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The Committee to Review Generic Requirements (CRGR) will meet on Monday,
FeLcuary 9, 1987, 1-3 p.m. in Room 6110 MNBB,

T. Speis (NRR) will present for CRCR review the enclosed proposed new Standard
Review Plan Section 6.5.5, entitled "Pressure suppression Pools as Fissicen
Product Cleanup Systems." (Category ? 1tem.)

1f a CRGR member cannot attend the meeting, 1t is his responsibility to assure
that an alternate, who is approved by the CRGR Chairman, attends the meeting.

Persons making Presentations to the CRGR are responsible for (1) assuring that
the information required for CRGR review is provided to the Committee (CRGR
Charter - 1V.B), (2?) coordinating and presenting views of other offices, (3) as
appropriate, assuring that other offices are represented durinyg the presenta-
tion, and (4) assuring that agenda modifications are coordinated with the CRGP
contact (Walt Schwink, x?8639? and others involved with the presentation.
Division Directors or higher management should attend meetings addressing

agenda {tems under their purvie-.

In accordance with the EDO'S March 29, 1984 memorandum to the Commission con-
cerning "Forwarding of CRGR Documerts to the Public Document Room (PDR)," the
enclosure, which contains predecisional information, will not be released to
the PDR until the NRC has considered (in a public forum) or decided the matter

addressed by the information.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20655

JAN 30 1987

VEMORANDUM FOR: Robert M. Bernero, NPR
Pichard W. Starostecki, TF
Richard E. Cunningham, NMSS
NDenwood F. Ross, RES
Clemens J. Heltemes, Jr., AEOD
Joseph Scinto, 0GC

FROM: James H. Sniezek, Chairman
Committee to Review Generic Requirements

SUBJECT: CRGR MEETING NO. 109

The Committee to Review Generic Requirements (CRGR) will meet on Monday,
February 9, 1987, 1-3 p.m. in Room 6110 MNBB.

T. Speis (NRR) will present for CRGR review the enclosed proposed new Standard
Review Plan Section 6.5.5, entitled "Pressure Suppression Pools as Fission
Product Cleanup Systems.” (Category ? item.)

1f a CRGR member cannot attend the meeting, it is his responsibility to assure
that an alternate, who is approved by the CRGR Chairman, attends the meeting.

Persons making presertations to the CRGR are responsible for (1) assuring that
the information required for CPGR review is provided to the Committee (CRGR
Charter - I1V.B), (?) coordinating and presenting views of other offices, (3) as
appropriate, assuring that other offices are represented during the presenta-
tion, and (4) assuring that agenda modifications are coordinated with the CRGP
contact (Walt Schwink, x?8639? and others involved with the presentation.
Division Directors or higher management should attend meetings addressing
agenda items under their purview,

In accordance with the £D0's March 29, 1984 memorandum to the Commission con-
cerning "Forwarding of CRGR Documents ‘o the Public Document Room (PDR)," the
enclosure, which contains predecisional information, will not be released to
the PDP unti) the NRC has considered (in a public forum) or decided the matter
addressed by the information.
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MEMORANDUM FOR: James H., Sniezek, Deputy Executive Director
for Re ional Operations and Gereric Requirements

FROM: Harold R, Denton, Director
Office of Nuclear Reactor Regulation

SUBJECT: PROPOSED NEW STANDARD REVIEW PLAN SECTION 6.5.5,
"PRESSURE SUPPRESSION POOLS AS FISSION PRODUCT CLEANUP
SYSTEMS"

The enclosed generic requirements review package contains a proposed new
standard review plan section which, if approved, would add a procedure for
establishing the fission product retention capabilities of BWR pressure
suppression pools., This is a category 2 action,

‘The proposed item is one of the near-term items discussed and scheduled in

an information paper transmitted to the Commission on February 28, 1986 by
the EDO entitled "Implementation Plan for the Severe Accident Policy State-
ment and the Regulatory Use of New Source-Term Information (SECY 86-76).

The proposed section does not place any requirement upon licensees, since

no credit for fission product retention has previously been allowed in any
operating license review. Licensees may opt for such credit, however, by
appropriate license amendments. Its acceptance criteria and review pro-
cedures contain three features: (1) stated values for pool decontamination
factors, such that licensees or applicants claiming minimal credit need not
perform computer calculations, (2) technical specification 1imits on drywell
leakage which are reviewed under SkP 6.2.1.1.C are also used to establish pool
bypas: rates, and (3) when the proposed new section is used to set retentior
(redit, acceptance criterion 5 of SRP 6.5.1 is not to be applied. This last
position is needed to prevent the use of SRP 6.5.1 to downgrade an existing
standby gas treatment filtration system from being ar effective engineered
safety feature as defined under the testing guidance of Regulatory Guide 1.52.

The net effect of the proposed rew section for existing licensees is & possible
relaxation in current staff positions which has no significant detrimental
effect on safety, but which provides more flexibility and some potential cost
savings to the industry in meeting the regulations. Since fission product
cleanup credit for BWR suppression pools wae reviewed and epproved by the staff
for the GESSAR application, the effect of this SRP section will also be to
provide uniform and consistent guidance to the staff for the review of this
area.

An earlier draft of the attached package has been reviewed by the ACRS, and their
comments have been accommodated. After any further changes arising from CRGR
considerations, the proposed new section will be published for public comment.

A




LEC 22 1986

James H. Sniezek b4

ihe proposed new section reters to the SPARC code, which is a part of the
source-term code package developed by RES contractors. This code has only
recently been updated to treat iodine vapor in addition to aerosols. A
Brookhaven Nationa! Laboratory report is enclosed as a technical tinding
document. A reference appearing in the proposed section has not yet been
printed, and a preprint has also been enclosed. These enclosures are intended
to assist CRGR and ACRS members in their consiaeration of the general subject
ot pool retention, and contain no new guidance or criteria. A regulatory
analysis, as specified 1n NUREG/BR-0058, Rev. 1| , 15 alsc enclosea. If the
proposed section were applied using current regulatory Guide 1.3 source term
assumptions, tnere would be some net reduction in requirements. On the basis
of the assessment of this reduction in the enclosed regulatory analysis, we
conclude that public nealth and safety would be adeouately protectea 11 the
proposed new section were implemented. The cost savings to an operating
plant made possible by this net reduction in requirements, however, would

be small,

Committee consideration of this matter by January 15, 198/, is requested.

