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“A. INTRODUCTION

General - Design. Criterin 410 420 and 43 on
contginment atmosphere cleanup systems m Appendia A
to 1O CEFR Part 50, “General Design Criteria tor Nuclear
Power” Plams.” require. in part, that these systems be
provided as necessary (v teduce  the amount of .
tadioactive . material  refeased 10 the  environment
following & postulated design basis acadent (DBAY and

that these systems be desigied 1o nermis appropriate
periadic inspection and testing (o sxure then wtepnity, - -

vapubility, and operability. General Design Criterion a1,

wquires, in pacts that fuel storge and  handling.

adioactive waste, and other systems which muy contain,

radioactivity be designed to assure adeyguate satety under, -

notmal and  postulated  accident conditions and be

designed  with apprepriate containment. confinement. .-
and  filterimg systems. Furthermore, Generat Design

Criterion 19 requires, in part. that sdequate rachabon
protection . he  provided “to. permit avcess 1o and
occupaney  of  the  contral rovm  under *accident

conditions and Tor the duration of the accident without |

the personuel receiving radiation exposures in excess ol
S rem whole body. This guide presents methods

aceeptable 1o he Regulatory staff for implementing the

Comimission’s regulations in Appendis A 1o PO CFR Pant

30 with regard to air filtration and adsorption units used

as atmosphere cleanup systems in light-water-cooled -
nuclear power plants for the purpose of mitigating the

consequences- of -postulitéd  sccidents.  This - puide

addresses ~ the - entire  atmosphere  cleanup  svstem.

inctuding the various components and Juctwork und

postuluted DBA environmental considerations. '

N is the policy of the US. Atomic Energy
Commission (o encourage. suppart, and give priority
consideration to activities leading to .greater
stundardization  of nuclear power plants. The  hasic
uhicctive of greater standardization is 10 secure added

) engineered” safety
- lightwaterscouled nuclear power plunts to mitigate the

assurance of the safety of nuelear “power planis,
Regulatory Guides which provide detailed dntomation
concerning desipr. construction, testing, operation, and
mspection  of  specilic systems  provide  important
mechanisms 1o establish iechnical bases lor standardized
plunts. This guide provides detailed information on
design. testing. and maintenance fur air filtration and
adsorption  units of atmosphere  cleanup  systems  in
hight-witer-eouled nuclear power plants, '

‘B. DISCUSSION

CAmmospliere | cleanup systems are included  as
features  in - the  design ot

consequences of postulated aecidents by removing from
the building or. containment atmosphere radivactive
miaterial - that may be eleased in the accident. All such
“cleanup systems must be designed to operate under the
environmental conditions resulting from the accident. In
this puide. atmosphere cleanup  sysiems  that must
operate wndes. postulated DBA conditions inside the
primary  containment  trecirculating  sysiems}
designated o5 primary s stems. Systems required 10
aperate under conditions that are generally less severe

~are designated us secondary svstems (recireuliating o

once-through- systems), Secondary  systems  typically
Jinchude: the standby  pas treatment system and  the
emergeney air cleaning systems {or the fuel handling
“buitding, control room, and shield building. The DBA
environmental conditions for i given sysiem nust be
determined  for  each - plant.  DBA  envitonmental
conditions for wpical primary and secondary systems
are tabulated below. In addition to those conditions
listed, primary systems must be designed to withstand
the radiation dose from water and plateout sources in
the containment and the corrosive eftects of chemica!
sprays. if such sprays are inctuded in the plant design,

S,
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§. Matereals and Plant Protection 10. Gererol




Typncal Accldent Condltions
for Atmosphere Cleanup System

Envorommnmal Condmon '_ At_qnqsn_heyc Clean_upSvsmm

Primary Secandary
Prcs\'mé'iﬂqrgc'-} Joidoie s Resultol L Generally
L ' S mnul less than
blm\down" L prinmary
\l.:\uuum prcnure o 0 st T~ Patm
.\1.|\unum lxmper.mm. o
of mﬂuem .,..‘.. 180°F-
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10* mds]hr“” 10‘ mds/hr(-”

“adsorber L. 10? rads;(“) 10 rads“)
Average aitborne iodine
congentrations RN . o
Elemental iodine .. 100 mg/m? 10 mg/m*
Methvl iedideand =~ -
\ A0 mg/m? 1 mg/m?

particulate jodine

(3) This vatue-is hased ‘on the smi\:é'ré:_m specitied in
chuialmy Guide 1.3" or 1.4.7 as upplicqblc..

