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DESIGN. TESTING, AND MAINTENANCE .CRITERIA FOR. ATMOSPHERE CLEANUP
SYSTEM AIR FILTRATION AND ADSORPTION UNITS OF

LIGHT-WATER-COOLED NUCLEAR POWER PLANTS

A. INTRODUCTION

(Genhral ID.ii•tn. Crile1ia 41. 42. atnd -13 toll
'()Itl(ail) I til .la It , i spl ere cleanup 'VII , !II. Ill ,p lklid:\ A

ito 0 C'FIR I'art S0. "(;eileral Design (rileria for Nuclear
P'ower'lawlrs. require. in pairt. that these systems be
provided as. nticessarv to reduce the amoL)unt oI'.
tadioaclie.'e inallerial rel.ased it the oenvironment
f.llo1wilttg.. pOS~atlaled deISign ba'ils cIidiCn (II)\DIA) and
itihat tIlle-s sy'tll , he I C d jsiwglcd III poinltn ;i11 rLoljIila -
lniklc dic iltns;pe lilt.. and testinig to a.s-soe lth 1 ll lie rit ..
clt: ubility. :ilid oiperability. General lDe'ti!I 'ilr! !in.. .
tetildirLs. in .lIIr. ha I'llel sIl.iau-c a lll .'halndlit .'.
Ildiatitsaciv¢ w l¢. and olh:r: )'.•IeCImn winh tw.oic till.
adidoaciivitv be dc.silln .l oaISSirCadet itt.e-.i .i i. nide.

iotilnlal uand pl)illilICd accide•nt Conditlions ald he
tle sined wilhi appropriate containmentil.. lni'n . ....
and filtering systelns. Furithernore. (;Clio. ... i gn

(riterioli I/ requlires. ill part. Ihat adaeqol. iizisstt
11lotection, he provided to. permin ai:cts to arid
teL'Ipj nly ofof file Colllrol rot0i llunider aic.cidenIt
cotiditioln• and Ibr Ihe dllration olitheu acidetti without .
tie personnel receiving radiation oxeNpitirors III C\xcss o1"
5 rCem whole body'. This guide presents methods,
acCepahb le Ito Ithe Reguilalory stalf I'm, inmple•enting Ihe.
(Cmtiiiiission's icuilatiits it Appejili. A to It) (R Part

t1) wilh.rreard to air fillration and 2ds.rptioli units used
az. atlnlospilhee cleanup systetmis in light-waler-cooled
iliule-ar power plait s for Ihe purpose ofl llliligaltinll the
cl tste(qtflenc.s of postiiulatd accidelIts. This. guide
addreLsses fhe entire anmosphcre cleatitoip sstem.
itueltiding the various c ompotlents and~ duct.twork- and
pstiisitiaed D HA environtaln :l. coni sidera ticiins.

.11 is tile policy of tile U.S. Atoinic Energy
Commission to enco.llurage. support. anid lgive priority

consi sdcr.ideir I(i to activities leadint to .iealer
standardization ol' nuclear power plants. The hasic
obiecliev (if greater s altudairdizatiot is to wctlrc atildetl

;isitaice of tile sal*ci.v of Illicllar ptolvel plallIs.
Refultatohy (;iide• which plicvidle deuailed .iitMnt;'itm

conlce¢rningi desigr. coilslrcliotion. lestitng. optration. amid
iIINj)%pliolt of spocilic System-s provide iilti•illa

nleclhiaistus it) establ ish technical bases I',r .tlidaidi/.ed
phllas. This gu ide pronvides detailed iiit orinatlimti on

designJ. testing. and inaiiletnance for air fillration m alid
adsorplion units of almospliere cleanulp ) systei. in

Iitihl-wailer.cooled tutlekat powel i~:inis.

B. DISCUSSION

t '\lnosplivre cloanuli syst•eils are includeid as

liigJi-.wa le rcooleld tlle-ean power plants to Imitigale lit-
COi.seqllln0ces of p-istol.ated acctidentis by removing Iromi
file. butildihng. .or. ;intainne•nlt atlnosphene radioactiviL.
tnialorial that mnay be ileaised in [he accident. All such
clt.I.;i1I•1 StemiiS itlist he dIesigllCd !i operate UMllet.i I I

elnvironl ntal coilditiohIs Iestilting fronm the accident. hI
Ihis gLuide. alIllosphete cleanullllp syslellms tl:1t illust

* operate uider postulated D)[IA conditions inside Ihic

1 1itma I%, con:itlatnlmeti I recirculatlhig sys• cis) alt
ulesi.nlated i as primary s- stenis. Sysllets required hi

operate inder condilions ihat are generally less severe

are design:ited as si'ondar sysns (.recirenilating ot
otlce-throtlh systemns). Secondary Systet•i typically

iclhidei Ihe slandln gas Ireatmenti systetm :and the

etenrgency air cleaning systetms for the ful hiandling
•btilding - control rooml...altd shield building. The i)ItA

.CnViitiluiiutntlil 'onditioins Ir'01" a1 OivCtn 5•'Sllii titiSt bt
deleinined . I'f •ach platnt. I)IDA envitiniteintal

conditions t' im tpical prhimary and secondary syslems
are tabulated below. In additiotn ti tllose conditions
listed. primtuary systems Iii,1l be designied l10 witlhstand

the radiatioti dose fromn water and platei•lt sct1rces ill

Ihe conitaitnment anid the corrosive el'•lcts ol dchemical

sprays. if* suich sprays are included hi ile plant design.
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Typical Accident Conditions.forAtm6sphereCleanup System.i .l a r .. . .S'." . .. '. .. . .

