July 30, 1997 SECY-97- 168

FOR: The Conmmi ssioners
FROM L. Joseph Callan [s/

Executive Director for Operations
SUBJECT: | SSUANCE FOR PUBLI C COMMVENT OF PROPOSED RULEMAKI NG
PACKAGE

FOR SHUTDOWN AND FUEL STORAGE POOL OPERATI ON
PURPGCSE:
Thi s paper infornms the Comri ssion of the staff's intent to re-issue for
public
comrent a proposed rul emeki ng package addressi ng shutdown and fue
st orage

pool operations at nucl ear power plants.
BACKGROUND:

I n SECY-94-176, the staff sought Conmi ssion approval to issue for public
comrent a proposed rule for shutdown and | ow power operation at nuclear
power

pl ants. The Comm ssion approved the request in the staff requirenments
nmenor andum dat ed Septenber 12, 1994, and the proposed rul e was published
in

the Federal Register in October 1994. The numerous conments received
wer e

consi dered al ong with Comm ssion gui dance regardi ng the use of a

ri sk-i nformed, performance-based approach for new regulations. As a
result,

the staff made significant changes to the proposed rule and regul atory
analysis. In addition, the staff's studies of spent fuel storage poo
operations led to a decision to enconpass spent fuel storage poo

oper ati ons

in the revised rule. Therefore, the staff intends to again issue the
rul emaki ng package for public comment.

DI SCUSSI ON:

The staff's revised regulatory analysis considered inportant safety
functions

and the controls currently in place to ensure these functions. For

| ow- power operation, hot shutdown, and the transition period fromhot to
cold

shut down, the revised analysis concludes that for these periods inportant
safety functions are protected by existing requirenents in standard

t echni cal



specifications. Accordingly, the revised proposed rule no | onger
addr esses
t hese npdes.

CONTACT: Tinmothy Collins, NRR

415- 28970
For the bal ance of shutdown operations (cold shutdown and refueling
nodes),
the regulatory analysis shows that the proposed rule provides a
substanti al
increase in the overall protection to public health and safety, and that
the costs of the proposed rule are justified in view of the increased
protection afforded by the backfit. The analysis found that current
controls
have evol ved through a series of NRC and industry actions initiated for
t he
nost part through NRC generic communi cations. Although these initiatives
have
been successful in achieving the acceptable level of risk that now exists
at
U.S. nucl ear power plants, the analysis showed that a significant |evel
of
safety is dependent upon nmeasures that are not traceable to specific
underlying regul ations, and that could, therefore, be w thdrawn by
i censees
Wi thout prior staff approval. The practical effect of rule
i mpl enentation is,
therefore, not to raise the current level of safety, but rather to ensure
t hat
at least the current |evel of safety will be maintained. This action is
consi dered necessary to preclude a withdrawal from current practice in
i ght
of continuing econonmic pressure to increase plant availability through
short ened out ages.

The Committee to Review Generic Requirenents (CRCGR) reviewed the revised
proposed rul e, statenment of considerations, regulatory guide, and

regul atory

anal ysis and sent its coments to the staff on June 12, 1997. The staff
i ncorporated CRGR comments in the enclosed rul emaki ng package. The staff
briefed the Advisory Conmittee on Reactor Safeguards (ACRS) on the status
of

t he rul emaki ng package in May 1996. The ACRS sent its comments to the

st af f

on June 4, 1996, indicating the ACRS plan to coment again on the

pr oposed

final rule after reconciliation of public comments. The staff plans to
devel op i nspection and enforcenment guidance for the proposed rule during
t he

public comrent peri od.

SUMVARY OF THE RULE

The proposed rule consists of three parts: (1)shutdown operations, (2)



fire

protection, and (3) spent fuel storage pool operations. The overall

obj ecti ve

of the rule is to establish a clear, flexible, risk-inforned, and

enf orceabl e

regul atory framework for assuring that cold shutdown, refueling, and fue
(storage) pool operations continue to be conducted in a safe manner.

Al t hough

a shutdown probabilistic risk assessnent (PRA) is not required, the rule
is

written in a fashion that allows |icensees to enhance operati onal
flexibility

by the use of state-of-the-art PRA nethods as a conplenent to traditiona
determ ni stic anal yses provided that defense-in-depth considerations are
al so

addr essed.

Shut down Operati ons

The shutdown operations section of the rule has been structured with the
specific objectives of: (1) reducing the frequency of events that can
lead to

| oss of the decay heat rempval function, (2) assuring that mtigative
equi prent is available for those events that do occur, (3) providing a
nmeasure

of performance through nonitoring of paraneters that represent necessary
safety functions, and (4) facilitating inspection and enforcenent
activities.

These goals are to be achieved through a combination of procedural,
nmonitoring, and mtigation capability requirenents.

The proposed rule would require |icensees to establish and inpl enent
procedures for training, quality assurance, and corrective actions to
ensure

that the safety functions of decay heat renoval, inventory control, and
pressure control are maintained and nonitored, and that mtigation
capability

is provided.

The procedures would be described in the adm nistrative controls section
of

the technical specifications. This would establish a clear regulatory
requirement while allowing licensees flexibility in terns of inplenenting
t hese prograns.

The proposed rule would also require |licensees to nonitor safety function
performance and prescribes limts for each safety function. Licensees
woul d

choose the specific paraneters, paraneter limts and instrunentation to
be

used to denponstrate conpliance with the safety function linmts. These
details

woul d have to be nmintained available for inspection in a



i censee-controlled

docunent. The criteria and nmethods used for selecting the paranmeters and
paranmeter limts, however, would have to be described in the

adm ni strative

controls section of the technical specifications.

The proposed rule further requires that mtigative equi pnent be

mai nt ai ned

avai l able to ensure core cooling and decay heat renoval, and to protect
agai nst the uncontrolled release of fission products in the event of |oss
of

t he operating decay heat renoval system The specific equi pment to be
credited at any tinme in the outage woul d be under licensee control, but
woul d

need to be docunented and available for inspection. Criteria and nmethods
for

sel ecti ng equi prent woul d have to be described in the adm nistrative
controls

section of the technical specifications.

Fire Protection

This part of the rule is intended to extend the fire protection
provi si ons

al ready provided during power operation to shutdown operation. The

pr oposed

rule would require licensees to inplenment nmeasures to mnin ze the
frequency

of fires during shutdown operations. It would also require that the
decay

heat removal function be maintained free of fire danage, or that fire
damage

be limted by pronptly detecting, controlling, and extinguishing fires
t hat do

occur. It would further require that contingency plans be devel oped to
ensure

adequat e core cooling and restoration of decay heat renoval follow ng a
fire.

The provisions necessary for inplenentation would have to be docunented
in the

licensee's fire protection plan

Fuel Storage Pool Operations

The objective of the fuel storage pool portion of the rulemaking is to
establish clearly defined regulatory controls for current operationa
practices in spent fuel storage pools and to facilitate inspection and
enf or cenment .

In the portion of the rule that deals with fuel storage pool operations,
licensees would be required to: (1) docunent in their facility's safety
anal ysis report the current design bases for renoving decay heat fromthe
pool, and (2) ensure that operational linits derived fromthose bases are
i ncorporated into operating procedures.



Conf orm ng Changes

In addition, conform ng changes woul d be rmade to other regulations in
support

of the shutdown operation requirenments of [50.67. The nopst significant
of

these are: (1) adding the structures, systens, and conponents necessary
for

conmpliance with the shutdown operation requirenents of [50.67 to the

mai nt enance rule ([050.65) and the license renewal rule (10 CFR Part 54),
(2) providing for notification and subnmitting reports to the NRC, in
accordance with [050. 72 and [50. 73, of any event that results in actuation
of

the mtigation equiprment, and (3) adding a definition of shutdown

oper ati ons

to [050.2, which makes it clear that normal operation includes shutdown
operati on.

The proposed rule is provided in Attachnent 1, the statenment of
consi derati ons

in Attachrment 2, the regulatory analysis in Attachnent 3, and the
regul atory

guide in Attachment 4.

Coor di nati on

The O fice of the CGeneral Counsel has no | egal objection to this
Commi ssi on

paper .

RECOMMVENDATI ON:

The staff reconmends that the Comm ssion note that the staff will proceed
to

have the proposed rule and the associ ated statenment of consideration

publ i shed
in the Federal Register unless otherw se instructed by the Conmm ssion.

L. Joseph Callan

Executive Director

for Operations

Attachnents:
1. Shutdown and Fuel Storage Pool Operations at



Nucl ear Power Pl ants
2 St at ement of Considerations
3. Regulatory Analysis for the Proposed Regul ation O 50.67
4. Draft Regulatory Gui de DG 1066
O
[

7590- 01- P]

NUCLEAR REGULATORY COWM SSI ON
10 CFR Parts 50 and 54
RI'N 3150- AE97
Shut down and Fuel Storage Pool Operations at Nucl ear Power Plants
AGENCY: Nucl ear Regul atory Conmi ssion
ACTI ON:  Proposed rule

SUVWMARY: The Nucl ear Regul atory Commi ssion (NRC) is proposing to amend
its

regul ations pertaining to the operation of conmercial nuclear power

pl ants for

shut down operation and fuel storage pool operation. The proposed rule
woul d

require licensees to establish paraneter lints for certain safety
functions

defined in the proposed rule, nonitor those paraneters, and take
necessary

actions to ensure that the paraneter lints are not exceeded; maintain
avail able a mtigation capability to provide core cooling, decay heat
renoval

and protection against |oss of fission products follow ng | oss or
interruption

of decay heat renoval during shutdown operation; anmend the required fire
protection plan to add provisions for fire protection neasures defined in
t he

proposed rule, and report actuations of shutdown mtigation equipnent to
t he

NRC. Wth regard to fuel storage pool operation, the proposed rule would
require licensees to update the final safety analysis report (FSAR) to
docunent key safety analysis paranmeters and assunptions defining the
desi gn

bases for the fuel pool decay heat rempval function and to translate the
key

paranmeters into operating procedures.

DATES: The comment period expires [insert date 75 days after publication
in

the Federal Register]. Comments received after that date will be
consi der ed

if it is practical to consider them but the Cormission is able to assure



consideration only for corments received on or before that date.

ADDRESSES: Subnit coments to: Secretary, U S. Nuclear Regul atory
Commi ssi on,

Washi ngt on, DC 20555-0001, Attention: Docketing and Service Branch.
Del i ver

comrents to: 11555 Rockville, Pike, Rockville, Maryland between 7:30
a.m and

4:15 p.m on Federal workdays.

Copi es of coments received nay be exani ned and copied for a fee at
ng Publ i ¢ Docunment Room 2120 L Street, NW (Lower Level), Washi ngton,
55537. For information on el ectronic access and submittal, please see
gpgfyssion under Electronic Access in the Supplenentary Information
section.

FOR FURTHER | NFORMATI ON CONTACT: M. Tinmothy Collins, Section Chief,
React or

Systems Branch, Division of Systens Safety and Anal ysis, O fice of

Nucl ear

React or Regul ation, Mail Stop O 8E23, U. S. Nucl ear Regul atory Commi ssi on
Washi ngt on, DC 20555-0001, Tel ephone: 301-415-2897, e-mmil: TEC@nrc. gov.

SUPPLEMENTARY | NFORMATI ON

. bjective
| . Background
I'l. Basis for Shutdown Operations Requirenments
V. Basis for Fuel Storage Pool operation Requirenents
V. Section-by-Section Analysis of Rule Requirenents
VI. Comments on the Initially Proposed Rule
VII. Request for Public Comments
VIIl. Availability of Docunents
| X. Electronic Access
X. Crimnal Penalties
Xl. Finding of No Significant Environnental | npact
XII. Paperwork Reduction Act Statenent
XI1'l. Regulatory Analysis
XI'V. Regulatory Flexibility Certification
XV. Backfit Analysis

. Objective
The objective of the proposed rule is to establish a clear
regul atory
framework for ensuring that cold shutdown, refueling outages, and fue

pool
operations continue to be conducted in a safe nanner. To acconplish this
obj ective for cold shutdown and refueling operations, |icensees would be

required to nodify the adninistrative controls section of their technica
specifications in accordance with the requirenments of the rule, and



establish

procedures for performance nonitoring and other activities inportant to
safety. To acconplish this objective for fuel pool operation, |icensees
woul d

be required to docunment factors inportant to safety in the FSAR and

i ncorporate these safety factors in fuel pool operating procedures.

I'l. Background

On October 19, 1994 (59 FR 52707), the Comm ssion published a
pr oposed
rule that pronul gated requirenments for | ow power and shutdown operations.
In
that Federal Register notice, the Commi ssion described a series of
serious
events that occurred during shutdown operations. Subsequently, other
such
events have al so occurred. During 1995 and 1996, the NRC held several
public
neetings to ensure that the NRC woul d have the benefit of an interchange
of
views on the subject of shutdown risk

I1l1. Basis for Shutdown Operations Requirenents

On the basis of the extensive witten public coments and the
di scussi ons
at the public neetings, the Commi ssion has decided to substantially
revise the
proposed rule and the supporting regulatory analysis, and republish these
docunents for public comment. The scope of this rul emaki ng was changed to
i ncl ude fuel pool operation and to exclude | ow power and transition
nodes.
Fuel pool operation were included because of the need for the Commi ssion
to
clarify its expectations for docunentation and to ensure a clear basis
for
enforceability and inspectability in this related area. Low power and
transition nodes were excluded because anal ysis shows that inportant
safety
functions are protected by existing standard technical specifications in
t hese
nodes.

In a revised regulatory analysis, the Conm ssion has reviewed the
safety
functions inmportant to shutdown operation and the controls currently in
pl ace
to ensure these functions. The current controls have evol ved through a
series
of NRC and industry actions generally initiated through NRC generic
comruni cations. These initiatives have been successful in achieving the
acceptable | evel of risk that now exists at U S. power plants. However,
t he



Comni ssion has al so reviewed the existing body of regulations to
establish the

underlying regulatory requirement to sustain these practices in place.
The

Commi ssion's regulatory analysis shows that a significant safety benefit
relies upon neasures for which a clear |egal requirenent does not exist.

Accordingly, the regulatory analysis shows that the proposed rule
woul d
provi de a substantial increase in the overall protection to public health
and
safety, and that the costs of the proposed rule are justified in view of
t he
i ncreased protection afforded by the backfit. However, the practica
ef f ect
of rule inplenmentation is not to raise the current |evel of safety, but
rat her
to ensure that the current |evel of safety being achi eved through
vol untary
actions of nuclear power plant |icensees will be nmintained by al
i censees
in the future. This action is considered necessary to ensure a
regul atory
"floor" for all |icensees, and preclude a withdrawal from current
practice in
light of continuing econonic pressure to increase plant availability
t hr ough
short ened out ages.

The NRC estinated the benefit of inplenmenting the proposed rule |ess
t he
cost of such inplenentation. The analysis was perforned i n accordance
with
the Commi ssion's guidance for regulatory analysis described in
NUREG BR- 0058,
"Regul atory Anal ysis Guidelines of the U S. Nuclear Regul atory
Commi ssi on, "
Revi sion 2, Final Report, Novenber 1995, and SECY-95-028, "Issuance of
Regul atory Anal ysis Guidelines of the U S. Nuclear Regul atory
Commi ssi on, "
February 7, 1995. Accordingly, a base case was constructed that
represent ed
the protection afforded strictly by legally enforceable requirenents,
i.e.,
current regul ations, technical specifications, |license conditions, and
orders.
The base case did not credit any measures that are voluntary or that can
be
uni l aterally changed by the |icensee, such as |icensee commitnents made
in
response to generic letters and bulletins. \Wen conparing this base case
to
the rule case, the Commi ssion found the net value was $153 billion for
t he



pressurized-water reactors (PWRs) and $5.1 billion for the boiling-water
reactors (BWRs). This was a base-case to rule-case analysis reflecting
i ndustry-wi de values in 1997 doll ars.

Sensitivity analysis showed little quantitative val ue when conpari ng
t he
voluntary case (based on the assunption that current voluntary practices
remain in effect) to the rule case. This is because of the substantia
nmeasures generally adopted by industry in response to generic
communi cati ons.
These neasures include NUMARC 91-06, Nucl ear Managenment and Resources
Counci I,
"Quidelines for Industry Actions to Assess Shutdown Managenent," Decenber
1991. However, there are significant non-quantifiable benefits when
conpari ng
the rule case to the voluntary case. These non-quantifiable benefits
i ncl ude
the enforceability and inspectability that are facilitated by the revised
proposed rule's requirenents for procedures for training, quality
assurance,
and corrective actions. Thus, this rule would establish a clear
regul atory
basis to preclude licensees fromretreating fromcurrent |evels of
saf ety.

IV. Basis for Fuel Storage Pool Operation Requirenents

The revised proposed rule al so contains requirenents that address
f uel
st orage pool operation. These requirenents were not included in the 1994
version of the rule that was published for coment. The NRC decided to
i ncl ude fuel storage pool operation in this rul enaki ng because the NRC
has
found that design-basis assunptions have not been fully docunented in the
FSAR
and have not been captured in procedures in a nunber of instances. To
addr ess
t hese problens, the NRC has prepared a new section (10 CFR 50.67(b)) on
f uel
st orage pool operation that would require |licensees to describe in the
updat ed
final safety analysis report (UFSAR) the assunptions and paraneter val ues
used
in safety anal yses perfornmed by the |icensee as reference bounds for
design to
dermonstrat e adequate decay heat renoval for the fuel storage pool
Li censees
woul d al so be required to translate these assunpti ons and paraneter
val ues
into operational limts in appropriate procedures.

The regul atory analysis for fuel storage pool operation shows no
gquantifiable risk benefit because risk is already believed to be very
| ow.



The primary benefits of this section are non-quantifiable. These non-
quantifiable benefits include inproved enforceability and inspectability,
and

clarification of the Comm ssion's expectations. The Commi ssion believes
this

is a significant qualitative benefit in addressing the perceived need for
i mproved regulatory controls in this area, which justifies the associated
cost.

V. Section-by-Section Analysis of Rule Requirenents

1. Shutdown Operations, 0O 50.67(a) of the proposed rule would apply
to
hol ders of operating |icenses and conbined |icenses for conmercia
i ght-water
nucl ear power plants. The proposed rule is not applicable to conmerci al
nucl ear power plants that have been permanently shut down with fue
permanently renoved fromthe reactor vessel

a. Shutdown Operations Procedures, 0O 50.67(a)(1) of the proposed
regul ati on would require holders of operating |licenses and conbi ned
i censes
for a light-water reactor nuclear power plant to establish and inpl enment
procedures for conplying with the requirenents of paragraph (a) of the
proposed rule. Procedures nmust address training, quality assurance, and
corrective action for conplying with the requirenments of proposed O
50. 67(a).
Thus, procedures nust be devel oped for establishing, nonitoring, and
conpl yi ng
wWith the parameter limts required by O 50.67(a)(2)(i); activities
undert aken
to ensure that the safety function linmts would be nmet; and to ensure
that the
mtigation capabilities required by O 50.67(a)(3) would be numintained.
The
Comri ssion interprets this section to require that procedures nust
address all
activities that can reasonably affect the reliability and availability of
t he
decay heat renmpval function. The criteria for determ ning the adequacy
of the
procedures, and the nethods for establishing, nodifying, and superseding
t he
procedures would be set forth in the adm nistrative controls section of
t he
techni cal specifications. The Comr ssion does not intend the changes to
t he
procedures thenselves to be subject to prior NRC review and approval
I nstead, the Conmission intends the licensee to be free to change the
procedures (subject to NRC audit and inspection), as long as the criteria
for
determ ning the adequacy of the procedures are satisfied and the |licensee
conmplies with the nmethodol ogy for changing the procedures.



b. Performance Mnitoring, 0O 50.67(a)(2) of the proposed rule would
require each licensee to establish parameter limts for its plant that
woul d
ensure conpliance with the three safety function linits specified in this
paragraph, nonitor the parameters during shutdown operation, and conply
with
the paranmeter limts. The |licensee need not nonitor the paranmeters and
compl y
wWith the paranmeter limts during those periods when the |licensee has
renoved
all of the fuel fromthe reactor vessel. The safety function limts have
been
sel ected by the Commission in order to ensure the safety functions of
decay
heat renoval, reactor coolant system (RCS) inventory control, and the
pressure
boundary control of the RCS and connected systenms. Sone |icensees may
propose
direct methods of neasuring the paraneters, using either existing or
new y
installed instrunentation. Oher licensees may propose indirect nethods.
Anal ogous to 0O 50.67(a)(1), the paraneters, paraneter limts, and the
nmoni toring requirenents (including the nature and frequency of nonitoring
of
t he paranmeters) must be specified in a |icensee-controlled docunment that
is
identified in (but will not be deened to be
i nt o)
the administrative controls section of technical specifications.

Theref ore,

licensee changes to the paraneters, paraneter linits and nonitoring
requirements in this licensee-controlled docunent do not require prior
NRC

review and approval. However, the criteria and nethod for licensee
sel ection

of the paraneters, paranmeter |lints, and the nature and frequency of
nmoni toring nust be set forth in the adnministrative controls section of
t he

technical specifications. This would provide the necessary assurance and
regul atory control that |icensee changes will be acceptable, while
mexi m zi ng

the licensee's flexibility to quickly make changes during an outage to
respond

to changi ng conditions and circunstances.

i ncorporation by reference”

The Commi ssion regards a failure to conply with the parameter linits
establ i shed for performance nonitoring of paraneters in 0O 50.67(a)(2) as
a
serious matter and intends to revise its enforcenent guidelines to
reflect the
seriousness of such non-conpliance. Any failure to conply with the
par amet er
limts must be reported to the NRCin a licensee event report (LER)
pur suant



to O 50.73(a)(2)(i)(B), which requires an LER for "[a]ny operation or
condition prohibited by the plant's Technical Specifications."
Furt her nore,

if the failure to conply with the paraneter limts results or should have
resulted in an actuation of a nmtigation system the event, along with
its

details, is reportable pursuant to O 50.72(b)(1)(vii) and

50. 73(a) (2) (xi).

Mtigation systemfailure or actuation (by automatic or manual neans)
woul d

still require reports if there were a need for the actuation as evi denced
by

exceeding a paraneter limt established in the adm nistrative controls
section

of the technical specifications.

c. Mtigation Capability, 0O 50.67(a)(3). This provision would
ensure
that a backup capability exists if needed to maintain the reactor in a
safe
condition in the event of the loss of the operating decay heat renoval
system
Thi s paragraph would require each |icensee to propose in the
adm ni strative
controls section of the technical specifications for shutdown operation
criteria and nethods for selecting structures, systens, and conponents to
cover the following three functions after the loss or interruption of the
operating decay heat renmpval path: adequate core cooling (inventory
control),
decay heat rempval, and sufficient protection against the uncontrolled
rel ease
of fission products. Each mtigation capability nust renmain functiona
followi ng the occurrence of an event that could interrupt or degrade the
operating decay heat rempval path. Thus, the decay heat renpval path
el ement
of the mtigation capability would be in addition to the decay heat
renoval
path that is in operation at any tine.

A licensee-controll ed document would contain the outage-specific
details
about which punps, systens, and ot her equipnment will be used to satisfy
t he
mtigation capability during different portions of the outage. The
docunent
must be identified in (but not be "incorporated by reference" into) the
adm ni strative controls section of technical specifications. The
i censee
coul d change the outage-specific details without NRC approval as |long as
t he
approved process specified in the adnm nistrative controls section of the
technical specifications is foll owed.

For decay heat renpval, licensees would be required to provide a



heat

removal path to neet O 50.67(a)(3) in addition to the operating decay
heat

removal path. The availability of both trains of nornal decay heat
renoval

(or residual heat renmpval as it is sonmetinmes referred to) would satisfy
t he

requi rement for both an operating and an additional decay heat renpval
pat h.

The Commi ssi on expects licensees to propose criteria such that:

(1) The selected path for the decay heat renpval systemw || have support
systems, onsite power, and cooling water available for a path to the
ultimte

heat sink; or

(2) A passive capability of such capacity that a sufficient [ength of
time is
avail able to reestablish a decay heat renoval path before exceeding the
safety
function linmts specified in the rule.

For adequate core cooling, licensees would be required
to provide a nmeans
for maintaining the fuel cladding in a wetted condition followi ng a core
uncovery event, and nmmintaining the reactor in a subcritical condition.
The
Comni ssion expects |icensees to propose such criteria in the
adm ni strative
controls section of their technical specifications that the selected path
woul d be a subsystem of the safety injection or emergency core cooling

system
and woul d be designed to withstand the safe-shutdown earthquake, thus
protecting the reactor fromseismc events. 1In order to neet the

Commi ssion's

expectations, the non-passive equipnment in the selected path should be
conmpri sed of structures, systems, and components in addition to those
used for

the decay heat renoval paths. |In order for a safety injection or
emer gency

core cooling systemto be functional, the |licensee shall ensure that
support

systenms are functional

In addition to decay heat renmoval and inventory control, |icensees
shal |
provi de sufficient protection against the uncontrolled release of fission
products. During different portions of an outage, this could be
acconpl i shed
with either an intact full-pressure primary contai nment or a
ri sk- conmpar abl e
alternative mtigation capability. For purposes of this rul enaking, the
Commi ssion defines an intact contai nment as one in which:

(1) The personnel hatch is capable of being readily closed;



(2) Al other containnment penetrations are closed with a single barrier
or are
capabl e of being renote-mnual closed fromthe control room and

(3) The differential pressure capability is conparable to that of an
i ntegral
cont ai nent .

Confirmation of |eak rate characteristics does not apply. Mst BWRs do
not
have such a contai nment during refueling operations and, as a practical

matter, PWRs will at tines have their contai nnent open or of reduced
capability during portions of an outage. Consequently, |icensees are
required

to propose criteria for inclusion in the adm nistrative controls section
of

their technical specifications for the selection of alternatives to an

i ntact

primary contai nnment. The Conm ssion does not expect |icensees to perform
shut down probabilistic risk assessnents (PRAs). However, the Conm ssion
expects licensees to develop criteria based upon risk insights that
account

for factors such as independence, diversity, ongoing work activities and
pl ant

state, and the defense-in-depth aspect of mitigation ordinarily provided
by a

cont ai nent .

The licensee need not nmaintain available the mtigation capability to

provi de

adequat e core cooling, decay heat renoval, and sufficient protection
agai nst

the uncontrolled rel ease of fission products as required by paragraph
(a)(3)

of the proposed rule during those periods when the |icensee has renoved
all of
the fuel fromthe reactor vessel

d. Fire Protection, 0O 50.67(a)(4). This provision would require
licensees to nminimze the frequency of fires during shutdown operation
and
their potential consequences in those areas in which a fire could inpair
t he
decay heat rempval systemin operation. Thus, the Comm ssion expects
licensees to control conbustible naterials used during an outage, contro
interruption of fire barriers, and control potential sources of ignition
in
all areas in which fire could inpair the decay heat renoval function.

Li censees would also be required to limt the levels of fire damge by
pronptly detecting, controlling, and extinguishing fires, and to devel op
and

i mpl ement contingency plans for maintaining the fuel cladding wetted and
for



restoring a heat renmoval path in the event of a fire in those areas that
interrupts or degrades heat renpval to an ultimte heat sink. Sone

i censees

may find it necessary to install fire protection equi pment for use in

ar eas

essential for renoving decay heat or for adding water to the vessel. The
reason for this fire protection provision is that the potentially short
tinme

to core damage would meke it difficult to restore a fire-danaged system
to

service. The reason for the requirenment to have contingency plans is
based on

the need to have a reliable source of water readily available to maintain
t he

wetted fuel cladding. Licensees may need to have the reactor sunp

avail abl e

or to replenish the tank used for safety injection. As with the
precedi ng

provi sions, the |licensee would al so be required to ensure the

avail ability of

support systems, including enmergency onsite power sources for the safety
injection or enmergency core cooling systemused for this function.