TV AR 44\

/Harold R. Denton, Dire
Uttice of Nuclear Reactor Regulation

enclosures:
As stated -
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MEMORANDUM FOR: Zoltan R. Rosztoczy, Chief
Regulatory Improvements Branch
Division of Safety Review & Oversight

FROM: Karl Kniel, Chief R
Safe*y Program Evaluation Bfanch
Division of Safety Revision & Oversight

.

SUBJECT: CRGR PACKAGE - PROPOSED NEW SRP SECTION 6.5.5, "PRESSURE
SUPPRESSION POOLS AS FISSION PRODUCT CLEANUP SYSTEMS"
In accordance with your requests, we have reviewed a parallel concurrence

copy of the proposed CRGR Package. Based on our review, we will concur on the

ZL2Y

Karl Kniel, Chief
Safety Program Evaluation Branch
Division of Safety Review & Oversight

original concurrence package.

Soffer
Frahm
Emrit
Read

Rigds

cc:

DO Or
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James H. Sniezek 2

The proposed new section refers to the SPARC code, whicn 15 a part of the
source-term code package developed by RES contractors, This code has only
recently peen updated to treat iodine vapor in addition to aerosols, A
Brookhaven National Laboratory report is enclosed as a technical finding
document. A reterence appearing in the proposed section has rot yet been
printed, and a preprint has also been enclosed. These enclosures are intendec
to assist CRGR and ACRS mempers in their consideration of the general subject
of pool retention, and contain no new guidance or criteria. A reguiatory
analysis, as specified in NUREG/Bk-0058, Rev. 1 , is also enclosed. If the
proposed section were applied using current Regulatory Guice 1.3 source term
assumptions, there would be some net reduction i1n requirements. On the basis
ot the assessment of this reduction in the enclosea regulatory analysis, we
concluge that public health and safety would be adequately protected if the
proposed new section were implementea. The cost savings to an operating
plant T?de possible by this net reduction in requirements, however, would

be small.

Committee consideration of this matter by January 15, 1987, is requested.

Harold R, Denton, Director
Office of Nuclear keactor Regulation

Enclosures:

As stated
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MEMORANDUM FOR: James H. Sniezek, Deputy Executive Director
for Regional Operations and Generic Requirements

FROM: Harold R. Denton, Director
Office of Nuclear Reactor Regulation

SUBJECT: PROPOSED NEW STANDARU KREVIEW PLAN SECTION 6.5.5,
"PRESSURE SUPPRESSION POOLS AS FISSION PRODUCT CLEANUP
SYSTEMS"

Tne enclosed generic reguirements review package contains a proposed new
stanaard review plan section which, if approved, wouid add a procedure for
establishing the fission product retention capabilities of BWR pressure
suppression pools. This is a category 2 action.

The proposed 1tem 15 one of the near-term items discussed and scneduled in

an information paper transmitted to tne Commission on February 28, 1986 by

the EDO enti1tled “Implementation Plan for the Severe Accident Policy State-
ment and the Regulatory Use of New Source-Term Information (SECY 86-76).

Tne proposed section does not place any requirement upon licensees, since

no creart for fission product retention has previously been allowed in any
operating license review. Licensees may opt for such credit, however, by
appropriate license amendments. Its acceptance criteria and review pro-
cedures contain three features: (1.) stated values for pool decontamination
tactors, such that licersees or applicants claiming minimal credit need not
perform computer calculations, (2.) technical specification limits on drywell
leakage which are reviewed under SRP 6.2.1.1.C are also used to establish pool
bypass rates, and (3.) when the proposed new section 1s used to set retention
creait, acceptance criterion 5 of SRP 6.5.1 is not to be applied. This last
position is nieded to prevent the use of SR? 6.5.1 to down grade an existing
standby gas treatment filtration system frow being an engineered safety feature.

The net effect of the proposed new section for existing licensees is & possibie
relaxation in cumrent stafr positions which has no significant detrimental
effect on safety, but which provides flexibility and some potential cest savings
to the industry in meeting the regulations. Since fission product cleanup
crea1t for BWR suppression pools was reviewed ana approved by the staff for
the GLSSAR application, the effect of this SRP section will also be to provide
uniform and consistent guidance to the statt for the review of this area.

An earlier dratt of the attached package has been reviewed by tne ACRS, and their

comments have been accommodatea. After any further changes arising from CRGK
considerations, the proposea new section will be published for public comment.

i
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estabi1sh whether or not fission product scrubbing ot the
drywell or reactor compartment atmosphere is claimed or

required for mitigation of oft-site consequences following 2

postulated accident.

Design Bases

A comparison is made to establish that the design bases tor the
suppression pool and the drywell or reactor compartment are
consistent with the assumptions made in the accident

evaluations of SAR Chapter 15.

System Design

The intormation concerning the suppression pool 1is reviewed to
familiarize the reviewer with the expected temperature
histories, depth of fission product entry expected during

postulated accidents and potential leakage paths through

drywe || penetrations.

Testina and Technical Specifications

The details of the applicant's proposed preoperational tests,
and, at the operating license stage, the surveillance
requirements, are reviewed under section k.2.1.1.8: ™™
results ot that review are examined to assure that pool depth
and amount of leakage bypassing the poo! are maintained con-

sistent with the assumptions usea 1n assessing the pool's

effectiveness 1n fission product cleanup.