E 4virOVMANIt Condit iori.

Prt."otter Surge

Maxinium pressure .

Maximumt temperalIre
of influent.

Re l~ive hunidity ot'
.influent

.\Wrae, Tr:diation levels
\irbirne radioictiveillaterials . .! .

Iodine. buildup in
.:d. rb. .

.d or e .... . .

Average airborne iodine
C 0 Lncentrations
EIemnental iodine.

Metlivi iodide and
particulate iodine

A t~rnousahe'ue Cleanup System

Primary

..'.:.in i tial.
b!,sw down"

06( psi•

* 0%plus
condensing

10' rads/hr(a). I

1.09 rads(3)

*100 rutl'/rI13

*10 n lgirn3'

Secorndarv

Generally
less that)
primary

- latnil

1800 F

In additio I to he possible c,.'ihinalion 4o1"
environnental factors existing during U post k."u''td DBIA,
thenvironmnenial hisiory preceding such anl -',:cident
May affect lie performance of the atmosphere CIL ',iinp
system. Industrial cownaminants, pl.ituatao:.
temperatme. and relative hutmidity contribuie .o thle
aging of filters and adsorhents and reduce th.ii
¢l'crivenless. Thierefore. aging, and weathering off these.'
coinlIIlt: 11 is. which vary frolnl site to site. must be
considered durite design and operation. Average
temperature anld relative humidi.y also vary from site to
site. and the potential buildup of moisture in. the
adsorber warrants equal design consideration. The
effects of these factors on Ihe atmosphere cleanup
system should be determined b\ scheduled testing
during operation.

All components of atmosphere cleanup systems
100% should be designed for reliable performance. Linder

accident conditions. Initial testing and proper
maintenance are primary factors inl assurine the
reliability oft the systent. Careful atltent ion durinmg the
design phase it) problems of inaintaining the systeli

V rads/hr(a) should contribute significantly to the reliability of the
system by providing ease of' maintenance. Of particular

10" rads(a.). importance in the design is a layout that provides
accessibility and sufficient working space t, safely
perforin the required functions. Periodic testinte diing
operation to verify the efficiency of the Componients is

10 nglin"' another important mneans of assuring reliability. Built-in
features that will facilitate convenient in-place lesling

1 mg/nrt• are important in system design.

(31 This -jtu.., , ha'd in the nuic term .pecified in
Rruuatory Guide 1.3' or 1 .' as applk'able.

An atmosphere cleanIup system conlsiSt, of-FlMie or
all of the.. tlhlowing components: denikters. heaters.
prefilters. higla-efl•iciency particulate air (!IEPAI filters.
adsorption urnits. fans. and associated ductwork, valving.
and instrutmentation. The purpose of the demisteris to
remove entrained water droplets from (lie inlet streant.
Ihereby protecting prefilters. HI'PA filters, and
;tdsorhers from water damage and plugging. Heaters,
whenl used on wcoatdary systel is. norinally follow the
denistcrs in the cleanup train and are designed to mix
and hieait the incoming stream to reduce its relative
huniditv before it reaches the filters and adsorbers.
Ihefilters and HEPA filters are installed to remove
particulate solid matter. which may be radioactive.
helrihers remove the larger particles and prevent
,.c\Cessive loading of HIEPA filters: denusters may- also
perform this function. The HEPA filters remove the fine
discrete iparnicuhate matter and pass the air siream to the
:adsorber. The adsorlIer removes ga.aous iodine
(elemental iodine and oreanic iodides) from lie air
streamn. Additional 11iEPA filters Collect carbon lines
eihausted from the adsolber which may contain
i;Wi)iactivity. Tito tCan is normally ihe linal ilem in an
atillo.splere c aleanup ral.

At present there is no comprehensive standard for
the design and testing of atmosphere cleanup systems.
However. isolated standards, are available for the
construction and testing of certain components of
systems. WVhere such standards are acceptable to the
Regulatory staff, they are utilized in this guide. Where
no suitable standard exists, acceptable approaches are
presented in this guide. ORNL-NSIC-b5. ."Design.
Construction and Testing of 1-lipti-Efficiency Air
Filtration Systems for Nuclear Application.". : of..rs a
comprehensive review of air filtration systems. 1i is ,iina
standard hbui a guide which suggests several design
alternatives.

C. REGULATORY POSITION.

I. Environmental Design Criteria

'". ,rThe design o1"" eadi , ongineered-sat'zt> -featLtrv
atmosphere cleanup system should be b•ased on the
niaxi mi pressure and pressuire differential. radiation
dose rate. relative hulnidily. inaxintlm and ml1ilimu11n
leniperature. and (other condilions restlting fronm MI1ti

postulated DBA and on their duration.
b. The design ofeach system should bu based on i

30-day inlegraltcd radiation dowse. I'0It ')%, il! ,
postulated DIA. to e.sential services in the vicititly 1f

I . 1



lite adsorher sectioln. The radiation souirce leonrm should
hi.' emilgcis tit with tihe :iassiuptitns Iftotilid iin Regullaltor y
(ides 1.3.' 1.42 and ~1.2.4 Other engincered safely
feCiiures. inlehdinig pertinent coniponenlts of" emSeCilil
se vices suci as power, air. and conltrol cables, should be
adequately shielded fromt the alnimospherce cleaunp

c. The design of each adsorber should be based oil
lhie CoeniC llation anid relative abunidance fth' ite iodine

species (elementlal. Iarifeulace. and organic), which
\Iwilild he coinsistelli with fie assuimiptions founild in

¢leuiaitV . Guides 1.3.'1.4. 2nd I ,, ""
di. 'fit: atmosphere clreanup system should he

coimcpatible with other engineered salI), feature% such as.
a Ckmilaill 'ltli splay s\ teln. "

e. (.t11cnUneiti , .. oi sv'sltiis. conl¢ecteld... to.
ailnpantinlen ll. thirat are. iliheated dmitilg a. po istiulated

%:,Cident s.hould be desig led for post-accideni fl:'ec..tif
t-,,ll tlie loWst arid hidiest; oitdoor teoipertiures uised

cc' :a. vhlailt.deslgn.