An .mnmp}u.rc Llc.mup system consists ol some or
all of the tullowing compunents: demisters, heaters,
prefifters, hlt!h cﬂlun.my particulate air (HEPA) filters,
adsorption units, fans, and associated ductwork, valving,
and instrumentation. The purpose of the demister is to
remove entrained water droplets from the inlet stream,
therehv  pratecting  prefilters. HEPA  filters.  and
adsorbers from water damage” and plugging. Heaters,
when used on secondary systerus, normally follow the
dentisters in the clesnup train and are designed to mix
and heat the incoming stream to reduce its selative
humidity before it reaches the fillers and adsorbers.
Prefilters and HEPA filters are - installed to remove
particulate sofid mauer. which may be radioactive.
Prefiliers  remove  the  larger particles and  prevent
eaeessive louding of HEPA filters: denusters may- also
perform this function. The HEPA filters remove the fine
diserete particulate matter and pass the air stream to the
adsorber.  The  adsorber  removes  gaseons  iodine
telements! iodine and organie fodides) from the air
stream.  Additional HEPA filters collect carbon fines
exhiausted  from  the  adsorber  which  may contain
vadivactivity, The fan is nornedly the final ilem in an
atmosphere eleanup train,

In addition - t0- the " possible ¢ nbination
environmental factors existing during a posti’ed DBA,
the environimentil history preceding such un cacident

may aflect the performance of the atmosphere e mup

system. ladustrial  contaminants, pollutans,
temperature, and relative humidity contribute 10 the
sging ol filters and  adsorhents and  reduce  their
effectiveness. Therefore, aging and weathering of these
components, which vary
considered  during  design  and  operation,  Averape
temperatare and relative humidity also vary 'rom site 1o

site; and the potwential buildup of moisture in .the

adsorber  warrants  cqual  design  consideration,  The
cffects of these tuctors on the atmosphere cleanup
system should be determined by scheduled testing

during upmmon

All components of atmosphere ¢leanup systems
should be designed for reliable performance under
accident  conditions. Initial  testing  and - proper
maintenance  are  primary  factors in assuring e
rehiability of the sysiem, Careful attention during the

design phase to problems of muintaining the system
~should contribute signiticantly to the reliability of the

systemy by providing ease of maintenance. Of particular
importance in the design is o layout that provides

‘aecessibility  and  safficient working space 1o safely

:In
L

- perform the required’ functions. Periodic testing duiing

“operation w verify the efficiency of the components is

~another important means of assuring reliability, Built-in

eatures that will facilitate convenient in-place testing

. Regulatory staff,

are importani in system design.

At present there is no comprehensive standard for
the desipn and testing of atmosphere cleanup systems,
However. isolated standards  are  avaifable  for - the
construction and testing of certain components of
systems. Where such standards are acceptable 1o the
they are utilized in this guide. Where
no suitable standard exists. acceptable approaches are
presented in  this guide, ORNL-NSIC-65. *Design.
Construction and  Testing of I—ligh-liﬂ'ndcm.) Air
Filtration Systems for Nuclear Application.”? offers a
comprehensive review of air filtration systems. Wisnota
standard “but a- guide whuh mgz_.cs:s several design
ahcnmtwcs. oL

C. REGULATORY POSlTION

1. Environmental Deslgn Cmerm
*a, 0 The design ol ¢ach - enginecred-satety-teutare
atmosphere cleanup system should be hused on the
maximum pressure snd pressore ditferentisl, radiation
dose rate. relative humidity. maximum and mininmn
temperature, and other conditions resulting from the
postulated DBA und on their duration,

L. The design of euch system should be hused on

30-day  integrated  radiation  dose. followig b

L

ol

ftom site o site, must be-

"

—

postilated DBA. to essential services in the viciany of



the adsorber section. The radiaton source term should
be consistent with the assumptions found in Regulatory
Guides 1A 142 and 1257 Other engineered safety
features, including pertinent components. ol ¢ssential
seivices such as power, gir, und vontrol cables, should be
adequeately  shielded - from  the
NSNS ‘ _

¢ The design of cach adsorber should be based on
the conceniration and relative abundance of 'the iodine
species (elemental, particulate, and  organic),

atmosphere  cleanup

which .

stoudd be consistent “with the .mumplinns found in

Reaulatory Guides 1.3.% 142 and 1,257
d. The atmosphere:

G COnLINMEN spray systen.’
~Components - of  systéms.

\ump.uum.nts that are unheited during a. postulated

accident should be d..;)gncd tor post-accident eftect of

hnll\ the Jowest and highest” umduor lc.mpcmurcs used -

b nl.ml dusn.n.-,.-
2 Syst_em_l)e.\'ign Criteria -

4. Atmosphere  “eanup  systems duesigned  and
mstalfed for the purpose of mitigating accident. doses
Jould be redundant. The' systems should consist of the
l'nl!o\giﬂg_.\'equcmial compurents: (1) demisters. ()
prefilters (demisters may serve Ais function) t3) HEPA
filters  hefore  the  adsorbers, (<) jodine  adsorbers
tmpregnated activated carbon or equivalent adsorbent
such as metat zeolites). (5) HEPA hilrers after the
adsorbers. (6) ducts and valves, (7) funs, and (8) related
mstrwmentation,  Heaters  are  required  when  the
hnmidity is to be controlled before filtration.

