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The Commissioners

to the amendments at a later Commission meeting. During the
Policy Session on April 30, 1981, the Commission reviewed
SECY-81-246 and approved for publication in the Federal Register
a notice of proposed rulemaking that would incorporate into

10 CFR Part 50 a set of TMI-2 reguirements for cperating license
applications (Enclosure "B"). This proposed rule was published
in the Federal Register on May 13, 1981 and a similar rule with
respect to operating reactors was disacproved by the Commission
(SECY-81-422 dated July 15, 1331) on August 6, 1981.

The Interim Rule (SECY-81-245), which was discussed with the
Commission on April 23, 1981, covered the following specific
items:

1. Inerting of Mark I and Il BWRs

2. Hz Control for Mark IIIs and Ice Condensers
3. Equipment Survivability

4. Analyses

5. Dedicated Hy Contro' Penetrations

6. Hp Recombiner Capability

7. High Point Vents

8. Post-Accident Protection of Safety Equipment and Areas
9. In-Plant Iodine Instrumentation

10. Post-Accident Sampling

11. Leakage Integrity Outside Containment

12. Accident Monitoring Instruments

13. Detection of Inadequate Core Cooling

14. Training and Human Engineering

Of the above list, items 5, and 7 to 14 were included in the pro-
posed rule for operating license applications that was published
on May 13, 1981. The remaining five items (i.e., 1 to 4, and 6)
deal primarily with hydrogen control and are hereby being resub-
mitted for Commission consideration. Items 2 and 3, on hydrogen
control for Mark III BWRs and ice condensers PWRs, and equipment
survivability, were not previousl published for comment. The
implementaticn dates for these items have also been revised for
consistency with the proposed rule on operating license
applications.

In view of the fact that the requirements for inerting of Mark I
and I1 BWRs and hydrogen recombiner capability were previously
proposed for comment ?45 FR 65466), the staff recommends that
these items be published as a final rule (Enclos:ve "C"). The
remaining hydrogen contra] requirements, namely nydrogen control
for Mark II1 BWRs and ice condenser PWRs, assurance of contain-
ment structural integrity and equipment survivability during and
following a hydrogen burn, and supporting analyses, should be pub-
1ished as a proposed rule for public comment since they were not
previously proposed (Enclosure "D"). In order to specify more
completely the analysis needed to support the hydrogen control



The Commissioners

Recommendations:

system sele . for Mark IIl and ice condenser containments and
the assuran containment structural integrity and equipment
survivability, the staff is proposing to provide supplementary
guidance to be used by the respective designers (see Enclosure "0").

That the Commission:

I

Approve the publication of final amendments, as set forth
in Enclosure "C", which would reguire the inerting of Mark I
and II BWR containments and hydrogen recombiner capability
for certain LWRs.

Approve the publication of proposed amendments, as set forth
in Enclosure "D", which would require hydrogen control systems
for Mark III BWRs and ice condenser PWRs, assurance of con-
tainment structural integrity and equipment survivability
during and following a hydrogen burn, and supporting analyses
for certain LWRs.

Note:

(a) That these amendments are applicable to LWRs whose CPs
were issued prior to March 28, 1979. Other amendments
pertaining to applicants with pending CP and manufactur-
ing license applications were published for comment on
March 23, 1981 and are also described in NUREG-0718,
Rev. 1 dated July 14, 1981. Reqrirements for future
generations of LWRs are under development.

(b) That the notice of final rulemaking in Enclosure “C"
will be published in the Federal Register to be effec-
tive 30 days after publication.

(c) That the notice of proposed rulemaking in Enclosure "D"
will be published in the Federal Register allowing 60
days for public comment.

(d) That pursuant to § 51.5(d) of Part 51 of the Commission's
regulations neither an environmental impact statement
nor a negative declaration need be prepared in connec-
tion with the amendment since the amendment is nonsub-
stantive and insignificant from the standpoint of
environmental impact.

(e) The reporting reguirements in connection with the
analyses required by the proposed rule (Enclosure "D")
are being submitted for OMB review and approval under
the Paperwork Reduction Act.

(f) Thct pursuant to the Reculatory Flexibility Act of 1980,
the proposed rule contains a statement that the Commission
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(g)

(h)
(1)

Sunshine Act:

certifies that the rule will not, if promulgated, have

a significant economic impact upon a substantial number
of small entities and a copy of this certification will
be forwarded to the Chief CZounsel for Advocacy, SBA by

the Division of Rules and Records, ADM.

That the Subcommittee on Nuclear Regulation of the Serate
Committee on Environment and Public Works, the Subcommit-
tee on Energy and the Environment of the House Committee
on Interior and Insular Affairs, the Subcommittee on
Energy Conservation and Power of the House Committee on
Energy and Commerce, and the Subcommittee on Environment,
Energy and Natural Resources of the House Committee on
Govzrnment Operations will be informed.

That a public announcement will be issued (Enclosure "E").
That copies of the MNotices of Final and Proposed Rule-

making will be distributed by TIDC, ADM to each affected
licensee and other interested parties.

Recommend affirmation at an open meeting

LAND

William J. Dircks
Executive Director of Operations

Enclosures:

TAT = Memorandum Chilk to Dircks dated 4/27/81
"8" - Memorandum Chilk to Dircks dated 5/8/81
“C" = Notice of Final Rulemaking

“D" - Notice of Proposed Rulemaking

“g" - Draft Public Announcement

DISTRIBUTION
Commissioners

Commission Staff Offices
Exec Dir for Operati ::
Exec Legal Director

ACRS

ASLBP

ASLAP

Secretariat
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NUCLEAR REGULATORY COMMISSION

10 CFR Part 50

Interim Pequirements Related to Inerted Reactor Containments
and Hydrogen Recombiner Capability

AGENCY: Nuclear Regulatory Commission.
ACTION: Final Rule.

SUMMARY: The Nuclear Regulatory Commission is amending its regulations
to require inerted containment atmospheres and additionally, hydrogen
recombiner r.pability to reduce the likelihood of venting radiocactive
gases follow ng an accident. The inerting requirement applies only to
boiling water nuclear power reactors with either Mark I or Mark II type
containments; the requirement for hydrogen recombiner capability applies
to light-water nuclear power reactors that rely upon purge/repressuriza-

tion systems as the primary means of hydrogen control.
EFFECTIVE DATE: [30 days following publication in the Federal Register]

FOR FURTHER INFORMATION CONTACT: Morton R. Fleishman, Office of Nuclear
Regulatory Research, U.S. Nuclear Regulatory Commission, Washington, D.C.

