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N'MEMORANDUMFOR: Frank P. Gillespie, Director |

Program Management, Policy DevelopmentU
and Analysis Staff i

Office of Nuclear Reactor-Regulation.

FROM: Eric S. Beckjord, Director .,

4Office of Nuclear Regulatory Research

/ . SUBJECT:- RESOLUT. IONS OF GENERIC ISSUE 70, " POWER OPERATED RELIEF
VALVE A E BLOCK VALVE RELIABILITY," AND GENERIC ISSUE 94, ,

" ADDITIONAL LOW-TEMPERATURE OVERPRESSURE PROTECTION FOR. LIGHT
WATER REACTORS"

lThe enclosed generic letter (including the attachments NUREG-1316 for GI-70
and NUREG-1326 for~GI-94) was reviewed by the Committee to Review Generi
Requirements at CRGR Meetings 167 on August 9, 1989 and 168 on August 2: 1989.
The Committee is in agreement with the proposed resolutions for Generic Issues
.70 and 94 and recommends implementation of the generic letter. A number of
minor modifications to the generic letter were proposed by the CRGR, All the
modifications recommended by the CRGR have been implemented in the enclosed

. generic letter and supporting documentation.

Accordingly, this generic letter, NUREG-1316 and NUREG-1326 are hereby
forwarded to NRR for transmittal to all PWR licensees and CP holders,

:Also enclosed are SRPs 3.2.2, 5.2.2, and 5.4.7. They have been revised to
reflect the guidance provided in the generic letter. It is anticipated that
these minor revisions to the SRPs will be made by NRR in the next scheduled
revision of NUREG-0800. This action completes the RES effort on Generic
Issues 70 and 94.

CW
.;

i

Eric S. Beckjord, Director
' Office of Nuclear Regulatory Research

L Enclosures: See following page
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' .1. Proposed Generic Letter 89-XX 2

''f 2. HUREG-1316, " Technical. Findings and Regulatory Analysis Related to Generic - I
Issue 70 - Evaluation of Power-Operated Relief Valve and Block Valve.

i
' Reliability-in PWR Nuclear Power Plants," dated September 1989.-O .

o

13. ;NUREG-1326.." Regulatory Analysis for'the Resolution'of Generic Issue 94: y

|

Additional Low-Temperature Overpressure Protection for Light Water-e
Reactors," dated September 1989. ,

4. ! Proposed revision to NUREG-0800 Section 3.2.2, " System Quality Group
,

p
1

'

" -Classification."
5. : LProposed revision to NUREG-0800, Section 5.2.2, " Overpressure Protection."

.

: 6.- Proposed 'reeision to NUREG-0800, Section 5.4.7, " Residual Heat Removal
(RHR) System."l'
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Distribution:- (with' enclosures) . .

.

RES.chron E. Jordan
~i

RES' Circ, J. Conran
~ .
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'-.
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.#p"fDROF"'@/f-@@j T. Murley

JTTiflor. J. Sniezek
,

.E. Beckjord ' J.. Richardson
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.B. Sheron' E. Rossi
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[ Enclosure 1,

.

To'All Pressurized Water Reactor Licensees and Construction Permit Holders

SUBJECT: Resolution of Generic Issue 70, " Power-0perated Relief ,

Valve and Block valve Reliability," and Generic Issue 94, i
'

" Additional Low-Temperature Overpressure Protection for
Light-WaterReactors"(GenericLetter89-xx)

The purpose of this generic letter is to advise pressurized water reactor (PWR) _!
licensees and construction' permit (CP) holders of the staff positions delineated ;

1

resulting from the resolution of Generic Issue 70 (presents the staff positionin Enclosures A and B to this letter. Enclosure A
GI-70) and is applicable to

all Westinghouse and Babcock and Wi1cox (B&W) designed plants and Combustion
Engineering (CE) designed plants with power-operated relief valves (PORVs).
Enclosure B presents the staff position resulting from the resolution of Generic
Issue 94'(GI-94) and is applicable to all Westinghouse and CE designed plants ,

whether or not they have PORVs and block valves. Enclosure B does not apply to
B&W designed plants. The. technical findings and regulatory analysis related
to GI-70 are discussed in NUREG-1316. " Technical Findings and Regulatory

~ Analysis Related to Generic Issue 70--Evaluation of Power-0perated Relief Valve
and Block Valve Reliability in PWR Nuclear Power Plants" (Enclosure C). In
Enclosum D, the staff prepared a regulatory analysis for GI-94 based on the
work performed by PNL and reported in NUREG-1326 "Regu,latory Analysis for the |
Resolution of Generic Issue 94, Additional Low-Temperature Overpressure
Protection for Light-Water Reactors."

|
On the basis of technical studies for GI-70, the staff requests that, to
enhance safety, actions identified in Section 3 of Enclosure A be taken by all'

PWR licensees and CP holders that use or could use PORVs to perform any of the
safety-related functions-identified in Section 2 of Enclosure A. These actions
result from the staff interpretation of safety-related equipment (see

,

10 CFR I 50.49 and 10 CFR Part 100, Appendix A).

On the w t n technical studies for GI-94, the staff also requests that, to
enhance saQ c actions identified in Section 3 of Enclosure B be taken by all
Combustion % ineering and Westinghouse PWR licensees and CP holders. These
actions result from the staff interpretation of General Design Criteria 15 and

|~
31 in 10 CFR Part 50, Appendix A. The information requested by this letter is
. directed at addressing these concerns.

i Note that the staff's requests are based on the perfomance of PORV and
PORY block valve designs used to date on U.S. power reactors. Currently
certain valve manufacturers are developing modified designs with the goal of
improving reliability. The use of more reliable valves should result in less
frequent corrective maintenance and can result in longer inservice testing
intervals as delineated in Section XI of the ASME Boiler and Pressure Vessel
Code.

I
l
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Accordingly, pursuant to Section 182 of the Atomic Energy.Act and 10 CFR S 50.54
: (f), you, as a PWR licensee or CP holder, are required to advise the NRC staff 1
- under oath.or affirmation, within 180 days of the date of this letter, of your- |

current plans relating to PORVs and block valves and to low-temperature over- '

pressure protection, in particular whether you intend to follow the staff
- positions included in Enclosures A and B as applicable, attached to this letter,
or propose alternative measures, and your proposed schedule for implementation.

''For PWR plants with an operating license, staff positions 1 and 2 in Section
3.1 of Enclosure A should be implemented by the end of the first refueling outage
that starts 6 months or later from the date of this letter. The technical

E . specification modifications in staff position 3 in Section 3.1 of Enclosure A
and"in Section 3 of Enclosure B should be submitted by the end of the first
refueling outage that starts 6 months or'later from the date of this letter.

For PWR CP holders, staff positions 1 and 2 in Section 3.1 of Enclosure A should
be implemented prior to initial criticality or within 6 months of the date of-
this letter, whichever is later. The technical specification modifications in
staff position 3 in Section 3.1 of Enclosure A'and in Section 3 of Enclosure B-' '

should be submitted by the end of the first refueling outage that starts 6
months or later from the date of this letter.

If the applicable schedule cannot be met, the licensee or CP holder shall advise
the staff of a proposed revised schedule, justification for any delay, and any
planned compensating measures to be taken during the interim. Alternatives to
schedules and the guidance provided herein will be evaluated on their merits
on an individual' case basis. Based on its review and the acceptability of
these responses, the staff will close out GI-70 and GI-94 for each plant.

-

Your response shall include the following specific items.

1. A statement by licensees and CP holders as to whether they will commit to
incorporate improvements 1, 2, and 3 in Section 3.1 of Enclosure A. With
respect to improvement 3 in Section 3.1 of Enclosure A, licensees and CP
holders shall state whether they will commit to use those modified limiting
conditions of operation of PORVs and block valves in the technical
specifications for Modes 1, 2, and 3 in Attachment A-1 of Enclosure A
for Westinghouse and CE designed plants with two PORVs, or in Attachment
A-2ofEnclosureAforWestinghousedesignedplantswith{hreePORVs,or
in Attachment A-4 of Enclosure A for B&W designed plants. In addition
to this 10 CFR S 50.54(f) request, if the licensees and CP holders commit
to implement these recommended technical specifications, it is requested
that they submit modifications to their current technical specifications
in a license amendment in accordance with the schedule noted above.

|

1
L Plants that already have staff-issued technical specifications consistent
| with these requirements need merely state this in their response. No further

| action will be required for this aspect of the Commission's position,

t
'
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2. - A statement by. licensees and CP holders as to whether they will submit a
license amendment request to modify the technical specifications and commit i
to use the modified technical specifications for the low-temperature !
overpressure protection system concerning the limiting conditions of |

operation _in Modes 5 and.6 as identified in Attachment B-1 of Enclosure B
, to this generic letter for Westinghouse or CE designed planto, as ,

appropriate. In addition to this 10 CFR S 50.54(f) request, if the j
licensees and CP holders commit to implement these recommended technical :

specifications,-it is requested that they submit modifications to their J

current technical specifications in a license amendment in accordance
with the schedule noted above.

The actions to incorporate technical specificatico (TS) raquirements for the
resolution of GI-70 and GI-94 are considered to be consistent with the

. Commission's Policy Statement on Technical Specification Improvements. That
policy statement captures existing requirements under Criterion 3 (Mitigation
of Design Basis Accidents or Transients) or under the provisions to retain

- requirements.that operating experience and probabilistic risk assessment show
to be important to public health and safety. While it is recognized that PORVs
for older plants may not have been classified as safety-related components that
are used to mitigate a design basis accident and, therefore, they may not have
been included in TS as part of the plant's licensing basis, this is not an
acceptable basis for not implementing the proposed actions to incorporate TS

, requirements for PORVs consistent kith the guidance provided. Likewise, such
requirements would be retained in TS when implementing improvements in TS

, consistent with the Commission policy statement on th,e basis of Criterion 3 or
risk considerations noted abovo.

Backfit Discussion

For GI-70, the actions proposed by the NRC staff to improve the reliability of
PORVs and block valves, as identified in Section 3 of Enclosure A, represent
new staff positions for some licensees and CP holdert.;, and this request is

| considered a backfit in accordance with NRC procedures. This backfit is a
! cost-justified safety enhancement. Therefore, an analysis of the type described

in 10 CFR 50.109(a)(3) and 50.109(c) was performed, and a determination was
made that there will be a substantial increase in overall protection of the
public. health and safety and that the costs are justified in view of this ,

increased protection. The analysis and determination will be made available in
the Public Document Room with the minutes of the 167th and 168th meetings of
the Committee to Review Generic Requirements.

It is noted that most of the recommended actions for GI-70 may already be
implemented by those plants that have received operating licenses in recent
years and would, therefore, represent less of a backfit than for older PWR
. plants that currently do not include PORVs and block valves in the ASME
Section XI Inservice Testing Program and do not have technical specifications
for PORVs and block valves or that operate with the block valves closed
because of leaking PORVs.

,

1
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of the low-temperature overpressure protection (LTOP) prove the ' availability
For GI-94, the actions proposed by the NRC staff to im ;

system, as identified in
Section 3 of Enclosure B, represent a new interpretation of existing requirements
for some licensees and CP holders, and this request is considered a backfit in
accordance with NRC procedures. This backfit is a cost-justified safety enhance-- I

ment. Therefore, an analysis of the type described in 10 CFR 50.109(a)(3) and -
50.109(c), was performed, and a determination was made that there will be a
substantial . increase'in overall protection of the public health and safety and'
that the costs are justified in view of this increased protection.. The analysis
and determination will be made available in' the Public Document Room with the
minutes of the 167th and 168th meetings of the Committee to Review Generic

-

Requirements.

This request is covered by Office of Management and Budget Clearance Number
3150-001, which expires December 31, 1989. The estimated average burden hours

,

; is 320 person-hours per licensee response, including assessment of the new
t recommendations, searching data sources, gathering and analyzing the data, and
preparing the required reports. Comments on the accuracy of this estimate and
. suggestions to reduce the burden may be directed to the Office of Management
and Budget, Room 3208 New Executive Office Building, Washington, D.C. 20503,
and the U.S. Nuclear Regulatory Commission, Records and Reports Management
Branch, Office of Administration and Resources Management, Washington, D.C.
20555. -

'
Sincerely,. .

L
' James G. Partlow

Associate Director for Projects
Office of Nuclear Reactor Regulation

! Technical Contact: To be determined

| Enclosures:' See following page
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For' GI-94, the actions proposed by the NRC staff to improve the' availability
= of the low-temperature overpressure protection (LTOP) system, as identified in
Section 3 of Enclosure B, represent a new interpretation of-existing requirements
for some licensees and CP holders, and this request is considered a backfit in
accordance with NRC procedures. This backfit is a cost-justified safet enhance-

Therefore, an analysis of the type described in 10 CFR 50.109(a)y(3) andment.
50.109(c), was performed, and a determination was made that there will be a
substantial increase in overall protection of the public health and safety and |

that the costs are justified-in view of this increased' protection. -The analysis
and determination will be made available in the Public. Document Room with the
minutes of the 167th and 168th meetings of the Consnittee to Review Generic

/ iRequirements.

This request is covered by Office of' Management and Budget Clearance Number 1
'

3150-001, which expires December 31, 1989. The estimated average burden hours*

is 320' person-hours per licensee response, including assessment of the new
recommendations, searching data sources,. gathering and analyzing the data, and ;

. preparing the required reports. ' Comments on the accuracy of this estimate and !

suggestions to reduce the burden may be directed to the Office of Management
'

and Budget, Room 3203, New Executive ~0ffice Building, Washington, D.C. 20503, .

and the U.S. Nuclear Regulatory Commission, Records and Reports Management j

Branch, Office.of Administration /and Resources Management, Washington, D.C. |

205$5. j/ ,

Sincerely,
i

James G. Partlow
Associate Director for Projects
Office of Nuclear Reactor Regulation

Technical Contact: To be determined

Enclosures-

Enclosupe A-Staff Positions Re;ulting from Resolution of Generic Issue 70. ;

Enclosdre B-Staff Positions Resulting from Resolution of Generic Issue 94.
ure C-NUREG-1316 " Technical Findings and Regulatory Analysis Related

EnciptoGenericIssue70--EvaluationofPower-OperatedReliefValveandBlock|-

f / Valve Reliability in PWR Nuclear Power Plants."
|-

Enclosure D-NUREG-1326, " Regulatory Analysis for the Resolution of Generic'

Issue 94, Additional Low-Temperature Overpressure Protection for Light-
,

Water Reactors." /VAt 1mb
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Enclosures: |
'

'

Enclosure A-Staff Positions.Resulting from Resolution of Generic Issue 70.
!Enclosure B-Staff Positions Resulting from Resolution of Generic Issue 94.

Enclosure C-HUREG-1316, " Technical Findings and Regulatory Analysis Related .

to Generic Issue 70--Evaluation of Power-0perated Relief Valve and Block
Valve Reliability in PWR Nuclear Power Plants."

Enclosure D-NUREG-1326, " Regulatory Analysis for the Resolution of Generic
Issue 94, Additional- Low-Temperature Overpressure Protection for Light-
Water Reactors."
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Enclosure A.to Generic Letter 89-XX ,

Staff Positions Resulting from ,

Resolution of Generic Issue 70 - '

PORV and Block Valve Reliability'

1. BACKGROUND4

Generic Issue 70 (GI-70), " Power-Operated Relief Valve and Block Valve
Reliability," involves the evaluation of the reliability of power-operated
relief valves (PORVs) and block valves and their safety significance in PWR
plants. The technica1' findings- and regulatory analysis related to GI-70 are
discussed. in NUREG-1316, " Technical Findings and Regulatory Analysis Related
to Generic. Issue 70--Evaluation of Power-Operated Relief Valve and Block r

Valve Reliability in PWR Nuclear Power Plants" (Enclosure C). This report
identifies those safety-related functions that may be performed by PORVs and ;

also identifies potential improvements to PORVs and block valves. In support
of the resolution of GI-70, the Oak Ridge National Laboratory (ORNL) performed!-

a study of PORV and block valve operating experience. A report, prepared by
ORNL, was issued as NUREG/CR-4692, " Operating Experience Review of Failures of
Power Operated Relief Valves and Block Valves in Nuclear Power. Plants," dated
October 1987.

Traditionally, the PORV and its block valve' are provided for plant operational-

flexibility and for litaiting the number of challenges to the safety-related
. pressurizer safety valves. The operation of the PORVs has not been classified
as a safety-related: function, i.e. , one on which the results and conclusions,

of the safety analysis are based and that invokes the highest-level of quality
and construction. For overpressure protection of the reactor coolant pressure.
boundary (RCPB) at normal operating temperature and pressure, the operation of
PORVs has not been explicitly considered as a safety-related function. Also, i

an inadvertent opening of a PORV or safety valve has been analyzed in the Final.
Safety Analysis Reports as an anticipated operational occurrence with acceptable
consequences. For these reasons, most PWRs, particularly those licensed prior'

to 1979, do not classify PORVs as safety-related components.

The Three Mile Island Unit'2 (TMI-2) accident focused attention on the reliability 'l

of_PORVs and block valves since the malfunction of the PORV at TMI-2 contributed :|to the severity of the accident. On other occasions, PORVs have stuck open when
.

|

called upon to function. Also, there are PORVs in many operating plants that
have leakage problems so that the plants must be operated with the upstream
block valves in the closed position. The technical specifications governing
PORVs on most operating PWRs, which deal with closing the block valve and
removing power, were developed to allow continued plant operation with degraded
PORVs, but did not consider the need for the PORVs to perform the safety |
functions discussed below. |

'1

Following the THI-2 accident, the staff began to examine transient and accident |
events in more detail, particularly with respect to required operator actions
and equipment availability and performance. As a result, the staff initiated I

an evaluation of the role of PORVs to perform certain safety-related functions. |

.
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2. SAFETY FUNCTIONS OF PORVs AND BLOCK VALVES |

The staff, in its evaluation, determined that over a period of time the role
of PORVs has changed such that PORVs are now relied upon.by many Westinghouse,:

B&W, and CE designed plants with PORVs to perform one, or more, of the following
safety-related functions: 1

I
1. Mitigation of a design-basis steam generator tube rupture accident, j
2. Low-temperature overpressure protection of the reactor vessel during '

1startup and shutdown, or
3. Plant cooldown in compliance with Branch Technical Position RSB 5-1 -l

to SRP 5.4.7, " Residual Heat Removal-(RHR) System."'

Where PORVs are used or could be used to perform one, or more, of the
.

|safety-related functions identified above or to perform any other safety-related
function that may be identified-in the future, it is appropriate to reconsider
the safety classification of PORVs and the associated block valves. For certain
PWR plants receiving an operating license in recent years, the staff has required
these valves to be classified as safety-related components if they perform one,.
or more, safety-related functions.

' For operating PWR plants, the staff has concluded that it is not cost effective
to replace (backfit) existing non-safety grade PORVs and block valves (and
associated control systems) with PORVs and block valves that are safety grade
even when'they have been determined to perform any of the safety-related
functions. discussed above. Subsequent to the THI-2 accident, a number of ;

improvements were required of PORVs and block valves,'such as requirements to
be powered from Class IE buses and to have valve position indication in the
control room. For operating plants, the greatest immediate benefits can be
derived from implementing items 1 through 3 identified below, which can increase
the reliability of these components and provide assurance they will function as
required.

3. IMPROVEMENTS TO ALL PORVs AND BLOCK VALVES

3.1 Operating PWR Plants and Construction Permit Holders

Based on the analysis and findings for GI-70, the staff concludes that the
following actions should be taken to improve the reliability of PORVs and
block valves:

,

1. Include PORVs and block valves within the scope of an operational.

quality assurance program that is in compliance with 10 CFR Part 50,
Appendix B. This program should include the following elements:

a. The addition of PORVs and block valves to the plant operational
Quality Assurance List.

b. Implementation of a maintenance / refurbishment program for PORVs and
block valves that is based on the manufacturer's recommendations

, .- .. . . . .
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or guidelines and is implemented by, trained plant maintenance
personnel.

)
|

c. When replacement parts and spares, as well as complete components, !

are ' required for existing non-safety grade PORVs and block l

valves (and associated control systems), it is the intent of
this generic letter'that these items may be procured in
accordance with the original construction codes and standards.

2. Include PORVs, valves in PORV control systems, and block valves i

within the scope of a program covered by Subsection IWV, " Inservice
Testing of Valves in Nuclear Power Plants," of-Section XI of the ASME

-

Boiler and Pressure Vessel Code. As permitted by the Code, stroke
testing of PORVs should only be performed during Mode 3 (HOT

- STANDBY) or Mode 4 (riot SHUTDOWN) and~in all cases prior to
establishing conditions where the PORVs are used for low-temperature
overpressure protection. Stroke testing of the PORVs should not be ,

performed during power operation. Additionally, the PORV block valves
should be included.in the licensees' response to the expanded MOV
test program discussed in NRC Generic Letter 89-10, " Safety-Related
Motor Operated Valve Testing and Surveillance," dated June 28, 1989.

3. For operating PWR plants, modify the limiting conditions of operation of
PORVs and block valves in the technical specifications for Modes 1,
2, and 3 to incorporate the position adopted by the staff-in recent
. licensing actions. Attachments A-1 through,A-3 are provided for
guidance. The staff recognizes that some recently licensed PWR plants-
already have technical specifications in accordance with the staff
position. Such plants are already in compliance with this. position
and need merely state that in their response.~ These recent
technical specifications require that plants that run with the block

. valves closed (e.g. , due to leaking PORVs) maintain electrical
power to the block valves so they can be readily opened from the

| control room upon demand. Additionally, plant operation in Modes 1,
1 2, and 3 with PORVs and block valves inoperable for reasons other

than seat leakage is not permitted for periods of more than 72 hours.

L

r
!

L
1
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A-4' - Generic Issue-70-

,

Enclosure'A'to Generic Letter 89-XX,

-
i

-Attachment A-1'

+
' Modified Standard Technical Specifications t

ifor Combustion Engineering and Westinghouse Plants,%

# ' REACTOR COOLANT SYSTEMs ,

.

3/4'.4.4' RELIEF VALVES ,

LIMITING CONDITION FOR OPERATION

s

FThe following is to be used'when two PORVs are provided:

3.4.4 Both power-operated relief valves (PORVs) and-their associated block -

valves shall be OPERABLE.'

APPLICABILITY: MODES 1, 2, and 3.

ACTION:.

: , .
,

a. With'one or both PORVs inoperable because of excessive seat'
leakage,.within 1 hour either restore the PORV(s) to-0PERABLE

' status or close the associated block valve (s) with power maintained
to the block valve (s); otherwise, be in at least HOT STANDBY within

,

- the next 6 hours and in HOT SHUTDOWN within the following 6-hours.

b .~ -With one PORV inoperable due to causes other than excessive seat~

leakage, within 1 hour either restore the PORV to OPERABLE status or
close its associated block valve and remove power from the block

1 ,

valve; restore the PORV to OPERABLE status within the following '

72 hours or be in HOT STANDBY within the next 6 hours and in HOT
SHUTDOWN within the following 6 hours. .

c. = With both PORVs' inoperable due to causes other than excessive seat
leakage, within' 1 hour either restore at least one PORV to OPERABLE ,

status or'close its associated block valve and remove power from the I

block valve and be-in HOT STANDBY within the next 6 hours and in HOT
SHUTDOWN within the following 6 hours. ?

|
j- d. With one or both block valves inoperable, within 1 hour restore the ,

block valve (s) to OPERABLE status or place its associated PORV(s) in
,

manual control. Restore at least one block valve to OPERABLE status |

|.- within the next hour if both block valves are inoperable; restore l

any remaining inoperable block valve to operable status within 72 hours;
otherwise, be in at least HOT STANDBY within the next 6 hours and in- >

HOT SHUTDOWN within the following 6 hours.

!
i

.
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.)
e. The provisions of Specification 3.0.4 are not applicable.

. SURVEILLANCE REQUIREMENTS _

1
4.4.4.1 In addition to the requirements of. Specification 4.0. 5, each PORV i

shall be demonstrated OPERABLE at least once per 18 months by. I

a .- Operating the PORV through one complete cycle of full travel during ;
1MODES 3 or 4, and

b. Where applicable, operating solenoid air control valves and check
valves on associated air accumulators in PORV control systems

'through one complete cycle of full travel'for plants with
air-operated PORVs, and

c. Performing a CHANNEL CALIBRATION of the actuation instrumentation.

4.4.4.2 Each block valve shall be demonstrated OPERABLE at least once per 92
days by operating the valve through one complete cycle of full travel, unless
the block valve'is closed in order to meet the requirements of ACTION a, b, or
c in Specification 3.4.4.

4.4.4.3 The emergency power supply for the PORVs and block valves shall be
demonstrated OPERABLE at least once per 18 months by:

a. $tanually transferring motive and control power from the normal to
the emergency power bus, and

b. Operating the valves through a complete cycle of full travel.
1

COMBUSTION ENGINEERING AND WESTINGHOUSE PLANTS

1
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Enclosure A To Generic Letter 89-XX |

-Attachment A-2

Modified Standard Technical Specifications
for Westinghouse Plants with Three PORVs j

1

REACTOR COOLANT SYSTEM,

3/4.'4.4 RELIEF VALVES
,

LIMITING CONDITION FOR OPERATION i

The following is.to be used when three PORVs are provided:

3.4.4 All power-operated' relief valves (PORVs) and their associated block
valves shall be OPERABLE.

- APPLICABILITY: MODES 1,.2, and 3. *

,

ACTION:
'

a. With one or more PORVs' inoperable because of excessive seat leakage,
.within 1-hour either restore the PORV(s) to OPERABLE status or close
the associated block valve (s) with power ma'intained to the block
valve (s); otherwise, be in at least HOT STANDBY within the next 6

D; hours and HOT SHUTDOWN within the following 6 hours.
1

b. With one or two PORVs inoperable due to causes other than excessive
seat leakage, within 1 hour either restore the PORV(s) to OPERABLE.
status or close the associated block valve (s) and remove power from
the block valve (s); restore the PORV(s) to OPERABLE status within the
following 72 hours or be in HOT STANDBY within the next 6 hours and
in HOT SHUTDOWN within the following 6 hours,

c. : With three PORVs inoperable due to causes other than excessive seat '

leakage, within 1 hour either restore at least one PORV to OPERABLE -

status or close the block valves and remove power from the block
! valve (s) and be in HOT STANDBY.within the next 6 hours and in HOT

SHUTDOWN within the following 6 hours.
'

d. With one or more block valves inoperable, within 1 hour restore the
block valve (s) to OPERABLE status or place its associated PORV in
manual control. Restore at least one block valve to OPERABLE ~ status
within the next hour if three block valves are inoperable; restore
any remaining inoperable block valve (s) to operable status within 72
hours; otherwise, be in HOT STANDBY within the next 6 hours and in

.

HOT SHUTDOWN within the following 6 hours.

[:

1

9
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e, -The provisions of Specification 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.4.4.1 In addition to the requirements of Specification 4.0.5, each PORV
shall be demonstrated OPERABLE.at least once per 18 months by:

a. Operating the PORV through one complete cycle of full travel during
MODES 3 or 4, and

b. . Where applicable, operating solenoid air control valves and check
valves on associated air accumulators in PORV cortrol systems-
through one complete cycle of full travel for plants with
air-operated PORVs, and

I; c. Performing a CHANNEL CALIBRATION of the actuation instrumentation.

4.4.4.2 Each block valve shall be demonstrated OPERABLE at least once per 92
days by operating the valve through one complete cycle of full travel unless the
block valve is closed in order to meet the requirements of ACTION a, b, or c in
Specification 3.4.4. .

4.4.4.3 The emergency power supply for the PORVs and block valves snall be
demonstrated OPERABLE at least once per 18 months by:

a. Nanually transferring motive and control power from the normal to
the emergency power bus, and

- b. Operating the valves through a complete cycle of full travel.

WESTINGHOUSE PLANTS

. . . - - . - - - . - - - . - . .. - ., . - - , . -- .
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Enclosure A to Generic Letter 89-XX

Attachment A-3 i

Applicable to Combustion' Engineering and Westinghouse Plants !

3/4-4.4 RELIEF VALVES ..

!

' Bases of the Limitina Condition for Operation (LCO) and Surveillance j

Requirements: .;
s -i

The OPERABILITY of the PORVs and block valves is determined on the basis of,

their being capable of performing the following fur.ctions:

A. Manual control of PORVs to control reactor coolant system pressure. This
is a function that is used for the steam generator tube rupture accident
and for plant shutdown. This function has been classified as safety
related for more recent plant designs.

B. Maintaining the integrity of. the reactor coolapt pressure boundary. This
is a function that is related to controlling identified leakage and
ensuring the ability to detect unidentified reactor coolant pressure
boundary leakage.,

C. Manua.1-control of the block valve to: (1) unblock an isolated PORV to .
~

| allow it to be used for manual control of reactor coolant system pressure

L (Item A), and (2) isolate a PORV with excessive seat leakage (Item B).
_

D Automatic control of PORVs to control reactor coolant system pressure.
- This is a function that reduces challenges to the code safety valves for.

. overpressurization events.

L E. - Manual control of a block valve to isolate a stuck-open PORV. -

L Surveillance Requirements provide the assurance that the PORVs and block
valves can perform their functions. Specification 4.4.4.1 addresses PORVs, i

4.4.4.2 the block valves, and 4.4.4.3 the emergency (backup) power sources.
The-latter are provided for either PORVs or block valves, generally as a

. consequence of the TMI ACTION requirements to upgrade the operability of PORVs 1

and block valves, where they are installed with non-safety grade power
sources, including instrument air, and are provided with a backup (emergency)

!
.

power source. The block valves are exempt from the surveillance requirements j

? to cycle the valves when they have been closed to comply with the ACTION
L requirements. This precludes the need to cycle the valves with full system

differential pressure or when maintenance is being performed to restore an
| inoperable PORV to operable status.
L
' Surveillance requirement 4.4.4.1.b has been added to include testing of the

mechanical and electrical aspects of control systems for air-operated PORVs.

|
|

|
|

|

|
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[Testingo'fPORVs'inHOTSTANDBYorHOTSHUTDOWN'isrequiredLinorderto.
'

~

~ imulate the temperature and pressure environmental _' effects on PORVs. -In manys
;PORV designs, testing at COLD SHUTDOWN is not considered to be a representative
-test for assessing PORV performance under normal. plant operating conditions.

.The Modified Standard-Technical Specification (STS) requirements include the
following changes from prior STS guidance:

1.- Clarify the statement of LC0 by replacing "All" with "Both" where the ' design
. includes two PORVs.

,

2. ACTION statement a. includes the requirement to maintain power to closed
block valve (s) because removal of-power would render the block valve (s)
inoperable and the requirements of ACTION statement c. would apply. Power is
maintained to the block valve (s) so~_that it is operable and may be subsequently
opened to allow the PORV to be used to control reactor pressure. Closure of

; .the block valve (s) establishes reactor coolant pressure boundary integrity for '

a PORV that has excessive seat leakage. (Reactor coolant pressure boundary
integrity takes priority over the capability of the PORV_ to mitigate an
overpressure event.)

3. ACTION statements b.'and c. include the removal of power from a closed
block valve as additional assurance to preclude any inadvertent opening of the
block valve at a time in which the PORV may not be closed due to maintenance to
restore it'to OPERABLE status. (In contrast, ACTION statement a. permits
continued plant operation with the block valves closed, i.e. , continued
operation is not dependent on maintenance to eliminate excer:.tve PORV leakage,-
and, therefore, ACTION statement a. does.not require remova. of power from the
block valve.)

4. ACTION statements a., b., and c. have been changed to terminate the forced
shutdown requirements with the plant being in HOT SHUTDOWN rather than COLD

'

SHUTDOWN because the APPLICABILITY requirements of the LC0 do not extend past
the HOT STAN0BY mode.

5. ACTION statement d. has been modified to establish remedial measures that
are consistent with the function of the block valves. The prime importance for
the capability to close the block valve is to isolate a stuck-open PORV. Therefore,
if the block valve (s) cannot be restored to operable status within 1 hour, the
remedial action is to place the PORV in manual control to preclude its automatic
opening for an overpressure event and to avoid the potential for a stuck-open
PORV at a time that the block valve is inoperable. The time allowed to restore
the block valve (s) to operable status is based upon the remedial action time
limits for inoperable PORVs per ACTION statements b. and c. since the PORVs
are not capable of mitigating an overpressure event when placed in manual
control. These actions are also consistent with the use of the PORVs to control
reactor coolant system pressure if the block valves are inoperable at a time'

when they have been closed to isolate PORVs that have excessive seat leakage.
The modified ACTION statement does not specify closure of the block valves
because such action would not likely be possible when the block valve is

*
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inoperable. Likewise, it does not specify either the closure of the PORV,
because it would not likely be open, or the removal of power from the PORV.
When the block valve is inoperable, placing the.PORV in manual control is
sufficient to preclude the potential for having a stuck-open PORV that could
not be isolated because of an inoperable block valve. For the same reasons,
reference is not made to ACTION statements b. and c. for the required remedial
actions.

6. Surveillance requirement 4.4.4.2 has been modified to remove the exception
for testing the block valves when they are closed to isolate an inoperable PORV.
If the block valve is closed to isolate a PORV with excessive seat leakage, the
operability of the block valve is of importance, because opening the block valve
is necessary to permit the PORV to be used for manual control cf reactor pressure.
If the block valve is closed to isolate an otherwise inoperable PORV, the maximum
allowable outage time is 72 hours, which is well within the allowable limits (25
percent) to extend the block valve surveillance interval (92 days). Furthermore,
these test requirements would be completed by the reopening of a recently closed
block valve upon restoration of the PORV to operable status, i.e. , completion
of the ACTION statement fulfills.the required surveillance requirement.

.
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- Attachment A-4

. Modified Technical. Specifications >

for Babcock and Wilcox Plant .

-REACTOR COOLANT SYSTEM

3/4.4.4 RELIEF VALVE j

2

LIMITING CONDITION FOR OPERATION ,

s -

3.4.4 The ' power-operated relief valve (PORV) and its associated block valve
shall be OPERABLE.

APPLICABILITY: ; MODES 1, 2, and 3.
s

' ACTION:-s

a. With the PORV. inoperable because of excessive seat.leakag'e, within 1 :
'

hour either' restore the PORV to-OPERABLE status or close the associated
'

block valve with power maintained to the block valve; otherwise, be
"in.at least. HOT STANDBY within the:next 6 hours and in HOT SHUTOOWN
-within the following 6 hours.

p

b. With-the~PORV inoperable due to causes other than excessive seat |
leakage, within'l hour either restore the PORV to OPERABL_E status or
close the associated block valve and remove power from the block valve,a

'and be in HOT STANDBY within th.3 next 6 hours and in HOT SHUTDOWN within;
,

,

the-foilowing 6: hours.

c. With the block valve inoperable, within 1 hour restore the block'

valves to OPERABLE status or place the associated PORV in manual
control and restore the block valve to operable status within the
next hour; otherwise, be in HOT. STANDBY within the next'6 hours and

,

in HOT SHUTOOWN within the following 6 hours.

d. The provisions of Specification 3.0.4 are not applicable.
L

'

,

SURVEILLANCE REQUIREMENTS

!4.4.4.1'In addition to the requirements of Specification 4.0.5, the PORV shall
be demonstrated OPERABLE at least once per 18 months by:

,

a. Operating the PORV through one complete cycle of full travel during
MODES 3 or 4, and

b. Performing a CHANNEL CALIBRATION of the actuation instrumentation.
l-

.
1

*
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'

4.4.4.2: The block valve shall be demonstrated OPERABLE at least once per
92 days by operating the valve through one complete cycle of full travel unless
the block valve is closed. in order to meet the requirements' of ACTION a-or b.in

4 Specification ~3.4, .4

4.4.4.3f The emergency power supply for the PORV and block valve shall be
demonstrated OPERABLE at least once per 18 months by:

..

a. Manually transferring motive and control power from the normal to -
the emergency power supply, and

b. Operating the valve through a complete cycle of full travel.

BABC0CK & WILCOX PLANTS'
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iEnclosure A'to Generic Letter 89-XX
y

Attachment A-5

Applicable to Babcock and Wilcox Plants

3/4.4.4 RELIEF VALVE-
~

Bases of the Limiting Condition for Operation (LCO) and Surveillance
Requi rements:

' The OPERABILITY of the PORV and block valve is determined on the basis of-
-their being capable of performing the following functions: .,

A. Manual control of the PORV to control reactor coolant system pressure.
This is a function that is used for the steam generator tube rupture

iaccident and for' plant shutdown. This function has been classified as
safety related for.more recent plant designs.

B. Maintaining the integrity -of the reactor coolant pressure boundary. .This
!is a function that is related to controlling. identified leakage and

ensuring the. ability to, detect unidentified reactor coolant pressure
boundary leakage. 1

I
C.- Manual control of the block valve to: (1) unblock an isolated PORV to.

allow it to oe used for manual control of reactor coolant system pressure
(Item A), and (2) isolate the PORV with excessive seat leakage (Item B). ;

D. . Automatic control of the PORV to control reactor coolant system pressure.
This is a function that reduces challenges to the code safety valves for i

overpressurization events. '

E. Manual control of a block valve to isolate a stuck-oper PORV.

Surveillance Requirements provide the assurance that the PORV and block
valve can perform their functions. Specification 4.4.4.1 addresses the PORV,
4.4.4.2 the block valve, and 4.4.4.3 the emergency (backup) power source.

,

L. The latter is provided for either the PORV or block valve, generally as a
consequence of the TMI ACTION requirements to upgrade the operability of PORVs .

and block valves, where they are installed with non-safety grade power
sources, including instrument air, and are provided with backup (emergency)
power sources. The block valve is exempt from the surveillance requirements

L to cycle.the valve when it has been closed to comply with the ACTION .

i requirements. This precludes the need to cycle the valve with full system
1 differential pressure.or when maintenance is being performed to restore an

inoperable PORV to operable status.

L

|-
I

*
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/ Testing the PORV in HOT STANDBY or HOT. SHUTDOWN is required in order to
-simulate the temperature and pressure environmental effects on the PORV. In
many PORV designs, testing at COLD SHUTOOWN is not considered to be a
representative test for assessing PORV performance under normal plant operating

. condi tions.- 1

;The Modified Standard Technical Specification (STS) requirements include the<

following changes from prior STS guidance:
;

L ACTION statement a. includes the requirement to maintain power to the closed I
-

block valve, because removal of power would render the block valve inoperable
and the requirements of ACTION statement c. would apply. Power is maintained
to the block valve so that it is operable and may be subsequently opened to
allow the PORV to be used to control reactor pressure. Closure of the block
valve establishes reactor coolant pressure boundary integrity for a PORV that
has excessive seat leakage. (Reactor coolant pressure boundary integrity takes ;

priority over the capability of the PORV to mitigate an overpressure event.)'
'

2. ACTION statement b. includes the removal of power from the closed block
valve as additional assurance to preclude any inadvertent opening of the block
' valve at a tire in which the PORV may not be closed due to maintenance to !

!restore it to 0FERABLE status. (In contrast, ACTION statement a. permits
continued plant operation with the block val.ve closed, i.e., continued operation
is not dependent on maintenance to eliminate excessive PORV leakage, end,-

therefore, ACTION statement a. does not require removal of power from the block ,

valve.) -
i .

3. ACTION statements a. and b. have been changed to terminate the forced shutdown-
requirements with the plant being in HOT SHUTOOWN rather than COLD SHUTOOWN
because the APPLICABILITY requirements of the LCO do not extend past the HOT

,

STANDBY mode.

4. ACTION' statement c. has been modified to establish remedial measures that
: are consistent'with the function of the block valves. The prime importance for
|' the capability to close the block valve is to isolate a stuck-open PORV.

Therefore, if the block valve cannot be restored to operable status within 1
hour, the remedial action is to place the PORV in manual control to preclude
its opening for an overpressure event and to avoid the potential for a stuck-

i

p open PORV at a time that the block valve is inoperable. The time allowed to
!' restore the block valve to operable status is based.upon the remedial action
L time limits for an inoperable PORV per ACTION statement L. since the PORV is not

capable of mitigating an overpressure event when placed in manual control.|

L This action is also consistent with the use of the PORV to control reactor
-coolent system pressure if the block valve is inoperable at a time when it was

|-' closed to isolate a PORV that has excessive seat leakage. The modified ACTION'

statement does not specify closure of the block valve because such action
would not likely be possible when the block valve is inoperable. Likewise, it

does not specify either the closure of the PORV, because it would not likely'

be open, or the removal of power from the PORV. When the block valve is
inoperable, placing the PORV in manual control is sufficient to preclude the

.

:
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<

- potential for' having a stuck-open PORV that could not be isolated because of an ;
iinoperable block valve. For the same reasons, reference is not made to ACTION

' statement b. for the required remedial action.

5. Surveillance requirement 4.4.4.2 has been modified to remove the exception
for testing the block valve when it is closed to isolate an inoperable PORV. 3

If the block valve is closed to isolate a PORV with excessive seat leakage, the '|
operability of the block valve is of importance, because opening the block valve j
is necessary to permit the' PORV to be used for manual control of reactor pressure.
If the block valve'is closed to isolate an otherwise inoperable PORV, the maximum
allowable outage time is 72 hours, which is well within the allowable limits (25

. percent) to extend the block valve surveillance interval (92 days). Furthermore,
these test requirements would be completed by the reopening of a recently closed
block valve upon restoration of the PORV te operable status, i.e., completion- ,

of the ACTION statement fulfills the required surveillance requirement. i
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Enclosure B to Generic Letter 89-XX l

Staff Positions Resulting from
Resolution of Generic Issue 94 -

Additional Low-Temperature Overpressure Protection
For Light-Water Reactors '-

|1. BACKGROUND

Generic Issue 94 (GI-94), " Additional Low-Temperature Overpressure- Protection
for Light-Water Reactors," addresses concerns with the. implementation of the
requirements set forth.in the resolution of Unresolved Safety Issue (USI) A-26,
" Reactor Vessel Pressure Transient Protection (Overpressure Protection)." In <

support of GI-94, the Battelle Pacific Northwest Laboratories (PNL) performed a
study based on actual operating reactor experiences to determine the risks
associated with current low-temperature overpressure protection (LTOP) systems.

- A report, prepared by PNL, has been issued as NUREG/CR-5186, "Value/ Impact i

Analysis of Generic Issue 94, Additional Low Temperature Overpressure Protection :

for Light-Water Reactors," dated November 1988. The staff has prepared a
regulatory analysis for GI-94 based on the work performed by PNL and reported
in NUREG-1326, " Regulatory Analysis for the Resolution of Generic Issue 94,
Additional Low-Temperature Overpressure Protection for Light-Water Reactors"
(Enclosure D).-

LLow-temperature overpressure protection (LTOP) was designated as Unresolved
Safety Issue A-26 in 1978 (NUREG-0371). PWR licensees implemented procedures

,

to reduce the potential for overpressure events and' installed equipment
modifications to mitigate such events based on the staff recommendations from
the USI A-26. evaluations, under Multi-Plant Action Item B-04 (NUREG-0748).

.

Current staff guidelines for LTOP are in Standard Review Plan Section 5.2.2,
" Overpressure Protection," and in its attached Branch Technical Position (BTP)
RSB 5-2, " Overpressure Protection of Pressurized Water Reactors While Operating
at Low Temperatures" (NUREG-0800).

,

The administrative controls and procedures that were identified as part of
- Multi-Plant Action Item B-04 include the following items:

1. Minimize the time the reactor coolant system (RCS) is maintained in a
water-solid condition.

-

|- 2. Restrict the number of high pressure safety injection pumps operable
l to no more than one when the RCS is in the LTOP condition.

I 3. Ensure that the steam generator to RCS temperature difference is less
; than 50 Deg F when a reactor coolant pump (RCP) is being started in a
L water-solid RCS.

4. Set the PORV setpoint (if the particular plant relies on this
component for LTOP) to a plant-specific analysis supported value, and
have surveillance that checks the PORV actuation electronics and setpoint.

I
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Twelve PWR. overpressure transients were reported during the period from 1981_to i
1983 after completion of USI A-26. Two of these events, at Turkey Point Unit
4, exceeded the pressure / temperature limits of the technical specifications.

|Dur4ng this same timeframe, there were 37 reported instances when at least one
LTOP channel was-out of service. In 12 of these cases, both LTOP channels were

:C inoperable.
1

The' continuation of overpressure transient events,- and the unavailability of !
-LTOP protection channels, suggested the need to reevaluate the current l
overpressure protection requirements, or their implementation, to determine
whether additional measures are warranted.

Major'overpressurization of the reactor coolant system while at low
temperature, if combined with a critical crack in the reactor pressure vessel
welds or plate material, could result in a brittle fracture of the pressure
vessel. Failure of the pressure vessel could make it impossible to provide
adequate coolant to the reactor core and result in major core damage or a core
melt accident.

<

The safety significance of these continuing low-temperature overpressure l
transients vias designated as Generic Issue 94, " Additional Low Temperature u

-Overpressure Protection." The concerns of GI-94 are applicable to all PWR
L plants regardless of the features used to mitigate a low-temperature

overpressure event.or of any measures to preclude events that would challenge
these features or exceed the design basis for LTOP. .

The implementation of the requirement for an LTOP system (the resolution of
USI A-26) has been found to be essentially uniform for the Combustion Engineering
(CE) and Westinghouse (W) PWRs. With the exception _of a few plants,* the LTOP

| protection systems consist of either redundant PORVs or redundant safety relief
valves (SRVs) in the residual heat removal (RHR) system and in general meet the|

< guidance set forth ir Branch Technical Position RSB 5-2, "Overpressurization
Protection of Pressurized Water Reactors While Operating at Low Temperatures."

i

Variability in meeting IEEE-279 requirements, equipment environmental
qualification, and in meeting the guidance of Regulatory Guide 1.26, " Quality
Group Classification and Standards for Water , Steam , and Radioactive-Waste-
Containing Components of Nuclear Power Plants," exists. As part of the NRC staff
acceptance of LTOP protection system designs for the implementation of the

| resolution of USI A-26, it was concluded that the costs associated with upgrading
existing systems to meet the guidance of Regulatory Guide 1.26 were nott

L * CE - San Onofre Units 2 and 3 rely on a single RHR (SDCS) SRV for LTOP.
With the SRV inoperable, depressurize and vent within 8 hours.

- Maine Yankee relies on two PORVs when pressure is above 400 psig
and two RHR SRVs when pressure is below 400 psig.

W - DC Cook Units 1 and 2 rely on either two PORVs or one PORV and one
RHR SRV.

- Yankee Rowe relies on one PORV and two RHR SRVs.
- Newer Westinghouse plants allow either two PORVs or two RHR SRVs.

L
|
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- justifiable. Further evaluations performed for GI-94 have also concluded that 1
Lit is not cost beneficial to upgrade these systems to fully safety grade ;

standards. "

l'

2. CURRENT STANDARD TECHNICAL SPECIFICATION REQUIREMENTS
,

The section of the Standard Technical Specifications (STS) covering the LTOP
protection system is entitled Overpressure Protection System, Section 3.4.10.3
for CE plants and Section 3.4.9.3 for W plants. The LTOP system setpoints are
established based on additional restrictions for the restart of an idle reactor .

. coolant pump and on the number of high pressure safety injection pumps and/or-
coolant charging pumps allowed to be operable when LTOP is required. These
additional restrictions define the initial conditions for the plant-specific
transient analyses performed to establish the LTOP system setpoints. The
additional restrictions are provided regarding the restart of inactive reactort

||
coolant-pumps in Sections 3.4.1.3 (Hot Shutdown) and 3.4.1.4 (Cold Shutdown).

|
High pressure safety injection pump operability restrictions are provided in

'

Section 3/4.5.3 (ECCS Subsystems). In addition to these administrative
restrictions, the transient analyses are based on a dual-channel system being
operable to satisfy the single failure criterion of 10 CFR Part 50, Appendix A,
for a system that performs a safety function. Therefore, the Overpressure
Protection System TS is consistent with Criterion 2 of the Commission's Policy
Statement. on Technical' Specification Improvements for Nuclear Power Plants.
The TS also satisfied Criterion 3 of the policy statement in that the LTOP*

system is ,the primary success path for the mitigation of low-temperature
overpressure transients that present a challenge to a' fission product barrier,
in this case, the reactor pressure vessel.

1

PORVs are relied on, by most Westinghouse designed plants and about one-half pf
the Combustion Engineering plants, to provide LTOP protection. In addition to
PORVs, the-RHR SRVs are also relied on to provide LTOP protection for some W
plants and for the CE plants that do not have PORVs. Newer W plants have TS
that require either two PORVs or two RHR SRVs for LTOP protection.

The current STS ACTION requirements for the LTOP system include a 7-day
allowable outage time (A0T) to restore an inoperable LTOP channel to operable
status before other remedial measures would have to be taken. In addition,
ACTION d. states that the provisions of Specification 3.0.4 are not applicable.

'Therefore, the plant may enter the modes for which the Limiting Conditions for
Operation (LCO) apply, during a plant shutdown or placement of the head on
the vessel following refueling, when an LTOP channel is inoperable. In this
situation, the 7-day A0T applies for restoring the channel to operable status
before other remedial measures would have to be taken. This is the same manner
in which the ACTION requirements apply when an LTOP channel is determined to be
inoperable while the plant is in a mode for which the LTOP system is required
to be operable.

Based on the NRC evaluation of the LTOP system unavailability, it is concluded
that additional restrictions on operation with an inoperable LTOP channel are

|
warranted when the potential for a low-temperature overpressure event is the

I

>
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highest, and especially when the plant is in a water-solid condition.
Furthermore :it is concluded that the additional restrictions regarding the

'- restart of inactive reactor coolant pumps and regarding the operability of high-
. pressure safety injection pumps should be implemented in the TS, as indicated ,

in the STS, and licensees should verify that these administrative restrictions -

have been implemented. Finally, it is concluded that these additional measures
will help to emphasize the importance of the LTOP system, especially while >

' operating in a water-solid condition. .as the primary success path for the .

- mitigation of overpressure transients during low-temperature operation. -

3. IMPROVEMENTS IN PROTECTION SYSTEM AVAILABILITY

The staff has determined that LTOP protection system unavailability is the
dominant contributor to risk from low-temperature overpressure transients. The
staff has further concluded that a substantial improvement in availability
when the potential for an overpressure event is the highest, and especially
during water-solid operations, can be achieved through improved administrative
restrictions on the LTOP system.

In developing the staff position on the resolution of the low-temperature
overpressure protection generic issue, a number of factors have been taken into
consideration.

The staff has considered the conditions under which a low-temperature
overpressure transient is most likely to occur. While LTOP protection is
required f"or all shutdown modes, the most vulnerable period of time- was found
to be MODE-5 (Cold Shutdown) with the reactor coolant temperature less than or
equal to 200 Deg F, especially when water solid, based on the detailed evaluation
of operating reactor experiences performed in support of GI-94. LTOP transients .

Ithat have challenged the overpressure protection system have occurred with
reactor coolant temperatures in the range of 80 Deg F to 190 Deg F. In addition,

a review of the STS for containment integrity indicates-that there are no
specific requirements imposed during MODE 5, when the reactor coolant temperature
is below 200 Deg F. Industry responses to Generic Letter 87-12, " Loss of RHR
While RCS Partially Filled," dated July 9,1987, also indicate that containment
integrity during MODE 5 is often relaxed to allow for testing, maintenance, and-
the repair of equipment.

In addition, the staff takes note of the fact that, in all instances when
pressure / temperatures limits in the TS have been exceeded, one LTOP protection
channel was removed from service for maintenance-related activities. During
these events the redundant LTOP protection channel failed to mitigate the
overpressure transient as a result of a system / component failure that had not
been detected.

The reported LTOP transients have occurred in MODE 5 with RCS temperatures
ranging from 80 Deg F to 190 Deg F. Since this temperature range includes

.
MODE 6, RCS temperature less than 140 Deg F but with k-eff less than 0.95 as
compared to k-eff less than 0.99 for MODE 5, the etaff concludes that the'

additional administrative restriction for the single channel A0T is applicable
L to MCDE 5 and MODE 6 (with the reactor pressure vessel head on).
!

.-
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The staff concludes that the LTOP system performs a safety related function and
inoperable LTOP equipment should be restored to an operable status in a shorter

- period of time. The current 7-day A0T for a single channel is considered
to be too long under certain conditions. The staff has concluded that the A0T
for a single channel should be reduced to 8 hours when operating in MODE 5
or 6 when the potential for an overpressure transient is highest. The ,

operating reactor experiences indicate that these events occur during planned
heatup (restart of an idle reactor coolant pump) or as a result of maintenance -

- and testing errors while in MODE 5. The reduced A0T for a single channel in
MODES 5 and 6 will help to emphasize the importance of the LTOP system in
mitigating overpressure transients and provide additional assurance that plant .

operation is consistent with the design basis transient analyses, i

Based on the foregoing concerns, added assurance of LTOP availability is to be
provided by revising the current Technical Specification for Overpressure
Protection to reduce the A0T for a single channel from 7 days to " hours when
the plant is operating in MODES 5 or 6. Attachment B-1 is provided for guidance
for Westinghouse and CE plants. The guidance provided is also applicable to ,

plants that rely on both PORVs and RHR SRVs or that rely on RHR SRVs only.
Attachment B-2 provides the staff bases for the Overpressure Protection
Technical Specification..

i
'

In performing the studies for GI-94, the staff has assumed that the
administrative controls and procedures identified in Section 1 have been
implemented to ensure that the plant is being operated within the design base.

L If it is determined that the design base was developed based on restricted
| safety injection pump operability and/or differential temperature restrictions
' for RCP restart and that these restrictions have not been implemented as part

of USI A-26, then these restrictions should be implemented now. This is not a
new requirement. Attachment B-3 is provided for guidanc'e.
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Enclosure B to Generic Letter 89-XX j

Attachment B-1 l

Modified Technical Specifications q
for Combustion Engineering and Westinghouse Plants ,

,

REACTOR COOLANT SYSTEM

OVERPRESSURE' PROTECTION SYSTEM
,

,

LIMITING CONDITION FOR OPERATION

'3.4.9.3 Two power-operated relief valves (PORVs) shall be OPERABLE with a
lift setting of less_than or equal to [450] psig.

APPLICABILITY: MODE 4 when the temperature of any RCS cold leg is less than '

or equal to-[275]'F, MODE 5, and MODE 6 when the head is on the reactor vessel
and the RCS is not vented through a _ square inch or larger vent.

ACTION:

a. With one PORV inoperable in MODE 4, restore the inoperable PORV to '

OPERABLE status within 7 days or depressurize and vent the RCS
'

*through at least a square inc,h, vent within the next 8 hours.

b. . With one PORV % operable in MODES 5 or 6, either (1) restore the
inoperable PORI to OPERABLE status within 8 hours, or (2) complete
depressurization and venting of the RCS through at least a square
inch vent within 16 hours,

c. With both PORVs inoperable, complete depressurization and venting of
,

the RCS through at least a square inch vent within 8 hours.

d. With the RCS vented per ACTIONS a, b, or c, verify the vent pathway 4

at least once per 31 days when the pathway is provided by a valve (s)
that is locked, sealed, or otherwise secured in the open position; -

otherwise, verify the vent pathway every 12 hours. _ ;

e. In the event either the PORVs or the RCS vent (s) are used to mitigate
an RCS pressure transient, a Special Report shall be prepared and
submitted to the Commission pursuant to Specification 6.9.2 within '

30 days. The report shall describe the circumstances initiating the
transient, the effect of the PORVs or RCS vent (s) on the transient,
and any corrective action necessary to prevent recurrence.

f. The provisions of Specification 3.0.4 are not applicable.

,
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SURVEILLANCE REQUIREMENTS
,

'

4.4.9.3 Each PORV shall be demonstrated OPERABLE by:

s. Performance of an ANALOG CHANNEL OPERATIONAL TEST, but excluding,

valve operation, at least once per 31 days; and

b. Performance of a CHANNEL CALIBRATION at least once per 18 months; and

c. Verifying the PORV isolation valve is open at least once per 72 hours.
,
.
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Enclosure B to Generic Letter 89-XX
| i

[
Attachmen'*,B-2 -

3/4.4.9.3 OVERPRESSURE PROTECTION SYSTEM

Bases of the Limitino Condition for Operation and Surveillance Requirements:
-

;

The OPERA 81LITY of the PORVs is determined on the basis of their being capable
of performing the function to mitigate an overpressure event during low- '

temperature operation.
.

The Modified Standard Technical Specification (STS) requirements include the
,

following changes from prior STS guidance:
.

,

1. The depressurizing and venting of the RCS is not classified as an
overpressure protection system. However, the APPLICABILITY of the LCO
excludes MODE 6 when the RCS is adequately vented. This avoids any
possible question on Specification 3.0.4 being applied to preclude placement

'

of the head on the vessel if any part of the LCO is not met when the RCS
is vented.

2. The APPLICABILITY for MODE 6 is clarified as "when the head is on the *
react,or vessel" rathe,r than as " MODE 6 with the reactor vessel head on." -

'
3. ACTION a. is revised to clarify that it is only applicable in MODE 4.

4. ACTION b. was added to reduce the allowed outage time for an
inoperable PORV to 8 hours in MODES 5 or 6. Because this LCO does not
apply under certain conditions specified under the APPLICABILITY for this
specification, the ACTION statements likewise do not apply under those
conditions. ACTIONS a. and b. do not repeat those qualifying conditions j

that apply for these modes since the actions only apply when the unit is
,

under those conditions. '

)
5. ACTION d. includes the requirements to verify that ACTIONS a., b., or l
c. continue to be met on an ongoing basis when the unit would be in MODES 4, i

5, or 6. I
i

6. The Surveillance Requirements were simplified by removing requirements I

that exist because of the general requirements applicable to all surveillance |
requirements as specified in Section 4.0 of the TS.

