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UNITED STATESf4),, j ;
NUCLEAR REGULATORY COMMISSION

^

ci" t

\ Sal >/! WASHING TON. D. C. 20555

%, ....../ June 21, 1989

MEMORANDUM FOR: Victor Stello, Jr. i

Executive Director for Operations
FROM: Edward L. Jordan, Chairman

Committee to Review Generic Requirements
SUBJECT:

MINUTES OF CRGR MEETING NUMBER 163

!

The Committee to Review Generic Requirements (CRGR) met on Wednesday, May 241988 from 1:00 - 5:00 p.m.
A list of attendees for this meeting is attached ,

(Enclosure 1).
The following items were addressed at the meeting:

1.
G. Zech (AEOC) presented for CRGR review a proposed generic letter to
provide information to licensees on the design and implementation policy
for the Emergency Response Data System, and to request voluntaryparticipation by licensees.
issuing the proposed generic letter.The Committee recommended in favor of 1

'

This matter is discussed inEnclosure 2.

2.
R. Baer (RES) and D. Thatcher (RES) presented for CRGR review the
roposed final resolution for Unresolved Safetp' Systems Interaction in Nuclear Power Plants."y Issue (USI) A-17,

in favor of approval of the proposed resolution The Committee recommendedincluding issuance o.f a

minor modifications to the wording of the package (to be coordinated withproposed implementing generic letter to licensee,s, subject to a number of
the CRGR staff).

These matters are discussed in Enclosure 3.
3.

R. Baer (RES) and D. Thatcher (RES) presented for CRGR review the proposeo
resolution for integrated GI-128, which includes and combines GI A-30

Vital Instrument Buses), and GI-49 (Interlocks and LCOs for Class 1E Tie (Adecuacy of Safety-Related DC Power Supplies), GI-48 (LCOs for Class 1EBreakers).

resolution, including issuance of two 50.54(f) generic information requestThe Committee recommended in favor of approval of the proposed
letters to licensees, subject to a number of minor modifications to the
woroing of the package (to be coordinated with the CRGR staff).
matter is discussed in Enclosure 4. This

4

R. Baer (RES) and A. Szukiewicz (RES) presented for CRGR review the
procosed final resolution for USI A-47, " Safety Implications of ControlSystems in LWR Nuclear Power Plants."
favor of approval of the proposed resolution, incluThe Committee recommenced in
prooosed implementing generic letter to licensees, ding issuance of a
changes to the wording of the package. subject to a number of

be reviewed by the Committee prior to final issuance of the proposedThe changes to the package are to
resolution and implementing generic letter.

This matter is discussed inEnciosure 5.

Q Cm -11 n ^ nt b
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As a general collateral recommendation related to the above items, the
Committee recommended (a) that NRR issuance of the USI-related generic letters!

and their. respective response dates be staggered since all three impact
electrical and instrumentation engineering support, and (b) that NRR act to
eliminate discrepancies between issuance date and mailing date for generic
letters, since schedules specified for actions refer back to the. issuancedates of the generic letter.

In accordance with'the E00's July 18, 1983 directive concerning " Feedback and

office to report agreement or disagreement with the CRGR recommendations inclosure on CRGR reviews," a written response is required from the cognizant|
'

these minutes. The response, which is required within five working days after
receipt of these minutes, is to be forwarded to the CRGR Chairman and if there
is disagreement with CRGR recommendations, to the EDO for decisionmaking.

Questions concerning these meeting minutes should be referred to Jim Conran
(492-9855).

original sion.d ey,
! E. L Jorden
I

Edward L.' Jordan, Chairman
Committee to Review Generic

Requirements

Enclosures:
As stated

cc/w enclosures:
Commission (5)
SECY

J. Lieberman
P. Norry
M. Malsch
Regional Administrators

. CRGR Members

Distribution: (w/o enc.)
Central file L. Spessard (w/ enc.)
PDR(NRC/CRGR) E. Rossi (w/ enc.)S. Treby

W. Houston (w/ enc.)W. Little G. Zech.(w/ enc.)M. Lesar
R. Baer (w/ enc.)

P. Kadambi (w/ enc.) E. Jordan (w/ enc.)
CRGR CF (w/ enc.) J. Heltemes (w/ enc.
CRGR SF (w/ enc.) J. Conran (w/ enc.) )M. Taylor (w/ enc.)

C. Sakenas (w/ enc.)

ADFC : CRGR:AEOD AE :C/C N:3M- trg:DD
.

:
:.

.

NAME : Konran:cg CJS1temes. E r : :

.
.

.
.

.

_____...___________...__________._________n
6M/89 ___.____________..___________.___________..:..______.

.

DATE : 6/2//89 : 6/p/89 : : : :
.

OFFICIAL RECORD COPY
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ATTENDANCE LIST I

FOR

CRGR MEETING N0. 163

May 24, 1989

CRGR MEMBERS

E. Jordan
'. C. Paperiello' '

J. Goldberg
R. Burnett (for R. Bernero)
F. Gillespie (for J. Sniezek)

i

NRC STAFF

C. J. Heltemes
J. Conran.

C. Sakenas i
'

K. Connaughton
T. DiPalo .

!M. Au
M. Taylor
G. Zech

i R. Priebe i

R. Baer
W. Minners
0. Thatcher
A. Szukiewicz
M. El-Zeftawy

-

I

D. Houston

|'

4
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Enclosure 2 to the Minutes of CRGR Meeting No. 163
Procosed Generic Letter on the Emergency Response Data System (ERDS)

May 24, 1989

TOPIC

G. Zech (AE00) presented for CRGR review a proposed generic letter which
provides information to licensees on the design and implementation policy for
the ERDS, and requests voluntary participation by licensees.

BACKGROUND,

' The package submitted by the staff for CRGR review of this matter was;

transmitted by memorandum dated April 21, 1989, R. L. Spessard to E. L. Jordan,
and included a draft of the generic letter and the background information
required by the CRGR Charter.

:
CONCLUSIONS / RECOMMENDATIONS

As a result of their review of this matter, including discussions with the
staff at this meeting, the Committee recommended in favor of issuing the
proposed generic letter.

4

d
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Enclosure 3 to the Minutes of CRGR Meeting No. 163
Proposeo Resolution of USI A-17, " Systems Interactions

in Nuclear Power Plants"

May 24, 1989

TOPIC.

R. Baer (RES) and O. Thatcher (RES) presented for CRGR review a proposed final
resolution for Unresolved Safety Issue A-17, " Systems Interactions in NuclearPower Plants." -(The Committee considered the proposed draft resolution for
this USI previously at Meeting Nos. 88 and 139.) Copies of the slides used
by the staff to guide their presentation and the discussions with the
Committee at this meeting are enclosed (Attachment 1).

.

BACKGROUND

1.
The documents submitted for CRGR review in this matter were transmittedby memorandum dated May 10, 1989,
review package included the following documents:E. S. Beckjord to E. L. Jordan; the

,

Draft Commission Paper (undated), " Unresolved Safety Issue A-17,
a.

' Systems Interactions in Nuclear Power Plants,'" with three
enclosures:

i. Enclosure 1 - Draft NUREG-1174 (undated), " Evaluation of
4

Systems Interactions in Nuclear Power Plants"
ii.

Enclosure 2 - Draft NUREG-1229 (undated), " Regulatory Analysis
for Resolution of USI A-17"

!

; iii. Enclosure 3 - Proposed Federal Register Notice and Summary
Statement

b.
Proposed Generic Letter (undated), " Resolution of Unresolved Safety;

Issue A-17, ' Systems Interactions in Nuclear Power Plants,'" with
two attachments:

t

i. . Attachment 1 " Bases for Resolu' tion of Unresolved Safety IssueI

A-17"

ii. Attachment 2 " Summary Information for Use in Operating
Experience Evaluations"

2.
At the request of the CRGR staff, RES provided informally draft, updated
SIMS sheets for USI A-17 for the information of the Committee (seeAttachment 2).

CONCLUSIONS / RECOMMENDATIONS

- As a result of their review of this matter, including the discussions with the
staff at this meeting, the Committee recommended in favor of issuance of the
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proposed final resolution for USI A-17, subject to a number of specific \
'

wording modifications discussed with the staff at this meeting, as follows: j
.

1. Attachment 1 to the oracosed Generic Letter:

At page 1, modify the second sentence of the second paragraph toa.
read as follows: i

"The staff has identified actions by licensees and the NRC
that should acceptably reduce the risk from adverse systems
interactions and resolve USI A-17."

b. At page 1, modify the sentence that comprises the third paragraph
to read as follows:

"This resolution for USI A-17 is not based on the assertion
a

that all ASIS have been identified, but rather that the
!A-17 actions plus other related activities by the 1

licensees and NRC staff discussed further below provide'

reasonable assurance that the more risk significant ASIS
will be identified and that appropriate corrective actions-

will be taken."

At page 1, under " Resolution," change the title of subsection (1) toc.
: " Ongoing Actions by Licensees."

: d. At page 1, in the last sentence under subsection (1)(a), change theword " requires" to " calls for."

i
At the bottom of page 1 and top of page 2, delete the existing

4 e.
' paragraph (1)(b), relabel existing paragraph (1)(c) as new paragraph

(1)(b), and include in the new paragraph (1)(b) reference to Attach-i
ment 2 to this proposed Generic Letter as a kind of information (e.g.,
"other reports") disseminated by NRC that licensees would be expected

,

"

to consider routinely in their ongoing operating experience reviews
under Item I.C.S. of NUREG-0737.

f. At page 2, change the title of subsection (2) to " Actions by the NRC'

Related to Adverse Systems Interactions."

At page 3, under " Existing Plants" at the bottom of the page, changeg.

the wording of the fir.st sentence to read as follows:

"The Severe Accident Policy, 50 FR 32128 (August 8, 1985),
expresses the Commission's intent that all existing plants
perform a plant specific search for vulnerabilities."

4

2. In Attachment 2 to the proposed Generic Letter:

Change the title of this attachment to " SUMMARY INFORMATIONa.

RELEVANT TO OPERATING EXPERIENCE EVALUATIONS."

b. At page 1, in the line immediately following the second paragraph,
change the word " document" to " attachment."

4

. . . . '
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1

At page 4, under subparagraph (10) near the top of the page, change
c.

the word "may" to "should." i

d. At ae4 in h ntence under subparagraph (11), change the

d. At page 4, at the beginning of the paragraph at the bottom of the
page, chance the wording to read as follows: '

|

"

....ertain actions should be taken by NRC to resolve USI A-17. .<

|These actions are:"
'

i

At page 4, change the wording of subparagraph (2) near the bottom ofe.
the page to read as follows:

!" Consider the insights developed in the resolution of
USI A-17 for flooding and water intrusion..."

f. At page 5, change the title of section A to "Information Relevant to
Operating Experience Evaluations."

i

At page 5, change the last paragraph under section A to read as
!

g.
follows:

"Although no specific licensee actions are required, the staff
concluded that it should communicate to the industry certain

|highlighted concerns identified in the A-17 studies. The
insights gained from this information should be beneficial to 1

industry in their ongoing evaluations of operating )
experience." i

'

h. At page 10, in the last sentence of the third paragraph, change theword " requirements" to " actions."

In addition to the specific changes above, the Committee recommended that the
staff review carefully the wording of the other documents in the review
package and make conforming changes as appropriate to ensure consistencythroughout. All changes to the package are to be coordinated with the CRGR
staff.



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

,

1-

!

i

(

4

USI A-17
: " SYSTEMS INTERACTIONS"
:

:

; PRESENTATION TO CRGR
l|i

'

0F THE '

FINAL RESOLUTION OF USI A-17 |
1

1

MAY 24, 1989 '

;

; D F. THATCHER, TASK MANAGER

R. L. BAER, BRANCH CHIEF

R. W. HOUSTON, DIRECTOR
'

DIVISION OF SAFETY ISSUE RESOLUTION
;

0FFICE OF NUCLEAR REGULATORY RESEARCH
;

.,

i

i

SLIDE 1

Attachment 1 to Enclosure 3

- - _ .
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i

! USI A-17 BACKGROUND-
!-

!.
I o JUNE 1988 PROPOSED GENERIC LETTER i
3-

!- 1

1 BASES-FOR RESOLUTION- I-

J

j

3 SUMMARY OF INFORMATION FOR USE IN EVALUATION-

: OF OPERATING EXPERIENCE
p u

| - REQUEST (PURSUANT TO 50.54(F))cFOR LICENSEES
$ TO CERTIFY THAT THEY ANALYZED THEIR PLANT FOR

3
i FLOODING AND' WATER INTRUSION R

-

;

'
i

h
o 50.54(F) REQUEST WAS~ PROPOSED T0'BE A VERIFICATION- j

OF LICENSEE COMPLIANCE WITH.THE EXISTING: LICENSING.
j BASIS

o CRGR AGREED WITH NEED FOR ACTION ON' FLOODING AND
j WATER INTRUSION
:
:

j o CRGR RECOMMENDED MAKING A BACKFIT FINDING AND

: STATING THAT THE ACTIONS ARE CONSIDERED'TO BE
: "NECESSARY FOR ADEQUATE ASSURANCE OF SAFETY"|
3

4

4

s

a

;

4 SLIDE-2

L I

:
~
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;

' INTERNAL FLOODING / WATER INTRUSION CONCERN.

i

,,

I- o GEHERIC LETTER 88-20 ON-INDIVIDUAL-PLANT EXAMINATIONS
I (IPEs) ISSUED NOVEMBER 1988

! -

;
- EXPLICITLY REQUESTED INTERNAL FLOODING TO'BE-

! INCLUDED
:

i

i o- A-17 PROPOSES TO PROVIDE INSIGHTS TO THE IPE
!
; -

:-

! o IPE GUIDANCE T0' REFERENCE A-17 TECHNICAL FINDINGS ~
i AND INSIGHTS ON FLOODING AND WATER INTRUSION[
[ (NUREG-1174 APPENDIX)

!
:

!
!
!

i

1

J

!

i.

!

SLIDE 3.

!

i

l-

f
'
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USI A-17 FINAL RESOLUTION 'l"

i

| 1

!.
j' 0: ISSUE GENERIC LETTER PROVIDING: i
!

;
-

BASES'FOR RESOLUTION OF A-17~-

,

l.

| SUMMARYJ0F INFORMATION FOR USE IN EVALUATION !
-

|- 0F OPERATING EXPERIENCE |
,

'Ia

!
.

o CONSIDER INTERNAL FLOODING AND WATER-INTRUSION'IN
*

) IPE
<

!
.

i o NO NEW REQUIREMENTS
i:-

i
i

|- o NO PUBLIC COMMENTS.T0 BE SOLICITED !-

!

; o ISSilE:
:

!
: COMMISSION PAPER-

j FEDERAL REGISTER NOTICE-

| - 'NUREG-1229
i
e
4

!

j- o INFORM CONGRESSIONAL COMMITTEES
i

i'
i
i
i

1

; SLIDE I4
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216510-001 \ \ SAFETY ISSUES MANAGEMENT SYS"EM PAGE 1

'

V SAFETY ISSUE LEVEL INFORMATION .

SUE NUMBER 2 A-17 TITLE: SYSTEM INTERACTIONS IN NUCLEAR P0HER PLANTS

flT AC T : D. THATCHER TYPE: USI IDENTIFYING ORGANIZATION: NRR STATUS: SPONSORING OFFICE: RLS

10RITY: U TYPE OF REACTORS AFFECTED: ALL OTHERt

' ISSULS: C'[ 7/HDENT

SOLUTION (NEAR AND LONG TERM)
DESCRIPTION ------ -------- --------------------------------

---ICH--
--

---------- ------------ ----------------------- ----------S, THE A-17 PROGRAM INVOLVED TWO SIGNIFICANT EFFORTS WH
NUCLEAR P0HER PLANT IS COMPOSED OF NUMEROUS SYSTEM PROCEEDED IN PARALLEL, EACH HITH A NUMBER.0F TASKS. ONE

TRUCTURES AND COMPONENTS HHICH ARE DESIGNED AND ANALYZED
Y MANY DIFFERENT ENGINEERING DISCIPLINES. THE DEGREE EFFORT FOCUSED ON OPERATING EXPERIENCE, VARIOUS ACTIVITIES

F FUNCTIONAL AND PHYSICAL INTEGRATION OF ALL THESE SYSTEMS,
BY UTILITIES, AND NRC STUDIES. ITS OBJECTIVE dAS TO SEARCH

Ot1P0HENTS AND STRUCTURES INTO ANY SINGLE P0HER PLANT MAY
FOR COMMON CAUSE EVENTS AND THEN EVALUATED THEtt HITH

ARY CONSIDERABLY. CONCERNS HAVE BEEN RAISED HHICH QUESTION EMPHASIS ON ADVERSE SYSTEMS INTERACTIONS. THE PARALLEL
EFFORT FOCUSED ON A REVIEH OF THE METHODS THAT MaVE BEEN AND

HE ADEOUCAY OF THIS FUNCTIONAL AND PHYSICAL INTEGRATION /
00RDlNATION PROCESS. ALSO IT HAS BEEN POSTULATED THAT ARE BEING. USED TO UNCOVER ADVERSE SYSTEMS INTERACTIONS.

DUERSE SYSTEMS INTERACTIONS (ASI'S) MAY BE INCORPORATED
ITS OBJECTIVE HAS TO DETERMINE THE ATTRIBUTES OF THE METHODS

tiVO PLANTS BY INADEQUACIES IN THE PROCESS. GIVEN THAT A
SO THAT GUIDELINES CAN BE DEVELOPED FOR DEFINING AN ACCEPT-

4) CLEAR PONER PLANT INCLUDES SYSTEMS, COMPONENTS, AND ABLE SEARCH PROGRAM IN THE EVENT THAT IT IS DETERMINED TO BE
NECESSARY.TRUCTURES. INCLUDING SYSTEMS TO NORMALLY CONTROL THE PLANT,

YSTEMS TO RESPOND TO OFF NORMAL EVENTS, AND SYSTEMS HHICH A-17 SUBSUMED GI 77. ,, .

,

(BOTH FUNCTIONALLY AND PHYSICALLY) OTHER SYSTEMS,
-

UPPORT
T IS REASONABLE TO SUSPECT THAT SUCH INTERACTIONS MAY

a

CURRENT REGULATORY REQUIREMENTS AND GUIDANCE DO "i' 'XIST.
DCRESS THIS AREA. THE USI A-17 PROGRAM HAS INITIATED TO j

HVESTIGATE THE AREA 0F SYSTEMS INTERACTIONS AND CONSIDER
IABLE AtTERNATIVES FOR REGULATOR 7 REQUIREMENTS (INCLUDING
0 NOTHING) TO ASSURE THAT ADVERSE SYSTEMS INTERACTIONS
JAVE BEEN OR HILL BE MINIMIZED AT OPERATING PLANTS AND, ' ' ,
JEH PLANTS. f

/ e

The regulatory analysis 4 Reference 2) considered a number of alternatives for
resolution, and based on that analysis, the staff has concluded that certain
actions should be taken to resolve USI A-17. Th6se actions are:

(1) Send a generic letter to all plants outlining the resolution of USI A-17
?? and providing information developed during the resolution of A-17.
C
Ek (2) Consider flooding and water intrusion from internal sources in the
M Individual Plant Examinations (IPE).
o -

fo (3) Consider Systems interactions invalving the electrical power systems in
o ,

the integrated program on electrical power reliability.
{

E? (4) Provide information for use in Tuiere PRAs.
" .

--
-

-
^~

3 ( piu , be d PT .f .,
s_ ..
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(5)
Provide a framework for addressing those oth -

systems . interactions which are not covered by the U$1 A 17er concerns related to
(6) Acknowledge that

- program.

interaction. the resolution of USI A-46 addresses aspects of
systems

(7)

from internal flooding and water intrusionDevelop a standard review plan for future plants to address protection
.

t * .

|
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S A F E..T Y ISSUES MANAGEMENT SYSTEM PAGE '2 '-
,

SAFETY ISSUE LEVEL INFORMATION '

SSUE NUMBERS,A-17 TITLE: SYSTEM INTERACTIONS IN NUCLEAR POWER PLANTS
.

POINT RANGE
HET CHANGE IN DOLLAR COST ESTIMATE LOH NIGH

i NRC DEVELOPMENT. MMM NONE AVAILABLE MMM. . . . . . . . . . . . . .

NRC (IMPLEMENTATION / IMPOSITION). MMM NONE-AVAILABLE MMM' -. . . . . .
.

NRC (ASSURE CONTINUED COMPLIANCE). .MMM NONE AVAILABLE MMM I
. . M'. . . . .

PUBLIC/ INDUSTRY /DTHER (IMPLEMENTATION).. MMM NONE AVAILABLE MMM IO ''

)M g i ac
' -. . ,

(., 0 $PUBLIC/ INDUSTRY /0THER (CONTINUED COMPLIANCE) MMM NONE AVAILABLE'MMM

i
NET CHANGES IN BENEFITS

i
PUBLIC EXPOSURE. MMM NONE AVAILABLE MMM I. . . . . . . . . . . . . ..

OCCUPATIONAL. EXPOSURE. MMM NONE.AVAILABLE'MMM
i~

~ . . . . . . . . . . .

. )
CORE MELT FREQUENCY. . . . . . . . . . ... MMM NONE AVAILABLE MMM s'

,

'

,

!

.

s,

6

4

j f

i
4

h
7

k

i 1

s

s

d M

I

..

b

.

. . . . _ . . . .
. . . ... . .. . . -. . *
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>1216310-001
RUN DATE: 07/29h-S A F E' T Y ISSUE 3 MANAGEMENT SYSTEM PAGE 3

SAFETY ISSUE LEVEL INFORMATION

SSUE NUMBER: A-17
TITLE: SYSTEM INTERACTIONS IN NUCLEAR POWER PLANTS

1130E APPROVAL AND PLANNING: ISSUE APPROVAL DATE: 01/79C

TECHNICAL RESOLUTION: LEAD OFFICE: RES SUPPORTING OFFICE (S): M - [J k b
.

IllITIRTI0tt DATE: 86 INTER OFFICE REVIEH/ COORDINATION COMPLETION DATE: 8SC ) ' .,..o.-

PROPOSED SOLUTIONS / REQUIREMENTS APPROVAL BY OFFICE' DIRECTOR DATE: 01/87C-

6ht. . ELQUIREMENTS REVIEH AND APPROVAL : INITI AL CRGR REVIEH DATE: -12/87- RESOLVED WITH REQUIREMENTS: 9
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Enclosure 4 to the Minutes of CRGR Meetina No. 163
Proposed Resolution for Generic Issue (GI) 128

May 24, 1989,

TOPIC

R. Baer (RES) and D. Thatcher (RES) presented for CRGR review the proposed
i resolution for GI-128, which includes and combines GI-48 -(LCOs for Class 1E

Vital Instrument Buses), GI-49 (Interlocks and LCOs for Class 1E Tie Breakers),
and GI A-30 (Adequacy of Safety-Related DC Power Supplies). The proposed'

resolution involves issuing to licensees two 50.54(f) generic information
request letters regarding compliance with the single failure criterion in
existing regulations. Copies of the briefing slides used by the staff to
guide their presentation and the discussions of these matters with the

4

Committee at this meeting are enclosed (Attachment 1).

BACKGROUND

1. The documents submitted by RES prior to.the meeting for review by CRGR
were transmitted by memorandum dated May 2,1989, E. S. Beckjord to
J. H. Sniezek; the review package included the following documents:;

Enclosure 1 (undated) " Evaluation and Resolution of GI 48 and 49"
a.

I

i
b. Enclosure 2 (undated) - Draf t Generic l.etter, " Resolution of Generic

Issues 48 and 49,..." and Attachment, "10
CFR 50.54(f) Request...GI-48...GI-49..."

Enclosure 3 - Technical Evaluation Report dated March 1989,c.

EGG-NTA-7727, Revision 3, " Technical Findings for
Proposed Integrated Resolution of Generic Issues
128 (Issue 48 & Issue 49)"4

d. Enclosure 4 (undated) " Evaluation and Resolution of GI A-30".

Enclosure 5 (undated) - Draft Generic Letter, " Resolution of GI A-30e.

" Adequacy'andAttachmentof Safety-Related DC Power
Supplies "10 CFR 50.54(f),

Request...GI A-30..."
,

f.
.

Enclosure 6 - Technical Evaluation Report dated March 1989,
EGG-NTA-8197, Revision 1, " Technical Findings for
Generic Issue 128 (Issue A-30). . ."

2. At the request of the CRGR staff, RES provided a revised SIMS sheet
(draft) for tracking the status of these integrated generic issues; that
item was distributed to CRGR members for information in their review ofthis matter.
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3. At Meeting No.163, RES provided directly to CRGR members revised
versions, dated May 13, 1989, of the documents identified in item 1.b.
above, reflecting additional interoffice review comments. For complete-
ness of record, copies of those revised documents are enclosed with these
minutes (Attachment 3).,

CONCLUSIONS / RECOMMENDATION

As a result of their review of this matter, including the discussions with the
staff at this meeting, the Committee recommended in favor of issuance of the
proposed 50.54(f) generic information request letters, subject to thefollowing caveats: .

1. The Committee should review any generic criteria that the staff plans touse in makin
of 50.54(f) g backfit determinations that might result from their reviewsubmittals by licensees related to GI A-30..

2.
CRGR should review any model standard technical specifications (TS).

proposed by the staff intended to be used in reviewing subsequent2

technical specification revisions by licensees as recommended by the
staff in these proposed generic issue resolution packages.

3. The Committee agrees that the proposed res
proposed information request letters (i.e.ponse times for the two, 180 days) are appropriate;
but the issuance dates of the two letters should be staggered to;
distribute the associated licensee workload more evenly.

4.
The staff should make the following clarifying changes to the package
before final issuance of the proposed letters to licensees (all changes
to be coordinated with the CRGR staff):

: In Enclosure 1 of the review package, at page 5, delete the nexta.
1

to last paragraph on the page. )
!

b.
In Enclosure 1 of the review package, at page 5 under Schedule,'

delete the second sentence, and modify the first sentence to readas follows:

"The proposed schedule for resolution allows 180 days forlicensee response.",

In re' vised Enclosure 2 of the review package, at page 1 of the draftc.

(GI-48/GI-49) Generic Letter, revise the third paragraph on the pageto read as follows:,

"We require pursuant to 10 CFR 50.54(f) and Section 182 of the
Atomic Energy Act that you provide the NRC with certification
within 180 days of the date of this letter that either
appropriate procedures are in place or justification has been
prepared demonstrating that such procedures are not needed.

.

Guidance for procedures acceptable to the NRC staff is
provided in the Attachment to this generic letter. The
required certification shall be submitted to NRC, signed under
oath and affirmation. Supporting documentation shall be
retained by licensees in accordance with the document
retention program at their respective facilities."

;

. , .
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.d. In revised Enclosure 2 of the review package, at page 3 of the
Attachment to the (GI-48/GI-49) Generic Letter, change the heading
" REQUIREMENT" to " RECOMMENDED ACTIONS"; and delete the last
sentence of the paragrapn immediately preceding subsection 2 onthat page,

In revised Enclosure 2 of the review package, at page 4 of thee.

Attachment to the (GI-48/GI-49) Generic Letter, delete the last
sentence on the page.

f. In Enclosure 5 of the review package,.at page 1 of the draft
(GI A-30) Generic letter, change the fourth sentence of the first
paragraph to read as follows:

"As a result of their evaluation, the NRC staff believes that--
certain maintenance, surveillance and monitoring provisions
are appropriate for safety-related systems."

In Enclosure 5 of the review package, at page 1 of the draftg.

(GI A-30) Generic Letter, change the first sentence of the second
paragraph to read _as follows:

"In order to determine whether.any further staff actions are
necessar
50.54(f)y at your plant, we require, pursuant to 10 CFR

and Section'182 of the Atomic Energy.Act, that youprovide...."

h. In Enclosure 5 of the review package, at page 1 of the Attachment to
the (GI A-30) Generic Letter, delete the word " adequately" in the
last sentence of the second paragraph, and replace the second
sentence of the third paragraph with the following parentheticalinsert:

"(provide the indicated information for each unit at each
site):

Then delete the heading " Questions" and the sentence immediately
following beginning " Licensees are requested.. ."

i In Enclosure 5 of the review package, at page 2 of the Attachment.

to the (GI A-30) Generic Letter, insert the following after Question6.b.:

" NOTE: If this facility has provisions for maintenance and
surveillance equivalent to those found in the Westinghouse and.
Combustion Engineering Standard Technical Specifications, then
Questions.7and8maybeskigpedandastatementtothateffect may be inserted here.

________ _-
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GI-128

ELECTRICAL POWER RELIABILITY

.

4

PRESENTATION TO CRGR

OF THE

RESOLUTION OF GI-128

;

MAY 24, 1989 I
'

D, F. THATCHER, TASK MANAGER

R. L. BAER, BRANCH CHIEF

] R. W. HOUSTON, DIRECTOR
^

DIVISION OF SAFETY ISSUE RESOLUTION

0FFICE OF NUCLEAR REGULATORY RESEARCH
'

:

:

;

; SLIDE 1

Attachment 1 to Enclosure 4
. -. . . . .. . - . . . . , - . .
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GI 128 INTRODUCTION
|
|

~

o INTEGRATION OF EXISTING ISSUES RELATED TO

ELECTRICAL POWER

GI 48 "LCOs FOR CLASS 1E VITAL INSTRUMENT-

?USES IN OPERATING REACTORS" I
I

i - GI 49 "Ih ERLOCKS AND LCOs FOR REDUNDANT |
CLAb IE TIE BREAKERS"

GI A-30 "ADECUACY OF SAFETY-RELATED DC SUPPLIES" I-

..

: I
1

'

o INTEGRATED PROGRAM BECAUSE OF INTERRELATIONSHIPS

i |
'

VITAL AC INSTRUMENT BUSES (48) AND DC SUPPLIES-

, (A-30) CAN USE TIE BREAKERS (49)
'

I
,

DC POWER SUPPLIES (A-30) FEED THE VITAL-

. INSTRUMENT BUSES (48)

o RELATIONSHIPS TO OTHER ISSUES

'USI A-44-

!
,

- USI A-17

- USI A-47

,

SLIDE 2
,
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:

!

:
:

GI 48 BACKGROUND
-

:
! !

o VITAL AC INSTRUMENT BUSES ARE DESIGNED TO SUPPLY- <

CONTINU0US AC. POWER T0. CRITICAL ELECTRICAL DEVICES :

! SUCH AS:
! -

,

t

CONTROL SYSTEMS; -

j INSTRUMENTATION-

i SAFETY SYSTEM LOGIt-

i.

! '

; .o TYPICAL PLANTS INCLUDE MORE THAN ONE BUS TO MEET-
t

3 SINGLE FAILURE
t

! '

l. !

o POWER SOURCES T0'THE BUSES INCLUDE: I

,

!
INVERTERS (0R'0THER DEVICES).WHICH CONVERT

'
-

{ ONSITE DC TO AC (USUALLY CONSIDERED THE
; PREFERRED SOURCE BECAUSE IT IS NOT. SUBJECT-

TO INTERRUPTION ON PLANT TRIPS OR LOSS OF,

i 0FFSITE POWER)
,

:

| REGULATED TRANSFORMERS FED FROM NORMAL-AC
-

'

POWER (0FFSITE AND HOUSE POWER)

:

;

; o WITH VITAL BUSES-0R THEIR INVERTERS UNAVAILABLE,

TRANSIENTS INVOLVING POWER LOSSES COULD LEAD TO SAFETY
i

! SIGNIFICANT. EVENTS
.

6

3

SLIDE 3,

i

i
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GI 49 BACKGROUND

.

|

0 ELECTRICAL-BUSES (BOTH AC AND DC..MAY CONTAIN
1

INTERCONNECTIONS (TIE BREAKERS) FOR SPECIAL OPERATING |
CONDITIONS -)

, !

! |
| o CROSSTIE CAPABILITY MAY EXIST BETWEEN REDUNDANT -

! SAFETY-RELATED BUSES OR BETWEEN' MULTIPLE UNITS AT-

| ONE SITE

|

|
0 WHILE THESE CROSSTIES CAN PROVIDE FLEXIBILITY, THEY !

CAN COMPROMISE THE INDEPENDENCE OF SAFETY-RELATED i

ELECTRICAL DIVISIONS
:

| .

.

-

|
t

|

SLIDE 4
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i

i u

i GI 48 AND 49 SAFETY CONCERN
,.

!

o LOSS OF AC AND DC ELECTRICAL POWER CAN LEAD T0:

j- TRANSIENTS VIA: CONTROL SYSTEMS
-

I - LOSS OF INFORMATION TO OPERATOR !I
LOSS OF REDUNDANCY IN SAFETY SYSTEMS

-

i

i

I o SOME PLANTS DO NOT HAVE TECHNICAL SPECIFICATION
) RESTRICTIONS ON CONTINUED' PLANT OPERATION WITH

VITAL AC POWER BUSES (OR THEIR SOURCES) UNAVAILABLE!

!
4

i
o SOME PLANTS DO NOT'HAVE TECHNICAL SPECIFICATION

j RESTRICTIONS ON CONTINUED OPERATION WITH TIE
BREAKERS CLOSED !

-

I

i
l

) o WITHOUT ADEQUATE CONTROLS, PLANTS-COULD BE
i

OPERATING INDEFINITELY IN SITUATIONS WHICH

COMPROMISE PRESUMED DIVISIONAL REDUNDANCY AND
INDEPENDENCE3

:

;

,

! i

} SLIDE 5
:
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:

GI 48/49 RESOLUTION !

!

o TO PREVENT OPERATION IN SITUATIONS WHICH COULD
$ DEGRADE =THE INDEPENDENCE OF SAFETY'RELATED
: ELECTRICAL EQUIPMENT, TECHNICAL SPECIFICATIONS
j AND SUPPORTING PROCEDURES SHOULD BE INCLUDED
'

: AT ALL PLANTS
i
~

!
1

'

.

c' TO CONFIRM COMPLIANCE WITH THESE EXISTING,

REQUIREMENTS A 50.54(F) REQUEST-IS PROPOSED T0:

VERIFY THAT THE TECH SPECS INCLUDE-

APPROPRIATE PROVISIONS AND
|
a

VERIFY THAT PLANT PROCEDURES INCLUDE-j -

'~

CORRESPONDING CONTROLS-
!
:

) o BECAUSE ELECTRICAL DISTRIBUTION SYSTEMS ARE VERY i

; PLANT SPECIFIC, A BASIS FOR NOT NEEDING SUCH

|- ~ PROVISIONS MAY BE JUSTIFIED AT SOME PLANTS,
|

.

'

e ,

.|l'

!
'

,

i

,

-

SLIDE 6
*
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:
)

!

!
:.

!
.

:
:

[ -MODIFICATION TO IMPLEMENTATION
! 0F GI'48:AND 49
I i
!

!

| 0 NO LONGER REQUIRE' TECHNICAL' SPECIFICATION ADDITIONS

i
l,

o REQUIRE PLANTS TO CERTIFY:
i

i
-HAVE PROCEDURES, OR! -

i
i

,

HAVE ESTABLISHED BASES FOR NOT INCLUDING THEM
-

,

!
!,

.

j. o ONLY A CERTIFICATION, WITH POSSIBLE FUTURE NRC

i INSPECTION / AUDIT

i !
'

$

1 I

j o NRC RESOURCES G0ES DOWN FROM 100 MAN-WEEKS'T0 i

y MINIMAL TIME
-

;

i :

1
3

3

1

?

i
'

.

'
SLIDE 7a 1

3

. . _ . ._ _ _. ___ ..- .. .._....; . .. . .. _ .... . ..~ . ... _ _. .- _ _..2._.. . _ . . . _ . . . _ . . _ , .- _... ..



_. - - . - -- - . ._

'

i
'

.

t

:

.

GI A-30 BACKGROUND

<

! o SAFETY-RELATED DC POWER SUPPLIES ARE DESIGNED TO

3 PROVIDE AN ONSITE SOURCE 0F RELIABLE ELECTRICAL l
i

POWER FOR
i I

FEED T0 VITAL AC EQUIPMENT3
-

!
'

ELECTRICAL BREAKER CONTROL-,

i 1

l*

CONTROL SYSTEMS |
3 -

!
i

j o TYPICAL PLANTS INCLUDE MORE THAN ONE SAFETY-RELATED- . d
i DC SOURCE TO MEET SINGLE FAILURE
i

: -

o POWER SOURCES TO DC BUSES INCLUDE BATTERIESLAND,

|- BATTERY CHARGER
-

,

t

; o ALTHOUGH SAFETY RELATED DC SYSTEMS ARE DESIGNED-
f. TO BE HIGHLY RELIABLE, SOME FAILURES HAVE BEEN

[ IDENTIFIED
t
i

*

I

o MOST FAILURES OF CONCERN INVOLVE COMMON CAUSE
-

LPROBLEMS.AND FAILURE TO ADEQUATELY DETECT THE,

EXISTENCE OF BATTERY-RELATED PROBLEMS-
. .

1

'
SLIDE 8
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1

GI A-30 SAFETY CONCERN.

| 0 LOSS OF DC SUPPLIES CAN LEAD T0
j

TRANSIENTS-

;

- LOSS OF INFORMATION TO OPERATORS
,

LOSS OF SAFETY SYSTEMS-

.

'

o SOME PLANTS MAY NOT INCLUDE RECOMMENDED PRACTICES
IN AREAS OF TESTING, MAINTENANCE AND MONITORING

|

0 IMPROVEMENTS AT INDIVIDUAL PLANTS MAY BE NECESSARY

k

^

,

I

$

s

SLIDE 9
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GI A-30 RESOLUTION
l

.

TO IMPROVE DC POWER SYSTEM PERFORMANCE THE STAFF DEVELOPED.

:

A NUMBER OF RECOMMENDATIONS FOR IMPROVEMENTS IN !
4

l.,

- MAINTENANCE

t

TESTING-

.

I
MONITORING !

-

a

INDUSTRY (THROUGH INPO, NSAC, AND IEEE) HAS ALSO ADDRESSED |
IMPROVEMENTS IN THESE AREAS

'

!
:

,

TO GATHER INFORMATION TO CONFIRM THAT UTILITIES HAVE
i IMPLEMENTED THESE IMPROVEMENTS, A 50.54(F) REQUEST IS
i PROPOSED T0:
;

.
-

QUESTION PLANTS ABOUT THESE IMPROVEMENTS

- 'IF IMPROVEMENTS HAVE NOT B EN MADE, QUESTION

THEIR BASES F0'R NOT INCLUDING THEM

.

SLIDE 10
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t-1216310-001 RUN DATE: 07/29/SAFETY ISSUES M A N A G E M E ti T SYSTEM PAGE 1

SAFETY ISSUE LEVEL INFORMATI0tl
.

ISSUE NUMBER: 128 TITLE: ELEC1RICAL P0HER RELIABILITY
C0 tit ACT : D. THATCHER TYPE: GSI IDENTIFYING ORGANIZATION: HRR STATUS: SPONSORING OFFICE: RES
PRIORITY: H TYPE OF REACTORS AFFECTED bl| OTHER:

PEllDEN T ISSUES: I.*'l 9kj Y O O- / IO

-DESCRIPTION SOLUTION (NEAR AND LONG TERM)_________________ _______________________ _____._________ __ _________________________________________ __ ____ _ ___ _ ,

MMM NO DESCRIPTION TEXT FOR ISSUE MMM " MMM NO SOLUTION TEXT FOR ISSUE MMM

POItiT RANGE'
NET CHANGE IN DOLLAR COST ESTIMATE LOW HIGH

HRC DEVELOPMENT. . . . . . . . . . . . . . . MMM NONE AVAILABLE MMM ' '

NRC (IMPLEMENTATION / IMPOSITION).
|130,,_ aff j C 'MMM NONE AVAILABLE MMM. . . . . .

. .sNRC (ASSURE CONTINUED COMPLIANCE). MMM NONE AVAILABLE.MMM Y[ 5 0|gi.- g1. . . . .

C. p ePUBLIC/ INDUSTRY /0THER (IMPLEMENTATION) MMM' HONE AVAILABLE MMM ~. . .

PUBLIC/ INDUSTRY /0THER (CONTINUED COMPLIANCE) MMM NONE AVAILABLE MMM

HET CHANGES IN BENEFITS
.

E

PUBLIC EXPOSURE. MMM NONE AVAILABLE MMM l. . . . . . . . . . . . . .

OCCUPATIONAL EXPOSURE. . . . . . . . . . . . MMM NONE AVAILABLE MMM

CORE MELT FREQUENCY. MMM NONE AVAILABLE MMM '. . . . . . . . . . . .
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A number of generic safety issues in the area of electri~c power systems/
jj - have been identifiedp^ pcried ei jcans. These_dssues = 1 W d ".d F

p: Wtipd m NUREG-093t.I Three issues have been selected for
{, integratMctimi because they are interrelated. I

These are:t

(GenericIssueA-30 " Adequacy of Safety-related DC Supplies" '

,

Generic Issue 48
"LCOs for Class IE Vital Instrument Buses in

,

; Operating Reactors"

. i

Generic Issue 49,

" Interlocks and LCOs for Redundant Class IE I I; 1 Tie Breakers" ' i!
i,

!

' '

j
These three issues taken together are identified as Generic Issue 128.

| i

";

... '

| GI 48 "LCOs for Class 1E Vital Instrument Buses" deals with a safety concern
that some operating nuclear power 'plahti do not have'admi'nistrative controls or

'

,

'

i technical specifications governing operational restrictions for their Class 1E
120 Vac vital instrument buses and associated invertersLJ-- - ~ -

. . . _ , . ,.
-3

i G.ithout such restrictions, the normal o,r_ alternate power sources for one or
i more VIBs could be out of service indefinitely. This could place certain;

safety systems in a situation where they could not meet the plant safety design
} basis, including the loss of off-site power or the single failure criterion.
:
,

;
GI 49 " Interlocks and t.COs for Class IE Tie Breakers" involves a safety concern

! that independent, redundant Class IE ac or de buses can be interconnected via
| tie breakers which are left closed by mistake. When left closed, the tiei

breakers can compromise the independence of the redundant safety-related buses
jnd, in some cases, may prevent loading of the emergency diesel generator. '

i
i
'

GI A-30 " Adequacy of Safety Related DC' Power Supplies". deals with a safety
concern that some plants may not have adequate provisions for assuring that
these power supplies are available and c00able of performing their function./

-

,__, . -
. . . _ _

Mrelated de power is used for the overall operation of the safety-related
portions of the electrical system . including .circu.it breaker. control for the ac

It is typically also a source of vital ac power (via the vital inverters)power.

for safety-related instrumentation and logic systems as well as operator indica-tions. During normal operation, the battery chargers supply the load require-
ments and maintain the batteries fully charged to be available during loss ofoffsite power. For a loss of offsite power event, battery power is particularly
important during the time period when the diesel generators are starting and
immediately thereafter, because the circuit breaker control to sequence loads"

and the excitation of the generator field windings is entirely dependent On dcpower._

i
, . - _ , - - , _ _ . . , , . . . _ _ ___ _ , , ...___..m._ , _ .-_ -
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pe staff FM::?to submit an Information Request to all licensees to identify
.

~!i

under conditions that are in violation of the single failure criterion. plants that should develop additional administrative control-to avoid operating-!

licensee's respon The 1may be necessary.ses are expected to'.-identify plants in which further action -j-

take appropriate actions without specific direction from the staffIn most cases it is expected that licensees will voluntarilyj

* . .
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i
1

i
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! The proposed resolution of GI A-30 i
es 'a number of reconnended provisions --

j for tests and maintenance and a y ber of provisions for
i power supply status. Many of th " the c

at.a laroe number of plants.. Wisions may have a rea y bees
> - ..,

; '

f N'Ts pngong
' ost-effective approach to resolve the A-30

| (ThestaffdeNevesthatthemost ertain information from all plants (pursuant
j issue is for the staff to request e NRC can establish that adequate measures
j to 10 CFR 50.ti4(f)) in order that ilities. ' C '.a ; Prtica eMhc acmes

have been or will be taken at all f The responses may

'=cld be **#1=eten in a piant'T trch'nini-spect'ications.ihdicate that in some cases improvements in de system surveillance,. maintenance!
;

|-
and procedures are necessary.
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Enclosure
'

;

DRAFT GENERIC LETTER

To: ALL HOLDERS OF OPERATING LICENSES I

,

SUBJECT: RESOLUTION OF GENERIC ISSUES GI-48, "LCOS FOR CLASS 1E VITAL
4

INSTRUMENT BUSES," AND GI-49, " INTERLOCKS AND LCOS FOR CLASS 1E
i TIE BREAKERS"

\<

The NRC staff has completed the evaluation of Generic Issues GI-48 and GI-49,:

which focus on vital ac buses and tie breakers between redundant, safety-related:
'

buses. Attachment 1 provides a brief description and history of each of these
GIs. Additional details are provided in reference 1.

,

As a result of our evaluation, the staff concludes that all licensees should
include appropriate 64miting-Gend444 ens-fer-0peratien-fbG0s)-4n-their-Teshnfeal,

S p ee 4 fiea t 4e n s -a n d-h ave-p re pe r-a dm i n i s t ra t i v e-e en t re ls - te -4mp lemen t- t he se
Teehn4eal-Speeiffeattens procedures to limit the length of time that a plant is,

" in potential violation of the single failure criterion with regard to the Class
'

lE vital instrument buses and tie breakers unless there is adequate justifica-
tion why such provisions are not needed at their specific facilities.

I

i n -e r de r-to -de te rmin e-whe t he r-any-fu r t he r- s ta f f-ae t ien s-a re-neees s a ry- t e -a s s u re-
implementation-of-reeemmended-eerreet4ve-measures, We request pursuant to

i 10 CFR 50.54(f) and Section 182 of the Atomic Energy Act that you provide the
NRC with certification, within 90 days of the date of this letter , that either
the appropriate procedures (in accordance with the enclosed requirements in the i'

attachment to this generic letter) are in place or justification has been
prepared demonstrating that such procedures are not needed. This certification
should be submitted to NRC, signed under oath and affirmation. The procedures
may be subject to future NRC inspection. Any justifications for not including
such procedures should be retained onsite for possible futute NRC auoit,
a - re s p e n se- t e -t he-q u e e t te n s - 4 n-t h e-a t ta ehmen t -wi th in -189-day s-e f-t h e -d a t e-e f
t h is -le t te r r--Th i s - 4 n fe rma t i e n - s h o u ld -b e -s u bmi tted -t e-N RG v-s i g n e d-u nde r -ea t h

1 a nd -a f fi rma t ie n ,--Th e- 4 n fe rma t ie n -w ill-en a b le - t h e -Gemm i s s i en- te-d e t e rm 4 me
whether-any-further-aetien-sheuld-be-taken-en-yeup 14eense.

This request is covered by Office of Management and Budget Clearance Number
t 3150-0011, which expires December 31, 1989. The estimated average burden hours

is 100 man-hours per licensee response, including assessment of the recommendations,
searching data sources, gathering and analyzing the data, and preparing the
required respenses certifications. These estimated average burden hours pertain
only to these identified response related matters and do not include time for
actual implementation of any related actions. 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 to the U. S. Nuclear Regulatory Commission, Records and Reports
Management Branch, Office of Administration and Resources Management, Washington,

; D.C. 20555.
.
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If you have any questions, please contact your project manager.

Sincerely,
.

