n oot o, UNITED STATES ,.L,,?/
& %, NUCLEAR REGULATORY COMMISSION

-
a WASHINGTON, D. C. 20555
% Wk } NOV 7 1980
®-. 7 -

MEMORANDUM FOR: Chairman Ahearne
Commissioner Gilinsky
Commissioner Hendrie
Commissioner Bradford

FROM: Robert B. Minogue, Director
Office of Standa-ds Developmen;'?s,‘n““.&mhm

THRU: Executive Director for Operations

SUB ‘ECT: PROPOSED RULEMAKING 10 AMEND 10 CFR PAKT 50 CONCERNING

ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS) EVENTS
"SECY 80-409)

As requested in the September 30, 1280 memorandum from Chairman Ahearne, the
Federal Register Nc ice has been rewritten. Enclosure "A" to SECY-80-409 should
be replaced with the revised Enclosure "A."

The discussion in the Notice has been rewritten to include:

1. a History extracted from Enclos.~e "C";

. a revised Basis for the Proposed Rule;

2
3. the Content of the Rule derived from Enclosure "D";
4

. an Implementation of Requirements.

The proposed rule has been rewritten to:

1. clarify the implementation and effective dates including the
application to standardized plants;

2. cubstitute a 1imit on the radiocactivity source term as acceptance
criteria for radiological consequences rather than the dose guide-
1ine values of Part 100. This is consistent with the proposed new
siting criteria:

Contact:

W. Minners, NRR
48-27581

801121 040%



The Commissioners

3. clarify that only likely failures, not all singie failures,
are to be considered in the evaluation of post-84 plants;

4, make the criteria applicable to all plants except where unique
to one design; and, :

5. add criteria for mitigating systems.

A summary of the requirements of the proposed rule and the proposed implementa-
tion schedu’e is also provided (Enclosure "K").

The Office of the Executive Legal Director has no legal objection.

Vi e
{§5;~l>. ;dé;‘,izz;'A

Robert B. Minogue, Director
Office of Standards Development

Enclosures:
1. "A" - ndotice of Proposed Rule-
making

2, "K" - Summary of Requirements
and Implementation

cc: OPE
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SECY



NUCLEAR REGULATORY COMMISSION
10 CFR PART 50

DOMESTIC LICEn3ING OF PRODUCTION AND UTILIZATION FACILITIES

Acceptance Criteria for Protection Against Anticipated Transients
Without Scram (ATWS) Events for Light-Water-Cooled Nuclear Power Plants

AGENCY: U. S. Nuclear Regulatory Commission
ACTION: Proposed Rule

SUMMARY: Following extensive study of anticipated transients without scram
(ATWS) events, the NRC hc. concluded that the probability of an ATWS event
occurring, as well as the attendant c.nsequences of such an evént should one
occur, are unacceptably high. Accordingly, the NRC is considering amending'
its regulations to require improvements in the design, construction, and
operation of nuclear power plants in order to (1) reduce the probability that
a nuclear power plant would fail to scram (rapidly shut down) follcwing the
occurrence of a transient event (i.e., an abnormal operating condition), and
(2) mitigate the consequences of a failure to scram following a transient,

should such an event occur.
DATES: The comment period expires (90 days after publication)

PD JRESSES: Comments should be submitted in writing to the Secretary of the

Commission, U. S. Nuclear Regulatory Commission, Washington, D. C. 20555,



Attention: Docketing and Service Branch. A1 comments received will be

available for public inspection in the Commission's Public Document Room at

1717 H. Street, N.W., Washington, D. C.

Fnclosure A (revised 11/10/80)



FOR FURTHER INFORMATION CONTACT:

Medhat M. El-Zeftawy, Office of Standards Development, U. S. Nuclear Regulatory
Commission, Washington, D. C. 20555, (301) 443-5921

SUPPLEMENTARY INFORMATION: History: The questions of whether and to what extent
anticipated transients without scram (ATWS) events should be considered in the
design and safety evaluation of nuclear power plants has been the subject of
extensive and continuing studies by the NRC staff and the regulated industry.
It has long been recognized that, should an ATWS event occur, the potentia)l

for release of a substantial amount of radicactive fission products as a result
of th; melting of reactor fuel is significant. It was not until 1969, however,
that it became apparent that the probability of such an event occurring may in
f: 2t be higher than earlier analyses indicated. Early that year a consultant
«0 the Advisory Committee on Reactor Safeguards (ACRS) pointed out that the
reliability of the reactor protection system may be diminished as a result of

a common mot-« failure (i.e., the failure of multiple components due to a common

single cause).

