arca., (Somo question exists as to how much

:
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of tho dopositod cake is removed), With tho ronoval of large anmounts of

the surfacd cako in tho Entoletor unit moro timc is required to creste 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 spacos betwoen fibers. With largor aerosol
poarticles (250 - 60 i) the differonces between these collectors mey become
less marked.
C. Evaluation 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 materials othoer
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) and glass (wovon, lubricated with siliconc).
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-ssh at an average loading of 1,0
grain per cubic foot to get an indicetion of actual industrial performance
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, sincoe tho dog?eo of depositod

Ny
ooke filtration doponds on tho charactoer of tho wodium upon which tho cake

[
S

2

o7
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= TASBLE I1

Comparisons of Efficiency of Filter Nedia

A. Atmospheric Dust at 10 cfn/sqg.ft.

Fabric Averago Inlet Weight
. Resistance Louading Efficiency
R §7:4 gr/cu.ft, A
Light Wool 0.07 0.10x10-3 75
Orlon 0.10 0.13x107% 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 Sulfsate at 10 cfn/sq.ft.
Light Wool ' 0.89x107° 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 5.5 " 0,033
Cottoen 5.5 oo 0.099
Heavy %Wool 5.6 " ' 0,034
Glass 5.9 " 0.0063
- : D. Fly-ash &t 10 cfn/s5q.ft.
Light Tool 2.6 1.0 0.028
Orlon 2.4 " 0.56
Cotton 3.0 ’ " 0.14
Heavy Wool 2.7 o 0.030
Gless’ 4.7 "

. 0.012




WASH-170 | 259

TABLE II1I

Fabric Comparisons
. with
200 gr./sq.ft. of Asbostos Floats, at 10 cfm/sq.ft.

‘aterial Initial Final _ Passajo
Resistancoe Resistanceo .
iwg iwg, %
oOrlon ' 0.16 0,95 - 1.4
Cotton ‘ 0.36 1.4 ‘ 1.
Heavy Vool » - 0.36 0.90 0.72
Glass’ 0.81 2.2 0.40

. is deposited, as indicated above (8) as well as the cake itselfl,

‘

As stated bofore (NYO 1586, p, 47) the use of the above fabrics for
low loadings (< 0.001 gr./%u.ft.) of radioactive particulatos woulc require

meny hundreds of hours of operation before filter efficiency increased to

90 poercent or grester, Therefore, the above bags have been trested with

asbestos floats as a filter aid and the efficiency azain 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 testiing. The same qrder of rating of fabrib is obtained as

was found in Table II for the basic éfficiency on copper sulfate. (The
final resistance i& not & direct measu}e of perforéanco}.

The use of asbestos "floats" and glass or Orlon bags can substantielly

"incrouse the operating tomperature limit for filtration of light serosol

loudings 4n tho Entoleter collector,
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IV. Conclusions
" A comparison of the Entoloter collector with fho roverso~jot filtor

at equal filtratjon velocities, dust loadings and with maximum cloaning

capacity shows (Table I) that Entoloter ponetration and rosistanco are

on the avorage of 7.1 and 2.3'timos highor, respoctively. Thoso data aro

based upon "standard" fabriocs supplied for each unit; cotton for tho

Entoletor and wool felt for tho reverse-jot unit. |

¥ith wool folt in both colleciors, ponoetrations ars 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 with tale,
as those of tho reverso-jet filter, ’

Tho wool felt is concludcd to be a better filter fabfic than cotton
sateen, nt the same filtration volocity and the reverse-jet is found to bo
& suporior method of ﬁlaaning wool felt,

The Entolotor unit offers the possibility of & wide choice of £iltor
fabr%cs for special applications, chiefly synthetic fibers for corrosiveo
problems, &snd glass fiber; for higher.tgmporature tpplications, subject to

field sorvice life tests not possible to mocomplish in the laboratory,.
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PERFORNANCE CHARACTHx . 105 OF TW3 MODEL K ELECTRO-POLAR FILTER
-Proliminary Report

by

Richard Dennis, Charles E, Billings and Leslie Silvorman, Harvard

In this paper the results of proliminory perflormance tosts are pro-
sented for the "Electro-polar Filter", an expeorimental aust collesctor
developed by the Westsrn Precipitation Corporation. The objectives of
the field and laboratory testing progrem on commsrcisl dust collectors
have been covered in a previous report by our laboratory (1). Those

studies arve intendsd to determine collector performance in eccordance with

<+

applications suggested by the manulacturer and also to investigate new
epplications by means of minor operating or design changes. The proper
evalustion of these data serve as a guide to the Atomic Enerpy Commission

end its contractors in the selection and applicatidn of commercielly
evailable Aust collection spparatus, ’

‘The Electro-polar Filter now under test was developsd by the
manufacturer's roséarch department and would probably:bc subject to design
chénges prior to marweting. ﬂEC representetives, contacted by the Western

,?recipitation Corporation considsred it advisable to have the uﬁitAtested
by the Air Cleaning Labor%tory so thut its practicability as an air cleaner
for low dust load systems could be detormined. Since the Electro~-polear
Filter is an expsrimental model there is littie background data with which
to compare its performance; Howovef, tﬁe unit emp10y§ PF 105 or P» 316
Fiterglos media as tho primary filtration elements, Those pads have =
basic weight collection efficiency of approximately 70 to 80 per cent
egainst atmosphoric dust and are suitable only for low,dust éonccntru£i0qs.
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By placing -the fivor pads within a strong eloctric ficld, olsclrostatic
forces arc oxpoctod to supplomont the usual filtration mechonisms (impaction,

intoercoption and diffuslon) thus improving the performancoe of the unit.

Descriptlon of Electro-polar Filter - Model K

The Electro-polar Filter consists essentially of a 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
designation 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 coated fiber
supplieé in l/kAinch bats at a paclting density of 0.6 lbs./ft3; The elsctric
fiold is furnished by placing the fiberglas mat betwéen two vertvically aligned
metal screens, The upstregm screen 1is ihsulatcd and maintaiﬁéd at & positive
potential of 15 kilofolts; the downstresm screen, 1 inch removed, is grounded
to.the unit, Scraen.conétruction coﬁsists of a Stamped dismond shaped
gratinz with a free arée of epproximately 80 percent, Totsal filtraiion érsa
comprises five identical screen secgions (20 iﬁch X 60 inch) erranged in a
row and all insuleted from each other. The entire screen section (total
aroa = 41.5 square feet) is eligned diagonally in & rectangular housing heving
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. -

The high voltage supply is furnished by a powcr pack with a rat;d
output renging from 11 to 17 kilovolts. Three hundred microemperes ere
aveileble at 17 Xv, snd at currents excecoeding 750 pip (resulting from

shorting or ercing) a safoﬁy control relay turns off the power,




264 WASH-170 . )

The powor pack is cnclosed in a 16 x 16 x 9 inch box whiqh occuplos
ono cornoer of the collector housing. To reduce excossive dust loadings
and prevent screon shorting by gross contaminants “Dustop" roughing filters

(in & bank of 3) are located at the inlet to the collector,

Rated Operating Conditions

* The Electro-polar Filter is designed to oporate at 3500 cfm 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 potential is‘15 Kv. Arcing betweon grounded and high
voltege 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 and turn off the power supply. In
somo instanceé of arcing a sizable hole may be burﬁt 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 reassonably good filters for aimospheric dust ﬁithout
superimposed electros?atic effects. Preliminary tests indicatle weight
collection efficiencies ranging from 70 té S0 perbent against stmospheric
dust at a filtration velocity of 85 fpm (PF 316 modia). Previous tests (1)
have elso shovm that similar fi£orélas modia (PF 105 end PF 31%) operate
in tho same genoral efficiency range. .

-

Electrostatic charge measuromonts upon PF 105 median have indicated

-

potentiels of 700 volts rcsulting from handling alono. High static charges

“ -

e

ye .
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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

. ]

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)-

(

™
g

X
~
—t
S

uaiform 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 and complote dotalls on all sepling

mothods havo bocn doscribed in previous NYO rcports (1, 5).

Tost Rosults

Proliminary tests on the Eloctro-polaf Filter were designed to cetarains
if the use of an eloctrical field significantly improved the basic pc;formunce
of the PF 316 fiber media. As shovm in Table 1, tests 1 and 3 with atmospheric
dust and tests 5, 6, 8 and 9 with copper sulfate indicate a#erage efficiency
incraasgs of 15 and 11 percent, respectively, when rated screcn voltage (15 #v)
was applied. Filter plugsing, however, illustrated by slightly higher
pressure losses in tests 2 and 7, indiéatos a pradusl improvement in besic
fiver efficiency. Table III compares bverull co}loction efficieﬁcy as
obtained by simultaneous weight, stain end count metﬁods for operations at
no voltage and 15 Kv. -

~ & breakdown 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 (ecproxinately 8
percen£) with appliéation'of screen foltage. At lower screen veltages
(11 Xv) a very slight decrease in efficiency wes ob;erved for copper suifate
‘(tes? 10). | |

Filtration velocities fﬁnging.from 26 to B85 fpm snd screow volteges
VBryiﬁg from 11 to 18 Xv showed no significant éfficiency changes with
stmospheric dust (Teble IT) according to stein meusurements, However, it

~is expected thet sdditionsal Ltests with a copper sulfete aerosol will pernit
better corrolation cf these veriebles. Chenges in concentreticn end perticle

size distribution of atmospheric dust were portly responsible for irconsistencies

in the cato.
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Humid air also was obscrved to roduge collouctiorn efficioncy elihcugh the
measurenonts wero qualit;tivo.

In ordor to oliminato tho effect of changing bed characteristics cuo
+o rotertion of copper sulfate, tests &, 6, 8, 9 and 10 werc run with altcruste
sc;eon sections blocked eff. Air flow was reduced rproportionately to maintein
constant velocity (85 fpm) threugh the PF 316 media. Since the Dustop filter
area wgs not changed, the velocity through this scction of tho unit varied
with total air flow (Table I). Weight collection efficiencies fer Dustcp
~
~filters vere a direct function of velocity indicating that inertial separaticn

vas the primary collecting mechanism. ’

Discussion of Tests

Test data indicate that the use of an electriéal field incresses
the oversll weight collection efficiency of the Electro-polar Filter by
about 8 ﬁercent‘with atmospheric dust and copper sulflate microsgheres.
It appea;s tha{ the overall edvantaze of the electrical field will decreese
with fi}teriusage since the efficiency of fiber béds incresses 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 bsen obtained for PF 105 media which, bectzuse of its
small diameter (1 micron), should bé a more effective filter,

Final comment regarding the utility oé the Electro-poler ?ilter 65 &
high effﬁciency cleaner for low dust concentrations is withheld ponding

0y

completion of tests. - .