Attachment: 10 CFR 50.54(f) Request - GI-48, "LCOs for Class IE Vital
Instrumer.t Buses," GI-49, "Intericcks and LCOs for Class IE Tie
Breakers"

Reference: EGG-NTA-7727 Revision 3
" Technical Findings for Proposed Integrated Resolution of Generic
Issue 128 (Issue 48 and Issue 49)

.

-
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Attachment
I

10 CFR 50.54(f) Request '

GI-48, "LCOs for Class 1E Vital Instrument Buses"
GI-49, " Interlocks and LCOs for Class 1E Tie Breakers"

INTRODUCTION

The designation " Vital Instrument Bus" may be interpreted differently for
different plants. In this document, the term " Vital Instrument Buses" refers
to the ac buses that provide power for the Instrumentation and Controls of the;

Engineered Safety Features (ESF) Systems and the Reactor Protection System
(RPS) and are designed to provide continuous power during postulated events
including the loss of normal offsite power. Tie breakers are devices used to
cross connect either redundant class 1E buses in one unit or Class 1E buses in
different units at the same site.

The NRC staff has evaluated the concerns of generic issue GI-48, "LCOs for
Class 1E Vital Instrument Buses," and GI-49, " Interlocks and LCOs for Class 1E
Tie Breakers." The staff has concluded that these concerns can be generally
resolved by the verification or implementation of appropriate 44m444Rg-eeRd4tlens
ef-eperatiens-%60st-4n-the-plant-teehnfeal-speeff4 eat 4 ens-and-by-4nehs4an-ef
assee4ated administrative controls in plant procedures for the Class 1E buses
and tie breakers. For both issues, the primary objective is to verify that'

plants are not being operated in violation of the. design criteria of 10 CFR 50
Appendix A, for example, GDC 17, 21, 34, and 35. Conditions identified by the
staff evaluation suggested a strong possibility that the single failure criterion
may be violated for substantial time periods in some plants. These plants,
therefore, may not meet the requirements of the design basis events considered
in the plant safety analysis report.

BACKGROUND

The primary concern of GI-48 was identified when it was found that some
operating nuclear power plants do not have any administrative controls or
technical specifications governing operational restrictions for their Class 1E
120V ac Vital Instrument Buses (VIBs) and associated inverters. Without such
restrictions, the normal or alternate power sources for one or more VIBs could
be out of service indefinitely. This could place certain safety systems in a
situation where they could not meet the plant design basis, including loss of
off-site power or the single failure criterion.

Specifically, the VIBs may be subjected to power failure modes that may not
have been considered during the safety analysis of the plant. For example,
this situation could occur as a result of removing one or more of the nomal or
alternate power sources for the VIBs from service for repair or maintenance. "

Without some type of restrictions, more than one VIB could be connected to an
offsite alternate power source. The loss of the alternate power source would
then cause the simultaneous loss of more than one VIB, at least until the diesel
generators pick up the loads.

The concerns of GI-49 were raised by an incident that occurred at the Point
Beach Unit 2 plant. On June 9, 1980 it was discovered that a tie breaker between
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the safeguards buses at the plant was improperly left closed after a plant
shutdown. The improper electrical lineup probably occurred after a loss of ac
power test that was conducted on May 2,1980 and was attributed to personnel
error.

This concern is limited to manually actuated tie breakers that have the capabil-
ity of connecting either nominally independent, redundant Class 1E ac or dc

, buses at one unit or Class 1E buses in different units at the same site. These |

I tie breakers permit convenient maintenance of supply buses and equipment without
de-energizing plant equipment. The maintenance is normally conducted when the

|plant is not in operation. These tie breakers require special consideration, '

because, when closed, they can compromise the independence of the redundant
safety-related buses and. in some cases, may prevent loading of the emergencyi

diesel generator. It is also recognized that the tie breakers could be beneficial
'

under very special conditions (such as loss of off-site power coincident with
.

loss of a diesel or batteries) to provide flexibility to supply power across |
; division boundaries.

Approximately 5 weeks elapsed before the improper closure at the Point Beach
plant was discovered. With the two breakers closed, the two redundant buses

'

were connected; and, consequently, the independence of the buses was lost. If
there had been a loss of off-site ac power with the tie breaker closed, interlocks
would have prevented automatic closure of the diesel generator output breakers.-

,

j The event at Point Beach was subsequently evaluated by the NRC staff, resulting
1 in the identification of the generic concerns of GI-49 regarding procedural

controls to reduce human error of the type that occurred at Point Beach. The
staff also noted that the tie breaker interlocks to prevent manual paralleling
of standby power sources, which are a provision of Regulatory Guide (RG) 1.6..

Item 4(d), had not been implemented at the Point Beach plant.
i

It should be noted that the proposed resolution does not include a recomendation
regarding the verification of tie breaker interlocks. The interlocks raised as
a concern were to help protect against the potential for an operator comitting
an error and inadvertently closing a tie breaker between either:

,

.

(1) two operating diesel generators which are potentially out-of-phase,
or

(2) an operating diesel generator and an incoming feeder line which are
'

potentially out-of-phase.

Although such interlocks can provide an additional degree of assurance for some
infrequent situations, we believe that such interlocks can also have a potential
negative impact on safety. For example, in some emergency situations (such as
loss of offsite power and failure or nonavailability of a divisional diesel,

'

generator, or a station blackout) an operator may need to cross connect power
(via tie breakers) to an opposite division. In such instances, a failure in.

the interlocking circuits could inhibit the operator from taking such action.
'

PRA analyses have shown that cross connecting can allow for options that can
prove to be beneficial.
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j In addition, there is some protection provided for inadvertent out-of-phase
; connections by the normal protective relaying and breaker coordination.~ If the

protective relaying actuates, equipment would be protected and normal restart
3

; could be undertaken. Therefore, the staff concluded that if proper administrative
: controls are placed on the operation of the tie breakers and normal protective

relaying is present, then the addition of these interlocks would not be cost
: beneficial.
i
; The GI-48 ano GI-49 concerns have been resolved in recently licensed plants by
1 implementation of Standard Technical Specifications and current licensing
j practice.

99EST19NS REQUIREMENT

lt---9e-yeur-plant-Teehnieal-Spee4 f 4 eat 4 ens-inelude-64miting-Gendittens-fer
Operatiens-(b60s),

l- Ensure that your plant procedures include time limitations and surveillance
i requirements for:

a. Vital instrument buses (typically 120V ac tuses),

I b. Inverters or other onsite power sources to the vital instrument
i buses, and

c. Tie breakers which can connect redundant Class 1E buses (ac or
j de) at one unit or which can connect Class 1E buses between units at

the same site.
i

If such 3rovisions are not included for any of the above items (a, b, or c),
j ensure tlat you have established the bases for such a position. This informa-
j t1on should be retained onsite for possible future NRC audit.

B r ---Be-yev e-p la n t -p reeedu re s -4 m e lude -a p p rop r ia te-ee r re s pend ing -a dm i n i s t ra t iv e
i eentreis-te-implement-these-teehnteal-spee4ffeatten-requirements?
,

if-the-answer-te-any-ef-the-prev 4eus-questiens-4s-ney-then-prev 4de-an-explanatien
e f-t he-ba s is- for-yeu r-be lief-tha t-yeu r-pla nt-w414-n e t-be-epera te d-4 nde f 4 mi te ly
4 n-v f e la tien-e f-t he-s ing le-f a ilu re-e r4 te r f en-reg a r'd i ng-the-Gla s s-4 E-v i ta}

*

4nstrument-buses-and-the-elesure-ef-44e-breakers-eenneeting-Glass-4E-ae-er-de
: buses,--This-may-be-aeeemplished-by-e t ther+--f a)-previding-4 nferma tien-and
i supporting-analyses,-er-(b)-submitting-an-amendment-eequest-prepesing-that-
*

appropriate-660s-be-4meerperated-in-the-plant-teeknieal-speeff4 eat 4 ens-en-the
abeve-4temst

. The information te-be-prev 4ded should demonstrate that adequate consideration*

has been given to loss of off-site power in conjunction with a worst case
additional single failure. In conjunction with these postulations, the analysis
should consider the time delay for the emergency generators .to pick up load,

'

since in typical plants, if an inverter serving a vital instrument bus is ont5

of service, a loss of off-site power will cause numerous actuations due to the-
,

. -. . -- . - .- . - ... .
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! delay time while the diesels are starting. The analysis should, therefore.
| also consider malfunctions that do not always have a preferred failure mode
! (e.g., instrumentation or controls. that initiate a switch of emergency core
! cooling from injection to . recirculation or initiate isolation of the steam
j generators) . If the alternate power sources for the vital buses are not backed'

up by the diesel generators, then this should be stated.i

| NOTE: As part of future upgrades to Technical Specifications, licensees should
i consider including appropriate Limiting Conditions for Operation (LCOs) and
| Surveillance Requirements .in future Technical Specification improvements.
i

j An example of aseeptable LC0 and surveillance requirements (from the Westinghouse
: Standard Technical Specifications) is ~ included 'for guidance. The staff plans-
j to upgrade all Standard Technical Specifications'to include these provisions.

.
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Enclosure 5 to the Minutes of CRGR Meeting No. 163
USI A-47, " Safety Implications of Control Systems

in LWR Nuclear Power Plants"

May 24, 1989

; TOPIC
4

i

R. Baer (RES) and A. Szukiewicz (RES) presented for CRGR review a proposed
resolution of Unresolved Safety Issue A-47, " Safety Implications of Control
Systems in LWR Nuclear Power Plants."
the staff to guide their presentation and discussions with the Committee atCopies of the briefing slides used by) this meeting are attached.

BACKGROUND

e

The package submitted by the staff was transmitted by memorandum dated
April 3,1989, E. S. Beckjord to E. L. Jordan and contained the following:

;

1. A proposed generic letter,

2.
NUREG-1217, " Safety Implications of Control Systems in LWR Nuclear Power

.

Plants, Technical Findings Related to Unresolved Safety Issue A-47"
3. NUREG-1218, " Regulatory Analysis for Resolution of USI A-47";

4. Model SER

5. Revised STS for B&W and CE plants
,

CONCLUSIONS / RECOMMENDATIONS

As a result of their review of this matter, including discussions with the
staff at this meeting, the Committee recommended in favor of issuing the
proposed generic letter, subject to the recommendations listed below:
1. The four actions specified in the generic letter are difficult to follow

in Enclosure 2 since the enclosure is oriented toward a specific reactor
type; it is not clear which. actions apply to which reactor type. Aclarifying statement should be' included in the generic letter toeliminate this potential confusion.

2.
Language on page 1 of Enclosure 2 should be revised to clarify the basis
for this letter, that it is a safety enhancement and has not been
determined to be needed for adequate protection.,

3.
The generic letter needs to provide a caution against the potential for"

inadvertent trips in making design changes which would provide overfillprotection.

-
- _ _ ,_
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4. The language on page 2 of the generic letter needs to be revised to
conform with the requirements of 10 CFR 50.54f. Enclosure 2 should be
identified as guidance which licensees are requested to follow. The

1

letter should state they are required to inform the NRC of their plans. |
Any records to be maintained by the licensee should be in accordance with,

existing records retention requirements. j
'

5. The implementation schedule should be reviewed and sufficient flexibility !

;

added to not cause an unnecessary burden on licensees. In addition, the I

date for licensee response to the generic letter should be extended to |

| 180 days and adjusted to reflect due dates of other generic letters which'

may be issued at the same time (in particular, the other USIs reviewed a
this CRGR meeting).

6. In Enclosure 2 to the generic letter, language should be made consistent |

regarding the actions recommended of licensees. Two phrases are currently
used, recommended and requested, only one should be used.

7. Language in Enclosure 2 which discusses changes to technical i

specifications should be made clear.that changes are not required in
response to this generic letter, and that licensees will only be
encouraged to revise their tech specs.

4

As a collateral recommendation, the Committee recommended that NRR act to 1
i

improve the mailing of generic letters to eliminate an unnecessary delays inlicensees' receipt of generic letters. This was prompted by information of up
.

to a six-week transit time for the SPDS generic letter, and statements by
licensees that three weeks is the standard delay between issuance and receipt.

,
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USI A-47
MILESTONES

|

COMMENTS ON DRAFT PROPOSED RESOLUTION DECEMBER 1987 |
BY CRGR

'

!

CRGR RECOMMENDED PUBLICATION OF DRAFT MAY 1988
RESOLUTION

'

s

|*

i DRAFT RESOLUTION PACKAGE ISSUED MAY 1988
: FOR PUBLIC COMMENT

'

!

! PUBLIC COMMENT PERIOD JUNE-SEPT, 1988
i

i

FINAL RESOLUTION PACKAGE ISSUED FOR DECEMBER 1988
REVIEW4

|

.

4

'

OTHER OFFICES CONCUR WITil FINAL MARCH 1989
PACKAGE

:

FINAL PACKAGE SUBMITTED TO CRGR APRIL 1989

I

FINAL PACKAGE SUBMITTED TO ACRS APRIL 1989
,

h

ISSUE FINAL PACKAGE AUGUST 1989

,
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PUBLIC COMMENTS

o 37 PUBLIC COMMENTS RECEIVED

o RESPONSES TO COMMENTS PROVIDED IN iiUREG-1217

APPENDIX C

o -MOST COMMENTS RESULTED IN EDITORIAL CHANGES - 1

PROVIDING CLARIFICATION |

0 SOME UTILITIES OBJECT TO HAVING PERIODIC

VERIFICATION OF OVERFILL PROTECTION INCLUDED
IN THE TECH. SPECS, !

l

o CALVERT CLIFFS INDICATED THAT THE STAFF'S

COST ESTIMATES WERE LOW BY FACTOR OF 2
-

.

-
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SUMMARY'0F FINAL RESOLUTION

i

LIMITED NUMBER OF REQUESTED' ACTIONS PER 10CFR50.54(F)

| 1

| 0 PROVIDE ALL LICENSEES WITH RESULTS OF. ANALYSIS

CONDUCTED BY STAFF - FOR INFORMATION

|

0 REQUEST OVERFILL PROTLCTION-(ALL PLANTS)

!
|

L o REQUEST PERIODIC VERIFICATION OF OVERFILL

PROTECTION (TECH SPECS)

:
'

|
0 IMPROVE AUTOMATIC INITIATI'ON OF EFW ON LOSS

0FPOWERTOCbNTROLSYSTEMS(0CONEEONLY-)

o- IMPROVE EMERGENCY-PROCEDURES FOR SBLOCA

(CE PLANTS WITH LOW HEAD PUMPS)

;

~ - _ , _4 . . . .-. ._..w-_.-....--w.. .%_.., >-.~.,..-.,s,. .-..,~,~m . 4 -~. , , ' , . . . . 1
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;

] MODIFICATIONS TO THE

PROPOSED RESOLUTION

!.

: i

o FINAL RESOLUTION ESSENTIALLY THE SAME AS

| PROPOSED IN THE DRAFT (FOR COMMENT) PACKAGE

o ALTERNATIVE CORRECTIVE ACTIONS TO AVOID STEAM I
; GENERATOR DRYOUT ON LOSS OF POWER TO CONTROL

j SYSTEMS HAVE BEEN ADDED TO THE. GENERIC
i

: LETTER - FOR OCONEE PLANTS. !i
i

|

0 REQUESTS TO SUBMIT PLANT DESIGN' MODIFICATIONS i
'

FOR NRC REVIEW WERE DELETED. LICENSEES ARE NOW
3

REQUESTED TO RETAIN ON SITE, THE DOCUMENTATION
,

ASSOCIATED WITH THE REQUESTED ACTIONS FOR

.POSSIBLE FUTURE INSPECTION;(EXCEPT FOR TECH,
,

; SPEC. MODIFICATIONS)
j

.

| |
'

.

n

'

.

p

-

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



.- . . . . _ . - -- _ - .____.- __.

/
;4

./p* * * coq'o
,

i UNITED STATES
[ ' , y. g ,i NUCLEAR REGULATORY COMMISSION

,

;, " /, E WASHINGTON, D. C. 20555

k.%
1 e

....
*

MAY 101989

!
:

HEMORANDUM FOR: Edward L. Jordan, Chairman>

Committee to Review Generic Requirements
,

, FROM: Eric S. Beckjord, Director

| Office of. Nuclear Regulatory Research
1

SUBJECT: CRGR REVIEW.0F THE-FINAL RESOLUTION OF USI A-17, " SYSTEMS
*

INTERACTIONS IN NUCLEAR POWER PLANTS",

u

j Attached is the final resolution of USI A-17 for your consideration.
:

The previous version of tthe A-17. resolution was forwarded to you on September4

'
2, 1988. That resolution addressed your comments from the " Minutes of CRGR
Meeting 139" regarding internal flooding and water intrusion. You recommended'

approval of those changes in your memorandum of October 20, 1988. On November 23,;
'

1988, the staff issued Generic Letter 88-20 on Individual Plant Examinations
i (IPE), which directed licensees to include flooding from internal water sources

in their analyses.

Guidance to licensees on the content of IPE submittals is now being completed. l
,

! The insights on flooding ano water intrusion from internal plant sources !
developed as part of A-17 will be provided for licensees'use. No additional

)

|.
work by licensees is intended outside the scope'of the planned IPE effort. '

With this action, the internal flooding and water intrusion portion of USI ;

A-17 is considered resolved.
'

'We plan to issue a generic letter to inform licensees and applicants of the
resolution of A-17 and to provide the information which form the basis for the

!
; resolution. We do not plan to seek public connent. Rather,weare_(1) pro- !
: posing to inform the Commissioners via the enclosed Commission Paper; (2)
'

publishing NUREG-1174 and NUREG-1229; (3) publishing the Federal Register
Notice in the Federal Register; (4) informing the various Congressional com-

|, mittees and (5) having NRR issue the generic letter for information only.

NRR and AEOD have concurred in these changes. OGC has no legal objection.
3

We would appreciate your prompt consideration of this matter. Please inform
us if the CRGR wishes to have another meeting to discuss the changes we madei

to the resolution.

1
* )

Eric S. Beckjord,JDirector
Office of Nuclear Regulatory Research

Enclosures: See following page
i

Of CC$ |O 00M
;
'
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Edward L. Jordan 2

Enclosures:
1. Draft Commission Paper with 3 enclosures:

(1) NUREG-1174
(2) NUREG-1229
(3) Federal Register Notice and Summary

Statement
2. Proposed Generic Letter with 2 attachments

cc: T. Murley !

F. Gillespie ;

S. Lewis -

J. Conran

;
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DRAFT COMMISSION PAPER
:

!

,

i
For: The Commissioners

From: Victor Stello, Jr.
Executive-Director for Operations ),

1

,
Subject: UNRESOLVED SAFETY-ISSUE-A-17. " SYSTEMS INTERACTIONS IN

. NUCLEAR POWER PLANTS"

1 Purpose: To inform the Commissioners of the staff plans for the final
; _ resolution of USI A-17
.

i Summary: The staff has completed its technical work on USI A-17 and
'

has developed a proposed resolution._ The technical findings
and proposed resolution are documented in NUREG-1174, "Evalua-

. tion of Systems Interactions in Nuclear Power Plants .- Technical .
.,

! Findings Related_to USI A-17" (Enclosure 1), and NUREG-1229,
" Regulatory Analysis for Proposed Resolution of USI A-17:*

i (Enclosure 2). The staff concluded from its A-17 investiga-
. tions that certain actions- should be taken' by the NRC and
: licensees.

.

t

i These actions include guidance to the staff.for use in severe.-
i accident policy implementation and probabilistic risk assess-

-

ment (PRA) review and development, and general insights and
lessons-learned for licensees' use in evaluating operating ~

,

experience. The resolution also includes more specific..

insights regarding flooding (including water intrusion) vulner-
), abilities from plant internal sources. It is expected that*

these insights will be considered by. licensees in performing.
i

the Individual Plant Examinations (IPEs).
4

,

i The staff concluded that certain older plants should perform ;
I seismic system interaction reviews.. However, these reviews

1
i are required to be performed as a part of the USI A-46 j
: implementation; therefore, a separate action under USI A-17 is '

! not proposed.
!

Discussion: Nuclear power plants contain many structures, systems, and
components (SSCs), some of which are safety-related. Certain1

' ,SSCs are designed to interact to perform their intended functions. '

i

!

Contact:
D. Thatcher, RES

- 492-3935

3
i
1

'

., , , . . . - - - . - . . - . - , .



.

.

The Commissioners -2-

These " systems interactions" are usually well recognized and
therefore accounted for in the evaluation of plant safety by
the designers and by those who assess plant safety.

A number of significant, plant-specific events have involved
unintended or unrecognized dependencies among the SSCs. i
Some of these events have involved subtle dependencies between i

safety-related SCCs and other SCCs. Some events have also,

involved subtle dependencies between redundant safety-related+

SSCs that were believed to be independent.
|

Therefore, the purpose of USI A-17 was to investigate the "

potential that unrecognized, subtle' dependencies among SSCs
have remained hidden and that they could lead to
safety-significant events. The term used to describe these
unrecognized, subtle dependencies is adverse systems

.

'

interactions (ASIS).

NUREG-1174, " Evaluation of Systems Interactions in Nuclear,

'

Power Plants: Technical Findings Related to Unresolved Safety
Issue A-17," summarizes the technical work supporting the
resolution of USI A-17. NUREG-1229, " Regulatory Analysis for

: Resolution of USI A-17: Systems Interactions in Nuclear Power
: Plants," provides a discussion of the alternatives considered

and the detenninistic and probabilistic arguments that led to
the resolution. The resolution is not recommending that
licensees conduct further broad searches specifically to
identify all ASIS, because such searches have not proved to be
cost effective in the past, and there is no guarantee after
such a study that all ASIS have been uncovered. Rather, in
its study of A-17, the staff has concluded that certain more
specific actions, together with other ongoing activities,;

could reduce the risk from adverse systems interactions.

The staff has concluded from its A-17 investigations that
the following actions should be taken:

(1) Issuance of a generic letter that includes:

(a) the bases for resolution of USI A-17,
(b) a summary of information for use in ongoing,

operating experience reviews.

(2) Recognition that Individual Plant Examinations (IPE)
already include evaluation of internal flooding and the
A-17 insights will be referenced in the IPE guidance
documents.

(3) Recognition that the USI A-46 implementation will1

address seismically induced systems interactions to
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|

l

verify that components and systems needed to safely shut
i

down the plant are protected, given loss of offsite power. |
(New plants, not covered by A-46, have been reviewed to
current requirements that address seismically induced
systems interactions.),

'

(4) Comunication of information regarding ASIS for staff
review of PRAs and for staff evaluation of electric power

|

supplies as part of GI-128, " Electric Power Reliability." i

(5) Identification and definition of concerns related to
A-17 and other programs that have not been specifically
addressed in this or in other generic issues. (RES has
established the Multiple System Responses Program at' Oak
Ridge National Laboratory. The objective of this
program is to define the concerns with sufficient !

specificity to permit them to be prioritized as
potential generic safety issues.)

(6) Development of a Standard Review Plan for future plants<

that would include guidance regarding protection from
internal flooding and water intrusion events. (This
would be done by NRR at a future time.)

The Advisory Committee on Reactor Safeguards (ACRS) has taken
an active interest in this USI since its beginning. In fact,
the ACRS raised the first concern with " systems interactions"
in about 1974 with regard to the concept of standardized
plants. The staff has had many discussions with ACRS, and the
committee has written a number of letters on the subject. The
ACRS provided the Commission with their latest comments on the
proposed resolution to USI A-17 in a letter to Chainnan Zech,
dated August 16, 1988. The ACRS acknowledged that, since the
systems interactions issue is. so comprehensive, it is unlikely
that it will ever be " resolved" in the sense that all ASIS
will be found and corrected. They concluded that the proposed
resolution of USI A-17 would represent a useful step in the'

direction of reducing plant risk due to ASIS and recommended
that the proposed resolution be issued for public comment.

That proposed resolution was concurred in by NRR, 0GC,
and AE00 and discussed at Meeting Nos. 88 and 139 of the
Committee to Review Generic Requirements (CRGR). At the
conclusion of the later meeting, CRGR recommended that the
staff make a number of modifications to the package related
to the flooding and water intrusion actions and provide'the
revised package to the CRGR staff. By memorandum dated
October 20, 1988, the CRGR agreed that the comments had been
adequately addressed and the resolution could be issued for
public comment.
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Subsequently, however, the staff has concluded that a different,

| method of _ implementation of the proposed resolution would be
| more efficient for licensees to evaluate the safety concerns
j associated with flooding and water intrusion'from internal
! plant sources. Since such' vulnerabilities.are already to be
i addressed in the IPE program, the staff concluded that'it was-
| appropriate to include the A-17 insights in the IPE program.
) No additional work by licensees is intended outside the scope
| of the planned IPE effort. RES, NRR, ACRS and CRGR agreed

with this decision. ~ OGC: has. no legal objection.'

It should be.noted that as part of the staff's integration of
generic issues, the A-17 proposed action on flooding and
water intrusion is addressing the concerns of GI 77, " Flooding '

of Safety Equipment Compartments by Back-Flow Through Floor
Drains," which is a directly related issue. As a result, if
the A-17-action regarding flooding and water intrusion is
implemented as proposed, there would be no further action on
GI 77, and GI 77 would be considered subsumed by A-17.

| Another related issue, GI 57, " Effects of Fire. Protection
System Actuation on Safety-Related Equipment," although
related, has not been subsumed'by the A-17 resolution. The
GI 57 scope includes-consideration of the effects of more than
just inadvertent actuation of a fire suppression system which

| uses water. It also is:considering systems which use gas'as
a suppressant, and it is considering multiple simultaneous

, |actuations of the suppression systems (including water) due j
to common causes such as earthquakes or smoke. Therefore, if

lthe A-17 action regarding flooding and water intrusion is
!implemented as proposed, GI 57.will still have other 1potential safety significance associated with it. Further ]action may be proposed on GI'57 based on that safety

' significance.
1

The staff plans to issue the two enclosed NUREG reports and
the generic letter to all licensees. A Federal Register
Notice has been prepared and is enclosed.

| Victor Stello, Jr.
; Executive Director

for Operations

Enclosures:
See following page

. . - - .-
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Enclosures:
1. NUREG-1174 .

2. NUREG-1229
3. Federal Register Notice and

Summary Statement

|

|

|
i

f

i -

|
,

I

|

|
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Enclosures:
1. NUREG-1174
2. NUREG-1229
3. Federal Register Notice and

Sunnary Statement

.
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the A-17 action regarding flooding and water intrusion is
implemented as proposed, there would.be no further action on
'GI.77, and GI 77 would be considered subsumed by A-17.

1 -Another directly'related issue, GI 57, " Effects.of Fire
: Protection System Actuation on Safety-Related Equipment,"

although directly related, has -not been subsumed by the A-17
resolution. The GI 57 scope includes consideration of the-
effects of more.than just fire suppression systems which use
water. It also is considering systems which use gas as'a
suppressant. .Therefore, if the A-17 action regarding
flooding and water intrusion is implemented as proposed. GI
57 will still have other potential safety benefits associated.

4
with it. Further action may be proposed on.GI 57 based on
this remaining safety benefit.'

4

The staff plans to issue the two enclosed NUREG reports and
the generic. letter to all licensees. A Federal Register4

Notice has been prepared and is enclosed..

!

i Victor Stello,'Jr.

Executive Director
for Operations

Enclosures:
: .1. NUREG-1174
3 2. NUREG-1229

3. Federal Register Notice and 3
i

Summary Statement.,

DISTRIBUTION
Commissioners T. Lewis
RES Chron E. Beckjord
RES Circ T. Speis
EIB r/f W. Houston
V. Stello W. Minners
T. Murley R. Baer
E. Jordan D. Thatcher

(EVISED COMMISSION PAPER A17] *SEE PREVIOUS CONCURRENCE i

B:DSIR EIB:DSIR DD:DSIR D:DSIR DD:GI:RES D:RES OGC AE0D'
thatcher /b RBaer WMinners WHouston TSpeis . EBeckjord Stewis EJordan- lespie '
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the A-17 action regarding flooding and| water intrusion is
implemented as proposed, there would. be no further action.on

-GI 77, and GI 77 would be considered subsumed by A-17.
Another directly. related issue, GI .57, " Effects off fire
Protection System Actuation on Safety-Related, Equipment,"
although directly related, has not been subsumed by the A-17
-resolution. 'The'GI'57 scope includes consideration of the
effects:of more than just fire suppression' systems which use
water. It also is considering systems which use gas as a
suppressant. Therefore, if the A-17 action.regarding
flooding and water intrusion-.is implemented as proposed. GI
57.will still.have other potential safety benefits associated
with it. Further action may~be proposed on.GI 57 based on
'this remaining safety benefit.

The staff plans to issue the two enclosed,NUREG-reports and
the generic letter:to all licensees. LA Federal Register'

~Notice has been prepared and.is-enclosed.
l

;

Victor Stello, Jr.

Executive Director"
for 0perations

Enclosures: ' '

1. NUREG-1174
2. NUREG-1229
3. Federal Register Notice and

Summary Statement
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the A-17 action regarding flooding and water intrusion is
implemented as proposed, there would be no further action on ;

GI 77, and GI 77 would be considered subsumed by A-17. l
' Another directly related issue, GI 57, " Effects of Fire

Protection System Actuation on Safety-Related Equipment,"
| although directly related, has not been subsumed by the A-17

resolution. The GI 57 scope includes consideration of the
effects of more than just fire suppression systems which use

,

water. It also is considering systems which use gas as a '

suppressant. Therefore, if the A-17 action regarding
flooding and water intrusion.is implemented as propose;g, GI

,

57 will still have other potential safety benefits associated 'y'
I

with it. Further action may be proposed on GI 57 based on '

|Ithis remaining safety benefit.

The staff plans to issue the two enclosed NUREG reports and !the generic letter to all licensees. A Federal Register |
i
'

Notice has been prepared and is enclosed, i

i

i

| Victor Stello, Jr.
| Executive Director ||- for Operations !

Enclosures:
1. NUREG-1174
2. NUREG-1229
3. Federal Register Notice and

Summary Statement
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i ABSTRACT

! |
1

This report presents a summary of the activities related to Unresolved Safety
1ssue (USI) A-17, " Systems Interactions in Nuclear Power Plants," and alsoi

includes the NRC staff's conclusions based on those activities. The. staff's! technical findings provide the framework for the final resolution of this un-
j resolved safety issue. The final resolution will be published later asi NUREG-1229.
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*
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EXECUTIVE SUMMARY

!

The U.S. Nuclear Regulatory Commission (NRC) has concluded its technical eval-
: uation of Unresolved Safety Issue (USI) A-17, " Systems Interactions in Nuclear
^

Power Plants." This report summarizes the results of the technical activities
used by the NRC staff to formulate the final. resolution of USI A-17. The reg-
ulatory analysis for the proposed resolution of USI A-17 will be published i
later as NUREG-1229.

, ,

4 ;

Because of the complex, interdependent network of systems, structures, and-
components that constitute a nuclear power plant, the scenario of almost any
significant event can be characterized as a systems interaction. -As.1 result,

'

,

the staff determined that if the term " systems interaction" were inter,reted in<

a very broad sense, it became an unmanageable safety issue. To begin to address,

'

perceived safety concerns within this potentially broad subject-area requires i

some focusing. One way to focus such an effort is to develop a working set'of<
'

definitions based on the perceived safety concerns. It is recognized that by the
very nature of such a focusing effort, all concerns that one may characterize as

|
-

systems interactions may not be addressed. It is therefore extremely important ',

that the scope and boundary of the focused program be as clearly. defined and |
:

understood as possible. Then, if other concerns still exist after completion of'

; the program, they can be addressed as part of other efforts as deemed necessary. 1

The technical findings and conclusions presented in this document are based on
: the following definitions.
i

l
; (1) Systems Interaction (SI)
:

An action or inaction (not necessarily-a failure) of various systems (sub-.

systems, divisions,. trains), components, or structures resulting from a.|

single credible failure within one system, component, or structure and-:

propagation to other systems, components, or structures by inconspicuous
i or unanticipated interdependencies. The major difference between an SI

and a classic single-failure event is in those hidden or unanticipated as-
]. pects of the initiating failure and/or its propagation.
1

} (2) Adverse Systems Interaction (ASI)

A systems interaction that produces an undesirable result.4

4

j (3) Undesirable Result (Produced by sis)

This was defined by a list of the types of events that were to be consid-
ered in USI A-17:

Degradation of redundant portions of a safety system, including con--
.,

sideration of.all auxiliary support functions. Redundant portionss'

are those considered to be independent in the design and analysis'

(Chapter 15) of the Final Safety Analysis Report (FSAR) of the plant.
(Note: This would violate the single-failure criterion.)

i NUREG-1174 xi
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,

Degradation of a safety _ system by a system that is not safety '-

related. (Note: This result would demonstrate a breakdown in lpresumed" isolation.")

! Initiation of an " accident"-[e.g., loss-of-coolant accident (LOCA),_-

main steamline break (MSLB)] and (a) the degradation' of at least one
redundant portion of any one.of the safety systems required to miti-
gate that event (Chapter 15, FSAR analyses) or (b) degradation of
critical operator information sufficient to cause the operator to per-
form unanalyzed, unassumed, or incorrect action.

| (Note: This includes failure to perform correct actions because of-
'

incorrect information.)

Initiation of a " transient" (including reactor trip) and (a) the--;

| degradation of at. least one redundant portion of any one of the safety
systems required to mitigate the event (Chapter 15, FSAR analyses) )g (b). sufficient degradation of critical operator information to
cause the operator to perform unanalyzed, unassumed, or incorrect
action.

(Note: This includes failure to perform correct actions because of
incorrectinformation.)

Initiation of an event that requires plant operators to act in areas-

outside the control room (perhaps because the control room is be'ng!

| evacuated or the plant is being shut down) and disruption.of the
access to these areas (for example, by disruption of the security

,

system or isolation of an area when fire doors are closed or a sup-
| pression system is actuated).

The intersystem cependencies (or systems interactions) have been divided into
three classes based on the way they propagate:

'

(1) Functionally Coupled

Those sis that result from sharing of common systems / components; or phys-
ical connections between systems, including electrical, hydraulic, pneumatic,
or mechanical.

,

(2) Spatially Coupled
.

Those sis that result from sharing or proximity of structures / locations,
| equipment, or components or by spatial inter-ties such as heating, ventila-
! tion, and air conditioning (HVAC) and drain systems.

(3) Induced Human-Intervention Coupled

Those sis in which a plant malfunction (such as failed indication) inap-i

l propriately induces an operator action, or a malfunction inhibits an oper-
ator's ability to respond. As analyzed in A-17, these sis are considered
another example of functionally coupled ASIS.

!

! NUREG-1174 xii.
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(Note: Random human errors and acts of sabotage are excluded.)

As a result of the staff's studies of ASIS undertaken as part of its
search for a solution to the USI A-17 safety issue, the staff has concluded
the following:

(1) To address a subject area such as " systems interactions" in its broadest
sense tends to be an unmanageable task and therefore incapable of resolu-
tion. Some bounds and limitations are crucial to proceeding toward as

resolution. Considering this, the A-17 program utilized a set of working
definitions to limit the issue. It is recognized that such an approach

'

may leave some concerns unaddressed.

(2) The occurrence of an actual ASI or the existence of a potential ASI is very
much a function of an individual plant's design and operational features
(such as its detailed design and layout, allowed operating modes, proce-
dures, and test and maintenance practices). Furthermore, the potential
overall safety impact (such as loss of all cooling, loss of all electric
power, or core melt) is similarly a function of those plant features that
remain unaffected by the ASI. In other words, the results of an ASI depend
on the availability of other independent equipment and the operator's re-
sponse capabilities.

(3) Although each ASI (and its safety impact) is unique to an individual plant,
there appear to be some characteristics common to a number of the ASIS.

(4) Methods are available (and some are under development) for searching out
sis on a plant-specific basis. Studies conducted by utilities and national
laboratories indicate that a full-scope plant search takes considerable
time and money. Even then, there is not a high degree of assurance all, or
even most, ASIS will be discovered.

(5) Functionally coupled ASIS have occurred at a number of plants, but improved
operator information and training (instituted since the accident at Three
Mile Island) should greatly aid in recovery actions during future events.

(6) Induced human-intervention-coupled interactions as defined in A-17 are a
subset of the broader class of functionally coupled sis. As stated for '

functionally coupled sis, improvements in bo
operator training will greatly improve recov.th operator information andery from such events.

(7) As a class, spatially coupled sis may be the most significant because of
the potential for the loss of equipment which is damaged beyond repair. |In many cases these ASIS are less likely to occur because of the lower
probability of initiating failure (e.g., earthquake, pipe rupture) and the
less-than-certain coupling mechanisms involved. However, past operating

. experience highlighted a number of flooding and water intrusion events
and more recent operating experience indicates that these types of events
are continuing to occur.

|
(8) Probabilistic risk assessments or other systematic plant-specific reviews |

can provide a framework for identifying and addressing ASIS. '

,

'
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(9) Because of the nature of ASIS (they are introduced into plants by design
errors and/or by overlooking subtle or hidden dependencies), they will
probably continue to happen. In their evaluations of operating experience,
NRC and the nuclear power industry can provide an effective method for
addressing ASIS.

,

(10) For existing plants, a properly focused, systematic plant search for cer-
tain types of spatially coupled ASIS and functionally coupled ASIS (and
correction of the deficiencies found) may improve safety.

(11) The area of electric power, and particularly instrumentation and control
power supplies, was highlighted as being vulnerable to relatively signifi-
cant ASIS. Further investigation showed that this area remains the sub-
ject of a number of separate issues and studies. A concentrated effort to
coordinate these activities and to include power supply interactions could
provide a more effective approach in this area.

(12) For future plants, additional guidance regarding ASIS could benefit safety.

(13) The concerns raised by the Advisory Committee on Reactor Safeguards (ACRS);

on A-17, but which have not been addressed in the staff's study of A-17,
should be considered as candidate generic issues, separate from USI A-17.

;

,
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UNRESOLVED SAFETY ISSUE A-17: SYSTEMS INTERACTIONS IN NUCLEAR POWER PLANTS- ;

I

:

1 INTRODUCTION

In 1978, the NRC identified the area of systems interactions as an unresolved
safety issue (USI) and designated it as USI A-17, " Systems Interactions in
Nuclear Power Plants."

The origins of the concerns with: systems _ interactions go back'to 1974 when
the Advisory Committee on Reactor Safeguards (ACRS, Nov. 8,1974) expressed its
belief that the staff should give " attention to the evaluation of' safety sys-
tems and associated equipment from a multi-disciplinary point of view to :iden-
tify potentially undesirable interactions between systems." .

' It should be noted that the original concerns were raised in the context of i

~

standard plants (ACRS, Nov.-8, 1974). It was_ felt that with the prospect of-
many " identical" plants, significant additional efforts should be focused on
uncovering potential problems that may'arise because a nuclear power plant is
designed by groups of. engineers and scientists who. belong'to separate engineer-
ing and scientific disciplines. .It was recognized _that some interdisciplinary-
reviews were performed to ensure the compatibility of the plant's structures,
systems, and components; however, there remained some question regarding the
adequacy of these reviews. For standardized plants, it was believed that the
additional effort could provide significant benefits. In addition to the orig-
inal ACRS concern, some potentially significant events at operating nuclear
power plants have been traced to, or have been postulated to be the. result of,
a single common cause (as opposed to multiple independent causes). As a .
result, the required independence among the plant safety systems and_the inde-
pendence of the safety systems from the systems not related to safety:have been
questioned. Because of the original ACRS concern and because.some significant
operating events took place as a result of unexpected interdependencies|among
the various plant systems, components, and structures, USI A-17 was developed.
to address the area of systems interactions. (Note: The program designed to
address systems interactions will not address'aTT events resulting from a single
common cause.) For further clarification,-see Sections 2 and 3 of_this report.

'

In 1979,- an accident at the Three Mile Island Nuclear Station, Unit 2 (TMI-2)
led to issuance of NUREG-0660, "NRC Action Plan Developed As a Result of the
TMI-2 Accident," which identified TMI' Action Plan Item II.C.3, " Systems Inter-
action," for the purpose of coordinating and expanding the staff's work on
systems interaction (USIJA-17) and to incorporate that work into an integrated
plan for addressing the broader. question of systems reliability in conjunction
with IREP (Interim Reliability Evaluation Program) and other efforts.- The.TMI-2
Action Plan also' stated: "As these programs go forward, there will'be a con-
scious effort to coordinate these activities, including possible combination of
resources, to eliminate unnecessary duplication." As stated in the Task Action
Plan (. TAP) for USI A-17 (NUREG-0649), the resolution of USI A-17 has considered
the activities described in Item II.C.3.

'NUREG-1174 1
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The A-17 program has been designed to establish whether or no't there 'are sig- ;

nificant generic safety concerns in the area of systems interactions, and then;
!

| if there are such concerns, to develop ways to identify these concerns and
i address them.
:
'

2 BACKGROUND

!I The term " systems interaction" has never been precisely defined, and, as a |i result, the investigation into the concern has suffered from a lack of a clear
i: focus. At times, A-17 was becoming a " catch all" category for almost all sig- |'

nificant events that occurred at operating reactors. The term has often been
used interchangeably with other' terms such as " dependent failures," "propagat-

! ing failures," " common-cause failures," and " common-mode failures." To address !

} what was perceived to be the original concern, and to address:some of the sig-
i

i nificant types of events that have occurred, the A-17 program has been provided .)j with a set of working definitions (see Section 3, " Definitions and Scope").
:

} The. definitions attempt to clarify the specific types of phenomena or events'

that dre of interest in A-17 and to separately classify other phenomena or |
events considered outside the scope of A-17.

; 3 DEFINITIONS AND SCOPE

i One of the largest efforts in focusing all of the various tasks related to sys-
; tems interactions was'in the development of a workable set of definitions. The
! definitions, and associated clarifications, were drawn from the.large amount of
i information previously developed in A-17 (before 1983). The definitions at-! tempt to clarify the specific types of phenomena or events that are of inter-
! est, i.e., those that represent unanticipated,-adverse interactions among
; " systems" where systems can be-structures, systems, or components. The.defini-

tions also attempt to separately classify other types of events which,-although !
; .

they may be significant, are not addressed in A-17. Table 1 is included to
a

summarize the scope and bases of the USI A-17 issue.
:

!- The definitions presented here parallel those in the NRC Task Action Plan '

| (NUREG-0649); however, the term " common-mode failure" has been dropped and fur-
i ther clarifications have been added. In developing the definitions, the main

:

objective was to acknowledge that a great amount of concern exists regardingi

i events in which a scenario progresses to an undesirable set of circumstances
and the cause can be traced to a single common cause (common-cause events),3

involving an equipment malfunction or failure and its propagation.
.

i After tracing the origins of the systems interaction concern as expressed by
the ACRS and then also considering the changes that have been taking place in:

j: the nuclear industry over the last 10 years, it was decided that a classifica-
I

tion needed to be created to make the. problem of " systems interactions" more
tractable and also to take credit for other activities which will cover areas'
that one might argue should be included in A-17. Some of the changes that

; have been acknowledged include

(1) greater attention to human factors or the man / machine interface in all
aspects of nuclear power plant design and operation

4

.'

: NUREG-1174 2
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Table 1 Scope of USI A-17, " Systems Interactions": General subject area
.

involves system failures which are due to system dependencies '
,

Concerns Covered by Clarification
,

| (1) Recognized / analyzed single Existing regulations Not analyzed in
j failures directly propagate Single failure A-17-
' to other equipment / systems defined in the GDC

within the same safety ;
'

j division '

i 1

; (2) Single failures subtly USI A-17 definition
! propagate to cause plant of adverse systems I

transints/ accidents interactions !i and/or degrade the
!required 'afety systems. )

Includes:>

4 Subtle spJ.ial interties i

; Subtle functional
i interties
4
'

(3) Common failure of redun- Improvements in main- Not analyzed in
dant safety systems due to tenance and test A-174

commonalities such as: procedures, ATWS rule,,

| Same manufacturing A-44 proposed rule
defect;

j Same testing error
: Same maintenance error

I (4) Operator errors that dis- Improvements in oper- Not analyzed in
able redundant safety ator training A-17
systems

(5) Events that could cause USI A-46 plus current Not analyzed in ,

..ultiple plant problems licensing requirements A-17, except for '

simultaneously: cover earthquakes internal flooding /.

i Particularly earthquakes water intrusion
Also fire and pipe break / Appendix R deals with events occurring
flooding fire one at a time

i Equipment qualifica-
: tion rule (10 CFR

50.49) deals with
design-basis pipe breaks

None of these programs<

deals with multiple,-

simultaneoes events.
Therefore, this area is

: to be furthar evaluated
under the Multiple System

; Responses Program.

i NUREG-1174 3.
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(2) use of probabilistic risk assessments (PRAs) in safety analysis

(3) increased attention to operating events.

The resulting classification scheme outlines a number of different types of
common-cause events, only one set of which was defined to involve " adverse sys-
tems interactions." The other single cause events involve mostly common char-
acteristics of the equipment (e.g., single manufacturer, common maintenance
practices and personnel, common testing practices and personnel).

3.1 Systems Interactions

The definition used here is: Actions or inactions (not necessarily failures)
of various systems (subsystems, divisions, trains), components, or structures
resulting from a single credible failure within one system, component, or struc-
ture and propagation to other systems, components, or structures by inconspic-
uous or unanticipated int'rdependencies. The major difference between this
type of event and a class, single-failure event is in those aspects of the
initiating failure and/or los propagation that are not obvious (that are hidden
or unanticipated).

Systems interactions (sis) also can involve systems related to safety and sys-
tems not related to safety. A large part of the problem in addressing sis
stems from the fact that, in any nuclear power plant, many systems are intended
to interact and are so designed. For example, one division of the safety related
component cooling water system is designed to interact with (that is, cool) a
number of other safety related systems in that division as well as possibly
some systems not related to safety. Similarly, one division of the Class 1E
electric power system is designed to interact with a number of safety related
systems in that same division as well as possibly with some equipment not re-lated to safety. If these support-type systems do fail, the supported system
will also most likely fail or at least will operate improperly.

Although these examples involve interaction of systems and even could be con-
sidered adverse systems interactions, they are not the kinds of interactions
of concern in USI A-17, because this type of interaction is expected and the
potential for such failure propagation is within the typical analysis and
assumptions for a single failure. To differentiate among all the potential
" systems interactions," the A-17 Task Action Plan added the aspect of " adverse"
to further pinpoint the issue.

3.2 Adverse Systems Interactions

The definition used here is: A systems interaction that produces an undesirable
result, as defined by a list of the types of events to be considered in the
A-17 program (see below).

The list was created on the basis of perceived safety concerns in the broad

area of systems interactions for the purpose of cap' undesirable" instead ofturing potential adverse
systems interactions, and therefore terms such as
" unacceptable" and " degradation" instead of " failure" were used.

NUREG-1174 4
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(1) Degradation of redundant portions of a safety system, including consider-
ation of all auxiliary support functions. Redundant portions are those
considered to be independent in the design and accident analysis
(Chapter 15, FSAR analyses) of the plant.

(Note: This would violate the single-failure criterion.)

(2) Degradation of a safety system by a system r,ot related to safety.

(Note: This result would demonstrate s breakdown in presumed " isolation.")

(3) Initiation of an " accident" [e.g., loss-of-coolant accident (LOCA), main
steamline break (MSLB)] and (a) the degradation of at least one redundant.

portion of any one of the safety systems required to mitigate that event
(Chapter 15, FSAR analyses) or (b degradation of critical operator infor-
mation sufficient to cause tM ope)rator to perform unanalyzed, unassumed,
or incorrect actions.