The concern was the® an extraordinarily high reliability of the reactor trip
and reactivity shutdown systems was required, considering the relatively high
rate of challenge by anticipated transients, the increasing number of nuclear
power plants, and the cesire to assure that the potentially severe consequences
of failure were very unlikely. Attaining such a high reliability requires that
tt freguency of occurrence of failures of common mode failures be extremely

low. This extremely low frequency was lower than could be confidently predicted




by currently available reliability assessment methods. Thus, the practica,it,
of attaining and demonstrating the required high reliability in a singIE reactor
protection system subject to common mode failures was questionable. Because

of this question, analyses of the consequences of postulated ATWS events were
requesteu from reactor cesigners. Aftzr reviewing these preliminary and
simplified analyses, the staff confirmed that the consequences of ATWS events
could be severe in that several anticipated transients would require prompt
action to shut down the reactor in order to avoid high pressure in the primary
system and possible offsite effects. The staff's preliminary results on ATWS

were discussed with the ACRS in September 1870.

In Aughst 1971, the ACRS and the regulatory staff concluded that a design change
to the proposed Newbold Island boiling water reactor units was appropriate to
1imit the possible consequences of ATWS. 1In April 1972, the staff transmitted
to the ACRS a proposed set of positions and actions to be taken to implement
the conclusions of the staff and ACRS studies on ATWS. In January 18973, as a
result of further review and discussion, the staff transmitted to the ACRS an
amended proposed position on the need for protection against ATWS. The ACRS
responded in April 1973, agreeing with the amended position. In September 1973,
the staff published the "Technical Report on Anticipated Transients Without
Scram for Water-Cooled Power Reactors" (WASH-1270) containing its position on

ATWS.

After WASH-1270 was issued, reactor ranufacturers in conjunction with the staff,

began to develop acceptable methocs of performing analyses of ATWS events. A



draft industry standard, ANSI-N661, was written, which outlined general guide-
lines for the analysis of ATWS events in PWRs. In October 1974, each mﬁnufacturer
of nuclear steam supply systems (NSSS vendors) submitted reports describing

the analysis of ATWS events for their reactor designs. The staff reviewed

these reports and in December 1975 issued status reports with evaluations of
these analyses. The NSSS vendor transient analysis methods were generally
acceptable except for the treatment of system 1ailures and some system param-
eters. Subsequently, in mid-1976, applicants were requested to perform analyses
for their plants using the methods developed by the NSSS vendors, modified as
indicated in the staff status reports. In 1975, contemporary with the status
reports, the staff published the Reactor Safety Study (RSS), WASH-1400*, which
contaihed estimates of the protability and consequences of core-melt from

various causes including ATWS events.

In 1976, the Electric Power Research Institute (EPRI) published a set of reports
which had been submitted earlier and provided their assessment of the significance
of ATWS events and supporting analysis and data. As a result of criticism of

the staff position and the new information submitted by EPRI and published in

the RSS, the staff reviewed and evaluated the information then available on

the subject with particular emphasis on the material developed subsequent to

the publication of the status reports.

The results of their review were publiished by the staff in April 1978 in the
report "Anticipeted Transients Without Scram for Light Water Reactors"

NUREG-046C, Volumes 1 and 2*. In this report, the staff concluded that some

xCopies cf these reports may be purchased from the Divi<ion of Technical
Information and Document Control, U.S. Nuclear Regulatory Commission
wWashington, D.C. 205%55.




corrective measures to reduce the probability or cor sequences of ATWS were

required because the reliability of reactor protectiun systems, and thérefore
the frequency of ATWS events resulting in core-melt, could not be shown to be

a small contribution to the overall risk from nuclear power plants as estimated
in the Reactor Safety Study. These reports were discussed with the ACRS in a
series of meetings through the Fall of 1978. Late in 1978 the Risk Assessment
Review Group reported to the NRC on its assessment of the RSS and the current
state of risk assessment methodology. This group recommended that, in general,
the use of probabilistic risk analysis methodology be avoided for the determina-
tion of absolute risk probabilities for subsystems unless an adequate data base
existed and it were possible to quantify the uncertainties. The Nuclear Regula-
tory Commission accepted this recommendation and included it in a statement of

policy issued in January 1979,

Based on the recommendations of the Risk Assessment Review Group; a review by
the staff Regulatory Requirements Review Committee; and the information provided
by nuclear utilities, architect-engineering, and reactor manufacturers at the
1978 ACRS meetings; the staff reexamined the approach recommended in NUREG-0460.
The results of this reexamination were published in Volume 3 of NUREG-0460 in
December 1878. In this report the staff concluded that the safety objective
presented in the report was not satisiactory for use in regulatory decision
making, but that engineering evaluation and Jjudgment, supported by quantitative
risk evaluation, should be used to determine the appropriateness of the various
alternative plant modifications described. The staff recommencded specific

modifications to plants that were considered appropriate and in February 1979



requesied that generir evaluations be performed by the industry to confir

that these modific tions weuld achieve the desired objectives.