Lastly,

this provision would also require |icensees to describe these neasures in
their fire protection plan. However, licensees need not actually

i mpl enment

the shutdown fire protection neasures described in the plan for those
peri ods

when the |licensee has renoved all of the fuel fromthe reactor vessel

2. Fuel Storage Pool Operation, 0O 50.67(b). This provision would
require hol ders of operating licenses and conbined |icenses for a
i ght-water
reactor nucl ear power plant, and |icenses authorizing storage or novement
of
fuel in a fuel storage pool at a light-water reactor nuclear power plant
to
docunent their design basis for fuel storage pool operation. This
provi sion
woul d not be applicable to commercial nuclear power plants that have been
permanently shut down with fuel transferred to a storage facility other
t han
the fuel storage pool, the refueling cavity, or connected water-filled
cavities. Licensees would be required to describe in the UFSAR the
assunptions and paraneter values used in safety anal yses perforned by the
licensee as reference bounds for the design to denonstrate adequate decay
heat
removal for the fuel storage pool and to translate these assunptions and
paranmeter values into operational limts in appropriate procedures.

3. Inplenentation. O 50.67(c) would require |icensees to devel op
and
submit for NRC review and approval a nodification of the adnministrative
controls section of the technical specifications required by paragraph



(a),

"Shut down Operation Procedures,” within 6 nonths after a final rule is
publ i shed. Model technical specifications are included as an appendix in
t he

regul atory guide associated with this rule. [0 50.67(c)(2) would require
t he

fire protection plan required by [ 50.48 to be updated by describing the
various positions within the licensee's organi zation that are responsible
for

complying with O 50.67(a)(4), of this section, the authorities that are
del egated to each of these positions to inplenment these responsibilities,
and

the specific features necessary for conplying with 0O 50.67(a)(4). This
docunentation is intended to be sufficiently detailed to be enforceable
and

i nspectable. [0 50.67(c)(3) would require licensees to update their final
safety analysis report (FSAR) to reflect the requirenents of 0O 50.67(b)
in the

first schedul ed FSAR update cycle that begins 6 nonths after the rule is
published in final form 0O 50.67(c)(4) would require licensees to revise
t he

procedures for fuel pool storage within 12 nonths after the rule is
publ i shed

in final form

4. Definitions, O 50.2. This provision would define "shutdown
operation” consistent with the node definitions found in individual plant
techni cal specifications.

5. Maintenance Rule, 0O 50.65(b)(2)(iv). This provision would
require
non-safety-related structures, systens, and conponents necessary for
conmpliance with O 50.67 to be covered by the nmonitoring program of the
maei ntenance rule. Safety-related structures, systens, and conponents
necessary for conpliance with 0O 50.67 are already covered by the
mai nt enance
rule.

6. FSAR Rule, 0O 50.34(b). This paragraph would clarify that future
applications for operating licenses and conbined |icenses nust include
t he
desi gn assunptions and paranmeters used as reference bounds for design to

denmonstrat e adequat e decay heat renoval for the fuel storage pool. The
Comni ssion believes that an explicit requirenent to include the fue

st orage

pool design assunptions and paranmeters in the FSAR will end any anbiguity
with

respect to the necessity for inclusion of such information in the FSAR
pursuant to 0 50. 34.

7. |Imediate Notification Requirement, 0O 50.72(b)(1)(vii), and
Li censee
Event Report System [ 50.73(a)(2)(xi). These provisions would require
t he 1-



hour reports via the enmergency notification systemand |icensee event
reports.

Real actuations of a shutdown nitigation system failures of a mtigation
systemto respond, and failures to actuate a mtigation system manually
when

it should have been manually actuated would all be reportable.

8. License Renewal, 0 54.4(a)(3). This provision would reflect a
change
in scope consistent with O 50.67 so that non-safety related structures,
systenms, and conponents necessary for conpliance with 0O 50.67 woul d be
i ncluded within the scope of the license renewal rule. Safety related
structures, systens, and conponents necessary for conpliance with 0O 50.67
are
already within the scope of license renewal in accordance with 0O
54.4(a)(1).

VI. Conments on the 1994 Proposed Rul e

The period for conmenting on the 1994 proposed rule closed on
February 3,
1995. There were 1023 conments received from49 different comrenters.
Comrents were received on the proposed rule, the regulatory analysis, and
t he
regul atory guide. Al comments were considered in formulating the
revi sed
proposed rule, regulatory analyses, and regul atory gui de.

The 49 sources of comrent consisted of two licensed operators, five
utility owners' groups, 39 utilities, the Nuclear Energy Institute (NEl),
Engi neering Pl anni ng and Managenent, Inc., and one public interest group.
The
five utility owners' groups were the Conbustion Engi neeri ng Omers G oup
(CEOCQ), the Boiling Water Reactor Omers G oup (BWROG, the Westinghouse
Owers G oup (WG, the Babcock and WIcox Owers Group (BWOG, and the
Nucl ear Utility Backfitting and Reform Group (NUBARG, which was
represent ed
by Wnston and Strawn.

Anmong the 1023 conments were the following four letters received
bef ore
the proposed rule was published: (1) letter from Thomas E. Tipton
(NUMARC) to
WIilliamT. Russell (NRC), dated January 11, 1994; (2) letter from
Raynond
Burski (CEOG to WIlliam T. Russell (NRC), dated April 8, 1994; (3)
letter
fromWIlliamH Rasin (NEI) to Edward L. Jordan (NRC), dated March 28,
1994;
and (4) letter fromWIIliamBray (NElI) to Chairman Ivan Selin (NRC),
dat ed May
25, 1994. Several of the comments on the prepublication rule were
reiterated
by the same comenters in separate letters after the initial proposed



rul e was
i ssued.

About 379 conments addressed the regulatory analysis. There were 82
comrents that addressed the regulatory guide. Mst conmenters stated
t hat
there was no need for the proposed rul e because no consideration had been
given to significant industry changes to inprove safety. Many comenters
stated that the regulatory analysis was based on outdated i nformation and
cont ai ned assunptions that did not accurately portray ri sk,
i npl enent ati on
cost, or safety benefit. Many commenters al so stated that the regul atory
gui de was a restatenent of the proposed rule and did not contain
sufficient
gui dance or clarification.

In response to the public comrents, the staff rewote the 1994
pr oposed
rule, the associated regulatory guide, and the regulatory analysis to
nor e
clearly reflect NRC regulatory requirenents and to provide nore
flexibility to
licensees in neeting these requirenments (i.e., a rule with sone
per f or mance
el ements). Because of the substantial revision to the 1994 proposed rul e
and
because the revised proposed rule is being reissued for public coment,
t he
Comni ssion has determ ned that a detailed analysis of the public coments
and
responses to the comrents on the 1994 proposed rule would not be useful

VII. Request for Public Conments

Comments on the revised proposed rule, the draft regul atory guide,
and
the regulatory analysis nay be subnmitted to the Secretary, U.S. Nucl ear
Regul atory Commi ssi on, Washi ngton, DC 20555-0001, Attention: Docketing
and
Service Branch. Please refer to the next section, "Availability of
Docunents,” for information on obtaining copies of these docunments. In
addi ti on, the Conm ssion requests public cormments on the foll ow ng
i ssues:

I ssue 1. The Commi ssion has devel oped the requirenents in O 50.67(a)(3)
based

upon its understanding of the designs for representative boiling-water
react or

(BWR) and pressurized-water reactor (PWR) plants. However, there nmay be
specific plants whose approved designs are such that conpliance with the
requirements of 0O 50.67(a)(3) may represent a substantial cost, or may be
impractical. For exanple, some plants do not have contai nnents during
shut down and may need to take credit for an alternative neans of

achi evi ng



conparabl e | evels of safety. Licensees whose plants have been |icensed
with

pl ant designs that would require substantial nodification to conply with
t he

requirements of 0O 50.67(a)(3) of the proposed rule, or for which
conpl i ance

woul d be inpractical, are asked to identify their design bases with a
conci se

expl anati on of why conpliance with the requirenents of O 50.67(a)(3)
woul d be

i mpractical or would otherwise result in inordinate costs. 1In this
regard,

licensees are also asked to present alternatives that achieve the sane
| evel

of risk reduction.

Issue 2. The Commission is interested in detailed comrents relating to
t he

cost, operational burden, and safety benefit to be derived fromthe

pr oposed

rule. Coments that discuss alternative approaches to achieving safety
with

the | east burden are desired.

Issue 3. The Commission is interested in obtaining additional

i nformati on on

the risk of shutdown and | ow power operation and insights on whether the
Comni ssion should engage in a nore detailed quantitative exam nation of
risk

duri ng shutdown and | ow power operation at representative nucl ear power
plants. Wuld such a study be warranted in order to specify linits on
t he

tol erabl e durations of plant configurations that pose very high risks?
How

could the rule be structured to better reflect the risk insights and
strategies commonly used to devel op software tools now in use by the

i ndustry

for outage planning, such as the Electric Power Research Institutes's
ORAM

(Qut age Ri sk Assessment and Managemnent).

Issue 4. The Commission is interested in determ ning how |licensees could
best

structure the adnministrative controls section of their technica
specifications to achieve the objectives of the rul enaking. Should the
technical specifications required by this rul emaking be placed in a
separate

section of plant technical specifications that addresses only shutdown
oper ati on?

VIIlT. Availability of Docunents

Copi es of NRC docunents, including the regulatory guide and
regul atory



anal ysis, are available for public inspection and copying for a fee at
t he NRC

Publ i ¢ Docunment Room (PDR) at 2120 L Street, NW (Lower Level),
Washi ngt on, DC

20037.

Copi es of NRC reports in the NUREG series may be
purchased fromthe
Superi ntendent of Docunents, U S. Government Printing Ofice, by calling
202-
275-2060 or by witing to the Superintendent of Docunents, U S
CGover nment
Printing Ofice, Mail Stop SSOP, Washington, DC 20402-9328. Copies are
al so
avail able fromthe National Technical Information Service, 5825 Port
Royal
Road, Springfield, VA 22161.

Copi es of the regulatory analysis and of the proposed regul atory
gui de
are available fromthe Superintendent of Documents. Prospective
comrent er s
may al so request single copies fromM. Kulin Desai, Reactor Systens
Engi neer,
React or Systens Branch, Division of Systens Safety and Analysis, Ofice
of
Nucl ear Reactor Regul ation, Miil Stop O 8E23, U. S. Nucl ear Regul atory
Comni ssi on, Washi ngton, DC 20555-0001, Tel ephone: 301-415-2835; e-nail
KDD@nr c. gov.

I X. El ectroni ¢ Access

Coments may be submtted electronically, in either ASCI I text or
Word
Perfect format (version 5.1), by calling the NRC Electronic Bulletin
Board on
Fedworld. The bulletin board nay be accessed using a personal conputer
a
nodem and one of the comronly avail abl e conmuni cati ons software
packages, or
directly via Internet. Sone of the docunments related to this rul enaking
are
al so avail abl e for downl oading and viewi ng on the bulletin board.

If using a personal conputer and nodem the NRC subsystem on
FedWorl d can
be accessed directly by dialing the toll-free nunber: 1-800-303-9672.
Comruni cati ons software paraneters should be set as follows: parity to
none,
data bits to 8, and stop bits to 1 (N, 8,1). Using ANSI or VT-100
term nal
enmul ati on, the NRC rul emeki ng subsystens can then be accessed by
sel ecting the
"Rul es Menu" option fromthe "NRC Main Menu." For further information



about

options available for NRC at Fedwsrld, consult the "Hel p/Information
Center"

fromthe "NRC Main Menu." Users will find the "FedWwrld Online User's
Gui des”

particularly hel pful. Many NRC subsystens and dat abases al so have a
"Hel p/ I nfornmation Center” option that is tailored to the particul ar
subsystem

The NRC subsystem on FedWorld can al so be accessed by a direct-dial
phone
nunber for the main FedWbrld BBS: 703-321-8020; Telnet via Internet:
fedworl d. gov (192.239.93.3); File Transfer Protocol (FTP) via
Internet:ftp:fedworld.gov (192.239.92.205); and Wrld Wde Web using:
http://ww. fedworl d.gov (this is the Uniform Resource Locator (URL)).

If using a nmethod other than the toll-free nunber to contact
FedWor | d,
access the NRC subsystem fromthe main FedWsrld nmenu by selecting "F "
Regul atory, Governnent Adnministration and State Systens,"” then sel ecting
IIAII
Regul atory Information Mall." At that point, a menu will be displayed
t hat
has an option "A - U S. Nucl ear Regulatory Conm ssion" that will take you
to
the NRC Online Main Menu. You can also go directly to the NRC Online
area by
typing "/go nrc" at a Fedwrld command line. |If you access NRC from
Fedworld's Main Menu, then you may return to FedWsrld by selecting the
"Return
to FedWorl d" option fromthe NRC Online Main Menu. However, if you
access NRC
at Fedworld by using NRC s toll-free nunber, then you will have ful
access to
all NRC systenms, but you will not have access to the main FedWrl d
system
For nore information on NRC bulletin boards, call M. Arthur Davis,
O fice of
I nfornmati on Resources Managenent, Systens Devel opnment and I ntegration
Branch,
U.S. Nucl ear Regul atory Conmmi ssion, Tel ephone: 301-415-5780; e-nuil:
AXD3@r c. gov.

X. Crimnal Penalties

For purposes of Section 223 of the Atonic Energy Act of 1954, as
anended
(AEA), the Conmi ssion proposes to issue the proposed rul e under one or
nor e of
sections 161b, 161i, or 1610 of the AEA. WIIful violations of the
proposed
rule are subject to crinminal enforcenent.

XlI. Finding of No Significant Environnmental |npact



The Conmmi ssion has deterni ned under the National Environnental
Policy Act
of 1969, as anmended, and the Conm ssion's regulations in Subpart A of 10
CFR
Part 51, that this proposed rule, if adopted, will not have a significant
i npact on the environnment. The actions resulting fromthis proposed
rule, if
adopt ed, woul d reduce the core-damage frequency and risks during shutdown
operation. Therefore, the Comm ssion concludes that there will be no
significant inmpact on the environment fromthis proposed rule. This
di scussion constitutes the environnental assessment and finding of no
significant inmpact for this proposed rule.

XI'l. Paperwork Reduction Act Statenent

This proposed rule anends information collection requirenments that
are
subject to the Paperwork Reduction Act of 1995 (44 U . S.C. 3501 et seq.).
Thi s
rul e has been submitted to the Ofice of Managenment and Budget (OwVB) for
review and approval of the information collection requirements.

The public reporting burden for this collection of information is
estimted to average 3000 hours per response, including the time for
revi ewi ng
i nstructions, searching existing data sources, gathering and nmintaining
t he
data needed, and conpleting and reviewi ng the collection of information.
The
U.S. Nucl ear Regul atory Comm ssion is seeking public comment on the
potenti al
i npact of the collection of infornmation contained in the proposed rule
and on
the follow ng issues:

1. Is the proposed collection of information necessary for the proper
performance of the functions of the NRC, including whether the
information will have practical utility?

2. Is the estimte of burden accurate?

3. Is there a way to enhance the quality, utility, and clarity of the

information to be coll ected?

4, How can the burden of the collection of information be mnim zed,
i ncludi ng the use of automated collection techni ques?

Send comments on any aspect of this proposed collection of
i nformati on,
i ncl udi ng suggestions for reducing the burden, to the Information and
Recor ds
Managenment Branch (T-6F33), O fice of Information Resources Managenent,
u.sS.



Nucl ear Regul at ory Commi ssi on, Washi ngton, DC 20555-0001, or by the

I nt er net

el ectronic nmail at BJS1@rc.gov; and to the Desk Oficer, Ofice of

I nformati on and Regul atory Affairs, NEOB-10202 (3150-0011), O fice of
Managenent and Budget, WAshington, DC 205083.

Conments to OMB on the collections of information or on the
precedi ng
i ssues should be subnmitted by [insert date 30 days after publication in
t he
Federal Register]. Comments received after this date will be considered
if it
is practical to do so, but assurance of consideration cannot be given to
comments received after this date.

Public Protection Notification

The NRC may not conduct or sponsor, and a person is not required to
respond to, a collection of information unless it displays a currently
valid
OVB control nunber.

XIll. Regulatory Analysis

The NRC has prepared a regulatory analysis for this rule that
exam nes
the costs and benefits of the rule and alternatives consi dered:
"Regul atory
Anal ysis for the Proposed O 50. 67 [OShutdown and Fuel Storage Pool
Operation at
Nucl ear Power Plants{, " United States Nucl ear Regul atory Commr ssion, July
24,
1997.

The proposed rul es general requirenents for shutdown operation are
gquantitatively analyzed in the nain section of the regul atory anal ysis.
The
requi rements applicable to fuel storage pool operation and for fire
protection
during shutdown are qualitatively analyzed in Appendi x A and Appendi x B,
respectively. The regulatory analysis for the general shutdown
oper ati ons
requi rements establishes that shutdown operation is inportant and that
t he
proposed rule would significantly reduce risk to public health and
safety, and
it will acconmplish this in a cost-beneficial nmanner, as evidenced by the
| ar ge
net values for both PWRs and BWRs.

The regul atory analysis for the fuel storage pool concludes that the
proposed requirenents would result in a substantial increase in
protection to
public health and safety due to inproved enforceability and
i nspectability of



t he design basis for the fuel storage pool, assum ng that fuel storage
pool

operating procedures are consistent with design paraneters and
assunptions.

The regulatory analysis for the fire protection requirenments during
shut down operation concludes that the proposed fire protection
requirements
would result in a substantial decrease in risk due to fires during
shut down
operations and that the cost of inplenentation of about $1 mIlion per
pl ant
woul d be justified in Iight of the substantial increase in protection.
Copi es
of the regulatory analysis are available as stated in Section VIII
"Availability of Docunents."”

XI'V. Regulatory Flexibility Certification

In accordance with the Regulatory Flexibility Act of 1980 (5 U S.C
605(b)), the Commi ssion certifies that this proposed rule, if
pronul gat ed,
wi Il not have a significant econom c inpact on a substantial nunber of
smal |
entities. This proposed rule would affect only the licensing and
oper ati on of
nucl ear power plants. The conpanies that own these plants do not fall
wi thin
the scope of the definition of "small entities" as specified in the
Regul at ory
Flexibility Act or the Small Business Size Standards in regul ations
i ssued by
the Smal |l Business Administration at 13 CFR Part 121.

XV. Backfit Analysis

The Commi ssion's backfit analysis for this rulenaking is found in
Section
1.4 of the regulatory analysis and Section 2.0 of 10 CFR Part 50,
Appendi x A
Refer to Section VIII, "Availability of Docunments," of this notice for
i nformati on on obtaining copies of these docunents. The backfit analysis
concludes that the proposed rule's would result in a substantial increase
in
protection to public health and safety and that the associated costs are
justified in light of this increased protection.

Li st of Subjects
10 CFR Part 50
Antitrust, Classified information, Crimnal penalties,

I nt ergover nrrent al
relati ons, Nuclear power plants and reactors, Radiation protection,



React or
siting criteria, Reporting and recordkeepi ng requirenents.

10 CFR Part 54

Admini strative practice and procedure, Age-rel ated degradati on,
Backfitting, Classified information, Crimnal penalties, Environnmenta
protection, Incorporation by reference, Nuclear power plants and
reactors,

Reporting and record keeping requirenments.

For the reasons given in this statenent of consideration and under
t he
authority of the Atom c Energy Act of 1954, as amended; the Energy
Reor gani zation Act of 1974, as anended; and 5 U.S.C. 553; the NRCis
pr oposi ng
to adopt the follow ng anendnents to 10 CFR Parts 50 and 54.

PART 50 " DOMESTI C LI CENSI NG OF PRODUCTI ON AND UTI LI ZATI ON FACI LI TI ES
1. The authority citation for Part 50 continues to read as foll ows:

AUTHORI TY: Secs. 102, 103, 104, 105, 161, 182, 183, 186, 189, 68
Sggf.937, 938, 948, 953, 954, 955, 956, as anended, Sec. 234, 83 Stat.
;§4ghended (42 U.S. C 2132, 2133, 2134, 2135, 2201, 2232, 2233, 2236,
ggggi; Secs. 201, as amended, 202, 206, 88 Stat. 1242, as amended, 1244,
%EQGU.S.C. 5841, 5842, 5846), E. O 12829, 3 CFR, 1993 Conp., p. 570; E. O
ég??S, as amended, 3 CFR, Comp., p.333; E. O 12968, 3 CFR, 1995 Conp., p.

Sec. 50.7 also issued under Pub. L. 95-601, Sec. 10, 92 Stat. 2951
Ziended by Pub. L. 102-486, Sec. 2902, 106 Stat 3123 (42 U.S.C. 5851).
gg?io al so i ssued under Secs. 101, 185, 68 Stat. 936, 955, as anmended (42
U S C 2131, 2235); Sec. 102, Pub. L. 91-190, 83 Stat. 853 (42 U S.C
éggg?'SO.ls, 50. 54(dd), and 50. 103 al so i ssued under Sec. 108, 68 Stat.
2ggénended (42 U.S. C. 2138). Secs. 50.23. 50.35, 50.55, and 50.56 al so
Lizgdeec. 185, 68 Stat. 955 (42 U.S.C. 2235). Secs. 50.33a, 50.55a and
Appendi x Q al so i ssued under Sec. 102, Pub. L. 91-190, 83 Stat. 853 (42
2'33?'2)9 Secs. 50.34 and 50.54 also issued under Sec. 204, 88 Stat. 1245
b%é.c. 5844). Secs. 50.58, 50.91, and 50.92 al so issued under Pub. L.
éé_éggi. 2073 (42 U.S.C. 2239). Sec. 50.78 also issued under Sec. 122,



Stat. 939 (42 U. S.C. 2152). Secs. 50.80-50.81 also issued under Sec.
184, 68

Stat. 954, as anmended (42 U.S. C. 2234). Appendix F also issued under
Sec.

187, 68 Stat. 955 (42 U. S.C. 2237).

2. In O 50.8, paragraph (b) is revised to read as foll ows:

0 50.8 Information collection requirenents: OVB approval

*kk* *

(b) The approved infornmation collection requirenents contained in this
part
appear in 0O 50.30, 50.33, 50.33a, 50.34, 50.34a, 50.35, 50.36, 50.36a,
50. 36b, 50.44, 50.46, 50.47, 50.48, 50.49, 50.54, 50.55, 50.55a, 50.59,
50. 60,
50. 61, 50.62, 50.63, 50.64, 50.65, 50.66, 50.67, 50.71, 50.72, 50.73,
50. 74,
50. 75, 50.80, 50.82, 50.90, 50.91, 50.120 and appendices A, B, E, G H,
I, J,
K, M N O Q R and Sto this part.

*xk**x %
3. Section 50.2 is revised by adding in al phabetical order the
definition
for Shutdown operation as foll ows:

0 50.2 Definition

*xk**x %
Shut down operati on neans the reactor coolant system (RCS) is in Cold
Shut down
or Refueling (as defined in a plantls technical specifications) and one
or
nore fuel assenblies are located in the reactor vessel or in the

refueling

cavity. Shutdown operation is a part of normal operation
*xk**x %

4. Section 50.34 is revised to read as foll ows:

0 50.34 Contents of applications; technical information
*kkk k%
(b) * kK
(12) The assunptions and paraneter values used in safety anal yses
required by
0 50.67(b) as reference bounds for design to denonstrate adequate decay
heat
removal for the fuel storage pool

*kk* *

5. Section 50.65(b) is revised to insert a new subparagraph (b)(2)(iv)
as

foll ows:

0 50.65 Requirenments for nmonitoring the effectiveness of maintenance a
nucl ear power plants.



*kk* *

b * k%
Ezg * k%
(iv) necessary for conpliance with O 50.67 of this part.
*xk**x %
6. A new [0 50.67 is added to read as foll ows:

0 50. 67 Shut down and Fuel Storage Pool Operations at Nucl ear Power
Pl ant s

(a) Shutdown Operations. Holders of operating licenses and combi ned
licenses for a light-water reactor nucl ear power plant, except those
FLZPtﬁave been pernanently shut down with fuel permanently renoved from
iggctor vessel, shall conply with the follow ng requirenents except when
?LLI has been transferred out of the reactor vessel:

(1) Shutdown QOperation Procedures. Licensees shall establish and
i mpl ement procedures (including procedures for training, and quality
assurance
and corrective action neasures) for the activities for conplying with the
requi rements of paragraph (a) of this section. Except for those
procedures
necessary for conplying with paragraph (a)(4) of this section, the
criteria
for determ ning the adequacy of the procedures and the method for
establishing, nodifying, and superseding the procedures nust be descri bed
in
the administrative controls section of technical specifications.

(2) Performance Monitoring.

(i) Licensees shall establish, nonitor, and conply with paramneter
[imts
duri ng shutdown operation. The paraneter limts nust ensure conpliance
with
the following safety function linits:

(A) Decay heat renoval such that the water tenperature above the
react or
core is less than the saturation tenperature.

(B) Reactor Coolant System (RCS) inventory control such that the RCS
water level is sufficient for reliable operation of the normal means of
decay
heat renpval

(C RCS and connected systens pressure control such that the design
pressure and Low Tenperature Overpressure Protection (LTOP) settings are
not
exceeded.



(ii) The paraneters, paranmeter linmts, and nonitoring requirenents
(including the nature and frequency of nmonitoring) nust be identified and
described in a licensee-controlled docunent that is identified in the
adm ni strative controls section of the technical specifications. The
criteria
and nethod for licensee selection of the paranmeters, the paraneter
limts, and
the nature and frequency of nonitoring nust be described in the
adm ni strative
controls section of technical specifications.

(3) Mtigation Capability. Licensees shall maintain available a
mtigation capability to provide adequate core cooling, decay heat
renoval
and sufficient protection against the uncontrolled rel ease of fission
products
following the loss or interruption of decay heat rempval during shutdown
operation. The structures, systens, and conponents for conplying with
this
section nmust be identified in a licensee-controlled docunent that is
identified in the administrative controls section of the technica
specifications. The criteria and nmethod for |icensee selection of the
structures, systens, and conponents necessary for conplying with this
section
nmust be described in the adm nistrative controls section of technica
speci fications.

(4) Fire Protection.
(i) Licensees shall
(A) Mninmze the frequency of fires during shutdown operation

(B) Maintain the decay heat rempval function free of fire damage or
[imt
the levels of fire damage by pronptly detecting, controlling, and
extinguishing fires that do occur, and

(C) Devel op and inplenent a contingency plan for maintaining
adequat e
core cooling and in a tinely fashion restoring decay heat renoval in the
event
of a fire in those areas that interrupts or degrades heat renoval to an
ultimte heat sink.

(ii) The provisions necessary for conplying with this paragraph
(including the contingency plan) nust be described in the fire protection
pl an
required by 10 CFR 50. 48.

(b) Fuel Storage Pool Operation. Holders of Iicenses authorizing
st orage
or moverent of fuel in a fuel storage pool refueling cavity or connected



water-filled cavity at a |ight-water reactor nuclear power plant shal
describe in the updated final safety analysis report the assunptions and
paraneter values used in safety analyses performed by the |icensee as
reference bounds for design to denpnstrate adequate decay heat renpva

for the

fuel storage pool and ensure that the procedures for the fuel storage
pool

contain operational limts that incorporate the assunpti ons and paraneter
values in the updated final safety analysis report.

