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By PAMELA SLASS
DTTAWAY NFWS SERVICE
WASHINGTON Nuciear Re
gulatory Commussion staffers who
gave misloading information (o the
commissioners about the Pllgrio
yclear plant in Plymouth have
heen disaplined, s top NRC official
told Congress yesterdsy
James M. Taylor, NRC Director
f Operations, seid his deputies
have spoken directly to the staffers
Ived and ssued ‘lettars of in
struction’ to some of them He did
not elaborate on what these
ntained, and an agency spokes
an said later that he couidn't pro-
de detalls because |t Was & per
nnel maner
An NRC inspector's report is
sued last July enncized the staff for
l

wners

roviding inaccurnte and false in
ormation about the adequacy of

emergency plans for the HPligrim
nuclear power plant @) the oo
mission was considering whether

10 allgw the - {0 restart in
| 88 5 tmilted the
staf! 1Or not verifying wnfarmation
supplied by Pligrim owner Boston
Edison
N response (<
Peter Kostmayer
f the House sulbx mittee on Er
ergy and the Environment, Taylor
said the staffers were cilled in for
what he called ""pearsonal counsel
¥ in other words & Fond
kingt

Bt

guesthions by ReD
D-Ps hairmai

No one. h
from

IWEVET, WS removed
their positions of fired. and
no major changes in staff proce
dures have been ingtituted, off
clals sad

Taylor told Kastmayer that he
was satisfied with this discipiinary
sction. He said that the fulse state
maeants were not made deliberately
1o misiesd NRC commissioners

NRC chairman Kenneth Cary
response (0 a guestion from Kost
mayer, said he. 100, was satisfied
with the disciplinary action Kost
naver and other members of the
subcommittee did not challenge
these statements

Tavior said the NR s takung
steps (o avoid the exchange of mis
leading information to commis
sioners in the future

There was a disagreement at the
Near ng ROWeVEr over whether
the false information given to NR(
COMMISKIONErs WhS Corrected be
fore the vole WaSs taken 10 restart

Kostmaver wanted (o know why

ook pressure from the publk
abd Massachusetts officials for the
NRC to realize it had recelved false
iformation about Pligrim’s fitness
(0 reopen after a three vear shut
down due 1o mechanical or mana
genal problems

Carr responded. “"'We assured
you (&t & congressionai hearing
st October) in Plymouth that the
naccurate information was &r.
ected hefore the (restart) decinion
wWAS MAde
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DESIGN, TESTING, AND MAINTENANCE CRITERIA FOR POSTACCIDENT
ENGINEERED~SAFETY-FEATURE ATMOSPHERE CLEANUP SYSTEM AIR FILTRATION AND
ADSORPTION UNITS OF LIGHT-WATER-COOLED NUCLEAR POWER PLANTS

A, INTRODUCTION

General Design Criteria 41, 42, and 43 of Appendix A, "General Design
Criteria for Nuclear Power Plants," to 10 CFR Part 50, “Domestic Licensing of
Production and Utilization Facilities," require that containment atmosphere
cleanup systems be provided as necessary to reduce the amount of radioactive
material released to the environment following a postulated design basis acci-
dent (DBA). They also require that these systems be designed to permit appro-
priate periodic inspection and testing to ensure their integrity, capability,
and operability. General Design Criterion 61 of Appendix A to Part 50 requires
that tuel storage and handling systems, radiocactive waste systems, and other
systems that may contain radioactivity be designed to ensure adequate safety
under normal and postulated accident conditions and that they be designed with
appropriate containment, confinement, and filtering systems. General Design
Criterion 19 requires that adequate radiation protection be provided to permit
access to and occupancy of the control room under accident conditions and for
the duration of the accident without persinne)l radiation exposures in excess of
5 rems to the whole body.

This guide presents methods acceptable to the NRC staff for implementing

15 regulatory gu s ng Yssued in dra ore involve P ¢ in eariy s ° velop-
went of a regulatory position in this area, It has nit received complete staff review and does not represent
an official NRC staff position,

Public comments are befng solicited on the draft guide (including any fmplementation schedule) and 1ts associ-
dtrc regulatory analysis or value/impact statemeni, Comment: shoyld be accompanied by appropriate supporting
Gata, Written comments may be submitted to the Regulatory Publications Branch, DFIPS, Office of Administra.
tion, U.S, Nuclear Regulatory Commission, Washington, DC 20555, Coples of comments received may be examined
4t the NRC Public Document Room, 2120 L Street Ni,, Washington, OC, Comments wi)) be most helpful 1f rece!ved
by

Recuests for single coples of draft guides (which may be reproduced) or for placement on an automatic distr:-
bution 11st for single coples of future draft guides fn specific divistons should be made 1n writing to the
U.S, huclear Regulatory Commission, Washington, DC 20885, Attention: Director, Divisfon of Information
Support Services.




design, testing, and maintenance criteria for air filtration and fodine
adsorption units of engineered-safety-feature (ESF) atmosphere cleanup systems
in light-water~cooled nuclear power plants. This guide applies only to post~
accigent engineered-safety-feature atmosphere cleanup systems designed to miti-
gate the consequences of postulated accidents. It addresses the ESF atmosphere
cleanup system, including the various components and ductwork, in the postulated
DBA environment.

This guide does not apply to atmosphere cleanup systems designed to collect
airborne radioactive materials during normal plant operation, including antici~
pated operstional occurrences. Guidance is being developed as Proposed Revision
3 to Regulatory Guide 1.140, "Design, Testing, and Maintenance Criteris for
Norma) Ventilation Exhaust System Air Filtration and Adsorption Unfts of Light-
water-Cooled Nuclear Power Plants," to provide guidance for norma) ventilation
exhaust systems.

Any information collection activities mentioned in this draft regulatory
guide are contained as requirements in 10 CFR Part 50, which provides the
regulatory basis for this guide. The information collection requirements in
10 CFR 50 have been cleared under OMB Clearance No. 3150-0011.

B. DISCUSSION

Atmosphere cleanup systems are included as engineered safety features in
the design of light-water-cooled nuclear power plants to mitigute the radio-
logical consequences of postulated accidents. The mitigating action of ESF
atmosphere cleanup systems {s limited to the removal of radioactive iodine and
particulate matter (aerosols) that may be relessed in an accident; the removal
of fission product noble gases by ESF atmosphere cleanup systems is negligible.
ESF atmosphere cleanup systems should be designed to operate under the environ=
mental conditions resulting from design basis accidents.

In this guide, ESF atmosphere cleanup systems that must operate under
postulated DBA conditions inside the primary containment are designated as
‘primary systems." ESF systems required to operate outside the primary con-
tainment under postulated DBA conditions that are generalily less severe are
designated as "secondary systems." Secondary systems include such systems as
the standby gas treatment system and the atmosphere cleanup systems for the
spent fuel handiing, control, and shield or annulus buildings.



The DBA environmental design conditions for a given ESF system should be
determined for each plant. DBA environmental design conditions for typical pri-
mary and secondary systems are shown in Table 1. In addition, primary systems
should be designated to withstand the radiation dose from water and plateout
sour~es in the containment and the corrosive effects of chemica) sprays (1f
such sprays are included in the plant design).

An ESF atmosphere cleanup system consists of some or all of the following
components: dampers, moisture separators, heaters, prefilters, high-efficiency
particulate afr (MEPA) filters, fodine adsorption units, fans, and associated
ductwork, motors, valves, and instrumentation.

The principal purpose of dampers in an ESF atmosphere cleanup system is to
shut off or seal the system components from air or gases flowing in a designated
flow path. A typical unit has dampers both upstream and downstream of the
“train” of components, i.e., upstream of the moisture separator and downstream
of the last HEPA filter or fodine adsorber. The dampers prevent or 1solate
unwanted fiow or circulation of the normal air or gas stream through the system
components in order to preserve or extend the useful service 1ife of the fil-
tration and iodine adsorption media. ESF system dampers may 81s0 serve one or
more secondary functions such as flow control, pressure control, balancing,
pressure relief, or backflow prevention. This guide does not address the fire
prevention aspect of dampers in ESF atmosphere ¢leanup systems.

The principal purpose of & moisture separator is to remove entrained water
droplets (sensible moisture) from the inlet gas stream, thereby protecting HEPA
filters and fodine adsorbers from water damage and plugging. Moisture separa-
tors may serve several other potentially important safety functions in accident
situations, such as (1) shock attenuation, (2) fire protection, and (3) partic~
ulate matter overload protection; however, the design functions and principal
purposes discussed in this guide are limited to the removal of entrained water
droplets from the inlet gas stream. Moisture separators may also function as
prefilters in some system designs.