b. The redundant atmosphere cleanup sysiems
should be physically sepurated so that damage 10 one
syatem does not also cause damage to a second system.
The generation of missiles from high-pressure equipiment
rupture. rotating machinery failme. or  natural
phenomena should be ‘.onsldcrcd in the design for
separation and protection,

¢.  All components of an engineered-safety-feature
atmosphere cleanup system should be designated as
seismic Category 1 (see Regulatory Guide -1.29%) if
fmlure of a component would Jead to the release of

significant quantities of fission products 1o the working’

ar sutdoor enviromments.,

d. The atmosphere cleanup svstem should be
protected  from  pressure  surges  resulting from  the
postulated  accident. . Euch  component  should  be
protected with devices. such as pressure reliel valves, so
that the overall system will perform its intended
function during and after the passage of the pressuse
surge. ot T S

¢. I ihe mechanicat design of the system. the

high radiation levels that may be associated with buildup

of radioactive materials on the system components
should  be  given particular  consideration.  System
constraction materials should effectively perform their
mtended function under the postulated radiation levels.

cleanup system should be .
compatible with other engineered salety features sm.h as.

il
L)

u)nncglc.d lu_" )

The efteets of radiation shanld be considered not only
for the demisters, Tns, HEPA filers, salsorhers, and
heaters, but abvo for my elecirical msulatton, contrads,
joining  compounds,  dampers,  gaskets, and

ligh and ten wide is preferred.
g, The atmosphere  cleanup system should:
instrumented  to signal. alanm,

controls should be designed 10 TEEE-27¢,

extent applicable, IEEE Stundards 334." 330, Tt
and 34412 should be considered n the design. -

i, Permanently installed  arrangements
allow unfiltered air to bypass the system should” be.
avoided. A temporary bypass of the adsorber o1 HEPA
filters  for  testing
downstream units from the test agent, is aceeptable if
operation of’ the bypass is indicuted by alurms orsignals
both locally and in the control room. o

. For protection of workers from  radiation
exposure resulting from a DBA, the atmosphere LlL‘JI\\IP
train- should he totally enclosed” and installed in
manner. which permits replacement of the train as an
intaer  unit  without removal | of components ic.,
demisters, prefilters. heaters, HEPA filters, .ul-;nrhgrs.
and fan.

k. Outdoor uir intake openings shoutd - lu
squipped  with  louvers, prills, screens. ot similar
protective devices 0 minimize the effects of high winds,
rain. snow, ice. trash, and other contaminants on the
operation of the system., _

. fecirculating  primary aunosphere  cleanup
system housings and ductwork should be designed to
exhibit on test g maximum total leakage rate ol 10 cfm
per 1000 ¢fm of system Dow! - Recirculating  or
once-through secondary system housings and discharze
ductwork located in a high radimtion -zone should be
designed to exhibit on test a maximum total leakige tate
of 0.5 ¢fm per 1000 cfin of system How. Filter
mounting frames and’ ducts should be designed 1o
withstand DBA  pressure  surges  withont  perminent
distortion or breach of integrity.

m. Any atmosphere cleanup system \\Imh is ot
clussified us. and is not given credit as, an engineered

safety feature bw is expected 1o collect airhune
radioactive  muterial  should  be  designed 107 retain
collected sadioactive  materials  during and  after

postulated DBA, The atmosphere cleanup system should
not deleteriously  aileet  the  operation of

“oa

other
organic-containing  materinls \\'hiuh'-:u'c nucc.\.\‘:nry -rm'
S oper ration duiing a pustulated DBA. .
£, The vohumetric air fow tate ol u \lec ul‘.‘-l“lll‘
“train should be limited to approximatel 30.000 cfim.:A1
Ctotal system vir low in excess af thiv e s requited, -
mudtiple trains should be used. For ease of maiivtenanee,.
a filter Liyout consisting of thiee 1000 olin H! I’\ mms'

and  recoed punngm.
,.prcssurc drops and Qow rates at the contiol oo

o CThe power supply and electiical distribution
\\xum for the aunosphere cleanup system described in

Csection €2, above should he designed m aecondupee
with (EEE-308." All instrumentation .md cyupizit

* The system;

should be quulified and tested under IEEE323% To the

-~ which:

purpuses, such as blanking off

|



cigimectedsaferyfeature svstems. Appropriately
designed  arrangements which isolaie  non-engineered-
safety-feature  filtration systenis from the environment
ma pl\\llﬂ.llu’ dcsn.n basis deeident are dgupldhk.