(c) Inmplenmentation. Each licensee shall

(1) Develop and submit for NRC review and approval technica
specifications required by paragraph (a) of this section by [INSERT
EFFECTI VE
DATE OF FINAL RULE PLUS 6 MONTHS];

(2) Update the fire protection plan required by O 50.48 of this
part by
[ NSERT EFFECTI VE DATE OF FI NAL RULE PLUS 12 MONTHS] by describing the
vari ous
positions within the |icensee's organi zation that are responsible for
compl ying with paragraph (a)(4) of this section, the authorities that are
del egated to each of these positions to inplenment these responsibilities,
and
the specific features necessary for conplying with paragraph (a)(4); and

(3) Revise their updated final safety analysis report as required
by
paragraph (b) of this section at the next schedul ed revision follow ng
[ I NSERT
EFFECTI VE DATE OF FI NAL RULE PLUS 6 MONTHS];

(4) Revise the procedures for the fuel storage pool as
required by
paragraph (b) of this section by [INSERT EFFECTI VE DATE OF FI NAL RULE
PLUS 12

MONTHS] .

*xk**x %
7. Section 50.72 is revised to insert a new subparagraph (b)(1)(vii) as
foll ows:

0 50.72 I'mredi ate notification requirenents for operating nucl ear powe
reactors.
*xk**x %

b * k%

Elg * k%

(vii) Any event that results or should have resulted in the actuation of
t he

mtigation capability required by O 50.67(a)(3).

*kk* *

8. Section 50.73 is revised to insert a new subparagraph (a)(2)(xi) as
foll ows:



0 50. 73 Licensee event report system

(a) * k%

(2) * k%

(xi) Any event that results or should have resulted in the actuation of
t he

mtigation capability required by O 50.67(a)(3).

*kk* *

PART 54 -- REQUI REMENTS FOR RENEWAL OF OPERATI NG LI CENSES FOR NUCLEAR
PONER PLANTS

9. The authority citation for Part 54 continues to read as foll ows:

AUTHORI TY: Secs. 102, 103, 104, 161, 181, 182, 183, 186, 189,
68 Stat. 936, 937, 938, 948, 953, 954, 955, as anended, sec. 234,
83 Stat. 1244, as amended (42 U.S.C. 2132, 2133, 2134, 2135, 2201,
2232, 2233, 2236, 2239, 2282); secs 201, 202, 206, 88 Stat. 1242,
1244, as anended (42 U.S.C. 5841, 5842), E.O 12829, 3 CFR 1993 Comp., p.
570;
E. O 12958, as anmended, 3 CFR, 1995 Conp., p. 333; E.O 12968, 3 CFR
1995
Conp., p. 391.

10. Section 54.4 is revised to read as foll ows:

0 54. 4 Scope

(a) * k%

(3) Al systenms, structures, and conponents relied on in safety anal yses
or

pl ant evaluations to performa function that denpnstrates conpliance with
t he

Commission's regulations for fire protection (10 CFR 50.48),

envi r onment al

qualification (10 CFR 50.49), pressurized thernmal shock (10 CFR 50.61),
anticipated transients w thout scram (10 CFR 50.62), station blackout (10
CFR

50. 63), and shutdown and fuel storage pool operations (10 CFR 50.67).

* % * * *

Dated at Rockville, Maryland, this __ th day of Septenber 1997.

For the Nucl ear Regul atory Conmi ssi on.

John C. Hoyl e,

Secretary of the Conm ssion.



O 0 50. 67
Shut down and Fuel Storage Pool Operations at Nucl ear Power
Pl ant s

1. A new [0 50.67 is added to read as foll ows:

0 50. 67 Shut down and Fuel Storage Pool Operations at Nucl ear Power
Pl ant s

(a) Shutdown Operations. Holders of operating licenses and combi ned
licenses for a light-water reactor nucl ear power plant, except those
FLZPtﬁave been pernanently shut down with fuel permanently renoved from
iggctor vessel, shall conply with the follow ng requirenents except when
?LLI has been transferred out of the reactor vessel:

(1) Shutdown QOperation Procedures. Licensees shall establish and
i mpl ement procedures (including procedures for training, and quality
assurance
and corrective action neasures) for the activities for conplying with the
requi rements of paragraph (a) of this section. Except for those
procedures
necessary for conplying with paragraph (a)(4) of this section, the
criteria
for determ ning the adequacy of the procedures and the method for
establishing, nodifying, and superseding the procedures nust be descri bed
in
the administrative controls section of technical specifications.

(2) Performance Monitoring.

(i) Licensees shall establish, nonitor, and conply with paramneter
[imts
duri ng shutdown operation. The paraneter limts nust ensure conpliance
with
the following safety function linits:

(A) Decay heat renoval such that the water tenperature above the
react or
core is less than the saturation tenperature.

(B) Reactor Coolant System (RCS) inventory control such that the RCS
water level is sufficient for reliable operation of the normal means of
decay
heat renpval

(C RCS and connected systens pressure control such that the design
pressure and Low Tenperature Overpressure Protection (LTOP) settings are
not
exceeded.

(ii) The paraneters, paranmeter linmts, and nonitoring requirenents



(including the nature and frequency of nmonitoring) nust be identified and
described in a licensee-controlled docunent that is identified in the
adm ni strative controls section of the technical specifications. The
criteria

and nethod for licensee selection of the paranmeters, the paraneter
limts, and

the nature and frequency of nonitoring nust be described in the

adm ni strative

controls section of technical specifications.

(3) Mtigation Capability. Licensees shall maintain available a
mtigation capability to provide adequate core cooling, decay heat
renoval
and sufficient protection against the uncontrolled rel ease of fission
products
following the loss or interruption of decay heat rempval during shutdown
operation. The structures, systens, and conponents for conplying with
this
section nmust be identified in a licensee-controlled docunent that is
identified in the administrative controls section of the technica
specifications. The criteria and nmethod for |icensee selection of the
structures, systens, and conponents necessary for conplying with this
section
nmust be described in the adm nistrative controls section of technica
speci fications.

(4) Fire Protection.
(i) Licensees shall
(A) Mninmze the frequency of fires during shutdown operation

(B) Maintain the decay heat rempval function free of fire damage or
[imt
the levels of fire damage by pronptly detecting, controlling, and
extinguishing fires that do occur, and

(C) Devel op and inplenent a contingency plan for maintaining
adequat e
core cooling and in a tinely fashion restoring decay heat renoval in the
event
of a fire in those areas that interrupts or degrades heat renoval to an
ultimte heat sink.

(ii) The provisions necessary for conplying with this paragraph
(including the contingency plan) nust be described in the fire protection
pl an
required by 10 CFR 50. 48.

(b) Fuel Storage Pool Operation. Holders of Iicenses authorizing
st orage
or moverent of fuel in a fuel storage pool refueling cavity or connected
water-filled cavity at a |ight-water reactor nuclear power plant shal
describe in the updated final safety analysis report the assunptions and



paraneter values used in safety analyses performed by the |icensee as
reference bounds for design to denpnstrate adequate decay heat renpva

for the

fuel storage pool and ensure that the procedures for the fuel storage
pool

contain operational limts that incorporate the assunpti ons and paraneter
values in the updated final safety analysis report.

(c) Inmplenmentation. Each licensee shall

(1) Develop and submit for NRC review and approval technica
specifications required by paragraph (a) of this section by [INSERT
EFFECTI VE
DATE OF FINAL RULE PLUS 6 MONTHS];

(2) Update the fire protection plan required by O 50.48 of this
part by
[ NSERT EFFECTI VE DATE OF FI NAL RULE PLUS 12 MONTHS] by describing the
vari ous
positions within the |icensee's organi zation that are responsible for
compl ying with paragraph (a)(4) of this section, the authorities that are
del egated to each of these positions to inplenment these responsibilities,
and
the specific features necessary for conplying with paragraph (a)(4); and

(3) Revise their updated final safety analysis report as required
by
paragraph (b) of this section at the next schedul ed revision follow ng
[ I NSERT
EFFECTI VE DATE OF FI NAL RULE PLUS 6 MONTHS];

(4) Revise the procedures for the fuel storage pool as
required by
paragraph (b) of this section by [INSERT EFFECTI VE DATE OF FI NAL RULE
PLUS 12
MONTHS] .

CONFORM NG CHANGES TO OTHER REGULATI ONS

2. Section 50.2 is revised by adding in al phabetical order the
definition
for Shutdown operation as foll ows:

0 50.2 Definition

*xk**x %
Shut down operation neans the reactor coolant system (RCS) is in Cold
Shut down
or Refueling (as defined in a plantls technical specifications) and one
or
nore fuel assenblies are located in the reactor vessel or in the
refueling
cavity. Shutdown operation is a part of normal operation

*kk* *

3. Section 50.34 is revised to read as foll ows:



0 50.34 Contents of applications; technical information

*xk**x %
(b) * % %
(12) The assunptions and paraneter values used in safety anal yses
required by

paragraph 50.67(b) as reference bounds for design to denmpnstrate adequate
decay heat renmpval for the fuel storage pool

*kk* *

4, Section 50.65(b) is revised to insert a new subparagraph (b)(2)(iv)
as
foll ows:

0 50.65 Requirenments for nmonitoring the effectiveness of maintenance a
nucl ear power plants.

*xk**x %
b * k%
Ezg * k%
(iv) necessary for conpliance with O 50.67 of this part.
*xk**x %
5. Section 50.72 is revised to insert a new subparagraph (b)(1)(vii) as
foll ows:

0 50.72 I'mredi ate notification requirenents for operating nucl ear powe

reactors.
*xk**x %

b * k%

Elg * k%

(vii) Any event that results or should have resulted in the actuation of
t he

mtigation capability required by 50.67(a)(3).

*xk**x %
6. Section 50.73 is revised to insert a new subparagraph
(a)(2)(xi) as
foll ows:

0 50. 73 Licensee event report system

*kk* *

(2) * k%

(xi) Any event that results or should have resulted in the actuation of
t he

mtigation capability required by 50.67(a)(3).

* % % % *
7. Section 54.4 is revised to read as foll ows:

0 54. 4 Scope
(a) * k%



(3) Al systenms, structures, and conponents relied on in safety anal yses
or

pl ant evaluations to performa function that denonstrates conpliance with
t he

Comri ssion's regulations for fire protection (10 CFR 50.48),

envi r onment al

qualification (10 CFR 50.49), pressurized thernmal shock (10 CFR 50.61),
anticipated transients w thout scram (10 CFR 50.62), station bl ackout (10
CFR

50. 63) and shutdown and fuel storage pool operations (10 CFR 50.67).
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1 | NTRODUCTI ON

This regul atory anal ysis assesses the proposed rule in accordance with

t he

United States Nuclear Regulatory Comm ssion's (NRC s) regulations, 10 CFR
50. 109, "Backfitting," and the guidance in SECY-95-028 and NUREG BR- 0058.
This anal ysis has three separate sections. The first section discusses
shut down operations exclusive of proposed fire protection requirenents.
The

second section, which is Appendix Ato this regulatory analysis,

di scusses the

fuel pool regulatory analysis. The third section, which is Appendi x B,

di scusses the fire protection regulatory analysis. Because of the degree
of

guantitative assessnent associated with the first section, it is separate
from

the regulatory analysis for those aspects of the proposed rul e regarding
t he

fuel storage pool and fire protection during shutdown operations. For
fire

protection, a detailed quantification is not practical because of the
many

pl ant - speci fi ¢ dependenci es.

1.1 nbjective and Probl em

The objective of the proposed rule is to establish a clear regul atory
framework for assuring that cold shutdown, refueling outages and fue
pool

operations continue to be conducted in a safe nanner. To acconplish this
obj ective for cold shutdown and refueling operations, |icensees shal

nodi fy

their administrative controls section of the technical specifications in
accordance with the requirenments of the rule, and have procedures for
performance nonitoring and other activities inportant to safety. To
acconplish

this objective for fuel pool operation, |licensees shall appropriately
docunent

factors inportant to safety in the FSAR and operating procedures.

Exi sting regulatory controls for shutdown operations have evol ved through
a

series of NRC and industry actions generally initiated as a result of NRC
generi c comuni cati ons. Such measures have been successful in achieving
t he

acceptable | evel of safety which exits at plants today. However, to

pr event

licensees fromretreating fromthese voluntary nmeasures to the m ni num
requi rements of existing regulations, a conprehensive and coherent

codi fication has been proposed to address a wi de range of considerati ons.



These include quality assurance for cold shutdown equi prent, inventory
and

pressure control during shutdown operations, availability of mtigation
equi prent, fire protection and containnment. The staff's review found

t hat

much of the equipment used during cold shutdown is not safety-related or
is

not required to be in a safety-related configuration and therefore is not
subject to the QA requirenments of 10 CFR Appendi x B. PWRs are not
currently

required to have an ECCS injection capability during cold shutdown or
refueling. BWRs are not required to maintain pressure control capability
during cold shutdown. This is risk significant because if the vesse
were to

pressurize in an accident, pressure relief is necessary to permt |ow
pressure

i njection. Although backup decay heat renopval systens are required

duri ng

cold shutdown, the associ ated support systens necessary for mitigative
decay

heat renoval capability are not required. Containnment is not required
duri ng

cold shutdown and thus control of the release of fission products

foll owi ng an

accident is unaddressed. Fire protection during cold shutdown is largely
unaddressed despite initiating frequencies conparable to power operation.
The

risk fromfire is the product of several factors besides initiating
frequency

and virtually all of these factors are under significant regulatory
control

during operation but not cold shutdown. In addition, many BWRs rely on

i nerted containment to address fire in contai nnent during power operation
but

inerting is not available during cold shutdown and refueling.

1.2 Background and History of Events

Over the past several years, the NRC has becone increasingly concerned
about

the potential for loss of the residual heat removal (RHR) capability
duri ng

shut down periods. Several serious incidents involving |loss of RHR
pronpt ed

the NRC to reexanine the entire scope of shutdown operation

In 1980 an event occurred involving loss of both RHR trains at
Davi s- Besse.

This resulted when one RHR punp failed while the second punp was al ready
out

of service. After reviewing this event, the NRC concluded that contro
of RHR

availability was inadequate and i ssued Generic Letters 80-42 and 80-53.
These



generic letters proposed technical specifications that require the
availability of two RHR punps for many shutdown conditions.

In 1986 one of the San Onofre units lost RHR during a particularly
sensitive

shutdown condition referred to as "m dl oop operations.” (During m dloop
operations, the water in the reactor coolant system (RCS) is partially
dr ai ned

to allow access to the steam generators and ot her conponents.) A few
nont hs

later, on April 10, 1987, Diablo Canyon | ost RHR despite |licensee

know edge of

the San Onofre event and despite precautions taken by the Di abl o Canyon
licensee to preclude a sinmilar event. At Diablo Canyon, the water was
dr ai ned

too ow and the RHR punps failed because of air in their intake |ines.
After

reviewi ng the event, NRC issued Generic Letter 87-12, which established
t hat

aspects of the Diablo Canyon event were generic to operation of al
pressurized water reactors (PWRs). After further assessnent of the

t echni cal

i ssues, and applying probabilistic risk assessnent (PRA) techniques, the
NRC

concluded that the risk of sone shutdown operations should be reduced.
The

NRC then issued Generic Letter 88-17, which focused on PWR reduced

i nvent ory
operation (water level Iower than 3 feet bel ow the reactor vesse
flange). It

covered many shutdown concerns, including instrunmentation, controls,
procedures, understandi ng, and training.

In response to Generic Letter 88-17, all licensees operating PWRs

i mproved

reduced inventory operation and ot her aspects of shutdown operation.

I nspections found that |icensees often failed to adequately address
contai nment cl osure and water |evel neasurenments. Anong ot her weaknesses
wer e

i nadequaci es in procedures, understanding of thermal-hydraulic behavior,
under st andi ng of acci dent behavi or, and other instrunmentation.

The [ oss during shutdown of all vital ac power at the Alvin W Vogtle,
Jr.,

nucl ear plant on March 20, 1990, was judged to have particularly serious
implications, and the NRC sent an incident investigation teamto the

pl ant .

The teamis report (NUREG 1410) identified weaknesses in the licensee's
response to GL 88-17, the need for inprovenents, the need for risk
managenent

of shutdown operations, and the need for overall managenment of shutdown
operations. Discussions with representatives of foreign regulatory
organi zati ons (French, Japanese, and Swedi sh authorities) reinforced NRC
st af f



concerns that the core-damage probability for shutdown operations can be
a

substantial fraction of the total core-damage probability. Consequently,
t he

staff initiated a study of shutdown and | ow power operations at U S.
comrerci al nucl ear power plants.

The NRC staff reviewed shutdown operating experience at nucl ear power

pl ants

by studying licensee event reports (LERs), reports prepared by the Ofice
for

Anal ysis and Eval uation of Operational Data (AEOD), and vari ous

i nspection

reports such as NUREG 1410 (the loss of all vital ac power event at
Vogtle in

1990). The NRC staff also reviewed events at foreign nucl ear power
pl ants

using information found in the foreign events file maintained for AEOD at
t he

Cak Ridge National Laboratory. The staff visited 11 plant sites to

br oaden

i ts understandi ng of shutdown operations, outage planning, outage
managenent ,

and startup and shutdown activities. The NRC staff perforned thernal -
hydraul i c and ri sk assessnment scoping anal yses to gain insights about the
relative inportance of events and phenonena.

I ndustry al so began to respond to increasing concerns regardi ng shut down
operations follow ng the |oss-of-RHR event at Diablo Canyon in 1987

( NUREG-

1269). Follow ng issuance of G. 87-12 (1987) and GL 88-17 (1988), the
initial

enphasis was on PWRs. The entire industry actively addressed shutdown
operations problenms followi ng the Vogtle event (NUREG 1410), furnished
support

to NRC fact-finding and i nfornmati on exchange visits to U S. nucl ear power
pl ants, and supported an industry initiative (NUMARC 91-06) that was

i mpl enmented, at least in part, by the end of 1992 at every operating U S
nucl ear power plant. The industry has addressed outage planning and
control

Wi th such progranms as workshops, Institute of Nuclear Power Operations

i nspections, Electric Power Research Institute support, enhanced

trai ning, and

i mproved procedures. The NUMARC 91-06 initiative established high-1evel
gui delines for self-assessnent of shutdown operations that address many
of the

areas that need inprovenment. Further, industry's defense-in-depth
concept for

safety functions and outage strategy contai ned i n NUMARC 91-06 represent
good

sel f-inprovenents in the shutdown operations area.

The NRC published the results of its evaluation in NUREG 1449 " Shut down
and



Low Power Operation at Conmercial Nuclear Power Plants in the United

St at es”

(Septenber 1993). It reported that public health and safety were

prot ect ed

duri ng shutdown operation, but that substantial safety inprovenents were
justifiable. In particular, the study concluded that although shutdown
risks

have been reduced at many plants through inprovenents to outage prograns,
t he

i nprovenents are unevenly and inconsistently applied across the industry
and

significant precursor events continue to occur. The report noted that a
significant lack of controls, including |lack of regulatory controls,

al | ows

plants to enter circunstances likely to challenge safety functions with
mnimal nmitigation equi pmrent avail abl e and contai nment capability not
established. It was also noted that current NRC requirenents in the area
of

fire protection (i.e., 10 CFR Part 50, Appendix R) do not apply to

shut down

condi tions, even though significant nai ntenance activities, which can

i ncrease

the potential for fire, do occur during shutdown. The report recomrended
t hat

licensees performfire hazard anal yses with a focus on RHR systens.
Techni cal

specifications for residual heat renoval, emergency core cooling, and
cont ai nment systems were judged to be of insufficient detail to address
t he

nurmber and risk significance of RCS configurations during shutdown.
Car ef ul

outage planning and well-trai ned and wel | - equi pped operators were found
to

play a significant role in accident mtigation for shutdown events, but
training and procedures for use of effective passive nmethods of decay
heat

removal were | acking. The NRC has al so conpl eted probabilistic risk

st udi es of

shut down operation at the Surry and Grand Gulf plants; these concl uded

t hat

operations during shutdown significantly contribute to overall plant
risk.

Furthernore, these studies indicate that risk per unit time during nornal
shut down activities can be higher than during power operation

The NRC updated the NUREG 1449 events information by nmeans of a
prelimnary

survey and assessnent based upon readily available information for 1993,
1994,

and the first five nonths of 1995 (M chel Labatut and Mohammed Shuai bi
"Revi ew of Recent Shutdown Events,"” NRC Menpbrandumto R C. Jones, Chief
of

React or Systens Branch, O fice of Nuclear Reactor Regul ation, August 14,
1995). It identified 426 events originating during shutdown operations



and 60

events that occurred during power operation that would have chal | enged

t he

safety of the plant had they occurred during shutdown. It found 187
events in

1993, 152 in 1994, and 147 in the first five nmonths of 1995. O the 486
events, 64 were judged to be of concern or to be significant.

Events reported invol ved RHR, design problens and unanal yzed conditi ons,
of fsite power, external events, refueling, reactor vessel water |eve
probl ens, containment, and reactivity control. Safety-related equi pnent
accounted for 117 events and energency safeguard features and reactor
protection systens accounted for another 95.

NRC di spat ched augnented i nspection teans (Al Ts) to investigate shutdown
events in 1991 at Diablo Canyon, in 1992 at Prairie Island and three
times at

Cconee, and once at Oyster Creek in 1993. There have al so been ot her
serious

events at Oyster Creek in 1993, at Hope Creek in 1995, and at Haddam Neck
in

1996.

In SECY-94-176 (July 1994), the staff asked the Conm ssion to approve a

proposed rule. The proposed rule was published for comment in 59 FR
52707

(October 1994). It would have required power reactor licensees to do the
fol |l owi ng:

u Assure that uncontrolled changes will not occur in reactivity,
react or

cool ant inventory, and | oss of subcooling in the RCS when subcool ed
conditions are normally being maintained.

U Assure that containnent integrity is maintained or can be

reest abl i shed

to prevent releases in excess of regulatory limts.

u Establish controls in technical specifications liniting

condi tions for

operation and surveillance requirenents or in plant procedures
required

by technical specifications adnmnistrative controls for equi pment
t hat

the Iicensee identifies as necessary to ensure nmintenance of the
safety

functions.

U Evaluate realistically the effect of fires stemmng fromactivities
conduct ed during cold shutdown, determ ne whether such fires could
realistically prevent acconplishnment of the normal RHR capability,

and if
they could, either present neasures to prevent |oss of normal RHR or
establish a contingency plan to ensure that an alternate RHR
capability
exi sts.



u For licensees of PWRs only, install instrunentation for nonitoring
wat er
I evel in the RCS during mdl oop operation

The NRC received 1023 conments on the proposed rule (that are di scussed
in

nore detail in Section VIII of the Statenment of Considerations.) Mst
comrenters said (1) the proposed rule was unnecessary, was prescriptive,
woul d

unnecessarily conplicate outages, and would | engthen nany outages by 1 or
2

weeks; (2) the regulatory analysis was inaccurate and i nconplete; and (3)
t he

regul atory guide was inconplete and offered little guidance. The only
unqual i fied support came froma public interest group. The NRC found
many

comrents valid and it consequently reevaluated all aspects of the

rul emaki ng

effort.

The NRC hel d several public nmeetings during 1995 and 1996 to ensure that
a

revi sed shutdown rule could be effectively inplenented and to encourage
t he

Nucl ear Energy Institute (NEI) to develop an inplenentation guide that
t he NRC

could reference in a regulatory guide. The NRC s dial ogue with the

i ndustry

was effective in obtaining information useful to the devel opnent of a
draft

shutdown rule. However, following the NRC s decision in June 1996 t hat
extendi ng coverage of the rule to the fuel storage pool, and contai ni ng
| anguage regarding internal and external events, NEI decided not to
devel op an

i mpl enent ati on gui dance docunent.

1.3 Cases Used for Analysis

A quantitative analysis was performed using PRA techni ques for the

shut down

operations portion of the rule exclusive of fire protection requirenents.
Thi s

anal ysis has three cases: the base case, the voluntary case, and the rule
case.

The base case represents the | evel of protection afforded strictly by
| egal | y-

enforceabl e requirenents, i.e. current regulations, technica
speci fi cations,
license conditions and orders. It does not credit any neasures that are

voluntary or that can be unilaterally changed by the |icensee, such as
licensee commitnents made in response to generic letters and bulletins.
It is



t he case agai nst which costs and benefits are nmeasured in assessing the
val ue
of proposed new requirenents.

The voluntary case is representative of the level of protection for

pl ants as

they would be if operated with a reasonable inplenentation of voluntary
neasur es based on gui dance from NUVARC 91-06. These voluntary neasures
go

beyond those strictly required by the regul ations, technica

speci fications,

license conditions and orders. Because of the voluntary nature of these
nmeasures, the Comr ssion expects that there would be a range in the | evel
of

i mpl enent ati on of these nmeasure anong nucl ear power plant |icensees. The
di fference between the base case and the voluntary case is a neasure of

t he

actual risk reduction in plants, assum ng effective voluntary neasures
are

mai ntained in the future.

The rul e case represents the | evel of protection which would be afforded
by

all plants conmplying with the requirenments of the proposed rule. The

di fference between the base case and the rule case shows the enforceable
risk

reduction that woul d be achieved as a result of the proposed rule and it
is

t he case agai nst which benefits are neasured in assessing the val ue of
new

requirements.

1.4 Backfit Rule

Section 50.109(a)(3) requires that there be a substantial increase in the
overal |l protection of public health and safety or common defense and
security

to be derived fromthe backfit and that the direct and indirect costs of

i mpl ementation for that facility are justified in view of this increased
protection. Section 50.109(c) lists nine itens that will be considered
in

satisfying O 50.109(a)(3). Each is addressed bel ow.

(1) Statement of the specific objectives that the proposed backfit is
desi gned to achi eve.

The objective of the proposed rule is to establish a clear regul atory
framework for assuring that cold shutdown and refueling outages continue
to be

conducted in a safe manner. To acconplish this objective, |icensees
shal |

nodi fy their adninistrative controls section of the technica

speci fications

in accordance with the requirenments of the rule, and have procedures for
performance nonitoring and other activities inportant to safety.



(2) General description of the activity that would be required by the
licensee or applicant in order to conplete the backfit

To neet the shutdown operations requirenents of O 50.67, |icensees woul d
be

required to: (a) nonitor and conply with paraneters for the reactor
cool ant

system wat er tenperature, level, and pressure; (b) provide nitigation
capability for events that result in a |oss of decay heat renoval; and
(c)

i mpl ement procedures for training, quality assurance, and corrective
actions

to ensure the paranmeters are nonitored and conplied with and that the
mtigation capability is provided.

In addition, conform ng changes woul d be rmade to other regulations in
support

of the shutdown operations requirenents of 0O 50.67. These changes
require

licensees to (a) consider a new definition of shutdown operations in O
50.2 as

nmeani ng the reactor coolant system (RCS) is in Cold Shutdown or Refueling
(as

defined in a plantls technical specifications) and one or nore fuel
assenbl i es

are located in the reactor vessel or in the refueling cavity and that
shut down

operation is a part of nornal operation, (b) include the structures,
syst ens,

and conponents necessary for conpliance with the shutdown operation
requirements of O 50.67 into the mai ntenance rule (0O 50.65), (c) include
in

safety analyses for the license renewal rule (0O 54.4) the structures,
syst ens,

and conponents relied on to performa function that denonstrates
conpl i ance

with O 50.67, (d) provide notification and submt reports to the NRC in
accordance with 0O 50.72 and O 50.73 of any event that results in or
shoul d

have resulted in the actuation of the nitigation capability.