6.5.5

Proposed New Standard Review Plan Section

PRESSURE SUPPRESSION POOLS AS FISSION PRODUCT CLEAN-UP SYSTEMS

REVIEW RESPONSIBILITIES

Primary = Plant Systems Branch

Secondary - Reactor Systems

1  AREAS OF REVIEW

Pressure suppression pools are reviewed under this plan only when the
applicant claims credit fer fission product scrubbing and retention by
the suppression pool. The pressure suppression pool and the drywell,
when considered as a barrier to the release of fission products, are
reviewed to assess the degree to which fission procucts released
during postulated reactor accidents will be retained in the
suppression pool. Leakage paths which allow fission products to
bypass the pool are identified and reviewed, and the max{mum
fractional bypass leakage is obtained, for use in the evaluation of

radiological dose consequences.

1.) Fission Product Control PRequirement

Sections of the SAR related to accident analysis, dose

calculations, and fission product control are reviewed to
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2. The bypass leakage assumed for purposes of evaluating fission

product retention must be no less than that accepted in the
review under section 6.2.1.1.C, and must be demonstrated in
periodic tests by the license technical specifications also

reviewed under that section.

3. For plants wnich have already received a construction permt,

the iodine retention calculated using this section must not

be used to justify removal of the standby gas treatment or
other filtered exhaust system from status as engineered safety
features. For such reviews, criterion 11.5 of SRP 6.5.1 shall
not be applied, ana tne charcoal absorbers must be at least
maintained to the minimum level of Table 2 in Regu]atdry

Guide 1.52, Revision 2.

Acceptable methods for computing fission product retention by the

suppression pool are given in Subsection 111, “Review Procedures."

111 Review Procedures

The first step in the review is to determine whether or =not the
suppress on pool 18 to be used for accident dose mitigatien
purposes. If no fission product removal credit is claimed in the

accident analyses appearing in chapter 15 of the SAK, no further

review is required.




11 AULCEPTANCE CRITERIA

The acceptance criteria for the fission product clean-up function of
the suppression pool are based on the following requirements from

Appendix A of 10 CFR 50:

A. General Design Criterion 41 (Ref.1) as related to the control

of fission products following potential accidents,

B. uweneral Design Criterion 42 (Ref.1) as related to the periodic

inspection of engineered safety features.

C. General Design Criterion 43 (Ref.1) as related to the periodic

functional testing of engineered safety features.

Where they can pe shown to be in compliance with these criteria,
suppression pools may be given appropriate credit for fission product
scrubbing and retention (except for noble gases, for which no pool
retention is aliowed) in the staff's evaluation of the radiological

consequences of design basis accidents.

Specific criteria which must pe met to receive credit are as follows:

1. The drywel| ana its penetrations must be designed to assure
that, even with a single active failure, all releases from the
core must pass into the suppression pool, except for small

bypass leakage.



Pool bypass fraction
The fraction of the drywell atmosphere bypassing the

suppression pool by leaking through drywell penetrations is
obtained as a product of the review under section 6.2.1.1.C.

1f B is the bypass fraction and DF is the time-integrated pool
decontamination factor, then the overall decontamination, D, to

be reported to the Reactor dystems Branch for use in chapter 15

dose calculations may pe taken as:

DF o
t + ©B(oF1)

-
—

or

|-

——

n TR G
" OF

The reviewer should clearly distinguish that fraction of B which
may be further treated by the standby gas treatment system from

that fraction of B which also bypasses secondary containment.

Other containment atmosphere clean-up systems

Plants having drywel! or containment spray systems for which

rission product cleanup credit is claimed are reviewed

separately under section 6.5.2, and credit tor poth suppression

pool and spray cleanup can be given as a result of the separate

reviews.
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1f the suppression pool is intended as an engineered safety feature

tor the mitigation of off-site doses, then the reviewer estimates
its effectiveness in removing fission products from fluids expelled
from the arywell or directly from the pressure vessel through the

depressurization system,

B Pool decontamination factor

The decontamination factor (DF) of the pool is defined as the
ratio of the amount of a contaminant enteriig the pool to the
amount leaving. Uecontamiration factors for each fission
product form as functions of time can be calculated by the
SPARC code (Ref.2), and this calculation should be performed
whenever the pool design is juaged by the reviewer to differ
Qﬁt significantly trom those found acceptable as fission product
cleanup systems in past reviews. 1f, however, the time-inte-
gsated DF values claimed by the applicant are 10 or less for
particulates and 100 or less for iodine vapor the applicant's
values may pe accepted without any need to perform calculations
(Ref. 3). A Dt vaiue of 1 (no retertion) should be used for
noble gases and, unless the applicant demonstrates otherwise,

for organic 10dides as well,

the SPARC code, the review should be coordinated with the
Reactor Systems Branch, which is responsible for estapblishing the

accident assumptions needed to assemble the input for the calcu-

|
1f calculation of fission product gecontamination is done using
|
|
\
\
lations.

|
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runction can be accomplished assuming a single tailure. The
applicant's proposed program for preoperational 3nd
surveillance tests will assure a continued state of readi-
ness, and that bypass of the pool is unlikely to exceed the

assumptions used in the dose assessments of Chapter 15.

The staft concludes that the suppression pool is
acceptable as a fission product cleanup system, and meets

the requirements of General Design Criteria 41, 42 and 43.

IMPLEMENTATION

Lxcept in those cases in which the applicant proposes an
acceptable alternative method for complying with the specifiec
portions of the Commission's regulations, the methods described
neregin are to be used by the staff in its evaluation of

conformance with Commissions regulations.

Implementation of the acceptance criteria of subsection 1l of

this plan is as follows:

(a.) Opera: g plants and OL applicants need not comply with

the provision of this review plan section.