2. Svstem De-e.Oin Criteria

:a. Atmosphere 'leanup systems designed and
mintalled ifr the pqrposc of mitigatinlg accideni .doses
,hoIt d be redundant..The '2,sciems shiould.cuimsist of tIle

I0,lowing . sequcnitial ecnpo,'ent.is: 11 demisters. (2)
pretfilters (demniscers miay serve t'iis function!. j3) 1-EPA
tiliers hefore tihe adsorbers. (.4i iodine adsorbers

i timpregnated activated carbonl or eqcivalent adsorbent
sutih as metal meolites). (15 HEPA tn'ers after the
,dsorbers. (6) ducts and valves. (7) fans. 'n,-, (S) related
instrumen tation. Fealers are required w.,en the
humidity is to bc controlled before filtration.

b. The redundamn atmosphere cleanup sys:ems
should be physically separated so that damage to o0,e
sy%,tem does not also cause damage to a second syStem.l.
The generation o'f missiles from high.pressure equipment
rlipture. rotating in:mchinery failure, or natural
phenoniena should be considered in tie design for
selaration and protection.

c. All components of all engincered.safety.feature
atmosphere cleantip syslem should be designated as
seismic Category I (see Regulatory Guide 1.29s5 if
ailtirue of a component would lead to the release of
,inificamt quantities of' fission products io the working
411 outdoor environments.

d. 'file aimosphere cleanup system should be
proiected froni pressure surges resultinig from the
p istulated accident. Each component should be
protected with devices, such as pressure relief valves, so

h:imt the overall system will perform its intended
ftiunction during and alfter thie pasisge of the pressure

e. In hlie mechanical design of the system. tile
1i0.di radiation levels that may be associated with buildup
of radioactive materials on tile system components

liould be given particular consideration. Systeni

cotnstruction nmalerials should effectively perfortm their
uitended function under the postulated radiatini levels.

The ei'lcI•k of radiation sholild lie cotnsidiced itl llcily
foir tlife detisters. tains. Il'.PA fillers. iicsoil'mih,. and
heaters. hut alsto li' any elecmrical liinslationi. i'omtiN.
jolining comiipouitids. damliper%. taskets. aind llihet

nrgaill .iC.con tal n lilnu itralm-ils wvhicli ;are iiee..ssar 1,61l

operation dmting a poIstulated I)iIA. ..

f. 'te vnitimnit ft nim hlow ialk! a sinui•mlc:keitil
traim should he litiited to approxiin:tel% 3. c 00U fin.:1l'

lotal system air Ilow ill excess ofillis la•le is eeliiiil..
miltiple trains should be used. Fo'r ease til Il1.i11l .Illamlice..
a filltr layout consisting of Oniec 1(000 chin IIIl..AI iillers
high acid ten wide is fprJorr'tled.

g. 'rite atiiosphiere cleaiiip Stem s 10I1 'le
instrumenited to signal. alaim. and cecoitld PJrL-1llei.

.pressctre drops and flow rales it the coollll o•ho ....
h.. The powelr supply auid electi cal di.trlition.

system for the atlmnotsphere cleanui p ssteit described in
section C.2.a. above slihtiol le designed ill acoilth..iice
with 1IF.Il-30S." All instrumientation uud M 'iipmdieitt
controls shlt0ttld be desilned It, I[: : ' ' T st .'1n
should be qualified and tested utnder I o1.33.5 'o the
extent applicable. II-EFl Standards 334." 33t,.'4: 338.1 1
and 3441 2 should be considered ian the design.

L. Piernutienithy installed amrrauceiimcnig•s which
allow tinlitered air to bylpass thle systemCi should be.
avoided. A temporary bypass of tite adcsorher ai ,i,-P-\

filters for testing purposes. such a% blanking offt
downstream units from tlie test agent. is acceptable if
operation of the bypass is indicated by alarmins or signl als
both locally acid in the control room.

j.. For protection of' workers fromt raidiation
exposure restthing from a DIIA. the attliospherc cleanup
train Should be tolally enclosed and installed in a
manlier which permits replacemecn of' the train as aii
intact unit . without removal . of collipotlen is i.e..
demisters. prefilters. heaters. HIPA filters. adsorbers.
and fall.

k. Outdoor air intake openings should le
" quipped with louvers, grills, screens. or sitnilaa
pi.-ective devices to mininhize the effects ol' high winds.
rain. snow. ice.- trash, and other concamnatils ottil thile
operatiotn of the system.