3, (mnpnue_ul l)mn.u Criteria  and lehfwnnmf

“Testing

@, The -demisiers installed 10 engincered safety-
fetite mosphete cleanup systems should  meet
thm.nmn IeQUIrEMents. simlayr 10 those found in
MSAR T1AR0 knrdined Moisture Separitors tor Fine
{1-10u1 Water-Air-Steam Service: Their Performance.
Dovelopment und, Status"Y Demisters should - meet
Undenwintens” Laboratoties (UL Class P requirements.

o Adsorption” qonts function efficiently at 4
rhaitne hwnidits w1 7070 1 heaters are used  on
secondary svstems, the heating section should reduce the
relutive humidin ot the incoming atmosphere from
00T o 705 dunmg postuluiod DBA conditions. A
prototype heeting element should be qualified under
postulated DBA _conditions, Constderation should be
given insystem -design 1o minimizing heater control
m.llt‘m'h.unn The heater should not be a potential,
adsorbent ignition souree.

< Matenals wsed in the prefilters should w nhsl.md

the - r.:dn._mnn levels and  environmental  conditions

. prevadent during the postulated DBA. Prefilters should
" omeet UL Class requirements and be listed in the
curcent UL - Buildiag "Materials List.'* The prefilters
should have not less than a 37 atmospheric dust spot.
etficiency rating (Section 9 ol the ASHRAE Standard
82, “Method of Testing Air Cleaning Devices Used in
General  Ventilation  for chmvirm Purticululc
Matier™)' e

d. The HEPA filters should be slccl cased and
designed to military specifications MIL-F-51068C and
MIL-F-S1079A;
requirements of UL-386."7 The HEPA filter separators
should be capable of withstanding iodine removal sprays.
©HEPA  filiers should be tested individually by the
apprapriate Filter Test Facility listed in the current
USAEC Health and Safety Bulletin for Filter Unit Inspec:
tion and Testing Service.!® The Filter Test Facility
should tost each filter at 10057 and 207 of rated flow,
with the filter encapsulated to disclose frame and gasket
leaks. -

¢, Filter and adsorber mounting frames should be
constructed o corrosivn-resistant  unpainted  steel.
designed  for horizontal aic low, and dceigncd in
accordance with the recommendations of Section 4.3 of
ORNL-NSIC-65."
frames should limit instatlation of HEPA fillers and
adsorbers o a-maximum height of seven feet shove the
walking surtace. Each filter should be independently
clamped in place «t a minisim of fous pressure points.
Commun bolting of .Nters or adsorhers should not be
allowed. Mounting of filiers on' the downstream side of
mouting frames is recommnended.

. Swvstem fifter housings shoutd he of allstecl
construcnion aml designed e aecordance with the

~ Through =12, retamed on =16 Sieve:
“Through =16 ASTM EN1'? Sieve:

The HEPA filters should swmisfy the

For ease of nuaintenance, mounting

ORNL-NSI( 654

econtmenditions  on steel Howms,

Awousing dowrs, and- other Oler bousing regquitements

contained - Sections .55, 457, und 4509,

_ rc»pun\'cl\

g Water drains should be (Ic\q,ncc.l in acconlanee
with ~ the wu\nuncml.nmn.\ ol Secttonn 4.5.0 0 of
ORNL-NSIC-05.* . C

h. Becase of radiation effects. MOUNLNG e
and internal welds should not be painted. Matenal
selected for ducts should bé compatible with the cooling
and containment spray. solutions, The: use of alonunum
and zine are discouraged, :

i, The adsorber may  contam  any. adsotbent
muaterial - demonstrated 10 repove gaseous  iodine
(elemental fodine and organic” jodides) From iir ar the
wequired efficieney. Since impregnated activated canivon
is commonly wsed. anly this adsorbent will be discussed
in this guide. 11 activated carbon is the adsothent. the
adsorber should be designed for an average stmospher
residence time of 0.25 sece per two inches of adsorhem
bed. The udsurhcm hed should consist of at least wwo
inches of & by 16 Tyvler mesh {nominal) impregiated

“aetivated carbon with an apparent bulk density ol 0.3

+0.05g/¢e and a size dmnhnnnn by weight-percem as

- follows:

“ Retamed on =6 ASTM ET1'” Sieve: 0,07 .
‘Retained on' =8 ASTM E11'? Sjeve: . 5.0% maximum

~ A0 1o 60

- 407 10 o7

©3.07 maximum
1.0% muximum

Through =8, retained on =12 Sieve:

Through =16 ASTM E3232" Sieve:.

1 othér . size distributions and greater residence
times are used. the system design should provide for

‘methyl iodide and clemental jodine removal from the
atmosphere equivalent to thut providcd by the minimum

bed thickness and recommended size distribution,

© The design  of  two-inch- dc«.p tray-lype  and
onc-inch-deep pleated-bed adsorbent canisters shoutd be
as stated in CS-8T. “Temative Standard for High
Efficiency Gas-Phuse Adsorber Cells."*! The activated
carbon should be totally restrained in the adsorher, A
qualification test on a prototype adsurber should be
performed i accordance with paragraph 741 of
CS-8T?' except thar the design basis  carthguake
parameters particular to the site should be used, The
adsorber should be tested®” with u gaseous halogenated
hydrocarbon refrigerant both  before and after the
qualification t1est and  should show no  significant
increased penelsation, Lach original or seplacement
batch of activated curbon used in the adsorber section

-should mecet the qualification and batch test results

swmmarized in Table | of this guide. A batch of
activated carbun is defined in RDT Stundard M-16-1T.
“Gas-Phase Adsorbents for Trapping Radioactive lodine
and lodide Compounds.”??