(p.) CP applicants will be required to comply with the provisions

of this revision.




v

Technical Specifications

The technical specifications are reviewed to assure that they
require periodic i1nspection to confirm suppression pool depth

and surveillance tests to confirm drywell leak tightness
consistent with the bypass fraction used in computing the overall
decontamination. Technical specification review is coordinated

with the Facility Operations Brancn as provided in NRR Office

Letter No. 51.

tVALUATION FINDINGS

The reviewer verifies thet sufficient information has been
provided by the appiicant and that the review and any
calculations support conclusions of the following type, to be

included in the staff's Safety Evaluation Report:

We have reviewed the fission product scrubbing function of
the pressure suppression pool and find that the pool will
reduce the fission product content of the steam-gas mixture
flowing through the pool following accigents which blow down
througn the suppression pool. We estimate the pool will
decontaminate the flow by a factor of ____ for molecular
jodine vapor and by a factor of ___ for particulate
fission products. No signiticant pool decontamination from
noble gases or organic iodides will occur. The system is
argely passive in nature, and the active components are

su1tably redundant such that its fission product attenuation
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REFERENLES

1. 10 CFR Part 50, Appendix A, Genera! Design Criteria 41,
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3. P.C. Owczarski and W.K. Winegardner, “Capture of lodine
in Suppression Pools", 19th DOL/NRC Nuclear Air Cleaning

Conference, Seattle, 1986.



Standard Review Plan 6.5.3, "Fission Product Control Systems and

Structures," contradicts Regulatory Guide 1.3 by stating that suppressior
pools may be considered as fission product control systems, although no
guidance or reference is supplied as to methods to be used in their
veview. In NUREG-0979, supplement 4, "Safety Evaluation Report related to
the final design approval of the GESSAR 11 BWR/E Nuclear Island Design,"
the staff agreed to consider suppression pool retention in any application
referencing the approved design. Revisions prompted by new source term
information and the replacement of TID-14844 by mofe realistic accident

assumptions will result also in the revision of Regulatory Guide 1.3.

Regardless of whether an accidental release is assumed using the current
Regulatory Guide 1.3 or using the most modern methods, it is an undue
conservatism to ignore the capability of the suppression pool to mitigate
off-site dose consequences, provided that recognition of such capability

does not degrade safety.

The effectiveness of suppression pools in retaining gaseous 1o0dine and
particulate matter varies markedly with the conditions under which these
materials are swept into the pool. While the overall eftects of such
variation can be calculated for any given postulated accident, this
calculation would be uncertain in its predictions of the relevant
conditions and would be very expensive to perform. It would be
inappropriate to solve the problem of ignoring suppression pool

effectiveness by replacing it with a required set of calculations that are




REGULATORY ANALYSIS OF THE REVIEW OF
SUPPRESSION POOLS AS FISSION PRODUCT
CLEANUP SYSTEMS

Statement of the Problem

Requlatory Guide 1.3, "Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss of Coolant Accident for Boiling Water
Reactors," states, as Regulatory Position C.1.f, that "No credit is given
for retention of iodine in the suppression pool." Before the time this
guide was first published, November 2, 1970, experiments had demonstrated
the efficacy of suppression pools in removing iodine in several chemical
forms from air-steam mixtures. The adoption of Regulatory Position C.1.f,
therefore, was deliberately conservative. Factors which mey have

influenced its adoption are:

(1) drywells are generally leaky, permitting significant bypass
of the suppression pool.

(2) suppression pool retention of fission products varies markedly
with conditions pertaining during the accident, and would have
required more complicated models than any being used in 1970.

(3) because of heavy reliance on standby gas treatment systeme,
suppression pool credit was not needed by boiling water reactors to

meet the dose guidelines of 10 CFR 100.




SpP 6.5.3 could be revised to remove the statement allowing pool credit,
and the GESSAR I1 SER could be amendec to retract the earlier position.
This course would remove the inconsistency between the SRP and Regulatory
Guide but, in addition to ignoring the large volume of research data
supporting pool credit, would provide an undue degree of conservation to
the staff's review and be contrary to commission policy. (Goal 2.4,

NUREG-0885, Policy and Planning Guicance, 1986)

The alternative selected is to propcse an additional review plan section

which would provide a consistent use of the available data without de-

gradation of safety.

In preposing review procedures, two decisions were made concerning the

means by which the review could be simplified.
(a) time-averaged decontamination factors (DF) were introduced,

(b) minimum DF values were stated, such that only applications claiming

larger DF's would require plant specific computer runs.

These decisions were prompted by practical considerations in conducting
reviews; not taking the proposed course would have required great computer

expense in any review. If 2 novel suppression pool feature were proposed,
such as, for example, a chemical additive or increased submergence depth
of the downcomers or quenchers, the Source Term Code Package computer
codes could be run to quantify the ‘effectiveness of the pool. Use of

the Source Term Code Package costs about $25,000 per accident sequence.
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impractical for use in assessing effectiveness. To avoid this further
problem, the present proposal takes a narrow interpretation by replacing
the undue conservatism of omitting credit in favor of moderately conser-

vative simplifications.

Objectives

The objective of the proposed action is to establish the degree to which
suppression pools can be considered as fission product cleanup systems and
by revising tne Standard Review Plan (SRP) to include procedures and

criteria for suppression pool design evaluation,

Alternatives

The existing SRP 6.5.3, "Fission Product Control Systems and Structures,”
in 11.5, states that "tission product retention credit assumed by the
applicant for other systems, e.g., pressure suppression pools, may be

acceptable provided that justification is supplied by the applicant.”

This provision has been applied, so far, only in the review of the
GESSAR-II application. The existing SRP, however, contains no procedures
for reviewing pressure suppression pools. One alternative to the proposed
new section, therefore, would be to continue to review pools on
case-by-case basis. This course would not consistently apply computer
code and model validation experiments which have been devised for pur-
poses of developing & means of calculating pool retention of fission

products.




ppart from the containment buildings themselves, the most important acci-
dent off-site dose mitigation features of builing water reactor plants

under the SRP are the standby gas treatment systems (SGTS). These filterec
exhaust systems are designed to have maximum effectiveness aoainst the forms
of fission product iodine assumed to be released by T1D-14844. When reviewed
against the fission product releases predicted by the new source term code
package, however, suppression pocls are capable of a high degree of retention
of fission products. The proposed change will focus attention on sup-
pression pools as dose mitigation features, and as a means of providing

defense-in-depth in fission product mitigation capability.