L wes
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TARLE II

Effoct of Voltago and Velocity Variations on Stein Lff1c1ency Tests
with A% mouphorlc Dust

v Test Inlot Loading - Screen Filtration Overall Stain

Grains /1000 re.S Voltago Velocity Efficioncy
Kv fpm , %
11 0.037 11 85 ' 98
4 0.0938 15 - 85 95
12 0.125 18 B ‘ . 98
11 0,087 11 85 93
13 . 0.123 11 61 83

14 0.208 n 36 : 98

TABLZ III

Effect of Screen Voltage on Simulteneous Weight, Stain and
Count Efficiencies for Atmospheric Dust at Rated Capacity

(3500 cfm)
..Test Screen Voltage ~Overall Gollecvion Bfficiency
Xv A
Veipht Stein Count
1 0 92 g0 54
3 15 98 85 80
© SUMAARY

- -

Results of preliminéfy performance tests are presented fér the Electro-
polér Filter, a dust collector doveloped by the VWestorn Procipitation
Corporation for high off1C1cncy removal of particulates. SOparétion is
achievod through = combinution of the mechenical filtration propertics cf
FF 316 or PF 105 fiboerglas and olectrostatic effects procuced by loceting

c e
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tho fibors within asn cloctrical ficld (crgatod py two melul fcreens, ono
meintained et 15 Kv pohcn;inl and tho other grounded). Theory of operation
is based upon migrction of polarized dust particles to the regions of high . -
field intensity surrounding the glnés fibcré.
' Test results on clean fibers indicote that application of rated scrcen
voltege (15 Kv) increases overall collection efficiency of atmospheric dust
end cﬁpper sulfate microspheres by about 8 percent. Filter plugging, howcver,
results in higher baso officiency for the fiber whicﬁ tends tc lessen tho
edventare of the electrical field.

" Current tosts include a study of the effect of voltage and velocity

veristions on collection efficiency. Final evaluation of collector utility

is withheld pending enalysis of all test data,
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PRELIMINARY REPORT
C on
COTTON AEROSOL FILTER STUDIES

by

Richard D. Coloman
Sonior Assistant Sanitary Engineor
U. S. Publio Hoalth Sorvice
on assignmont to .
Harvard Univorsity
Air Cleaning Laboratory

Y. Introduction

Tho discharpge of sevoral materials to tho atmosphore can crocto publie
health probloms. Consequently, the further devolopment of satisfactory low
oost air cloaning devices may play & part in health protection by oncouraging
the uso ané installation of air cleaning facilitios. The use of cotton fibers
as filtor media has prospocts for eoonomi because cotton h&s a relativoly low
initial cost, has low ash (less than 9.1% (1)) for gdonomicai disposal and is
readily availebloe. ,

During the past yoar, studies have beop conducted at tho Harvard University
Alr Cloaning Laboratory on the filtration characteristics of various ootton
fivors for atmospheric 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 effiociencies for etmosphoric
dust; If an empiriéal relntionship cun be develdped using atmospheric loadings,
considorable timo can bo saved in obteining an indox of count and volght effi-
ciencies from a simple stain technique,

In an ettompt to roduce tho weight efficioncy variation cauzod by a fow

lurge particlos o profilter wac used. This introduced a third phase of tho

272 WASE-170
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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 schematic diagruﬁ 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-aminocthylsulfuric svid and sodium hydroxido., Aminizod cotton has anion
oxchhngc proporties and tho treatmont facilitates the uso of acid dyes,

Test Proccdure

A. Bod Preparation
The fibers testod had ﬁcon fu;nishod by tho U, S. Dopartment of

Agricultu;e, Burenu of Agriocultural and Industrial Chemistiry, New Orleans,
Louisinﬁa. They were recoived as card slivers and difficulty was experienced
in obicining reproducability. The fibers wero carded Again and £aken off as
card wob which was folded into boxes for storago. Compaction in storage made
most of the individual layers of the web indistinguishable. The layors were
soparated by hand as woll s possible and cut into six inch squares. The
welght necossary to give a packing density of 2 1bs. per cubic foot (porosity
0.98) was computed (cotton spocific grnvity 1.59). Depending upon the typo of
fiber ond the dogree of compaction, five to ten layors wore roguired per inch

of finel pad. These layors woré loosely placed in the plastic box and compressed
to tho desirod bed depth by insertion of the inside section, With this technique
packing densities cpuld be satlsfactorily reproduced. |
"Be Operatgon of Test Apparatus .
The combined opcration of the upstreem and dovnstream high volums

samplers 3rought room alr into the plenuwa through the prefilter at 50 cfm
{face volocity of 350 fpm). éne-half.of this flow went to tho upstream high
voluﬁo sampler and fhe othor half wont throug# the test soction to the downstream
high volume sampler.

Stairmend discs were used as orific; moters to detormino the rOSpoﬁtivo

flow rates, The 25 cfm rato through tho test section gave a faceo velocity at

the tost pad of 100 fpm. Conlinuous oporation of from 48 to 80 hours on Boston
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air was roquired to.éroduco significant ipcreasy 1. tho weight of the downstroam
sampling filters,
c. Sumpling
Sumplés wore taken at threo points; -1. Room air (upstream of
profilter), 2. Uéstronm (downstream of prefilter, ubstreum of cotton pu&), 3.
wanstroam (dovmstroam 6f ootton'pad).
Jielght loading was determined at those three points by detefmining tho net
woipght incroase of type S ploated filters. The room air sample was collocted at

fuvll flow of the high volume samplor which varied from 70 c¢fm to 40 ¢fm, Both

.upstream end downsiream samples wore tagén at 25 cfm with the entire volume
féassing ;hrough the test pad collected for the downstream sample.

After from 10 to 20 hours of oporation, and again 24 to 48 hours later,
mewvbrance filter samples wore takoen at 0.7 cfm f;r count loading and stain
efficioncy determinations. The.room air membrane filter sample was taken near
the profilter and the upstrean and downstreem samples were téken through probes
in the #est soctioh. These samples wgre taken for 45 to 120 minutes, depending
on the rate of stain buildup. At intervals of 15 to 20 minutes the stain
donsity of each membrane filter was detefmined by use ‘of a Photovolt, Model 2004
trensmission donsitometer,

A blenk for zeroing the densitometer on each membrane filter was obteined
by backing each filter with Vhatman #1 peper to wh;ch & 5/%" circle of cellophene
tape was attached. With this backing, the stain was deposited in an annular
pattorn and the conior portion of the filter remained cioan. ‘

D. Analfsis
Tho stuin readings wore plotted ageinct timo for each filter and

the timo to roach a constant stoin vas dotormincd from each curve. Tho stain

efficioncios wore thon determinoed from the relationship
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‘ ' % Efficioncy =i --t1 | -
[ ) * Tt°2' 100

Tho mombrane filter stains wore thon counted and sized microscopicelly
under o0il immorsion (90X objective and 25X oyepiece) to detormine the count
loading and size distribution at each sampling point. Total efficiency, by

count, and sizo fraction efficiencies wore dotermined from those loadings,

Tost Rosults

Analysis of the data has not been completed, but a summary of woight, stain
and count efficiencies is presented in Table I for the various fibers tested,

’

These efficioncies are tabulated in order of decreasing weight efficioency.

The proésura drops listed in Table I are the final drops observed in the
rospective tests. These values represent no apprecieble increase over the
drop in the clean beds for the shorter operating periods (48 to 60 hours),

For resin treated S X P and Memphis Immature beds there wore 7 end 11 percent

-

TABLE I

fficiencies of 2" Pads. of Various Cotton Fibers on Atmospheric Dust
’ 'Packing Density 2{/ft3 .
Face Velocity 100 fpm .
Cotton ¥ean Fiber Weight Stein Count Pressure Loss
Diameter Efficioncy Efficiency  Efficiency
48 % % _ % Inches of Tiater

Momphis 10.0 82.5 78,8  63.5 - ‘5,8
Immaturo _
lminized 10,0 80,5 ' ' 57T - . 3.0
Sx?P ‘
Untreated 9.4 77 , o T2,.7 58.5 4 4.0
Sx P
Resin Trectod 10.3 74,8 T2.5 . 61 - 3.6
Sx P :
Lockott 140 13.4 71.3 46 39 2.

Tguitoy 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 packing donsltios
end faco volocities. It is plannod to delay furthoer cotton studies until tho
prosent data on relationships of woight;stain and count-stain efficiencles aro
.ﬁoro complotely analyzed and the value of tho profilter is eostoblishod. Using
the present techniques, mbout b Aays are roquirod for each run in order to colloct
woighablo samples and oount und size the 6 molecular filters, Froﬁ a-proliminary
inspection of the woight-steain relationship it apbears that empirionl rolation;
ships might be derived which will roduco the time from daja to ﬁours for each run.

JT theso relationships do not provoe relisble, a synthetic test aerosol will
be genorafed end thé cotton tests continuod. Future studies will ovaluate the

effeots of various packing densities and varlous face velooitios,

Prefiltration

Partial analysis of the data indicatos tha; the prefilter causes little
changé in aorosQI composition, The avorage size fraction efficiencios of tho
profilter wore determined from the data of 28 runs, The average cloud com-
éosition for room alr was dotorminod from the same data, This average
ocmposition vias piottcd on logarithmio preobability papo;‘and, using the aversge
gizo fraction efficienciés, s second cloud was synthoesized which reprosontcd a
¢loud loaving a profilter of average pérformance. The lins representing this
zeoond cloud on logarithmio prébability papcr'was almost suporimposed on tho
initisl line. This approach clearly shoﬁs that prosent slzing techmliquos are
insensitive to any changes mado in the morocol composigion by this type of
profiltor,

It 1z folt that tho major bonofit to be dcriyod from the proefiltor ls in
tho romoval of large perticloes which'muy dissort any oupirically detormined

relationship bolwoon stain and wolpht efficlonclos,
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INCINERATION OIF COMBUSTIBLE WASTES
USING TANGENTIAL QVERFIRE AIR

By
: 1/ - 2/
L. A, Spano and R. C, Corcy

U. S. Bureau of Minos

INTRODUCTION

At the request of the U. S. Atomic Encrgy Commission,
the Bureau of Mines initiated a systcmatic 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-sitc 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
dust-loa..ding in the stack gases; (3) maximum reduction of charge volume,
6o that 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 engineering data have -
yet been published relating such factors as :temperature, gas residence

- or contact time, and turbulence to the burning process of solid fuels.

.

1/ Chemical Engincer, Combustion Rescarch Section, Bltumlnous Coal
Utilization and Preparation Branch U. S. Burcau of Mines,
Pittsburgh, Pa.

2/ Chief, Bituminous 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 te;'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 relative 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.nodel incinerator,

The objective of this paper is to discuss the operation and
performnnce of the prototype incinerator.

MODEL INCINERATOR STUDIES

Before discuesing 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. Schomatlic diagram of model incinerator.
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OBSERVED BURNING RATE, POUNDS PER HOUR
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Figure 2. Avorage observed burning rate as a function of
air rate and port area.
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BURNING RATE, POUNDS PER HOUR
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Figure 3.

Burning ratec as a function of Royﬂolds numbor of air
in tangontial poris.
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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 figure 8, the results are given 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 thosoo xjesults a prototype unit approximately
five times as large as the model was designed, It consists of a cylindrical
cornbustion 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 manifbld 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 for 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 sizec could be constructed for
s&mcwhat less by eliminating .ﬁuxiliury test equipment, which is not

required for satisfactory corminercial operation,
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EXPERIMENTAL CONDITIONS
The unit is charged batchwise with' 100 pounds of sawdust
packaged in cylindrical cardboard containcrs. Fiftcen cartons comprise
a charge for each test., To ignite the charge the gas burner 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 werc¢ noted through

‘an observation port located at the top of the chamber,
Several tests were madg 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 azfxd 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 little 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 diffcrcnce 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 linear
velocity of the air in the port's. These 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 incincerator, which would affect the

/
transfer of lincar momentum of the air in the ports' to angular momentum

in the chamber. That is, the expansion losses are greater in the proto-

type unit than they are in the model.