I. iecirculating primary atinosphere cleantip
system hou:ings and duictwork should be designed to
exhibit oil test a maxihunm tolmal leakage rate ol'. 10 chit
per 1000 cf'n of system flow.. Recirc•.lating or
once-through secondary syvstem housings acd dischiare
dttctwork located in a high radiation /tite should lie
designed to exhibit ocl test a Inaxiluinin thtal lea kae• rate
of 0.5 cfni per 1000 ct'hn of system flow. Filter
tmounting frames and ducLs slihould be designed to

withstaind DBA pressure surges witihout pernmacient
distortion or breach of integrily.

in. Anyy atmosphere cleanup .yscelli which is iot

classified as. and is notl given credit as. an eigcuneered
sal'ely 'ealtlire hitl is expected ito collect airbuaine
radioactive miiaterial should be designed to raetain
collected radioactive materials during and after a
postiulated DBA. The alitosplhere cleantiul sysleci shoiuld
ilto deleteriouisly a l'Te c I t ipe oep rat icit ot
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en Ii e e1, a I d -j v f. ic y t tire s1y'stems. ..\pprtlpriately
designed atranigements which is liae nin-enigincered-
,afiltv e•l r .i n it iii: in symeriti f'romi Ih1 cth virotlleient
ill .1.po:I.'i Llated design basis accident; are acceptable.

3.. ('oileponte i)esigui Criteria and Qualificaniun

:I. The d.misiet , instalhed in eiiaineeieds:tl'ty-
l eauIi ;tiiilt,,pliete cle:attintp sysleums should IIeet
-. ,,iil;+il'ii¢' 010 l Ž le lr ~l)tls, Shilil~lr I,, those Ittllild ill
NlS:\R 7 1-4. !'Eilrailied Moiitore Se p:iraors tol Fine
( i-i Oup i iVtr--ir-Steam1 Service: rheir lFerf'ttlrancie.
DIo,.lipinenit aud. S.atus..:". 1)emislers Shotuld deet
t.ntld ii teiý +', L.alti, ,,• t iies ( C LI (lass I " requirements.

I1. : dAtko t0i'j milli'. I n,,.dhloll el'tti•eiktl i at a

himati e h la it ,,I -t) ;. I heaters are used kli
!,O,,idjr\x syxslemi.,,, tile fle.timte ,ectoliansh uild reduce tile

lel.lhite lhmtimdi!., .t tile illkn.tlmlln atillospherl e t'tuiit
100t)'i t) 7i-'e dimune poastul:oCil DBA conditions. A
prOto•\ype l-ei.ing eleinent should be qualified under
posil Jated DBA •conditiills. ('onsideration should be
given ill s I .1i1i desiglt l,) millitlitizing healer control
mldal'utitohi. Th l heatur should niot be a potent ial
;dsolb lll ig1it ion Nthll +rce.

C. Mleraials used in the prefilters should withstand
the raJdixion levels and environmental conditions
pre.alent duing I the postulated D13A. l'refilters should
meet 1;L ('CIas 14 requirements and be listed in tihe
,:urietit (It. -Buitdiii Materials List.' ' The prefilters
should have flt less lhani a 4(Y".'; atmospheric dust spot.
effticiencv raling (Section ) of tile ASHRAEi Standard
52. "Melihod of Testing Air Cleaning Devices Used in
Gener al Ventilation for Removing Particulate
Mkat er.,).I f,

d. The liE'A filtcrs should be steel cased and
desimled to military specifications MII-F-.I068C and
MIL-F-51ot7)A. The III IA filters should satisfy the
retlirements of UL-586.1 ' The F-IEPA filter separators
shOuld be capable ol withstanding iodine removal sprays.

IIEi'A filters should be tested individually by the
appropriate Filter Test Facility listed in (he current
US:\I'C Hlali th and Safety Bulletin for Filter Unit Inspec-
ttoll and Testing Service." The Filter Test Facility
should tt.;t each filter at 100',; and 20'5 of rated flow.
with the filtei, eiieapsulaied to disclose fratme and gasket
leaks.

e. Filter and adsorber ntountifig frames should be
constructed oIf cotruision-resistaiit unpainted steel.
designed for hori.tonal air flow. and designed in
accordance with Ile recomtendations of Section 4.3 of
ORNL-NSlCfi5:"' For ease of miaintenance. m7tounling
frames shluld limit installation of FII-+'PA fillers and
adsorbers to aI maxiiiniin height o f seven fleet above t[ie
walking surface. t'ach filter should be independently
clamped in place at a mitihitin iof four pressure points.
(omllnmn bholtirie ll.filters or adsorhers should not be
allowed. Mount tiig of filters on the downstream 51de of'
tltountin, IFisllie is recomnhilnded.

1. Svystemi filler housinus should he of all-steel
..•ltmlrditlC l on an design.el Ill aceomrdlatice withl the

ORNIL-NS(S'-6' ieomnutendalilms mii st.el Ihlmmus.

•iotiStIng doorts. and o Wihee r hoIsing rellill.ii enlesN
coit:iinwd inl Sections ..5.5. 4.5.7. and 4.5.11.
respectively'.

g. W;ater drains should be designed ii :,cctirtluiuc
vith the ler 'lil iieil Id i ll'i offeili 4.I.15. , litt
ORNL-NSIC'.o...

It. Becaarse o1" radiatliol efl'ecls. IimmtmIrtlllin imllites,
and iinternial wvlds should itl he plinllted. MaIL.'mi:,l
.elected for ducts should b, cotmlpaiible With the c.lilig
and coillainilient spia\, soltitimhis. The mse of alumni:n
and zinc are dis~ouraced.

i. The adsorber mia cotauill :lmv* adstotlei
miai terial demonimitStrated oill ti4:1'1C) 1v .•a1seOls iodiltl

(elceiental iodhiie and organic i•tdide.0 f'ron :air al the
icqlired efti ciency'. Since iiprae~n:ited acliv:il.,d c;mu mi
is cormmoin ' u.,sed. otilv ihis :ids'irhent will.he disdmu,%etlI
in this gilide. If activaled carbon iN the adsotrbent. tIhe
adsorher should lie designed for an average atimitspluheic
residence linite of 0.25 sec per two inches of adoil beti
bed. The adsorhent bied should consist of tiat least twIt
inches of 8 by. 16 Tyler mesh i onlinalin inipren t1.1ed
activated carbon with all apparent bulk density if' 0.;
±0.0•.g•cc .and a size distiibiilihll by weiali!.perceiti as
follows:

* .Retained on =6 ASTNi F I I ', Sieve:
Retained oinl =8 ASTM 1l 11' Sieve:
Thriugh --i . retaiid on =1 2 Sieve:
Through =1 2. retained oin =16 Sieve:
Through 16 ASTNI IE I' 9 Sieve:
Tb rough "16 ASTNI E3232 .1 ' Sieve:

3.0%-- mlaxiinutmu
4fl':ý to. h00'

*401,'. tot oQ'.