20555, telephone 301-443-598].

SUPPLEMENTARY INFORMATION: On October 2, 1980, the Nuclear Regulatory
Commission published in the FEDERAL REGISTER (45 FR 65466) a notice of
proposed rulemaking on "Interim Requirements Related to Hydrogen Control
and Certain Degraded Core Considerations” (Interim Rule) inviting written

comments or suggestions on the proposed rule by November 3, 1980. The

1 Enclosure "C"
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notice concernsd ¢ ;2 amendinents to 10 CFR Part 50, "Domestic Licensing
of Production and Utilization Facilities," to improve hydrogen manage-

ment in light-water reactor facilities and to provide specific design

and other reguirements to mitigate the consequences of accidents

resulting in a degraded reactor core.

Thirty-five persons submitted comments regarding the proposed
amendments. Although the comment period was scheduled to expire on
November 3, 1980, comments received subseguent to that date have been
considered, with the latest comment letter being datazd February 9, 1981.
The comments are part of the public record and may be examined and copied
ir the Commission's Public Document Room at 1717 H Street NW., Washington,
D.C. A summary of the comments along with a comment analysis and a
value/impact assessment are also available for inspection and copying in
the Public Document Room.

These comments have been carefully reviewed and evaluated during
preparation of this final rule. The final rule contains revisions to
the proposed rule that reflect thes: comments. The commenters were about
equally divided between those in favor of and those opposed to publishing
the interim amendments. Whether or not the commenter favored publishing
a final rule, additional detailed comments were generally provided on
specific aspects of the proposed amendments.

The NRC's Office of Nuclear Reactor Regulation sent a letter on
September 5, 1980 to all nuclear power plant licensees, applicants and
construction permit holders providing a "Preliminary Clarification of
the TMI Action Plan Requiraments." This was followed by a series of
four regional meetings, noticed by publication in the FEDERAL REGISTER

(45 FR 60508) and held during the week of September 22, 1980, in order

2 Enclosure "C"
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to provide a more detailed explanation of the requirements and to obtain
industry comments. Based on the discussions at the meetings and other
comments received, the NRC revised the requirements and notified the
applicants, licensees and construction permit holders to this effect by
a letter dated October 31, 1980. The letter and revised requirements
are included in NUREG-0737, "Clarification of TMI Action Plan
Requirements. !
On May 13, 1981, the Commission published in the FEDERAL REGISTER
(46 FR 26491) a notice of proposed rulemaking which proposed licensing
requirements for pending operating license applications (0. Rule). The
proposed OL Rule was based upon the requiremerits described in NUREG-0737
and includes, among others, many of the requirements originally included
11 the proposed Interim Rule published in October 1980.
Items originally proposed in the Interim Rule were:
1. Inerting of Mark I and II boiling water reactors (BWRs)
2. Design analyses for Mark III BWRs and pressurized water reactors
(PWRs)
3. Dedicated hydrogen contro)l penetrations
4. Hydrogen recombiner capability

5. High point venis

45

Post-accident protection of safcty equipment and areas
In-plant iodine instrumentation
&. Post-accident sampling

§ Leakay: integrity outside containment

iCrpies of this report may be obtained from GPO Sale: Program, Division
of Technical Information and Document Control, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20555.

3 Enclosure “C"



[7590-01)

10. Accident menitoring instrumentzzic

11. Dete~cion of inadequate core cooling

12. Training to mitigate degraded core accidents

Of the above list, all except items 1, 2 and 4 were included in the
proposed OL Rule and have been appropriately revised to reflect the comments
received during the comment period on the final Interim Rule. Hence,
those items included in the OL Rule have been deleted from this Interim
Rule. Furthermore, those public comments received pertaining to the OL
Rule items will not be discussed here. They may be examined and copied
in the Commission's Public Document Room along with the response to the
comments (SECY 81-245, "Interim Amendments to 10 CFR Part 50 Related to
Hydrogen Control and Certain Degraded Core Considerations").

The final Interim Rule contains revisions to the proposed Interim
Rule that reflect all of the applicable comments inclucing those (a) given
in response to the notice of proposed rulemaking, and (b) generated during
the region27 meetings and in response to the clarification letters of
September 5, 1980 and October 31, 1980.

Before discussing the comments and the specific revisions resulting
from the comments, it should be noted that, while § 50.44 has applied
only to light-water nuclear power reactors with zircaloy fuel cladding,
the new amendments in the Interim Rule are not as limited and apply to
light-water nuclear power reactors with either stainless steel or
zircaloy fuel cladding. The Commission will be considering further
modification of §50.44 during the long-term rulemaking effort relative
to consideration of degraded or melted cores in safety regulation. Part
of this long-term rulemaking will involve a thorough reevaluation of

hydrogen generation and control. In the interim, the Commission wishes

4 Enclosure "C"
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to leave in place the existing provisions of §50.44 because of its
requirements for dealing with design basis accidents. These include,
for example, requiring:

1. The capability for measuring hydrogen concentrations in

containment.

2. The capability for ensuring a mixed atmosphere in containment.

3. The capability for controlling combustible gas concentrations

in containment following a postulated LOCA.

4. The capability to deal with hydrogen from radiolytic decom-

position of the reactor coolant and the corrosion of metals.
These have release characteristics that differ from Lhose
associated with metal-water reaction.

5. That the combustible gas control systems conform with the

general requirements of Criteria 41, 42 and 43 of Appendix A
of 10 CFR Part 50.

Several commenters have expressed concern that the various rule-
makings currentiy being pursued by NRC should be integrated, i.e., safety
goal, degraded core considerations, minimum engineered safety features,
siting and emergency planning. The NRC shares this concern. On
October 15, 1980 t1ie Executive Director for [perations established a
Degraded Cooling Steering Group to coordinate degraded cooling and related
rules. This group has completed its work a»: prapared a plan to ensure
future integration of these activities.

Numerous commenters have guestioned many of the implementation dates
specified in the rule, indicating that they cannot be met for a variety

of reasons, such as procurement lead time, need for the design studies,

5 Enclosure "C"
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availability of acceptable equipment, etc. The staff agrees « ih ihzie

comments and has made appropriate changes to the implementation dates.