Heaters normally follow the moisture separators in the cleanup train and
are designed to heat the incoming stream to reduce the stream's relative humid-
ity upstream of the HEPA filters and iodine adsorbers to minimize adsorption of
water vapor from the air by the iodine adsorbers. Such action promotes the
long=term retention of radioiodine, minimizing the potentia) for early desorption
and release. In some designs, space heaters are used to prevent condensation



within the isolated components of the cleanup unit, while the cleanup units are
not in service.

Prefilters and HEPA filters are instslled to remove particulate matter
from the gas stream. Prefilters remove the larger airborne particles from the
Qas stream and prevent excessive loading of the MEPA filters. The HEPA f{lters
remove the fine discrete particulete matter to minimize fouling of the adsorbers.
The adsorbers remove gaseous fodine (elementa) fodine and organic fodides) from
the air stream. HEPA filters downstream of the adsorption units collect carbon
fines and provide additional protection against particulate matter release in
case of failure of the upstream HEPA filter bank.

The exhaust fan is usually the fina) 1tem in an atmosphere cleanup train,
Such a location 1s advantageous in that upstream comoonents of the train opers
ate at negative pressure (with respect to surrounding spaces), minimizing the
potential for outward leakage of radioactive materials to surrounding spaces.

If the fan is located at some cther upstream point in the atmosphere cleanup
train, special care must be taken in design and construction to prevent leakage
or exfiltration from those portions of the train downstream of the fan that

may be near or above the atmospheric pressure of the surrounding spaces.

The environmenta) operating conditions preceding a postulated DBA may
affect the performance of ESF atmosphere c¢leanup systems during and following a
DBA. Industrial contaminants, pollutants, high temperature, and high relative
humidity contribute to the aging and weathering of filters and adsorbers and
may reduce their effective capability to perfore their design functions. There-
fore, aging and weathering, both of which wil) vary according to site-specific
conditions, should be considered during design, operation, and maintenance.

The potential for condensation of moisture inside ESF atmosphere cleanup systems
when in a shutdown or standby mode of operation should also be given design
consideration, e.g., provision for space heaters. The effects of these envi-
ronmenial factors on the performance of the ESF atmosphere cleanup system

should be determined by scheduled periodic testing during operation,

A1l components of ESF atmosphere cleanup systems should be designed for
reliable performance under accident conditions. Initial testing and proper
maintenance are primary factors in ensuring the reliability of the ESF
atmosphere cleanup system. Careful attention during the design phase to problems
of ESF system maintenance can contribute significantly to the reliability of the
system by increasing the ease of such maintenance. Of particular importance
in the design is a layout that provides accessibility and sufficient working
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space so that the required maintenance functions can be performed safely and
efficiently. Periodic testing during operation to verify the efficiency of
the components is another important means of ensuring reliability. Built-in
features that will facilitate convenient access for in-place testing are
important in ESF system design.

0OP, an acronym for diocty) phthalate or di-2-ethylhexyl-phthalate (DEMP),
is the standard challenge aerosol used in the testing of HEPA filters. DOP has
been considered to be & substance or low toxicity by all routes of human intake.
The Nationa) Cancer Institute has conducted carcinogenesis bioassay tests on
DOP; preliminary findings showed DOP to be potentielly carcinogenic in mice and
rats, but the reports made no determination of risk to humans. If definitive
recommendations are made by the National Institute for Occupational Safety and
Health, specific guidance en the use of DOP will be issued.

Activated carbon 1s often impregnated with fodide or amine compounds to
enhance radioiodine retention under high humidity conditions. It has been sug-
gested that the use of potassium fodide-impregnated carbon in primary contain-
ment recirculating ESF atmosphere cleanup systems may result in the release of
free nonradiocactive fodine, which could interact by isotopic exchange with the
relatively stable Cs'®'] deposited on containment surfaces in a DBA, making
free '3'] gvailable in the containment atmosphere. This exchange of nonradio
active fodine and deposited *3'] may increase the airborne radioactive iodine
fraction (Ref. 1) in the containment atmosphere. While the existence of such
conditions in a DBA has not been conclusively demonstrated, licensees should
consider the use of carbons co-impregnated wiih both potassium iodide and a
tertiary amine to minimize the potential for release of free iodine from the
carbon impregnant and to minimize the potentie” for the formation of airborne
radioactive fodine within containment.

Standards acceptable to the NRC staff for the design and testing of ESF
atmosphere cleanup systems include portions of ASME N509-1989, “Nuclear Power
Plant Air-Cleaning Units and Components" (Ref. 2), ASME N510-1989, "Testing of
Nuclear Air-Treatment Systems" (Ref. 3), and ASME/ANS] AG-1-1988 “Code on
Nuclear Air and Gas Treatment" (Ref. 4). Other standards referenced in this
guide incliude ASTM D3803-1989, "Standard Test Methods for Nuclear-Grade Acti-
vated Carbon" (Ref. 5), and ASTM D4069-81, "Impregnated Activated Carbon Used
To Remove Gaseous Radioiodines from Gas Streams" (Ref. 6).



ERDA 76+21, "Nuclear Afr Cleanin_ {andbook" (Ref. 7), provides & compre~
hensive review of air filtration and adsorption systems. While ERDA 76-21 is
not & standard, 1t discusses & number of design alternatives that have been
found acceptable by the NRC staff in case~by-case reviews,

Section 2 of ASME N509-1989 (Ref. 2) and Sectfon 2 of ASME N510-1989
(Ref. 3) 1ist additiona)l related documents that may be of interest.

C. REGULATORY POSITION

1. ENVIRONMENTAL DESIGN CRITERIA

ESF atmosphere cleanup systems should be designed for environmental con-
ditions in accordance with the requirements of Section 4 of ASME N509-1989
(Ref. 2) as modified and supplemented by the following:

1.1, The design of an ESF atmosphere cleanup system should be based on the
anticipated range of operating parameters of temperature, pressure, relative
humidity, radiation levels, and airborne iodine concentrations Tikely during
and following the postulated DBA. Table 1 describes typical accident conditions
for ESF atmosphere cleanup systems.

1.2. The design of each ESF atmosphere cleanup system should be based on
the radiation dose to essential services in the vicinity of the adsorber
section, integrated over the 30-day period following the postulated DBA. The
radiation source term should bz consistent with the assumptions found in
Regulatory Guides 1.3 (Ref. 8), 1.4 (Ref. 9), and 1.25 (Ref. 10). Other ESFs,
including pertinent components of essential services such as power, air, and
control cables, should be adequately shieided from the ESF atmosphere cleanup
systems.

1.3. The design of each adsorber should be based on the concentration and
relative abunda.ce of the fodine species (elemental, particuiate, and organic)
and should be consistent with the assumptions found in Regulatory Guides 1.3
(Ref. B), 1.4 (Ref. 9), and 1.25 (Ref. 10).

1.4. The operation of any ESF atmosphere cleanup system should not degrade
the operation of other ESFs such as a containment spray system nor, conversely,
should the operation of ESFs such as a containment spray system degrade the
operation of any ESF atmosphere cleanup system.



1.5 Components of systems connected to compartments that are unheated
during & postulated accident should be designed for the postaccident effects of
both the lowest and highest predicted temperatures.

1.6. The design of an ESF atmosphere cleanup system should consider any
significant contaminarts that may occur during a DBA such as dusts, chemicals,
excessive moisture, or other particuiate matter that could degrade the cleanup
system's operation.

2. SYSTEM DESIGN CRITERIA

ESF atmosphere cleanup systems shoulo be designed in accordance with the
requirements of Section 4 of ASME N509-198% (Ref. 2) as modified and
supplemented by the following:

2.1. [ESF atmosphere cleanup systems designed and installed for the purpose
of mitigating accident doses should have redundant units (trains) to provide
assurance that a unit wil) function during the DBA. Each unit chould consist
of the following sequentia)l components: (1) moisture separator, (2) prefilter,
(3) HEPA filter, (4) fodine adsorber (impregnated activated carbon), (5) post-
filter, (6) fan, and (7) interspersed ducts, motors, dampers, and related
instrumentation. A heater should be used when relative humidity is to be
controlled before filtration.

2.2. The redundant ESF atmosphere cleanup units should be physically
separated so that damage to one unit does not also cause damage to the other
unit. The generation of missiles from high-pressure equipment rupture, rotating
machinery failure, or natural phenomena should be considered in the design for
separation and protection.

2.3. A1 components of an ESF atmosphere cleanup system should be
designated as seismic Category 1 (see Ref. 11, Regulatory Guide 1.29) if failure
of a component would lead to the release of significant quantities of fission
products to the working or outdoor environments.