The development of regulatory requirements for suppression poolé might
lead existing licensees to upgrade the quality of drywell penetrations, as
part of measures to minimize pathways bypassing the pools. Drywell pene-
trations are already subject to leak testing at each refueling under SRP

6.2.1.1.C.

At present, Regulatory Guide 1.3 assumes that 22.75% of the core iodine
inventory as molecular iodine, 1.25% as particulate and 1% as organic
iodide are available for release from containment. Typical standby gas
treatment systems (SGTS) serving BWR secondary containments és filtered
exhaust systems are maintained at 99% efficiency against all of these
forms, i.e., after one-hundred-fold decontamination 0.25% of the core
jodine is exhausted into the environment as the sum of the primary
containment and main steam line isolation valve leak rates following a

DBA-LOCA.



The minimum DF values chosen are designed to be sufticiently small that no
accident sequence is likely to be found to have a smaller time-averaged

value, even allowing a margin of safety for uncertainties.

4. Consequences

By resolving the contradiction between Regulatory Guide 1.3 and SRP 6.5.3
in favor of the former, the staff would be denying 8 large body of
evidence proving the efficacy of suppression pools in retaining fission
products. This might be defensible on the grounds of being conservative,
but would not permit the realistic consideration of core melt accidents as

they are currently being modeled to be used 1n licensing decisions.

By continuing the present situation, i.e., taking no action, the con-
tradiction would remain., Licensees could request suppression pool credit,

based on the staff's GESSAR Il statement, but the staff would have no

consistent guidance for performing the review, and would be reduced to

source term code package repeatedly.

The consequences of the proposed new section would be the effect that
increased pool credit would have upon the efficiency required of other
fission product control systems in order to meet the dose gquidelines of 10
CFR Part 100. A licensee could request pool credit to justify a relaxation

either accepting or rejecting the licensees' submittal, or running the
|
|
|
\
of the maintenance and surveillance requirements placed on other systems,
|
:
|
\
|



Guide 1.3, even if molecular and particulate iodine forms are totally

absorbed by the pool.

A 15-fold reduction in SGTS effectiveness, i.e., from a penetration test
of 1% or less to one of 15% or less, would reduce its organic iodide
absorption efticiency from 99% to g5%. Unfortunately, the SRP section
dealing with SGTS review, 6.5.1, states that systems requiring iodine
absorption efriciencies of less than 90% may be reviewed under SRP 11.3.
Charcoal absorbers reviewed under SRP 11.3 may folfow Regulatory Guide
1.140 rather than 1,52, and are not built or maintained to engineered
safety teature standards. To prevent use of suppression pool credit to
justify not maintaining and testing SGTS absorbers to Regulatory Guide
1.52 criteria, prior to revision of SRP 6.5.1, explicit mention of SGTS

surveillance tests has been added as a criterion.

A typical SGTS contains about $20,000 of impregnated charcoal per train,
with a comparable additional labor cost for renewing and testing if filter
replacement is needed to pass a surveillance test. If the surveillance

test criteria of a SGTS were relaxed, charcoal change-out would be

required less often, perhaps reducing maintenance by of the order of 104

dollars per year,

It is also possible that a licensee might wish both suppression pool and
maximut SGTS credits, while requesting an increase in allowable
containment leakage. Again, a very large saving in the costs of
containment integrated leak rate tests would not be expected, since the

large degree of iodine fission product retention would not be associated




Against the same release to containment, the minimum decontamination

factors in the proposed SRP 6.5.5 would reduce the 25% of the core iodine
inventory available for primery containment leakage to 3.5%, assuming 10%
suppression poo! bypass leakage. For 1% pool bypass leakage, 1.6% of the

core iodine inventory would be computed as available.

Using the assumed release in Regulatory Guide 1.3, and obtaining sup-
pression pool scrubbing credit with 10% bypass, a typical BWR could meet
10 CFR Part 100 thyroid dose quidelines and sti1l reduce the plant SGTS
efficiency from 99% to 95%. It should not, however, be assumed that by
reducing bypass leakage anc claiming suppression pool credit a licensee
could greatly reduce the surveillance testing requirements of their SGTS.
Other design basis accidents, for example the fuel handling and instrument
line break accidents, also require the use of the SGTS to meet the

acceptance‘sriteria of SRP 15.6.2, 15.6.5 Appendix B, and 15.7.4.

for a typical plant, the release of 3000 Ci of 131] would lead to dose
consequences in excess of the quidelines of 10 CFR Part 100, This amount
is equivalent to only a few parts per million of the core inventory of
jodine fission products. For a typical BWR, a million-fold reduction in
iodine 15 mostly achieved by a low leakage containment (0.5% per day in 2
hours leaks 4X10'4) and to a lesser extent by the SGTS (10'2 penetration

by iodine). Since suppression pools are virtually useless against organic
jodide, and since it is not feasible to eliminate bypass completely,
overall decontamination factors of more than about 15 cannot be practically

achieved using the current iodine chemistry assumptions in Regulatory
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Decision Rationale

Strategic goal 2.4 of the NRC Policy and Planning Guidance, 1986, lists as
objectives the completion of the reassessment of source terms and the
implementation of appropriate revisions in staff practices. The source
term revisions will involve many reiated changes to the SRP and regulatory
guidance, and may also include rulemaking and revision of existing
regulations. The proposed action is perceived as an early step in this
process, since it will put in place the review procedures and criteria

necessary for considering the mitigation of new source terms by suppression

pools.

The proposed section is equally applicable to the source term assumptions
contained in Regulatory Guide 1.3 and to the fission product releases cal-
culated by the:ﬁource Term Code Package. For both applications the pro-

posed acticn ofters the following advantages:

1.) Suppression pool fission product retention can be assumed to be
described by conservatively chosen decontamination tactors. The
use of these factors avoids the large expense of computer analysis
needed to quantify suppression pool response using the available
computer codes. As discussed earlier, very large decontamination
factors can be calculated, but the net effective decontamination

achievable is limited by the possibility of pool bypass leakage.



with any change in the postulated noble gas releases during a LOCA.
Licensees electing this course would be limited by the 10 CFR Part 100
guideline for whole body doses at the low population zone boundary over
the course of the arcident., For most BWRs, a doubling of the containment
leak rate would bring the noble gas release consequences to the guideline,
although for some plants having favorable meteorological parameters and
large Tow population zones several-fold increases would still meet the

guidelines.