To assurc that the adsorber section will comain
carbon of a uniform packing density, written procedues
fur filling should be preparcd and foflowed by the user.




The adsorber shoukd be designed Yor o maxinum loading
of 1.5 me ol iodine per gram ol activated carbon, No
mose than 3% of impregnant (SO mg of impregnuntfgram
of cachbond should be used. The radimion swuhility of the
type of carbon specificd’ should be demonstrated and
certificd. (See regulavory position C.1.h. tor the design
souree tenm.)

Cje The desigr of the adsorber section should
consider  possible iodine  desorption and - adsorbent
autoignition that may result From radivactivity induced
heat in the adsorbent and concomitant remperature rse,

The system design shouid provide for water sprays to
“inhibit adsorber tires. Combustible gas generated by an
- adsorbent fice shaald be considered 1w the design.

k. The system fan should have sufficient capacity

Ct pull the roed air flow throngh the enbire system and

maintain the specificd negative pressute at the nuximum

o piessure drop for which the system has been designed.

. The Tan or blower used on the cleanup svstem

~“should be capable of vperating under the environmental '
" conditions postulated. including radiation. o

m. Ductwork should be designed in accordance
with the  recommendations of  Section 1.8 -of
" ORNL-NSIC-65.3 o

- 0. - Ducts and housings should be laid out with a

Cminimum of ledges. protrusions, and crevices that can
collect dust and moisture and can impede personnel or-
create a  hazard . in’ 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. Cleamable or replaceable elcments of the
atmosphere cleanup sysiem should be designed for ready
removal and minimal radiation exposure of personnel.

b. The system layout should be designed to
minimize reaching. stooping. and the use of ladders or
temporary scaffolding for gaining access 1o filters for
testing and maintenance. Designs requiring  physical
contortions or the climbing of ladders to remove and
replace filters should be avoided.

¢.  The system design should provide rigid, hinged
doors on filter housings with dimensions thar will permit
a man walking erect and carrying a loaded filter carton
(26 x 26 x 12 inch x 40 Ib) to pass through withowt
stooping  or twisting, and should include  vacuum
breakers to aid in opening a door with the fan in
operation,

d. For cuse of maintenance, the system design

-should provide for a minimum of five lincar-feet from

mounting frame (o mounting frame between banks of

" components. H components are larger than two and a

haif feet by two and a hall feer, mote thun five lincar
feet should he provided: the dimension to be provided
should be the maximum tength of the component plus
approximately three feet. o

¢. The system design should provide for aligning
and supporting filter clements during filter change in

accordanee with Section 3 .55 o ORNL-NSIC-G!
o For manual huandling the svsteny desiee shoald
provide at feast 2 inches o clearinee hetween e

elements in the same bank

g, Use of materials-handling tacitines, aciadine
dollies for moving new aund used tiliers to and o ihe
installation site and elevators for moving toadod dobiae
up and down within the halding, shootd be provadad o
in the design and Liyout. _

a The  system design sheatd pronade
permigient  lest probes  with extenial conmecions,
Preterably. the st probes should e mantfolded o
single convenient location with due conssdvraten g
to balancing of hne tengths and dameter 16 prodace
reliable test resudts for reftigerant tas, resistans o i
rate, and dioery] phthalate (HOP)Y 1esung:

i, The entire standby avmosphere cledinm o
should be operated at feast 10 fouts pet month, st ihe
heaters on (iU so cquipped ) in o order e redice the
buildup of moisture on the adsorbers and HEP A nitters

io The cleanup components teg.. HEPA adeen,
prefilters. adsorbents) should not he nstal'ed winke

©active construction is still i progress,

k. Adequate  vapor-tight lighting = shonld  he

“provided in the filter housing.

ho- Electrical . (113-V, " [fAnp. COMmeniviGe
vutlets). water.: and compressed afr services Joudd e

“nearby but pot inside the filter housing,

m. Ledges und sharp corners should-be ronded in
design and construction. S

5. In-Place Testing Criteria

3. The air Now distribution o the HEPA nltes
and uadsorbers chould be tested for uniformny and
should be within £200% of averaged Row per unat.