(Note: This includes failure to perform correct actions because of
incorrectinformation.)

(4) Initiation of a " transient" (including reactor trip) and (a) the degrada-
tion of at least one redundant portion of any one of the safety systems
required to mitigate the event (Chapter 15, FSAR analyses) or (b) degrada-
tion of critical operator information sufficient to cause t M operator to'

perform unanalyzed, unassumed, or incorrect actions.

(Note: This includes failure to perform correct actions because of
incorrect information.)

(Note: Undesirable results 3 and 4 are included because of the concerns re-
garding possible breakdowns in defense-in-depth principles. If a link is found

~

between the initiation of a event and the systems designed to mitigate that,

event, then the probability of an event sequence progressing to core melt may
be greater than originally believed.)

(5) Initiation of an event that requires plant operators to act in areas out-
side the control room area (perhaps because the control room is being evac-
uated or the plant is being shut down) and disruption of the access to
these areas (for example, by disruption of the security system or isolation
of an area when fire doors are closed or a suppression system is actuated).

The intersystem dependencies (or systems interactions) have been divided into
three classes, based on the way they propagate:

(1) Functionally Coupled

Those sis that result from sharing of common systems / components; or physical
connections between systems, including electrical, hydraulic, pneumatic, or
mechanical.

NUREG-1174 5
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(2) Spatially Coupled

Those sis that result from sharing or proximity of structures / locations,
equipment, or components, or by spatial inter-ties such as heating, ven-
tilation, and air conditioning (HVAC) and drain systems.

(3) Induced Human-Intervention Coupled

Those sis that result when a plant malfunction (such as failed indication)
inappropriately induces an operator action, or when a malfunction inhibits
an operator's ability to respond. As analyzed in the study of USI A-17,
these sis are considered another example of functionally coupled ASIS.

(Note: Random human errors and acts of sabotage are excluded.)

3.3 Other Common-Cause Events

Multiple failures resulting from a single commo cause and typically charac-
terized by the failure of identical components in redundant safety systems will4

not be addressed in the A-17 study. Such multiple failures can be traced to
external events; manufacturing and installation errors; or to operation, test-
ing, and maintenance errors.

The usual design practice for safety systems is to satisfy the single-failure
criterion by providing identical, redundant safety systems which are subjected
to common environmental events and made, installed, operated, tested, and
maintained in common. Therefore, the potential for these types of " failures"
results from a recognized compromise in independence (see 10 CFR 50, Appendix
A, " Introduction to the General Design Criteria") and is addressed in a number

.

of ways, and in some cases without specific identification. Some of the ways
in which this other class of failures / errors is addressed are discussed in the
four paragraphs that follow.

To obtain protection from possible failures induced by a component's environ-
ment, including failures resulting from external events, the components of the
safety systems are designed, qualified, and installed to be immune to such an-
ticipated challenges.

To obtain immunity to failures, including failures resulting from manufacturing
and installation errors, the safety-related systems, structures, and components
are subjected to various quality control and quality assurance programs which
include comprehensive testing requirements at all phases of construction and
pre-operation. Major improvements in the area of quality assurance have been
made at the utilities.

Protection from failures attributed to errors by operators, technicians, and
maintenance personnel can be obtained through adequate training and good proce-
dures for all aspects of operation, testing, and maintenance. The staff is
instituting major programs to address all of these areas (see NUREG-0985).

Other provisions may be utilized for protection against these types of common-
cause failures. One design technique which is utilized is diversity. An exam-
ple of such an application by the staff is a portion of the requirements which
resulted from the Salem anticipated transient without scram (ATVS) event
(NUREG-1000). As part of the resolution, it was concluded that consideration
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should be given to providing a diverse breaker trip scheme. Although such
cases have been addressed on an individual basis, the concept of diversity is
cited in the regulations (e.g., General Design Criterion (GDC) 22).

3.4 Clarifications

Some additional clarifications are included here to address the areas that tendto be the hardest to classify. First, events induced by operator error will be
discussed and then events involving external phenomena and other major plant-
wide events will be discussed. Classic single failures vs. adverse systems in-
teractions will be discussed. Also, the concept of frontline and support sys-
tems will be presented.

3.4.1 Operator Error

For purposes of studying USI A-17, plant operators and their procedures were
assumed to be perfect. This assumption allowed the staffato focus on only the
area of the adequacy of the information presented to the c,erator by the plant
display systems, as outlined in induced human-intervention coupled sis. There-
fore, the operator was treated as a hardwired link that performed perfectly.
As stated earlier, other programs involving human factors were considered more
suited to addressing the possibility of operator error, test and maintenance
errors, and procedure deficiencies (see NUREG-0985).

3.4.2 External Events

One of the most difficult areas to classify for purposes of studying USI A-17
is external events. In general, external events such as tornadoes and earth-
quakes are not addressed in the A-17 program. It is recognized that external
events could initiate other common-cause failures, as stated in Section 3.3
above.

It is also recognized that, with respect to non-seismically qualified or non-
safety-related equipment, an external event such as an earthquake could be the
cause of the single initiating failure in an adverse systems interaction se-
quence. In that limited sense, external events were considered. The group
engaged in the A-17 program did not consider the potential for an external
event to cause simultaneous multiple initiating failures and systems responses.
For more discussion of major plantwide events and the potential for multiple
systems responses, see Section 3.4.3 which follows.

3.4.3 Major Plantwide Events and the Potential for Unanalyzed, Nonconservative,
Multiple Systems Responses

During discussions with the ACRS, some disagreements over the scope of the
A-17 program were noted (ACRS, May 13,1986).

In later discussions with the ACRS, the concerns were developed further. The
analysis for plant events (such as earthquakes, fires, LOCAs, and floods)
involve a number of assumptions. These assumptions often include certain
aspects which the ACRS believes may not be conservative. The first aspect
involves the assumptions that the events themselves are not linked, that is

NUREG-1174 7
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an earthquake does not start a fire, a fire does not cause a LOCA, etc. The
ACRS is concerned that such assumptions are neither realistic nor conservative.

The second aspect involves the assumption that if a component is not specific-
ally required to function for the mitigation of an event, then it is assumed
to be disabled or inoperable. Again, the ACRS is concerned that such assump-
tions are not conservative because if the specific failure modes of the com-
ponent are considered, the component could spuriously perform some detrimental
action which could affect the ability to mitigate the event and/or to achieve
safe shutdown.

The above concern involving specific failure modes includes the added aspect
that systems and components are generally assumed to be either Jully operable
or totally inoperable, as if only two possible states existed. ,s a result,.

ACRS believes that there is also the potential that partial failuies, which do
not result in total loss of function could lead to some unanalyzed systems,

action which in turn may adversely affect the event mitigation andh the
ability to achieve safe shutdown. The ACRS believes that failures or 7artial
failures could occur simultaneously in multiple systems, if the initiai.ing
event is of a sufficiently broad nature, such as an earthquake, fire, or flood.i

The staff studying USI A-17 has not addressed the potential for major events
causing other events nor has it addressed the multiple failure concerns ex-
pressed by the ACRS. It is recommended that these issues be addressed as
separate potential generic issues.-

3.4.4 Single Failures vs. ASIS

An important aspect of the A-17 group's definition of sis and ASIS is the unan-
ticipated or hidden nature of the dependency. It is acknowledged (and therefore
not " unanticipated") that certain design features do not have redundancy.
E amples are the reactor vessel itself and the refueling water storage tank at
some pressurized-water reactors (PWRs). Clearly, a failure of these could lead
to an undesirable result; however, A-17 does not intend to deal with these
common causes because they are not hidden or " unanticipated." The other impor-
tant aspect involves a similar problem area. A problem arose because once an
ASI is identified, it looks like a classic single failure and one could then
argue that it is, therefore, not an ASI, just a single failure. This aspect
was very critical in the operating experience search. That part of the program
relied heavily on the consensus of a number of people familiar with operating
events and plant design and, therefore, keenly attentive to " surprises" such as,

unanticipated couplings or dependencies. This " judgment" aspect has led to at
least one noted disagreement involving power sources and the results that one
would anticipate or expect from a single failure in a Class 1E power source.
An analyst or engineer familiar with nuclear power plant systems, and particu-
larly with the instrumentation and control power systems and electric power
systems, may expect one set of results (which would meet all other aspects of
the ASI definition); another analyst or engineer may find the results unex-
pected. Therefore, some events involving loss of instrumentation and control
power supplies may not have been captured during the initial screening of the
licensee event report (LER) data base. Because of its possible importance, as
outlined in related Generic Issue (GI) 76 (NUREG-0933, Rev. 2) and as stated
by the NRC staff (NRC memorandum, September 18, 1984), further specific work
was undertaken in this area (see Section 5.4 below).
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3.4.5 Frontline and Support Systems

During the review and evaluation of systems interactions, the group studying
USI A-17 acknowledged that there may be a difference in the way the frontline
systems, such as emergency core cooling and reactor protection systems, are
treated and the way the support systems, such as component cooling water and
heating and ventilating systems, are treated. The frontline systems usually
receive thorough scrutiny in the licensing process because of the number of
specific criteria which are clearly applicable and also because these areas of
the plant tend to be more standardized among plants (at least regarding any
specific nuclear steam system supplier).

The support systems, on the other hand, are often less standardized and in many
cases are more complex and pervasive, so that they not only interface with
multiple frontline safety systems and other safety-related support systems, but
also may interf' ace with functions not related to safety. As a result, support
systems may require greater scrutiny for adverse systems interactions.

3.5 Summary and Conclusions

The resolution of USI A-17 involves those types of common cause events which
are classified as adverse systems interactions subject to the above definitions
and classifications.

On the basis,of all work that has been and is being performed in the resolution
of A-17 and with the objective of resolving A-17 in a defined time frame, the
staff concluded that a working set of definitions was crucial to the A-17
program. Therefore, the staff focused its A-17 task on certain types of phe-
nomena and scenarios and left other areas to other programs and issues.

4 AVAILABLE METHODS FOR IDENTIFYING SYSTEMS INTERACTIONS

As a related effort to the investigation of the nature and potential safety
significance of adverse systems interactions, the group engaged in the A-17
program explored a number of methods that appeared to offer the potential for
finding ASIS. The purpose of this part of the program was to determine the
effectiveness and the resource requirements of potential ASI search methods and
to make recommendations regarding possible search methods if it was concluded
that a search was necessary.

See of the information on methods is reported in other sections of this report
(e.g. , cigraph matrix analyses, Section 5.3; interactive fault tree and failure
modes and effects analyses, Section 5.3; operating experience search, Sec-
tions 5.1.1, 5.2.3, 5.2.5, 5.2.6, and 5.4; onsite inspections, Sections 5.1 and
5.6; and PRAs, Section 5.5). This section of the report also addresses some of
these methods, combinations of these methods, and other methods, and then draws
some general conclusions.

ORNL (NRC, NUREG/CR-4261) reviewed and identified four classes of qualitative
analyses techniques that can be used to identify possible systems interactions.
Each class of techniques would be appropriate for different aspects of a systems
interaction search (see Table 2). In addition, there are distinct advantages
and disadvantages in performing each class of techniques. The four basic
classes are
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Table 2 Analysis methodologies available to identify types of Isystems interactions
!Types of systems interactions

identified by methodologies i
Analysis methodologies
available to identify Induced human-
systems interactions intervention- I

Functional Spatial coupled
Operating experience review X X X
Plant walkthrough X

Preoperational testing X

Failure modes and effects
analysis X X X 1

Design review X X X |Decision table X X
'

System state enumeration X
Binary matrix X X
Digraph matrix X X X
Event tree analysis X

Fault tree analysis X X X
GO methodology X X

,

Sneak-circuit analysis X !Generic analysis X X

,

(1) operating experience reviews !
(2) onsite inspections
(3) analysis by parts
(4) graph-based analyses

Each class of techniques is composed of one or more different analysis method-
ologies. Each class of techniques is discussed below, and information is pro-
vided about the individual methodologies in the class. (For a list of some
associated references for each technique, see NUREG/CR-4261.)

Some combination of these analysis techniques could be used to perform a sys-
tems interaction study or could be incorporated into a systematic study such
as a probabilistic risk assessment (PRA) to identify functional, spatial, or
induced human-intervention-coupled systems interactions.

4.1 Operating Experience Reviews

The NRC staff currently requires operating experience review " programs" for
each nuclear power plant licensee (TMI Action Plan Item I.C.5). The NRC and
industry also sponsor their own reviews of operating experience (see
Section 5.4). The objective of all of these programs is to learn from events
that have already occurred, or have the potential to occur, at operating nuclear
power plants. The history of events at plants under construction is also re-
viewed. The potential benefit of operating experience reviews is to eliminate
recurring problems. For systems interaction purposes, this may allow previ-
ously unanticipated dependencies to be identified before any serious safety
consequences occur.

NUREG-1174 10



.

To benefit from the review of operating experience, reliable sources of data
on events must be available. For a specific plant, this includes both onsite
sources (deficiency reports, operating logs, work orders, etc.) and documents
prepared for submittal to outside agencies (licensee event reports (LERs),
significant event reports, Nuclear Plant Reliability Data System (NPRDS) failure
reports,etc.) The data sources that contain information on events from many
plants include the NRC's LER files, Institute of Nuclear Power Operations (INPO)
operating experience systems, and various other industry working groups (vendors,
technical societies, etc.).

Once a source of operating experience is chosen, proper review requires the
services of experienced personnel. The reviewers need to be familiar with
the facility for which the review is conducted; reviewers also need to be
cognizant of_ the similarities and differences between that facility and those
facilities at which the events occurred. This knowledge is essential in de-
termining whether the events apply to the plant for which the review is being
performed.

A key to performing effective operating experience reviews is to carry the
evaluation beyond simply asking, "What would happen in our plant if the exact
same conditions occurred?" It requires the personnel to consider two other
questions:

(1) Can this systems interaction occur at our facility under any conditions?
,

(2) If such an event occurred at our facility, are the consequences
unacceptable?

If the answer to both these questions is "yes," then further evaluation (and
subsequent resolution) of the potential problem is required.

Operating experience reviews can examine the potential for certain systems
interactions (i.e. , those interactions that have occurred previously). Since
the NRC requires ongoing operating experience reviews, it would be simple and
inexpensive to include the identification of systems interactions as one of the
objectives of the reviews. The recognized shortcomings of operating experience
reviews are that the reviews (1) are not fully predictive and (2) are very de-
pendent on the experience and training of the review staff. Operating experi-
ence reviews can provide insights into functional, spatial, and induced human-
intervention-coupled systems interactions.

4.2 Onsite Inspections

Onsite inspections are used to identify differences between the as-built condi-
tions and the design conditions. They can also examine undesirable situations
(i.e. , proximity, seismic interaction, etc.) that may not be apparent from de-
sign documentation. This class of techniques incorporates the experience and
knowledge of plant personnel into the analysis. Onsite inspections can also be
used to identify areas in which the environmental conditions within the plant
are hazardous to equipment or in which adverse changes have been made in the
plant's equipment configuration (because of maintenance or upgrading). Two types
of onsite inspection methodologies were identified: plant walkthroughs and
preoperational testing.

NUREG-1174 11
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4.2.1 Plant Walkthroughs

Plant walkthroughs are used to identify potential spatial systems interactions-

and to visually inspect safety-related components and systems in their as-built'

configuration. Consequently, walkthroughs are used to identify those systems
interactions that were overlooked during plant design or that were generated

]during plant construction.

Consumers Power Company developed a plant walkthrough program at its Midland
Nuclear Power Plant, Units 1 and 2 (Consumers Power Company, June 1983) to I

determine the potential for spatial systems interactions. The program consisted |of: (1) combined proximity for seismic Category I and II components, systems,
and structures, (2) high-energy line break hazards, (3) internal missiles, and4

; (4) flooding. The function and team composition for each of these walkthroughs
were varied to be appropriate for each specific type of systems interaction.
Consumers Power Company also developed a supplemental walkthrough program that
addressed (1) fire protection, (2) stress, (3) thermal growth, (4) system or
area turnover walkthroughs, and (5) potential concerns discovered during pre-
operational testing of systems,

i

Plant walkthroughs to identify potential systems interactions have also been
performed at Diablo Canyon Nuclear Power Plant; San Onofre Nuclear Generating
Station, Units 2 and 3; Zion Nuclear Plant; and Indian Point Station, Unit 3.
These walkthroughs were structured to identify spatial systems interactions.

|

The advantages of plant walkthroughs include: (1) They can focus on bad design,
construction errors, maintenance errors, and conditions for common failure and
(2) They utilize the knowledge of experienced plant personnel. |

|4.2.2 Preoperational Testing j

Preoperational testing is used to demonstrate the operability of the nuclear
steam supply systems, the auxiliary systems, and related secondary systems. t

All licensees are required to successfully complete a preoperational testing |program before a full power license can be issued. This testing program demon-
strates the capability of items of equipment (and systems) to meet their design
performance and safety criteria. However, preoperational tests can specifi-
cally test how systems interact (in some cases existing tests already do this).
For example, a diesel generator operability test should include sequencing the
diesel generators onto the emergency power buses. There are many cases in which
a test specifically designed to test for systems interactions could confirm the
absence of unacceptable interactions during specific operating modes.

The advantages of preoperational testing include: (1) The tests can provide a
baseline of operating data from which future operational anomalies may be iden-
tified, (2) They provide further confidence in the analytical results and func-
tional capabilities of the systems, and (3) They have the potential to identify
functional interactions.

A disadvantage is that they cannot typically identify spatially coupled
interactions.
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4.3 Analysis by Parts

The third class of techniques available for identifying systems interactions is
analysis by parts. Analysis-by parts techniques are more analytically oriented
than the previously discussed classes of techniques, but they are also less
comprehensive than the graph-based analyses discussed in Section 4.4.
Five methodologies were identified as analysis-by parts techniques:

(1) failure modes and effects
(2) design reviews
(3) decision tables
(4) system state enumeration '

(5) binary matrix

Analysis by parts requires the analyst to examine the causes of a given event
or to develop credible conditions under which an undesirable event could occur. ,

|

Consequently, a problem is not evaluated from a total system perspective. In-
stead, direct causes of subsystem or component failures are identified and theA

o consequences of these failures are examined. Since these techniques are used
to look for direct causes, they are not exhaustive in that regard.

Several advantages of this class of techniques are: (1) They require less
effort to perform than the graph-based analyses (at the price of less complete
coverage), (2) They are relatively simple to perform, (3) They are useful for
detecting local effects, and (4) They require the analyst to look systemati-
ically at the failure of each component. Disadvantages of this class include:
(1) They usually capture only local effects, (2) They depend on the creativity
of the analyst, (3) They have a limited amount of predictive strength, and (4)
They are generally used in support of other classes and frequently address the
same type of systems interactions as the graph-based methods. Each of themethodologies is discussed below.

4.3.1 Failure Modes and Effects Analysis

Failure modes and effects analysis (FMEA) is an inductive analysis method that
is generally applied at the component level. As such, it examines a component
to determine how it would fail (mode) and what would result (effect). An FMEA
generally does not examine the causes of the failure extensively but may be
employed to identify failure modes whose effects are severe enough to warrant
further analysis.

The FMEA identifies failure modes for components of concern and traces their
effects on other components, subsystems, and systems. Emphasis is placed on
identifying the problems that result from hardware failures, . operator errors,
etc. Typically, a column format is employed in an FMEA. Specific entries for
the columns include descriptions of the component, its failure modes, possible
failure causes, possible effects, and actions to reduce the failures and their
consequences. By further examining the causes of the failures, possible
common-cause mechanisms may be identified.

An FMEA is traditionally developed at the component level. However, an FMEA
can also be applied at the subsystem or system level to trace interactions and
their effects on plant safety functions and, eventually, on plant safety itself.
In addition, the effects of the failure modes (whether at the component or
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i system level) must be considered _ for all' plant operational modes and'the analyst.:
1 must also consider the possibility of other components undergoing _ test and-

maintenance.

4.3.2 Design Reviews j
i Design reviews are performed to ensure that the safety system independence and

functional design criteria-have been met or exceeded. .The procedures for:,

performing.them vary, and are specific to the design organization. : Design re-
views are generally performed by a diversified group of experienced designers Icalled a design review team. Using the design.-criteria or' specifications for !

: the systems, the team reviews available documentation such as control schemat- C

ics|layoutdrawings,''as-builtdrawings,and-pipingandinstrumentation:dia. O

'

grams. The team then identifies design. deficiencies, includingipotential.- '

3ystems interactions.- The team'also recommends: actions or design changes that
"

- may. correct the design deficiencies and. eliminate potential / systems interac-
ti*ns. An advantage of using design reviews to identify potential systems;in -
ter. ..tions. is that they can provide early-identification. One disadvantage is -;

2- that as-built drawings are frequently not available or
Also, it is difficult;to ensure the comprehensiveness o.are not up_to date.f design reviews.

4.3.3 Decisioni. Tables
.

Decision tables are _used to describe each possible output state' of a compo--
nent. . The output states are a function of the inputs and_ internal; states
(_ operational or failed states) of the components.. Decision' tables can.han-
die binary and nonbinary logic (i.' . , components with two or mo're states).e

To construct.a decision table, _the analyst divides the system?into levels of .|components or subsystems. Once the system has'been. divided into-levels,.the -|
analyst needs to perform three basic steps:

Step 1 The analyst constructs the decision tables.beginning with the compo-
. nents of the' lowest levels (i.e.,'the simpler components of the jsystem). ~

H,
'

Step 2 The outputs'of the tables from Step 1; constitute the inputs of the
decision tables for the next higher level.

,

Step 3 Step 2 is repeated for each higher level until the decision table of-
: the system is formed.

,

This methodology can be used to identify common-cause failures',Lsince they are
"

the' inputs._that are carried through several levels.

One advantage of constructing. decision' tables is that they not only model.hard-
ware failures, but model _ human actions and interactions 1as well.- .However, 1
decision tables are not a stand-alone method and are generally used to' aid in

, constructing fault trees.

4.3.4 System State Enumeration

In a system state enumeration analysis, all of the system states are generated
and recorded in a table format by considering all possible combinations' of

r
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component states. After this is completed, each system state is individually
examined for dependencies between component states. From a qualitative point
of view, this analysis is equivalent to an event tree analysis.

.

|
|

An advantage of system state enumeration is that it is a fairly complete quali-
tative method. However, a complete qualitative system analysis would include |
an FMEA for each state. Also, for complex systems, enumerating all potential |

component states can be an overwhelming task.

4.3.5 Binary Matrices
1

Binary matrices use hierarchies to portray the dependencies between components.
A binary entry in each intersection of the matrix indicates whether or not the
components are dependent upon each other. The binary entry indicates that the
component on the left of the matrix (row) is dependent upon (receives support i
from) the component listed at the top (column). The matrix is not limited to '

components. The entity of interest could be maintenance, a physical location,
a system trai:, etc. A set of binary matrices that represent more than one
independent system is used to generate digraph matrices.

One advantage of binary matrices is that the analyst need only supply direct
relationships between individual items (components, subsystems, etc.). A com-
puter code can then be used to deduce subsequent relationships. A second ad-
vantage of binary matrices is that the components can be listed in any order in
the matrix.. In addition, the use of binary matrices forces the analyst to
identify all supporting systems or components. This aids the analyst in devel-
oping fault trees, digraph matrices, etc.

4.4 Graph-Based Analyses

The last class of analysis techniques is graph-based analyses. Graph-based
!

analyses are comprehensive within a given set of boundary conditions and are |

used to represent the logical relationship among those components (or systems)
whose failure can lead to a specific undesired event. These relationships are
captured in the graphic model. All of the potential failure modes (within the
scope of the analysis) are then identified by using computers to generate the
combinations of component and human failures that contribute to the undesired
event.

Advantages of this class of techniques include: (1) the ability to cover low-
frequency events systematically, (2) the ability to deal with complex systems,
(3) the ability to evaluate shared support systems, and (4) the ability to iden-
tify common-cause failures. Disadvantages of these techniques include:
(1) their limited ability to analyze human interface, (2) their complexity, and
(3) their expense when performed at a detailed level (probably the level needed
for an ASI study).

Six methodologies were identified as graph-based analysis techniques:

(1) digraph matrix
(2) event tree
(3) fault tree
(4) G0 methodology
($) sneak circuit
(6) generic analysis
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4.4.1 Digraph Matrix Analysis

Digraph matrix analysis (OMA) utilizes a success tree that includes all sys-
tems and/or components (elements) involved in an accident sequence. This suc-
cess tree includes subsystems and support systems as elements. A binary matrix
(known as an adjacency matrix) is produced from the success tree that contains;

. information about the relationship between these elements. This binary matrix'

is then converted to a dual-digraph matrix by changing all "or" gates to "and"
gates and "and" gates to "or" gates. Cutsets or failure combinations are then
obtained from the dual digraph. The cutsets are then evaluated for systems

'

interactions. The steps involved in performing a DMA are:

First, the analyst selects the combinations of systems of interest for a de-
tailed evaluation. (This is equivalent to the PRA event tree analysis de-
signed to find accident sequences.)

Next, the analyst const ucts a single-digraph model for each accident se- |

quence. This is a graph approach that allows the analyst to develop a bi-
,

nary matrix (adjacency maorix) of elements that have direct influence on an
|element of higher order.
|

4

The analyst can then partition digraph models into independent subdigraphs to |
find the cutsets. Computer codes are available that identify the cutsets. j

iFinally, the analyst can evaluate cutsets on the basis of probability and dis- !

play answers for both top event and cutset probabilities.

Some advantages of a digraph matrix analysis include:
,

(1) The construction of the logic model is performed directly from plant sche- |

matics (piping and instrumentation diagrams, electrical schematics, safety
logic diagrams, etc.). The resulting model can be overlaid on the plant
schematics; thus, the model can be readily understood, reviewed, and
corrected.

!

(2) The digraph can represent physical situations that are cyclic. {

(3) DMA computer codes can process very large models. An entire accident se-
quence consisting of several safety systems and their support systems is
modeled as a single digraph.

(4) The binary matrix indicates all levels of subordination, but only direct
first-level relationships must be provided. Computer codes deduce any
consequent levels of subordination.

|

(5) An element of the matrix can be any entity of interest (e.g. , an entire
system, a system function, component, or maintenance crew). Elements of
any level of detail can be intermixed.

Disadvantages of a digraph matrix analysis include:

(1) There are few trained analysts and few available computer codes that can
be used to develop and subsequently apply the analysis.
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(2) For certain types of logic diagrams, the analyst's attempt to be more com-
,

plete can lead to computer limitations. |

4.4.2 Event Tree Analysis

Because nuclear power plant systems are so complex, it is not feasible to write |
down by inspection a listing of important accident sequences. Therefore, a
systematic and orderly approach is required to properly understand and identify |the many factors that could influence the course of potential accidents. This I
approach involves developing an event tree. An event tree is an inductive logic
model that sequentially models the progression of events (both failure and
success) from some initiating event to a series of logic consequences. An
event tree begins with an initiating failure, and it maps out a sequence of
events of the system level that forms a set of branches. Each of the branches |

represents a specific accident sequence. A complete event tree analysis re- I

quires the identification of all possible initiating events and the development
of an event tree for each event.

Event trees are normally used to model events having binary failure states.
These events usually correspond to total success or failure of a system. Event
tree analysis is a useful tool for systems interaction analysis when used with
other techniques such as fault tree analysis.

4.4.3 Fault Tree Analysis
.

Fault tree analysis is a deductive failure analysis that focuses on an unde-
sired event and provides a method for determining causes of this event. The
undesired event constitutes the top event in a fault tree diagram. Careful
choice of the top event is important to the success of the analysis. A fault
tree analysis describes an undesired state of the plant or system (usually an
undesired state that is critical from a safety viewpoint) and analyzes the
plant or system to find all credible ways in which the undesired event can oc-
cur. The fault tree is a graphic model of the combinations of faults that
will result in the occurrence of the undesired event. The faults can depict
hardware failure, human error, system failures, external events (e.g., earth-
quakes or internal fires), or other events that can lead to the undesired event.

A fault tree is not a model of all possible plant or system failures or all
possible causes for failure. A fault tree is tailored to its top event and
includes only those faults that contribute to the top event. The fault tree
is not quantitative; however, the results can be evaluated quantitatively. In
fact, the fault tree is a convenient model to quantify and, along with event
trees, has formed the structure for almost all of the PRA studies performed
for the nuclear industry. As a result, a large number of people in the nuclear
industry are experienced in developing and/or using fault trees.

A formalized combination of event trees and fault tree analyses is called a
cause-consequence analysis. The event trees are used to determine the sequence
of events that can lead to the consequences of interest. Event trees are de-
veloped for several different initiating events (usually LOCAs and transients).
The fault trees are then used to model the causes of the event sequences. The
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causes of the event sequence failures can be modeled as system failures or com-
ponent failures. However, if failure data are lacking on the system level, the
causes would be modeled on the component level where such data are usually
available. Hence, the results of a cause-consequence analysis are both quali-
tative and quantitative.

Two advantages of performing a cause-consequence analysis are: (1) the method
is better suited for identifying potential system dependencies on the component
level than is the event tree alone and (2) for fault trees alone, the dependen-
cies are shown on separate trees. However, the consequence diagram includes
all of them within a single logic structure.

4.4.4 G0 Methodology

The GO methodology is a success-oriented technique that is generally used for
quantitative analyses. However, this methodology can be used to identify
component failure combinations that can lead to system failure, and to con-
struct event trees. Completed G0 models resen. le system schematic or process
flow charts and tend to be more compact than equivalent fault tree models (al-
beit with correspondingly less failure mcde information). Seventeen logical
operators are used to model a process. From these models, functional, spatial,
and induced human-system interactions can be identified.

Specific advantages of the GO methodology include: (1) The system models
follow the normal process flow (as does a digraph matrix analysis), (2) Model-
ing of most component and system interactions and dependencies is explicit,
(3) Models are compact and easy to validate, (4) Model evaluations can repre-
sent both success and failure states of systems, and (5) It is uniquely adapt-
able to analyses in which many levels of system availability are to be consid-

.

I

ered since it has the ability to handle multiple system states (i.e., partial i

failure or degraded conditions can be modeled).
;

iDisadvantages of the GO methodology include: (1) Fewer analysts are familiar
with the GO methodology than with fault tree / event tree analyses and (2) The GO
methodology has been used extensively for probabilistic studies of individual
systems but has not been employed to any great extent as the primary technique
for a full-scope PRA.

4.4.5 Sneak-Circuit Analysis

Sneak-circuit analyses are normally applied to electrical systems and were ioriginally designed to identify unplanned modes of operation, unexplained prob- !lems, and unrepeatable anomalies. However, this type of analysis can also be |applied to fluid systems since fluid systems can be represented by electrical
system analogs.

A sneak-circuit analysis will identify latent signal paths or circuit condi-
tions in systems that may cause undesired events to occur, or may inhibit the
occurrence of a desired function. The problems identified in the analysis are
called sneak circuits and are characterized by their ability to escape detec-
tion during most standardized tests. In addition, sneak circuits are not de-
pendent on component failures, although many erroneous responses of system
failures occur because of component failures. Sneak circuits can be subdivided
into four types:
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(1) sneak paths, which cause current or energy to flow along unexpected paths
^

(2) sneak timing, which may cause or prevent the flow of current of energy to
activate or inhibit a function at an unexpected time'

(3) sneak indications, which may cause an ambiguous or false display of system
operating conditions

(4) sneak labels, which may cause incorrect stimuli to be initiated through |operator error

An advantage of sneak-circuit analyses is that problems caused by latent signal I

paths that are not contingent on component failures can be identified. These
signal paths can cause undesired events to occur, or inhibit a desired function
from occurring. The main disadvantages of sneak-circuit analyses are the lack |

-

of documentation explaining the methodology. Additionally, only one company l
was found that had experienced and qualified analysts a51e to perform such I

analyses.
|

|

4.4.6 Generic Analysis

A generic analysis reviews the basic events in each minimal cutset for suscep-
tibilities to generic causes (dependencies). The minimal cutsets can be deter- |
mined from fault tree analysis or similar analyses. When a generic cause is l

common to all members of a minimal cutset, and the location of the minimal
cutset components offers no protection from that generic cause of failure, the
minimal cutset is called a common-cause candidate (CCC). Generic causes for
failure that are often considered in such analyses are:

(1) mechanical / thermal generic causes.

impact4

vibration
pressure

,
'

grit

moisture'

stress
temperature
freezing

,

(2) electrical / radiation generic causes

electromagnegic interference
radiation damage
conducting medium
out-of-tolerance voltage
out-of-tolerance current

(3) chemical / miscellaneous generic causes

corrosion (acid)
corrosion (oxidation)
other chemical reactions
carbonization biological
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(4) other common links

energy source
calibration
installations
maintenance
operator or operation
proximity
test procedure
energy flow paths

Although a major portion of this technique is qualitative, it follows an ana-
lysis procedure such as fault trees rather than preceding it, as other qualita-
tive methods usually do. This approach differs from most common-cause analyses
because it deals directly with the minimal cutsets instead of adding secondary
failures to the logic model. Thus, only component failures that result in
system failure are considered.

A generic analysis is a helpful methodical way to identify spatial systems
interactions. It has been implemented in a number of computer programs and
is extensively used in dependent-failure analyses in the nuclear industry.

4.5 Oak Ridge National Laboratory's Conclusions and Recommendations

Oak Ridge National Laboratory (0RNL) concluded (NRC, NUREG/CR-4261) that there
are many different and varied methodologies available that can identify systems
interactions. However, no one methodology by itself can adequately' identify
functional, spatial, and induced human-intervention-coupled systems interactions.
Therefore, several different analysis techniques should be used simultaneously.

Determining the most appropriate combination of analysis techniques for iden-
tifying systems interactions requires consideration of several factors - time,
scope, costs, benefits, etc. However, a review of the methodologies available
made several insights apparent. First, any systems interaction prooram should .

utilize operating experience reviews, design reviews, and preoperational test- |
ing. These three methodologies are already required to be performed, and min-
imal modifications to the existing programs could be required to identify all
three types of systems interactions. Second, expanding the scope of PRAs to
include the identification of systems interactions should simplify the problem
(with respect to starting an independent evaluation), since the analysts would
already be familiar with the systems and their responses. Last, the resulting
combination of methodologies must be able to adequately identify all three types
of systems interactions - spatial, functional, and induced human-intervention
coupled.

The manpower required to perform a PRA that includes a systems interaction
analysis should be within the bounds provided in the "PRA Procedures Guide"
(NRC, NUREG/CR-2300). The "PRA Procedures Guide" indicates that 19 to 38
man-months are required for sequence and system modeling, with another 18 to
24 man-months required for external event analysis. It is not possible to
separate the amount of modeling required for independent and dependent failure
modes. However, it should be recognized that to do an adequate job of ana-
lyzing systems interactions requires experienced analysts and adequate time to
examine and incorporate all the potential dependencies that can arise from
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systems interactions. For this reason, the upper estimates provided in the
guide may be more appropriate to ensure that adequate analysis of systems
interactions can be included.

In summary, the methodologies discussed in this report can be applied to iden-
tify systems interactions. However, the problem in conducting a systems inter-
action analysis is not a problem with methodology as much as it is a problem
with scope and level of detail.

4.6 Staff Conclusions

All methods appear to have some advantages and disadvantages. Themajor
conclusions based on the above review are:

|

(1) The global application of any method or combination of methods is costly.
,

(2) The choice of method may not be as important as the scope and depth of
the study performed.

(3) It is, therefore, probably most cost effective to limit studies to spe-
cific areas and to increase the level of detail in modeling and analysis
in those areas.

5 DESCRIPTION OF RESULTS AND STAFF CONCLUSIONS

NRC defined a number of tasks in the revised Task Action Plan for USI A-17
(NUREG-0649) to address the area of systems interactions. Although all the
tasks defined in the TAP were completed, this section of the report is not
organized into the same set of tasks. Rather, this report is organized around
the task results and recommendations which were then used as input for the
technical resolution of USI A-17.

The tasks outlined for studying the A-17 issue were developed to utilize a
combination of existing information, ongoing work, and new work with the objec-
?.ive of focusing the various efforts to resolve the generic issue as defined
in the revised TAP scope and definitions.

5.1 Utility Studies of Systems Interactions

A number of utilities performed systems interaction studies of their own plant (s)
'

as part of the operating license review process. The staff has considered someof these programs in the resolution of A-17.

5.1.1 Zion Nuclear Plant Study

In a June 17, 1977 letter, the NRC Advisory Committee on Reactor Safeguards
(ACRS, June 1977) recommended that Commonwealth Edison conduct a study of pos-
sible systems interactions related to the Zion Nuclear Plant's shutdown heat
removal capability. The ACRS also referenced additional guidance contained in
its letter of November 8, 1974. Possible approaches to a systems interaction
study were discussed with a number of consultants and with the NRC staff.

As a followup to these discussions, Commonwealth Edison performed an experience
survey utilizing LERs (Commonwealth Edison Company, June 1978). The study was
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divided into three phases. Phase 1 consisted of a review of more than 9000
LERs which were generated in the operation of U.S. commercial nuclear power
plants between 1969 and 1977.

The LERs were used to identify events that have occurred at operating power 4

plants that involve systems interactions which had a potential for reducing the
effectiveness of shutdown cooling systems under nonaccident conditions. The |.

|review covered not only four-loop PWRs but all pressurized-water, boiling-water,
and gas-cooled reactor LERs. !

The Zion screening criteria as quoted from the report were formulated to in-
clude the following types of events:

1

Events which demonstrated that the action of any system degraded or i-

resulted in loss of the effectiveness of any of the following |
systems: |

|

reactor coolant instrumentation power |

residual heat removal chemical and volume control i

component cooling auxiliary feedwater |
service water portions of main steam |

auxiliary power 1

The action which initiated the event could have been a normal control-

function, a malfunction, or operator induced. The single-failure
criterion was not extended; however, a detailed review was made to
determine its applicability. i

1

As an example, the failure of an RHR [ residual heat removal] pump to I-

start due to an electrical fault in the motor would not have been
considered a systems interaction. However, if the motor failure was
due to excessive humidity and temperature in the RHR cubicle, it was
considered an undesirable systems interaction. |

It was noted that personnel action can result in maintenance errors |-

or operator errors which will have a direct effect on a system or |piece of equipment, but this was not considered to be an interaction -

between systems. For example, the loss of an instrument bus due to
i

placing a grounded test instrument on the bus results in the loss of '

a large amount of equipment, as expected. If, alternatively, the
load from the bus was not correctly shed from the electrical system
and resulted in faults in other parts of the electrical system, it-

would be considered an undesirable interaction.

The second phase of the study, which was conducted by Fluor Pioneer, Inc., in-
volved detailed analysis and investigations of each identified event to deter-
mine how and why the event occurred and its effect on the originating plant.

For the third phase, an assessment was made of the possibility of the occur-
rence of an identical or similar event at the Zion plant. If it was found that
a similar event could occur at the Zion plant, corrective action options were
evaluated. The evaluation criteria included consideration of safety, construc-
tability, operability, maintainability, and cost. While the range of possible
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corrective options was being review and analyzed, the utility assessed the
benefits of the options.

On the basis of the evaluation criteria and the benefits assessment, the I

utility concluded that for Zion, the generic studies requested by the NRC and
the implementation of conclusions and recommendations involving such items as
fire protection, pipe break, and low-temperature primary system overpressure
have resulted in modifications which substantially reduce the possibility of I
the occurrence of a majority of the events studied. In addition, about five !

specific investigations and/or plant modifications were recommended in the
study.

j

It should be noted that there is not a good correlation between the LERs high-
lighted by Commonwealth Edison and the LERs contained in the Oak Ridge National
Laboratory's (ORNL's) review of operating experience (see Section 5.4, below). I

To some degree, this occurred because of differences in definitions of what con-
stitutes an adverse systems interaction event. Nevertheless, the Zion study was
reviewed by ORNL as part of the review of operating experience (see Section 5.4,
below) for possible SI events which met the definition offered in the current
A-17 Task Action Plan.

i
1
,

5.1. 2 Diablo Canyon Nuclear Power Plant Seismically Induced Systems Interaction '
,

Program-

Pacific Gas and Electric Co. (PG&E) esteolished a systems interaction program
(PG&E, May 1984) which was intended to establish confidence that if a seismic,

event of the severity of the postulated Hosgri event * occurred, structures and
'

equipment important to safety will not be prevented from fulfilling their safety
functions because of seismically induced failure or motion of structures or,

equipment not related to safety. Also, the Seismically Induced Systems Inter-
action Program (SISIP) was instituted to establish confidence that safety-related
systems will not fail to meet the single-failure criterion because of seismic-
ally induced interactions.

PG&E defined the following two terms to clarify its postulation of potential
systems interactions:

(1) Targets are (a) structures and equipment needed to take the plant to safe
shutdown and maintain it at safe shutdown; (b) certain accident-mitigating
systems such as containment isolation, main steam isolation, and contain-
ment spray; and (c) the manual fire suppression equipment.

(2) Sources are any other equipment whose seismically i'iduced failure or mo-
tion could interact with a target and prevent or inlibit a target from
accomplishing its safety function.

On the basis of these definitions, a large number of potential interactions
were postulated. PG&E utilized four ways to resolve postulated interactions.
These were: (1) resolution by field inspection in which the interaction team
could by inspection or simple field analysis show that either the source would

,

*The Diablo Canyon seismic design basis was upgraded after the potential for
severe earthquakes originating from the Hosgri Fault (a branch of the San
Andreas Fault) was reappraised.

NUREG-1174 23



|-

l

not fail, the occurrence of the interaction was not credible, or the conse- ,

quences of the interaction, if it occurred, would not adversely affect target I
operations; (2) resolution by engineering analysis in which PG&E could show |
either that the interactions would not occur or, if they did occur, that the |

consequences would not affect target operations; (3) resolution by an expedient |

modification in which PG&E decided it was more cost effective to resolve the
interaction by modifying the plant than to justify the configuration by analysis;
and (4) resolution by necessary modification in which further analysis showed |

that plant modification is the only means for resolving the interaction. Because I

the last two involved plant modification, PG&E combined resolutions 3 and 4 and
only reported three resolution groups. !

|

The problem in assessing the Diablo Canyon program comes from the fact that the ;

safety significance of the modifications (both expedient and necessary) cannot |
be readily established.

Information developed as a result of this program has been utilized in the
A-17 program (see Section 5.6 of this report).

5.1.3 Indian Point Station Unit 3 Utility Study

The Indian Point Station Unit 3 (IP3) systems interacticn report was prepared
by the Power Authority of the State of New York (PASNY, June 1983) in conjunc-
tion with Ebasco Services Inc. and consists of 25 volumes. The objectives of
this study were (1) to develop a methodology and evaluation criteria to be used
to identify and evaluate systems interactions and (2) to apply these criteria
to a systems interaction review of 23 identified systems.

For purposes of this study, the utility decided to define systems interactions
'

as those events that affect the safety of the plant by one system acting on one
or more other systems in a manner not intended by design, with emphasis on inter- |

actions in which systems not related to safety (non-safety systems) act on |
safety related systems.

The analysis then involved (1) the systematic search for hidden or inadequately ;

analyzed interconnections or couplings that link safety and non-safety systems
in the reactor plant and (2) the evaluation of the effects of a non-safety
system failure (or maloperation) propagated into the safety system by such
interconnections / couplings.

(Note: It was assumed for purposes of that study that the safety systems sat-4

isfied the single-failure criterion and that redundant safety systems do not
possess dependencies so that one malfunction cannot disable redundant safety
systems.)

On the basis of these premises, a number of potentially adverse interactions
between non-safety systems and safety systems were identified through a series
of dependency tables, logic diagrams, failure mode and effect analysis, event
trees / fault trees, review of previous reports, and walkthroughs (onsite re-
views). Only one of these resulted in a reportable condition (LER) as deter-
mined by the licensee. This involved a nonseismic pipe connection to a seismic
system with inadequate isolation. The resolution involved maintaining a manual
isolation valve in a closed position.
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A number of potential adverse systems interactions were identified and resolved.
The utility concluded that the program increased the level of safety for Indian
Point 3; however, the contribution to core damage probability from the postu-
lated non-connected seismically initiated systems interactions was less than 4%
of the overall core-melt frequency at the design-basis earthquake level (Atomic
Industrial Forum, Inc., October 1985). Information developed as a result of
this program has been utilized in the A-17 program (see Section 5.6 of this
report).

5.1.4 Midland Nuclear Power Plant Units 1 and 2 Program

In January 1983, Consumers Power Company (CPCo) initiated a program to address
systems interactions (CPCo, June 1983). The program consisted of three parts,

to address the three classes of systems interaction: functional, spatial, and
induced human-intervention-coupled.

The functional interaction portion of the program was to rely heavily on exist-
ing plant procedures for design control and preoperational checkout and testing.
The design control task involved an interdisciplinary review of plant design to

. ensure that potential interactions generated by the interface between activities
i of the various engineering groups were identified and corrected. The program

was to include preoperational testing to demonstrate the capability of required
safety systems to meet design performance and safety criteria. Additional
methods for use in identifying and evaluating functional dependencies included
probabilistic risk assessment (PRA), control systems failure evaluation, and
licensing department reviews of industry operating experience through nuclear
steam supply system (NSSS) vendor reports, Institute of Nuclear Power Opera-
tions (INPO) reports, and licensee event reports (LERs).

Onsite reviews (walkthroughs) of safety-related structures, systems, and com-
ponents were employed to address spatially coupled sis. These onsite reviews
identified potential interactions arising from proximity, location of non-'

seismically qualified equipment over safety equipment, high energy line break
(HELB), internal missiles, and flooding. Additional reviews also addressed the
areas of pipe stress, fire protection, and thermal growth for potential spatial
interactions. CPCo was incorporating many inplace programs into the spatial SI
studies to avoid unnecessary duplication of efforts. For example, a program
had been in place to address the seismic " Class II over Class I" issue per
Regulatory Guide 1.29 requirements.

To address the induced human-intervention-coupled class of ASIS, the CPCo SI
program incorporated design reviews and other tasks implemented to improve
operator response to plant events. Other tasks included a human factors review
of control room design and procedures, review of control room operating experi-
ence, and increased operator training, including the use of simulators.

Although the Midland project has been terminated, the available results, par-
ticularly with regard to the seismically induced systems interactions have
been utilized in the A-17 program (see Section 5.6 of this report).

5.1.5 Staff Conclusions

Although the licensee programs discussed above contributed to an increase in
safety, the utilities did not perceive the amount of increase to be significant.
What was clear was that each program cost the utility millions of dollars.
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On the basis of these preliminary conclusions, the staff defined a task to ex-
amine the three utility studies (Diablo Canyon, Indian Point Unit 3, and
Midland) in greater detail to attempt to better optimize the cost / benefit ratio.

For the results and conclusions of this additional work, refer to Section 5.6.

5.2 Other Related Studies, Programs, and Issues

As part of earlier NRC programs to address the issue of systems interaction,
national laboratories did a number of studies. In addition, many other ongo-
ing NRC programs are directly related to the work on A-17.

5.2.1 Sandia Laboratory Study of Watts Bar Nuclear Plant

From 1973 through 1980, NRC contracted with Sandia Laboratory to utilize a
method of reviewing nuclear power plant systems for potential interactions that
was differt t from the review process being used by NRC in its Standard Review
Plan (SRP) ( |lREG-0800).