While granting credit for suppression pool scrubbing, as proposed, would
allow the deterministic licensing calculations of accident dose to be
more easily met, the primary thrust of the change will be to allow
greater BWR containment leak rates and more noncondensible accident
fission products past SGTS filters. That is, existing BWR containment
leak rates of about .5 volume percent per day maybe increased to as much
as 5 volume percent per day, and 99 percent elemental iodine filter
efficiencies maybe reduced to 90 percent. The change, therefore, may
result in increases in the quantities of fission products postulated to
be released during design basis accidents. However, regulatory
guidelines would still be met, and the change in risk is expected to be
very small since the bulk of public risk is attributed to accidents in
which the containment fails or is bypassed (i.e., severe accidents not

design basis accidents).
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2.) Existing plants have the possibility of reducing maintenance costs

for their charcoal absorbers by being able to retain the absorbent

for longer periods of time between changes.

The cost savings of these advantages would vary with the degree to
which licensees and aplicants elected to claim suppression pool

fission product cleanup credit, and the number and diversity of

accident sequences necessary te represent the effectiveness of

the pool.

While releases of fission products as assumed in Regulatory Guide 1.3
are effectively reduced by filtered exhaust systems, the releases
calculated for many accident sequences by the Source Term Code
Package are more effectively reduced by suppression pool scrubbing.
By adding guidance for the review of suppression pools as fission
product cleanup systems in the form proposed, conservative but

appropriately realistic credit would be assessed without significant

loss of the safety afforded by existing filtered exhaust systems.

6. Implementation

The proposed action requires no action of existing licensees, except as

they might voluntarily elect to reanalyze the accident consequences and

submit an FSAR amendment to reduce reported iodine doses. This action

would take effect upon publication of the proposed revision,
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The SPARC simulation of pool scrubbing first relies on a descrip-
tion of the hydrodynamics of gases entering a water pool at a sub-
merged depth. The hydrodynamics of the vent exit region are very
important as are the hydrodynamics ¢f the bubble swarm rise to the

pool surface.

particle Scrubbing

A number of phenomena have been identified as contributors to the
particle scrubbing process. These are:

particle inertia at the vent exit

bubble inertia at the vent exit

steam condensation at the vent exit

temperature ?radient at the vent exit

steam formation during bubble rise

particle growth

bubble circulation during swarm rise

bubble coalescence/redispersion during swarm rise.

The above phenomena are quantitatively modeled in SPARC for their
roles in the particle capture mechanisms at the vent exits (centrifu-
gal scrubbing, inertial deposition, steanm condensation and thermo-
phoresis) and during swarm rise (centrifugal scrubbing, gravity set-
tling and Brownian diffusion). The centrifugal scrubbing here refers
to deposition of particles at curved gas-liquid surfaces caused by the
acceleration of particles in the radial direction as a result of tan-
gential surface velocities.

lodine Behavior

A number of aspects of iodine behavior are related to its capture
in suppression pools. These aspects can be identified in‘three
regions of the flow of gases. The first region is the flow of iodine
species in the core-melt off gases in the reactor primary system. The
second is the vent exit region in the pool and the third is the bubble

swarm rise region in the pool.

In the primary system, where gases are hydrogen and steam and
iodine species can be I, organic iodides, HI, and particulate iodides
such as CsI, conditions can exist that favor the complete removal of
the volatile inorganic species from the gas phase. These favorable
conditions consist of a sufficiently low temperature o that alkaline
aerosol particles can exist as a liquid or partially liquid phase.
Alkslig? hydroxides such as CsOH have this property in the vicinity of
3007C . ‘This liquid phase can be highly reactive with the volatile
species KI and I,. We speculate that solid CsOH can be reactive with
these species as well. The SPARC code has a subroutine that allows
the user to switch on this iodine absorption process in the primary
system. The process is modeled as a continuous plug-flow reactor
where spherical aerosol particles absorb elemental iodine at a rate
controlled by the diffusion of I, in the gas phase around the partic-
les. Although not modeled, HI would behave similarly to I, but with
a slightly higher diffusion coefficient. The results of using this
subroutine are discussed in III. Accident Sequence Results.
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CAPTURE OF IODINE IN SUPPRESSION POOLS

P. C. Owczarski and W. K. Winegardner
Pacific Northwest Laboratory*, Richland, Washington

Abstract

The effectiveness of suppression pools in capturing airborne
iodine species was investigated. A computer code was used to simulate
the scrubbing of particulate iodide, vapor elemental iodine, and vapor
organic iodides. For a typical postulated severe core damage accident
sequence, suppression pools were effective scrubbers of elemental
iodine if the pool was alkaline or dilute in iodine and of particles
1.5 um mass median diameter. Little scrubbing of organic iodide
species occurred. An absorption model shows that elemental iodine can
be absorbed by wet alkaline droplets before the droplets encounter the
suppression pool. Thus, the iodine removal effectiveness of the pools
is likely to be controlled by particle scrubbing.

I. Introduction

The estimation of airborne source terms in postulated severe core
melt accidents required the evaluation of the responses of nuclear
reactor Engineered Safety Features (ESF) under accident conditions.
As part of this evaluation, the Pacific Northwest Laboratory (PNL) has
been studying the aerosol capture effectiveness of Boiling Water
Reactor (BWR) pressure suppression pools.** The initial work assumec
that fission product iodine would exist as Csl in the aercsol leavirng
the reactor primary system. Concern remains that other chemical spec-
ies of iodine might exist, notably I, and organic iodides (represented
by CH3I). Continuing work reported ﬁere shows that the scrubbing
effectiveness gquantified by decontamination factors (DFs)” of the pool
varies dramatically for the three chemical species.