The effect of varying the port height on the burning performance

of the prototype incinerator is shown in figure 12, It is significant to
note that both the observed and calculated burning rates decreascd when

the port hei;ht.was decreased. Moreover, a lower combust}on 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, :

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 secen that both the observed and the
calculated burning rates do not vary appreciably, Howecver, 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 usecd 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, whereas, the opposite was
'true for the model incinerator,

.
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Tablo

{0

1.

Comparison Performnncc Tests of Prototype Incinerator
Using Charges with Different Moisturc Contcent

Composition of charge burncd:
Proximate
Moisture _
Volatile matter
Fixed carbon
Ash
Ultimate
H
c .
N
0
S
Ash
Gross heating value, Btu/lb.
Operating conditions: . :
Weight of charge, ‘ lbs.
Approximate density of charge, -1lbs/cu.ft.
Air rate, lbs/hr. =
Air temperature at the orifice, - °F
Linear air velocity .

.in tangential ports, ft/sec,
Reynolds number, in tangential ports,
Operating time, minutes

‘%esulto
Observed burnlrg rate, lbs/hr.
Calculated burning rate '

(as.charged) Ibs/hr. *
Calculated burning rate

{Moisture,Ash,Free basis) lbs/hr.
Maximun stack gas temperature, °F
Mean stack gas temperature, °F :
Maximum CO, content of stack gas, percent
Mean CO» content of stack gas, percent
Theoretical COp content

of stack gas, percent
Pounds of residue, lbs.,

tesR
t

y 303
Test No. 2 Test No. 3
7.80 L0.30
72.30 . L6.80
19.50 12.60
0.40 0.30
100,00 100.00
6.50 8.07
L?ooo BO'SLP
0.10 0.02
lb5'% 61033
0.10 0.01
0.40 0.03
100.00 100,00

[ 8070 5230 |
1056.50 147,00
10.65 1..70

[ 854 872 |
166.5 163.0
: 49,800 51,000
62.0 82.0
103.0 107.5
87.2 99.0
£0.0 59.0
1625 1385
1270 1050
18.9 12.8
11.6 8.4
20.0° 20.4
0.559 0.72
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4, Both thc combustion cffi¢iency and burning capz‘lcity 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 ii’xvestigated before a complete evaluation of the unit cﬁn be ,

made,




PROPERTIES OF VARIQUS 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=-
causo they may be so important, the properties of any filter mediuwm 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 vith
respect Lo various air sampling re?uirements. 411 of the media to be con~
sidered are now available, and most of them are being used fer 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, toxicity assay, radioactivity measurementis; study
of orgardsms, and evaluation of soiling characteristics.

| Conditions ﬁnder which thé sampling must be done may also influence selec-
tion of a modium. For example, glass fibers would'nét be usod in an atmosphere
. known to contain an appreciable amount of hydrofluoric dcid Vapore
In some cases a particular filtor medium 1s used in a cgftain,application

only beccause of long standing practice which, for consistoncy, 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 makipg an intelligent choice. It is ou;
- purpose to contribute to the fund of such information.

The problems associated with selection aﬁd use of air sampling filter
media were discussed at the Air Cleaning Seminar, sponsored by the Atomic
Energy Cormmission and held at Ames, Iowa, Septe. 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 40 laboratories,: most
of them within the Atomic Snergy 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 samples representiﬁg nearly all of the media
that were mentioned in the survey. This paper describes #nd discusses air
filtration test results obtained for these media and for_a few othersl'that
ﬁore included because of their special interest, Our test methods have in~-
cluded di-octyl phthalate smoke penetration, atmospheric dust peneirationg
and plugéing rate on atmospheric dust., A range of performance characteris-
tics is provided which may aid one in selecting a filter material for any

dust sampling purposes

Di-0Octyl Phthalate Smoke Penetration Test:

"The di-octyl phthalate smoke penetratioh 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 evaluatingihigh effi--

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 in the literature (1,2,3). For our needs
herc.a very brief description will serve, There is a smoke gencrator for pre-
ducing a contrdlled, mono--dispersed liquid acrosol of di-octyl phthalate. This

is accomplished by condensation from the 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 1s provided with sensitive
photcelectric pickup means for accurate 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 is 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 par-
ticles; the DOP test gives efficiency vaiues that parallel those.qbtained Ey
atmospheric dust countse ‘

Under the somevhat standardizcd‘;onditiéns 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 flow rates up to 28 feet per min. To

reach the highef flow velocities (up to 200 lin. feet per min.) a test area of

175 in. diam. was usedo

Tsble I shows DOP smoke penetration efficiencies over a range of alr flow

" velocities for our whole group of air sampling mediz. It is evideni immediate-

ly that there is a very great difference in efficlencles as measured by this
teste. - Perhaps this is the point at whlch we should stross that DOP smoke pene-
tration alone must not be taken as a general measure of usefulness for all filters.

Tt 16 a very severe test and is now used primarily to rate absolute-type filters.

z
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then we aro dealing wath mgdia intended to-collcet bulk dust or to analyze
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 sane
characteristic curves, )

Fig. 1 is for CWS ##6 paper. At a low aif flow ratey; 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 increased; 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 the filter fibery, and
inter~fiber spacinge | .

Pressure drop; plotted separately in Fige. 1; 1s nearly linear 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 CW5 #6.

Fig. 2 shows the plotted data for a still more highly effiéient medium.
This is a sample of glass fiber pzper made by the Hurlbut Paper Co. and ¢on-
taining & resin binder. The fibers in the sheet have a diameter of about 1/2
micron. The resultlng curve Also shows the peak typical of high efficlency
madia. ~_ | '

Chomical filter papers as 1llustrated 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.

Psper Noo. L2 (Table I) is remarkably efficlent for an all-cellulose
sheet. This efficiency is attained at low flow velocity, but pressure drop
is high. |
_ MSA typo "Sh filter which is used succesgfully for high volume air
sampling (5) shows an unusually uniform DOP efficienby level over a broad

range of flow rates (Fig. U4). While 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 piece was cut from
a reasonablylrlat aros. 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 £ill up rapdily on an oil smoks (iika DOP) and so may ﬁot‘show up to best
sdvantage in this test. . |

All fibver filter materials ®fatlgue® Iin tho DOP toster. Afte; running on

DO? for seoveral minutes, the smoke penctration incrcasos, 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 timeo

¢

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 efficlencies 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 media with respect to efficiency agsinst sub-micron

A
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sizo atmospheric dust particles, . . .

Efficiency Ly Particle Sizos

In the methods Just described we dealt only with sub-micron size pafticlcs°
Wnen wo inclule consideration of larger particles, our attention becomes
1imited to the cellulose fiber filters on our list. Larger particles do not
penstrate 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 fil-
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,

Efficiency of filtration by particle size is.shown in Tablo IV. Here again
elficiency was measured by particle count on hiéh-speed impactor flateso No
pérticles were found above the size of two micronms, and all of the fllters showed
good to excellent efficiency on particles in the one~ to two-micren range. Vhen
ths primar& inte?est is in weight of dust coilected, these filters are generally
adequate since large dust particles contribute most. The weight contrlibution of
a particle is measured by the cube of 1ts diameter,

A1l 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 fill,
fis a practical matter; all of the ﬁodia tested here will perform much better in
use than our figures indicate. L '

Life Teststg
In mary air sompling spplications, plugging rate of a filter medium is not
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a problem, But in those cases where it is desired t. sample over a long period
of time or to accunulate a gizcablo quantity of particulate matter, the ratc at
which plugging occurs may become important} At timoes flow resistanco or the
development of flow resistance may even detennine the feasibility of taking the
"sample, | L

. A l1fe test or plugging réte test consists in operating a filier sample at
some selected flow rate and observing the increase in préssure dfop with time.
Phe kind of equipment we have used for this is shown in Fig. 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 samplec holder that takes
a 31/2 in. diam. disc of the medium and exposes a test area 3 in. in diam, A
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 stiations 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 wvalve to
restore the proéer rate. Pressure drop across each tes; sample is measurcd
with a YU% tube water manometers

It seemed best to life test &ll of the media at the same time so that amny
question of varyling dgst 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 at thé same r;teo The very low rate of five lin., feet per min, was se-
lected as a start with tho intention of iﬁcreasing the rate after the rapidly
plugging samples had been removed. Wheﬁ pressure drop became teo high for any

magomcter, that test was stoppede 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
membrane filters. Only seven specimen filters were romaining 120 hours later,
Atmospheric dust loading over tho time perioed of the run was measured by weipgh-
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 usk, as
mentioned before is a molded filter with concentric convolutions, 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 efficient n&r those with highest initial pressure drop. As a class
the chanical 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 expcrience and to the best of our knowledge, the ﬁate at which a
filter becomes loaded does not determine its life, regardless of time the pres=
sure droﬁ through a sampling filter is fixed by the ampunt of accumulafed 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 alr passed are
the controlling variables. In our life tests we used very low flow rates.

For' this 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 Properties:
For conveniconce of reference,Table V1 contedns some general information
on the various filter medla we have becen discussing. Ve do not consider this

Table to be complete in any way. It contains some of the more obvlous qualities
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alony 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 suitability Sf a given ma-~
terial, Such properties are important and must be considered along with filter-

.ing performance when a sampling medium 1is being selected,

Chemical filter papers appear to be used more widely than any other type of
alr assay medium, Tﬂis may be because they are nearly alﬁays at hand iﬁ a laborz—
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 particular often are found to contain pinholes., ¥Wnen
this occurs; it 1s likely that even some very large dust particles will pene=
trateo_ | ' _' |

Unless an alr filter medium is manufactured especlally for ihé purpose, its
performance characieristics are 1ikeiy to vary from lot'to lot. Chemical filter
papers are manufactured for chemical laboratory work. They are made ;';v.nd used
primarily for wct filtrations. Therefore it 1s not surprising that wide variza-

tion in air filtration is often found for chemical filter paper. Table VII
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lists somo experimental resx_ll{;s that illustrate tiis polnte.

The monbrane filter is relatively new, but it holds great promise as an

all-round assay msdium (7,8)« It is highly efficient, may be obta_{ned in white"
or black, particles accumuiate only on the surface, 'refracti've index is such
that the filter structurg {tself becomes invisible for oil immersion microscope
\;iewing, and the filter can be dissolved if need be or it may bé destroyed in
other ways. Because thgywar_e very delicate, the membranes must be handled care-
fully and suppor'ted during use. To gencralize, 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 aii' cleaning and serve that purpose effectively. They
are not so well suited for most assay worke Dust particles penetrate the struc-

ture so that they are buried and lost for some types of radioactivity measure-

‘ments (O:counts)'. These papéfs .are so high in ash that they are not at all

useable where the filter must be destroyed to perform analysis of the dust.
If suitable precautions are taken they may be used for gravimetric sampling
on even the finest of dusts and fumese. '

BV 70 is a closely formed paper and has fourd use particularly in radio-

activity monitoring.