b. The in-place HEPA DOP 1est should contoim to
ANSI N1OL 11972, “Efficiency Testing-of Aw Uleamng
Systems Containing  Devices  for Removal ol
Particles.”®¥ HEPA filter sections shoutd be tested n
place initially, and semiannually thereafter, to contuma
penctration af less than 0059 at roed How. An
engincered-safety-feature div Mhration sysiem satisivni
this requirement can be considered to warrani a "
removal efficiency for particulates i acendent dose
evaluations. HEPA filters that fail to satsty the
requirement should be replaced. 1T for any reasan, th
HEPA bank is entirely of only partially replaced. e
in-place DOP test should be conducted. During the hor
festing, tire adsorber units should be temporarily
bypassed. The use of silicone sealants or am other
temporary  patching  unterial on filters, honsing.
mounting rames, or ducts showld be prolnbaed. B
necessary, welding repairs should be performed on the
housing or mounting frame prior o pericdic esfure.
filter inspection, and in-place testing. o :

¢.  The activated carhon adsorher secnon should
be leak tested with a gaseous halogenated hydiocarbon
refrigerant in accordance with USAEC Repost DI 1082
“Standardized Nondestructive Test of Carbun Beds for
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The adsorhere shounld be designed Tor o mcsinunm loading
ut 2.5 e ot dodine per gram ol activated carbon., No
mote than 3% of impregnant (30 mg of impregnant/gram
of cnbon) shoubd beoused. The radiarion stabitite of the
Iype of carhon spealicd should be deaonstrated ind
certified. (See regultony position C3 by far the desipn
MHIECC o)

1. The design of the adsorber section should
consider possible ndime desorption and - adsorbent
autoignion that ney sesult Siom caboachiviey imdoced
Beat in the adsorbent amd convonutani tempeiature 1ise.
Phe systeinn desian shoudd proside for water spravs i
wdnha sdsorther fres, Combustidle was yencrated by an
adsothent ire shonld be constderad m dhie desizn,

K. The system Tan shoudd have sulhicoent capagily
torpudl the aed aic ow through the entine sysem and
sranladn e spoecifivd pewroee pressase o e qredmam
pressine drop o which the wsten has been designed.

Lo The tan v blower used on the cleaaup svstem
should be capable of operaung under the environmental
condittons postulated. including radintion,

g, Ductwork should he designed i accordunce
with  the  recommendations  of  Section 28 of
ORNL-NSIC.03.°

. Ducts and howsings should be Laid our with o
mintmin ot fedges, protrasions, and crevices that can
colleet dust and munstuie and can impede personaed o
create a0 hazurd in pertormance ol their work,
Straightening  vaves  should be imstalied o assure
representative ait Jow measnrement and uniform tow
distnibution through cleanup components,

4. Maintenance

4. Cleanable o5 replaceable  elements ol the
aimosphere cleanup system should be designed for ready
removal and miniomal rdintion expasure of personnel.

b, The svstem Juyout should he designed 1o
minimize reaching, stooping, and the use of {adders o
temporary scalTolding for gaining access to filters for
esting and maintenance. Designs requiring physical
contartions o7 the climbing of ladders to remove and
replace fibters should he avoided.

¢ The systen design should provide rigid. hinged
doors on filter housings with dimensions that will permit
a nrn walking erect and carrving a toaded filter carton
(20 x 20 x 12 inch x A0 db) 1o puss through without
stooping or twistimg, and should include vacuum
preakers to aid in opening g door with the fun in
operation.

J. For case of maintenance, the system design
shoutd provide for a minimum of five lincar feet from
mounting frame o mounting frame hetween banks of
components. I components are farger than (wo and 4
half Teet By two and o halt feet, mare than five linear
feet shoold be provided: the dunonsion to he provided
should be the maximum length of the component plus
approximately three feet.

¢, The system design should provide fisn aligning
and supporting lilter elements during filter change in

sccordinee with Section 4.08 of ORNLNSIC.H3 !

(o For manual bandling the sostom deaagn shoadd
provide at least 2 oinches o cleasanee between hilier
elementsn the e bunn,

oo bie o apnatenabcinndbmye aciitie o mdiedmy
dotlies for movimg new and eed it o and o e

s

s tllanon site and clevatsus oo gnoviy Loded el

ap aond down wabun the ddme . shechd be peosided s
in the desivnand L out,
o The

pernaient  test o probie wih esioial conney o

et JJesin e shb ek e

Proterabiv, the test probes sioand seoonesiedde!