The accident at Three Mile Island forced deferral of all NRC anrd mrst industry
work on ATWS and the information submitted fell far short of the request. The
information that was recei’ < did not confirm that the proposer modifications
would achieve the objectives. .a Voluze 4 of NUREG-0460, published in March 1980,
the staff revised its recommendations and proposed to require some specific
modificetions to plants immediately and to impose further requirements after
conducting a rulemaking proceeding and issuing a regulation. Subsequently the

staff dgcided to recommend that all ATWS requirements be imposed by requ'atirn

after a-ru1emakino proceeding.

Basis for Propesed Rule: The statutory basis for deciding whether, and to what

extent, ATWS events should be considered in the design and safety evaluation
of nuclear power plants is set forth in Section 161i(3) of the Atomic Energy
Act. That section grants to the Commission the authority to "prescribe such
regulations or orders as it may deem necessary... in order to'protect health
and to minimize danger to life or property.' Implementation of this direction
in the regulations for nuclear power plants has been based on dua) objectives,
prevention of accidents and mitigation of their consequences should they occur.
Thus, conservative design, construction, and operation of plants are required
so that the accidents will be prevented (i.e., have a low probability of occur-
rence). Then, to provide defense in depth, the cepability to mitigate the
ronsequences of accicdents that are postuleted to occur is required even though

the design includes measures to prevent thenm.



In specifying fhe requirements for preventing or mitigating accidents, not all
accidents that can possibly occur are postulated to occur. One function of

the regulations and requirements of the NRC is to specify which possible acci-
dents and consequences are sufficiently probable to warrant preventive or miti-
gative measures. It is within this framework that the NRC has concluded that

the probability of ATWS events ocurring over the lifetime of light-water-nuclear
power plants and the potential magnitude vi counsequences arising from such events,
should they occur, are sufficiently great to warrant the imposition of require-
ments designed to reduce the probability and mitigate the consequences of ATWS

events.

The review and evaluation by the NRC staff of the information that has been
developed over the past ten years on ATWS events and of the manner in which
they should be considered in the design and safety evaluation of nuclear power
plants that form the basis for this conclusion is contained in the report
"Anticipated Trunsients Without Scram for Light Water Reactors,” NUREG-0460,
Volumes 1 through 4. There are two primary factors in the staff's evaluation.
The first is the degree of assurance that ATWS events can be prevented, which
depends on the reliability of current reactor protection systems. The second
is the capability of existing reactor designs to mitigate the consequences of

ATWS events.
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The reliability of.current reactor protection systems has been estimated based
on the operating experience to date and reliability analyses. However,'the
very high level of reliability required is difficult to demonstrate with
confidence because it depends on accurately determining the rate of common mode
failures. Common mode failures involve failures of multiple components resulting
from a single cause or event. Reactor protection systems are carefully reviewed
to identify and eliminate all but the most unlikely common mode faiiures.
However, one common mode failure in the rezctor trip portion of the protection
system of a commercial nuclear power reactor has occurred during approximately
700 reactor-years of operating experience. The failure was detected during
normal.surveillance and corrected before any event requiring a reactor scram
occurred. Common mode failures have also occurred in other systems in nuclear
power plants and other potential common mode failures in reactor protection
systems have been identified. Because of the low rate of occurrence of common
mode failures, operating experience is not, and cannot be, sufficient to con-
clusively determine on a statistical basis whether reactor protection systems
are reljable enough to make the probability of unacceptable consequences from
ATWS events acceptably small. Reliability analysis methods are also inadequate
because they must treat common mode failures either in an arbitrary manner or
use the highly uncertain estimates of common mode failure rates derved from
operating experience. While quantitative estimates of protectior system reli-
ability provide important information, the conclusion as to the adequacy of
protection system reliability must be based on engineering judgment. The

staff has concluded that the reliability is inadequate.



The probability of severe consequences resulting from ATWS events is also
affected by the capability of nuclear power plants to mitigate ATWS everts.

This capability v? :es depending on the design of the reactor system, and the
status of systems and the value of system process variables at the timz the

event occurs. The capability of a plant to mitigate ATWS events can be assessed
by analyses. However, uncertainties in the design characteristics of the reactor,
the probability of failure of the mitigating systems and the probability that

the values of system process variables will be different from those assumed in
the analyses, all combine to produce uncertainty in the results. Therefore,

the difficulty in demonstrating a capability to adequately mi‘igate ATWS events

is simjlar to the difficulty in demonstrating that ATWS evercs can be prevented.

However, based on analyses performed to date, it is clear that in most cases

present reactor designs have inadequate capability to mitigate the consequences

of many postulated ATWS events should they occur.