All-glass.papers) like those developed by Naval Research Laboratories (10)

and mads to a limited extemt by se*v'eralipaper companies, are to be recommerded
for high tenperatures or in the presence of corroéive fumes or gases. In our
series t};te Hurlbut _glass paper 1s an example., These paperé are made of very
fine glass fibers a;nd 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 klnds of test worke In gravimetric work caroc must be taken that loose

ceen
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fibers arc not lost from the sheet,

All .fibrous'filters, cellu’;Loso or glass; have water associated or adsorbed
in their structures. The amount depends upon atmospheriec 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 e\}efy weighing
and to weigh the filter in a closed container, |

Dust collected on a fibrous filter will penetrate the filter body to‘somc
extenb. For this reason it is very difficult, if not impossible, to make dust

studies under the microscope on most paper filterse

SUMMARY 2

A group of atmospheric dust sample medla has been studied for performance
characteristics., The media were selected to represent tzose in use in a number
of laboratories. ~Test methods used were di-octyl phthalate smoke penetration,
atmospheric dust penet.ratioﬁ, efficiency by particle size, and p_lugéing 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 has been de.uonstrated that efficiency neasurements by the DOP smoke
test follow very closely the results-given by atmospherde dust counts.  This
suggests that tk;e fast DOP method can be used to rate any filter medium on per

cent of atmospheric dust penctration by particle count.
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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,
S & L1H - 2L, 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.
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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;zlta - Range
e Bor™ AP In of Waten= Penet. AP In. of Water- % Penet.  Destesl .
1 BT X I X © 9.5-12.8 Cw-wm s
v ae me 22-28 m-me 2
o2 T 38. 0.35 38. = LS. <008 = 0.35 ‘_.1
Lo S T W |  13.-1'5. T 2
hl 20 | B ..~2..o-h.é: 19: - 75, »‘h.
ey o _é.? % a1 76 -2, 1
L2 ' L5.5 022 e = 55, o05 - .9' 4
50 Ls.s _ 009 o " : U8, = 1. 0.3 =22 2
Moo samples tested in each box. L o N ‘
T
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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. Alr Cleaning Conference held at Ameé, Iowa, Septenber 15-17,
- i952, it was agreed that a éurvey‘shonld be made to assemble and summarize in- .
}fornation on air sanpling media and sampling methods.used by groups doing air
assay'wofk. This survey was to include both AJE.C, areas‘and others,
The survey was conducted by questlonnalre, and an excellent and hlghly
'1‘cooperat1ve response was received. A fund of information has resulted which
should be of real value to all engaged in alr cleaning 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 varions 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

. ¢hart 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 Foundation

for America, Inc, C e

Mellon Institute

Johns-Manville Research Center
CWS Contract (not comnected
with AEC) .

Knolls Atomic Power Labe.
Health and Safety Unit

Los Alamos Scientific Labe
BE-1 Radiological hon1toring
Section of H Div,
Santa Fe Operations Office

L

Massachuéetts, Commonwealth 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

¢
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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

»
. o
esvee.
.
H LN
B Y YR Y
essens
[
L]
sesss
.
esensn
enes
LLEd]
atnd
ssonre

.
.
i *9ees e

Je A

We Co

| David

Individual

stanlgy R. Hall (Dr.)

Prof. V. K. LeMer

" Arthur Humbhrey

Allan L, Coleman

Martin
L. Hemeon

Sinclair

L. Jo Cherubin
Re Z. Bouton

Dean D. Meyer -

H. F. Schulte
Ed Hyatt

urHervey B. Elkins |

Jo E. Bradley

R. S. Dill

R. C. Heatherton
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nggbizéiignﬂor AEC Area Location
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Health Physics Division
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0ak Ridge National Laboratory ‘ S -
Health Physics Division
Phillips Petroleum Co. . Idaho Fblis, Idaho
Materials Testing Reaction f L
National Reactor Testing Statlon -
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Po Griffiths
" Co W. 8111

Paul A. Humph}ey

" Alan A. Jarrett

D.M. Davis
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. Robert H. WilSon
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EVAIUATION OF THE KAPL SEPARATIONS PROCESS STACK EFFIUENT

By J. J. Fitzgerald, GE, KAPL
ABSTRACT

The KAPL Separations Process stack effluent is evaluated. 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 0.035 microna. Autoradio-

- grephs of the particulate material indicate that the majority of the activity is
geposited on these sub-micron particles. :

' Chemical separations of the material deposited on the Hollingsworth and Vose,
E-70 filter papers end the ceaustic scrubber arc nade. The rare earths comprise
the lsrgest portion of the particulate activity while Ru-106 is given off in

‘ypelatively larze quantities during the Head End Operation, :

The relative percentages of the activities given off during the most impor-
tant phases of the Separations Process are tabulated, The KAPL stack effluent is
then evaluated 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 oscpara-
tions process was conducted; to determine the environmontal and biological ef-

- fects of the Pilot Plant operations, to establish maximum permissible limits for
discharge of the effluent to the atmosphere, and to determine whother more
stringent control of the discharge of activity would be required at higher (gm

~ Pufton U) operating levels.

: The elr monitoring and air cleaning system for the separations process

oporations is schematically illustrated in Figure KH-9A2403. This stack is ap-

proximately 100 feot high end 3 feet in diameter, The gaseous and particulate
material emanaeting from the separations procoss 1s passed through a caustic

. scrubber which takes out somo of the volatile components while tho 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 fac-
tor of approximately 103 by the room air. At distances from the stack, constant
air monitors are located in selected sites to check the radloactive cencentrations
at verious points near ground level. Vegetation ssmples are collected and ana-
lyzed on a regular schedule to evaluate the accumulationr of radiocactivity on the

vegetation,
The eveluation of the stack effluent required the kmowledge of ; the total

" activity discharged, the particle size distribution of the activity discharged
from the steck, the isotoplc camposition of this activity, and the dispersecl of

the radloactive material from the stack, Each of these requisites will bo dis-

_cussed briefly. : :

- TOTAL ACTIVITY

. "The determination of the total activity discharged from the stack involved
the investigation of; the adequacy of the sampling units, the efficiency of each
of the sempling units, representative sampling, and the absorption of elpha and
beta activity in the filter wmedia.
' As illustrated in Figure KE-9A2403, the sampling gysten conslsts of a £il1-
"ter unit to collect efficiently the entrained particulate material followed by e
- caustic scrubber to collect such radiocactive componente as ruthenium end icdine
‘which rey bo readilj volatilized, This sempling eystem.vas considerad adeguate
“since it collecta or detects a portion of the radioactivity diééparged‘ o
“from thé Bmtack witha ¥nown efficiency. The efficiencies of e Hollingsworth .
: and'Van, E~T0 ‘filtor papar were determined for a particle ucnsity of 2.7 g:/cm3 .
'~ over a wide range of particle sizes and linear face velocitles. At an operating
' face velocity of approximately 5 cm/sec the H-TO filter paper wes 97.7 per cent
" . for 0.2 micron particles. Tho efficiecncy of the caustic scrubber shown in
| Figure K¥-110441%4 was determinod for a variety of flow rates, quantities of berl
-1 s8addles end of caustic solutions, In tho range of operating flow ratna tho al -
i ficlency was 95 per cant for the collection of volatile iodine.
I Icokinetic sampling was conoidercd sinco it "is not only necessary that the
monitoring syctea boe edoquate but that the sample taken be reprogsoentativo.
" Altbough tho syotem was designod for isokinotic saxpling, particle size mnalyses

.-
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. msdo tho nood for tho balancing of tho sampling and stack lincar flow rates less
stringont. : .
Absorption studios of the alpha and bota fission product activity of theo
entrained particulate material collocted in tho H-70 filter pepers revealed av-
erage absorptions of 35 and 25 por cont for the alpha and bota activities, re-

spactively.

.+ PARTICLE SIZE DISTRIBUTION OF STACK EFFIUENT

Since the stack effluent due to separations oporations is composed of a
heterogeneous mixture of entrained radicactive and non-radioactive partlicles,
the particle size distribution was studied in relation to the physical size of
the heterogeneous mixture of the particles, end in relation to the radiocactive
“distribution. Co N
. The molecular filter paper wes used as a filtering medium to collect e
representative sample of the stack effluent. This type of filter papoer was
_‘chosen for its efficiency in the collectlion of submicronic particles end eass in
detecting particles in the same medium under the microscope. The particle size
distribution during various chemical operations of the Separations Process are
{1lustrated in Figure KH-9A2354., The data reveal the abundance of sutmicronic
particles end the similerity of distributions during various phases of the
chemical process., A geometric meen of 0.2 micron in each case 18 roadily ob-
served when the data are plotted on log-probit paper as shown in Figure KH-942354.,
An everege of 10 analyses during all phases of the process as shown in Teble 1,
indicated a geometric mean of 0.2 micron and & standard deviation of 2.7. Since
the limit of detection with the light microscope is 0.1 micron, it was felt at
the time that the true goometric mean was less than 0.2 micron. This feeling was
later substentiated by electron microscopic analyses of the filter samples and
by autoradiographic studies of the radiocactive particle size distridbution.

TABLE 1 oo

__ SIZE DISTR1BUTIONS OF PARTICULATE MATERTAL

Repetitive Seperations  Gecmetric Mean,

Run Operation " microna Stendard Deviation
1 " Dissolving ’ 0.2 2.5
1 Diesolving . 2 - 3.1
2 Dissolving S .2 2.9
2 Dissolving . 2 2.7
3 Dissolving ' S L2 2.6
3 Dissolving T L2 2.6
L Eead-End 2 2.5
. , Eoad-End .2 2.3
L Extraction : .2 ‘2.9
5 Extraction .2 2.4

The modifiod casocede impactor with a molecular filtor paper in the fifth
8tage was used to determine a reluntionship botwoen particlo sizeo and activity.

srsee
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Even with flow rates of 3% 1/min thyough the impactor, mearly all of the activity
was deposited on the molucular filter paper, indicating that moot of the activity
was composed of or deposited on sub-micronic particles.

- Autorediographic techniques were investigated to determine further the re-
lationship between particle size and radioactivity. A stripping f1lm technique
similar to the methods employed by la’ Riviere¥* and Boyd** indicated the preaocnce
"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
Milliporé filter, under a vacuum of 0.1 micron of mercury. This section of the
. filter paper was then dissolved in acetone. Upon hardening, the sillcon 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 uced for control purposes is shown in Figure 1121212, The surface of the *
Millipore filter paper under & magnification of 15000 is seen in this electron
micrograph. The electron micrograph of a portion of an exposed filter paper
which hzd a geometric mean and standard deviation under light microscope studies
similar to those previously indicated, is illustrated in Figure 1121213, The
. pusber of particles in the range of 0.0l to 0.05 micron are far in excess of
those greester 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 PIIOT PLANT STACK

EKnowledge of the isotopes contributing to the discharged redicactivity was
. an important requisite in this investigation. ' The biological effects and con-
sequently the maximum permlssible concentrations depend not only on the level or
radioectivity, but also upon the body metabolism of the elements that comprise
the activity. To determine the maximum permissible concentration that may be
discharged from the Pilot Plant stack, the activity was isotopicelly analyzed
during all phases of the separations process for several repetitive runs.