HH}_IIL' ceRIveitient lll\".HhVH with doe Couado ot e

to bulaocing o hne dengzths and diametes 1o ol

reftable tess resulis o getnecia Ctesisnonee, b

vite. amd duocret phithalais (DOPYy rean
to Fhie sotne stgdby rnospdiere chonane

shondd b opeiaied ai least T by pesmnnthowetbosie
heaters o 0 s equipped Lo erder e ediie e
buildup v mostare an the adsorbets aml HEPA o

i The cleanup components teg HEPA G,
prefitters. adsachents) shoald noed Beastalied winle
active constriction s soll o progiess,

k. Adequaie vaporoghs dightng shonld o be
provided m the Ohier honsme,

1 Blectoval ¢35
outlets ), water, and compressen it setvices Hendd be
neathy but not mside the filer oasing,

m, Ledees and sharp corners should e gvonded in
destgn ind constrteinm,

PNy TIAST TSR

S, In-Place Tesiing Criteria

a. The wir Now distrbunon o the HEPA fifteis
and adsorbers shoutd he tested Tor antoranty and
should be within 220070 of aversged low per vt

b The in-place HEPA DOP rest should contorn o
ANSENTOT L1972, Endcieney Testing ol An Cleaning
Systems  Containing  Devices Tor - Removal - of
Particles.”™ ™ HEPA filter secuons should be tested an
place initially, and semiamually thereatter b contim g
penctration ol ess than 00370 ar ted How. A
engincered-siafety-featine ain filtanon system satistong
this requirement can be considered o warint o 9497
removal efficiency  Tor paniculates maccident duose
evaluations. HEPA  filters that Gab 1o satisty this
requirement shonld he replacesic 10 1o any reason the
NEPA bank is entrehy o vndy partalhy eplaeed. an
in-place DOP 1est shoutd e condacted. Dy the DOP
testing, the adsober units shoald betempoastiy
bypassed. The use ol siheone seabintz or uther
tempenary patching matenal on ilers, hotsing,
mounting hames. ot docts should be protabaied It
necessary. welding repairs should be performed o the
liousing o mounting lume poot 1o peneshie testing,
filter inspection, and in-place testing, .

e, The activated carbon adsorber secnon shoudd
be feak tested with o gaseous halogenuted hudiocarhon
tefrigerant in aceordance with USAEC Report DIMHONC
“Stundardized Nondestructive Test of Cathon Beds ot




Reactor Contmement Application.”™ " 1o ensure that

3 pass deakage through the adsorber section is less than
0.057 tor unm with an- .mu.ncd admrplum efficiency
{sev Tuhle
for systems with an assigned efficiency of Y5% or less,
Dunmg  the  test the  upstream
refrigerant gas shoubkd be no greaters than 20 ppm. After
the tost is completed. gir Now through the unit should
he nunained il the residual refrigerant gas in the
luent ds less than 0.0 pprr. Adsorber leak testing
should he conducted whenever DOP testing is done.

6.  Laboratory Testing Criteria for Activated Carbon

a. I the activated carbon adsorber section meets
e requiements given in regulatory position C3 e
md the adsorbent meets the test requirements of
Fables 1 onid 2 of this guide, the adsorber section should
a¢ aagnied the decontamination efficiencies for a DBA
analysis as given jn Table 2 for elemental ivdine and
weanne dodides. I Tor any reason the carbon fails to
meet the test requirements in Table 2. it shoudd not be
ased i eigineered-sateiy-feature adsorbers.

b, The efficiency of the activated carbon adsorber

sectivn should be determined by laboratory testing of

representative samples of the activated carbon expuosed
simultaneounsly 10 the same service conditions as the
adsorber section. Each representative sample should be
not less than two inches in both length and dinmeter and
should have the sume qualitfication and  batch test
characteristics as the system adsorbent. There should be
+ sutticient number of representative sumples located in
parailel with lhe-adsorbcr séction - fur estimating the

2 of this guide) of greater than V8%, and 0.1%

concentration  of

amouni  of penetration of  the  system  adsorbent
throvghont its service life. Where the system activated
carhon is grester than  iwo  inches deep. cach
representative  sampling  station  should  consist of
multiple two-inch samples in series whose apgregate
length equals the thickness of the system adsorbent.
Once representative samples are removed for taboratory
test. their positions in the sampling array should be
blocked off, Laboratory tests of sepresentative samples
should be conducted, as indicated in Table 2 of this
guide. with the test gas flow in the same direction as

Mlow during service conditions, The activated carbon

adsorber  section should  be replaced alter the last
representitive sample has been removed and tested or il
any preceding representative sample has I.nlcd w meet
lhc testing requirements of Table 2,

¢.  The user should prepare detailed pruu:durc; for’
each required field and laboratory test suggesied by this
guide. The 1est procedures typically should identify:

(1) The specific item to be tesu.d '

A2) Hs location, _

(3) Any arrangements that should be nudc .md .
Lqulpmun provided prior 1o the test, - :

(4} Physical conditions to be met, _

(%) Any cequipment lockouts or  other
pruautmns necessary tm s.ﬂel\' of pcrsonncl or .ldj.lu?lll '
equipment,

(6) The persom whn slmuld he notif] lcd prior
to the test.