Content of the Proposed Rule: Having concluded that improvements to reduce

the probability of severe consequences from ATWS events should be made, the
staff developed four alternative sets of requirements that would provide
increasing reduction in this probability and would require increasing amounts
of modifications. The alternatives were first described in Volume 3 of
NUREG-0460 and again in slightly revised form in Volume 4. The intent of the
proposed rule is to adopt a combination of the alternatives recommended in
Volume 4 (except for one change for reactors designed by Westinghouse and
licensed to operate before 1984). The prcposed rule would also implement the

requirements in a different manner from that described in Volume 4 of NUREG-0460.




The form of the requirements in the proposed rule are also different from those
recommended in NUREG-0460 in that the proposed rule specifies acceptancé criteria
for ATWS mitigating systems while the required mitigating systems are specified

-

in Volume 4.

Alternative 1 is to make no modifications at all. As discussed, the staff has
concluded that the reliability of current reactor protection systems is insuf-
ficient and that the probability of ATWS events is sufficiently great to warrant
improvements. Therefore this alternative is not represented in the proposec

rule.

A]tern;tive 2, as modified in the proposed rule, would increase the reliability
of the reactor trip portion of reactor protection systems and improve the capa-
bility of existing systems to mitigate some ATWS events. Reliability of the
reactor trip systems would be increased by the addition of suppiementary protec-
tion systems that would be independgrt and diverse from the reactor trip portion
of the current reactor protection systems. Diversity would be achieved by the
use of components from different manufacturers; by the use of components having
different principles of operation, or power sources; and by the use of components
in different operating modes (normally energized vs. normally deerergized).

This alternative would not provide increased reliability of the reactivity con-
trol portion of the protection system, i.e., the control rods and control rod
drives. However, in the case of reactors designed by General Electric it was
proposed to increase the reliability of a portion of the control rod drive

system, i.e., the control rod drive scram discharge volume. The capability to



mitigate ATWS events would be improved by providing actuation circuitry that

was di -se from the reactor protection system for some existing systemé such

as primary system relief valves, turbine trip, and auxiliary feedwater in PWRs

and the recirculation pump trip in BWRs.

The staff proposed in Volume 4 to implement only Alternative 2 for the ten older
plants which began operation before late 1969. Because of their unique charac-
teristics, the staff believed that more extensive modifications would not be
appropriate for these plants. The proposed rule does not explicitly address
these plants (except in the implementation schedule), but the intent is to con-
sider any exemptions from the acceptance criteria of the proposed rule for these
older 51ants based on analyses by the Ticensees and evaluations similar to those
conducted under the Commission'y systematic evaluation program (SECY-77-561

October 1977) in context with the overall safety of these facilities.

Alternative 3, as modified in the proposed rule, would increase the reliability
of the reactor trip portion of the reactor protection system for some plants

and provide for the mitigation of most ATWS events. The reliability of the
protection system wouid be increased in the same manner as in Alternative 2.
However this increased relizbility of the reactor protection system would not

be required in plants that have a greater capability to mitigate ATWS events.
The mitigation of most ATWS events in PWRs was expected to be accomplished as

in Alternative 2, except that means would be required to isolate the containment
early in an ATWS event upon detection of radiation released from failed fuel.

he mitigation capability of BWRs was expected to be increased by providing
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automatic initiation and increasing the flow capacity of the Standby Liquid
Control System. Considering the state of design and construction, and a
balancing of pubic safety benefits against economic cost, the staff concludes
that plants receiving an operating license before 1984 should be required to

implement Alternative 3 as modified in the proposed rule.

Alternative 4, as modified in the proposed rule, would increase the reliability
of the reactor trip portion of the reactor protection system of all plants and
provide for the mitigation of virtually all ATWS events. The reliability of

the protection systems would be increased in the same manner as in Alternative 2.
The mi?igation of virtually all ATWS events was expected to require significant
design changes. The mitigation capability of PWRs wac expected to be substan-
tially increased by additional pressure relief capacity in the reactor coolant
system. The mitigation capability of BwRs was expected to be increased by the
addition of high-capacity neutron poison injection systers. In balancing public
safety benefits against economic cost, the staff concluded that these exteinsive
design changes could only be practically incorporated in plants not near comple-

tion and not to be licensed before 1984.

The proposed requirements in Volume 4 of NUREG-0460 were in the form of specific
design changes. The proposed rule also explicitly specifies the design changes
required to improve the reliability of the protection system and the response
for containment isolation, but the changes in mitigation capability are required
through the specification of acceptance criteria, criteria for evaluation models,

and mitigating system design criteria. The specification of criteria requires
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licensees and applicants to demonst) *e that the design of their plant is in
compliance and thus provides nore assurance t.:* *ne safety biective ié being
attained. This form also allows the designer more flexibilit, in design and a

greater potenti\l for optimizing costs.