ISOTOPIC DETERMINATION OF FISSION PRODUCTS COLLECTED IN°'THE PARTICUIATE FORM

. The isotopic composition of the radicactive particulate components present
in the effluent was determined by radiochemical analyses of the Hollingsworth
and Vose, type H-T70, filter papers. Thece filter papers ere used as the particle
collecting media in the health physics stack monitoring system.

Radlochemical enelyses of the filter paper samples collected during all
phases of the separation process revealed that the radiocactivity emitted fram
the Pilot Plant stack in the particulate form was composed of the rare earths,
ruthenium, zirconium, nicbium, barium, strontium, and iodine.

*USNRDL-342, "An Autoradiographic Method of Datecting and Identifying Bota-
Active Perticles in a Heterogoncous Mixturo," by Philip D. LaRiviere and Stophen
K. Ichiki, April 1952. :

*¥UR-209, "Stripping Film Techniques for Histologlical Autoradiographs," by
Georgo A. Boyd and Agnos Williams, May 1948,

PR e e g
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During the initisl analyscs of the stack effluent, separations process
operations without variation in procéduros wore repeatod. These procecoscs were
called repetitive runs. Tho rolative proportions of bota-gamma emitting radio-
isotopos discharged in the particulate form during cach of the chemical opera-
tions for seven roepetitive runs and several non-repetitive runs were analyzed,
An analysis of the third repetitive run is shown in Figure MH-9A8127. The rare
earths precdominated throughout nearly all of the opevations, representing from

’approximately 50 to 80 per cent of the particulate activity during the dissolv-
ing and extraction phases. Ruthenium-106 contributed the greatest portion of
the particulate activity during the head-end operations end, in most instances,
exceoded the rare earths* during the first part of tho dissolving and latter part

. of the ceke dissolution operations (the third repetitive run shown here was an

exception). Tho cake dissolution operatiocn usually tekes place following the
extraction cycle but it is physically a part of the head-end. Niobium was

emitted in varying amounts during all operations, represcnting from less than 1

per cent to approximately 50 per cent of the particulate activity. Zirconiunm
represented less then 10 per cent of the activity during all operations except
the cake dissolution., During the cske dissolution zirconium reached a meximum of

- 20 to 25 per cent of the particulate activity. Strontium contributed from ap-

- proximstely 5 to 20 per cent of the activity during nearly sll of the dissolving,

extraction, and cake dissolution operations of the third and fourth repetitive
runs. The strontium component was as high as LO 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 and Ru-106 composed the largest portions of the total par-
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, Scme

varietions in the isotopic percentage of activity discharged, however, are at-

tributable to the veriation in the decontamination factors obtained during dif-
ferent runs. During the dissolving, head-end and extraction operations, on the
- average, 9, 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 csustic scrubber comprised less than 1 per cent of the total ac-
tivity discharged from the stack durling all repetitive and non-repetitive runs.
Anslyses of the contaminated ceustic solution revealod varying percentages of
I-131 and Ru-106 collected in the scrubber during operating phases. The volatile
components Kr-85, Xe-133 and Xe-135 detected by the constant air monitor conm-
" prised the majority of the activity discharged from the stack. Detail analyoces
of the percentago composition of these volatile materials during phﬂses of the
separations process cre given in KAPL-814 and KAPL- 803 .

#KAPL-814, Semi-Annual Progress Report of Rediological Development Activ-
itiea in the Health and Safety Unit, Jan.-June 1952,

- e
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TABIE 4

MAXTIMUM PERMISSIBLE CONCENTRATIONS IN ATR AND STACK EFFIUENT

, Max, Percentage in MPC in Alr,  MPC in Stack,
Isotove ' ~ __Stack Effluent ucfcc ' pcfecc
: Beta-Gamma o o : ».f‘ Coe : |
Kr-85 + Xe-133 + Xe-135 F\-j__, - 99 " k x 10"6** (body) | | 4 x 107k
Rere Earths & Y-91 , 1 7 x 10~9¥ (bone) © 5x 107
Ru-106 | 20 3x 107  (ddney) = 2x 1075
Ru-103 IR 2 x 10°T%** (aney) b x 107
sr-89 o -1 T 23108 (vome) 2 x 107"
2r-95 1 1 x 108 (lung) 1x 107
. Nb;95 _ 4 'y)-l» x 10~ (bone) | o 1x 1073
 Ba-1L0 a1 6 x 10-8*  (bone) <6 x 107%
1-131 B 3 x 10" (thyroid) 3x 205
Alpha _ -
Pu-239 - 7 0 2 x 1012 .(bome) 2 x 10-10

*#MPC listed in Netionel Bureau of Stendards Handbook 52.. '
*#)MPC listed in Eandbook 52 or calculated using formula in Handbook 52.
#1#MPC crlculated using formula lieted in Handbook 52. ’
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Scale 0.5 micron

Magniflcation - 15000

\,M\\

MILLIPORE FILTER EXPOSED TO KAPL STACK EFFLUENT

I3 TR 3, . N .. X6 e

S R Tl AT MSSRIN
.ol.? ?..-...r.).\[ta T Tt uhw..’\(rt [FSVESR! RO SOTITER, ¥ LTINSy T
. | . “
1 i ]
' ! ,
} ’ , .
. . .

KE-1121213




WASH-170

348

LeTgv6~1

SYNOH NI 'NvV93g ONIAN0SSIQ ¥313V 3Nl

‘3

H;om_.« 0bZ 022 002 . 081 _ . 09 _op
T

30

r e il |

1

A - !
T o 0 4

T NOILNT0SSIG 3AVD \__1 370AD NOILOVHLIX3 _~ GN3 QVZH nllvTIozSJomw“o:Iv}

NOILVYINYOINI >h_mnow.,m .
Y] LN3QIINCD _ {11 ONIOIIGIUL TVAYSLE
TH1 ONIYNAG ALIAILOY 3AILVI3Y IOV YIAY 3IHL SINISIUL3Y INIO4 G311Cd IOdUu

: NAY SAILIL3d3d GHIHL ONIHNG
YOVIS WOY4 G3SVINAY SLONGOHd NOISSId 31vNdiLlyvd 40 SNOILYOJOHd 3AILYI3Y

‘Y7 ¥3A/40d OINOLY STIONA

b ‘00 214193713 WY3INGD

ocCt

AN3DU3Jd NI ALIALLOY

.
Lo B

- ws eh




. ——— o ————

...._._

\ AEROSOL INVESTIGATIONS
\
FOREWORD

E. F. Johnstone
Technical Director, Contract AT(30-3)-28

Engineering Experlment 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 aerosols which

were being studied at that time., The following reports have been prepared by
the members of the research staff to show the status of the current work.

Most of the work on the contract at Illinols is carried on by graduete
students in Chemicel Engineering. Thesc men are being trained in research
methods and in the applications 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 end 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 sc1ent18ts is one of the importent 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 belng carried on in the regular graduate thesis prograa

in Chemical Engineering. The work of Mr. H. F. Kraemer on properties of charged
gerosols falls in this category. During the past year, the Chemical Corps,
through Contract No, DA-18-108-CML-4789, has expanded the investigation on the
theory of filtretion of very emall particles. This work is being carried on by
Dr. C. Y. Chen, a Research Associate in the Engincering Experiment Station.
Since thece studies are related to the fundamentel properties of eerosols, they
ere summerized here for the interest of those in the AEC who are concerned with
seroscl work.

Turing the ycer, one phase of the theoretical studies and one experimental
prograx were completed. The results were reported in two technical reports as
follows: .

"I. Ths Role of Particle Diffusion and Interception in
Aerosol Filtration; II. Determination of the Drag on a
Cylindrical Fibor at Low Roynolds Number"., Tochnical
Report No. 8, Serisl No, S0-1009, January 1, 1953; cf.
also errata ohoot issuod with Technical Report No. 9.

WASE~1T70 349
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"Particlo Size Distribution in Hygroscopic Acrosols”,

 Tecbnical Roport No. 9, Serial No. S0-1010, Mny 1, 1953.

This work was prosented at the Symposium on Fumes and
Mistse 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,




.. .. . ... . TURBULENT DEPOSITION AND THE BEHAVIOR L

OF DEPOSITS OF SOLID PARTICLES

.v by

S. K. Friedlander, Research Assistant

. When & gas containing particles flows in turbulent motion past & 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
aerosols 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 turbulence. ' .

In essence, turbulent dsposition is a form of inertial removal in which

pudden gusts of fluid move towards the surface, change their direction, and
" 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 & flat surface, the motion of the eddles towerd the surface can be thought
of &8 & series of impactions on flat plates, for which we have experimentel end
theoretical de%ta. Similarly, a spherical water droplet moving out of phase with
an eddy probably remcoves particles from the surrounding aerosol by Impaction.
The difficulty in & theoretical analysie of. turbulent impactlon derives from our
inability in most cases to characterize the velocity and scale of the turbulence,
However, since impaction is the mechanism of deposition, the important parsmeter

should be the inertial group (2): o .
) ) CPPveV o i o i )
~ t v =
18pdg
where “ C = Cunningham correctica factor
. PP = particle density - }
i _ i

! 'VE = eddy velocity
d = some characteristic length
4 = gas viecoolty

,dp = particle dlameter
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By studying the effoct of these variables on turbulont doposition, onme should at
leagt 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 en-

_ployed was carbonyl iron powder (Grade SF) manufacturod by the Antara Chemicals

Division of the General Dyestuff Corporation. According to the manufacturer's
catalog, the mass median diameter of the particles was 3 microns with a geometric
standard deviation of about 1.4, This meteriel was chosen because the particles
are quite spherical, easy to sce under the microscope, and easy to disperse.

“Tests disclosed that about 10 percent of the Uarticles were agglomerates end

most of these were doublets. It has the disadventage of a density (7.8 g. /cc )
considerebly 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 & threaded 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 particles and in-
crease the homogeneity of the aerosol, & l-inch cyclone was installed after the
atomizer and before the mixing chamber leading to the sexmpling tube. The aerosol
concentration was determined by pessing a lmown volume of air from the sampling
tube through a Millipore filter (Lovell Chemical Co.). The main body of air
passed through a rotemcter and was expelled from the syatem by & Roots-
Connersvills blower.

Two sampling tubes have been used up to the present, one 5.% mm, I,D. and
the other 13 mm. I.D. Both tubes were of thin wall Pyrex, and each was ground
at ons point to permit observation of the inner wall using a microscope with an
oil {mmersion technique. The observation points for the 5.4 and 13 mm. tubes
were placed 50 and 30 dlsmsters, respectively, from the entrance, to minimize
entrance effects. In order to restrict the tests to a Imown particle size, only
those particles with diameters ranging from about O. 6 to 1 micron were counted
both on the Millipore filter (for determining concentration) and on the tube
wall (for determining depositien), and a mean particle mlze of 0.8 microns was
assumed,

_ RESULTS

In gensral, when particles deposit on a surface, two btages can be rccog-
nized. In the first, the individual aercsol particles scatter about the surface
and, unless the valority is high (above 1CO ft. /sec ), there is little re-
entrainmeut In the second stage, as a result of incrowsed depcosition clumps of
particles appear and parts of these may break eway, even at moderate gas veloci-
ties., Since the firat stego seccmed more amcnable to inwvestigation, it has re-
ceived most attention in our exporimental work. ' :

The doposition rate wes charactorized by dofining & particle transfer co~
efficiont, k, with the dimonsions of cam. /min.
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"k = N/c

where - N = deposition rato, particles/(cm.a)(min.)
¢ = particle concentration, pafticles/cc.