7. Surveillance Requirement 4.4.9.3.2 was removed since it is addressed
by ACTION d.

For plants with existing TS for PORVs used for LTOP, the only required change
is that indicated to restrict the applicability of ACTION a. to MODE 4 and for
incorporating ACTION b. Any other changes that are propos,ed consistent with

|

1
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,

the above guidance are voluntary. For a plant without existing TS for PORVs
that are used for LTOP, a TS should be proposed that conforms to the above i

-guidance. ]
,

Because some plants use residual heat removal (RHR) safety relief valves for
LTOP, either in addition to or in lieu of PORVs, similar requirements are
included in TS as noted above for PORVs. The same changes in ACTION requirements
a. and b. are required, as noted above, for these plants. Likewise, any plent ,

without existing TS for RHR suction relief valves that are used for LTOP should
propose TS that are consistent with the above guidance. When only RHR safety

'relief valves are used for LTOP, the Surveillance Requirements would state: "No ,

additional requirements other than those required by Specification 4.0.5."

,

i

b
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Enclosure B to Generic Letter 89-XX

Attachment B-3

Technical Specifications Guidance ,

for Combustion Engineering and Westinghouse Plants

Operational L~ imitations Consistent With the Desian Basis Assumptions-for the
Low-temperature Overpressure Protection (LTOP) System

The TS requirements for LTOP typically apply in MODE 4 when the temperature of
'any cold leg is below 275'F, MODE 5, and MODE 6 when the head is on the

reactor vessel. During these conditions, one train (or channel) of the LTOP
system is capable of mitigating an LTOP event that is bounded by the largest '

mass addition to the RCS or by the largest increase in RCS temperature that can
occur. The largest mass addition to the RCS is limited based upon the assumption
that no more than a fixed number of pumps are capable of providing makeup or
injection into the RCS. Hence, this is a matter important to safety that pumps
in excess of this design basis assumption for LTOP not be capable of providing
makeup or injection to the RCS.

The capability for makeup and injection to the RCS is also a safety concern
for normal makeup to the reactor coolant system for reactivity control as well
as for events that could result in a loss of coolant from the RCS. The
forne'r art covered by Technical Specifications (TS) under Reactivity Control
Systems, Charging Pump - Shutdown (MODES 5 and 6); Charging Pumps - Operating
(MODES 1 through 4); and Flow Paths - Operating (MODES 1 through 4). The
latter is covered by TS under Emergency Core Cooling Systems, ECCS Subsystems -
T Less Than 350*F (MODE 4).cold
The manner in which restrictions, consistent with the design basis assumptions

,

of the LTOP system, have been incorporated in TS that require the operability
of makeup or injection pumps has varied depending upon plant-specific
considerations for the LTOP design and plant-specific designs for the use of
pumps for makeup and ECCS functions. A common method has been the use of
fontnotes to the pump operability requirements to note that:

A maximum of one Safety Injection [and/or] one charging pump shall be
OPERABLE when the temperature of one or more of the RCS cold legs is less
than 275'F.

This footnote is used for each specification that requires the operability of
a safety injection and/or charging pump in MODES 4 or 5.

The Surveillance Requirements typically include the following:

All Safety Injection (and/or] charging pumps, except the above required
OPERABLE pump [s), shall be demonstrated to be inoperable by verifying
that the motor circuit breakers are secured in the open position at least

|
|
|

|
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I

once per 12 hours whenever the temperature of one or more of the RCS cold i

!legs is less than or equal to 275'F.

Generally, it is preferable to include requirements for implementing the intent
of an LC0 as part of an LCO rather than to only define requirements, such as
securing motor circuit breakers in the open position, in a Surveillance
Requirement. Furthemore, the requirements for operable pumps could be stated
in tems of requiring one pump to be operable rather in terms of "at least
one pump shall be operable" and then including a footnote requiring that, in
fact, no more than one pump shall be operable. The preferred alternative
would be an LCO which stated:

;

OneSafetyInjection[and/or]chargingpumpshallbeoperableandall )
other Safety Injection [and/or] charging pumps shall be secured with ,

their motor circuit breakers in the open position. ;

The fom of the above requirements for any given specification would be dependent
upon which pumps are addressed by that specification, e.g., charging or injection t

pumps or both.

The surveillance requirements would be similar to that noted above with the i

following substitution:

. . .except the above required OPERABLE pump (s), shall be demonstrated to
|

be secured by verifying that the motor circuit breakers are in the open
i position. . . .

Changes to plant TS should be proposed to incorporate one of the above methods,
to ensure that pumps are not capable of initiating a mass addition to the.

RCS that exceeds the design basis assumptions for the LTOP system, for plants
that do not currently include such requirements,

l The largest temperature increase in the RCS that could result in a challenge
L to the LTOP system is dependent upon the differential temperature between the

RCS and the secondary system when starting a reactor coolant pump. Hence,i

this is also a matter important to safety when reactor coolant pumps are started
and the resulting increase in RCS temperature is in excess of the design basis
assumption for the LTOP system to mitigate the resulting increase in RCS

The manner in which this design basis assumption of the LTOP system,

l pressure.
is reflected in TS has been the use of a footnote to the reactor coolant pump
operability requirements to note that:

A reactor coolant pump shall not be started with one or more of the
RCS cold leg temperatures less than or equal to 275'F unless the
secondary water temperature of each steam generator is less than 'F
above each of the RCS cold leg temperatures.

.

The above footnote has been included in the TS for residual heat removal
under title of the Reactor Coolant System Hot Shutdown.

,

l
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l' Changes to plant TS should be proposed to incorporate the above method, to ensure
that the starting of RCS pumps are not capable of initiating a pressure transient
that exceeds the design basis assumptions for the LTOP system, for plants that

'

'do not currently have this requirement. -{
i

1

*
i ,

*
,

i'

j.-
' )

i

e

v

0

e

i

,

i
l

!

!
|

l-
l-

i

I:

,

e

- - - . . . . - - - - . . . _ _ . . . _ , , _ . . , , ,



_ __ ._

,.

Enclosure 2'-

NUREG-1316-

.

.-

k

s

i

Technical Findings and :

Regulatory Analysis Related to
.

Generic Issue 70 i

|
|

Evaluation of Power-Operated Relief Valve
i and Block Valv.e Reliability in .

| PWR Nuclear Power Plants
!

e

U.S. Nuclear Regulatory CommissionL
,

Of5ce of Nuclear Regulatory Research ;

.

R.Kirkwood

;

_

j. ..

|

u.-.=________.__.__..-__._._.._..__.__.. - .. _ .. _ _



. . - - -- - -.

1
-

. .

'

NUREG-1316
,.

,_

'

.,

:

r" . Technical Findings and
: Regulatory-Analysis Related to ,

' Generic Issue 70 .

4

#

Evaluation of Power-Operated Relief Valve
|and Block Valve Reliability in,

-

PWR Nuclear Power Plants |

|

'

: Manuscript Conopleted: Septembcr 1989
Date Pubbshed: Novesaber 1989 i

R. Kirkwood
, ,

>

,, Division of Safety Issue Resolution '

... Omce of Nuclear Regulatory Research
:''"U.S. Nuclear Regulatory Commission

Washi;;g:ca, DC 20555

l

.

.....

|

L
L

| .

|:

1

I

. - - - , - - . . . . . . _ _ . _ _ _ . . . . . _ _ _ . . . _ _ _ _ . . . , _ . _ _ _ . , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
j

__



~.

.

,.-

ABSTRACT-

This report smamanzes work performed by the Nuclear power plants. The repon identifies those safety-related
Regulatory Commemon staN to resole Genenc issue 70, functions that may be performed by PORVs and describes

" Power-Operated Relief Valve and Block Valve Reliabil- ways m whidi PORVs and block valves may be improved.

,
ity." "Ihe report evaluates the reliability of PORVs and 'Ihis report also presents the regulatory analysis for
block valves and their safety agmficance in PWR nuclear Generic Issue 70.
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EXECUTIVE SUMMARY-
,

,

Esamining Generic Issue 70 (GI-70), " Power Operated 1. Mitigation of a steam generator tube rupture acci-

| Relief Valve and Block Valve Reliability," involves the dent,
'

|
evaluation of the reliability of power operated relief

2. 14w temperature overpressure protection of the re-valves (PORVs) and block valves and their safety signifi-
cance in pressurized water reactor (PWR) nuclear power actor vessel during startup and shutdown, or |

plants. Traditionally, the PORV and its block valve are 3. Plant cooldown m. compliance with Branch Techni--

provided for plant operational flexibility and for limiting cal Position RSB 5-1.
-

' the number of challenges to the pressurizer safety valves.
' De alock valve is installed upstream of the PORV be- .

' anse of the potential for the PORV to leak or stick open. PORVs also provide safety related functions for events

Far omrpressure protectian of the reactor coolant pres- beyond the design basis such as for reactor coolant system

sere boundary (RCPB) at normal operating temperature venting, feed and bleed cooling, and anticipated transient'

and pressure, the operation of PORVs has not been ex- without scram (ATWS) mitigation. All events beyond the
'

considered as a safety-related function. Also, an design basis, including the above three events, are not
ent opening of a PORV or safety valve has been strictly speaking within the scope of GI-70. However, im-

analyzed in the final safety analysis reports as an antici. provements in the reliability and availability of the
pated operational occurrence with acceptable conse- PORVs would improve the ability of some plants to pro-

quences. For these reasons, most PWRs, particularly vide venting of noncondensable gases from the reactor
those licensed prior to 1979, do not have safety-related coolant system and to mitigate an ATWS event, and
PORVs.The valve operators and their electrical control would provide additional assurance of feed and bleed ca-

systemsarenormallydesigned tonon safety relatedstan. pability for those plants that include this technique in
dards. However, the pressure-retaining elements of their emergency procedures. In addition, further nsk im-

, . PORVs and block valves are within the RCPB and are plications from low temperature overpressure protection

constructed to the same codes and standards as those re. were studied, as reported in NUREG-1326 (Ref.1), as a

quesd for sirailar safety-related RCPB components. separate action, Genetic Issue 94, " Additional low-
Temperature Overpressure, Protection for Light Water
Reactors." Generic Issue 84, "CE PORVs," is separately

De nree Mile Island Unit 2 (TMI-2) accident focused
evaluating the need to upgrade or install PORVs to im-

attention on the reliability of PORVs and block valves Prove the reliability of the decay heat removal function.

since the malfunction of the PORV at TMI-2 contributed in support of the resolution of GI-70, the Oak Ridge
to the severity of the accident. Ori other occasions National laborato'Y (ORNL) Performed a study of
PORVs have stuck open when called upon to function. PORV and block valve operatmg expenence. A report,

. ,
'

' Alsci, there are PORVs in many operating plants that Prepared by the ORNL Nuclear Operations Analysis
have leakage problems so that the plants must be oper. Center, was issued as NUREG/CR-4692 (Ref. 2). This i

ated with the upstream block valves in the closed position. work was sponsored by the NRC Office of Nuclear Regu-
ne techmcal specifications governing PORVs on most latory Research as a part of the Nuc! car Plant Aging
oi 6g PWRs that deal with closing the block valve and Research Program.

,'

resnovmg power were developed to prevent excessive '

leakage through the valves and were not developed to en- Brookhaven National Laboratory (BNL) also performed
.sure the operability of the PORVs. Following the TMI-2 a study that estimated the risk reduction from improved
acxsdent, the staff began to examine transient and acci- PORVand block valve reliability. BNL prepared a report

f

dent ' events m more detail, particularly with respect to re- that was issued as NUREG/CR-4999 (Ref. 3). his study |
quared operator actions and equipment availability and showed only a small potential decrease in core melt prob-
performance. As a result, the staff initiated an evaluation ability due to increased PORV and block valve reliability,
of the role of PORVs in accident management and miti- This was in part because by staff direction the study did i

8818 "- not include consideration of feed and bleed 'apability. j

De classification of PORVs and block valves should be
Over a period of time, the role of PORVs has changed consistent with the system used for classifying other com-

such that PORVs are now relied upon by many West- ponents of the RCPB and those other systems that per-
ia=%E Babcock and Wilcox (B&W), and Combustion form a safety-related function as defined in Regulatory

Engmeermg (CE) designed power plants with PORVs to Guide 1.26 (Ref. 4). White PORVs were originally pro-

perform one or more of the following design basis safety- vided on PWRs for plant operational flexibility and for

related functions: limiting the number of challenges to the pressurizer

xi NUREG-1316

- - . _ _ .-_._ _ . _____ __ _ _ _ _ _ _ _ _ , _ ___

, _ j



_

.' !
,- o

,

*
d

- safety valves, the operation of PORVs for overpressure protection. Stroke testing of the PORVs should not

protection of the RCPB was not considered to be a safety- be performed daring power operation.The staff has

related function. concluded that stroke testing during power opera-
tion, in the words of the ASME Code, "is not practi-

However, since PORVs are relied upon in many PWR - cal" (reference ASME Section XI. Paragraph
plants to mitigate the design basis accidents identified IWV-3412) because of the potential for a PORV to
above or to perform any other safety related function that stick open during the stroke test. In addition, PORV
may be identified. the staff finds that it is appropriate to block valves should be specifically included in the ,

reconsider the safety classification of PORVs and the as- scope of safety related motor operated valves ,

"h'ad block valves. . (MOVs) addressed in the resolution of Generic
.

Issue II.E.6.1. "In Situ Testing of Valves," in NRC
For future PWR plants when PORVs and the associated Generic Letter 89-10 (Ref. 5).
block valves are used for any of the safety related func-
tions discussed above, these components should be classi- 3. For operating PWR plants, modify the limiting con-
find as safety related and a minimum of two PORVs and ditions of operation of PORVs and block valves in i

block valves installed. Certain recently licensed plants the technical specifications for Modes 1,2, and 3 to
'

and plants currently under active construction that have incorporate the staff position adopted in recent li-
solenoid pilot operated PORVs' such as Vogtle 1 and 2 censing actions. That is, ensure that plants that run
Millstone 3, Callaway, and Wolf Creek meet these re- with the block valves closed (e.g., due to leaking
quarements. PORVs) maintain electrical power to the block

valves so they can be readily opened from the con-
For operating PWR plants and construction permit (CP) trol room upon demand. Additionally, plant opera.
holders. therc are a number of potential improvements to tion in Modes 1,2, and 3 with PORVs and block

- PORVs and block valves (short of upgrading to fully valves inoperable for reasons other than seat leak-
safety-grade hardware) that can increase the reliability of age is not permitted for periods of more than 72
these components and provide assurance that they will hours. .

,

. function as required when called upon to perform a
afety related function. lt is anticipated that the reliabil- 4. Use, to the extent possible, more reliable PORV
ity of PORVs and block valves can be increased by unple- and PORV block valve designs that are resistant to
men'ing the followmg improvements: failure. The NRC recognizes that licensees may

1. Include PORVs and block vah :s within the scope of choose to replace existing PORV and PORV block

an operational quality assurance progmm that is in
valves with more reliable designs as they are made

compliance with 10 CFR Part 50, Appendix B.nis available by valve manufacturers in the future. The
use of more reliable valves should result in less frc.program should include the following elements:
quent corrective maintenance and can result m

a. De addition of PORVs and block valves to the - longer inservice testing intervals as delineated in

j plant operational Quality Assurance List. Section XI of the ASME Boiler and Pressure Vessel
-

Code.

| b. Implementation of a maintenance /rt. furbish-
ment program for PORVs and block valves that For new construction, the staff concludes that a mmimum
is based on the manufacturer's recommenda. of two PORVs and block valves and associated controls,

tions or guidelines and is implemented by for these components should be provided. Dese compo-
'

trained plant maintenance personnel, nents should be identified as safety related if required to
perform any of the safety-related functions discussed

2. Include PORVs, valves in PORV control systems,
above or to perform any other safety related function thatand block valves within the scope of a program :ov,

cred by Subsection IWV. " Inservice Testing of may be identified in the future and should therefore be

Valves in Nuclear Power Plants," of Section XI of constructed to safety-grade standards,

the ASME Boiler and Pressure Vessel Code. As his would include reoundant and diverse control sys-
permitted by the Code, stroke testing of PORVs tems, designed to Seismic Category I requirements and

,

should only be performed during Mode 3 (HOT
~ STANDBY) or Mode 4 (HOT SHUTDOWN) and

environmentally qualified; increased technical specifica-

in all cases prior to establishing conditions where the
tion survet!!ance requirements; increased insemce test.
ing requirements; and inclusion within the scope of aPORVs are used for low-temperature overpressure
quality assurance program that is m compliance with 10
CFR Part 50, Appendix B.The safety related designation

'As of the state of this report. Bellefonte t and 2 and WNP-t are not would include those improvements that were imposed
comedered to te plants under acuve constructon. Subsequent to the TMI-2 accident, such as requirements

NUREG-1316 xii
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--to be powered from Clas 1E buses and to provide valve ileed only reduces the core melt frequency by a fraction ,

posten indemnam in the control room. of the improvements indicated, it is a substantial reduc-
tion in public risk.

The staff also concludes that item 4, identified above,
should be implemented where possible in new construc- ne proposed improvements to PORVs and block valves .

identified above enhances (but does not ensure) feed and
,

tion and strongly encourages operating reactor owners to
evaluate the benefits of replacing existing PORVs and bleed because:

block valves with more reliable designs. 1. Inciusion within an operational quality assurance
program that is in compliance with 10 CFR Part 50, ,-

For operating pisats and CP holders, the staff concludes Appendix B, of an improved PORV maintenance /
- it is not cost eBective to upgrade (backfit) existing non- refurbishment program and additional surveillance '

.

. safety-grade PORVs and block valves (and associated testing provide better assurance that PORVs will
control synems) to full safety-grade qualification status open or close when called upon.
when they have been determined to perform any of the
safety related innreiam dncussed above or to perform 2. Currently, certain plants operate with the block.

any other safety-related function that may be identified in valves closed. ne technical specifications for these

'the future. Subsequent to the TMI-2 accident, a number plants require that power be racked out at a valve
of improvements were required of PORVs, such as re- motor control center, making it unlikely that feed

quirements to be p-.M from Class IE buses and to and bleed could be initiated in a timely manner.The
j

have valve position indic= nan in the control room.nere- proposed revised technical specifications requirei

~ fore, additinnal improvements that would result frorn up- those plants that run with the block valves closed '

. grading PORVs to fully safety grade status are consid. (e.g., due to leaking PORVs) to maintain electric
eted to be of snarsmal benefit. For operating plants and power to the block valves so they can be readily

: CP holders, the greatest-benefits can be derived from im. opened from the control room.

|
- pienenting items 1,2, and 3 identified above. De staff is

proposing that these requrements be imposed to in- 3. Placmg the block valves within the scope of Generic'

| .

l crease the rehabihty of PORVs and block valves to pro- Issue II.E.6.1, as reported in Generic Letter 89-10,

| vide assurance that they will function as required. Items 1, would provide increased assurance that the block

2, and 3, wiuch do not require hardware changes, can be valves would open against system differential pres-
,

implemented withm the scope of current iicensing crite- sure to permit initiation of feci and bleed.
ria and coordmated with the Technical Specifications Im-
provement Progmm. Based on the above, the staff concludes that the proposed

actions to PORVs and block valves provide a substantial'

As noted above, the BNL study performed specifically in increase in the overall protection of the public health and
support of G1-70 did not include consideration of feed safety.
and bleed capability. In the course of the resolution of
Unresolved Safety Issue (USI) A-45 as reported in The staff estimates that the outage avoidance costs, based

NUREG/CR-5230 (Ref. 6), the use of feed and bleed on industry da'.a reported by EPRI. would far exceed the

coohng on the pnmary syst,em as an alternative measure cost of implementing items 1, 2, and 3. Specifically, the
*

to remove decay heat from the reactor core was explored present value associated with the improvements to
in some detail Dese studies in general support the con- PORVs and block valves for items 1, 2, and 3 identified

cept of feed and bleed.ne effect of feed and bleed upon above are estimated to be $127.200 for a plant with two

the probability of core melt was exammed, and the report PORVs and two block valves, ne present value of the

indicates that this capability reduces the estimated core outage avoidance cost is estimated to be $2,541,000.The

melt prohal= hey for internal events by a significant overall cost benefit is estimated to result in a savings of

amount on the order of 25 to 90 percent. Even if feed and $2,413,800 per reactor,

,
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--i INTRODUCTIOii non safety grade PORVs to mitigate an SGTR design ba-
, ,

sis accident was raised in Reference 8.

Exammmg Geceric issue 70, " Power Operated Relief As discussed in Section 2.2 of this rePOit, PORVs are also
Valve and Block Valve Reliability, involves the evalu- rel;ed upon to serve other functions such as low-

' ation of the reliability of power operated rehef valves temperature oyerpassure protection (LTOP) during
(PORVs) and block valves and their safety significance in Plant cooldown m comphance with BTP RSB 5-2 in Stan-
PWR plants. Tradiuenally, the PORV and its block valve card Review Plan 5.2.2. In addition, PORVs prodde
are provided for plant operational flexibility and for safety benefits m events beyond the design basis such as
hraumg the number of challenges to the pressurizer

*

safety valves.ne block val"e is installed upstream of the [in d S m tigat on*
PORV because of the potential for the PORV to leak or
stick open. Figures 1.1 and 1.2 show two typical styles of Considering the potential safety related, functions associ-

. .

PORVs currently in general use in PWR plants. ated wid the PORVs and block valves, m addition to the
Figure 1.1 is representative of a pilot operated relief riginal PORV loss-of coolant accident concern,it is ob-
valve, and Figure 1.2 is representative of an air-operated vi us that there is a need to reassess the PORV and block
(spring-loaded) relief valve. Rese two general types of valve with respect to the safety-related requirements m
PORVs are discussed in greater detail in Reference 2. rder to determme tf improvements are necessary to

'

Figure 1.3 shows the installation of PORVs and block plants with non safety related PORVs and block valves to
valves on a typical PWR plant. For everpressure protec- ensure reliable PORV and block valve operation.
tion of the reactor coolant pressure boundary (RCPB) at
normal operating temperature and pressure, the opera- 2 BACKGROUNDtion of PORVs has not been explicitly considered as a
safety-relatedfunction. Also,aninadvertentopeningof a

De Bree Mile Island Unit 2 (TMI-2) accident focusedPORV or safety valve has been analyzed in final safety attention on the reliability of PORVs and block valves
analysis reports (FSARs) as an anticipated operational since the malfunction of the PORY at TMI-2 contributed
occurrence with acceptable consequences. For these rea. to the severity of the accident. On numerous occasions, as
sons, most PWRs. particularly those licensed prior to reported in Reference 2, PORVs have stuck open when1979, do not have safety-related PORVs. De valve these valves were called upon to function in operating
operators and their electrical control systems are nor, plants. Also, there are PORVs in many operating plants
mallydesignedtonon-safety relatedstandards.However, . ith leakage problems so that the plants must be oper-w

'the pressure-retaining elements of PORVs and block ated with the upstream block valves in the closed position.
valves are within the RCPB and are constructed to the
same codes and standards as those required for similar

4

ne technical specifications governing PORVs on most
safety related RCPB components. Some plants licensed

. operating PWRs that deal with closing the block valve and
prior to 1979 do maintain PORVs and block valves in an
operational state to protect agamst challenges to the

removing power were developed to pievent excessive
leakage through the valves and were'not developed to en-

pressuruter safety valves, although other plants do not. sure the operability of the PORVs.

Prior to the Ginna SGTR event in January 1982, the
Here have been no specific safety requirements ad- thermal hydraulic performance of SGTR events was not
dressed in existing regulatory guides or standard review explicitly evaluated in licensing reviews. Insteed, the re- !

plans (Ref. 7) for the PORVs and block valves except for viewof the SGTR event emphasized the radiologicalcon-

. comp!. lance with Branch Technical Position (BTP) RSB sequences, and very general, unverified assumptions

i 5-1 in Standard Review Plan SA.7. However, as discussed were made regarding the system performance. Following
in Sections 2.1 and 2.2 of this report, the staff has learned the TMI-2 accident, the staff began to examine transient'

that, with the exception of recently designed Combustion and accident events in more detail, particularly with re-I

Engineering (CE) nuclear power plants without PORVs, spect to required operator actions and equipment avail-
PORVs are relied upon in Westinghouse and Babcock & ability and performance. In addition, a reactor coolant
Wilcox (B&W) designed plants to mitigate a design basis pump seal leak occurred at H.B. Robinson Unit 2 on
steam generator tube ruptme (SGTR) accident and, as November 30,1981, in which recovery was aggravated by

such, the staff has considered PORVs to perform a safety- malfunctioning pressurizer relief and block valves. As a
L
' related function. Owners of some recently licensed PWR result, the staff initiated an evaluation of the role of

plants, in responding to staff questions regarding this reli- . PORVs in accident manegement and mitigation. Finally,
ance on PORVs, have made the PORVs on their plants the staff specifically reviewed the role of PORVs in
safety related and designed them to safety grade stan. SGTR management and mitigation following the Ginna

dards. For older plants, the acceptability of relying on SGTR event.

1 NU? tEG-1316
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Figure 1.1 Pilot-operated relief valve (Courtesy of Dresser Industries).
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--Sased on the above effons, the staff concluded that PWR Review Plan 5.2.2, are to be single failure proof, testable, i

plaats rely on a rapid primary system depressurization ca- de' signed to Section III of the ASME Boiler and Pressure
pahility in order to limit the primary-to secondary leakage Vessel Code and powered from essential buses. BTP RSB
(and thus limit the radiological release to the secondary 5-2 also notes that IEEE-279' should be used as guid-
spaces) assumed in the SGTR licensing analyses. In ance in the design of LTOP systems and further specifies

'

SGTR scenanos where the reactor coolant pump flow is that LTOP systems should be designed to function during
lost (i.e., loss of of! site power for compliance with Gen- an operating basis canhquake and not during a safe shut-
eral Design Criterion 17), Westinghouse and B&W plants down earthquake.De LTOP system requirements were
rely on the presurizer PORVs, which are, in most plants, implemented as Multi-Plant Action Item B-04. As noted !

.

designed to r:on-safety related requirements. in Section 2.3 of this report, when PORVs are used for !

high point vents in some plants, in accordance with item
II.B.1 of NUREG-0737 (Ref. 9), both PORVs and block

la certam new plants without PORVs, designed by CE, valves are required to be seismically and environmentallysuch as San Onofre Units 2 and 3 and Waterford Unit 3,
qualified..' ,- this ? y. rization function is accomplished by a safety-

,

related aimuary pressurizer spray (APS) system. How- For PWRs licensed before 1982, there are no technical
ever,in the CE designed CESSAR System 80 plants, such specification requirements that these components be op-
as Palo Verde Units 1-3, the APS system (includmg its erational when the plant is at power. Continued opera-
water supply) is not fully designed to safety related re- tion at power with inoperable PORVs is permitted by the
quirements and is identified by the NRC staff in Supple- technical specifications if the block valve is closed and

- ment 3 of the CESSAR safety evaluation report as an un- power to the block valve (s)is removed. Many plants now
resolved item subject to resolution. It is not clear to the operate with the PORVs blocked.
staff whether CE plants with PORVs rely on their .

PORVs or APS system for mitigation of an SGTR event, Westinghouse PWRs licensed since 1982 have upgraded

|
'nor is it known whether these systems are designed to technical specifications that permit plant operation only
safety related standards. However, this matter will be re* for periods up to 72 hours with PORVs or block valves'

|
solved as part of GenericIssue 84,"CE PORVs, which is considered inopemble for any reason other than excessive
separately evaluating the need to upgrade or install seatleakage*
POKVs to improve the reliability of the decay heat re-''

meal function. BTP RSB 5-1 in Standard Review Plan 5.4.7 requires that
plants licensed afterJanuary 1978 be capable of cooldown;

| Although Westinghouse and some B&W plants have an to cold shutdown conditions using only safety-related

auxiliary pressurizer spray system, it is not designed to equipment (BTP RSB 5-1 allows some relief from this'

i

l safety related requirements and is not designed for use position for plants whose construction permit was dock-
when engineered safety features are actuated. De staff eted before January 1978). It may be necessary to use
has notified aillicensing boards associated with PWRs de- safety grade PORVs for plants without safety related

signed by Westinghouse and B&W of the staff findings re- auxiliary pressurizer spray systems in older to comply with

garding reliance on PORVs for SGTR mitigation, this staff position.

.
Item II.D.1 of Reference 9 requires all plants to demon.

In most plants, the LTOP system is designed to use the strate the ability ofthe PORVs and block valves to func-
PORVs. For this mode of operation, the valves are typ,* tion under all flow conditions expected during transient
cally set to open at approxunately 500 psig rather than the and accident conditions. It also requires that the block
high pressure (approxunately 2300 psig) setpomt used at valves be capable of closing to ensure isolation of a stuck-

' power. Westinghouse and some CE-designed plants use open PORV. In response to this requirement, PORVs
redundant PORVs for LTOP concerns, were tested extensively by the Electnc Power Research

Institute (EPRI) and the results reported in Reference
These plants are brought to a water-solid condition dur. 10. Limited block valve testing was also performed as a r

.ing shutdown. In contrast B&W owners use a single part of the EPRI test program.
PORV, and the gas (steam or nitrogen) space in the pre-

i ssurizer functions as the primary LTOP system. The Item II.D.3 of Reference 9 requires direct indication of
| PORV and associated actuation circuitry function as a PORV position. Item II.G.1 of Reference 9 requires

backup should the operator fail to terminate a low. emergency power for PORVs and block valves,

temperature overpressure challenge prior to compres-
sion of the gas space. In the new CE plants without
P,ORVs, low temperature overpressure protection is pro-

.!EEE Standard 279 has been ref. laced
IEEEStandard603.whichis

vided by relief valves on the shutdown coolmg system. codorsed by Regulatory Guide 153." ntena for Power.Instrumen-
LTOP systems, as specified in BTP RSB 5-2 in Standard taten and Control Portions of Safety Systems."
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--21 Sa ety unct ons of PORVs and safety valves will then lift, allowing the leaked reactor
f F i J. cwlant to escape directly to the emironment.To prevent

Block Valves this situation from occurring, the primary pressure must

In PWR plants, PORVs and associated block valves were
be rapidly decreased to stop the primary to-r,econdary

origmally provided for plant operational flexibility and for
leakage. This depressurization can be accomplished in a

- limiting the number of challenges to the pressurizer variety of ways, including (1) the use of the normal pre-
J

safetyvalves. For overpressure protection of the RCPB at
ssumer spray that is available only when the reactor cool-

normal operating temperature and pressure, the opers. ant pumps are running: (2) the use of the auxihary pre. )'

tion of PORVs had not explicitly been considered as a ssuruer spray, which does not require the reactor coolant J
- '

safety-related function bemuse of the availability of the pumps but rather derives its flow from the charging

safety-related pressurizer safety valves. Therefore, these Pumps: or (3) opening the PORV sind discharging steam l

components were designated as non4afety related be. from the pressuru, er steam space. The Westinghouse,

muse they were required neither to safely shut down the
B&W, and CE plants with PORVs rely on the pressurizer

plant nor to mitigate the consequences of accidents.
PORV to accomplish this depressurization whenever the
reactor coolant pumps are not operating. However,

However, over a period of time the role of PORVs has current CE plants without PORVs apparently rely on the

changed such that PORVs are now relied upon by many auxiliary pressurizer spray system to keep the offsite

Westinghouse, B&W, and CE plants with PORVs to radiological consequences within regulatory limits. The
,

perform one or more of the following design basis safety
ability of these CE designed plants without PORVti -

'

to meet regulatory requirements is discussed in
related functions: NUREG-1044 (Ref.11). In addition, Generic Issue 84,

"CE PORVs,"is separately evaluating the need to install
1. Mitigation of a steam generator tube rupture PORVs to improve the reliability of the decay heat re-

acddent. moval function.

2. I.aw-temperature overpressure protection of the re-
assor vessel during startup and shutdown, or 2.2.2 Low Temperature Overpressure .

Protection'

3. Plant cooldown in compliance with BTP RSB 5-.1. When the PWR reactor coolant system is in a cold shut-
down condition, the maximum allowable pressure in the

i la addition te these design basis safety related functions, reactor vessel is low because of vessel irradiation and em-

| PORVs also provide safety-related functions for events brittlement. The inadvertent starting of a high-pressure
| beyond the design basis such as for reactor coolant system safety injection pump can result in an overpressure tran , ,

venting, feed and bleed cooling, and ATWS mitigation. sient. To ensure that in these situations the maximum
;

All events beyond the design basis, including the above pressure remains below the limits specified in the license'

~ hree events, are not strictly speaking within the scope of technical specifications, a low temperature overpressuret

Generic Issue (GI) 70. However, improvements in the re- protection system (LTOPS) must be available. BTP RSB
| lability and availability of the PORVs would improve the 5-2 in Standard Review Plan 5.2.2 states the functionalr

ability of some plants to provide venting of nonconden- requirements for this system, but does not specify a par-
sable gases from the RCS, as discussed in Section 2.3 of ticular mitigation technique. In addition, Generic Issue
this report, to mitigate an A'IWS event, and would, as dis- 94," Additional Low-Temperature Overpressure Protec-

e

caused in Section 5.3 of this report. provide additional as- tion for Light Water Reactors," as a separate action
surance of feed and bleed capability for those plants that evaluated further risk implications from LTOP due to the
incinde this technique in their emergency procedures. continuing occurrence of overpressure transient events

after the completion of Generic Issue A-26, " Low Tem.
perature Over Pressure Protection," that was resolved by

2.2 Description of PORY Safety ~ Multi Plant Action B-04. As a part of the resolution of
,

Functions Generic Issue 94, the staff prepared a regulatory analysis
based on work performed by Battelle Pacific Northwest

This section provides a description of the safety related Laboratories; this analysis is repcrted in NUREG-1326
functions that may be performed by PORVs on PWR (Ref.1),
plants.

Most PWR designs use PORVs as a means of mitigating
I W-temperature overpressure transients.In these plants,

2.2.1 Steam Generator Tube Rupture the PORV setpoint is manually lowered to around 500
, In the event of an SGTR, leakage of reactor coolant from psig at low RCS temperatures. and, should the RCS pres-

the primary system to the secondary system will eventu- sure reach this value, the PORV opens to limit system
ally pressurize the secondary system. The secondary pressure. Westinghouse and some of the CE plants with

NUREG-1316 6
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--PORVs use redundant PORVs for low temperature associated with the PORV.Dere was considerable un-
overpressure transents, whereas B&W plants use the certainty as to whether the PORV in its post accident j

pressuruer gns space as a pnmary means of controlling condition, that is, severely corroded from exposure of ;

overpressure and the single PORV as a backup. In the years in a high humidity and a high radiation er vironment, |
!

current CE designed plants without PORVs, low- would provide any conclusive evidence as to the cause of ,

temperature on., p - re protection is provided by relief its failure to close. |
i

valves on the shutdown cooling system. 1

Because of funding and scheduling difficulties, it was de-
!cided that the effort to identify the failure mode of the

2.2 3 Plant Cooldown in Compliance with. TMI-2 PORV was not justified on a cost / benefit basis as a*

Branch Technical Position RSB 5-1 part of the work performed under GI-70 and the effort
was therefore not undertaken.

kanch Tach =imi Position (BTP) RSB 5-1 in Standard
ReviewPlan 5.4.7 states that current PWRs should have

, afay p2 systerns capable of maintaining the RCS in 2.5 NRC Information Notice 89-32, - .

1

the hot standby condition for 4 hours, followed by a cool. Surveillance Testing of Low-
down to the cold shutdown condition. in Westinghouse,
B&W, and CE plants with PORVs,'depressurization of Temperature Overpressure
the RCS is accomplished by using a combination of either Protection Systems
RCS fluid contraction caused by the cooldown and heat
losses from the pressurizer to ambient or by a safety- Re staff in information Notice 89-32 (Ref.12) cxpressed-

related PORV. However, the new CE plants without- concern with respect to potential plant operability prob-

PORVs apparently rely on the auxiliary pressurizer spray lems due to lack of inservice testing of PORVs in their,
*

system as if it were a safety related system. LTOP mode. The staff noted that in three cases (identi-
fled in the information notice) valve opening times that
were in analyses of the licensee's LTOP systems were not

2.3 Jteactor Coolant System Venting being transferred into inservice testing requirements and
eventually into plant surveillance test procedures. A*

Followmg the TMI-2 acx:ident, a number of additional significant increase in valve opening time could result in
.

requuements were imposed on reactor plant applicants 10 CFR Appendix G limits being exceeded during a de-|. .

and licensees. One of these requirements, item II.B.1 of sign basis transient.
Reference 9, requires that high point vents be installed in

j PWRs for the purpose of venting from the reactor coolant Paragraph IWV-3400 of Section XI of the ASME Boiler
, . system noncondensable gases that may inhibit natural cir* and Pressure Vessel Code requires valves to be exercised

!

i culation and adversely affect core cooling during loss of to the position required to fulfill their safety function.
offsite power events. When PORVs are used for high Therefore, not testing the PORVs in the open direction is'

point vents, both the PORVs and block valves are re- not in accordance with the Code.
-

quired to be seismically and environmentally qualified
and included within the scope of an inservice testing pro- As noted in Section 5.2 of this report, it is anticipated that
gram that is in conformance with Section XI of the ASME the reliability of PORVs and block valves can be in-
Boiler and Pressure Vessel Code. creased by implementing the improvements presented in

Table 5.1. Specifically, item 2 of Table 5.1 in part recom.

YSuYsecti$nNY2sEE2.4 Three Mile Island Unit 2 PORY fond in a$rInYe$t
* " * '

Section XI of the ASME Boiler and Pressure Vessel
he failure of the PORV to reclose during the initial Code. When establishing stroke time acceptance criteria
TMI-2 transient initiated the accident and contributed to for PORVs used in LTOP systems licensees should take

' its severity. The open or partially open PORV therefore mto account the PORV opening stroke time used in the
provided a pathway in the RCPB for the release of setp int analysis for the LTOP system.
accident generated hydrogen, steam, and fission products
directly from the primary system to the containment
bunding. 3 CONTRACTOR REPORTS

Consideration was given to removal of the PORV and a in support of the resolution of GI-70, the Oak Ridge Na-
section of the downstream piping with subsequent efforts tional Laboratory (ORNL) performed a study of PORV
to examine these components.The intent of the examin- and block valve operating experience. A report. prepared
ation was to determine, if possible, the actual failure by the ORNL Nuclear Operations Analysis Center, was

mechanism of the PORV and also to determine the sur. issued as NUREG/CR-4692 (Ref. 2). This work was
vivability of various electrical components and cables sponsored by the NRC Office of Nuclear Regulatory

7 NUREG-1316
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--Research as a part of the Nuclear Plant Aging Research A summary of identified PORV mechanical failure and j

Program. degradation modes by reactor vendor is shown in Table 1

3.2. I

arookhaven National Laboratory (BNL) also perfonned
a study that estimated the risk reduction from improved Table 3.2 Failurt and degradation modes-

PORY mechanical.PORV/ block valve reliability. BNL prepared a report
thst was issued as NUREG/CR-4999 (Ref. 3). j

B&W W CE Total 1

1- --

3.1 NUREG/CR-4692 Leakage-internal 19 33 10 62 J

3 I3Leakege-external --

NUREG/CR-4692 (ORN11NOAC-233) contains a re. Failure to open 3 8 1 12

. view of nuclear power plant operating events involving Failure to close 4 3 ,7-

failure of PORVs and associated block valves. ne report Other 6 6 5 17
,

reviewed events reported from 1971 to mid-1986. Each Total 32 53 16 101

PORV and block valve event was judged as to the severityl'
- of the failure, and the terms chosen to identify the degreeo

of failure were as follows: Areviewof thePORVcontrolfailuremodesindicatesthe'

most common control failure or degradation mechanismi

for PORVs (57%) involved problems with the air or elec-
1. "Dwi,_u,,, (but operable), the component oper- trical actuation controls that would have prevented op-

ated at less than its specified performance level, and eration of the PORV ifit had been required. Twelve per-
cent of events where the PORV unintentionally opened ,

| 2. " Failed," the component was completely unable to res'AJ mostly from inadvertent or accidental actuation
perinrrn it!, functiots. by human error.

,

, .

A sununary of identified failure and degradation modes
A compilation of PORV and block valve events with re-

.spect to failure severity is shown in Table 3.1. fy,PORV controls by reactor vendor is shown m Table
r

Table 3.1 Fallure severity. Table 3.3 Failure and degradation modes-PORY
controls.

Degraded Failed Total
B&W W CE Total

,

PORV mechamcal 77 24 101 Failure to open 3 2 1 6
PORV control 30 61 91 Failure to close 1 1 2-

PORV dengn 6 0 6 Spurious opening 1 4 6 11 -

Block valve events 17 15 32 Control degraded 1 49' 2 52

Total- 130 100 230 Other 4 12 4 20

Total 10 68 13 91 .

'
* 'Dwenty Dvc evenu involved recurring problens with nitrogen con.

nus 23 percent of the PORV mechanical events and 67 trol synenu at Nonh Anna t and 2.

percent of the PORV control events were failures. Forty-
seven percent of the block valve events were also failures. For blockvalves,37 percent of theeventsinvolvedexter-

nal leakage, and 37 percent involved failure of the block

A review of the PORV mechanical failure modes indi- valve to close on demand. Such a failure can pose a threat

cates the most common mechanical degradation or failure to. safety if it occurs in coincidence with a stuck open
mechanisen for PORVs appears to be deterioration of the PORV. For this reason, the ability to close is the most im-
seat / disc interface or other internal parts by high- portant function for PORV block valves. As noted above,
pressure steam and/or water.This results in internal icak- there are a number of PORV internal leakage events
age through the valve seat into the valve outlet tailpipe (62%), and many plants operate with the block valve
and was the most common failure mode apparent from closed when the unit is at power. Therefore, under these
the study (61%)while failure of the PORV to open was 12 circumstances it is also important that the block valve be

percent and failure to close was 7 percent, able to open reliably as well as close.

NUREG-1316 8
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-A sq===ary of identified failure and degradation modes ing a more reliable PORV design.The reliability of exist-

for block valves is showr. in Table 3.4. ing PORVs and block valves would be enhanced by
improved surveillance testing, advanced diagnostic
techniques where applicable, and maintenance applied to

Table 3.4 Failure and degradation modes- PORVs and block valves, particularly the block valve mo-
block valus.

_ tot opentor.

Iaakage-external 12 ORNL also interviewed four PORV manufacturers in or-
2 der to obtain their views related to manufacturing, instal-

'

Failure to open
FaGure to cicae .,12 lation, testing, maintenance, and opemtion of these*

m
3Spurious openmg valves and any feedback from utilities or problems en-

Other 3 countered during operation of PORVs. ,

- Total 32 ;,

!

A review of events collected for NUREG/CR-4692 indi. '

cates that Dresser and Crosby pilot-valve designs ac. In NUREG/CR-4999 (BNL-NUREG-52101), an analy-

counted for 40 percent of the PORV mechanical failures, sis was performed to explore the risk reduction potential .

I

Dese designs were involved in failures that occurred at ofimproving the PORV and block valve reliability for two

all nine B&W plants. (Most CE units have blocked off representative PWR plants, Indian Point 3 and Oconee 3.

their PORVs or do not employ them in the design.) Existing probabilistic risk assessments (PRAs), pertinent
,

event trees, fault trees, and the equipment reliability data

Table 3.5 presents a compilation of PORV mechanical presented in the Indian Point probabilistic safety study

failures and degradation listed by PORV manufacturer. It
and in the Oconee PRA were used to quantify the bene-

i
.'i- should be noted that the Dresser and Copes Vulcan de- fits of improved PORV and block valve reliability in terms

i,

of otential reduction in core melt frequencies. BecausePl signs have been in use for a number of years, hence the of their importance, attention was focused upon those
( relatively high total number of events,

safety related functions identified in Section 2.1, namely,
an SGTR accident, the use of POFVs in reactor vessel,

t Table 3.5 PORY saechanical falleres and degradatloa. LTOP events, plant cooldown in compliance with BTP'

RSB 5-1, and the feasibility of using PORVs as high point 4

Failure Severitt vents to supplement the functions of the reactor vessel
'

PORY Manufacturer Failed Degraded Total head vent system. In addition to the above, a stuck open
PORV was also studied.

Crosby (p)* 2 5 7 .

Dresser (p) 8 25 33 De core melt frequencies attributable to PORV or block

Garrett (p) 5 5 valve failures were found by BNL to be relatively insig. ,

Copes-Vulcan (a)" 3 25 28 nificant and to represent only a very small fraction of thei

I

Masoneilan (a) 3 7 10 total core melt frequency attributable to internal plant

Control components (a) 2 2 events. Specifically, BNL results show a potential reduc.

Unknown 8 8 16 tion in core melt frequency of about I to 3E-7 for the
SGTR and stuck open PORV events. For LTOP events, -|

Total 24 77 101
the BNL study showed a potential reduction of core melt
frequency of about 2E-6. It should be noted that BNL

.gp3pi % w, used information for the plant system reliabilities pro-"4) Air-ope ww (spring clang
vided in the utilities' PRA documents.

As noted in Appendix D to NUREG/CR-4692, PORV
~ ontrol systems for PWRs are not provided by the valve De staff believes that the BNL results, which were

c
manufacturer. Dese control systems are usually pro- largely based on the Indian Point 3 (Ref.13) and Oconee

vided by the nuclear steam supply system supplier, '(Ref.14) PRAs, underestimate the safety benefit that
architect-engineer, or utility, nere is, therefore, no com- would be achieved by improving PORV and block valve

parable table totable 3.5 for PORV txmtrol failures and reliability for the following reasons:

degradation by PORV manufacturer.
1. De Indian Point 3 and Oconee PRAs that were the

L
' An assessment of the need to upgrade PORVs and block basis of the BNL study used PORY failure rates that

valves to safety related status concludes that such action
were as much as two orders of magnitude lower than

I' would improve PORV and block valve reliability. ORNL
the failure rates determined by ORNL in NUREG/

believes the greatest improvement would result from us. CR-4692.

9 NUREG-1316
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--2. : The BNL study did not amsider that older PWRs the same construction as other motor operated gate

are permitted to operate at power indefinitely with valves in PWRs and are constructed to the same codes,

the block valves closed and power removed. In this and standards as those identtfied above for PORVs.
operating configuration, the PORVs - are not*

available to perform the safety functions listed in . .

4.2 melsmic Designp
Section 2.1.

The seismic qualification of PORVs and block valves is an
- 3. By staff direction, the BNL study did not include area in which there appears to be no uniform application

consideration of feed and bleed capability. (See Sec- of seismic design requirements. Since 1972, Regulatory.

tion 5.3.) Guide 1.29 (formerly Safety Guide 29)(Ref,15) has speci.
fled that the RCPB should be seismically designed to

Although the staff believes that items 1 and 2 above result withstand the effects of a safe shutdown earthquake
in a somewhat low estimate of the potential reduction in (SSE), that is, Seismic Category I. However, unless sp'e-
core melt frequency by BNL, the BNL fault trees are cifically requested by the customer, PORVs were not nor.

,

dominated by operator error considerations, particularly mally qualified to Seismic Category I requirements,
for the SGTR event. Therefore, it does not appear that
the results would have changed a great deal even if BNL
had used higher PORV failures and considered that 4.3 Quality Assurance
plants often operate with the block valves closed and As noted in Appendix D to NUREG/CR-4692, PORVs
power removed. However, as discussed in Section 5.3, the - are generally constructed to a manufacturer's quality as-

'

consideration of feed and bleed indicates a much greateri

safety importance of PORVs and block valves,
surance program that is in compliance with 10 CFR Part
50, Appendix B. The manufacturers' quality assurance
programs have been in effect at least since the introduc-

,

t4 CONSTRUCTION OF PORVs AND tion of valves into the 1971 Edition of Section III of the
^SME Boiler and Pressure Vessel Code. Prior to 1971,

' BLOCK VALVES PORVs were constructed to each manufacturer's quality
.

.

Although most PWRs hcensed prior to 1979 did not have assurance program.

' safety-related PORVs and block valves,it was recognized
- that the pressure retammg portions of these components 4.4 Control SIStems
:were aipart of the reactor coolant pressure boundaryi

|: - (RCPB) as defined in 10 CFR $ 50.2. At the time they The control systems for PORVs and block valves are not
were not considered to perform a safety related function ' supplied by the valve manufacturer but are designed and
(other'than retaining reactor coolant system pressure) be- supplied by the PWR nuclear steam supply system sup-
cause they were not required to shut down the reactor and plier or the architect engineer. For PORVs the control
maintain it in a safe shutdown condition or to prevent or systems consist of an external power supply that is pneu-
mitigate the consequences of accidents that could result rnatic or electrical for valve operation. Valve operation is
in potential offsite exposures comparable to the guideline typically controlled by an electrical signal resulting from
exposures of 10 CFR Part 100, Appendix A. For these high system pressure or by manual actuation from the
reasons PORVs and block valves were not considered to control room. The block valve is actuated by the motoro

be safety related operator and is manually controlled by an electrical signal

..

from'the control room. Prior to the TMI-2 accident,
PORV and block valve control systems were not qualified

4.1 Codes and Standards to standards, such as IEEE-382. Post TMI-2 PORV and
block valve control systems are now generally qualified to

Since the pressure-retammg portions of PORVs and IEEE-382, IEEE-323, and IEEE-344.
block valves perform the same safety-related function as
other safety related pressure retaining components of
.the RCPB, they are constructed to the same codes and 4.5 Motor Operators
standards in conformance with 10 CFR 9 50.55a. As
noted in Appendix D to NUREG/CR-4692 (Ref. 2), With the exception of San Onofre Unit 1,in all U.S. reac.

PORVs are currently constructed to Section III, Class 1, tot designs to date, the PORV block valve is a gate valve

of the ASME Boiler and Pressure Vessel Code. Prior to actuated by a motor operator. The basic design of the

introduction of the 1971 Edition of Section III of the block valve actuator is the same as for other actuators us.
Code, PORVs were constructed to earlier codes and stan- ing an electric motor when used on gate valves in similar

dards, such as the Draft ASME Code for pumps and applications of PWRs.The major manufacturers of elec-
valves, manufacturer standards, USAS B31.1.0-1967, tric motor valve operators in the United States are
and related standards, such as B16.5. Block valves are of Lim' torque and Rotork.
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1. Take no further action.""18.6_ Safety Related and Non-L??.y.
Related PORVs and Bloc: 7alves 2. Require operating plants, all future PWRs, and

those currently under construction (except for CE -
Dere are several differences between PORVs and block plants without PORVs) to install safety related
valves that are classified as safety related and those PORVs and block volves and associated controls for J
PORVs and block valves that are Hammified as non safety- these components. i

related.
'

3. Require (1) operating plants and those currently .

I
Durms construction, PORVs, valves in PORV control under construction to include thosc improvements-

systems, and block valves that are safety related are cur- presented in Table 5.1 of this report to existing rion-
rently constructed to a manufacsurer's quality assurance safety grade PORVs and block valves, and (2) all
PrD8 ram that is in comphance with'10 CFR Part 50, Ap- future PWRs (except for CE plants without PORVs) 4

penda B. Dese components are designed to Seismic to install safety related PORVs and block valves and i

Category I requirements and are environmentally quali- associated controls for these components. .

-

.
!

fled. De control systems of safety related PORVs and
block valves are also constructed in accordance with the

Alternative 1 to take no further action was rejected based

quality amurance, seismic, and environmental require.
on an assessment of PORV failures as reported in

ments identified above. Components that are non safety. NUREG/CR-4692 (Ref. 2). If no action is taken, acci.

related need not be constructed to any of the above qual. dents that chullenge PORVs and block valves may com-,

| '

ity assurance, seismac, or environmental requirements. promise plant safety. For example, on many PWRs the

However, as noted in Section 4.1 of this report, the PORVs and block valves are not tested to verify their op-

peessure retaining portions of PORVs and block valves
erational status and on o:her PWRs are operated with the -

are constructed to the same codes and standards as other
PORVs in a degraded condition. Continued power opera- ?

tion with inoperable PORVs is permitted by the technicalRCPS components.
specifications, and many plants now operate in this condi.
taon.The operational status of these PORVs is uncertain

4.7 Operating Plant Maintenance and they cannot be relied upon to perform a safety
function.

For operating' plants, prior to the TMI-2 accident, The part of Alternative 2 that requires operating plantsmaintenance practices on PORVs and block valves and
. associated control systems, including the block valve mo.

and those currently under construction to install siety-
related PORVs and block valves or uprade existing

tor operators, varied widely from plant to plant. This was
because of the perception that these components did not valves to safety. grade status was rejected because the

staff concluded that it is not the most cost effectiveperform a safety-related function and were therefore not method of achieving an acceptab!c level of safety. In the
,

safety related. staff's judgment, an acceptable level of safety for existing
PORVs and block valves can be achieved at less cost by

PORVs that were degraded by excessive leaking were fre. Other means.The installation of safety grade PORVs and
quently blocked by closure of the associated block valve. block valves on operating plants could require redundant

- Plant operation in this manner for plants licensed prior to and diverse control systems, components designed to
1982 is permitted by the plant technical specifications,
The operational readiness of these degraded PORVs is

Seismic Category I requirements and environmentally

' questionable and cannot be ensured when they are called
qualified; increased technical specification surveillance

u. pon to open and close on demand, as happened in the
requirements; increased mservice testing requirements;
and inclusion within the scope of a quality assurance pro-

case of TM1-2. In the posta!I-2 era, there appears to
gmm that is in compliance with 10 CFR Part 50, Appen.be a greater awareness of the impact of malfunctioning dix B. In addition, there may be rerouting of piping andPORVs and of the need for prompt operator action.

- However, as discussed in NUREO/CR-4692, it appears subsequent piping reanalysis. Implementation of this al-

there is still a nced for improvement in maintenance ptac.
ternative would probably require additional plant outage
time beyond that normally required during refueling.The

tices of PORVs and block valves.
part of Alternative 2 that would require future PWRs to
mstall safety-related PORVs and block valves and associ.

5 REGULATORY ANALYSIS ated controls for these components is discussed as Part (1)
of Alternative 3.

5.1 Alternatives Part (1) of Alternative 3 that requires operating plants
and those currently under construction to include those

The alternatives that were considered in the resolution of improvements presented in Table 5.1 of this report to ex-

01-70 are as follows: isting non-safety. grade PORVs and block valves was

11 NUREG-1316
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eyed because it was the most cost-effective means of PORVs and block valves and associated control systems -

achievmg an acceptable level of safety for these compo- for these components was adopted provided the licensee

nents provided they perform one or more of the safety- performs one or more of the safety related functions dis- j

related functions discussed in Section 2.1 of this report, cussed in Section 2.1 of this report. CE plants without
De estimated annual utility costs required to implement . PORVs are not considered to be within the scope of these |

those improvements identified in Table 5.1 are presented requirements. PORVs and block valves would therefore
in Table 5.2 He overal! cost benefit per reactor is pre- be classified in a manner that is consistent with other
seated in Section 5.4 of this report. Past (2) of Alternative safety related components in PWR plants, i

. 3 that requires all future PWRs to install safety-related

Table 5.1 Potentialimprovements to PORVs and block valves.

- 1. Include PORVs and block valves within the scope of stick open during the stroke test. Additionally, the

an operational quality assurance program that is in PORV block valves should be included in the licen- i

|

compliance with 10 CFR Part 50, Appendix B nis sees' response to the expanded MOV test program

program should include the following elements: discussed in Generic Letter 89-10 (Ref. 5). - |
1

a. The addition of PORVs and block valves to the 3. For operating PWR plants, modify the limiting con-
plant operational Quality Assurance List. ditions of operation of PORVs and block valves in I

the technical specifications for Modes 1,2, and 3 to |

incorporate the position adopted by the staff in re- |
b. Implementation of a maintenance / refurbish- cent licensmg actions. De staff recogmzes that I

ment program for PORVs and block valves that some recently licensed PWR plants already have
'

is based on the manufacturer's recommenda- technical specifications in accordance with the staff
tions or guidelines and is implemented by Position. Such plants are alrt.ady m compliance with
trained plant maintenance personnel. this position and need merely state that in their re-

sponse. These recent technical specifications re.
quire that plants that run with the block valves

2. Include PORVs, valves in PORV control systems, closed (e.g., due to leaking PORVs) maintain elec-
_ ; and block valves within the scope of a program cov- trical power to the block valves so they can be readily

ered by Subsection IWV,' " Inservice Testing of Opened from the cont,rol room upon demand. Adds,.
Valves in Nuclear Power Plants," of Section XI of tionally, plant operation m Modes 1,2, and 3 with
the ASME Boiler and Pressure Vessel Code. As PORVs and block valves inoperabic for reasons
permitted by the Code, stroke testing of PORVs other than seat leakage is not permitted for periods
should only be performed during Mode 3 (HOT of more than 72 hours.
STANDBY)or Mode 4 (HOT SHUTDOWN)and

' in all cases prior to establishing conditions where the
PORVs are used for low-temperature overpressure
protection. Stroke testing of the PORVs should 4. Use, to the extent possible, more reliable PORV; '

only be performed during Mode 3 (HOT and PORV block valve designs that are resistant to

STANDBY)or Mode 4 (HOT SHUrDOWN) and
failure. The NRC recognizes that licensees may

in allcases print to establishing conditions where the choose to replace existing PORV and PORV block
valves with more reliable designs as they are madePORVs are used fo'r low temperature overpressure

protection. Stroke testing of the PORVs should not available by valve manufacturers in the future. The
use of more reliable valves should result in less fre-be performed during power operation.ne staff has
quent corrective maintenance and can result incencluded that stroke testing during power opera-

tion,in the words of the ASME Code, "is not practi- longer inservice testing intervals as delineated in

cal" (reference ASME Section XI, Paragraph Section XIof the ASME Boiler:md Pressure Vessel

IWV-3412) because of the potential for a PORV to Code.
l-

'Is the 1988 Addendum to ASME Section XI. the content of Subsection IWV is replaced with a reference to P,irt 10 of ASME/ ANSI
OM-1987," Inservice Testing of Valves in Ught. Water Reactor Power Plants."

| la addition. it is anticipated that the followin d standard applicable to currently used PORVs will be included in OM4987 and may

idtumstely be referenced in Subsection IWV f A Section XI

OM-13, Requirements for Periodic Performance Testing and Monitoring of Power-Operated Relief Valve Assernblies

!

|

I.
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l currently under active j
,

9--S.2 ' Potential Improvements to PORVS licen8ed P ants and plants,d pilot-operated PORVs,'construction that have solenoi
,

i =

and Block Valves such as vogtle 1 and 2, Millstone 3, Callaway, and Wolf |

Creek, meet these requirements. !

ne classification of PORVs and block valves should be
consistent with the system used for classifying other com- For operating PWR plants and construction permit hold-
ponents of the RCPB and systems that pr.%tn a safe".y* crs, there are a number of potential improvements to

' related function as defined in Regulato:y Guide 1.26 PORVs and block valves (short of upgrading to fully
(Ref. 4). While PORVs were originally provic r1 M WRs safety grade hardware) that can increase the reliability of, .