(3) Potential change in the risk to the public fromthe accidental
offsite

rel ease of radioactive materi al

Rel ease rates for PWRs are predicted to be reduced fromthe base case
val ue of

2E-2/reactor-year to 1E-6. For boiling water reactor BWRs, the rel ease
rates

are predicted to be reduced from 1E-3/reactor-year to 4E-6/reactor-year
The

NRC anal ysis assuned a 35-day refueling outage each 18 nonths of
operation and

addressed initial entry into cold shutdown until the refueling cavity was
filled. This addressed 9 days of the 35 days of the outage for the PWRs



and 6

days of the outage for BWRs. This approach was based upon plant-specific
shutdown PRA results which indicated that these were the npst

ri sk-significant

periods. The NRC then added an additional 10!20 percent to the

cal cul at ed

ri sk values for these periods to approxinmate the entire refueling outage.
Only event initiators that result in the |loss of RHR were consi dered.
The

contributions fromseisnmc events, fires, and internal floods were not
nodel ed

in the quantitative risk assessnment due to their highly plant-specific
nat ure

I nclusion of these events would increase the risk benefits of the rule.
Exi sting requirenments were considered to provide protection for
reactivity

events and | ow tenperature overpressure (LTOP) events and for hot

shut down

conditions. The total risk contribution fromall non-refueling outages
was

assuned to be equal to the refueling outage contri bution.

(4) Potential inpact on radiol ogical exposure of facility enpl oyees.
The reduction in dose fromevent cleanup (i.e., the frequency of events x
t he

cl eanup dose per event x remmining reactor-years) is estimted to be

17, 000

person-Sv. Nearly all of this cones frominprovenents in PWR operation
| ess

than 5 percent is attributable to BWR i nprovenents. The occupati ona
exposure

i ncrease frominstrunentation inprovenents is estinated to be | ess than
30

person-Sv and is negligible. Thus, the total expected inpact on
radi ol ogi cal

exposure of facility enployees is a reduction of about 17,000 person-Sv.
No

estimate was nmade of i mredi ate dose to workers on site at the tinme of a
serious accident.

(5 Installation and continuing costs associated with the backfit,

i ncl udi ng

the cost of facility downtinme or cost of construction del ay.

The NRC separated industry costs into initial costs (one-tine) and

conti nui ng

costs (recurrent) as specified in Table 3. For analysis purposes, al
licensees were assumed to incur costs based on "average" PWRs or BWRs.
Al'l

costs are given in 1997 dollars and the operating costs are discounted at
an

annual rate of 7 percent. Labor cost rates were devel oped using

NUREG CR-

4627, updated to 1997 dollars by assunming an annual rate of inflation of
5



per cent .
The follow ng industry costs were considered in the regul atory anal ysis:

u devel opi ng procedures and inplementation of quality assurance to
control
shut down operations and nmi ntenance of those procedures
U providing operator training to mnimze the frequency of
events that
interrupt or degrade shutdown cooling and training to ensure
ef fective
operator response to events that occur
U providing instrunentation to monitor and conply with the parameters
and
to nmonitor significant changes in the reactor cool ant system
par anet ers.
U reporting shutdown operations events that occur to the NRC in
accor dance
with 10 CFR 50.72 and 50.73
u providing a mtigation capability follow ng | oss of decay heat
renoval
event s
U updating FSAR and technical specifications, and devel opi ng an
under st andi ng of system behavi or

The NRC estimated there would be no cost inpact fromany extension in
out age

time. The mitigation requirenents are judged to be sufficiently flexible
t hat

with deliberate and careful |icensee planning, the rule can be satisfied
with

no increase in the duration of outages on an industry-wi de basis. The

t ot al

industry cost is estimated to be $180 Min going fromthe base case to

t he

rule case and $137 Min going fromthe voluntary case to the rule case.
These

costs are estimated for the industry over the lifetime of all plants.
Each

pl ant woul d therefore need to spend only about $1.8 Mover the lifetinme
of the

pl ant. These costs are simlar for both cases because of the

adm ni strative

burden associated with bringing a voluntary program under regul atory

enf orceabl e purvi ew.

(6) The potential safety inmpact of changes in plant or operational
complexity, including the relationship to proposed and exi sting

regul atory

requirements.

The rule is focused on a disciplined and safety-consci ous approach to
shut down

operations. Additional conplexity is assunmed to be added to the planning
stages of an outage due to the rule. Well-planned and well-controlled



wor k

practices are inportant contributors to the benefits of the rule. The
regul atory anal ysis assunes that these practices reduce the frequency of
initiating events, and ensure the availability of systenms for mtigating
events. Therefore, although initial outage planning nay be nore conpl ex,
safety during the actual outage is expected to be enhanced.

O her proposed or existing regulatory requirements which address shut down
operation include the foll ow ng:

U The mai ntenance rule (0O 50.65) focuses on assuring the reliability of

equi prent to fulfill its intended safety function. In conjunction
with

t he proposed shutdown rule, changes are being proposed to the
mai nt enance

rule to include SSCs sel ected by the licensee for decay heat renpval
and

event nmitigation.

U The reporting requirenents (0O 50.72 and 50.73) will be revised to
have
licensee's report events that result in or should have resulted in
t he
actuation of the mtigation capability.

U The requirements governing the content of the FSAR (0O 50.34) will be
revised to have licensees incorporate infornation related to fuel
pool
oper ati ons.

U The shutdown rule requires revision of individual plant
t echni cal
speci fications.

U The energency preparedness regulations (O 50.47(b)(4) and Appendi x E
to
10 CFR Part 50) are applicable in all nbpdes of operation. However
gui dance docunents for devel opi ng enmergency action | evels (EALs) that
neet the regul ations do not adequately address shutdown operation. A
regul atory gui de contai ni ng gui dance on EALs for the shutdown npode of
operation is being devel oped.

U License renewal (0O 54.4(a)(3)) will reflect a change in scope

consi st ent

with O 50.67 such that non-safety related structures, systems and

conmponents necessary for conpliance with 0O 50.67 are included within
t he

scope of the license renewal rule. Safety related structures,
systens

and conponents necessary for conpliance with O 50.67 are already
wi t hin

the scope of license renewal in accordance with 0O 54.4(a)(1).

(7) The estinmated resource burden on the NRC associated with the



pr oposed

backfit and the availability of such resources.

NRC costs were estimated per site or, when a total was deternmined, it was
di vided according to the nunmber of sites when assigning costs anmong PWRs
and

BWRs. Headquarters and regional staff training as well as inspection and
review time were included. The total estimated staff cost for all plants
is

$1.5 M This cost is a negligible contributor to the val ue-i npact

anal ysi s.

Staff resources are available for this work. Resources were estinmated
for the

followi ng activities:

U resident inspector tine to verify conpliance with new requirenents
u review ng technical specifications and |icensee bases for claimng
conmpliance with the new regul ation
training resident inspectors
training regional staff
trai ni ng headquarters project managers
preparing tenmporary instructions and training materi al
conducting training
regional inspector time to verify conpliance with new requirenments
U headquarters inspector time to verify conpliance with new
requirements
u headquarters event receipt/response/anal ysis

Ll O

(8) The potential inpact of differences in facility type, design, or age
on

the rel evancy and practicality of the proposed backfit.

Facility type and design are significant factors in the backfit analysis.
PWRs have a considerably higher net value and val ue-inpact ratio than
BV\Rs.

This is due largely to the | ower estinmated-core damage frequency (CDF)
for

BWRs in the base case analysis and the assunption that the containment is
open

for both reactor types in the base case. The lower CDF in BWRs is
attributable to the greater number of required water addition sources in
t he

base case and the absence of a "m d-loop" operating state. Differences
bet ween PWR vendor designs and differences within a vendor type are not
expected to make a significant difference in the anal yses.

(9) Whether the proposed backfit is interimor final and, if interim
}Dgtification for inmposing the proposed backfit on an interim basis.
The proposed backfit is final.

2 | DENTI FI CATI ON AND PRELI M NARY ANALYSI S OF ALTERNATE APPROACHES
2.1 Take No Action

The "no action" option has been rejected on the basis of the regulatory



anal ysis and also for the follow ng reasons:

U Existing regulations do not provide an enforceable basis for
ef fective
regul ati on of shutdown operation.

U Measures assuned for the voluntary case are unevenly applied across

t he

i ndustry, as evidenced by the number of events with serious
i mplications

that continue to occur, and increasing econonic pressure in the
absence

of explicit regulations may result in a relaxation of current
vol untary

nmeasur es.

2.2 |Issue an Information Notice

Shut down operati on enconpasses a broader scope than can be addressed in
an

i nformati on notice, and there is no enforcenent basis provided by an

i nformati on noti ce.

2.3 |Issue a Generic Letter or Bulletin

Ceneric letters and bulletins have been successful in inproving shutdown
operations. These approaches, however, do not establish a satisfactory
enforcement basis since |licensees can, in general, unilaterally change
comritnents made in response to these generic letters and bulletins;
generic

letters and bulletins may not achieve the sanme level of attention as
provi ded

to i npl ement a technical specification (TS) or a rule.

2.4 Inplenment the Rule Published in 59 FR 52707

The 59 FR 52707 rul e addressed many of the sane areas covered by the
presently

proposed rule. However, consideration of public conments and Comnr ssion
policy regarding the use of a performance-based approach gui ded by risk
i nsights have led to a restructuring of the rule.

2.5 Rewite the Miintenance Rule (0O 50.65)

I ndustry representatives have suggested rewiting the maintenance rule (O
50.65), its reqgulatory guide, and industry docunmentation that is
referenced in

the regul atory guide. Although the maintenance rule and the associ ated
gui dance cover both power and shutdown operation, much of its

ef fectiveness

depends upon the definition of functional requirenents that are clear for
power operation and not well defined for shutdown operation. Rewiting

t he

mai ntenance rule so that it had clear functional requirenents for



shut down

operation would effectively produce a rule simlar to that now proposed
as

0 50. 67.

2.6 Mdify and Prepare Techni cal Specifications Wthout Rul enaking

The staff's regulatory anal ysis shows that shutdown operation can be a
significant contributor to overall risk and therefore the public should
be

given the opportunity to participate in the process of devel oping these
requirements. Rulemaking is the preferred nethod of offering the public
this

opportunity to participate.

2.7 Inplement a Risk-Informed Rule Wth Performance El enents

Rewriting the rule and regul atory guide using a risk-informed approach
with
performnce el enents wherever practical is the alternative sel ected.

2.8 Inplenment a Rule Applicable Solely to PWRs

The estimated probability of core damage is greater for PWRs than for
BV\Rs.

However, since PWRs generally have a nore robust contai nment than can be
econom cal ly provided for BWRs during nmuch of shutdown operation, this
greater

probability of core damage does not translate into a greater probability
of

rel ease of radioactive naterial. This regulatory analysis shows that the
combi nati on of core damage probability and contai nment characteristics
results

in sinmlar release probabilities for the PARs and BWRs, and it justifies
a

rule that applies to both. Consequently, a rule that excluded BWRs was
rejected in favor of an industry-w de action.

2.9 Inplenment a Rule Applicable to PWRs During M dl oop or Reduced
I nventory

The perceived probability of core damage is greater during these aspects
of

operation than at other tines during shutdown operation of PWRs.

Overall, the

regul atory anal ysis and defense-in-depth considerations justify a rule

t hat

covers all phases of shutdown operation when in the cold shutdown and
refueling nodes. Consequently, a rule limted to this narrow aspect of
shut down operation was rejected. Further, the rule is justified for both
BW\Rs

and PWRs during the cold shutdown and refueling nodes.

3 ESTI MATI ON AND EVALUATI ON OF VALUES AND | MPACTS



3.1 Probabilistic R sk Assessnent

A reference PRA was devel oped for the PWRs and anot her was devel oped for
Ea;s. The NRC assuned that plant operations can be described on average
Eznsidering a four-1oop Westinghouse PAR with a large, dry contai nnent
g&%—i with a Mark | containment. Each represents the |argest fraction of
plants in its category.

The follow ng accident initiators were considered:

| oss of offsite power causing | oss of RHR

| oss of inventory (LO) causing loss of RHR

direct loss of the operating train of the RHR system

| oss of level (LOL) control causing |oss of RHR (PWRs only)

| enig e e end

Event trees were devel oped on the basis of the four initiators to
descri be the

base case, voluntary case and the rule case. Each tree describes

acci dent

sequences | eading to core damage and t he consequential rel ease of

radi oacti ve

material. Core danage was taken as exceeding a clad tenperature of 1200
oF.

The rel ease of radioactive naterial followi ng a core damage event was
further

considered in the analysis only if the release was unnitigated. An

unm tigated rel ease was assuned to be a significant fraction of the

rel ease

that woul d occur during and followi ng an accident in which (1) nost of

t he

core nmelted, (2) the reactor coolant system pressure boundary was
breached or

there was a | arge opening in the reactor cool ant system (vessel head or
primary side nanways renoved) and (3) a containment equipnment hatch cover
was

removed that provided a direct release to the environnent outside the

pl ant .

Rel eases via such paths as a BWR suppression pool would be reduced by a
significant factor would represent success with respect to the prevention
of

unm ti gated rel eases.

Logic trees were developed for certain major events, including the
i njection
and ac power systens, to provide data for the event tree quantification

The NRC assuned a 35-day refueling outage each 18 nonths of operation
It
exani ned typical outage schedules and several shutdown operation PRAs,



whi ch
establish that nost of the shutdown operation risk occurs before flooding
t he

refueling cavity. Before initiating RHR, little risk was identified, few
RCS

configurations changed, and standard technical specifications (STSs)

provi ded

coverage equivalent to that provided for power operation as |ong as

equi prrent

was not renoved from service in anticipation of entering nodes in which
it was

not required. Consequently, the NRC judged that it could capture the
nor e

ri sk-significant portions of a refueling outage by anal yzing two phases:
from

RHR initiation until reaching 200 gF with the RCS closed, and fromthat
poi nt

until the refueling cavity was filled. This addressed 9 days of the 35
days

of the outage for the PWRs and 6 days of the outage for BWRs. Anal yses
t hen

established that the risk prior to entering cold shutdown was snal |
Consequently, the NRC s anal yses, and the rule, were limted to the col d-
shut down and refueling nodes. The NRC then added an assuned 10! 20
percent to

the calculated risk to approximte the entire refueling outage. Since
this

addition is small, there is little perturbation of the results and
concl usi ons.

Nonr ef uel i ng out ages al so make up a significant fraction of shutdown
operations. Nonrefueling outages consist of both schedul ed outages and
unschedul ed outages, and can vary widely froma few hours in hot standby
to

many days in cold shutdown. The latter nmay or may not include extended
periods with the contai nment and the RCS open, and may sonetinmes incl ude
extended m dl oop operation in PWRs. The NRC judged that, for purposes of
t he

regul atory analysis, it could estimate the risk of non-refueling outage
operation by assum ng that the refueling outage results could be applied
to

nonrefuel i ng outages. The judgnent was based on consideration of the
fact

that the decay heat renoval function is the prinmary concern in either
case.

The NRC assuned nucl ear power plants would be operated at power for 87

per cent

of the tinme. This tine is conpared in Table 1 to outage information
provi ded

in Nucl eoni cs Week (August 22, 1996) for refueling outages at 34 U. S.
pl ants

during the spring of 1996.



A number of event categories were not
directly included in the PRA because of
pl ant-specific considerations. These
include fire, internal flood, seismnc,
and weat her-rel ated i npacts (although

| oss-of -of fsite-power data were conpil ed
for the total of all causes). The
proposed rule covers fire through a
separate analysis. Seisnic
considerations are inplicitly addressed
t hrough the Conm ssion's expectation
that licensees will inplement the rule's
requi rement to have a mitigation
capability by using an energency core
cooling systemor safety injection
system that are designed to wthstand

t he saf e-shutdown earthquake.

The base case PRA did not explicitly account for |icensees who
voluntarily

docunented comm trments in their FSARS in response to Generic Letters.

Al t hough these conm tnments have occasionally been so docunented, this is
a

relatively unusual occurrence. When it has been done, it is usually
enforceabl e as a design conmtnment and not as an availability or

oper ati ona

comritnent. Therefore, consistent with the agency gui dance on regul atory
anal ysis, such comr tnents have not been included in the base case.

3.2 Estimtion of Val ues

Val ues are the changes due to inplenenting the proposed rule in public
and

occupational radiation exposure with their associated nonetary equival ent
and

changes in property damage. The NRC used the foll ow ng val ues:

Vlavoi ded public health risk (person-Sv or the nonetary equivalent to
dose
in 1997 dollars)

V2avoi ded occupati onal exposure risk associated with acci dent
managenent
and cl eanup (person-Sv or the nonetary equivalent to dose in 1997
dol I ars)

V3avoi ded offsite property danmge risk (1997 doll ars)
V4avoi ded onsite financial risk due to cleanup and power replacenent
costs
(1997 dol I ars)

V5change in routine occupational exposure due



to the inplenentation of the

i ncreases or decreases (person-Sv or the nonetary equival ent to dose
in

1997 dol | ars)

The first four are positive with respect to decreases in the frequency of
consequences of accidents. The fifth nmay be a positive (beneficial) or
negative perturbation associated with a decrease or increase,
respectively,

in the routine occupational exposure to inplenment the changes.

The shut down dose consequence to the public within a 50-nile radius for
an

unmtigated release fromthe Surry plant at the Surry site is taken as
104

person-Sv (106 person-rem (NUREG CR-6144). This val ue has been

esti mat ed

usi ng the MELCOR and MACCS codes assuming a severe accident follow ng an
event

during md-loop operations. The dose consequences as presented in
NUREG CR-

6144 ranges from 3x103 to 2x104 person-Sv. Little information is

avail abl e

of a conparable quality for shutdown operation at other plants.
Consequent | vy,

the NRC assuned that the Surry result could be applied to other plants as
foll ows:

U by multiplying the Surry result by each plant's full-power |evel
di vi ded
by the Surry full-power level to account for radionuclide inventory

u by multiplying the preceding result for each plant by the respective
pl ant rel ease characteristics for a full-power accident
( NUREG CR- 2239)
divided by the Surry rel ease characteristics for a full-power
accident to
account for individual siting characteristics

O her assunptions incl uded:

u Plant-specific information (applicable to Surry) was used for |oss of
of fsite power.

u Each plant's remaining life (from 1997) was individually accounted
for
and core-danage acci dents were assumed equally probable from 1997 to
t he
end of the 40-year plant life for each plant.

u A 5-percent inflation value and a 7-percent discount val ue were used
to
adj ust dol lar values that were deternm ned or assuned for years other
t han



1997.
3.3 Estimation of Inpacts

I npacts are the costs and savings for the changes evaluated in the
regul atory
anal ysis. The NRC used the foll ow ng:

I 1cost to the NRC covering training, inspection, review, and nmonitoring
associ ated with the changes (positive inpact) (1997 dollars)

I 2direct cost to the licensee to inplenent the changes and perturbation
in
operating cost (positive or negative inpact) (1997 doll ars)

The assunptions applicable to inpact estimation are the sanme as those
di scussed in Section 3.2 for value estimation.

3.4 Evaluation of Values and |npacts

Val ues and inpacts were conbined to formthe foll owi ng equation, which
represents the net value of a proposed regulatory action in 1997 doll ars:

NV =Vl + V2 +V3 +V4 + V5 - (I1 +12)

The value attributes V1, V2, and V5 are converted from person-Sv to 1997
dol | ars by assumi ng $200 K per person-Sv ( COVSECY-95-033).

The corresponding i npact/value ratio is defined as foll ows:
I/V=(11+12)/(V1L + V2 + V3 + V4 + V5)

This regulatory analysis is based upon 73 PWRs and 37 BWRs that are
assuned

| ocated on 49 and 31 sites, respectively. Essentially identical nuclear
st eam

supply systens (NSSSs) were assuned to be |ocated at the sane site.
Those

that differ in design were treated as though they were | ocated at

di fferent

sites for all purposes except for assessing the effect of an accident at
one

site on the operation of other NSSSs at the sanme site. Thus, for npst
purposes, two sites are associated with MII|stone: one for the BWR and
one for

the two PWRs. Sinilarly, one site is associated with OCconee and one with
Pal o

Verde, sites that each contain three PWRs.

3.4.1 Avoided Public Health Risk (V1)
For any given plant i, the estimate of V1 is obtained:

V1i B-R = avoi ded public health risk (1997 dollars) in noving fromthe



base case
to the rule case for plant

This was cal cul ated by first obtaining the increnmental change in
cont ai nrent

rel ease frequencies via the PRA discussed in Section 3.1. Consider the
PV\Rs

and a conparison of the base case to the rule case as an exanple. The
PRA

provi des the foll ow ng:

f (RCG-1PWRB-R ) = reduction in
frequency of an open contai nment type rel ease
(RC-1) for a PWR noving fromthe base case to the rule case

Pl ant - specific source terns associated with shutdown accidents are
general ly

not avail able. Brookhaven National Laboratory recently estimated the
shut down-rel ated dose consequences to the public within 50 niles for an
open

contai nment type release for Surry as 106 person-rem (NUREG CR-6144). As
previously discussed, the NRC applied the Surry estimate to each

i ndi vi dua

pl ant by adjusting it for power |evel (radionuclide inventory) and

| ocation

(siting). Thus, for nuclear power plant i, one has the follow ng:
Pi = thermal power (MA) associated with nuclear plant i
SSFi = site scaling factor to account for the conditional |atent cancer

fatalities froma reference plant (i) (NUREG CR-2239).
Now pd (RC-1i), the conditional public dose (person-Sv) associated with

RC- 1-
type rel eases for plant i, can be obtained fromthe foll ow ng equati on:

wher e:
pd(RC-1Surry) is 1.0 ' 104 person-Sv (1.0 ' 106 person-rem,

is the source termscaling factor, and

is the site scaling factor

The annual per-plant reduction in public dose consequences (person-Sv)
for RC
1 type rel eases is:



One can convert the annual per-plant reduction in public dose to a

nonet ary

equi val ent (1997 dollars) by assuming $200 K for a person-Sv ($2000 for a
person-rem:

The avoi ded public health risk associated with noving fromthe base case
to

the rule case for the RC-1-type release for plant i, expressed in

nonet ary

equi val ent val ue, is:

wher e:

real discount rate (fraction)
years remaining until end of plant i life.

The total avoided public health risk for plant i associated wi th nmoving
from
the base case to the rule case for all RC type rel eases is:

Sumring over all plants in a class, e.g., all PWRs, yields:

where | = total number of PWRs.

The approach for BWRs is sinmlar but as a group, BWRs yield the different
resul tant val ues because of the differences in nunber of BWRs, their

| ower CDF

in the base case and site specific differences.

3.4.2 Avoided Cccupational Health Risk (V2)

Estimati on of avoi ded onsite consequences depends on CDF and acconpanyi ng
contai nment effectiveness. The occupational exposure consists of

i medi at e

and | ong-term conponents.



The number of personnel on site during an outage typically ranges froma
few

hundred to a thousand and, as reported in NUREG 1410, evacuation is not
assured. The potential exists for an inmedi ate high dose to onsite

per sonnel

Despite this, the NRC has not included this potential effect in the

i npact/val ue assessnment because of the large uncertainty involving

per sonnel

novement s.

Long-term occupati onal exposure occurs when cl eanup and recovery take

pl ace

beyond work inmedi ately associated with the accident. The value used as
an

estimate for this exposure was based on a study of decommi ssioning a

ref erence

light-water reactor followi ng a major |oss-of-coolant accident in which

t he

energency core cooling systemwas delayed in starting (NUREG CR-2601).

Al'l

fuel cladding was assuned to rupture with significant fuel nelting and
core

damage. It was al so assumed that the containment buil ding was

ext ensi vel y

contam nated, and that the auxiliary building was contam nated too. The
esti mated occupational radiation dose fromcleanup and recovery was 200
person-Sv. The postul ated shutdown acci dent assumes significant
cont am nati on

of the auxiliary building and other buildings, as well as the surroundi ng
pl ant area, because the containnent is assuned to be open, in contrast to
t he

case discussed in NUREG CR-2601 in which the contai nnent was cl osed. For
pur poses of inpact/value analysis, the NRC assunmed that the 200 person-Sv
val ue was appropriate for the Surry plant discussed in NUREG CR- 2601 and
consistent with a closed containment. The NRC then assuned exposures of
600

person-Sv for the nore serious conditions that would exist wthout
cont ai nrent

for those rel eases. Values at all other plants were adjusted relative to
t hese val ues based on each plant's power |level. The conversion to 1997
dol | ars assunes $200 K/ person- Sv.

3.4.3 Avoided Ofsite Damage to Property (V3)

O fsite property loss is one of the major val ue categories for

cal cul ati ng

avoided risk. In severe accidents, property danage off site can exceed

t he

damage on site. Public property damage costs, V3, were cal cul ated using
an

analysis sinmlar to that for V1 as described in Section 3.4.1.

Scal ed results for property damage costs, given a radionuclide rel ease
from



the containment, were obtained from NUREG CR-2723. This study reported
offsite property costs for accidents at 91 U.S. sites with |icensed
reactors

or construction pernmits. These values were updated to 1997 doll ars using
an

annual inflation rate of 5 percent. A public property damage cost of
$800 M

per unmtigated release for Surry at the Surry site was used and the

val ue

adj usted for each other plant was based on that particular plant's power
| evel

and site characteristics.

These offsite property damage costs were di scounted at a 7-percent rate
for
each year after 1997, when the risk reductions were assuned to begin.

3.4.4 Avoided Onsite Power Replacenment and Cl eanup (V4)

Repl acenent power costs were derived by first assunming the replacenent
power

costs determined in NUREG CR-4627, and then adjusting these figures,
established in 1988, to 1997 dollars by assum ng a 5-percent annual
inflation

rate. For the damaged plant, the tinme for replacenent power is the
remai ni ng

life of the plant with costs adjusted to 1997 dollars assunmng a

7- percent

annual discount rate. For sites with nore than one unit, it was assuned
t hat

t he undamaged unit(s) would be shut down for 2 years after the accident,
and

t hus repl acenent power would al so be needed for the undanmaged unit(s).
No

al | owance was taken for cleaning up of such undamaged units.

Cost estimates for cleanup were obtained froma study that estinmated the
cost

of a mpjor |oss-of-coolant accident in which energency core cooling was
assuned to be delayed (NUREG CR-2601). |In that study, it was assuned
that the

cl eanup activities would take 10 years and the cost would be $373 M per
event .

No distinction was nmade between BWRs and PWRs. The onsite consequences
wer e

limted to the containment and auxiliary buildings. Thus, as discussed
for V2

(Section 3.4.2), this value was assuned. Consequently, this value was
tripled

for a case with no containnent. 1In addition, the "$373 M was adj usted
for 5-

percent annual rate of inflation, bringing it fromits 1983 value to
$73.8

Myr as a 1997 estinmate.



The total cleanup costs were discounted at a 7-percent rate for each year
after 1997, when the CDF reductions were assumed to begin. Cleanup costs
wer e

added to the power replacenent cost to get total costs. The total yearly
cl eanup and power replacenment costs, given core damage, were then
expressed in

1997 dol | ars.

Avoi ded property damage cost, V4, due to cleanup and power replacenent
given a

core-damage acci dent, was cal cul ated by addi ng the cost of replacenent
power

to the cost of cleanup

3.4.5 Routine Cccupational Health Risk (V5)

For routine occupational health risk (V5), an exposure of 3 person-rem
duri ng

instrunentation installation per unit and 0.5 person-rem per unit per

out age

thereafter was assuned. Consistent with the rest of the regulatory

anal ysi s,

a refueling outage and a mmi ntenance outage were assuned each 18 nont hs
[(12

mont hs/yr)/ (18 nmonths) ' (2 outages) = 1.333 outages/yr]. For the

per - out age

val ue, the conversion to 1997 dollars, assum ng $200 K/ person-Sv and a 7-
percent discount rate, is the sanme as described under Section 3.4.1 for
V1.