INERTING OF MARK I & II BWRs [§ 5C.44(c)(3)(i)]

Some commenters, particulariy those associated with Mark I boiling
water reactors (BWRs), questioned the a.“isability of requiring inerting
of containmenis and suggested that other hydru, rontrol options be
permitted. This issue has been extensively reviewed and discussed among

the Commission, NRC starf and industry participants. Numerous reports

and letters have been written and many meetings held in order to thoroughly

air the issue. Considering the information previously developed, the
Commission continues to believe that it would be nrudent, pending com-
pletion of the long term rulemaking cn degraded core cooling, to require
that all Mark I and II BWR containments be provided with an inerted
atmosphere during normal operations.

The proposed rule's deadline for installation of inerting systems
has been extended to account for delay in publication of a final rule.
The rule has also been changed tc clarify that the paragraph applies

only to Mark 1 and II QWRs.
HYDROGEN RECOMBINER CAPABILITY [§ 50.44(c)(3)(ii)]

Several commenters have recommended that § 50.44(c)(3)(ii) be modi-
fied to allow the use of alternate means of hydrogen control, such as
internal recombiners, rather than restrict the rule to external recom-

biners. The proposed rule was not intended to preclude this alternative.

6 Enclosure “L”
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In fact, if interral recombiners were present before or will be installed
in the future, this section of the rule would not apply since purge/
repressurization systems would not be the primary means for combustible
gas control. This section of the rule only applies to facilities that
rely woon purge/repressurization systems as the primary means of con-
trolling combustible gases following a LOCA. It should also be noted
that this section of the rule dnes not require actual installation of
external recombiners, rather, it requires only; the capability for
installation. To avoid confusion, the rule has been clarified to indi-
cate that internal recombiners are an acceptable alternative to the

installation of external recombiner capability.

REGULATORY FLEXIBILITY ACT

In accordance with the Regulatory Flexibility Act of 1980, 5 U.S.C.
605(b), the Commission hereby certifies that this rule will not, if pro-
mulgated, have a significant economic impact on a substantial number of
small entities. This rule affects only the licensing and operation of
nuzlear power plants. The companies that own these plants do not fall
within the scope of the definition of "small entities" set forth in the
Regulatory Flexibility Act or the Small Business Size Standards set out
in regulations issued by the Small Business Administration at 13 CFR
Part 121. Since these companies are dominant in their service areas,
this rule does not fall within the purview of the Act.

Accordingly, notice is hereby given that, pursuant to the Atomic
Energy Act of 1954, as amended, the Energy Reorganization Act of 1974,

as amended, and section 553 of title 5 of the United States Code, the

7 Enclosure “C"
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following amendments to 10 CFR Part 50 are published as a .ocument sub-

Jject to codification.

PART 5U--DOMESTIC LICENSING OF PRODUCTION ANZ UTILIZATION FACILITIES

1. The authority citation for Part 50 reads as follows:

AUTHORITY: Secs. 103, 104, 161, 182, 183, 189, 68 Stat. 936, 937, 948,
953, 954, 955, 956, as amended (42 U.S.C. 2133, 2134, 2201, 2232, 2233,
2239); secs. 201, 202, 206, 88 Stat. 1243, 1244, 1246 (42 U.S.C., 5841,
5842, 5846), unless otherwise noted. Section 50.78 also issued under

sec. 122, 68 Stat. 939 (42 U.S.C. 2152). Sections 50.80-50.81 aisc
issued under sec. 184, 68 Stat. 954, as amended; (42 U.S.C. 2234). Sec-
tions 50.100-50.102 issued under sec. 186, 68 Stat. 955; (42 U.S.C. 2236).
For the purposes of sec. 223, 68 Stat. 958, as amended; (42 U.S.C. 2273),
§50.54 (i) issued under sec. 1611, 68 Stat. 949; (42 U.S.C. 2201(i)),
§§50.70, 50.71 and 50.78 issued under sec. 16lo, 68 Stat. 950, as amended;
(42 U.5.C. 2201(0)) and the Laws referred to in Appendices.

2.  Section 50.44 of Part 50 is amended by revising paragraph (c)

to read as follows:

§50.44 Standards for combustible gas control system in light water cooled
power reactors.

* * * * *
(c)(1) For each boiling or pressurized light-water nuclear power
reactor fueled with oxide pellecs within cylindrical zircaloy cladding,

it shall be shown that during the time period following a postulated LOCA

but prior to effective operation of the combustible gas control system,

E Enclosure "“C"
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either: (i) An uncontrolled hydrogen-oxygen recombinaticn would not take
place in the containment; or (ii) the plant could withstand the conse-
quences of uncontrolled hydrogen-oxygen recombination without loss of
safety function.

(2) If neither of these conditions can be shown, the containment
shall be provided with an inerted atmosphere or an oxyger deficient condi-
tion in order to provide protection against hydrogen buyning and =2xplo-
sions during this time period.

(3) Notwithstanding paragraphs (c)(1) and (c)(2) of this section:

(i) [As-soen-as-practicabis-but-not-iater-than-dune-365-3983] Effec-

tive [4 months after the effective date of vhe rule] or 6 munths after

initial criticality, whichever is ’ater,* an inerted atmosphere shall be

provided for each boiling 1'ght-wate? ruclear power reactor with a Mark I

or Mark 11 type containment: [feetiity-for-which-the-sppitcation-for-a

containment-permit-was-docketed-between-March-15;-1964-and-Juiy-15-319725]

and

(ii)[€4v)--By-Jdanuary-1;-1982;-factiities] Effective [24 months after

the effective date of the rule] all light-water nu:lear powar reactors

that rely upon purge/repressurization systems as tnhe primary means for

controlling combustitle gases following a LOCA shall be provided with

either internal recombiners or the capability to install external recom-

biners following the start of ar accident. The internal or externil

recombiners must [thet] meet the cumbustible gas control requirem:nts

in _paragraph (d) of this sectian. The zontainment penetrations that

are used must [meet-the-criteria-in-parag aphe-£cif3IfAI-anc-tei(33€8)

of-thts-section-appitcabie-to-externai-recombiners-] either be:

*Comparative text. Additions shown by underline, deletions by bracket
and crossout.