,for plant operational flexibility and for limiting the num' these components and provide assurance that they will*

ber of challenges to ther-sizer safety valves, the op - function as required when called upon to perform a
safety relatedfunction.Itisanticipatedthatthereliabilityi cration of PORVs for overpressure protection of the -

; RCPB was not conadered to be a safety-related function. of PORVs and block valves can be increased by imp'e-'

However, since PORVs are relied upon in man;' PWR menting the improvements presented in Table 5.1. *

. plants to mitigate certain design basis accidents or to per-
, form any other safety-related function that may be identi- The estimated utility present value for implementation of

' fled, the staff finds thatit is appropriate to reconsider the the improvements to PORVs and block valves for items 1,
classification of PORVs and the associated block valves. 2, and 3 of Table 5.1 are presented in Table 5.2. nese

'
s

present value estimates are in constant dollars using a
real discount rate of 5 percent for a period of 30 years and

For future PWR plants when PORVs and the associated
- block valves are used for any of the safety functions dis. are for a plant with two PORVs and two block valves.

cussed in Section 2.1 of this report, these components
- should be classified as safety related and a minimum of 'As of the date of this report. Bellefonte t and 2 and WNP-t are not

two PORVs and block valves installed. Certain recently manidered to be piants under actm mnstructen.

I

~ Table 5.2 Present value ofimprovements to PORVs and block valves.
'

Utility Cost /
Reactor

Item Description

1 . Include PORVs and block valves in an operational quality assurance program that is in'

compliance with 10 CFR Part 50, Appendix B (onetime cost of $8,000 plus a recurring
cost of $200 peryear for 30 years).

' $11,100

2 Implement a maintenance / refurbishment program for PORVs and block valves $81,600
(recurring cost of $5,330 per year for 30 years).

3 Testing in accordance with Subsection IWV of Section XI of the ASME Code for PORVS
and block valves (recurring cost of $1,200 per year for 30 years).

$18,500

4 Revision of technical specifications for PORVs and block valves
$16,000

(onetime cost of $16,000). .

*

5 Test block valveiin accordance with NRC Generic Letter 89-10.
$127,200

Total utility present value for implementation of items 1, 2,3, and 4

* See Value-impact Analysis as reported in NUREG/CR-5140 (Ref.16) for resolution of Generic Issue ll.E.6.t. "In Situ Testing of Valves." as
reported in NRC Gemenc tester 89-t0 (Ref. 5).

In the course of the resolution of Unresolved Safety Issue
5.3 Safety Benefits (USI) A-45, as reported in NUREG/CR-5230 (Ref. 6),
As discussed in Section 3.2, the BNL study performed the use of feed and bleed cooling on the primary system as

specifically in support of GI-70 showed only a small po- an alternative, essentially last resort, measure to remove

tential decrease in core melt probability. This was in part decay heat from the reactor core was explored in some de-

because by staff direction the study did not include consid- tail. Studies performed under USI A-45 in general sup-

eration of feed and bleed capability, port the concept of feed and bleed, but do point out that

13 NUREG-1316
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-- timing is a critical parameter in' establishing whether or pability Mhc core melt probabilities for internal events I

not primary feed and bleed can successfully remove decay - only, with and without feed and bleed, were calculated, ,

heat. However, hd-,ns with personnel at various and the eport indicates that fet.d and bleed capability re- ,

FWR plants revealed that most PWR ntilities claim that duces the estimated core melt probahility for internal
feed and biced is a viable deaty heat removal method and events by a significant amount-on the order of 25 to 90
at some plants is incorporated into the plant procedures, percent. The results are plant specific and show that feed

and bleed reduces core melt frequency by 4.8E-5 to"

The effect of the feed and bleed process upon the prob. 1.15E-3. ncsc results are presented in Table 5.3. Even if '

' ability of core melt p(cm) was examined in NUREO/ feed and bleed only reduces the core melt frequency by a
-

.

. CR-5230(Ref.6)asasensitivityissue,andinconstructing fraction of the improvements shown above, it is a substan-

aandent sequence event trees credit was given for this ca- tial reduction in public risk.

Table 5.3 Core snelt probability with and without feed and bleed from case studies in USI A-45 a

(laternal events only) with recovery .

;

Maat p(em) per Reactor Year p(cm) per Reactor Year p(cm)

Year Without Feed and Bleed With Feed and Bleed per Reactor

A 1.87E-4 1.39E-4 4.8E-5

.B' 1.00E-4 7.1E-5 2.9E-5

C 4.8E-5 1.4E-5 3.4E-5

D 1.23E-3 8.8E-5 1.14E-3

The analysis performed in NUREO/CR-5230 clearly Brsed on the above, the staff concludes that the proposed

. show that a feed and bleed capability can have a signifi- actions to PORVs and block valves provide a substantial

; cant effect on the probability of core melt; however, it is increase in the overall protection of the public health and
noted that decisions to feed and bleed must be made early safety.

-. in an accident progression for it to be successful.

The proposed actions to PORVs and block valves that are 5.4 Outage Avoidance Cost
presented in Table 5.1 of this report enhance (but do not

- usure) feed and biced because:
As noted on page 3-32 of Reference 17 PWR capacity
losses, that is, outage time due to RCS relief valve prob-
lems, have remained relatively unchanged over the years.

1. - Inclusion within an operational quality assurance As examples: over the years 1 % 8-1979 plant capacity
program that is in compliance with 10 CFR Part 50, losses from the RCS safety / relief valves were 0.15 per-
Appendix B, of an improved PORV maintenance / cent, and for the years 1980-1982 the RCS safety / relief[

| refurbishment program and additional surveillance valve capacity losses were 0.18 percent (page 4-57 of Ref. -
j testing provide better assurance that PORVs will 18). Approximately 75-85 percent of the RCS safety /
' open or close when called upon. relief valve capacity losses are attributed to PORVs and i

block valves (Refs.17 and 18).

2. Currently, certain plants operate with the IAock Based on the above EPRI historical data, PORVs and
valves closed. ne technical specifications for these

block valves have been responsibic for, on an average,
plants require.that power be racked out at a vaive PWR capacity losses (CL)of approximately:motor control center, making it unlikely that feed
and bleed could be initiated in a timely manner.The

CL = (0.8)[(12)(0.15)-(3)(0.18)]/15 - 0.12%proposed revised technical specifications require
those plants that run with the block valves closed t The EPRI observation that the capacity losses attributed;

maintain electric power to the block valves so they g j
can be readily opened from the control room. g g; ;f

in the maintenance and quality assurance procedures for

3. Placing the block valves within the scope of NRC these valves. EPRI in their limiting factors study on valves
:

Generic Letter 89-10 (Ref. 5) would provide m. (page 5-4 of Ref.19) concluded that, during a plant life.
creas:d assurance that the block valves would open time, valve performances could be significantly improved
against system offferential pressure to permit initia. by proper operation and maintenance. In this regard,
tion of feed and bleed. EPRI stated: "Probably no other single recommendation
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- will improve valve availability as much as proper care and he projected costs to the NRC upon implementation of
respect during plant lifetime." items 1,2, and 3 of Table 5.1 of this report are as follows.

Implementation of items 1(b) and 2 are recurring costs
Considermg the above and other EPRI recommendations that result from inspections and evaluations covered by
(see Sections 5.6 and 5.7 of Ref 19), it is estimated that existing NRC monitoring programs and are not charge-
placmg PORVs and block valves on the quality assurance able to the operation cost of this issue. Implementation of

program list of critical valves, improvements in PORV items 1(a) and 3 are one time costs of $15,000 per plant.
and block valve maintenance programs and quality assur- ,

; ance procedures, inservice testing in accordance with Sec. 6 FINDINGS1-
tion XI of the ASME Code and additional testing for

: PORV block valves requested in NRC Oeneric Letter For future PWR plants, the staff concludes that a mini-
89-10, and upgrading the . technical specifications on ' mum of two PORVs and block valves and associated con-

.

these valves as r*=wd in Table 5.1 of this report could trols for these components should be provided. These
result in approximately a 75 percent reduction in plant ca- components should be identified as safety related if re-
pacity losses attributed to PORVs and block valves. quired to perfonn any of the safety related functions dis-

cussed in Section 2.1 of this report or to perform any other
,

Considermg an average replacement power cost (RPC) of safety related function that may be identified in the fu-
, $500,000 per day, the above improvements in PORVs and ture and should therefore be constructed to safety-grade

IL block ' valves could yield a yearly per plant outage avoid. . standards.This would include redundant and diverse con-
ance cost (savings)of: trol systems, designed to Seismic Category I rcquirements

and environmentally qualified: increased tectinical speci- .

OAC = (0.75XCLX365)(RPC) = fication surveillance requirements; increased inservice-

$165,000 per reactor year: testing requirements; and inclusion within the scope of a r

quality assurance program that is in compliance with 10

Present value with a real discount rate of 5 percent for a CFR Part 50, Appendix B.The safety-grade designation

penod of 30 years:
would include those improvements that were imposed
subsequent to the TMI-2 accident, such as requirements

OAC (Present value) - $2,541,000 per reactor to be powered from Class IE buses and to provide valve
' position mdication m the control room.The staff also con-

,

cludes that item 4 in Table 5.1 of this report should be im-
plemented where possible in future PWR plants and
strongly encourages operating reactor owners and con-

5.5 Cost / Benefit Comparison struction permit holders to evaluate the benefits of re-
placing existing PORVs and block valves with more reli-

The calculated numerical values used in this cost / benefit able designs.

compenson are used only as an aid to the decisionmakmg For operating plants and construction permit holders,
process and are not intended to be used as the final decis- the staff concludes it is not cost effective to replace (back-i

L lonmakmg criterion on this issue. The values are, there- fit) existing non. safety-grade PORVs and block valves
fore, considered a supplementary tool to provide addi- (and associated control systems) with PORVs and block

'~ L tional insight in an overall evaluation of this issue valves that are safety grade for the sole purpose of making
(Ref. 20). them safety grade when they have been determined to

Perform any of the safety related functions discussed la
ne present value assocated with the improvements to Section 2.1 of this report or to perform any other safety-
PORVs and block valves for items 1,2,3, and 4 of Table related function that may identified in the future. Subse-

. 5.2 of this report are estimated to be $127,200 for a plant quent to the TMI-2 accident, a number of improvementswith two PORVs and two block valves, were required of PORVs, such as requirements to be
powered from Class 1E buses and to have valve position

De overall cost benefit (OCe) present value per reactor ndication in the control room. nerefore, additional im-
is: provements that would result from upgrading PORVs to

fully safety grade status are considered to be of marginale
OCe(Present Value) = Outage Avoidance Cost benefit. For operating PWR plants and construction per.

(OAC)-Implementation Cost (Ic)ofitems 1,2, mit holders, the greatest immediate benefits can be de-
rived from implementing items 1 through 3 inTable 5.1 of

3, and 4, Tab'e 5.2 this report.ne staff is proposing that these requirements
be imposed to increase the reliability of PORVs and block

,

OCe (Present Value) = OAC $2,541,000 -Ic valves to provide assurance they will function as required.
$127,200 - $2,413,800 per reactor items 1 through 3 in Table 5.1 of this report, which do not
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y hardware changes, can be implemented within 10. Electric Power Research Institute (EPRI), "E?RI
the scope of current licensing criteria and coordinated PWR Safety and Relief Valve Test Program ..'afety
with the Technical Specifications improvement Program. and Relief Valve Test Report," EPRI NP2628.SR,

December 1982.
.

11, 1. Marsh and C. Liang. " Evaluation of the Need for a'
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NUREG-1044, December 1984.
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-
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tion Systems," dated March 23,1989.
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ABSTRACTo -
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|

14w-temperature overpressure pmtection (LTOP) is Protection for Light Water Reactors." It includes (1) a
'
,

required la pressurized water reactors (PWRs) to pmvide summary of the issue, (2) the proposed technical resolu--+

prosecuan against brittle reactor pressure vessel failure tion, (3) alternative resolutions considered by the Nuclear - ,

'

' following an anticipaaed event. Typically these events are . Regulatory Commission (NRC), (4) an assessment of the
a result of either mass imbalance (excess charging in benefits and cost of the attematives considered with addi-
compenson to svadable needown flow or inadvertent safety tional emphasis on the recommended resolution, (5) the
iqjecten) or energy input transients (restardng an idle decision rationale, and (6) the impacts and relationships
teactor coolant pump causing an increase in the reactor between GI-94 and other NRC programs and require-
raal=w system peessure as a result of mixing cold water ments.
from the inactive loop with the remaiarlar of the hot fluid
and as a result of direct energy aritheian from a warmer
earnart=ry side heat . sink). The significance of these 'Ihe majority of the technical evaluations, and the develop-
events is heightened during water solid operauons. ment of the cost analyses, for the various alternatives

considered were performed by Battelle Pacific Northwest

.

Iow temperstme overpiussure protection is required in Laboratories (PNL) under Technical Assistance to the
the shusdown modes of operation, Mode 4 - Hot Division of Reactor and Plant Systems, RES, FIN Number
Shutdown,' Mode 5 - Cold Shutdown, and Mode 6 - B 2998 (NUREG/CR-5186).
Refueling with the reactor vessel head ~ bolted down. ~

,

While operating in Modes 5 and 6 and with the reactor Additional considerations that could impact on the recom-

coolant temperatae below 200aF, there are no technical mendations and conclusions regardmg GI-94 have been
'

specifications for containment integrity. The conse- addressed by the NRC staff. Most notable are a reevalua. *

quences of an imaneiratari Iow temperature overpressure tion of the consequence analyses to ensure that the

event can be i==lh as a result of either contamment estimated risk, in person-rem, is not overly conservative, ,

bypass or failme of containment to isolate following and an adjustment in the NRC and industry implementa -
reactor pressee vesselfailure, tion cost estimates to account for plants not considered in

the PNL risk evaluation. These are plants licensed after '
This reptwt presents the regulatory analysis for Generic the end of 19% or currently in the process of being t

Issue 94, " Additional- Iow-Temperature Overpressure licensed for operation.

s
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ABSTRACT

Low temperature overpressure pmscction (L'IOP)' is Protection for Light Water Reactors." - It includes (1) aE

. requised a pressurized water reactors (PWRs) to provide summary of the issue, (2) the proposed technical resolu-
protectaan against brittle reactor pressure vessel failure - tion,(3) attemative resolutions considered by the Nuclear
followmg an anticipided event. Typically these events are Regulatory Commission (NRC), (4) an assessment of the
a result of either mass imbalance (excess charging in benefits and cost of the attematives considered with addi-
compenson to available letdown flow or inadvertent safety - tional emphasts on the recommended resolution, (5) the
indoction) or energy input transients (restarting an idle decision rationale, and (6) the impacts and relationships

reactor naalmas pump causing an acrease in the reactor between G1-94 and other NRC programs and require- '

coolant system pressure as a result of mixing cold water ments.
imm the inactive loop with the remander of the hot 11uid
and as a result of direct energy antrheian imm a warmer --

aamarlary side heat. sink). 'Ihe significance of these '!he majority of the technical evaluations, and the develop .
events is heightened durmg water-solid operations. ment of the cost analyses, for the various alternatives .

considered were performed by Ba''cIle Pacific Northwest
' Low-temperature overpressure protection is required in Laboratories (PNL) under Technical Assistance to the
. the shundown modes of ' operation, Mode - 4 Hot Division of Reactor and Plant Systems, RES, FIN Number
- Shutdown, Mode 5 - Cold Shutdown, and Mode 6 -- B 2998(NUREGER 5186).
. Refueling with the reactor vessel head bolted down.
While operstmg in Modes 5 and 6 and with the reactor Additional considerations that could impact on the recom.
coolant temperature below 200T, there are no technical mendations and conclusions regarding GI 94 have been

apar*ariana for containment integrity. 'the conse- addressed by the NRC staff .Most notable are a reevalua. *

q=anan of an unmitigated low temperstme overpressure tion of the consequence analyses to ensure that the
t

cvent can be significant as a result of either contamment - estimated risk, in person rem, is not overly conservative,
bypass or failure of mniainment to isolate following and an adjustment in the NRC and industry implementa-
reactorpressure vesselfailure. tion cost estimates to account for plants not considered in'

the PNL risk evaluation. These are plants licensed after
'Ihis report presents the regulatory analysis for Generic the end of 1986 or currently in the process of being

;

| Issue 94, " Additional Low-Temperature Ove pressure licensed for operation.
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ACRONYMS AND INITIALISMS

ACI . Autoclasse interlock (of RHR NRR Office of Nuclear Reactor
suction line lealatian valves) Regulation, NRC

ALARA As low as ramaanahiy achievable NSSS Nuclear steam supply system .

ANSI _ Amencan Nanonal Standards OMS Overpressure mitigation system
lashama PORY - Power-operated relief valve

' AUT Allowable culage time PNL Battelle Pacific Northwest
ASME: American Society of Mechanical ' ubaratories

Engmens psi pounds per square inch
B&W 8tahm+ and Wilcox FTS Pressurized thermalshock
B1P Branch nachnical position PWR h bedwaterreactor
BV Block valve RCS Reactor coolant system
BWR Boilms water reactor RCP. Reactor coolant pump
CDF Case damage frequency RES Office of Nuclear Regulatory
CE Combustion Engiaconng Research,NRC
CFR Code of FederalRegulations RHR Residual heat removal-

system (used by Westinghouse)COMS Cold overpressure mitiganon
_

Reactor Systems Branchsymem(see LTOP)- RSB
DHR Decay heat removalsystem(used RT(adt) reference temperature,

by B&W) nil-ductility transition
ECCS Emergency core ccohng system SI Safety injection (refers to nigh-

| EPRI Blocenc Puer ReseemhInstitute pressure pumps) .

ODC GeneralDesign Criterion, SDCS Shutdown cooling system (used
'

;

Appendix A,10 CFR Part 50 by CE) ,

GI GenencIssue(used by NRC) _ SP setpoint
gym enlinns perminute ' SRP Standard Review Plan

i. HPSI High-pressuresafetyinjection ' SRV Safety relief valve
LER i leannaa event report STS Standard technical specifications

LCO Limiting conditions of operation TS Technical specification
LTOP Low-temperature owWe TWC 'Ihrough wallcrack

proesction system (generic NRC - .USI Unresolved Safety Issue

term) -VFP Vessel fracture probability
NRC ' NuclearRegulatory Commission W Westinghouse
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EXECUTIVE SUMMARY

Oeneral Demgn Criterion 15 of Appendix A to 10 CFR <0748 - Ref. 2). The current staff guidelines for the
Part 50 requires that "the reactor coolant system and LTOP system are found in Standard Review Plan 5.2.2, !

assocused auxiliary, consol, and protection systems shall " Overpressure Protection," and in its attached Branch
be demgned with suf5cient margin to assure that the Technical Position BTP RSB 5-2, ." Overpressure Protec-
design conditions of the reactor coolant pressure boundary Lion of Pressurized Water Reactors While Operating at
are not exceeded durmg any condition of normal Low Temperatures" (NUREG 0800 - Ref. 3).
opennon, including anticipated operanc'nal occurrences."

Twelve overpressure transients, in PWRs, were reported
Ansicipanad operanonal occurrences, as defined in during the period from 1981 to 1983 (Ref. 4) after comple-
Appendm A to 10 CPR Pat 50, are "those candiaana of tion of USI A 26. Two of these events, at Turkey Point
narinal operation which are expected to occur one or more Unit 4.- exceeded the technical specificanon
tienes durmg the life of the nuclear power unit and include pressure / temperature limits. In addition, during this same
but are not limiend to loss of power to all recuculauon timeframe there were 37 reprted instances when at least
pumps, tnppmg of the turbme generator set, isolation of one LTOP channel was out of service. in 12 of these
the main condensar, and loss of offsite power " cases, both LTOP channels were inoperable.

General Design Criterion 31 of Appendix A to 10 CFR The continuation of overpressure transient events, and the
Part 50 requires that "the reactor coolant pressure unavailability of LTOP protection channels, suggested the
boundary shall be designed with sufficient margin to need to reevaluate the current overpressure protection
asmat that when satssed under operating, maintenance, c-iteria, or their implementation, to determine whether
testag, and paanilasad accident conditions (1) the bound- additional considerations are warranted,
ary behaves in a nonbntile rnannar and (2) the probability
of rapidly propagatag fracture is rninimim! The design Major ovay,+ "viaa of the reactor coolant system
shell reDect condderanon of service temperatures and while at low temperature, if combined with a critical crack,

- other candicians of the boundary matenal under operanag, in the reactor pressure vessel welds or plate matenal,
testing, and postuisited accident conditions could result in a brittle fracture of the pressure vessel. Asmannaananca

and the uncertamties in determining (1) matenal long as the fracture resistance of the reactor pressure
properties, (2) the effects of irradsstion on matenal vessel material is relatively high, these events are not

| properties,(3) remdual, steady state and transient stresses, expected to cause vessel failure. However, the fracture
; and (4) size of flaws." resistance of the reactor pressure vessel matenals

decreases with exposure to fast neutrons during the life of
Appendix 0 to 10 CFR Part 50 provides the fracture a nuclear power plant. The rate of decrease is dependent
taughnaan requaements for the reactor pressure vessel on the metallurgical composition of the vessel walls and
under certain conditions. To ensure that the Appendix G welds. If the fracture toughness of the vessel has been
limits of the reactor coolant pressure boundary are not reduced sufficiently by neutron irradiation, low-

| == dad during any anticipated operational occ'irrences, temperature overpressure events could cause propagation
technical specification pressure / temperature limits are of fairly small flaws that might exist near the inner
provided for operstmg the plant. surface. The assumed initial flaw might propagate into a

, crack through the vessel wall of sufficient extent to
!; In the late 1970s, it was noted that there were a large threaten vessel integrity and, therefore, core cooling

| number of events occumng at reactors while operaung at capability.
Iow temperatures (shutdown modes) where the technical
=aarinr eian pressure / temperature limits were being The safety significance of these continuing low-
exceeded. The frequency of these overpressure transients temperature overpressure transients was designated ast

was detemuned to be within the anticipated operational Generic Issue 94, " Additional Low Temperature'

occunence definition. Overpressure Protection" (Ref. 5). GI-94 applies to the;

design and operation of all PWFs. BWRs have been ex.
Low temperature overpressure protection (LTOP) was ciuded from consideration because they do not normally
designated as Unresolved Safety issue (USI) A 26 in 1977 operate in a water-solid configuration.
(NUREG 0371 - Ref.1). PWR licensees implemented
ima des to reduce the potential for overpressure events The Babcock and Wilcox plants have also been excluded-

and installed equipment modifications to mitigate such from this evaluation because these units have not
events based on staff recomraendations from the USI A 26 experienced any low-temperature overpressure transients
evaluations, under Multi Plant Action item B 04 (NUREG and, based on theoretical risk, do not contribute to the
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overall risk of low-temperature overpressure events. cal specification for overpressure protection to ensure that I
Babcock and Wilcox plants do not operate in a water solid both low temperature overpressure protection channels are |

rannihian A sesam or nitrogen bubble is maintamed in the operable, aspecially in a water solid condition; that is, to |

| presswiser. . ' 1he bubble provides a minimum of 10 treat operationally the low temperature overpressure
; minuses for the operator 40 respond no an anticipated low- prosecuon system as a system that performs a safety-
! temperatue overpressure event. A single path is provided related function.
'

for pressus relief (PORV or RHR safety relief valve). -|
'Ihe specific action recommended is to reduce the allow- ,

In reaches its proposed resolution for 0194, the NRC able outage time (AOT) for a single LTOP channel when
~

. staff ransuimed six specific alternative courses of action. operating in Mode 5 (cold shutdown) or Mode 6 (with the
lhe squarements would be applicable to all Weminghouse reactor pressure vessel head bolted down) from the current .
and Combustion Engineenns plants, both operatag AOT of 7 days to an AOT of 8 hours before remedal ac-
reactors and reactors in the construcuan stage of licensmg. tions to do w and to vent the reactor coolant sys-

I' Fifty two Waseinghanaa plants and 15 Combusuon tem would be required.
Engineenng plants me conadered in the deterininstina of
the industry and the NRC implementation costs. The overall best esumate value/ impact, not including

'

accident avoidance costs, is about $160 per person rem
lhe general objective of 0I 94 is to evaluate the need for averted. If cost savings to the industry from accident

L aridinanal low semperature overpressure prosecuan and to avoidance (cleanup and repair of onsite damage and
L anamina alternatives to reduce the risk of core damage replacement power) were included, the overall

memdansa assoc:ased with low temperature overpressure value/unpact ratio would improve significantly as the
events in PWRs by reducing the hirabhaari of these events. avoided costs for cleanup and repair and for replacement
1he basis for this is the need to ensure that there is a low - power more than offset the combined implementation
lilrabhaad of briule reactor pressure vessel failure costs for the industry and the NRC staff.
(through wall crack (1WC)).- Such a failure, unlike most
other accident scenarios that can lead to core damage,

.

could result in the reactor pressure vessel's being unavail- Table ES.1 is provided as a summary of the best esumate
able for either enhaarinane recovery of the reactor core or dose reductions, occupational exposures, industry
as an additional bemer for fission product retentioni implementation costs, NRC implementation costs, and the

valuerunpact ratio for each of the alternatives studied by
To achieve these cojectives, the staff's proposed resolu- the staff. The base case TWC frequency is 3.24x104 per
tion for 0I 94 recommends a revision to the plant techni- n; actor year.

'

4
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Executive Summary

Table ES.1 Sesamary of best estimate value/ impact (V/I) ratica for alternatives evaluated by NRC.-

'

'IWC Freq Dose C-:ep-M1 Industry NRC V/I RatioW
Alar. Reduction Reduction Exposure Costs Costs ($ per avened
nadve (1/R yr) (person-rem) (person rom) ($1,000s) ($1,000s) person-rem)

'

2 2.89x10 6 14,500 n/a 1,370 950 160

3(a) 1.07x104 7,000- n/a 3,630 1,840 780
.

3(b) '. O.21x104 1,400 n/a 1,290 950 1,600 !
3(a&b) 1.20x104 8,400- n/a 4,920 2,790 920 |

|

4(a) 0.16x104 700 n/a 770- 650 1,900
J4(b) 0.16x104 700 n/a 4,770 650 7,750

5 1.82x104 8,200 900 16,000 570 2,000 -

5(a) 3.00x104 13,400 900 16,000 570 1,200
1

6(a) 3.24x104 16,000 23,000 41,450 1,450 2,700

6(b) 1.74x104 . 9.300 23,000 41,450 1,450 4,600

'

Notes:-

Sum of industry plus NRC implementation costs ($s) divided by*

dose reducuon (person rem).

2 Technical specification change,67 plants, proposed resolution.
1
'

3(a) SIlockout,67 plants.
3(b) RCP restart,67 plants.
3(a&b) Both SI and RCP,67 plants.

4(a) ACI removal, w/o cost for disconnecting ACI,40 PORY plants.
4(b) ACI removal, w/ cost for disconnecting ACI,40 PORV plants.

5 Safety-grade OMS,40 PORV plants.
5(a) Sensitivity Study, safety grade OMS,40 PORV plants.

6(a) Psc h bubble, peak pressure less than 600 psi 67 plants.
6(b) Pressurizer bubble,10% chance of reaching 2500 psi,67 plants.

.

)

.

ES 3 NUREG 1326

.

., -t -,,_,J.p,s . , , . , nw, cv +e-e-- -w-- - ,,,,,,,-w , , - , - - , , . , , , , ~ .,-. -,s,, w - -. < - - - , , - - , , e--,-- -



%.,#r
-

s.

I,.t O.. U ( .
s ,

$ , ;
.

.
.

.. x . . ..:, . ,
, - ,

* p

Ch .'
h '

2

'f ! \ i:.
3 t '

>
.

,,, ..1

f'[.. Execudve Summary
~

i

-

,

i

s ':..
Is

y' *.
.

/ -[
+

2 ,5
i

>

s

3

i
.-

t ,

\.
.

k'
1r.

L(i
s
1

,h
t

5

')
+ ,

k

'
e

e

[

J

(
* 'a;

s

- i
, , . ;

THIS PAGEINTENTIONALLY BLANK
-

%

_ ,k '

&

k

9-
'g

J 'l'. I

4

i

. .

b

O

i

i

NUREO-1326 ES-4

.

,( _Y E

, - = , . - . , . .



___ __ _ _. . -_ _ _ __ _ - - . _ _ _ . _ _ _ _

w. . , .
,

.

s.:
.

)

).
.

1. STATEMENT OF PROBLEM 1
;

Omuel Design Cnenna 15 of Appendix A to 10 CFR evalunhons, under Multi Plant Action Item B-04 (NUREO |
Part 50 regens that "the reactor coolant system and -0748 - Ref.2). The current staff guidelines for the LTOP ;
associmed ausiliary, consol, and protection synsas shall system are found in Sundard Review Plan 5.2.2, '

' be dangmod with maciaae marge to asses that the " Overpressure Protectim," and in its anached Branch
daign condidons of the reactor coolant pressure boundary Techrucal Posidon BTP-RSB 52, " Overpressure ,

se not eaceeded during any canderian of normal Proesction of Pressunaed Water Reactors While Operatag i
openman, including andaipated operanonal occurrences." at Low Temperatures" (NUREO 0800 - Ref. 3). |

i
Ansicipand opmaional occurnaces, as defined in Twelve overpressure transients, in PWRs, wtge reported |

Appendix A to 10 CPR Part 50, me "those cewininna of during the period from 1981 to 1983 (Ref. 4) after i
normal opuedan wtach ase expected to occur one or more compienon of USI A.26. Two of these events, at Turkey '

times danns the life of the nuclear porner unit and include Point Unit 4, exceeded the technical epacWadaa
,

but.as not lissled to loss of power to all recm;ulanon pressmeAemparense limits. In addit on, during thia same j8

;, pumps, tr-) ping of the turbine generse:ir not, isalation of timefrune there were 37 reporwd instances when at 1

the mas condenser, md loss of offaite. power " kent one L70P channel was out of service. In 12 of
those cases, both 1. TOP channels were inoparabic. ,

' Gseral Demgn Criterion 31 of Appendix A to 10 CFR I

|3 Part 50 requires that "the reactor coolant presswe The continuatian of overpressure transient events, and the |boundary shall be desiped with sufficie.t marge to unavailability of LTOP protection channels, suggested the ;
,

assas that when suessed under operating, maintenance, need to reevaiunte the current overpressme prnection
tesdag, and poemleted acewlant t'aadienna (1) the criteria, or their implementation, to determine whether J

boundary behaves in a nombnale manner and (2) the additional considerations am warranted..

juobabilky i|if rgndly propgating fracture is kninimienrti

' The design shall reflect consideramon of service Major overpresninzanon of the reactor coolant system
temperanses and other eaarheiaan of the boundary while at low temperature, if combined with a critical crack
msemal under oposths, a=inaaaaar* testing, and in the reactor pressure vessel welds or plate matenal,
posadated accident candiniana and the uncessinties in could result in a brittle fracture of the pressure vessel. As

'

doenrakung (1) amenal propernes, (2) the effects of long as the fracture resistance of the reactor pressure
inadianon on maesnal propernes, (3) raairhial, samedy state vessel matsnal is relatively high, these events are not ;
and aanment suesses, and (4) size of flaws." expected to cause vessel failure. However, the fracture 1

resistance of the reactor pressure vessel matenals .

Appendix 0 to 10 CPR Part 50 provides the fracture decreases with exposure to fast neutrons during the life of
'

toughness requsements for the reactor pressure vessel a nuclear power plant. The rate of decrease is dependent !

under certain enarlinana To ensure that the Appendix 0 on the metallurgical composition of the vessel walls and
limits of the reactor coolant presses boundary are nor welds. If the fracture toughness of the vessel has L a
escended dunng any apricipasari operational occurrences, reduced sufficiently by neutron irradia:. w .

| imehain,i apar.innarian pressmeAemperanse limits are low-temperature overpressure events could ci t i

l' provuled for operating the plant. ation of fairly small flaws that might exist near u
surface. The assumed initial flaw might propagna |

| In the less 1970s, it was noted that there were a large into a crack through the vessel wall of sufficient extent to i
n=nhar of events occurnng at reactors while operanng at threaten vessel integrity and, therefore, core cooling ;

low temperanses (shutdown modes) where the technical capability. Failure of the pressure vessel could make it,

spacincarina pressureAemperature limits were b:ing impossible to provide adequate coolant to t! e reactor core
,

=candarl The frequency of these overpressure tranmer%s and could result in mWor core damage or a core damage l
was deserenart to be within the anticipated operational accident.i

,

occunence defuunan. l

| The safety significance of these continuing
Low temperanse overpressure protection (LTOP) was low temperature overpressure transients was designated as
riasignatari as Unresolved Safety lasue (USI) A 26 in 1978 Generic Issue 94, " Additional low Temperature
(NUREO 0371 - Ref.1), PWR licensees implemented Overpressure Protection" (Ref. 5). GI 94 app' s to theA
procedures to reduce the potential for overpressure events design and operation of all PWRs. BWRs have been
and inaranari equipment modifications to mitigate such excluded from consideration because they do not normally
events based on staff recommendauons from the USI A 26 operate in a water solid configuration.

|

l1 NUREG 1326
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2. OBJECTIVES !
1

The esasral objectiw of 0194 is to evaluate the need for initiate may arrest in the tougher sections of the vessel ]
addisonal low a==p==n=3 overpressee prosecuan and to (farther away from the inside of the vessel where the i
saamine alternatives to reduce the risk of cose damage irradation damage is attenuated). VISA accounts for this. 6

accidents naardanad with low temperature overpreesme For cracks that may propagate through the wall, some may i

events in PWRs by reducing the Wishand of these events, not result in core damage. However, studies performed as
'Ihe basis for this is the need to ensure that thre is a low part of the PTS cffort indicate that a large fraction of ;

h Hhnnd of IriEle reactor passure veesel failwe MCs could result in large openings in the reactor Vessel I

(through wall crack - (NC)). Such a failure, unhke most for longitudmal welds, or complete opemng of
os'ier accidens pennerios that can lead to core damage, chcumferential welds (Ref. 8).
could reeuk in the reactor pressee vessel's bemg |
traavailable for eldier sabesquent acovery of the reactor For the pwpose of evaluating the risk from ,

oore or as an mMaian=3 barrier frr fission product low-tempwature overpressure evems, the NRC staff-
resention. assumes that th9 ptobability of a thrrQh wall crack is ;

9:1ust to the probability of core damage.e
In considering the risks araxisted with low trnyuanue ;

ovatpresswe events, the NRC staff has identified specific In addition to minimizing the likelihood of briule reactor .

,

; charactenstics telsted to these events that differ from most pressure vessel fracture (a through wall crack), the general
,

l core damage accidems. 'Ihe concerns are related to the objective of the proposed sequirements is to make the risk .

failus of the mactor presswe venst) itself, not the fallare from LTOP transiems dwing shutdown operations a small
of omergency core cooling systems or decay heat removal contrsbusca to the everall risk associated vith the
systems. In aMirinn, low.temperstwe overpmmure events operation of a PWR, based on the guidsr.cc aidi objectives
reiste to shutoown mo6es of operation, Modos 4, f, ami 6 of the Commission's Safety Gcd Policy Statement (Ref. '

and the enneminmaar may be open during one of these 9). On the core damage frequency (CDF) risk level, a -

events. target for the resolution of Generic lasue 94 is that the
'

contribution from LMP transients be a small, part
4Low temperstwo overpressure protection (L10P) is a (a few percent) of an overall CDF target of 1x10 per

subset of the broader class of events reinted to reactor reactor year.*
,

r' essure vessel integrity, commonly referred to as
pressunaed thermal shock (PTS) events. However, the Since L10P transients occur most frequently in Mode 5,
severe thermal spesses due to owouhg of the reactor when containment may be open, an LTOP transient CDP ,

pressee vessel are not present durmg LTOP events. target of 1x10-6per reactor year may also be considered to
l When PTS was being evaluated by both the industry and be compatible with the proposed general performance

the NRC staff in the early 1980s, the reqmroments of USI guidelines given in the Commission's Safety Goal Policy, 4

A 26 had just been imposed on the mdustry and i.e., that the probability of a large release from an
consequently L'IOP was not addressed in these studies. It operating nuclear power plant should be no greater than

i was believed that the resolution of USI A 26 had lx104 per reactor year. A more direct comparison of this
adequately resolved L7OP concems and these events were CDP target with the policy guidelines requires a definition

'

,

not considered in the probabilistic risk assessments of "large release" in the policy statement.|

performed (Ref. 6).

Reactor presswe vessel failure resuking from briule
fracture is generally defined as a through wall crack

( (NC), resulting from the initiauon and propagauon of an More recandy, e core damase frequency goal of 5x10sper renciar*
'

j ananimnd small flaw in the vessel. The probability of a year hee bem proposed under the safery soalimplemoniaom Prostem.

TWC, or the vessel fractwe probability (VFP), is his is a facior of two lower than the talad value used hemn tna is'

calculated with the VISA computer program (Ref. 7) for within ibe unceriamiy inherent in calculations and assumpaans made
an assumed tranment. Crack, or flaw, initiation may not uansms canpliance with either goal, and its adopuan in lieu of a
always result in a TWC, Depending on the vessel matenal 11104 soal wmld not affect the acommendatims made in this
charactensucs and the assumed transient, some cracks that resulatory analysis.

|
|

|

|
t
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3. ALTERNATIVE RESOLUTIONS
]

In maching hs proposed resolution of G194, the staff for overpressure protection parallels that of the
conadsed sia specific ahernative courses of action. PORY group of plants.
These are discussed below. The requeoments would be i

apphcable to all Wesunghouse and Combusuon e The cunent technicas specification AC110N |

Engineenas plants, both operatag reactors and reactors in statement allows 7 days to restore an inoperable ]the comaruccon mage of licenses. Fifty two LTOP channel to operable status or depressunse and ,

Weedaghouse penas sad 15 Casabusuon Enginsonng vent the reactor coolant system (RCS) within the I

plans are considsed in the desarminahan of the industry next 8 hours. With both LTOP channels inopwable,
and the NRC leplamamarian coms. Additical the ACTION staaernent requires the RCS to be !
discussmos of sech of them altarnativw is provuled in ? g - d and vented within 8 hours. J

,

Secnon f. ;

e Under the current bases for Specificadon 3.0.4, ;
'

3.1 Alternative 1 No Actke Alternative operations need not be restricied when cornetive
action should be taken to obtain comphance with a

This aterrnative assumes that to additional speciacauon under certain sitations even if the
low-ter.perataso overpressure protection need be corrective actions are required within a limited

*

providd. It also amamos that all applicable regswements period cf time. Exceptions from Specification 3.0.4
and gu'dsnee to dids beve been implemercad. but no have been previded for a limited number of
pf r = is annimad for reis:ed genene issues, or speci6carians when startup with inoperable
other maff .-- , ' c or guidance, that are still equipment would not affect plant safety, ,j

*

umosolved or stillunder soview.
3.3 Alternative 3 - SI and RCP Restrictions ,

3.2 Alternative 2 ChangetoTechnical '

Specifie=*iana Ahemative 3 would require removal of all power to safety'
injection pumps and prohibit reactor coolant pump restart ,

To achieve the objectives staand in Section 2 above, this whilein a water solid condition. .

ahamative calls for a modification to the plant techmcal
spamacarian t'or overpressure protection to ensure that 3.4 Alternative 4 Removal of RHR
both low-ismperenas overpressure protection channels are Autoclosure Interlock
operable, especially in a water-solid onadinan; that is, to,

' treet operationally the low temporanus overpressure Ahernative 4 would allow for crediting use of the RHR
proesction system as a system that performs a safety relief valves,in addition to the PORVs, for pressure
safety-renued faaction. A summary of specific aspects of relief in mitigating an LTDP transient. Removal of the
this altamativeis u fobows: autoclosure isolation (ACI) interlock on the RHR suction

; lines would be an additional requirement and has been
| e The role of PORVs has changed such that PORVs eye.luated as part of Generic Issue 99, "RHR/RCS Suction ,

are now relied upon to perform one or more of the Line Interlocks on PWRs." For plants that rely on only the
'

following safety-related functions: RHR safety relief valves for L7OP protection, no
additional benefit would be obtained from this ahemative.

; a. mitigate a design basis steam generator tube
| rupare event, 3.5 Alternative 5 Safety-Grade LTOP

System
b. Iow-temperature overpressure protection of the ;

reactor pressure vessel during startup and Ahernative 5 would require that the low temperature
cooldown,or overpressure protection system be upgraded to a fully

safety-grade system.
c. plant cooldown in accordance with Branch

,

Technical Position B1P RSB 51 to Standard
Review Plan Section 5.4.7, " Residual Heat 3.6 Alternative 6 - Pressurizer Bubble
Removal (RHR) System"(Ref. 3).

Alternative 6 would require that water solid operation be
e For plants that rely on safety relief valves in the prohibited by providing for a steam or nitrogen bubble in

ressdual heat removal system for low temperature the pressurizer at all times (other than during hydrostatic
overpressure protection, the technical specification pressure tests).
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4. TECHNICAL FINDINGS J

The PNL evalumnon of low temperamre overpressure part of *.he PTS effort indicate that a large fraction of
proescdon included a doesnninanan of the frequency of WCs could result in large openings in the reactor vessel
overpressure tenments while et low temperamros, the for longuudinal welds, or complete opening of circum-
failure of the overpressee protection sysum on a demand forential welds (Ref. 8).
basis, and the theomucal peak pressure that could be
obeuned, given fadure of the overpressure proesction in addition to evaluating the operating reactor exponences
syman. '!)e probabdhy of reactor pressee vessel fractme frequencies, the root causes for the overpressure transients
due to brinde fracture was amunaawl based on the neutron- and overpressure protocuan system unavadabdity were
induced emhnalement of the limitag vessel maesnel over also deternuned. To the extent feasible, the operssor
thA temalaing hfedme of each plant. '!he demiled evalue- reactions and responses to the actual events were also
tion is fanaOn NUREG/CR-5186 (Ref.10), considered by PNL, thus satablishing the best estimmre, or

base case, pWile for the low te:npernow overpessee .

'the frequency of ovegressure tranments was deseramed trannent cxont tw, cy, overpresmare protecton systemi '

ikom acaml openufang rescent exponences, as reponed in unavadabdity, and theorerdi pak prea.sme gectasm.
the hicensee event wport (LER) system. Spacial reports
and industry reporw were also reviewed to augment the in reviewing the actual operstmg tee: tor events as
LER dam base. Ttxhnical specificarian reparung require- reponed in th> LERs, it was noted tha, tae lict.nsees havei:

L menu pioride for a 30-day report to the Commissioc always reponed prompt operator action in response to
whenever the low-temperamre overpressure protection low temperature overpressure transients. In 1 to 2i

systeT is irris to mitigate a p: essure tranaent. Overpres- minues, the operators have degnosed the situauon and .

see preoction symem unavailabihty was also determined taken appropria:a rtions to termintic the effects of the
from the arme sources. The peric;l f. rom 1990 through the tranments, usually resulting in only one or two cycling of

,

end of 1986 is considsed in this evaluedon. The IJ.R and the PORVs befa6e stabilizing the reactor coolant system|
liesraars daarch was performed by the NRC staff and is pressee below the Appendix G limits. PNL therefore'

j summanand in Appendix A. More recent L'!OP events assumed a 3 minute operator response time to develop the
'

.

that have occuned a 1987 and the early part of 1988 have best estimate peak pressure spectrum; somewhat,

. been reviewed to desenmne if the base case evaluanon conservative but not a worst case evaluation.

(- would have been altered by a dotaded accounting of these
events. PNL concluded that the base case would not be al- 'Ihe operaung reactors were classified by overpressee
tered by more than about 10E None of these more recent prosecuon system design. 'Ihree groups were identified.
events would have resuled in high reactor coolant system
pressees if the LTOP systems had failed.

1. Two PORVs, water. solid operauon allowed: 32
'the reactor pressure vessel fracture probability was Waaiapasa units and eight Combustion Engmeer-
obtained by PNL from the VISA computer program (Ref. Ing units (40 total units).
7). To account for the effects of neunen arradiation
dunage, the mean surface RT(ndt), reference temperstme
all-ductility tranment, shift was calculaasd using Revision 2. Two SRVs in the RHR, water solid Opmsks- '

2 to Regulaeocy Guide 1.99 (Ref. I1), allowed: nine Westinghouse units and six Combus-
tion Engmeermg units (15 total units).

Reactor possure vessel failure resulting from brittle frac-
ture is generally defined as a through wall crack (NC),

| resulting from the initiation and propagnuon of an 3. Single PORV with pressurizer bubble at all times, all
| ns==nari small flaw in the vessel. The probability of a Babcock and Wilcox plants (8 units).

NC, or the vessel fractme probability (VFP), is calcu-
laced with the VISA computer program (Ref. 7) for an

! assumed transient. Crack, or flaw, initianon may not There are a small number of plants that have been licensed .

| always result in a TWC. Depending on the vessel matenal with low temperature overpressure protection systems that
charactensucs and the assumed transient, some cracks that do not fall into one of the above groups. However, they
initiate may arrest in the tougher secuons of the vessel have been included in one of the three groups dependent
(fanhar away from the inside of the vessel where the ir- on either the type of relief path (PORV or SRV) employed ,
radiauon damage is attenuated). VISA accounts for this, or by determining the appropriate group based on the tech-
For cracks that may propagate through the wall, some may nical specification requirements currently in existence at
not result in core damage. However, studies performed as the plant.

41 NUREG-1326
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Iaw-temperanse overpressure proescuan is requuod ing during this timeframe. Twenty three occurred in the
during shutdown modes of operstaan, Modes 4,5, and 6. PO*V class plants and seven in the RHR SRV class

. A review of the actual events concluded that virtually all plants. Two events in the PORV plants and one in the ,

events se occumns in Mode 5 with reactor coolant RHR SRV plants exceeded the Appendix 0 ilmits. The :

system temperanses rangmg from 809 to 1909. The PORY plants accumulated 244 reactor years of experience ;
charactensac tranmaar used to desarmme the vessel frac- and the RHR SRV plants accumulated $6 reactor years of

,

ture probability, canrheinial on event occurrence, was experience.
developed based es the acasal opermang evenu. A vessel
wall temperanse of 1209 and a heanup rate of 25*F per Essentially all the LTOP challenge events have occurred ;

ison wese used, no 120T wall temperanse is represen- when the reactor coolant system was water solid
tadve of the aserage temperatue at which low (pressunser filled). The events fall into two categories: i
ensperalme overpressme events have occaned. Ris those resulting from mass addition and those caused by |
1emperasu is also lower dian that at which the r$ tor energy additice. Bata of these types of events cause rapid ,

guessee vessel head may be removed at saany piras an1 pressurirth when the reactor coolant sys'.an is wan-
soprmats a ramaanahla limiting temperature for this solid,
evsluence. A 259 per hour hestup rase appnses to be a
reasonable esdmate based on haamp with decay heat and A representative pretourbation rate for mass addition :

res!Just best removal symem purnp energy prior to reactor events was calculated by PNL. Using the compressibility .

coolant pumprestart. of water of 0.0046% delta volume per unit volume per
==ahat of pressurc meresse, and based on a reactor

A peak theorencal pressure was dearmined by FAL for coolant systou volume of 11,000 cubic feet, the pres-
each event, mamunias the low-temperature everpressure suru:ation ruc was caiculated to be 3.8 psi per gallon
proesction system failed to mitigate the event. If an addi- injected into the reactor coolant system.
tianal presset relief path were available, for example, the
remdual host removal system safety relief valves, the peak Water exp?nds when heated, increasing the pressure of a r

pressee was limited to the SRV seapoet, provided the water solid system. PNL calculated the pressurization rate,

resed relief capacay could accommodate the challenge, for energy addition events using the above value for
compress;bility and the specific volume of water in the

For evenu that occurred wahout another pressure relief 100 to 200T temperature mnge. De pressunzation rate
path, the peak theoretical pressure ^was limited to that was calculated to be 100 psi per 'F increase in the reactor
which could be achieved 3 mmhees after the initiation of coolant sysum average temperature. Slow heating of the
the event. The 3-minute operator action response time reactor coolant system by operation of a single reactor
was determined by PNL from the review of the actual coolant pump generally does not exceed 259 per hour, ,

evens. In all cases the operators have recogmzed the which would correspond to a pressure increase of about 42
overpressee tramment and initiated actions to correct the psi per minute,
situation walun a 1 to 2 minute time period. De NRC ,

maff aanbanes this rapid response characteristac to trauung he mass addition events resulted in injection rates rang-
'

and p d development in response to the ing from 20 gallons per minute (gpm) to 600 gpm. The
' f - -- - "= of Unresolved Safety lasue A-26. In addi- higher rates are associated with inadvertent safety injec-
tion, a rapid response will limit the number of times the tion events, while the lower values are typical of excess
PORV is cycled while mitigmung the event. charging without letdown. De energy addition events are

identified by the differential temperature between the
ne Babcock and Wilcox plants have been excluded from secondary side and pnmary side of the restor coolant

i this evaluation because these units have not expwienced system. De warmer steam generator is the heat source for
; any low aarnparanwe overpressure vannoms and do not these events. The allowable temperature differential for
l contribute to the overall risk of low-temperature overpres- reactor coolant pump restart is specified in the current

|
mue evens. Babcock and Wilcox plants do not operate in technical specification. In the actual experiences data

' a water solid canthnan. A steam or nitrogen bubble is base, the differential temperature is usually rmall,
maintamed in the pressurizer. De bubble provides a although in one case it was reported to be 859.
miniana of 10 minues for the operator to respond to an

l~ anticipated low-temperature overpressure event. A single ne operating reactor experiences data base is summarized
path is provided for pressure relief (PORV or RHR SRV). in Table 4.1 for the PORV plants and in Table 4.2 for the

RHR SRV plants. Included in these tables are the mass
For the penod from 1980 through the end of 1986, there flow rates, temperature differences, the LIOP pressure
were 30 challenges to the LTOP systems 91 the 55 setpoints and the calculated peak (or hypothetical) pres-
Westinghouse and Combustion Engmeering plants operat. sures assuming failure of the LTOP system. The actual
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peak pressee is provided for reference. Also provuled are Operated Relief Valve and Block Valve Reliability." De ;

the various pressus seapoints for the pressure relief estimated consequence for this event was found to be 9 l
systems as well as the specific featue that laninart the million puson rems over a 30-year period for a typcal ;

peak pmasme, either an abernative relief path or the as- eastern site with 100 persons per square mile populauon
sened 3-inimune operator response time. density. A $0-mile radius is used for all consequence

evaluations as required by current NRC guidelines (Ref.
Table 4.3 samnernes the current frequency of low- 13).
Isepassue overpressee events and overpressee prosec- ,

tion system unavadabilky. The vessel fracture probability Because of the wide variation in the plant specific vessel ,J
(or cose damage fregosacy), as derived from the acant fracture probabdities and because of differences between

,
operamag ancear expensoces, is also provuled for the siens, the NRC staff did not select either a "typeal" plant I

maan plant in each group over the remaining pbet lifedme or me the " average" plant for ' Jus analysis (fw example. |E

of the group. De mean core damage fmquency for low- use the value and impact for the " typical" or " avenge" J
maperarme onrpramme events, as desarminud under plant and multiply the rosn!s by tin number of plants ?

GL94, is 3.24x104 per reecear year. De mean com within a poup). De variadon ir pirat specific vessel |

damage frequency for the PORY plants is 3.04x104 per fracture probability, as wellia the variaten in site spectfic 1
restaar year, armi the mean core damage frequency for the consequences based on populadon d:nsity and environ- |,

| RHR SRV plantsis 3.76x104por reactor year. mental factors, are considered in this evaluation of risk ;

L
and consequence, l

| De mentihand of a. Iow-temperates overpressure event |
sad the likelihood thag the onrpresare protection system -

vill fail on donaut as wV as the uru' ting tlnussical ne plant specifs vessel fracture probability, integrated !

prasras specsta, me considered te h eged fos all plants over the remainder of life, was obtained for the mean (,

within each gmup. Dat is to say, no credit or petsky was surfecc RT(ndt) shift expected to occur for each plant (the
given t3 any plant as a result of that plant's specifs V15A probability results are provided in terms of the raean

| operating himary. However, the resultant aseiinate of surface RT(suk) value).
' vessel fracture varies from plant to plant and from year to
|- De probability of reactor pressus vessel fractme To account for site-specife variables, population density,

.

with plant life. Vessels becorne more briule environmental conditions, and reactor size, the generic
,

| wkh age as s result of nouuon irradiation. Prom plant to consequence in Reference 12 has been scaled, by the NRC
'

| plant, the chemical composition of the limiting reactor staff, to the Sidng Source Term data provided in
'

presass vessel masanal also varies, and the plant specifw Reference 14. Appendix B provides a discussion of thel

vessel fractus probabdity for each plant is unique to that technique employed and compares the results to the
compasirann The estunated vessel fracture probabdity for generic source term evaluation. De objective of perfonn-

- each plant has been calentasari and summed to obtain the ing this scaling evaluation is to ensure that the estimate of
group notaland moon values. the consequences from low-temperature overpressure

transients properly accounts for the plant-specific varia-
A remew of current standard technical specificahons for tions in the sonste term (as a function of the power rating
anneminnians integrity in shutdown modes (Modes 4,5, and of a plant) and in the population density and enytronmen-
6) indicates that no cantninnmar integrity reqmrements are tal factors that affect the calculation of the consequences.

Inipasad for reactor coolant temperstmes less than 200P, he scaled sosce term evaluauon results in a 30% seduc-
'

except during refuetag operations when the mactor pres- tion in osumated dose, in person rem, as compared to the
sure vessel head is removed. Since the low ternperature genene source term evaluation (based on Ref.12).
overpressee events of concem to this evalumnon occur in
Mode 5 at reactor nanlant temperatures between 809 and De results of the scaling study are provided in Table 4.4
1909, the assumption that containment is open, at least for each plant category and for different release
part of the time, is judged to be valid. Contamment categories, based on the through wall crack frequencies, or

integrity will be treated parametrically in this analysis, core damage frequencies, presented in Table 4.3. The
genere value overesumates the consequences for the RHR

De consequence evaluation for a low temperature over. SRV plants. Dese plants are the older, low power units
pressee event, which results in reactor pressure vessel or the newer plants that tend to have better reactor pres-
fracture, was obtained for a late core melt sequence with sure vessel materials. De dominant contribution based on
contamment bypass (Ref.12). De studies were per. vessel fracture probability comes from the older, low-
formed in cor0 unction with Generic Issue 70, " Power- power plants.
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Table 4.1 Sumanary of PORY class operating reactor experiences.

Mass Addition Events

Mass PORY RHR RHR RCS Peak Pres Hypo Actual
Flow LTOP ACI SRV Initial Limited by Peak Peak ,

"

Rate SP SP SP Pres Alt 3 Pres Pres
Plant Yr (spm) (psi) (psi) (psi) (psi) Path Min (psi) (psi) j

. - - -_

| I

CnivertCliffs 83 40 450 700 315 400 X 850 42N
Gana 83 40 435 450 600 310 X 760 43'
North Anne 1 81 300 430 600 467 unk X 467 430
Nonh Anna 1 83 530- 430 600 467 350 X 467 430
North Anna l' B4 40 430 600 467 350 X 467 410

; No'th Anna 1 85 20 430 600 467 350 X 467 430
l. Palisades 81 40 400 none 300 300 X 850 400

Sa'am 2 83 300 3'3 600 375 unk X 375 375 i

San Ondre 1 83 601 522 370 FJO 300 X 2500 52e
| Surry 1 81 2M 410 noos 600 350 X &J 410 1

Surry 1 84 100 410 naae 600 325 X 600- 412
Srrry1 81 200 410 none 600 350 X 600 410
Turkey Pt 4 81 90 415 465 600 310 X 1400 1100
''Nrkey Pt 4 81 90 415 465 600 340 X 1400 750e

| Zion 1 84 100 435 600 450 unk X 450 450
Zice2 85 190 435 600 450 unk X 2500 435
Zion 2 86 150 435 600 450 unk X 450 450

,

Energy Addition Events
'

Mass PORV RHR RHR RCS Peak Pres Hypo Actual
Flow LTOP ACI SRV Initial Limited by Peak Peak

| Rate SP SP SP Pres Alt 3 Pres Pres
| Plant Yr (gpm) (psi) (psi) (psi) (psi) Path Min (psi) (psi)

,

North Anna 2 82 85 385 600 467 364 X 467 385
North Anna 2 82 35 385 600 467 350 X 467 365
Pah * 85 min 400 none 300 300 X $00 375
Salem 2 84 min 375 600 375 325 X 375 350
Salem 2 85 min 375 600 375 325 X 375 380
Salem 2 85 min 375 600 375 340 X 375 380

NUREG-1326 4-4
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Table 4.2 Samw of RHR SRV class operating reactor experiences.