For the one-tine installation exposure, the 1997 value is $6000 per unit.

3.4.6 Costs or Savings to NRC (11)

NRC costs were estimated on a per-site basis or, when a total was

det er m ned,

it was divided according to the nunber of sites when assigning costs

bet ween

PWRs and BWRs. A cost of $56/ hr was used since the rule was assuned not
to

change overhead associated with the NRC of fi ces and general support, and
such

support was assumed covered by existing NRC work. The follow ng outage
activity elenments were identified:

U resident inspector tine to verify conpliance with new requiremnments:
(10
staff-day/site) ' (8 hr/day) ($56/hr) = $4480/site

u review technical specifications: (20 staff-day/site) ' (8 hr/day)
($56/hr) = $8960/site

U training resident inspectors: (5 staff-day/site) ' (8 hr/day)
($56/ hr)



= $2240/site
U training regional staff: (10 staff-day/region)
hr/ day)
" ($56/hr) = $17,920

(4 region) ' (8

U training headquarters project managers: (2 staff-day/staff) ' (75
staff)
" (8 hr/day) ' ($56/hr) = $67, 200

U preparing tenporary instructions and training material: (30
staf f-day) '
(8 hr/day) ' ($56/hr) = $13, 440

U conducting training: (40 staff-day) ' (8 hr/day) ' ($56/hr) = $17, 920

u regional inspector tine to verify conpliance with new requirenments:
(5
staff-day/site) ' (8 hr/day) ' ($56/hr) = $2240/site

u headquarters inspector tine to verify conpliance with new
requirements:
(2 staff-day/site) ' (8 hr/day) ' ($56/hr) = $896/site
u headquarters event receipt/response/analysis (20 staff-days/year)
(8 hr/day) ' ($56/hr) = $8,960

The total cost of these ten activities for all PWRs is PARI (1)rule =
$0.96 M

For all BWRs, it is BWRI(1)rule = $0.54 M These costs are summarized in
Tabl e

2.

Table 2. Base Case to Rule Case
NRC Costs for [ 50.67
ACTIVITY PWRs COST $K
(47 sites)BWRs COST $K
(26 sites)
TOTAL COST $K
Resi dent I nspector Tinme to Verify210.5116. 5327
Revi ew Techni cal Specifications421.1232.9654
Trai ni ng Resi dent | nspectors105.358.2163.5
Trai ning Regional Staff9.09.018
Trai ning HQ Proj ect Managers43. 323. 967. 2
Preparing Tl's and Training Material 6. 76.713. 4
Conducting Training9.09.018
Regi onal I nspector Tinme to Verifyl05.358.2163.5
HQ I nspector Tine to Verify42.123.365.4
HQ Event Recei pt/ Response/ Anal ysi s5.83.29.0

Total NRC costs ($K)958. 1540. 91, 499.0

3.4.7 Direct Costs or Savings to Licensees (I2)



The NRC separated industry costs into two subcategories: inplenentation
or
one-tine costs, and operating or continuing costs.

The nature of these costs (i.e., inplenentation, operating, or both) was
al so

i nvestigated. For analysis purposes, all licensees were assuned to incur
costs based on "average" PWRs or BWRs. Inplenmentation of the rule is

j udged

to be less costly for the BWRs since there is less work to be done and

t he

estimtes are provided accordingly. Al costs are given in 1997 doll ars
and

all operating costs are discounted at an annual rate of 7 percent. Labor
cost

rates were devel oped usi ng NUREG CR-4627, updated to 1997 dollars by
assum ng

an annual rate of inflation of 5 percent. 1In each of the follow ng

cal cul ations, the base case to rule case is calculated first, then an
adjustnent is nmade according to NRC staff estinates of the extent to

whi ch

i ndustry has already voluntarily conplied with rule
estimate of the costs for voluntary case to rule case.

t hus devel opi ng an

The follow ng industry costs were cal cul at ed:

U TS update " PWRs: (28 new pages/NSSS) ' ($5000/page) ' (73 NSSSs) =
$10. 2
M base case and voluntary case; BWRs: (24 new pages/ NSSS) '
($5000/ page)
" (37 NSSSs) = $4.4 M base case and voluntary case

u devel op system behavi or understanding " PWRs: $3 M BWRs: $0.5 M

u devel op and/or nodify operations and nmmi ntenance procedures " PWRs:
(3
owners groups) ' (200 pages/owners group) ' ($3000/page)= $1.8 M plus
(200 pages/site) ' (47 sites) ($1500/page) = $14.1 M base case which
totals $15.9 M and 50 percent is estimated for voluntary case =$8.0

M
M

BWRs: (1 owners group) ' (35 pages/owners group) ($3000/page) = $0.1

plus (35 pages/site) ' (26 sites) ' ($1500/page) = $1.4 M base case
whi ch

totals $1.5 M and 50 percent is estimated for voluntary case =$0.8 M

The difference in the nunber of pages between PWRs and BWRs
represents

nore extensive procedure nodification for the PWRs.

u new plans for operating in conpliance with the new rule requirenents
PWRs: (20 staff-weeks/site) ' (47 sites) ' (40 hr/wk) ' ($100/hr) =
$3.8



M base case and voluntary case; BWRs: (8 staff-weeks/site) ' (26
sites) '
(40 hr/wk) ($100/hr) = $0.8 M base case and voluntary case

U provide instrumentation " A nunber of PWR |icensees have installed

| evel

i nstrunentation systens that are assumed to neet the requirenents.
The

NRC assuned that 45 PWRs do not have the necessary |evel instrunents.

The NRC al so assuned that little work was needed to provide
t enperature

instrunentation for PARs. All BWRs were assunmed to need i nproved

tenperature instrunentation. PWRs: (45 NSSSs) ' ($300,000/unit) =
$13.5

M base case and $5.2M voluntary case; BWRs: (37NSSSs)
($300, 000/ unit) =

$11.1 M base case and voluntary case

u develop or nodify (or both) QA procedures " PWRs: (3 owners groups)
(150 pages/owners group) ' ($3000/page)= $1.4 M plus (300 pages/site)

(47 sites) ($1500/page) = $21.2 Mwhich totals $22.6 Mfor the base
case
and voluntary case; BWRs: (1 owners group) ' (150 pages/owners group)
($3000/ page) = $.5 M plus (300 pages/site) ' (26 sites)
($1500/ page) =
$11.7 M which totals $12.2 Mfor the base case and vol untary case.

I ndustry costs are incurred over the remaining life of each NSSS and are
i ndividually converted to a present value via [1-exp(-rti)]/r,

where r = discount rate (7 percent) and ti=remaining life of plant "i."
The

present val ues are:

U operator training " PWRs: (1 staff-mp) ' (4.3 wk/nmo) ' (40 hr/wk) '
($100/ hr) [1-exp(-rti)]/r = $14 M base case and 50 percent is
estimated for voluntary case =$7.0 M BWRs: (1 staff-wk) ' (40 hr/wk)

($100/ hr) [1-exp(-rti)]/r = $1.7 M base case and 50 percent is
estimated for voluntary case =$.9 M
U instrumentation per NSSS " PWRs: ($2000) ' [1-exp(-rti)]/r = $1.6
M
base case and voluntary case; BWRs: ($2000) ' [1-exp(-rti)]/r =
$0.8 M

base case and voluntary case where the NRC assunmed $2000 of
mai nt enance
cost per NSSS unit per year.
U procedures mai ntenance " PWRs: (20 pages/yr) ' ($1500) [ 1- exp(-
rti)]/r = $24.4 M base case and 50 percent is estimated voluntary case =
12.2 M BWRs : (20 pages/yr) ' ($1500)) [1-exp(-rti)]/r = $12.0 M
base
case and 50 percent is estinated for voluntary case =$6.0 M
U quality assurance " PWRs: (1 staff-mp) ' (4.3 wk/nmo) ' (40 hr/wk) '
($100/ hr) [1-exp(-rti)]/r = $14 M base case and vol untary case;



BWRs: (1 staff-nmp) ' (4.3 wk/mp) ' (40 hr/wk) ' ($100/ hr)
[1-exp(-
rti)l]/r = $6.9 M base case and voluntary case
u event reporting " PWRs: (1 staff-wk) ' (40 hr/wk) ' ($100/hr) '
[1-
exp(-rti)]/r = $3.3 M base case and voluntary case; BWRs: (1 staff-wk)
(40 hr/wk) ' ($100/hr) [1-exp(-rti)]/r = $1.7 M base case and
voluntary case
Total industry inplenmentation cost is sumrarized in Table 3 for the base
case
and the voluntary case.

Table 3. Base Case to Rule Case and Voluntary Case to Rul e Case
(I'ndustry Costs for 0O 50.67)

TASK Base Case to Rule Case ($M Voluntary Case to Rul e Case
($M

PWRs BWRs Tot al PMRsBWRs Tot al

Tech Spec Updat el0. 24.414.610.24.414.6

Devel op System Behavi or 3. 00. 53. 53. 00. 53. 5

New Oper ati ons/ Mai nt Procedures15.91.517.48. 00. 88.8

New Pl ans 3. 80.84.63.80.84.6

Provide Instrunentationl3.511.124.65.211.116.3

New QA Procedures22.612. 234.822.612. 234.8

Subtotal (Initial Costs)69.030.599.552.829.882.6

Operator Trainingl4.01.715.77.00.97.9

I nstrunment ati on Mai ntenancel. 60. 82. 41. 60. 82. 4

Procedures Mai nt enance24. 412. 036. 412. 26. 018. 2

Qual ity Assurancel4. 06.920.914. 06. 920.9

Event Reporting3.31.75.03.31.75.0

Subt otal (Present Value Continuing Costs)57.323.180.438. 116. 354. 4

Total Cost to Industry 126.353.6179.990.946.1137.0

4 DI SCUSSI ON OF RESULTS

Compari sons of the base cases, voluntary cases, and rule cases for both
PV\Rs

and BWRs are sumari zed in Table 4. The base case represents shutdown
risk

crediting only equi prment required by regulation (assunmed in Standard TS).
The

voluntary action case includes equipnment required by regulation and
equi prrent

voluntarily added by the |icensee based on NRC and i ndustry gui dance.
The

rule case represents shutdown risk crediting equi pnent as described in
t he

St at ement of Considerations and the Regulatory Guide for 0O 50.67
Details of



these cases are provided in subsequent sections. Results of an
i npact/ val ue
anal ysis that was perfornmed sinultaneously with the PRA are sumrarized in
Table 5. The net values are positive and the inpact/value ratios are
| ess
than 1, showing that the rule is justified.
Table 4. Probabilistic R sk Assessnent

Resul ts
Regul atory Anal ysi s
Al ternative Core damage Frequency

event s/ react or-year Frequency of Unnmitigated
Rel ease per
reactor-year
PVRBVWRPVRBV\R
Pot ential Regul atory
M ni mum ( Base Case):

2E-2
1E-3
2E-2
1E-3
Estimate of Industry Practice
per NUMARC 91- 06
(Vol untary Case):
8E-5
to
2E-6
1E-5
to
6E-7
2E-5
to
2E-7
8E-6
to
6E-7
Proposed
Requi renent s
(Rul e Case):
(S/'D only)
Conpar abl e
Equi pnent
I nt act
Cont ai nrent
1E-5
8E-5
4E- 6
8E-6

1E-6



1E-6

4E- 6
4E- 6
Tabl e 5. Inpact/Val ue Sunmary
Item PVR BVR
Net Val ue, $ML53, 000 5, 100
| rpact / Val ue
(di mensi onl ess) 0. 001 0.01

The Regul atory Analysis results show that the npst significant risk
reducti on

in noving fromthe base case to the rule case is achieved in severa
increments. The nost significant reduction in risk is derived fromthe
i ntroduction of an ECCS injection path for PAWRs and a RCS venting

capability
for BWRs (SRV operability). The PWR ECCS injection path and BWR RCS
venti ng

capability are not currently required to be available by TS in cold

shut down

and refueling. The second nost significant reduction in risk results
fromthe

i ntroduction of procedures as required by 0O 50.67(a)(1) including those
for

training, quality assurance, and corrective actions. This portion of the
rule

is credited with a reduction in the frequency of initiating events and an
increase in the probability of restoring a RHR systemif it is lost. The
third nost significant incremental reduction in risk results fromthe

i ntroduction of either a containment that is expected to reduce the

rel ease

frequency significantly or a risk-conmparable mtigation capability.

In terms of relative cost, the requirenent for nmaintaining mitigation
capability available is |l ess than the procedural elenents or the rule.
Thi s

i s because equi pnent such as the ECCSs is already installed and can be
readily

aligned with no additional equiprment acquisition. The |argest cost
associ at ed

with the shutdown operations portion of the rule (excluding fire

prot ecti on)

is that associated with the devel opnent of procedures for training,
quality

assurance, and corrective actions. In addition to reducing risk, these
procedures have the unquantifiable benefit of enforceability; it pernits
t he

NRC to i nspect and enforce safe operation during shutdown and refueling.
However, the overall cost for rule inplenentation is nodest, averaging
about

$1.8 M per plant over the remaining lifetine of the plant.



In sunmary, the rule case significantly reduces risk fromthe base case.
The

rule pernmits the NRC to inspect and enforce safe operation practices
before an

event occurs. The rule reduces risk fromplants that are bel ow average
in

safety. The rule also ensures a mninumlevel of safety by greatly
reduci ng

risk fromwhat it would be if plants chose to conply with [ittle nore

t han

what is required by present regulation. Nevertheless, little reduction
in

overall risk is achieved by the rule for the licensee who has adopted
effective voluntary practices that reduce risk for shutdown operation

4.1 Net Val ue

The inmportant risk neasures are the CDFs and the correspondi ng rel ease
frequencies. The release frequencies drive the public value attributes
V1l and

V3, which are the nost inportant attributes in the net value equation
The

CDFs drive the onsite risk value attributes V2 and V4.

Esti mated net values are shown in Table 6. Both the PWR and BWR net
;?Lugisitive when the base case is conpared to the rule case, indicating
?Pa}s wort hwhile, froman inpact and val ue perspective, to proceed with
L?ﬁposed rul e.

Table 6. Value Inpact Analysis

Attribute
PVR
$M
BWR
$M
V1, avoi ded public exposure91, 9002, 920
V2, avoi ded wor ker exposureb, 700238
V3, avoided offsite property damage36, 8001, 160
V4, avoi ded cleanup & power replacenent 18, 800855
V5, routine worker exposure-1.5-0.8
1, Cost to NRCO.960.5
|2, Cost to |licenseelO4.342.8
NV, Net val uel53, 100. 5, 129
| rpact - val ue rati o00.0010. 01

4.2 Attributes for Each Case
The results for the seven attributes (5 values and 2 inpacts), that

t oget her
yield the net values, are summarized in Table 6. The avoided public



heal th

risk (V1) is the dom nant value. (It is sufficiently large that the net
val ue, PWRNVB, would still be positive if all the other values (V2, V3,
V4, and

V5) were zero.) However, V3, avoided offsite property damage, and V4,
avoi ded

onsite costs, also are inportant contributors. Avoided occupati ona
exposure

associ ated with acci dent managenent and cl eanup (V2) contributes a snal
anount. Routine occupational exposure frominplenmentation of new
requirements

(V5) is a negative value but al nost negligible. The domi nant inpact is
di r ect

licensee cost to inplenment the new requirenents and changes in operating
costs

(12). The cost to the NRC (11) is essentially negligible.

4.3 Non-Quantifiable or Poorly Quantifiable Attributes

Section 50.67(a)(1) will result in some benefits that are quantifiable
and

sone that are not quantifiable. These non-quantifiable benefits include
t he

i nproved enforceability and inspectability that are facilitated by the
procedures for training, quality assurance, and corrective actions to
ensure

conpliance with the requirements of rule. The requirenent of 0O 50.67 to
develop TS also facilitates the inspectability and enforceability of the
rule.

These non-quantifiable benefits permt the NRC to reduce the number of
significant events, particularly those that nmay occur at plants with
practices

that are well below average in terns of safety and, thus, nore
susceptible to

i dentification through inspection and renedi ation through enforcenent.

4.4 Key Assunptions
4.4.1 Base Case

For the base case, the Regul atory Analysis CGuidelines (NUREG BR- 0058,
Rev. 2)

specify that no credit may be given for voluntary actions taken by

| i censees.

Therefore, with respect to equipnent availability, the base case only
credits

equi prent that is required to be operable by Standard Techni cal

Speci fications

(STS).

The base case estimates credit:

U one onsite power source
u one offsite power source
u 2 trains of RHR (which al so neet BWR Mode 5 ECCS LCGCs) and support



equi prent
u PORV operability (PWR LTOP TS)
U RHR automatic isolation on Level |1l (BWRs)
U operator recovery actions

Since the followi ng equipnment is not required by TS to be avail able, the
base
case does not credit:

cont ai nrent
u PWR ECCS capability
U BWR RCS venting capability (SRV operability)

c/

4.4.2 Voluntary Action Case

As reconmended i n NUREG BR- 0058, a voluntary action case was perforned
grghits voluntary initiatives. This case credited equi pnent required by
Zﬁd equi prent recomrended to be avail abl e based on gui dance from G. 88-17
%BS%RC 91-06. For PWRs, G. 88-17 reconmended the following to be

i mpl enent ed

during reduced i nventory operations: containnment closure procedures, two
gfaQZding inventory to the RCS in addition to the two RHR punps, |eve
?gﬂperature i nstrunmentation. NUMARC 91-06 provided high | evel guidance
;gdBﬁﬁR licensees on how to control outage risk

For both PWRs and BWRs, two voluntary action cases were perforned
representing

different interpretations of NUMARC 91-06 and G. 88-17. The hi gher CDF
voluntary case represents a mninal inplenmentation of both gui dance
docunent s,

in terns of the amobunt of extra equi pnment and additional sources of water
bei ng made available. The |Iow CDF voluntary case represents a nore

i n-depth

i mpl enent ati on of both gui dance. Both PWR and BWR cases include inproved
initiating event frequencies and i nproved operator recovery actions.
These

two cases are not nmeant to bound current plant operations but are
intended to

be exanpl es of reasonable interpretations of the referenced gui dance.

The hi gher CDF voluntary case for BWRs credits equi pnent credited in the
base

case plus, two operable SRVs, an additional |ow pressure injection punp,
and a

long termsource of water. The |lower CDF voluntary case includes the
equi prent described in the high voluntary action case plus an additiona
EDG



(or equivalent onsite power source), high pressure service water, fire
wat er,

and core spray. For PWRs, the higher CDF voluntary action case includes
t he

equi prent credited in the base case, plus 1 ECCS injection punp, gravity
f eed,

and an "avail abl e" containnent. The |ower CDF PWR voluntary action case
adds:

an additional EDG (or equival ent power source), a second ECCS punp,
cont ai nment spray punps (to suppl enent the RHR punps), steam generator
heat

removal , and a recirculation capability. (An "available containnment” is
defined as one that can be closed by renote or local nmanual actions

bef ore

cont ai nment conditions becone intol erable.)

4.4.3 Rule Case

The rule case only credits equi pnent as outlined in the Statenment of
Consi derations and the Regulatory Guide for O 50.67. The follow ng
equi prent

was credited:

U 2 RHR trains, including support equi pnment
u 1 energency core cooling system (ECCS) punp and support equi prment
(one of
the RHR punps for BWRS)
u 1 energency diesel generator
u 1 source of offsite power
U equi pnment conparable in mtigation capability to an intact
cont ai nrent
U indication of tenperature i mmedi ately above core inside the reactor
vessel (RV)

u accurate RV water |evel indication
U pressure control capability (2 SRVs for BWRs or 2 PORVs for PWRs)
u level Il isolation capability for BWRs
U along termsource of water or a recirculation capability
u reduced initiating event frequencies and i nproved operator recovery
actions.
Since it is the staff's expectation that the licensee will have an intact

contai nment or an additional nitigative capability that is conparable to
an

intact containment, two risk estinates are provided in Table 4. For
BWRs, the

additional nmitigative capability that is conmparable to an intact
cont ai nrent

includes fire water. For PWRs, the additional mitigative capability

i ncl udes

an "avail able contai nnent”, an additional injection source, an additional
EDG

(or equivalent onsite power source), steam generator heat renoval, and
gravity

f eed.



5 RATI ONALE FOR SELECTI NG THE PROPOSED ACTI ON

As discussed in this regulatory analysis, a quantitative val ue-i npact
anal ysi s

usi ng PRA techni ques shows | arge positive net values for the prescribed
"base

case to rule case" conparison for both PWRs and BWRs, despite a bias

bui It

into the anal ysis that undercal cul ates the worth of the rule. This bias
was

principally the om ssion of certain external events fromthe

cal culations. In

addi tion, the non-quantifiable attributes of the proposed rul emaki ng are
substantial; they include the ability to inspect and enforce el ements of
safe

operation during the shutdown condition

5.1 Relationship to Oher NRC Programs and Requirenents

Modi fications are expected in plant-specific TSs and in the STSs
documented in

NUREG- 1430, NUREG 1431, NUREG 1432, NUREG 1433, and NUREG 1434 (Standard
TSs

for NSSSs [and associ ated plants] applicable to Babcock & W/ cox,
West i nghouse, Conbustion Engi neering, CGeneral Electric BWR 4 designs, and
Ceneral Electric BWR/ 6 designs, respectively). Sonme of these changes
have

been addressed in this regulatory analysis and in associated rul enaki ng
docunent ati on.

The rule will result in inspection activities that are broadly covered by
t he

NRC s Five-Year Plan. Headquarters, regional, and resident inspector
personnel will be trained in the rule's features and its inplications.
Wor kshops will be conducted to update |icensee and vendor personnel and
to

explain NRC s expectations. |Inspection depth will be tailored to the
adequacy

of licensee inplenmentation and the observed effectiveness on event
frequency

and mtigation.

The decision to proceed with rulemaking is consistent with NRC s safety
goal

screening criteria. Guidance on what constitutes a substantial increase
in

the overall protection of public health and safety appears in Table 7
(taken

from NUREG BR- 0058) .

By the agency's procedures, the staff is required to assune that in the
base
case, licensees follow no nore than what is required by the regul ations
and



technical specifications. The difference between the base case and the
rule

case is used as a decision criterion. The CDF reduction in nmoving from
t he

base case to the rule case of 10-3 to 10-2 per reactor-year in

combi nation with

a containnent that is not required to be closed, neets the criteria of
Table 7

to proceed, and the NRC consequently devel oped the PRA and the proposed
rul emaki ng.

5.2 Statenment of Proposed Ceneric Requirenent

The follow ng proposed rule will be published in the Federal Register for
coment :

PART 50 " DOMESTI C LI CENSI NG OF PRODUCTI ON AND UTI LI ZATI ON FACI LI TI ES
1. The authority citation for Part 50 continues to read as foll ows:

AUTHORI TY: Secs. 102, 103, 104, 105, 161, 182, 183, 186, 189, 68 Stat.
936, 937, 938,
948, 953, 954, 955, 956, as anended, Sec. 234, 83 Stat. 1244, as anended
(42 U. S.C 2132,
2133, 2134, 2135, 2201, 2232, 2233, 2236, 2239, 2282); Secs. 201, as
anmended, 202, 206, 88
Stat. 1242, as anended, 1244, 1246 (42 U.S.C. 5841, 5842, 5846), E. O
12829, 3 CFR, 1993
Comp., p. 570; E. O 12958, as anended, 3 CFR, Conp., p.333; E. O 12968, 3
CFR, 1995 Conp.,
p. 391.

Sec. 50.7 also issued under Pub. L. 95-601, Sec. 10, 92 Stat. 2951 as
anended by Pub. L. 102-
486, Sec. 2902, 106 Stat 3123 (42 U.S.C. 5851). Sec. 50.10 al so issued
under Secs. 101, 185,
68 Stat. 936, 955, as amended (42 U S.C. 2131, 2235); Sec. 102, Pub. L.
91-190, 83 Stat. 853
(42 U.S.C. 4332). Secs. 50.13, 50.54(dd), and 50.103 al so issued under
Sec. 108, 68 Stat. 939,
as anended (42 U.S.C. 2138). Secs. 50.23. 50.35, 50.55, and 50.56 al so
i ssued under Sec. 185,
68 Stat. 955 (42 U.S.C. 2235). Secs. 50.33a, 50.55a and Appendi x Q al so
i ssued under Sec.
102, Pub. L. 91-190, 83 Stat. 853 (42 U.S.C. 4332). Secs. 50.34 and
50.54 al so i ssued under
Sec. 204, 88 Stat. 1245 (42 U.S.C. 5844). Secs. 50.58, 50.91, and 50.92
al so i ssued under Pub
L. 97-415, 96 Stat. 2073 (42 U.S.C. 2239). Sec. 50.78 also issued under
Sec. 122, 68 Stat. 939



(42 U.S.C. 2152). Secs. 50.80-50.81 al so i ssued under Sec. 184, 68 Stat.
954, as anended (42

U S. C 2234). Appendix F also issued under Sec. 187, 68 Stat. 955 (42

U S.C 2237).

2. In O 50.8, paragraph (b) is revised to read as foll ows:

0 50.8 Information collection requirenents: OVB approval

* Kk Kk k%

(b) The approved infornmation collection requirenents contained in this
part appear in O 50. 30,
50. 33, 50.33a, 50.34, 50.34a, 50.35, 50.36, 50.36a, , 50.36b, 50.44,
50. 46, 50.47, 50.48,
50. 49, 50.54, 50.55, 50.55a, 50.59, 50.60, 50.61, 50.62, 50.63, 50.64,
50. 65, 50.66, 50.67,
50. 71, 50.72, 50.73, 50.74, 50.75, 50.80, 50.82, 50.90, 50.91, 50.120 and
appendi ces A, B, E,
G H I, J, KxM N O Q R and Sto this part.

*k k k%
3. Section 50.2 is revised by adding in al phabetical order the
definition for Shutdown operation
as follows:

0 50.2 Definition

*k k k%
Shut down operati on neans the reactor coolant system (RCS) is in Cold
Shut down or Refueling (as
defined in a plantls technical specifications) and one or nore fuel
assenblies are located in the
reactor vessel or in the refueling cavity. Shutdown operation is a part
of nornmal operation.

* Kk k k%

4, Section 50.34 is revised to read as foll ows:

0 50.34 Contents of applications; technical information

*kkk k%
(b) * %k
(12) The assunptions and paraneter values used in safety anal yses
required by 0O 50.67(b) as
reference bounds for design to denpnstrate adequate decay heat renpva
for the fuel storage pool

* Kk k k%

5. Section 50.65(b) is revised to insert a new subparagraph (b)(2)(iv)
as follows:

0 50.65 Requirenments for nmonitoring the effectiveness of maintenance at
nucl ear power plants.

*k k k%
b * % %
Ezg * % %
(iv) necessary for conpliance with O 50.67 of this part.



* Kk Kk k%

6. A new [0 50.67 is added to read as foll ows:
0 50. 67 Shutdown and Fuel Storage Pool Operations at Nucl ear Power Pl ant

(a) Shutdown QOperations. Holders of operating licenses and comnbi ned
licenses for a light-water
reactor nucl ear power plant, except those plants that have been
permanently shut down with fuel
permanently renmoved fromthe reactor vessel, shall conply with the
foll owi ng requirenents except
when all fuel has been transferred out of the reactor vessel:

(1) Shutdown QOperation Procedures. Licensees shall establish and
i mpl ement procedures
(including procedures for training, and quality assurance and corrective
action nmeasures) for the
activities for conplying with the requirenents of paragraph (a) of this
section. Except for those
procedures necessary for conplying with paragraph (a)(4) of this section,
the criteria for
determ ni ng the adequacy of the procedures and the nethod for
establishing, nodifying, and
supersedi ng the procedures nust be described in the adnmnistrative
controls section of technical
speci fications.