To estimate the pool isrubbing effectiveness on particles, F§;
developed the SPARC codel*/, SSich has been partially validated'“’
with existing published data . The SPARC code was then modified to
include I, and CH3l scrubbing. An additional function of SPARC com-
putes the absorption of I by particles containing deliguescent CsOH.

II. Technical Bases Summary

This section summarizes the technical bases for the models in
SPARC. The bases for Pfs: of the particle scrubbing models have been
previously discussed( and will be briefly repeated nere. Then the
bases for iodine scrubbing will be discussed.

*Pacific Northwest Laboratory is operated for the U.S. Departmert
of Energy by Battelle Memorial Institute.
»»Work supported by the U.S. Nuclear Regulatory Commission uncer
Contract DE-AC06-76RLO 1830, NRC FIN B2444.
mass flow rate of a fission product into pool

.
DF = =5 gy 7 ; r— 3
mass fiow rate of that fission product out of pool
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scrubbing. No plans exist to measure volatile iodine scrubbing in
large-scale experinments.

Accident Parameters

SPARC can be used to analyze pool scrubbing during the course of
an accident scenario. A number of accident parameters must be defined
for each time step when pool scrubbing is important. The most impor-
tant set of parameters is the particle size distribution. The SPARC
input parameters are listed below:

Pool

noncondensable gas flow rate into pool
noncondensable gas composition

stean flow rate into pool

pool depth, temperature

pool size, configuration

pressure above pool

pool compesition (surfactants)

vent exit configuration

Aerosol Particles

e nass flow rate

e 3ize distribution

e (ensity/shape factors

e solubility in water (and fraction of soluble alkaline
materials)

' ‘

lodine

e mass flow rates of each iodine species
e temperature and pressure of primary system

These parameters are defined for an example accident scenario in the
next section. - \

II1I. Accident Seguence Results

To examine the behavior of iodine species in the pool, we used a
specific postulated accident sequence to establish the pool, flora and
fission product characteristics for this study. The TC sequence )
for a Mark I BWR was selected as a representative accident. 1In this
accident, a transient event was followed by control rod insertion
failure, but emergency core cooling systems operated. However, the
reactor power level exceeded the cooling capability of the suppression
pool. Overpressure failure of the containment occurred followed by
stoppage of reactor vessel coolant flow. The core heated up and
melted, releasing fission products into outflowing steam and hydrogen.
During this melt release, these gases and fission products flow from
the core through the primary system and suppression pool. It is for
this period, from 134 to 168 min after the initiating transient, that
we have analyzed the pocl scrubbing effectiveness of iodine species as
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As the gases leave the primary system, they enter the pool at a
depth through a specific vent type. 1In the region of this vent, the
gases try to equilibrate with the thermodynamic conditions of the pool
at the vent depth. This equilibration process frequently results in
steam condensation and scrubbing of particles. In SPARC, this conden-
sation results in some deposition of I, and CH3I, but is limited by
the species solJubility at the interface.

After the initial gas globules at the vent break up into the ris-
ing bubble swarm, the SPARC code assumes that bubble circulation con-
tinually renews the bubble interface and that the film theory of mass
transfer resistance holds on both sides of the interface. The equili-

brium boundary conditions at the interface for the two volatile iodine

species are:
!

(TIy(aq) ]y = H(Iz)[Iz(gas))y
and [CH3T(ag))j = H(CH31)(CH3I(gas)]y

where (TIo(aq))y = total liquid molar concentration
of iodine at the interface as I,.

[Is(gas))y = interfacial gas molar concentration of I,
and H(Iy) = iodine partition coefficient.

Similar definitions hold for CH3I(5 The aqueous chemistry of iodine is
controlled by the fast reactions: )

I,(gas) = I,(aq)

Ip(ag) + 17 = 147

I,(aq) + Hy0 = KY + 1™ + HIO

Io(ag) + HyC = HzOI* b

Hy0 = H' + OH™

By using the equilibrium constants for the above five reactions, the
partition coefficient is quantitatively defined if mass balances of
all iodine species and H+ and OR™ are maintained. The value of
H(CH3I) is %Rtained in a simpler way using solubility and vapor pres-
sure data.(

SPARC Validation

The particle capture models in SPARC Pjye been partially vali-
dated with data as they become available.'“’ The iodine capture

mod }g are validated by emall-scale tests. The data of Diffey et
compare favorably with SPARC calculations for both I, and CH;4l

il
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FIGURE 1
COMPARISON OF THE HALF-LIFE OF I, EXISTENCE IN THE PRIMARY SYSTEM
WITH THE RESIDENCE TIME OF GASES IN THE PRIMARY SYSTEM (CASE 1)

Al

The scrubbing of iodine species is portrayed-in Figures 2 and 3.
In the first figure, the instantaneous I, CsI, and CH3I DFs are plot-
ted versus time during the melt release. 1In Case 1, where CsI is the
iodine species, the scrubbing of CsI generally increases in time
because of the gradually increasing particle size until 154.5 min,
where particle size stabilizes until the end of the melt release.
However, steam and hydrogen gas flow increase dramatically at this
point, and as a result the inertial particle capture mechanism at the
vent exit increases the DF. 1In Case 2, where the iodine is elemental
and the pool receives no alkaline particles, the iodine scrubbing is
represented by the I, curve. Here the I, flow rate is fairly high
until 148.5 min, then the rate (and incoming I, concentration)
decreases. These decreases cause the pool scrubbing to become less
eflective at the iodine concentrations of the pool. However, in Case
3 the pool was allowed to increase in pH from incoming CsOH particles,
the time history of iodine DFs yas different. Then the instantaneous
DFs were never less than 3 x 10” during the accident. The Cd3I curve
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well as any prior reaction of vapor elemental iodine with alkaline

aerosol droplets in the primary

The data pertinent

Aerosol flow rates ranged from

system upstream of the pool.

to the SPARC analysis are summarized here:

to less than 1 g/s at the end. CsOH ranged from 60 to
aerosol. 1Iodine flow rates ranged from 9 to 1 g/s. Ninety-nine per-
cent of this iodine was examined as either I, vapor or
cles and 1V of the iodine was assumed to be as CH3I. Particle sizes
began at 1.5 um mass median diameter and finished at 2
ric standard deviations of the aerosol distribution and the aerosol
particle density remained constant at 1.7 and 3 g/cm”, respectively.
Gases from the steadily depressurizing primﬁ;y eystem (2 to 1.3 atm)
maintained a temperature range of 340 to 360°C. Steam flow began at
1300 g/s and ended at 8 g/8. Hydrogen flow began at 170 g/s and ended

at 110 g/s. These gas
through 13 t-quenchers

With the above aerosol and flow
wWas run as three independent cases:

and aerosol flows entered the s
at 12 ft submergence.