If other .size distributions and greater residence
times are used. the. system design should provide fiot
methyl iodide and elcienntal iodine remuioval from ihe

.alinosphere equivalent to that provided by the minihtlin
bed thickness and recommended size distribution.

The design of Iwo.hich.deep Iray.-ty'pe and
one-inch-deep pleated-bed adsorbent canisters sliild le
as stated in CS-8T. "Tentative Standard for IHiph
Efficiency Gas-Phase Adsorber Cells."'" The activated
carbon should be tolally restrained in the adsorhei, A
qualification test on a prototype adsorber should be
performed it, acco'rdance with paragraph 7.4.1 of
CS-8T 2 1 excepl tihal the design basis -arthumil:uke
paramueters particular t( tihe site should be used. The
adsorber should be tested" with a gasotushaloiagetiaed
hydrocarbon refrigerant both before and atter the
qualification lest and should show no significant
increased penetration. lEach original or replacemient
batch of' activated carbon used in tihe adorbher section
slhotuld meet the qualilicatliii and batch test results
summarized in Table I of tbis cunide. A batch of
activaled carbon is defined in RDT Standard M-16-IT.
"Gas-Phase Adsorbents for Trappitit; Radioactive lodine
and Iodide Compounds.' 2 2

To assure thal the adsorber section will cointain
carbon of a uniform; packing density, written procedures
ftir filling should be preparcd and followed by the usei.

1.52-4



0

1The ad,;lohr 4Jliuld le d,.,igiied I'or a i'.ti iuini loading
oit" 2.5 me ol' iodine per grim tul,' activated carbon. Nto
mol)t e thlaln 5'd " ii|nprugnal n| (50 iimg ol imtpregrnrtll/grain
0l 'La '(rltl) ,tl titld he i.usd. 11 . !a tliuilal stahility ur' tihe

type of carbon specificd should he demonst rated and
certified. (See regulatory posifi (' C. .h. for the design
stource termI.)

J. Tile desige of tul adsorlihe section should
consider possible iudime desorption and adsorhent
aututigrtitio, Ithalt r'y resrult I'sril radioaictivity induced
heat in tihe adsorbcttl and concontlitanl ientpetral tire rl'i.
Thie syseln design should pilovide I'm water sprays to.
Inhibit adsorher fires. Comblutstible pas generated by :111
adsormbn I ire should be considered fi the design.

k. The system fan should hav'e srrfficient capacity
.ti pujll the rated air flnw throjuuh the entir.t sWWII) ald
maintain tile specilied negative pressu.te at the nla~xinmili
iressure drop for which the system has been' designed.

I... ' Ifal or blower tised on the clea,up syvstetl
should be capable of operating under the environmental
cooditiofs postulated. including radiation.

itl. Dtctwork should be designed in accordance.W ith t hle recommendations of Section 2.8 of
ORNL-NSIC-65.?

n. Ducts and housings should be laid out with a
minimum of ledges. protrusions. and crevices that can
collect dust and moisture and can impede personnel or.
create a hazard ill performance of their work.
Straightening vanes should be installed to assure
representative air flow. measurement and uniform flow
distribution through cleanup components.

4. Maintenance

a. Cleanable or replaceable elements of the
atmosphere cleanup system should be designed for ready
removal and minimal radiation exposure of personnel.

b. The system layout. should be designed to
utinimize reaching. stooping, and the use Of ladders or
temporary scaffolding for gaining access to filters for
testing and maintenance. Designs requiring physical
contortions or the climbing of ladders to remove and
replace filters should be avoided.

c. The system design should provide rigid, hinged
doors on filter housings with dimensions that will perniit
a man walking erect and carrying a loaded filter carton
(26 x 2(1 x 12 inch x 40 Ib) to pass through vwithout
stooping or twisting. and should ilulde vacutttn
breakers to aid iln opening a door with the fan in
operation.

d. For ease of maintenance, tile system design
should provide for a minitfium of five linear feet from
Mntmting frame to mountig frame between banks of
components. it' componlents are larger than two and a
half feet by two and a half feel. nite than five linear
feet should he provided: the dimension to he provided
should be the maximnum length of the conillpottet plt's
approximraley !hree f•el.

e. The. system design should provide for aligning
and supporting filter elements during filter change in

acctttaince w-itll Section 4.3.i ttl ORNL-NNt+ ;
i'. Fi l Iatial handlitig tih .slel, d<:s,,. ,Im. hld

plovide at 'ealsti 2 illcll:.s all Cf ule rar1ce " etWc,,',It 101'.1
ecltllen l s ill tile ..;;title hali

g. Clse of Uset(it' ils.hnludhillgte ~icifitwe.. ri, 4'iotnc
dollies for Imovini J tI%%' altld used lilivrs t) and :1. Ow
installationt site and elevaltir.s fill nor m g load .1 d, .
up :trod down within tlie hutlding. shoulld he I'l,• It,(
in the design and lIyout.