(2) Performance Monitoring.

(i) Licensees shall establish, nonitor, and conply with
parameter limts during shutdown
operation. The paraneter limts nmust ensure conpliance with the
followi ng safety function limts:

(A) Decay heat renoval such that the water tenperature above the
reactor core is less than the
saturation tenperature.

(B) Reactor Coolant System (RCS) inventory control such that the RCS
water level is sufficient
for reliable operation of the normal neans of decay heat renpval.

(C) RCS and connected systens pressure control such that the design
pressure and Low
Tenperature Overpressure Protection (LTOP) settings are not exceeded.

(ii) The paraneters, parameter linmts, and nonitoring requirenents
(i ncluding the nature and
frequency of nonitoring) nmust be identified and described in a
licensee-controll ed docunment that is
identified in the administrative controls section of the technica
specifications. The criteria and
nmet hod for |icensee selection of the paraneters, the parameter linits,
and the nature and frequency



of monitoring nust be described in the adninistrative controls section of
techni cal specifications.

(3) Mtigation Capability. Licensees shall maintain available a
mtigation capability to provide
adequat e core cooling, decay heat renoval, and sufficient protection
agai nst the uncontrolled
rel ease of fission products following the loss or interruption of decay
heat renoval during shutdown
operation. The structures, systens, and conponents for conplying with
this section nust be
identified in a licensee-controll ed docunent that is identified in the
adm ni strative controls section of
the technical specifications. The criteria and nethod for |icensee
sel ection of the structures,
systenms, and conponents necessary for conplying with this section nust be
described in the
adm ni strative controls section of technical specifications.

(4) Fire Protection.
(i) Licensees shall
(A) Mninmze the frequency of fires during shutdown operation

(B) Maintain the decay heat rempval function free of fire damage or
limt the levels of fire damage
by pronptly detecting, controlling, and extinguishing fires that do
occur, and

(C) Devel op and inplenent a contingency plan for maintaining adequate
core cooling and in a
timely fashion restoring decay heat renoval in the event of a fire in
those areas that interrupts or
degrades heat renoval to an ultimte heat sink.

(ii) The provisions necessary for conplying with this paragraph
(including the contingency plan)
nmust be described in the fire protection plan required by 10 CFR 50. 48.

(b) Fuel Storage Pool Operation. Holders of |Iicenses authorizing
storage or movenent of fuel in a
fuel storage pool refueling cavity or connected water-filled cavity at a
i ght-water reactor nucl ear
power plant shall describe in the updated final safety analysis report
t he assunptions and paraneter
val ues used in safety anal yses perforned by the |icensee as reference
bounds for design to
denmonstrat e adequate decay heat renoval for the fuel storage pool and
ensure that the procedures
for the fuel storage pool contain operational limts that incorporate the
assunptions and paranet er
values in the updated final safety analysis report.



(c) Inmplenmentation. Each licensee shall

(1) Develop and subnmit for NRC review and approva
techni cal specifications required by
paragraph (a) of this section by [INSERT EFFECTI VE DATE OF FI NAL RULE
PLUS 6 MONTHS] ;

(2) Update the fire protection plan required by O 50.48 of this part
by [ NSERT EFFECTI VE
DATE OF FINAL RULE PLUS 12 MONTHS] by describing the various positions
within the licensee's
organi zation that are responsible for conplying with paragraph (a)(4) of
this section, the authorities
that are delegated to each of these positions to inplenent these
responsibilities, and the specific
features necessary for conplying with paragraph (a)(4); and

(3) Revise their updated final safety analysis report as required by
paragraph (b) of this section
at the next schedul ed revision follow ng [| NSERT EFFECTI VE DATE OF FI NAL
RULE PLUS 6
MONTHS] ;

(4) Revise the procedures for the fuel storage pool as required by
paragraph (b) of this section by
[ NSERT EFFECTI VE DATE OF FI NAL RULE PLUS 12 MONTHS]
*k k k%
7. Section 50.72 is revised to insert a new subparagraph (b)(1)(vii) as
foll ows:

0 50.72 Imrediate notification requirenents for operating nucl ear power
reactors.
*k k k%

b * % %

Elg * % %

(vii) Any event that results or should have resulted in the actuation of
the mtigation capability

required by 0O 50.67(a)(3).

* Kk k k%

8. Section 50.73 is revised to insert a new subparagraph (a)(2)(xi) as
foll ows:

0 50. 73 Licensee event report system

(a) * % %

(2) * % %

(xi) Any event that results or should have resulted in the actuation of
the mtigation capability

required by 0O 50.67(a)(3).

* Kk Kk k%

PART 54 -- REQUI REMENTS FOR RENEWAL OF OPERATI NG LI CENSES FOR NUCLEAR
PONER PLANTS



9. The authority citation for Part 54 continues to read as foll ows:

AUTHORI TY: Secs. 102, 103, 104, 161, 181, 182, 183, 186, 189,
68 Stat. 936, 937, 938, 948, 953, 954, 955, as anended, sec. 234,
83 Stat. 1244, as anended (42 U.S.C. 2132, 2133, 2134, 2135, 2201,
2232, 2233, 2236, 2239, 2282); secs 201, 202, 206, 88 Stat. 1242,
1244, as anmended (42 U.S.C. 5841, 5842), E. O 12829, 3 CFR 1993 Conp., p.
570; E. O 12958,
as anmended, 3 CFR, 1995 Comp., p. 333; E. O 12968, 3 CFR, 1995 Conp., p.
391.

10. Section 54.4 is revised to read as foll ows:

0 54. 4 Scope

(a) * Kk %

(3) Al systenms, structures, and conponents relied on in safety anal yses
or plant evaluations to

performa function that denonstrates conpliance with the Comr ssion's
regul ations for fire

protection (10 CFR 50.48), environnmental qualification (10 CFR 50.49),
pressurized thermal shock

(10 CFR 50.61), anticipated transients wi thout scram (10 CFR 50. 62),
station blackout (10 CFR

50. 63), and shutdown and fuel storage pool operations (10 CFR 50.67).

* % % * %

5.3 Statenent Regardi ng Nature of Proposed Requirenent

The proposed rul emaking action is to issue the proposed rule for comrent.
Foll owi ng the coment period and after addressing the coments, the staff
will

issue the rule as a final requirenent to address shutdown and fuel

st orage

pool operation.

6 | MPLEMENTATI ON

The proposed action is a new rule that addresses shutdown operation of
nucl ear

power plants. The licensee's response to the rule is to be docunented by
nodi fication of its FSAR, procedures for the fuel storage pool, fire
protection plan, and its technical specifications. Tenporary

i nstructions

wi Il be issued and workshops will be held to explain the rule and its
inmplications to industry and to NRC staff. The rule specifies that

t echni cal

specifications nmust be submitted to the NRC within 6 nonths of the date
of

i ssuance of the rule, and the fire protection plan and procedures for the
f uel

pool must be revised within 12 nonths of the date of issuance of the
rule. The

rule also specifies that the FSAR for the fuel pool nust be updated at



t he
first schedul ed revision of the FSAR following 6 nonths fromthe date of
i ssuance of the rule.
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APPENDI X A (FUEL STORAGE POOL OPERATI ON)

Regul atory Anal ysi s
Fuel Storage Pool Operation in the Proposed Rule
0 50. 67 Shutdown and Fuel Storage Pool Operations at Nucl ear Power
Pl ant s

1 RULEMAKI NG OBJECTI VE, STATEMENT OF PROBLEM RESOLUTI ON
1.1 Objective

The objective of the fuel storage pool portion of the rulemaking is to
pr esent

clearly defined regulatory controls for current fuel storage poo

oper ati ona

practi ces.

1.2 Statenment of Problem

The safety of fuel storage in the fuel storage pool is determ ned by the
cool ant inventory, coolant tenperature, and fuel reactivity. Cool ant
inventory affects the capability to cool the stored fuel, the Iength of
tinme

for events involving the coolant to becone significant, the degree of
shi el ding provided for the operators, and the consequences of postul ated
f uel

handl i ng accidents. Coolant tenperature affects operator performnce
duri ng

fuel handling, control of coolant chenistry and radi onuclide
concentrati on,



generation of thermal stress within structures, and, at el evated

t enper at ures,

environmental conditions in areas surrounding the storage pool.
Envi r onment al

conditions are inportant because an adverse environnent could preclude
access

to equi pment necessary for control of coolant inventory and tenperature,
whi ch

is typically controlled and operated in areas adjacent to the fuel pool,
and

degrade the operation of essential systenms. Fuel storage pools are

desi gned

to maintain a substantial reactivity margin to criticality under al
postul ated storage conditions to ensure the heat generated within each

f uel

assenbly decreases with tine.

The existing regulatory franmework provides controls on the design of the
f uel

storage pool and related equipnent in the formof the design bases for

t hese

structures, systens, and conponents (SSCs) and in the form of the design
control provisions of each licensee's quality assurance program

However, the

applicability of design control provisions to the fuel storage pool heat
removal function is not clear and not uniformthroughout industry, and
this

regul atory framework does not provide effective controls on the
availability

of equi pnrent and the performance of operators in maintaining the heat
renoval

and cool ant |level control safety functions. Methodical nanagenent of
assunptions in the design basis is inportant to ensure operating
condi ti ons

are within anal yzed bounds.

Over the past few years, the NRC staff has reviewed fuel storage poo

desi gn
features and operational practices and has evaluated the risk from
st orage of

irradiated fuel in pools. The NRC s activities in these areas were

i nfluenced

by the follow ng occurrences: a notification of potential design defects
related to irradiated fuel storage at Susquehanna, an NRC i nspection

i dentifying design weaknesses and substantial deviations fromsafety

anal ysi s

conditions for storage of irradiated fuel at the permanently shutdown

Dr esden

Unit 1, and a request for enforcenent action regarding fuel storage pool
operational practices at MIIstone. The NRC coordinated these activities
t hrough i npl ementation and nodification of a generic spent fuel storage
pool

action plan [Memb to A C. Thadani from G M Hol ahan, "Task Action Plan
for



Spent Fuel Storage Pool Safety," October 13, 1994].

As specified in the action plan, the NRC gathered information on fuel

st orage

pool design features and operational practices through operational event
reviews, site visits, and reviews of licensing docunents (including
safety

analysis reports). Using this infornmation, the NRC revi ewed fuel storage
pool

designs to identify particular sites having fuel storage pool rel ated
features

that increased the potential for a significant |oss of coolant inventory,
reduced the reliability of fuel pool decay heat renmpval, or increased the
potential for a consequential |oss of essential safety functions

af fecting an

operating reactor. On the basis of its review, the NRC detern ned that
exi sting structures, systens, and conponents related to storage of

i rradi ated

fuel provide protection of the public health and safety. However, the
NRC

found that design features inconsistent with current design standards

exi sted

at several plants, and the NRC deternmi ned that further eval uation of

t hese

specific plants was warranted. ["Resolution of Spent Fuel Storage Poo
Acti on

Pl an | ssues,

EDO report to the Conm ssion, July 26, 1996].

In parallel, the NRC eval uated the conformance of refueling operationa
practices with design basis assunptions associated with the fuel storage
pool

and its support systens. During its evaluation, the NRC noted that
routine

refueling of fl oad practices have not been consistent with |icensing basis
assunptions at several plants. |In a nunber of instances, the NRC found

t hat

desi gn basis assunptions have not been captured in procedures, including
procedural controls governing the timng and size of fuel transfers and

t he

avai lability and redundancy of fuel storage pool cooling systenms and

cool ant

i nventory control systens. ["Report on Survey of Refueling Practices,"”
EDO

report to the Comm ssion, May 21, 1996]. The NRC al so deterni ned that
voluntary actions to govern fuel storage pool operations were

i nconsi stently

i mpl enment ed despite industry-wi de gui dance and offered an i nadequate
basis for

enforcement. Finally, an assessment of NRC oversight actions with regard
to

fuel storage pool operations at one plant site performed by the Ofice of
t he

I nspector General noted considerable weaknesses in the staff's

enf or cenment



practices ["NRC Failure to Adequately Regulate - MIIstone Unit 1,"

O fice of

the I nspector General Case No. 95-771, Decenber 21,1995]. These findings
| ed

the NRC to conclude that an explicit regulatory framework needed to be
established for fuel storage pool operations in order to ensure that
activities are conducted in accordance with safety anal ysis assunptions,
and

to ensure that deviations fromthose assunptions are subject to

enf or cenment .

1.3 Resolution

The resolution of the NRC s action plan for spent fuel storage pool
safety

identified three areas for regulatory action. The first action invol ves
i mpl ement ation of this proposed rule for fuel storage pool operations.
The

second action involves addressing certain identified design features that

reduce the reliability of fuel storage pool decay heat renpval, increase
t he

potential for |loss of spent fuel coolant inventory, or increase the
potenti al

for consequential |oss of essential safety functions at an operating
reactor.

The identified design features that pose an increase potential of fuel
st orage

pool events relative to comon design practices will be addressed for
each

af fected plant through regulatory anal yses for safety enhancenent
backfits on

a plant-specific basis. The third action is revision of the fuel storage
pool

desi gn gui dance docunents.

The fuel storage pool portion of the rul emaking contains clearly defined
regul atory controls for current fuel storage pool operational practices.
The

NRC bel i eves that the proposed rul e expresses NRC expectations for
control of

fuel storage pool operations and establishes a clear basis for

enf or cenment

actions.

2 BACKFI T ANALYSI S

Al t hough the existing regulations governing the design of fuel storage
pool s

provi de protection of public health and safety, the NRC has deterni ned

t hat an

enhancenment of existing regulatory control of fuel storage pool

operations is

justified by the qualitative benefits of that action. Through its review
activities associated with fuel storage pools, the NRC has found that the



desi gn bases for fuel storage pools docunented in safety anal ysis reports
are

i nadequat e for consistent enforcenent and i nspection of fuel storage poo
operations. This condition, in conmbination with econom c pressure to

achi eve

shorter refueling outages and the safety benefits achi eved by renoving
al |

fuel fromthe reactor vessel during certain refueling operations, has
enabl ed

sone licensees to operate in conditions outside the envel ope eval uat ed
for

safe operation of the fuel storage pool without effective nmethods for the
NRC

to apply regulatory controls.

To correct this situation, the NRC has drafted the fuel storage poo
operation

portion of the proposed rule. The regulatory analysis for the fuel

st orage

pool operation shows no quantifiable risk benefit because risk is already
believed to be very low. The low risk results from passive design
features of

the fuel storage pool and the resulting long tine period available for
mtigative actions fromthe occurrence of an event to the onset of fue
damage. However, the NRC concluded that the proposed requirenents for
f uel

st orage pool operation provide significant benefits. These
non-quanti fi abl e

benefits include the enforcenent and inspection capabilities that are
facilitated by the docunentation of key paraneters and assunpti ons.

The requirement of 0O 50.67 to incorporate these assunptions into
procedures

also facilitates the inspection and enforcenent of operations that
devi ate

fromthe procedures. The inclusion of the design paraneters and
assunptions

in the safety analysis report will also result in increased regulatory
control

over changes to these paraneters and assunptions, since they will be
subj ect

to the requirenents of 0[O 50.59

These non-quantifiable benefits permt the NRC to prevent significant
event s

fromoccurring, particularly those that may occur at plants with
practices

that are well below average in terns of safety and, thus, nore
susceptible to

i dentification through inspection and renedi ation through enforcenent.
These

significant qualitative benefits address the perceived need for inproved
regulatory controls in this area and justify the associ ated cost.



2.1 bjective.

The objective of the fuel storage pool portion of the rulemaking is to
provi de

clearly defined regulatory controls for current fuel storage poo

oper ati ona

practi ces.

2.2 Required Licensee Actions.
For fuel storage pool operation, each |icensee nmust docunment the current

desi gn bases for fuel storage pool decay heat renpval in the facility's
safety

anal ysis report and nust ensure that operational linits derived from
t hose

bases are contained in procedures. To fulfill this requirenment, each
i censee

shall reviewits own safety anal yses to denonstrate adequate decay heat
removal for the fuel storage pool and to identify assunptions and

par amet er

val ues used as reference bounds for design. Then, the |icensee shal
resol ve

any di screpancies or inconsistencies in these assunptions and paraneter
val ues

using its own procedures for resolving non-conform ng conditions. After
t he

i censee devel ops a consistent set of assunptions and paraneter val ues
from

the safety analyses, the licensee shall describe that set of assunptions
and

paranmeter values in the safety analysis report and ensure that the
procedures

for the fuel storage pool contain operational limts that accurately
reflect

t he assunptions and paraneter values in the safety analysis report.

2.3 Potential Change in Risk to the Public.

The staff does not believe a significant, quantifiable change in risk to
t he

public will result frominplenmenting the fuel storage pool aspects of the
proposed rule. Estimates of the frequency of a serious |oss of fuel

st or age

pool cool ant inventory range from about 6x10-7 to 1x10-5 events per
react or

year, and estimates of the frequency of a significant increase in fuel

st or age

pool tenperature range from about 1x10-6 to 1x10-5 events per
reactor-year. On

the basis of the expected equipnment availability and the tinme avail able
for

human performance of activities necessary for recovery, the estimates of
t he

frequency of fuel damage for these types of events is about 4x10-8 fue



damage

events per reactor-year [NUREG 1353, "Regul atory Analysis for the
Resol ution

of Generic Issue 82, 'Beyond Design Basis Accidents in Spent Fuel
Pool s' "].

2.4 Potential I|Inpact on Cccupational Radiation Exposure.

The proposed rule does not require the installation of equi pnent or the
performnce of any additional tasks inside radiologically controlled

ar eas,

nor does it require actions that reduce the potential occupationa
exposure

during event recovery. Therefore, the potential inmpact on occupationa
radi ati on exposure is negligible.

2.5 Industry Costs.

The proposed rule and regul atory gui de have been drafted to m nin ze
costs to

i censees consistent with achieving m ninum operating requirenments. The
NRC

based its cost estinmates on the one-tine costs associated with revisions
to

the safety analysis report and to operating procedures.

On the basis of a survey of fuel storage pool |icensing basis informtion
conmpleted in 1996, the NRC assuned that 40 operating reactor sites would
i mpl ement conpl ex revisions to operating procedures and, of those 40
sites, 15

operating reactor sites would inplenment conplex revisions to the updated
safety analysis reports and 25 sites would inplenment mnor revisions to

t he

updated safety analysis reports in order to conply with the requirenents.
The

NRC estimted that the renaining 35 sites (i.e., the 29 remaining
operating

reactor sites and the 6 independent permanently shutdown sites) would

i mpl ement only mninor revisions to their updated safety analysis reports
and

operating procedures to denpnstrate conpliance with the proposed

regul ation.

All costs are given in 1997 dollars and all operating costs are
di scount ed at
an annual rate of 7 percent. Labor cost rates were devel oped using
i nformati on from NUREG CR-4627 updated to 1997 dollars by assum ng an
annual
rate of inflation of 5 percent. The follow ng industry costs were
cal cul at ed:
u devel op and/or nodify operations and nmi ntenance procedures "
(40

Sites) X (20 pages/site) X ($1500/ page)= $1.2M Mnor: (35 sites) X (6

Compl ex:



pages/site) X ($1500/ page) = $0.3M
U revise the safety analysis report " Conplex: ( 20 pages/site) X
($5000/ page) X (15 sites) = $1.5M; Mnor: (5 pages/site) X
($5000/ page) X
(60 sites) =$1.5M

The NRC expects continuing costs to be negligible for the docunentation
giié??ng desi gn basis because the adm nistrative process controlling
Lﬁgﬁggs and the operational limtations that evolve fromthe design are
Pg;uired to be nodified by the proposed regulation. On this basis, the
gg?ggﬁtes the total cost of inplenmentation for the entire industry at

2.6 Potential Safety Inpact of Changes.

Al t hough unquantified, the portion of the rule focused on the fuel

st orage

pool is expected to enhance public health and safety, and to help in
averting

onsi te consequences. These expectations will be realized through

i ncreased

attention to the operational bounds established by the fuel storage
pool 's

desi gn bases. The increased attention will be driven by the rule, which
is a

clear statenent of NRC requirenents, and which contains the framework
needed

to facilitate inspection and enforcenment activities that were |lacking in
t he

past .

2.7 Estimated NRC Resource Burden.

NRC costs were estimated to be negligible on the basis that existing

i nspection and enforcenent activities enconpass the activities necessary
to

verify conpliance with the proposed requirenents.

2.8 Potential Inmpact of Facility Differences.
Because the proposed requirenent for docunmentation of the design bases

and
translation of assunptions and paranmeter values used in the design

process
into operational limtations is specific to each facility, this
requi r ement

will not involve cost inpacts associated with facility differences.

2.9 Interimor Final Action.



The proposed actions are final.
3 OFFI CE POSI TI ON ON PROPCSED GENERI C REQUI REMENT
3.1 Statenent Regarding Nature of Proposed Requirenent

The proposed rul emaking action is to issue the proposed rule for comrent.
Foll owi ng the coment period and after addressing the coments, the staff
will

issue the rule as a final requirenent to address shutdown and fuel

st orage

pool operations.

3.2 I nplenentation

The proposed action is a new rule that addresses fuel storage pool
operation

at nucl ear power plants. The rule specifies that the FSAR nust be
updat ed at

the first schedul ed revision of the FSAR following 6 nonths fromthe date
of

i ssuance of the rule. In addition, the rule specifies that the
procedures for

the fuel storage pool nust be revised within 12 nonths of the date of
i ssuance

of the rule. Sone work will be necessary to clarify reporting
requirements

under 0O 50.72 and 0O 50. 73.

4 | DENTI FI CATI ON AND PRELI M NARY ANALYSI S OF ALTERNATE APPROACHES
4.1 No Action

The no action option has been rejected on the basis that |icensees have
i nconsistently inplenmented industry initiatives related to fuel storage
pool

operations and because existing regul ati ons have not provided a clear
basi s

for effective regulation of fuel storage pool operation. The NRC judges
t hat,

absent a rule, an observed trend toward shorter refueling outages and
tighter

mai nt enance schedules will continue with the attendant increased
potential for

procedures to provide i nadequate controls to nmaintain operation within
t he

design basis for fuel storage pool operation.

4.2 Information Notice

Nuner ous aspects of fuel storage pool design and operation have been
addr essed

t hrough information notices. Because fuel storage pool operation is
br oader



than can be addressed in a single infornmation notice, and there is little
accountability or regulatory authority associated with an i nformation
notice,

the NRC has rejected this option.

4.3 Generic Letter or Bulletin

Ceneric letters and bulletins have been used to request that |icensees
provi de

i nformati on regardi ng pl anned actions to address a variety of issues.
These

approaches do not establish a satisfactory enforcenent basis because
i censees

can unilaterally change conmtnments for nade in response to generic
letters

and bulletins. The NRC has rejected this option because the

est abl i shnent of

an enforcenent basis is an essential objective of this rule.

4.4 Techni cal Specifications Wthout Rul emaking

The NRC has rejected this approach because the regul atory basis for fuel
st orage pool decay heat renpval specifications is inadequate.

Speci fications

governing the availability and operation of systens are included in the
category of limting conditions for operation, but the fuel storage poo
decay

heat renmpval systens do not satisfy any of the criteria contained in O

50. 36

for establishment of a specification in this category.

4.5 Rule Establishing Uniform Regulatory Controls for Fuel Storage Pool
Operati on

The NRC selected this alternative on the basis of the proposed rule's
significant qualitative benefits. These benefits are seen to be the

i mproved

uniformty of regulatory controls and the clarification of staff
expectati ons

with regard to fuel storage pool operation. These benefits address the
perceived need for inprovenent in this area and, thus, justify the
associ at ed

cost.

5 FUEL STORAGE POOL REQUI REMENTS
5.1 Proposed I ndividual Requirenents

0 50.67 Shutdown and Fuel Storage Pool Operations at Nucl ear Power
Pl ant s.
(a) * %k k
(b) Fuel Storage Pool Operation. Holders of l|icenses authorizing
storage or movenent of fuel in a
fuel storage pool, refueling cavity, or connected water-filled cavity at



a light-water reactor nuclear

power plant shall describe in the updated final safety analysis report
t he assunpti ons and paraneter

val ues used in safety anal yses perforned by the |icensee as reference

bounds for design to

denmonstrat e adequate decay heat renoval for the fuel storage pool and

ensure that the procedures

for the fuel storage pool contain operational limts which incorporate
t he assunpti ons and paraneter

values in the updated final safety analysis report.

(c) Inmplenentation. Each licensee shall
* % * %
(3) Revise their updated final safety analysis report as required by
paragraph (b) of this section
at the next schedul ed revision follow ng [| NSERT EFFECTI VE DATE OF FI NAL
RULE PLUS 6
MONTHS] ;
* % * %
(4) Revise the procedures for the fuel storage pool as required by
paragraph (b) of this section by
[ NSERT EFFECTI VE DATE OF FI NAL RULE PLUS 12 MONTHS]

0 50.34 Contents of applications; technical information
(a) * % %
b * % %
( ) * k%
(12) The assunptions and paraneter values used in safety anal yses
requi red by paragraph 50.67(b)
as reference bounds for design to denonstrate adequate decay heat renpva
for the fuel storage
pool .

* Kk k k%

5.2 Rel ati onship to Existing Requirenents

Some existing requirenents apply to fuel storage pool operations. These
i ncl ude the follow ng:

(1) Quality assurance (10 CFR 50.34(a)(7); 10 CFR 50.34(b)(6)(ii); 10 CFR
50.54(a)(1); and Appendix B to 10 CFR Part 50), safety eval uation of
changes (10 CFR 50.59), and notification requirenments related to the
design basis (10 CFR 50.71(e); 10 CFR 50.72(b); and 10 CFR

50.73(a)(2))"

A primary function of these regulations is to ensure that operations
are

conduct ed wi thin bounds that have been evaluated for safe operation.