Although the ultimate safety objective is to 1imit the release of radiocactivity
to the environment, the acceptance criteria in the proposed rule are directed
toward assuring the integrity of the reactor coolant system and the continuec
cooling of the core following ATWS events. The staff recognizes that failure

to satisfy these acceptance criteria does not necessarily result in severe
radiolegical consequences and has considered the additional safety margin in
develo;ing the proposed rule. If only criteria for calculated offsite doses
were specified, the flexibility for the designer would be increased, but the
attainment of the safety objective would be more difficult to demonstrate. If
systems designs were specified, the flexibility of the designer would be reduced,
and the demonstration that the safety objective were attained would be generic
rather than for specified plants. Prior attempts at such a generic demonstration

have been unsuccessful, as discussed above.

The level of safety, whether the mitigation of most or virtually all ATWS avents,
is specified through the criteria for acceptable evaluation models. Since

the parameters in the evaluation model are all uncertain to some degree and

some vary cver the lifetime of the plant, the level of safety is determined to

a large extent by the degree of conservatism in the parameters used in the

evaluation models, which affect the conservatism of the calculated consequences



of postulated ATWS events. The proposed rule specifies that realistic value:

of paraeters may be used when the value is known with reasonable accuricy

but that parameters with large uncertainties must be conservatively treated.

The intent is to obtain realistic analyses of the course of ATWS events, yet
predict the consequences conservatively. In order to assure that that con-
sequences of most ATWS events will be within the acceptance criteria, the
proposed rule specifies that the value used for parameters that vary over the
lTifetime of the plant (the most significant of these is the moderator tempera-
ture coefficient) must be be a value that is not exceeded over most or virtually
all of the plant lifetime. In the case of the moderator temperature coefficient,
the value used in the evaluation model that was less negative than the value
expect;d to be experienced during S0 or 99 percent of the design lifetime of

the plant would &ssure that the consequences of most or virtually all ATWS evenmis

would not violate the acceptance criteria.

R1though improvements in the capability to mitigate ATWS events provide & signif-
icant increase in the level of safety, there is some uncertainty associated

with this conclusion. This uncertainty derives from the uncertainty in the
reliability of mitigating systems and in 1he evaluation models used to define
them. Eecause of this uncertainty the staff believes that improvements in reactur
protection system reliability should also be required. Such modifications to
present reactor protection systems, as with any modifications to a nuclear plant,
have the potential for introducing unrecognized failure modes that could result

in a2 decrease in the level of safety. A careful design process in conjunction

with the quality assurance, verification, and test programs is necessary to



assure that this will not occur. However, the implementation r? these

improvements in reliability in some plants is to be ac:compiished within: two
years, and such & short design and installation schedule might compromise the
design program. In plants, such as those designed by Westinghouse, which have
a rapability to mitigate nearly all ATWS events and where the level of safety

is already high, the Advisory Committee on Reactor Safeguards (ACRS) recommended
omitting the requirement for improvements in the protection system reliability.
Thus, the proposed rule allows the protection system improvements to be omittex,
if more conservative values of the parameters, such as moderator temperature
coefficient, are used in the evaluation models and the capability to comply
with the acceptance criteria is demonstrated. In plants licensed in or after
1984, the time available to design and install the modifications to the protec-
tion system is sufficient to assure that the design process would not be
compromised and improvements in the protection systems of all of these plan :

is required by the proposed rule.

One plant medification that would be required by the proposed rule is already
being implemented on boiling water reactors. In an order dated February 21,
1980, licensees of BWR plants were directed not to operate after December 31,
1980 without a recirculation pump trip installed. BWR licensees have also been
directed (IE Bulletin No. 80-17 dated July 3, 1580) to assure that operating
procedures and cperator training address the actions to be taken in the plants
as now designed if an ATWS did occur. These reguirements are prudent measures
which will reduce the risk from ATWS events during the interim period before
the plant medifications determined by the Commission to be necessary and

included in a final rule, can be installed.
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In particular cases, additional requirements or ~arlier implementation may be
eppropriate. For example, candidates would be those existing nuclear pbwer
plants that are considered to be at high risk sites owing to a combination of
population density, meteorologizal conditions and other factors. ldentification
of these sites is a subject of another Commission action and any additiona)

ATWS requirements for ‘hese units would be subsequently considered.

Concurrent with this publication of the proposed rule for comment, the staff
is also publishing a propesed regulatory guide for comment. This regulatory
guide provides guidance on the evaluation models, mitigatirg system design

requiregments, and other licensing requirements.