,i. Tlhte sC stnct design Nlit-ld ll i -%. i,. it ,
perlllanetlt test prlhe. wvith e\tle,i iil cori'l:.
Preferably. the test probes shisuld he manurtclktI ,
sin1gle co•.nlvmite11 location with .dtmr o•' tnlviant .,J%. .'
to balancing of line lenwths arid diameter ti,

reliable test results lh r ic, t:nl .. rc.,sI•, ,' +o '.
tate. mid Llii1t1l: philtalate l)OP) ti'np; •

i. The ei irt ii tandly atm,,iS'hllr'c ch. '
should he ofp raled a1 t e. 0 Ilm t.l i s per itu•, Il ttl . i'1. ;1 w .

heaters ottl (it' sit cquippd dl. mil dcl t r i t) . I
buildup ol" moisture ott the adsorthets ul ll1l' \ HE I

.J. The cleattup cottnponcttts (e.g.. III1X ,
prefihters. adsorbents) should nol hk' , 1 I|I

active construction is still it plagress.
k. Adequate vapor-tight lighting s, milld le

provided in the filter housing.
I. Electrical . 1(11 S- , I 5.Aiip. c4hn .iII.,rr,.

out letst). water.. and coniplessedi air ,jervices ..h1,'rLId bc
nearby but tot inside the filter Imuising.

ill. Ledges and sharp corners should be ,,)',l r
desitgi and construction.

5. In-Place Testing Criteria

a. The air flow distributiont t) Ihte hll'P..\A ltle,
and adsorbers should be tested for tnilform:tr and
should be within ±20% 'of'averaged flow per utit.

b. The in-place IIIPA DOP test shouldd L.4114, 1r rrt
ANSI N 101 .- 1972. "-Flficiency Testingr. of ,A Cleaintg
Systems Con ta in ing Devices for Retn,\al oih
Particles.-.2.i HEPA filter section.; should be t1sletd inl
place initially, and semiannually thereafter, to c. mitt an
penetration (i1 less than 0.0i% at "'" ted i .Ill
engineered-safety-feal tire air It llralioln sys tenl .. lil~t !
this requirement can be considered to wvara•, aI "r Y
removal efficiency for particulates ill acctml•.'r Io•se
evaluations. IIlEPA fillers that tail to S;tlt'.l\ 1111,
requirementtlit shouuld be replaced. If any :1,' 1,,. IlI
IIEP4A batik is entirely or onlv pa•rtially teilhacel. atn
in-place [)OlP test should be conducted. Duriir h lh t IX'
testing. tile adsorber tnits shotild be icn'l 'ratnil1

bypassed. The use of silicone sealarits ol ,fi\ oi her
temporary patching mlaterial off fillers. h,,lsillb l.!
ntirtling fJramtes. or ducts should he P-rl1utnh'nl . I1
nlecessa ry. welding repaits slhotuld lie perlinried till l Ilc
housing or rtiourttittg frame prior to perillik itcstIr.
filler inspection. and in-pl+lace lesting.

c. The activalted carbon h tdsorher sctIn 'l 0,mhliti
be leak tested wilh, a gaseous hiahogetaled h, o vtit.c: bolll
refrigerant itn accordance with USAEI'C Relpiua 1U. 1'1(s2
"Standardized Nondestructive Test of Carbon Hetls filr
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Thec :iil'ailtcil IlN1111 btc idlcienicd ltir ll nw-ýinnjlin loadling

tit' 2.5 till! of i(IdIIIVic pe grnirr tit Itcila'. d cairbon. Not

( 1 ' all tl l ) 1 11 11 1 5'.* 1iiid 'li i l l I ( 5 1 ic f t i II Il ;) rl ltll illt /. l !1r a t h e

t~eI)) C:11111 hu stccilte Nhould lic utcirlloll~rae and uli
lcri tied. I Set regulall:lyI pislritio C.l h. for thre tlesivi

.mmirCcel 10111.)

.i TuItc Iii' dci'uIn Id' 11 atiriccl IoThe sectio NIL oi21i

Cilt1.1;litljs It;ti.IL.lJ irhiiitimI1.1 1di1,:1 OIil.iwe
11.1lit. lticis jkkoriciliu:1o1d ti ikt, it a c t :inc

St;Id- .2Jvll Ill"tc '.hIIIL' shti tiI~lN~kI, Ill s:illc i asr

icii ~ell C i l-m fair thS' lmiltehante ll I 11 111 w uic n :Il~kiIV''

5list 111111 fill 1.il :itil c'lelili firlp ile VihIS3.

1. 1 lt: alltil bor , replceabil tle ci wirteirt ol thel
NInt'lislice ciapaleIil sysetem ng suld the desironedf emAd
reri'Sll aidn poiulltied.a dincl uli1v cl

t 
t ire l pcs' hnlr

Ill. The sstern lahout h ld bxe designe~dIl 3(lmit

tdnitrary ISX4 selblIdIirv I. A1 ligainaces hil Il f-iltr for
tesin ;ildet]ir 1:cilae Ir);M sh igr, .1s1 Lic es irirlg phscal1

dusttirlli and tile ctlrne ad-iif laidder pls eol;ew and

SrIp;laidi iltt I:I f ou aI ld s! a''i )tIId I le Iid. t3 e tt as r
rC. VlvimeIi ssieim dIli)%\- mshuni and pr nid forigd Ilrige