9 enclosure "C"
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(A) dedicated to that service snly, conform to the reguirements

of Criteria 54 and 56 of Apperdis 4 of this part, be designed against

pestulated single failures for cuntainment isolation purposes, and be

sized to satiufy the flow reguiremerts of the external recombiners, or

(B) of a combined design for use by eitner external recombiners

or purge/repressurization systems and other systems, conform to the

requirement.s of Criteria 54 and 56 of Appendix A of this part, be designed

against postuiated single failures both for containment isolation purposes

20d _for aperation of the external recombiners ur purge/repressurization

systems, and be sized to satisfy the flow requirements of the external

recombiners or ourge repre:surization systems.

* * * * *

Dated at Washington, D.C. this _ day of 1981.

For the Nuclear Regulatory Commission.

Samuel J. Chilk,
Secretary of the Commission.

10 Enclosure ("
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NUCLEAR REGULATORY COMMISSION
10 CFR Part 50
Interim Requirements Related to Hydrogen Control
AGENCY: Nuclear Regulatory Commiscion.
ACTION: Proposed Rule.

SUMMARY: The Nuclear Regulatory Commission is considering amending its
regulations to improve hydrogen control capability during and following
an accident in light-water reactor facilities.

The amendments would reqguire improuved hydroien control systems for
boiling water reactors with Mark 11T type containments and for pressurized
wat¢~ reactors with ice condenser type containments. A1l light-water
nuclear power reactors not relying upon an inerted atmospnere for hydrogen
control would be roquired to shcw that certain important safety systems

must be able to function during and following hydrogen burning.

DATES: Comme~t period expires [60 days foliowing publication in the
FEDERAL REGISTER].

FOR FUXTHER INFO#ATICN CONTACT: Morton R. Fleishman, Office of Nuclear
Regulatory Research, U.S. Nuclear Regulatory Commission, Washington, D.C.

20555, talephone 301-443-5981.

ADDRESS- Written comments or suggestions for consideration in connection

with the priocosed ameadments should be submitted to the Secretary of the

1 Enclosure “D"
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Commission, U.S. Nuclear Regulaiory commission, washington, D.C. 20555,
Attentinn: Docke'.ing and Servic: Branch. Copiés of comments received
muy be exawined in the Commission's Public Document Room at 1717 H Street

NW., Washington, D.C.

SUPPLEMENTARY INFORMATION: The accident at Three Mile Island, Unit 2
(TMI-%<) resulted in a severely damaged or dagradecd reactor core. a con-
comitan: release of radicactive material to the primary coolant system,
and a ‘uel cladding-water reaction which resuited in the generation of
a large amcurt of hydrogen. The Nuclear Régulatory Commissinn hac taken
numerous actions to correct the design and operational limitations
revealed by the accident. Includad in these actions are several rule-
making proceedings intended to improve the hydrogen control capability
of light-water nuclear power reacturs. On October 2, 1980, the Nuclear
Rejulatory Commission published in the FEDERAL REGISTER (45 FR 65466) a
notice of proposed rulemaking on "Interim Requirements Related to
ydrogen Control and Certain Degraded Core Considerations" (Interim
Rule). Tne notice concerned proposed amendments to 10 CFR Part 50,
"Domestic Licensiag of Procduction and Utilization Facilities," to
improve hydrogen management in light-water reactor facilities and to
provide specific design and other requirements to mitigate the con-
seguences of accidents resulting in a degraded reactor core.

On March 23, 1981, the Commission published in the FEDERAL REGISTER
(4t ¥® 1B045) a notice of proposed rulemaking on "Licensing Requirements
for Pending Construction Permit and Manufacturing License Applications.”
The notice proposed a set of licensing requirewi~is applicable to con-

struction permit appliications that stemmed from lessons learned from the

2 Enclosure "D"



TMI-2 accident. On May 13, 1981, the Commission published ‘n the FEZLZRAL
REGISTER (46 FR 26491) a notice of proposed rulemaking on “Licensing
Recuirements for Pending Operating License Applications” (OL Rule).

As a result of the various activities and considerations reiative
to the October 2, 1980 notice, the Commission decided to split the
Interim Rule into two parts. One part was to be included in the OL Rule.
The other part, limited only to hydrogen control, was to be issued |
separately. The details of this split are described in the companion
FEDERAL REGISTER notice appearing elsewhere in this issue (see Table of
Contents under NRC Rules and Regulations) related to inerting and hydro-
gen recombiner capability.

The Commission has also been considering the ability of all Tioht-
water reactors, particularly pressurized light-water reactor facilities
with ice condenser type containments and boiling light-water reacter
facilities with Mark III type containments, to withstand an accident with
the concomitant generation of large amounts of hydrogen, such as the type
which occurred at Three Mile Island, Unit 2 (TMI-2). As a result, three

riew amendments to the regulations are being proposed for public comment.

HYDROGEN CONTROL FOR MARK III 3WRs AND ICE CONDENSER PWRs [§ 50.44(c)(3)(iii)]

It is pro.osed that boiling water reactor (BWR) facilities with Mark III
type containments and pressurized water reactor (PWR) facilities with
ice condenser type containments, for which construction permits were issued
prior to March 28, 1979, be required to install hydrogen control systems
capable of accommodating an amount of hydvogen equivalent to that generated
from the reaction of 75% ¢f the fuel cladding (surrounding the active

fuel region) with water, witnout loss of containment integrity. This

3 Enclcsure "D"
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new requirement is being contemplated as a result of safety issues raised
during licensing reviews of new ice condenser and Mark III plants. In
these reviews, it has become clear that additional protection is required
to provide assurance that large amounts o7 hydrogen can be safely accom=
modated by these plants. The particular type of hydrogen contrcl system
to be selected is left to the discretion of the applicant or licensee;
however, it must be fourd acceptable by the NRC based upen suitable
programs of experiment and analysis. The selection should be supported
by comparative analyses of alternative systems to show their relative
advantages and disadvantages. These comparisons are to be submitted as
part of the analyses required under § 50.44(c)(3)(v). At present, a
distributed igniter system has been found acceptable for the Sequoyah
plant with an ice condenser containment, but only as an interim soluticn
vhile th2 hydrogen control matter is studied further. A post-accident
inerting system has alsoc been discussed for the ice condenser and Mark III
containments. Whatever systems are finally proposed and approved for

the long term, large amounts of hydrogen must be safely accommodated,

and operation of the system, either intentionally or inadvertently, must
not further aggravate the course ¢f an accident or endanger the plant
during normal operations. The amount of hydrogen to be assumed in the
design of the hydrogen control system is that amount generated by assuming
that 75% of the fuel cladding surrounding the active fuel region reacts
with water. The 75% is judged 1o be representative of the maximum amount
of hydrogen likely to be generated in 2n accident in which the threat to
the containment is limited to the threat posed by the combustion of
hydrogen. Events with metal-water reactions in excess of 75% are judged