2.4. In the mechanical design of the ESF system, the high radiation levels
that may be associated with buildup of radicactive materials on the ESF system
components should be given particular consideration. ESF system construction
materials should effectively maintain their intended function under the postu-
lated radiation levels. The effects of radiation should be considered not only



for moisture separators, heaters, HEPA filters, adsorbers, motors, and fans,

but also for any electrical insulation, controls, joining compounds, dampers,
gaskets, and other organic-containing materials that are necessary for operation
during & postulated DBA. In addition to the consideration of high radiation
levels, the mechanical design of the ESF system should be based on consideration
of other harsh conditions that may occur during a DBA such as high humidity,
containment rain-out, or high temperatures and pressures.

2.5 To ensure reliable in-place testing, the volumetric air flow rate of
each cleanup unit should be Timited to approximately 50,000 cfm. If a tota)
system air flow in excess of this rate is required, multiple units should be
used.

2.6 The power supply and electrical distribution system for the ESF
atmosphere cleanup system should be designed in accordance with Regulatory
Guide 1.32 (Ref. 12). Al instrumentation and equipment controls should be
designed to IEEE Standard 279 (Ref. 13). The ESF system should be qualified
and tested under Regulatory Guide 1.89 (Ref. 14), To the extent applicable,
Regulatory Guides 1.30 (Ref. 15), 1.100 (Ref. 16), and 1.118 (Ref. 17) and IEEE
Standard 334 (Ref. 18) should be considered in the design.

2.7. Unless the applicable ESF atmosphere cleanup system operates
continvously during all times that a DBA can be postulated to occur, the system
should be automatically activated upon the occurrence of a DBA by (1) & redun~
dant ESF actuation signal (e.g., temperature, pressure) or (2) a signal from
redundant seismic Category ! radiation monitors.

2.8, To maintain radiation exposures to operating and maintenance person-
nel as low as is reasonably achievable, ESF atmosphere cleanup systems and
comoonents should be designed to control leakage and facilitate maintenance,
inspection, and testing in accordance with the guidance of Regulatory Guide 8.8
(Ref. 19). The ESF atmosphere cleanup unit should be totally enclosed. To
minimize the potential contamination of the area when maintaining the ESF
atmosphere cleanup system, the system should be designed and installed in
a manner that permits replacement of an entire unit or a minimum number of
segmented sections without removal of individual components.

2.9, Outdoor air intake openings should be equipped with louvers, grills,
screens, or similar protective devices to minimize the effects of high winds,
rain, snow, ice, trash, and other contaminants on the operation of the system.
If the atmosphere surrounding the plant could contain significant environmenta)
contaminants, such as dusts and residues from smoke cleanup systems from adjacent
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coal burning power plants or industry, the design of the system should consider
these contaminants and prevent them from affecting the operation of any ESF
atmosphere cleanup system.

3. COMPONENT DESIGN CRITERIA AND QUALIFICATION TESTING

Components ot ESF atmosphere cleanup systems should be designed, construc-
ted, and tested in accordance with the requirements of Section 5 of ASME
N509-1989 (Ref. 2) as modified and supplemented by the following:?!

3.1 Filter and adsorber banks should be arranged in accordance with the
recommendations of Section 4.4 of ERDA 76-21 (Ref. 7).

3.2. HEPA filters used in ESF atmospnere cleanup systems should be
designed, constructed, and tested in accordance with Section 5.1 of ASME N509-
1989 (Ref. 2), should have fiber glass media and stee] sides, and should be com-
patible with the chemical composition and physical conditions of the air stream.

3.3. HEPA filters should meet the construction, material, and test
requirements of military specifications MIL-F-51068 (Ref. 20) and MIL-F~51079
(Ref. 21). The requirements of these specifications concerning 1isting on the
Department of Defense Qualified Products List (QPL) need not apply if the manu-
facturer maintains a quality assurance program consistent with the requirements
of Appendix 8, "Quality Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants," to 10 CFR Part 50.

3.4. Each HEPA filter should be tested by the manufacturer (or by a
qualified filter test facility) for penetration of COP in accordance with the
procedures of MIL-F-51068 (Ref. 20) and MIL-STD-282 (Ref, 22).% Testing and
documentation should be in accordance with a quality assurance program consistent
with the requirements of Appendix B to 10 CFR Part 50.

A report certifying that the HEPA filters meet Regulatory Positions 3.2,
3.3, and 3.4 of this guide, including identification of quality assurance
documents and test reports that support such certification, should be furnished
to the licensee.

'The pertinent quality assurance requirements of Appendix B, “Quality Assurance
Criteria for Nuclear Power Plants and Reprocessing Piants," to 10 CFR Part 50
apply to all activities affecting the safety-related functions of HEPA filters.

The U.S. Department of Energy (USDOE) operates a number of filter test
facilities qualified to perform HEPA filter efficiency tests.




ption units function most efficiently, with respect to retention
of adsorbed iodine, at an input relative humidity of 70% or less 1f an ESF
atmosphere cleanup system services an area where moisture concentration and/or
humidity approaching 100% relative humidity is expected to occur in an accident
situztion (e.g., standby gas treatmert system or ECCS area ventilation), the
system should be provided with heaters for controlling the relative humidity
to 70% or less of air entering the adsorber section. For other ESF atmosphere
cleanup systems, 1f the relative humidity of the entering air is expected to
exceed 70% according to paragraph 4.1(e) of ASME N509-1989 (Ref. 2), heaters
should be provided in the system design for controlling the relative humidity
of the air entering the system. Heaters should be capable of reducing the
worst case relative humidity of system influent air to 70% or less in the
system space between the system inlet and the prefilter or HEPA stage at the
maxiwum system design flow rate, considering normal and off-normal supply
voltages. Heaters should be designed, constructed, and tested in accordance
with Section 5.5 of ASME N509-198% (Ref. 2)
3.6 The adsorber section of the ESF atmosphere cleanup system may

contain any adsorbent material demonstrated to remove gaseous iodine (elementa)
lodine and organic fodides) from air at the required efficiency. However, since
impregnated activated carbon 1s used almost exlusively, only impregnated acti-
vated carbon 1s discussed in this guide

7 tach originai or replacement batch or lot of impregnated activated
carbon used n the adsorber section should meet the requirements for adsorbent
contained in Section 5.2.3 of ASME N509-198%9 (Ref. 2) and in Section 16 of ASTM
DA069-81 (Ref. 6).9'%* 1In ASTM D4069-90, a test performed “only for qualification

A "batch of activated carbon" or a "batch of impregnated activated carbon" is
the maximum quentity of adsorbent (not to exceed 10 cubic meters) manufactured
from the same base material, processed throughout its manufacturing cycle in
the same equipment and under the same manufacturing procedures, that can be
homogenized at one Lime in one blending device and for which certified results
of appropriate tests of physical and chemical properties are available. This
constitutes a "batch" to be presented for radioactive or other specified tests
under conditions and within tolerances specified (Ref. 2).

s

‘4 "ot of activated carbon” or a "lot of impregnated activated carbon" 1s that
quantity of adsorbent consisting of one or more batches of the same type and
grade, each of which meets the specified performance, physical, and chemica
requirements, and 1s shipped to the same purchaser by the same manufacturer for
the same job requirement (Ref. 2)




purpcses” should be interpreted to mean a test that establishes the suitability
of a manufacturer's product “or a generic application, normally & one-time test
establishing typical performance of the product. Tests not specifically identi~
fied as being performed onl:' for qualification purposes should be interpreted

as "batch tests." Batch tests are tests to be made on each production batch of
product to establish suitability for a specific application. Test conditions
and acceptance criteria for batch tests should be the same as, or more stringent
than, those specified in the plant's technical specifications for the specific
application.

3.8. If an adsorbent other than impregnated activated carbon is proposed
or if the mesh size distribution or other physica)l properties of the impregnatec
activated carbon are different from the specifications in 3.7 above, the pro-
posed adsorbent should have the capability to perform as well as or better than
activated carbon satisfying the specifications in Section 5.2.3 of ASME
N509-1989 (Ref. 2).

3.9. If impregnated activated carbon is used as the acsorbent, the
adsorber system should be designed for an average atmosphere residence time of
at least 0.25 second per two inches of adsorbent bed. The adsorption unit
should be designed for a maximum loading of 2.5 mg of total iodine (radioactive
plus stable) per gram of activated carbon. No more than 50 mg of total impreg-
nant per gram of carbon should be used. The radiation stability of the type of
impregnated carbon specified should be demonstrated and certified (see Regu-
latoiy Position 1.2 of this guide for the design source term).

3.10. Ducts and filter housings should be laid out with a minimum of
ledges, protrusions, and crevices that could collect dust and moisture and that
could impede personnel or create a hazard to them in the performance of their
work. Turning vanes or other air flow distribution devices should be installed
where needed to ensure representative air flow measurement and uniform flow
distribution through cleanup components.