Mass Addition Events |
,

Mass PORV RHR RHR RCS Peak Pres Hypo Actual
Flow LTOP - ACI SRV Initial Limited by Peak -Peak
Rate SP SP SP Pres AR 3 Pres Pres

Plant Yr _ (spm) (ps!) (psi) (psi) (psi) Path Min (psi) (psi)

_. .-

Byron 1 85 600 450 700 450 unk X 450 450 !
Callaway 86 20 450 680 450 400 X 450 463 )"
Pariey 1 86 40 none 700 450 400 X 850 450
Parley 2 86 180 none 700 450 400 X 2500 700

EPergy Addition Events ,

Mass PORY RHR RHR RCS Peak Pres Hypo Actual ,

Plow LTOP ACI SRV Initial Limited by Peak Peak
Rate SP SP SP Pres AR J Pres Pres'

Yr (spm) (psi) (psi) (psi) (psi) Path Min (psi) (psi)Plant -

-

Parley 1 86 min none 700 450 400 X 550 450
Parley 2 83 min none 700 450 400 X 600 480

'

Summer 86 min none 700 450 400 X 550 450 '

Since assumptions regardag contamment are imponant to specific value ranges from about 40 to 3000 (Indian Point)
the n=arnaa of public risk, and becauce LTDP tranamate with a median value of 185 persons per square mile. For

,
'amaaly occur in Mode 5 when contamment the plants considered la this evaluation, the mean popula-

! is miaxed to allow for tesung, maintenance, and tion density used to determme the consequences is es-
the repair of equipment, three esumanos for public risk are timated to be 280 persons per square mile (Refs.14 and

'

used to mudy the effects of enatainmaar an==apriana Tb 16) based on 1982 =Maa estimates. De projected!
best anna =n* evaluenon is based on a 50% probabdity mean population density for the plants considered is es-
wonghong of a large release as a result of the tunated to be 480 persons per square mile by the year
anataiammar's being open at the time of the core damage 2000, or about 50% higher. Though not considered in this
acculent and a 50% probabdity weighting that the release evaluation, if an adjustment to account for the projected
is small, or mmdar to an SS'12 release. The high esumate population growth is desired, then the consequences
is based on the containment's being open at the time of the (person rem values) could be multiplied by 1.5 and the
core damage accident. The low estimate is based on a value/unpact ratios ($ per averted person-rem) divided by
10% probabdity weighting of a large release as a result of 1.5 (or multiplied by 0.7). This assumes that the conse-
the contamment's being open and a 90% probability quences would be directly related to the increased popula-
weighting of a small release. De base case consequences tion,
for the three containment assumptions are provided in
Table 4.5. As seen in Table 4.4, assumptions conceming containment

. integrity for fission product retention can result in an order
De mean 50-mile radius population density around U.S. of magnitude change in the estimated consequences of an
nucicer power plant sites is estimated to be 340 persons unmitigated LTOP transient. This would suggest that

| per square mile by the year 2000 (Ref.15). De site- additional or modified containment requirements for

|
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Modes 4,5, and 6 could achieve the risk reduction objec. 31 to provide assurance that the probability of a rapidly
tive of GI 94. De NRC staff has not considered this as a propagating fracture of the reactor pressure vessel during
proposed alternative for the resolution of GI 94. 'Ihe anticipated operation occurrences is minimized.
L'!OP prosecuan concern is related to GDC 15 and GDC

Table 4.3 Base case unean core daninge frequencies from LTOP events.
,

|

Challenge Overpressure MemTWC Man Core
Plant Frequency LTOP Spectn m - P9tmbiti Damap F
Category (pa R Y) Unr ailability ps rra: OverLife ) (perR Y)1

-

1. PCRVs 0.0940) 0.087(3) 2500 0.09 3.92x10 3(4) 2.89x104
(40 plants) 14JO 0.09 1.96x104 1.4x10'7

Bf4 0.13 5.32x104 5 ''.x10 9
WO 0.69 2.G5x10-7 1.16x104

Total 3.04x104

2.RHR SRVs 0.125(5) 0,143(5) 2500 0.14 1.50x10 3 3.75xt&6 ;

(15 plants) 850 0.14 2.00x104 5.01x104 ,

600 0.72 2.21x10-7 2.84x104
*

Total 3.76x104

3. B&W 0.018(6) 0.087(6) 850 0.05 1.09x104 negligible

(8 plants) 600 0.95 1.00x10 7 negligible

Total negligible

Industry Mean Core Damage Frequency (7) 3.24x104 .

Noess:
,

(1) Mean thsengh wad esack GWC) psobabshey for au plants in esca caissory, everased over remasung hfecune from 1986 throush end-

of.honness PORY pinnas: 969 tasal years,24,d, RHR SRV planss: 452 total years,30 years / plant. B&W plants: 1s3 total

yeam 23 , _ '
(2) Mean caso desness inquency based on probabGary of madung peak pnssure and total for each carssory of plants. Based on assenp-

tie that through well crack leads to core damags.

Q) Fmquency: 23 events in 244 reassor years. UnevaDabairy: Based a the two events at Turkey Point 4 in 1981, unavailabihty is two out
I

of 23 demands.

(4) Raad as 3.92 times 10 to the minus 3, or 0.00392.
(5) Frequency: 7 evenu in 56 reecsor years. Unevadakhry: Based on the event at Farley 2 in 1983, unavailability is one out of seven

a-. a.

(6) Frequency: lass them one event in 56 reactor yeen. Unavailability: Assume sansle PORY failure rate snailar to PORY class of plants.

(7) ' (40 t 3.04x108 + 15 x 3.76a10*y(615)

.

P
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Table 4.4 Consequences for various release categories.
,

!

Genenc Scaled SST1 SST2 {
Value Value Value Value

(Person-Rem) (Person. Rem) (Person Rem) (Person-Rem) :

40PORY Pleam 26,600 25,000 30,700 2,300 '

15 RHR SRV Planu 15,300 - 4,600 5,700 300
,

f t,

.~
.

35 TotalPlant 41,')00 29,600 36,400 2,600'

T

_ -.

~

Nous:
Omew Valme. 'assed on Pafemmes ||4 LTOP notion.'

Seeled ujus - mak-(as oow dereca of sufferemens haswenn raus heaed on popuission density, envinanwant condities, and i
eyesensepowe lands..

38T1 Value. based em SSTI solenes, missaarto PW3 2 solenes fonemens, Dueet bned of =e===
,

,

SST2 Valus. bened as SST2 solenes, niedler to PWR 5 sensese im Na== fissieu pndict antisesian sysianu func.
iian, feann toisolens -

,

Table 4.5 Base case consequences for various containsment assumptions.

[ Best Esumane High Estimate 1.ow Estimate
(50% Scaled Value (100% Scaled (10% Scaled Value

'

plus 50% SST2 Value) Value) plus 90% SST2 Value)
(Person-Rem) (Person-Rem) (Person Rem)

| 40 PORV Plants 13,600 25,000 4,570

15 RHR SRV Plants 2,400 4,600 730.,

55 TotalPlants 16,000 29,600 5,300

|

I
!
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5. VALUE/ IMPACT ANALYSIS

5.1 Costs and Benents of Alternative For cracks that may propagate through the wall, some may
Proposed Resolutions not result in core damage. However, studies performed as

part of the PTS cffort indicate that a large fraction of ;

5.1.1 Alternative 1 No Action Alternative TWCs could result in large openings in the reactor vessel !

for longitudmal welds, or complete opening of circum- |

Mis alasraanve assumes that no additional action is neces- forential welds (Ref. 8). <

sary, based on the evaluenon of the current risk manaNasarl
with k ; _ overpressure evens and on the De likelihood of a reacta pressure vessel through wall,

suff's aview of the operadag reac!ar experiences from crack or the mean core damage frequency estimass, based
1980 through the end of 1996. It is also assumed that all on the operatag reactor experiences, is 3.24x104 par
applicable aqukemaats and guidance approved to date reactor year over the remaming licensed life of de PWRs
have been ' ,' - i but no imT--- N is evaluned. As a plant appmaches the FTS screenmg
naamhed for rolesad genene issees that are still currently criteria,10 CFR .*0.61, the through wall crack probability
unresolwd. vill increase to 7.4x104 per reacter year, assuming ti.e

LMP event fiequencies, unsvailability, and peak prest,ure
. In considenng the risk associased with low-temperature spectrum profilos remam constant. ,

overpressure evems, the NRC staff has !de'nified specific

|
charactonsuce telnaud to these eventt, dat tiffer from most ne P!L cvaluauon for the recan ihmugh wall crack
cue damage nrniants. The concerns are related to the frequeacy, or mear. core dannage freguancy, is based on
frikse ct the nesctor paersurt, *.esacMase'f, not the failure the operstiag reactor experier,ces and reposents a best

'

of emergency case cooling sysnns a dscay heat removal estimane evaluation of the risk fror.: bw-tempersme ovar-
sysesma. In rMaica, Arm-sempeottae overpressure events pnessyre transients. Them are uncertalAties in the

! misse to shotmown modes of operadon, Modes 4,5, and 6, estirnated mean through waif crack fregeency. These are
and the anaamiamant may be open during one of these addicssed below,

i

evenes.
Frequemey of Events

low-asaparasse overpressure protection (LMP) is a
subset of the broader class of events related to reactor The estimated frequency of low-temperature overpressure
pressure vossal integrity, commonly referred to as events was obtained from a review of actual operstmg
pressuriand thermal shock (PTS) events. However, the plant events as reported to the Commission under require-
severs thermal snesses due to overcooling of the reactor monts contained in the technical specifications. For this
pressee vessel are not present dunng LMP events. evaluation the evems have been limited to actual transients
When F13 was being evaluated by both the industry and that have challenged the low-temperature overpressure

,

| the NRC staff in the early 1980s, the requusmems of USI protection system and have occurred after the plant

| A 26 had just been imposed on the industry and conse- became operational, taken to be the date the unit first
quently LMP was not addrepaed in these studes. It was generated electrical power. Pre commercial events and
believed that the ramaturian of USI A 26 had adequately precursor events are not included. Pre. commercial events
resolved LMP concoms and these events were not are excluded because they pose no risk (no fuel in the

. considered in the probabdistic risk assessmems performed reactor or the vessel has not experienced any irradiation
I

(Ref. 6). damage). Precursor events, events that could have
challenged the low-temperature overpressure system but

Reacecr pressure vessel failure resulting from brittle for other reasons did not, are also excluded because there
fracture is generally defined as a through wall crack is no assurance that the reported instances are representa-
(TWC), resultag from the imuauon and propagation of an tive of actual total experiences. Consideration of pre-
assumed small flaw in the vessel. The prohablity of a commercial and precursor events would increase the
TWC, or the vessel fracture probability (VFP), is calcu- estimated frequency of low temperature events from 0.1
lated with the VISA computer program (Ref. 7) for an as- per reactor year (30 events in 300 reactor years) to 0.183
sumed transient. Crack, or flaw, initiation may not always per reactor year (55 events in 300 reactor years) for the
result in a TWC, Dependmg on the vessel material period from 1980 through the end of 1986. Though not
characteristics and the assumed transient, some cracks that considered in this evaluation, there were at least an addi-
initiate may arrest in the tougher sections of the vessel tional six events in 1987, none of which would have
(farther away from the inside of the vessel where the ir- changed the base case risk evaluation significantly (less
radianon damage in attenuated). VISA accounts for this, than a 10% change).

5-1 NUREO l!l6
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3 - Value/hnpact Analysis
'

i

C-, . Protection System Unavailabairy SRVs, the plant technical speci6 cation would have;

allowed removal of one valve for up to 7 days without fur-
The overpressure protection system unavadatahty for the ther restnctions on plant operations and this event may ret

: PORY group of plants (0.087 per demand) is based on the have changed. Although LTOP unavailability in RHR
| two events at Tudrey Point in 1981. Of the 23 events in SRV plants could be approxunsely a factor of two higher
j . this group, overpassure protecnon was not avadable in than assumed in this evaluation ( two out of eight versus
: these two insances. In both events one of the rediadant one out of seven), the L10P event freqtency and peak

'
i low-temperanse overpressme protection channata had pressure spectrum would not be changed significantly for

been restowed from service for mamanance. As a resuh the RHR SRV class of plants. The estirnated base case-

; of a single falhas in the :===ining channel, the system mean through wall crack frequency for the RHR S".V
was not able to mitigene the pressus sansient to the class of plan's would increase froen 3.76x104 to 6.0x104 :

Appenda O g J , a limits. Prompt operator per reactor year. The mean frequency for all plants would
;- action rosaiend in limiting Ilw peak pressues to 1100 psi increase from 3.24x104to 3.85x104per reactor year.

'

|! and 750 pai.
'

In all three cases, one of tim two low temperature over.1

! The'overpressare protection system unavailahdity for the tressure protection channels had teen removed fmm asv-
SRV group of plants (0,143 wr demand) is based on the Ice for raairnenarce. Plant startup, a!!owco under the cur-

'

.

'

event at Parley 2 in 1983. Of the seven events in this stat techracal specification, resulted in cxceedmg current
i group, overpremere protechan was not avadahic in this Appendis O presn.vehemperau.re limits as a resuk of a

one itastamos. In this event one of the submd.mr kni- singic failure m the overpressure protection system during
teesseratr.re overprouwe protection channelt had boon anticipted low temperature overpressure ever.ss.

'resoved fro.n sc.rybe far maint narc.n. As a tetuk of a

|- angle failme in the :=mamir,g chareci, the system wr s not Sir;c the techrucal specification for all plan's would allow
I able to mitigaer the pressee trraie3t to de Apprmdix 0 for plant operauons under similar chcumstances, the low-
' ___ Aperanselimita. ternperarme overpressure prrimion system uwailability

based on the anual operating events is judged to be
The actual failure was attribned to mechanical binding of appropnate far evaluating the poential nsk from low-
the passive sprmg. loaded safety relief valve, which even- temperature overpressure transients.
tually opened at about 700 pai. While it may appear that
the unavadability for this group of plants is high and based Vessel Failure Probabilities ,

on an abnormal sinannon, it is noted that in 1973 a matlar
event occurred at Zion 1. The residual heat removal The chemistry and fluence data used in this evaluation
system safety relief valve failed to open during a were obtamed from plant specific submittals in response
chargag4esdown imbalance tranment and the pressure to licensmg activities related to USI A-49, " Pressurized
rose to 1300 psi after the autoisolanon setpost pressure of '1hermal Shock." The mean surface RT(ndt) shifts for the
600 psi was reached, resulting in imlanan of the residual limiting vessel matenal were calculated over the plant

'
,

heat removal system (Ref.17). lifetime using Reference 11, considered by both the staff
and the industry to be representative of the state-of-the art

In addinian, a pasantiany siga.E event occurred at knowledge concerning irradiation-induced damage.
Millstone 3 in January 1968. A camhmanan of system
inseracuans, plant personnel commimennan enors, and The charactenstic transient used to determine the vessel
inadequaes procedures resula in both the PORVs and the failme probability, conditional on event occurrence, was
remdual heat removal system safety relief valves being developed based on the actual operating events. A vessel
unevadable to mitigate a maintenance. induced low- wall temperature of 120*F and a heatup rate of 25 F per
temperatae event. Prompt operator action prevented the hour were used. The 120*F wall temperaturt is represen.
peak presswe from e - hng the Appendix 0 tative of the average temperature at which low.
pressweAempaanse limits. The licensee beheved that temperature overpressure events have occurred. This,

! LTOP prosecuan was being provided by redundant temperature is also lower than that at which the reactor
PORVs. In reahty, LTOP protection was being provided presswe vessel head may be removed at many plants and
by redundant RHR SRVs up to the time when one was represents a reasonable limiting temperature for this

; removed for maintenance. The remauung relief path was evaluation. A 25*F per hour heatup rate appears to be a
lost as a result of unrelated maintenance activities, which reasonable estimate based on heatup with decay heat and
produced inadvertent closure of the RHR suction line residual heat removal system pump energy prior to reactor
isolation valves, resulting in a mass addauon event- coolant pump restart. A 50oF change in the assumed,

charging without letdown. Had the licensee recognized vessel wall temperature is estimated to result in a factor of
that LTOP protection was being provided by the RHR two change in vessel failure probability (coolcr-a factor
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Value/ Impact Analysis

of two larger, warmer- a factor of two less). De vessel temperature overpressure protection is required for
faites pmbebility is dominated by the pressure contnbu- shutdown modes of operation. They occur most
tion. At a hessup ram of 50T per hour, the failure proba- frequendy in Mode 5, cold shutdown, with reactor coolant,:

|- bility is mammawl to be about 10% higher, as a result of temperatures less than 200T. A review of curmnt ;
'

i.
the incmased thermal stress contribution, standard technical specifications for containment integrity

i in shutdown modes (Modes 4,5, and 6) indicams that no
''

De maff recognians that there have been concerns with contanment integrity requirements are imposed for renc.
'

the flaw dissribunon (crack size and frequency) assump- tar coolant temperatures less than 200T. except during-
tions used in the VISA computer program, as idanuned refueling when the pressure vessel head is removed. ;
during the pmoess for USI A 49, "Pressunned
Dennel Shock." , the use of VISA for this It is therefore reasonable to assume that comamment
evalossion is appsogness for the quantiScanon of risk due integrity and contamment isolation are quesuonable. *

,

| to briele vessel fauure in that the results are cosasant and Containment has been treamd parametricauy in this
; based on a pnmously developed methodclogy well known evaluation and, for the assumpdons used, the proposed

to both the NRC staff and the industry. Sensitivity studes remlution is shown to be cost bane 6cial and wou within' >

point to uncertainties in the flaw sine distributions at the tie valu/ impact ratio of $1,000 per persta rem averted. |
j major animown facett in predicting the fadure prohaMity

of reactor vessels (Ref. 7). De frequency of low te.nperaune overpressure eserds has,

remained relatively cont. tant Exclu6ng procursor eventi
,

|
Seasitivity sedios have bwa pericame'l on the VISA and including pre-cornnwrcial events, t!.e frequer.cy c/

I- models used to decernine the reactor pressure vessel events p'ior to 1930 was about 0.15 per teactor year, and
L duodsh wall cask (TWC) pet butulity in conjunction with r. Par 1980 (through de end of 1986), 0.12 por reacror

the prenurirsd t%armal shock studies for USl A 49 (Reis, y.mr. In tatal, frten 1%9 through the end of 1986, there
18 and 19). The effects of matenal property unconsinties, were 91 low ter:perature-related events (precursor and
such as ste frecuse inughness and crack annet laughness, pre- and post-commercial) occurring at 36 of the 55 plants ,

and incer:amtiss in the namumad disenbunon of the copper evalrated in this study. It is therr, fore reasonable to
! consent la the vessel maesnal tend to incnnse the TWC assume that the event frequencies developed during this

probabuity catentaead from a factor of two to about an or- study are applicable to all Westinghouse and Combust on
der of magniawla On the othar hand, the effects of the Engineering PWRs. Further, the actual events all fall ,

crack length-scxiepth ratio assumphon indicam a decrease within the design base for the low temperature overpres-
in the 1WC probabuity calculated. For the LTOP tran- sure protection system- mass t.nd energy input imbalances
sient, in going fmm an infinite length crack (the base case) resulting from charging / letdown flow mismatches,

.'to a 6:1 length-to-depth crack, the TWC probability inadvertent safety irQection, and reactor coolant punp
decreases by a factor of about three. The ini' ite crack restarts.m ,

length assumption is recommended for use because strong

n -- ' data bases have not been enablished for jus- From the above operaung experience, the frequency of
tifying the use of a particular flaw length distribution (Ref. Iow temperature overpressure events is expected to remain t

19). De assumptions used are consistent with the recom- constant, at about 0.1 per reactor year, 11 is therefore
mandanons of References 18 arid 19. appropnate for the NRC staff to consider that low-

temperature overpressure events are anticipated transients
De through wall crack probabdity obtamed imm VISA is and that the requirements of Appendix G in defining the
used to obtain an estimes of the core damage frequency acceptable pressure / temperature limits fcr operation are
and to allow the NRC suff to anamana the relative impor- also appropriate,
sanos of low-temperature overpressure tunnments. The
impact attributes (cleanup and repair, replacement power ne NRC staff does not recommend this alternative ("no
costs, and offsite damage costs) are based on risk reduc- action"). Low temperature overpressure protection
tion estimates of the core damage frequency for proposed requirements have been imposed on PWR licensees to
alternatives. In addition, the base case (or current) risk ensure that adequate protection against brittle reactor pres-

,

estimate can be used to esumate the poential costs of the sure vessel failure is provided, particularly for anticipated '

no acuan alternative, operational transients. To ensure that adequate margins *

are mainunined, the Appendix G pressure / temperature
ContainmentIntegrity limits are identified in the technical specifications to meet

the requirements of General Design Criterion 31. While
= The' consequence evaluauon for low-temperature over- the overall probability of a through wall crack is estimated

pressure events is based r%ontainment bypass or failure to be on the order of 3x104per reactor year, the likelihood
of containment to isolate following an event. Low- of exceeding the Appendix G pressure / temperature limits

,
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Value/ impact Analysis -

'

is once in each ten events as a sesult of L70P system Two groups of plants are used for this evaluation, as dis- |

; unavadability, cussed previously. De grouping was based on the type of
'

low-temperstme overpressure protection system employed
,

| No costs are usunUy auributed to a "No Acuan'sherne- at the plant. Group I consists of tho6e Westinghouse and'

tive because the fuime costs of accidents are convention- Combustion Engineermg plants that use PORVs for *

: ally counted as bananna or averted costs in the anaaaamarit protection. Group 2 consists of those Westinghouse and
i of the absenative actions. However, a core damage Combustion Engineormg pianu that use safety relief

accident seenkes from a low-tempemons overpresswe values in the remdual heat removal system for protection. '

unasient is esdmated to result in $1.2 billion in cleanup ~ Newer Wesunghouse plants that allow either PORVs or
and repair costa. In addition, raplanamaan power costs RHR SRVs were placed in Group 2. The newer plams '

conid occur denng the cleanup and repair panod. - If the tend to have better reactor presswe vessel matenal !

accidset also results in a large reisess of radioactivity properties and lower vessel failure probabilities due to the .
'

ansies, the costs of relocating people, resencting food and arradiation embntalement. nis grouping assumption will.

weenr, cleanup of ananamiannan, and henhh consequences not have a agnificant impact on this evaluauon.
would add to these casa. Based on a 10-year penod for
the casenup and repair of onsits damage, the pesant value De current technical specification for overpressure
of them svened costs for 67 plants is enimmed to be about prosecuan allows one of the two channe's to be out of ;

L $5 mdhon, bened on a 5% continuous discount nate and a service for 7 days with no restrictions on plant operations. ,

| maan cxus damage h, ay of 3.24x104 per reactor This allows the low temperature overpressure protection
year. De present value of avened costs for offsite system to be degraded to a single channel system. De'

| damage for 67 plants is estimated to be as high as $8 technical specification excludes the low temperature over.
mallion for a large release, dwoursed at 5% ove the preasure protectica systera hem being considered as a sytr'

remmang life of the plants included in this study. Thus, tem that perfums 4 safety r:lahd function. An
the convenoon of accounung for these avened cons its the open$ility check of a channel flat reveals a failwe before-

i a=an=maae of other alternauves should not obscure the a mcde change does not (tred not) prohibit prccreding

| possible cosa associated with the 'No Action' ahernative. with less than the mininmin rennber of channels in senice
(for LTOP, two channi.s are wified as the minimum)I .

'

5.1.2 Altentative2 ChangetoTechnical
Specifications

De propossd alternative would ensure that both channels
De benent from implamanning a proposed change to the are operable, when providing protection against brittle

'
; technical specificanon for overpressure protection would reactor prest,mu vessel failure while operating in Mode 5.
I be a reduction in the frequency of core damage per reactor An inoperable channel needs to be returned to operable
, year due to a low-temperatae overpressure event. De status as soon as possible, and the NRC staff believes that
' risk reduction is based on improvements in low. it is not appropriate to continue with actions to retum to

temperstme overpressure protection system avadahality, power operations with only one channel operable, as cur.
i In addition to t=-' - ~ j= costs associated with this rently allowed by the overpressure protection technical

proposal. operanonal cost increases resulting from speci6 cation.
acreased outage times are also considered.

De reduction in core damags frequency expected would
De industry im(-- =L= costs would be pnmarily be equivalent to the logical "and" of the estimated
those incuned to revise the current overpressure protection unavailability of the single channel system on which this
technical specancanna and to modify the plant cooldown evaluation is based. For the Group 1 (PORVs) plants tie!-

and heatup isua a to reflect the revised techmcal reduction is eenmatad to be from 0.087 to 0.087*0.087, or
a==*=*ian. De NRC costs would be pnmarily those 0.0076. For the Oroup 2 (RHR SRVs) plants the reduction

i

masaci=nad with the review and approval of the revised is estimated to be from 0.143 to 0.143'0.143, or 0.02. De

; techmcal specifications. Dese are discussed in the fol- mean through wall crack frequency, or core damage
is reduced from 3 24x104 per reactor year tolowing p==,er=ahe frequency,per reactor year. De core damage frequency

.

3.47x10-
; 5.1.2.1 Risk Redaction Estimates reduction is 2.89x104per reactor year.
.

To estimate the change in tiae expected risk that the De actual benefit, in terms of LTOP protection
i proposed resolution could effect, both the postulated availability, may be less than assumed if undetected

rachoactive exposure (in person-rem) that would result in common cause failures are considered. Common cause
,

the event of an accident and the reduction of the core failures, such as leakags past PORVs or air / nitrogen*

i damage frequency must be estimated. system failures, which are detectable, require immediate

!

NUREO 1326 5-4

.

w -v c ---,w ,-,,,-n-, , , - - - n,,- -,---...m,n-m,--.nno..n---r-ns e.-, , - - , - . . ,,,w-s----,mw,, w



__

. .

i. t
,

!
:.

Value/ Impact Analysis

i

action to depressurias and vent the reactor coolant system per demand. If the common cause contribution is 0.0324
.

under the current technical specificahons, of the base case 0.1 per demand unavailability, then me ;

resultant channel independent unavailability would be -

la the LER data base, there are 25 events that have been 0.0976 per demand (0.1 0.0024). The LTOP un- i

clasmSed as both L10P protection channels unavauable, availability would then be 0.0024 for common cause |

Of theos 25 events,12 was related to PORY leakage or failures plus 0.0976*0.0976 for independent failures, or ,

air /ninogen problems. Of the remauung 13. four would be 0.012 per demand.
classiosd as ===aa cause fauures. In two cases, proco- !

idural ener resulted in no LTOP promenon for 14 and 36 De estimation of risk (in person-rom) is also dependent
hours. In one case, the PORY block valves were found to on assumpuons concerning comamment integrity at the

'

'

be closed for a period of about 5 hours. In the second time of an accident. Since low temperature overpressure
case, a bisak fisage was instausd in the vent line and events occur most frequently in Mode 5 at reactor coolant
found about 8 hours later. No low-temperature overpres- system temperature less than 200aF, contamment integrity
sare tranaenu occuned dunng these penods of time. is unce tain. No technical specifications for containment i

*

integrity exist below 200aF (except during refueling
Dare was one reponed case where component falures operations when the reactor pressure vessel head has been
were not detected by required surveiuance- the Mdistone removed). Industry responses to NRC Generic letter 87-
3 event in January 1988. Unrecognized system interacuon 12 (Ref. 21) indicate that containment imegrity during ,

between the solid staae protection system and the overpres. Mode 5 is often relaxed to allow for testing and
sure mitiganon synom (OMS) was not detecad, tendering maimenance, and for repair of equipment (for example,
both OMS chmanais inoperable for mots than 2 memhs, containment penetradons, steam generators, and reactor
De abernative relief pths via the RHR SRVs wat avail- coolant pumps). Dree risk estimates are employed to ?

able until January, whou one path was removed for address containment integrity, '

namesnance reinsed activities and the ottwr relief path was
lost as a resuk of muelated acduties, which !andvertently he best estimate value assum s that there is a 50% proba-

resed isolanon of the RHR s3 stem. The loss of the.let- bility of the containment's being open at the time of the
down flow patin with mananad charging resulted in an accident. The open containment consequence is based on |

*

L10P trar.aient thn could not be mitigated by the L10P the scaled source tenn evaluation presented in Appendix |
proeschon symem. Prompt operator schon limited the B. For the other 50%, the containment consequence is i

peak pressure to a value below the Appecdix 0 limits. For based on the Siting Source Term evaluation for an SST2 ;

this evaluation it is assumed that the common cause failure release (Severe core damage. Contamment fails to isolate. I

esimed for 1800 hours (more than 2 months), even though Fission product release mitigating systems, e.g., sprays ,

i lalternative relief paths were avadable during this period of and fan coolers. operate to redace rt case-similar to
time. WASH 1400 PWR 5 release). j

De average time plants spend in shutdown modes is about The high estimate value assumes that the containment is 1

30% per reactor year (110 days), including refueling open and the fission product release mitigating systems do

| outages (Ref. 20) with refueling outage times when the not operate. Le low estimate value assumes that there is
reactor is dia====hled accounting for about 20 of the 110 a 10% probability of the containment's being open at the

,

! days. It is assened that L10P protection is required 25% time of the accident. The source terms are the same as the )
of a year per mactor year, about 2200 hours. In 340 reactor best esumate case, but weighted 10/90 instead of 50/50. j

'

years (including accumulated exponences through 1987 to i

properly account for Millstone 3), urutaeacted common In addition to public health consequences, the:e are also
cause failmes resulted in L10P protection unavailability occupational health consequences associated with the acci-
for roughly 1800 hours during the 745,000 hours when dent. De short. term and long term occupational i
L10P penancdan is assumed to be needed. The probabil- exposures are taken from Section 3.3, * Occupational l

ity of an undeteced common cause failure resulting in Health (Accidental)," of NUREG/CR 3568 (Ref. 22). The I

LTOP protection unavadabdity is therefore estimated to dose reduction estimate is based on an average reduction l

be 0.0024 per demand, as compared to the 0.1 per demand in core damage frequency of 2.89x104 per reactor year,
(three failures in 30 total events) LTOP independcat un- based on the proposed resolution of 0194 for 67 plants
avadability used for this evaluation. over an average remaining lifetime of 28 reactor years.

De LTOP protection unavailability, including undetected The dose reduction estimates for the three cases are
common cause failures, is estimated to be about 20% provided in Table 5.1. The proposed resolution should not
higher than used in this evaluation. The assumed result in any additional operational exposure to plant pct-
improvement in L10P unavailability is from 0.1 to 0.01 sonnel.
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Table 8.1 Vales / impact summary he the proposed resolution of GI 94 (for 67 plaats).

.

Dome Reducnon (person-rem) Costs ($1,000s) .

Best High Low Best High Low |
Parameter Est. Est. Est. Est. Est. ' Est.

11 -

Public Hashh 14,500 26,700 4,700
'

% IExposse 180 240 60
,

(accideaal)

0-:- ''-- ' Exposure NA NA NA '

(rouans)G) ,

,

'

IndstryImplementationG) 1,290 2.57C 640
>

lodustry Operminaal(3) PO 400 80

NRC impisananterian 950 1,340 500 !

Value/lmrset Ratiold) 160 180 260
: (som etindesary and<

,

NRCimplemansation costs'

divided by the pm|| -,
,

does redaction animata
.$/avened person-rem)

Nones:- r

(t) No sismi6samt semains supomme is ammapaamd as a susuk of the poposed seschman low.esmipuseams overpessure prosecuan channat

surveillense involves h siseek stesk wahos osmenusmuut osmy. *

Q) Cons asseeisand wish sovisises to tashasset and plass conidous and honasy pseendoses.
""

Q) _ Piusmus valms of essunsand sapiasmsment power sons sesolums inna delayed meesp esaned by psoposed sesolution. Applienkle to
PoltV pismes emir (40 of 67 maks), ses esas.

(4) 'One does est tabs inas assumes the addanomal magassie insposes -a-d with evoided plass desmage cases or . --- power cosas
-

summhlas fsemi sedmond fsequency of osso denness (see uns. Sendan 5.1.2.5).

(-

8.1.2.2 Industry 8 pi.= eaesa= Cast R=*e==*== would requise i==adiana action to replace a failed channel

3 to operable status before proceeding with planned startup -

'Ihe cost to the hcensees to comply widt the proposed operanons.
,
' requipamaans will very depending on assumpnoes concern-

ing the level of effort necessary to revise the narhae=1 Since there are no addannaal surveillance requirements for
apar'inemaan fa overpeasure protection and to revise the the plants that rely on the residual heat removal system
plant cooldown and bestup procedures to reflect the safety relief valves, becanse these are passive devices, no
change. In addition, there may be an extended outage additional surveillance checks for operability are '

resultag frorn the requusment to enswo both low- performed during shutdown. 'Ihere will be no additional
temperature ovcepressure protection channels operable delay in startup time and therefore no replacement power
prior to startup. 'Ibe cost would be annociased with addi- costs for the RHR SRV plants.
tional n,,4 i.nent power. The replacement power costs<-

would impact only plants using PORVs. 'Ihe techrucal Appendix C provides the bases for the industry costs
spacineneinn for PORV plants requires charmel operability associated with the proposed recommendation for the

p checks every 31 days. The proposed recommendation resolution of GI 94.
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Value/ Impact Analysis
,

The induary knplementation costs are provided in Table Appendix D provides the bases for the NRC costs '

5.1. The cons are based on the level of effort requued to nenac amari with the proposed recommendation for the
revise the nachnical spacincannn ad plant cooldown and resolution of 0194. '

homesp pmcodures. The best aanmane costs are based on a
level of effort ma=acimarl with a simple change, $17,400 The NRC implementation cost estimates are calculated !
per plant for the technical specification char.ges and using the same assumptions as applied to the industry
$1.900 per plant for revisions to the ph.nt pmcodures. The implementation costs. For the simple technical specifica-
high estimate is Weed on a level of effort manacmarl with a tion change, the best estimate cost is estimated at $14,200
annyanas change, $34,800 per plant for the techmcal per plant, and for the complex change the high estimate t

spae=Armia= changes and $4,800 per plant for revisions to cost is $27,400 per plant. The low estimate is based on :
the plant pmoodures. The low esimate assumes the level halving the simple, or routine, cost esumate. The NRC t

of esort is one half of that associtied with the simple implementation costs estunates are provided in Table 5.1,
'

changa. ;

5.1?.4 Valoe/ Impact Summary
Indussy operational costs are esumated based on the
pnment value of pridirianal replacamant power resulting The value/ impact sununary for the proposed resolution of
firam delayed startup as a result of the proposed resolut6n Generic lasue 94, %1ditional Low temperature Overpms-
for 0194 (see Appendix C) and are applirahte only to sure Protection for 1ight Water Reactors," is provided in ;

plants that use PORVs for low temperature overpmasure Table 5.1. The proposed ruolution would impact all
prnmarnan Assuming a 4 hour deiny in startup (estinistad Westinghouse and Combustion Engineermg PWRs. Plants
imm Ref. 23) at $500.000 per day for replacement power, using either PORVs or the RHR SRVs can reduce the risk
the *==nad cost is $83,000. Howevex, only a fraction of of britde reactor pressure vessel failure and reduce the
startups willbe delayed. probability of exceeding Appendix 0 pressure /temperatwo

limits by an order of mapitude by simply considering the
k is assumed thet there are (1a nontefueling aht: downs safety related role of these components, while operaung ht
per reactor yeer per plant (Ref. 24). In most cases the low temperature, especially when water. solid. The
shutdown mode will be exited pnor to the nood for repea;- IMihaad of a low temper 4ure merpressure transiem.

lag the surveillance. It is assumed that 5% of ths time resulting in a peak pressu.e exesting the Apoendix 0
(onra every 5 years) survenant* is required prior to re- pressme/ temperature limits would oc reduced from one-
start. Further assaning that the probability of fixing the in-ten to one in one hundred, the oesired objective of 01-
channel actually delays the startup 5% (one out of twenry) 94. The likelihood of brittle reactor pressure vessel frac-
of the time and that the channal unavailability is 0.087 per ture (a through wall crack) is minimized,

j damand the frequency of delayed startup is estimated as:
The proposed resolution for Generic issue 94 reduces the

(4 shutdowns / year) x (0.05 delays) x (2 channels) mean core damage frequency to less than 1x104 per
x (0.087/ demand) x (0.05 repair delays) == reactor year, from 3.24x104 o 3.5x107 per reactor year,t

1.74x10-3 delays per reactor year, moeung the target CDF objective stated in Section 2. For
a plant that approaches the PTS screening criteria at the,

The average annual cost of a delayed startup, based on a end-of license (with a CDF of 7x104per reactor year), the'

4-hour delay, is aarunmead to be (4 hr/24 hr) x target CDF objective would also be met (with the CDP
$500,000/ day x 1.74x10-3 por reactor year, or $145. At a reduced to 7x10r7per reactor year).j

discount rase of 5% the present value of the replacement
power cost is $2,000 per PORY plant, over the average 5.1.2J Averted Dainage Costs
remainmg lifetime of the PORV plants (24 years). At a
10% discount the present value is $1,400. If the need to ' lack ding the costs of averted plant damage, replacement
return an inoperable channel to service occurs once per power, and offsite costs can significantly affect the overall

'
,

reactor year, then the cost of replacement power would be cost-benefit evaluation. In addition, the present value ,

five times greener than assumed, or $10,000 per plant (at a associated with these factors can serve as a measure of the
5% discount rate). worth of a proposed alternative. If two or more proposed

alternatives could achieve similar risk reduction, but with
5.1.23 NRC Implementation Cost Estimates markedly different costs, then the present value estimates

could be used to evaluate the relative worth of an alterna-
1hc cost to the NRC to review and approve the revised tive.
technical specification will vary depending on assump-
tions concerning the level of effort necessary to perform The estimated present value costs for avoided plant
the review, damage are summarized in Table 5.2. The cost for the
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Value/ Impact Analysis
' '

.

rtaannp and repair of a plant followmg reactor pressure of accident avoidance could be estimated. From Appendix
vessel fracane and Asman product release is estimated to E, the a**=ad present value costs for offsite effects are
be $1.2 billion (Refs. 22 and 25). The replacement power summartzed in Table 5.3.
cost is based on the daily replacement cost typically used
to esumate short-term power replacement costs. Should it 1he total present value of evoided damage is dependent on
become necessary for a utility to provide replacement the release category assumption (containment integnty at
power for a long penod of time, for example,10 years as the time of the accident). Table 5.3 provides attriitinnal
assumed herein, it is probable that alternative methods information that can be used to assist in evaluating the
would be canadered that may lower the actual costs. The benefits associated with any proposed altemative fw OI-
dotaded evalumnon is provided in Appendix E. 94. To account for containment integrity assumpoons, the

SST1 and SST2 costs need to be properly weighted to
if cost saving to the industry from accident avoidance develop the present value costs of avoided damage. It is
(cleanup and repair of onsus damage and replacement noted that these cost estimates for offsite damage are prob-
power).were to be canadered, the overall value/ impact ably conservative in that the fission product releases for a
ratios would be improved signiScandy. At a 5% discount low. temperature overpressure event are lower than those'

rate, the present value of avoided damage would more a-wart with an SST1 release.,

| than offset the $2.32 million best esumate implememation
, . cost. The total avoided damage costs (both onsite and offsite)

for the 67 plants are esumated to be $8.3 million for the'

if the added savings to the industry from accident best estimate case, $11.6 million for the high estimate
,

[ avoidance reshing in reduced offsite health and property case, and $5.4 million for the low estimate case (assuming
costs were to be considered, a measure of the total worth a 5% discount rate).

Table 5.2 Estimated present vulee rests for aveMed onsite damage (for 67 plants),
,.

,

,

10% Discount 5% Discount.

' Over 10 Ye Js Over 10 Yerra
..-

Clearap r.nd Repair $1,200,000 $2,200.000

f Replacement Power $1,300,000 $2,400,000

:

i Total $2,500,000 $4,600,000

:

Table 5.3 Esthmated present value costs for avoided offsite health and personal property damage (for 67 plants).
,

i Based on SST1 Costs Based on SST2 Costs
Over Plant Life Over Plant Life,

1

| 10% Discount 5% Discount 10% Discount 5% Discount
*

1
,

'

Offsite Health $ 640,000 $ 970,000 $ 23,000 $ 36,000

Offsite Property $4,060,000 $6,180,000 $ 63,000 $ 86,000

j-
Total $4,700,000 $7,150,000 $ 86,000 $ 122,000

j

i
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Value/ Impact Analysis

5.1.3 Alternative 3. SIand RCP spectrum without these events. This is a scoping assump-
Restrictions tion to manmtze the risk reduction estimates. LTOP

unavalability is assumed to be the same as for the base
Like Ahernative 2, Alternative 3 addressu ritt redocuon case. Dree of the PORV class mass addition events
by evalundng changes to the technical speci6 canons that would not have occurred North Anna 1 in 1981 and in i

are innsaded to lower the frequency of occurnace of low. 1983, and San Onofre 1 in 1983 (see Table 4.1). De San
temperatum overpresswo events. These revisions would Onofre 1 event would have eliminated one of the two 2500
apply to all 67 Waar=ghan=* and Combusuon Engmeenng psi cases in the PORY class of plants. SI lockout would
plants. De technical areAcanan changes here would have elimmated one of the RHR SRV mass addinon

'

petmde for addinanal ad====rative controls on the sys- events, the 450 psi event at Byron 1 in 1985 (see Table
tems and components involved in causag a pressure tran- 4.2). The frequency of low-temperature ovapressee ,

sient while operating at low temperamres, insmed of events, based on the revised base case (the elmunanon of
increemas the avalability of the midssang system as events), would be 0.082 (20 events in 244 reactor years) .

proposedin Ahernative 2. for PORV plants with the SI proposal and 0.107 (six
events in 56 reactor years) for the RHR SRV plants.

De Srst change would be to require that all high-pressure
safety injection (HPSI) pumps be locked out or have De risk reduction for not allowing RCP restart is
power vernoved when operating in a water-solid condition. estimated in a similar mannet For the PORY class of

'

However, this ahernative would also remove the SI path as plants, all six energy addition events would have been'

| the normal means of supplying highly borated water for eliminated. In addition, the two Turkey Point 4 events in
reactivity control. A review of the Wesdaghouse and 1981 and one of the North Anna 1 (1984) mass additioni

ramhnarian Eosmeermg standard techmcal specifications events would have been eliminated (see Table 4.1) For.

indicates that basadon r:,quiremama can be met with the RHR SRV clan, all three of the energy addition events
'

| power removed to tae SI purups. Tw addinonal borntun would have been eF=in=a-i ne frequency of low-
| paths me ideno6ed for use in Modes 4 and 5. One tempemture overycssure events, based on the mVIsed base

con: mins the boric acid tank, boric ::id tmosfer pumps, case (the elimination of evenn), would be 0.057 (14 events
and a charsmg pump. Tie othe' contains the barmed in 244 reactor years) fcr PORY plants with the RCP
water storage tank and a chargmg pump, proposal and 0.071 (four events in 56 rea: tor years) for the -

i- . -
RHR SRV plants.

| !a addition, this akernative would not allow ine restart of a
reactor cooler t pump while in a water solid condition to Overall, if both proposed actions were to be implemented,
prevnic additional rist, red.iction. Ahhough there are the frequency of low temperature overpressure events is
current restrictions in the sLadard technical specificauons estimated to be reduced from 0.094 to 0.045 per reactor
regarthag restart of a reactor coolant pump, this ahernative year for PORV plants and from 0.125 to 0.054 per reactor
would be more sinngasat and a new technical specificauon year for RHR SRV plants. De frequency of events would
would have to be developed for this requirement. Under remam high enough to still consider LTOP events as
the current nachnical spacificariana, reactor coolant pump anticipated operational trusients, at least once in the plant
restart is allowed in a water solid condition provided the lifetime,
manandary side temperature is not hotter than the prunary
side by a spacinad value (as determined by analysis per- De peak pressure spectrum would also change if these
fcumed by each heensee). proposed actions were implemented, as shown in Table

5.5.
g.L3.1 Risk Reduction Esthmates

ne LTOP unavailability will not change from the base
The reduction in the mean core damage frequency case as a resuh of these proposed actions, ne vessel
namaciasad with either an Si or an RCP technical specifica- fracture probability, at a given peak pressure, is a constant.

. tion change, as well as the esumated change if both were De risk reduction estimate in through wall crack
| to be implemented, are provided in Table 5.4 as Alterna- frequency for SI lockout is 1.07x104 per reactor year,

tives 3(a),3(b), and 3(a) & 3(b), respectively, from 3.24x104 to 2.17x104 per reactor year. The RCP
4restart proposal reduction is 2.12x10 per reactor year,

De risk reduction for the proposed recommendation to from 3.24x104 to 3.03x104 per reactor year. The overall
lock out all HPSI is esumated by evaluating the reduction risk reduction in through wall crack frequency is estimated
in the frequency of LTOP events duc to inadvertent safety to be 1.20x104 per reactor year, from 3.24x104 to
ispection and to determme the revised peak pressure 2.04x10-6per reactor year.
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Table 5.4 Mesa core damage hoquency estianates for Akeraative 3.

Mean Core
Damage Prequency (CDF)- _

Reduction
CDF

*serose Arter
Alternative 1/RY 1/RY 1/RY Ratio

:

3(a) 3.24x104 2.17x104 1.07x104 1.49
3(b) 3.24x104 3.03x104 2.12x107 1.07 *

3(a)&(b) 3.24x104 2.04x104 1.20x104 1.59 -

i

Ahmaanwe Desenpelons

j 3(a) & SI whee __ '" insknical . chanse.
*-

'

3(b) .& RCP sosian when weier.oolid,ieduuont speanomaan change.
,

3(e)h(b) Bah SI and RCP sequuements, technical spenGaesian chansas. '

,

| Table 5.5 Peak prwoorre spectrum tummary for Akerneh e 3.
1

,

. - _ __

Pressere Base Case SiLock Out RCP Researt S1and RCPi

| Plant Orcup (pal) Psaction Fraction Praction Fraction t

1 - - -

PORY Plants 2500 0.09 0.05 0.14 0.09
1400 0.00 0.10 0. O.

850 0.13 0.15 0.21 0.18
600 0.69 0.70 0.65 0.73

RHR SRV Plants 2500 0.14 0.17 0.2.5 0.33
~

850 0.14 0.17 0.25 0.33
, 600 0.72 0.66 0.50 0.34

5.1.3.2 . Industry lapleasentation Cost Ea*1==*as %e best estunate costs for the RCP restart technical
specificanon change and plant procedure revisions are

De industry ' --(----- '= cost estimates, with high and based on the routine cnange cost estimates, $17,400 and
low values, are pitmded in Table 5.6. De best anima * $1.900 per plant, respectively, for a total cost of $19,300
costs for the $1 nachnical premelna Change and plant per plant. De high esumate costs are based on the :

,

procedure revisions are based on the complex change cost complex costs esumates of $34,800 and $4,800, for a total
ama==aan $34,800 and $7,500 per plant, respectively. In cost of $39,600 per plant. The low estimate costs are
addition, training costs are expected for the new S1 based on halving the simple, or routine, change cost
requirement to ensure that boration requuements will be estimates. The costs are $8,700 and $900, or $9,600 total
met. %e training cost is estimated to be $11,800 per per plant.

1

plant, for a total cost of $54,100 per plant. De high
estimase cost is based on doubling the cost to account for
the mMinnnel costs associated with meeting borauon The industry implementation cost for both actions is a
requuements,$108,200per plant. De low estimate cost straight forward addition of the individual costs. The best
is based on the simple, or routine, change cost estimates, estimate cost is therefore $73,400 per plant. He high
without the need for additional trauung. The costs are estimaic and low estimate costs are $148,000 and $28,900
$17,400 and $1,900, or $19,300 total per plant. per plant, respectively.
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1

Table 5.6 Implementation cost estimates for Altermathe 3. )

i

Unit Costs TotalCosts

Alesmedve Plants Best High 1.ow Best High Low
Costlasm Affected Est. Est. Est. Est. Est. Est.

($) ($) ($) ($1,000s) ($1,000s) ($1,000s)

3(a)
!

Indusey
.

Tech Spec All 34,800 69,800 17,400 ;

Procedures All ~ 7,500 15,000 1,900
Training All 11,800 23,600 0
Total 3,630 7.250 1,290
NRC ,

Tech Spec All 27,400 54,800 14,200 1,840 3,670 950
.

Total 5,470 10,920 2,240

3(b)

Indstry
TechSpec All 17,400 34,600 8,700
Proceduns All 1,900 4,800 90G ,

Tote 1,290 2,650 650 ,

NPE,

Toca Srx All 14,200 2'',400 7,100 950 1,840
.

' Anal 2.240 4.490 1,130 ,

3(a)&(b)

IndustryTotal All 73,400 148,000 28,900 4,920 9,910 1,940 >

NRC Total All 41,600 82,200 21,300 2,790 5,510 1,430 '

Total All 115,000 230,200 50,200 7,710 15,420 3,370

Akemenve ' See foemees to Tabis 5.4.,

Plamas aseasd: All Apphenbie to 67 umas. PORVs . Applicable to 40 units. RHR SRVs Apphenbie to 27 units.

|
|

5.1.3.3 NRC Implementation Cost Estimates a complex change, $27,400 per plant. The high and low
estimates are $54,800 (double the complex cost) and

The NRC implementation costs are based on the same $14,200(routine change)per plantorespectively,
assumptions regarding whether the change to the technical
speci8 cations are judged to be complex or routine and are The NRC best estimate implementation cost for the RCP

l provided in Table 5.6. A=W ana used to esumate the restart technical specification change is $14,200 (routine)i

high and low cost estimates are consistent with those used per plant. The high estimate is based on the complex cost
to estimate the industry implementation costs. For the SI estimate, $27,400 per plant. The low estimate is based on
change the NRC best esumate implementation is based on halving the routine cost, or $7,100 per plant.
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!

De NRC implementation cost for both actions is a based on the overall risk reduction and costs for both j
i

straightforward mMemn of the individual costs. De best actions,
esamass cost is therefore 541.600 per plant. De high'

esumane and low esumate costs are 582,200 and 521,300 Alternative 3 is not recommended because of the lower es-
per plant,respectively, timated risk reduction and the high costs associated with

dese changes when compared to the proposed resolution,
Alternative 2. This alternative does not improve the

5.1.3.4 Valae/ Impact Su==ary LTOP sysicm availability, nor does it appear to reduce the
overall event frequency to a value that could be considered

De value/ impact smnmary for Alternative 3 is provided in low enough to exclude these transients from considerauon f,

Table 5.7. for each of the three contamment assumptions, as anticipated operational transients. !
'

.

Table 5.7 Value/ impact summary for Alternative 3 (for 67 plaats),

TWC Reduction Industry + NRC Person-Rem Value/ Impact Ratio
,

/R year Cost Averted ($/ Person Rem)'

'

Best Esumate 1.20x104 $ 7.71 million 8,400 v20

| High Estimate 1.20x104 $15.42 million 15,600 9s0 (
!

14w Estimate 1.20x104 $ 3.37 million 2.800 1,200'

[ -__

L- 5.L4 Alternative O Removai of RHR While inadvertent isottrion of the RHR c:.n recalt in a
'

Autoclosure Inttriock tow-temperature overpressure event. the operatmg seactor --

experiences from 1980 through 1986 do not indicate that
This ahemative explored risk reduction from low- spurious ACI is a significant contributor to LTOP rii.
temperature overpressure events if the autoclosure inter. Dere were no LTOP trantients (events during shutdown;

lock (ACI) on the residual hem removal suction line isola- operations that c!iallenged the LTOP systems) directly re-'

tiou valves is removed. It is expected that the frequency lated to spurious ACI of the RHR suction line valves.-

of low-temperature overpressure events will be reduced if Prior to the impkmentation of USI A 26 requiremmts,I

the ACI is removed because spurious closure of the about half of the low temperature overpres:tre transients
suction line isolation valves resulting in a loss of letdown occurred with the RHR isolated. A large fractior of hese
will not occur. The base case risk analysis credits limiting ' were attributed to ACI actuation. De NRC smff betieves'

the peak pressure of a low temperature overpressure event that the requirements of USI A 26 and the awareness ::.f
to the residual heat removal system safety relief valve LTOP concems, combined with the slow closing time of
setpoint if the residual heat removal system were func- the RHR suction line isolation valves (on the order of 2
tional and the ACI setpomt is above the safety relief valve minutes), have provided sufficient guidance and time to
setpoint, plant operators to mitigate these events before they chal-

lenge the PORVs.

An informal survey conducted by PNL of plants evaluated.

in this study found that 17 out of 26 plants surveyed would De risk reduction is therefore assumed to be related to tie; .
not be affected (the RHR SRV setpoint is actually below greater availability of the RHR SRVs in the PORV plant'

the ACI setpoint). About 14 plants (out of the 40 PORY group to limit the peak pressure of a low-temperature
plants) would actually benefit from this alternative. Plants overpressure event if the PORVs fail to mitigate the tran-
that rely on the residual heat removal system safety relief sient.

,
'

valves do not benefit from this ahemative because the
F ACI feature is not permitted in the design. To maintain a 5.1.4.1 Risk Reduction Estimates

common basis for evaluating ahernatives, the NRC staff
assumes that this alternative will be beneficial to the This attemative would not reduce either the LTOP event

,

<

PORV plant group, and the value/ impact evaluation is frequency or the unavailability of the PORV to mitigate'

based on these 40 PORV plants, both in overall risk reduc- low-temperature overpressure transients. Risk reduction
tion andin implementation costs, would be obtained by reducing the frequency of achieving

.
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high pressure imm the base case value to 600 psi, the typi. In additinn to the actual removal of the ACI, there are
calRHR SRV setpost pressure, additional costs related to technical specification changes

and revised plant procedures. The best estimate values are
For the PORV class of plant, if the ACI feanne had been based on a routine change, $17,400 for the technical )
removed, three of the 23 operanng reactor events would speci6 cation change and $1,900 for changes to plant ]
have resulted in lower peak pressures. 'The Ginna SI event operating and maintenance. procedures, for a total of
(1983) and the two Turkey Point 4 events (1981) would $19,300 per plant. The high cost estimate assumes that the .
have been limiand to 600 psi, the SRV seapoint. In the technical specification change is complex, $34,800 per ,

base mas,15 ovenies were aheady assumed to be lindled to plant, and that the cost to revise procedures remains the j
the RHR SRV seapoint, three occursed when the RHR was same, for a total cost of $36,700 per plant. The low cost
aheady isolaasd, one involved inadequate capacity to estimase is based on halving the routine cost estimate,
relieve the mass flow rate, and one was a result of an $8,700 per plant.
elacincal upset as opposed to an ACI actuanna The peak
pressure spectrum that would result fium this ahomative is In addinnet to the costs maanciasad with implementation of
shown in Table 5.8. this alternative, there may be additional costs to both the

industry and the NRC that would reduce the overall
~1he reduction in the through wall crack frequency for the benefit. Additional costs would include plant specific

4PORV plants is estimaand to be 1.60x10 per reactor year, studies to demonstrate that overall plant safety would not
from the base case value of 3.04x104 per reactor year to be adversely impacted, and any edditional features to
2.88x104per reactor yonr. This alternative does not result protect against the inadvenent overpressunzation of the
in a mgnificant reduction because the probability of high residual heat removal system (m interfacing loss cf.
premmre events, combmed whh RHR isolation not related coolant rscident, Event V),
to ACI,is wh=F;

[ ~

5,1.4.2 Industry Impementaties Cost Radsmates 5.1.4.3 NRC Implespeatstion Costs Estlanates

! The indusuy implementation cost animatan, wish'high cad The NRC implementation cost estimates are provided in '

low values, are provided in Table 5.9. Recently completed Table 5.9. Based on recently coupleted work on Generic
work on Generic lasue 99 indicates that the cost for Issue 99, the NRC cost associated with tre review of the
removal of the auroclosure interlock feature,inclcding the ACI removal is $2,000 per riant. The tchnical rpifica-'

costs for a plant specific analysis, cable disconnecting, in. tion change cost is basd on a routine change, $14,200 per
terlock logic repmgramming, and radation exposure, plant. The high esti nsde is based on a comp!cx change
ranges from $100,000 to $150,000 per plant (Ref. 26). cost, $27,400 gvt plar.f and the low estima,e is one<hstf

|~ 1hese vahms are used for this evaluation. of the routine wst,57,1ti0 per plant.
I

' Table 5J Peak pressure spectrum suarnary for Alternative 4.

i Pressure Base Case ACI Remova!
'

Plant Group (psi) Fractkm Fraction

PORV Plants 2500 0.09 0.09
1400 0.09 0.0
850 0.13 0.09,

600 0.69 0.82

RHR SRV Plants Notaffectedby Alternative 4
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Table g.9 laplementation east esdaates for Alternative 4 (for 40 PORY plaats).

-

Unit Costs TotalCosts

Plants Best High low Best High Low
Costlasm Affected Est. Est. Est. Est. Est. Est.

($) ($) ($) ($1,000s) ($1,000s) ($1,000s) .

;

Industry
AQ removal PORVs 100,000 150,000 100,000 '

'i Toial 4,000 6,000 4,000
Tech Spec PORVs 17,400 34,800 8,700
Procedmes PORVs 950 950 450
Main. Proc PORVs 950 950 450

Total 770 1,470 380

NRC
ACIremoval PORVs 2,000 2,000 2,000

Total PORVs 80 80 80
Tech Spec PORVs 14,200 27,400 7,100

*

Total 570 1,100 280<
,

Total
Without ACIRemov J Costs t.340 2,570 660* -

Total -

5,420 8,650 4,740With ACIRemovalCasm '

.

5.L4.4 Valme/ Impact S===ary SRVA In addinen, a plant specific aaalysis would be
rey 2 rod to erwn tiot the overall pin safety would not

'Ihe valuWimpact senmary for Ahernative 4 is provided in be adywscly impseted.
Table 5.10, for eas.h of the three containment assumptions,
based on the overall risk reduction. Two cost studienre 'Ihe risk reduction estimato for this altemative is small,

'
provided. In the first case, the costs are based on techmcal because the base case evaluation already credits the RHR
Fficanna and plant procedure changes only. 'this SRVs in limiting the peak pressure if the PORVs fall to
would be equivalent to increanng the current ACI setpoint mitigate an LTOP transient. The resultant valuerimpact
to a value higher than the RHR SRV seapomt for addi- ratios are high, in excess of the $1,000 per averted

L tional LTOP potection (provided of course that the SRV person-rem guideline.

| could be shown to be adequately sized to prevent over.

| pressurizanon of the RHR). In the second case, the costs
| include the actual removal of the AQ, assummg no addi. Alternative 4 is not recommended as a requirement to
| tional benefit for non-LTOP related reduction in person. resolve GI 94, although in conjunction with GI 99,

rem" ''RCS/RHR Suction Line Interlocks in PWRs" the
i removal of the autoclosure interlock appears to be benefi.