to have a very low probability of termination befure core melt. This

4 Enclosure "D"
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75% value also appears to Le reasonable because it is sufficiently greater
than the fuel cladding-water reactirn analyzed to have occurred at TMI-2
to provide a conservative estimate for the cladding reaction that may
occur during a TMI type degraded core accident. It is expected that the
75% value will permit plants that are either completed or are weil along
in the construction stage tc have a hydrogen control system added without
the need for major modifications to their containment structures. Research
now in place will, over the next several years, yield data on the likeli-
hood of termination of sequences with large amounts of cladding interaction.
Owners of Mark III BWRs now under construction have been surveyed
by the NRC staff to determine the effect on their plant designs of the
requirement that they do not exceed ASME Service Level A Limits or the
Service Load Category during inadvertent full inerting of a post-accident
inerting system. This survey was conduvcted because a post-accident
inerting system (rather than a distributed ignition system) was thought
to be the nreferrzad approach for the Mark I1l1 containments. Based on
their responses, the Commissiun has concluded that there would be no
significant impact in specifying these requirements for inadvertent full
inerting. Modest deviations from these ASME criteria will be permitted
if good zause is shown. A comparable survey was not conducted for ice
condenser plants because the distributed ignition system apparently is
the approach preferred by the owners of these plants.
There are ongoing programs of research in a number of areas of hydro-
gen generation, release, burning, and control. These include the analysis
of accident sequeic2s, the chronology of hydrogen and steam injection

(from the primary system into containment), the analysis of operaticns
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to recover coolability, and arn assessment of eguipment survivability.
These studies are expected to reveal the advantages and disadvantages of
various hydrogen control systems, including those that involve deliberate
burning of the hydrogen within containment. Based on the state of tech-
nology as of August 1981, the Commission believes that control methods
that wo not invulve burning provide protection for a wider spectrum of
accidents than do those that involve burning.

As a result of the review of the deliberate ignition systems
installed at Sequoyah and Mc5uire, the staff has identified issues which
need to pe investigated further. A spectrum of degraded core accident
scenarios, including those which may lead to inadvertent suppression of
combustion in the lower compartment due to a steam rich atmosphere, and
several hydrogen combustion phenomenz are continuing to be reviewed. In
addition, there is incomplete verification of analytical models ind equip-
ment survivability. These issues are being addressed in ongoing research
by NRC and the nuclear industry. The Commission concludes that the issues
are sufficiently resolved to warrant interim approval of deliberate igni-
tion systems for ice condenser plants. However, the Commission has
required in individual licensing proceedings and in the section of this
rule on analyses (§50.44(c)(3)(v)) that studies of alternative hydrogen
management systems be performed prior to the long-term approval of any

particuiar method.
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SURVIVABILITY OF CERTAIN SAFETY SYSTEMS DURING AND FOLLOWING A HYDROGEN
BURN [§ 50.44(c)(3)(iv)]

A new requirement is being considered on safety system survivability.
(In this context, survivability differs from qualification, as used else-
where, in that generous application of safety wargins is not required.)
It would apply to all BWRs and PWRs, for which construction permits were
issued prior to March 28, 1979, that do not have an inerted containment
atmosphera for hydrogen control. That is, plants for which there exists
the possibility that substantial amounts of hydrogen can be burned in
the containmenrt will be covered by the proposed new requirement. Safety
systems proviced on these plants that are needed (a) to shut down the
reactor and maintain the reactor in a safe shutdown condition, and (b) to
prevent loss of containment. integrity, must survive the environmental
conditions associated with hydrogen burning and local detonations. Thus,
for example, if a distributed igniter system is selected for controiling
large amounts of hydrogen, the applicants or licensees must assure that
the specified safety systems can survive and continue to perform their
needed safety functions during and following hydrogen burning. If no
new hydrogen control system is required, as is likely to be the case for
PWRs with large dry containments, these applicants and licensees would
still hive tu perform analyses to: (1) show containment structural
integrity, as defined in § 50.44(c)(3)(iii) can be maintained; and
(2) assure that the specified safety systems can continue to perform
their needed safety functions during and following hydrogen burning and
local detonations. This survivability reguirement for certain identified
essentigl systems is needed because the environmental pressures and

temperatures associated with hydrogen burning and local detonations can
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be more severe than the conditions for which the eguipment has been pre-

viously qualified.

ANALYSES [§ 50.44(c)(3)(v)]

The proposed Interim Rule required that for all PWR and BWR plants,
except the Mark I and II BWRs, design analyses must be performed for new
hydrogen control measures. Many commenters indicated that the descrip-
tion of the design analyses was not precise enough to elicit the desired
response. Furthermore, several commenters have suggested that it is
inappropriate to have a regulation requiring hydrogen control design
studies in view of the fact that unambigious event descriptiors and accept-
ance criteria are not suppliied. The Commission agrees with these comments
in part. As a result, the Commission intends to provide supplementary
guidance concerning acceptable procedures that should be used, both for
design of the hydrogen control systems per § 50.44(c)(3)(iii), for the
demonstrativn of equipment survivability per § 50.44(c)(3)(iv), and for
the analysis of containment structural integrity.

The Commission is considering three different approaches concerning
the supplementar, guidance to be provided for performing the analyses.

{n tre first approach, the Commission would identify accident secuences
or scenar oy which are found by probabilistic risk assessmeant tachniques
Lo oe significant contributers tc the likelihood of core degradaticn and
thus pose a significant hydrogen threat. The licensee would then perform
analyses, using ‘hese sequanices, to determine the time variation of the
hydrogen and stzam release rates to the containment building. The anal-

ysve, which would include the failure assumptions of the different
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scenarios as weil as the accident recovery phase and allowances for
uncertainties, wou'd provide the pressure and temperature histories to
which the containment would be exposed. A list of possible accident
sequences being considered under this approach is given in Table I. The
scenarios include the production of substantial amounts of hydrogen as
part of core-melt sequeices; they were sele.ted, based on experience and
engineering judgment, because they are the more pror:ble severe accident
sequences which could be terminated short of primary vessel melt-through
with available recovery techniques.