3.11. Water drains should be des‘gned in accordance with the recommenda-
tions of Section 4.5.8 of ERDA 76-21 (Ref. 7). Special design features, such
as water traps for each drain, should be incorporated into drain systems to pre-
vent contaminated air bypassing filters or adsorbers through the drain svstem.
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4. MAINTAINABILITY CRITERIA

Provisions for maintaining ESF atmosphere cleanup systems should be
incorporated in the system design in accordance with Section 4.8 of ASME N509-1988
(Ref. 2) as supplemented by the following:

4.1, Accessibility of components for maintenance should be considered in
the design of ESF atmosphere cleanup systems. In additiv- %o the provisions of
Section 4.8 of ASME N509-1989 (Ref. 2), the design should censider the pro-
visions of Section 2.3.8 of ERDA 76-21 (Ref. 7).

4,2. Each ESF atmosphere cleanup train should be operated at least 10
hours per month, with input air at less than 70X relative humidity, in order to
reduce potential or accumulated buildup of moisture on the adsorbers and HEPA
filters. Units equipped with heaters should be operated with heaters energized.

4.3, The cleanup components (1.e., HEPA filters, prefilters, and adsorbers)
should not be installed while active construction of the ventilation systems
is sti11 in progress.

5.  IN-PLACE TESTING CRITERIA

In=place testing of ESF atmosphere cleanup systems and components should
be performed in accordance with Sections 5 through 14 of ASME N510-1989 (Ref.
3) as modified and suppiemented by the following:

5.1. In-place DOP leak testing of ESF atmosphere cleanup systems should be
performed: (1) initially, (2) at least once per 18 months or once per refuel-
ing outage, (3) after each partial or complete replacement of a HEPA filter
bank, (4) following detection of, or evidence of, penetration or intrusion of
water or other foreign material into any portion of an ESF atmosphere cleanup
system, and (5) following painting, fire, or chemical release in any ventila-
tion zone communicating with the system, whether the system was in operation at
the time or not, and the HEPA filter section could thereby have deteriorated or
beern loaded to such an extent that the HEPA filter section performance would be
unacceptable. The test should be performed in accordance with Section 10 of
ASME N510-1989 (Ref. 3). The leak test should confirm a combined penetration
and leakage (or bypass) of the ESF atmosphere cleanup system of less than 0.05%
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of the challenge aerosoi at rated flow. To be credited with a 99% remova)
efficiency for particulate matter in accident dose evaluations, a HEPA filter
bank in an ESF atmosphere cleanup system must demonstrate a DOP leak test result
of less than 0.05% of “he challenge aerosol at rated flow.

5.2. HEPA filter sections in ESF atmosphere cleanup systems that fail to
satisfy the appropriate leak-test conditions should be examined to determine
the location and cause of leaks. Repairs, such as alignment of filter frames
and tightening of filter hold-down bolts, may be made; however, repair of defec-
tive, damaged, or torn filter media by patching or using caulking materials is
not permissible in ESF atmosphere cleanup systems, and such filters should be
replaced and not repaired. HEPA filters that fail to satisfy test conditions
shoulc be replaced with filters qualified pursuant to Regulatory Positions 3.2,
3.3, and 3.4, After repairs or filter replacement, the ESF atmosphere cleanup
system should be retested in accordance with Section 10 of ASME N510-1989
(Ref. 3). The above process should be repeated as necessary until combined
penetration and leakage (bypass) of the system is less than 0.05%.

5.3, In-place adsorber leak testing should be conducted (1) initially,

(2) at least once per 18 months or guring each refueling outage thereafter,

(3) following removal of an adsorber sample for laboratory testing if the integ-
rity of the adsorber section is affected, (4) after each partial or complete
replacement of carbon adsorber in an adsorber section, (5) following detection
of, or evidence of, penetration or intrusion of water or other foreign materia)
into any portion of an ESF atmosphere cleanup system, and (6) following paint-
ing, fire, or chemical release in any ventilation zone communicating with the
system, whether the system was in operation at the time or not, and the adsor-
ber section could thereby have deteriorated or been loaded to such an extent
that the adsorber section performance would be unacceptable.

The test should be performed in accordance with Section 11 of ASME
H510-1989 (Ref. 3). The leak test should confirm a combined penetration and
leakage (or bypass) of the adsorber section of 0.05% or less of the challenge
gas at rated flow.

Where credited with a 99% or greater remova) efficiency of elemental iodine
or organic iedide in accident dose evaluations, a carbon adsorber section in an
ESF atmospheric cleanup system must demonstrate a leak test result of 0.05% or
less of the challenge gas at rated flow. In no case may the leak test result
be greater than 1%,



5.4, Adsorber sections that fail to satisfy the appropriate leak-test
conditions should be examined to determine the location and cause of leaks.
Repairs, such as alignment of adsorber cells, tightening of adsorber cell hold-
down bolts, or tightening of test canister fixtures, may be made; however, the
use of temporary patching material on adsorbers, filters, housings, mounting
frames, or ducts should not be allowed. After repairs or adjustments have been
made, the adsorber sections should be retested in accordance with Section 11 of
ASME N510-1989 (Ref. 3). The above process should be repeated as necessary
until the combined penetration and leakage (bypass) of the adsorber section is
less than the acceptance criteria.

5.5. If any welding repairs are necessary on, within, or adjacent to the
ducts, housing, or mounting frames, the filters and adsorbers should be removed
from the housing prior to performing such repairs. The repairs should be com-
pleted prior to re-installation of filters and adsorbers; the system should
then be visually inspected and leak tested as in Regulatory Positions 5.1 and
5.3.

5.6. An appropriate refrigerant gas may be injected upstream of HEPA
filters in order to test a downstream adsorber section since it has been shown
that prefilters and HEPA filters in the duct have no effect on the refrigerant
gas test (Ref. 7) and that refrigerant gases have no adverse effect on HEPA fil-
ters (Ref. 3) when an appropriate refrigerant is used.

6.  LABORATORY TESTING CRITERIA FOR ACTIVATED CARBON

Laboratory testing of samples of activated carbon adsorber material from
ESF atmosphere cleanup systems should be performed in accordance with Section 15
of ASME N510-1989 (Ref. 3), ASTM D3803-1989 (Ref. 5), and Table 2 of this guide
as supplemented by the following:
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6.1 Representati/e® samples of activated carbon adsorbent should be col-
lected at the time of installation or replacement of adsorber material and sub-
mitted for analysis. Test results wil) provide a base or reference for subse~
quent sampling and analysis to show the variation of adsorbent condition with
time.

6.2. Sampling and analysis should be performed (1) after each 720 hours of
system operation, (2) at least once per 18 months for systems maintained in a
standby status, (3) following painting, fire, or chemical release in any venti-
lation zone communicating with the system, whether the system was in operation
at the time or not, and the adsorbent could thereby have deterioriated or been
loaded to such an extent that the adsorber efficiency would be unacceptable,
and (4) following detection of, or evidence of, penetration or intrusion of
water or other foreign material into any portion of an ESF atmosphere cleanup
system.

6.3. For accidet dose evaluation purposes, the activated carbon adsorber
section of an ESF atmosphere cleanup system should be assigned the appropriate
decontamination efficiency given in Table 2 for elemental iodine and organic
fodides if the followiig conditions are met:

1. The adsorber section meets the leak-test conditions given in Regulatory
Position 5.3 of this guide.

®For the definition of “representative sample,” see Appendix A of ASME N509-1989
(Ref. 2). For carbon beds 4 inches or greater in depth, full-depth representa-
tive sampies should be used in laboratory testing indicated in Table 2; the
organic iodide penetration should be determined directly, provided the analy-
tical methods used are sufficiently sensitive for this application. Where this
is not the case, a lesser depth (e.g., 2-inch) representative sample may be
used in laboratory testing. This representative sample may be prepared by
dumping & full-depth representative sample into a suitable receptacle, mixing
the sample thoroughly, then transferring part of the homogenized mixture into
a standard 2-inch (50 mm) depth sample canister. The organic iodide penetra-
tion for a full-depth sample can be determined from that obtained for the 2-
inch sample according to the relation:

Pe = (Py)"

fractional penetration determined directly for a 2" sample
fractional penetration for a full-depth bed

equivalent number of 2-inch samples in a full-depth bed (e.g.,
for a 6" bed, n = 3)

wWhere P,

p
ol

"N

15



2. New activated carbon meets the performance and physical property
specifications given in Regulatory Position 3.7 of this guide, and

3. Representative samples of new or used activated carbon pass the
applicable laboratory tests specified in Table 2 of this guide.