I . . . . . . o

A plot of this coefficient as & function of velocity for both experimental tubes
is shown in Fig. 2. The data for both tubes fall essentially along the same
line. Most evidont, however, is.the extreme effoct of increasing velocity on

" the trangfer rate which is proportional to V2. The cause of this extrome veloce
" 1ty dependcnce is not cexrtain although & somewhat 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) appeered to have a greater
tendency to deposit than the smaller sizes and this tendency would be predicted
from the impaction mechenism; however, the larger particles are also reentrained
considerably faster since they project into the higher velociiy regions of flow.
Thus at high velocities, the initial deposit consisted mostly of smallor parti-
c¢les., This effect has also been noted by Rumpf (3), T
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COLLECTION OF AEROSOLS BY FIBER MATS

by

James B, Wong, Research Assistant

A major cless of aerosol filters comsists of beds of individual fibers.
The efficiency of collection and the pressure drop are the important practical
. considerations in the design of theso fibrous filters. An understanding of the
mechaniems by which tho particles are 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 investigete them in-
" dividually. In the present work, emphasis is placed on the mechanism of inertial
dmpaction, This mechanism takes place when & particle approaching & fiber '
crosses the streamlines becsuse of its inertia and strikes the surfece of the
fiver. :

_The work is divided into two parts. Part I deals with the Impaction of
aerosol particles on single cylinders (metallic wires) with axes perpendiculer

" 4o the direction of the aerosol flow, Part II deals with the collection effi-

‘ciency and the pressure drop of fiber mats.

" PART I. TIMPACTION ON SINGLE CYLINDERS (METALLIC WIRES)

The theory of impaction of particles on circular cylinders with their axes
perpendicular to the direction of flow has been studied by Sell. (12), Albrecht
(1), Lengmuir and Blodgett (3), Landahl and Herrmenn (1), end Davies (3). Devies
" 4{ndicates that the efficiency of inertial impaction should be & function of tkre
inertiel paramzeter ¥ and the Reynolds KNumber besed on the diemeter of the cylin-
der. Albrecht, and Lengmuir and Blodgett predict on theoretical grounds that a
critical value of ¥ exists below which inertial impaction does not occcur.
“Albrecht gives 0.09 whereas Langmuir and Blodgett give 0.0625 for the critical

value. The other authors do not indicate such a critical velue. : :

. Since exporimental verificetion of the theoretical conclusions 1s lacking,
the present work was undertaken with the purpose of ascertaining the cerrect
function of the efficiency of inertial impaction and the ecxistence or non-
existence of the critical value of ¥, ’ ' ,

‘One-mil end 3-mil platinum wires and 2-mil and L-mil tungsten wires were
used as the circular cylinders. The avergge diameters from measurements under -
the microscops, were 29.0, 82.6, 53.1, and 105.7 microms, respectively, with a
paximum deviation from the average of less then 9 percent., Homogeneous sulfuric
acid serosols were used 1n the exporiments. The aerosols were generated with a
condensation eerosol gonerator similar to that used by Sinclair and IaMer (li).
The perticle sizes wers measured with a calibrated Owl (No. G-2) obtained from
the U. S. Army Chemical Cocrps. The acid concentratlon of the aerosol was de-
tormnined by collecting a woigheble quentity of the particles in the cup of a
high velocity impactor (};) and analyzing tho contents of the cup by titrating
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with 0.1 N osodium hydroxido solution.

Tho experimontal procedure included gencrating e homogeneous sulfurlc acid
aerosol of tho dosired particlo sizo, impacting the aorosol particles on the
" wire which was perpcndicular to the direction of the acrosol flow, collecting
the remaining particles in a glass fibor filtor train, and enalyzing the amount
of acid colleccted on the wire. In order to collect enough acid on the wire for
accurate analysis, & 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 exposed to the
aerosol at the nozzle throat, was passed down into an 8-mm, Pyrex glass tube.

At the end of the run, conductivity water was used to wash off the acid particles
impacted on the wire and the gquantity 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 quen-
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: , diameter of eerosol particles, 0.56
“to 1.40 microns; Vo, velocity of the aerosol stream passing the wires, 400 to
5100 cm./sec.; and Reynolds Number (Nge = D¢ VoP/K) based on the measured wire
diameters, 13.0 to 330. The density of the sulfuric acid particles, pp, was
substentially constant with an average of 1.48 g./cc. C 18 the Cunninghem cor-
" rection factor end i is the viscosity of the gas.

In the ranges of particle diemeter and eserosol stream 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. Cravity 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 total collection in all cases, and thus
had very little effect on the shape or position of the resulting efficiency
curve. The curve drawa through the points in Figure 1, therefore, represents
the experimental efficiencles of inertial impaction. . .

The experimentel curve 1s S-shape, characteristic of the inertial impaction
mechaniem on surface and body collectors. It indicatés a crliticel value or V¥
of approximately 0.25, below which impaction does not occur. At high values of
~ the inertisl perameter, the curve appears to be asymptotic to the value of N1 =
. 1. The accuracy &and roliability of the results depend largely on the homogenelty
of the particle size snd the accurccy of the particle slze measurements. The
impaction efficlencies were reproducible in terms of ny, in view of the tén-
fold variation in velocity, the three-fold variation im particle slze, and the
insensitivity of the Owl for detecting small verilatioms In the particle size.

Comparisons of the data for the two pletinum wires show that the higher the
Reyrolds Nuzber, the higher is the impaction efficiency for the same value of
the inertial paremeter. The.same observation cen be made on the two tungsten
wires, This egrees with the theoreticel conclusions, Comperison of the date
for the 1-mi1l platinum wire with those for the 2-mil tungsten wire, end the data
for the 3-mil platinum wire with those for the k-mil tungsten wire, hovever,
show opposite effects of the Reynolds Number, i.e., tke impaction efficiencics
on the 3-mil wire at lower values of the Reynolds Nuxbier ere generally higher
than those on the 4-mil wire for corresponding value af Y¥ ., The explanation of
thie 18 not apparent. When these wires woere obsorved munder the microscope, 1t
wvas noted that the surface of the platinum wire was much smoother than tuat of
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the tungsten wire. Poosibly the acrosol particles adhore to the surfaco 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 Landahl 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 basoed 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-
Bon 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 1s that, for high efficiencies of lnertial 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 practicel to start the calculation more then a
few diemesters (of tho collector) upstream, It is possible that errors introduced
by this could cause the calculdted impaction efficiencles 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 values of 0.3 and 0.25 explicitly stated
by Llbrecht, and Langmir and Blodgett, respectively. The curve of Iandzhl 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 har been

studied by Albrocht (1), Langmuir (8), and Davies (3). Albrecht‘'s theory is
based orn the potential flow of an ideal fluid, a condition very different from
viescous flow which ordinarily takes place in these filters. Iangmuir's theory
takes into account only two mechanisms of collection, Interception and Brownian
diffusion. The experimental date of LaMer (£), and RamsXkill and Anderson (10)
show that the mechanism of inertiel Impaction also plays an important part in
the collection efficlency of these filters. However, thsse authors have not
evaluated this mechanism quantitatively. Davies!' theory takes into account all
of the mejor mochanismo of particle collection, 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 across fibrous modla has beaon studied on the basis of the
bhydraulic radius concept of Kozeny (5) and Carmen (2). Davies (3) studied the
Provlem by dimensionsl analysis. Iborall (k) and Langmuir (8) derived theoreti-
cal equetions for the pressurc drop., The conclusions of theseo authors are not
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in godd'agrccmcnt. Another obJect of the presont work was to test the proposed
equetions experimentally. o : _
. By essuning (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 following equations have been dorived
for the collection efficiency and the pressurc drop of the fiber mat:

 fmat=1- (yp/MNy)=1-e \sDz/) (1)
. | 2pVs @ hcp _ | I
- . aP= S : (2)
: \ ’ | 7 ﬂDf l ‘
where
M mat = collection efficiency of the fiber mat

Np/No = fraction of particles penetrating the mat

@ = fiber volume fraction, i.e., volume of fibers per unit
volune of mat ' :

- i

diemeter of fibers in the mat

1=
H
i

b = thickness of the mat

©
]

density of the gas

Vo = volumstric velocity of the aerosol straam.paésing the mat

3
L}

total efficiency of the single fiber

 Cp = drag coefficient on the single fiber

In actual fivber mais, none of these assumptions 1s completely Justified. Ths
apprecach followed in the present work was to use the equations as beses for cor-
relating the exporimental dnata, incorporating all of the effects which wore not
elready teken into sccount a&s an effective fiber efficiency, Mg, 8nd an effective
fiber drag coofiicient, Cp,, instcad of 7 end Cp in the equeticns, }

Tbo fiber :mets uced in tho present work wera formod from three types of
glass fibers medo by Glass Fibers, Inc., Toledo, Ohio, unbonded "B" fivers, "450"
yerns, and "150" yerns. Tho dicmoters of the fibers woro measured under the mi-
croscope and wero found to average 3.51, 6.2L4, and 9.57 microns, respoctivoly.
Tho mats wore formed by Arthur D. Littlo, Inc., Caxbridge, Massachusetts, Four
bulk densities of approximately 1.0, 1.3, 1.6, aud 2.0 g./cc. were formod from
each type of fibor. Tho thickness of the mats ranged fram 0.13 to 0,22 cm.

Most mats wore uniform after tho binding sgent kad boen burned off.
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The experimontel procoduro was similar to thrt followod on the impaction o
single wires. The aorosol was dirccted to pass the mat which was placed in a
Iucite holdor with the mat faco perpcndicular to tho direction of flow and tho
~ pressure drop was measured by mcans of inclinod end ordinary manometers. The
colloction efficiency of tho mat was calculated from tho quantities of acid col-
Jected on the mat and in tho filter train following tho mat as determined by
titration with standard sodium hydroxide solution and by conductivity measurc-
ment. . S . o . .
Figure 3 shows the experimontal collection efficiencies. The ranges of
variasbles ropresented are: diamoter of acrosol particles, 0.4%3 to 1.3 microns;
volwmotric velocity of aorosol stream passing mats, 17 to 260 cm./aec./ Reynolds

"Nuzber based on the fiber diamoter, 0.04% to 1l.hk; fiber volume fractiom, 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, Brownien 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/Df) 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 nocn-uniformity on the total efficlency of impection.