In the second approach, a base sequence would be chosen by the
Commission based on its significance and ¢ 3racteristics from the stand-
point of hydrogen threat. Key aspects of this scenario would then be
parametrically varied, by the licensee, in determining the acceptability
of the hydrogen control system or the containment response. This would
provide a wider range than that of the selected base sequence alcne.

The acceptability of the analyses used in this approach would depend on
the selection and range of the parameters being varied. The range must
be choisen to include the effects of physically realistic degraded core
accident scenarios with recovery. Table II represents a preliminary list
of parameter variations that appear to proviie reasonable extensions of

2 PWR small-break scenario (Item 1 of Table I). A corresponding BWR 1ist
has not vet been prepared.

In the third approach, the Commission would use a set of accident
sequences as in Tabix [, and perform analyses which would define a reason-
able envelope of time histories of hydrogen and steam release rates into
the containment building. This envelope definition could be based on

variations in tne progression of different sequences and/or variations
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Table 1. Accident Sequences Leading to a Significant
Hydrogen Threat

PWR 1. Small LOCA with temporary loss of emergency core cocoling
(ECC) injection.

2. Transient with temporary loss of all feedwater and the high
pressure ECC system.

7 Interruption of all AC electric power with failure of the
auxiliary feedwater system.

BWR 4. Transient with reactor isclation and temporary failure of
all coolant make-up systems.

5. Small LOCA with temporary failure of ECC injection.

6. Transient with failure of reactor shutdown systems and
interruption of ECC systems.

Table II. Parametric Variations of a PWR Small-Break Scenario

Rate of Timing of Rate of Steam/ Concurrent,
Hy, Releaset H, Release Enthalpy Release Failures &
(1b/min) (1b/min (miilions Recoveries

of Btu/min))

2 - Starting at Time
10 of Uncovering of Top - 600(1) - Fans
30 of Core - 3,600(6) = Contuainment
100 = Prior tc major - 10,000(16)* Sprays
steam release - A1l AC power
1,000 - Concurrent with - Recirculation

major steam release
- Following major
steam release

x
This high rate of steam relcase may accur for apout 10 min. during ECC
recovery.

tThese rates should be assuned to be constant during the period of

release and represent release from the primary system to the contain-
ment building.
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cue to uncertainties within a particular sequence. The envelope ui hydro-
gen and steam source terms toc the containment would then be provided to
all licensees for use in subsequent analyses. This approach would avoid
the need for case-by-case sequence analyses using codes 1ike MARCH and
involving extensive iterative review of the MARCH analyses with the
Commissicn. The intent would be for the Commission tc provide hydrogen
and steam source terms generic to each reactor type (BWR or PWR) and let
the licensees' and NRC's ensuing attention be on the containment analysis.
(The staff intends to publish for comment these generic source term anal-
yses during the comment period for this propesed rule.)

The Commission particularly welcomes comments concerning which of
the above approaches is prefered as well as suggestions regarding improve-
ments or other alternatives.

The proposed rule has also been modified to rlarify the types of
analyses required. They can be ;g»:uped into four classes, depending upon
containment design. 2s follows:

1. BWRs witr Mark 1 an¢ II type containments are required to be
inerted by Lhe cowpstion rule on inerted containments appearing elsewhere
in this issue. (See Table of Contents under NRC Rules and Regulations.)
There are no f. ther analyses required of these plants.

2. Effective [one sear after the effective date of the rule], or
the date of issuance of a Ticense authorizing operation above 5 percent
of full power, whichever is later, analyses would be required for BWRs
with Mark II1 type containments and PWRs with ice condenser type contain-
ments to demonstrate that the installed hydrogen control system is ade-
quate and will perform its intended function in a manner that provides
adeguate safety margins. Analyses should also pe perfdrmed to assess
the effectiveness of alternative systems.
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3. Effective [one year after the effective date of the rule] or the
date of issuance of a license authorizing operation above 5 percent of full
power, -hichever is later, additional analyses would be required for BWRs
with Mark IIT type containments and PWRs with ice condenser type contain-
ments, identical to that described under item 4, to show that safe shutdown
will be asured and containment structural integrity maintained during
degraded core accidents.

4. Owners of all other containments would be required to perform
and submit by [two years after the effective date of the rule] or the
date of issuance of a license authurizing operation apove % percent of
full power, whichever is later: (i) analyses to assure that during
degraded core accidents containment structural integrity will be main-
tained; and (i) equipment survivability analyses to assure continued
containment integrity and safe shutdown capability. These degraded core
accidents will be assumed to produce hydrogen releases tc the contain-
ment resulting from the reaction of up to and including 75% of the fuel
cladding surrounding the active fuel region with water for a range of
time periods consistent with the accident scenarics analyzed.

The analyses required by this section serve two purposes. First,
they support continued re iance on the interim requirements of this rule.
Second, the results will be considered in a longer term rulemaking on

degraded cores.

PAPERWORK REDUCTION ACT

The propesed rule will be submitted to the Office of Management and
Budget for clearance of the application reguirements that may be appro-

priate under the Paperwork Reduction Act (Pub. L. 96-511). Tne SF-83
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“1.2quest for Clearance," Supporting Statement, and related documentation
submitted to OMB will be placed in the NRC Public Document Room at 1717
H Street NW , Washington, D.C. 20555. The material will be available

for inspection and copying for a fee.

REGULATORY FLEXIBILITY ACT

In accerance with the Regulatory Flexibility Act of 1980, 5 U.S.C.
605(b), the Commission hereby certifies that this rule will not, if pro-
mulgated, have a significant economic impact on a substantial number of
small entities. This proposed rule affects only the licensing and opera-
tion of nuclear power plants. The companies that own these plants do
not fall within the scope of the definition of "small entities" set forth
in the Reguiatory Flexibility Act or the Small Business Size Standards
set out in regulations issued by the Small Business Administration at
13 CFR Part 121. Since these companies are dominant in their service
areas, this proposed rule does not fall within the purview of the Act.

Accordingly, notice is hereby given that, pursuant tc the Atomic
Energy Act of 1954, as amended, the Energy Reorganization Act of 1974,
as amended, and section 553 of title 5 of the United States Code, adop-

tion of the following amendments to 10 CFR Part 50 is contemplated.