If the new activated carbon fails to meet any of the above cenditions, it
should not be used in adsorbers in ESF atmosphere cleanup systems.

6.4. The activated carbon adsorber section should be replaced with new
unused activated carbon meeting the performance and physical property specifi-
cations of Regulatory Position 3.7 of this guide if (1) testing in accordance
with Regulatory Positions €.1 and 6.2, above, results in a representative sample
failing to pass the applicable test in Table 2 of this guide, or if (2) no repre-
sentative sample is available for testing. Alternative methy) iodide penetra-
tion acceptance criteria may be established and used on a case-by-case basis for
replacing the activated carbon if justified by trending based on previous labo-
ratory test results or established procedures providing for periodic sampling
and analysis at frequencies greater than (1) after each 720 hours of system
operation and (2) at least once in 18 months for systems maintained in a standby
status. In all cases, assurance should be provided that the performance of the
adsorption unit is consistent at all times with the iodine removal efficiency
assumed in the radiation dose calculations.

D. IMPLEMENTATION

The purpose of this section is to provide information to applicants and
licensees regarding the NRC staff's plans for using this regulatory guide.

This proposed revision has been released to encourage public participation
in its development. Except in those cases in which an applicant proposes an
acceptable alternative method for complying with specified portions of the Com-
mission's regulations, the ¢ idance to be described in the active guide reflect-
ing public comments will be used by the NRC staff in its evaluation of the
design, testing, and maintenance of postaccident ESF atmosphere cleanup systems
for the following light-water-cooled nuclear power plants:

16



Plants for which the construction permit application is docketed after the
issue date of the final guide;

Plants for which the operating license application is docketed 6 months
after the issue date of the final guide;

Plants for which the licensee voluntarily commits to the provisions of the
final guide.
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TABLE 1.

Typical Accident Conditions for ESF Atmosphere Cleanup Systems

Environmental Parameter

Typical Atmosphere Cleanup System Accident Conditions

Inside Primary
Containment

Outside Primary Containment

SGTS or ECCS
Area Service

Fuel Handling or
Control Building”

Pressure surge

Maximum pressure
Maximum temperature of influent
Minimum temperature of influent

Maximum relative humidity of
influent

Average radiation lmlb

For airborne radioactive
materials
For iodine buildup on adsorber

Result of initial
blowdown

60 psig
“280°F (T140°C)
Specific to plant design

100% plus condensing
moisture

10% rads/hr
10° rads

Average airborne fodine concentration®

For elemental fodine
For methyl iodide snd
particulate fodine

100 m?
10 mgyes

Generally less than inside
primary containment

~ atmospheric
~ 180°F (780°C)
~ 80°F (730°C)
100%

105 rads/hr
18° rads

10 m’
1 nes

< 5 inchas water
gauge

~ atmospheric

~ 100°F ("&0°C)
~ 70°F {"20°C)
To%

10° rads/br
10° rads

1 m?
0. Tng/e?

#These are examples of types of facilities for each category of system outside primary containment.

bThese values are based on the source term specified in Regulatory Guide 1.3 (Ref. B) or 1.4 (Ref. 9), as

applicable.
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Latoratory tesis and assigned decontamination efficiencies
for new and used srtivated carbon samples for ESF atmosphere
leanup system units. Laboratory tests are conducted in accors
dance with ASTM D3803-1989 (Ref. 5) Tests are conducted at 95%
relative humidity, except 70% relative humidity 1s used when the
air entering the carbon adsorber is maintained at & 70% relative

humidity

"~ Yest temperature and

Total depth of Maximum assigned credit methy! 1odide pene-
activated carbon cells for activated carbon decon- tration acceptance

in adsorber sectior tamination efficiencies criterion

2 inches System tlemental jodine 90% 80°C; penetration less
designed to operats Organic fodide 30% than 10%

inside primary
containment

-

Z inches System Elemental i1odine 99% 30°C; penetration less
designed to operate Organic iodide 95% than 1%

outside the primary

containment,

& inches or greate: Elemental iodine 99. 8% 30°C; penetration less
System designed tc Organic fodide 9Tk than C. 2%
operate outside the

primary containment

The operating conditions of temperature &and relative humidity in Table 2 are
based on typic«l anticipated operating conditions The established test con-
ditions should consider the observetions that tests conducted at higher tem-
peratures or at lower relative humidities produce lower methy) iodide penetra-
tion results. Therefore, to provide & safety margin the plant-specific test
temperatures and relative humidities should be representative, respectively, of
the lowest and the highest portions of the average of the anticipated plant-
specific operating conditions
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DRAFT VALUE/IMPACT STATEMENT

1 PROPOSED ACTION

1.1 Description

Revision 2 of Regulatory Guide 1.52 provides guidance to applicants and
licensees on design, testing, and maintenance for postaccident engineered-
safety-feature (ESF) atmosphere cleanup systems for light-water-cooled nuclear
power plants. This proposed action is to issue Revision 3 to Regulatory Guide

-

1.52. first as a proposed revision for public comment and then in final form

1.2 Need

~

Revision 2 of Regulatory Guide 1.52 is the basic document used in
commercial nuclear power plant technical specifications for the testing of ESF
postaccident air-cleaning systems. HNowever, Revision 2, which was issued as an
active guide in March 1978, is considered to be significantly outdated and in
error in many significant technical areas. This Revision 3 updates guidance on
testing and maintenance of ESF postaccident a‘r-cleaning systems and 1§ consis~
tent with present policies, recent standarsis revisions in ANSI N509 and N510,
new filter system design and testing data, and present licensing practice
concerning testing and maintenance of ESF air-cleaning systems

1.3 Value/lnpact

1.3,1 NRC

The primary effect of the proposed action on the NRC staff would be to
facilitate implementation of current NRC positions with regard to ESF filter
system testing and maintenance. It would improve the basis for communication
between NRC staff and liceiv.es and would reduce staff effort that might other-
wise be spent answering questions about acceptadble means for testing ESF filter
systems,
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1.3.2 Other Government Agencies

The principal effect on cther Government agencies would be to inform them
of NRC's policies on EST filter system testing and maintenance. Department of
Energy (DOE) review would be useful, because one of the areas addressed hy the
revision is HEPA filter system testing at DOE test facilities.

1.3.3 Industry

The guide will be useful to industry because it will notify them in & con-
sistent manner of changes in ESF filter systew testing and maintenance provi-
sions and will thus promote understanding of current NRC positions and prevent
any unnecessary costs being applied to meet a provision no lenger recommended by
the NRC staff. None of the changes is expected to impose significant additional
burdens on applicants or licensees. Some of the chuny>s may relax certain guide
pesitions but without compromise to safety, thereby reducing cost and effort.
Any costs associated with the revised positions related to testing and mainte~
nawce of new and used charcoal would be limited but unavoidable, because the
existing criteria are based on obsolete methods for radioiodine testing of
activated charcoal.

1.34 Public

The proposed action will enhance the protection of the public health and
safety by providing that postaccident ESF filter systems will be tested and
maintained in accordance with up-to-date technical information and NRC positions.

2.  TECHNICAL APPROACH

Major technical questions related to ESF filter system design, testing, and
maintenance were considered in developing the previous revisions of Regulatory
Guide 1.52. Revision 3 will address endorsement of ASME N509-1989, “Nuclear
Power Plant Air-Cleaning Units and Components,” and ASME N510-1989, "Testing of
huclear Air-Treatment Systems"; radiciodine testing of activated carbon adsorber
materials; quality assurance aspects of HEPA filter manufacturing, installation,
and testing; use of DOP as a test aerosol for in-place leak testing of HEPA
filters; and limitation of the volumetric air flow rate of single filter trains.
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3. PROCEDURAL APPROACH

3.1 Procedural Alternatives

NRC procedures that may be used for making this information available
include the following:

¢ Regulation
NUREG-series report
Branch position paper
Regulatory guide

A regulation is not suitable for incorporating the degree of detai) pre-
sented in this guide. As regulatory positions are stated, it would be inappro-
priate to publish this material as a NUREG-series report. Branch technical
positions (BTP) are sometimes prepared for specific guidance, however, it would
be most appropriate to update Regulatory Guide 1.52 and prepare clear regulatory
guidance for licensees ard applicants.

3.2 Decision on Procedural Approach

A revision to the regulatory guide should be prepared.

4,  STATUTORY CONSIDERATIONS

4.1 NRC Authority
Authority for the proposed action is derived from the Atemic Energy Act of
1954, as amended, and the Energy Reorganization Act of 1974, as amended, and

imp iemented through the Commission's regulations.