The method was the fault tree method using the set Equation Transformation Sys-
tems (SETS) computer code for evaluating the fault trees to identify the poten-
tially interactive cutsets. The resulting report (NRC, HUREG/CR-1321), also
assessed the SRP to show where the potential interactions revealed by this
independent method may not be specifically discussed in the SRP sections on
review, review procedures, or acceptance criteria.

The scope of the study was restricted to allow the methodology to be developed
and demonstrated in a timely fashion. The interactions addressed were limited
to those arising from physical connections and common locations.

Three plant functions were included: decay heat removal, reactor subcritical-
ity, and reactor coolant pressure boundary integrity. The range of environmen-
tal conditions, plant modes, and plant occurrences was also restricted.

The first step of the study was to develop a methodology for reviewing the SRP i

that could also be used to evaluate specific facilities. The underlying prem-
ise of the methodology is that potential interactions can effectively be found
by identifying the commonalities between systems.

The methodology uses fault trees to model plant functions from which the ana-
lysis is performed. The SETS computer code and subsequent analysis identifies
and highlights the important commonalities based on input plant information.
Commonalities found between components whose unavailability could lead to loss
or significant degradation of an important plant function are pursued in
greater detail.

The principal product of this study was to be the development of a systematic
and disciplined methodology for the identification and evaluation of a range
of potential systems interactions.

The methodology was applied to a facility that had recently gone through the li-
censing process (Watts Bar) to achieve two goals: (1) to provide a basis for
comparison to the SRP-type review and (2) to demonstrate the methodology it-
self. In general, it was concluded that application of the methodology should
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not be limited to those systems explicitly identified in the SRP as safety re-
lated. In addition to this general conclusion, several weaknesses were identi- !

fied in the SRP. These met all of the following criteria: (1) A potential<

cause of an interaction could be identified, (2) If an interaction occurred, 1

it would increase the likelihood of core damage, and (3) The potential cause
| of an interaction was not explicitly covered in the SRP. 1

l

The weakness identified was the absence of explicit assurances in the SRP or
; its supporting documents that (1) the reactor coolant pressure boundary integ-

rity will not be lost as a result of interactions stemming from a common loca-'

tion or common actuation of the pressurizer power-operated relief valves and
their isolation valves, (2) the decay heat removal function will not be lost
as a result of interactions stemming from a common location or common cooling !

i

between trains of the auxiliary feedwater system, (3) positive pressure control |

will not be lost as a result of interactions stemming from common power sources )
between pressurizer heater channels, and (4) the inventory makeup necessary to ,

,

; maintain decay heat r moval will not be lost as a result of interactions stem- !

i ming from the common h iation of the refueling water storage tank output valves. |

Although the Sandia work was considered a major portion (Phase I) of the NRC |
program to address systems interactions, subsequent revision to the A-17 Task
Action Plan somewhat deemphasized this work by Sandia because ongoing PRA work
(see Section 5.5) and the Brookhaven application on Indian Point 3 (see Sec-
tion 5.3) were similar to the Sandia work.

The staff coiicluded that fault trees and other PRA techniques could be used in
the investigation of systems interactions. For more on PRA and its-relation-
ship to systems interactions see Section 5.5.

5.2.2 Systems Interactions State-of-the-Art Reviews

The NRC requested three national laboratories to conduct a review of the state
of the art in the area of systems interactions in 1980.

,

Each laboratory produced a report as follows:

NUREG/CR-1859, " Systems Interaction: State-of-the-Art Review and Methods-
,

Evaluation," prepared for NRC by Lawrence Livermore National Laboratory,
dated January 1981

4

NUREG/CR-1896, " Review of Systems Interactions Methodologies," prepared-

for NRC by Battelle Columbus Laboratories, dated January 1981
,

NUREG/CR-1901, " Review and Evaluation of Systems Interaction Methods,"-

prepared for NRC by Brookhaven National Laboratory, dated January 1981

The broad objective of these reports was to develop methods that held the best
potential for further development and near-term use by industry and NRC on sys-
tems interaction evaluations for future as well as operating plants. More
specifically, the objectives of the work were to include:

(1) development of a definition of systems interaction and corresponding
safety failure criteria
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(2) review and assessment of current systematic methods that have been used,
or are considered feasible for use, on any complex system comparable to a
light-water reactor plant

(3) provision of an inventory of a range of systems interaction scenarios
with emphasis on actual operating experience to

(a) better focus on the definition of systems interaction

(b) serve as a basis for evaluating the ability of the various method-
ologies to predict these examples

(4) recommendation of a methodology or alternatives that have the best poten-
tial for further development and near-term use by industry and the NRC on
systems interaction evaluations

(5) application of candidate methodologies to actual occurrences to demon-
strate their ability to pret.'ct systems interactions effects

The staff concluded that the recommendations of the three studies would be
considered as part of the A-17 resolution if a study was required of all
utilities. For more on state of the art see Section 4, on methods.

5.2.3 Advisory Committee on Reactor Safeguards Concerns

As stated in the introduction to this report (Section 1), the ACRS was cred-
ited with identifying the original concerns. In addition to the original
identification, the ACRS has also been instrumental in subsequent investiga-
tions in the area of systems interactions. The utility studies at Zion, In-
dian Point, and Diablo Canyon were all the subject of ACRS discussions (see
Sections 5.1.1, 5.1.2, and 5.1.3, respectively).

In addition, in September 1979, ACRS consultants completed NUREG-0572, "Re-
view of Licensee Event Reports (1976-1978)," in which they identified a class
of events as " systems interaction." The report concluded that a number of
LERs reveal unusual and often unpredicted interactions among various plant
systems. The report went on to state that it is not surprising that interac-
tions exist, since a nuclear power plant is an extensive and complex facili-
ty; however, the nature of these interactions is often quite unexpected.
When interactions involve degraded performance of systems required for vital
functions, such as shutdown heat removal, there can be significant safety
implications. The ACRS acknowledged that the NRC staff is studying systems
interactions through Generic Task No. A-17.

Regarding the use of the LERs the report stated:

Redundancy and defense in depth are widely used in essential reactor
systems to assure their availability. Implicit in such usage is the
assumption that a high degree of independence exists between the
redundant elements (or the various echelons of defense in depth).
Occasionally an LER discloses an unintentional or previously unrecog-
nized interdependence between such elements. In such cases, inte Me-
pendence reflects one type of systems interaction problem. Although
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| there are few LERs that directly reveal such problems, there are many
I that hint at deficiencies of this r,ai.ure. Because of the potentially
| serious implications of such sitiations, more attention needs to be
| directed to seeking them cut. Careful review of LERs can uncover

such design errors, if they are consciously sought out. |t

;
1

Reference is then made to three sections of the Appendix that include some |

examples. The first section is entitled " Systems Interactions" and describes |

three separate events, all of which involve the plant electrical systems. |
| These specific etents do not meet the definition and screening criteria of the i
l current TAP for A-17 and therefore were not included in the ORNL list. However, |

'

it should be noted that the ORNL LER study (see Section 5.4) does highlight the
area of electrical systems as a potent! ally significant area from the viewpoint

| of adverse systems interactions.
1

i The second section is entitled " Failures That Indicate Interdependence of Re-
! dundant Elements" and describes four separi e events."

|
! The first of these events involves redundant battery chargers for a fire-

pump and would not meet the T4P definition of systems interaction because |

| (1) the fire system is r.M typically a system needed to achieve and main- |
tain safe shutdown and (2) the chargers were not truly redundant in the i

same sense of engineered safety features (ESF) Trains A and B equipment.
i

The second event involves the loss of both makeup pumps at Davis-Besse|
-

Nuclear Power Station. It is the staff's understanding that the makeup
pumps at Davis-Besse are not considered safety related and therefore such,

| an event does not meet the TAP definition which includes degradation of
safety-related equipment.

The third event involves a boron dilution event at Surry Power Station, |
-

Unit 2. Although this event involved some unexpected interaction between I
systems and temporarily blinded the operator, none of the systems involved '

were safety related and the consequences were very minimal. The conse-
quences were limited by the inherent design of the system because the i

system could only deliver a maximum of 150 gpm which could not reduce the
borun concentration below acceptable levels between the required sampling
intervals.

The fourth event occurred at Three Mile Island Nuclear Station Unit 1| -

(THI-1) and involves a miscalibration of all four power range flux moni-
tors as a result of a faulty test p essure transmitter. Although this
event does demonstrate a common-c.iuse effect or dependency, it is not an
adverse systems interaction but rather fits in the class of other common-
cause failures according to the TAP definitions.

The third section of the Apph.d h is entitlad " Adverse Interactions of Safety
| System and the Influence of Human Errors" and involves one event at Arkansas
! Nuclear One Units 1 and 2. The event involved a number of adverse systems in-

teraction aspects rno has also been included in the list of events compiled by<

| ORNL. It was noted that the ACRS report and the ORNL report both seem to indi-
! cate the potential for adverse systems interactions in the highly complicated
' electrical power supply and its control systems.
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Some other ACRS questions and concerns were documented in the form of recommen-
dations to the staff and, in at least three cited utility studies, in the form
of guidance to the utilities. Of particular note is the guidance in the ACRS
October 12, 1979 letter on Indian Point Station Unit 3. This guidance was issued
in response to questions about what constitutes " reasonably appropriate study
of systems interactions at Indian Point 3." In that letter, the ACRS expressed
specific concerns in two separate areas. One area involved " possibility of
systems interactions within an interconnected electrical and mechanical complex."
The ACRS expressed concerns with the consideration of other than usually assumed
failures, i.e. , partly failed or other than normally assumed failed states. The
ACRS was also concerned that this type of failure would probably not be revealed
by LERs and that a failure mode and effects analysis (FMEA) was required. The
second area involved " possibility of interactions: between non-connected systems
due to the physical arrangement or disposition of' equipment." Again, ACRS ex-
pressed its belief that LERs would not reveal these unique interactions and
recommended a physical inspection of the plant and the " formation of a small but
competent interdisciplinary team." re .

'

Over the years, ACRS has stated its belief that the staff should require all
utilities to do a systems interaction type of analysis and that bscause such an
analysis could be done with little NRC guidance, the requirement should be is-
sued without further investigations and delay. Over the same time period, the
NRC staff took the position that such a general requirement would not resolve
the issue because of the lack of any consensus about what, if anything, needed
to be done. The staff continued to pursue an approach for resolution, search-
ing for an overall cure in the form of what " acceptable" methods should be ap-
plied. At this time and on the basis of further review, the staff has concluded
that the concerns expr^ssed by the ACRS in the October 12, 1979 letter are some
of the central issues that need to be addressed by the resolution of USI A-17.

Regarding the ACRS report (NRC, NUREG-0572), the staff concluded that although
many of the events cited tnere were not " adverse systems interactions" as
defined in the present A-17 TAP, the overall conclusions of the report regard-
ing power systems and their control remain valid. In addition, the general
type of concerns expressed in the report regarding compromise in redundancy
and/or levels of defense in depth also remain valid and have been explored
further in the work on A-17 (see Sections 3, 5.4, and 5.6).

On the basis of further review, the staff concludes that (1) walkthroughs simi-
lar to walkthroughs suggested by ACRS but with much narrower focus could achieve
a cost-effective safety improvement at some plants and (2) although the pursuit
of so-called partial failures (leading to functionally coupled ASIS) may uncover
uniquely plant-specific scenarios, there is not sufficient evidence to show that
they are safety significant enough to justify the type of analyses required to
uncover them. In addition, with respect to the failure modes of control sys-
tems, USI A-47 (NUREG-0649) is also addressing this area. The staff will pro-
vide information to the utilities regarding the types of problems uncovered in
the electrical power systems (one area that was highlighted for partial failure
investigation), and other types of problems regarding failure modes (see Sec-
tion 5.4). The ACRS has also expressed concern (ACRS, May 1986) over the scope
of the A-17 program. This was discussed previously in Sections 3.4.2 and 3.4.3.
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5.2.4 Post-THI-2 Actions, Including Human Factors Issues

After the accident at THI-2, a significant amount of attention was focused on
the operators and on so-called human factors issues. The USI A-17 TAP (NRC,
NUREG-0649) recognizes all the activity in this area and attempts to limit the
overlap of concerns between the systems interaction issue and those other
efforts. As a result, the A-17 studies focused on the hardware or hardwired
aspects of the operators' indication systems and left the human engineering
and, specifically operator error, to NUREG-0985, " Human Factors Program Plan."

The A-17 area of concern was, therefore, limited to the possibility of mis-
leading an operator by means of malfunction (that was not readily detectable)
in a plant indication system during an event. This was the 'nduced human-
intervention-coupled adverse systems interaction referred to .n Section 3.
Af ter the accident at TMI-2, a significant amount of attention was focused on ,

this aspect of plant indications. Specifically, requirements were implemented
through NUREG-0737, Supplement 1, which improved monitoring infen tion (Regu- :

latory Guide 1.97, " Instrumentation for Light-Water-Cooled Nuclean Sower Plants '

To Asress Plant and Environs Conditions During and Following an Accident," and
added operator aids such as the safety parameter display system.

The staff engaged in the A-17 program concluded that plent personnel (operators,
maintenance personnel, test technicians, etc.) can have a significant impact on
plant response, both negative and positive; however, events initiated by per-
sonnel error should not be classified as systems interactions. The potential
for indication systems misleading the operator has been reduced by other actions
mentioned above. Furthermore, the actions in the area of operator information
and training should improve response to and recovery from ASI-type events.

5.2.5 NRC Office for Analysis and Evaluation of Operational Data Activities

As a result of the THI-2 accident, the NRC formed the Office for Analysis and
Evaluation of Operational Data (AEOD) with the intent to pay closer attention j
to current operating experience and to learn from past experience. AEOD has '

reported on a number of events that meet the TAP definition of systems inter-
action, although the events may not have been labeled " systems interactions."
In some cases, the staff has formulated new generic issues based on the AEOD
reports (see Section 5.2.7 of this report). As part of the resolution of A-17,

i

,

the staff took a separate look at operating experience. The AE00 reports were '

one of the reference sources for this work (see NRC's NUREG/CR-3922 and
Section 5.4 of this report for more information on operating events).

The staff has concluded that since the formation of AEOD, operating events at
i

plants receive much greater scrutiny than at the time when the systems i

interaction issue first surfaced. It should be recognized that the imple-
mentation by NRC and the industry, through organizations such as INPO, of such
scrutinizing analyses addresses some concerns that could be called sis and as
such contributes to a reduction in concerns with systems interaction.

5.2.6 Office of Inspection and Enforcement Activities
|

The former NRC Office of Inspection and Enforcement (I&E) had the responsibility !

for notifying all utilities about significant operating events through a system i
of bulletins and information notices. Several of the events that were screened |
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from the operating experience, by the work on A-17, were the subject of an IE
bulletin or notice. In those cases, this information was included as a refer-
ence source (see NUREG/CR-3922 for more information). In addition, as part of
the decisionmaking process to possibly implement new requirements, those regula-
tory actions already required by I&E were considered (for more information see
Section 5.4 of this report).

,

Over the year:, I&E has notified the industry about significant operating
occurrences. In some cases, the occurrences involve systems interactions. As
was concluded for AEOD, the staff concludes that the I&E mechanisms of bulle-
tins and notices addressed significant experience, including systems
interactions.

1

5.2.7 Other Generic Issues |

In November 1983, the NRC published NUREG-0933, ''A Prioritization of Generic i

Safety Issues." The report presents the priority rankings for a number of- |

generic safety issues reisted to nuclear power plants. The purpose of these
rankings is to assist in the timely and efficient allocation of HRC resources
for the resolution of those safety issues that have a significant potential for i

reducing risk.
|

The prioritized issues include TMI Action Plan items under development; pre- I
vicusly proposed issues covered by task sction plans, except issues designated |
as unresolved safety issues (USIs) which had already been assigned high prior- |
ity; and newly proposed issues.

The safety priorities, ranked as high, medium, low, and drop, have been
assigned on the basis of risk significance estimates, the ratio of risk to
costs, and other impacts estimated to result if resolution of the safety is-
sues were implemented.

A number of the issues identified in NUREG-0933 can be called adverse systems
interactions and, therefore, there is significant overlap between some issues
listed there and the general categories resulting from the ORNL experience
search (Section 5.4). This could be expected since the NUREG-0933 issues often
arise from the same sources that ORNL used (e.g., LERs and AE0D reports). In
some cases, a potential area of concern highlighted from an A-17 systems inter-
action perspective will have been cited, and possibly addressed, but on a more
specific basis.

The resolution of A-17 has considered the safety priority ranking given to the
corresponding issues (when available). The A-17 resolution then also recom-
mends further action if necessary (for more information see Section 5.4 of this
report).

Three issues included in NUREG-0933 warrant special discussion: Issue II.C.3,
" Systems Interactions"; Issue C-13, "Non-random Failures"; and Generic Issue 77,
" Flooding of Safety Equipment Compartments by Backflow Through Floor Drains."
As stated in the TMI Action Plan, the purpose of Issue II.C.3 was "to coordinate
and expand ongoing staff work on systems interaction (USI A-17) so as to incor-
porate it into an integrated plan for addressing the broader question of system
reliability in conjunction with IREP [ Interim Reliability Evaluation Program]
and other efforts."
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When the A-17 Task Action Plan was revised in January 1984, it was decided to
include in issue A-17 the activities described under Issue II.C.3.

Issue C-13, "Non-random Failures," is an issue that was credited to ACRS in
NUREG-0471. Although this issue was formerly referred to as " common mode
failure of identical components exposed to identical or nearly identical
conditions or environments" (as evidenced by reference to issues such as A-9,
A-30, A-35, B-56, and B-57) it was expanded to include other types of failures
and, as a result, a reference to USI A-17 is made in NUREG-0933. It should,
therefore, be kept clear that the term "non-random failures" can include more
than " systems interactions" and that a resolution of A-17 does not resolve all
non-random failures (for additional information see Section 3).

GI-77 was given a high priority and was also qualified insofar as the lack of
plant-specific details. In this regard, the group studying the resolution of
USI A-17 considered these in its resolution.

The mechanism in place for identifying and prioritizing generic safety issues
provides an avenue for handling all types of issues, including systems inter-
action type issues. On the basis of the treatment of a general type of issue
such as C-13, that is by handling it as a class and dealing with individual

i identified parts, the staff concludes that this is the best mechanism for
dealing with any remaining or future SI concerns after the resolution of A-17.
This is consistent with the need to clearly define any proposed safety issue
in order to prioritize it.

5.2.8 Other Unresolved Safety Issues

The Task Action Plan for USI A-17 acknowledges that a relationship can exist
with USI A-47, " Safety Implications of Control Systems" (NUREG-0649). This is
primarily based on the understanding that control systems do interact with many

iplant systems and, therefore, if the control systems interactions lead to |

possible degradations in safety systems, such c concern could also be labeled
an adverse systems interaction.

As the resolution of A-17 progressed, a close relationship between A-46
(NUREG-0649) and part of A-17 was acknowledged. Part of A-17 deals with possible
seismic-induced spatial interactions between the non-seismic structures, systems,
and components and the seismic structures, systems, and components. A-46 deals
with the seismic qualification of certain equipment in older plants. The resolu-
tion of A-17 reflects this relationship.

Although USI A-45, " Shutdown Decay Heat Removal Requirements" (NUREG-0649) is
not directly related to A-17, it is recognized that if the resolution of A-45
were to be an independent shutdown system, then such a resolution could sub-
stantially reduce the safety benefit of purstiing some ASIS.

As the resolution of A-17 has progressed to the point of focusing on certain
areas, the relationships to other unresolved safety issues have been considered.
The proposed resolution of A-17 acknowledges relationships with USI A-45,
USI A-46, and USI A-47.

:
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5.2.9 Systematic Evaluation Program

The Systematic Evaluation Program (SEP) was initiated by the NRC to review the
designs of older operating nuclear reactor plants to reconfirm and document
their safety. The review provided (1) an assessment of the significance of
differences between current technical positions on safety issues and those that
existed when a particular plant was licensed, (2) a basis for deciding how
these differences should be resolved in an integrated plant review, and (3) a
documented evaluation of plant safety.

The review focused on 137 different " topic" areas (NUREG-0824). Although topics
that were being reviewed under other programs, such as unresolved safety issues,
were generally deleted from consideration in the SEP, some topics that were
evaluated under the SEP are related to USI A-17. Therefore, the information
developed in these topic areas was used in the A-17 study.

Of specific applicability were topics that were related to potential spatially
coupled interactions.

|

These topics included:

III-4.C Internally Generated Missiles-

III-5.A Effects of Pipe Break on Structures, Systems, and Components-

Inside Containment

III-5.B Pipe Break Outside Containment )-

On the basis of its review of the general SEP findings on these topics (NRC,,

! SECY-84-133), the staff concluded that:

(1) Plants typically provide significant protection against internally gener-
ated missiles.

(2) The flooding reviews performed in response to the Atomic Energy Commission
(AEC) generic letter of September 26, 1972, may not have adequately covered
some significant areas of concern.

This information was used to develop the focus of spatially coupled ASIS (see
Section 5.6).

5.2.10 Standard Review Plan

The Commission's Standard Review Plan (SRP) (NUREG-0800) is the document that
.

defines the acceptance criteria and review guidance used in the licensing proc-
| ess. The SRP has evolved over a number of years and has typically addressed
| areas of concern that can be considered adverse systems interactions. s
|

One alternative considered in the A-17 program was the possibility of revising
the SRP or related guidance documents such as regulatory guides to improve the
evaluation of ASIS for future plant reviews. Some of the SRP sections that

| already address systems interaction concerns are lis:"i in fable 3.
l

I
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Table 3 SRP sections that deal with spatially and functionally coupled ASIS

Source SRP Section(s) (NUREG-0800)

Spatially coupled ASIS

Earthquake 3.6.2, 3.7.3, 3.9.2, 3.10, 3.11, 6.7,
9.1.3, 9.2.1-9.2.3, 9.2.6, 9.3.1, 9.3.3
9.3.5, 9.4.1-9.4.5, 10.3, 10.4.7, 10.4.9

Internal flood 3.4.1, 3.6.1, 9.3.3, 10.4.5

Internal fire 9.5.1

High energy line break 3.6.1

Internal missiles 3.5.1.1-3.5.1.3, 9.1.4, 9.1.5

Functionally coupled ASIS

Reactor protection / engineered 7.2, 7.3
safety features

Safe shutdown 7.4

Control system 7.7

Station service water 9.2.2

Electric power systems 8.2, 8.3

5.2.11 NRC's Policy Statement on Severe Reactor Accidents Regarding Future
Designs and Existing Plants

The NRC has published a policy to resolve safety issues related to reactor ac-
cidents more severe than design-basis accidents (NUREG-1070). Its main focus
is on the criteria and procedures the Commission intends to use to certify new
standard designs for nuclear power plants; however, it also provides guidance
on decision and analytical procedures for the resolution of severe accident
issues for other classes of future plants and for existing plants (operating
reactors and plants under construction which have applied for operating licenses).
Severe nuclear accidents are those during which substantial damage is done to
the reactor core, whether or not there are serious offsite consequences.
Specifically the policy states:

The Commission plans to formulate an integrated systematic approach
to an examination of each nuclear power plant now operating or under
construction for possible risk contributors (sometimes called
" outliers") that might be plant specific and might be missed absent
a systematic search.
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The investigation into USI A-17, " Systems Interactions," highlighted a number
of nuclear power plant systems or areas that appear to be the ones that are
most likely to contain potential adverse systems interactions.

ASIS (both functionally coupled and spatially coupled) are most often caused by
a design feature and/or a set of operating conditions peculiar to a particular
plant; the consequences of an ASI are similarly determined by features peculiar
to a particular plant and by the operator's response. Therefore, the resolu-
tion of A-17 can add to the formulation of any systematic evaluation of plants|

by providing aid in focusing the search for " outliers."

The areas of concern should include aspects that are discussed in the review
of operating experience (see Section 5.4) and the review of seismic / spatially
coupled SI programs (see Section 5.6). These are:

Functionally Coupled ASIS-

(1) electric power systems
(2) support systems
(3) overreliance on " fail-safe" design principles
(4) automatic actions with no preferred failure mode for all stations
(5) instrumentation and control power supplies

Spatially Coupled ASIS-

(1) non-seismically qualified equipment effects on seismically qualified
equipment

i

(2) internal plant flooding of safety related equipment

5.2.12 Electric Power Research Institute's " Systems Interaction Identification
Procedures"

As the technical resolution of USI A-17 was proceeding, the Electric Power Re-
search Institute (EPRI) published EPRI NP-3834, Volumes 1-5, " Systems Interac-
tion Identification Procedures." The staff asked Oak Ridge National Laboratory
to review and assess the report's impact on the proposed resolution of USI A-17.

ORNL prepared a draft letter report dated February 10, 1986, concluding that
both the proposed resolution for USI A-17 and the EPRI report explored numerous
methodologies for identifying sis. Both assessments conclude that no one
methodology by itself can adequately identify functional, spatial, and induced
human-intervention-coupled interactions. Therefore, several different analysis
techniques should and could be used.

None of the methods presented in the EPRI assessment provide a quicker, easier,
or more comprehensive means of identifying sis. It was, therefore, concluded
that the EPRI work brought no new information to the technical resolution of
A-17.

5.3 Indian Point Station Unit 3 Laboratory Demonstration Study

The staff initiated a laboratory demonstration study on the Indian Point 3
plant in mid-1983 through Brookhaven National Laboratory (BNL) and Lawrence
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Livermore National Laboratory (LLNL). The purpose of the study was to test and
compare two potentially useful search methods and to compare the results with Ithe study made by the utility. One method, the digraph matrix method, was I

applied by LLNL (for further information see NUREG/CR-2915, NUREG/CR-3593, !

NUREG/CR-4179, and LLNL's report of June 1983) and the other method, the inter-
active fault tree / failure mode and effect analysis, was applied by BNL (for

,

i

further information see NUREG/CR-4207). Both studies concentrated on function- lally coupled events.

By placing the same $1 million limit on each study, a meaningful comparison
was anticipated.

There was no shortage of postulated intersystems dependencies that could be
counted among the possible causes of safety malfunctions (NRC memorandum,
March 20, 1985). From the impressively large number of cutsets generated by
both groups of analysts, surprisingly few were safety significant.

wo cutsets contributed an estimated core damage frequency as high as 6 x 10 8
per reactor year. The next likely cutset contribution was not greater than
about 5 x 10 S per reactor year. The estimated frequencies of occurrence are
highly biased by a pessimistic treatment of recovery actions available to the
operators. Therefore, a very small fraction of the intersystems dependencies
(which are possible to postulate) were even modestly safety significant.

The only safety-significant systems interaction highlighted by BNL was the un--

availability of station battery 32 coincident with a safeguards systems actua-
tion signal. This postulated event would leave both low pressure injection
recirculation pumps and other vital equipment unavailable. The loss of station
battery 32 does not meet General Design Criterion (GDC) 35 (PASNY, LER 84-010-00,
Docket 05000286, July 16, 1984). The postulated event could lead to core damage
with an estimated frequency as high as 2 x 10 8 per reactor year. The plant was
modified and is not now vulnerable to this postulated event.

The first significant systems interaction highlighted by LLNL is a misalignment
of preselected service water pumps and valves coincident with a loss of offsite
power. Without rapid operator intervention, this postulated event could lead
to a reactor coolant pump seal failure and hence a small LOCA and the loss of
both core heat removal paths. The postulated event could lead to core damage
with an estimated frequency as high as 4 x 10 8 per reactor year. (Note:
Although this was presented by LLNL as an adverse systems interaction, it does
not truly fit the TAP definition.),

The other significant systems interaction highlighted by LLNL is a mechanical
failure of the linkage within an interlocking breaker coincident with a loss
of offsite power. Without rapid operator intervention, this postulated event
could lead to damage to the emergency diesels and the subsequent failure of
reactor coolant pump seals LOCA and loss of core-heat-removal paths. It was
estimated that this postulated event could lead to core damage with a frequency
only as high as 5 x 10 8 per reactor year.

On the basis of the evaluation of the results of the two demonstration anal-
yses, the staff concludes that there is no one method that alone could serve
as a mechanism for resolving concerns regarding adverse systems interactions;
in other words, there is no panacea. Significant resources were expended by
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the two national laboratories and the results indicate that few, if any, risk-
significant, functionally coupled systems interactions were uncovered. At
least one interaction was uncovered which violated the plant's design basis.

Furthermore, it appears that the ability of one method or another to identify
certain systems interactions is often more a function of the skill of the ana-
lyst and the modeling detail, than it is a function of a particular method.
From this, the staff concluded that there is no one solution to the systems
interaction issue and, therefore, focused on a more limited type of analyses.
The basis for this was the possibility that a more directed effort, by any
number of methods, may be cost effective if it can be determined that certain

| areas are more prone to significant adverse systems interactions. To this end,
the cperating experience search was intended to highlight such areas (see Sec-

,

| tion 5.4). The Indian Point 3 demonstration did point out that the electrical
.

| power system, or portions of it, may be such an area. In particular, the study
provides some indication that electrical distribution systems sometimes are not
designed 9ith total redundancy and channelization and usually include signifi-i

cant non-sMety/ safety interfaces which make them prone to hidden dependencies.

| 5.4 Search for Common-Cause Events in Operating Experience
|

| As part of the effort to provide a more focused approach for the resolution of
A-17, a set of tasks was defined to search operating experience in order to
accumelate a data bank on the types of common-cause events of concern.

The major portion of this work was performed by ORNL, and a summary of ORNL's
findings is included in NRC's document, NUREG/CR-3922.

The search emphasized events included in the LER files and involved a screening
of those events based on the Task Action Plan definition. On the basis of the
characteristics or attributes of the systems interaction events, a group of gen-
eral categories of SI events was developed. In this manner, it was anticipated
that generic areas of concern could be highlighted for possible further action.
The results of the ORNL experience review indicate 23 general categories of
events that have involved systems interactions. Those categories are listed
in Table 4.

Fron, these categories, the staff sought to establish possible safety signifi-
cance (NUREG/CR-4261). This involved consideration of completed or ongoing re-
lated regulatory action. In this manner, it was anticipated that some areas
would need no further action and any remaining areas of concern could then be
evaluated for potential safety significance. In general, where extensive regu-
latory action was involved, such as IE bulletins or vendor notifications, the
event and action taken could be shown to involve other than plant-specific fea-
tures. The categories for which little regulatory action was taken often in-
volved scenarios that were specific to a particular plant.

The staff then reviewed all the categories to see if some generic aspects re-
lated to adverse systems interaction concerns should be identified for action
on all plants. The areas are summarized below on the basis of the type of
coupling exhibited, i.e., functional, spatial, or induced human intervention.
ORNL also looked at the general adequacy of the ongoing evaluations of operat-
ing experience.
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Table 4. Event categories involving systems interactions-

Category - _ .No. of
No. Title events.

!'' 1 Adverse interactions between normal or offsite 34
power systems and emergency. power systems-

| 2 Degradation of-safety related systems-by. vapor. 15

! or gas intrusion "

3 Degradation of safety-related components by fire _10
3rotection systems

'

4 .P; ant drain systems allow flooding of. safety- 8. -
,related equipment

5 Loss:of charging pumps due: to volume control tank '6 ,

level 'astrumentation failures
6 Inadvereent ECCS/RHR pump. suction transfer 4 '

7 HPSI/ charging pumps overheat on low flow during '6
safety injection

8' Level instrumentation degraoed.by HELB conditions- 21

9- Loss of containment' integrity .from LOCA. conditions 10
during purge operations*

10- HELB conditions degrading control systems- 23:

11 Auxiliary feedwater pump-runout under steamline -2 i
break conditions j

| 12 Waterhammer events
'

4'

13 Common support systems or cross-connects :18

14 Instrument power failures affecting safety. systems 5 1

| 15 Inadequate cable separation' '8 )
'

16 Safety-related cables unprotected'from missiles- 3
generated from HVAC fans

17 Suppression pool swell 3-
'

18 Scram discharge volume degradation 2
,

19 Induced human 1.nteractions 4

20 Functional dependencies from failures during- 5
seismic events

21 Spatial dependencies from failures during seismic 13
events

22 Other functional dependencies 21

23- Other spatial dependencies 30
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5.4.1 Functionally Coupled Type,

|
I 5.4.1.1 Electric Power System

For purposes of this work, the electric power system includes the offsite
sources, the switchyard, the power distribution buses and breakers, onsite
generating equipment, and the control power and logic to operate the breakers
and start and load the diesel generators. Some of the lower voltage (typi-
cally 120-V ac and 125-V dc) power supply portion of the system is also dealt
with under Section 5.4.1.5 below.

As outlined in NUREG/CR-3922 and NUREG/CR-4261, concerns were highlighted in 4

the area of electric power systems in Categories 1 and 13 (Table 4). Three ;important factors appear to contribute to the possible significance of this
|area:

(1) It is one of the most (if not the most) extensive support systems in a
plant. Power is supplied . om various sources including the offsite net-
work, the main plant turbine generator, and in certain situations, the
safety-related diesel generators. Power is then distributed to various,

'

items of equipment for normal plant control which is not related to safety,
various engineered safety features equipment which is safety related, and
various items of equipment for shutdown and decay heat removal.,

!

| (2) Given these system demands, the power system is therefore an inherently
complex system. A large number of normal operating modes at the
plant, as well as transient and accident situations, must be accommodated.

|Interfaces are created between redundant safety-related equipment as well 'l
as between non-safety-related equipment and the safety-related equipment.
In addition, the power system itself relies on a number of other support
systems such as HVAC and cooling water.

|

(3) Because of individual plant requirements and situations (a number of sig-
nificant events occur when the system is in any abnomal temporary align-
ment), each power system tends to have some unique aspects. Very few spe-
cific ASIS can be stated to be generically applicable; however, the staff
believes that general classes of electric power events can be potentially
generic.

|

ORNL (NRC, NUREG/CR-3922 and NUREG/CR-4261) categorized the electric power sys-
tem concerns into four areas.

(1) load sequencing / load shedding
| (2) diesel generator failures caused by specific operating modes'

(3) breaker failures due to loss of de power
(4) failures that propagate between the safety related portion and the non-

safety-related portion of the power systems

With respect to these four areas of concern, the staff noted that although reg-
ulatory practice has allowed non-safety-related equipment to be powered from,

i safety-related buses, this practice has created the potential for a number of
undesirable interactions. In such situations, the isolation devices protect the
safety-related equipment. These isolation devices have been the subject of much,

| concern, both in the main power supply area (such as breakers that open on fault
i
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: current or " accident" signals) and in the instrumentation and control power sup-
| ply area (such as isolation transformers and other devices). In some cases, the ;

" isolation" devices do not isolate the full range of undesirable events. Ini

! addition, there are other concerns that the investigation into the A-17 issue ,

'

has focused on. The ASIS of note involve scenarios in which a non-safety-
related load is supphed by a safety-related bus and the non-safety related
load is part of important plant operation and/or control. As a result, a fail-
ure in the safety-related portion can create a situation in which a plant
transient event occurs and, simultaneously, significant safety related equipment
is unavailable because of the same failure. The most significant types of

,

events appear to be those that involve the instrumentation and control power '

system. As stated below in the discussion of those specific power supplies,
the staff believes that ongoing activities in the area of instrumentation and
control power supplies should be integrated and should also address this type
of concern.

5.4.1.2 Plant Support Systems ,

'

Concerns related to the area of support systems were noted in Categories 1 (as
stated, the electric power system is a extensive support system), 13, 14, 18,
and 22 (Table 4). Since the electric power system was dealt with separately, |
the support systems considered here include cooling water systems; heating, '

ventilation, and air conditioning systems; lube oil systems; air supply systems; |and instrumentation and control systems. As was pointed out for the electric '

systems, these types of support systems tend to be plant unique to some extent.
|t

| The main general concern with some of the support systems involves the potential
for them to initiate an event and also degrade the systems necessary to mitigate,

that event. This potential breakdown in the defense-in-depth philosophy can|
,

} exist in some plants; however, the safety significance is highly dependent on
other plant mitigating features such as remaining independent trains of equipment.

Because the loss of these support systems (including the electrical power sys-
tem) does not lead to events such as a large LOCA or an MSLB which require im-
mediate operator action, the staff concludes that, except for catastrophic fail-
ures (see spatially coupled sis, Section 5.4.2), the potential for recovery of
these systems is very great. In conjunction with the conclusions regarding
induced human-intervention-coupled sis (see Section 5.4.3 below), the staff has

'

not recommended a regulatory action in this area, except for spatially coupled
interactions. The staff will, however, communicate to the industry this infor-
nation on support systems.

,

5.4.1.3 Incorrect Reliance on Failsafe Design Principles

One area of adverse systems interactions involved reactor protection (scram)
systems, Category 18. The staff recognized that such ASIS could be signifi-
cant because of the time response demanded of a trip system. An argument simi-
lar to the argument given above (that the operator could have the time to fix a
problem) does not apply.

| The staff believes that the types of ASI identified in the studies were the
i result of use of a design approach which actually requires the functioning of

certain features (for instance, a BWR discharge volume had to be empty) and,
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therefore, an incorrect reliance on fail-safe principles. In fact, the con-
cern with the air system was due to reliance on incorrect failsafe principles.
In that case, the air system was assumed to fail safe (i.e., bleed off) and, as
a result, a partial failure, at some low pressure, went unanalyzed. Action was
taken at all boiling water reactors to correct this problem. In addition, it
was noted that the electrical supply system to this scram system also had been

,previously modified because of similar concerns. Specifically, the electrical '

power was assumed to fail safe, i.e., voltage going to zero and as a result,
partial failure such as low voltage or high voltage went unanalyzed for a time.

i

Although the staff is concerned with such scenarios, the concern focuses on
the reactor trip system and it is acknowledged that the resolution of A-9, "An-

4

ticipated Transient Without Scram (ATWS)," shou.d resolve the concerns in the
area of the reactor trip system (RTS). The staff acknowledges that there may
be other areas of the plant in which incorrect use of failsafe principles has
occurred, but in all cases except the RTS, it is concluded that the safety sig-
nificance would be less because of the greater time "ailable for the operator
to take corrective action. The only exception may be furing a large LOCA;

,

'

however, the probability of a large LOCA occurring in conjunction with these
types of partial failures should be low. The staff will, however, communicate i
to the industry this information on the use of failsafe principles. '

5.4.1.4 Automated Safety-Related Actions With No Preferred Failure Mode !

Another area of adverse systems interactions which was highlighted involved the
) inadvertent actuation of an engineered safety features (Category 6), inadvert-

i

ent emergency core cooling system / residual heat removal (ECCS/RHR) pump suction
transfer. The most significant characteristic of this area appears to be that |
such a design feature does not have an "always" preferred (failure) mode. As !a result, extra precautions may be needed to avoid (1) a failure to actuatei '

) when needed and (2) a failure that actuates the system when not required (i.e.,
inadvertently). Of particular note is the possibility of inadvertent actuation
of these types of functions during testing or maintenance. It is fairly common

,

|

practice to put portions of the actuation logics in a trip or actuated state
and assume that the plant is then in a " safe" condition. Although this may be
true for functions that have a preferred (failure) mode, it may not be a con-
servative assumption for these other functions that do not have an always
preferred (failure) mode. The specific area of automatic ECCS switch to recir-
culation is the subject of a generic issue (GI) that is scheduled for prioriti-
zation, GI-24 (NUREG-0933, Rev. 2).

GI-24 will consider the aspect of possible untimely, inadvertent ECCS/RHR pump
suction transfer; therefore, the staff concludes that further specific action!

as part of the A-17 resolution is not warranted. The task manager for A-17
will make the staff responsible for NUREG-0933 aware of the information
developed in the ORNL study.

There is some additional concern that other ESF systems may similarly not al-
ways have a preferred failure mode. In general, almost all of these systems
have been analyzed for inadvertent actuation from a functional standpoint. The
staff will, however, communicate to the industry this information on the con-;

cern (regarding functionally coupled ASIS) for systems that do not have an al-
ways preferred failure mode.
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5.4.1.5 Instrumentation and Control Power Supplies

The ORNL review (NRC, NUREG/CR-3922) highlighted several events related to
instrumentation and control (I&C) power supplies (Category 14). The events at
all plants, and specifically at Babcock & Wilcox plants, have already received
significant attention as outlined in the ORNL assessment (NRC, NUREG/CR-4261).
As stated in Section 3.4.3, there was some concern that the potential for a
significant event related to I&C power supply interactions may still exist.
Because of this concern, further review work at ORNL was identified.;

1

ORNL completed this work and summarized it in a report entitled, " Survey and
Evaluation of Vital Instrumentation and Control Power Supply Events" (NRC,
NUREG/CR-4470). The report included a number of I&C power supply failures,
some of which led to initiation of a plant transient and partial disabling of
a safety system or operator indication.

l On the basis of the additional work performed by ORNL and the rtaff's further
review of the area of I&C power, the staff concluded tnat a sigt.ificant number

. of issues and industry efforts were already under way in this area. The re-
sults of the A-17 work in this area will be communicated to the industry for
information. However, the conclusion that significant activity is already un-
der way in this area has led the A-17 resolution to include a recommendation
that all the issues related to I&C power be combined under one task action plan
to better expedite and coordinate the work in this critical area. In addition,
the ORNL report should be utilized in this combined task.

,

5.4.2 Spatially Coupled Type
!

| Spatial dependencies appeared in a number of categories, including 3, 4, 8, 10,
| 15, 16, 21, and 23 (Table 4). This information was used in conjunction with

the review of the utility studies in the spatial area.

See Section 5.6 for the staff's conclusions regarding spatially coupled
interactions.

5.4.3 Induced Human-Intervention-Coupled Type

The limited treatment of the operator in the study of the A-17 issue (i.e., as
: a hardwire link) resulted in only a few events in this specific area (Cate-

gory 19) and, actually, these events could also be classified as another form!

of functional coupling. Of related interest are those events related to instru-|

ment and control power losses (Category 14), since such loss: can also leadthe operator to a false conclusion.

On the basis of actions taken independently of the A-17 issue in the area of
operator indication and particularly the implementation of Regulatory Guide
1.97 and the issuance of I&E Bulletin 79-27, the staff concludes that no addi-
tional action should be required for adverse systems interactions of this type

I at this time. The A-17 investigation will supply any additional information
uncovered as a result of instrumentation and control power supply investigations
as input to GI-76 (NUREG-0933, Rev. 2).
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5.4.4 Adequacy of Ongoing Evaluations of Operating Experience

! ORNL reviewed (NRC, NUREG/CR-4261) the existing programs for the reporting,
| evaluation, and dissemination of significant operating experience. This review
| included the activities considered by AE0D (Section 5.2.5) and I&E (Sec-
-

tion 5.2.6) and efforts by the industry. On the basis of this review, ORNL
concluded that adequate provisions are in place to continue to monitor the
operating experience for adverse systems interactions regardless of whethert

they are specifically labeled as such.

The staff agrees with the ORNL conclusion and is, therefore, considering taking
no action in the area of evaluation of operating experience, except for the
one-time dissemination of the information from the ORNL study for ASIS (NRC,
NUREG/CR-3922 and NUREG/CR-4261).

5.4.5 Undesirable Results of Systems Interaction Events

Part of the effort to focus USI A-17 involved a set of definitions which ii. luded,

!

a set of undesirable results (see Section 3.2). Although no conclusion was
reached as to the relative consequences or frequency of the various results
(except for Undesirable Result 5 see below), a closer evaluation of the
nature of the events which involve these results led to certain observations.
Undesirable Result 1 involves breakdowns in the independence of redundant
safety systems, divisions, trains, etc. This is a clear violation of the

| single-failure criterion, and these events often result from errors such as
- design or installation errors. Although they sometimes involve subtle

couplings, they are still caused by errors that probably cannot be rectifiedi

| by providing additional guidance on the application of the single-failure
| criterion.

Undesirable Result 2, which addresses the degradation of a safety-related sys-
tem by a system not related to safety, involves a similar observation:

. Independence or isolation is clearly required for these cases and typically'

errors, rather than subtle couplings, cause the problems.

Undesirable Results 3 and 4, on the other hand, involve coupling of any plant
accident or transient event and the degradation of any safety system includingoperation information. This aspect of breakdowns in levels of defense in depth
has not typically been the subject of as much guidance as the area of indepen-t

dence between safety systems and non safety systems. One exception may be in
i regard to the potential for a LOCA or MSLB to result in an environment that

can impact safety-related equipment. This area has been the subject of a
large effort to qualif3 the plant equipment to survive these environments.

ASIS of note that were identified as a result of the A-17 study were events that
| involved a single failure, such as loss of a power supply or other support sys-'

tem which led to a transient and also led to the loss of a train of some miti-gative feature.

Undesirable Result 5 was included in the A-17 issue to address events that may
involve plant features such as locked doors or inaccessible areas. The search
of operating experience uncovered only a few events of this type (NUREG/CR-3922).
In addition, a prioritization (NUREG-0933) of a related area, GI-81, " Impact
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of Locked Doors and Barriers on Plant and Personnel Safety," concluded that the
issue should be dropped from further consideration. Therefore, the staff did |

; not consider this type of adverse systems interaction further. I

!

| 5. 5 Probabilistic Risk Assessments
| 1

| The following is extracted from the Introduction to NUREG/CR-3852, " Insight
| Into PRA Methodologies."
! |
! In 1975, a new approach to evaluating reactor reliability and risk - !

Probabilistic Risk Assessment (PRA) - was presented in the Reactor
Safety Study (RSS), WASH-1400 [ renumbered NUREG-75/014]. This ap-

,

proach is based upon the concept of defining reactor system functions '

required for specific challenges (event trees) and estimating the i

probability of failure of system and functional requirements (fault
i trees). Since the completion of the RSS, reliability and risk assess-
| ment methods have been slowly evolving to the degree that they have *

| become generally accepted for providing a reasonable analysis of the
| safety of a nuclear power plant. During the mid to late 1970s, the
! Reactor Safety Study Methodology Applications Program (RSSMAP) devel- i

oped the concept of dominant accident sequences to simplify the con- ;
struction of detailed event and fault trees. Following RSSMAP, the |
Interim Reliability Evaluation Program (IREP) sponsored five relia- |

bility assessments to determine plant differences by utilizing a
variety.of probabilistic assessment methods and implementation tech-
niques. In addition to these NRC-sponsored studies, the nuclear |
power industry has conducted a number of reliability and risk studies. |
Examples include the Zion, Indian Point, Oconee, and Limerick PRAs. |
These studies have also made significant advances to the state of the I

art in probabilistic analysis. !

At the present time about 20 probabilistic safety analyses on speci-
fic nuclear power plants have been completed. All of the studies are
primarily based on the methods developed in the Reactor Safety Study.
However, most of the studies have attempted to improve upon the ori-
ginal probabilistic concepts.

Many of the studies, to one degree or another, address some aspects of the gen-
eral subject area of systems interactions. Adverse systems interactions consti-
tute a small subset of the general area referred to as " dependencies" in a PRA.
The dependencies related to systems interactions involve topic areas such as Mod-
eling of AC Power Systems and Modeling of Logic (Actuation) Systems. There are
many other dependencies dealt with which are not systems interactions. Among
these are evaluation of human error and common mode analysis.

Reports published on probabilistic risk assessment (NRC, NUREG-1050, NUREG/
CR-2300, and NUREG/CR-2815) have consistently identified the area of dependen-;

I cies as critical to the accuracy of the studies. The failure to adequately
treat dependencies, including adverse systems interactions, will repeatedly
cause the results to underestimate overall risk.