Implementation of Reguirements: The proposed rule provides for implementation

of the requirements in stages in order to gain the greatest increase in safety
in the shortest time and at the least cost. The modifications to improve the
reliability of the protection system and the mitigating syst~~ _uation cir-
cuitry would be required by July 1, 1882. In order to accom. -n this, descrip-
tions of the modifizations are to be submitted for review by the NRC by July 1,
1581. Since these modifications involve instrumentation, control and logic
circuits that are for the most part outside of the containment, most of the
installation could be accomplished with the plant operating or during refueling

outages and a two year design and installation schedule zppears appropriate.

The proposed ruie provides that implementation of any modifications required

to meet ATWS acc~ptance criteria be completed by January 1, 1984 for pressurized
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water rezctor plants and for the oldest boiling water reactor plants. All other
boiling water reactor plants would be required to complete the modifications

by July 1, 1882. 1In order to accumplish ..is, evaluation models zre to be subt-
mitted for review by Mar-h 1981 and descriptions of the modifications are to

be submitted for review by July 1981 (by December 1881 for the ten oldest plants).
Since the modifications to the boiling water reactors would consist of piping
chznges to the Standby Liquid Control System, which is primarily outsid -ontai~-
ment, a two year design and installaticn schedule 2 2ears to be appropriate.

Since any mod{fications determined to be required for pressurized water reactors
would likely require the installation or modification of valves on the pressurizer,

the more extended schedule for these plants is appropriate.

The NRC believes that the iTikelihcod of severe ccnsequences arising from an

ATWS event during the period of this implementation is acceptably small. This
judgment is based on a) the favorable experience with the operating reactors,

b) the limited number of operating nuclear power reactors, c) the inherent capa-
bility of some of the operating PWRs to partially or fully mitigate the conse-
quences of ATWS events, d) partial ATWS mitigative capability of the rer  .ulatior
pump trips feature which has been implemented on most operating BWRs & - which
is required to be implemented on the remaining BWRs by December 31, 1980, and
e) the interim steps taken to develop proccdures and train operators to further
reduce the risk from some ATWS events. On the hasis of these considerations,
the NRC believes that the implementation sci2dule in the proposed rule is

acceptable &nd will minimize the risk of hasty modifications which may be

counterpreoductive to safety.
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Pursu 1t 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 State§ Code,
notice is hereby given that adortion of the following amendments to 10 CFR

Part 50 is contemplated.
A new Section 50.49 is added to read as follows:

§50.49 Acceptan:ze Criteria for Protection Against Anticipated Transient
Without Scram Events for Light-Water-Cooled Nuclear Power Plants

(a) As used in this section:

(1) "Anticipated Transient Without Scram" (ATWS) means an antici-
pated operational occurrence as defined in Appendix A of this
part followed by the the failure of the reactor protection
system specified in General Design Criterion 20 of Appendix A

of this part.

(2) "ATWS evaluation model" means the calculational framework for
evaluating the behavior of the nuclear power plant during a

vostulated ATWS event.

(3) "ATWS mitigating systems” means th.se systems including associated
controls, instruments, power supplies and other systems assumed
to function when evaluating the behavior of the nuclear power

plant following an ATWS event.



(b) (1) Each light-water-cooled nuclear power plant shai] be designed,
constructed, and operated such that the consequences of bostu1ated
anticipated transient without scram (ATWS) events calculated in
accordance with an ATWS evaluation model, approved pursuant to
paragraph (b) (2) of this section, conform to the foi]owing

criteria:

(i) Primary system pressure. The calculated reactor coolant
system (RCS) pressure and temperature resulting from postu-
lated ATWS events shall be limited so that either (A) the
calculated maximum primary stress anywhere in the RCS pres-
sure boundary does not exceed that permitted by the "Level C
Service Limit" as defined in Article NB-3000 of Section
IIT of the ASME boiler and Pressure Vessel Code and the
calculated deformation of RCS components is 1imited so that
the operability of components necessary to safely bring
and maintain the reactor at a cold shutdown condition is
not impaired, or (B) the integrity or operability of RCS
components shall be demonstrated based on conservative
assessments of tests conducted to determine the integrity
or operability of components under the conditions accompanying
postulated ATWS events and based on the likely condition

of the components over their design 1ife.

(i1) Fuel integrity. The calculated damage to the reactor core
as a consequence of postulated ATWS events, including oscil-

lations of power and fiow, shall be limited to assure that



(ii1)

(iv)

(v)

19

the core geometry is not significantly distorted such as

to impair core cooling or safe shutdown.