110 g/s at the beginning of core melt

10 wt§ of this
&8s Csl parti-

«7 um. Geomet-

uppression pool

specifications, the SPARC code
Case 1 where the elemental iodine

was allowed to be absorbed by alkaline aerosol droplets in the pPrimary
system, Case 2 where the alkaline materials were absent in the aero-
60l, and Case 3 where the CsOH was not allowed to reac

the primary system. In Case 1, lodin

ticulate mass. In Case 2, the iodine remained as vapo

pool did not have the benefit of becon

cles, so 13 scrubbing was affected by an initially neu
6.5 at 100°C) that became slightly acidic at the end o
iodine also remained as I, vapor, but the pool

= 5.9). In Case 3, the
became alkaline during

The first of the SPAR

core melt and reached pH = 8.3,

mental iodine in the primary system in Case 1. Here,
by wet alkaline particles in the short, once-through pass of gases
through the primary system. The SPARC subroutine for
tions computes the instantaneous absorption rate for the entire aero-

sol cloud in terms of t

form. The gas residence time in the Mar

he half-life of IE existence as

splits the flow into two parallel streams, has a value
total primary system exit volumetric f£low rate
in cm”/s. Figure 1 compares the half-life with the’re

secongs where Q is the

the melt release period of the TC sequ

t with the I, in

€ was present as Csl in the par-

r I,. Also, the

tral pool (pH =
f core melt (pH

C results examined is the behavior of ele-

I, was absorbed
these calcula-

the elemental

I primary systems, whigh

of 2 x 10%/0

sidence time for

ence. Here it is evident that

sufficient residence time exists from the beginning of the melt to
nearly its end to absorb virtually all of the Ii. Only at the end of
-1

fuel melt does the residence time equal the hal

ife

of I,, which

indicates that only one half the I, vapor is absorbed by droplets at

that time. The iodine

centration of particles

half-life increased with time b

ecause the con-

decreased and particle sizes increased thereby

decreasing the area available for absorption. The gas flow rate dra-
163 min resulting in the insufficient residence

matically increased at
time for reaction.

Use of the primary

to exist as a species i
a4 moist environment.

system absorption model, Case 1, was done
solely for demonstrating that elemental iodine (or HI) is not likely

n the presence of particles con

taining CsOH in
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The integration period starts at the beginning of the core melt. The
initial DFs in both Figures 2 and 3 are identical. Cases 1l and 2 are
again represented by the Csl curve and the I, curve, respectively.
The important observation here is that even though the Case 2 pool is
slightly acidic, the integrated DF is one order of magnitude greater
than the Case 1 integrated DF. fhe final integrated DF for I, in
Case 3 (alkaline pool) is 2 x 10**, which is more than seven orders of
magnitude larger than the corresponding Case 2 DF.
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. FIGURE 3
DECONTAMINATION FACTORS FOR IODINE SPECIES INTEGRATED OVER THE CORE
MELT PERIOD. THE CsI CURVE REPRESENTS CASE 1, THE I, CURVE REPRESENTS
CASE 2 AND THE CH3I CURVE IS THE SAME IN ALL CASES

Some general conclusions can be drawn from the results of the
core melt sequence above:

® Pool scrubbing of iodine can be very effective when iodine is I;
vapor if the pool iodine concentration is low or if the pool is
alkaline.
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shows scrubbing initially and around 148 min, when incoming airborne
concentrations are sufficient to drive CH3I into the pool. Otherwise,
the pool is stripped of CH3I (DFs (1) during periods of low CH3I con-
centration in the incoming gas. It should be noted that the 1
assumption does not affect the DFs for CijI.
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|  INSTANTANEOUS POOL DECONTAMINATION FACTORS FOR IODIWE SPECIES DURIKG
CORE MELT IN TC ACCIDENT SEQUENCE. CsI CURVE REPRESENTS CASE 1, I,
CURVE REPRESENTS CASE 2 AND THE CH3I CURVE 1S THE SAM" IN ALL CASES

N

Another representation of pool scrubbing is portrayed in
Figure 3. Here, the time-integrated DF is portrayed over the core-
melt period. This DF is defined (over the time period At) as

DF(time-integrated); =

total mass of species i entering the nool in At.
total mass of specles 1 leaving the pool 1in At




(1)

(2)

(3)

(4)

(5)

(6)

(7)

(&)

19th DOE/NRC NUCLEAR AIR CLEANING CONFERENCE

Pool scrubbing of CH3I is poor.

Pool ccrubbihq of iodine as particulate CsI can be fairly effec-
tive for large particles (1.5 ym mass median dianeter)

I vapor cannot exist long in the presence of large numbers of
wet alkaline droplets

The limiting pool DF would be that of particulate CsI unless sig-
nificant core iodine (20.1%) is converted to CH31I.
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ABSTRACT

The effectiveness of BWR suppression pools in retaining fission products
released during severe accidents is assessed. Scrubbing models are reviewed
and sensitivities to input parameters of SPARC Computer Code used in Source
Term Code Package (STCP) are also discussed. An assessment of the effective
decontamination factors for the suppression pools based on the results of
recent STCP calculations performed by BNL and BCL is also presented.
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