In terms of probabilities, cutsets include independent events so that PAB *
P P. However, where there is some dependency, P is greater than

A B AB
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P P. Clearly, by A-17 definitions, not all such dependencies are due to
A B

adverse systems interactions because a dependency such as could arise from
common maintenance practices (e.g., the case of the Salem A and B scram

I

'

oreakers, NUREG-1000) would also be such a dependency. If a PRA would,
through very detailed modeling, include all the system and initiating event de-
pendencies (including functional and spatial dependencies), then it would ad-
dress all concerns for systems interactions.

No PRA to date has been able to make this sort of claim; however, many have
highlighted significant system dependencies that are related to the systems i

interaction issue. |

Additional work has been performed in the general subject area of common-cause i

event analysis. A guide (NRC, NUREG/CR-4780) has been prepared to aid in per-
-

forming a common-cause analysis as part of a risk or reliability analysis.
The guide reflects many years of research by the authors and others in the
treatment of dependent failures in reliability and risk studies. As such,
it references much related work by organizations such as the Electric Power
Research Institute and Pickard, Lowe, and Garrick, Inc.

During its study leading to the resolution of USI A-17, the staff considered
both the PRA methods used in these areas and significant systems interactions
highlighted by individual studies.

5.5.1 PRA Methods

ORNL reviewed the relationship of systems interactions to PRAs (NRC, NUREG/
| CR-4261) and concluded that there are three keys to adequately model systems

interaction dependencies in a PRA:

(1) The model must provide adequate detail about the systems. This detail is
required to identify functional interactions that occur because support
systems fail and is also necessary for examining spatial interactions.

(2) The model must utilize extensive plant-specific information. This infor-
mation includes the location of safety-related equipment and its proximity
to both redundant equipment and to items that could affect its safety
function. Through the use of such plant-specific information, the spatial

| systems interactions could be identified. Plant-specific information is
i also needed for identifying functional interactions that can occur in

support equipment such as cooling water and electric power systems.

(3) The models must consider off-normal (i.e., other than anticipated) modes
of operation. A number of the systems interactions identified in an oper-

|
ating experience review (see Section 5.4) involved off-normal conditions,

during which equipment failed because the designer did not anticipate all
conditions.

One of the greatest advantages of this type of plant modeling may be found in
the process itself: By following patterns of investigation dictated by appli-
cation of the techniques, the analyst takes a systematic look at plant design
and operation. This can provide more insights than just those gained in the
traditional design-review process.

I
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,

To provide a reasonably accurate estimate of the probabilities of accident ;
sequences, a PRA must consider dependencies between the systems and initiating.

,

.
events in the sequence. In some cases this has been done through system fail-

'

' ure prababilities (which are derived from failure data that include such things
as support system failure) and in other cases explicit detailed modeling has
accounted for them.

In either case, the process must include the normal, recognized, systems inter-
i

action (e.g., where Train A cooling water supports Train A high pressure inkc-
tion through bearing cooling). To resolve issue A-17, a PRA would also have to
address the adverse systems interactions. The problem (with respect to A-17)
is that the dependencies of concern (referred to as adverse systems interactions) !
are sometimes so hidden or subtle that the analyst would not recognize them and, |

'

therefore, would not account for them either in the failure probabilities or !
through the modeling process.

,

I

The staff has concluded that it is not necessary (or even logical) to perform'
i

! a separate, full plant-scope study, such as a PRA, solely for the purpose of '|addressing adverse systems interactions. However, if for other reasons a PRA j
is performed, the A-17 program results provide the following guidance. l

With respect to future PRAs, the staff concludes that numerous methods are
available for identifying the adverse systems interactions, but it is more a
question of the amount of effort (and therefore dollars) one can ex end.
Therefore, contrary to the expectation expressed in NUREG/CR-2815, p'Probabi--

' listic Safety Analysis Procedures Guide," the staff does not endorse one meth-
' odology. On the other hand, the staff reinforces the conclusions reached in

NUREG/CR-2815 regarding functional dependencies and physical dependencies.;

Specifically, NUREG/CR-2815 concludes:
,

(1) Functional Dependenc[i]es

! All functional dependenc[i]es should in principle be identified at
the FMEA phase and/or included in a correctly drawn fault tree.

; A fault tree should contain in particular all the shared-hardware
'

and direct process-coupling types of dependenc[i]es. Additional
functional dependenc[i]es could be identified if the basic events
in the fault trees are further decomposed to simpler events.
The level of resolution in a fault tree depends on whether the

: ' analyst believes that a dependence could possibly exist at lower
; levels and on the relevant significance of such dependenc[i]es.

In this last regard, the A-17 program has highlighted a number of areas of,

concern which should be the focus of such resolution by the analyst (see
Section 5.4).;

(2) Physical Dependenc[i]es

A search of physical dependenc[i]es generally consists of generat-
ing minimal cutsets and examining whether the elements of these
sets are susceptible to the same generic causative factor and in

4 addition are connected by an " environmental" conductor that will
,
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; allow such a dependence to be created by.a single source.
Computer-aided search procedures have been developed for this

| purpose and are described in Section 3.7.3.9 of the ANS/IEEE,
| "PRA Procedures Guide" [NUREG/CR-2300].* In applying these
i techniques, the information generated during the FMEA and put in

the form of generic causative factors list is extremely useful.

Special caution should be exercised if codes that generate mini-
mal cutsets using cutoff probabilities are employed, in order to
avoid missing important dependenc[i]es contained in the rejected|

I cutsets.

For certain physical dependenc[i]es the search within minimal I
cutsets can be combined with the PASNY** approach of identifying
" targets" and " sources" for these interactions. If critical I

! combinations of " targets" to be examined during "walkthroughs" |
| are defined on the basis of the minimum cutsets, then the effi- '

| ciency of the "walkthrough" procedure will improve substantially.

As concluded elsewhere (see Section 5.6 on spatial interactions), the staff i
believes that a focused walkthrough review could be beneficial to safety. If a |

t

specific plant PRA is available, the targets and sources could be identified I

on the basis of the minimal cutsets and the procedure could be improved
substantially. '

5.5.2 ASIS Identified From Review of PRA Results
1

The following ASIS were identified frcm a review of a number of PRAs (NRC memo- |
randa, December 3, 1984, and May 31,1985) based on the description of the events
as compared to the definitions in the A-17 Task Action Plan.

5.5.2.1 Support Systems |
1

(1) Direct current bus supplies actuation power to the turbine-driven emer- Igency feedwater pump and to a diesel generator breaker. Therefore, a
'

single de bus failure (the breaker connecting the bus fails to close) |

disables two emergency feedwater pumps in the event of a loss of offsite
power.

(2) Stripping vital loads from the safety buses on a safety injection signal
(even though offsite power has not been lost) and then reloading them se-

| quentially on the bus reduces the reliability of the safety function.

(3) Direct-current bus faults can cause a reactor trip initiating event with
concomitant failure of multiple core and containment cooling system trains.

(4) Failures in the component cooling water (CCW) system have been identified
as extremely important support system failures which have the potential of
being an initiating event along with disabling mitigative systems required

* Prepared for NRC under auspices of ANS/IEEE.

** Power Authority of the State of New York, now called New York Power
Authority (NYPA).

NUREG-1174 48

|



._ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.

for that sequence. These aspects are discussed together in the next sec-
tion, " Initiating Events."

(5) A pipe failure in an air supply system results in failure of all automatic
depressurization system (ADS) valves.

5.5.2.2 Jnitiating Events

(1) A CCW system pipe break causes loss of cooling to the reactor coolant pump
seals and to the charging pumps which provide seal injection flow. Loss
of seal cooling and injection flow may result in seal failure (i.e., small
LOCA). Core melt mcy ensue because the high head safety injection pumps
(ECCS) also fail when CCW system cooling is lost. Thus, a single initiat-
ing event (loss of CCh} may directly result in core melt.

(2) Loss of cooling to reactor pump seals for short periods of time (30-60
minutes) may result in seal failure even when the reactor coolant pumpsa
have been tripped..

These examples indicate that PRAs have indeed uncovered some adverse systems
interactions. These examples of ASIS occur in the areas of support systems
and initiating events coupled with mitigating system failures. They tend to
reinforce the areas highlighted by the review of operating experience.

5.6 Study of Seismic / Spatially Coupled Systems Interactions

As the review of operating events and the review of utility SI studies pro-
gressed, it became apparent that a very large number of spatial interactions
were possible. To attempt to understand these phenomena, a separate effort was
defined to review this area. The approach for the review of SI studies was to
compare the results of the IP3 study and the Diablo Canyon study, and from this
information to draw conclusions about the possible safety significance of the
interactions postulated and the costs associated with conducting a more fo-
cused program.

The major portion of this work was performed by Mark Technologies Corp. under
subcontract to ORNL. That report (NRC, NUREG/CR-4306) addresses four major as-
pects of the programs. These aspects are the targets, the scope of the postu-
lated initiating events, the postulated source failures, and the resulting
documentation.

5.6.1 Target Scope

The programs reviewed had broad target scopes. They considered most safety
systems and one included refueling and fire protection components. The dif-
ferences in scope in each of the programs appeared to have been based on plant-
specific licensing and documentation considerations rather than on any cost /
benefit or risk-based criteria. The target scope is the most important factor
in the level of effort and cost for all of the programs reviewed.

5. 6. 2 Initiating Events

A review of the programs shows that greater risk significance is associated
with those initiators capable of challenging the plant support functions.

NUREG-1174 49



:

The greatest risk-significant initiators for the reactor coolant pressure
boundary include seismic events and fires. Auxiliary feedwater and other
frontline systems have significant risk only for plantwide events which are
capable of challenging multiple frontline functions simultaneously (e.g.,
seismic, fire, flood, and possibly tornado winds). Tornado missiles, local
internal missiles, and pipe failure (not seismically induced) do not pose

; significant plant risk outside the plant support systems.
l 4

| 5.6.3 Source Failures

| All three programs have postulated large numbers of source failures for which
! limited historical data are available and even less quantitative evaluation

has been performed. The program scopes of source failures included low-
frequency initiating events such as high-energy line breaks, tornado missiles, I,

l plant. tide floods, and low probability seismically initiated component failures |'

such as failure and falling of piping, raceways, and HVAC equipment. In ad- |
| dition ' the low-frequency initiating failures, the programs postulated in- |i teractici with safety components such as large mechanical equipment, piping, '

etc., whic, could be capable of surviving some impacts. Other areas of source
failure appear to have been less extensively covered. These include, most
notably, the effects of water spray on electrical equipment. The postulation
and treatment of water as a source was inconsistent in the documentation of
both the walkdown and the flooding study portions of the programs. Limiting
the study to only the most credible source initiators and the resulting credible
interactions can produce reductions in cost and optimize risk benefit.

{
5.6.4 Documentation

Documentation of the three programs on an individual source / target basis took
a lot of engineering and administrative time. Individual documents were gener-
ated, revised, edited, controlled, tracked, and sorted in the interests of
ensuring traceability and unique identification of the thousands of potential,
but in many cases, clearly low probability, low-risk events. A streamlined and
focused program could be developed with a level of documentation commensurate
with the level of risk associated with the events being investigated.

5.6.5 Analysis of Spatially Coupled Systems Interactions

Each interaction is typically characterized by an initiating event or failure,
a coupling or transmission of the failure effects, and a disabling of a target
component, system, etc. Of particular note is the uncertain nature of each|

one of these characteristics. Unlike functionally coupled ASIS, in which a
failure usually propagates directly through the connected sysu.ms and causes
other failure in spatially coupled events, failure propagates through less
direct paths and, as a result, other failures are less certain.

! On the basis of its review, Mark Technologies Corp. outlined a relative ranking
of the targets based on the perceived risk significance of the target groupings.

With respect to the targets, the support systems and controls were noted to be
of greatest significance. The basis for this conclusion involves the fact that

| support systems and controls can potentially affect multiple frontline systems
as well as possibly initiate a plant transient. In addition, controls (instru-
mentation, electrical devices, etc.) tend to be very sensitive to the type of
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| spatial phenomena (e.g., seismic, flood, spray) which are of concern. These'

are followed in decreasing importance by the reactor coolant pressure boundary,
the auxiliary feedwater (AFW) system and controls, and the other frontline
systems.

With respect to the source or initiating event scope, the programs considered
a number of initiators which included seismic events, flood, fire, missiles,
pipewhip, and tornado, depending on the target system involved.

The report (NRC, NUREG/CR-4306) discusses a simplified search methodology which
could be applied to these target groupings and initiating events and provides
cost estimates for such searches.

5.6.6 Staff Conclusions

The staff generally agrees with the conclusions of NUREG/CR-4306.
e

The staff believes Qat for any future SI reviews, the target scope should be
limited to the support systems and controls for the systems required for safe
shutdown, the safe shutdown systems themselves, and the reactor coolant pres-
sure boundary.

The staff does not believe that further review for spatially coupled interac-
| tions in the area of the ECCS is justified. These areas received a lot of
| review in th,e past. The review of the ECCS has not focused on all of the
| areas listeo as concerns, but the need for this equipment is predicated on the
; occurrence of a LOCA which has a relatively low frequency of occurrence. In
| addition, the reactor coolant pressure boundary (RCPB) would be evaluated as a

target system (both as the RCPB itself and under controls such as relief valves)
and, therefore, the potential for a seismically induced LOCA caused by a spa-
tially coupled ASI should be low.

Furthermore, the staff believes that the initiating events to be considered
should include only those related to seismic events and fluid related failures

!
such as flooding and water intrusion, including spray from low- or moderate-
energy piping. On the basis of other previous or ongoing activities, each of ;

the other potential initiating events is believed to be adequately covered. |

With rerpect to flooding, actions were taken at all plants as a result af the
event at Quad Cities in 1972 (AEC letter, September 26,1972). The actions
taken should have addressed these areas of concern. (See also SRP Section 3.6.1

| and Branch Technical Position (BTP) ASB 3-1.) However, there is some evidence
| that not all flooding and water-intrusion interactions were evaluated. Specif-
' ically, both the Diablo Canyon and Indian Point studies, as well as some of the

SEP reviews (e.g. , NUREG-0824) under Topic III-5.B, " Pipe Break Outside
Containment," highlighted some potential interactions. In addition, operating
experience has highlighted a number of events that have involved flooding and

| water intrusion (see Section 5.4.2). On the basis of these findings, the staff
| developed a number of insights in the area of flooding and water intrusion from

internal sources (see the Appendix for additional information).
|
! The area of fire protection has received significant attention as the result of

action taken in response to Appendix R of 10 CFR 50. The overall fire reviews
include the type of considerations identified in the Mark Technologies Corp.
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report. Because of this, the staff is recommending taking no further action
related to fire as a hazard. However, the fire suppression system itself may
be a source for flood or spray.

(1) Turbine missiles and (2) tornados and tornado missiles have been the subject
of a number of proposed generic issues, namely A-3'7 and A-38, respectively.
These issues were prioritized " drop" and " low," respectively. In addition, the
SEP group reviewed the area of internal missiles under Topic III-4.C and gener-
ally concluded that plants had adequate protection from internal missiles. On
this basis, the staff is not recommending that these sources be pursued.

As a result of the above considerations and the spatially coupled ASIS uncov-
ered by the operating expirience review (see Section 5.4), the staff concludes
that a focused search for certain spatially coupled systems interactions and
appropriate corrective measures could benefit safety for some operating plants.

6 SUMMARY OF STAFF CONCLUSIO.'

The resolution of any safety issue requires that the nature of the concern be
clearly described. Concerns described as general subject areas, such as common
cause, systems interactions, and dependent failure, can prove so broad that
almost every conceivable safety issue could fall within the concern, and there-
fore the issue itself would prove unmanageable.

Therefore, to proceed with a resolution of the concerns expressed as " systems
interactions," the NRC staff developed a set of definitions to attempt to give
the safety concern narrower focus. As part of developing this definition, it
was decided to take advantage of many ongoing efforts so that if some aspects
that might be considered systems interactions were better addressed by other
efforts, then the definitions would direct the A-17 effort away from those

As a result, a workable set of definitions was developed for the A-17areas.
issue. Many other concerns were left to be addressed outside A-17. These

|definitions are crucial to the understanding of the issue and its resolution.
I

On the basis of the definitions, a number of tasks were defined. These tasks
were structured to (1) make use of operating experience and other sources of
actual or postulated events, (2) take maximum advantage of previous systems
interaction studies, (3) evaluate the safety significance of systems interac-
tions, and (4) evaluate the safety benefit and cost effectiveness of potential
corrective measures.

Because systems interactions events are for the most part plant specific, the
quantification of the potential safety significance was extremely difficult.
Therefore, the safety benefit is based mostly on qualitative insights rather
than quantitative analysis.

As a result of the investigation into adverse systems interactions the staff
concluded the following:

(1) To address a subject area such as " systems interactions" in its broadest
sense tends to be an unmanageable task incapable of resolution. Some
bounds and limitations are crucial to proceeding toward a resolution. Con-
sidering this, the staff studying the A-17 issue utilized a set of working
definitions to limit the issue. It is recognized that such an approach
may leave some concerns unaddressed.
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| (2) The occurrence of an actual ASI or the existence of a potential ASI is very
| much a function of an individual plant's design and operational features
| (such as its detailed design and layout, allowed operating modes, proce-
| dures, and test and maintenance practices). Furthermore, the potential
! overall safety impact (such as loss of all cooling, loss of all electric

power, or core melt) is similarly a function of those plant features that
remain unaffected by the ASI. In other words, the results of an ASI depend

| on the availability of other independent equipment and the operator's
response capabilities.

(3) Although each ASI (and its safety impact) is unique to an individual plant,
there appear to be some characteristics common to a number of the ASIS.

l

(4) Methods are available (and some are under development) for searching out
sis on a plant-specific basis. Studies conducted by utilities and national
laboratories indicate that a full-scope plant search takes considerable
time and money. Even then, there is not a high degree of assurance all,
or even most, ASIS will be discovere'.

(5) Functionally coupled ASIS have occurred at a number of plants, but imaroved
operator information and training (instituted since the accident at T1ree
Mile Island) should greatly aid in recovery actions during future events.

(6) Induced human-intervention-coupled interactions as defined in A-17 are a l

subset of the broader class of functionally coupled systems interactions.
iAs stated for functionally coupled sis, improvements in both operator in- '

formation and operator training will greatly improve recovery from such i
events.

(7) As a class, spatially coupled sis may be the most significant because of
,

i

! the potential for the loss of equipment which is damaged beyond repair. !
In many cases, these ASIS are less likely to occur because of the lower

| probability of initiating failure (e.g., earthquake, pipe rupture) and the
less-than-certain coupling mechanisms involved. However, past operating
experience highlighted a number of flooding and water intrusion events and
more recent operating experience indicates that these types of events are
continuing to occur (see the Appendix for additional information).

| (8) Probabilistic risk assessments or other systematic plant-specific reviews
can provide a framework for identifying and addressing ASIS.

(9) Because of the nature of ASIS (they are introduced into plants by design'

errors and/or by overlooking subtle or hidden dependencies), they will
probably continue to happen. In their evaluations of operating experience,
NRC and the nuclear power industry can provide an effective method for

| addressing ASIS.

| (10) For existing plants, a properly focused systematic plant search for cer-
| tain types of spatially coupled ASIS and functionally coupled ASIS (and
| correction of the deficiencies found) may improve safety.
|
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(11) The area of electric. power, particularly instrumentation and cont
Further investigation showed that this area remains the subject of 'a numbesupplies, was highlighted as being vulnerable to relatively significant ASIS

. rol power

of separate issues and studies.
A concentrated effort to coordinate these

.

. r-
activities and'to include power supply interactions could prove an effectiveL -

approach in this area.
.

(12) For future plants' additional guidance regarding ASIS could benefit,

. safety. -

(13) The ' concerns raised by the Advisory Committee on Reactor' Safeguards (ACRS)
;

should be considered as candidate generic issues, separate from.USI A-17on A-17, but which'have not been addressed in the staff's study of A-17 -
i

,
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APPENDIX

INTERNAL FLOODING AND WATER INTRUSION INSIGHTS

Operating events have demonstrated the susceptibility of individual plant com-
ponents to water intrusion and flooding from internal plant sources. Flooding,
as discussed here, includes flooding of equipment by large volumes of water (i.e.,
equipment submergence) and other forms of water intrusion, including water spray-
ing, dripping, or splashing on sensitive equipment. Examples of these types of
events can be found in an operating experience review (References 1 and 2) con-
ducted by the NRC and in individual NRC information notices (References 3-9).
A key point apparent from these events is that the quantity of the water involved |

is not necessarily a measure of the problems that the water can create; the loca-
tion of the water is much more significant. For example, a small leak that drips I

,

down through electrical equipment can have a more severe impact on the plant than
an 8-foot flood in a pump compartment. Also, Generic Issue 77, " Flooding of
Safety Equipment Compartments by Back-Flow Through Floor Drains," has received
a high priority ranking (Reference 10) because of the possibility that plant
designs have overlooked backflow through floor drains as a flooding pathway.

All plants should have conducted some flooding-type studies as part of demon- |strating conformance to various requirements. These requirements were typically |
focused on large volumes of water and the potential for submerging equipment. |

(1) The general design criteria (10 CFR Part 50, Appendix A) address the area
of flooding. Specifically,

iGDC 3, " Fire protection," states: " Fire fighting systems shall be
*

I

designed to assure that their rupture or inadvertent operation does
not significantly impair the safety capability of these structures,
systems and components designated as important to safety."

GDC 4, " Environmental and dynamic effects missile design bases,"
*

states: " Structures, systems, and components important to safety
shall be designed to accommodate the effects of and to be compatible
with... normal operation, maintenance, testing, and postulated
accidents, including loss-of-coolant accidents. These structures,
systems and components shall be appropriately protected against
dynamic effects, including the effects of missiles, pipe whipping,
and discharging fluids, that may result from equipment failures and
from events and conditions outside the nuclear power unit. However,
dynamic effects associated with postulated pipe ruptures in nuclear
power units may be excluded from the design basis when analyses
reviewed and approved by the Commission demonstrate that the
probability of fluid system piping rupture is extremely low under
conditions consistent with the design basis for the piping."

(2) As part of environmental qualification requirements of 10 CFR 50.49,
submergence was evaluated for certain equipment for water associated with
design-basis events.

NUREG-1174 1 Appendix



_ _ . _ _ _ .__ __ ___ __

.

(3) Generic letters issued to licensed facilities in 1972 required additional
review based on an event at the Quad Cities plant.

'

(4) For more recently licensed plants, the Standard Review Plan (Reference 11)
cites the generic letters of 1972, and therefore, flooding-type analysis
should have been performed as part of the licensing process.

In addition, all plants should have developed programs for the review of operat-
ing experience per the requirements of Item I.C.5 of NUREG-0737 (Reference 12).
These reviews should include consideration of NRC information notices and other
industry documents such as those issued by the Institute of Nuclear Power Opera-:

tions (INP0). Both of these have included events involving flooding and water
intrusion.

The staff has concluded that existing requirements lack specific guidance regard-
ing water intrusion events that may involve small amounts of water and subtle
paths of communication of water or moisture to sensitive equipment.

The staff also recognizes that it may not be possible to identify all subtle
i pathways and sources. However, the staff believes that risk could be reduced

significantly by conducting a focused review that includes:

(1) reviewing actual industry operating experience involving water intrusion
for applicability to the licensee's plant

(2) considering action such as sealing conduit or providing shields for sensi- |tive equipment, and.

(3) examining safe-shutdown equipment specifically focusing on the potential |for water intrusion problems. Safe-shutdown equipment for a flooding or '

water intrusion event would typically include the equipment needed to
perform the following functions:'

1

(a) Bring the plant to hot shutdown and establish heat removal.

(b) Maintain support systems necessary to establish and maintain hot
shutdown.

(c) Maintain control room functions ar.d instrumentation and controls
; necessary to monitor hot shutdown.

(d) Provide alternating current and/or direct current emergency power as
'

needed on a plant-specific basis to meet the above three functions.

(Note: In addition to the above equipment, a review should include elec-
trical equipment that could cause inadvertent actuation of components
which in turn could hinder the ability to perform these functions (e.g.,
logic cabinets that actuate the automatic depressurization system).

On the basis of a large amount of industry experience, the staff has determined
that a flooding (including water intrusion) analysis should address the aspects

: listed below. Water intrusion includes all forms of water or moisture release'
from water sources internal to plant structures (e.g., leaks or ruptures.of
water or steam sources or from fire-suppression system actuation). Regardless
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of the means of release, the failure mechanism is intrusion of water or moisture |to sensitive equipment (e.g., electrical cabinets). !

(Note: If an analyses has been performed to demonstrate that the probabil-
ity of fluid system piping rupture is extremely low under conditions con-

| sistent with the design basis for the piping (i.e., per revised GDC 4),
; then fluid discharge associated with that rupture may be excluded from

i

further consideration.) |!

i Water Intrusion Considerations
1

(1) Sources
|

The water can and has been released by failure (e.g., leaks, ruptures), by| '

! system actuation (e.g. , fire-suppression system), or by special plant
situations during maintenance or testing. Actual operating experience

! has demonstrated problems that emanate from

! domestic water systems (toilets, sinks, eye-wash stations, etc.)
-

fire-suppression equipment |
'

*

moderate energy piping systems such as circulating water

maintenance actions (e.g., draining, venting)
,

-

low pressure steam and condensate leakage
'

(2) Pathways
'

Operating experience has demonstrated that separate rooms do not
necessarily provide protection because of

drain systems that may be plugged or allow backflow
'

heating and ventilation ducts and penetrations between rooms
*

-

unsealed doors

unsealed or inadequately sealed electrical conduit and penetrations
-

(either by design or from inadequate maintenance)
*

unusual maintenance situations (temporary drain lines, water barriers)

(3) Operating Experience

Collective industry experience has been described in:

NRC Information Notice 83-41, " Actuation of Fire Suppression System
*

Causing Inoperability of Safety-Related Equipment," June 22, 1983

NRC Information Notice 83-44, " Potential Damage to Redundant Safety
*

Equipment As a Result of Backflow Through the Equipment and Floor
Drain Systems," July 1, 1983
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*

NRC Information Notice 85-85, " Systems Interaction Event Resulting
in Reactor System Safety Relief Valve Opening Following a
Fire-Protection Deluge System Malfunction," October 31, 1985

NRC Information Notice 86-106, Supplement 2, "Feedwater Line
*

Break," March 18, 1987
*

NRC Information Notice 87-14, " Actuation of Fire Suppression System
Causing Inoperability of Safety-Related Ventilation Equipment,"
March 23, 1987

NRC Information Notice 87-49, " Deficiencies in Outside Containment
*

Flooding Protection," October 9, 1987

NRC Information Notice 88-60, " Inadequate Design and Installation of
-

Watertight Penetration Seals," August 11, 1988
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Causing Inoperability of Safety-Related Equipment, June

s -

22, 1983.
!4. -- , Information Notice 83-44, " Potential Damage to Redundant Safety
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Causing Inoperability of Safety-Related Ventilation Equipment," March 23, i1987.
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ABSTRACT

This report presents a summary of the regulatory analysis conducted by the
NRC staff to evaluate the value and impact of potential alternatives for the
resolution of Unresolved Safety Issue (USI) A-17, " Systems Interactions in

|
Nuclear Power Plants." The NRC staff's proposed resolution offered in this

| report is based on this analysis. The staff's technical finding regarding
| systems interactions can be found in NUREG-1174.

Adverse systems interactions (ASIS) involve subtle and often very complicated
| plant-specific dependencies between components and systems, possibly compounded
| by inducing erroneous human interventi,n. The staff has identified actions to

be taken by licensees and the NRC to rc 'lve USI A-17; the staff has also made
,

| the judgment that these actions, togethe with other ongoing activities, would
' reduce the risk from adverse systems interactions. As discussed further in this

report, the staff judgment that the proposed actions are sufficient is not based
on the assertion that all systems interactions have been identified, but rather

j that the A-17 actions, plus other activities by the licensees and staff, will
|

identify precursors to potentially risk-significant interactions so that actionI

can be taken if deemed necessary.
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EXECUTIVE SUMMARY .

1

I
IThe U.S. Nuclear Regulatory Commission (NRC) has concluded its technical evalua-

tion of Unresolved Safety Issue (USI) A-17, " Systems Interactions in Nuclear 1

Power Plants." The present report summarizes the results of the regulatory j

analysis conducted by the NRC staff to formulate the resolution of USI A-17. |
The technical findings and conclusions used in this report are based on those ;

presented in NUREG-1174, "rvaluation of Systems Interactions in Nuclear Power |

Plants: Technical Finding Related to Unresolved Safety Issue A-17." |
!

As emphasized in NUREG-1174, the set t,f definitions is critical to proceeding
with resolution of the issue. Those definitions are repeated in this document.

Because of the complex and interdependent network of syst?ms, structures, and
components that constitute a nuclear power plant, the scenario of almost any
significant event can be characterized as a " systems interaction." As a result,
the staff recognized that if the term " systems interaction" 're interpreted in,

a very broad sense it became an unmanageable safety issue. 1 begin to address
perceived safety concerns within this potentially broad subjec6 area, requires
a narrowing of the scope. To this end, a set of definitions based on the per- |
ceived safety concerns has been developed.

;

It is recognized that by narrowing the focus, all concerns that could be
characterized as systems interactions may not be addressed. It is, therefore,

extremely important that the scope and boundary of the program be as clearly
defined (and understood) as possible. Then, should concerns still exist after
the program has been completed, those concerns could be addressed as part of
any separate efforts deemed necessary..

The followit g terms and definitions were used in the A-17 program:

: (1) Systems Interaction (SI)

An action or inaction (not necessarily a failure) of various systems (sub-
systems, divis ons, trains), components, or structures resulting from a
single credible failure within one system, component, or structure and
propagation to other systems, components, or structures by inconspicuous-

or unanticipated interdependencies. The major difference between an SI
and a classic single-failure event is in those hidden or unanticipated
aspects of the initiating f ailure and/or its propagation.

(2) Adverse Systems Interaction (ASI)
,

A systems interaction that produces an undesirable result.
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(3) Undesirable Result (Produced by sis)

This was defined by a list of the types of events that were to be con-
sidered in USI A-17.

Degradation of redundant portions of a safety system, including con--

sideration of all auxiliary support functions. Redundant portions
are those considered to be independent in the design and accident
analysis (Chapter 15) of the Final Safety Analysis Report (FSAR) of
the plant. (Note: This would violate the single-failure criterion'.)

Degradation of a safety system by a non-safety system. (Note: This-

result would demonstrate a breakdown in presumed " isolation.")

Initiation of an " accident" [e.g. , loss-of-coolant accident (LOCA),-

main steamline break (MSLB)] and (a) the degradation of at least one
redundant portion of any one of the safety systems required to miti-
gate that event (Chapter 15, FSAR analyses) or (b) degradation of
critical operator information sufficient to Huse-the operator to
perform unanalyzed, unassumed, or incorrect actions. (Note: .This
includes failure to perform correct actions because of incorrect
information.)

Initiation of a " transient" (including reactor trip) and (a) the deg--

radation of at least one redundant portion of any one of the safety
syrtems required to mitigate the event (Chapter 15, FSAR analyses)

Hu(b) degradation of critical operator information sufficient toor
se the operator to perform unanalyzed, unassumed, or incorrect

actions. (Note: This includes failure to perform correct actions
because of incorrect information.)

Initiation of an event that requires plant operators to act in areas-

outside the control room (perhaps because the' control room is' being
evacuated or the plant is being shut down) and disruption of the
access to these areas (for example, by disruption of the security
system or isolation of an area when fire doors are closed or a sup-
pression system is actuated).

The intersystem dependencies (or systems interactions) have been divided into
three classes based on the way they propagate:

(1) Functionally Coupled

Those sis that result from sharing of common systems / components; or physical
connections between systems, including electrical, hydraulic, pneumatic, or
mechanical.

(2) Spatially Coupled

Those sis that result from sharing or proximity of structures / locations,
equipment, or components or by spatial inter-ties such as heating, ven-
tilation, and air conditioning (HVAC) and drain systems.

NUREG-1229 viii
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(3) Induced Human-Intervention Coupled-

| Those sis that result when a plant malfunction (such as failed indication)
inappropriately induces an operator action, or when a malfunction inhibits

|- an operator's ability to respond. As analyzed in the A-17 program, these
sis are considered another example of functionally coupled ASIS. (Note:
Random human errors and acts of sabotage are excluded.);

As a result.of the staff's studies of alternative actions that mightL resolve
i the A-17 safety issue, the staff has concluded that certain actions should be
4

taken. These actions are:
4

i .

i (1) Send a generic ' letter to all plants providing information developed
during the resolution of A-17.;

'

| (2) Consider flooding and water intrusion from internal plant sources in the
.

Individual Plant Examinations (IPEs).'
.

i

!.'
(3) Consider systems interactions involving the electrical power systems in -

i the integrated program on electrical power reliability.
;

(4) Provide information for use in future probabilistic risk assessments,

i (PRAs).
i

(5) Provide a framework for addressing those other concerns related to
i systems interactions which are not covered by the A-17 prog"am.
,,

| (6) Acknowledge that the resolution of USI A-46 addresses aspects o~f systems
| interactions.
t

3 (7) Develop a standard review plan for future plants to address protection
I from internal flooding and water intrusion.
:

i

i
i

i

i
:
r .

i-
<

;

;

i

:

.
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REGULATORY ANALYSIS FOR PROPOSED RESOLUTION OF USI A-17:
SYSTEMS INTERACTIONS IN NUCLEAR POWER PLANTS

1 STATEMENT OF THE PROBLEM

A nuclear power plant is composed of numerous systems, structures, and components
which are designed and analyzed by several engineering disciplines. The degree ,

of functional and physical integration of all these systems, components, and |

structures into any single power plant may vary considerably. Concerns have |

been raised which question the adequacy of this functional and physical integra- |

tion coordination process. Also, it has been postulated that adverse systems
interactions (ASIS) may be inadvertently incorporated into plants by inade-
quacies in the process. Given that a nuclear power plant includes many systems,
components, and structures, including (1) systems that normally control the I
plant, (2) systems that respond to off-normal events, and (3) systems that both

|functionally and physically support other systems, it is reasonable to suspect |

that such interactions may exist. Current regulatory requirements and guidance
address this area. The unresolved safety issue (USI) A-17 program was initiated ,

to investigate the area of systems interactions and to consider viable alterna- |

tives for regulatory requirements (including doing nothing) to ensure that
'

adverse systems interactions have been or will be minimized at operating plants
and at new plants.

.

2 SUMMARY OF TECHNICAL FINDINGS AND CONCLUSIONS

The technical findings and conclusions presented here are based on the results
reported in NRC staff report NUREG-1174.

Because a nuclear power plant is composed of systems, structures, and components
both complex and interdependent, any significant event scenario can potentially
be characterized as a " systems interaction." As a result, the staff has deter-
mined that if the term systems interaction were interpreted in its broadest |

sense, it became an unmanageable safety issue. To begin to address perceived |

safety concerns within this potentially broad subject area requires some
focusing. One way to focus on such an effort is to develop a working set of
definitions based on the perceived safety concerns.

It is recognized that by the very nature of narrowing the focus, 311 concerns
that could be characterized as systems interactions may not be addres:ed. It

is, therefore, extremely important that the scope and boundary of the focusedThen, shouldprogram be as clearly defined (and understood) as possible.
concerns still exist after the program has been completed, those concerns could
be addressed as part of any separate efforts deemed necessary.

The terms and definitions used in the A-17 program follow in Sections 2.1
through 2.4. In addition, Table 1 (which is reproduced here from NUREG-1174)
is included to help clarify the scope of A-17 and its bases.

NUREG-1229 1
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Table 1 Scope of USI A-17, " Systems Interactions": General subject area
involves system failures which are due to system dependencies4

Concerns Covered by Clarification
>

(1) Recognized / analyzed single Existing regulations Not analyzed in
failures directly propagate Single failure A-17

to other equipment / systems defined in the GDC
within the same safety
division

(2) Single failures subtly USI A-17 definition
propagate to cause plant of adverse systems ,

|
transients / accidents interactions
and/or degrade the
required safety systems.
Includes:

Subtle spatial interties
Subtle functional
interties

(3) Common failure of redun- Improvements in main- Not analyzed in |

dant safety systems due to tenance and test A-17- .

commonalities such as: procedures, ATWS rule, |

Same manufacturing A-44 proposed rule
'

defect
|Same testing error

Same maintenance error

(4) Operator errors that dis- Improvements in oper- Not analyzed by j

able redundant safety ator training A-17
.

systems
,

(5) Events that could cause USI A-46 plus current Not analyzed in
multiple plant problems licensing requirements 'A-17, except for
simultaneously: cover earthquakes internal flooding /

water intrusionParticularly earthquakes J

Also fire and pipe break / Appendix R deals with events occurring
flooding fire one at a time

Equipment qualifica- |
tion rule (10 CFR I

I

50.49) deals with
design-basis pipe breaks

!

None of these programs-
deals with multiple,
simultaneous events.
Therefore, this area is
to be further evaluated
under the Multiple System
Responses Program.

NUREG-1229 2
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2.1 Systems Interaction

A systems interaction (SI) is an action or inaction (not necessarily a failure)
' of various systems (subsystems, divisions, trains), components, or structures,

resulting from a single credible failure within one system, component, or struc-
ture and propagation to other systems, components, or structures by inconspicuous

The major difference between an SI and aor unanticipated interdependencies.'

classic single-f ailure event is in those hidden or unanticipated aspects of the
; initiating failure and/or its propagation.

2. 2 Adverse Systems Interaction i

An adverse systems interaction (ASI) is an SI that produces an undesirablei

result."

| 2.3 Undesirable Result (Produced by sis)
I

A list of types of events that were to be considered in USI A-17 defines this'

term:

(1) Degradation of redundant portions of a safety system, including considera-
|tion of all auxiliary support functions. Redundant portions are those

considered to be independent in the design and accident analysis (Chap- |
!

ter 15) of the Final Safety Analysis Report (FSAR) of the plant. (Note.
This would violate the single-failure criterion.)

4

This resultDegradation of a safety system by a non-safety system (Note:(2) would demonstrate a breakdown in presumed " isolation.")
1

Initiation of an " accident" [e.g. , loss-of-coolant-accident (LOCA), main(3) steamline break (MSLB)] and (a) the degradation of at least one redundant
portion of any one of the safety systems required to mitigate that event
(Chapter 15, FSAR analyses) or (b) degradation of critical operator infor-
mation sufficient to cause tee operator to perform unanalyzed, unassumed,

<

or incorrect actions. (Note: This includes failure to perform correct
actions because of incorrect information.)'

Initiation of a " transient" (including reactor trip) and (a) the degradation(4) of at least one redundant portion of any one of the safety systems required
or (b) degradation of

to mitigate the event (Chapter 15, FSAR analyses) He operator to per@ormcritical operator information sufficient to cause
unanalyzed, unassumed, or incorrect actions. (Note: This includes failure'

to perform correct actions because of incorrect informa+. ion.)

Initiation of an event that requires plant operators to act in areas outsidef

(5) the control room (perhaps because the control room is being evacuated or
the plant is being shut down) and disruption of the access to these areas
(for example, by disruption of the security system or isolation of an area
when fire doors are closed or when a suppression system is actuated).

2.4 Classification of Adverse Systems Interactions

The intersystem dependencies (or systems interactions) have been divided into
three classes based on the way they propagate:

3NUREG-1229 ,
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(1) Functionally Coupled |

Those sis that result from sharing of common systems / components; or physi- I

cal connections between systems, including electrical, hydraulic, pneumatic,
ior mechanical.
|

(2) Spatially Coupled ;

1

Those sis that result from sharing or proximity of structures / locations, |

equipment, or components, or by spatial inter-ties such as heating, venti- |

lation, and air conditioning (HVAC) and drain systems.

(3) Induced Human-Intervention Coupled j

Those sis that result when a plant malfunction (such as failed indication)
inappropriately induces an operator action, or when a malfunction inhibits
en operator's ability to respond. As analyzed in the A-17 program, these <

'

S: are considered another example of functionally coupled ASIS. (Note:
Raridom human errors and acts of sabotage are excluded.)

2. 5 Conclusions

As a result of the staff's studies of ASIS undertaken as part of its search for |

a solution to the USI A-17 safety issue, the staff has concluded the following: (

(1) To addre'ss a subject area such as " systems interactions" in its broadest
sense tends to be an unmanageable task incapable of resolution. Some

bounds and limitations are crucial to proceeding toward a resolution.
Considering this, the A-17 program utilized a set of working definitions
to limit the issue. It is recognized that such an approach may leave some
concerns unaddressed.

(2) The occurrence of an actual ASI or the existence of a potential ASI is
very much a function of an individual plant's design and operational
features (such as its detailed design and layout, allowed operating modes,
procedures, and test and maintenance practices). Furthermore, the poten-
tial overall safety impact (such as loss of all cooling, loss of all elec-
tric power, or core melt) is similarly a function of those plant features
that remain unaffected by the ASI. In other words, the results of an ASI
depend on the availability of other independent equipment and the opera-
tor's response capabilities.

Although each ASI (and its safety impact) is unique to an individual plant,(3)
there appear to be some characteristics common to a number of the ASIS.

(4) Methods are available (and some are under development) for searching out
sis on a plant-specific basis. Studies conducted by utilities and
national laboratories indicate that a full-scope plant search takes con-
siderable time and money. Even then, there is not a high degree of assur-
ance all, or even most, ASIS will be discovered.

NUREG-1229 4
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Functionally coupled ASIS have occurred at a number of plants, but improved(5) operator information and training (instituted since the accident at Three
Mile Island) should greatly aid in recovery actions during future events.

(6) Induced human-intervention-coupled interactions as defined in A-17 are a
subset of the broader class of functionally coupled sis. As stated for
functionally coupled sis, improvements in both. operator information and
operator training will greatly improve recovery from such events.

As a class, spatially coupled sis may be the most significant because of(7)
the potential for the loss of equipment which is damaged beyond repair.

t

In many cases these ASIS are less likely to occur because of the lower
probability of . initiating f ailure (e.g. , earthquake, pipe rupture) and the
less-than.-certain coupling mechanisms involved. However, past operating
experience highlighted a number of internal flooding and water intrusion
events and more recent operating experience indicates that these type of
events are cantinuing to occur.

Probabilistic .-isk assessments or other systematic plant-specific reviews(8)
can provide a framework for identifying and addressing ASIS.

Because of the nature of ASIS (they are introduced into plants by design(9) errors and/or by overlooking subtle _or hidden dependencies), they will
probably continue to happen. In their evaluations of operating experience,
NRC and the nuclear power industry can provide an effective method for-
addressing ASIS.

(10) For existing plants,- a properly focused, systematic plant search for
certain types of spatially coupled ASIS and functionally coupled ASIS (and
correction of the deficiencies found) may improve safety.

(11) The area of electric power, and particularly instrumentation and control
power supplies, was highlighted as being vulnerable to relatively signi-
ficant ASIS. Further investigation showed that'this area. remains the
subject of-a number of separate issues and studies. A concentrated effort |

to coordinate these activities and to include power supply interactions |

could provide a more effective approach in this area.

(12) For future plants, additional guidance regarding ASIS could benefit safety.

(13) The concerns raised by the Advisory Committee on Reactor Safeguards (ACRS)
' on A-17, but which have not been addressed in'the staff's study of A-17,

should be considered as candidate generic issues, separate from USI A-17.

Although there does not seem to be a generic safety concern that warrants imme-
diate attention, some potential exists for plant-specific problems and, there-
fore, altenatives for action were considered further.-

3 ALTERNATIVES
1

The alternatives considered were grouped into four areas:

(1) the need to take action at operating plants

NUREG-1229' 5
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(2) the adequacy of current licensing requirements and guidance (for future
plants)

the possibility of providing additional guidance for those utilities which(3) perform a systematic safety analysis such as a probabilistic risk assess-
ment (PRA)

the adequacy of the existing processes for review and evaluation of operat-(4)
ing experience

Then for each of these areas, various alternatives were considered as discussed ,

below. |

f Alternatives for 0?erating Plants
| 3.1

Requiring a comprehensive plant study would involve modeling the plant
|(1) dependencies (functional and spatial) and then evaluating them.

i

| ,volve addressing only the requirements alreadyTaking no action would
| (2) resulting from previous attention to ASIS, such as staff bulletins and

|
!

generic letters.
|Requiring all plants to meet a prescriptive set of specific generic re-(3)
'

quirements would involve implementing specific plant actions and/or
! modifications to specific systems. In the past, this approach has been|

used for individual ASIS.
!

Requiring all plants to provide a separate and independent, alternate |(4) shutdown system would involve the design and implementation of a function-
.Ially and physically independent plant system (s) that would be free from

ASIS with respect to the rest of the plant.

Requiring all plants to do a focused individual study in specific areas(5) for spatially coupled and functionally coupled ASIS would necessitate that
individual plants do evaluations in rather specific areas based on guide-As a result ilines that would focus the more significant concerns for ASIS.
of individual plant evaluations, actions may be required.

3.2 Alternatives for Future Plants
Adding a new and separate ASI review section to the Standard Review Plan(1) would inaugurate a new section in the Standard Review Plan (SRP)
(NUREG-0800) containing a set of acceptance criteria and review guidelines,
and designating a lead review branch.

Taking no action would indicate that the requirements and guidance in the<

(2) SRP are adequate and no new guidance is necessary.

Providing additional regulatory guidance / criteria for ASIS would consider(3) the existing regulatory guidance (e.g. , acceptance criteria and review
guidelines) in the appropriate sections of the SRP and would establish the
adequacy of the guidance. Where the guidance is inadequate, individual
revisions would be proposed.

6
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Alternatives for Improving Systematic Plant Reviews Such As Probabilistic3.3
Risk Assessments

(1) Providing additional geidance for future systematic reviews would involve
developing new guidance to such studies.

|

(2) Taking no action would conclude that present guidance is sufficient.

Requiring a specific search method for uncovering ASIS would endorse one(3)
particular method as the solution for the subject area of ASIS and would

| recommend that all systematic type reviews use it.

|
3.4 Alternatives for Evaluating' Operating Experience

Providing for new recommendations in the future evaluation of operatingi

j (1) experience for ASIS would consider the existing programs that deal with
operating experience and would make recommendations for improving them

|

I

to address ASIS.
Y.

Taking no action would consider the present programs for the review and(2) dissemination of operating experience and would conclude that they are
adequate with respect to ASIS.

Providing information on ASIS to ongoing evaluations of operating experi-! (3) ence would involve the one-time dissemination of information developed
regarding ASIS.

4 OISCUSSION OF ALTERNATIVES

4.1 Alternatives for Operating Plants

(1) Require a comprehensive plant study.

This alternative would require all plants to perform a large study for sis.
The study would consider the total plant and would address both functionally
and spatially coupled ASIS.

A number of large studies have been performed by utilities such as Pacific Gas
and Electric (May 1984), the Power Authority of the State of New York (June
1983), and Consumers Power Company (June 1983). In addition, the NRC sponsored
two studies by national laboratories at one plant, Indian Point Station, Unit 3
(NRC, NUREG/CR-4179,. and NRC, NUREG/CR-4207). None of these studies could be
called a comprehensive or full plant study, except possibly the overall Midland

Each
program (Consumers Power Company, June 1983) which was never completed.
of the other studies had a limited scope (to varying degrees) based on a specific

,

set of objectives and/or assumptions.