Radiation Rel._ase. The calculated release of radicactivity
from the fuel rods to the reactor coolant system during
postulated ATWS events shall not exceed one percent

the radioactivity within the fuel rods of a pressurized
water reactor or ten percent of the radioactivity within

the fuel rods of a boiling water reactor.

tuntainment. The calculated containment pressure, tempera-
ture, and humidity resulting from postulated ATWS events
shall not exceed the design values of the containment struc-
ture and components or the contained mitigating systems,
equipment and components. For boiling water reactor pres-
sure suppression containments, the relief or safety valve
discharge 1ine flow rates and suppression pool water
temperatures shall be 1imited so that steam cuenching

instability wiil not result in destructive vibrations.

Long-term shutdown and cooling. The reactor design shall
permit the reacter to be safely brought to and maintained
at a cold shutdown condition following postulated ATWS

events without insertion of control rods.



20

(2)(i) ATWS evaluation models shall, with reasonable accuracy or acknow-
ledged conservatism, represent the actual characteristic§ of
the facility modeled ard each significant physical phernomenon
that would occur in the reactor and related systems during the
course of the modeled event. Evaluation models shall represent
the effect of the failures in mitigating systems that are a
direct consequence of the ATWS event being modeled. For
facilities issued operating licenses on or after January 1, 1984
and not standardized to a facility at the same site that was
issued an operating license before January 1, 1984, evaluation
models shall represent the effect of the 1ikely random single

failures of active components in mitigating systems.

(i) The value of parameters that vary over the lifetime of the
facility or represent the characteristics of mitigating systems
that are permitted by procedure to be inoperable for any period
during operation shall be selected so that values that would
result in violation of the acceptance criteria would not be

expected to occur during

(A) most of the design l1ifetime of facilities issued operating
licenses before January 1, 1984 or of facilities standardized
to a facility at the same site that was issued an operating

license before January 1, 1984.



(3)

(4)
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(B) almost all of the design lifetime of facilities issued opera-
ting licenses on or after January 1, 1984, except facilities
standardized to a facility at the same site that was issued

an operating license before January 1, 1984.

ATWS mitigating systems shall be independent, separate and diverse
from the reactor protection system. ATWS mitigating systems

shall be designed, qualified, monitored and pericdically tested

to assure continuing functional capability under the conditions
accompanying postulated ATWS events including natural phenomena
such as earthquakes, storms, tornadoes, and hurricanes, and floods
expected to occur during the design life of the plant. ATWS
mitigating systems shall be automatically initiated when the
conditions moi.itored reach predetermined levels and continue to
perform the:r function without operator action unless it can be
demonstrated that an operator would have adequate information

and would reasonably be expected within the time available to

take the proper corrective action.

Evaluation models, as defined in paragraph (b) (2) of this sec-
tion, together with the description and results of the analyses
and tests necessary to verify the validity of the assumptions

made in preparing such evaluation models, shall be submitted to
the Nuclear Regulatory Commission for approval by March 1, 1981

or prio~ to issuance of an operating license, whichever is later.



(5) A description of all measures to be taken to ensure cumpliance

with the criteria set forth in paragraph b(1l) of this section

together with such proposed changes in technical specifications
and license amendments as may be necessary to ensure compliance
with such criteria shall be submitted to the Nuclear Regulatory

Commission as follows:

(i) For all light-water-cooled nuclear power plants for which
operating licenses have been issued on or before August 22,
1869, such information shall be submitted no later than

Decamber 1, 1981.

(i1) For all light-water-cooled nuclear pover plants for which
operating licenses have been issued after August 22, 1969,
such information shall be submitted no later than July 1,
1981 or prior to issuance of an operating license, whichever

is later.

(6) Those measures necessary to ensure compliance with the criteria
set forth in paragraph (b)(1) of this section shall be implemented

on the follewing schedule:

(i) For all boiling water reactor power plants for »1ich operating
licenses have been issued on or before August 22, 1969,

all modifications shall be completed by Janaury 1, 1984.



(ii) For all boiling water reactor power plants for which operating
licenses have been or may be issued after August 22; 1969,
211 modifications shall be completed no later than July 1,
1982 or prior to issuance of an operating license, whichever

is later.

(ii1) For all pressurized water reactor power plants, all modi-
fications shall be completed no later than January 1, 1984
or prior to issuance of an operating license, whichever is

later.

(c) (1) In addition to those requirements set forth in paragraph (b) of
this section, each light-water-cooled nuclear power plant except
as provided in paragraph (c)(2) of this section, shall be

provided with:

(i) Actuation circuitry for ATWS mitigating systems that is
independent, and diverse from the reactor protection

system; and

(ii) Prompt automatic containment isola*ion initiated by a
significant source of radiation in the containment
resulting from failure of the fuel rods following

postulated ATWS events; and
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(iii) Those modifications necessary to reduce the common mode
failure potential of the control rod scram discharge volume
in plants designed by the General Electric Company including

diverse scram discharge volume level sensing devices; and

(iv) Those modifications necessary to provide a supplementary
reactor trip system that is diverse from the reactor trip

porticn of the current reactor protection system,

(2) Facilities issued operating licenses before January 1, 1984
or facilities standardized to a facility at the same site
that was issued an operating license before January 1, 1984
need not comply with the requirements of paragraph (c)(1)(iv)
if the facility conforms to the requirements of paragraph
(b) of this section except that the fraction of the design
lifetime used to determine the value of parameters shall

be greater than that specified in paragraph (b)(2)(i).