4.2 Need for NEPA Assessment

Issuance or amenament of guides for the implementation of regulations in
Title 10, Chapter I, of the Code of Federal Regulations is a categorical exclu-
sion under paragraph 51.22(c¢)(16) of 10 CFR Part 51. Thus, an environmental
impact statement or assessment i: not required for this action,
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5. RELATIONSHIP TO OTHER EXISTING OR_PROPOSED REGULATIONS OR POLICIES

This guide was developed in support of Genera) Design Criteria 41, 42, 43,
and 61 cf Appendix A, “"General Design Criteria for Nuclear Power Plants," to 10
CFR Part 50 These criteria require that containment atmosphere cleanup systems
be provided as necessary, be designed to permit appropriate periodic inspection
and testing, and be designed to reduce the amount of radiocactive material

released to the environment following a postulated gesign basis accident,

6 CONCLUSIONS

ot . v e

Revision 3 of Regulatory Guide 1.52 should be issued to update the current
staff positions and to inform its users of the current staff positions

o
o
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PROPOSED REVISION 2 TO REGULATORY GUIDE 1.140

DESIGN, TESTING, AND MAINTENANCE CRITERIA FOR NORMAL VENTILATION
EXHAUST SYSTEM AIR FILTRATION AND ADSORFTION UNITS
OF LIGHT-WATER-COOLED NUCLEAR POWER PLANTS

A.  INTRODUCTION

General Design Criteria 60 and 61 of Appendix A, "Genera) Jesign Criteria
for Nuclear Power Plants," to 10 CFR Part 50, “Domestic Licensing of Production
and Utilization Facilities," require that filtering systems included in the
nuclear power unit design suitably contrel the release of radioactive materials
in gaseous effluents during norma)l reactor operation, including anticipated
operational occurrences and fue) storage and handling operations. In addition,
10 CFR 50.34a, "Design Objectives for Equipment To Contro) Releases o* xadioac-
tive Material in Effluents--Nuclear Power Reactors," and 10 CFR 50.36a, "Tech-
nical Specifications on Effluents from Nuclear Power Reactors," of 10 CFR Part
50 require that means be empioyed to ensure that release of radioactive materi-
al to unrestricted areas during normal reactor operation, including expected
operational occurrences, is kept as low as is reasonably achievable.

Appendix I, "Nu.erical Guides for Design Objectives and Limiting Condi-
tions for Operation To Meet the Criterion 'As Low As Is Reasonably Achievable'
for Radicactive Material in Light-Water-Cooled Nuclear Power Reactor Effluents,"
to 10 CFR Part 50 provides guidance and numerica) values for design objectives
to help applicants for, and holders of, licenses for nuclear power plants meet
the requirements of 10 CFR 50.34a and 50.36a. Appendix I requires that each
light-water-cooled nuclear power reactor unit not exceed an annual dose design

s reguiatory guide fs being 1ssued in draft form to Involve the public In the early stages of the develop-
ment of 3 regulatory position in this area, It has not received complete staff review and does not represent
an official NRC staff position,

Public comments are being solicited on the draft guice (iIncluding any implementation sthedule) and 185 asscci-
dled requlatory analysis or value/impact statement, Comments should be accompanied by sppropriate supporting
Gata, Written comments may be submitted to the Regulatory Pub)ications Branch, DFIPS, Dffice of Administra-
flon, U.S, Nuclear Regulatory Coamission, Washington, DC 20555, Copfes of comments recefved may be examined
4t the NRC Public Document Room, 2120 L Street NW,, Washington, DC. Comments will be most helpful (f received
by

Requests for single copies of draft quides (which may be reproduced) or for placement on an automatic distri-
bution list for single coples of future draft gquides in spectfic divisions should be made in writing to the
U.5, Muclear Regulatory Commission, Washington, DC 20555, Attention: Director, Divistion of Information
Suppert Services,




objective of 15 mrem to any organ of any an unrestricted area via

all exposure pathways from airborne radioactive iodine and particulate releases
Appendix 1 also requires that additiona) radwaste equipment be provided if the
equipment has reasonably demonstrated technology and the cost-benefit ratio is
favorable

This guide presents methods acceptable to the NRC staff for implementing
the Commission's regulations in 10 CFR Part 50 and in Appendices A and 1 to 10
CFR Part 50 with regard to the aesign, testing, and maintenance criteria for
air filtration and adsorption units installed in the normal ventilation exhaust
systems of light-water-cooled nuclear power plants. This guide applies only to
atmosprere cleanup systems designed to collect airborne radioactive materials
during normal plant operation, including anticipated operationa) occurrences.
An atmosphere cleanup system installed in a normal ventilation exhaust system
consists of some or all of the following components: heaters or cooling coils
used in conjunction with heaters, prefilters, high-efficiency particulate air
(HEPA) filters, iodine adsorption units. fans, and associated ductwork, damp-
ers, and instrumentation. The instrumentation covered by this guide is that
used to measure air flow and differential pressure

This guide does not apply to postaccident engineered-safety-feature atmos
phere cleanup systems that are designed to mitigate the consequences of postu-
lated accidents. Revision 3 to Regulatory Guide 1.52, "Design, Testing, and
Maintenance Criteria for Postaccident Engineered-Safety-Feature Atmosphere
Cleanup System Air Filtration and Adsorption Units of Light-water-Cooled
Nuclear Power Plants" (BG-1013), is being developed to provide guidance for
these systems,

Any information collection activities mentioned in this draft regulatory

vige are contained as requirements in 10 CFR Part 50, which provides the regu-
to

ry basis for this guide. The information collection requirements in 10 CFR
5!‘

0 have been cleared under OMB Clearance No. 3150-0011.

DISCUSSION

Particuiate filtration and radioiodine adsorption units are included in

the design of the ventilation exhaust systems of light-water-cooled nuclear

power plants to reduce the quantities of radiocactive materials ir gaseous efflu-

ents released from puilding or containment atmospheres during normal operation,




including anticipated operational occurrences. Al) such cleanup systems should
be designed to operate continuously under norma)l environmental conditions,

In this guide, cleanup systems that should operate to meet the "as low as
15 reasonably achievable" guidelines of Appendix 1 to 10 CFR Part 50 insice the
primary containment (recirculating units) are designated as “primary systems."
Primary systems generally include a containment cleanup system (kidney filtra-
tion system)., Systems that operate outside primary containment are designated
as "secondary systems." Secondary systems generally include cleanup systems
installed in the ventilation exhaust systems for the reactor building, turbine
P inlding, radwaste building, auxiliary building, mechanical vacuum pump, main
congenser air ejector, and any other release points that may contain particu-
lates and gaseous radioiodine species. In some instances, filtration equipment
installed in a postaccident hydrogen purge exhaust system may be designed to
the recommendations of this guide, e.g., where a removal efficiency af 90% or
less for radioiodine species is sufficient for the hydrogen purge exhaust sys-
tem when the sum of the calculated loss-of-coolant accident (LOCA) dose and the
post-LOCA hydrogen purge dose is less than the guideline values of 10 CFR
Part 100

Normal environmental conditions that these atmosphere cleanup systems
should withstand are inlet concentrations of radiocactive iodine up to 10~
pCi/Zem®, relative humidity of the influent stream up to 100%, temperatures of
the influent stream up to 125°f (52°C), and normal atmospheric pressure. The
system should be desigred, tested, and maintained in such a4 manner that radia-
tion levels of airborne radioactive material and radioiodine buildup on the
adsorber do not degrade the performance of the filter system or any component

Atmosphere cleanup system heaters are designed to heat the influent stream
to reduce its relative humidity before it reaches the filters and adscrbers.
HEPA filters are installed to remove particulate matter, which may be radioac-
tive, and pass the air stream to the adsorber. The adsorber r . ves gaseous
fodine (elemental iodine and organic iodides) trom the air stream, HEPA fil-
ters downstream of the adsorber units collect carbon fines and provide redun-
gant protection against particulate release in case of failure of the upstream
HEPA filter bank The fan is the fina) item in an atmosphere cleanup system
Consideration should be given to installing prefilters upstream of the HEPA
filters to reduce the particulate load and extend their service life

The environmenta)l history will affect the performance of the atmosphere

cleanup system Industrial contaminants, pollutants, temperature. and relative

LS




humidity contribute to the aging and weathering of filters and adsorbers and
reduce their capability to perform their intended functions. Therefore, aging,
weathering, and poisoning of these components, which may vary from site to site,
need to be considered during design and operation. Average temperature and
relative humidity also vary from site to site, and the potential buildup of
moisture in the adsorber warrants equa) design consideration. The effects of
these factors on the atmosphere cleanup system can be determined by scheduled
testing.