The staff's review of ASIS (both postulated and actual) has shown that selecting
t

this alternative provides only a small potential to reduce risk.

The safety benefit of the completed programs was extremely hard to quantify.'

In general, based on the reported results, many modifications were made but
the utilities considered few, if any, truly safety significant. Some quanti-

fication of safety benefit has been estimated on the basis of the NRC-sponsored

7
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work. As reported in the evaluation of the two demonstration analyses for sis,
the one event considered to be an ASI involving the station battery was esti-
mated to have a core-melt frequency of 2x10 8 per reactor year.

The costs of the utility-sponsored studies (including modifications) ranged
from a low of about $2 million to a high of between $10 and $12 million. The

laboratory studies were limited to $1 million each. A comprehensive study for
both functionally coupled and spatially coupled ASIS would cost approximately
$10 million.

Considering that a significant safety benefit was not evident and considering
the high costs of a full study, this alternative was not seen as a viable
option. Assuming a cost-to-benefit criterion of $1000 per man-rem, at $10
million per plant study, a safety benefit (for 100 plants) of 1 million man-rem
would have to be realized.

(2) Take no action.
This alternative would be to take no actions beyo ' the actions already resulting
from all the previous attention given to ASIS (e.g., IE Bulletins, IE Notices,
and 10 CFR 50.49).

This alternative was seriously considered; however, the staff believes that there
is still some potential for plant-specific ASIS based on the results of further,

review of the utility studies, further review of the operating experience, and
plant-specific PRAs.

,

No safety benefit is involved with this alternative nor are industry costs
involved in such a resolution.

(3) Require all plants to meet a prescriptive set of specific generic
requirements.

The intention of this alternative would be to require a specific set of plant
" fixes" based on results of previously conducted SI studfes and the A-17 work.
From these results, a list of actual and postulated events would be compiled.
The objective of the plant-specific review would be to ensure that certain
specific events would not occur at that facility. This alternative was judged
to be impractical for two reasons. First, a large number of the sis that have
occurred have already been dealt with at the facilities in question. Action
was generally taken in response to generic letters or IE bulletins. Sometimes

the industry initiated its own action. In some cases, postulated events (that
is, events that have not actually occurred) have also been the subject of
generic letters or IE bulletins. Second, most existing nuclear power plants
have significant differences in systems, components, and structures.in the
areas of concern highlighted in the review of operating experience and the
review of utility studies. For example, probably no two plants are identical
in physical aspects (except maybe a dual-unit plant) and no two plants have
identical electrical systems. If a set of prescriptive alternatives were
developed, it would not be able to properly take these differences into account.
This alternative would not be able to give guidance in all areas that may need
improvement at some plants and not at others, nor would it be able to give
credit for mitigative design aspects at some plants which don't exist at others.

NUREG-1229 8
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For these reasons, the staff abandoned consideration of this alternative.

(4) Require all plants to provide a separate and independent alternative shut-
down system.

This alternative was considered as a possible solution because, in theory, if
a totally independent (i.e. , separate and independent from all existing plant
features) design feature is provided, it would not be subject to ASIS. This

type of alternative received consideration under another unresolved safety
issue, namely USI A-45, " Shutdown Decay Heat Removal Requirements."

This solution could theoretically solve all SI concerns; however, the costs i

for a "new design feature" to accomplish independent plant shutdown is high,Therefore,probably on the order of tens of millions to $100 million per plant.
this alternative was not considered feasible when only the resolution of A-17
was considered.

(5) Require all plants to perform a focused individual sttdy in specific areas
for spatially coupled and functionally coupled ASIS. sc

Performing a focused review and potential associated modifications would reduce
the probability of core melt. The quantification of the possible reduction
proved extremely difficult. To estimate a reduction in core-melt frequency (and
then calculate risk in terms of radiation release) requires that specific event
sequences be selected and failure / success estimates be made for each function
in the event tree. All the ASIS involve very specific plant conditions (such
as operating modes, design features, and test and maintenance practices) and the
overall results (such as loss of all cooling, loss of all ac power, and core
melt) of an individual ASI are highly dependent on which specific plant design
features remain intact after the ASI (such as remaining independent divisions,
remaining displays) and the operator's response. Therefore, the risk analyses
could not be used generically. Studies conducted to identify ASIS and the
risks associated with them have indicated that the' associated risk is very low.
For instance, as reported by the Atomic Industrial Forum, the Indian Point
Unit 3 Study (1985), the most comprehensive study completed to date, has
indicated that the risk imposed by ASIS is insignificant. Brookhaven National
Laboratory (BNL) (NRC, April 1985) and Lawrence Livermore National Laboratory
(LLNL) (NRC, January 1986) studies (also on Indian Point Unit 3) confirmed that
uncovering subtle ASIS can be difficult; these reports also predicted very low
risk from those ASIS that were identified.

For these reasons, the assessment of safety benefit is primarily qualitative. ||
The audit of the utilities program was estimated to require 1 man-week per plant; ;

J

therefore, about 2 man years (total) would be involved. The audit of results
(analysis / modifications) of the program and the subsequent safety evaluation
report were estimated to require about 3 man-weeks per plant. Therefore, total
NRC cost should not exceed $1 million. However, the cost to utilities would
be much greater, as discussed in the following subsections of Section 4.1:
(5.1(b)), (5.1(c)), (5.2(b)), and (5.2(c)), below.

Considering operating experience (NRC, NUREG/CR-3922), the evaluation of the
major utility programs, and recent plant-specific PRAs (NRC memorandum, December
1984), a number of " areas" of the plants appeared to be vulnerable to specific
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i types of ASIS. On the basis of the above work, the concerns were focused in
the areas of spatially coupled ASIS and functionally coupled ASIS as follows:4

,

(5.1) Spatially Coupled ASIS
'

! A number of licensee event reports (LERs) identified actual events or postulated
conditions that involved spatially coupled ASIS. The following categories,
as defined in NRC's NUREG/CR-3922, include spatially coupled adverse systems'

! interactions identified in LERs:
!

| Category 3 degradation of safety related components by fire protection
systems

! Category 4 plant drain systems that allow flooding of safety-related
! equipment

Category 8 level instrumentation degraded by high-energy line Lreak (HELB)
i conditions
! Category 10 HELB conditions degrading control systems
! Category 15 inadequate cable separation

Category 16 safety related cables unprotected from missiles generat'. from HVAC

fans:
i Category 17 suppression pool swell
i Category 21 spatial dependencies due to failures during postulated seismic

events'

Category 23 other spatial dependencies

5 In addition,' consultants to Oak Ridge National- Laboratory compared the utility
studies done at Indian Point Station, Unit 3, and Diablo Canyon Nuclear Power,

;

Plant, Units 1 and 2, in the area of spatially coupled sis (NRC, NUREG/CR-4306).
As a result of this work, a focused study was defined. The study would include'

(1) a limited target scope, (2) a list of hazards or initiating events (related
to the targets), and (3) a simplified search method. The staff reviewed the
results of the consultant's report and developed a proposed target scope and2

j hazard scope based on other considerations, as follows:
,

Target Scope-

; Target is the term typically used to describe a structure, system, or
: component that is to be protected from ASIS. The consultant's report

i
considered four target groupings:

I support systems and controls-

reactor coolant pressure boundary (RCPB)' -

auxiliary feedwater system-
.

other frontline systems (such as ECCS)1
-

: The staff concluded that auxiliary feedwater systems have received signifi-
cant attention as a result of the accident at Three Mile Island and other
ongoing issues and staff actions.'

Regarding the other frontline systems, it was concluded that if the RCPB
is adequately protected from spatially coupled ASIS, the need for the'

operability of frontline systems under conditions such as earthquake is
;

greatly reduced.:

HUREG-1229 10
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Therefore, the staff proposed to limit the scope to considerat hn of the
systems required to achieve hot shutdown (and maintain it for 72 hours).
This is consistent with the proposed resolution of USI A-46 in the area
of seismic qualification of equipment.

Hazard Scope-

Regarding the " hazards" evaluated in the utility programs, the following
were identified: seismic events, fire, flood, missiles, pipe whip, and
tornadoes. On the basis of earlier regulatory actions in certain of these |

areas, the staff proposed that only two types of the hazards needed to be
considered: earthquake and flooding.

Fire reviews have been performed at all plants to meet the requirements
of Appendix R to 10 CFR 50. These reviews include criteria that address
the concerns for spatially coupled ASIS. Hewever, the potential for ASIS
from the fire protection equipment was noted (e.g., spray, flood). There-
fore, the A-17 resolution would not propose to reevaluate this area except
as it relates to the possibility of fluid interactions from the fire
protection system.

Flood reviews were required by the Atomic Energy Commission (AEC) at all
plants in 1972 after the Quad Cities flood of 1972 (AEC, 1972). There is
some indication from the Systematic Evaluation Program (SEP) reviews and
operating experience that this area needs more attention. Therefore, the
staff examined the need to reevaluate flooding (and spraying and dripping)
as potential hazards.

1

Missiles have been evaluated under the SEP reviews, and, in general, the
staff concluded that plant systems were well protected from internal 1

missiles (NRC, SECY-84-133). Therefore, the staff eliminated this hazard
from further consideration. |

Tornado-initiated missiles are not considered within the scope of USI A-17
and, therefore, are eliminated from further consideration.

(a) Safety Benefits

Because of the way nuclear power plants are designed and constructed by
the various engineering disciplines, the possibility exists that space
allocations for systems and interrelationships between systems may not
have been adequately analyzed. The review of SI studies by utilities
appears to support this conclusion. Although large numbers of spatially
coupled interactions were identified in these programs,.many of them are
of low probability. Nevertheless, some of the operating experience (NRC,
January 1985) and PRA results (NRC, December 1984) indicate that the
potential for some risk-significant sis exists. Also it can be inferred
from these studies that there was probably no rigorous or systematic pro-
cedure in older plants to uncover these potential sis during the design
phase.

With respect to probability of occurrence, it can be argued that the prob-
ability of any one occurrence is low. On the other hand, some of the

HUREG-1229 11
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|spatiallycoupledASIscouldbetheresultofverygervasiveevents,such
as an earthquake or an internal flood. Given this pervasive" aspect and'

the frequency of some of the initiators, for example safe shutdown earth-
quake (SSE)--on the order of 10 4 per reactor year, or internal flood on
the same order--concerns in these areas may still remain.

Many of the ASIS could damage support systems which have been shown by PRA
analyses to potentially affect multiple safe shutdown or frontline systems
as well as to initiate events. Therefore, if the probability of the ini- i

tiating event is on the order of an SSE (and then subsequent damage to a !

support system is assumed) and this support system can initiate a tran-
sient and degrade the mitigation of that transient, it is clear that such
spatially coupled ASIS involving support systems could be significant.

Another aspect that was considered is the potential for the operator to
take recovery action. When the plant recovery actions that an operator
might take are considered, it becomes apparent that for some of these
spatially coupled sis, and depending on the specific plant design, there
may be few if any actions that can be taken, given the ASI occurs. That
is, the potential physical damage involved may not be recoverable in a
short time frame.

(b) Costs
The cost for a focused spatial study was estimated based on a review of
the utility studies (NRC, NUREG/CR-4306).

The required resources were broken down into the Plant Document Review
Phase and the In-Plant Assessments Phase (onsite review). Their costs
were estimated by apportioning the total costs of the utility programs to
the target scopes reviewed in the programs.

Resolution costs for analysis and/or modifications have a very large range.
The costs are dependent on the interactions identified by the programs,
the method required for resolution, and many plant-dependent factors such
as feasibility of plant modification.

The manpower requirements for in plant assessment for each of the three
target groups and the associated estimates for plant document review and
analysis and modifications are shown below on a per plant basis:

;.

Plant document In plant Analysis / mod. i

review assessment cost i

Targets (man-months) (man-months) (x 1000) !

Supports & 8 8 $750-2000
controls

RCPB 2 2 $200-550

Safe shutdown 2 2 $200-550
equipment

HUREG-1229 12
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It should be noted that these costs were obtained by scaling down the
scope of industry-conducted studies. These studies were first of a kind
and were very thoroughly done, both in identifying possible interactions
and in documenting them. As a result of the experience gained during
this learning period, more-efficient reviews could be defined. It is

expected, therefore, that the per plant costs could be substantially
reduced from the estimates presented above, based on a number of potential
efficiencies such as a better defined scope, reduced level of documenta-
tion and quality assurance, and a cooperative effort by plant owners
through formation of an industry group to develop implementation proce-
dures. It is estimated that these economies could amount to at least a
50% reduction in costs per plant. The foregoing data provide the basis
for evaluating the potential cost associated with the review, identifying

|and resolving spatial sis for each of the major groups of target systems,

by the utility.

(c) Value/ Impact

The total costs per plant were estimated to range from about $0.5 million
to $3.5 million; most plants were in the lower range because of actions
already taken in these areas and the economies outlined above. A very
rough estimate of overall industry costs would be on the order of
$100 million. Although the value and impact were not calculated, the staff ,

believes that the study of certain specific spatially coupled ASIS should
be pursued for a number of reasons. Specifically, a number of potential
ASIS have been noted in the SI studies and in the operating experience' ,

reviews. As an example, one recently postulated event involves a possible !

seismically induced SI with the reactor coolant pressure boundary. |

Westinghouse identified a concern with the potential for non-seismically
qualified equipment (flux mapping system located over the instrumentation
seal table) to jeopardize the integrity of the RCPB as a result of a seis-
mic event. This type of potential event coupled with the concerns that
recovery from an actual event may be very difficult, forms the bases for
further actions. (See Section 6, " Proposed Resolution.")

Similarly, events have occurred, have been postulated to occur, and appear
to continue to occur involving internal flooding. The term " flooding" is
used here to cover many types of events such as spraying and dripping as
well as submergence.

Recently, a fire deluge system actuated inadvertently and water traveled
through HVAC ducts and dripped down on sensitive electrical equipment. As-

a result of this event, the Office of Inspection and Enforcement issued
Information Notice 85-85.

In anoiber recent event, a temporary floor fan was used to cool an inverter
and the inverter failed when water on the floor was blown into it.

Both the seismically induced ASIS and the flooding ASS Ud have very
widespread effects and, as a result, may affect many tygtm required for
safe shutdown.

A dedicated search for these types of ASIS could be costly; however, a num-
ber of activities related to these concerns are under way. The staff
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believes that these ongoing activities can be used to address the A-17
See the proposed resolution (Section 6) regarding the seisH-concerns.

concerns (Section 6.2) and the flooding and water intrusion ASIS
(Section 6.3).

(5.2) Functionally Coupled ASIS

The review of operating experience highlighted a number of areas that involved
functionally coupled ASIS. The staff concluded thrt for continued review the

i events could be grouped as follows:
!

electric power systems!
-

1 support systems-

overreliance on failsafe design concept-

automatic action with no preferred failure mode-

instrumentation and control power supplies-

Each significant area is discussed individually below.

Electric Power Systems
,

Concerns related to this area were highlighted in Categories 1 and 13 of
NUREG/CR-3922. The three most important factors contributing to the possi-
ble significance of this area are:

It is one of the most extensive support systems in the plant.-

The systems are inherently among the most complex in the plant.
|

-

Each plant design is different to some extent (i.e., there is very
|

-

~ little standardization).
1

Support Systems-

Concerns related to the area of support systems were noted in Categories '
i

1 (as stated, the electric power system is an extensive support system),i

13, 14, 18, and 22 in NUREG/CR-3922. Since the electric power system was
dealt with separately, the support systems considered here include:
cooling water systems: heating, ventilation, and air conditioning systems;
lube oil systems; air supply systems; and instrumentation and control
systems. It was noted that all of these types of support systems tend to
be plant unique to some extent, as is true with electric systems.

The main concern with many of the support systems is their potential to
initiate an event and also degrade the systems necessary to mitigate that
event. This potential breakdown in the defense-in-depth philosophy can
exist in some plants; however, the safety significance is highly dependent
on other plant mitigating features, such as remaining independent trains of
equipment.

In addition, because the loss of these support systems (including the
electrical power system) does not lead to events such as large LOCAs or
MSLBs which require immediate operator action, the staff concluded that,

i
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except for catastrophic failures (such as some spatially coupled sis),
the potential for recovery from ASIS involving these systems is very !
great. |

Overreliance on Failsafe Design Concept (Failure Modes)

One area of ASIS involved reactor protection (scram) systems--Category 18 |

in NUREG/CR-3922. The staff recognized that the ASIS in these systems*
.

could be significant because of the time response demanded of a trip
system. An argument that the operator has time to compensate for a problem
might not apply. ,

'

In Category 18, a potential problem with the scram discharge volume (SDV)
at all boiling-water reactors was noted. It was discovered that there
could be water in the SDV because of poor drainage or a failure of air
supply. Water in the SDV would inhibit control rod insertion. The. failure
involving the air system was of particular concern because it involves a
system typically considered a portion of the reactor protection system.

that is not safety related. Action was taken at all boiling-water reactors
'

to correct the problem.

The staff believes that this type of ASI was the result of using a design I,

approach which actually requires the " functioning" of a number of features
that include systems not related to safety and therefore, an incorrect

,

'

reliance on failsafe principles. In the case of the air system, the system
was assumed to " fail safe" (i.e., bleed off), and as a result, a partial i
failure, at some intermediate pressure, went unanalyzed. It was noted,
too, that the electrical supply system to this scram system had been pre-
viously modified because of a similar type of concern. Specifically, the ;
electrical power was assumed to fail safe (i.e., voltage going to zero) and '

as a result, partial failure such as low voltage or high voltage went ;
unanalyzed for a time.

The staff acknowledges that there may be other areas of the plant in which !

failsafe principles have been used incorrectly, but in all cases except in ;

the reactor trip system (RTS) case, it is concluded that the safety sig-
nificance would be less because of the time for the operator to take action.
The only other case may be during a large LOCA, however the probability of
a large LOCA or MSLB in conjunction with these types of failures should be
low.

Automatic Action With No Preferred Failure Mode

Another area of ASIS that was highlighted involved the inadvertent actua-
tion of an engineered safety feature (ESF) (Category 6 in NUREG/CR-3922),
i.e., inadvertent ECCS/RHR (emergency core cooling system / residual heat
removal) pump suction transfer. The most significant characteristic of
this area appears to be the fact that such a design feature does not have
an "always" preferred failure mode. As a result, extra precaution may be
needed to avoid (a) a failure to actuate when needed and (b) a failure that
actuates the system when the system is not required (i.e., inadvertently).
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The area of automatic switching of ECCS from the injection mode to the re-
circulation mode is the subject of a generic issue that is scheduled for |prioritization, GI-24.

GI-24 will consider the aspect of possible untimely, inadvertent ECCS/RHR
pump suction transfer and, therefore, it is concluded that further specific
action as part of the A-17 resolution is not warranted.

I

i

Some additional concern exists that other ESF systems at specific plants I
may similarly not always have a preferred failure mode. Some examples
could be containment isolation, low-/high pressure interface for RHR, and I

,

automatic selection for feeding intact steam generators only. In general,
,almost all of these systems have been analyzed for inadvertent actuation jfrom a functional standpoint.
!

; Instrument'ation and Control Power Supplies-

The Oak Ridge National Laboratory (ORNL) review reported in NUREG/CR-3922
;nighlighted a few significant events related to instrumentation and control

(I&C) power supplies. These events at all plants, and specifically at
Babcock and Wilcox (B&W) plants, have already received significant atten-

|tion as outlined in the ORNL followup. review. Since there was some concern
'

that the potential for significant events related to I&C power supply
interactions may still exist, further review work at ORNL was identified.

.

ORNL completed this additional work and reported it in NRC's NUREG/CR-4470.
The report included a number of I&C power supply failures, some of which '

led to initiation of a plant transient and partial disabling of a safety
function or operator information.

As a result of the additional work performed by ORNL and the staff's
further review of the area of I&C power, it was concluded that a signifi-
cant number of issues and industry efforts are already under way in this

In addition, the staff is proposing to integrate I&C power issues2 area.
into a comprehensive program independent of A-17.

(a) Safety Benefits

With respect to the functionally coupled ASIS, the following parallel
conclusions were reached:

(1) Unlike the possible lack of consideration of spatial allocations, the
designers must usually consider all functional interrelationships in
great detail. This is because the system will probably not operate
if the functional ties are not operating correctly.

As a result, the functional aspects get a significant amount of pre-
operational checkout and testing. On the other hand, the operating
experience review has indicated that in some cases errors may cause
some functionally coupled ASIS to exist, and in other cases subtle
ASIS may be designed into the plant.
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(2) If the large number of unanalyzed functionally coupled occurrences
which could involve permutations and combinations of systems and all,

their failure states (including off, on, halfway, etc.) are contem-
plated, it is clear that not all possible functionally coupled ASIS
have been analyzed. However, this is not always necessary if the
analyses performed bound all possible cases (i.e., the analyses are
conservative). In general, this is believed to be the case and most '

experience proves this.

(3) Similar to the spatially coupled ASIS of concern, the functionally
coupled ASIS of concern often involve the support systems (and for
the same reasons).

l
(4) The nature of the functionally. coupled ASIS has led the staff to con-

clude that the majority of them would be recoverable (i.e., equipment
was not damaged beyond use) given that the operator has the time and
the i.nformation needed. In this regard, the actions taken with re-
spece.to Regulatory Guide 1.97 and I&E Bulletin 79-27 (NRC, November
1979) have provided improvements in the area of operator information.

(b) Costs
3

To perform a study for functionally coupled ASIS would involve some type I

of plant-specific systematic analysis such as an FMEA (failure mode and
effects analysis), PRA, or sneak circuit analysis (NRC, NUREG/CR-4261).
The costs of these types of studies are tied very closely to the scope and I' detail of the study. Much modeling is required if the scope is not limited
to very specific areas or problems. ;

|

The Brookhaven and Livermore studies were held to $1 million each; it
would be expected that a focused study for functionally coupled ASIS would
cost about the same amount.

(c) Value/ Impact"

Since the safety benefit of taking actions for these ASIS was also not
practical to quantify, no value/ impact was calculated.

As in the case of the spatially coupled ASIS, the review of the operating
experience uncovered a number of functionally coupled ASIS. In addition,
recent operating experience continues to show events that involve the same
characteristics that were highlighted in the A-17 review.

'

Of particular note are events involving the electrical system and the in-
strumentation and control system. There continue to be inadvertent actua-
tions which cause undesirable actions, such as initiation of switchover to
the containment sump. Also, isolation problems between safety and non-
safety equipment still occur.

As was concluded for the spatially coupled ASIS, a dedicated search for
these types of functionally coupled ASIS could be costly. However, the
staff believes that there are in place a number of ongoing programs related
to these concerns, and they should be used to address the A-17 concerns.
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See the proposed resolution (Section 6) regarding the operating experience
i reviews (Section 6.1), the USI A-46 implementation (Section 6.2), the

further investigation of flooding / water intrusion (Section 6.3), the
instrumentation and control power supply issues reviews (Section 6.4),
and the Severe Accident Policy Statement (Section 6.5).

(5.3) Induced Human-Intervention-Coupled ASIS

! As a result of the definitions used in the USI A-17 program, these ASIS have
| been included in the evaluation of functionally coupled ASIS (Section 4.1(5)
| (5.2) above).

4. 2 Alternatives for Future Plants

(1) Add a new and separate ASI review section to the Standard Review Plan.

i The safety benefit of th' alternative would be that ASIS would receive a dedi-
| cated review. The staff , s generally concluded that the individual SRPs cover
! the area of ASIS. However, there is some question of whether the present

approach is adequate for spatially coupled ASIS.

The cost to the utility would be to address a separate section in the review
' process. This would add another licensing burden; however, the concerns should

already have been considered in the design and construction process. For
example, plant walkdowns are often conducted by an applicant'for the area of
impacts of equipment that is not seismically qualified (Category II equipment)
on seismically qualified (Category I) equipment ("II over I review"-) and for
high energy line break (HELB) effects. Adding this to the SRP would require
that these reviews be broadened somewhat to consider other systems interac-
tions. These costs would be expected to be less than $0.5 million per plant,
especially given the prospect that future plants would be " standard" plants.
NRC costs would be somewhat increased because the SRP would recommend that the
staff perform some additional review and audit walkdowns. This cost was esti-
mated to be lest than $100,000 per plant based on about 6 to 7 man-months of
effort.

(2) Take no action.

This alternative was considered because: (a) the individual SRPs were believed
to address ASIS, (b) future plants will perform a PRA or some type of syste-
matic analysis, and (c) if A-17 recommendations regarding PRAs are included in
those studies, consideration of ASIS could be addressed. (Refer to Section 4.3,
" Alternatives for Improving Systematic Plant Reviews (Such as PRAs).")

(3) Provide additional regulatory guidance for ASIS.

It was concluded that, in general, the existing SRPs cover the ASIS of concern.
There is a potential benefit to provide more guidance and, if the guidance
is followed early enough in the design process, little added cost would result.

The one area of ASIS which the staff concluded needed additional guidance is
the area of internal flooding and water intrusion (see Section 6.3). On the
basis of this conclusion, the staff will pursue the development of a standard
review plan in this area. (See Section 6.7.)
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k ASIS can surface in a systematic plant review (such as a PRA) which will be; required of all future plants. Therefore, the staff considered future plants
p in conjunction with PRAs. (See Section 4.3 which follows.) '

'

4.3 Alternatives for Improving Systematic plant Reviews (Such As PRAs)
.

In the Commission policy statement 'on severe accidents in nuclear power plants
'

'

issued on August 8, 1985 (50 FR 32138), the Commission concluded, based on avail-.

able information, that existing plants pose no undue risk to the public health
4

and safety and that there is no presert basis for immediate action on generic
rulemaking or other regulatory requirements for these plants. However, the Com-
mission has recognized, based on NRC and industry experience with plant-specific
probabilistic risk assessments (PRAs), that systematic examinations are benefi-
cial in identifying plant-specific vulnerabilities to severe accidents that could
be fixed with low-cost improvements. Therefore, each existing plant should per-3

form a systematic examination to identify any plant-specific vulnerabilities to
-

severe accidents and report the res 'ts to the Commission. Therefore, the
resolution of A-17 considered alternt ives for future systematic studies or PRAs..

(1) Provide additional guidance.

By including more guidance in the specific areas of concern regarding ASIS,:it
is anticipated that better studies can be developed and safety-significant ASIS
can be uncovered. The cost to the industry of the added guidance would be
minimal and may in fact save money by focusing industry efforts in certain

'

[See the proposed resolution regarding flooding and water intrusion
{

areas.
(Section 6.3) and PRAs (Section 6.5).]

{
(2) Take no action.

To date, there has been guidance given to PRAs. regarding dependent failure
analysis. This alternative would choose not to add any new information spccific
for ASIS.

.

There would be neither safety benefit, cost, nor value/ impact in selecting thisalternative.
,

J

(3) Require and endorse a specific search method for uncovering ASIS. I

i

This alternative evaluated various search methods; however, it was concluded
that any number of methods could be acceptable and the largest benefit' appeared
to involve focusing the study in the right areas.

There did not appear to be a greater safety benefit in choosing 'one method over
another, and the particular method did not appear to be as critical as the
focus: the costs to implement the various methods appear to be equivalent.

4.4 Alternatives for Evaluating Operating Experience

(1) Provide for new recommendations in the future evaluation of operating
experience for ASIS.

The existing programs that deal with operating experience were reviewed by ORNL
(NRC,NUREG/CR-4261). It was concluded that the scope of the programs do
include ASIS.
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i (2) Take no action.

Based on the above, it was concluded not to consider other alternatives, except
for the possible one-time dissemination of the information developed in USI
A-17.

(3) Provide information on ASIS to ongoing evaluations of operating experience.

As just stated in item 2, the A-17 resolution is considering a one-time dissemi-
nation of information (see Section 6.1).*

4 5 BASES FOR RESOLUTION OF UNRESOLVED SAFETY ISSUE A-17

Adverse systems interactions (ASIS) involve subtle and often very complicated;

plant-specific dependencies between components and systems, possibly com- !
<

pounded by inducing erroneous human intervention. The staff has identified
: actions to be taken by licensees and the NRC th, resolve USI A-17, and has made
' the judgment that these actions, together with other ongoing activities, would i

reduce the risk from adverse systems interactions.
]
.

As discussed further below, the resolution of USI A-17 is not based on the asser- |

tion that all adverse systems interactions have been identified, but rather that I
the A-17 actions plus other activities by the licensees and staff will identify I
precursors to potentially risk-significant interactions so that action can be |taken if necessary. |

i
(1) Actions To Be Taken by Licensees As a Result of USI A-17 )

.

(a) Water Intrusion and Flooding From Internal Sources

As part of the resolution of USI A-17, the staff has identified that water
intrusion and flooding of equipment from internal plant sources may result !

,

in a risk-significant adverse systems interaction. Such events could cause i

a transient and could also disable the equipment needed to mitigate the con-
sequences of the event. The Appendix to NUREG-1174 provides insights
regarding plant vulnerabilities to flooding and water intrusion from
internal plant sources. It is expected that these insights will be con-
sidered in the Individual Plant Examinations (IPEs).

(b) Use of Information

The staff plans to issue a letter to all licensees that summarizes the
A-17 information for use in ongoing operating experience evaluations and
references the pertinent NRC reports developed during the course of the
resolution of USI A-17. The letter and referenced reports provide infor-
mation about potential adverse systems interactions that licensees are
expected to consider as part of their ongoing operating experience reviews
required by TMI Action Plan Item I.C.5 of NUREG-0737.

(c) Review of Events at Nuclear Power Plants

Licensees are expected to continue to review information on events at oper-
ating nuclear power plants in accordance with the requirements of Item I.C.5
of NUREG-0737. Such information is disseminated by the NRC in the form of
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| information notices, bulletins, and other reports; by individual licensees
| in the form of licensee event reports; and by industry groups such as the

Institute of Nuclear Power Operations (INP0). The NRC has an aggressive
program of reviewing events at nuclear power plants. Each licensee is i

required to notify the NRC staff rapidly by telephone of any event that i

i meets or exceeds the threshold defined in 10 CFR 50.72 and to file a |
! written licensee event report for those events that meet or exceed the )

threshold defined in 10 CFR 50.73. Also, the NRC regional offices report |
| events of significance every day. This information is reviewed daily by |
'

members of the NRC staff and followup efforts are assigned for events that |
appear to be potentially risk significant and/or are judged to be a pos- !sible precursor to a more severe event. A weekly meeting is held to brief i
NRC management on those events of significance. This ongoing process pro- |

'

vides a great deal of assurance that any potentially significant event is |

brought to the attention of the appropriate NRC staff and management.
Depending on the significance, further action may be taken to notify li-

.

censees or to impose additional requirements. The tal process offers a I

high degree of assurance that precursors to potentia y significant events,
including those involving adverse systems interactions, are treated
expeditiously.

(2) Actions To Be Taken by the NRC Related to Adverse Systems Interactions

(a) Integration of Specific, Ongoing. Generic Issues Related to A-17
.

The NRC is considering certain aspects of potential interactions as part
of the resolution of identified generic issues.

USI A-46, " Seismic Qualification of Equipment"-

lRequirements to resolve this issue have been sent to the licensees. '

The NRC and industry are working on detailed procedures that will be
used to implement the requirements on'a plant-specific basis. These

iimplementation procedures will include walkdowns of individual 1

plants to ensure that the systems needed to shut down the plant and
maintain it in a safe condition for 72 hours can withstand a design- |basis seismic event. The scope includes not only the systems needed :
to control reactivity and remove decay heat, but also the supporting ;

power supplies, controls, instrumentation, and environmental control I

subsystems needed by those systems. The plant walkdown reviews in-
clude seismic systems interactions.

Generic Issue 128, " Electric Power Reliability"-

The work on USI A-17 reemphasized the potential interactions stemming
from the electric power system and, in particular, instrumentation
and control (I&C) power supply failures. I&C power loss can cause
significant transients and can simultaneously affect the operator's
ability to proceed with recovery by disabling portions of the indi-
cations and the equipment needed for recovery. Because a number of
generic issues already existed in the area of electric power, it was
concluded that the information developed during the resolution of
USI A-17 could be best utilized as part of those programs.
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The specific electric issues are:

I GI-48, "LC0 for Class 1E Vital Instrument Buses in Operating-

Plants"

GI-49, " Interlocks and LCOs for Redundant Class 1E Tie Breakers"-

GI-A-30, " Adequacy of Safety Related DC Power Supplies"-

To better deal with all the activities on electric power, it was decided
to handle all these issues in one integrated program; this became Generic,

| Issue 128, " Electric Power Reliability."
'

I (b) Define and Prioritize Other Issues

The Adviso'ry Committee for Reactor Safeguards (ACRS) and other groups have
identified concerns in the context of systems interactions. In many cases,

l the concerns are not considered to be within the scope of systems interac-
tions as. defined in the USI A-17 Task Action Plan. In some cases, these
concerns have not been described specifically enough to permit the risk to

i be estimated. The NRC has undertaken a program [ referred to as the Multiple
| System Responses Program (MSRP)] with Dak Ridge National Laboratory (ORNL)
I to define these concerns in sufficient detail so that they may be prior-

itized in accordance with NRC procedures.

Examples of concerns involve potential coupling of postulated plant events
| such as seismically induced fires and seismically induced flooding, and the'

attendant potential for multiple, simultaneous, adverse systems responses.
These concerns are beyond the defined scope of USI A-17. The staff believes!

that these concerns involve low probability events, but that they may have
the potential for significant consequences. If the definition, priority
determination, and peer review process identify one or more issues as having
high or medium priority, the issue (s) will be assigned to the appropriate
organization for resolution.

(c) Probabilistic Risk Analyses or Other Systematic Plant Reviews

Existing Plants-

The Commission's Severe Accident Policy, 50 FR 32128 (August 8, 1985),'

requires that all existing plants perform a plant-specific search for
vulnerabilities. Such searches, referred to as individual plant
examinations (IPEs), involve a systematic plant review (which could
be a PRA-type analysis). NRC is issuing guidance for performing such
reviews. One subject area to be treated by the IPEs is common-cause

i failures (or dependent failures). USI A-17 recognizes that ASIS are
| a subset of this broader subject area and, therefore, is providing
| for the dissemination of the insights gained in the A-17 program for

use in the IPE work.

NUREG-1229 22



,-
_ _ _ . -. _

,

.-

Future Plants-

According to the Commission's Severe Accident Policy, all applicants
who submit a plant docket for a construction permit or an operating <

license in the future are required to perform a probabilistic risk !
assessment (PRA) of the plant. NRC is issuing guidance on the con-
tent of PRA submittals for future light-water reactors (LWRs). As
part of that guidance, A-17 is providing the insights gained in the
A-17 program for the treatment of plant dependencies.

(d) Additional Considerations for Future Plants

The above actions acknowledge the fact that future plants will perform
probabilistic risk assessments, and that such studies can uncover ASIS.
The staff also' recognizes that the continual review of operating experi-
ence will identify systems interactions, some of which may be ASIS. Fur-
ther, prioritization of issues defined by the MSRP may result in additiona.
generic issues whose resolution may lead to requirements applicable to
future plants. '

Therefore, future plants should keep current on lessons learned from
operating experience and continue to monitor'.the ongoing NRC process of
developing, prioritizing, and resolving generic issues.

In addition, the staff plans to develop a standard review plan (SRP) for.

future plants. The SRP would include specific guidance regarding protec -
tion from internal flooding and water intrusion events.

Staff Findings
,

On the basis of the technical findings reported in NUREG-1174 and the . regulatory
analysis reported herein, the staff has concluded that these actions can further
reduce the risk from ASIS. The staff does not recommend further broad searches
for ASIS because such searches have not proved to be cost-effective,'and in any
case, there is no guarantee after such a study is performed that all ASIS have
been uncovered. Although these actions complete the staff's work under the

-

Task Action Plan for USI A-17, and constitute technical resolution of the issue
as defined therein, the potential for systems interactions remains an important
consideration in the design and operation of nuclear' power plants.

6 PROPOSED RESOLUTION
,

Considering the alternatives and other related activities, the staff proposes
the resolution that follows. The staff's proposed resolution is summarized in
Table 2.

6.1 Provide Information on ASIS to Ongoing Evaluations of Operating Experience

Ongoing industry and NRC review of operating experience can provide a framework
for assessing ASIS (both those that have occurred and those that could occur). '

In addition, the ongoing reviews are specifically addressing some of the ASIS
of concern highlighted by A-17.

NUREG-1229 23

_. _. ._. . . ._ . . - . . .



. . .. .__.

< <

q-
.

!

Table 2 Proposed resolution of USI A-17 l

i Identified concern Action Clarification
:

' Spatial interactions that USI A-46 considered Multiple System
may be seismically initiated Responses Program to

consider this area
further l

'

Spatial interactions that A-17 proposes further Multiple System
result from a flooding-type action relative to Responses Program to
event IPEs - consider this' area |,

further
i

Functional interactions that - A-17 proposes sending A-17 will also pro-
involve safety systems and information to utili- vide information to.

their support systems ties for use in their NRC staff responsible
'

,

j Electric power systems operating experience for IPE reviews,
reviews GI-128 to consideri

- Instrumentation and A-17 information i

control power supplies - I

'Failsafe principles,
'

misapplication

Safety functions with no,
always preferred, failure
direction,

i
I

4

|.

Therefore, to ensure that these operating experience review programs consider
.1the concerns highlighted in USI A-17, the staff recommends that a summary of the

information developed from the work on USI A-17 be sent to all utilities for '

their use. Although no specific action would be required-of the utilities, the
staff believes that the transmittal of this information in itself will give the
information that has been developed on the A-17 issue the ' appropriate level of
attention.

I

iFurthermore, to confirm that utilities are evaluating operational experience
properly, both the NRC's inspectors and the Institute of Nuclear Power Opera-
tion's (INP0's) evaluation teams routinely audit and review this area. For !
example, NRC inspectors verify that utilities are reviewing events and issues |'discussed in NRC information notices for applicability to their facilities.

The information developed as a result of the A-17 program will be attached to
the generic letter sent to all utilities. It will cover the following specific
areas:

electric power systems-
,

support systems-
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reliance on failsafe design principles '
-

automatic safety actions with no (always) preferred failure mode-

instrumentation and control power supplies-

6.2 Acknowledge Seismic SI Aspects of the USI A-46 Implementation
|

One of the areas of concern highlighted in A-17 involves seismically induced
sis. The staff has concluded that activities are already taking place that
adequately address this concern. Specifically, 72 older plants will be imple-
menting requirements imposed by the resolution of USI A-46, " Seismic Quali-
fication of Equipment in Operating Plants." The newer plants, not covered by
the A-46 program, have been reviewed to current requirements which address
seismically induced sis.

The proposed resolution of A-46 involves an onsite review and walkdown of equip- |
ment required for safe shutdown. As part of this review and walkdown, the
evaluation team will review the potential for certain ASIS which might disable
(1) the safe shutdown system components, (2) cable trays, and to a limited
extent, (3) the support systems. On the basis of this activity, the staff con- |

cluded that further review in this area (to resolve the A-17 issue), was not I

required. Although USI A-46 is not covering all possible ASIS, the staff has |concluded that any further work in the area of seismically induced failures l

should be pursued as a generic issue separate from A-46 and A-17. For further
information see the action under Section 6.6 below.

j

,

,

6.3 Consider Flooding and Water Intrusion From Internal Sources in Individual
Plant Examinations (IPEs)

The staff intends to provide insights to all licensees for use in performing
analysis of flooding and water intrusion from internal sources. It is expected
that these insights will be used in their Individual Plant Examinations (IPEs).
For further information see the Appendix to NUREG-1174.

6.4 Provide for the Integration and Coordination of Electrical and Instrumen-
tation and Control Power Supply Issues and Concerns j

Work on USI A-17 highlighted a number of ASI concerns in the area of instrumen- {
tation and control (I&C) power supplies (NRC, NUREG/CR-4470). l

One specific aspect of note for A-17 was the potential that the loss of one {power supply could cause an event (such as a transient or trip) and then could '

also affect the systems required to respond to the event and/or the operators'
information displays.

1

Although only a fraction of the events led to such type of results, the work
under A-17 highlighted a number of other concerns that involved the failure
of certain I&C power supply components (such as the inverters) and the lack of
consistent limiting conditions for operation (LCOs) on the I&C power supplies.

Additional review showed that the area of I&C power has been the subject of a
number of actions and is the subject of a number of continuing issues. To
achieve a more coordinated approach to this area, the NRC staff working on the
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A-17 program recommends that the area of I&C power be integrated into one pro-
gram and that these various issues be addressed under a single program plan to
deal with the overall adequacy of nuclear power plant I&C power systems.

The NRC staff initiated this activity with the assistance of national labora-
tories under integrated issue GI-128, " Electric Power Reliability." Some of
the issues and concerns being addressed include the following:

A-30, " Adequacy of Safety-Related DC Power Supplies"-

GI-48, "LC0 for Class IE Vital Instrument Buses in Operating Reactors"-

GI-49, " Interlocks and LCOs for Redundant Class IE Tie Breakers"-

6.5 Provide Guidance for Future PRA or Other Systematic Plant Reviews

The staff and the nuclear power industry have been involved in developmental |
work for probabilistic risk assessments. One portion of that work involved i

the "PRA Procedures Guide" (NRC, NUREG/CR-2300) and the "PSA Procedures Guide"
(NRC,NUREG/CR-2815). As stated above, the A-17 results can help focus on
areas of the plant that need to be emphasized because of the high potential I
for these areas to be vulnerable to ASIS. '

Therefore, the resolution of A-17 will provide the information on ASIS high- I

lighted in A-17 for use in future PRA review.

6.6 Define Potential Generic Issues That Are Not Included As Part of the
A-17 Resolution or Other Regulatory Programs

As was discussed under the scope and definition of the A-17 issue, some sys-
tems interaction concerns may not have been covered as part of the A-17 study. |

The staff, with the assistance of ORNL, is in the process of defining these
other issues and concerns in sufficient detail so that they can be prioritized |
separately. As a result of this prioritization, additional work effort may be
defined for the separate issues. This research program is designated, " Multiple
System Responses Program."

6.7 Develop a Standard Review Plan for Future Plants '

The staff plans to develop a standard review plan for future plants. The SRP
would include specific guidance regarding protection from internal flooding
and water intrusion events.
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U.S. NUCLEAR REGULATORY COMMISSION

NOTICE OF ISSUANCE AND AVAILABILITY OF

NUREG-1174, " EVALUATION OF

SYSTEMS INTERACTIONS IN NUCLEAR

POWER PLANTS: - TECHNICAL FINDINGS

RELATED TO UNRESOLVED SAFETY ISSUE A-17," AND

NUREG-1229, " REGULATORY ANALYSIS FOR

PROPOSED RESOLUTION OF USI A-17-

SYSTEMS INTERACTIONS IN NUCLEAR POWER PLANTS"

The U. S. Nuclear Regulatory Commission (NRC) staff is issuing the resolution
of Unresolved Safety Issue (USI) A-17 ," Systems Interactions in Nuclear Power
Plants." The resolution is documented in two NUREG reports entitled " Evaluation
of Systems Interactions in Nuclear Power Plants: Technical Findings Related to
Unresolved Safety Issue A-17" (NUREG-1174) and " Regulatory Analysis for Resolu-

tion of USI A-17 - Systems Interactions in Nuclear Power Plants" (NUREG-1229).
Systems interactions was identified as an Unresolved Safety Issue (USI) in
NUREG-0510, " Identification of Unresolved Safety Issues Relating to Nuclear
Power Plants," January 1979, and was reported to the Congress pursuant to Section
210 of the Energy Reorganization Act of 1974 as amended on December 13, 1977.

Nuclear power plants contain many structures, systems, and components (SSCs),
some of which are safety-related. Certain SSCs are designed to interact to
perform their intended functions. These " systems interactions" are usually I

well recognized and therefore accounted for in the evaluation of plant safety
by the tesigners and by those who assess plant safety.

A number of significant events have involved unintended or unrecognized depend-
encies among the SSCs. Some of these events have involved subtle dependencies
between safety-related SCCs and other SCCs. Some events have also involved
subtle dependencies between redundant safety-related SSCs that were believed to
be independent.

1 Enclosure
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Therefore, the purpose of USI A-17 was to investigate the potential that
unrecognized, subtle dependencies among SSCs have remained hidden and that they
could lead to safety-significant events. The terms used to describe these
unrecognized, subtle dependencies is adverse systems interactions (ASIS).

The staff is not recommending that further broad searches specifically for all
ASIS be undertaken because such searches have not proved to be cost effective
in the past, and there is no guarantee after such a study that all ASIS have
been uncovered. Rather, the staff has concluded that certain more specific
actions, together with other ongoing activities, could reduce the risk from
adverse systems interactions.

The staff has concluded from its A-17 investigations that the following actions
should be taken:

(1) Issuance of a generic letter that includes:

(a) the bases for resolution of USI A-17,

(b) a summary of information for use in ongoing operating experience
reviews.

(2) Recognition that Individual Plant Examinations (IPEs) already include
evaluation of internal flooding and the A-17 insights will be referenced
in the IPE guidance documents.

(3) Recognition that the USI A-46 resolution will address seismically induced
systems interactions to verify that components and systems needed to safely
shut down the plant are protected, given loss of offsite power. (flew

plants, not covered by A-46, have been reviewed to current requirements
that address seismically induced systems interactions.)

(4) Communication of information regarding Asis for staff review of PRAs and
for staff evaluation of electric power supplies as part of GI-128,
" Electric Power Reliability."
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(5) Identification and definition of concerns related.to A-17 and other programs
j that have not been specifically addressed. (The objective of this program

i

is to define the concerns with sufficient specificity to permit them to be
prioritized as potential generic safety issues.) i

l

(6) Development of a Standard Review Plan for future plants that would include
guidance regarding protection from internal flooding and water intrusion
events.

.

|

| Copies of the documents included in the final resolution for USI A-17 may be
purchased from the Superintendent of Documents, U. S. Government Printing

j Office, P. O. Box 37082, Washington, DC 20013-7082. Copies are also available l
i

i

i
i from the National Technical Information Service, 5285 Port Royal Road,

|,

i

Springfield, VA 22161. A copy is also available for public inspection and/or |

copying at the NRC Public Document-Room. 2120 L Street, N.W., Washington DC.i

1
,

i
l

Dated at Rockville, Maryland this day of
~

.

I

|
FOR THE NUCLEAR REGULATORY COMMISSION

.

R. Wayne Houston, Director

Division of Safety Issue Resolution
,

Office of Nuclear Regulatory Research
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SUMMARY STATEMENT
.

k

{- Notice
4

'

The following documents have been issued by the U.S. Nuclear Regulatory
Commission (NRC): NUREG-1174, " Evaluation of Systems Interactions.in Nuclear

Power Plants: Technical Findings Related to Unresolved Safety Issue A-17," and

} NUREG-1229, " Regulatory Analysis for Resolution of USI A-17 - Systems Inter-
actions in Nuclear Power Plants."

:

NUREG-1174 contains a summary of the technical findings related to Unresolved
,

Safety Issue (USI) A-17 " Systems Interactions in Nuclear Power Plants." As a
I result of these findings, the NRC staff has developed a regulatory analysis and

- a resolution for USI A-17 1 NUREG-1229 contains the regulator *. analysis. The
staff concluded from its A-17 investigations that certain actiuns should be

1

taken by the NRC and licensees.