Because the quality assurance requirenents do not apply equally to

f uel
st orage pool decay heat rempval systens at all |icensed reactors, the

NRC
concl uded that these regul ations provide insufficient regulatory



control
of fuel storage pool operations relative to the safety inportance of
t he
operations. Additionally, sone |licensees have not fully docunented
t he
assunptions for fuel storage pool decay heat renmoval in their safety
anal ysis reports, and, consequently, the provisions of O 50.59 are
not
fully controlling changes in operations related to these assunptions.
(2) Technical Specifications "
rel at ed
to the fuel storage pool have been derived fromthe fuel handling
acci dent anal yses, and, consequently, the applicability of these
technical specifications is limted to periods during novenent of
irradi ated fuel or novenent of |oads over irradiated fuel. However,

Hi storically, technical specifications

smal | nunber of licenses for operating reactors contain technical

specifications requiring the operability of equi pnent capabl e of
cool ing

the fuel storage pool for a set period follow ng reactor shutdown.
O her

licenses for operating reactors contain technical specifications for

m ni mum fuel decay tinme preceding novenent that is based on the tine
for

the decay heat rate in the fuel to decrease to a value within the

capacity of the fuel storage pool cooling system Finally, another
smal |

group of licenses for operating reactors contain technica
speci fications

that inmpose a linmt on spent fuel storage pool tenperature.O

Appendi x B

Regul atory Anal ysi s Suppl enment
Fire Protection For Shutdown Operations

1 | NTRODUCTI ON

Thi s appendi x covers the regulatory analysis for the fire protection
aspects

of the shutdown operations rule. An analysis conmparing the vulnerability
of

the plant to a fire-induced core-damge event at shutdown to the plant

vul nerability at power was perforned for three cases. a base case
crediting

only existing fire protection regulatory requirenments, a voluntary case
crediting existing regulatory requirenments and voluntary initiatives
undertaken by licensees, and a rule case crediting the inpact of the new
fire

protection requirenents of 50.67. Factors inportant in relating the
frequency

of fire occurrence with core danmage frequency were devel oped fromthe

nmet hodol ogy used in NUREG CR-5088 "Fire Ri sk Scoping Study: Investigation



of

Nucl ear Power Plant Fire Ri sk, Including Previously Unaddressed |ssues."”
The

followi ng factors were considered for the base, voluntary, and rule
cases:

(1) the frequency of fires initiated during shutdown operations
(2) the probability of having sufficient conbustible |oadings to allow a
fire
to propagate or to cause thernal/snpoke degradation to inportant
conponents, equi pment, or systens needed to achieve and nmintain the
required safety function
(3) the probability of inportant fire protection features being
i noper abl e or
degraded (e.g., fire detection and/or suppression system and the
pl ant
condition inpact on, or delay of the fire brigade response) to
det ect
control, and extinguish the fire before it affected the redundant
nmeans
of renoving decay heat fromthe core
(4) the probability of failure to recover fromthe | oss of decay heat
removal , due to fire-related conponent, equi pnent, or system danage,
bef ore core damage

2 CURRENT REQUI REMENTS

The current requirenents for operating nucl ear power plants' fire
protection

prograns are described in 10 CFR 50.48, "Fire Protection,” Appendix Ato
10

CFR Part 50, "General Design Criteria for Nuclear Power Plants, Criterion
3 -

Fire Protection,” and Appendix Rto 10 CFR Part 50, "Fire Protection
Program

for Nucl ear Power Facilities Operating Prior to January 1, 1979." 1In 10
CFR

50.48(a) and (e), the staff specifies that all operating nuclear power

pl ants

have a fire protection plan that satisfies Criterion 3 of Appendix Ato
10 CFR

Part 50. This plan nust describe the overall fire protection program for
t he

facility and the specific features necessary to inplenment the program
such as

adm ni strative controls and personnel requirenments for fire prevention
and

manual fire suppression activities, automatic and nmanually operated fire
detection and suppression systens, and the neans to limt fire damage to
structures, systens, or components inmportant to safety so that the
capability

to safely shut down the plant is ensured. The NRC basic fire protection
program gui dance is contained in Branch Technical Position Auxiliary
Power



Conversion Systens Branch (BTP APCSB) 9.5-1, "Guidelines for Fire
Prot ection

for Nucl ear Power Plants,
its

Appendi x A, "CQuidelines for Fire Protection for Nuclear Power Plants
Docket ed

Prior to July 1, 1976."

for plants docketed after July 1, 1976, and

Criterion 3 of Appendix Ato 10 CFR Part 50 only specifies the overall
fire

protection design criteria for the facility and does not establish

oper ati ona

fire protection requirements, such as adm nistrative controls and

per sonnel

requirements related to fire prevention, manual fire fighting
capabilities,

and configuration controls regulating the operability of plant fire
protection

features. Current NRC fire protection requirenments and gui dance provide
reasonabl e assurance that a significant fire event will not affect the
plant's

ability to achieve and naintain a safe hot shutdown under those
condi ti ons

where it is operating at full power. In such an event, the plant will
transition from power operation and achieve and maintain operation at hot
shut down conditions, using the post-fire, safe-shutdown train of systens
t hat

are free of fire damage, such as a high-pressure injection systemfor
react or

mekeup and by renoving decay heat via the steam generators or the main
condenser, while repairs to conmponents, equipnment, and systens necessary
to

achi eve and maintain cold shutdown conditions and | ong-term decay heat
renoval

are being inplenmented. However, if a significant fire event were to
occur

duri ng shutdown operations (cold shutdown or refueling), current NRC fire
protection regul ati ons and gui dance woul d al |l ow danage t o redundant
systens

necessary to renmove decay heat and would only require that such systens
be

repaired within 72 hours. Depending on plant conditions, core danmage nay
occur if decay heat renoval is lost for 72 hours during shutdown
oper ati ons.

In sunmary, current fire protection requirenents and related regul atory
gui dance focus on mmintaining one train of those systens necessary for
achi eving and mai ntai ni ng saf e-shutdown conditions from power operations
and

do not address the effect of fires initiated during shutdown nodes of
operations, or the potential inpact a fire may have on the plant's
ability to

remove decay heat and mmintain reactor water tenperature bel ow saturation
condi ti ons.



3 REGULATORY ANALYSI S APPROACH
3.1 Base Case

A draft special study performed by The O fice for Analysis and Eval uation
of

Operational Data (AECD) entitled "Fire Events - Feedback of U. S.
Operati ng

Experience," estinmates the nean frequency of fires in areas with the
potenti al

to i npact col d-shutdown equi pnent as follows: the BWR reactor building of
2.7E-2 per reactor-year, the PWR auxiliary building of 1.8E-2 per
reactor -

year, and the diesel generator building of 3.2E-2 per reactor-year. For
t he

base case, however, the frequency of fires during shutdown operations is
judged to be higher than that reported in the AEOD study because the

st udy

i ncl udes plants that have adopted voluntary neasures to reduce the
frequency

of fire initiation. |In addition, there is large uncertainty in the data
base

because of the reporting criteria used for assessing the frequency of
fires.

Fires are only reportable to the NRC under 10 CFR 50.72, |mediate
Notification Requirenents for Operating Nuclear Power Reactors,d when the
fire

| asts for nore than 10 minutes and, as such, results in the declaration
of one

of the emergency classes. Accordingly, the frequency of fires during
shut down

operations is assuned to be in the 1E-1 to 1E-2 per reactor-year range.
According to the AEOD study, the fire frequency at power was simlar to
t he

fire frequency at shutdown operations.

Once a fire has started, sufficient conmbustibles nmust be avail able for
t he

fire to devel op and rel ease sufficient energy or conmbustion byproducts so
t hat

it could damage the components, equipnent, or systens inportant and
necessary

for removing decay heat fromthe core. Virtually all extended outages
i nvol ve

the increased use of conbustible materials. Therefore, the probability
of

havi ng sufficient conmbustible materials to support the devel opnent of a
fire

duri ng shutdown operations is judged to be higher than the probability
associ ated with power operations.

Fire barriers, or conbinations of fire barriers or spatial separation
with
automati c suppression and detection systens, are used in sone plants to



ensure
that one of the redundant trains of post-fire safe-shutdown equi pnent is
free

of fire damage following a fire. In order to perform maintenance or
facilitate nmodification work during shutdown operations, sone plant fire
barriers, automatic detection, or suppression systens are often degraded
or

taken out of service. During shutdown operations, there are no
requirements

that fire barriers have to renmain in place or that conmpensatory actions
ot her

than a roving fire watch be provided following their renmoval. Therefore,
t he

probability of inportant plant fire barriers to effectively nmtigate the
spread of fires during shutdown operations is judged to be | ower than

t hat

associ ated with power operations, where fire barriers for separating
post-fire

saf e-shut down systens are required to be in place.

Aut omatic fire suppression systens can be effective in nitigating the
consequences of fires. During shutdown operations, there are no
requirements

for automatic fixed fire suppression capability in plant areas inportant
to

achi eving and mai ntai ning the decay heat renmpval function. |In addition
manual fire fighting and fire detection features may be renoved from
service

in plant areas inportant to decay heat renoval, because of area rel ated
wor k

activities. Accordingly, this factor is judged to be higher than that
associ ated with power operations even though conpensat ory neasures such
as

firewatches are being taken.

In the event that decay heat renoval is |ost because of a fire, there is
t he

potential to recover decay heat renoval before the onset of core damage.
In

general, there are no requirenents in the regulations for procedures, or
training for recovery of decay heat renoval following a fire, except for
t he

requi rement that RHR be repairable within 72 hours. However, the tine to
reactor cool ant system boiling and core uncovery are significantly |less
t han

the 72-hour repair period and, in sonme sequences, can be less than 2
hour s.

Therefore, the failure to recover decay heat renoval following a fire

t hat

results in fire danage and | oss of decay heat renpval is judged to be

hi gh.

For power operations, one train of safe-shutdown equipnment is protected
from

fire danmage at all tines.



Al four of these factors indicate a greater threat fromfires initiated
duri ng shutdown operations than from power operations. This analysis

| eads to

the conclusion that the core-damage frequency fromfires during shutdown
operations for the base case is significantly higher than that for power
oper ati ons.

3.2 Voluntary Case

On a voluntary basis, sone plants have adopted enhanced practices for
fire

prevention and suppression. For exanple, licensees have trained fire

bri gades

and generally conply with the guidance in BTP APCSB 9.5-1 or Standard
Revi ew

Plan Section 9.5.1 on fire brigades, and the safety evaluation reports
for

these plants reflect these conmtnments. 1In addition, plants have adopted
nmeasures to control transient conbustible loadings. This is apparent in
t hat,

al though a relatively high frequency of fires is observed during shutdown
operations, the fires have typically been of short duration and of

i nsignificant consequence. Furthernore, the AEOD study indicates that

t he

fires that have occurred during shutdown operations have not resulted in
unavailability of nultiple trains of decay heat renpval. The voluntary
practices of |icensees are therefore judged to provide a significant
nmeasure

of safety relative to the base case.

3.3 Rule Case

The fire protection aspects of the shutdown rule require |licensees to
mnimze

the frequency of fires, namintain the decay heat renoval function or limt
t he

levels of fire damage following a fire, and provide contingency plans for
mai ntaining the fuel clad wetted and restoring a decay heat renoval path
in

the event of a fire. The fire protection aspects are intended to ensure
t hat

t he conmponents, equi pnment, and systens needed to support decay heat
renoval or

the mtigation equiprment in standby are not both |ost as the result of a
fire.

The proposed rule requires |licensees to either (1) incorporate fire
protection

features into the plant design, which would nmaintain the conponents,

equi prent, and systens needed to performthe decay heat renoval function
free

of fire damage, or (2) limt the level of fire damage by pronptly

det ecti ng,

controlling, and extinguishing fires that do occur. For the conponents,
equi prent, and systens necessary to support and performthe decay heat



renoval

function, licensees can adopt the fire protection features required by
Appendi x R, Section Il1.G 2 to ensure that the decay heat renpva
function

remains free of fire danmage. Both approaches are generally consistent
with

those fire protection neasures that are inplenmented during full-power
operations. These neasures not only reduce the frequency of initiating
event s

but, meke the nmeasures contenpl ated by the proposed rul e i nspectabl e and
enforceable. If inplenmented, it is estimated that these nmeasures would
reduce

the frequency of fires and their duration, and woul d reduce consequences
from

the base case. Little change in duration is expected when conpared to

t he

voluntary case, although sone reduction in consequence nay result from

t he

rule requirenment for core cooling contingency plans.

4. BACKFIT RULE

The staff is pursuing requirenents for fire protection for shutdown nodes
of

operation in accordance with 10 CFR 50.109(a)(3), which specifies that

t he

Comnmi ssion shall require the backfitting of a facility only when it
det er mi nes

that there is a substantial increase in the overall protection of public
heal th and safety or conmon defense and security to be derived fromthe
backfit and that the direct and indirect costs of inplenmentation for that
facility are justified in view of this increased protection.

As discussed in sections 2 and 3.1, the existing fire protection
requirements

for shutdown operations are limted in scope and, as a result,

si gni fi cant

risk to public health and safety nay result fromfires during shutdown
operations, if licensees only inplenment the m nimum requirements. The
proposed fire protection requirenments for shutdown operations are
intended to

assure that a |l evel of protection conparable to the |evel provided for
power

operations is maintained during shutdown operations. Licensees will be
required to include provisions to mninize the frequency of fires,

pr ot ect

shut down equi pnent fromfire damage, and maintain the fuel cladding in a
wetted condition until decay heat renoval is restored. The cost of

i mpl enmenting the fire protection neasures during shutdown operations has
been

estimited to be between $81 M and $100 Mfor the entire industry. The
st af f

bel i eves these costs are justified given the increased | evel of safety
t hat



wi Il be assured through the nore extensive fire protection requirenents
duri ng
shut down operati ons.

The nine itens listed in Section 50.109(a)(3) are discussed below for the
proposed fire protection requirenments during shutdown operations.

(1) Staterment of the specific objectives that the proposed backfit is
desi gned to achieve

The fire protection aspects of the shutdown operations rule are to
ensure

that a | evel of protection conparable to that provided for power
oper ati ons

i s maintained during shutdown operations.

(2) Ceneral description of the activity that would be required by the
licensee or applicant in order to conplete the backfit

The fire protection aspects of the shutdown rule require |licensees to

mnimze the frequency of fires, namintain the decay heat renova
function

free of fire damage or limt the levels of fire damage foll owing a
fire,

and provide contingency plans for maintaining the fuel cladding wetted
and

restoring a decay heat rempval path following a fire. The fire
protection

aspects are intended to ensure that the conponents, equipnent, and
systens

needed to provi de decay heat renoval and to have available mtigation

equi prent are not both lost as the result of a conmon node failure,
such as

a fire. The proposed rule requires licensees to either incorporate
fire

protection features into the plant design which would maintain the

conmponents, equi prrent and systens needed to performthe decay heat
renoval

function free of fire danage or limt the |level of fire damage by
pronptly

detecting, controlling, and extinguishing fires that do occur. For
t hose

conmponents, equi prent, and systenms necessary to support and performthe

decay heat renmpval function, |icensees can adopt the fire protection
features required by Appendix R, Section Il1.G 2 to ensure that the
decay

heat rempoval function remains free of fire damage.

(3) Potential change in the risk to the public fromthe accidental
off-site
rel ease of radioactive nateri al

Significant decrease in the risk to the public is expected fromthe
base



case with no fire protection requirenents to the rule case. For the

voluntary case to rule case, varying degrees of risk reduction are
expect ed

to be gained fromthe fire protection aspects. This is due to the fact

that sone licensees currently are inplenenting fire protection measures
on

a voluntary basis and therefore, little risk reduction would occur at
t hese
pl ants. However, significant risk reduction will be achieved for those

licensees who have inplenmented only mninmal fire protection neasures
duri ng

shut down operations. Nevertheless, all of the voluntary neasures can
be

retracted by |licenseelds without NRC approval. The rule is designed to

assure the level of protection is maintained.

(4) Potential inpact on radiological exposure of facility enpl oyees

Three factors were considered in determ ning the inpact of radiol ogical

exposure of facility enployees: routine exposure, installation
exposur e,

and cl eanup exposure. No significant change is expected in routine and

installation exposure since the plant design features necessary for

conpliance with this rule are already installed and maintained. Fire

protection systens are largely situated in the auxiliary building of
PV\Rs

and the reactor building of BWRs. The routine doses in these areas is

mnimal. For the cleanup exposure, a significant decrease in exposure
is

expected because of the |arge decrease in core danage frequency from
fires.

(5) Installation and continuing costs associated with the backfit,
i ncl udi ng
the cost of facility downtine or the cost of construction del ay

The rule allows |licensees three approaches for addressing fire

prot ection:
a hardware-oriented approach, a software-oriented approach, or a
combi nati on software/ hardware ori ented approach. The hardware-oriented
approach woul d be nore expensive if equi pnent and features are not

al ready
in place. |If the hardware does exist, mninmal costs are antici pated;
otherwi se, a licensee would probably inplenment the software-oriented
approach, which would mainly consist of procedures and contingency

pl ans.
In sone cases, |icensees nay pursue a conbination of the hardware and
sof t war e appr oach.

The cost of inplenenting any of the approaches is likely to be highly

pl ant-specific. The software approach consisting of procedures,
training,

qual ity assurance, corrective actions, and contingency plans has been

estimated to cost approximately $700 K per plant w th annual



mai nt enance

costs of $30 K. Mich of the post-fire safe shutdown analysis to
support

the procedures, and training required to nmeet the software approach
al ready

exists in existing fire protection requirenments for power operation
and,

therefore the costs associated with the shutdown operation rule would
be

limted to the extension of these nmeasures to shutdown operation at an

estimated cost of $300 K (200 pages at $1500 per page) per plant and
annual

mai nt enance costs of $10 K. The contingency plans and t he equi pment
and

conmponents necessary to support the contingency plans are estimted to
cost

$400 K per plant, with annual maintenance costs of $20 K per plant.

The hardware approach is estimated to cost approxi mately $905 K
Bef ore
any fire protection hardware can be installed, a fire and post-fire
anal ysis nust be perfornmed to determne the |ocations at which fire
protection is needed. Mich of this analysis has already been perforned
for
power operations and, therefore, costs of $75 K have been estimated to
extend this analysis to shutdown operation. The actual fire protection
hardwar e has been estimated to cost $800 K per plant w th annual
mai nt enance costs of $30 K

The conbi ned approach is estimated to cost approxinmately $750 K with
annual

mai nt enance costs of $30 K. This estimte was sel ected on the basis of
a

conbi nati on of the hardware and software costs.

Fire Protection
It enSof t war e Approach

$KHar dwar e Appr oach
$KCombi ned Approach

$K
Har dwar e Feat ur es0800400
Pr ocedur es,
Trai ning, and
Anal ysi s 300 75 150
Conti ngency Pl ans
and Equi pnent 400 0 200
Annual
Mai nt enance 30 30 30

The total fixed cost for the 110 plants ranges from$77 M ($700 K x
110) to

$96 M ($875 K x 110). Industry annual naintenance costs ($30 K) are

i ncurred over the remaining |ife of each NSSS and are individually



converted to a present value via [1l-exp(-rti)]/r, where r = discount
rate (7

percent) and ti = remaining life of plant "I." The present value of the

continuing costs for 73 PWAR plants is $2.4 M and the present value for
t he

37 BWR plants is $1.2 M Thus, the total sum of fixed plus present
val ue of

continuing costs ranges from approximately $81 Mto $100 M for the

i ndustry.

(6) The potential safety inpact of changes in plant or operational
complexity, including the relationship to proposed and exi sting
regul atory requirenents

As the rule will place additional burden on |licensees, operationa
complexity will increase in that fire protection features will be
required

to remain in place during shutdown operations, or additional procedures
and

contingency plans will have to be devel oped and adhered to. This could

conpl i cate nmi ntenance and outage activities and could lead to
addi ti ona

operational conplexity and the need for nore preplanning. However,
many

licensees have already inplenented fire protection neasures to decrease
t he

ri sk associated with fires during shutdown operations and, therefore,
this

i npact would be mninm zed for those |licensees. The rule is designed to

ensure that these or conparabl e neasures remain in place. There are no
new

prograns associated with inplenentation of the rule, only the extension
of

exi sting controls associated with fire prevention during power
oper ati ons

i nto shut down operati ons.

(7) The estimated resource burden on the NRC associated with
t he proposed
backfit and the availability of such resources

The fire protection aspects are only a portion of the overall shutdown
rule. The NRC resource burden associated with the inplenentation of
t he
fire protection aspects is not expected to exceed 10 percent of the
overal |
NRC resource burden frominposition of the shutdown operations rule.

(8) The potential inmpact of differences in facility type, design or age
on
the rel evancy and practicality of the proposed backfit

The inmpact of the shutdown rule requirenents is dependent upon plant-
specific features across all vendor designs and dependent upon the decay



heat renmpval system configuration and degree of separation. However,
t he

overall inpact is expected to be small when conpared to the risk
reducti on

provi ded.

(9) Whether the proposed backfit is interimor final and, if interim the
justification for inmposing the proposed backfit on an interimbasis

The proposed backfit is final.
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Draft Regul atory Gui de DG 1066
Shut down and Fuel Storage Pool Operations at Nucl ear Power Plants

A. | NTRODUCTI ON
Overvi ew

The United States Nucl ear Regul atory Conm ssion (NRC) is proposing to
anmend

its regulations by adding a new section 50.67, "Shutdown and Fuel Storage
Pool

Operations at Nuclear Power Plants,” to 10 CFR Part 50, "Donestic

Li censi ng of

Production and Utilization Facilities.” The NRC is proposing Section

50. 67

because it has determ ned that:

(1) Additional requirenments for safety are needed during shutdown
operation

at light-water nuclear power plants, when operating in cold shutdown
or

refueling (as defined in a plantls technical specifications) with one
or

nore fuel assenblies located in the reactor vessel or in the
refueling

cavity, and

(2) The updated final safety analysis report and the procedures for the
f uel

st orage pool operation should docunent the assunptions and paraneter

val ues used in safety anal yses that have been perforned to
denmonstrate

adequat e decay heat renoval for the fuel storage pool

Protection of Public Health and Safety

The design criteria for nuclear power plants are intended to establish
t hat
the structures, systenms, and conponents provided in the design of each
pl ant



are capable of perfornming their safety function within credi ble bounds of
operating and accident conditions. The safety analysis report for each
pl ant

contains design criteria and describes how the design satisfies the
criteria.

Al t hough the design criteria ensure that a capability to perform specific
safety functions is included in the plant's design, the design criterion
relevant to a particular functional capability does not control the
availability or operation of the equipnent that provides the capability.
Several nechani sns, such as technical specifications, are in place to
provi de

operational controls when the plant is operating at power and, in a |less
conpr ehensi ve manner, when it is shut down. Based on an assessment of
risk,

the NRC has deternmined that the protection provided to the public by
current

requi rements and i ndustry practices would be nore uniformy inplenented
and

nmai nt ai ned by generic regulatory action that nore conprehensively

addr essed

shut down operation. This protection would be provided through new

requi rements for procedural control of shutdown operation; by
requirements to

establish, nonitor, and conply with paranmeter |linits associated with

i nport ant

safety functions; and by requirenents to maintain a mtigation capability
following events that result in the loss or interruption of decay heat
renoval .

Regul atory gui des are issued to describe and nake available to the public
such

i nformati on as nethods acceptable to the NRC staff for inplenenting
specific

parts of the Comm ssion's regul ations, techni ques used by the staff in
eval uating specific problens or postul ated acci dents, and gui dance to
licensees and applicants. Regulatory guides are not substitutes for
regul ati ons, and conpliance with regul atory guides is not required.

Regul atory guides are issued in draft formfor public comrent to involve
t he

public in the early stages of developing the regulatory positions. Draft
regul atory gui des have not received conplete staff review and do not
represent

official NRC staff positions.

The information collections contained in this draft regul atory guide are

covered by the requirenments of 10 CFR Part 50, which were approved by the
O fice of Managenent and Budget, approval nunber 3150-0011. The NRC may

not

conduct or sponsor, and a person is not required to respond to, a

col |l ection

of information unless it displays a currently valid OVB control nunber.

B. DI SCUSSI ON



The proposed Section 50.67 would apply to all holders of operating

i censes,

combined licenses for a |light-water reactor nuclear power plant (except
t hose

pl ants that have been permanently shutdown with fuel permanently renoved
from

the reactor vessel), and licenses authorizing storage of fuel in a fuel
storage pool at a light-water reactor nuclear power plant.

The requirements proposed for shutdown operation would apply when one or
?ng assenblies are located in the reactor vessel and when the plant is
Lgld shut down or refueling (as defined in the technical specifications).
Thus, the requirenents do not apply when the licensee has transferred al
?Le fuel out of the reactor vessel.

The requirements proposed for fuel storage pool operation would apply
when one

or more fuel assenblies are located in the fuel storage pool or in
connect ed

water-filled cavities that are located outside the primary contai nment.

The proposed Section 50.67 would extend the regul atory coverage of power
operation to shutdown operation through the devel opnent of additiona
adm ni strative control technical specifications. The proposed
requirements

have been devel oped based upon engi neering anal yses, insights fromrisk
st udi es, and experience from actual events.

The safety functions that must be ensured during shutdown operation are
(1)

removal of decay heat, (2) control of reactor coolant system (RCS)

i nvent ory,

and (3) control of RCS boundary integrity. The shutdown operation rule
woul d

ensure that these safety functions are net by establishing paraneter
[imts

that are not to be exceeded. Licensees select the particular paraneters
to be

monitored to ensure that the safety function Iimts are not exceeded. In
t he

event the safety functions are challenged or the safety function limts
are

exceeded, the |licenseelds mtigation capability nust consist of a m ninum
set

of equipnment that is required to remain functional follow ng the
occurrence of

an event that interrupts or degrades the operating decay heat renobva
system

The new requirenments (1) reduce the frequency and severity of events that
may

cause the safety function limts to be exceeded, (2) provide effective



nmoni toring of paraneters indicative of safety function status, (3) ensure
t hat

mtigation capability and effective operator response is provided for

t hose

events that do occur, (4) ensure reliable nmethods are enpl oyed for decay
heat

removal , and (5) reduce the frequency of human errors and hardware
failures

that interrupt or degrade decay heat renpval

For fuel storage pool operation, |icensees nust docunent in the updated

final

safety analysis report (UFSAR) the assunptions and paraneter val ues used
in

safety anal yses perforned to denponstrate adequate decay heat renoval for
t he

fuel storage pool. Licensees nust al so ensure that procedures for the

f uel

st orage pool contain operational limts that incorporate the assunptions
and

par anmet er val ues.
C. REGULATORY POSI TI ON

This section of the proposed regul atory gui de di scusses the regul atory
requi rements and provi des gui dance on neeting these requirenments. The
NRC

solicits comments and suggested alternatives to the regul atory positions
di scussed in this section if the alternative will achieve the sanme |eve
of

protection of public health and safety.

1. Proposed Section 50.67(a)(1), Shutdown Operation Procedures(

Section 50.67(a)(1) would require |licensees to establish and inpl enent
procedures to control activities that can effect decay heat renpval and
provi de performance nonitoring and nitigation capability. The adequacy
of the

procedures, and the nethod for establishing, nodifying, and superseding
t he

procedures woul d be described in the adm nistrative controls section of
t he

licenseels technical specifications. The procedural control process
sel ect ed

can be an approved industry standard or existing neasures used by the
i censee

for control of procedures. An exanple of such procedural controls is
wi t hin

t he nodel technical specification of Appendix B.

The procedures should address (1) all activities that could affect the
availability or operation of the decay heat renoval function, the

par amet er

nmoni toring system or the mtigation capability to respond to a |oss of



decay

heat rempoval event, (2) training for all personnel who performactivities
t hat

could affect the availability or operation of the decay heat renpbva
functi on,

paranmeter nonitoring system or the mtigation capability to respond to a
| oss

of decay heat renoval event, (3) quality assurance for all activities

t hat

could affect the availability or operation of the decay heat renpbva
functi on,

paranmeter nonitoring system or the mtigation capability to respond to a
| oss

of decay heat renoval event, and (4) corrective actions for al

condi ti ons

adverse to quality affecting the availability or operation of the decay
heat

removal function, parameter nonitoring system or the mitigation
capability to

respond to a | oss of decay heat renoval event.

If the procedures for neeting the proposed Section 50.67(a)(1l) are not
explicitly covered by the existing quality assurance requirements in
Appendi x

Bto 10 CFR Part 50, they should be governed by the quality assurance
gui dance

in Appendix A to this regul atory guide.