While a reduction in risk can be achieved for this alterna- cial. The low temperature overpressure event frequency
tive for low temperature overpressure concems, it is not can be reduced (resulting from spurious closure of the
known if the SRV setpoint can be modified to ensure that RHR suction line isolation valve and loss of letdown).
the requirements of Appendix 0, the pressure / temperature The NRC staff believes that, although ACI removal is
limits, are met over plant life, while providing margins to beneficial to GI 94 concerns, a determination that overall
ensure that the net pump suction head of the residual heat plant safety is not adversely impacted by its removal
removal pumps is maintained following cycling of the would have to be further addressed.

1
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'. Table 5.10 Value/ impact summary for Alternative 4 (for 40 PORY plants).
:

.L : TWC Reduction ' Industry + NRC Person-Rom Value/ Impact Ratio '
'
3

/Ryear Cost Averted , ($/ Person-Rem)

Without ACI f
RemovalCosts

i

m Best Estimate 1.60x10 7 ' $ 1.34 million 700 1,900
High Mari==na ' 1.60x10 7 ' $ 2.57 million 1,300 2,000
law Ranmara 1.60x107 $ 0.66 milhon 250 2,600

With ACI .
;

11emovalCosts [
.

BestRattmasa 1.60x107 $ 5A2 million 700 7,750- :
|1 High Estimate 1.60x10-7 $ 8.65 million 1,300 6.650
L Low Karimara .1.60x10 7 $ 4.74 million 250 19,000 ;

,

L

L 5.L5 Alternative 5 - Safety-Grade LTOP gamed by this allemative, a comparative evaluation was
System performed by PNL using the Sequoyah system as a model ;

,
for a fully safety grade system (Sequoyah I and 2 are -

Alsamative 5 evaluated risk reduction based on requiring operaung plants with' a fully. safety grade system ,

|- the low-pressure overpressure protection systems to be lastalled). In addition,-informal interviews with vendor
'

upgraded to a fully safety-grade system. ' The'following . H .o. ' and NRC inspectors were performed by PNL
h changes wereidentified: and used to gam additional insights for this alternative.'

Industry studies (Ref. 27) and NRC studies (Ref. 28) were
1. Upgrade components to meet applicable environmen- also reviewed.

: tal quahficanon demgn criteria requued for safety-
related equipment. (Regulatory Guide 1.26, " Quality It was concluded by PNL that upgradmg the low-
Group; Clasafication and Standards for Water , temperature overpressure protection system to safety-
Steam , and. Padianerive Waste Containing Com- grade status is not expected to result in significant changes
ponents of NuclearPowerPlants.") to the PORV or RHR SRV hardware design or function.

ing. Environmentally qualified valves are expected to be
2. Upgrade actuanon circuitry to meet Fe='=y and identical to existing valves. Little additional credit can be

electrical separation criteria by NRC regulations and given for upgrades in actuation circuitry that provide
IEEE standards. This does not apply to the passive, improved redundancy and electrical separation. The
spring loaded RHR SRVs. (IEEE Standard 279, potential benefit associated with this alternative would be
endorsed by Regulatory Guide 1.153, " Criteria for achieved tinuugh beuer surveillance requirements.
Power, Instrumentation, and Control Portions of
Safety Systems.") 5.L5.1 Risk Reduction Estimates

- 3. Upgrade maintenance and surveillance testing As previously stated, from a risk standpoint, the low-
activities on valves and actuation circuitry such that temperature overpressure protection system can be
documentation, schedules, and testing methods considered to be a one clumnel system since the technical
satisfy the requiremenu set forth for safety grade specification allows one channel out of service
equipment. ' (ASME ' Boiler and Pressure Vessel continuously for 7 days at a time. 'Ihis time is long com-
Code, Section XI, subsection IWV, " Inservice Test- pared to that required to heat up the plant and exit the
ing of Valves in Nuclear Power Plants.") low temperature overpressure protection operating mode.

Surveillance and system startup activities during heatup
To gain insight into the potential improvement in low- make this the most likely time for an upset to challenge the
temperature overpressure protection system availability low 4emperature overpressure protection system. All three
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of the actual overpressurtsstion events, where the peak val is assumed to be 2 hours. A review of LER data
preusse exceeded the Appendix 0 limit, in the data base between 1980 and 1986 identified 25 instances (at 12
naultad from a single channel failure when the other, plams) in 187 reactor years when both PORVs were

~

redundant channel was removed from service for main- declared iroperable for low-temperature overpressure
tananes durms startup. protection. If it is assumed that low temperature overpres-

sure protection is required 10% of the time (one-third of
. %s Millstone 3 event'of January 19, 1988, penpherally. the 30% per reactor year spent in shutdown modes), then
supports the anneinsinn that safety-grade low-temperature the estimated failure rate, L, would be: -
overpressure protection circuitry may provide minimal
reduction in unavailabilky. De NRC SpecialInspection L = 25 failums /187 rextor year

*. Report 50 423/88-03 addressms this event states: "The / 867 hours por year,or
COPS (Cold Overpressee Protection System,- the
Millstone 3 OMS) is safety grade with redun< tant power L = 1.52x104 failures per hour.
supphes, actuation channala .and equipment trains."
Nevertheless, both chanaala were disabled more than 2 De expected unavailability is therefore 0.063, which
months before the event when the solid state protection appears to be in good agreement with the 0.087 value used
system was tagged out, and this common mode failure was in this evaluation, as derived from the LER LTOP data
not detected until the event was analyzed. In this case, base, i

.

what was thought to be redundant and separate not only
failed to prevent single channel failure but failed to in addition to the 25 times both channels were declared
prevent simultaneous failure of both channels caused by inoperable, there were an additional 18 reports when one
unrara-H system interactions. channel was declared inoperable. excluding the SRV

plants. For the accumulated 244 reactor years of PORV
A study performed by Oak Ridge National Laboratory experience, the resultant failure rate would be 2.0x104
(Ref. 28) staand that "tn assessment of the need to upgrade faihres per hour, for an unavailability of 0.079.
PORVs and BVs (block valves) to safety-related status
concludes that such action would slightly improve PORY De optimum test interval may be obtamed from the
and BV reliability." A study performed by EPRI(Ref. 27) unavailaoility equation for Q and is found to be 7 days.
provided the results of a reliability acaessment, based on ne corresponding unavailability would be reduced to
fauh tree analysis and operstmg reactor failu;e rate data. 0.025, if the test imerval was reduced from 31 to 7 days.

- No credit was taken for PORY reliability improvement However, other factors 'could affect this improvement,
'that might result from quahficm san of the PORVs. His such as additional maintenance errors or enors introduced

also indicated that little improvement in availability would during testmg.
be expected from an upgrade to safety grade.

PNL concluded that a reduction in the PORV LTOP
Based on discussons with vendor and industry personnel unavailability may be obtamed by more frequent surveil-
and based on available hierature conceming PORVs, the lance. A more thorough analysis would be required to
mduction in PORY unavailability due to hardware and cir- substantiate such an improvement, roughly a 60% reduc.
cultry upgrades is estimated by PNL to be less than 20%. tion in unavailability (from 0.063 to 0.025 ) based on this

study.
.Upgradmg the system to safety grade may lead to im-
proved maint(smace and surveillance attention for the ne hardware and surveillance improvements cannot
PORV based group of plants. De unavailability of the simply be added. De hardware upgrades would reduce
PORV as a function of the surveillance test interval, the failure rate. If it is assumed that the failure rate is
failure rase, test duration, and mean time to repair is given reduced by 20%, from 1.52x10d failure per hour to
as: 1.22x104 failure per hour, to account for improved

Q = L x T/2 + L x T(r) + T(t)/I' hardware, then the resulting unavailability would be 0.023,
as compared to 0.025.

where: Q is the PORV unavailability
L is the failure rate, failures / hour
T is the testinterval, hours his alternative would not reduce the frequency of LTOP
T(r) is the mean repair time, hours events or result in any changes to the base case peak pres-
T(t) is the test interval, hours. sure spectrum. He peak pressure spectrum is calculated

assuming failure of the LTOP system. ne LTOP system
ne present test interval is 31 days, or 774 hours. The unavailability would be reduced from the base case value
mean repair time is estimated at 8 hours, and the test inter- of 0.087 to 0.035, a 60% reduction. The mean core

!-
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damage frequency antiman== are provided in Tabic 5.11, channels being available. If the PNL estimate is t

Since there are uncertamties associated witi the antimmiad considered to be a measure of improved PORV
reduction in PORY unavadability resulung from a require- availability based on the single channel assumption, then
ment to upgrade to a safety-grade system, a sensitivity Case 5(a) could also be considered as adding the require-
evaluanon is provided, as Case 5(a), where the reduction ments of Alternative 2 to this alternative, in either case,
in unavadability is estimated to be from 0.087 (the single the risk reduction for Case 5(a) is nearly 100% of the base
channel unavailmhility) to 0.035*0.035 to account for both case PORV contribunon.

Table 5,11 Mena core damage frequency estimates for Alternative 5 (PORY plants only),

Mean Core
Damage Frequency (CDF) CDF
setore Aner Reducuan

'

Ahernative 1/RY 1/RY 1/RY Ratio

5 3.04x104 122x104 1.82x104 2.5

5(a) '3.04x104 4.27x10 s 3.00x104 71.2

5.1J.2 ladustry Implementation Cost Estimates of the time (four times over a 5 year period), and that 20%
of the time the delays would actually result in a longer

De cost for upgradmg the low-temperature overpressure shutdown time; that is, returning a channel to operability is
prosecuan system to a fully safety grade system includes the only action that needs to be completed prior to restart.
one time costs for technical specification revisions, proce- ne failure rate of a channel is assumed to be 0.087, the
dure revision, environmental qualificanon, PORY actua- same unavailability as the base case. Assuming the
tion design, hardware replacement, valve inermilation, average delay is 4 hours, at a cost of $500,000 per day,

.PORY actuation circuitry iratallation (two per PORV), ' then the annual average cost for replacement power is cd-
additional ASME testing (ANSI /ASME), recurring analog culated as:

,

'

channel tests, and potential replacement power costs.
L

'

(4 shutdowns /yr) * (0.20 delays) *
For this skemative it is assumed that there is no benefit to (4 channels) * (0.087 failure / demand) *
upgrading the RHR SRV plants to safety grade. De NRC (0.20 repair delays) * (4 hr/24 hr) *
staff believes that, since the RHR system is designed to ($500,000/ day)
ASME Secuan III, Class 2, Seismic Category I require-

,

| meats, no improvements in L'IOP unavadability would be = $4,600 per plant per reactor year.
' - achieved. 'However, if it was found that on a plant-

specific basis this alternative would result in an im- De present value of the replacement power, over the
. provement, cr if it was found to be rwanary to replace average 24-year remaining lifetime of the PORV plants, is
the RHR SRV, there would be costs namatad with this estimated to be $60,000 per plant at a 5% discount, or
alternative. These costs are idenufied but not applied to $42,000 per plant at a 10% discount. The best estimate
the this value/unpact evaluation for PORV plants only, cost to upgrade the PORVs to safety grade is $387,000 per

plant, or $16 million for the 40 PORV plants, ne high
Using the gmdelines of NUREG/CR 4627 (Ref. 29), cost and low cost estimates are obtained by doubling and
supplemenced by PNL discussions with licensees and ven- halving the best estimate cost, respectively, for values of
dors, the mdustry implemen:ation costs per unit are es- $32 million and $8 million. With respect to the upper
timated in Table 5.12. bound, as the necessary labor effort increases, considera-

tion must be given to the impact of radiation exposure
As a result of increased surveillance requirements, it is (stay time) on resultant labor costs. Stay time has been
possible that delays in restart could occur for the PORV estimated to impact labor cost by a factor of three for the )

L plants resulting in additional replacement power costs. In moderate radiation zones involved in this attemative. His
'

most cases restart will occur before repeating the surveil- is a result of delays associated with dressing out, ALARA
lance test. Four forced shutdowns per reactor year are factors, interfacing with health physics, etc. The best
assumed. It is also assumed that delays would occur 20% estimate cost did not involve stay time because the hours,

l
,
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! and henos the exposse, were judged by PNL to be on NUREG/CR 4627 Abstract 4.1, " Typical System- 1

amanahia to nonnat shift work practices. If the stay time _ Avwage Dose Rates." The por plant occupational dose is ;

haramaa an importet factor in compleung the work, labor summarized in Table 5.13. The RHR SRV values are 1

cost would increase by a factor of six instead of merely provided for reference only, the value/ impact evaluation
doubing. for this alternative addresses the PORV plants only.

In addition to the financial costs aawinearl with the The total occua::A mpan_.e for the 40 PORY plants is
' safety grade upgrade, there se also additional occupa- estimated to be 900 person-rems for the installation of the -

tional exposses that would arise as a result of inaraltarian safety grade equipment t.nd additional testing that would i

and new test requbmanen The dose estunates are based be required for this alternative. .
|

Table 5.12 Best aneinames unit cost to upgrade OMS to be safety grade,

1
,

Per Plant Costs-

$/ Plant,1988

lasm PORV RHR SRV'

l

.

TechnicalSpecification Revision 17,400 17,400 -,

Routine, NUREO/CR-4627,2.2.1,6.4 )

Mainanance Pmcodure Revision 900 900
Routine,NUREO/CR 4627,2.2.2,6.4

Equipriment Environmental Q-an&= don 140,000 90,000*

PORY Analog Circuit Design 15,000 n/a
a

Valve Hardware Package 60,000- 20,000

ValveInstallation 5,400 4,700
NUREO/CR 4627,6.1,2.1.5,2.1.6,2.1.7,6.4,6.5

Analog Circuit Installation, PORV only
cost ofinstallmg twcrcircuits 98,000 n/a
NUREG/CR 4627,6,1,2.1.5,2.1.6,2.1.7,6.4,6.5 - t

Arittitianal ASME Valve Test, cost per test
Tests commence 5 years after inaraltation 1.600 1,500

NUREO/CR-4627, 6.1.2.1.5,2.1.6,2.1.7,6.4,6.5

Additional Analog CircuitTests,PORV
only, cost peryear 3,200 n/a
NUREG/CR.4627,6.3 and 6.4

Replacement power cost 5% discount, PORV only 60,000 n/a

Totalper Unit Cost 401,500 133,000

Noes: The RHR SRV casu sie provided for inference only. The value/ impact evaluation for this alternative is based on nsk reduedon and
casu forthe PORV pianu only.
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5.1JJ - NRClaplementation Cost Emelmstes based on the overall risk reduction. Two cost benefit
results are provided. In the first case, the risk reduction

The best aan=am NRC implememation cost is based on and the costs att based on LTOP upgrade to safety grade.
the remow and approval of a routine technical specifwa. In the second case, the risk reduction can be considered to

. tion change, $14,200 per plant. 'Ihe high esumate is based include Alternative 2, the change to the overpressure
on a complex change, $27,400 per plant and the low protection system technical specification to ensure that
esamste is ahaminari by halving the routine cost, $7,100 por both channels are operable when water solid. ,

plant. 'Ihe industry and NRC implementation costs are
sununarisedin Table 5.14. Because of the high costs mamamri with this alternative

.

and hennae the decrease in risk is predominately a result -
5.1.5.4 Value/ Impact Suunnary of conadorations under Ahernative 2, the NRC staff does .

not recommend this ahernative. Even if the risk reduction ~
'Ibe valuorunpact smnmary for Alternative 5 is provuled in were 100%, the valuerunpact eva;uation exceeds the
Table 5.15, for each of the three conminment assumptions, $1,000 per avened person-rem guideline.

;

,

Table 5.13 Per plant occupational done for safety grade OMS upgrade.

Per Plant Occupational Dose
(person-rem perplant)

Action Item PORV RilR SRV-

ValveIrmrmilanan twovalves 4.2 2.4

Analog Channel Iriaraltariari, PORV
only, tve channels 13 3 n/a

ANSI /ASME Valve Tests,3 tests over plant
life,2 valves perplant 4.8 3.3

_

Totalperplant 22.3 5.7 -

l

.
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Table 5.14 Impleasestation cost esthmates for Alternative 5 (for 40 PORY plants).

.

Unit Costs Total Costs

Plants Best High Low Best High Low
Cost item Affected Est. Est. Est. Est. Est. Est.

($) ($) ($) ($1,000s) . ($1,000s) . ($1,000s)

;

Industry

' Total ' PORVs 401,500. 803,000 200,800,

Total - RHR SRVS 133,0N) 265,000 66,000N*)'

r

Total PORVs 16,000 32,000 8,000
,

NRC
Tech Spec PORVs 14,200 27,400 7,100 570 1,100 280

Total 16,570 33,100 8,280
'

|' Nois:
'

i Ahernative 5 is asumed to be opphcable to PORV plants only. In senstal, the RHR SRVs ase ASME Section III, Cass 2, Seismic Casescry

I valves. Benants from safety grade considerations are espected to be aun=al However, should it be found that a plant specific upsrede
would be hl, then es unit cost e-ey pnmded for the RHR SRV plants can be und to estimate that cost o' implementation to the
industry. The NRC unit cost will be the same for any RHR SRV plant.

Table 5.15 Value/ impact sumemary for Alternative 5 (for 40 PCRV plants).

TWC Reduction Industry + NRC Person-Rem Value/ Impact Ratio
/Ryear Cost Averted ($/ Person-Rem)

OMS Upgrade to
Safety Grade

Best Estimat: 1.82x104 $16.57 million 8,200 2,000
High Estimate 1.82x104 $33.10 million 15,000 2,200

i Low Estimate 1.82x104 $ 8.28 million 2,700 3,100

OMS Upgrade
Sc.nsitivity

Best Estimate 3.00x104 $16.57 million 13,400 1,200.,

'' High Estimate 3.00x104 $33.10 million 24,600 1,350
Low Estimate 3.00x104 $ 8.28 million 4,500 1,850

f

i -

$

1
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5.1.6 Alternative 6 - Pressurizer Bubble plants has sufficient capacity to meet the stated needs.< .,:

Modification to the plant nitrogen delivery system would
Dis aberneuve explored risk reduction from low- be required to route the nitrogen to the pressurizer.
tempmune overpassure eveats by evaluating a steam or
sulmgan bubble in the pressurizer (e.g., no weier. solid PNL also assumed that the current waste gas system has
operanons in Wamingh==a and Combustion Engmeermg adequate capacity to handle the stated needs. .It is also
piams). De risk raductian is achieved by providing more assumed that no other plant modifications are needed to

- time for the opermar to respond to a low-temperature allow venting of the nitrogen from the pressurizer to the
overpsense event Based on the historical operator waste gas system. - In current designs, the venting of the
performance chacussed previously, the best antimma for pressurizer is to the pressurizer quench tank, which
opensor action is sessmed to be 3 minutes to recogmae operanos under a low pressure nitrogen blanket and is
and mitigans an event. With a sufficiently sized bubble, already vemed to the waste gas system.
the peak theorencal pressee would be limited to 600 psi.
If 10 minases is assumed, then the peak pressee could PNL also assumed that operanons can be conducted in
mach the primary system safety relief valve seapomt value such a rnannar that no additional modificanons to the heat -

of 2500 psi with the same frequency, about 10% of the removal system for the quench tank are required. Two
time, as the base case analysis previously described. Even options appear reasonable for purgmg the nitrogen bubble .

with a pressuruer tubble, the mass addition events that at low temperatures that avoid overheating the quench
can occur at Wesunghouse and Combustion Engmeermg tank. One would require taking the pressurizer water solid
plants (inadvertent SI and chargmg without letdown) are briefly, as the pressurizer heaters are energized to heat the
efficiant to result in 2500 psi assummg the LTOP system pressurizer to saturation conditions and produce a steam
fails to mingnes the transient and the operator fails to bubble. The PORV would be opened to vent the pres-

,

| sospond in 3 menmaa surizer and charging flow would be increased so that

| nitrogen is pushed out as water fills the pressurtzer. The
Under this abernative it is maanmad that the current low- second is the procedure used at B&W plants, whereby
tunperanse overpasses pmencuan 7ystem would not be water in the pressurizer is heated with the nitrogen bubble
maddlad Rad >= dam channale are still assened. 'Ihe in place, while primary pressure is maintamed between 50
:. y of events and consideration of the inadverient and 100 rsi. Once saturation is schieved, the p essurizer
Q- safety injecuan and chargmg transients is vented by cycling the PORV while maintaining pressure
indicate that operator actions cannot be relied on to between 50 and 100 psi. Complete venting of the nitrogen -
mitissee the ' low-temperature overpressure events at bubble is indicated when the pressurizer pressure remains
Westinghouse and Combusuon Engineermg plants; that is, _ constant when the PORV is opened.
there may be less than 10 minutes available for the
operator to diagnose and mitigate a low-temperature over- An alternative mode of operation would be to heat the
pressure event befose the pressure would exceed the pressurizer to saturation after the reactor coolant system
Appendix 0 limit. pressure was raised to several hundred psi. De increased

density of the vented steam would require modification to
his alternative would require the ability to deliver large the quench tank heat removal system to accommodate the
quentees of high-pressure nitrogen (800 cubic feet at up added heat load. Though not considered for this evalua-
to 500 to 600 pai, or about 10,000 standard cubic feet) to tion, the total estimated cost of the modified heat removal
the presmartzer prior to plant cooldown and subsequendy system would probably exceed one million dallars per
vent the nitrogen and process it through the waste gas sys- unit.
tem on plant heatup. De high pressure is required to
ensee adequase reactor coolant pump seal integrity prior 5.1.6.1 Risk Reduction Estimates
to restart of an idle pump.

This alternative would not change the frequency of LTOP

| System requirements were developed by PNL based on a initiating events or reduce the ur. availability of the LTOP
comparison to the Rancho Seco, plant which is representa- system, as compared to the base case. Risk reductioni-

I tive of the B&W zystem for providing a nitrogen bubble, would be achieved by limiting the peak pressure to 600 psi
PNL reviewed final safety analysis report data from or less if a 3-minute operator action time is assumed.
Sheron Harns, Byron, SNUPPS, Seabrook, and the CE There is a possibility that the peak pressure may still reach
CESSAR 80 plants and compared the system descriptions 2500 psi if it is assumed that the operator fails to respond
to the Rancho Secoinformation. in 3 minutes. It is possible to reach 2500 psi pressures in

less than 10 minutes. The peak pressure spectrum for
PNL assumed that the existing nitrogen delivery system Alternative 6 is provided in Table 5.16, for each assump.
(for safety injection tank overpressure fill) at affected tion regardmg operator response time.'
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L The estimaand risk reduction for dCs akemative is 10% chance that the peak pressure will reach 2500 psi if !

in Table 5.17. Two cases are shown. Case 6(a) is the operator fails to mitigate the transients within 3
on limiting the peak pressure to 600 psi or less for minutes. The event frequency and LTOP unavailability

= all LTOP transients, and Case 6(b) assumes that there is a are assumed to be the same as the base case evaluation.

Table 5.16 Peak pressure spectrum for Alternative 6. i

|~ \

Pressure Base Case 3 Minutes 10 Minutes
Plant Group (psi) . Fraction Fraction Fraction j

PORV Plants 2500 0.09 0.0 0.1 l
1400 0.09 0.0 0.0

'

850 0.13 0.0 0.0 |
600 0.69 1.0 0.9

RHR SRV Plants '2500 0.14 0.0 0.1 )
850 0.14 0.0 0.0 l

600 0.72 1.0 0.9 |
|-

l

Table 5.17 Mean core damage frequency sotimates for Alternative 6.

Mean Core .

Damage Frequency (CDF) CDF !
Dorore After Reduction .I

A1:ernative 1/RY 1/RY 1/RY Ratio

6(a) 3.24x104 1.63x104 3.24x104 1990. I

|6(b) 3.24xlM 1.50xlM 1.74x104 2.2

5.L6.2 Industry Implementation Cost Estimatse tive. This is a result of delays associated with dressmg
out, ALARA factors, inerfacing with health physics, etc.

De best aanmam ladustry unit costs aanmarael with this De best estunate cost did not involve stay time because l
alternative, without the need to modify the quench tank the hours, and hence the exposure, were judged by PNL to I

heat removal system, are provuled in Table 5.18 based on be amenable to normal shift work practices. If the stay i

NUREO/CR-4627 cost esumaran Additional detads are time becomes an important factor in completing the work, j
provided in Section 11.2 of the PNL value/ impact analysis labor cost would increase by a factor of six instead of i
forGenericIssue94 (Ref.10), merely doubling. !

!
The industry implementation cost la doubled for the high In addition to financial costs, there are occupational |
cost aanmem and halved for the low cost estimate. De exposures associated with this alternative. Based on
best estuna.e industry implementation cost, for 67 plants, NUREG/CR-4627 Absunct 4.0, " Occupational Ra&ation
is $41.45 million, with the high and low costs being $83 Exposure," and labor adjustments, the per plant occupa-
milhon and $21 million, respectively. With respect to the tional exposure expected during installation of the nitrogen
upper bound, as the necessary labor effort increases, system is estimated to be 216 person rems. Based on
consideration must be given to the impact of rpaarinn ASME Section XI, manual valve operation tests, periodic |

exposure (stay time) on resultant labor costs. Stay time inspection and maintenance of this system, the additional
has been estimated to impact labor cost by a factor of three occupational exposure, over the remaining plant life, is
for the moderate radiation zones involved in this alterna- estimated to be about 125 person-rems per unit. Based on

NUREG 1326 5 22
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67 units, the total occupannaal exposure is estimated to be 5.1.6.4 Value/ Impact Summary'

. 23,000 person-roms. .
De value/unpact summary for Ahernative 6 is provided in

5.1.6.3 NRC Implementation Cast Fata=maan Table 5.20 for each of the three containment assumptions,
based on the overall risk reduction. Two risk studies are

De best estimens NRC implementation cost is based on a - provided. In the first case, the risk reduction is based on
routine technical specification seview, $14,200 per plant. limiting the peak pressure to 600 psi orless. In the second
In addidon, the review, inspacrian and evaluation of the case, the risk reduction includes a 10% probability of
licensse implementation is estimased to reqmre 180 staff reaching 2500 psi as a result of a high mass addidon tran.

. hours per plant (20% of the induary engmeenng effort). sient that is not mitigsled by the operator,

Based on Secnon 5.2 of NUREGRR.4627, the cost is .

>

De hi h cost estimase his. alternative is not recara=* because the bestestimaasd as $7,500 per plant. 6
sasumes the eachaical speciremnaa is complex and estimate value/ imper: ratio, assuming a 100% reduction in
doubles the review effort, $27,400 and $15,000 per plant risk, is well above the $1,000 per averted person-rem -
respectively, $42,400 total per plant. De low cost guideline, in addition, the resultant occupational exposure
asumase is taken as one half of the best estimate. De associated with' this alternative is high, 23,000 person-
industry and NRC implementation cost estimates are sum- rems, as compared to the estimated public dose reduction
marized in Table 5.19. estimates.

t

Table 514 Industry unit lapismestation cost for nitrogen bubble.

Per Plant Cost
. ActionItem ($/ plant,1988) [

Tachnical Specification (Routine) 17,400

'

L
Waste Gas System Analysis 15,600

|
1 Nitrogen System Engmeermg 48.600 ,

|
'

' Nitrogen System Matenals y
s

L (valve, piping, mstrumentation, etc.) 50,000

Innrallation
(laborand engmeenng support) 270,000

AdditionalNitrogen Procedures 22,200

System Startup and Tanattarian Tests 18,700

Licensmg 9,300

System Quality Assurance 104,900

InitialTraining 4,200

Maintenance and Periodic Inspection !

Present value,5% discount overlife 57,000

TotalCost Per Unit 618,600

.
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Table 5.19 Impismestation cost esthmates for Alternative 6 (for 67 plaats), ;

i

Unit Costs TotalCosts j

I-

i

Plants . Best High law Best High Low |
J' Cost item . Affected Est. Est. Est. Est. . Est. . Est.

($) ($) ($) ($1,000s) ($1,000s) ($1,000s) ]
I

lad =iry J

Total All 618,600 1,237,200 309,300 41,450 83,000 21,000

NRC 4

Tech Spec All 14,200 - 27,400 7,100 l>

. Q/A Review All 7,500 15,000 3,750

Total 1,450 2,840 730 -|
!

Total 42,900 85,840 21,730 j

|
!

Table 5.30 Valus/hnpact summary for Alternative 6 (for 67 plants).

TWC Reduction Industry + NRC Person-Rem Value/ Impact Ratio
/R. year Cost Averted ($/ Person-Rem) 3

' Peak Pressure
600 psi

Best Esumate 3.24x104 $42.90 million 16,000 2,700
High Esumate 3.24x104 $85.84 million 29,600 2,900
Low Fanmata 3.24x104 $21.73 million 5,300 4,100

Peak Pmssure
10% 2500 psi

.

Best Estimate 1.74x104 $42.90 million 9,300 4,600
High Estimate 1.74x104 $85.84 million 17,200 5,000
Low Estimate 1.74x104 $21.73 million 3,100 7,000

e
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5.1.7 Summary of Best Estimate dose reductions, occupational exposures, industry im-
Value/ Impact Ratios for All . plementation costs, NRC implementation costs and the

~ Alternatives- value/impa:t ratio for each of the attematives studied by.g
the staff. 'Ihe base case TWC frequency is estimated to be

Table 5.21 is provided as a summary of the best estimate 3.24x104per reactor year.

Table 5.21 Summary of best estimate value/ impact (V/I) ratios for alternatives evaluated by NRC.

,

'! W C Preq Dose &a W I ' Industry ' NRC V/IRadoM-

Alter- Roduction Padnenan Exposure Costs Costs ($ per averted
nadve (1/R yr)- (person-rem) (person rom) ($1,000s) ($1,000s) person-rem)

'

2 2.89x104 '14,500 n/a 1,370 950 160
7

3(a) 1.07x104 7,000 n/a 3,630 1,840 780
3(b) 0.21x104 1,400 n/a 1,290 950- _ 1,600

3(a&b) 1.20x104 8,400 n/a 4,920 2,790 920

| 4(a) 0.16x104 700 n/a 770 650 1,900 . '

| 4(b) 0.16x104 700 n/a 4,770 650 7,750 t

|

!- 5 1.82x104 8,200 900 16,000 570 2,000

5(a) 3.00x104 13,400 900 16,000 570 1,200

6(a)- 3.24x104 16,000 23,000 41,450 1,450 2,700

6(b) 1.74x104 9,300 23,000' 41,450 1,450 4,600

.

' Noses:

Sum of industry plus NRC implementation costs ($s) divided by*

dose reduction (person-rem).

2 Technical specification change,67 plants, proposed resolution.

3(a) SIlockout,67 plants.
3(b) RCP restart 67 plants.
3(a&b) Both SI and RCP,67 plants.

! 4(e.) ACI removal, w/o cost for disconnecting ACI,40 PORV plants.
4(b) ACI removal, w/ cost for disconnecting ACI,40 PORY plants.

5 Safety-grade OMS,40 PORV plants.
5(a) Sensitivity study, safety-grade OMS,40 PORY plants.

6(a) Pressurizer bubble, peak pressure less than 600 psi,67 plants.
6(b) Pressurizer bubble,10% chance of reaching 2500 psi,67 plants.
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$.2 Relationships With Other Regulatory 1. Beuer pressure instrumentadon for low temperature
Issues operations to reduce the instrumentation uncertainties

,

and widen the operational window.
.

! 5.2.1 Regulatory Guide 1.99, Revision 2,
" Radiation Embrittlement of Reactor 2. Direct temperature indicadon of the secondary side
Vessel Materials" temperature to ensure that the secondary is not,

! warmer than assumed in the safety analyses studies
j. for the low temperature overprer.sure protection sys-
! Revimon 2 of this regulatory guide (P.cf.11) was used to tem setpoint analysis.
'

determine the mean surface RT(ndt) drift resulting from 1

( irradiation-induced embrnelamaar for each reactor vessel
i in the study. De plant specific chemistry data and 3. Provide an accumulator air or nitrogen bottle to the

fluona projections to end-of license were obtamed from air actuated normal letdcwn isolation valve to .

licensee enhminain reissed to the "Pressunzed Dermal prevent loss of letdown due to problems with the air '

!

Shock" program, USI A-49. Revision 2 is considered by . or nitrogen system. |,-

| both the staff and the industry to be representadve of the
L state of the-art knowledge concernmg irradiation damage, nese actions, if taken, may reduce the frequency of low-
i temperature overpressure events at some plants. However,
i Application of Revision 2 to the Appendix G the dominant risk is sdll associated with those events
| pressureAemperature limit analysis results in an earlier resulting from maintenance and testing errors, which result

narrowing of the operanonal window for most plants. De in charging without letdown or inadvertent safety injection I
operational wmdow is defined as the pressure envelope events. These events have the potential to drive the |

| ' within which the operator must consol pressure to ensure system pressure to the primary safety relief valve setpoint |
a high enough preamre to ensure reactor coolant pump pressure, 2500 psi, if the low temperature overpressure
seal integrity and coolmg and low enough to avoid exceed- protection system fails to mitigate the transient.
ing the Appenthx 0 presanthempersone limits following

.

- the actuanon of the low lemperature overpresure protec- In addition, as part of the implementation for Regulatory
tion system durmg an anticipated operational transient (for Guide 1.99, Revision 2, the staff is also inccrporating
example, restart of an idle reactor coolant pump or an clarification into .SRP 5.3.2, " Pressure Temperature
inadvertent safety injection nsnsient). Limits," (Ref. 3) to ensure that whenever the Appendix 0

limits are revised the corresponding low-temperature over.
De impact of Revision 2 on the low temperature over- pressure protection system setpoints are also adjusted, as

j . pressure protection system is considered in this evaluation, needed, to ensure that the Appendix 0 limits will not be
De operauonal concerns (the closing or narrowing of the exceeded as a result of an anticipated operational transient.t

| operanonal window) have been addressed as part of the
I- regulatory guide in its supportmg regulatory analysis. As

part of the t'm ==b recommendation for Revision 5.2.2 Generic Issue 99,"RCS/RHR Suction
2, Branch Technral Position RSB 5-2 to Standard Review Line Interlocks in PWRs"
Plan 5.2 is being revised to include a definition of " low
temperature." De intended purpose of defining " low tem-

1

perature" is to provide more operanonal flexibility near ne findings related to removal of the autoclosure inter- |
the low lemperature overpressure protection system lock (ACI) on the residual heat removal suction line isola-
enable temperature for plants that raly on fixed setpoint tion valves in this study for GI 94 are consistent with

i

PORVs for protection. preliminary information under GI 99. While this action
|does not result in a significant reduction in risk from low. ;

Industry awareness of the operational wmdow concems temperature overpressure events, the benefit to decay heat
have prompted many licensees to review their plant removal concerns may be sufficient justificatio't to allow
instrumentation, procedures, and low temperature over. licensees to remove the interlock. In addition. each
pressure event histories to determine what additional licensee would also have to perform a safety analysis to
actions can be taken to reduce the occurrence of these demonstrate that overall plant safety is not adversely

[- events. Specific actions under consideration are: impacted by removal of the autoisolation closure feature. j

i

;
;

;

i
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5.2.3 Generic Issue 70," Power-Operated schedule for the PORVs appears not to be justifad as
Relief Valve and Block Valve discussed in Section 5.1.5 and is not included as part of the
Reliability" proposed resolution to 0194.

|
A substantial reduction in risk can be obunned by simply |The proposed resoluuan for GI-94 is consistent with the considering the safety significance of these valves in !

prolinunary findings of GI 70, although the risk reduction providing protection against brittle fracture failure of the |
for low temperature overpressee prosecnon is sigmficant reactor pressure vessel. 0194 has detennined that PORY |

when the PORVs (and the rendual heat removal system unavailability resulting from not identifying these valves
safety relief valves) are : adenwarratively tressed as as being relmed to overall plant safety is the dominant con- 1

- componens that me used to perform a safety-related func- tribusar to their unavailability. This finding is equally
tion. 'Ihe cost benefit evaluation does not support an ef- valid for plants that rely on the RHR SRVs since these-

,

fort to upgrade the low-temperatue overpressure prosec- valves are also usated as not being related to overall pit.nt
tion system to a fully safety grade symem. Also for low- safety when providing protection for low-temperstme
temperatae overpressure protection, the margmal risk overpresswe events in the ove.rs, protection techni-
reduction that might be achieved by reviang the testing calspecification.

i
|

i

,
-

.

:, .

(-
!

!

!

|
,

|i.
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6. DECISION RATIONALE-

Major overpressunsation of the reactor coolant system over the remaining licensed life of the 55 PWRs con- 1

while at low temperanse, if combined with a cntical crack sidered, ranges from 5,300 to 29,600 person rems, with
in the reactor pressure vessel wolds or pime matenal, the best estimate value being 16,000 person-rems.

: ' could result in a brittle fracture of the pressure vessel. As (
long as the fracant roastance of the reactor pressure De present value, assuming a 5% discount rate, of core'

vessel matenal is relatively high, these events are not damage accidents resulting from LTOP events is esumated
,

expected to cause vessel failure. However, the fracture to be between $6.1 million and $13 million, with a best J

resistance of the rescear pressee vessel matenals estimate value of $9.2 million, for onsite (replacement
decreases with exposse to fast neucons dunng the life of power and cleanup and repair) damage and offsite (health
a nuclear power plant. The rase of decrease is dTandarit and property) damage. -
on the n_"__ =! crunpnsirinn of the vessel wous and
welds. If the tracture toughness of the vensel has been De proposed recommendation, to improve the LTOP
aduced adHcianaly by neumon irranhatinn low- system availability, results in a change in the estimated
temporanne overpressure events could cause propagadon core damage frequer.cy of 2.89x104 per reactor year from

! of fairly small flaws that might exist near the inner 3.24x104 to 3.5x104 per reactor year, a factor of ten
|' surface. De amanmad initial flaw might propagate into a improvement. The combined . industry und NRC
| crack through the vessel wall of sufficient extent to implementation best estimate cost is $2.32 million. The
',

threaten vessel integrity and, therefore, core cooling best esumate averted person-rem is.14,500 for a best
capahnity. Faihue of the pressure vessel could make it estimate value-impact ratio of $160 per averted person-
Impaamhla to provide adequate coolant to the reactor core rem. The present value best estimate for averted damage,
and could result in masor core damage or a core damage onsite and offsite,is $8.3 million.

accident.
I Although the mean core damage frequency (CDF) for

4De mean core damage frequency, or reactor pressure L'IDP events (3x10 per reactor year) is not large in
vessel through well crack ('IWC) prnhahliiry, is aerianatad comparison to other typical CDFs associated with loss of-

- to be in the 3x104 to 4x104 per reactor year range over coolant accidents or loss of decay heat removal accidents

the ==naminF heansad life of the 55 Combustion (1x104 to lx10-5 per reactor year range), with plant age
Engineenng and Westinghouse PWRs considered in this the LTOP CDP increases because of reactor pressure ves-
evaluation. For a plant that approaches the FTS screenmg set irradiauon embrittlement. Also, though not quantified
criaenon (10 CFR 50.61) at end-of license, the TWC prob- or explicitly considered in this evaluation, if life extension

4ability is aanmasad to be 7x10 per reactor year, assuming is considered, tnen the LTOP CDF could approach the
that the frequency of LTOP events and the unavailability 1x10 5 per reactor year range, assuming no additional ac-
of the L'IOP system remma constant. tions are taken.

A review of current standard technical specificanons for De LTOP core damage accident, resulting from the brittle
ennemi==aar integrity in shutdown modes (Modes 4,5, and fracture of the reactor pressure vessel, is a non-
6) indicaess that no corianinmarit integt;ty requirements are recoverable event. Even with emergency core cooling sys-
impnaad for reactor coolant tempetatures less thart 200oF, tem functional, failure of the pressure vessel could make it
except during refueling when the reactor pressure vessel impossible to provide adequate coolant to the reactor core
head is removed. Industry responses to NRC Ocneric and could result in major core damage or a core damage
I.4:ser 8712 (Ref. 21) indicata that contamment integrity accident.

* dunng Mode 5 is often relaxed to allow for tesung, main-
tenance, and repair of equipment (for example, contain- Further, since these events are most likely to occur in
ment penetradons, steam generators, and reactor coolant Mode 5, the containment could be open or non-isolatable
pumps). Dree risk estimates were employed to address following vessel fracture,
containment lategrity. Since tic low temperature over-
presstse events of concern to this evaluation occur in While a requirement for containment integrity, during

,

Mode 5 at reactor coolant temperatures between 80 and Mode 5 (water-solid) with one LTOP channel inoperable,
19FF, the assumplica that containment is open, at least could reduce the public risk (in person rem), the staff does
part of the time, is judged to be valid. Containment not consider this mitigation action as an alternative for the
integrity has been tmated parametrically in this analysis. resolution of GI 94. The likelihood of a core damage4

The resultmg public risk from LTOP events, integrated accident would not change. The costs associated with
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onsies damage would not be reduced. The 1sesent value for low-temperature overpressure protection is significant
-best estimene casite damage cost is $5.2 million, based on when the PORVs (and the residual heat removal system
a 5% <harauw rate, of the total $9.2 million cost with safety relief valves) are administratively treated as safety-
offshe dunage. Mitigsten of public risk does not address related components. The cost-benefit evaluation does not
the impormace of preventing risk by ensurms that the support an effort to upgrade the low-temperature overpres-
lamhhaad of a rapidly propagating fracture of the reactor sure protection system to a fully safety grade system.--
preesise vessel due to embrinlement is miai=iad as
requued by Appendix A. " General Design Critena," to 10 A substantial reduction in risk can be obtained by simply
CFR Part 50.- considering the safety significance of these valves in

providing protection agamst britde fracture failure of the
The staff proposal is to modify the current nacha cal reactor pressure vessel. G1-94 has determined that PORV
apae'acanan for overpsesame protection to emphasize the unavailability resulting from not identifying these valves '

safety-relsend function of the PORVs, and the RHR SRVs, as being related to overall plant safety is the dominant con-
Ifor L10P protection, especially when water solid. The tributor to their unavailability. This finding is equally

reponed L10P transients have occurred in Mode 5 with valid for plants that rely on the RHR SRVs since these
RCS nampa=ames rangmg from 809 to 1909. Since this valves are also treated as not being related to overall plant
temperatine range includes Mode 6. RCS temperature less safety when providirg protection for low-temperature
than 1409 but with less then 0.95 as compared to k.,, overpressure events in the overpressure protection techni-
less than 0.99 for 5, the staff concludes that the aT. cal specification.
rheinnal adminierrative restncuon for the single Channel
AOT is apphcable to Mode 5 and Mode 6 (with the reactor
pressure vesselhead on). 6.1 Conclusions Concerning LTOP

Implementation
Technical specifications are required by the Atomic
Energy Act of 1954 and are implemented in the Code of 14w temperature overpressure protection' (LTOP) was
Federal Regninhane 10 CFR 50.36. Technical specifica- designated as Unresolved Safety Issue (USI) A-26 in 1977
tions are the rules for the normal opeission of a nuclear. (Ref. 1). PWR licensees implemented procedures to
power plant that ensure it is prepared to respond to acci- reduce the potential for overpressure events and installed -

dents. They denne the operstmg conditions and limitiag equipment modifications to mitigate such events, under
conditions on which safety analyses are based. Since they Multi-Plant Action B-04 (Ref. 2),
are a part of the nuclear plant's operating license, the' tech-
nical g 5 daa= also have alegal basis. The administrative controls and proc 7dures that were iden-

tified as part of B-04 include the following items:
The proposed reconimandanan that the low-temperature
overpressure protection system be canatared as a system
that performs a safety related function-in particular 1. Minimize the time the reactor coolant system (RCS)

l during Mode 5 or 6 operation, is consistent with the is maintamed in a water-solid condition.
inrandad function attribused to concerns with briule reac-
tor pressure vessel failure as defined in 10 CFR 50 Appen. 2. Restrict the number of high-pressure SI pumps
dix A and Appendix 0. It is not appropriate to consider operable to no more than one when the RCS is in the
the function of this system as not being related to plant LTOP condition. ;

safety.
3. Ensure that the steam generator to RCS temperature

lhe staff therefore recommends that the techrucal difference is less than 50T when a reactor coolant
g+MW for overpressure protection be modified to pump (RCP) is being started in a water solid RCS.
casure both channels of the low-temperature overpressure
protection system be operable, especially during Mode 5 4. Set the PORV setpoint (if the particular plant relies
or 6 OW sons. The allowable outage time (AOT) would on this component for LTOP) to a plant-specific
be decreased from 7 days to 8 hours with one channel in. analysis supported value and have surveillance that
operable in Mode 5 or 6. This recommendation applies to checks the PORV actuation electronics and setpoint.
all holders of an operating license or holders of a construc-
tion permit for Westinghouse and Combustion Engineer-
ing PWRs.

,

| The current staff guidelines for the LTOP system are
lhe proposed resolution for GI 94 is consistent with the found in Standard Review Plan Section 5.2.2,
preliminary findings of G170, although the risk reduction " Overpressure Protection," and in its attached Branch

|'
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Tachnical Position (BTP) RSB 5 2, " Overpressure Protec- reactor coolant pumps in Secuons 3.4.1.3 (Hot Shutdown)
tion of Pressuneed Water Reactors While Operstmg at and 3.4.1.4 (Cold Shutdown). High-pressure safety injec-

; Low Temperatures"(Ref. 3), tion pump operability restrictions are provided in Section
3/4 5.3 (ECCS Subsystems).

FIhe ig' S of the . requirements for low-
p tempenmue overpressure protection (LTOP), the resolu- In addition to these admmistrative restnctions, the tran-
- tion of USI A 26, has been found to be a==antially uniform sient analyses are based on a dual-channel system's ;

for the Combusdon Engineerms (CE) and Westinghouse being operable to satisfy the single failure criterion of 10
(W) FWRs. With the- eaception of a few plants,' the CFR Part 50 Appendax A for a system that performs a

.

LTOP'preencdon systens consist of either :=wh= dant safety function. 'lherefore, the overpressure protection
PORVs or adondent safety relief valves in the residual system nachnnemi specification is canaissant with Critarion
heat seemval symem (RHR SRVs) and in genen! meet the 2 of the Corp =i= inn's Policy Statement on Tachnical
guidance set forth in Branch Technical Position RSB 5-2, Specification Improvements for Nuclear Power Plants.
"Overpressurisation Proescuan of Pmssunaed Water Reac- 'Ihe nachnical _5-:P' d . 3160 satisfies Criterion 3 of the

- tora Whde Operatag at Low Temperanses." Policy Statement in that the LTOP system is the prunary
success path for the mitiganon of low temperature over-

Variability in meeting IEEE-279 requuements, equipment piessure tranaents that present a challenge to a fission - .:
3

!envarnanwmeal quahncannn, and the guidance of product barrier-in this case, the reactor pressure vessel.

|' Regulatory Guide 1.26 (Ref. 30) exists. As part of the
. NRC staff acceptance of LTOP protocuan system designs The' standard technical specification action requaement

.

for the impiamanemeum of the resoluaan of USI A 26, it for the LTOP system includes a 7 day AOT to restore an
was enachviad hat the costs menacianad with upgrading ex- anoperable LTOP channel to operable status before othert
isting systems to meet these regarements were not justifi- remedsal measures would have to be taken (depressurize

,

able. Further evahiariana performed for 0194 have also and vent the reactor coolant system). In addition, Action !'

L concluded that it is not cost beneficial to upgrade these d. states that the provisions of Specification 3.0.4 are not -

L systems to fully safety grade. apphcable. 'Iherefore, the plant may enter the modes for
b which the limiting conditions for operation (LCOs) apply,
. 'Ihe section of the mandard nachnical specinentma cover- during a plant shutdown or plac-t of the head on the

ing.the L'IOP protection system-is tided Cmi- ~ vessel following refueling, when an LTOP channel is in-l *

Protection System, Section 3.4.10.3 for CE plants and Sec- operable. In this situadon, the 7 day AOT applies for res-
~ tion 3.4.93 for W plants. 'Ibe LTOP system setpoints are taring the channel to operable status before remedial

annahtinhad hased on addinnnal restnctions for the restart measures would have to be taken. This is the same man-
of an idle reactor coolant pump and on the number of ner in which the action requuements apply when an LTOP
high pressee safety insection pumns and/cr coolant charg- channel is determined to be inoperable while the plant is in
ing pumps allowed to be operable when L'IDP is re- a mode for which the L'IOP system is required to be
quired. 'Ihese additionalinstnctions define the initial con- operable.
ditions for the plant apaedic transient analyses performed
to estabbsh the LTOP system setpomis. The addiuonal Based on the NRC evaluation of the LTOP system un-
restrictions are provided i, 4 therestartofinactive availability, it is concluded that additional restrictions on

operation with an inoperable L'IOP channel are warranted
when the potential for a low temperature overpressure
event is the highest, and especially when the plant is in a
water-solid condition. The probabilistic risk assessment

See onone Uniss 2 and 3 rely en a sinsle RHR performed in support of the resolution of 01-94 is based* CE -

(SDC5) SRV for LTOP. Whb the SRV inoperable, on the administrative controls and procedures identified as

wishin a bouri 4 :- and vest. part of the Multi-Plant Action Item B-04 recommenda-
Maine Yankee relim on two PORVs when piemuro tions. It is therefore concluded that these additional-

is above 400 peis and two RHR SRVs when peessure testrictions regardmg, in particular, the restart of inactive
is below 400 psis. reactor coolant pumps and the operability of high pressure

safety injection pumps should be implemented in the tech- ,

DC Cook Uniu 1 and 2 sely on either two PORVs or nical specifications, as indicated in the standard technicalw -

ons PORV and one R!lR SRV. specifications. Licensees should verify that these ad-
Ymkee Rowe relia on one PORV and two RHR ministrative restrictions have been implemented. Finally,.

SRVs. it is concluded that these additional measures will help to
Newer Waunghoum planu aHow either two PORVs emphasize the importance of the LTOP system, especially( -

artwo RHR SRVs. while operating in a water-solid condition, as the primary
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h access path for the mitigation of overpressure transients ments imposed during Mode 5, when the reactor coolant
; dunnglow emperamre operanon. temperature is below 20(FF. Industry responses to
I~ Oeneric Leuer 8712 (Ref. 21) also indicate that contain-'

- 6.2 Insprovements in LTOP Protection ment imegrity during Mode 5 is often relaxed to allow for
System Availability testing, maintenance, and the repair of equipment.

The suff has determined that LTOP protection system he reported L10P transients have occurred in Mode 5
h. unavailability is the rinminant contributor to risk from with RCS temperatures ranging from 80 F to190 cF.
E low-tempersese overpressure transients. *lhe staff has Since this temperamre range includes Mode 6. RCS'

further canetartant . that a substantial improvement in temporanse less than 140*F but with kwr less than 0.95 as<o

availability, especially durms water solid operations, can compared to k r less than 0.99 for Mode 5, the staffd
be achieved through improved administrative resenctions concludes that the attriitinnal administrative restriction for ,

. on the LTOP protection system, the single channel AOT is applicable to Mode 5 and Mode -
6 (with the reactor pressure vessel head on). The staff

In developing the staff position on the resolution of the proposal is to modify the current techmcal specificanon
low-temperamme overpressure protection gepenc issue, a for overpressure prosecuon to emphasize the safety related -
numive of factors have been taken into conaderation, function of the PORVs, and the RHR SRVs, for LTOP

protection in Mode 5 or 6, especially when water solid. ;

! PORVs are relied on, by mcat Westinghouse-designari l

j. plants and about one half of the Combusuon Engmeering The staff concludes that the LTOP system perfonns a
'
,

plants, to provide LTOP protection. The NRC has deter- safety related function and inoperable LTOP equipment-

' mined that over a period of time the role of the PORVs has should be restored to an operable status in a shorter period
,

changed such that PORVs are now relied upon to perform of time. 'Ihe current 7 day AOT is considered to be too '

- one, orincre, of the following safety related functions: long under certen conditions. The staff has concluded
,

that the AOT should be reduced to 8 hours when operaung J

- 1. Mitiganon of a design-basis steam generator tube in Mode 5 or 6, when the potential for an overpressure
~

rupture accident, transient is highest. The operating teactor experiences in-
dicate that these events occur during planned heatup i

2. LTOP protection of the reactor pressure vessel (restart of an idle reactor coolant pump) or as a result of !
dunng startup and shutdown,or maintenance and tesung errors while in Mode 5. The

reduced AOT in Mode 5 or 6 will help to emphasize the .J
3. Plant cooldown in compliance with Branch Techni- irupu-oce of the LTOP system in mitigating overpressure

,

cal Position RSB 5-1 to SRP 5.4.7, " Residual Heat transients and' provide additional assurance that plant |

Removal (RHR) System." operation is consistent with the design basis transient |.

analyses. l

1In addition to PORVs, the resi. dual heat removal system
safety relief valves '(RHR SRVs) are also relied on to The evaluation performed for the resolution of this generic

~

- provide LTOP pmtection for some Westinghouse plants issue is based on plants being in compliance with their
and for the Combuscan Engmeenng plants that do not LTOP design bases analyses. Licensees should verify
have PORVs. Newer Westmghouse plants have techmcal that the administrative controls and procedures identified
-i= mcations that require either two PORVs or two RHR in Section 6.1 have been implemented to ensure that the
SRVs for LTOPprotection. plant is being operused within the design base. If it is

determined that the design base was developed based on
.

The NRC staff has considered the conditions under which restricted SI pump <=====hitity and/or differential tempera-
a low temperature overpressure transient is most likely to ture restrictions for RCP restart and that these restriction
occur. While LTOP protection is reqmred for all shut- have not been '--'==ted as part of USI A 26 and
down modes, the most vulnerabic period of time was Multi Plant Acuan laem B 04, then these restrictions
found to be Mode 5 (Cold Shutdown) with the reactor should be implen=nuri This is not a new requirement.
coolant temperature less than 200'F, especially when I
water solid, based on the detailed evaluation of operatmg The proposed resolution for Generic Issue 94. " Additional j

reactor experiences pu'viiued in support of G1-94. LTOP Low Temperature Overpressure Protection for Light- j
transients, which have challenged the overpressure protec- Water Reactors," is expected to reduce by an order of |

tion system. have occurred with reactor coolant magnitude the risks associated with operating at low |
temperatures in the range of 800F to 1900F, In addition, a temperatures. The likelihood of an anticipated low-

'

review of the standard technical specifications for contain- temperature overs uw transient's exceeding the
ment integrity indicates that there are no specific require- pressure /temperausre limits prescribed under Appendix G
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|
to 10 CPR Port 50 is also expected to be reduced from tive of GI 94, 'Ihe likelihood of brittle reactor pressure I
one in-ten to one in one hundred, thereby minimiring the fracture (a through wall crack) is minimized. .

i

probabdity of a rapidly propasstag fractme of the reactor I
'

' lpressure vessel in conformance with General Demgn ' Ihe proposed resolution for Genenc Issue 94 reduces the
Criterton 31 and General Desigt: Criterion 15. mean core damage frequency to less' than 1x104 per

reactor year, from 3.24x104 o 3.5x10 7 per reactor year,
'

t
meetmg the target CDF objective stated in Section 2

iThe likalihaart - of a low-semperatae ovapressure above. For a plant that approaches the PTS screemng |
transient's resulams in a peak pressure exceedag the criteria at the end of license (with a CDF of 7x104 per
Appendix 0 pressmehemperature limits would be reduced reactor year), the target CDP objective would also be met
from one-in-ten to one-in one hundred, the desmed objec. (with the CDP redeced to 7x10-7 per reactor year).

|

|

!

.

|
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- 7. IMPLEMENTATION

i1h staff proposes to hapiaman' the recommendation for providing protection against brittle vessel failure, could
the seenhaan of Genenc lasue 94 by inning a genanc result in unaccepttle consequences to the health and '
lenar to all linaa- and holders of a construction permit safety of the public Dunng Mode 5 (and Mode 6) opera-
for Wesanghouse and Combusuon Engineerms designed- tions, where LTOP transients occur, the containment
nuclear mesa supply systems, The cantant of the generic integrity requirements are often relaied to permit main-
louer will addnes the maff concerns related to the cunent tenance, testing, and repair activities.
*ini==='ive aestment of the low tempenmue overpres-
mas protection system as not being a system that performs ' Each licensee will be r%M to revise the overpressure

'

a * j.- ' -i funcuan, protecnon technical ==-i+=' ion to ensure that both chan.
nels of the system are operable when providing protection

Plant apa=riana in a degraded mode (one out of two chan- agamst briule vessel failure, Sample standard techrucal
'

nels removed fmm service), when the L10P system is specificannan will be provided for g'#=~e

.

9
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dated June 13,1988. ment, February 1976.
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Appendix A
4

De purpose of this appendix is to document the results of taken to be the date when a unit first generated electricity .
Task 1 of the Task Action' Plan for Generic Issue 94, (NUREG-0020, " Licensed Operating Reactors").
aAMkinnal low-Temperature Overpressure Protection for
Light-Water Reactors " The Task 1 objective was to up- NUREG-0224 (Ref. A.1) listed 30 events that resulted in

-_date the operational exponences data base to determine the significant overpressure. transients while in shutdown
. root causes of low-temperature overpressure events, to modes of operation. One event has been excluded from
determine the unavailability of the inv.cuca systems this report because it occurred at a BWR (number 24 of

.