At YV of approximately O.4, inertiel impaction becomes unimportant and inter-
ception becomes the controlling mechanism as shown by the flattening of the
curves. This critical value of V¥ of 0.4 is between the values of 0.52 end 0.3
predicted by Langzmuir end Albrecht, respectively. It is greater then the value

* of 0.2 obteined experimentally by Ramskill and Anderson. Figure 3 shows that
the mechanism of inertial impaction can be represented quantitatively In terms
. of the effective fiber efficiency. .’ _

Figure 4 shows the experimental pressure drop data correlated on the basis
of the effective fiber drag coefficient. The ranges of wveriables are the semo
as thoce described for the collection efficlencies since the measuremsnts were
taken eirmltanecusly. 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. The higher the volume fractiom, the higher
the effective fiber drag coefficient. The effective fiber drag coefficlent can
be predicted by means of a theoretical equation based on an idealized mat wita
its fibers equally oriented in the three perpendicular directions one of which
16 in the direction of flow and an empirical factor, 1 + 60@1.8/Ngg0.3, This
correction factor agreed with previous conclusions in that the drag on the fiber
increases with the fiber volume fraction and the drag decreases with the
Reynolds Number., Curves for this equetion for @ of 0.08, 0.0k, and zero are
shown in the figure. The figure also shows the theoretical and somi-theoreticel
curves of Kozeny-Carmen, Devics, Iberall, and Langmuir. Calculated for @ = 0,08,
the averzge fiber volume fraction in the exporimonts., The Kozeny-Carmen, Davies,
and Langmuir equetions all predict the effective fiber drag coefiiclent 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 o definite cur-
vature. This indicatoes that the equations of these authcrs, while appliceble in
a limited renge of the Reynolds Nuwrber for particuler types of fibrcus medie,
are functionally incorroct. Iberall's theoretical equation (“Iberall I" in the
figurs) shows approximately the correct curvature. The reason that his equation
predicts too high a pressure drop can be explained on the basis of his erroncous
essunption that the drag fj;co per unit length for fibers parallel to the direc-

/e
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tion of flow was groater than for fibers porpondicular to the flow. it is con-
" cluded that tho pressuro drop across fibor 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 eerosols in the range 1n which

inertial impaction is the important meochanism of collection. )

-
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FILTRATION OF SUBMICRON SIZE AEROSOLS
: BY FIBROUS MEDIA

. by ’ s e e

C. Y. Chen, Ressarch Ascsociate
Chemical Corps Contract No. DA-18-108-CML-4789

The object of thie research is to study the filtration of aerosol particles
through a fiber mat both theoretically and experimentally, Much work hes been
done on the development of pew filter material and on the measurcment of penetra-
tion of aerocols through filter material, but not much has been done on the the-

"oretical predictlion of the penetration of filter meterials and on the experimental
study based on the theorctical prediction. The present study is along this line.

- THEORY R

For filtration of uncharged submicron size aerosols with uncharged filtering
~medium, the particles might be removed either by inertiel impaction, direct in-
terception or Brownian diffusion. To study the filtration of aerosols by fiber
mats, 1t 1s necessary first to learn the filtration or collection efficiency of
& single fiber which composes the mat, .

For single fibers, the efficlency of collection of serosols {n) by any msch-
anism can be expressed as the ratio of the cross sectional area of the origlnal
~8tream from which particles of a given size are removed because their trajectories
"intersect the collector surface to the projected area of the collector in the
direction of flow., The efficiency of collection by inertias impaction is a func-
tion of ¥ =(CPP dpe v)/(18u dr) end NRg; by direction interception, 7 is a functicn
of R = d/d. anid Npe; and by diffusion, 7 is a function of D = Dpy/v dp end Nzg.
The collection by inertial impection and diffusion increases with ¥ and D, re-
spoctively, end always increases with increase of Npe. The importance of direct
interception increases with increase of R and decreases with increase of ¥ and D,

Not much experimental work has been done on the collection efficlency of a
single fiber especlelly under the conditions present during the filtration by
fiber mats, that is, very low Reynolds number, Until recently, the calculation”
of collection efficlency by inertisl 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. Davies(l) calculated the inertial impaction and direct in-
terception on fibers assuming viscous flow., Fram his results, 7 could be plotted
es a function of ¥ with R as a paramoter. Davies' results indicated thret inertial
impaction efficiency bazed on viscous flow is much lower than that calculated
fram potential flow. ILengmuir (2) has derived cquations for predicting the col-
lection efficlency of a single fiber by interception, by diffusion, and by inter-
ception end diffusion coxbined, Ho derived his equations from Lamb's squetion
for viscous flow arcund & cylinder tromsverso to the flow. Figure 1 shows the
collection efficiency by diffusion and intercoption at a Reynolds number of 10-2,

366 ' ~ WASE-170
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~ An interesting concluscion from thoso calculntions is that the collection effi-
clency due to both effocts 18 highor than the sum of tho efficloncies due to the
individual offocts alono. The same conclusion con be drawn from the Davies cel-
culation of the cambined effocts of inertial impaction and interception. .

The ovcrall efficiency due to inertial impaction, interception ernd diffusion
is very difficult to calculate. A reasonable assumption is that the overell 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 Filgures 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 fibers 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 is lined up to form a group of
capillaries, The ordinary fiber mat with high porosity epproximates the first
case.

In a fiber mat of the first case with porosity approaching 100 percent, -all
the fibers axre available for collection. It is possible to express the oversll
collection efficiency of this ideal fiber mat as a function of individual fiber
total collection efficiency 7 as definsd above,

\

N L l-e L . ' : 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 kigh porosity fiber mats. It is reasonable to express the

neighdboring fiber iInterference effect as a function of interfiber distance, or

. a8 a function of porosity only for the sams type of mat within s narrow rengs of
Rynolds nuzber. Thus, the following equation can be used to express ths fiber
-mat collection efficiency.

.

- XN L l-¢ L
. -Iln — =~ N —— s — + F (€) (2)
No~‘ s € dp

'F (€) has a limiting value of 1 for mats with porosity of 100 poercent; it is
greater than 1 when tho porosity decreases, ond has an ssymptotic velus for low
porosity mats, The function can be calculated from preossure drop measurements
across the mat. For a fiber mat with porosity approaching 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 Npg 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 i1so-
lated cylinder. The deviation is a function of tho ratio of the distance between
the fiber and the container and the fiber diameter. It can be expressed as a
function of porosity for fiber mats to account for the effect of neighboring
fibers. This function also has a limiting value of one for 100 percent porosity;
it increases to an asymptotic valuo for low porosity mats and will be approxi-

. mately the same function of porosity used above to describe the nelghboring fiber
interference effect on collection efficlency. Thus the pressure drop aecross the

fiber mat can be expressed as . : :

16(1-€). kL ’ o . _ o
&p = C—— T () : | ()
2-1n N df“ &c SRR :

From this discussion, we are able to calculate the penetration of a fiber
mat from the physical factors of the mat (thickness, fiber diameler 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 diemster).

It is now possible to show whether a size of meximum 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 24 fibers., It is not sur-
prising from the teble that the controversy concerning maximum penotration arises.
It is simply due to the fact that only a few experiments have been carried out
under very limited experimental conditlons.

TABIE I, PARTICLE SIZE AT MAXIMUM PENETRATION
Particle density = 1 g./cc,

: For Filber Size For Fiber Size

Averege Volocity 3 microns 2 microns
cm, [sec, - microns microns
. . . o o ‘
0.1 0.52 0.45
1 0.28 - 0.23
6 0.19 0.16
10 0.15 0.1}
40 0.11 0.10
100 - 0.07

P, 0.070

EXPERIVENTAL

A LaMer-Sinclair type homogoneoué liquid eerosol gonerator was dbuilt for
this ctudy with DOP es acrosol material, The particle slze was measured elther
by the polarization "Owl", tho growth method (4), or by tho diffusion battery (5)
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deponding on the range of tho size' of tho particlos. Ponetration through the
mat wes moasurcd by the NRL-E3 pontrometor., 'Extensive penotratlon meesurcmonts
on eir-formed B glmss fiber mats are in progress. The presont mats used contain
a wido range of fiber size. Some of the initial experiments indicate that the
theory is quite satiofactory. .

Table II contains somo emperimontal results compared with the theory assum-
ing the diaxeter of fiber is 3.5 microns. The actual size of the fibers has a

wide range of distribution and the average size 1s asbout 3.5 microns.

" TABIE II, COMPARISCON OF EXPERIMENTAL RESULTS
WITH THEORETICAL PREDICTION
B glass fiber mat porosity 98.6%; thickness 1.2 cm.

Aerosol material: DOP; particle size, 0.304

: ‘ ' n . by calculation
s Velocit From Expt. based on dp = 3.5
' cm, /sec. , '
26.8 2.29 x 1072 2.58 x 102
12.0 2.61 2,38
- 5.33 2.70 L 2.76
- 2.98 __2.66 3.16
1.69 3.8 ' 3.48
0.89 4.35 4,18

,CONCLUSIOYS

: Fram the experimental data available at the present time, the results agree
with the theoretical prediction fairly well. Additionsl experimental work is in
progress, The results indicate that the ponetration of a fiber mat for the first
time can be predicted by theoretical celculetion. Also, the development of a
new filter material can be muade on & sclentific basls rather thsn by a cut- end~
try method, The controversy on whether a maximum penetration size exists has
been solved by thoorctical celculations and the experimental conf tian of the
theoxy will be presented in the near future. -

NOMENCLATURE - _ -
C = empirical correction for resistance of air to the movement of
emall particles (at room temperature end atmospheric pressure,
C = 1+ 0.16/dp, where dp is particlo diameter in micrams).
dp = particle dlameter

v = upstream velocity or avorage 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 ) O

8
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INFLUENCES OF ELECTROSTATIC FORCES
ON THE DEPOSITION OF AEROSOLS

by

: H. F. Kraecmer
. 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 inertial mechanism of collection, the effects of small electrostatic .
cberges on the aerosol particles and on the collecting surface must not be over- '
looked in promoting the collection efficiency. Many natural aerosols are elec-
trically charged, es are some collecting surfaces such as the fibers in & resin-
wool filter. Uncharged surfaces or aerosols readlily can be given an electric
charge, thereby increasing the separation of particles from the serosol.

The utilizetion of electrostatic forces in promoting aerosol deposition may
be adventageous 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 achieved if both the collector and the eerosol are charged.* The
collecticz efficiency using electrostatic forces remains high even for sub-
micron particles, although inertial forces in this case may be negligible.
Another conalderation is the fact that elecirostatic mechanisms of collection
requiro low aerosol velocities of flow across the collecting surfece. The pres-
sure drops in the system consegquently will be much lower than would be the cass
for similar collection by the inertial mechsanism,

The purpose of the current research is to investlgate the mechanisms of
aerosol depogition under the influence of electrostatic forces and to indicate
~....the conditions and types of equlpment wherein electrical charging may be bene-
flcial

THEORY K

. Studles are teing mede of the motion of a’chorged serosol particle flowing
Past & sipgle spherical collector Figure 1. The collectiocn efficiency can be
calculated theoretically if the outermost limiting traejectory is known for the
aerosol particles just grazing the collector.

The differential eguations of motlon of a single aerosol paiticle approach-
ing the spaericel collector are given in Figure 2. The equations arc derived
from force balances of the fluid resistance and of tho electrostatic forces of

T | .
*The collection efficlency is defined as the fraction of the aerosol re-
roved frcm a fube of gas eubtondod by the collecting obstacle as the gas flows
past.

37h WASH-170
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attraction between (1) & charged colloctor and o charged aerosol (paramotor Kg),
(2) a charged collector and its image in an uncharged aerosol particle {paramcter
KI), (3) a charged acrosol and its image in an uncharged collector (paramcters
EM and Kg). The scveral electrostatic forccs can be shown to be approximately
additive. Potential flow strecamlines and Stokes' law aro also used in deriving
the equations. Since the differential equations have been made dimensionless,
all of the experimental variables are contained in the dimensionless parameters
-KE, X1, Ky, Kg Figurc 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 eround the spherical collector

* and by considering only one collection paremeter, Ep, Ky, Kg or KM, at a time.