PART 50--DCMESTIC LICZNSING OF PRODUCTION AND UTILIZATION FACILITIES
1. The authority citation for Part 50 reads as follows:

AUTHORITY: Secs. 103, 104, 161, 182, 183, 189, 68 Stat. 936, 937, 948,
953, 954, 955, 956, as amended (42 U.S5.C. 2133, 2134, 2201, 2232, 2233,
2239); secs. 201, 202, 206, 88 Stat. 1243, 1244, 1246 (42 U.5.C., 5841,
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5842, 5846), unless otherwise noted. Section 50.78 also issued under

sec. 122, 68 Stat. 939 (42 U.S.C. 2152). Sections 50.80-50.81 also
issued under sec. 184, 68 Stat. 954, as amended; (42 U.S.C. 2234). Sec-
tions 50.100-30.102 issued under sec. 186, 68 Stat. 955; (42 U.S.C. 2236).
For the purposes of sec. 223, 68 Stat. 958, 4. amended; (42 U.S.C. 2273),
§50.54 (i) issued under sec. 1611, 7% Stat. 949; (42 U.S.C. 2201(i)),
€§50.70, 50.71 and 50.78 issued under sec. 16lo, 68 Stat. 950, as amended;

(42 U.S5.C. 2201(o0)) and the Laws referred to in Appendices.

2. Section 50.44 of Part 50 is amended by adding the following

paragraphs to paragraph (c) to read as follows:

§50.44 Standards for combustible gas control system in light water cooled
power reactors.

* * * * x

(C) ok Kk

(3) L3 .3

(i11) Effective [one year after effective date of the rule], or the
date of issuance of a license authorizing operation above 5 percent of
full power, whichever is later, each boiling light-water nuclear power
reacter with a Mark III type containment and each pressurized light-water
nuclear puwer reactor with an ice condenser type containment, for which
a construciion permit was issued prior to March 28, 19739, shall be pro-
vided with an acceptable hydroger _ontrol system justified by suitable
programs of experiment and analysis. The hydrogen control system must
be capable of handling an amount of hydrogen equivalent to that generated
from the reaction of 75% c¢f the fuel cladding surrounding the active fuel

region (excluding the clacding surrounding the plenum volume) with water,
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without loss of containment structural integrity (i.e., stee] containments
must meet the requirements of the ASME Boiler and Pressure Vessel Code,
Section III, Division 1, Subsubarticle NE-3220, Service Level C Limits,
except that evaluation of instability is not required, considering pres-
sure and dead load alone. Concrete contairments must meet the require-
ments of the ASME Boiler and Pressure Vessel Code, Section III, Division 2,
Subsubarticlie CC-3720, Factored Load Category, considering pressure and
dead load alone. These subsubarticles have been submitted for approval
for incorporation by reference by the Director of the { EDERAL REGISTER.

A notice of any changes made to the material incorporated by reference
will be publistied in the Federal Register. Copies of the ASME Boiler

and Pressure Vessel Code may be purchased from the American Society of
Mechanical Engineers, United Engineering Center, 345 East 47th Street,

New York, N.Y. 10017. It is also available for inspection at the Nuclear
Regulatory Commission's Public Document Room, 1717 H Street NW., Washing-
ton, D.C.) 1If the hydrogen control system relies on post-accident inerting,
the containment structure must be capable of withstanding the increased
pressure (A) during the accident, wnere it must not exceed Service Level C
Limits or the Factored Load Category (as previously specified in this
paragraph) and (B) following inadvertent full inerting that may occur
during normal plant operations, where it must not exceed either Service
Level A Limits (for a steel containment) or the Service Load Category

(for a concrete containment). Equipment reguired to maintain safe shut-
down and containment integrity must be designed and qualified for the
environment caused by post-accident inerting. Furthermore, inadvertent
full inerting during normal plant operations must not adversely effect

systems and components needed for safe operation of tae plant. Modest
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deviations from these criteria will be considered by the Commission if
good cause is shown.

(iv) Effective [one year after effective date of the rule] or the
date of issuance of a license authorizing operation above 5 percent of
full power, whichever is later, each boiling and pressurized light-water
nuclear power reactor, for which 2 construction permit was issued prior
to March 28, 1979, that does not rely upon an inerted atmosphere to con-
trol hydrogen inside the containment, shall be provided with systems
necessary to assure safe shutdown and maintain containment integrity that
are capable of performing their functions during and after being exposed
to the environmental conditions created by the burning (or local detona-
tion) of hydrogen. The amount of hydrogen to be considered is equivalent
to that gererated from the reaction of 75% of the fuel cladding surrounding
the active fuel region (excluding the cladding surrounding the plenum
volume) with water.

(v) Analyses shall be performed and submitted to the Director of
Nuclear Reactor Regulation for light-water nuclear power reactors, for
which a construction permit was issued prior to March 28, 1979, to eval-
uate the consequences of large amounts of hydrogen generated after the
start of an accident (hydrogen resulting from the reaction of up to and
including 75 percent of the fuel cladding surrounding the active fuel
region with water) including consideration of hydrogen control measures
as appropriate. Each analysis must include the period of racovery from
the degraded condition. The accident scenarios to be used in the analyses
must be acceptable to the NRC staff. The scope and implementation require-

ments for the analyses for the various types of light-water nuclear power

reactors are as follows:
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(A) For each boiling light-water nuclear power reactor with a Mark III
type containment and each pressurized light-water nuclear power reactor
with an ice condenser type containment, analyses shall be performed that
jusiify the selection of the hydrogen control system requirad by § 50.44
(¢)(3)(iii). These analyses shall be completed and submitted by [one
year after the effective date of the rule], or the uate of issuance of a
license authorizing operation above 5 percent of full power, whichever
is later.

(B) For each light-water nuclear power reactor that does not rely
Jpon an inerted atmosphere to control hydrogen inside the containment,
analyses shall be performed to show that containment structural integrity
as defined in § 50.44(c)(3)(i1i) will be maintained, and systems and com-
ponents necessary to assure safe shutdown and maintain containment integ-
rity will be capable of perfcrming their functions during &nd after being
exposec to the environmental conditions created by the burning of hydrogen,
includng the effect of local detonations. These analyses shall be com-
pleted and submitted as follows: for boiling light-water nuclear power
reactors with Mark III type containments and pressurizeéd light-water
nuclear powur reactors with ice condenser type containments, by fone year
after the effective date of the rule] or the date of issuance of a license
authorzing operation above 5 percent of full power, whichever is later;
for the other light-water nuclear power reactors requiring these analyses,

by [two years after the effective date of the r.le] or the date of issuance
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of a license authorizing operation above 5 percent of full power, whichever
is later.
Dated at Washington, 0.C. this day of 1981.