, - These. actions include guidance to.the staff for use in severe accident policy
implementation and probabilistic risk assessment (PRA) review and development,

,

and guidance to licensees 'in the area of operating experience reviews. The
resolution also includes insights regarding internal. flooding and water
intrusion analyses for consideration in performing an. Individual Plant ~Examina-
tion per Generic Letter 88-20.

The staff concluded that certain older plants should perform seismic system
interaction reviews. However, these reviews are required to be performed as a
part of USI A-46 implementation; therefore, a separate requirement under USI

!

A-17 is not proposed.
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ADDRESSEES: ALL POWER REACTOR LICENSEES AND APPLICANTS

SUBJECT: RESOLUTION OF UNRESOLVED SAFETY ISSUE A-17, " SYSTEMS

INTERACTIONS IN NUCLEAR POWER PLANTS" (GENERIC LETTER 89- )

This generic letter informs licensees and applicants of the final resolution
of USI A-17, " Systems Interactions in Nuclear Power Plants." There are two
attachments which are provided for information.

Attachment 1 outlines the bases for resolution of USI A-17.

Attachment 2 provides a grouping of five general lessons learned from the
review of the overall systems interaction issue. The review of this
information will give licensees additional appreciation of the kinds of
adverse systems interaction which have appeared in operating experience and
can aid them in continuing evaluation of operating experience.

No specific action or written response is required by this letter. If you
have any question about this matter, please contact the technical contact
listed below or the Regional Administrator at the appropriate regional office.

Sincerely,

.

Technical Contacts:
D. Thatcher, RES
(301) 492-3935

Attachments:
1. Bases for Resolution of Unresolved

Safety Issue A-17 <

2. Summary Information for Use in
Operating Experience Evaluations

l
l

i

1
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Attachment 1

| BASES FOR RESOLUTION OF UNRESOLVED SAFETY ISSUE A-17

Introduction

The U.S. Nuclear Regulatory Commission (NRC) has concluded its resolution of
| Unresolved Safety Issue (USI) A-17, " Systems Interactions in Nuclear Power

Plants." This document provides a summary of that resolution. More detailed|
' background information is provided in References 1 and 2.

Adverse systems interactions (ASIS) involve subtle and often very complicated
plant-specific dependencies between components and systems, possibly
compounded by inducing erroneous human intervention. The staff has identified
actions to be taken by licensees and the NRC to resolve USI A-17, and has made

| the judgment that these actions, together with other ongoing activities, could
'

reduce the risk from adverse systems interactions.

As discussed further below, the staff's judgment is not based on the assertion
that all adverse systems interactions have been identified, but rather that
the A-17 actions plus other activities by the licensees and staff will
identify precursors to potentially risk-significant interactions so that
action can be taken if necessary.

Resolution;

|

(1) Actions To Be Taken by Licensees
,

(a) Water Intrusion and Flooding From Internal Sources

As part of the resolution of USI A-17, the staff has identified that
water intrusion and flooding of equipment from internal plant sources may
result in a risk-significant adverse systems interaction. Such events
could cause a transient and could also disable the equipment needed to
mitigate the consequences of the event. The appendix to NUREG-1174
(reference 1) provides insights regarding plant vulnerabilities to
flooding and water intrusion from internal plant sources. It is expected
that these insights will be considered in implementing Generic Letter
88-20 [ Individual Plant Examinations (IPE)] which requires an assessment
of internal flooding.

(b) Use of Informat. ion

Attachment 2 to this letter summarizes the A-17 information for use in
| ongoing operating ex erience evaluations and references the pertinent NRC

reports developed du'ing the course of the resolution of USI A-17. That'

attachment and referinced reports provide information about potential
adverse systems inta ractions that licensees are expected to consider as
part of their ongoil 9 operating experience reviews required by TMI Action
Plan Item I.C.5 of ' UREG-0737.
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(c) Review of Events at Nuclear Power Plants

Licensees are expected to continue to review information on events at
operating nuclear power plants in accordance with the requirements of
Item I.C.5 of NUREG-0737. Such information is disseminated by the NRC in
the form of information notices, bulletins, and other reports; by

,

individual licensees in the form of licensee event reports; and by |
industry groups such as the Institute of Nuclear" Power Operations (INPO). |

The NRC has an aggressive program of reviewing events at nuclear power
plants. Each licensee is required to notify the NRC staff rapidly by
telephone of any event that meets or exceeds the threshold defined in
10 CFR 50.72 and to file a written licensee event report for those events
that meet or exceed the threshold defined in 10 CFR 50.73. Also, the NRC
regional offices report events of significance every day. This
information is reviewed daily by members of the NRC staff and followup
efforts are assigned for events that appear to be potentially risk

,

significant and/or are judged to be a possible precursor to a more severe '

event. A weekly meeting is held to brief NRC management on those events
of significance. This ongoing process provides a great deal of assurance
that any potentially significant event is brought to the attention of the
appropriate NRC staff and management. Depending on the significance,
further action may be taken to notify licensees or to impose additional
requirements. The total process offers a high degree of assurance that
precursors to.potentially significant events, including thote involving
adverse systems interactions, are treated expeditiously.

(2) Actions To Be Taken by the NRC Related to Adverse Systems Interactions

(a) Integration of Specific, Ongoing, Generic Issues Related to A-17

The NRC is considering certain aspects of potential interactions as part
of the resolution of identified generic issues.
* USI A-46, " Seismic Qualification of Equipment

Requirements to resolve this issue have been sent to the licensees.
|

The NRC and industry are working on detailed procedures that will be |used to implement the requirements on a plant-specific basis. These ;

implementation procedures will include walkdowns of individual
|plants to ensure that the systems needed to shut down the plant and |

maintain it in a safe condition for 72 hours can withstand a |design-basis seismic event. The scope includes not only the systems '

needed to control reactivity and remove decay heat, but also the
supporting power supplies, controls, instrumentation,'and
environmental control subsystems needed by those systems. The plant
walkdown reviews include seismic systems interactions.

Generic Issue 128, " Electric Power Reliability*

The work on USI A-17 reemphasized the potential interactions
stemming from the electric power system and, in particular,
instrumentation and control (I&C) power supply failures. I&C power

2
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loss can cause signific?nt trar.sients and can simultaneously affect
the operator's ability to proceed with recovery by diseling
portions of the indications and the equipment needed for *ecovery.: iBecause a number of generic issues already. existed in the area of i

electric power, it ~was concluded that the information developed
during the resolution of USI A-17 could be best. utilized as part of

.those programs.

The specific electric issues are:
1

GI-48, "LC0 for Class 1E Vital Instrument Buses in Operating-

Plants"
.

IGI-49, " Interlocks and LCOs for Redundant Class 1E Tie '

-

Breakers"

GI-A-30, " Adequacy of Safety Relatea DC Power Supplies"-

To better' deal with all the attivities on electric power, it was decided {to handle all these issues in one integrated program; this became Generic-

Issue 128, " Electric Power Reliability." - )!

(b) Define and Prioritize Other Issues l

The Advisory Committee for Reactor Safeguards '(ACRS) and other groups
have identified concerns in the context of systems interactions. In many |

cases, the concerns are not considered to be within the scope of systems
interactions as defined in the USI A-17 Task Action Plan 'In some cases,
these concerns have not been' described specificallj enough to permit the-

risk to be estimated.. The NRC has undertaken a program [ referred to as
the Multiple System Responses Program (MSRP)] with Dak Ridge National

,Laboratory. (ORNL) to define these concerns in sufficient: detail so that
|they may be prioritized in accordance with NRC procedures'. 1

Examples of concerns involve potential coupling of postulated plant
events such as seismically induced fires and seismically induced

iflooding, and the attendant potential for multiple, simultaneous, adverse -
systems responses. These concerns are beyond the defined scope of USI
A-17. The staff believes that these concerns involve low probability
events, but that they may have the potential for significant
consequences. If the definition, priority determination, and peer review
process identify one or more issues as having high or medium priority,
the issue (s) will be assigned to the appropriate organization for-
resolution.

(c) Probabilistic Risk Analyses or Other Systematic Plant Reviews
* Existing Plants

The Commission's Severe Accident Policy, 50 FR 32128 (August 8, 1985),-
requires that all existing plants perform a plant-specific search for
vulnerabilities. Such searches, referred to as individual plant

3
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examinations (IPEs), involve a systematic plant review (which could
be a PRA-type analysis). NRC is issuing guidance for performing such
reviews. One subject area .to be treated by the IPEs is common-cause
failures (or dependent failures). USI A-17 recognizes that ASIS are-
a subset of this broader subject area and, therefore, is providing
for the dissemination of the insights gained in the A-17 program for
use in the IPE work.

Future Plants*

'According to the Commission's Severe Accident Policy, all applicants.
who submit a plant' docket for a construction permit or an operating !

license in the future are required to perform a probabilistic risk
assessment (PRA) of the plant. NRC is issuing guidance on the
content of PRA submittals for future light-water reactors (LWRs).
As part of that guidance, A-17 is providing the insights gained in
the A-17 program for the treatment of plant dependencies.

(d) Additional Considerations for Future Plants

The above actions acknowledge the fact that future plants will perform
probabilistic risk assessments, and that such studies can uncover ASIS.
The staff also recognizes that the continual review of operating.
experience will identify systems interactions, some of which may be ASIS.
Further prioritization of issues defined by the MSRP may' result in
additional generic issues whose. resolution may lead to requirements
applicable to future plants.

Therefore, future plants should keep current on lessons learned from
operating experience and continue to monitor. the ongoing NRC process of -

developing, prioritizing, and resolving generic issues.

In addition, the staff plans to develop a standard review plan (SRP) for
future plants. The SRP would include specific guidance regarding
protection from internal flooding and water intrusion events.

Staff Findings

On the basis of the technical findings reported in NUREG-1174 and the
regulatory analysis reported in NUREG-1229 the staff has concluded that these
actions can further reduce the risk from ASIS. The staff'does not
recommend further broad searches for ASIS because such searches have not
proved to be cost-effective, and in any case, there is no guarantee after
such a study is performed that all ASIS have been uncovered. Although
these actions complete the staff's work under the Task Action Plan for
USI A-17, and constitute technical resolution of the issue as defined
therein, the potential for systems interactions remains an important
consideration _ in the design and operation of nuclear power plants.

References:

1. U.S. Nuclear Regulatory Commission, NUREG-1174, " Evaluation of. Systems
Interactions in Nuclear Power Plants."

2. -- , NUREG-1229, " Regulatory Analysis for Resolution of USI A-17."
4
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Attachment 2

SUMMARY INFORMATION FOR USE IN
OPERATING EXPERIENCE EVALUATIONS

I. SUMMARY
|

The U.S. Nuclear Regulatory Commission (NRC) has concluded its technical
resolution of Unresolved Safety Issue (USI) A-17, " Systems Interactions in
Nuclear Power Plants." This summary presents a portion of the results of that
technical resolution for use in operating experience evaluations. More detailed
1 background information is provided in References 1 and 2.

|
1

Because of the complex, interdependent network of systems, structures, and
components that constitute a nuclear power plant, the scenario of almost any
significant event can be characterized as a " systems interaction." As a
result, the staff recognized that if the tenn ' systems interaction' was to be i

interpreted in a very broad sense, it became an unmanageable safety issue.
Focusing was required to address perceived safety concerns. It is recognized j
that by the very nature of such a focusing effort, all concerns that one may

icha"acterize as systems interactions may not be addressed. It is, therefore, I

extremely important that the scope and boundary of the focused program be
clearly defined and understood. Then, if other concerns still exist after
completion of the program, they can be addressed as part of separate efforts
as deemed necessary.

,

1

The information presented in this document is based on the following !definitions: -

|

(1) Systems Interaction (SI)

Actions or inactions (not necessarily failures) of various systems
(subsystems, divisions, trains), components, or structures resulting
from a single credible failure within one system, component, or
structure and propagation to other systems, components, or structures by
inconspicuous or unanticipated interdependencies. The major difference
between this type of event and a classic single-failure event is in those
aspects of the initiating failure and/or its propagation that are not
obvious (i.e., that are hidden or unanticipated).

(2) Adverse Systems Interaction ( ASI)

A systems interaction that produces an undesirable result.

(3) Undesirable Result (Produced by Systems Interaction)

This was defined by a list of the types of events that were to be
considered in USI A-17:

(a) Degradation of redundant portions of a safety system, including
consideration of all auxiliary support functions. Redundant
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portions are those considered to be independent in the design and
accident analysis (Chapter 15) of the Final Safety Analysis Report,

(FSAR) of the plant. (Note: This would violate the single-failure
criterion.)

(b) Degradation of a safety system by a non-safety system'. (Note: This
result would demonstrate a. breakdown in presumed " isolation.")

(c) Initiation of an " accident" (e.g., LOCA, MSLB) and (1) the
degradation of at least one redundant portion of any one of the
safety systems required to_ mitigate the event (Chapter 15, FSAR
analyses);. or (ii) degradation of critical operator'information
sufficient to cause the operator to perform unanalyzed, unassumed,

I or incorrect actions. (Note: This includes failure to perform
correct actions because of incorrect information.)

(d) Initiation of a " transient" (including reactor trip) and (i)' the.

degradation of at least one redundant portion of any one of the4

safety systems required to mitigate the event (Chapter 15, FSAR
analyses); or (ii) degradation of critical operator information
sufficient to cause the operator to perfonn unanalyzed, unassumed,
or incorrect actions. (Note: This includes > failure to perform
correct actions because of-incorrect information.)

(e) Initiation of an event that requires plant operators to act in areas
~

outside .the control' room (Perhaps because the control = room is being
evacuated or the plant is being shut down) and disruption of the.
access .to these areas -(for example, by disruption of the security

; system or isolation of an area when fire doors are closed or when a
suppression system is actuated). -

The intersystem dependencies (or systems interactions) have been divided into
three classes based on the way they propagate:

(1) Functionally Coupled:

Those sis that result from' sharing of common systems / components; or
physical connections between systems, including electrical, hydraulic,
pneumatic, or mechanical.

.(2) Spatially Coupled:

Those sis that result from sharing or proximity of structures / locations,
equipment, or components or by spatial inter-ties such as HVAC and drain
systems.

(3) Induced Human-Intervention Coupled:

Those sis in which a plant malfunction (such as failed indication)
inappropriately induces an operator action, or a malfunction inhibits an
operator's' ability to respond. As analyzed in the A-17 program,.these
sis are considered another' example of functionally coupled ASIS.
(Induced human-intervention-coupled systems interactions exclude random
human errors and acts of sabotage.)

2
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As a result of the staff's studies of adverse systems interactions (ASIS)
undertaken as part of A-17 and reported in Reference 1, the staff has,

concluded the following:

(1) To address a subject area such as " systems interactions" in its broadest
sense tends to be an unmanageable task incapable of resolution. Some
bounds and limitations are crucial to proceeding toward a resolution.
Considering this, the A-17 program utilized a set of working definitions
to limit the issue. It is recognized that such an approach may leave
some concerns unaddressed.

(2) The occurrence of an actual ASI or the existence of a potential ASI is
very much a function of an individual plant's design and operational
features (such as its detailed design and layout, allowed operating
modes, procedures, and tests and maintenance practices). Furthermore,
the potential overall safety impact (such as loss of all cooling, loss of- |

,

all electric power, or core melt) is similarly a function of those plant
features that remain unaffected by the ASI . In other words, the results
of an ASI depend on the availability of other independent equipment and
the operator's response capabilities.

|

(3) Although each ASI (and its safety impact) is unique to an individual
plant, there appear to be some characteristics comon to a number of the
ASIS.

(4) Methods are available (and some are under development) for searching out
sis on a plant-specific basis. Studies conducted by utilities and
national laboratories indicate that a full-scope plant search takes
considerable time and money. Even then.-there is not a high degree of
assurance all, or even most, ASIS will be discovered.

(5) Functionally coupled ASIS have occurred at a number of plants, but
improved operator information and training (instituted since the
accident at Three Mile Island) should greatly aid in recovery. actions
during future events.

(6) Induced human-intervention-coupled interactions as defined in A-17 are a
subset of the broader class of functionally coupled sis. As stated for
functionally coupled sis, improvements in both operator information and
operator training will greatly improve recovery from such events.

(7) As a class, spatially coupled sis may be the most significant because of
the potential for the loss of equipment which is damaged beyond repair.
In many cases, these ASIS are less likely to occur because of the lower
probability of initiating failure (e.g., earthquake, pipe rupture) and
the less-than-certain coupling mechanisms involved. However, past
operating experience highlighted a number of flooding and water intrusion
events and more recent operating experience indicates that these types of
events are continuing to occur.

(8) Probabilistic risk assessments or other systematic plant-specific reviews
can provide a framework for identifying and addressing ASIS.

3
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(9)' Because of the nature of ASIS (they are introduced into plants by design

,

; errors and/or by overlooking subtle or hidden dependencies), they will
i probably continue'to happen. In their evaluations of operating
: experience, NRC and the nuclear power industry can provide an effective
; method for addressing ASIS.
:

j (10) For existing plants, a properly focused, systematic plant search for'

certain types of spatially coupled ASIS and functionally coupled ASIS
(and correction of the deficiencies found) may improve safety.

.

(11) The area of electric power, and particularly instrumentation and control
; power supplies, was highlighted as being vulnerable to relatively
; significant ASIS. Further investigation showed that this area remains
J the subject of a number of separate issues and studies. A concentrated

effort to coordinate these activities and to include power supply 1
;

ir.taractions could prove an effective approach in this area.i

; 1

! (12) For future plants, additional guidance regarding ASIS could benefit I

; safety.

(13) The concertts raised by the Advisory Committee on Reactor Safeguards
,

(ACRS), on h-17, but which have not been addressed in the Staff's study;

i of A-17, should be considered as candidate generic-issues, separate from
USI A-17.

t

! It should be noted that the staff has concluded that adverse systems
! interactions (ASIS) involve subtle, and often very complicated, dependencies.

Therefore, total elimination of ASIS is unachievable. For these reasons, the.

staff is not recommending that each plant undertake a large, comprehensive,
'

study to uncover ASIS. Instead, the staff is recommending other, more cost-
effective actions for reducir:g the frequency and impact of ASIS. Although I,

i these actions complete the staff's work under the task action plan for USI I

! A-17, and constitute technical resolution of the issue as defined therein,
the potential for ASIS remains an important consideration in the design and

i

; operation of nuclear power plants. The staff has, therefore, acknowledged the |
! continuing importance of ongoing activities _ such as probabilistic risk )

i assessments or other systematic plant evaluations and the continuing review !

I and evaluation.of the industry's operating experience.
,

The regulatory analysis (Reference 2) considered a number of alternatives for
resolution, and based on that analysis, the staff has concluded that certain4

actions should be taken to resolve USI A-17. These actions are:
;

4

i (1) Send a generic letter to all plants outlining the resolution of USI A-17
) and providing information developed during the resolution of A-17.
1 i

i (2) Consider flooding and water intrusion from internal sources in the
Individual Plant Examinations (IPE).4

} (3) Consider systems interactions involving the electrical power systems in
' the integrated program on electrical power reliability.

(4) Provide information for use in future PRAs.,

: 4

:
.
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(5) Provide a framework for addressing those other concerns related to
systems interactions which are not covered by the USI A-17 program.

(6) Acknowledge that the resolution of USI A-46 addresses aspects of systems
interaction.

(7) Develop a standard review plan for future plants to address protection
from internal flooding and water intrusion.

The following discussion addresses the first action. . The second action is-
addressed in the IPE guidance documents. The remaining five' actions involve
staff actions.

A. Background

The adverse systems interactions (ASIS) sorted from the survey of experience
appeared to be due to two general causes. .Some of the ASIS resulted from i

obvious errors or failures to meet clearly specified design requirements
and/or guidance. Others arose from more subtle.causes such as the lack of ,

sufficient con:ideration, or ar.alysis, of all the significant failure .!
mechanisms or modes and the as3ociated event' combinations and/or sequences.

In the case of older plants, the causes often are related to the fact that
less design guidance and associated analyses were available and/or required
when the plants were licensed. :

Although no specific licensee actions are required, the staff concluded that
if certain highlighted concerns identified in the A-17 studies were
communicated 'to.the industry, the ongoing industry evaluations of operating
experience could provide adequate treatment of this information.

B. Highlighted Concerns *

As part of the effort to provide a more focused approach for the resolution of ;

A-17, a set of tasks was defined to accomplish a search of operating '

experience to accumulate a data bank on the types of common-cause events of
concern. The major portion of this work was performed by the Oak Ridge
National Laboratory (0RNL), and a summary of ORNL's findings is. included in
Reference 3.

The search emphasized events included in the LER (licensee event report) files
and involved a screening of- those events based on the task action plan
definition. On the basis of the characteristics or attributes of the systems
interaction events, a group of general categories of SI events was developed. j

The-results of the ORNL experience review indicate 23 general categories of-
events (see Table 1) which have involved systems interactions.

*More details on the highlighted concerns and other ASIS are provided in Ref-
erences 1, 3, and 4, and those documents should be consulted for additional
information.

5
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Table 1 Event categories involving systems interactions

'

Category No. of
No. Title events

1 Adverse interactions between normal or offsite 34
*

power systems and emergency power systems

2 Degradation of safety-related systems by vapor 15,

or gas intrusion
;

3 Degradation of safety-related components by fire 10
>

? protection systems
4 Plant drain systems allow flooding of safety- 8

related equipment
,

5 Loss of charging pumps due to volume control tank 6
"

level instrumentation failures
'

6 Inadvertent ECCS/RHR pump suction transfer 4
i

7 HPSI/ charging pumps overheat on low flow during 6
safety injection

j 8 Level instrumentation degraded by HELB conditions 21

9 Loss of containT,ent integrity from LOCA conditions 10
'

10 HELB conditions degrading control systems 3

11 Auxiliary feedwater pump runout under steamline
,

break conditions 2

12 Waterhammer events 4
-

13 Common support systems or cross-connects 18
*

14 Instrument power failures affecting safety systems 5

15 Inadequate cable separation 8a

16 Safety-related cables unprotected frot missiles 3
generated from HVAC fans

17 Suppression pool swell 3

18 Scram discharge volume degradation 2

19 Induced human interactions 4

20 Functional dependencies from failures during 5
seismic events'

21 Spatial dependencies from failures during seismic 13
events

*

22 Other functional dependencies 21

] 23 Other spatial dependencies 30

6
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I Review of these 23 general categories led to the identification of five areas
of highlighted concerns. These are discussed below:

Electric Power System

| The electric power system includes the offsite sources, the switchyard, the
| power distribution buses and breakers, onsite generating equipment, and the
j control power and logic to operate.the breakers and start and load the diesel
| generators. Some of the lower voltage (typically 120-V ac.and 125-V dc) power
! supply portion of the system is also dealt with under the " Instrumentation and
| Control Power Supplies" heading below.

As outlined in References 3 and 4, concerns were highlighted in the area of
electric power systems in Categories 1 and 13 (Table 1). Three important
factors appear to contribute to the possible significance of this area:

|

(1) It is one of the most (if not the most) extensive support systems. in a
plant. Power is supplied from various sources-including the offsite
network, the main plant turbine-generator and, in certain situations, the
safety-related diesel generators. Power is then distributed to various;

1 items of equipment for normal plant control which is not related to
safety, various engineered safety feature equipment which is safety related,
and various items of equipment for shutdown and decay heat removal.

(2) Given these system demands, the power system is therefore an inherently
complex system. A large number of normal operating modes at the plant,-
as well as transient and accident situations, must be accommodated.
Interfaces are created between redundant safety-related equipment. In
addition, the power system itself relies on a number of other support
systems such as liVAC and cooling water.

(3) Because of individual plant requirements and situations (a number of
significant events occur when the system is in any abnonnal temporary
alignment), each power system tends to have some unique aspects. Very
few specific ASIS can be stated to be generically applicable; however,
the staff believes that general classes of electric power events can be
potentially generic.

ORNL (References 3 and 4) categorized the electric power system concerns into
four areas:

load sequencing / load shedding*

diesel generator failures caused by specific operating modes
*

breaker failures due to loss of de power'

failures that propagate between the safety-related portion and the non-*

safety-related portion of the power systems

With respect to these four areas of concern, the staff nc.ad that although
regulatory practice has allowed non-safety-related equipment to be powered
from safety-related buses, this practice has created the' potential for a
number of undesirable interactions. In such situations, the isolation devices
protect the safety-related equipment. These isolation devices have been the

7
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subject of much concern, both in the main power supply area (such as breakers
that open on fault current or " accident" signals) and in the instrumentation"

1

and control power supply area (such as isolation transformers and other devices). '

In some cases, the " isolation" devices do not isolate the full range of undesir-,

4 able events. In addition, the A-17 investigation has focused on another concern.
Specifically, some ASIS involve scenarios in which a non-safety-related load is
supplied by a safety-related bus and is adequately isolated. The non-safety4

] load is part of the normal plant operation and/or control. A failure in the
safety-related portion can propagate and create a situation in which a plant
transient occurs as a result of non-safety loads supplied by the safety-related,

! bus and, simultaneously, significant safety-related equipment is unavailable
| because of the same failure,

The most significant events of this type appear to be those that involve the,

instrumentation and control power systems. As stated below in the discussion
of these specific power supplies, the staff believes that current activities4

3 in the area of instrumentation and control power supplies should be integrated
and should address this type of concern specifically. Accordingly, the staff,

,has initiated an integrated program to review these issues, i

Plant Support Systems
,

| Although relatively few events of note were identified from the operating
j experience (Categories 13, 14, 18, and 22 of Table 1 and References 3 and 4),

pRAs have consistently shown the potential importance of support systems.'

(Note: The electric power system, also a support system, was dealt with
j separately above.) This category includes other support systems such as
; component cooling water; service water; heating, ventilating, and air
/ conditioning; lube oil; and compressed air. -

,

| As is the case for the electric power system, these support systems are often
i extensive and may be unique. These support systems can affect multiple

frontline safety systems and can often affect systems not related to safety,4

i As a result, failures in support systems can potentially initiate a transient
I and also can degrade other systems, some of which may have been designed to

mitigate that very same event.
!
j The support systems of concern often have interconnections between redundant
i divisions for operational flexibility or they may have interconnections to

non-safety-related equipment. In some cases, single failures such as headers,
drain lines, and vents are designed into the systems because the probability;

of a passive failure in conjunction with the need for the system is assumed to
I be low.

If the support system failure and the initiation of an event are coupled, a
rirk-significant situation could result from the failure of the support system
(dcoending on other plant mitigating features).

Less attention may have been paid to the design and review of plant support
j systems than was paid to some of the frontline systems such as the ECCS. The

,

i
8
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safety significance of event initiation coupled with limiting the capability
for mitigation may not have been recognized.

Incorrect Reliance on Failsafe Design Principles
"

Protection systems at nuclear powers plant rely on the design principle of |

" failsafe" to varying degrees. There have been instances (see Category 18 in
Table 1 and References 3 and 4) in which some failure modes were
insufficiently analyzed because someone relied too much on the concept of
failsafe.

The events to date have involved the scram system and.its related support,

functions such as the air system and electric power system. Specifically, it
was discovered that water could be in the scram discharge volume (SDV) of a
BWR as a result of poor drainage or an air supply failure. Water in the SDV-
would inhibit the insertion of control rods. The failure involving the air

! system was of particular concern because it involved a system that had been
considered a portion of the reactor protection system not related to safety.
Action was taken at all boiling-water reactors to correct this problem.

.

This type of ASI may have resulted from the use of a design approach that ;

actually requires of a number of non-safety-related features to function and,
therefore, does not truly rely on failsafe principles. In the case of the air )system, the system was assumed to fail safe, i.e., bleed off, and, as a

iresult, a partial failure went unanalyzed. It was also noted that the '

electric supply system to this scram system had been modified previously
because of a similar type of concern. Specifically, the electric power was ;
originally assumed to fail safe (i.e., voltage going to zero) and, as a
result, partial failure (such as low voltage or high voltage) went unanalyzed
for a time.

The problems appear to have been created when portions of the systems were
allowed to be classified as not related to safety because they were assumed to

,

,

always fail safe.
|

Automated Safety-Related Actions With No Preferred Failure Mode i

Another area of adverse systems interactions that was highlighted involved the '

inadvertent actuation of an engineered safety feature (ESF) (Category 6. "Inadver-
tent ECCS/RHR pump suction transfer"). The most significant characteristic of
this area appears to be that, unlike a reactor trip, such a function does not
have an "always preferred" failure mode. As a result, extra precautions may be
needed to avoid (a) a failure to actuate when needed and (b) a failure that
actuates the system when not required (i.e., inadvertently). The area of auto-
matic ECCS switch to recirculation is the subject of a separate generic issue,
Generic Issue 24.

Although the reported events involved only the automatic switchover to the
sump in PWRs, some concern exists that individual plants may have other
functions with the same characteristic. Some possible other functions include:
* containment isolation functions

logic that selects a faulted steam generator to isolate it*

low-pressure-to-high-pressure system interlocks in the RHR system
*

9
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j Of particular note is the possibility that these types of functions will i

'
' actuate inadvertently during testing or maintenance. It is a fairly common

practice to put portions of the actuation logic in a trip or actuated state
and to assume then that the plant is in a " safe" condition. Although this may
be true for functions that have a preferred failure mode, it may not be a;

i conservative assumption for functions that do not have an always preferred
j failure mode.
.

Instrumentation and Control Power Supplies
!

The ORNL review (NRC, NUREG/CR-3922) highlighted several events related to |

instrumentation and control (I&C) power supplies (Category 14). The events at
all plants, and specifically at B&W plants, have already received significant,

attention as outlined in the ORNL assessment. Some residual concern was,

expressed that the potential for a significant event related to I&C power ,

i
i supply interactions may still exist. Because of this concern, further review
j work at ORNL was identified.

ORNL completed this work (reported in Reference 5). A significant number of
; I&C power supply events were noted, some of which involve ASIS. Althoughi there is concern about the area of I&C

work (both at NRC and in the industry) power supplies, a significant amount of! has addressed this area. The A-17
i resolution has not recommended any specific requirements to deal with this

area at this time, but has concluded that the existing efforts at NRC be'

coordinated to ensure that this critical area receives the proper emphasis.
This is being done under Generic Issue 128, " Electric Power Reliability.";

;

; C. Recommendations
:

Ongoing industry reviews and evaluations of operating experience should,

consider the above types of events. It is further recommended that where'

utilities determine that specific evaluations (e.g., plant walkdowns, limited-*

scope accident safety analyses, or probabilistic risk assessments) are needed
to address other safety concerns, awareness and recognition of potential adverse,

systems interactions such as highlighted above should be included in these
4 evaluations.

i D. References

: 1. U.S. Nuclear Regulatory Commission, NUREG-1174, " Evaluation of Systems
; Interactions in Nuclear Power Plants."
i

2. -- , NUREG-1229, " Regulatory Analysis for Resolution of USI A-17."
_

4

3. -- , NUREG/CR-3922 " Survey and Evaluation of System Interaction Events
and Sources," January 1985.

4. -- , NUREG/CR-4261, " Assessment of System Interaction Experience in
Nuclear Power Plants," June 1986.

5. -- , NUREG/CR-4470, " Survey and Evaluation of Vital Instrumentation and
Control Power Supply Events," August 1986.>

'i
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1

MEMORANDUM FOR: Edward L. Jordan, Chairman
Committee to Review Generic

Requirements

FROM: Eric S. Beckjord, Director
Office of Nuclear Regulatory Research

SUBJECT:
CRGR REVIEW 0F PROPOSED RESOLUTION OF GI-128 WHICH INCLUDES:-
GI-48 "LCOs FOR CLASS 1E VITAL INSTRUMENT BUSES"
GI-49 " INTERLOCKS AND LCOs FOR 1E TIE BREAKERS"
GI A-30 " ADEQUACY OF SAFETY-RELATED DC POWER SUPPLIES"

The staff has completed its proposed resolution of Generic Issue 128 which
includes Generic Issues A-30,.48 and 49. Results of the staff evaluation and
the proposed licensee actions are' presented in the enclosures to this letter.
These documents are submitted for review by the CRGR.

Generic Issue 128 is a combination of three electrical power systems issues
listed below. The three related issues were worked together in order tointegrcte their resolutions.

(1) GI-48 "LCOs FOR CLASS 1E VITAL INSTRUMENT BUSES"
(2) GI-49 " INTERLOCKS AND LCOs FOR CLASS 1E TIE BREAKERS"
(3) GI A-30 " ADEQUACY OF SAFETY-RELATED DC POWER SUPPLIES"

Generic Issues 48 and 49 involve the potential for some plants to be operating
in electrical configurations which are in violation of the plant's designbasis. The proposed action involves a generic request (per 50.54(f)) to verify
that the plant's safety design basis is being satisfied.

Generic Issue A-30 involves the adequacy of provisions for monitoring,
maintaining and testing the de power supplies. Since a number of related
activities have resulted in recommendations to improve these areas, the
proposed resolution involves a generic request for information to verify the
extent of implementation of the recommendations.

Therefore, to resolve GI-128, the staff is proposing two infomation
requests. If staff review of the licensee responses to the 50.54(f) requests
indicates that additional actions are required, they will be backfit on aplant specific basis. 4

/
The proposed CRGR package has been reviewed by the Office of Nuclear Reactor
Regulation (NRR), the Office for Analysis and Evaluation of Operational Data
(AE0D), and the Office of General Counsel (0GC). AE0D concurred without
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comment. NRR supplied a number of comments which we believe have been,

i addressed in the enclosed package. Based on our resolution 'of their comments.0GC has no legal objection.
.

I Subject to a1 favorable. recommendation by CRGR, the GI-128 proposed resolution-

1 will'be implemented by issuing the generic letters to all. plants. In order to-i
meet the: schedule of the Commission's Five Year Plan, CRGR review and comments
are required within five weeks of the date of this memorandum.

4

i For further information on this matter, contact Dale Thatcher, GI-128 Task -
! Manager (x23935).
:

. JtaMV:

Eric S.~Beckjo Director '

Office of Nuclear Regulatory- Research -
4

1 Enclosures:
1. Evaluation and Resolution of GI 48'

i and 49
|: 2. Proposed Generic Letter for. Resolution
; of GI 48 and 49
; 3. Technical Findings for Proposed Integrated

Resolution of Generic. Issue 128
i (Issues 48 and 49) - EGG-NTA-7727-

.

! 4. Evaluation and Resolution of GI A-30 *

5. Proposed generic -letter for Resolution
i of GI A-30
i -6. Technical Findings for Proposed Resolution

*

of Generic Issue 128 (Issue A-30) -
! EGG-NTA-8197
;

L cc: w/o enclosures w/ enclosures
i- T. Speis- 0. Chopra-

W. Houston- P. Gill
W. Minners M. Chiramal.

i D. Thatcher S. Lewis
: R.-Baer
; E. Jordan
- T. Murley

W. Parler
.
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|
EVALUATION AND RESOLUTION OF GI 48 AND 49 |

1

INTRODUCTION

The resolution of GI 48 and 49 includes a request for information to verify ),licensee compliance with the current licensing basis. Under50.109(a)(4)(ii
a "backfit analysis" is not required where staff finds that a modification is |
necessary to bring facility into compliance "with a license or the rules or !

orders of the Commission, or into conformance with written commitments by the
licensee." Therefore, under the above exception no backfit analysis is required.
Under 50.54(f), if the information requested is needed to verify compliance
with the facility's licensing basis, then the staff does not have to specifically l

justify the request in view of the potential safety significance of the issue I
to be addressed.

'

The information contained in this evaluation is intended to aid the CRGR in
their review. Although not required for a compliance issue, the information
presented includes that requested in the CRGR Charter (Revision A dated April
1987) and identified in the second paragraph of Section III. A.(iii). It also |
provides the information required by NUREG/BR-0058 Appendix A, " Analyses '

Required to Justify the Imposition of an Information. Collection Requirement."

BACKGROUND i

|-

GI 48 "LCOs for Class 1E Vital Instrument Buses" deals with a safety concern
that some operating nuclear power plants do not have' administrative controls or

~

technical specifications governing operational restrictions for their Class 1E
120 Vac vital instrument buses and associated inverters.

Without such restrictions, the normal or alternate power sources for one or
,

more VIBs could be out of service indefinitely. This could place certain |safety systems in a situation where they could not meet the plant safety design '

basis, including the loss of off-site power or the single failure criterion.

GI 49 " Interlocks and LCOs for Class IE Tie Breakers" involves a safety concern i

that independent, redundant Class IE ac or de buses can be interconnected via
tie breakers which are left closed by mistake. When left closed, the tie
breakers can compromise the independence of the redundant safety-related buses
and, in some cases, may prevent loading of the emergency diesel generator.

These issues both involve concerns for the electrical power system. The
proposed resolution of both these issues involve implementation or related
administrative controls and/or technical specifications to limit conditions of
operation. Therefore both issues were integrated into a single technical
program. The complete technical findin
Idaho National Engineering Laboratory (gs for these issues are reported inINEL) Report EGG-NTA-7727, Revision 3,
" Technical Findings for Proposed Integrated Resolution of Generic Issue 128 -

(Issue 48 and Issue 49)," March 1989.
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The resolution of these two issues involves an information request to all
plants. The information request contains questions _(to be answered by the
licensees) designed to identify plants which may not comply with their license.
Follow-up action will be developed if necessary, based on the responses to the
information request.-

SAFETY BENEFIT

All plants are required to be designed to withstand single failure of any Class j
IE power division. There have been numerous recorded events in which there !

have been failure of a single power division. While most plants have recovered
from these events without severe complication: there have been a variety of

i

undesirable plant conditions resulting from such failures. Events resulting |
from loss of vital instrument buses include the following, either singularly or i
in combination:

,

1. Severe system transients, including undercooling and overcooling transients

2. Challenges to plant operators due to lost indication
,

3. Inadvertent actuations of safety systems, including reactor protection and
safety injection systems

4. Improper control system responses, including systems provided for feedwater ;

and steam generator level control |

5. Loss of redundancy for safety-relat'ed instrumentation channels and power
i

supplies i
1,

6. Loss of indicators that provide infonnation concerning plant'and safety i

system status

7. Damage to mechanical equipment such as running pumps with closed suction
valves.

Since plant operators have had difficulty in coping with the loss of a single
Class IE power division, the consequences of the loss.of more than one division4

might lead to even more severe consequences. In addition, such events may not
have been analyzed and could, therefore, exceed the plant's design basis.
Failure of more than one division has not_ typically been included in a plant's
safety analysis because it is assumed that:

1. The Class IE divisional power buses are capable of performing their
function independent of the offsite power source and

2. The redundant Class 1E divisions are-independent from each other.

The concerns covered by Generic Issues 48 and 49 involve identified situations
that can compromise the assumed redundancy and independence and increase the

_ . _ . . .-
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probability of failure of more than one division of class IE from the same I
event. In such cases, the plant may be in non-compliance with its design
basis.

Regarding GI-48, without LCO's there are no limitations on the number of buses,

1

that can be powered from the offsite system, or the period of time during which |

*

the plant may be operated in an unanalyzed configuration. For example, if an j
inverter is unavailable and its corresponding bus is transferred to the offsite '

'

system, then during that unlimited time period, a loss of offsite power and a |
single failure (in the other divisional system) could put the plant in an '

unanalyzed situation. The other failure could be an inverter. A recent AE00
report entitled " Operational Experience Involving Losses of Electrical Inverters"
has highlighted a large number of inverter failures.

A more serious example could occur because, with no limit on operation with
inverters out-of-service, it is possible that more than one bus may be removed<

from service and their loads transferred to an offsite power source for extended
periods of time. Then, if offsite power is lost, during the time until the
diesel generators can pick up the load, the plant would be without power for
those instrumen't buses which are connected to the offsite power source. This
would result in significant loss of information to the control room and simul-
taneous unwanted actuations of protection systems and control systems.

,

Possible added safety benefit may result from the implementation of technical
specifications on inverters. Plant owners would then have an additional
incentive to improve the reliability of these components. Since loss of ana

inverter can result in plant transientis/ trips, an improveriient in' inverter
reliability could provide a reduction in inverter failure rate and could reduce
the potential for plant transients.

GI-49 involves tie breakers which also have the potential for compromising the
assumed independence of the redundant divisions. A variety of single failures |'

could lead to loss of both redundant emergency power divisions during time I

periods when a tie breaker is closed.
4

Also of concern is the increased probability of loss of all ac power (station
i blackout). If a plant were operated with the tie breaker between the two main

safety-related ac buses closed, a loss of offsite power would probably result
in station blackout because:

1. There are typically interlocks which prevent the diesel generator output
breakers from closing when tie breakers are closed.

'

2. If the interlocks are not installed or malfunction, the output of two or
more unsynchronized diesel generators would be tied together, causing one
or more of the diesel generators to trip or fail.

3. If only one diesel generator is operable, it would not have the capability
.to carry the accident loads on both buses and would trip or fail.

4
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The concerns of these issues are resolved for recently licensed and future |
plants by implementation of Standard Technical Specifications. It has been ;

determined that the issue would be resolved in older plants if each plant
adopts provisions equivalent to the Standard Technical Specifications

The staff and its contractor made a survey of the technical specifications of |

113 plants. The following is summary of the results:
1

1. LCOs for Power Sources for Vital Instrument Buses |
The technical specification for 65 of the 113 plants surveyed have no

,

listed restrictions on operation with an unavailable preferred (uninterrupt- |ible) power source for a vital instrument bus. Thirteen plants have some ;r

restrictions, but not as restrictive as the Standard Technical Specifications. '

Thirty-five plants have the same restrictions as contained in the Standard
Technical Specifications. '

,

2. LCOs for Vital Instrument Buses
The technical specifications for 31 of the 113 plants surveyed have no i
restrictions for operating with a vital instrument bus de-energized.
Sixteen pl' ants have some restrictions but not as restrictive as contained

: in the Standard Technical Specifications. '

3. Tie Breakers LCOs
Of the 113 plant technical specif' cations surveyed, 77 have no stated
restriction on plant operations with tie breakers closed. Some of these
plants may not have tie breakers. Thirty-six plants do have LC0 restrictions
on operation with the ac breakers closed. Of these,-27 also have restriction
on operations with the de tie breakers closed.

Although the analyses conducted on these issues are mostly qualitative, the
safety benefit is clear. Based on the potential safety benefit, the staff
concludes that all plants should be asked to verify that they have adequate
technical specifications to cover the potential safety significant situai. ions
for both the vital instrument buses and the tie breakers, or provide justification
of why such provisions are not needed.

Proposed Resolution

The staff proposes to submit an Information Request to all licensees to identify
plants that should develop additional administrative control to avoid operating-

under conditions that are in violation of the single failure criterion. The
licensee's responses are expected to identify plants in which further action
may be necessary. In most cases it is expected that licensees will voluntarily
take appropriate actions without specific direction from the staff.

Cost

The proposed information request contains two questions. A confirmation is
required from licensees with plants that have adopted the appropriate _LCOs.
Approximately 50% of the plants are expected to fall into this category. More

,
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detailed information is required from plants with non-standard technical
specifications unless they have chosen to incorporate the appropriate provisions.
The requested information should be readily available.

The licensee cost to respond to the information request will depend on plant
specifics. For a conforming plant the cost will be limited to whatever is
required to provide a response to the information request. This is not expected
to exceed 100 man-hours effort. Assuming $50/ man-hour, the cost would be
$5000.

Plants with deficiencies may be required to revise their plant. technical
specification to incorporate appropriate LCOs. A cost estimate for a change of
this type to the technical specifications is stated in NUREG/CR-4568, "A
Handbook for Quick Cost Estimates" to be between $16K and $32K. Training to
accommodate the change in the technical specification may require an additional
$8K.

There is an additional cost saving consideration associated with the implemen-
tation of technical specifications on inverters. Plant owners would then have
additional incentive to improve the reliability of these components. Since
loss of an inverter can result in plant transients / trips, a reduction in the
number of inverter failures could also result in a cost saving by reducing
plant shutdowns and outages.

ImplemeDtation of the proposed plan will require NRC review for all plants not
initially found to be in compliance. Once implemented, there will be no
further impact on NRC resources. Total"NRC resources estimated for this plan
based on 50 plant reviews is 100 man-weeks.

Schedule -

The proposed resolution allows 180 days for licensee response to the request
for information. It is expected that NRC evaluation will be completed within 1
year after the licensee's submittals are received.

|

|
|

,
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Enclosure

DRAFT GENERIC LETTER

To: ALL HOLDERS OF OPERATING LICENSES

SUBJECT: RESOLUTION OF GENERIC ISSUES GI-48, "LCOS FOR CLASS 1E VITAL
INSTRUMENT BUSES," AND GI-49, " INTERLOCKS AND LCOS FOR CLASS 1E
TIE BREAKERS"

The NRC staff has completed the evaluation of Generic Issues GI-48 and GI-49,
which focus on vital ac buses and tie breakers between redundant, safety-related I

buses. Attachment 1 provides a brief description and history of each of these '

GIs. Additional details are provided in reference 1.

As a result of our evaluation, the staff concludes that all licensees should
include appropriate Limiting Conditions for Operation (LCOs) in their Technical
Specifications and have proper administrative controls to implement these
Technical Specificatiens unless there is adequate justification why such provisions
are not needed at their specific facilities.

In order to determine whether any further staff actions are necessary to assure
implementation of recommended corrective measures, we request pursuant to
10 CFR 50.54(f)'and Section 182 of the Atomic Energy Act that you provide the
NRC with a response to the questions in the attachment within 180 days of the
date of this letter. This information should be submitted to NRC, signed under
oath and affirmation. The information will enable the Commission to determine
whether any further action should be taken on your license.

|.

This request is covered by Office of Management and Budget Clearance Number
3150-0011, which expires December 31,~1989. The estimated average burden hours
is 100 man-hours per licensee response, including assessment of the recommendations,
searching data sources, gathering and analyzing the data, and preparing the
required responses. These estimated average burden hours pertain only to these
identified response related matters and do not include time for actual implementation
of any related actions. 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 to the U.
S. Nuclear Regulatory Commission, Records and Reports Management Branch, Office
of Administration and Resources Management, Washington, D.C. 20555.

ff you have any questions, please contact your project manager.

Sincerely,

Attachment: 10 CFR 50.54(f) Request - GI-48, "LCOs for Class 1E Vital
. Instrument Buses," GI-49, " Interlocks and LCOs for Class 1E Tie

Breakers"

Reference: EGG-NTA-7727 Revision 3
" Technical Findings for Proposed Integrated Resolution of Generic
Issue 128 (Issue 48 and Issue 49)

.
. . . .
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Attachment,

10 CFR 50.54(f) Request
GI-48, "LCOs for Class IE Vital Instrument Buses"

GI-49, " Interlocks and LCOs for Class 1E Tie Breakers"
,

1NTRODUCTION
t

The designation " Vital Instrument Bus" may be interpreted differently for
different plants. In this document, the term " Vital Instrument Buses" refers
to the ac buses that provide power for the Instrumentation and Controls of the
Engineered Safety Features (ESF) Systems and the Reactor Protection System

i
(RPS) and are designed to provide continuous power during postulated events '

including the loss of normal offsite power. Tie breakers are devices used to
|

cross connect either redundant class 1E buses in one unit or Class 1E buses in |
different units at the same site.