duiis oii itrltiiiissetidmions thhatg wilanu pcrmnitnt

4. MaS elalc

l '11uke. C lei a id llO o i tc pl aciu a cii .t m eni t s e I' i ith

aiI l~ictr ceanpsystem lr~ishlc lt~it.tre S5c designeI'rad

lll~ . rThe yse Ilir la y ltllI sln I itt I tiv c li ear mled tnttf

luimnigl~itemprr scloditiv' ga~iintingi Iatte ccs t b'diiis for

testming'15 and c'imllitcnane arcgn lrequrtiang phyicald

Conortons ccl btife 'andilalh~l illu -lder it)a remov lnarl

rehel sllihir sold be avoided .lciinisti oh rillt
c.ttl lThle sie desl~lligni Icotigitld c poie lrligleid. hinged

dooprsl.lillfiluc tetrc huingc vi.hdmnlosda ilpri

CIIlil- (Ihc 1wss eig. nd siuld 1tincidc fiiacligning
brand r lipallrlrt Ilite openrrldring f l illter chane Iin

:ledtlrd:le w'itili Svc.iimit tit. ORLiiWý

Ci .i I Idt I It I Ii I. it I Id'I

d diclet Im t il ov( ill,' eilti 1ti 11. 1."' :1111 !1 -e I I lk.

tillmide tl"llIi v.iL IIsII Owi hijiki li. p ",d!d i

il Ii IO ..l t.1 d 1.1. k i[.

ll. 'I r i-Pae sieCie

SlietIlI1t1 beCI w -ilbu l21,i~t ivitcl hi, Iv kl

cI Lij 1 11 lIlil t ls Ih I It~ ; h I iteu Ie IIt
c11 1 1cer , l '. 1 Ji\Iall l lii I ifi. ~ l W'~di 111 u

ýtll, relld i- cie~ 21 We di s lut led Moi l 5 Illi k. 1 i

rL'2lnu)VNil lc en cv iil~ par I tlll.I' CIacdn ts

hlultil tilij Ill S i l. 111.1t filler [Ilk' f lld 1 \i sai t' i"

i.t TIc 1)Jj nes aI I .I lie 0 itie'l 111it Ilk. 1ti 1)e II

1)1L C eltlsltuiidat I j tarltr IIfN I I I ,I IIIIlh l -Ai 11ts t Il l"rt

acitiiingC lstIIk i I itill 111 , tri Ii Illil., ;tl W i ~ii'i ~~ n

pirociddI flpciullt nliII~e ciClit'

e. 1 i I'! . I I l. l I a bt t Irlsi te 7i ril siii

crieralh t b ill acI I!Ideirrcc wi h oliJA Llu'..tirIll-IO .

'SlanndarictTstl Cirtitetrial' et i atii 1 'sli

0
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R,.'ictoi ,Ct'oli etll Al lllicatlio .' t"oit ensure tlihat
Sii',, leakae IlIt-ough the adsorber sectio~n is less Ithan

0.05"; Fir unuit., with a i assgned adsorpiion efficiency
(see la'ble 2 o" th' is guide) oI" greater than t95;'c, and 0. M'
lilt , stlerlis with an asietncd etficiency tic " 95% or less.
During (fte ICst the upst ream concentration otf
let li•et~tl a gas slhould lhe no greater than 20 ppm. After
the test is ctmnpleled. air flow throuLgh the Unit shtould
he umajit.acd tnitil the residual refrigerant gas in tile
J11t1,c01 iS lesS tIhan 0.01 i ppm...\dsorber leak lesting
,hiuld he conliducted whenever DOP testinu is done.

h. l-ahoratort Testing Criteria for Activated Carbon

a. I Ilthe atctivaced tarwboit adsorher section mneeis
'h eqlritemnts •ivcn ill regulatory positlion C.5,c.
11d tl1 ; ItIilb hen otelets the test requiremenllts of
l able I wd 2 f this guide. the adsorber section should

Ivc ;atl•ltled the decontamination efftciencies for a D13A

.tnal),io .ts given in Table 2 for elemental iodine and
ic ,dides. It for al\ reason the carbon fails to

(eet llt tclt requiremetts in Table 2. it should not be
iledL mit etgineered-safet'y-feature adsorbers.

hI. The efficiency it' the activated carbon adsorber
ec t io,, should be determined by labmoratory testingz of
tepreeu tative samples of tite activated carbon exposed
itlmiut ancousl. to tihe same service conlditions as the
.jdorher sccliom. Each representative sample should be
lilt le-o than two inches in both length and diameter and
,lsould have the same qualification and batch test
jharacteristics as the system adsorbent. There shouldbe
a su fficient number of representative samples located in
parallel witl the adsorber seciion for estimating the

31110t1tni ot ilplenetatiOll Otf tile Sy'Stelml adlsor01nt

tllroLg!tontl its service life. Where the system activated
carbon is greater than two inches deep. each
representative sampling station should consist of
multiple two-inch santples in series wthose aggregate
length equals the thickness of the system adsorbent.
Once representalive samples are removed for laboratory
lest. their ptositions in the sampling array should be
blocked offl. Laboratory tests of representative samples
should be con~ducted. as indicated ill Table 2 of this
guide. with the test gas flow in the same direction as
flow during service conditions, Thie activated carbon
adsorber section should be replaced after the last
representalive sample has been removed and tested or if'
any preceding representative sample has failed to meet
the testing requirements oif Table 2.

c. The usetr should prepare detailed procedures for
each required field and lahoratory lest suggested by this
guide. Tile test procedures typically should identify:

• (I) The specific item to be tested.
• (2) Its locatioln.
(3) Any arrangements that should be made and

equipment provided prior to tite lest.
• (4) Physical conditions to be met.