Tho numerical solution of the trajectory equations has been completed by
meens of the electronic digital computer, the ILLIAC. Collection efficilencies
were calculated for a range of values of the four parameters, Kp, Ky, Kg and Ky.
Some of the results are shown in Figure k. o

In order to interpolate betwecn solutions obtained with the computer, the’
collection efficiencies and the collection parameters may be correlated by curve-
fitting with & high-order multiveriate polynomial. ~

| EXPERIMENTAL FQUIEMENT AND PROCEDURE

The equipment is shown in Figure 5. A dioctylphthalate (DOP) fog 1s pro-
duced by condensation of the vepor in the presence of salt nuclei. The perticle
diemeter is about 0.8 + 0.2 micron. The zerosol 1s charged electrically by vass-
ing it through coexial electrodes in a 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 agrosol perticles
was given at the Ames Conference in 1952,

The charged eerosol then flows past the spherical collector which is a 7/16"
steel bell mounted on the end of a semi-conducting cone. The cone acis &5 en
electrostatic shield eround the wire connecting the sphere to a high voltage D.C.
power supply (0-10,000 volts). Without it, the electric charge on the wire af-
fects the collection on the sphere, '

The electrical charge on the aerosol is determined from the deflection of a
strecmer of eerosol flowing in a transverse electric field. The aerosol is
carried -through the field by en envelope of moving eir. The size of the parti-
cles iz measured by the "Owl" and by a high velocity cascade impactor. The mass
concentration of the aerosol is determined by precipitation of a sample in a *
small glass and platinum Cottrell precipitator. ' : o ’

The collection efficiency is determinod experimeontally by measuring the
amount of aerosol deposited on the 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 spsctrophotometry. Collec-
tion on the sphere ranges from 1 to 10 micrograms of DOP per minute,

EXPERIIZNTAL RESULTS .
Tho preliminary date are shown in Figuros 6 and 7. The inertial parazoter ¥

is about 10-6, According to theory, the inertial forces should therseforc have a
negligivle effect on tho deposition.

——
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‘ The actual collection agrecs approximately with that predicted by thoory.
In the case of the uncharged aerosol flowing noar a charged collector, tho data
heve a high exporimental variebllity on account of the small amounts of DOP that

were collected and mocasured.

In Figure 7 the data are plotted versus a modified parameter. Whenever &
collector ie grounded, even through &' high resistance, charges are induced on
the collector by all the surrounding charged particles., This induced charge
occursd in addition to the imege and void space effects described by ths param-
eters Ky and Kg. The induced charge 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 illustrates 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 weter droplets for collection of aerosol particleu which tkemselves
are charged by passage through a corona discharge. An electrified wet scrubber
would have eeveral advantages over both the conventional wet cyclone and the
Cottrell precipitator. Compared to a conventionael scrubber, the electrified
scrubber should provide better removal of submicron aerosol perticles, Con-~
versely, it would require less water and could operate at lower velocities and
pressure drops for the same efficlency of aerosol removal. Furtkhermore, it
would have several advantages over the Cottrell precipitator. The precipitated
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 aerosol particle
must travel a shorter distance to the nearest spray droplet. Also, the elec-
trified scrubber would be operatod at relatively lower voltages (1000 to 10,000
volts) since the collection distances are smaller.

An electrified spray scrubber is now being constructed to evaluate its
potentialities, .

’
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* Angular Velocity of Aerosol Particle

3 o
E_@_ = - (2r ':1) sin@ . A
at . 2r :

Badia/l Volocity of Aerosol Particle

(kz +. Kg) K r 1

ar (r® - 1) .
— = _ §inf - —F—F= - —= - Ky -
as _rs. ~— r° , r® _ (% - 1)° r

.

FIGURE 2 - DIFFERENTIAL EQ,UATIOHS OF TRAJLCTORY (F AEROSOL PARTICIE

Potential Flow with Eloctrostatic Forces and
Stokes! Reeistance _
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g i
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PICUR: 3 - ELECTROSTATIC COLIZCTION PARAISTERS
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o SUBJECT INDEX ,
Aerodyne dust collectors ) DOP tester '
(See Dust collectors,) {See Smoke penctration meters,)
Aerosol charge-measurement unit R . Dry boxes
design, 247 R desipn, 146, 170, 220
Aerasols’ . . . Dust collectors .
filtration, 205, 235, 305, 356, 366 cost factors, 18, 76
Aerosols (charged) ~— T design, 17, 81, 85, 87, 82, 66, 100, 251, 263
preparation, 375, 381 efficiency, 63, €9, 83, 88, 80, 97, 251 253, 262, 264
properties, 349 malintenance, 73 100
Alr operation, 71
purification, 39, 48, 227 * Dust generators
Alr cleaning design, 85
- meteorological aspects, 181 ) . Dust hazards
"Alr cleaning equipment e T in U production plants, 69
maintenance, 17, 25 Dust loading
performance, 22, 149 altitudinal factors, 102
Alr conditioning systems ) at Brookhaven area, 142
design, 55, 148, 152 meteorologleal factors, 102
Air-sampling equipment at National Reactor Testing Station, 102
design, 160, 230 at Rocky Flats plant, 161
performance, 186, 308, 330, 335, 343 " Dusts
Alrcraft engines physical properties, elfects of altitude, 87, 103, 105, 106
decontamination, 68 physical properties, effects of meteorological condonns,
Alrcralt Reactor Experiment . 102, 105, 110
_ alr-cleaning facilitles, 35 ) - Electro-polar filter unit
Ames Lab, (See Dust collectors.)
air-cleaning activitles, 185 Electrostatic precipitation
_Arco Chemical Plant effect of fiber charge, 242
(See also National Reactor Testing Station,) \ effect of particle charge, 237
alr-cleaning facilities, 36, 37, 64 theory, 235
Argonne fncinerator . Electrostatic precipitators
{See Incinerators.) - - design, 34 P
Argonne Natfonal Lab. efficiency, 28
air-cleaning activities, 48, 55 Entoleter unit,
Asbestos-glass filter paper . : (See Dust collectors.) :
efficiency, 227 R - +----- . Exhaust systems i I
Bacteria design, 166
(See Serratio indico.) efficlency, 13, 28, 45, 81
" Berkeley boxes Expcrimental Breeder Reactor
{See Fume hoods and Dry boxes.) coolant air processing, 65
Bromine Ffbrous {ilters . .
(See Halogen gascs.) {See Membrane fllters.) .
Broolhaven National I.ab, Filter house
atr-cleaning activities, 142 for ORNL graphite reactor, design, 22,23
Carbide and Carbon Chemical Co, (Y-12} Filter materials
air-cleaning activities, 13, 20 - (See also Asbestog-glass flliter paper; Carbon canister
" Carbon canister {ilters filters; Cotton fiber filters; Glass-iiber paper filters;
eflectiveness, 165 ce Glass-wool {ilters; Membrane {{ltors; Metalllc filters;
Carbonyl iron powders ' Mineral filter papers; Sand-bed filters.)
as test dust, 352 cost factors, 46
Copper oxide powders efficiency, 14, 22, 24, 28, 40, 43, 52, 55, 57, 61, 64, 121,
as test dust, 87 ’ 131, 142, 150, 157, 161, 165, 188, 205, 227, 259, 262,
Copper sulfate powdera 305, 303, 318, 324, 330, 356
ae test dust, 269 properties, 213, 323
Cotton f{iber filters Filiration ) ]
efficiency, 272, 278 of very small particles, theory, 349
Di-octyl phthalate smacke Fluorine
(See Acrosols.) removal {rom alr stream, 49
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Fume hoods
cost factors, 224
deslgn, 146, 170, 222-
elticiency, 14, 28, 52, 56, 227
Gamma radiation
permissible Hmits in air 79

‘General Electric, ANP Project

alr-cleaning activities, 87
Glass-fiber-paper {ilters
efficiency, 227
Glass wool filters
efticiency, 14, 40, 43, 57, 59, 64, 131, 142, 157,
163, 166G, 186, 262

. Kalogen gases

removatl {from air stream, 48
Hanford Works . .
atr-cleaning activities, 40
Hersey unit
(See Dust collectors.)

. Homogeneous Reactor Experiment

air-cleaning facilities, 36
Hoods
{See Fume hoods,)
Hydrogen fluorides -
‘handling, 81
removal from air stream, 48
Idaho Chemical Processing Plant
(See Arco Chemical Plant.)
Incinerators
cost factors, 62
design, 11, 58, 281, 284, 254
performance, $8, 283, 285, 287

R

" Insects Tl

distribution in air, 107

Todine 191

removal from process gas streams, 41
Knolis Atomic Power Lab.
air-cleaning activities, 118
buildings and facilities, 118
environs monitoring, 126, 335, 348
Limestone
absorption of halogen gases, 48
Livermore Research Lab.
air-cleaning activities, 185
Los Alamos Sclentific Lab,
air-cleaning activities, 7
Materials Toesling Reactor
coolant-alr processing, 65
Membrane {iiters
efiiciency, 22, 24,
1886, 205, 358, 3844, 366, 371
Metallic filters
efficlency, 14, 356, 362
Microdrganisms
filtration from alr, 227
Mineral filter papers
efficiency, 233
Mound Lab,
sir-cleaning actlvities, 146
Nattonal Reactor Testing Station
{Sec also Arco Chemlcal Plant,}
air-cleaning activities, €3, 102
Nuclear afreraft power niants
Rir-cleaning activitica, 88
Oak Ridge Natlonal Lab
adr-cleaning activities, 21, 30, 36
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28, 52, 55, 58, 131, 142, 150, 163, 188,

Particle deposition -
effects of clectrostatic forces, 374, 377, 382
effects of particle size, 352, 355
elfects 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
atr~cleaning equipment, 28

Radioactive waste disposal .
cost factors, 21 ) ' '
incineration, 12, 58, 281, 284, 294

Radon ‘
radiation hazards, 79

Reaction vessels
silver, efficiency for 1'% remova] 41

Reactor coolant-alr
processing, 65, 143

Rocky Flats Plant
alr-cleaning activities, 161

Sand-bed filters
effictency, 158

“Savannah River Lab.,

air-cleaning activities, 185
Serratio indico '
test organism in {ilter evaluation, 228
Scrubbers
design, 218, 376
efficiency, 48, 57, 163, 219
Simon suction {ilter unit
(See Dust collectors.}
Smoke penetration meters
design, 306
performance, 307, 368
Spray columns
(See Scrubbers,)
Stack disposal
of radioactive gases, effectiveress, 28, 44, 122 143,
159, 1173, 181, 335
Stack gases
particle-size determinations, 338, 345
radiological moniloring, 11, 44, 58 60, 101, 143, 150,
191, 337, 340
Thorium production plants
air-cleaning activities, 167
Uranium
radsation-hazards, 79, 83 -
Uranjum production plants
gir-cleaning activities, 13, 15, 79 60, 82
Uranlum slurrics
handling, 83
Yentilation systems
cost factors, 47
design, 45, 55, 63, 82, 156, 161, 165
efficiency, 13, 28, 43, 45, 80, 82, 143, 148
radiological monitoring, 167
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alr~-cleaning activities, 99