-

insmuod during and after 1980, and to decennine the peak Table 1. Peach Bottom Unit 2,3/6/74). In addition to the i

pressure and the initial te:nperature of actual low- remaining 7.9 cvents, three othe: unidentified events were j

temperstme overpressure events, his work was liued (Appendix C,1 in 1977 and 2 in 1978). ' Sinc ( these
_ performed by the NRC staff. events pre-date the implementation of LTOP Jystems,

further identification was not made. The 29 identified.
De experiences data base has been developed from five NUREG 0224 events are summartzed in Table A.2.
sources:

NUKEG/CR-2789 (Ref. A.2) identified 15 events in shut-
1.' NUREG-0224, " Reactor Vessel Pressure Transient down Modes 4,5, and 6, which were not identified in the

Prosection for Pressunzed Water Reactors" (Ref. other data sources. Six events pre-date 1980 and nine oc-

A.1) curred after 1980. None of these events resulted in sig-
.

nificant overpressure transients, pressures over 500 psi.
2. NUREG/CR.2789, " Pressure Vessel normal Shock All of these events are classified as precursors, or potential

at U.S. Pressurized Water Reactors: Events and overpressure events. Two other events . located in
Precursors,1%31981"(Ref. A.2). NUREG/CR.2789 were redundant one from NUREG.

0224 and one from the AEOD Case Study C401. The 15
3. AEOD Case Study C401, " Low Temperature Over. NUREG/CR 2789 events are summarized in Table A.3.

pressure Events at Turkey Point Unit 4" (Ref. A.3) -
Ten events, excluding the two Turkey Point 4 events, are

. 4. LER Opdate Search (Ref. A.4). identified in AEOD C401 (Ref. A.3). Eight of these were
also located in the LER Update Search. -The two special

5. Docket 50 275,"RHR System Autoclosure Interlock report events were not located in the LERs because the
Removal Report for Diablo Canyon Nuclear Power ORNL data base does not include special reports. One
Plant"(Ref. A.5) event is classified as pre-commercial. All of these 10

events were successfully mitigated by the LTOP protec-
tion system.s. In addition, one of the events (at Calvert,

De objective of Task I was to descrmme the post 1980 Cliffs) also reported both LTOP channels unavailable,
data base regarding events and low-temperature overpres. Following actuation of the DORV, the operator closed the
sure protection (LTOP) or o~erpressure mitigation system block valve. De operator thought the PORV actuation
(OMS) performance data. Operating Modes 4 (hot was spurious. The second PORY was out of service for
shutdown),5 (cold shutdown), and 6 (cold stutdown with maintenance. De 10 AEOD C401 events are summarized
reactor vessel head untensioned, or refueling) are in Tab'e A.4. De Turkey Point 4 data are entered under
canadered for this data base. Five categories are used to the LER Update Search because these two events include
describe the cause of overpessure events. These cases where LTOP channels were also unavailable.
categories are described in Table A.I. In summary they
me: The Sequence Coding and Search System (SCSS) data

base includes cata from 1981 through May 1986, and
(1) Safety injection-related events ..... . .. .... .. .. .. . S about one-half of the 1980 LERs. Two searches were per-
(2) Charging- and letdown-related events .... ..... ...... .<C formed to locate relevant data:

(3) Residual heat removal (RHR) isolation . .. .... .....R
| (4) Reactor coolant pump restart events .. . ... ....... ..P

! (5) Other events, not related to above four categories .....Q 1. Find LERs cMed with 'RCS' or pressutizer systems
! and with the abstract [ing) containing ' POP',

It is noted that some events have occurred prior to the 'OVERPRES', or 'LTOP'.
actual date of commercial operation at a given facility.
Dese data are included in the updated data base because 2. Find LERs coded with the 'RCS' or pressurizer sys.
they are informative with respect to the root cause of over- tems with an effect of high pressure and with a unit
pressure events. He date each unit began commercial effect of hot or cold shutdown, hot standby, or refuel-

operations is noted in the data tables and, for this study, is ing.

A3 NUREG.1326

.

+-* v + - - ~ ,- , . . , , ..,.-,.e-,.,,.m. -,-m_m ._.-__..__m- , - - ,,.,w-- - - - = = = , - ~ , - ee-



. . . .. - - - . - .

'

.

,

, . AppaMk A
'

. .;
,

' Ninety.three LERs' woe located. 'Ihese were screened required to limit the overpressure to an acceptable value, -

'rnd 57 were found to be applicable. Some of the LERs in accordance with Appendix 0 (10 CFR Part 50) require. '

report muldpio events. . Seven were redundant to the ments.,

ABOD C401 data base . >

'Ihe LER Update Search located 37 LTOP events, and 21
AMirianal data were located and included in the LER cases with one LTOP channel out of service and 25 cases r

Update Search data. A preliminary report by ABOD," Air - with both L'IOP channels declared out of service. Sixteen
Systems Pinhiams at U.S. Light Water Reactors," Decem. of the 37 L* LOP events are classified as precursor events.
ber 1986, IdaneiAart additional L'IOP data, not found else. W LER Update Search data are summarized in Table -
where. Most notable is a special report for Farley Unit 2, A.5.
where the peak pressures during two L'IOP events were
700 psi and 480 psi. In addition, a report prepared by - The data have been compared to the date a plant was
Weednghouse for Diablo Canyon listed L'IOP events not declared commercial. 'Ihis date is taken to be the date the
previously found(Ref. A.5), plant first gerarated electricity (from NUREO.0020).

'Ihis date eletiari screens out the fewest events for pre. '

With the exception of the two Turkey Point Unit 4 events . commercial data evaluanon.
. and the one event at Farley 2, no other events resulted in

signinennt overpressure transients, exceedmg the Appen.
.

dix 0 limits. 'Ihe LTOP (OMS) systems functioned when The data base (excluding B&W) consists of the following:
'

Ar:tualL'IOP Events Precursor LTOP Events

. . Post Pre. Post . Pre.*

Source Total Cammercial Commercial Commercial Commercial

Pre.1980 Data
'

L NUREG.0224 28 14 14 . .

5NUREO/CR.2789 .5 . -. .

AEOD C401 . . . . .

LERs 3 2 1 - .

. .

k

Total 36 16 15 5 .

I
. Post.1980 Data

NUREG-0224 . . . . .

| NUREG/CR 2789 8 4 4. .

| AEOD C401 10 9 1 . .

15 1!- LERs 37 21 .

I . . - . - .
,

1

Total 55 30 5 15 5
i

l

i

;

|
f NUREO.1326 A.4
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One LTOP Unavailable Both L70Ps Unavailable
'

:

Post Pre. Post Pre. |

Source Total Commercial Commercial Commercial Commercial ,

,

'

ABOD C401 1 1. . .

UIRs ' 45 16 5 24 .
,

.y_

Total 46 16 5 25 0

ActualLTOP Events Precursor LTOP Events

Post Pre. Pnst Pre.
Vendor Total Commercial Commercial Commercial Commercial*

,

,

'

ra=6mina Engineermg 12 5 2 4. 1

Weednghouse 79 41 18 16 4
_ -. . -- _

Total 91 46 20 20 5

.

One LTOP Unavailable Both L'IOPs Unavailable
~

!

Post Pre. Post Pre-
Vendor Total Commercial Commercial Commercial Commercial

5Combustion Engmeering 6 1 . -

Westinghouse 40 15 5 20 .

. ._._

Total 46 16 5 23 .

'there were 30 overpressure transients during the period ceeded the Appendix 0 pressure / temperature limits as
1980 through 1986. The two Turkey Point 4 events in specified in the technical specifications. ;

1981,'at 750 and 1100 psi, and one of the two events at
Farley 2 in 1983, at 700 psi (the other reached 480 psi) ex. The LTOP events data base is summarized below:

A5 NUREO 1326
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1

Safety "hargmg RHR RCP Others.

Irdestion /Lakiewn Inolation Restart /Op. Errs. i

Vendor Post Pic Post Pre Post Pre Post Pre Post Pre i

i

'
Combustion Engineenng 2 1 2 2 2 3. - . .

Weednghouse 19 6 13 11 6 1 12 2 7 2 |

Total 21 7 13 13 8 1 14 2 10 2

'!he L*!OP unavailability data base is summariand below:
,

Mainte- Operator Component PORY 1.cak Air /N2
nance Errors Failure Isolated Problems.

Vendor One Both One Both One Both One Both One Both
'

:

3Combuscon Engineering 1 2 . . . . . . .

2 3 2 3 4 5 8Wesunghouse(Post Com) 4 4 .

3Waminyhr== (Pm Com) 1 1 ;.. . . . . .

. .

5 3 2 6 4 6 8Total 6 6*
.

There are a few cases where pianu have contributed Salem 2 (WestmgbQusd
amnerous events to the data base, four or more overpres-
sure events and/or four or more reponed cases of LTOP Salem 2 accounts for four caser of ene LTOP channel un-
unavailabdity. These plants are summenzed below, available and six cases with both channels out. Eight of

the 10 events resulted imm i.wation of leaky PORVs. ,

Indian Point 2 (Westinghouse)
Salem 2 also accounts for Dve L'IOP events. All were

Eight of the 31 NUREO 0224 overpressure tranaents oc. successfully rrdt! gated by the UtOP system. One of the t
'

cured at Indian Point 2. Pive of these are classified as five is a pre commercial event.

r. . - ---

McGuire 1 (Wassmghaume) Surry 1 (Westmghouse)
>

McGuire 1 accounta for four pre-commercial safety injec. Suny I accounts for seven LTOP events: one high.

|-
tion events (Ref. A.2), pressure event prior to 1980 and six after 1980. Three of

these six are precursors, and the remaining three were suc-
j

North Anna 1 and 2 (Wesunghouse) cessfally mitigated by the LTOP system. *

Nonh Anna 1 and 2 account for three cases with one
| L10P channel unavailable and five cases with both chan- 7 inn 2 (Wa=rinohnw)
! nels out. Seven of the eight events relate to problems with
i' the nitrogen pressure system used to actuate the PORVs. Zion 2 accounts for five LTOP events: one high-pressure
' event prior to 1980 and four after 1980. Two of these four i

l- Nonh Anna 1 and 2 also accourt for eight LTOP events. are precursors, and the remaining two were successfully |
'

All wwe successfully mitigrad by the L7OP system. mitigated by the L10P system.

1

l
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Appendix A !

Tables A.6 through A.16 prxide the details from the A.3 hSmorandum from CJ. Heltemes. Jr., to H.R. Den-
litsratae searches. ton, " Case Study Report-Low Temperature Over- !

pressure Events ~at Turkey Point 4," AEOD Case
REFERENCES FOR APPENDIX A Study C401, dated March 16,1984.

A.1 U.S. Nuclear Regulatory Commission (USNRC), A.4 Letter from O.T. Mays Director Nuclear Safety In-
" Final Report on Reactor Vessel Pressure Transient formation Center, ORNL, to E.D. Throm, NRC, ;

Protection for Pressurtsed Water Reactors," dated September 2,1986. |
NURBO-0224, September 1978.

A.5 Westinghouse Electric Corporation, Power Systems.
A.2 D.L. Phung, ''Pressee Vessel Thermal Shock at U.S. *RHR System Autoclosure Interlock Removal

Pressurised Water Reactors: Events and Precursors, Report for Diablo Canyon Nuclear Power Plant," ;

1963 1981," Oak Ridge National Laboratory, Docket No. 50 275 WCAP illl7, Revision 2, Ap- )
NURBO/CR 2789,ORN!JNSIC 210,May 1983, pendix D, dated August 4,1987. J

Table A.1 LTOP coding system.

Event SequenceIdentifier:
Inadvertent safety irpection as a result of operator error during Si testing. inadvertent SI 1S -

actuation signal. Could be SI pump or accumulators.

Excess charging flow. Typically with letdown isolated but not caused by residual heatC -

removal system isolation. Possible high CC flow.

Residual Mat removal (RHR) system isolation resulting in charging without letdown.R -

Restart of a reactor coolant pump (RCP).P
+

-

Other events. Operator errors, procedure errors, or related to maintenance.Q -

LTOP UnavailabilityIdentifier.
One low teraperature overpressure (LTOP) channel or relief path unavailable. Does not10 -

necessarily represent all planned maintenance that does not need to be reported.

Both L'IOP channels or relief paths unavailable. May include one out for maintenance20 -

when the second fails to mitigate an overpressure event.

|

Causes broken down into five categories:
Maintenance,(1) -

Operator error,(2) -

Component failure,(3) -

PORV leakage andisolation,and(4) -

Air or nitrogen system failures.(5) -

i
l Pressure Column Identifier:

Data unavai'able.N/A -

No actual pressure transient, a precursor event.None -

Overcooling event, no pressure data.Temp -

Upper bound pressure limited to LTOP setpoint. Event mitigated.S.P. -

Events used by PNL to define the operatmg reactor experience data base are marked with (*) in the summary data tables.

A7 NUREG 1326
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Table A.2 Saununary of NUREG 0224 LTOP data. ;

Pressure Temperature
(psi) (oeg r)

Reactor type Date From To causeill
(Commerciall

heaver Valley 1 (W ) 02/24/76 400 1000 130 C-Operator error El. bus transfer, w/RHRS
06/14/16 tpre-com) '

03/05/16 400 1150 150 S-operator error E1. bus de-energised
w/RHRS (pre com)

03/13/76 425 495 190 S-Inadvertent safety injection (pre-com)

D.C. Cock 1 (W ) 04/14/76 N/A 1040 110 C. Inadvertent letdown isolation, w/RRRS
02/10/75

A.E. Cinna (W ) 1966 95 2485 100 C-Inadvertent letdown isolation,w/RHRS (pre-com)
12/02/69

Indian Point 2 (W ) 02/16/72 420 670 140 C-Unknown cause, w/o RHR$ (pre-com)
06/26/73 02/17/72 420 650 180 C-Operator isolated letdown, w/RHRS (pre-com)

03/08/72 400 640 115 P-Reactor coolant pump restart (pre-com)
04/06/72 422 680 170 C-Operator isolated letdown, w/RERS (pre-com)
05/18/73 440 575 130 C-Letdown isolated, w/RHRS (pre-com)
01/23/74 425 525 190 P-Reactor coolant pump restart
02/22/14 150 560 115 s-Inadvertent safety injection, accumulator
09/12/76 400 515 110 C-Letdown isolated, air loss, w/RHRS

Indian Point 3 (W ) 09/30/76 50 2250 185 R-RNR isolation, spurious
04/27/16

oconee 2 (BW) 11/15/73 800 1860 300 0-Procedure error, physics tests (pre-com)
12/05/13

Palisades (CE) 09/01/74 N/A 960 150 0-Operator error i
12/31/71

. Point Beach 2 (W ) 12/10/74 345 1400 170 S-Inadvertent safety injection
08/02/72 02/28/76 400 830 168 R.RHR isolated, reduced letdown

Prairte Island 1(W ) 10/31/73 430 1100 132 P-Reactor coolant pump restart (pre-com)
12/04/13 01/16/74 395 840 90 S-Inadvertent asfoty in$ection, accumulator

Prairie Island 2(W ) 11/27/14 N/A 900 155 C-Inadvertent letdown isolation,w/RHRS(pre-com)
12/21/74

Surry 1 (W ) 01/28/73 450 590 , 80 S-Inadvertent safety injection, accumulator
07/04/72

St. Lucio 1 (CE) 08/1?I75 210 600 105 C-Inadvertent letdown isolation,w/SDCS (pre-com)
05/07/76 06/17/76 435 815 300 P-Reactor coolant pump restart

Trojan (2) (W ) 07/22/75 400 3326 100 R RHR laolation, charging pumps (pre-com)
12/23/15

Turkey Point 3 (W ) 12/03/74 50 000 105 R RHR isolation
11/02/72

tion 1 (w ) 06/13/73 110 1290 105 C-operator error (pre-com)
06/28/73 06/03/75 100 1100 115 R-RHR isolation

Sion 2 (W ) 09/18/15 95 1300 88 R-RHR isolation
12/26/13

(1) First one/two lett"re used to code data, see Table A.1.

(2) Apparently pressutizer PORVs and SRV were isolated at time of event.

NUREG 1326 A-8
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i ' Table A.3 Susannary of NUREG/CR.2789 data.
:

Pressure Tempe rature
(psi) (Dog F) '

Reactor Type Date From To cause(l)
(Commercial) .

\

Davis-besse '(Bw) 04/19/80 N/A 140 S-Inadvertent SI, maintenance,3500 gals, to 170F
08/26/77 i LTOP set-pressure is 330 pai ]

D.C. Cook 1 (W ) 07/23/81 100 325 C-filling and venting
02/10/75

Farle 1 (W ) 10/24/19 N/A $= Inadvertent SI, maintenance, precursor event
00 10/77

McGuire 3 (W ) 03/30/01(2) yfg g. Inadvertent SI, maintenance.procursor tpre-com)
09/12/81 03/30/81(2) ufx g. Inadvertent SI, maintenance. precursor (pre-com)

.

*

04/29/01 N/A t-Inadvertent SI, maintenance. precursor (pre-com)
05/07/81 None S-Inadvertent SI,oper. error procursor(pre-com)

Millstone 2 (CE) 03/14/19 N/A R-RHR (SDC) LPSI pump stopped, precursor event
11/09/75 03/14/79 Temp R-RHR (SDC) isolation, precursor event

Doonee 3 (BW) 10/19/79 300 360 200 C-excess make-up, operator error
09/10/14

Surry 1 (W ) 10/01/72 Temp o-SG blowdown, valve failure, precursor event
01/04/72 04/26/80- N/A S-Inadvertent SI, maintenance, precursor event

"

04/30/80 N/A S-Inadvertent SI, maintenance, precursor event

Eton 2 (W ) 05/25/76 N/A S-Inadvertent safety injection, precursor event
*

12/26/73 09/03/00 N/A S-Inadvertent safety injection,1 min,procursor

(1) First one/two letters used to coce data, see Table 4.1.

(2) Two events reported.

t

6

&

|

,

t

'

|
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Talde A.4 Summary of AEOD Case Study C401 data.
-

Pressure Temperature
4-

(psi) (De , r)
Reactor Type .Date From To causell)
(Commercial)

Calvert Cliff 1 (CE) 04/26/83 425 198 (*)o-operator error, closes one PORYi

01/03/75 04/26/83 20-operator error, 17 minutest

R.E. Cinna (W ) 06/09/83(2) g,p, geje.tacess charging
12/02/69 [ LTOP set-pressure 435 poi )

-North Anna 1 (W ) 03/29/81 s.P. (*)s-Inadvertent safety injection
04/17/78 [ LTOP set-pressure 430 psi )

,

North Anna 2 (W ) 05/18/82 s.P. (*)P-Reactor coolant pump restart i LTOP 405 psi )
08/25/80

05/24/82(3)
s.P. (*)P-Reactor coolant pump restart

05/23/83 381 115 (*)S-Inadvertent safety injection,3 min at 528 gpm
.

| Palisades (CE) 12/04/81(4) s.P. (*)S-Inadvertent safety injection, 4 min
i 12/31/71 ( LTOP set-pressure 400 psi )

salem 2 (W 1 06/17/83 s.P. (*)s-Inadvertent safety injection
06/03/81 [ LTCP set-pressure 375 poi ). '

*
1

| San onofre 2 (CE) 05/07/82(2) s,y, c. Letdown decreased w/ charging, /sDCs (pre-com)
| 09/20/82 i LTOP set-pressure 400 psi )

.

!. Surry 1 (W ) 07/02/01(4) S.P. 190 (*)C-Inadvertent charging, FCV failure
07/04/72 [ LTOP set-pressure 410 poi )

(1) First one/two letters used to code data, see Table A.1.

(2) All AEOD events. with the exception of these two special reports, were also located in the
LER Update Search performed 9/4/86.

(3) Listed under Unit 1 in AEOD report.

; (4) Event date listed as 1982 in AEOD report, corrected to 1981 based on LER Update Search of
09/4/06.

- (*) Events considered in developing base case risk analysis.

,

A
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Table AJ Sum 8 mary of LER Update Search data.

Pressure 7empe r ature
(psi) (0eg r)

Reactor Type Date From To cause(II
(Commercial)

Byron 1 (W ) 03/18/85 N/A (*)S-Oper. error, inadvertent SI, precursor
,

03/01/95>

Callaway 1 ' (W ) 07/16/84 350 425 140 C Excess charging, loss of instr. air (pre-com)
12/19/84 07/16/04 350 425 140 C tacess charging, loss of instr. air (pre-com)

04/05/86 380 463 104 (')C-tacess charging, RCP seal in$oction
valve failure

Catawba 2 (W ) 04/09/86 260 399 C-Letdown isolated by operator (pre-com)
5/18/86

Calvert Cliffs 1(CE) 10/20/85 20-calibration error, maintenance
01/03/75

D.C. Cook'2 (W ) 01/08/83 20-Low Air supply pressure, isolated during test
03/22/78 07/03/83 20-Loss of Air supply, 24 houre

07/28/05 None 8-Inadvertent safety injection, precursor event

Farley 1 (W ) 11/09/80 None C-More than 1 CC pump available precursor event
08/18/17 11/07/86 400 450 (*)C-Operator error on pressurs control

11/15/86 400 450 (*)P-RCP restart, third pump

Farley 2 (W ) 10/15/83(2) 700 170 (*)C. Excess charging, loss of instr. air
05/25/01 10/15/83(2) go.Out for maintenance-

10/15/83(2) 480 170 (')P RCP restart,

10/15/83(2) go.out for maintenance
'

R.E. 31nna (W ) 05/06/80 20doperator/ procedure error, 14 hours
12/02/69 05/22/04 None 5-Inadvertent SI. low SG pressure, precursor

Haddam Neck (W ) 11/30/83(2) go. Loss of Air supply .-

08/07/77 11/30/83(2) 10-Loss of Air supply
08/03/84 315 380 325 0-Unknown, PORVs open, oper. closed,no transient
08/03/84 20-Operator closed for 17 min. ,

01/05/86 20-Component failure, interlock l
i

Maine Yankee (CE) 07/17/81 10-Out for maintenance, 7 hr 20 minutes
11/08/72 12/01/83 None 0-Operator error, outdated procedures, precursor j

Mo cuire 1 (W ) 03/10/82 10-Calibration error, timing, maintenance
09/12/81

Mc Guiro 2 - (W ) 04/13/83 lo-Instrument error, air in line, maintenance
05/23/83 08/27/86 360 368 180 0-Too close to set-point

11/15/86 350 368 180 0 foo close to set-point

Millstone 2 (CE) 06/15/05 20-Procedure error, operstor error
11/09/75

North Anna 1 (W ) 03/ /78 575 0-Electrical problem (pre-com)
04/17/78 03/ /80 570 0-valve failure, RHR tolief valve opens

| 03/18/81 20-Low N2 pressure, 1 out 8 hr then cther falle
11/10/82 20 Block valve closed, 5 hours, maintenance
10/09/83 10-Loss of N2, 4 days 1

09/14/04 350 410 88 (*)P-Reactor Coolant Pump restart !

12/16/BS None 5-10,000 gal accumulator vented. precursor event
12/19/85 350 395 135 (*)C-Charging and letoown control

|

|
(1) First one/two letters used to code data, see 7able A.I.

(2) AE00 report, * Air systems Problems in U.S. Light Nater Reactors."

(3) Two events over a two week period.

|
| (*) Events considered in developing base case risk analysis.
1
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JTable AJ Satamary of LER Update Search data (com't).
1

i

Pressure Temperature a '

(psil (Deg F) ]
Reactor Type Date From To causellI

,

(Commercial) '

North Anna 2 (W ) 08/14/80 10-Low N2 pressure, vented
08/25/80 11/02/00 10-Low N2 pressure, 12 hours

06/20/81(33
20-Low N2 pressure, 7 hrs 45 min

08/06/81 20-Low N2 pressure, 8 hours
t 08/11/81(3) 20-Low N2 pressure, 8 hours

'

Palisades (CE) 08/13/83 20-Procedure error, TS implementation op. error
12/31/71 08/26/85 350 375 (*)P-Reactor coolant pump restart, third pump

09/14/85 20-calibration error, cal. S/27/85, maintenance

Palo Verde 1 (CE) 01/28/86 None S-Inadvertent safety injection, precursor event
06/10/85 04/06/05 s-Inadvertent safety injection, precur. (precom)

Point beach 2 (W ) 10/25/82(2) 10. Loss of Air, operator error
- 08/02/72

Prairie Island 1(W ) 10/ /74 N/A s-Inadvertent safety injection
12/04/73

H.B. Robinson 2 (W ) 01/ /78 360 560 155 Q-Heatup when RHR pump stopped
09/26/70 11/04/83 10-Component, limit switch

s12/15/84 20-Air /N2 1solated, I hour

salem 1 (W ) 07/16/81 10-PORV leak, isolated. 48 hours
*

12/25/76 01/06/82 10-PORV leaked, isolated, 24 hours
01/07/82 10-Failed manual test. component,cther open/ vent

salen 2' (W ) 04/19/81(33 10-PORV leak, isolated, 24 hours
06/03/81 04/23/81(3) 10-PORV leak, isolated, 3 days

04/29/81(3) 10-PORV leak, isolated, 4 days

05/15/81(43330 360 175
Q-operator error, maintenance, PZR bub (pre-com)

06/12/81(4)
20-PORVs leak, 1solated

06/18/81 20-PORVs leak, isolated
07/09/81 10-PORV leak, isolated
01/22/83 20-PORVs leak, isolated
01/26/83 20-PORV leak, other no Air
04/25/83 20-Blank in vent line, 6 hours, maintenance
08/30/83 20-Position indicator fails. 8 hours, component
02/15/84 325 350 (*)P-Reactor coolant pump restart
03/29/85 325 380 (*)P-Reactcr coolant pump restart
03/30/85 325 380 (*)P-Reactor coolant pump restart

San onofre 1 (W ) 11/10/83 300 522 120 (*)s-Inadvertent safety injection
07/16/67

surry 1 (W ) 02/09/83 20-Low backup Air pressure, normal air available
07/04/12 06/01/84 325 412 145 (*)C-Excess charging, operator error

05/12/85 350 410 150 (*)c-Letdown decrease w/ charging

summer (W ) 05/06/85 (50 (*)P-Reactor coolant Pump restart
11/16/82 (Notes RER SRV failed to fully rescat)

Trojan (W ) 05/21/85 s-82 signal 3 minutes, hear removed, precursor
12/23/75- 10/21/06 none 0-PORV open in 8 sec, should be 0.28 sec,

maintenance (precursor event)

o

(1) First one/two letters used to code data, see Table A.I.

(2) AEOD report, * Air systems Problems in U.S. Light Water Reactors."

(3) Three events over a one week period reported.

(4) Two events over a one week period reported.

(*) Events considered in developing base case risk analysis.
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Appendix A

Table AJ Summary of LER Update Search dets (con't).

Pressure Tempe rature
(psil (Deg F)

Reactor Type Date From to causelli
(Commercial)

Turkey Point 4 (W ) 11/28/01 310 1100 110 (*)P-Reacter coolant pump restart
06/21/73 11/29/01 340 750 110 (*)P-Reactor coolant pump restart

11/28/01 20-1 maintenance, other f ails
11/29/01 20-1 maintenanot, other fails
10/09/84 lo-component failure PORV opens, operator closes

Yankee Rowe (W ) 07/17/81 10-Maintenance error
11/10/60

tion 1 (W ) 09/11/04 450 (*)C-Increased charging flow, op error
06/28/73

01/03/86(2) gegg.RHR isolated letdown.w/ charging 190 gpm
01/03/86(2)400 43$ (*lo-possible electrical bus problem

r tion 2 (W )
' 43512/26/73

-

(1) First one/tvo letters used to code data, see Table A.1.-

(2) Two events reported.

(*) Events considered in developing baso case risk analysis.
i

.

O

4
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Tabl8 A.6 Smamary of Babcock and Wilcox plaats.0)

Plant MW(e) Decket Commercial A-Yrs S C R P Q Sam Events 10 1 Out 20 2 Out HP HP
Date (12/06) /R-Yr /R-Yr /R-Yr /R-Yr

- - - -.-

Arkansas One-1 836 50-313 8/ 1/74 12.4 ----- - --- - --- - --- - ---

Crystal River 3 825 50-302 1/30/77 9.9 ----- - --- - --- - --- - ---

| - Davis-tesse 1 480 50-346 8/28/77 9.3 1---- 1 .107 - --- - --- - ---

! Ooonee 1 860 50-269 5/ 6/73 13.7 ----- - --- - .-- - --- - ---

Oconee 2 860 50 270 12/ 5/73 13.1 ----1 1 .077 1 .077- --- - ---

Oconee 3 860 50-281 9/ 1/74 12.3 -1--- 1 .081 - --- - --- - ---

Rancho seco 1 916 50-312 10/13/74 12.2 ----- - --- - --- - --- - ---

Three Mile 1 792 50-289 -6/19/74 12.5 ----- - --- - --- - --- - ---

| (ll. s-safety in

'

C= Charging /.peetion| rtdown
R-RNR isolation

( P-RCP restart
Q-Other/oper. error
HP-High-pressure event, >500 psi
10-One L70P channel out
20-Both L70P channels out

Table A.7 Samusary of Combustion Engineering plaats.0)

Plant NW(e) Docket commercial R-Yrs S C R P Q sum Events 10 1 out 20 2 Out HP HP
Date (12/86) /R-Yr /R-Yr /R-Yr /R-Yr

| Arkansas one-28 850 50-368 12/26/78 8.0 ----- - --- . --- - --- - ---

| Calvert Cliffs 1 845 50-317 1/ 3/15. 12.0 ----1 1 .083 2 .167- --- - ---

Calvert Cliffs 2 845 50-318 12/ 1/16 10.1 ----- - --- - --- - --- - ---

Ft. Calhoun 1 478 50-285 8/2$/73 13.4 --. - - --- - --- - --- - ---

Maine Yankee 190 50-309 11/ 8/72 14.1 ----1 1 .071 1 .071 - --- - . - - -

K111 stone 2 830 50-336 11/ 9/75 11.1 --2-- 2 .180 1 .090- --- - ---

2 .133 1 .067 !Palisades 198 50-255 12/31/71 15.0 1--11 3 .200 - ---

Palo Verde l' 1270 50-528 6/10/85 1.6 2---- 2 1.250 - --- - ... - ---

Paio Verde 2* 1270 50-529 5/20/86 .6 - - --- - - --- - --- - --- - ---

San onofre 2** 1070 50-361 9/20/82 4.3 -1- - 1 .234 - --- - --- - ---

san Onofre 3** 1080 50-363 9/25/83 3.3 ----- - --- - --- - --- - ---

, St. Lucie 1 810 50-335 5/ 7/16 10.7 -1-1- 2 .188 2 .188- --- - ---

I st. Lucie 2 810 50-389 6/13/83 3.6 ----- - --- - --- - --- - ---

Waterford 3* 1165 50-382 3/18/85 1.8 ----- - --- - --- - --- - ---

(1) s-safety injection
C-Charging / letdown
R-RHR isolation |
P-RCP restart
0-Other/oper. error
K9-High-pressure event, >500 pai
10-One LTOP channel out
20-Both LTCP channels out

Notest i
8-L70P with 2 SDCS SRVs '

**-LTOP with 1 SDCS SRV

1-
1

i
1

l
i
s

,

I
!

| i
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Appendix A

Table AA Sussmary of WestingbonSe plaats 0) -

Plant HW(el Docket Commercial R-Yrs 8 C R P Q Sum Events 10 1 Out 20 2 Out HP HP
Date (12/86) /R-Yr /R-Yr /R-Yr /R-Yr

,

- - - .--

Beaver Valley 1 833 50-334 6/14/76 10.6 21--- 3 .284 3 .284- --- - ---

Syron 18 1120 50-454 3/ 1/85 1.8 1---- 1 .556 - --- - --- - ---

Callaway 10 1150 50-463 10/24/04 2.2 -3--- 3 1.346 - --- - --- - ---

Catawba 1 1145 50-413 1/22/05 1.9 ----- - --- - --- - --- - ---

Catawba 2 1145 50-414 5/10/06 .6 -1--- 1 1.613 - --- - --- - ---

Cook 1 1030 50-315 2/10/15 11.9 -2--- 2 .168 1 .084- --- - ---

Cook 2 1090 50-316 3/22/10 8.8 1---- 1 .114 2 .228- --- - ---

Diablo Canyon 1 1084 50-275 11/11/84 4.1 ----- - --- - --- - --- - ---

Diablo Canyon 2 1105 50-323 10/20/05 1.2 ----- - --- - --- - --- - ---

Farley 1* 860 50-348 8/18/17 9.4 12-1- 4 .426 - --- - ... - ...

Farley 2' 060 50-364 5/25/81 5.6 -1-1- 2 .357 2 .357 1 .179- ---

Haddam Neck 582 50-213 8/ 7/67 19.4 ----1 1 .052 2 .103 2 .103 - ---

Indian Pt. 2 873 50-247 6/26/73 13.5 15-2- 8 .592 8 .592- --- - ---

Indian Pt. 3 965 50-286 4/27/76 10.7 --1-- 1 .094 1 .094- --- - ---

Rewauneo* 535 50-305 4/ 8/74 12.1 ----- - --- - --- - --- - ---

McGuire 1 1180 50-369 6/30/81 5.5 4---- 4 727 1 .182 a-.- - ---

McGuire 2 1180 50-310 5/23/83 3.6 ----2 2 .554 1 .277 - --- - ---
-!

Millstone 3 1150 50-423 ' 2/12/86 .9 ----- - --- - --- - --- - ---

North Anna 1 890 50 338 4/17/78 8.7 21-11 5 .505 1 .115 2 .230 - ---

North Anna 2 890 50-339 8/25/80 6.4 1--2- 3 .472 2 .315 3 .472. - ---

Point Beach 1 491 50-266 11/ s/70 16.2 ----- - --- - --- - --- - ---

Point Beach 2 491 50-301 8/ 2/72 14.4 1-1-- 2 .139 1 .069 2 .139- ---

Prairie Island 1 507 50-282 12/ 4/73 13.1 2--1- 3 .229 3 .229- --- - ---

Prairio Island 2 507 50-306 12/21/14 12.0 -1--- 1 .083 1 .083- --- - ---

R.E. Ginna 470 50-244 12/ 2/69 17.1 12--- 3 ,176 1 .059 1 .059- ---

Robinson 2 655 50-261 9/26/70 16.2 ----1 1 .061 1 062 1 .062 - ---

salem 1 1090 50-272 12/25/76 10.0 3 .299----- - --- - --- - ---

salen 2 1115 50-311 6/ 3/81 5.6 1--31 5 1.030 4 717 6 1.075 - ---
,

-san onofre 1 436 50-206 1/16/67 19.5 1--- .1 .051 - --- - --- - ---

2148 50-327 7/22/80 6 *4Sequoyah 1** . ----- - --- - --- - --- - ---

Sequoyah 2** .148 50-328 12/23/81 5.0 ----- - --- - --- - --- - --- ,

t
summer * 900 50 395~ 11/16/62 4.1 ---1- 1 .244 - --- . --- - ---

1 .069 1 .069775 50-280 7/ 4/72 14.5 33--1 7 .483Surry 1 - - ---

surry 2 775 50-281 3/10/73 13.8 -- -- - --- - --- - --- - --- ;

Trojan 1130 50-344 12/23/15 11.0 1-1-1 3 .273 1 .091- --- - ---

1 .071Turkey Pt. 3 728 50-250 11/ 2/12 14.2 --1-- 1 .071 - --- - ---

Turkey Pt. 4 728 50-251 6/21/73 13.5 ---2- 2 .148 1 .074 2 .148 2 .148
Wolf Creekt 1150 50-482 6/12/85 1.6 ----- - --- - --- - --- - ---

1 .038Yankee Rowe 175 50- 29 '11/10/60 26.1 - --- - ------ - - ---

2 .148Eton 1 1040 50-295 6/28/73 13.5 -21-- 3 .222 - --- - ---

1 .077tion 2 1040 50-304 12/26/73 13.0 2-2-1 5 .J84 - --- - ---

| (1) 5-Safety injection
' C-Charging / letdown

R-RHR isolation
P RCP restart
Q-Other/oper. error

HP-High-pressure event. >500 psi
10=One LTOP channel out
20-Both LTOP channels out

| Notest
I..

**-Automatic LTOP
*-LTOP with 2 RHR$ ERVs

I

t-LTOP 2 PORVs or 2 SRVs

1
*

|
,
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Table A.9(a) Co8mbustion Engineering LTOP eventa summary . total data bane.
*

1
. s

SI CC RHR RCP Others Total Post-Com Total Pre-Com Total History I

y -..... ...... ...... -..... ---.-. -.-.--...-.-.--. .----...-.-...-. ....-.-......-..

N P P P P P' P P P P P
Z 0 R 0 R 0 R 0 R 0 R S Free Freq S Freq Frog S Freq Freq i

T S E S E S E S E S E U Per Per U Per Per U Per Per I

Year S R-Yrs T T T T T M Unit R-Yr M Unit R-Yr M Unit R-Yr

68 .o . . . . . . . . - - - .. -. - .- -. . .- ...

|70 .0 - - - - - = = - - - - -- -- - -- -- - -- ---

71 1 .0 - - - - - - - - - - - -- -- - -- -- - -- --

72 2 1.1 - - - - - - - - - - - -- -- - -- -- - -- --

73 3 2.4 - - - - - - - - - * * -- -- - -- -- - -- --

1 .333 .333 l' .333 .333114 3 3.0 - -- --- - - - - - - - -

1 .200 .244 1 .200 .24475 5 4.1 1 - - - - - - - -- --- - -

1 .143 .175 '
1 1 .143 .17576 7 5.7 - - - - -- --- - - - - -

?? 7 7.0 - . - - . . . . - . - .. .. - -- -- . .. ..
,

18 8 7.1 - - - - - - - - - - - -- -- - -- -- - -- --

2 .250 .250 2 .250 .250279 8 8.0 - -- --- - - - -- .. -

4 .500 .104 1 .125 .026 5 .625 .130 i60-79 8 38.4 1 2 1 1 -- -- - -

! 80 8 0.0 '- - - - - - - - - - -- -- - -- -- - -- ---

1 81 8 8.0 1 1 .125 .125 1 .125 .125- - - - --- - - - - - - - -
*

| 82 9 8.2 1 .111 .122 1 .111 .1221 - - - - - - - -- --- - -

2 .182 .202 I2 .182 .2022! 83 11 9.9 - - - - - - - - - - -- --

84 11 11.0 - - - - - - - - - - - -- -- - -- -- - -- -.

1 .077 .001 1 .077 .081 2 .154 .1631 185 13 12.3 - - - - - - --

1 .071 .074 1 .071 .07486- 14 13.6 1- - -- --- - - - - - - - -

, +

l - 80-86 14 71.0 2 1 5 .357 .070 2 .143 .028 7 .500 .0991 21 - -- - - +

9 .643 .082 3 .214 .027 12 .857 .110360-06 14 109.4 2 1 2 2 2 ,-- --

,

<

.

'

. Table A.9(b) Combustica Engineering LTOP events Summary . without precursor data.
1

l

| 81 CC RHR RCP othere Total Post-Com Total Pre-Com Total History
! U ------ ------ ------ ------ ------ ---------------- ---------------- ----------------
t N P P P P P P P P P P

I O R 0 R 0 R 0 R 0 R S Frog Freq S Freq Freq S Freq Freq
T S E S E 5 E S E S E U Per Per U Per Per U Per Per

Year S R-Yrs T T T T T M Unit R-Yr M Unit R-Yr M Unit R-Yr

!

69 .0 - - - - - - - - - - - -- -- - -- -- - -- ---

in .0 . . . . . . . . . . - .. .. . -- -- . .. ...

11 1 .0 - - - - - - - - - - - -- -- - -- -- - -- --

12 2 1.1 - - - - - - - - - - - -- -- - -- -- - -- --

13- 3 2.4 - - - - - - - - - - - -- -- - -- -- - -- --

1 .333 .333 1 .333 .333174 3 3.0 - -- --- - - - - - - - -

1 .200 .244 1 .200 .244115 5 4.1. - - - - - - - - -- --- -

1 .143 .175 1 .143 .175176 7 5.7 - - - - * - - - - - -- --

17 7 1,0 . - . . . - - - . - - -. -. - -- -. . .. -.

78 8 7.1 - - - - - - - - - - - -- -- - -- -- - -- --

79 8 8.0 - - - - - - - - - - - -- -- - -- -- - -- --

2 .250 .052 1 .125 .026 3 .375 .078 11 160-79 8 38.4 1 -- - - - - -

80 0 8.0 - - - - - - - - - - - -- -- - -- -- - -- --

1 .125 .125 1 125 .12581 8 8.0 1 - -- --- - - - - - - - -

1 .111 .122 1 .111 .12282 9 8.2 1 - - - & - - - -- --- - -

1 .091 .101 1 .791 .101183 11 9.9 - - -- --- - - - - - - -

84 11 11.0 - - - - - - - - - - - -- -- - -- -- - -- --

1 .077 .031 1 .077 .061185 13 12.3 - - - - -- --- - - - - -

86 14 13.6 - - - - - - - - - - - -- -- - -- -- - -- --

3 .214 .042 1 .071 .014 4 .286 .056180-86 14 11.0 1 1 1 -- - - - -

2 - 2 - 5 .357 .046 2 .143 .018 7 .500 .064260-86 14 109.4 1 - -- -

NUREO.1326 A.16
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Table A.10(a) Weedaghouse LTOP ewats Summary total data base.
!.

SI CC RRR RCP Others Total Post-Com Total Pre-Com Total History -
j. g ...... ...... ...... ...... ...... . .............. ................ ................
'

.N P P P 'P P P P P P P
I O R 0 R 0 R 0 R 0 R S Frog Frog S Freq- Frog S Frog Frog
T S E S E S E S E S E U Per Per U Per Per U Per Per

Year S R= Yrs T T T T T M Unit R-Yr M Unit R-Yr M Unit R=Yr
.

1 1 .250 .323 1 .250 .32369 4 3.1 - - - - - - - - - - -- --

70 6 4.4 - - - - - - - - - - -- -- -- - -- -- - -- --

11 6 6.0 - - - - -' - - - - - - -- -- - -- -- - -- --

72 9 1.1 3 1 1 1 .111 .141 4 .444 .563 5 .556 104- - - - - - -

13 15 11.4 1 2 1 .067 .088 3 .200 .263 .4 .267 .3511- - - - - - -

14 17 15.8 4 1 1 1 6 .353 .380 1 .059 .063 7 .412 .443-- - - - -

2 115 19 17.9 2 .105 .112 1 .053 .056 3 .158 .168- - - - - - - -
,

16 22 20.2 1 2 2 1 2 5 .221 .248 3 .136 .149 8 .364 .396 ;- - - - -

17 23 22,4 . . . . . . . . . . . .. .- . .. .. . .. ..

18 25 24.5 1 1 1 .040 .041 1 .040 .041 2 .000 .082- - - - - - - -

19 25 25.0 1 1 .040 .040 1 .040 .040- - - - - - - - - - -- --

60-19 25 168.8 7 2 2 8 5 1 1 2 2 1 17 .680 .101 14 .560 .083 31 1.240 .184

80 21 25.8 3 4 .148 .1551 4 .148 .155- - - - - - - - - -- --

1 5 .161 .114 . 5 .161 .114 10 .323 .348 i281 31 28.7 1 4 2 - - - - -

82 32 31.1 2 2 .063 .064 2 .063 .064- - - - - - - - - - -- --

83 33 32.6 3 2 1 6 .182 .184 6 .182 .184- - - - - -- - -- --

2 2 2 6 .111 .180 2 .051 .060 8 .229 .24084 35 33.3 1 1- -- - -

2 3 9 .231 .23985 39 37.6 4 9 .231 .239- - - - - - - - -- --
+2 1 186 41 40.5 1 4 8 .195 .198 1 .024 .025 9 .220 .222- - - - -

80-06 41 229.6 12 4 11 3 1 - 11 5 1 40 .916 .174- 8 .195 .035 48 1.111 .209-

60-86 41 398.4 19 6 33 11 6 1 12 2 7 2 57 1.390 .143 22 .537 .055 79 1.927 .198

Table A.10(b) Wa=*ingham= LTOP ewats Summary without precursor data.

SI CC RHR RCP Others Total Post-Com Total Pre-Com Total History
U ==---- ------ ------ ------ ------ ---------------- -----~~--------- ----------------

N P P P P P P-P P P P
I O R 0 R 0 R 0 R 0 R S Freq Freq S Freq Freq S Freq Freq
T S E $ E S E S E S E U Per Per U Per Per U Por Per

Year S R-Yrs T T T T T M Unit R-Yr M Unit R-Yr M Unit R=Yr

1 .250 .323 1 .250 .323 -169 4 3.1 - - - - - - - - - - -- --
'

70 6 4.4 - - - - - - - - - - - -- -- - -- -- - -- --

11 6 6.0 - - - - - - - - - - - -- -- - -- -- - -- --

3 1 4 .444 .563 4 '.444 .56372 9 1.1 - - -- - - - - - -- --

1 .061 .088 3 .200 .263 4 .267 .35113 15 11.4 1 2 1- - - - -- -

1 1 1 6 .353 .380 1 .059 .063 7 412 .44314 17 15.8 4 - - - -- -

2 1 2 .105 .112 1 .053 .056 3 .158 .16815 19 17.9 - - - -- - - -

2 2 1 2 4 .182 .198 3 .136 .149 7 .318 .34716 22 20.2 - - - - --

17 23 22.4 - - - - - - - - - - - -- -- - -- -- - -- --

1 1 1 .040 .041 1 .040 .041 2 .000 .08218 25 24.5 - - - - - - - -

19 25 25.0 - - - - - - - - - - - -- -- - -- -- - -- --

60-19 25 168.8 5 2 2 8 5 1 1 2 1 1 14 .560 .083 14 .560 .083 28 1.120 .166

1 180 21 25.8 - - - - - - - - -- -- - -- -- - -- ---

1 4 .129 .139 1 .032 .035 5 .161 .1141 281 31 28.7 1 - - - - --

2 2 .063 .064 2 .063 .06482 32 31.1 - - - - - - - - - - -- --

6 .182 .1842 1 6 .182 .184 - -- --83 33 32.6 3 - - - - - --

4 .114 .120 2 .057 .060 6 .171 .1802 2 - - 284 35 33.3 - - -- -

6 .154 .1603 6 .154 .16085 39 37.6 1 2 - -- --- - - - - --

5 .122 1123 1 .024 .025 6 .146 .14812 1 1 186 41 40.5 '- - ---

2 1 27 .659 .118 4 .098 .017 31 .756 .1359 3 1 - 1180-86 41 229.6 5 --

60-86 41 3:6.4 10 2 11 11 6 1 12 2 3 2 41 1.000 .130 18 .439 .045 59 1.439 .140
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Table A.11(a) Total LTOP events 8mmanary . total W and CE data base.

SI CC RNR RCP Othere Total Post-Com Total Pre-Com Total History
n ...... ...... ...... ...... ...... ..-...-.......-. --.............. ................
N P P P P P P P P P P
I O R 0 R 0 R 0 R 0 R S Frog Freq S Freq Freq S Freq Freq
T S E S E S E S E S E U Per Per U Per Per U Per Per

Year S R-Yrs T T T T T M Unit R-Yr M Unit R-Yr M Unit R-Yr

60-79 33 207.2 7 2 2 9 7 1 2 2 3 1 21 .636 .101 15 .455 .072 36 1.091 .17480-06 55 300.6 14 5 11 4 1 - 12 7 1 45 .818 .150 10 .182 .033 55 1.000 .183-

60-06 $$ $07.8 21 1 13 13 8 1 14 2 10 2 66 1.200 .130 25 .455 .049 91 1.655 .179
'

Table A.11(b) Total LTOP events susumary without precursor data . total W and CE data base.
'

( SI CC RRR RCP Others Total Post-Com Total Pre-Com Total History
U ------ ------ ------ ------ ------ ---------------- ---------------- ----------------
N P P P P P P P P P P
I O R 0 R 0 R 0 R 0 R S Frog Freq S Freq Freq S Freq Freq
T S E S E S E S E S E U Per Per U Per Per U Per Per

Year S R-Yrs T T T T T M Unit R-Yr M Unit R=Yr M Unit R-Yr

60-19 33 207.2 5 2 2 9 5 1 2 2 2 1 16 .485 .077 15 .455 .072 31 .939 .150
80-06 55 300.6 6 9 4 1 - 12 3 1 30 .545 .100 5 .091 .017 35 .636 .115- -

60-06 $$ 507.8 11 2 11 13 6 1 14 2 5 2 46 .838 .091 20 .364 .039 66 1.200 .130 ,

Table A.12(a) Combustion Engineering one LTOP chamael unavailable summary.

Maint. Op Err Compnt Leaks Air /N2 Total Post-com Total Pre-Com Total History
U ------ ------ ------ ------ ------ ---------------- ---------------- ---------------- ,

N P P P P P P P P P P
T 0 R 0 R 0 R 0 R 0 R S Frog Freq S Freq Freq S Freq Free
T S E S E S E S E S E U Per Per U Per Per U Per Per

Year S R= Yrs T T T T T M Unit R-Yr M Unit R=Yr M Unit R-Yr

80 8 8.0 - - - - - - - - - - - -- -- - -- -- - -- --
81 8 8.0 1 1 .125 .125 1 .125 .125- - - - - - - - - - -- --

82 9 8.2 - - - - - - - - - - - -- -- - -- -- - -- --

83 11 9.9 - - - - - - - - - - - -- -- - -- -- - -- --

84 11 11.0 - - - - - - - - - - - -- -- - -- -- - -- --

85 13 12.3 - - - - - - - - - - - -- -- - -- -- - -- --

86 14 13.6 - - - - - - - - - - - -- -- - -- -- - -- --

80-66 14 71.0 1 1 .071 .014 1 .071 .014- - - - - - - - - - -- --

Table A.12(b) Cosebustion Engineering both LTOP chamaels unavailable summary.

Maint. Op Err Compnt Leaks Air /N2 Total Post-Com Total Pre-Com Total History
n . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . , - - . . . . . . . . . - - . . . . . . - . . - . . . . . . . . . . . . .

N P P P P P P P P P P
0 R 0 R 0 R 0 R 0 R S Freq Freq S Freq Freq S Frog Frsq

T S E S E S E S E 5 E U Per Per U Per Per U 7er Per
Year S R-Yrs T T T T T M Unit R-Yr M Unit R-Yr M Unit R-Yr

80- 8 8.0 a - - - - - - - - - - -- -- - -- -- - -- --

81 8 8.0 - - - - - - - - - - - -- -- - -- -- - -- --

82 9 8.2 - - - - - - - - - - - -- -- - -- -- - -- --

83 11 9.9 2 - - - - - - - 2 .102 .202 - -- -- 2 .182 .202- -

84' 11 11.0 - - - - - - - - - - - -- -- - -- -- - -- --

85 13 12.3 2 1 3 .231 .244 3 .231 .244- - - - - - -- - -- --

86 14 13.6 - - - - - - - - - - - -- -- - -- -- - -- --

80-86 14 11.0 2 3 5 .357 .070 5 .357 .070- - - - - - -- - -- --
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Table A.13(a) Westinghouse one LTOP chamael unavailable summary.

Maint. Op Err Compnt Leaks Air /N2 Total Post-Com Total Pte-Com Total History
1

y . . . . - - . . . . . . . . . . . . . . . . - . . . . . . . - - - . . . . . . - - . . . . . . . . . . . . . . . . . . . . . . - . - . . . . . . . . . . .

N P P P P P P P P P P

-r- 0 R0 R 0 R 0 R 0 R S rreg rren S rreg rreg S rreq rren s

T S E S E S E S E S E U Per Per U Per Per U Per Per :
'

Year S R* Yrs T T T' T T M Unit B-Yr M Unit R-Yr M Unit R-Yr

1 1 1 .037 .039 1 .037 .039 2 .014 .07880 27 25.8 - - - - - - - -

3 .097 .105 3 097 .105 6 .194 .209 !2 301 31 20.7 1 - -- - - - -

4 .125 .1294 .125 .12911 182 32 31.1 1 - -- --- -- - - - ,

6 .182 .184 1 .030 .031 7 .212 .215 *3113 33 32.6 2 1 - - - -- -

1 .029 .0JD1 .029 .030 1 -1B4 35 33.3 -- ,--- - - - -- - - -

05 39 37.6 - - - - - - - - - - - -- -- - -- -- - -- --

86 41 40.5 - .- -- - - - - -- -- -- - -- -- - -- --

3 3 .5 1 15 .366 .061 . 5 .122 .022 20 .488 .08780-86 41 229.6 4 l'~ 3- - -

,

Table A.13(b) Westinghouse both LTOP chamaels unavailable summary.
_

Maint. Op Err Compnt Leaks Air /N2 Total Post-Com Total Pre-Com~ Total History
U ------ ==---- ----*= ------ ------ -------~~~~----- -------~~------- ----------------
N P P P P P- P P P P P

I O R 0 R 0 .R 0 R 0 R S Freq Freq S Frog Freq S Freq T eq

T S E S E S E S E S E U Per Per U Per Per U Per Per

Year S R= Yrs T T T T T M Unit . R-Yr M Unit R*Yr M Unit h-Yr ,

1 .037 .0391 .037 .039180 27 25.8 - -- --- - - - - - -- -

8 .258 .279'8 .25B .2794281 31- 28.7 2 - -- ----- - - - -

1 .031 .0321 .031 .03282 32 31.1 1 - -- --- - - - - - - - -

7 .212 .2157 .212 .21532103 33 32.6 1 - -- ---- -- - -

2 .057 .0602 .057 .0601184 35 33.3 - -- --- - - - - -- -

- - - - - - - - - - - -- -- - -- -- - -- -- *
05 39 37.6

1 .024 .0251 .024 .0251B6 41 40.5 - -- --- - - - -- - - -
'

20 .488 .0878 - 20 .488 .0872 4200-86 41 229.6 4 - -- ----- -

Table A.14(a) Total for one LTOP channel usavailable Summary.

Maint. Op Err Compnt Leaka Air /N2 Total Post-Com Total Pre-Com Total History

U ------ ------ ------ ------ ------ ---------------- ---------------- ----------------
N P P P P P P P P P P

I O R 0 R 0 R 0 R 0 R S Freq Freq S Freq Freq S Freq Freq

T S E 5 E S E S E S E U Per Per U Per Per U Per Per . -

|

Year S. R-Yrs T T T T T M Unit R-Yr M Unit R-Yr M Unit R-Yr

1 1 1 .029 .030 1 .029 .030 2 .057 .05980 27 33.8 - - - - - - - -

4 .103 .109 3 .077 .082 7 .179 .1912 381 31 36.7 2 - -- - - - - .

4 .098 .1024 .098 .10211 1-82 32 39.3 1 - -- --- --- - -

6 .136 .141 1 .023 .024 7 .159 .1653183 33 42.5 2 1 -- - -- -

1 .022 .0231 .022 .023184 35 44.3 a -- --- - - -- - - -

g$ 3g 49,9 . . . - . . - . - - - -- -- - .. .- - .. ..

86 41 54.1 - - - - - - - - - - - -- -- - -- -- - -- --

3 3 5 1 16 .291 .053 5 .091 .017 21 .382 .070380-86 41 300.6 5 1 -- -

Table A.14(b) Total for both LTOP channels unavailable summary.

Maint. Op Err Compnt Leaks Air /N2 Total Post-com Total Pre-Com Total History

U ------ ~~~~~- ------ ------ ------ ---------------- ---------------- ----------------
N P P P P P P P P P P

I O R 0 R 0 R 0 R 0 R S Freq Freq S Freq Freq S Free Freq

T S E S E S E S E S E U Per Per U Per Per U Per Per
Year 5 R= Yrs T T T T T M Unit R-Yr M Unit R-Yr M Unit R-Yr

i .029 .0301 .029 .030 - -- --180 27 33.8 - - - - - - -- -

8 .205 .2188 .205 .2184281 31 36.7 2 - -- ---- - - - - -

1 .024 .025- - - - - - - - - 1 .024 .02582 32 39.3 1 - -- --

9 .205 .2129 .205 .212 - - --2 32 183 33 42.5 1 -- -- -

2 .043 .0452 .043 .045 - -- --1184 35 44.3 -- - - - -- -

3 .058 .0603 .058 .060 - -- --85 39 49.9 2 1 - - - - - - --

1 .018 .0181 .018 .018186 41 54.1 - -- -.- - - - -- - - -

25 .455 .0838 - 25 .455 .08345 280-B6 41 300.6 6 - -- --- -- -
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Table A.18 Pre 8sure/ temperature data summary. |
)

Post Commercial Data Pre-Commercial Data
'

P T U P T- U P T U P T U P T U P T U
Yr psi * F psi F psi F psi F poi F psi F

69 2485 100 (W )
72. 640 115 (W ) 650 180 (w ) 670 140 (W )
13 590 80 (w ) 575 .130 (W ) 1100 132 (W ) 1290 105 (w )

1860 300 (BN)
'14 525 190 (w 1 560 115 (w ) 800 105 (w ) 900 155 (W )

960 150 (CE) 840- 90 (W ) 1400 170 (W )
'15 1100 115 (W ) 1300- 80 (W ) 600 105 (CE) 3326 100 (W )

76 515- 110 (w ) 815 100 (W ) 830 168 (w ) 495 190 (n ) 1000 130 (W ) 1150 150 (W )
1040 110 (W ) 2250 185 (W )

78 560 155 (w )
'

19 360 . 200 (BW)

80 330 140 (Bw)
13

110 (w ) (2)1100 110 (W ) (1) 360 175 (W )81 410 190 (w ) 150
170 (W )( 522 120 (W )83 425 198 (CE)(2)400100 170 (w ) -

84 300 325 (w 1 410 88 (w 1 412 145 (W ) 425 140 (w ) 425 140 (w )
85 395 135 (w ) 410 150 (w ) 368 180 (W )
86 368 180 (W ) 463' 104 (W ) -]

, 1

l

|
(1) Turkey Point 4 events of woves6er 28 and 29, 1981.
(2) Farley 2 events of October 15, 1983. j

.