5) Any equippnent lockouts or other
precautions necessary for safety of personnel or adjacent
equipment.

(6) The persons who should he notified prior
to the test.

(7) The acceptance criteria.
• (8) The corrective action that should be taken

in tile event of nonconformance Io tile acceptance
requirements. and

(9) Addressees to receive copies of test reports.

%4: t

A:
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W, TABLE I

SUMMARY TABLE OF NEW ACTIVATED CARBON PHYSICAL PROPERTIES

TEST".' ACCEPTABLE TEST METHOD ACCEPTABLE RESULTS

I. PartideSizeDistribution ASTM D28623 ' Retainedon #6ASTM ElI"' Sieve: 0.0%7.

Retained tin #8 ASTfM Ei0'9 Sieve: 5.0% maximum
Through #8, retained on #12 Sieve: 40% to 60%

TEST SCHEDULE
ON FINISHED

ON BASE MATERIAL ADSORBENT

_ Batchc

Through #12. retained on #16 Sieve:

Through #16 ASTM El i9 Sieve:
Through #16 ASTM E3232* Sieve:

40% to 60%
5.0% to maximum
1.0% to maximum

2. Hardness, Number MlL.C 17605B para.4.6.4"' 
Batch "

3. Ignition Temperature. RDT M 16-IT, Appendix C2 3406C minimum at i00 fpm - Batch

4. Surface Area B/ET Surface Area35  1000m'/gr minimum

5. Rad loiodine Removal
Efficiency
a. Elemental Iodine. DBA RDT M16-1T 2:. para.4.52 except 99.9% 

b- --.. Q-.. at ...

.Temperature and Pressure DBA Temperature and pressure are
used2

b. Methyl Iodide, DBA RDTMl6-!1T2 .par4.4.5.4except 95% for 9S% relative humidity - ac

* Temperature and Pressure DBA Temperature and pressure ar. 995% for 70% relative humidity a

c. Retention RDT MIl-IT'
2 .pa2a.4.5.5 - 99% ." 

.Quilrcation

6. Moisture Content Efficiency ASTP.M D2867. Xylene Method". 3% maximum .. Batch:.:.

7. Ash Content ASTM D"8:6,' 6% maximum Qualification

8. Bulk Density AS.M D2:542' Re port value 
Batch

9. Impregnant Content State Procedure State type (not to exceed 5% by weight) - Batch"

10. Impregnant ,chout State Procedure Repor value Qua'irca,•,on

a DBA Maximum Temperature (rounded to the next highest decade in OF. Le.. 2520 F is 2600F) and Maximum Pressure. (rounded to the next highest decade in psig, i.e..

.S5 psigis6Opsig).
b Qualification test: Test which establishes the suitability of a product for a general application. normally a one-time test reflecting historical typical performance of material.

cBatch test: Test made on a production batch of product to establish suitability for a specific application.
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TABLE 2

LABORATORY TEST REQUIREMENTS FOR ACTIVATED CARBON

Activated Carbone
Bed Depthd

Assigned Activated Carbon
Ocontaminat ion Ef iciencies

Laboratory Test Requirements
for a Representative Sampleb

.2 inches/Air filtration'syslem designed It Elemental Iodine 4OW;
operate inside primary containment. Orga~nic Iodide. 30';;

2 iiihes, Air filtration system designed
opi. tc outside tile primary eontainme
and relative humidity is controlled.
70Y'

" . 4 ii;,.hL.s" . " .: ' .. " •
4 inches.

S.8.inches.

I. inches.
*Air filtration system designed to open
ou...t side. the primary containment a
relative humidity is controlled to 707r.

to Elemental Iodine " 5'"
ýnrt Orgapic Iodide
to

Elemental iodine ,997e..
Organi'., ! od ide 99'

tie

Test initially. and yearly lherecal . ;
.05'.; relative humidity. maximnii dc•.iýn
.¢111peratrL 'c a-'1 design face veh,, i,.
a ni elemental iodine penetration ,ii . .1
.aid <" 10% for methyl iodide.

Te l "with methyl todide initiall. ,id

,,.arlh. lherearftr. under 700,',,
.hulmidit\.. mlaximtmll design tentmc .:

a.nd desia . lace velocill for a pe-no ;ix i.' i... o f < 1.O r:L • ,

Test 'with miethyl iodide in tw m.i
incremnents initially. and senno-wiiill 'y
twhereafter I'm the 4-inch tied. evei Leight

.niondls' for the. (,-inch bed. and a:mii;ill
lo-, fhe A- and 15-inch beds utindc 70:.
relative huh'tidily. maximnnm dk-,iLni

...temperature. and design lace veloc1.% loi
a penetration of <0.175;,.

"The activated carbon, when new, should meet the requirements stated in this guide.
bSee regulatory position C.6.b. for definition of Representative Sample.

A maximum postulated DBA temperature CF) rounded to the next highesi decade (e.g, 181 F.should:berotunded
to 19O •F). .

dMultiple beds. e.g. two 2.inch beds in series, should be treated as single bed Of aggregate de th. .:

,. ; ':.S '." ' . . :n.": :.." "7.i" , . . /. : . : : . . :.'. .'; . .. • .::"' :• .• . .'...'.. • .. :" " ..'. . "'::." . : .. ' . " " :

, ." . " ,. ," : • . .. ; . ." .... ; ; ': . . • .. ', : .. • ' ': .' . ,. t. " . . .. , , '. . • ., : . " .', .:. .. • ' . ', , . ,.' . . .,' . . . .' . , " , . ."
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