A1l compunents of the atmosphere cleanup system installed in norma) venti-
iation exhaust systems need to be designed for reliable performance under the
expected operating conditions.. Initial testing and proper mainienance are pri-
mary factors in ensuring the reliability of the system. Carefu] attention during
the design phase to problems of system maintenancz can contribute significantly
to the reliability of the system by increasing the ease of such maintenance. Of
particular importance in the design is a layout that provides accessibility and
sufficient working space so that the required function: can be performed safely.
Per adic testing during operation to verify the efficiency of the components is
another important means of ensuring reliability. Built-in features that wil)
facilitate convenient in-place testing are important in system design.

Standards for the design and testing of atmosphere cleanup systems include
ASME N509-1989, "Nuclear Power Plant Air-Cleaning Units and Components" (Ref. 1),
and ASME N510-198¢, "Testing of Nuclear Air-Treatment Systems" (Ref. 2).

Other standards are available for the construction and testing of certain
components of systems. If such standards are acceptable to the NRC staff, they
are referenced in this guide. If no suitable standard exists, acceptable ap-
proaches are presented in this guide. ERDA 76-21, “Nuclear Air Cleaning Hand-
book" (Ref. 3), provides a comprehensive review of air filtration systems. It
is not a standard but a guide that discusses a number of acceptable design
alternatives.

Not all the documents mentioned in ASME N509-1989 (Ref. 1), ASME N510-1989
(Ref. 2), or other standards referenced in this guide have been the subject of
an evaluation by the NRC staff as to their applicability or acceptability. The
specific applicability or acceptabiiity of these listed documents, as well as
documents listed in other standards referenced in this guide, has been or will
be covered separately in other regulatory guides, if appropriate. These stan-
dards are to be used in a manner consistent with regulatory practice.



C. REGULATORY POSITION

1. ENVIRONMENTAL DESIGN CRITERIA

1.1. The design of each atmosphere cleanup system installed in a norma)
ventilation exhaust system should be based on the anticipated range of operat-
ing parameters of temperature, pressure, relative humidity, end radiation
levels,

1.2. If the atmosphere cleanup system is locatec in an area of high radia-
tion during normal plant operation, adequate shielding of components and per-
sornel from the radiation scurce should be provided.

1.3. The operation of any atmosphere cleanup system in a normal ventila-
tion exhaust system should not degrade the expected operation of any engineered-
safety-feature system that must operate after a design basis accident.

1.4. The design of the atmosphere cleanup system should consider any sig-
nificant contaminants such as dusts, chemicals, or other particulate matter
that could degrade the cleanup system's operation,

2. SYSTEM DESIGN CRITERIA

2.1. Atmosphere cleanup systems installed in normal ventilation exhaust
systems need not be redundant nor designed to seismic Category I classifica-
tion, but should consist of the following sequential components: (1) HEPA fil-
ters before the adsorbers, (2) iodine adsorbers (impregnated uctivated carbon),
(3) fans, and (4) interspersed ducts, dampers, and related instrumentation. If
it is desired to reduce the particulate load on the HEPA filters and extend
their service life, the installation of prefilters upstream of the initial HEPA
section is suggested. Consideration should also be given to the installation
of a HEPA filter section downstream of carbon adscrbers to retain carbon fines.
Heaters or cooling coils used in conjunction with heaters should be used when
the humidity is to be controlled before filtration. Whenever an atmosphere
cleanup system is designed to remove only particulate matter, a component for
iodine adsorption need not be inc)uded.

2,2. To ensure reliable in-place testing, the volumetric air flow rate of
a single cleanup unit should be limited to approximately 50,000 ft3/min. If a
total system air flow in excess of this rate is required, multiple units should
be used.



9 | tach atmosphere cleanup system should be instrumented to monitor and
alarm pertinent pressure drops and flow rates in accordance with the
gations of Section 5.6 of ERDA 76-21 (Ref. 3)

recommen-

2.4 To maintain the radiation exposure Lo operating and maintenance
personnel as low as is reasonably achievable, atmosphere cleanup systems and
components should be designed to contro) leakage and facilitate maintenance,
inspection, and testing in accordance with the guidance in Regulatory Guide 8.8,
“Information Relevant tc Ensuring that Occupationa)l Radiation Exposures at
Nuclear Power Stations Will Be As Low As Is Reasonable Achievable" (Ref 4),

2.5, Outdoor air intake openings should be equipped with louvers, grills,
screens, or similar protective devices to minimize the effects of high winds,
rain, snow, ice, trash, and other contaminants on the operation of the svstem
If the atmosphere surrounding the plant could contain significant environmenta)
contaminants, such as dusts and residues from smoke-cleanup systems from adja-
cent coal burning power plants or naustiry, the design of the system should
consider these contaminants and prevent them from affecting the operation of
any atmospnere cleanup system

2.6 Atmosphere cleanup sysiem housings and ductwork, as defined
section 3 of ASME N509-1989 (Ref. 1),

in

should be designed to exhibit on test a
maximum total leakage rate as defined in Section 4.14 of ASME N509-1989. Duct
and housing leak tests should be performed in accordance with the provisions of
Section 6 of ASME N510-1989 (Ref

<)

COMPONENT DESIGN CRITERIA AND QUALIFICATION TESTING

AN |

3.1. Adsorption units function efficiently at a relative humidity of 70%
or less. If the relative humidity of the atmosphere entering the air cleanup
system 1s expected to be greater than 70% auring normal reactor operation,
neaters or cooling coils used in conjunction with heaters should be designed to
reduce the relative humidity of the adsorption unit entering atmosphere to 70%
or less Heaters should be designed, constructed, and tested in accordance
with the requirements of Section 5.5 of ASME N509-1989 (Ref. 1) exclusive of

-

g criteria

3,2 The HEPA filters should be dgesigned, constructed, and tested
*

cordance h the requirements of Section 5.1 of ASME N509~1989 (Ref
corcance wit Ve 2Q |6 ¢ wvI* LIS} e

-

HEPA filter should be tested for penetration of dioctyl phthalate (DOP) in ac-

cordance with the provisions of MIL-F-51068 (Ref. %) and MIL-STD-282 (Ref

wIiIV &




3.3. Filter and adsorber mounting frames should be designed and con~
structed in accordance with the provisions of Section 5.6.3 of ASME N509-1989
(Ref. 1).

3.4, Filter and adsorber sections should be arranged in accordance with
the recommendations of Section 4.7 of ASME N509-1989 (Ref. 1) and Section 4.4
of ERDA 76-21 (Ref. 3).

3.5. System filter housings, including floors and doors, and electrica)
conduits, drains, and piping instalied inside filter housings should be de-
signed and constructed in accordance with the provisions of Section 5.6 of ASME
N509-1989 (Ref. 1).

3.6. Ductwork associated with the atmosphere cleanup system should be de-
signed, constructed, and tested in accordance with the provisions of Section
5.10 of ASME N509-198% (Ref. 1).

3.7. The adsorber section of the atmosphere cleanup system may contain any
adsorbent material demonstrated to remove gaseous iodine (elemental iodine and
organic iodides) from air at the required efficiency. Since impregnated acti-
vated carbon is commonly used, it is the only adsorbent discussed in this guide.
Each original or replacement batch of impregnated activated c.rbon used in the
adsorber section should meet the qualification and batch test results summa-
rized in Table 1 of this guide.

If an adsorbent other than impregnated activated carbon is proposed or if
the mesh size distribution is different from the specifications in Table 1, the
proposed adsorbent should have demonstrated the capability to perform as well
as or better than activated carbon in satisfying the specifications in Table 1.
If impregnated activated carbon is used as the adsorbent, the adsorber system
should be designed for an average atmosphere residence time of at least 0.25
second per 2 inches of adsorbent bed.

3.8. Adsorber cells should be designed, constructed, and tested in accor-
dance with the requirements of Section 5.2 of ASME N509-1989 (Ref. 1).

3.9. The system fan and motor, mounting, and ductwork connections should
be designed, constructed, and tested in accordance with the requirements of
Sections 5.7 and 5.8 of ASME N509-1989 (Ref. 1).

3.10. The fan and motor used in the atmosphere cleanup system should be
capable of operating under the envircnmenta)l conditions postulated for its use.

3.11. Ducts and housings should be laid out with a minimum of ledges, pro-
trusions, and crevices that could collect dust and moisture and that could im=
pede personnel or create a hazard to them in the performance of their work.
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Turning vanes or other air flow distribution devices should be installed where
required to ensure representative air flow measurement and uniform flow distri=
bution through cleanup components.

3.12. Dampers should be designed, constructed, and tested in accordance
with the provisions of Section 5.9 of ASME N509-1989 (Ref. 1).

3,13, If prefilters are used in the atmosphere cleanup system, they should
be designed, constructed, and tested in accordance with the provisions of Sec-
tion 5.3 of ASME N509-1989 (Ref. 1).