Table A.16 Pres 8ure data by event laitiator summary.

Safety Charging / Letdown RRR Isolation RCP Restart other Events

j Injection /No Letdown Op. Errors

Post Pre. Post Pro. Post Pre. Post Pro- Post Pro.
Period Com Com Com Com Com Com Com Com Com Com

'

60-79 560' 495 360(BW) 575 800 3326 525 640 560 575
i ~590 1150 515 600(CE) 630 815 (CE) 1100 960(CE) 1860(Bw)

840 1040 650 1100 1400 670 1300 1'

1 680 2250 900 |
| 1000 1290 l

2485 l

4 - |

80-86 330 (Bw) 325 399 435 350 368 360 |
|375 376 4 00 (CF.) 375 (CE) 368

381 395 425 380 425 (CE) I

400 (CE) 410 425 380 435 i

430 410 405 |

522 412 405
435 410
450 450
450 450

1) i

463(1) 480(2)700 750( ]
1100(2)

'

;

I Notes Unless otherwise indicated data are for Westinghouse plants.
'

(1) Farley 2 events of October 15, 1983.
(2) -turkey Pointt 4 events of November 28 and 29,1981.
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The low temperature overporture tranment source term SST) and SST2 values were dividea by three to adjust Oc
,

was obtamed from NUREGER 4999 (Ref B.1), using the values to a 50-mile radius. To confirm dus assumption. '

Source Term Code Package (STCP) for a late core melt compenson to recendy calculated resuhs (NUREGER-
with canamment bypass from NUREGER 4551 (Ref. 5015, Ref. B.4) for a 50 ndle radius are provided in Table
B.2). The genanc valu6 was calculated to be 9 million B.2. The scaling approach is shown to be reasonable and
person-rems over a 30 year exposure penod for a typical differs from the newer calculauons by about a factor of i

esmern site with an assumed population density of 100 two for the SST1 release. For the SST2 release, there is
persons per square mile over a 50-mile radius, good agreement between the two calculauons.

1he releans esthnases were obtained for a late core melt A comparison of the base case consequences, and avened
with namana=== bypass. Table B.1 provides a dose, for the five methods of source term evaluauon are
compensus of the release fractions employed for this provided in Table, B.3, lhe scaling appoach, based on
analyms as compared to PWR 2 and PWR 5 release fusion poduct releases, is further demonstrated by com-
caissones, paring the results of scaling the generic release to bo* 'he

higher SSTI and the lower SST2 release consoquence
Because of the differences in the vessel failure pobability
and because of differences between sites, it was not The generic value assumption overpedicts the sourt: term

,

t rnmanahle for the staff to select either a " typical" plant or because site specific variables such as population density,
use the " average" plarit for this analysis (for example, use . environmental conditions, and reactor power levels are not
the values and impact for the " typical" or " average" plant accounted for. The scaled resuhs yield similar results and ,

and multiply the insults by the number of plants within a indicate the source term is less than the SST1 release'

group). The vanation in plant specific vessel failure prob- category, as is expected based on the fission product
ability, as well as the variadon in site specific conse- release fractions (Table B.1). The SST2 value is used to

| quence based on m h;k densty and environmental estimate the consequences of a low temperamre overpres.
factors, se canadored in this evaluacon of risk. sure event with containment isolation failure but with the

fission product release mitigating systems (sprays and fan
To account for site-specific variables, tsopulation density, coolers) functional. Table B.4 presents the results of the
environmental conditions, and reactor size, the scaling study as used in this evaluation.
NUREGER 4999 generic consequence has been scaled to
the Siting Source Term data provided in NUREG/CR- A comparison of the consequence estimates for various
2723 (Ref. B.3). plants and release categories is provided in Table B.S.

The scaled SST1, LTOP, and scaled SST2 consequences,
For the 55 reactors considered in this detailed evaluation, in person-rem, are listed. As seen, this evaluation adjusts
the average value of the mean offsite health effect (in the generic source term from NUREGER-4999 to account
person rem) was calculaaed for both the SST1 and SST2 for site variables, including power and population
release categories. (SST1 being similar to PWR 2 and densities.
SST2 mmaar to PWR 5.) Each plant specific value
(person-rom) was then scaled to the average value, in
effect yielding a conversion factor to account for site-
specific variability in populadon density and environmen- REFERENCES FOR APPENnIX B
tal conditions with the average value being considered as
the typical, generic result. B.1 C. Hsu et al., * Estimation of Risk Reduction from

Improved PORV Reliability in PWRs," Brookhsven
The plant-specific consequence for the low temperature National Laboratory, NUREGER-4999, BNL-
overpressure event was then calculated by multiplying the NUREG 52101, Final Report, March 1988.
NUREGER 4999 generic value by the scaling factor.

B.2 M. Khatib-Rahbar et al.," Evaluation of Severe Acci-
'Ihe results obtamed were then multiplied by the power dent Risks and Potential Risk Reduction: Zion Power
scale factor to obtam the final low-temperature overpres- Plant," Brookhaven National Laboratory,
sure event value in person-rem. The power scale factor NUREG/CR 4551, Vol. 5, Draft Report for Com-
accounts for differences in the source term resulting from ment. BNL NUREG 52029, February 1987,
different power levels between units.

B.3 D. R. Strip, " Estimates of the Financial Conse-
SSTI and SST2 source terms were also evaluated as part quences of Nuclear Power Reactor Accidents," San-

of this effort. Since the NUREG/CR 2723 results were dia Laboratories, NUREG/CR 2723, SAND 821110,
obtained for an infinite radius, the NUREGER 2723 November 1982.
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B.4 T. L Chu et al., *1mproved Ralial=lity of Residual B.6 D. C. Aldrich et al., " Technical Guidance for Siting ,

Heat Removal Capability in PWRs As Related to Criteria Development." Sandia Laboratories, ,

'

Resolution of Genenc lasue 99," Brookhaven Na- NUREG/CR 2239, SAND 81 1549, December 1982.
tional laborneory, NUREO/CR 5015, BNL-
NUREG 52121,May 1988. .#

B.5 L T. Ritchie et al., " Calculations of Reactor Acci-
dont Consequences, Vermon 2, CRAC2 Computer
Code, Users Guide," Sandia laboratories,
NURBO/CR 2326, SAND 811994, April 1982.

Table B.1 Edensted environssentai release fractions for a care melt s cident ;

resulting freni a km-temperature Overpressure event.

Species .

Category Kr I Cs Te Sr Ru La Ce Ba

,

PWR2 0.9 0.7 0.5 03 0.06 0.02 0.004 0.004 0.05

LTOP 1.0 0.12 0.088 0.17 0.05 0.005 0.0014 0.003 0.005 !

PWR5 03 0.03 0.009 0.005 0.001 0.0006 0.00007 0.00007 0.001

h

Table B 2 Comparison of 50 mile radius consequences. .

0199 Data GI 94 Data
NUREG/CR 5015 ScaledNUREG/CR 2723

Values Values +

MACCS CRAC2 CRAC2
Plant Category P Rem P-Rem P Rem

i

Zion PWR2 237x107 3.04x107 2.03x107
PWR5 1. & 106 2.14x106 1.85x106

Indian Point PWR2 7.10x107 3.59x107
PWR.5 7.22x106 3.16x106

Genenc Site PWR2 438x106 g,90xjos
PWR5 6.10x105 6.40x105

MACCS *MELCOR Accident Consequece Code Sysiam (MACCS).* D.L Chanin et al., Sandia National Laboratories.NURECCR4591

Oc be published).

CRAC2 e %lenlahnna of Reactor Accident Catsequences Vernon 2 - CRAC2.* Refermee B.5.
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Table B.3 Consequences eyelastica coesparisons (40 PORY plus 15 RHR SRV j,laats).

Generic Value SSTI Scaled SST2 Scaled SSTI Value SST2 Value
P-Rem Value P-Rom Value P Rem P-Rem P. Rem j

'

Bass Case 41,900 29,600 29,500 36,400 2,600
Avened 37,400 26,700 26,700 32,900 2,300

oman m case . Allplanu a 9.0ml08perse.nnu.

. -.
,

Table B.4 Consequences ==*a-an== la person reis for low temperature overpressure events
,

.

(40 PORY plus 15 RHR SRY plaats),

Best Estimate Low Estimate
(50% Scaled SST) High Estimate (10% Scaled SSTI
plus 50% SSM) (Scaled SSTI) plus 90% SSR)

Base Case 16,000 29,600 5,300
BeforeImprovements

' '

~ ~ . ~ ' " ~ " Averted Dose 14,500 26,700 4,700
Por Proposed Resolution

Table B.5 Comparison of consequences for various sit.ci med releasen.

.

Release Category 50-Mile Radius PopulationU)

Plant SST) LTOP SST2 Per Sq. Mile Per Sq. Mlle
Site P Rom P Rem P Rem in 1982 in 2000 >

.

Byron 16.00x106 13.20x106 1.20x106 112 175

North Anna 9.39x106 7.63x106 0.35x106 109 185

Fort Cathaan 2.30x106 1.87x106 0.28x106 91 155

Zion 20.30x106 16.50x106 1.85x106 888 1369

Calvert Cliffs 12.00xlif 9.80x106 0.58x106 310 501

Indian Point 31.60x106 25.60x106 2.78x106 2099 2998

-)

Nose:(1) Emmaand f an NUREO/CR.2239 (Ref. H.6).
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Appendix C

ne proposed ramaluren for G194 would require a revi- assumed that the failed channel can be repaired in parallel
sian to the plant technical specification for overpressure with the required shutdown activity without extending the ]

proesction. It is also assumed that the cooldown and shutdown duration. !
heatup procedures will be revised to reflect the changes to
the technical ph It is assumed that there are four nontefueling shutdowns

per reactor year per plant. In most cases the shutdown
ne basis for the industry cost estimates are Abstract ' node will be exited prior to the need for repeated surveil-
2.2.1, "r laaa=* Costs for Techsucal Specificahon -lance. It is assumed that 5% of the time (once every five
Changs," and Abstract 2.2.2, " Industry Costs for Wnting . years) surveillance is equired prior to restan. Funher,
or Rownting Procedures," from NUREGRR.4627 (Ref. assuming that the probability of fixing the channel actually

'
C.1). Abstract 6.4, " Time Based Cost A4ustments," from delays the startup 5% of the time and that the channel
NUREG/CR 4627 was used to escalate the cose to 1988 unavailability is 0.087 per demand, the frequency of
dollars. delayed startupis estimated to be:

Table C.1 par > ides the current cost estimates for these (4 shutdowns / year)x (0.05 delays) x
changes for each clasafication. Under the complex cost (2 channels) x (0.087/ demand) x (0.05 repair delays)
namunption, it is also assurrsd that only one of the two
imx.4 . n=rhncarians will be costed as complex. = 1.74x10-3 delays per reactor year.
Modificanon to the marants procedure will be considered .

| as simple, based on completion of a similar task. De average annual cost of a delayed stanup, based on a .

j 4 hour delay, is estimated to be (4 hr/24 hr) x
In addition to costs associated with changes to the techni- $500,000/ day x 1.74x10 3 per reactor year, or 5145. At a

,

cal aramneamma and cooldown and heatup procedures, the discount rate of 5% the present value of the replacementl

i
required operability of both low-temperanse overpressure power cost is $2,000 per PORY plant, over the average
prosecuan channals could increase the duration of a non- remainmg lifetime of the PORV plants (24 years). At a'

refushng abundown. De cost is associated with pmviding 10% discount, the present value is $1,400. If the need to
additional raplacaman' power. De present value of the return an inoperable channel to. service occurs once per
raptaramaae cost is evaluand based on a 5% discounting reactor year, then the cost of replacement power would be
over the rernamng average plant lifetime, five times greater than assumed, or $10,000 per plant (at a

5% discotat rate).
Specifically, replacement power costs would be incuned if
an inoperable channel were discovered during shutdown ne number of Westinghouse and Combustion Engineer-
and if reactor restart were delayed by the repair of the ing plants considered in the consequence evaluation is 55
inoperable channel. Replacement power costs are ap- units,41 Westinghouse and 14 Combustion Engineenng
plicable only for plants m the PORY category for low- units. The proposed resolution for G194 will also impact

'

temperstme overpressure proection, where those costs on plants in the construction phase or ll:ensed after the
may result fmm poesntial failure of the PORV actunnon end of 1986. nese new units total 12,11 Westinghouse
mechanisma detected by required survetilance. Safety plants and one Combustion Engineenng plant. It is
relief valve surveillances are not required except during a assumed that these new Westinghouse units will allow
refueling outage and are assumed not to extend the dura- either PORVs or SRVs for low-temperature overpressure
tion of the shutdown. It is assumed that there are four protection and will use the standard technical specification
nonrefuelag shutdowns each year of reactor operation, format. ney are accordingly assigned to the RHR SRV ,

Accordmg to the current technical specifications, PORV STS category. '

actuation channel circuits must be tested within 31 days
after entering a mode where the PORV is required to be REFERENCE FOR APPENDIX C

''

operable for low-temperature overpressure protection, and
every 31 days thereafter. Since most shutdowns will be C.1 Science and Engineering Associates, Inc., et al.,
unscheduled, surveillance is assumed to occur " Generic Cost Estimates: Abstracts from Generic
immedately before entering the low temperature over. Studies for Use in Preparing Regulatory impact
pressure protection mode. If the surveillance fails, it is Analyses," NUREG/CR-4627, June 1986.

C3 NUREG 1326
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Table C.11adustry unit costs for technical specification and procedure revisions.'

I~ Simple Complex

| Technical Specification - $16,000(1985) $32,000(1985)
$17,400(1988) $34,800(1988)

Cooldown Procedure $ 900 (1986) $ 3,600(1936)
$ 950 (1988) $ 3,800(1988)

Heatup Prmdse $ 900 (1986) $ 900 (1986)
!' $ 950 (1988) $ 950 (1988) ,

1

Total (1988 $s) $19,300(1988) $39,600(1988)
|

L

r

.,

.

I

|

.
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'

- The' proposed remaintian for 0194.wcaid require a revil 'Ihe simple cost estimate is $14,200 per unit and the com.
- sion to the plant scshnical specification for overpresset plex cost estimate is $27,400 per unit. |

protecten. *!he MitC implementauan cost is pnmarily
===ianari with the :eview auf appawal of the reymon
and the costs incuned for Federal Register notices.

'

REW9ENCE FOR APPENDtX D
' '!he basis for the NRC cost estimate is Abstract 5.1, "NRC - 1

~

. Costs for Technical .Specincanan Change," from D.1 Science and' Engineering Associates, Inc., et al.. J
NURBOCR 4627 (Ref. D.1). Abstract 6.4, " Time Based . "Genanc Cost Estimates:- Abstrwts from Gewie '

Cost.A$ men" from NUREGER-4627 was used to Studies for Use in Prepanng Regulatory Impact,

escalase the cost to 1988 dollars. Analyses," NURBO/CR-4627 June 1986.
1
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Appendix E
]

Including costs of avened plant damage, replacement tain the equivalent 1982 costs. A constant 7.5% inflation
,

power, and offsian costs can sigmficantly affect the overall rate is assumed to obtain 1988 values. The present values |
cost-benefk evaluadon. In addition, the present value are then obtamed based on 10% and 5% discount raies '

associssed with these factors can serve as a measure of the using the methodology described in Section 3.5, "Offsite
worth of a proposed alternative. If two or more proposed Property," of NUREO/CR 3568. Table E.3 summarizes
alternatives could achieve sunilar risk reducten, but with the plant costs obtained, and Table E.4 summarizes the
markedly different costa, then the present value estimates present value costs associated with avoided offsite
could be used to evaluase the relative worth of an alterna- damage.

|- tive. - .

IDe present value costs for the 40 PORV and 15 RHR
- The esdmased cost for cleanup and repair of a plant fol- SRV plants ase provided in Table E.5. Discount rams of |

lowing a core damage accident is animanari at $1.2 billion. 10% and 5% are shown. The cleanup and repair and the j

' De present value assoclased with cleanup and repair is replacement power costs are dhcounted over a 10-year I

===arl over each unit based on the core damage fre- period, assuming that the plant would be returned to
'

quency reduccan estimate for the proposed resolution for operation. The offsite costs, health and property damages,. |
- 0194 and with a 10 year period for cleanup and repair. are discounted over the remaining life di the plants, These

,

Discounts of 10% and 5% ase assumed. De anthodology . . data represent the estimated costs associated with the "No I
'

desenbcd in Section 3.6, "Onsi,o Psoporty," of Action" alternative, that is, they are calculated for a 100%

NURBO/CR 3568 (Ref. E.1) is used for this evaluation. . reduction in the current base case. risk, 3.24x104 per
reactor year frequency of a through wall crack leading to

; De present value for replacement power following a core core damage and fission product release,
damage accident is animanart based on the summation of
the discounted cost for each unit. De replacement power
costs, by region, used in this analysis are provided in REFERENCES FOR APPENDIX E
Table E.1 (taken from NUREO/CR-4568 - P.ef. E.2).

- De methodology described in Secten 3.6, "Onsite E.1 S. W. Heaber!!n . al., "A Handbook for
..'

et
Proputy," of NUREGER 3568 (Ref. E.1) is used for this * Value/ Impact Assessment," Pacific Northwest
evaluation. The estimaand present value costs for cleanup Laboratories NUREO/CR 3568, PNL4646, Decem-
and repair and for replacement power att provided in ber 1983.
Table E.2. Discounts of 10% and 5% are assumed.

E.2 J. R. Ball, "A Handbook for Quick Estimates: A
In addition to onsite property damage, offsite costs can be Method for Developing Quick - Approximate Es-
incured as a tesult of the accident. Both offsite health and timates of Costs for Generic Actions for Nuclear
offsite darnages are evaluated. De present value Power Plants," Argonne National Laboratory,

.

costs are over the remamder of plant life, based NUREO/CR 4568, ANIJEES TM 297, April 1986.
- on the expected reduction in accident frequency resulting
from the proposed resolution for 0194. - De plant- E.3 D. R. Strip, " Estimates of the Financial Conse-
specific costs are obtamed from NUREO/CR 2723 (Ref. quences of Nuclear Power Reactor Accidents" San.
E.3) by first calculating the damage values by removing dia I.aboratories, NUREO/CR 2723 SAND 821110,

the discount factor (4% used in NUREO/CR 2723) to ob- November 1982.

.
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di
Table E.1 Daily replacement power cost estimates by region.

,

NERC Regions . Rate ($/kW-hr) DailyCost )G
(1984 $s) (1988 $s)

ECAR' East Central Area Reliability 0.020 457,000
Coordmanon Agreement i

ERCOT Electric Reliability Couned 0.035 801,000
ofTexas

U MAAC Mid-Atlantic Area Counci! 0.030 686,000

MAIN Mid AmericaInterpool 0.024 549,000
| Network"

t

|- MARCA Mid-Continent Area Reliability 0.037 845,000

t. Coordmanon. Agreement
.

NPCC Northeast Power Coordinating 0.023 526,000
Council

SERC' Southeastern Electri: 0.011 252,000
Reliability Council

,

-

SPP Southeast Power Pool 0.040 815,000

WSCC Western Systems Coordinating 0.024 549,000-

Council

Average 0.026 594,000

l

. Nose: (1) Assume $5 yearinfladon in costs. Cast applas to ao 1120 M(e) mit wuh an averase capacity factor of 0.70. Specific plant costs

n= -P by power scalms facior.
, .

Taele E.2 Estimated present value costs for avoided onsite property damage (40 PORV plus 15 RHR SRV plants).

10% Discount 5% Discount
Over 10 Years Over 10 Years

Cleanup and Repair $1,200,000 $2,200,000

Replacement Power $1,300,000 $2,400,000

Total $2,500,000 $4,600,000

4

NUREO-1326 E-4
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Appendix E

Table E.3 Comparison of ofhite property damage costs. '

SST1 Offsite Cost SST2 Offsite Cost
_.

* Year of Health - Property Health Property
Plant Operation (S) (S) (S) (S)

i

Average 1980 4.42x108 2.78x109 1.68x107 4.30x107 -

Indian Point 1974 - 24.10x108 14.20x109 7.29x107 '17.50x107 l

Zion 1973 16.40x10s 7.40x10 - 6.06x107 11.70x1079

Palo Verde 1984 1.01x108 130x109 0.70x107 1.57x107

a
!
|
|

i

| Table E.4 Estimated present value costs for avoided offsite health and property damage
L (40 PORY plus 15 RHR SRV plants).

'

.

i. Based On SST1 Costs Bawd On SST2 Costs
! Over Plant Life Over Plant Life
|

|-
l' 10% Discount 5% Discount 10% Discount 5% Discount

.

Offsise Health $ 640,000 $ 970,000 $ 23,000 $ 36,000

j Offsite Property $4,060,000 56,180,000 $ 63,000 $ 86,000

.

L.

|- Total $4,700,000 $7,150,000 $ 86,000 $ 122,000
l

l-

[

E-5 NUREG 1326
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Table E.5 Presset value cost summary for 40 PORY and 15 RHR SRV plants (based on base case frequency . ,

totalvalue of averted damnages).
?1,

Present Value Present Value
at 10% Discount at 5% Discount

($1,000,000s) ($1,000,000s)
[

Averted Cost Factor PORV RHR SRV Total PORV RHR SRV Total i

n

' Replace Power over 10 years 0.87 0.46 1.33 1.64 - 0.86 2.50 ta
Cleanup / Repair over 10 years .0.98 0.41 1.39 1.87 0.79 2.66

,

-SST1 Health over plantlife 0.65 0.06 0.71. 0.98 0.09 1.07

SST1 Property over plantlife 3.92 0.57 4.49 5.94 0.88 6.82'-

SST2 Health over plantlife 0.023 0.003 0.026 0.036 0.004 0.040

' SST2 Property overplantlife 0.059 0.010 0.069 0.090 0.016 0.106

TotalBestEstimate 3.2 0.8 4.0 7.0 2.2 9.2

Total High Estimate 6.4 1.5 7.9 10.4 2.6 13.0 -
,

(
.

TotalLow Estimaic 0.6 0.2 0.8 4.0 2.1 6.1

,,

t

, '

,

|

[

l

NUREG-1326 E-6
1
;

I

'
. . . _. _ ._ . _-_ _ . . . _ - . _ , . - - _ _ _ . _ .. -_ .



c. ,c ; a ,
-h.'' ?;E . ERPW ."M%fi%g|i_ j t{ W

'
,

'''

*
,

' .g'' f_y .'Q: ' - <w. ' , .(}
.

- e ,
,

.,[2
- k1 ,

a.
. . j'e'.i .'7' . Qt

.
=

Wf. s

f. -

<

t
u i 'l

'h
-t
' . -

,.
p
1.

r4 .

i 9

, "?
* |.? ,. I ; <[;
6 31,

..

r: -

<
.' .j

,

4
~ .S

:$
,-L s

, ,.L , S'
| 4 '.

,

,
3

1)
3
-I

. 4. , .

y.
,

,
s i.

', o,

g.h

. k.
"

,

t
,

. .p
..

.'
,c

[.b
.

]
,

:]
. .fl

-

d'f 4
\js,

*p 2
< .t.

ji

,

' <

-a.

- t- 4a
'a

f,
i

,l
a

.~

1

.9
%

$

... i

s ,

'y \. -_ *:

.!

'

a
6

! 4

f -- $
1

.i
h
t
i

'$i

i- 4

I!

1 %
b

,i

t 1
? >

h1

*
i
4
-

5
%. y

:

p :-

a.
k Y- ff i

'

,

.
I ?L 'd4GN&dOddiwC&&~m.wa__Ad

.

_ " . m ,
_ . ____ . _ -



.
.

i. . j. 7: .ee
N U R EG.0800' ;'~

<

. Enclosure 4: -

+
-

(Formerly NUREG-75/087)
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.
*ej U.S. NUCLEAR REGULATORY COMMISSION

M.gfp STANDARD! REVIEW PLAN !

,

!

OFFICE OF NUCLEAR REACTOR REGULATIONg, " . . /
..e

~

'3.2.2 SYSTEM: QUALITY GROUP CLASSIFICATION 7

|
1

. REVIEW-RESPONSIBILITIES-,

-PriNry-MechanicalEngineeringBranch(MEB). .

15'econdary - None-
~

'

' . --AREAS OF: REVIEW.I.

VLNuclear power plant systems-and components important to safety should be
designed, fabricated, erected, and tested to quality. standards commensurate with

Jthe importance of the' safety function to be performed. >

,

The MEB' reviews the applicant's classification system for pressure retaining
y components such as pressure vessels, heat exchangers, storage tanks, pumps,

' piping,-and valves in fluid systems important to safety, and the assignment by
;the-' applicant of quality groups to those. portions of systems required to perform
safety functions. :Where-required, spec.ific information or assistance may be

-

c a'

; required. from the ICSB to review electrical and instrumentation systems needed ( '

'

for' functioning of plant-features important to safety. This. review which is y
coordinated with each branch that has primary review responsibility-for these q .}

? plant? features is performed for both construction permit (CP) and operating o

licenseL(OL) applications. Excluded from this review are: str'uctures; internal 1
'

parts tof mechanical components such as shafts, seals,'impell,erj;, packing,'and d
igaskets; fuel,-electrical, and instrumentation systems, electrical valve 3 y

'

tactuation devices, and pump motors. p
,

OThe. applicant presents data in his safety analysis report (SAR) in- the form of a ,

L table.which identifies the fluid ' systems important to safety; the system ,

components:such as pressure vessels, heat- exchangers, storage tanks, pumps, . .|

piping, and valves; the associated ~ quality group classification, ASME' Code and ,,

. code class; and the quality assurance requirements. In addition, the applicant

L presents on suitable piping and instrumentation diagrams the system quality group
; classi fications.

i
:

N

2-
Rev. 1 Aly 1001

|7
USNRC STANDARD REVIEW PLAN

Star dard review plans arc prepared f or the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of'"g- applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review

.

I -- . . plans are not substitutes for regulatory guides of the Commission's regulations and compliance with them is not required. The
' standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Puwer Plants.,-

| '' _ Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new inf orma-
*tion and maperience.

Comments and suggestions for improvement will be considered and should be sent to the 11.S. Nuclear Regulatory Commission.
office of Nuclear Heactor Regulation, Washington, D.C. 20555.

.
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a;...
. ME8'also performs the following reviews for the SRP sections indicated: h j

I

T 1The
'

e !

E1.-; . Determines the acceptability of the seismic classification of system- f[ ]
components in accordance with SRP Section 3.2.1. The information may be i

' (( '

,
' : combined with the information in this SRP section which may result in p

'

-cross-referencing _rather than. repetition of the information, q
% i

'2. Verifies that_ systems and components important to safety that are j {,
,

designated as Quality Groups A, B, C, or D items are constructed in- p
'

accordance with the. regulatory guides, industry codes and standards that- y
are referenced in SRP-Sections 3.2.1,-3.9.1 through 3.9.3, and (.

e
~3r Determines.the adequacy of the inservice testing program for pumps and j'.

.

!*

valves in accordance with SRP Section 3.9.6.- C i

~

-II. ACCEPTANCE CRITERIA =

-!

Acceptance criteria is based on meeting the relevant requirements of the .h !l.. ; following regulations: ?
> i

10 CFR Part 50, Appendix A, General Design Criterion 1 and 10 CFR Part 50, j j

$ 50.55a, as they relate _to the requirement that structures, systems, and '
5

(\
components important to safety shall be designed, fabricated, erected, and
tested to quality standards commensurate with the-importance of the safety
function to be-performed. q

(( ,To meet.the requirements of General Design Criterion 1 and 10 CFR Part 50,
$ _50.55a, the following regulatory guide is used: ( i

c
Regulatory Guide 1.26, " Quality Group Classification and Standards." f, !

This~ guide describes an acceptable method for determining quality e j
standards for Quality Group B, C, and D water- and steam-containing q
components.important to safety of water-cooled nuclear power plants. h j

6 i

-III. REVIEW PROCEDURES ]
<

Selection and emphasis of various aspects of the areas covered by this SRP
tection will be made by the_ reviewer on each case. The judgement on the areas
to be given attention during the review is to be based on an inspection of the '

material presented, the similarity of the material to that recently reviewed
on other plants, and whether items of special safety significance are involved.

i
'Section 50.55a of 10 CFR Part 50 identifies those ASME Section III, Code

Class 1 components of light-water-cooled reactors important to safety which
cre part of the reactor coolant pressure boundary. These components are
designated in Regulatory Guide 1.26 as Quality Group A. In addition,

; Regulatory Guide 1.26 identifies, on a functional basis, water- and steam-
containing components of those systems important to safety that are Quality i

' Groups B and C. Quality Group D applies to water- and steam-containing
components _of systems that are less important to safety. An applicant may use o
the NRC Group Classification system identified in Regulatory Guide 1.26 or, Q
citernately, the corresponding ANS classification system of Safety Classes h
which can be cross-referenced with the classification groups in Regulatory C
Guide 1.26. There are also systems of light-water-cooled reactors important h
to safety that are not identified in Regulatory Guide 1.26 and which the staff t

considers should be classified Quality Group C. Examples of these systems

2. -
3.2.2-2 Rev. 1 JQ IT1
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are: diesel fuel oil storage and transfer system; diesel engine cooling water p

^{. . system, diesel engine lubrication system, diesel engine starting system,
1a

.[,diesel engine combustion air intake a'd exhaust system, and instrument and |

service air systems required to perform a safety function; and certain i
i'

ventilation plant systems. Gas treatment systems which are considered as J

engineered safeguards systems should be classified Quality Group B. ]
,.

.The.information supplied in the application identifying fluid systems
|important.to safety is reviewed for completeness, and the quality group
classification, ASME Code and code class, and quality assurance requirements
of each. individual major component are checked for compliance with the above i

_~

criteria.~- The various modes of system operation are checked to-assure that i

the assigned NRC quality. groups are acceptable,'

,.

The piping and instrumentation diagrams are reviewed to assure that the
. applicant has delineated in detail the system quality group classification
boundaries for systems important to safety. Each individual line on a-diagram.

is checked to assure the accuracy of the assigned quality group classification,
including branch lines such as vent lines, drain lines, fill lines, test lines, ft

,

l
T and sample lines. Changes in quality group clas'sification are permitted '

normally only at valve' locations,.with the valve assigned the higher clas-
sification.. A change in quality group classification with no valve present is-

-

permitted oniy when it can be demonstrated that the safety function of theH
system is not impaired by'a failure on the lower-classificatica side of the

iboundary. .

p
R f The following fluid systems important to safety for pressurized water reactor -
| (PWR) and boiling water reactor (BWR) plants are reviewed by the MEB with

regard to quality group classification.

FLUID SYSTEMS IMPORTANT TO SAFETY FOR PWR PLANTS'

Valves and Interconnecting Piping.),4*
Power Operated Relief Valves, Bloc

rgenc eC 55 stem
[ Containment Spray System

Chemical-and Volume Control System-p
Boron Thermal Regeneration System ,2 '

1 ,

Boron Recycle System ,22

-Residual Heat Removal System
2 .

Component Cooling Water System ,,

2Spent Fuel Pool Cooling and Cleanup System
sSampling System

2Serv. ice Water System
Compressed Air System ,21

Emergency Diesel Engine Fuel Oil Storage and Transfer System
Emergency Diesel Engine Cooling Water System

L, Emergency Diesel Engine Starting System
| Emergency Diesel Engine Lubrication System

Emergency Diesel Engine Combustion Air Intake and Exhaust System
3. Main Steam System

3Feedwater System
Auxiliary Feedwater System

$3Steam Generator Blowdown System
Containment Cooling System

i -

.J
Containment Purge System

2-
3.2.2-3 Rev. 1 Al., 1"S1
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b IVentiladon: Systems fcr Areas such as Centrol; Room and Engineered Safety.
.

' ' ' |
*

M _. Features Rooms' .c .

- Combustible Gas: Control System ~
-

t
Cohdensate Storage Systen .

g,
FLUID SYSTEMS-lMPORTANT TO SAFETY FOR BWR PLANTS -

'

,~,es, '

_

.b .

'/ 1

' Reactor. Recirculation System:

L Main Steam System (up to but not including the t'urbine).Feedwater System (up to outermost containment isolation valve or shutoff valve,.

.

'

;

. 'as applicable) .

Relief Valve Discharge-Piping
.-

s

J Control Rod Drive Hydraulic Systeme
,

Standby Liquid Control System:y
i

. Reactor Water Cleanup. System 2
Fuel' Pool Cooling' and Cleanup . System

, ts; Sampling System .
Residual Heat Removal System

:High Pressure Core,Spmy System
,

^
Lok Pressure Core Spray. System.

',

Reactor Core Isolation Cooling System
( -RHR Service Water System. .

Emergency Equipment Service Water System
.

Compressed Air Systen
.2-

System
t

. : Emergency Diesel Engine Fuel Oil Storage and Transfer
Emergency Diesel. Engine Cooling Water System

'

Emergency Diesel Engine Starting System.
Emergency Diesel Engine Lubrication System
' Emergency Diesel Engine Combustion Air Intake and Exhaust System
. Standby Gas-Treatment System .

*-

Combustible Gas: Control System.'

Containment Cooling System
.

Main Steam Isolation Valve Leakage Control System ;;
2

Condensate and Refueling Water Storage System i d Safety 4j

Ventilation Systems for Areas such as Control Room and Eng neere'~ 9
Features Rooms-( ,

i Regulatory
Clarification of the Quality Group Classification provided n
' Guide L26:and applicable to those portions of BWR main steam and feedwater

'

. systems,(other than the reactor' coolant pretsure boundary) on the turbine sideE

' of the containment. isolation valves, are given in Appendices A and B, attached
,
'l~

>
*

| to'this SRP section, f
,

E

Additional guidance on the quality group classification of systems andR plant is given in Appendix C.

''
1

. components important to. safety for a typical PWSimilarly, additional. guidance on the quality
attached to this SRP section. ft for a typit:a1

- group classification of systems and components important to sa e yAppendices C 1

BWR plant is given in Appendix 0 attached to this SRP section.p

and D, in part, identify individual system components including appropriateinterconnecting piping and valves, by quality group and the applicable code andL

i
10n some plants this system may'be non-safety-related, providing it compl es

L 'with the requirements of Regulatory Guide 1.26*.
2 Portions of the system that perform a safety-related function.
4 Portions of the system to outermost containment isolation valve. |

p
4See insert attached. Rev.-1 M 1%1
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- INSERT FOR SRP 3.2.2, PAGE 3;2.2-3, FOOTNOTE 4 TO BE ADDED.

.

4.- For PWR CP or PDA applications docketed on or after (date) these

components should'be identified as safety related if required to perform a
.

safety-related function and a minimum of two PORVs and block valves, and
,

- associated controls should be provided. This would also include redundant

and diverse control systems, designed to Seismic Category I requirements

and environmentally qualified; increased technical specification

surveillance requirements;. increased inservice testing requirements; and

inclusion within the scope of a quality assurance. program,that is in

compliance.with 10 CFR Part 50, Appendix B, in accordance with the

guidance provided in Generic Letter 89-XX. The safety grade designation

would include those improvements that were imposed subsequent to the TMI-2

accident, such as requirements to be powered from Class IE buses and to

provide valve position indication in the control room.
.

For all PWR operating reactors and all other PWR plants (custom or

standard) for which issuance of the OL is expected before (date), these

components should be in accordance with the guidance provided In Generic

Letter 89-XX.

.
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Table 3.2.2-1~ attached to this SRP section provides a summary of 3code class."'

the construction Codes and Standards for components of water-cooled nuclear i

Q power plants. and is based on the NRC quality group classification system in
J ' Regulatory Guide 1.26.

'In the event an applicant'-intends to take exception to Regulatory Guide 1.'26 1

'and has not provided adequate justification for his proposed quality group'

classification, questions are prepared by the staff which may' require- ;

additional documentation or an analysis to establish an acceptable basis for
his proposed quality group classification. Staff comments may also be
prepared requesting clarification, in order ty assure a clear understanding of

,

the quality group classifications assigned to a system by the applicant.

Exceptions and alternatives to the specified quality group classifications of
Regulatory Guide 1.26 are unacceptable unless " equivalent quality level" is^
justified. In such cases, justification can be demonstrated if: the* ,

.

i-component'is classified to meet'the requirements of a higher group clas-
sification than specified in Regulatory Guide 1.26 or alternative design rules

:are based on the use of a more conservative design; the extent of componentp nondestructive examination is equal to or greater than required by the
'

.specified code; and the quality assurance requirements of Appendix B, 10 CFR
Part 50 are met.

.If the staff's questions are not resolved in a satisfactory manner, a staff
position is taken requiring conformance to Regulatory Guide 1.26. |

IV.. EVALUATION FINDINGS-

,T The staff's review should verify that adequate and sufficient information is
j contained in the SAR and amendments to arrive at a conclusion of the following

type, which is to be included in the staff's safety evaluation report:
bPressure retaining components of fluid' systems important to safety

)i
such as pressure vessels, heat exchangers, storage tanks, pumps,
piping and valves have been cla.ssified Quality Group A, B, C, or 0
and have been identified in an acceptable manner in Table 3.X.X and y)on system piping and instrumentation diagrams in the SAR. These
components have been constructed to quality standards commensurate 3
with the importance of the safety function to be performed. The 3
review of Quality Group A and B (ASME Section III, Class 1 and ?) J
reactor coolant pressure boundary components is discussed in Sec- ]
tion 5 0.1.1~of the SER. Other Quality Group B components of systems }
identified in Position C.I.a through C.1.e of Regulatory Guide 1.26 %,

are constructed to ASME Section III, Class 2. Components in systems b
identified in Postion C.2.a through C.2.d of Regulatory Guide 1.26 )
areconstructedtoQualityGr[upCstandards,ASMESectionIII, d .

Class 3. Components in systems identified in Position C.3 of S |

Regulatory Guide 1.26 are constructed to Quality Group D standards i
such as, ASME Section VIII and ANSI B31.1. y

The staff concludes that pressure-retaining components of fluid N
.

systems important to safety have been properly classified as Quality d

Group A, B, C, or D items and meets the requirements of General y

Design Criterion 1, " Quality Standards and Records." This 5
conclusion is based on the applicant having met the requirements of y

, General Design Criterion 1 by having properly classified these (w

3-
3.2.2-5 Rev. 1 J4 2M1
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pressura-retaining componentsIlmportant to safety Quality Group A,-'

B - C, or D in- accordance with the positions of Regulatory . j'

Guide 1.26, " Quality Group Classifications and Standards," and by [, ' d-

- our conclusion that the identified pressure-retaining components are \ 1
- those'necessary (1) to prevent or mitigate the consequences of i

|accidents and malfunctions originating within the reactor coolant
'

-|pressure boundary.-(2) to permit shutdown of the reactor and
maintain it in a safe shutdown condition, and (3) to contain !

radioactive materials. ,

|

- V. . IMPLEMENTATION-
'

The following is intended to provide guidance to applicants and licensees }:

regarding the NRC staff's plan-for using this'SRP section. ,

Except in those cases in which'the. applicant proposes an' acceptable
. citernative method for complying with specified portions of the Commission's'

-

"
c

regulations, the method described herein will be used by the staff in its
cvaluation of conformance with Commission regulations. ,

,

I
ilmplementation schedules for conformance to parts of the method discussed q.
'herein are contained in the referenced Regulatory Guide. j. '

;

; V. REFERENCES'

,

1. 10 CFR Part 50, Appendix A. General Design Criterion 1, " Quality
. Standards;and Records." g

2. Regulatory Guide 1.26, " Quality Group Classifications and Standards."

| 3. -ASME Boiler and Pressure'Va n1 Code, 1980 Edition, Section III, " Nuclear
Power Plant Components,"' Amt.r .can Society- of Mechanic =1 Engineers (1980).

k'
4. ASME.Boi_ler and Pressure Vessel Code, 1980' Edition, Section VIII, J

*

Division 1, " Pressure Vessels," American Society of Mechanica1' Engineers
(1980).

'5. ~ ANSI /ASME B31.1-1980, " Power Piping," American. National Standards
t

Institute (1980),

6. API Standard 620, Sixth Edition, " Recommended Rules for Design and
Construction of Large, Welded, Low-Prescure Storage Tanks," American
Petroleum Institute (1977). |

7. API Standard 650, Sixth Edition, Revision 1, " Welded Steel Tanks for Oil i

I, Storage," American Petroleum Institute (1978). .

'

!

'8. AWWA D100-79, "AWWA Standard for Steel Tanks-Standpipes, Reservoirs, and >
i

! Elevated Tanks'for Water Storage," American Water Work's Association A
L: , (1979). {-i.

{C
9. ANSI B96,1-1980, " Specification for Welded Aluminum-Alloy Field-Erected

Storage Tanks," American National Standards Institute (1980).
c

10. Appendix A, "ClassWication of Main Steam Components Other Than the (
p Reactor Coolant Pressure Boundary for BWR Plants," attached to this SRP C

<section.
Z~

3.2.2-6 Rev.-I J 4 1001
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-TABLE 3.2.2-1

SUMARY OF CONSTRUCTION 1 CODES AND STAWARDS FOR COWONENTS OF WATER-COOLED
~

'

,-

NUCLEAR POWER PLANTS BY NRC QUALITY CLASSIFICATION SYSTEM:

,

NRC Quality Classification Systes
Component::-

Quality Group A Quality Group B - Quality Group C Quality Group D

j Pressure Vessels ASME Boiler and Pressure ASME Boiler and Pressure ASME Boiler and Pressure ASME Boller and Pressure ....

! Vessel Code, Section III. Vessel Code, Section III, Vessel Code, Section III, Vessel Code, Section VIII,
Division 1, Subsection NB Division 1, Subsection NC Division 1, Subsection M Division 1.

,

-Class 1, Nuclear Power -Class 2, Nuclear Power -Class 3, Nuclear Power-
-

Plant Components *4 Plant Components '4 Plant Components '48 8 8
- ,

,

Piping As above As above As above ANSI B31.1 Power Piping'

j Pumps As above As above As above. Manufacturers standards.
,
.

-[ Valves As above As above As above ANSI B31.1 Power Piping
and ANSI B16.34*

C:*

Atmospheric Not applicable As above As above API-650, AWA D100, or .

Storace Tanks ANSI B%.1
'

l 0-15 psig Storage Not applicable As above As above API-620
Tanks

Supports As above except As above except As above except Manufacturers standards- ,

!

Subsection NF Subsection NF ' Subsection NF

j Hetal Containment Not applicable As above except Not applicable Not applicable I

t

| Components Subsection NE, Class MC
f

I Core Support Not applicable As above except Not appilcable Not applicable
Structures Subsection NG |.

i| :

|
|

|

!
l

*

!

, _ , , . . . . _ . - - - . . , . , .._ - _ , . _e,.__ .-
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E NOTES:

_8,As defined in Subsubarticle NCA-1110 of. Section III, of the ASME Boiler andg

;}J . Pressure Vessel Code, construction is an all-inclusive term comprising
-

materials, design, fabrication, examination, testing, inspection,. and
n

,

'

certification required.in the manufacture and installation of components,
i

.eAs defined in Regulatory Guide 1.26, the NRC Quality Classification System~

identifies on a functional basis components of fluid systems' by Quality .
Groups A, B, C, and D.

i3See Section 50.55a, " Codes and Standards," of 10 CFR Part 50 for guidance
T with regard to the Code Edition and Addenda to be applied *,.

4The specific applicability of ASME Code Cases is covered separately in.SRP |

Section 5.2.1.2, Regulatory Guides 1.84 and 1.85, or in Commission regula-
tions, where appropriate. Applicants proposing the use of ASME Code Cases. |

|-not' covered by these SRP and Regulatory Guides should receive approval from
the Commission prior to their use and should demonstrate that an acceptable
level of quality and safety would be achieved.

,

..

.

f

L
L

1

|

|

*= *

2-
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APPENDIX A*-

~

. CLASSIFICATION 0F MAIN STEAM COMPONENTS OTHER THAN .
:

THE REACTOR COOLANT PRESSURE BOUNDARY FOR BWR PLANTS

A. BACKGROUND

A pipe classification of "O + QA" for main steam line components of BWR plants !
was proposed by the General Electric Company in 1971 as an alternative to !
Quality Group B and has been accepted by the staff in a number of licensing '

j
i

case reviews.

~ However, we have recently identified a number of potential problems which are
applicable to' main' steam lines of BWR plants. These problems relate to postu-'

lated breaks in high-energy fluid-containing lines outside the containment.
The criteria pertaining to protection required for structures, systems, and.

.i

.i

. components outside containment from=the effects of postulated pipe breaks, as- i
contained in the Director of Licensing's letter to utilities dated July 12, |

1973, reference ASME Section III, Class 2, which corresponds to NRC Quality -|
Group B.

The recent ASME Code Section XI revision contains in-service inspection
requirements for Class 2 components. Steam lines classified as "D + QA" could !

be interpreted to be exempt from these inspection requirements.' Such j
,

j

interpretations would be contrary to the intent of the code and inconsistent--

with requirements of the NRC Codes and Standards rule, Section 50.55a of '

10 CFR Part 50.

Furthermore, the applicability of the following NRC Regulatory Guides, I. f'

Standard Review Plan section, and Regulations, as they relate to ASME'

Section III, Class 2 components is not always clearly identified or implemented j
in. case applications wherever "D + QA" classification is adopted: {

,

1. SRP Sectic,n 3.9.3, "ASME Code Class 1, 2, and 3 Components, Component j

Supports, and Core Support Structures."
'

,

'
2. -Regulatory Guide 1.26, " Quality Group Classifications and Standards."

' 3. 10 CFR Part 50,-6 50.55a, " Codes and Standards for Nuclear Power Plants."

4. 10 CFR Part 50, Appendix B " Quality Assurance Criteria for Nuclear Power
Plants." *

L

f In view of the foregoing, we find it necessary to clarify the quality group-

classification criteria for main steam components fur BWR plants.' '

B. BRANCH TECHNICAL POSITION

'The main steam line components of BWR plants should conform to the criteria
listed in the attached Table A-1 of SRP Section 3.2.2. 5

f
"

Formally BTP RSB No. 3-1

2, #

3.2.2-10 Rev. 1 July 1001
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k |NI C;. iREFERENCES ;
;

If ' Letter of March 22, 1973,<J. A. Hinds to J. M. Hendrie.
'

' 2. Letters of' August- 13, 1973 and November 26, 1973, J. M. Hendrie to'J, A.:

' Hinds.
_

'

u. s
Table A-1 f

,

*
'

'

CLASSIFICATION REOUIREMENTS FOR MAIN STEAM COMPONENTS OTHER
-THAN THE FEACTOR COOLANT PRES 5URE BOUNDARY

'
Classification>

$'h & Item ' System or Component- Quality Group-

;j .13 / Main-Steam Line from 2nd Isolation B
'

Valve to Turbine Stop Valve.''
-

s
2.- Main Steam Line Branch Lines to B

'

>. First Valve.
. .

(' - 3. - Main Turbine Bypass Line to B
-

Bypass Valve. i-

% 4. First Valve in Branch Lines B .;

Connected to Either Main Steam!- f
Lines or Turbine Bypass Lines. |

Le
.

: 5. a. Turbine-Stop Valves, Turbine D + QA2 '

,

|.
Control Valves, and Turbine or

h Bypass Valves. Certifications
L-

.

L b. Main Steam Leads from Turbine- D + QAl'8
Control Valves to Turbine Casing. or

|. s
Certification 2

,

"
|

''The following requirements shall be met in addition to the Quality Group D
'

,'

requirements: .

II ygg -

l' 1. -All sost pressure-retaining parts of a size and configuration for
;which volumetric examination methods are effective shall be examined ,

|

h by radiographic methods by qualified personnel. Ultrasonic
examination to equivalent standards may be used as as alternate to
radiographic methods.

|

2. Examination procedures and acceptance standards shall be at least
, equivalent to those specifled as supplementary types of examinationo

in ANSI B31.1-1973, Par.' 136.4.

8The following qualification shall be met with respect to the certification .

requirements:-

1. The manufacturer of the turbine stop valves, turbine control valves,x
J turbine bypass valves, and main steam leads from turbine control

2. ~
3.2.2-11 Rev. 1 'o'j 1001
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: Table A-1 (cont'd)
"

- valves to the turbine casing shall utilize quality control procedures C.-

equibalent to .those defined in General Electric Publication
GEZ-4982A, " General Electric Large, Steam Turbine - Generator Quality ..

*

Control. Program."

2. A certification shall be obtained from the manufacturer of these
" valves and steam leads that the quality control program so defined

~
.

' has been accomplished.
9

sThe' following requirements shall be met in addition to the Quality Group D 1

.

requirements:
'

- 1

'1. '.All longitudinal and circumferential butt weld joints shall be:
radiographed (or ultrasonically tested to equivalent standards).

~

LWhere size or configuration does not permit effective volumetric
examination, magnetic particle or liquid penetrant examination may
be; substituted. Examination procedures and acceptance standards
shall be at least equivalent to those specified as supplementary-

.
,

types of, examinations, Paragraph 136.4 in ANSI B31.1-1973..

(-

2. All fillet and socket welds shall be examined by either magnetic
particle or liquid penetrant methods. All structural attachment
welds to pressure retaining materials shall be examined by either

- magnetic particle or liquid penetrant methods. Examination
procedures and acceptance standards shall be at least equivalent to
those'specified as supplementary types of examinations, Paragraph ( .
136.4 in ANSI B31.1-1973. (

'

9

3.' '' All inspection records shall .tHe maintained for the life of the.
These records shall include data pertaining to qualificationplant.

of inspection personnel, examination procedures, and examination
'results.

.

.

-

I'

|
L

|

1'

...

(

2-
3.2.2-12 Rev. 1 July 1L61
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APPENDIX B*

CLASSIFICATION OF BWR/6 MAIN STEAM AND FEEDWATER COMPONENTS
"

OTHER THAN THE REACTOR COOLANT PRESSURE BOUNDARY'

.1: .

A., BACKGROUND~.

W
.

At various times the NRC staff has' discussed with the General Electric Company-
' ~ the sub, ject of appropriate classification requirements in boiling water
E' ; reactor (BWR) plants.for main steam system components. These discussions have

included consideration of components that are (a) not classified as safety-
related items but ai*e located downstream of the !.,olation valves, (b) not
specifically designed to seismic Category I standards, and (c) not housed in

L
Seismic Category I structures. ]

.

1

To date, BWR plant reviews have resulted in'various approaches for different * )
u , .

-

individual applications. While these different approaches have resulted in i
'

acceptable. levels of safety in each case, they have required time-consuming
case by-case reviews. - The GESSAR (PDA) BWR/6 application which was. reviewed I I

l- as part of our standardization program, includes this portion of the BWR
,

,

l plant.

In the course of the GESSAR PDA review, we have identified a systematic basis
for classification of such components that will result in an acceptable and
uniform design basis for the main steam lines (MSL) and feedwater lines (MFL) 1

.

in BWR/6 plants.
v

.
.

.

B. BRANCH TECHNICAL POSITION

The' main steam end feedwater system components of BWR/6 plants should be
classified in accordance with SRP Section 3.2.2, Appendix A, or alternately,

'

*

,

in accordance-with the attached Table B-1 of SRP Section 3.2.2. The classifi-
cations indicated are consistent with the guidelines currently specified in
Regulatory' Guide 1.26 and Regulatory Guide 1.29.

*

.

. As an additional requirement, a suitable interface restraint'should be
provided at the point of departure from the Class I structure where the
interface exists between the safety and nonsafety-related portions of the MSL
and MFL. ,,

,

A sketch is attached (Figure B-1) to clarify the specified alternate k t
,

classification system.

'

C. REFERENCES

1. Letter of April 19, 1974, J. M. Hendrie to J. A. Hinds.

Formally BTP RSB No. 3-2 f
'

=

2-
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i. Table B-1-,z .

A
CLASSIFICATION REQUIREMENTS FOR BWR/6 MAIN: STEAM AND FEEDWATER

i ~ $hltM COMPONENTS OTHER THAN THE REACTOR COOLANT PRES 5URE BOUNDARY ,

'

. QUALITY GROUP !

Itse ' ' SYSTEM OR COMP 0hu(T ' CLASSIFICATION f

L L: .Nein Steam Line-(MSL) from second isolation valve to and B
*tacluding! shutoff valve.

;2.L Branch lines of MSL'between the second isolation valve and the B !

' NSL shutoff valve, from branch point at MSL to and including the ',

first valve in the. branch line.

t 'Nein feedwater line (MFL) from second isolation valve and- B
-

. including shutoff vaive.
,

14. : Branch lines.of MFL between the second isolation valve and the B

.MFL shutoff valve, from the branch point at MFL to and including
the first valve in the branch-line.

L Main steam-line piping'between the MSL shutoff valve and the 0 (1)
turbine main stop. valve. .

DE.1 Turbine bypass piping. .
'

.-7. 18 ranch lines-of the MSL between the MSL shutoff valve and'the D

Lturbine main stop. valve.

;S./ 'Tdrbinelvalves',. turbine control valves, turbine bypass valves, 0 (1,2)L

; F cnd main steam leads'from the turbine control valves to'the or
: turbina casing.. Certification (3)

' 9. Feedwater system components beyond the MFL shutoff valve. D

W All-inspection records shall be maintained.for the life of the plant.
:These records <shall include data pertaining to qualification of inspection
personnel,~ examination procedures, and examination results,

y (2)-.All' cast pressure-retaining parts of-a size and configuration for which ~

volumetric methods are effective shall be examined by radiographic methods
y

by qualified personnel. Ultrasonic examination to equivalent standards,

E

may be.used as an alternate to radiographic methods. Examination
procedures'and acceptance-standards shall be at least equivalent to thosey s

' defined in Paragraph 136.4, " Examination Methods of Welds - Non-Boiler
External' Piping, ANSI B31.1-1973. .

n.

z-p
3.2.2-14 Rev. 1 - J A 1991
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Table B-1 (cont'd)

. ('3) The following qualifications shall be met with respect to the
certification requirements:

.

1. The manufacturer.of-the turbine stop valves, turbine control valves, ,

turbine bypass valves, and main steam leads from turbine control |
valves to the turbine casing shall utilize quality control procedures
equivalent to those defined in General Electric Publication GEZ-4982A,'

" General Electric Large Steam Turbine-Generator Quality Control
Program."

,

2. A certification shall be obtained from the manufacturer of these'

valves and steam leads that the quality control program so defined
has been accomplished.

.

V

..

<

s
.

.

5

.

.,

z-
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!

CONTAINMENT '

. QUALITY GROUP D
^

OUALITY GROUP DOUALITY OUALITY OR CERTIFimTIM
i- GROUP A GROUP P

_ _ , _ _ ,, __

.

TURSONE BUILDING

!

AUXILIARY BUILDING . BRANCHr

BRANCH LINE 'L 1
,

.
m

{ a -TUR8INE CONTROL VALVE
O E'

MAIN STEAM LEADSo STEAM LINF
,

*
~FEEDWATER LINE -

( CONDElBSLRBRANCH LINE I

,

SHUTOFF VALVES ']
TURBONE BY-PASS VALVE

ISOLATION VALVES INTERFACEj {
RESTRAINTS

SEISMIC CATEGORY I NON-SEISMIC CATEGORY I
_

STRUCTURES, SYSTEMS & COMPONENTS STRUCTURE. SYSTEMS & COMPONENTS .

5
~

tm

f _ QUAllTY GROUP D _
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?ef U.S. NUCLEAR REGULATORY COMMISSION!

d @v STANDARD REVIEW PLAN |1
' %e / OFFICE OF NUCLEAR REACTOR REGULATION4 ;ee.e

t

5.2.2 OVERPRESSURE PROTECTION

REVIEW RESPONSIBILITIESs

Primary - Reactor Systems Branch (RSB)

Secondary .- None , j
,

I. AREAS OF REVIEW

'A. Overpressure protection for.the reactor coolant pressure boundtry (RCPB),'

1 7during power operation of the reactor, is ensured by application of relief
and safety valves and the reactor protection system. For boiling water ; I

.,
;

reactors (BWRs), the area of review includes relief and safety valves'on the i'
,

,

main steam lines and piping from these valves to the suppression pool. For ,

pressurized water reactors (PWRs), the area of review includes pressurizer -

relief and safety valves and the piping from these valves to the quench !

tank, on the primary and steam generator relie'f and safety valves on the
secondary. y

e
U

The adequacy of the proposed preoperational and initial startup test pro- |

grams is examined as a part of this review. The reviewer also evaluates the -

.. ,

proposed technical specifications to assure that they are adequate with regard.J

to limiting conditions of operation and periodic surveillance testing.
,

B. Overpressure protection for the RCPB, during low temperature operation of
the plant (startup, shutdown), is ensured by the application of pressure ;

relievine systems that function during the low temperature operation. For .

PWRs the ada of review includes relief valves with pipii., to the quench.

tank,:the makeup and letdown system,-and the RHR system which may be opc-at- ,

,ing when the primary system is water solid. For BWRs, no special area of .

review is required since BWRs never operate in water-solid conditions.
,

;

In addition, the RSB will coordinate its review with the evaluations of t

other branches that have primary review responsibility for other portions of ,

the overpressure protection as follows: The Procedures and Test Review Branch
(PTR8), as part of its primary review responsibility for SRP Section 14.2, 4

<

3
Rev. 2 - M y la"2

,

*

USNRC STANDARD REVIEW PLAN
' Star.dard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
applic1tions to construct and operate nuclear power plants. These documents are made available to the public as part of the
Commission's policy to inform the nuclear industry and the general public of regulatory proceduras and policies. Standard review
plans are not substitutes for regulatory guides or the Commission's regulatione and compliance with them is not required. The
standard review plan sections are keyed to the Standard Format and Content of Saft'.y Analysis Reports for Nuclear Power Plants.

, Not all sections of the Standard Format have e corresponding review plan.
. . .

;/. Published standare review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new inf orma-
tion and esperience.

Comments and su0gestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission.
,

office of Nuclear Hesctor ReOulation. Washington D.C. 20555.