(3) A description of the measures together with such proposed changes
in technical specifications or license amendments as may be neces-
sary to ensure compliance with the criteria set forth in paragraph
(c)(1), shall be submitted to the Nuclear Regulatory Commission
no later than July 1, 1981 or prior to issuance of an operating

license, whichever is later.



(4) Those measures required under paragraph (c)(1) of this section
shall be completed by July 1, 1982 or prior to issuance of an

operating license, whichever is later.

A1l interested persons who desire to submit written comments or suggestion con-
cerning the proposed rulemaking should send their comments to the Secretary of
the Commissien, U. S. Nuclear Regulatory Commission, Washington, D. C. 20555,

Attention: Docketing and Service Branch, or on before .* Copies

of comments received on the proposed amendments may be examined in the Commission's

Public Document Room at 1717 H Street, NW, Washington, D.C.

(Sec. 161b and i, Pub. Law 83-703, 68 Stat. 948, Sec. 201, Pub. lLaw
93-438, 88 Stat. 1242 (42 J.S.C. 2201(b), 5841).)

Dated at this day of , 1980__.

For the Nuclear Regulatory Commission.

Samuel C. Chilk

Secretary of the Commission

*30 days after publicaticn in the Federal Register



TASLE K-1
SUMMARY OF REQUIREMENTS

(*Indicates implicit requiremsnt.)

VERDOR ALT. 2 ALT. 3 ALT. 4

B&W, CE SPS SPS SPS
AYSAC AMSAHC 11SAC
Cont Isol Cont Isol Cont Isol
Aralysis _ Ana’ysis Analysis
-- Instr* Instr*
e Sefety Valve* Safety Valve*

W -- -- SPS
AMSAC AMSAC AMSAC
Cont Isol Cont Isol Cont Isol
Analysis Analysis Analysis
- Instr* Instr*
GE SPS SPS SPS
AVSAC AMSAC AMSAC
Cont Isol Cont Isol Cont Isol
Analysis Analysis Analysis
SD SD SD
Logic* Logic* Logic*
-~ Instr* : Instr*
-- SLCS-Auto® --
Incr. Cap
- .- SLCS-Auto*
Hi-Cap

Enclosure "K-1"



AMSAC:

Analysis:

Cont Isol:

Instr:

Logic:

Safet Valves:

SPL:

SD:

SLCS-Auto:

PROPOSED ATWS RULE

SUMMARY OF REQUIREMENTS
KEY
ATWS mitigation actuation circuitry. Diverse ind independent
from the reactor pro‘ection syctem to actuate:
1. PWR's = Turbine trip, auxiliary feedwater
2. BHWR's - HPLI, SLCS, RPT

Analysis with acceptable evaluation models of performance
following ATWS events

Containment isolation initiated by early detection of fuel
failures

Instrumentation necessary for shutdown that can withstand
ATWS conditions

Logic of control circuits to reduce vessel isolation events
and runback feedwater

Additional safety valve relief capacity

Supplementery protection system that is diverse and indepen-
dent from the reactor trip portion of the reactor protection
system --

B&W - BUSS, a diverse four-channel backup scram system

CE - SPS, a diverse, four channel supplementary protection
system

W - MSS, a modified scram system that is diverse and inde-

pendent from the RPS

GE - ARI, ATWS rod injection that has separate sensors and
recundant scram air hezder exhaust valves

Scram discharge volume for GE control rods that is less sus-
ceptible to common mode failure

Automatically initiated, Standby Liquid (neutron poison) Control
System ==

Incr-Cap: Capability to simultaneously inject with both pumps

Hi-Cap: Single failure oroof system, with approximately 400
gpm capacity

Enclosure: "K-2"
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PROPOSED ATWS RULE
PRESENTATION OUTLINE
COMMISSION BRIEFING

NOVEMBER 10, 1980

Description of Brookh. ren National Laboratory Calculations for the
Browns Ferry-Unit 3 Partial Failure to Scram (7. Speis, NRR, 30 minutes)

Discussion of Nuclear Safety Journal article "Anticipated Transients
Without Scram" (W. Minners, NRR, 45 minutes)

Comparison of Utilities Petition with Proposed Rule
(W. Minners, NRR, 15 minutes)