4. MAINTENANCE

4.1 Accessibility of components ard maintenance should be considered in
the design of atmosphere cleanup systems in accordance with the provisions of
Section 2.3.€ ¢ ERDA 76-21 (Ref. 3) and Section 4.8 of ASME N509-1989
(Ref. 1).

4.2. For ease of inspection and maintenance with minimum danger of damage
to the system, its design should provide for a minimum of 3 feet clear access
space in each compartment after allowing for the compone:.. dimension itself and
the maximum length of the component during changeout.

4.3. The system design should provide for permanent test probes with ex-
ternal connections in accordance with the provisions of Section 4,13 of ASME
N509-198% (Ref. 1).

4.4. The cleanup components (e.g., HEPA filters and adsorbers) should be
installed after construction is completed.

5. IN-PLACE TESTING CRITERIA

5.1, A visual inspection, in accordance with the provisions of Section §
of ASME N510-1989 (Ref. 2), of the atmosphere cleanup system and al)l associated
components should be made before each in-place airflow distribution test, DOP
(dioetyl phthalate) test, or activated carbon adsorber section leak test,

5.2. The airflow distribution to the HEPA filters and iodine adsorbers
should be tested in place for uniformity both initially and after maintenance
affecting the flow distribution. The distribution should be within +20% of the
average flow per unit when tested in accordance with the provisions of Section 9
of "Incustrial Ventilation" (Ref. 7) and Section 8 of ASME N510-1989 (Ref. 2).



5.3. The in-place DOP test for HEPA filters should conform to Section 10

of ASME N510-1989 (Ref. 2). HEPA filter sections should be tested in place
initially and at intervals of approximately 18 months thereafter. The HEPA
filter bank upstream of the adsorber section should also be tested following
painting, fire, or chemical release in any ventiiation zone communicating with
the system in such a manner that the HEPA filter section could become adversely
affected by the fumes, chemicals, or foreign materials. DOP penetration tests
of all HEPA filter banks should confirm & penetration of less than 0.05% at
rated flow. A filtration system satisfying this condition can be considered to
warrant a 99% removal efficiency for particulates. HEPA filters that fail to
satisfy the in-place test criteria should be replaced with filters qualified
pursuant to Regulatory Position 3.3 of this guide. If the HEPA filter section
is entirely or only partially replaced, an in=place DOP test should be conducted.

If any welding repairs are necessary on, within, or adjacent to the ducts,
housing, or mounting frames, the filters and adsorvers should be removed from
the housing during such repairs. These repairs should be completed prior to
periodic testing, filter inspection, and in-place testing. The use of tem-
porary patching material on filters, housing, mounting frames, or ducts should
not be allowed.

5.4 The activated carbon adsorber section should be leak-tested with a
gaseous halogenated hydrocarbon refrigerant in accordance with Section 11 of
ASME N510-1989 (Ref. 2) to ensure that bypass leakage through the adsorber sec-
tion is less than 0.05%. Adsorber )eak testing should be conducted (1) ini-
tially, (2) at intervals of approximately 18 months thereafter, (3) following
removal of an adsorber sample for laboratory testing if the integrity of the
adsorber section is affected, and (4) following painting, fire, or chemica)
release in any ventilation zone communicating with the system in such a manner
that the charcoal adsorber section could become aaversaly affected by the
fumes, chemicals, or foreign materials.

6. LABORATORY TESTING CRITERIA FOR ACTIVATED CARBON

6.1. The activated carbon adsorber section of the atmosphere cleanup sys=-
tem should be assigned the decontamination efficiencies given in Table 2 for
radiciodine if the following conditions are met:



1. The adsorber section meets the conditions given in Regulatory Posi-
tion 5.4 of this guide,

2. New activated carbon meets the Physical property specifications given
in Table 1, and

3. Representative samples of used activated carbon pass the laboratory
tests given in Table 2.

If the activated carbon fails to meet any ol the above conditions, it
should not be used in adsorption wunits.

§.2. The efficiency of the activated carbon adsorber section should be
determined by laboratory testing of representative samples of the activated
carbon exposed simultaneously to the same service conditions as the adsorber
section. Each representative sample should be not less than 2 inches in both
length and diameter, and each sample should have the same qualification anc
batch test characteristics as the system adsorbent. There should be a suffi-
cient number of representative samples located in parallel with the adsorber
section to estimate the amount of penetration of the system adscrbent through-
out its service 1ife. The design of the samplers should be in accordance with
the provisions of Appendix A to ASME N509-1989 (Ref. 1). Where the system ac-
tivated carbon is greater than 2 inches deep, each representative sampling sta-
tion should consist of enough 2-inch samples in series to equal the thickness
of the system adsorbent. Once representative samples are removed for labora-
tory testing, their positions in the sampling array should be blocked off.

Sampling and analysis should be performed (1) initially, (2) at intervals
of approximately 18 months thereafter, (3) foilowing painting, fire, or chemi~
cal release in any ventilation zone communicating with the system, whether the
system was in operation or not, and the adsorbent could thereby have deterio-
rated or been loaded to the extent that the adsorber efficiency would be unac-
ceptable, and (4) following detection of, or evidence of , penetration of water
or other foreign material into any portion of the filter system.

Laboratory tests of representative samples should be conducted, as indi-
cated in Table 2 of this guide, with the test gas flow in the same direction as
the flow during service conditions. Similar laboratory tests should be per-
formed on an adsorbent sample before loading into the adsorbers to establish an
initial point for comparison of future test results. The activated carbon
adsorber section should be replaced with new unused activated carbon meeting
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the physical property specifications of Table 1 if (1) testing in accordance
with Table 2 results in a representative sample failing to pass the applicable
test in Table 2 or (2) no representative sample is available for testing.

0. IMPLEMINTATION

The purpose of this section is to provide information to applicants and
licensees regarding the NRC staff's plans for using this regulatorv guide.

This proposed revision has been released to encourage public participation
in its development. Except in those cases in which an applicant proposes an
acceptable alternative method for Compiying with specified portions of the Com-
mission's regulations, the guidance to be described in the active guide re-
flecting public comments wil) be used by the NRC staff in its evaluation of
the design, testing, and maintenance of air filtration and adsorption units 1in
normal exhaust systems for the following light-water-cooled nuclear power
plants:

1. Plants for which the construction permit application is docketed
after the issue date of the fina) guide;

2. Plants for which the operating license application is docketed 6
months after the issue date of the final guide;

3. Plants for which the licensee voluntarily commits to the provisions
of this guide.
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PHYSICA
BATCH TESTS

Test

1. Particle size distribution

2. Hardness number
3. Ignition temperature
4. CCl, Activity®

5. Radioiodine removal
efficiency
a. Elemental iodine,
25°C and 95%
relative humidity

b. Methyl iodide, 25°C
and 95% relative
humidity

Bulk density

7. Impregnant content

TABLE 1

Acceptable Test
Method

ASTM D2862 (Ref. 8)

ROT M16-1T, Appendix C
(Ref. 10)

ROT M16-1T, Appendix C
(Ref. 10)

CClq Activity, ROT
M16-1T, Appendix C
(Ref. 10)

ROT M16-1T (Ref. 10),
para. 4.5.1, except
95% relative humidity
air is required

ROT M16-IT (Ref. 10),
para. 4.5.3, except
95% relative humidity
air is required

ASTM D2854 (Ref. 11)

Siate procedure

PROPERTIES OF NEW ACTIVATED CARBON
TO BE PERFORMED ON FINISHED ADSORBENT

Accegtablg Results

Retained on #6 Sieve: 0.0%

Retained on #8 Sieve: 65.0%
max.

Through #8, retained on #12
Sieve: 40% to 60%

Through #12, retained on #156
Sieve: 40% to 60%

Threugh #16 Sieve: 5, 0% max.

Through #18 Sieve: 1.0% max.
(Ref. 9)

95 minimum

330°C minimum at 100 fpm
60 minimum

99, 5%

0.38 ¢/m) minimum

State typc {iwi to exceed
5% by weight)

®A “batch test" is a test made on a production batch of a product to establish suita-

bility for a specific application.
material of the same grade,

within reasonable tolerance,
for which the manufacturer can demonstrate by acceptable
A1l material {n the same batch should be activated, im-

practices such uniformity.

A “"batch of activated carbon" is a quantity of
type, and series that has been homogenized to exhibit,
the same performance and physical characteristics and

tests and quality control

pregnated, and otherwise treated under the same process conditions and procedures

in the same process equipment and should be

release and instructions.

produced under the same manufacturing
Material produced in the same charge of batch equipment

constitutes a batch; material produced in different charges of the same batch equip-
ment should be included in the same batch only if it can be homogenized as above.
The maximum batch size should be 350 ft3 of activated carbon.
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