'''
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.k* ^ . reviews proposed preoperational and initial startup test prograss to !
assure that overpressure components will perform their safety function. !,

The Mechanical Engineerieg Branch (MEB), as part of its primary review @(
i

responsibility for SRP Sections 3.2.1 and 3.2.2, reviews seismic design \o

criteria for components of the overpressure protection tystem. The i

IEquipment Qualification Branch (EQB), as part of its c-fu.ny review
'

responsibility for SRP Sections 3.10 and 3.11, review Ma11ation ,
,

.
criteria for components of the overpressure protection system. The j

'

| Instrumentation and Control Systems Branch (ICSB), as p6rt cf its primary I :
review responsibility for SRP Section 7.6, reviews the adequacy of controls (

i' and instrumentation for the automatic and manual actuation of overpressure f

TheLicensingGuidanceBranch(LGB) as ptrt of f jprotection components.'

its primary review responsibility fu SRP Section 16.0, reviews technical i

specifications. The Quality Assurance Branch (QAB), as part of its primary e
review responsibility for SRP Sections 17.1 and 17.2, reviews quality | | ,

I 2assurance requirements.
1

,

'

For those areas of review identiffed above as being reviewed as part of the 1-

primary review responsibility of other branches, tw acceptance criteria i,' .;
necessary for the review and their methods of 6pplication are contained in the |

-

! referenced SRP section of the corresponding primary branch, n
| II. Acceptance Criteria

'

The RS8 acceptance criteria for the overpressure protection system are based h
on meeting tw re' levant requirements of the following regulations: y .

General Design Criterion 15systemandassociatedauxillary,itrelatestothereactor. coolant((>[
b

'

'

1. as
conttol, and protection systems .

being designed with sufficient margin to assure that the design
cond tions of the reactor coolant pressure boundary are not exceeded ( '

.

duri any condition of normal operation, including anticipated ( ,

opera ional occurrences.
,

2. General Design Criterion 31 as it relates to the reactor coolant i
pressure boundary being designed with sufficient margin to assure e

'

that boundary behaves in a nonbrittle manner and the probability of I -
,

rapidly propagating fracture is minimized. f
V

,

Applications for construction permit should meet recommendations of Task [Action Plan items II.D.1 and II.D.3 of NUREG-0718 (Ref. 4). Applications for ,
,

operating license shall meet recommsendations of Task Action Plan items 11.D.1 e
and II.D.3 of NUREG-0737 (Ref. 5). Other specific acceptance criteria necessary i

to meet the requirements of GDC 15 and 32 are as follows: [

'. For overpressure protection, during power operation of the reactor, the h(>A

actuation of safety valves,gned with sufficient capacity to precludeduring normal operational transients, when4
relief valves shall be desi

assuming the following conditions at the plant: b

a. The reactor is operating at licensed core thermal power level.

b. All system and core parameters are at values within normal operating
range that produce the highest anticipated pressure. ;

'

c. All components, instrumentation, and controls function normally. -

Z-
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'

. Safety valves shall be designed with sufficient capacity to liciit the b !

pressure to less than 110% of the RCPB design pressure (as specified by ! ;3 '

.

J the ASE Boiler and Pressure Vessel Code (Ref. 2]), during the most : j ;

severe abnormal operational transient and the reactor scrammed. Also, , ,
i

sufficient margin shall be available to account for uncertainties in the ; ; i

|design and operation of the plant assuming: <

1. The reactor is operating at a power level that will produce the j-

most severe overpressurization transient,

ii. All system and core parameters are at values within no'rmal i

perating range, includi uncertainties and technical specifica- t

tion lie ts t)at produce he highest anticipated pressure. ;

t'iii. The reactor scram is initiated by the second safety-grade
>

signal from the reactor protection system.
'

,

iv. The discharge flow is based on the rated capacities specified
in the ASME Boiler and Pressure Vessel Code (Ref. 2), for each
type of valve.

'

3. Full credit is allowed for spring-loaded safety valves designed in 1 ;

accordance with the requirements of the ASME Boiler and Pressure U -

Vessel Code (Ref. 7) G ,

,
. ,

The overpressure protection system during low temperature operation of 3B.
theplant(startup, shutdown),shallbedesignedinaccordancewiththe C
requirements of Branch Technical Position RSB 5-2 attached to this SRP r

section (Ref. 3).. i r
*

V

III. Review Procedures

The procedures below are used during the construction permit'(CP) review to
| assure that the design criteria and bases and the preliminary design as set ;

forth in the prelimina safety analysis report meet the acceptance criteria'

given in subsection II f this SRP section.

For operating license (OL) applications, the procedures are used to verify
that the initial design criteria and bases have been sppropriately implemented
in the final design as set forth in the final safety analysis report and inl

the report on overpressure protection. The latter report is required by the
ASME Code (Ref. 2) and is used as the basis for many of the individual review
steps outlined below during the OL review. The OL review also includes the

-proposed technical specifications, to assure that they are adequate in regard ,

to limiting conditions of operation and periodic surveillance testing,
u

The following steps are taken by the RSB reviewer in determining that the
acceptance criteria of subsection II have been met. These steps should be
applied to CP and OL reviews as appropriate. Previously reviewed designs may
be used as a guide; however, the reviewer must verify that any changes are

i
justified.

( 1. The piping and instrumentation diagrams are examined to determine the
|) number, type, and location of the safety and relief valves in both the : ,

'

|) primary and secondary systems, and of discharge lines, instrumentation,
_

and other components.

z'
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. <

!S 2.- All other functions of the components, instruments, or controls used for
|overpressure protection and the interfaces with all other systems are

identified. The effects of these other functions or systems on operation ( !
- ,

of the overpressure protection system are determined. For PWRs, failure !

of the makeup and letdown system or the RHR system is examined to assure j

overpressure protection during low temperature operation of the plant. ,

9 |

!

3. The capacities, setpoints and setpoint tolerances for all safety and
reliefvalvesareidentifIed. |

4.- All of the reactor trip signals which occur during overpressure transients, |
including their setpoints and setpoint tolerances, are identifed. .!

5. All transients relyzed in Chapter 15 of the SAR that result in an increase

))in the pressura s..perienced by the RCP8 are examined. The predicted peak
pressures are identified and the operating conditions and setpoints used
in the analysis are reviewed to assure that they are suitably conservative. j-

.

I |6. The proposed plant technical specifications are reviewed to:

Confirm the suitability of the limiting conditions of operationa. ,

including the proposed time limits and reactor operating restrictions :

for periods when system equipment is inoperable due to repairs and .

maintenance..

'

b. Verify that the frequency and scope of periodic surveillarice testing
is adequate.

'

IV. Evaluation Findings .

'

! The reviewer verifies that the SAR contains sufficient information and the
| review supports the following kinds of statements and conclusions, which
L should be included in the staff's safety evaluation report:
I

The staff concludes that the overpressurization protection system is acceptable d
and meets the relevant requirements of GDC 15 and 31 and Appendix G to 10 CFR hg 1

:
I Part 50. This conclusion is based on the following: J

1. BWRs

The overpressure prctection system prevents overpressurization of the
reactor coolant pressure boundary under the most severe transients and
limits the reactor pressure during normal operational transients.
Overpressure protection is provided by safety and relief
valves located on the four main steam lines between the reactor vessel
and the first isolation valve inside the drywell. The relief and safety
valves are distributed among the four main steam lines such that a single
accident cannot disable the automatic overpressure protection function.
The valves discharge through piping to the suppression pool. The valves
have setpoints that range from to psig. Their
total capacity at their setpoint is % of rated steam flow.

To determine the ability of the overpressure protection system to prevent
-

overpressurization, the applicant has analyzed the most severe overpressure

-

5.2.2-4 Rev. 1 4 1Z
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'
4 transients. The analysis was performed assuming that: (a) the plant is

*% of rated steam flow and a reactor
in operation at design conditions (3 (b) the reactor is shut down by

-

vessel done pressure of * ps'g),k pressure at the bottom of the vessel is !
.anj The calculated 'ea.

psig, a value withii the code allowable of psig j

(11os or vessel derign pressure 1.

2. PWts

The overpressure protection system prevents overpressurization of -

the reactor coolant pressure boundary under the most severe transients
and limite the reactor pressure during normal operational transients.
Overpressuritation protection is provided by safety i

valves. These valves discharge to the pressurizer quench tank i

through a common header from the pressurizer. The safety and relief '

valves in the primary, in conjunction with the steam generator ;

safety and relief valves in the secondary, and the reactor protection
system, will protect the primary system against overpressure in the r

event of a complete loss of heat sink.

The peak primary system pressure following the worst transient is -

limited to the ASME Code a,11owable (110% of the design pressure)
with no credit taken for nonsafety grade relief systems. The

-

plant was assumed to be operating at design conditions
( z of rated power) and the reactor is shut down by a scram.
Tfie calculated pressure at the bottom of the vessel is

a value within the code allowable of psig (l a or i

psig,l design pressure). |vesse ,
t

>) '

_0verpressure protection during low temperature operation of the U"

plant is provided by 2.

o

The applicant has met GDC 15 and 31 and Appendix G since they have implemented ( ,

o !
i the guideline.of BTP RSB 5-2. In addition, the applicant has incorporated 9

t.to their design the recommendations of Task Action Plan items II. ).1 and I i
' -

11.0.3 of NUREG-0718 and NUREG+0737.
d i

'
!- V. Implementation
! 4

The following is intended to provide guidance to applicants and licensees 9 -

regarding the NRC staff's plans for using this SRP section. y

Except in-those cases in which the applicant proposes an acce table alternative U -

I method for complying with specified portions of the Commissio 's regulations, 7
the method described herein will be used by the staff in its evaluation of 3|

:

| conformance with Commission regulations. L
-

o
'

'

Implementstion schedules for conformance to parts of the method discussed ,

l. herein are contained in the referenced NUREGs. P

VI. References

I. 10 CFR Part 50, Appendix A, General Design Criterion 15, " Reactor Coolant t

System Design."

"Normally, SWRs are analyzed at 105% rated steam flow at a pressure of 1040 psig.

2-
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/ 2.- ASME Boiler and Pressure Vessel Code, Section III. Article NM-7000..

Q(s -
|" Protection Against, Overpressure," American Society of Mechanical Engineers.

n :
..

P :
3. - Branch Technical Position RS8 5-2, "0verpressurization Protection of

Pressurized Water Reactors While Operating at Low Temperatures," attached j !

to this.SRP-section. , 3
.

NUREG-0718."LicensingRequirementsforPendingApplicationsforConstructionb !4. "
Permits and Manufacturing License."

,

5. NUREG-0737, " Clarification of TMI Action Plan Requirements." d -'
,

P.

5.. . 10 CFR Part 50, Appendix G, " Fracture Toughness Requirements." j ;
'

d ,

a :
~ 7. - ASIE Boiler and Pressure Vessel Code, Section III," Article N8-7611,

! - " Spring-Loaded Safety Valves." L, |
o

8. 30 CFR Part 50 Appendix A, General Design Criterion 31," Fracture Prevention d i

ofReactorCoolantPressureBoundary." l :

i
!
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L
Y BRANCH TECHNICAL POSITION RSB 5-2 5

0

) DVERPRESSURIZATION PROTECTION OF PRESSURIZED WATER REACTORS f
WHILE OPERATING AT LOW ItMPERAiURE5'

,

'A.h 8ackoround
I

General Design Criterion 15 of Appendix A of 10 CFR Part 50 requires that "the
[4Seactor Coolant System and associated auxiliary, control, and protection

systems shall be designed with sutficient margin to assure that the design e

conditions of the reactor coolant pressure boundary are not exceeded during J

aqr-condition of normal operation, including anticipated operational occurrences." p ;

Anticipated operational occurrences, as defined in Appendix A of 10 CFR Part 50, b
are "those conditions of normal operation which are expected to occur one or P -

more times during the life of the nuclear power unit and include but are not [a
'

,

Itited to loss of power to all recirculation pumps, tripping of the turbine
generator set, isolation of the main condenser, and loss of all offsite power." j ,

e '

Appendix G of 10 CFR Part 50 provides the fracture toughness requirements for 4
reactor pressure vessels under certain conditions. To assure that the Appendix G y
Itits of the reactor coolant pressure boundary are not exceeded during any p
anticipated operational occurrences, technical specification pressure-temperature p

'

Itits are provided for operating the plant. y
,

-

t
>

The primary concern of this position is that during sta'rtup and shutdown h ;
.

L' conditions at low temperature, especially in a water-solid condition, the o ;
reactor coolant system pressure might exceed the reactor vessel pressure ;*

temperature limitations in the technical specifications established for rotec- 1
tion against brittle fracture. This inadvertent overpressurizati.on coul be ( ;

generated by any one of a variety of malfunctions or operator errors. Many I

incidents have occurred ir. operating plants as described in Reference 1. [ ,

<
Additional discussion on the background of this position is contained in (
taference 1. { s

8. Branch Position q
.

1. A system should be designed and installed which will prevent exceeding d
the applicable technical specifications and Appendix G limits for ['the reactor coolant system while operating at low temperatures. The ,

system should be capable of relieving pressure during all anticipated- I
'

overpressurization events at a rate sufficient to satisfy the technical f

specification limits, particularly while the reactor coolant system C

L is in a water-solid condition. h
,

'

s

2. The system should be able to perform its function assuming any single h
active component failure. Analyses using appropriate calculational e

L
techniques must be provided which demonstrate that the system will C ,

provide the required pressure relief capacity assuming the most j

i limiting single active failure. The cause for initiation of the t
*

event, e.g. , operator error, co'nponent malfunction should not be ;| .
*

T considered as the single active failure. The analyses should assume
/ the most limiting allowable operating conditions and systems configura- .

tion at the time of the postulated cause of the overpressure event. C

1-
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** All tential overpressurization events should be considered when F*

est isfiing the worst-case event. Some events may be prevented by j,

protective interlocks or by locking out power. These events should >

be identified on an. individual basis. If the events are excluded f

from the analyses, the controls to II
the, plant technical specifications. prevent these events should be in !

5. ,

J
3. The system should be designed using IEEE Std.-279 as guidance (see e

implementation). The system may be manually enabled, however, an d
'

alam to alert the operator to enable the system at the correct e
plant condition during cooldown, should be provided. Positive <* 4

indication should be provided to indicate'when the system is enabled. P,

An.alare should be provided when the protective action is initiated, h ,,

>
'

4. To assure operational readiness, the overpressure protection system >

should be testable. Technical specification surveillance requirements ( <

should include: C
t

a. A test performed to assure operability of the system (exclusive ('

of relief valves) prior to each shutdown. [
e

b. A test for valve operability, as a minimum, be conducted as 1
L '

specif.ied in the ASME Code Section XI.
,

<

' 5. - The system must meet the requirements of Regulatory Guide 1.26, 0
,

" Quality Group Classifications and Standards for Water , Steam , and i
<
.

Radioactive-Waste-Containing Components of Nuclear Power Plants,"
%( '

and Section III of'the ASME Code. -

)| *

The overp(ressure protection system should be designed to function y6. .

during aj Safe Shutdown Earthquake. It should not compromise the p ] i

design criteria of any other safety grade system with which it would e
,

interface, such that the requirements of Regulatory Guide 1.29, I
,

" Seismic Design Classification," are met. i
e

7. The overpressure protection system should not depend on the avail- (
ability of offsite power to perform its function. The system should e

'

be operable from battery-backed power sources, not necessarily Class d
1E buses. |

,

-

F

8. Overpressure protection systems which take credit for an active
Q(component (s) to mitigate the consequences of an overpressurization
ievent should include additional analyses considering inadvertent ,
'system initiation / actuation or provide justification to show that

existing analyses bound such an event. y,
9. * If pressure relief is from a low pressure system, not normally |- *

connected to the primary system, the overpressure protection function *

should not be defeated by interlocks which would isolate the low '

pressure system from the primary coolant system. (See BTP ICSB3)
[, g10. See Insert attached.

'

D. References e
V :

~

1. NUREG-0138, Staff Discussion of Fifteen Technical Issues Listed in 1
Attachment to November 3, 1976 Memorandum from Director, NRR, to NRR e
Staff. 4

4
1-
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INSERT FOR SRP 5.2.2, PAGE 5.2.2-8, ITEM 10 TO BE ADDED.

10. If pressure relief is from power operated relief valves (including the

associated block valves) connected to the primary system and a part of

the reactor coolant pressure boundary, these components should be in

conformance with SRP 3.2.2, Footnote 4.

:
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Q. /,4 STANDARD REVIEW PLANg ;

y v/ OFRCE OF NUCLEAR REACTOR REGULATION ;
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!

5.4.7 RESIDUAL HEAT REMOVAL (RHR) SYSTEM !'

,
,

REVIEW RESPONSIBILITIES f:c

Prim' ry - Reactor Systems Branch (RSB) ja
3

Secondary - None>

f- '

.

I. ' AREAS OF REVIEW ]
'LTheresidualheatremoval(RHR)systemisusedinconjunctionwiththemainsteam

-and feedwater systems (main condenser), or the reactor core isolation cooling ,

stem in conjunction with the safety / relief valves in a boiling water
-(RCIC) sy(BWR), or auxiliary feedwater sytem in conjunction, with the atmosphericreactor j

: dump valves in a pressurized water reactor (PWR) to cool down the . reactor coolant -

system following shutdown. Parts of the RHR system also act to provide low pres- ;

' sure emergency core cooling and are reviewed as described in SRP Section 6.o. [ '
'

Some parts of the RHR system also provide containment heat removal capability and
are , reviewed as described in SRP Section 6.2.2. The rev.iew by RSB is to ensure .;-

Lthat the desi<m of the RHR system is in conformance with General Design Criteria 2
(Ref.1), 5 (Iof. 2),19 (Ref. 3), and 34 (Ref. 4), j; ;

Both'PWRs and BWRs have RHR systems which provide long-term cooling once the !

reactor coolant temperature has been decreased by the main condenser, RCIC, or >'

auxiliary feedwater systems. .In both types of plants, the RHR is typically a' low
, pressure system which takes over the shutdown cooling function when the reactor ;E

coolant system (RCS) temperature is reduced to about 300'F. Although the RHR ;

p system function is similar for the two types of plants, the system design are !
'different.
.

The RHR system in PWRs takes water from the RCS hot legs, cools it, and pumps -

g

1 it back to the cold legs or core flooding tank nozzles. The suction and :
discharge lines for the RHR pumps have appropriate valving to assure tnat the !

-low pressure.RHR system is always isolated from the RCS when the reactor >

coolant pressure is greater than the RHR system design pressure. The heat !

,

!

$~
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s }!:!. . seenderd review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.
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tien and experience.
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remove:i in the heat exchangers is transported to the ultimate heat sink by the f( i
'

. component cooling water or service water system. In PWRs, the RHR system is ,

' '

also used to fill, drain, and remove heat from the refueling canal during I(~refueling operations, to circulate coolant through the core during plant
startup prior to RCS pump operation, and in some to_ provide an auxiliary *

pressurizer spray.
The contain-.The RHR system in BWRs is typically composed of four subsystems.

ment heat removal and low pressure emergency core cooling subsystems are
-

discussed in SRP Sections 6.2.2 and 6.3. The shutdown cooling and steam
!

condensing (via RCIC) subsystems are covered by this SRP section. These '

stbsystoms make use of the same hardware, consisting of pumps, piping, heat !In the shutdown cooling mode, the,

exchangers, valves, monitors,.and controls. '
As inBWR RHR system can also be used to supplement spent fuel pool cooling.

the PWR, the low pressure RHR piping is protected from high RCS pressure by
isolation valves.-

The steam condensing mode of RCIC operation in BWRs (when included in the ,

plant design) provides an alternative to the main condenser or normal RCIC
mode of operation during the initial cooldown. Steam from the reactor is :

transferred to the RHR heat exchangers where it is condensed. The condensate ,

is piped to the suction side of the RCIC pump. The RCIC pump returns the
condensate to the reactor vessel. The heat removed in the heat exchangers is ,

transported to the ultimate heat sink by the service water system.

Other means of removing decay heat in the event that the RHR system is inoper- .
'

able have been proposed for some BWRs. These approaches use some of the
piping that is used for the steam condensing mode of RCIC. These approaches [.

\are also covered by this SRP section.

The' reactor coolant temperatures and pressure must be decreased before the low
pressure RHR system can be placed in operation; therefore, the review of the
decay hest removal function must consider all conditions from shutdown at normal
reactor operating pressure and temperature to the cold depressurued condition, c
RSB reviews the requirements for reliability and capability of removing decay J
heat identified in NUREG-0660 (II.E.3.2 and II.E.3.3), NUREG-0718 (II.B.7), and j .

With respect to the staff review for compliance with y
NUREG-0737 (III.D.1.1).
Branch Technical Position RSB 5-1 (Ref. 5), the Auxiliary Systems Branch (ASB), a

chemical Engineering Branch (CMEB), and RSB effort is divided as follows: (>
1. For BWRs,'the RSB reviews the processes and systems used in the cooldown

of the reactor for the entire spectrum of potential reactor coolant '

system pressures and temperatures during decay heat removal.

For PWRs, the RSB reviews the approach used to meet the functional require-2.
ments of BTP RSB 5-1 with respect to cooldown to the conditions permitting

Since an alternate approach to that normally ;
operation of the RHR system.
used for cooldown may be specified, the reviewers identify all components . ,

and systems used. The CMEB has primary review responsibility for the [
review of the pertinent portions of the CVCS (SRP Section 9.3.4). The o

L
ASB, as part of its primary review responsibility for SRP Sections 10.3
and 10.4.9 reviews the atmospheric dump valves and the source for auxiliary d ,

feedwater, respectively, for conformance to BTP RSB 5-1. The RSB reviews 4

the pressurizer relief valve and ECCS, if used. In addition, the RSB f '(
reviews the tests and supporting analysis concerning mixing of borated j ;

water and cooldown under natural circulation as required in BTP RSB 5-1.

b-
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For both PWRs and BWRs, the ASB reviews the component cooling or service |
c .

3.
-*

water systems that transfer decay heat from.the RHR system to the ulti-
|mate heat sink as part of its primary review responsibility for SRP:)

3
Sections 9.2.1 and 9.2.2. i

,

The RSB reviews the design and operating characteristics of the RHR
,

!4.
system with respect to its shutdown and long-term cooling function. |
Where the RHR system interfaces with.other systems (e.g., RCIC system,

-

'

component cooling water system) the effcet of these systems on the RHR |
system is reviewed. Overpressure protection provided by the valving

.

between the RCS and RHR, system is also reviewed,

n addition, the Reactor Systems Branch will coordinate evaluations of other
;

2

branches that interface with the overall review of the RHR system as follows: e
* i

The Containment Systems Branch verifies that portions of the RHR system pene-
i

trating the containment barrier are designed with acceptable isolation features |
to maintain containment integrity for all operating conditions including acci- (
dents as part of its primary review responsibility for SRP Section 6.2.4; The

|

Structural Engineering Branch (SEB) determines the acceptability of the design (i
<

*

| analysis, procedures and criteria used to establish the ability of seismic i
Category I structures housing the system and supporting systems to withstand (I

l

the effects of natural phenomena such as safe shutdown earthquake (SSE), the
probable maximum flood (PMF), and tornado missiles as part of its primary (!

.

3.3.1, 3.3.2, 3.5.3, 3.7.1 thru 3.7.4, jreview responsibility for SRP Sections
3.8.4 and 3.8.5. The Materials Engineering Branch (MTEB) verifies that inser- e

J
vice inspection requirements are met for system components as part of its /.

primary review responsibility for SRP Section 6.6 and, upon request, v'erifies'L
J)thecompatibilityofthematerialsofconstructionwithserviceconditionsas

n

The Mechanical 0
./ part bf its primary review responsibility for SRP Section 6.1.

.

fEngineering Branch (MEB) determines that the components, piping and structures
,

cre designed and tested in accordance with applicable codes and standards as (
,

part of its primary review responsibility for SRP Sections 3.9.1 through
,

'

The MEB also determines the acceptability of the seismic and quality 4[3.9.3.
group classifications for system components as part of its primary review 1
responsibility for SRP Sections 3.2.1 and 3.2.2 The effects of pipe breaks 4 ;
inside and outside of containment, such as pipe whip and jet impingement, are

,

reviewed by MEB and ASB as part of their primary review responsibilities for ((
'

SRP Sections 3.6.2 and 3.6.1, respectively. The ttEB also reviews adequacy of
the inservice testing program of pumps and valves as part of its primary ( ',.

review responsibility for SRP Section 3.9.6. The Procedure and Test Review ~ (,
Branch (PTRB) reviews the proposed preoperational and startup test programs to Lconfim that they are in conformance with the intent of Regulatory Guide 1.68 ,

(h
The PTRBas part of its primary review responsibility for SRP Section 14.2.

'

| also has primary review responsibility for Task Action Plan items II.K.1
>

(
-(C.I.10) of NUREG-0737 (OLs only) and I.C.6 of NUREG-0718 (cps only) regarding (

!
~

,

The ASB reviewsprocedures to ensure that system operability status is known.
flood protection as part of its primary review responsibility for SRP

1

JThe ASB identifies the structures systems ar.d components to be "Section 3.4.1.
protected against externally generated missiles and reviews the adequacy of

i

prctection against such missiles as part of its primary review responsbility
)

for SRP.Section 3.5.1.4 and 3.5.2.
The ASB also reviews protection against p

internally generated missiles both inside and outside of containment as part
,

>

of its primary review responsibility for SRP Sections 3.5.1.1 and 3.5.1.2.

Y

b
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The Power Systems Branch (PSB) identifies the safety-related electrical loads
i f |.-and determines that power systems supplying motive or control power for the

RHR system meet acceptable criteria and will perform these intended functions C(-
'

4

during all plant operating and accident conditions as part of its primary
review responsibility for SRP Sections 8.1 8.2, 8.3.1, and 8.3.2. The Instru- ? ,

mentation and Control Systems Branch (ICSB}, as part of its primary review J
'

responsibility for SRP Sectiont 7.1 and 7.4 reviews the instrumentation and
* t

*

control systems' for the RHR system to determine that -it will perform its
design function as required and conform to all applicable acceptance criteria. J -

? |The ICSB also reviews the provisions taken to meet GDC 19 with respect to
equipment outside of the control room for hot and cold shutdown. The Radio- J ,

logical Assessment Branch RAB) has primary review responsibility for SRP P j

" Section 12.1 through 12.5 (including Task Action Plan items II.B.2 of NUREG-0737y
and NUREG-0718 which involve a radiation and shielding design review and ( !

corrective actions taken to ensure adequate access to vital areas and protec- p ;

tion of s'afety equipment (cps and Ols). The review for Fire Protection, i

Technical Specifications, and Quality Asurance are coordinated and performed C

by the CMEB, Licensing Guidance Branch (LGB) and Quality Assurance Branch v
(QAB) as part of their primary review responsibility for SRP Sections 9.5.1, <;

,

16.0 and 17.0, respectively. I, ,

I

For those areas of review identified above as being reviewed as part of the [ ,

primary review responsibility of other branches, t1e acceptance criteria e

necessary for the review and their methods of application are contained in the [ j

referenced SRP Section of the corresponding primary branch.
'

II. ACCEPTANCE CRITERIA (
I'The Reactor Systems Branch acceptance criteria are based on meeting the require-

h[
!ments of the following regulations:

A. General Design Criterion 2 with respect to the seismic design of systems,
structures and components whose failure could cause an unacceptable ,

reduction in the capability of the residual heat removal system. Accept- |
iability is based on meeting position C-2 of Regulatory Guide 1.29 or its e

equivalent. 4
i

B. General Design Criterion 5 which requires that any sharing among nuclear [
1

power units of structures, systems and components important to safety
hwill not significantly impair their safety function.
P

C. General Design Criterion 19 with respect to control room requirements for
-c

normal-operations and shutdown, and; q'
,

D. General Design Criterion 34 which specifies requirements for a residual {
,

heat removal system. 4

Specific criteria necessary to meet the requirements of General Design ([l Critaria 2, 5, 19, and 34 are as follows:
1

1. The system or systems are to satisfy the functional, isolation, pressure 1(
L

relief, pump protection and test requirements specified in Branch Technical
h, {|

Position RSB 5-1. e
l

2. Interfaces between the RHR system and RCIC and component or service water t| 'l

systems should be designed so that operation of one does not interfere h

3-
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In hand provides proper support (where required) for, the other.
with, ion to these and other shared systems (e.g., emergency core cooling

- e'
.

relat |and containment heat removal systems), the RHR system must conform to i

)' GDC 5. V
>

*

The requirements for the reliability and capability of removing decay
<

heat under the following Task Action Plan items must also be satisfied: } |3.

Meeting Task Action Plan item II.E.3.2 of NUREG-0660 which involves f I
,

systems reliability. NRR will conduct a generic study to assess thea. , ,

!

capability and reliability of shutdown heat removal systems under e
P

various transients and degraded plant conditions tricluding complete e
loss of all feedwater. Deterministic and probabilistic methods will

P
be used to identify design weaknesses and possible system modifica-

,

[4
and reliability

tions that could be made to improve the capability (cps and Ols).
'

of these systems under all shutdown conditions.
Specific requirements will be based on the results of this study. (

e
Meeting Task Action Plan item II.E.3.3 of NUREG-0660 which involves [

An ( !b.
e coordinated study of shutdown heat removal requirements. '

effort to evaluate shutdown heat removal requirements in a comprehen-
C

e

sive manner is required, thereby permitting a judgment of adequacy '

in terms of overall system requirements. As part of this project
NRRwillconductastudytoassessthedesirabilityofandpossible h,

such as feed and bleed, prequirement for a diverse heat-removal path The NRCparticularly if all secondary-side cooling Is unavailable.
staff will work with the recently established ACRS Ad Hoc Subcommit-

(, -

tee'on this matter to develop a mutually acceptable overall study
(,

.') program. (cps and Ols). Specific requirements will be based on the b-

e

/ results of this study. P

Meeting Task Action Plan item II.B 8 of NUREG-0718 (Ref. 7) which \;,

involves description by the applicants of the degree to which the (
c. .

designs conform to the proposed interim rule on degraded core *

i ,

L accidents. (cps only). .
5

Meeting Action Plan item III.D.I.1 of NUREG-0737 (Ref. 8) and h
d. NUREG-0718 (Ref. 7) which involves primary coolant sources outside p

of containment (cps and Ols), p
|

f
When the RHR system is used to control or mitigate the consequences of an C4. accident, it must meet the design requirements of an engineered safety (.This includes meeting the guidelines of Regulatoryfeature system.
Guide 1.1 regarding net positive suction head, q.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
,

| assure that the design criteria and bases and the preliminary design as set
forth in the Preliminary Safety Analysis Report meet the acceptance criteria|

L
given in subsection II.'

For operating license (OL) reviews, the procedures are utilized to verify that
the initial design criteria and bases have been appropriately implemented inThe OL

-

the final design as set forth in the final Safety Analysis Report.

3-
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review also includes the proposed technical specifications, to assure that ,
'

!they are adequate in regard to limiting conditions of operation and periodic
surveillance testing.

As noted in subsections I and II, the RSS review for PWRs is limited to the
~ '

low pressure low temperature RHR system. For BWRs, the review is to include
all of the_ systems used to transfer residual heat from the reactor over the j

The ;
entire range of potential reactor coolant temperatures and pressures.
following steps are to be applied by the reviewer for the appropriate systems, ;

These steps should be ;
depending on whether a PWR or BWR is being reviewed. !

adapted to CP or OL reviews as appropriate.

Using the description given in the applicant's Safety Analysis Report1."

(SAR), including component lists and performance specifications, the
,

reviewer determines that the system (s) piping and instrumentation are
'

,

isuch to allow the system (s) to operate as intended, with or without'

This isoffsite power and cban any single active component failure.
accomplished by reviewing the piping and instrumentation diagrams (P& ids)

;

to confirm that piping arrangements permit the required flow paths to be
achieved and that sufficient process sensors are available to measure and
transmit required information. A failure modes and effects analysis (or

!
.similar system safety analysis) provided in the SAR is used to determine' ;

conformance to the single failure criterion.
i

the RHR system is comparedUsing the comparison tables of SAR Section 1.3i. todesignsandcapacitiesofsuchsyftensinsImilarplantstoseethat
there are no unexplained departures from previously reviewed plants.'

Where possible, comparisons should be made with actual performance data
f.

!

from similar systems in operating plants.
'

'

From the system description and P& ids, the reviewer determines that the3.
isolation requirements of Branch Technical Position RS8 5-1 (Ref. 5) are
satisfied.! *

The reviewer determines that the RHR system design has provisions to4.
prevent damage to the RHR pumps in accordance with Branch Technical

L
l Position RSB 5-1 (Ref. 5). -The reviewer checks the isolation valves in

:

pump runout,
the suction line for potential closure,ing pump testing.NPSH requirements,If operator

'

and potential loss of miniflow line dur
action is required to protect the pumps, the reviewer evaluates the -

instrumentation required to alert the operator and the adequacy of the
|- time frame for operator action.
L
|

Using the system process diagrams, P& ids failure modes and effects'

5.-

minesthatthesystem(s)performancespecIfications,hereactorto
the reviewer deter-analysis, and component has the capacity to bring t ,

conditions permitting operation of the RHR system in a reasonable period
of time, assuming a single failure of an active component with only

.

either onsite or offt.ite electric power available. For the purposes of,

this review, 36 hours is considered a reasonable time period. The ASB is P ~,L

responsible for the review of the initial cooldown phase for PWRs. 4'j
ForL

Therefore, this review effort is to be coordinated with that branch.
the purposes of the review of both PWRs and BWRs, only the operation of :

|_
safety grade equipment is to be assumed.

|

3-
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The cooldown function is to be reviewed to determine if it can be per-
. 6. = formed from the control room assuming a single failure of an active

with only either onsite or offsite electric power available..

component, ion required outside of the control room is to be justified by1) Any operat Like Item 5,. the initial cooldown for PWRs is to bethe applicant.
reviewed by ASB.

the reviewer confirmsBy reviewing the system description and the P& ids7. theRHRsystemsatisfiesthepress'urereliefrequIrementsofBranch |
Technical Position RSB 5-1 (Ref. 5).

By reviewing the piping arrangement and system description of the RHR (b
_

*

8.
system, the reviewer confirms that the RHR system meets the requirements
of GDC 5 (Ref. 2) concerning shared systems. ;

'

The RSB reviewer contacts the ASB reviewer in confunction with his review
T
49. of the RHR system heat sink and refueling system 'nteraction to inter-

change information and assure that the reviews are consistent with regard (
>

to the interfacing parameters. For example, the ASB review determines
the maximum service or component cooling water temperature. The RSB *

,

reviewer then reviews the RHR system description to determine that this
*

maximum temperature has been allowed for in the RHR system design.
p

$

The RSB reviewer contacts his counterpart in the ICSB to obtain any h
10. Specifically, ICSB confirms that e

needed information from their review. f
automatic actuation and remote-manual valve controls are capable of I

performing the functions required, and that sensor and monitoring pro- (visions are adequate'. The instrumentation and controls of the RHR system'

are to have sufficient redundancy to satisfy the single failure criterion.

The RSB reviewer contacts his counter) art in CSB so that the.information(g11.
needed concerning their reviews will ae interchanged.

The RSB reviewer contacts his counterpart in PTRB to discuss any special (i12.
test requirements and to confirm that the proposed preoperational test
program for the RHR system is in conformance with the intent of Regulatory e

P
Guide 1.68. P

13. The proposed plant technical specifications are reviewed to: {
<

Confirm the suitability of the limiting conditions of operation, p

including the proposed time limits and reactor operating restric- pa.

tions for periods when system equipment is inoperable due to repairs e

I and maintenance. {I

Verify that the frequency and scope of periodic surveillance testing ( '

(b.
is adequate. (

The reviewer contacts the SEB reviewer to confirm that the systems employed (t14. to remove residual heat are housed in a structure whose design and design
Pcriteria provide adequate protection against wind, tornadoes, floods, and
fmissiles, as appropriate. e

For PWRs, the reviewer confirms that the auxiliary feedwater supply (h- 15.
satisfies the requirements of Branch Technical Position RSB 5-1.

3-
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15. The RS8 reviewer provides information to other branches in those areas ? i'

where the RSB has a review responsibility that is not explicitly covered J t

in steps 1-15 above. These additional areas of review responsibility [ ,

(>
include:

C
.

~ Identification of engineered safety features (ESF) and safe shutdown L
.

~ f

a.
electrical-loads, and verification that the minimum time intervals 4

*
for the. connection of th ESF to the standby power systems are
satisfactory. ; ;,

e !

ib. Identification of vital auxiliary systems associated with the RHR p
i

system and determination of cooling load functional requirements and e

minimum time intervals. j -

.

c. Identification ofsessential components associated with the main C .

steam supply and the auxiliary feedwater system that are required to
> >

.

operate during and following shutdown.
*

17. The RS8 review evaluates the applicant responses to the following Task - h, |
.

Action Plan items: p

a. II.E.3.2 of NUREG-0660 (cps and Ols) !

b. II.E.3.3 of NUREG-0660 (cps and OLs) $'-

c. 11.8.8ofNUREG-0718(CPsonly)

! d. 11.D.1.1ofNUREG-0737andNUREG-0718(CPsandOls) |[
*

IV. EVALUATION FINDINGS ;
,

The reviewer verifies that the SAR contains sufficient information and his
review supports the following kinds of statements and conclusions, whichl'
should be included in the staff's Safety Evaluation:

;

i For PWRs
'

The residual heat removal function is accomplished in two phases:
the initial cooldown phase and the residual heat removal (RHR
system) operation phase. In the event of loss of offsite power, the
initial phase of cooldown is accomplished by use of the auxiliary
feedwater system and the atmospheric dump valves. This equipment is ;

used to reduce the reactor coolant system temperature and pressure
to values that permit operation of the RHR system. The review ofi

the initial cooldown phase is discussed in Section of the SER.
The review of the RHR system operational phase is discussed below, r

The residual heat removal (RHR) system removes core decay heat and
provides long-term core cooling following the initial phase of ,

reactor cooldown. The scope of review of the RHR system for the
plant included piping and instrumentation diagrams, equipment

layout drawings, failure modes and effects analysis, and design
| The review hasperformance specifications for essential components.L included the applicant's proposed design criteria and design bases|

for the RHR m tem and his analysis of the adequacy of those criteria'

and bases and the conformance of the design to these criteria and !

bases.
S-
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The staff concludes that the design of the Residual Heat Removal p ;

System is acceptable and meets the requirements of General Design e *

,T Criteria 2, 5, 19, and 34. This conclusion is based on the e ';

/- following: (q'
'

The applicant has met the General Design Criterion 2 with
'

.(1) rerpect to position C-2 of Regulatory Guide 1.29 concerning the [
.

t

seismic design of systems, structures and components whose
>

failure could cause an unacceptable reduction in the capability q
of the residual heat removal system. ,

,

The applicant has met the requirements of General Design J
(2) Criterion 5 with respect to sharing of structure, systems and p

>

components by demonstrating that such sharing does not signifi- p

cantly impair the ability of the Residual Heat Removal System
,

,
#

to perform it safety function including in the event of an P

accident to one unit, an orderly shutdown and cooldown of the j
remaining units. ,

The applicant has met General Design Criterion 19 with respect(3) fto the main control room requirements for normal operations and

)L
shutdown and General Design Criterion 34 which specifies require- (ments for the residual heat removal system by meeting the
regulatory position in Branch Technical Position RSB 5-1. >

In addition, the applicant has met the requirements of the following (>
'

(
Task Action Plan Items: $

.-
.

-
*

e |

Task Action Plan item II.E.3.2 of NUREG-0660 (Ref. 10) as it-) (1) relates to systems capability and reliability of shutdown heat [/ (removal systems under various transients. I

Task Action Plan item II.E.3.3 of NUREG-0660 (Ref. 10) as it i((2) relates to a coordinated study of shut'down heat removal
,

! J
requirements. C'

f
Task Action Plan item II.B.8 of NUREG-0718 (Ref. 7) as it(3) &relates to description by the applicants of the degree to which I,
the designs conform to the proposed interim rule on degraded (

|
'

-

core accidents (cps only).
e

Task Action Plan item 111.D.1.1 of NUREG-0737 (Ref. 8) and
p

(4) NUREG-0718 (Ref. 7) as they relate to primary coolant sources 3

outside of containment (cps and Ols). [
For BWRs

The residual heat removal function is accomplished in two phases:
the initial cooldown phase and a low pressure-temperature o]eration

,

In the event of loss of offsite electrical power, the initial
'

phase..
cooldown phase is accomplished using the reactor core isolation

The lowcooling (RCIC) system and the safety / relief valves.
pressure-temperatuge mode of operation is usually accomplished by
the residual heat removal (RHR) system. However, certain single
failures can render the RHR system inoperative. In that event, two

') alternate systems that use components of the RCIC and RHR system are
|

available to bring the reactor to cold shutdown conditions. S-
5.4.7-9 Rev. 2 - A b 29?2
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- The scope of review of these systems for the plant included '

piping and instrumentation diagrams, equipment layout drawings,ifica- (-failure modes and effects analysis, and design performance spec'

tions for essential components The review has included the applicant's \

proposed design criteria and design bases for these systems and his
analysis of the adecuacy of those criteria and bases and of the
conformance of the cesign to these criteria and bases.

'

The' staff concludes that the design of the Residual Heat Removal >

System is acceptable and meets the requirements of General Design C
'

Criteria 2, 5, 19, and 34. This conclusion is based on the following: ,

4

5(1) The applicant has met General Design Criterion 2 with respect
to position C-2 of Regulatory Guide 1.29 concerning the seismic h

design of systems, structures and components whose failure ?

could cause an unacceptable reduction in the capability of the
residual heat removal system. ]

(2) The applicant has met the requirements of General Design 9
'

Criterion 5 with respect to sharing of structures, systems and a
components by demonstrating that such sharing does not signifi- q

cantly impair the ability of the Residual Heat Removal System >

to perform its safety function including in the event of an
h

6

accident to one unit, an orderly shutdown and cooldown of the
.

remaining units.

(3) The applicant has met General Design Criterion 19 with respect {to the main control room requirements for normal operations and
[

,

shutdown and General Design Criterion 34 which specifies require- t .

ments for the residual heat removal system by meeting the ?

regulatory position in Branch Technical Position RSB 5-1. p

In addition, the applicant has met the requirements of the following ( -

Task Action Plan Items:
, ,

L

(1) Task Action Plan item II.E.3.2 of NUREG-0660 as it relates to !systems capability and reliability of shutdown heat removal
systems under various transients. q

! (2) Task Action Plan ites II.E.3.3 of NUREG-0660 as it relates to acoordinated study of shutdown heat removal requirements. h
I

(3) Task Action Plan item II.B.8 of NUREG-0718 (Ref. 7) as itrelates to description by the applicants of the degree to which P

the designs conform to the proposed interim rule on degraded c

core accidents (cps only). p

(4) Task Action Plan item III.D.1.1 of NUREG-0737 (Ref. 8) and [
l

NVREG-0718 (Ref. 7) as they relate to primary coolant sources e
outside of containment (cps and OLs), e

i
f

In addition to the above criteria, the acceptability of the RHR e

system cay be based on the degree of design similarity with previously
>

6

approved plants. Deviations from these criteria from other types of
RHR systems (e.g., systems that are designed to withstand reactor -(
coolant system operating pressure or systems located entirely inside [
containmnt) will be considered on an individual basis. s

3-
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: V. . IMPLEMENTATION
h

'

!
is intended to provide guidance to applicants and licensees v i

"

J The' followiregarding i NRC staff's plans for using this SRP section. e !

$ |

Exceptsin those cases in which the applicant proposes an acceptable alter- e i
.

'"
mative method for complying with specified portions of the Commission's F |
regulations, the method described herein will be used by the staff in its J j
evaluation of.conformance with Commission regulations.'

[laplementation schedules fcr conformance to parts of the method discussed
- :herein are contained in the referenced BTP RSB 5-1, regulatory guides, and

p
<

'

EEEGs. G
.

:
.VI. REFERENCES

10 CFR Part 50 AppendixA,Gener51DesignCriterion2,"DesignBasesfor1. Protection Aga nst Natural Phenomena."
b I

10 CFR Part 50, Appendix A. General Design Criterion 5, " Sharing of g |2.
Structures, Systems and Components."

10 CFR Part 50', Appendix A, General Design Criterion 19, " Control Room."[ j

3.

10 CFR Part 50, Appendix A, General Design Criterion 34, " Residual Heat[p |4.
'

Removal."
" Design Requirements of the Residual S,

Branch Technical Position RSB 5-1,SRP Section 5.4.7.

i(i
'

5.
Heat Removal System," attached to ;3

J) *

Reglatory Guide 1.29, " Seismic Design Classification."6.

NUREG-0718, " Licensing Requirements for Pending Applications for Construc-[4
3

;

7. tion Permits and Manufacturing License."
h:

NUREG-0737, " Clarification of TMI Action Plan Requirements."
,

V8.

Regulatory Guide 1.1, " Net Positive Suction Head for Emergency Core {
e

|
S.

Cooling and Containment Heat Removal Systems."
h |j

NUREG-0660, "NRC Action Plan Developed as a Result of the TMI-2 Accident."~ 10. e ,

.

,

|

| . .

J
S-
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BRANCH TECHNICAL POSITION RSB 5-1
DESIGN REQUIRtMtNT5 0F THE RESIDUAL HEAT REMOVAL SYSTEM

,

SACKGROUND

GDC 19 states that, "A control room shall be provided from which actions can
- be taken to. operate the nuclear power unit under normal conditions. . ."

Normal operating conditions including the shutting down of a reactor; therefore, "

'

since the residual heat removal (RHR) system is one of several systems involved
in the normal shutdown of all reactors, this system must be operable from the - "

control room.

S C 34 states that " Suitable redundance. . .shall be provided to assure that
for onsite electrical power system operation (assuming offsite power is not
available) and for offsite electrical power system operation (assuming onsite
power is not available), the system safety function can be accomplished,

,

'

assuming a single failure."4

I
In most current plant designs the RHR system has a lower design pressure than
the reactor coolant system (RCS), is located outside of containment and is

-

!

part of the emergency core cooling system (ECCS). However it is possible for
forexample the RHRthe RHR system to have different design characteristics.

systemmighthavethesamedesignpressureastheRCS,orbelocatedInsideof
containment.- Plants which may have RHR systems that deviate from current
designs will be reviewed on a case-by-case basis. The functional, isolation,
pressure relief, pump protection, and test requirements for the RHR system are -included in this position.

(
'

:-

8 RANCH POSITJ0'N ,
,

'

A. Functional Requirements

The system (s) which can be used to take the reactor from normal operating
conditions to cold shutdown * shall satisfy the functional requirements listed

1 ,

below.'

1. The design shall be such that the reactor can be taken from normal
operating conditions to cold shutdown using only safety-grade systems.
These systems shall satisfy General Design Criteria 1 through 5.

The system (s) shall have suitable redundancy in components and2.
features, and suitable interconnections, leak detection, and isolation
capabilities to assure that for onsite electrical power system
operation (assuming offsite power is not available) and for offsite
electrical power system operation (assuming onsite power is not
available) the system function can be accomplished assuming a singlei

L

failure.

Processes involved in cooldown are heat removal, depressurization, flow-

circulation, and reactivity control. The cold shutdown condition, as
|:

described in the Standard Technical Specifications, refers to a sub-
critical reactor with a reactor coolant temperature no greater than 200 F .

,

(
'

for a PWR and 212'F for a BWR.
"

3
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The system (s) shall be capable of bein ersted from the control3. room with either only onsite or only o f te power available. In .

i
"

demonstrating that the system can perform its function assuming a) |

single failure, limited operator action outside of the control room )wouldbeconsideredacceptableifsuitablyjustified.
Yshall be capable of bringing the reactor to a cold

The system (s)ition, with only offsite or onsite power available, he4.
shutdown cond
within a reasonable period of time following shutdown, assuming t
most limiting single failure.

B. RHR System Isolation Requirements
,

The RHR systou shall satisfy the isolation requirements listed below.

1. The following shall be provided i'n the suction side of the RHR ;

system to isolate it from the RCS.

(a) Isolation shall be provided by at least two power-operated
valves in series. The valve positions shall be indicated in *

:

I the control room. '

The valves shall have independent diverse interlocks to prevent(b) the valves from being opened unless the RCS pressure is below
the RHR system design pressure. Failure of a power supply
shall not cause any valve to change position. .

The valves shall have independent diverse interlocks to protect
.

| (c)
~) against one or both valves being open during an RCS increase

above the design pressure of the RHR system. ,

One'of the following shall be provided on the discharge side of the2.
RHR system to isolate it from the RCS:.

(a) The valves, position indicators, and interlocks described in
item 1(a) thru 1(c) above,

(b) One or more check valves in series with a normally closed
power-operated valve. The power-operated valve position shall *

be indicated in the control room. If the RHR system discharge
line is used for an ECCS function, the power-operated valve is
to be opened upon receipt of a safety in ection signal once the

. reactor coolant pressure has decreased b low the ECCS design
!-

pressure.

| (c) Three check valves in series, or
provided that there are design

Two check valves in series,ic testing of the check valves for(d)
provisions to permit period
leak tightness and the testing is performed at least annually.

.

.)
3-
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C. Pressure Relief Requirements

The RHR, system shall satisfy the pressure relief requirements listed below. (.

To protect the RHR system against accidental overpressurization when
it is in operation (not isolated from the RCS), pressure relief in1.

the RHR system shall be provided with relieving capacity in accordanceThe most ifmiting .j
with the ASME Boiler and Pressure Vessel Code. j '

pressure transient during the plant operating condition when the RHRsystem is not isolated from the RCS shall be considered when selectingFor example, ;

t1e pressure relieving capacity of the RHR system.
during shutdown cooling in a PWR with no steam bubble in the pres- I,

.'

surizer, inadvertent' operation of an additional charging pump orinadvertent ' opening of an ECCS accumulator valve should be considered
-

* 1

in selection of the design bases.
.

Fluid discharged through the RHR system pressure relief valves must-
.

be collected and contained such that a stuck open relief valve will2.

not: j
(a) Result in flooding of any safety-related equipment.'

Reduce the capability of the ECCS below that needed to mitigate(b) the consequences of a postulated LOCA.

Result in a non-isolatable situation in which the water provided
to the RCS to maintain the core in a safe condition is discharged(c)

^

outside of the containment.
-

If interlocks are provided to automatically close the isolation
.

3. valves when the RCS pressure exceeds the RHR system design pressure,
adequate relief capacity shall be provided during the time period

,

while the valvec are closing.

D. Pump Protection Requirements

The design and operating procedures of any RHR system shall have provisions to
prevent damage to the RHR system due to overheating, cavitation or loss of
-adequate pump suction fluid.

E. Test Requirements '

The isolation valve operability and interlock circuits must be designed so asTestability shall'

to permit on line testing when operating in the RHR mode.
meet the requirements of IEEE Standard 338 and Regulatory Guide 1.22. '

The preoperational and initial startup test program shall be in conformanceThe programs for PWRs shall include tests with
with Regulatory Guide 1.68.
supporting analysis to (a) confirm that adequate mixing of borated water added
prior to or during cooldown can be achieved under natural circulation conditions
and permit estimation of the times required to achieve such mixing, and
(b) confirm that the cooldown under natural circulation conditions can beachieved within the limits specified in the emergency operating procedures.
Comparison with performance of previously tested plants of similar design may

(

be substituted for these tests.

3-
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F. Operational Procedures

b, )Theoperationalproceduresforbringingtheplantfromnormaloperatingpower~
to cold shutdown shall be in conformance with Regulatory Guide 1.33. For >

*_ . pressurized water reactors, the operational procedures shall include specific
procedures' and information required for cooldown under natural circulation
conditions. ;

'

! _ G. - Auxiliary Feedwater Supply

The seismic Category I water supply for the auxiliary feedwater system for a
PWR shall have sufficient inventory to permit operation at hot shutdown for at
least 4 hours, followed by cooldown to the conditions permitting operation of 1
the RHR system. The inventory needed for cooldown shall be based on the )
longest cooldown time needed with either only onsite or only offsite power
available with an assumed single failure. .

,

"
H. Implementation

.

For the purposes of implementing the requirements for plant heat removal "

capabilitity for compliance with this position, plants are divided into the
,

following three classes:
'

Class 1 Full compliance with this position for all plants (custom or-

standard) for which CP or PDA applications are docketed on or
after January 1,1978. See Table 1 for possible solutions for i

,

full compliance.

Partial implementation of this position for all plants (customClass 2 -

or standard) for which CP or PDA applications are docketed
before January 1,1978, and for which an OL issuance is expected
on or after January 1, 1979. See Table 1 for recommended
implementation for Class 2 plants.

'C' lass 3 The extent to which the implementation guidance in Table 1 will-

be backfitted for all operating reactors and all other plants
(custom or standard) for which issuance of the OL is expected
before January 1 1979, will be based on the combined I&E and
00R review of related plant features for operating reactors.

.

,

3-
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TABLE 1. POSSIBLE SOLUTION FOR FULL CCHPLIANCE WITH BTP R58 5-1
AND RECOpmENDED' IMPLEMENTATION FOR CLASS 2 PLANTS *

Design Reguleements Process and [5ystes Possible Solution for llecommended Implementation for

of BTP R$8 5-1 or Component] Full Compilance Class 2 Plants (see Note 1)

1. Functional Requirement for Long-term cooling [RHR drop Provide double drop line (or valves Compilance will not be required if
Taking to Cold shutdown Ifne] in parallet) to prevent single valve it can be shown that correction for*

failure from stopping RHR cooling single failure by manual actions
a. Capability Using Only Safety function. (Note: This requirement inside or outside of containment or. f

Grade Systems in conjunction with meeting effects return to hot standby untt reanual
of single failure for long-ters actions (or repairs) are found to

b. Capability with either only cooling and Isolation requirements be acceptable for the Individual
onsite or only of fsite power involve Increased number of .

plant.
ar.d with single failure independent power supplies and
(limited action outside CR to possibly more than four valves).
seet 5F) ,

c. Reasonable time for cooldown
assuming most ilmiting SF andw

) only offsite or only onsite
.

7 power.

Heat removal and RCS circulation Provide safety grade dump valves, Comp 11ance required.
during cooldown to cold shutdown operators, and power supply, etc. 50
(Note: Need SG cooling to main- that manual action should not be-
tain RCS circulation even after required after SSE except to meet
RHR in operation when under single failure.
natural circulation [ steam
dump valves].) , f

x e Depressurization (Pressurizer Provide upgrading and additional Compilance will not be required if
4 auxiliary spray or power- valves to ensure operation of aux- a) dependence on manual actions

operated relief valves). 111ary pressurizer spray using only inside containment after SSE or
'V safety grade subsystem meeting single single failure or b) remaining at

failure. Possible alternative may- hot standby until manual actions
involve using pressurizer power- er repairs are complete are found
operated relief valves which have to be acceptable for the individual
been uporadeds Meet SSE and single plant.

(See SRP 3.2.2, Footnote 4. )f failure withoUt manual operationinside containment.

.
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| TABLE 1.' P055fBLE 50Liffl0N FOR FULL CopFLIANCE WITM BTP RSS 5-1
.

AND RECOptqENDED IMPLEMENTATION FOR CLASS 2 PUWITS
!

Design Recuiredents Pro ess and [5ystee Pessible Solution for ascessended implementation for

of BTP R5B 5-1 or Component] Full Compliance Class 2 Plants (seeNoteIL

Boration for cold shutdown Provide procedure and ggradfag where Same as dove.,

[CVCS and boren saapilng). necessary such that boration to cold
shutdown concentration meets the
regelresents of I. Solution could,

range free (1) upgrading and adding -t

valves to have both leteswn and chary-
-;

Ing oaths safety grade and meet singte
failure to (2) vse of backup procedures
InvolvIny less cest. For emaaple, bor-
atton without letdown may be acceptable
and elleinste need for upgrading let-
down path. Use of ECCS for injection,

j of borated water say also be accept-
'

able. Need surveillance of boann
concentration (boronometer and/or

y sampilng). Lletted operator action .

.= inside or outside of contalteent
y ifjustified.
c

II. RHR isolation RHR Systee Comply with one of allowable Coupliance required. (Plants
arrangements given. normally meet the requirement

under existing SEP 5ection 5.4.7).'

III. PHR Pressure Reifef
Determine pfpfng, etc . needed to. Compilance will not be required. {

,

Collect and contain relief RME System meet requirement to provide in if it is shown that adequate F'

,

-
design.

- alternete methods of disposing of,

; discharge
discharge are available.

- (p-

l

|
-

~
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POSSIBLE SOLUTION FOR FULL COMPLIANCE WITH BTP R58 5-1TABLE 1.
AND RECOPMENDED IMPLEMENTATION FOR CLASS 2 PLANTS

PossibleSoldtionfor secremended Implementation for
Class 2 Plants (see Note 1)Process and [5ystem

Dee,fgn Requirements or Component] Full Comp 11ance ,

of 81P R$B 5-1

V. Test Requirement
Run tests conffreing analysis to Compliance required.

Meet R.G. 1.68. For PWRs, seet requirement.
test plus analysis for cooldown
under natural circulation to

*confire adequate mixing and
cooldown within Ilmits
speciffed in E0P.

VI. Operational Procedure
Develop procedures and Information Compliance required.

Meet R.G. 1.33. For PWRs, free tests and analysts.
~

*

Include specific procedures and
Information for cooldown under

.
natural circulation.e

VII. Auxillary Feedwater Supply Compliance will not be required, {
Selsmic Category I supply for Emergency Feedwater Supply

Free tests and analysis obtain if it is shown that an adequateconservative estleate of aumfilary
auxillary FW for at least four FW supply to meet requirement and alternate sefsel: Category I

source is evaliable. fhours at hot shutdown plus prowlde selselc Category I supply. gcooldown to RHR cut-in based
on longest time for only
onsite or only offsite power
and assumed single failure.

The loplementation for Class 2 plants does not result in a major Impactp Note 1: The majorwhfie providing additional capability to go to cold shutdown.
impact results from the requirement for safety grade stese dump valves. ,.<

,y,
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