(7) The acceptance critéria,

(8) The corrective action that should be ul\cn
in the event of nonmnﬁ)rnmme to- the duepumc
requirements, and :

(9) Addressces to rcgcwc soples of lest rcporls
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1. Pisticle Size Distribution” -

2. Hardness Numbes
3. Ignition Temperature

4. Susface Arca

5. Radioiodine Removal
Efficiency
a. Elemental lodine, DBA

“Temperature and Pressure

b. Methyl lodide, DBA
" Temperature and Pressure

¢. Retention
6. Moist:u'rc COTI_ICI_\I Efficiency
1 Ash Cphlér;t , |
8. Bulk Density
9, lmpmﬁmlcdnlcnt

10. Impregnant Leachout

Ca DBA Maximum Temperature (tounded to the next hxghest deade in F i.e..252°F is 260°F) and Maxlmum Plcssure (rounded 10 the nex( hldiesl dccadc in pslg, ie..

-51 psig is 60 psig).

b Qualification test: Test which csubllshes the sumbmty of a product fora general application, normally a one_ time test leﬂecling hislonul !ypml pcrformznne of ma!cml

' Accernus TEST METMOD

S ASTM D262

MIL-C176058 para 4 6. 4“
RDT Nl6~lT Appemhx ¢

BET Surface Area®s

RDT M16-1T%2, para,4.5.2 except

DBA Temperature and prcssurc are

used?®

RDT Mis-1T?22, pm. 45 4 except
DBA Temperature and pressure are.
used® IR
RDT M16-1T*?  para. 455 - - -

ASTM D2867, Xylene Method?$
ASTM D286 '

~ ASTM 02854“

State Procedure

. State l’rdcedurc

SUMARY TABLE OF NEW ACTIVATED CARBON PHYSICAL PROPERTIES

© 95% for 95% relative humndlly i
'99.5% l'ot 70% rela(xvc humndlly

"_3‘,‘Fr_miximum

6% maximum "

i TA!LE 1.

ACCEPTABLE RESULTS o

Rei:ﬁncd on #6 ASTM E11'? Sieve:

" Retained on #8 ASTM E11'? Sieve:  5.0% maximum
- Through #8, sctained on #12 Sicve: 40% to 60%
Through #12, cetained on #16 Sieve:”  40% to 60'%

Through #16 ASTM E11'? Sieve:
Through #16 ASTM E3232° Sieve:

5.0% to maximum
LO% to maximum

340°C minimum at 100 fpm

1000 m? /fgr minimum

99.9%_'

_Repor( valuc

Slate typc (not to exceed 5% by wexg,hl)

Repon nluc

©Batch test: Test made on a produc(ion batch of ptoducl to establish suitability for a specific application.

ON FINISHED
' ON BASE MATERIAL. Ansonaeur
- B:lch‘

Qua"ﬁ‘:’lmn S
" Quallﬁuuon."'

YEST SCHEDULE

. Qualification . -
 Bach




TABLE 2 -

LABORATORY TEST REQU!REMENTS FOR ACTIVATED CARBON

~ Activated Carbon?
R Bed uemhd

2 nuhcs Alr fmmnon Syaltm dcsngned 10

B npcr.m. inside prmmy c.omammcm

- mghes Air. flltralmn systcm desu_.ned o
__upcuu 0uls1dc the primary t.omatnlmm .
and+ rcl.mve humldnv is. wnlrollcd lo;',"

70’

4 nuhe

R ) lnd\cs
o '8.|_m.hcs. .-
. IS.inches.
‘Air filtration system designed to operate
-,_-oulsldc the pnmary containment and

relative humidity is controlled to 70%.

Laboratory Test Requirements
for a Representative Sample

Assngned Activated Carbon
Decontamination E {ficiencies

Elemental lodine 90% - Testinitially, snd vearly thereafter, wede:
Organic lodide - . . 30% = 957 relative humidity. maximum design
R s iempersturet a=b design face velooin s
i elemental jodineg penetration o iy
_and < 10% for methyliodide.

Elementul lodine. * 7 957  Testwith methyl wodide initially, and

- Organic fodide - - 7 956 .. veardy” thereafter, under 70%  ioeinny

Lhumidity, maximum design temypeias Y
< Cund design face velocity for a penetiation
m' <1.0%

'-.Tcﬂ ‘with “methyl dodide in tweeineh
. increments  initially  and  semi-annually
“ thereafter for the d-inch bed, every eighit

“months for the. o-inch bed. and aunoath
lor the 8- and 15-inch beds under 71
relative “humidity, maximum  design
.'-:Icmpuraturc and design face velocin 1o
a penetration of <0757, '

Elemenldl lodmc
Organu lodndc -

3The activated carbon when new, should meet the requxremems stated in tl'n guldc
bSee regulatory position C.6.b. for definition of Representative Sample ' i o
" *A maximum post_ulaud DBA lempemturc ( F) rounded to the next hlgus: decadc (e ;,, 181°F.-should hc rounded

10 190°F).

dMulnple beds. e.g. lwo "-xmh beds in senes should be trcated ns smgle bcd of nggrcg.nc dcpth o