2. Proposed Section 50.67(a)(2), Perfornmance MonitoringQ

Section 50.67(a)(2)(l) would require licensees to establish, nonitor, and
comply with paraneter limts during shutdown operation. The paraneter
[imts

must ensure conpliance with the safety function limts of (1) decay heat
removal such that the water tenperature above the reactor core is |ess

t han

the saturation tenperature, (2) reactor coolant system (RCS) inventory
control

such that the RCS water level is sufficient for reliable operation of the
nornmal means of decay heat renoval, and (3) RCS and connected systens
pressure

control such that the design pressure and | owtenperature overpressure
protection (LTOP) settings are not exceeded. The paraneters, paraneter
limts, and nmonitoring requirenents (including the nature and frequency
of

nmoni toring) would be set forth in a licensee-controlled docunent. The
criteria and nmethod for |icensee selection of the paraneters, the

par amet er

limts, and the nature and frequency of nonitoring are to be described in
t he

adm ni strative controls section of the technical specifications. The
paranmeters nonitored should be RCS tenperature, |evel, and pressure, but
t he

nmet hod of neasuring these paraneters may vary. Appendi x B contai ns node



adm ni strative control technical specifications that |icensees should
consi der

in devel oping their plant specific administrative control technical
specifications. The specific nmonitoring method and instrunentation used
to

nmoni tor these paraneters during shutdown operation, including alarns as
appropriate, may vary based on the reactor cool ant system configuration
outage activities, decay heat levels, and nethod for renovi ng decay heat.

In selecting the paranmeter limts and the paranmeters to be nonitored,

i censees should ensure that the safety function linits are not exceeded
in

the event that the nethod used for nonitoring the paraneters is
intentionally

di sabl ed or accidently lost. Wth respect to the paraneters nonitored,
engi neeri ng anal yses coul d denonstrate an acceptable tinme frane for | oss
of

paranmeter nonitoring. Licensees should establish expected values or, for
transi ent conditions, an expected range of values applicable to each

pl anned

phase of the outage for reactor water tenperature, |evel, and pressure.
Li censees shoul d use these expected values to detect degradation of

i nport ant

safety functions. Paranmeter linmts must be established in accordance
with the

net hodol ogy specified in the adnministrative controls technica

speci fications

to ensure that the safety function linits associated with decay heat
renoval ,

reactor cool ant systeminventory control, and pressure boundary integrity
are

not exceeded. In addition, paranmeters should be nonitored on a tine
scal e

comrensurate with potential changes in the paranmeters based on the RCS
condi tions, decay heat |evels, outage activities, and nonitoring method.

The paraneters specified in proposed section 50.67(a)(2) may be neasured
directly, or a correlation my be devel oped to rel ate anot her paraneter
or

condi tion nmeasured at another location to the specified values. The
frequency

for nonitoring the parameters should be determ ned on the basis of the
RCS and

associ ated equi pnent operating conditions and the shutdown activities

t hat

coul d have an inpact on the paraneters.

If the structures, systens, and conponents for neeting the proposed
Section

50.67(a)(2) are not explicitly covered by the existing quality assurance
requirements in Appendix B to 10 CFR Part 50, they should be governed by
t he

qual ity assurance gui dance in Appendix A to this regulatory guide.



3. Proposed Section 50.67(a)(3), Mtigation CapabilityOd

Section 50.67(a)(3) would require licensees to maintain a capability to
provi de adequate core cooling, decay heat renoval, and sufficient
protection

agai nst the uncontrolled release of fission products followi ng the |oss
or

interruption of decay heat renmoval during shutdown operation. The
structures,

systems, and conponents used for this capability should be documented
within a

| icensee-controll ed docunent. The criteria and nethod for the |licenseells
sel ection of the structures, systens, and conponents shoul d be described
in

the administrative controls section of the technical specifications.
Appendi x

B contains nodel administrative controls technical specifications that

i censees should consider in devel oping plant specific adm nistrative
controls

techni cal specifications.

The mitigation capability required by the shutdown operation rule for

i ncorporation into admi nistrative controls technical specifications
shoul d

include a safety injection path for adding water into the reactor vessel,
an

addi tional path for decay heat renmpval to an ultinmte heat sink that does
not

share active conponents with the safety injection system (excl uding
support

systenms), and protection against an uncontrolled rel ease conparable to

t hat

provi ded by an intact primary containment. The basis for providing the
mtigation capability is to provide for core cooling follow ng an event

t hat

results in a | oss of decay heat renoval. Events considered for the | oss
of

decay heat rempval include the random failure of residual heat renova
equi prent or its support systens and the | oss of residual heat renoval

t hr ough

a loss of inventory, loss of |level control, or loss of AC power. Wth
respect

to the mitigation equiprment, contingency plans should be devel oped to
cover

such actions as replenishing the water inventory or the boron used for

i njection, assuring the availability of containment sunps when needed for
long-termrecirculation, and mai ntai ning RCS pressure control. 1In
perform ng

the Regul atory Analysis in support of the proposed Section 50.67, the
fol | owi ng equi prent was assumed avail abl e:

- 2 residual heat renoval trains
- 1 service water systemtrain configured for high reliability for RHR
support (nultiple punps, parallel paths, comobn power)



- 1 energency core cooling system punp and support equi prment

- 1 energency di esel generator

- 1 source of offsite power

- i ntact contai nment or conparabl e equi pnent

- i ndi cation of tenperature i medi ately above the core

- reactor vessel or RCS (as appropriate) water-I|eve
i ndi cation

- capability to control pressure

- continued source of water for ECCS punp

- BWR Level 111 isolation

In selecting the particular equi pment for neeting the requirenments of the
proposed Section 50.67, licensees should consider this list of equipnent,
t he

pl anned activities, the plant status and configuration, and potenti al
initiating events.

The mitigation capability must be available to neet the provisions of

pr oposed

section 50.67(a)(3). Availability in this context includes credit for
operator action to align SSCs. For exanple, operator actions may be
credited

to align breakers and valves and to start active components provided (1)
t he

| ocal environnental conditions (tenperature, humidity, radiation) permt
operator access, (2) appropriate procedures and traini ng have been

i mpl enent ed

to support these actions, and (3) sufficient tine is available to
acconplish

the actions. Availability does not nmean that the equi pmrent may be

di sassenbl ed and be restored to servi ce when needed, because di sassenbly
greatly reduces the probability of the equi pnent perform ng the function
when

needed. Unli ke many design basis events during power operation

i censees

have nore time during shutdown operation to take manual actions for
mtigation

purposes. There is often tine to realign valves, close breakers, and
perform

procedures before a plant reaches unacceptabl e conditions during

shut down.

Conti ngency plans, as previously discussed, should ensure that the
mtigation

capability can performits function for its intended nmission tine.

In selecting the SSCs to satisfy the decay heat renoval path and the

wat er

addition path required by the proposed Section 50.67(a)(3), licensees
shoul d

consi der the decay heat |oad, RCS inventory, RCS configuration, and

net hod of

normal shutdown cooling as well as work evolutions that are planned or in
pr ogr ess. I ndependence fromthe systens and conponents used for the
operating decay heat renmpval nethod, reliability, and protection agai nst



common cause failures should be considered. The SSCs selected for the
decay

heat renmoval function should have the capacity to keep the tenperature
above

the reactor core at less than the saturation tenperature. In general

t wo

nmet hods for renoving decay heat should be provided at all tinmes. Wen
t he

refueling cavity is flooded, licensees could rely on an operating decay
heat

removal nethod and credit the heat capacity of the flooded cavity in
conjunction with contingency plans for recovering a decay heat renova
pat h

prior to saturation of the flooded cavity for the two nmethods of renpving
decay heat. The SSCs selected for the water addition path (safety

i njection

or energency core cooling) should have the capacity to provi de adequate
core

cooling. Support systens for a safety injection or energency core

cool ing

systeminclude its enmergency onsite power source, which is typically an
ener gency di esel generator, an adequate source of water, and a reliable
nmeans

of RCS pressure control. An adequate source of water neans that the

i censee

shoul d ensure that either (1) sufficient water renmains in the water

st or age

tank or (2) the sunp is clear of debris and functional and the |ikelihood
of a

significant loss of inventory outside the primary containnent is
negl i gi bl e.

Mai nt enance of an intact primary containnent for all containnent types is
encour aged, whenever possible, to provide protection against the
uncontrol |l ed

rel ease of fission products. However, it is recognized that the
cont ai nrent

nmust be opened to support sone outage and nmi ntenance activities. An

i ntact

primary containnment is one in which the equipnment hatch is closed, the
personnel hatch is capable of being readily closed, and all other
cont ai nrent

penetrations are closed with a single barrier or capable of being renote-
manual |y closed fromthe control room Wen an intact prinmary

contai nment is

not avail able, alternative risk-conparable features should be provided.
In

defining the criteria for selecting these features, |icensees should
consi der

the ability of the features to nmitigate a | oss of decay heat renova
event due

to risk-significant events that were initiated by a range of events,

i ncl udi ng

| oss of ac power, |oss of level control, loss of inventory, and |oss of
t he



decay heat renmpval train. The selection criteria should also factor in
pl ant

conditions and the independence of the equipnent fromthat credited for
safety

i njection and backup decay heat renoval.

The capability for primary contai nnent closure and secondary contai nment
closure may al so be credited in conbination with other mitigation

equi prrent as

an alternative to an intact containnment. One alternative for BWRs coul d
be a

di esel -driven fire protection punp with injection capability into the
react or

vessel. For PWRs, the staffls regulatory analysis assuned a contai nnent
closure capability in conjunction with an additional onsite power source,
an

addi tional injection source, the potential for steam generator cooling,
and

gravity feed as conparable to an intact containment. In assessing the
ability

to close the contai nment, consideration should be given to such factors
as

time to boiling, power supplies, equipnment staging, and environnental
effects

on the ability to performin-contai nnent work necessary to effect
cont ai nrent

closure. In addition, combinations of capabilities should be included
such as

injection (either safety-related or not safety-related), decay heat
renoval

capability through steam generators or other means, sunp recircul ation
capability with assurance of debris-free sunps, containment sprays,
contai nment restoration capability, contingency plans, and other neans

t hat

yield rel ease frequencies conparable to those achieved with an intact
pressure-retaining contai nnent and that account for the reduction in

def ense-

i n-depth because of the substitution for the prinmary contai nnment.

Li censees

are not expected to perform shutdown probabilistic risk assessnments to
compl y

with the proposed Section 50.67.

The structures, systemnms, and conponents intended to neet the requirenents
of

t he proposed Section 50.67(a)(3) that are not explicitly covered by the
exi sting quality assurance requirenments in Appendix B to 10 CFR Part 50
shoul d

be governed by the quality assurance guidance in Appendix Ato this

regul atory

gui de.

(4) Proposed Section 50.67(a)(4), Fire ProtectionOd



Section 50.67(a)(4) would require licensees to include in their fire
protection plan provisions during shutdown operation to mninze the
frequency

of fires, maintain the decay heat renoval function free of fire danage or
limt the levels of fire damage by pronptly detecting, controlling, and
extinguishing fires that do occur, and devel opi ng contingency plans for
mei nt ai ni ng adequate core cooling and restoring a decay heat renpval

pat h.

During periods when the decay heat |oad is high and the cool ant inventory
is

| ow, mai ntenance of a heat renoval path is critical to maintaining
control of

event progression because of the short tine necessary for the decay heat
to

bring the coolant to saturation. Fires pose a special threat to the heat
removal paths because of their potential to affect redundant decay heat
removal paths.

To minimze the frequency of fires during shutdown operation,
specifically in

those plant areas inportant to achieving and maintaining the decay heat
removal function, |icensees should inplenent controls on conbustible
material s

and potential ignition sources. Licensees should conduct a fire hazards
anal ysis that assesses the adequacy of plant fire protection features and
t he

separati on between the operating decay heat renoval path and the backup
decay

heat rempval path selected to neet the requirenments of proposed Section
50.67(a)(3) under postulated fire conditions. This analysis should also
descri be the |l ocation of equipnment and the routing of cables required to
establish the heat renpval path fromthe RCS to the ultinate heat sink
and the

provi sions for either maintaining one path free of fire danage or
establ i shing

a path through the inplenentati on of contingency plans. The paths are
considered to be protected fromfire in |locations where fire protection
features are provided in accordance wi th subparagraphs (a) through (f) of

paragraph 111.G 2 in Appendix Rto 10 CFR Part 50. Where the separation
bet ween the two paths does not neet these criteria, |licensees should
devel op

and i nmpl enent provisions to limt the levels of fire damage by pronptly
detecting, controlling, and extinguishing fires that do occur. Licensees
shoul d devel op and i npl enent contingency plans for maintaini ng adequate
core

cooling and restoring a heat renpval path in the event of a fire in any
ar eas

that interrupt or degrade heat renoval to an ultinate heat sink. The
ext ent

of the contingency plans should be comrensurate with the |evel of
protection

provi ded by the proposed Section 50.67(a)(4)(1)(B). For exanple, if a
licensee relies upon linting the level of fire danage as opposed to
mai ntai ni ng the decay heat renoval function free of fire damge, nore



ext ensi ve contingency plans, including the technical bases that support
t heir

feasibility, should be devel oped. |f supported by an analysis and a
sound

technical basis, a decay heat renoval path may be recovered by routing
new

cabl e around damaged sections or by providing alternative equi pnent to
repl ace

the function of the danaged equi prent.

(5) Proposed Section 50.67(b), Fuel Storage Pool OperationQd

Section 50.67(b) would require licensees to describe in the updated final
safety analysis report the assunptions and paraneter values used in
safety

anal yses performed by the |icensee as reference bounds for design to
denmonstrat e adequate decay heat renoval for the fuel storage pool and
ensure

that the procedures for the fuel storage pool contain operational limts
t hat

i ncorporate the assunptions and paraneter values in the updated final
safety

anal ysi s report.

For the fuel storage pool, licensees should establish cool ant tenperature
limts and assunptions regarding equi pnent availability for routine
refueling

operation as prinmary design basis constraints. The tenperature linits
may be

derived from design tenperatures for the fuel storage pool structure or
attached systens. Then, licensees should either establish new

oper ati ona

limtations for each refueling based on expected or planned ranges of
secondary paraneter values for that one refueling or establish a bounding
set

of secondary paraneter values for all future refueling operation. The
secondary paraneters evaluated for linmiting val ues should include
ultimte

heat sink tenperature and the timng, size, and operational history of

f uel

transfers.

Li censees shoul d resol ve di screpanci es between the safety anal yses used
in the

design process, the facility's updated FSAR, and operating procedures
usi ng

their process for resolution of degraded or non-confornmi ng conditions.
Changes to the facility or procedures nmade pursuant to 10 CFR 50.59 may
al so

be enployed to elinm nate a nonconform ng condition. The NRC issued
Generic

Letter 91-18, "Infornmation to Licensees Regarding Two NRC I nspection
Manual

Sections on Resolution of Degraded and Nonconformni ng Conditions and
Operability," dated Novenber 7, 1991, to all nucl ear power reactor



i censees
and applicants for inspection of activities to resolve degraded and
nonconform ng conditi ons.

D. | MPLEMENTATI ON

The purpose of this section is to provide information to |icensees and
applicants regarding the NRC staffs plans for using this regulatory
gui de.

This draft gui de has been released to encourage public participation in
its

devel opmrent. Except in those cases in which a licensee or applicant

pr oposes

an acceptable alternative nethod for conplying with specified portions of
t he

NRCOs regul ations, the nethods to be described in the active guide
reflecting

public coments will be used in the evaluation of subnittals for
construction

permits and operating licenses (as appropriate) and will be used to
eval uat e

the effectiveness of shutdown and fuel storage pool operation of
i censees who
are required to conmply with 10 CFR 50. 67

E. REGULATORY ANALYSI S

A separate regul atory analysis was not prepared for this regul atory

gui de.

The regul atory anal ysis prepared for 10 CFR 50. 67, Shutdown and Fuel

St or age

Pool Operations at Nucl ear Power Plants, O provides the regulatory basis
for

this gui de and exam nes the costs and benefits of the rule as inplenented
by

the guide. A copy of this regulatory analysis is available for

i nspection and

copying for a fee at the NRC Public Docunment Room 2120 L Street NW,
Washi ngton, DC, as an enclosure to 10 CFR 50. 67. DAPPENDI X A - QUALITY
ASSURANCE FOR PROCEDURES AND NON- SAFETY EQUI PMENT

ASSOCI ATED W TH | MPLEMENTATI ON OF THE SHUTDOWN RULE

The quality assurance (QA) gui dance provided here is applicable to
structures,

systems, and conponents (SSCs), including the programmtic el enents
related to

procedural controls and training necessary to neet the requirenents of
t he

proposed Section 50.67, that are not explicitly covered by existing QA
requirements in Appendix B to 10 CFR Part 50. Additionally, the
installation

or modification of non-safety-related SSCs required to neet the rule nust
be



controlled and i npl enmented so that they do not degrade existing
safety-rel ated

SSCs. A licensee can rely on non-safety-rel ated equi pnent currently
covered

by the provisions of 10 CFR 50.62 and 50.63 to satisfy both the technical
and

QA requirenments of 10 CFR 50.67. This is acconplished by nmeking the non-
saf et y- equi pnent as i ndependent as practicable from existing

safety-rel ated

systenms. The design requirenments and operational controls required by
this

rul e should incorporate sufficient design criteria and appropriate

quality

el ements to provide reasonabl e assurance that, when called upon, the
equi prrent

will performits intended function. Wile the associated equi pment will
be

required to be reliable, it is not anticipated that it will have to neet
al |

the requirenments normally applied to safety-related SSCs. Accordingly,
this

Appendi x A outlines an acceptable QA programthat is applicable to the
non-

safety-related SSCs that the |icensee relies upon to satisfy the
requirements

of the rule

1. ORGAN ZATI ON

The licenseells responsi bl e engi neering organi zation is expected to verify
conmpliance with this guidance through the use of a peer review process.
Therefore, a separate oversight process is not required. However

i censees

may el ect to use their existing QA organization to perform conpliance
verification activities.

2. QUALITY ASSURANCE PROGRAM

The existing body of plant procedures and practices is expected to
adequat el y

address the QA controls applied to the subject equiprment. Accordingly,
t here

is no need for an additional or supplenentary QA programto satisfy the
requi rements of proposed Section 50.67

3. DESI GN CONTROL

The desi gn process should be defined, controlled, and verifi ed.
Appl i cabl e

design inputs should be appropriately specified and correctly translated
into

desi gn docunents. Design interfaces should be identified and controll ed.
Desi gn adequacy shoul d be verified by persons other than those who were
directly involved in the design of the system structure, or conponent.



Desi gn changes, including field changes, should be governed by control
nmeasures comrensurate with those applied to the original design.

Desi gn nethods, materials, parts, equipnment, and processes that are
essenti al

to the function of the structure, system or conponent should be sel ected
and

reviewed for suitability of application. The final design (approved

desi gn

out put docunents and approved changes thereto) should correlate to the
desi gn

i nput docunentation in sufficient detail to permt verification of the
desi gn.

To verify the adequacy of design, one or nore design control measures
shoul d

be applied: perform ng design reviews, using alternative cal cul ations, or
performng qualification tests. The responsible design organi zation
shoul d

identify the particular design verification nmethod or nethods used.

4. PROCUREMENT DOCUMENT CONTRCL

Applicabl e design criteria and other requirenments necessary to ensure
conmponent function and reliability should be included or referenced in
docunents for procurenent of itenms and services. To the extent necessary,
procurement docunents should require suppliers to have a QA program
consi st ent

with the applicable requirenents, such as those described in Anerican
Nat i ona

St andard ANSI / ASQC QQ001.

5. I NSTRUCTI ONS, PROCEDURES, AND DRAW NGS

Techni cal requirenents, inspections, tests, administrative controls, and
training necessary for conpliance with the proposed Section 50.67 should
be

prescri bed by docunented instructions, procedures, and draw ngs and
shoul d be

acconplished in accordance with these docunents. These docunents should
i ncl ude or reference appropriate quantitative or qualitative acceptance
criteria for determining that prescribed activities have been
satisfactorily

acconpl i shed.

6. DOCUMENT CONTROL

Measures shoul d be established to control the issuance of and changes to
docunents related to the inplenentation of the proposed Section 50.67.

7. CONTROL OF PURCHASED | TEMS AND SERVI CES

Measures shoul d be established to ensure that purchased material,
equi prent ,



and services conformto the procurenment docunents and engi neering
speci fications.

8. | DENTI FI CATI ON AND CONTRCOL OF | TEMs

Controls should be established to ensure that only correct and accepted
itens
are used or installed.

9. CONTRCOL OF SPECI AL PROCESSES

Speci al processes affecting the design integrity, function, or
reliability of

itens or the quality of services should be controlled. Special processes
t hat

establish or verify quality-related activities, such as those used in
wel di ng,

heat treating, and nondestructive exam nation, should be perforned by
qual i fied personnel using appropriate procedures in accordance with

speci fied

requirements.

10. | NSPECTI ON

Measures are to be established to inspect activities affecting the design
integrity and function of equi pnent associated with the requirenents of
t he

proposed Section 50.67. Inspections should verify conformance with

desi gn

requi rements and confirmthe appropriate acconplishment of activities

i nt ended

to ensure reliable operation. 1In general, the |icenseells cogni zant

engi neering organi zation is responsi ble for deternm ning the inspection
requi rements and for ensuring that sufficient inspections are perforned.
I nspections should be perfornmed by know edgeabl e personnel other than

t hose

who perforned or supervised the work being inspected.

11. TEST CONTROL

Tests required to verify conformance of an itemto specified design and
functional requirenments and to denonstrate that items will perform
reliably in

servi ce should be planned and executed. Characteristics to be tested and
t he

test methods to be enployed should be specified. Test results should be
docunented and their conformance with acceptance criteria should be
appropriately evaluated. |In general, the |licenseells cogni zant

engi neeri ng

organi zation is responsi ble for devel oping, inplenenting, and validating
t he

acceptability of any required testing.

12. CONTROL OF MEASURI NG AND TEST EQUI PMVENT



Tool s, gauges, instruments, and other measuring and test equi pnent used
for

activities affecting the design, function, or reliability of equipnent
associated with the inplenmentation of the proposed Section 50.67 should
be

controll ed and, at specified periods, calibrated and adjusted to maintain
accuracy within specified l[imts.

13. HANDLI NG STORAGE, AND SHI PPl NG

Handl i ng, storage, cleaning, packaging, shipping, and preservation of
itens

shoul d be controlled in accordance with utility practices and the
manuf acturers' recomendati ons to prevent damage and to m ninize
deterioration.

14. | NSPECTI ON, TEST, AND OPERATI NG STATUS

Measures shoul d be established to properly indicate the status of

i nspection

results, test data, and operational capabilities of installed equipnent
necessary to inplenent the provisions of the proposed Section 50.67.

15. CONTROL OF NONCONFORM NG | TEMS
Measures shoul d be established to control itens that do not conformto
specified requirenents to prevent inadvertent use or installation

16. CORRECTI VE ACTI ON

Measures should be established to ensure that failures, malfunctions,
deficiencies, deviations, defective conponents, and nonconforni ng
condi ti ons,

i ncl udi ng programmati ¢ and procedural discrepancies, are pronptly
identified,

reported, and corrected. Conditions that adversely affect the design
function

or reliability of the equi prment associated with the requirenments of
pr oposed

Section 50.67 should be evaluated and corrected accordingly.

17. QUALITY ASSURANCE RECORDS

Records shoul d be prepared and maintained to furnish docunented evi dence
t hat

the criteria enunerated above are being acconplished for the activities
required to conply with the proposed Section 50.67.

18. AUDITS

Audits shoul d be conducted and docunented to verify conpliance with

desi gn and

procurement docunents, instructions, procedures, draw ngs, and inspection
and



test activities developed to conply with the proposed Section
50. 67. DAPPENDI X B - MODEL TECHNI CAL SPECI FI CATI ONS

Model Administrative Controls Technical Specification for Shutdown
Operation

5.0 ADM NI STRATI VE CONTRCLS
5.5. X Shut down Operati on
a. The purpose of this specification is to ensure that activities are

pl anned, conducted, and controlled in a safe manner and t hat
adequat e

monitoring and mitigation capabilities are available during the
COLD

SHUTDOWN and REFUELI NG nodes of operation when one or nore
i rradi ated

fuel assenblies are located within the reactor vessel or refueling

cavity (shutdown operation).

b. Procedures nmust be devel oped, inplenented, and maintai ned for
out age
pl anni ng, work control, maintenance, nodification, nonitoring
safety
paranmeters, and operation affecting structures, systens, and
conponents inportant for reactor vessel decay heat renoval,
react or
vessel cool ant inventory control, reactor coolant system and
connect ed
systenms pressure control, and protection against the uncontrolled
rel ease of radioactive material during shutdown operation. These
procedures nust be devel oped with appropriate consideration for
shut down safety issues including [md-I1oop operation (PWRs),
operation
at reduced inventory, fuel novenent, support systemavailability,
use
of sol uble neutron poisons for reactivity control, RHR system
isolation on low level, etc., ...]. [The criteria and nmethod for
establi shing, nodifying, and superseding the procedures nust be
{described or referenced}.]

C. Trai ning must be planned and conducted for individuals performng

activities that affect the reliability of reactor vessel decay

heat
removal , reactor vessel coolant inventory control, reactor cool ant
system and connected systens pressure control, and protection

agai nst
the uncontrolled rel ease of radioactive material during shutdown
operation. At a mninmum training is to cover outage planning and
pl an i npl ement ati on, work control, maintenance, nodification, and
equi prent operation under nornal and abnornmal conditions.

d. Quality assurance and corrective action nmeasures are to be
devel oped,



i npl ement ed, and maintained for activities that affect the
reliability
of reactor vessel decay heat renpval, reactor vessel cool ant
i nvent ory
control, reactor coolant system and connected systens pressure
control, and protection against the uncontrolled rel ease of
radi oactive material during shutdown operation. At a m ni mum
t hese
measures must include the functions described in Appendix Ato
Regul atory CGui de DG 1066 " Shutdown and Fuel Storage Poo
Oper ati ons at
Nucl ear Power Plants."

e. Parameter linmts and nonitoring frequencies for

shut down operation

must be established [criteria listed] to allow sufficient time for

operator nitigative action to reasonably ensure neeting the plant

conditions listed in paragraph (f) and the follow ng safety
par amet er

limts:

1. Maxinmum water tenperature at all |ocations above the reactor
core
is bel ow saturation.

2. RCS water level is sufficient for reliable operation of the

decay
heat rempval nethod currently in use.

3. The design pressures of the RCS, connected systens, any other
conmponents that constitute part of the physical boundary
necessary to contain RCS pressure, and the Low Tenperature
Overpressure Protection (LTOP) System settings, are not

exceeded.
f. Mtigation capability, as described in paragraphs 1, 2, and 3
bel ow,
that renmins functional follow ng the occurrence of an event that
interrupts or degrades the currently operating nethod for decay
heat

removal fromthe RCS, nust be available at all tinmes during
shut down
operations. If the mninmumcapabilities, as described in
par agr aphs
1, 2, and 3 bel ow, cannot be net, plant procedures nust exist that
address contingencies, establish actions for restoring mtigation
capability, and halt all activities that could cause a further
deterioration of plant conditions unless such activities are
essenti al
for safety.

1. [One subsystem of the safety injection or emergency core
cool i ng
systemwith a suction and recirculation source of [borated]



wat er

sufficient for providing adequate reactor core cooling and
mai ntai ni ng the reactor subcritical];

2.[One path for decay heat renpval to an ultimte heat sink

t hat

does not share active conponents with the safety injection
system

sel ected (exclusive of support equipnent)]; and,

3.[An intact prinmary containnment in which (1) the personne

hat ch

is capable of being readily closed, (2) all other containnment

penetrations are closed or capable of being renotely closed
from

the control room and (3) equipnment hatch is cl osed.

OR
Equi prent (which may include a reduced-capability contai nment)

t hat

is comparable to an intact contai nment on the basis of risk and
def ense-i n-depth consi derations. ]