For the Nuclear Regulatory Commission

Samuel J. Chilk
Secretary of the Commission
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NRC ADOPTS FINAL RULE ON HYDROGEN CONTROL FOR NJCLEAR
POWER REACTORS; PROPOSES ADDITIONAL REQUIREMENTS

The Nuclear Regulatory Commission is amending its regulations to improve
methods of controlling hydrogen gesnerated during nuclear power reactor
accidents. At the same time, the Commission also is considering additional
amendments for hydrogen control capability for power rzactors.

The accident at Three Mile Island 2 in March 1979 resulted in the release
of radioactive material to the coolant system and the generation of hydrogen
from fuel cladding-water reaction well in excess of amounts required to be
assumed for reactor design purposes.

As part of its response to that accident, the NRC has initiated a long-
term rulemaking proceeding to determine to what extent nuclear power reactors
should be designed to deal effectively with damaged and melted fuel accidents.

In the interin, the Commission has determined that changes covered by
this rule are of such safety significance that they should be implemented
pending completion of the Jong-term rulemaking.

Consequently, the Commission has set out specific hydrogen control

requirements in a FEDERAL REGISTER notice published on

The new rules reguire that:
boiling water reactors having Mark I or II centainments inert the
containment atmosphere (remove cxygen) to provide proiection against hya.og:n
burning and explosions during accidents involving generation of larqe amaunts

of hydrogen.
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+ nuclear power reactors which r27, o0 venting have the capability to
install external hydrogen recombiners so tnat means other than venting would
be avaiiable for hydrogen contrel.

ine amendments to Part 50 of NRC regulations will become effective 30
day: after publicatior in the FEDtRAL REGISTER.

The additional amendments being considered by the Commission that also
would impruve hydrogen control capabili*t 'z wcuid require that:

+ b2iling water reactors having Mark II. containments and pressurized
water reactors with an i.e condenser-type containment be provided with a
system capable of hanuiing an amount of hydrogen--equivaient to that which
would be generated if there were a: 'zast a 75% fuel cladding-water
reaction--withcut loss of containment integrity.

+ each boiling vwater resctor and pressurized water reactor that does not
rely on an inerted atiwcsphere for hydrogen control be provided with safety
systems--needed for assuring safe shutdow” and maintaining containment integ-
rity--that can function after the burning of substantial amounts of hydrogen.

analyses be performeu for the re.ctor categories mentioned above to
justify the hydrogen control sy:tems selected and to assure containment struc-
tural integrity and survivability of needed sufoty systems during a hydrogen
burn.

The proposed amendments to Part 50 are being published in the FEDERAL

REGISTER on . Interested persons are invited to

submit written co ments or suggestions for consideration in connection with
the proposed amendments to the Secretary of the Commission, U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555, Attention: Docketing and

Service Branch, by
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1981, COM41SSIONERS' CONFERENCE ROOM, D.C. OFFICE
" (OPEN TO PUBLIC ATTENDANCE)

The Commission was briefed by staff on the propesed interim rule on hydrogen
control and certain degrzded core considerztions. ’

Cormissioner Gilinsky would 1ike to tave the staff explain to him why
the evaluation of instebility is not reguired for steel contzinments
(reference pages 21-22 of Enclosure C to SECY-B1-245). (NRR)- Suspease 5-15-81

The Commission agreed to deletion of the last sentence of the paragraph
ending on page 22 of Enclosure C to SECY-81-245 from the proposed rule.
(EDD) (RES)

The Commission reached no decision at the meeting. The Chzirman indicated
{hat further consideration would be given to the proposal at 2 Commission
meeting a2t a later date.

cc: Chairmzn Hendrie
Commiss ipner Gilinsky
Comnissioner Bradford
Commissioner Ahearne
Commissiuv Staff Offices
Public Document Room
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for Operations ify\,
FROM: Samuel J. Chilk, Secretar} ;£:>
i
SUBJELT: STAFF REQUIREMINTS - BRIEFINGVYON EFFECTIVE INTERIM AMINDMENTS
TO 10 CFR 5C On HYDROGEN CONTROL AND CERTAIN DEGRADED CORE
CONSIDERATIONS (SECY-81o2£S). 10:00 A.M., THURSDAY, APRIL 23,
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& %, UNITED STATES R i
S @ o NUCLEAR REGULATORY COMMISSION ACTION - Dentor
-ZQ’S}}" ’ ; WASHINGTON, D.C. 20558 Cys : ':_'
Yy S S May B, 1981 Re
ol £ L b Eisenhut
OFFICE OF THE Olshinski
SECREYARY _R_E—V.IS—-ED- ."*frczgue i,
C Fleishmany
MEMORANDUM FOR: Vﬁ?I]iam J. Dircks, Executive-Director for Operations gt;ilo
Sesaw
FROM: Samuel J. Chilk, Secret Felton
Philips
SUBJECT: STAFF REQUIREMENTS - PROPOSED RULE ON OL APPLICATIONS

(SECY-81-246) AND INTERIM BMENDMENTS G HYDROGEN CONTROL ,(SECY-B1-245)
10:10 A.M., THURSDAY, APRIL 30, 1981, COMMISSIONERS' CONFERENCE
ROOM, D.C. JFFICE {OPEN TO PUBLIC ATTENDANCE)

The Commission, by a2 vote of 3-1 (Commissioner Bradord dissenting), approved
a Fedural Register Notice as modified below seeking comment on 2 proposed
rule that incorporates into 10 CFR Part 50 a set of TMI-2 requirements for
operating license applications.

The Cormission requested that the Federal Register Notice be modified:

1. to indicate in the Statement of Consideration that a similar rulenaking
with respect to operating reactors will be published for comment in the
near future;

2. to inc.rporate those items on the attached errata sheet that was distributed
by staff at the meeting; and

3. to solicit comment on the effective date and its application to pending
proceedings.

The Commission requested that the Federal Register Notice be sent tc all
known interested persons.

Comnissioner Bradford dissented from the publication of the proposed rule on
the grounds that the subject matter was too broa with erently
nd effectively in a sinale rulemakin

Attachment:

As Stated

cc: Chairmar Hendrie FeN [ ,Av-, 5 51”

Comnissioner Gilinsky
Commissioner Bradford
Commissioner Ahearne
Commission Staff Offices
Public Document Room

>
ﬁ?;}l b‘fw Enclosure "b"
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