The NRC staff has evaluated the concerns of generic issue GI-48, "LCOs for
Class 1E Vital Instrument Buses," and GI-49, " Interlocks and LCOs for Class 1E
Tie Breakers." The staff has concluded that these concerns can be generally
resolved by the verification or implementation of appropriate limiting conditions I

,

of operations (LCOs) in the plant technical specifications and by inclusion of |
associated administrative controls in plant procedures for the Class 1E buses |and tie breakers. For both issues, the primary objective is to verify that iplants are not being operated in violation of the design criteria of 10 CFR 50 !
Appendix A, for example, GDC 17, 21, 34, and 35. Conditions identified by the |
staff evaluation suggested a strong possibility that the single failure criterion |
may be violated for substantial time periods in some plants. These plants, I
therefore, may not meet the requirements of the design ba' sis events considered :
in the plant safety analysis report. I

BACKGROUND |-

The primary concern of GI-48 was identified when it was found that some |

operating nuclear power plants do not have any administrative controls or
technical specifications governing cperational restrictions for their Class 1E4

120V ac Vital Instrument Buses (VIBs) and associated inverters. Without such
*

restrictions, the normal or alternate power sources for one or more VIBs could
be out of service indefinitely. This could place certain safety systems in a
situation where they could not meet the plant design basis, including loss of
off-site power or the single failure criterion.

Specifically, the VIBs may be subjected to power failure modes that may not
have been consider.ed during the safety analysis of the plant. .For example,
this situation could occur as a result of removing one or more of.the normal or
alternate power sources for the VIBs from service for repair or maintenance.
Mithout some type of restrictions, more than one VIB could be connected to an
offsite alternate power source. The loss of the alternate power source would
then cause the simultaneous loss of more than one VIB, at least until the diesel
generators pick up the loads. .

The concerns of GI-49 were raised by an incident that occurred at the Point
Beach Unit 2 plant. On June 9,1980 it was discovered that a tie breaker between
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| |
the safeguards buses at the plant was improperly left closed after a plant I
shutdown. The improper electrical lineup probably occurred after a loss of ac I

,

| power test that was conducted on May 2, 1980 and was attributed to personnel
error.

This concern is limited to manually actuated tie breakers that have the capabil- I
! ity of connecting either uminally independent, redundant' Class 1E ac or de |

buses at one unit or Class 1E buses in different units at the same site. These
tie breakers permit convenient maintenance of supply buses and equipment without

.

,

| de-energizing plant equipment. The maintensnce is normally conducted when the !

plant is not in operation. These tie breakers require special consideration, ,

because, when closed, they can compromise the independence of the redundant |
safety-related buses and, in some cases, may prevent loading of the emergency |

diesel generator. It is also recognized that the tie breakers could be beneficial
under very special conditions (such as loss of off-site power coincident with I

loss of a diesel or batteries) to provide flexibility to supply power across I

division boundaries. )
1

Approximately 5 weeks elapsed before the improper closure at the Point Beach Iplant was discdvered. With the two breakers closed, the two redundant buses
were connected; and, consequently, the independence of the buses was lost. If
there had been a loss of off-site ac power with the tie breaker closed, interlocks
would have prevented automatic closure of the diesel generator output breakers.

:

The event at Point Beach was subsequently evaluated by the NRC staff, resulting
in the identification of the generic concerns of GI-49 regarding procedural
controls to reduce human error of the' type that occurred at Poin't Beach. The
staff also noted that the tie breaker interlocks to prevent manual paralleling
of standby power sources, which are a provision of Regulatory Guide (RG) 1.6,
Item 4(d), had not been implemented at the Point Beach plant.

It should be noted that the proposed resolution does not include a recommendation
regarding the verification of tie breaker inte'rlocks. The interlocks raised as
a concern were to help protect against the potential for an operator comitting
an error and inadvertently closing a tie breaker between either:

(1) two operating diesel generators which are potentially out-of-phase,
or

(2) an operating diesel generator and an incoming feeder line which are
potentially out-of-phase.

Although such interlocks can provide an additional degree of assurance for some
infrequent situations, we believe that such interlocks can also have a potential
negative impact on safety. For example, in some emergency situations (such as
loss of offsite power and failure or nonavailability of a divisional diesel
generator, or a station blackout) an operator may need to cross connect power
(via tie breakers) to an opposite division. In such instances, a failure in
the interlocking circuits could inhibit the operator from taking such action.
PRA analyses have shown that cross connecting can allow for options that can
prove to be beneficial.
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In addition, there is some protection provided for inadvertent out-of-phase
connections by the normal protective relaying and breaker coordination. If the
protective relaying actuates, equipment would be protected and normal restart
could be undertaken. Therefore, the staff concluded that if proper administrative
controls are placed on the operation of the tie breakers and normal protective
relaying is present, then the addition of these interlocks would not be cost
beneficial.

The GI-48 and GI-49 concerns have been resolved in recently licensed plants by
implementation of Standard Technical Specifications and current licensing
practice.

QUESTIONS

1. Do your plant Technical Specifications include Limiting Conditions for
Operations (LCOs) and surveillance requirements for:

a. Vital instrument buses (typically 120V ac buses),

b. Inveiters or other onsite power sources to the vital instrument
buses, and

c. Tie breakers which can connect redundant Class 1E buses (ac or
de) at one unit or which can connect Class 1E buses between units at
the same site.-

2. Do your plant procedures include appropriate corresponding ' administrative
~

controls to implement these technical specification . requirements?

If the answer to any of the previous questions is no,-then provide an explanation
of the basis for your belief that your plant will not be operated-indefinitely
in violation of the single failure criterion regarding the Class IE vital
instrument buses and the closure of tie breakers-connecting Class 1E ac or de
buses. This may be accomplished by either: (a) providing information and
supporting analyses, or (b) submitting an amendment request proposing that
appropriate LCOs be incorporated in the plant technical specifications on the
above items.

The information to be provided should demonstrate that adequate consideration
has been given to loss of off-site power in conjunction with a worst case
additional single failure. In conjunction with these postulations, the analysis
should consider the time delay for the emergency generators to pick up load,.

since in typical plants, if an inverter serving a vital instrument bus is out
of service, a loss of off-site power will cause numerous actuations due to the
delay time while the diesels are starting. The analysis should, therefore,
also consider malfunctions that do not always have a preferred failure mode
(e.g., instrumentation or controls that initiate a switch of emergency core
cooling from injection to recirculation or initiate isolation of the steam
generators). If the alternate power sources for the vital buses are not backed
up by the diesel generators, then this should be stated.
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An example of acceptable LCO and surveillance requirements (from the Westinghous'e
Standard Technical Specifications) is included for guidance.
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3/4 LIMITING CONDITIONS FOR OPERATION AND SURVEILLANCE REQUIREMENTS;

; 3/4.0 APPLICABILITY

i.
*

'
LIMITING CONDITION FOR OPERATION

:

e
"

3.0.1 Limiting Conditions for-Operation and ACTION requirements'sha'll be
.

applicable during the OPERATIONAL H0 DES or other conditions specified for each
specification.

.

3.0.2 Adherence to the requirements of the Limiting Condition for Operation
and/or associated ACTION within the specified time interval shall constitute
compliance with the specification. In the event the Limiting Condition for
Operation is restored prior to expiration of the specified time interval,;

4

completion of the ACTION statem'ent is not required.
,

3.0.3 In the event a-Limiting Condition for Operation and/or associated
' ACTION requirements cannot be satisfied because of circumstances in excess of;

those addressed in the specification, the unit shall be placed in at least HOT
STAND 8Y within 1 hour, in at least HOT SHUT 00WN within the next 6 hours, andi
in at least COLD SHUTOOWN within the following 24 hours unless corrective

; measures are completed that' permit operation under the permissible ACTION
statements for the specified time interval as. measured from initial discovery

,

!

or until the reactor is placed.in a MODE in which the specification is notapplicable. Exceptions to these requirements shall be stated in the individual,

: specifications.
:

3.0.4 Entry into an OPERATIONAL MODE or other specified applicability condi-
tion shall not be made unless the conditions of the Limiting Condition for,

!
'

Operation'are met witho'ut reliance on provisions contained in the ACTION
|i statements unless otherwise excepted. This provision shall not prevent passagej

through OPERATIONAL MODES as required to comply with ACTION statements.

SURVEILLANCE REQUIREMENTS
<

.

-f

4.0.1 Surveillance Requirements shall be applicable during the OPERATIONAL'

H0 DES or other conditions specified for ' individual Limiting Conditions for
Operation unless otherwise stated in an individual Surveillance Requiremens. !

4.0.2 Each Surveillance Requirement shall be performed within the specifiedtime interval with:j
'

Amaximumallowableextension-nottoexceed25%ofthesurveillance
a.

interval, and;

i

W-STS 3/4 0-1 KAR_ljl19T1 ' . _ .
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3/:.8.3 ONSITE OCWER OISTPIBUTICN .

OPERATING
,

LIMITING CONDITION FOR OPERATION

3.8.3.1 The following electrical busses shall be energized iri the specified l

i manner with tie breakers open (both] between redundant busses within the unit
(and between units at the same station):'

*

a. Division #1 A.C. Emergency Busses consisting of:

1) [4160]-Volt Emergency Bus # ,- - a n d

2) [480]-Volt Emergency Bus # .

b. Division #2 A.C. Emergency Busses consisting of:

l 1) [4160]-Volt Emergency Bus # , and. |
| 2) (480]-Volt Emergency Bus # .

c. [120]-Volt A.C. Vital Bus # energized from its associated |
*inverter connected to.D.C. Bus # |,

d. (120]-Volt A.C. Vital Bus # energized from its associated I

inverter connected to 0.C. Bus # *
,

e. [120]-Volt A.C. Vital Bus # energized from its associated
,

" ;invarter connected to 0.C. Bus #- ,

.f. (120]-Volt A.C. Vital Bus # energized from its associated
inverter connected to 0.C. Bus # ", )

'

! g. [250/125]-Volt 0.C. Bus #1 energized from Battery Bank #1", and
~ '

h. [250/125]-Volt 0.C. Bus #2 energized from Battery Bank'#2. |

APPLICABILITY: MODES 1, 2, 3, and 4. l
i

ACTION:

a. With one of the required divisions of A.C. emergency busses not
fully energized, reenergize the div'ision withip 8 hours or be in at
least HOT STANDBY within the next 6 hours and in COLD SHUTOOWN within
the following 30 hours,

b. With one A.C. vital bus either not energized from'its associated
inverter, or with the inverter not connected to its associated 0.C.

. bus: (1)- reenergize the A.C. vital bus within 2 hours or be i,n at
least HOT STANDBY within the next 6 hours and in COLD SHUTOOWN
within the following 30 hours; and (2) reenergize the A.C. vital
bus from its associated inverter connected to its associated 0.C.

| bus within 24 hours or be in at Teast HOT STANOBY within the next
6 hours and in COLD SHUT 00WH within the following 30 hours.

~

"Two inverters may be disconnected from their D.C. bus for up to 24 h9u,rs as
necessary, for the purpose of. performing an equalizing charge on their, associated
battery bank provided: .(1) their vital busses are energized, and (2) the vital
busses associated with the other battery bank are energized from their
associated inverters and connected to their associated 0.C. bus.

W-STS 3/4 3-14
- _ . . _ _ . _ . _ _ , , . .
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ONSITE POWER OISTRIBUTION

LIMITING CONDITION FOR OPERATION

'

ACTION (Continued)
;

c. With one O.C. bus not energized from its associated battery bank,
reenergize the O.C. bus from its associated battery bank within 2 hours
or be in at least HOT STANDBY within. the next 6 hours and in COLD
'SHUTOOWN within the following 30'hobrs.

SURVEILLANCE REQUIREMENTS
|

4.8.3.1 The specified busses shall be determined energized in the required
manner at least once per 7 days by.yerifying correct breaker alignment and
indicated voltage on the busses. j
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ADSTRACT

This Idaho Nuclear Engineering Laboratory report provides ..the technical
'

findings and conlusions'for a proposed integrated resolution of Generic
Issues 48 (,LCOs for Class 1E Vital Instrument Buses in Operating Reactors)

# '

and 49 (Interlo~ ks and LCOs for Class.1E Tie Breakers).c
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FOREWORD |

This report is supplied as part of a program to resolve four predefined
safety issues. This work is being conducted by EG&G Idaho, Inc., for the
U.S. Nuclear Regulatory Commission, Office of Nuclear Reactor Research,
Division of Engineering.

~

The NRC Task Manager for this project is D. F. Thatcher of the
Engineering Issues Branch, Division of Safety Issues Resolution, Office of
Nuclear Regulation Research.

.

The U.S. Nuclear Regulatory Commission funded this work under
authoritation 8&R 9-60-19-520010, FIN No. D6025.

1
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: TECHNICAL FINDINGS FOR PROPOSED INTEGRATED RESOLUTION

{ OF GENERIC-ISSUES 128 (ISSUE 48 AND ISSUE 49)

1. INTR 00VCTION-,

A number of generic safety issues in the area of electric power systems
j have been identified over a' period of years. These issues are listed and
; . prioritized in NUREG-0933.1 Three issues have been selected for

integrated nction because they are interrelated. These are:
;-

Generic Issue A-30 " Adequacy of Safety-related DC Supplies"
!

,

.

f Generic Issue 48 "LCOs for Class IE Vital Instrument Buses in

| Operating Reactors"
.

Generic Issue 49 " Interlocks and LCOs for Redundant Class IE
Tie Breakers"

,

,

i

! These three issues taken together are ide9tified as Generic Issue 128. This
; repo,rt is a part of the action to resolve Generic Issue.128.
.

' ~

a. This report presents the background and technical findings for Generic
i

]- . Issue 48 and 49 actions recommended to resolve these two issues. These two
,

.|
; issues are treated together because the recommended resolution for both
#

issues involves establishing or verifying appropriate Limiting Conditions of
|Operations (LCOs). The resolution of Generic Issue A-30 requires' a,

i different approach described in a separate reports, EGG-NTA-8197, Revision
1 1,2

1

j It is concluded in this report that Generic Issues 48 and 49 can be
!

resolved by verifying that all licensees have appropriate LCOs in their
|i plant technical specifications.

.

4
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2. BACKGROUND
.

2.1 Generic Issue 48
.

~

i

Generic Issue 48, LCOs for Class 1E Vital Instrument Buses, involves
the concern that some operating nuclear power plants do not have any
idministrative controls or technical specifications governing operational

restrictions for their Class IE-120 Vac Vital Instrument Buses (VIBs) and
associated inverters. Without such restrictions, the normal or alternate
tcar sources for one or more VIBs could be out of service for long periods
of time, perhaps indefinitely. This could place certain safety systems in a,

situation where they could not meet the single failure criterion, subjecting
the VIBs to loss of power events that may not have been evaluated during the
safety analysis of the plant.

"

This situation could occur as a result of removing one or more of the
normal or alternate power sources for the VIBs' from service. for repair or
maintenance.

,

Initially, this problem was identified only in operating PWR plants;
howe'ver, subsequent investigation indicates that the problem may also
include BWR plants. This problem should not exist in recently licensed
plants, because appropriate LCOs are incorporated into the plant technical.

~"

specifications. The appropriate LCOs are contained in the Westinghouse and
Combustion Engineering Standard Technical Specifications. These LCOs

restrict operation of the plant when the normal or alternate power sources
for the VIBs are out of service.

This issue was first brougit to the attention of the NRC by two similar
transmittals from two independent licensees. The first was a letter from
the Duke Power Company dated June 6, 1980, which transmitted a Reportable
Occurrence Report, R0-287/80-8.3 The event at the Oconee Unit 3 plant
involved the failure of an inverter power supply for a Vital Instrument

,

-

2
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4

Bus (VIB) at the same time that an RPS channel was in bypass for testing.
Duke Power Co. subntitted a followup report in a letter 4 dated June 20,
1980. The followup report clarified details of the event and concluded that
the event did not constitute a reportable occurrence but did provide useful
information for the NRC.

Three days later, the Sacramento Municipal Utility District (SMUD)
submitted a Licensee Event Report (LER),5 with a followup report on6

June 19, 1980. The SMUD reports describe a possible scenario in which a
single failure could prevent an automatic SFAS initiation, i.e., failure of
a Class lE inverter while another is out of service. The event at Oconee
and the scenario described by SMUD provided the basis for the G148 Issue. I

l

Based on the licensees reports, AE00 issued a memorandum 7 to NRR

(July 15, 1980) recomending that Limiting Conditions of Operation (LCOs)
similar to those in the Standard Technical Specification be required for all
operating nuclear plants.

8Three subsequent NRC memoranda followed ,9,10 which all concurred

with the AE00 recommendation. The first of these8 (from the Division of
Licensing dated July 24,1980) discusses the length of time that a VIB
should be permitted to be powered by"off-site power. It concludes with the
recommendation that operation be limited to no more than'24 hours per month
with a VIB powered from other than a battery-backed power source.

The second memorandum 9 was from the director of NRR (September 29,
1980) and instructed the Division of Licensing to implement appropriate
technical specifications.

i

The third memoranduml0 (August 7, 1981) contains model technical

specifications developed to be used as a guideline for implementing the
appropriate LCOs. It also includes technical background information I
relating to this matter. ,

3
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The current Standard Technical Specifications for Westinghouse
llplants and Combustion Engineering pla'nts12 include the appropriate

'

LCOs but equivalent LCOs are not included in the current standard
specifications for gel 3 and B&W14

'

plants.

While there was general agreement among the staff that the LCOs should
be required for all operating reactors, there was some concern that the time

limits invoked by the LCOs should be further analyzed to determine thei,r
risk benefit. A contract was implemented with the Lawrence Livermore
National Laboratory (LLNL) for additional analysis. The results of the i

analysis were published in a report 15 dated October 28, 1982. The )
analysis was limited to an evaluation of a typical Westinghouse pressurized
reactor for a specific accident sequence (LOCA). I

4

The report includes a probabilistic risk assessment based on failure
rate estimate data from WASH-1400.16 It provides an estimate of the,

incremental' risk from the operation of. a VIB powered 'from an inter _ruptible
power source as compared to the normal mode with the bus powered from a

battery-backed power source. Using a cost benefit criteria of $1000 per
man-rem, LLNL concluded that 72 hours per year is an optimum time limit that
an off-normal power source should be permitted to energize a VIB during
operation of a PWR.

On October 15, 1984, the Reliability and Risk Assessment Branch (RRAB),
DST, provided comments 17 on the LLNL report in a memorandum to the Power |

Systems Branch, DSI. The memorandum indicates that the LLNL re; ort may have
underestimated the core melt frequency when LC') requirements for VIBs are
not imposed and recommends against using the LLIIL report results. The

memorandum states that in addition to the accident sequence covered by the
LLNL report, other accident sequences, such as loss-of-offsite power
initiators without a concurrent LOCA, should have been considered. The

memorandum provides a preliminary frequency estimate for this accident of
between 5 x 10-6 and 5 x 10-5 per reactor year. This estimate is more
than an order of magnitude higher than estimates for the accident sequence
(loss of offsite power with LOCA) evaluated in the LLNL report.

4
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The RRAB offered to perform a more comprehensive study. However, the j
!

offer was contingent on receipt of a considerable amount of plant-specific
information, including descriptions of the various VIB configurations, j
failure modes of equipment powered from the VIBs, and maintenance schedules !
for VIB equipment in operating plants.

l

Two NRC memoranda, dated December 5, 1984,18 and December 14,

1984,19 contain some of the information requested by RRAB; however, much

of the requested information was unavailable in existing NRC files. The

search for the information revealed clearly that there is a large diversity
among the plants regarding the configuration of the VIBs and the failure
modes of the equipment powered from these buses. From this it is concluded
that a standard set of LCOs cannot be identified (by PRA analysis) that will
provide uniformly optimum risk benefit for all plants.

It should be noted that all of the risk analysis has been based on
j

failure of a VIB caused by interruption of source power. A plant that has
no restriction on operation with VIBs powered by interruptible power sources
may operate with more than one VIB powered by interruptible power sources.
FaiTure of offsite power then could cause the simultaneous failure of more
than one VIB. The failure would be expected to be momentary with the power
being re-established upon start of plant diesel generators but there is also
the possibility that more than one of the VIBs may be connected to the same '

power division. In this case the independence of the VIBs would remain
vulnerable to continuous failure if one of the diesel generators fails to
start or if the loading sequence does not go through to completion.

Over a period from 1980 to 1984 several different time limits were
considered that a VIB should be permitted to remain connected to a
nonbattery-backed power source. These are summarized in tne following
table:

|

5
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Source LCO Reference

Standard Limits power operating 11,12
Technical to 24 hours with VIB
Specification connected'to nonbattery source

ORAB No more than 1 day per month with 8
VIB connected to nonbattery source

DL Start hot shutdown in 2 hours 10
if VIBs are not supplied by
battery source. Be in cold shutdown
in 30 hours. Compatible with 24 hour
limit in standard technical specification

LLNL 72 hour limit per year with VIB powered 15
from nonbattery-backed source

RRAB Disputed LLNL 72 hour limit (said risks 17
may be underestimated) proposed a new PRA
study

AE00 issued a report 20 in December 1986 addressing some of the concerns of
GI-48. It includes the review of 94 licensee event reports (LERs), totaling
107 events involving inverter failures that occurred during 1982 through
1984. The study includes 35 additional events from the Nuclear Plant
Reliability Data System (NPRDS) that occurred in the same timeframe. These
142 events occurred at 51 distinct. plants: 26 designed by Westinghouse, 11
by General Electric, 9 by Combustion Engineering, 4 by Babcock & Wilcox, and
1 by General Atomic.

I

;

The report states that even though previous action has been taken in |

past years to reduce inverter failure, the actual number of inverter
failures in the industry is continuing to increase. The report recommended
that the office of Inspection and Enforcement issue an information notice
addressing events involving inverter losses. It also reconnended that plant
technical specification be reviewed to ensure appropriate operating
restrictions.

The recommended information notice,21 IN 87-24, " Operational

Experience Involving Losses of Electrical Inverters" was issued June 4,
1987. Other relevant notifications previously issued include IE

6
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Bulletin 79-27,22 " Loss of Non-Class-1E Instrumentation and Control Power

Systems Bus During Operations" issued November 30, 1979 and IE Circular

79-02,23 " Failure of 120 Volt Vital AC Power Supplies, January 16, 1979.

The latter describes an event in which two vital instrument buses failed
simultaneously.

The results of a survey of Vital Instrument power events was putilished
in a report,24 NUREG/CR-4470 in August 1986. The report evaluated 251
failures of vital instrument buses. Fifty-six percent of these occurred
during steady state operations. Human error and failure of de source power
were also identified as significant causes.

The Nuclear Safety Analysis Center published two earlier relevant
topical reports. These are NSAC/44,25 " Investigations of Failures in I&C

,

Power Supply Hardware," December 1981 and NSAC/48,26 " Workshop on Vital DC
'

Power," May 1982. These reports provide information to the industry
regarding.the numbers and types of VIB equipment failures and

recommendations on preventive maintenance and repair to avoid problems.

Brookhaven National Laboratory has published three relevant topical
reports. The first of these27 dated April 1983 titled " Analysis of
Inverter Failures in Nuclear Power Plants provides a limited analysis of
inverter failures based on probability risk analysis methodology. The
second28 and third 29 reports, NUREG/CR-4564 and NUREG/CR-5051, published ~ l
ir June 1986 and August 1988 provide useful information on detecting and
mitigating aging effects on inverters.

A survey was conducted by DSRO in April 1987 of the technical

specifications for existing plants to determine, as far as was possible from
available staff records, the number and identity of plants utilizing
acceptable LCOs in their technical specifications. '

.

The technical specifications for 65 of the 113 plants surveyed have no
listed restrictions on operation with an unavailable preferred
(uninterruptible) power source for a vital instrument bus. Thirteen plants

7

.
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have some restrictions but not as restrictive as the Westinghouse or CE
,

Standard Technical Specifications. Thirty-five plants have the same
restrict, ions as contained in the Westinghouse and CE Standard Technical
Specifications.

The technical specifications for 31 of the 113 plants surveyed have no
restrictions for operating with a vital instrument bus de-energized.
Sixteen plants have some restrictions but not as restrictive as contained in
the Westinghouse or CE Standard Technical Specifications. Sixty-Six plants
have the same restrictions as are contained in the Westinghouse or CE
Standard Technical Specifications.

A more complete summary of the survey results is presented in the |

appendix to this report.
I

2.2 Generic Issue 49

Generic Issue 49, " Interlocks and LCOs for Redundant Class 1E Tie

Breakers", involves the tie breakers that have the capability of connecting
independent, redundant Class IE ac or de buses. These tie breakers permit I

convenient maintenance of supply buses and equipment without .de-energizing
plant equipment. The maintenance is normally conducted when the plant is
not in operation. These tie breakers on the other hand, may have a |
potential adverse effect on plant safety when closcd, because they can |

compromise the independence of the redundant buses and, in some cases, may
prevent loading of the emergency diesel generators.

This issue was first noted in a licensee event report (LER) from Point
Beach Nuclear Power Station.30 The LER indicited that on June 9, 1980, it
was discovered that a tie breaker between the safeguards buses at the Point
Beach Unit 2 Nuclear Power Plant was improperly left closed. Approximately
five weeks elapsed before the improper breaker alignment was discovered.
With this breaker closed, the two redundant buses were connected.
Consequently, the independence of the buses was lost. If there had been a
loss of normal ac power with the tie breaker closed, interlocks would have
prevented closure of both diesel generator output breakers.

8
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The improper electrical lineup probably occurred after a loss of ac !
power test conducted on May 2, 1980, but prior to the unit's return to
critical on May 12, 1980. A letter and attachment from the licensee to the
NRC, dated June 27, 1980,31 analyzed the event and consequences and

i;
' '

attributed the improper electrical lineup to personnel error.
|
|

h

The event at Point Beach was evaluated in an AE00 memorandum dated
August 27, 198032 which identified the generic concern.regarding .

procedural controls to reduce human error of the type that occurred at Point
Beach. The memorandum also stated that tie breaker interlocks to prevent l

manual paralleling of standby power sources recommended by Regulatory Guide,

1.6, Item 4(d) had not been implemented at the Point Beach Plant.

h
A DST memorandum 33 dated 0:tober 10, 1980, reiterated the AE00-

concerns and noted that the present licensing practice, as stated in Section
8.3.1, III 2.b, of the Standard Review Plan, requires two physically |

separated tie breakers, in series, between redundant Class 1E buses. The !
purpose for this requirement is to satisfy the single failure criterion and
to assure independence between the redundant buses. 'It is also required
that these tie breakers open automatically upon an accident, concurrent with
the loss of offsite power. In addition, the Standard Technical
Specifications for new plants require tie breakers between redundant buses;

to be open as a Limiting Condition of Operation. The Point Beach plant
lacked these redundant breakers and technical specifications. ~

To determine the generic implications of this problem, DST reviewed the
ac one-line diagrams for 20 plants. DST found that eight of these plants'

had at least one situation where a single tie breaker was located between
redundant buses. It could not be determined from the Final Safety Analysis
Reports (FSARs) if there were adequate interlock schemes for those tie
breakers due to the generally insufficient FSAR information. The technical
specifications for each of the eight plants were examined for requirements
regarding these safety bus tie breakers; only two of the eight plants had
such requirements.

.

9
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The DST Memorandum concluded that a generic concern exists, and that,
although it is not applicable to all plants, a significant percentage may
have the problem. It also recommended that the Division of Licensing survey
operating reactors to: (1) determine which, if any, operating plants have a
single tie breaker between redundant safety related buses; (2) require

'

implementation of design changes for breaker control schemes to include the
.

above described interlocks for Class 1E buses; and (3) implement technical
specifiqations covering the tie breakers between redundant buses as-

previously described.

A memorandum 34 dated October 16, 1980, provided an NRR response to
the August 27, 1980, memorandum 30 from the AE00. The NRR memorandum
states that NRR had completed a review of the AE00 recommendations and

concurred with its recommendations.

The current standard technical specification for Westinghousell and
'

Combustion Engineering 12 reactors have specific LCOs requiring tie
breakers between redundant Class 1E buses and between units to be open
during plant operation. The standard technical specifications for General
Electricl3 and B&Wl4 plants do not have a specific LC0 requiring the tie

~

breakers to be open but do have requirements that correct breaker alignment
be. verified once each 7 days. A similar requirement for verifying ' correct
breaker alignment is included in the Westinghouse and Combustion Engineering
plant technical specifications.

1

A survey was conducted by DSR0 in April 1987 of the technical

specifications for existing plants to determine, as far as possible from
staff records, the number and identity of plants having acceptable Limiting
Conditions of Operation for tie breakers in their technical specifications.

Of the 113 plant technical specifications surveyed, 77 have no stated
restrictions on plant operations with tie breakers closed. Some of these
plants may not have tie breakers. Thirty-six plants do have LC0
restrictions on operation with the ac tie breakers closed. Of these, 27
also have restrictions on operations with de tie breakers closed. Some

10
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i

plants close.de-tie. breakers during periods when an equalizer charge is
.

- being applied to station batteries.

A more complete sumary of the survey results is presented in the
appendix of this report. -

-
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3. OTHER RELATED ISSUES

The following NRC issues are indirectly related to Generic Issues 48
and 49.

Generic Issue A-30, " Adequacy of Safety-Related DC Power Supplies," is
a generic issue that is included within the larger generic issue 128. It is,

directed toward improving the reliability of the equipment that supplies
power to the VIBs. Any action on this issue is compatible and supportive
with the objectives of GI-48 and 49.

Generic Issue A-25, "Nonsafety Loads on Class 1E Power Sources" is

directed toward improving the reliability of Class 1E power sources. Any

action on this issue is compatible and supportive with the objective of
GI-48.

Generic Issue A-44, " Station Blackout," will require plants to maintain
safe conditions during periods when both on-site and off-site ac power are
unavailable. Implementation of the blackout rule places added emphasis on
the, reliability of the de power sources that are the normal power sources
for the (UPS) power for the VIBs in.most plants.

-

IE Bulletin 79-2722 is a related previous action to ensure the
adequacy of plant procedures for accomplishing cold shutdown upon loss of
power to any bus (Class 1E or non-Class 1E) that supplies power for
instruments and controls. This item is relevant to the concerns of GI'-48
but involves the loss of only one power bus. GI-48 deals with the added
possibility of losing more than one vital bus at the same time.

Regulatory Guide 1.153,35 " Criteria for Power, Instrumentation and
Control Portions of Safety System," December 1985, is another action

relating to GI-48. However, this regulatory guide is to be implemented for
construction permit applications docketed after November 1985 and is not,
therefore, relevant to existing plants.

*
12
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4. TECHNICAL FINDINGS
i

4.1 Generic Issue 48
i

The designation " Vital Instrument Bus" is not precisely defined, and is
interpreted differently for different plants. In this evaluation, the term,

Vital' Instrument Buses (VIBs) applies to the 120-Vac buses that are
important because they provide power. instrumentation and controls for
Engineered Safety Features (ESF) Systems and the Reactor Protection System I

| (RPS).

VIBs are designed to provide continuous power during postulated events,

i
!; that involve the loss of normal off-site power sources. Usually, VIBs are |

1

j energized continuously by a battery / inverter arrangement. Some plants use

| an alternate arrangement that utilize a motor-generator set instead of an
| inverter. Either arrangement provides power to energize the VIBs that is

not interrupted by loss of off-site power. These power sources are commonly |
known as Uninterruptible Power Sources (UPS); off-site power sources are
often ideritified as Interruptible Power Sources (IPS).

~

Past activities and efforts to resolve GI-48 have produced a
,

considerable amount of relevant information relating to this issue. The

following summarizes some of the pertinent information.
-

-

1. The GI-48 issue is not uniformly generic to'all operating
reactors. The VIBs and the systems powered by the VIBs exist in a
variety of configurations. There are a number of different
failure modes following power failure, depending on the |

configurations.

2. At recently licensed PWR plants, the VIBs are normally supplied

power from battery-backed inverters, but VIBs at some older plants
dre normally supplied power from IPS sources backed up by
emergency diesel generators. The failure modes on loss of a VIB
for control systems are generally preselected to ensure that no

.

13
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control action occurs or that the action is in a safe direction !

consistent with the assumptions of the safety analysis. With the
loss of more than one VIB, other failure modes appear to be

.

,

possible, e.g., initiation or prevention of ESF action.

3. There are operating plants in which continuous operation is i

permitted with more than one VIB energized from an IPS.

4. VIBs that are supplied power from an IPS backed up by emergency
generator power are subject to temporary interruption (presumed to
be 10 seconds upon loss of incoming power). The consequences of |

the interruption are dependent on the plant designs and may have
safety implications.

1

5. Initially, operating BWR plants were excluded from consideration,

under GI-48. There have been fewer problems reported for these
pl ants. In some BWR plants, motor generators (MG) are used
instead of inverters. These plants also differ in that the MG
sets are normally powered by an IPS that switches automatically I

without interruption to battery or diesel generator power upon
-

failure of incoming (IPS) power. While this system has been more
reliable it is vulnerable lo events similar to those identified4

1for PWR plants.

!
; An effort has been made to conduct probability-risk-assessment (PRA)

'

evaluai. ions on this issue. Unfortunately, the diversity of the plant VIB-
configurations and equipment failure modes render true generic analysis by
the PRA method impractical. Valid plant-specific PRA analysis would require
consideration of numerous plant-specific variations. However, a PRA type
evaluation relating to this issue was conducted by Lawrence Livermore
National Laboratory (LLNL)15 for a typical Westinghouse reactor and

specific accident sequence. The LLNL study is based on assumptions that are
too narrow to be generically applicable. Nevertheless, the study does have
significance. Conclusions from the LLNL study are summarized in Section 2.1
of this report.

14



.
-- - - - -

-
,

A

Another PRA study'with limited relevance to GI-48 was conducted by the |
Brookhaven National Laboratory and is documented in their report 36 dated i

April 1983. This report does not provide useful results for resolving this {
*

i issue but concludes that more detailed study is needed to draw generic
L conclusions on the risk significance of inverter losses.

4

If it were _possible, it would be helpful to obtain statistical
;

information on the amount of time that existing operating reactors have
operated with one or more UPSs out of service. However, this is not a !

>

; reportable event; therefore, it is not available from any of the established I
event reporting information systems. There is, however, considerable j-

~

statistical information38,39,40,41 on events relating to the VIBs and the i
UPS equipment which are typically used to energize the VIBs.

.L
.

iAll nuclear plants are presumably designed to withstand the failure of i,

at least on'e VIB, but several undesirable plant conditions' have resulted j

from such. failures. Among those identified are the following: )'
,

|
'

1. Severe system transients, including reactor cooling transients.
,

;

2. Challenges to plant operators and the remaining functional
{'

equipment. '

i

3. Inadvertent actuation .af safety systems, including reactor'
. protection and safety injection systems.

4
5 '

4. Improper control system responses,. including systems provided for-

| feedwater and steam generator level control.
.

5. Loss of redundancy for safety-related instrumentation channels and
; power supplies.

,

;

.
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!
6. Loss of indicators that provide information concerning plant and I

safety systems.

.

7. Damage to mechanical equipment.
4

There has been an . increasing number of events in recent-years involving
. failures of instrument buses.37 While GI-48 is specifically directedi

toward verifying or implementing LCOs that restrict the time that a UPS is
permitted to remain out of service, the restriction will provide some
incentive for licenees to improve the reliability of the UPS and inverters.
There is a separate effort to reduce age related failures of inverters
di.scussed in Section 2.1 of this report. '

The number of VIB (or UPS) failures is an indicator of the potential
for failure of more than one VIB at the same time. There-are 251 VIB
failures tabulated in NUREG/CR-447038 of which 56% occurred during steady !

state operation. 'Many of these failures (43%) were caused by inverter. i
failure. Human error and failure of DC source power were also identified as
significant causes.

|
~

The NRC case study report, AE00/C605,41 " Operational Experience

Involving Losses of Electrical Inverters," dated December 1986, includes the l

review of 94 licensee event reports (LERs), totaling 107 events involving
inverter losses that occurred during 1982 through 1984. The study includes |

35 additional events from the Nuclear Plant Reliability Data System (NPRDS)

that occurred in the same tiimeframe. These 142 events occurred at 51
distinct plants: 26 designed by Westinghouse,11 by General Electric, 9 by
Combustion Engineering, 4 by Babcock & Wilcox, and 1 by General Atomic.

!

4.2 Generic Issue 49
|

|

| This issue deals primarily with the adequacy of procedural and
j administrative controls that are used to monitor and provide assurance that
| the tie breakers between redundant Class 1E divisions of electrical power

and multi-units are always open during plant operation. Such controls are
necessary to provide assurance that the Class 1E power buses are not
compromised.

.
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There is also a related concern involving electrical interlocks to
prevent out-of-synchronization interconnections of a diesel generator to
either the offsite power source or another diesel generator. This

i

.

possibility exists while a tie breaker is closed, unless it is prevented by
interlocks. Conversely, inadequately designed interlocks may prevent

{
startup and loading of a diesel generator. Tie breaker interlocks to
prevent manual paralleling of diesel generators are recommended by I

Regulatory Guide 1.6, position 4(d). Regulatory Guide 1.6 also specifically-

recommends against the use of any automatic paralleling of standby power
sources, automatic connecting of load groups, or transferring of loads
between redundant power sources and calls for interlocks to prevent
paralleling of standby power sources through operator error.

Present licensing practice, as stated in Section 8.3.1, III 2.b of the
Standard Review Plan, requires two physically separated tie breakers, in.

series, between redundant Class 1E buses. The purpose of this requirement
is to satisfy the single failure criterion and to provide physical
independence between the buses. Interlocks are also required to open these
tie breakers automatically upon an accident concurrent with the loss of
off-site power. In addition, the Standard Technical Specifications for new
plants require tie breakers between redundant buses to be open as a Limiting
Condition of Operating (LCO). Some plants have resolved the issue

completely by eliminating tie breakers from their designs.

|

4.3 Alternatives for Resolution of GI 48 and 49 |

Several alternatives have been considered for resolving these tws
issues. The advantages and disadvantages of each possible alternative
action are similar for both issues. An integrated description of the
possible alternative actions for both issues is summarized in the following:

A. Require all plants to incorporate appropriate LCOs in their plant
technical specifications.

.

O
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i

8. Initiate no new action. Provide justification for closing th
issues based on evaluations of the issues and the results of other
NRC actions.

,

i

C. Issue a special notice to licensees with no response required that
calls attention to the concerns of these two issues.

,

D. Initiate or require new PRA studies to further assess the risk of
the concerns. Follow-on action would be developed from the results
of the PRA studies.

E. Initiate an information request to all plants. The information
request would contain questions (to be answered by the licensees) |

designed to selectively identify the plants at risk. Follow-up I

action would be developed as required, based on the responses to |

the information request. i

Discussion of Alternativgi

|

A. The first alternative (require appropriate LCOs in plant technical
,

specification) would constitute an acceptable resolution for these
issues. However, universal imposition of such LCOs may not allow for
special situations or variations in plan configuration. This approach
may, therefore, impose excessive burdens on plants that are not at risk
or do not have the problem. It would probably be necessary to adapt
th'e LCOs to the specific plant configuration on a case-by-case basis.
While this approach would provide an acceptable resolution for these
issues, it is probably not the most cost effective.

8. No action on these issues could be considered as a possible adev ate
resolution of the issues. Such an approach could conceivably be
justified by a combination of other NRC actions and an evaluation of
the residual risk following such actions. This approach was considered
but found to be inadequate because the evidence strongly indicates that
some action is required to avoid a significant safety risk on some
plants.

18
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C. .The issuance of special notices to direct attention to these issues has
also been considered as a possible adequate resolution of the issues.
There have been some special notices issued that are relevant to these
issues. The primary disadvantage of this approach is that there is no

1

adequate way to measure the success or to' evaluate the response to the '

notice. Evaluation of the issues indicates that a more positive action
is necessary to resolve the issues.

^

D. . Additional PRA studies on these issues have been considered but a I

complete PRA study has been ruled out as impractical because of the

diversityLof. plant configurations. A limited PRA study was completed
for GI-48 for a." typical Westinghouse plant." A more' comprehensive PRA
study was started but was aborted when it became evident that a.1

meaningful study would require a different PRA study 'for each plant. -

E. The alternative of issuing an Information Request to all plants is
.

Judged to be the most promising alternative for obtaining a
cost-effective resolution of the issues. The Information Request
should be designed primarily to identify plants in which.the single
failure criterion is violated for lack of appropriate administrative

_

controls (LCOs) relating to'these issues. It sho,uld also be designed,

,

to make licenses of deficient plants aware of any obvious need to-
upgrade administrative controls to meet requirements of their original

. ;

'

license.
.

.

O

1
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5. CONCLUSIONS
*

A basic objective of the resolution of GI-48 and -49 is to assure that
all plants meet the requirements necessary to cope with the design basis
events identified in the plant safety analysis report. This assurance is
currently suspect, because some plants evidently have VIBs that under some

operating conditions are vulnerable to simultaneous failures due to a single
initiating event (loss of incoming power for GI-48 and a common bus fault
for GI-49). The root problem is that some plants may operate in violation

,

lof the design basis criteria (10 C/R 50, Appendix A, GDC 17, 21, 34, '

and 35).
|

s

1 Selection of Alternative E will provide reasonable assurance that the I

plants will not be operated under identified conditions that are in
violation of the single fault criterion. It is proposed that an Information
Request composed to resolve these issues be sent to all operating licensed
plants. Th'e Information Request should include questions designed to
require plants to reveal the existence of permissible plant operating
conditions in which the single failure criteria are not met. Since this is
an existing licensing requirement for all plants, it is expected that plants
admitting noncompliance will voluntarily submit a description of proposed,

action to resolve the problem. Current licensing practice includes a
'

resolution of these concerns for all plants recently or not yet licensed.

The most common reaction anticipated from plants needing action is the
implementation of appropriate LCOs. This assumption is based on the fact
that it is probably the simplest and cheapest resolution, as well as the i

recommended action by the staff. This does not rule out exceptions where
either a different action or no action may be justified based on unique
plant configurations.

It is expected that plant responses to the Information Request will be
evaluated by the NRC staff on a plant-by-plant basis. Licensee submittals |
could be considered acceptable if reasonable assurance is provided that

20
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operation is limited (except for short periods of time) to conditions that i

meet the design basis criteria. |

!

It should be noted that the proposed resolution does not include a j

| recommendation regarding the verification of the tie breaker interlocks. |

| The interlocks raised as a concern by AE00 was to help protect against the i

! potential for an operator committing an error and inadvertently closing a
tie breaker between either:

| (1) two* operating diesel generators which are potentially out-of-phase
or

(2) an operating diesel generator and an incoming feeder line which are
potentially out-of-phase.

Although such interlocks can provide an additional degree of assurance
,

for some infrequent situations, we believe that such interlocks can also
have a potential negative impact on safety. For example, in some emergency

situations (such as loss of offsite power and failure or unavailability of a
| divisional diesel generator, or a station blackout) an operator may need to'
l
'

cross connect power (via the tie breakers) to an oppos.ite division. In such
instances, a failure in the interlocking circuit could inhibit him from
taking such action. PRA analyses have shown that cross connecting can allow
for options that can prove to be beneficial (SECY 89-05842). In addition,

there is some protection provided for inadvertent out-of-phase connections
by the normal protective relaying and breaker coordination. If the
protective relaying actuates, equipment would be protected and manual |

restart could be undertaken.
'

1

|
l

5.1 Estimated Cost '

The licensee cost of this proposed action is dependent on the time
requirement to collect and document the requested information. This effort

;

is estimated to average 100 man-hours which based on $50 per hour would
result in a cost to the licenee of $5000,

21
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| -

[ The cost for those plants that have to take additional action to
j implement the new technical specification provisions include the cost of.

developing and implementing the required LCOs. An estimate of this cost,
based on information in NUREG/CR-4568,43 is between $24K and $40K.

,i

i The proposed plan includes administrative controls that would become
I part of the existing plant procedures. -There is, therefore, no significant
t
; continuing cost to the licensee associated with this action.

|

! '

i

j NRC resources is estimated to require 2 man-weeks to review the- !

: responses from each plant that does not provide verification of approprate
j LCOs. If 50 plants are found to be in this category,100 man-weeks would be !
j required.
i

\'

i,

i

!

|
:

-

i
i

)

i I

|
'

1

!
:
i

|
:
i

:
i
|

i

:
i

4

4
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APPENDIX 1

GI-48 and 49 SURVEY OF PLANT TECHNICAL SPECIFICATIONS

SUMMARY OF APRIL 1987 SURVEY RESULTS

The survey was conducted by the staff in April 1987 utilizing available -
staff records. Plant specific information obtained by the survey is
tabulated in Table 1. Highlight information is presented below.

LCOs for Power Sources for Vital Instrument Buses

The technical specification for 35 of the 113 plants surveyed have the
same restrictions on operation with an unavailable preferred
(uninterruptible) power source for a vital instrument bus as contained in
the Westinghouse or CE Standard Technical Specifications. Thirteen. plants
have some restrictions but not as restrictive as the Westinghouse or CE
Standard Te'chnical Specifications. Sixty-five of the plants have no listed
restrictions.

LCOs for Vital Instrument Buses

The technical specifications for 66 of the 113 plants surveyed-have the
same restrictions for operating with a vital instrument bus de-energizer as
contained in the Westinghouse or CE Standard Technical Specifications.
Sixteers plants have some restrictions but not as restrictive as the
Westinghouse or CE Standard Technical Specifications. ' Thirty-one of the
plants have no listed restrictions.

Tie Breakers LCOs

Of the 113 plant technical specifications surveyed, 77 have no stated
restrictions on plant operations with tie breakers closed. Some of these
plants may not have tie breakers. Thirty-six plants do have LCO
restrictions on operation with the ac breakers closed. Of these, 27 also

26
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have restrictions on operations with de tie breakers closed. Some plants

.close de tie breakers during' periods when an: equalizer' charge is being
applied to station. batteries.
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TABLE 1. SlRVEY OF PLANT TECHNICAL SPECIFICATIONS
<

Power Supply
j Vital Inst LCOs for Vital

Bus LCOs Instrument Buses Tie Breaker LCOs

Plant STS ALT Hone STS ALT None AC DC No Info Note s

ANO-1 / / /

ANO-2 < / / AC only

Arnold / / /

Beaver Valley 1 < / /

D. Besse v / / AC only

Braidwood I and 2 / / /

Browns Ferry 1 7 days / /

- Browns Ferry 2 7 days / / *

Browns Ferry 3 7 days / /
*

g Brunswick 1 / / / / No R check

Brunswick 2 / / / / No R check

Byron 1 and 2 / / /

Crystal River 3 / / /
'

Diablo i.anyon 1 and 2 / / /

Callaway 1 / / / /

Calvert Cliffs 1 / / / AC only

Calvert Cliffs 2 < / / AC only

Catawba 1 and 2 < / / AC only

Clinton 1 < / /

Comanche Peak 1 and 2 / / / No tie breakers
|D. C. Cook i and 2 / / / /- MG sets '

Cooper 1 / / /

Dresden 2 and 3 / < /

- - - - -

_-__ ___
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Evaluation and Resolution of GI A-30

Introduction

The resolution of GI A-30 includes a request for information pursuant to develop-
ment of a staff position. Under the provisions of 10CFR50.54(f) a burden analysis
has been performed. The information contained in this evaluation is intended
to aid the CRGR in their review and includes information requested in the CRGR
Charter (Revision 4 dated April 1987) Section III.A.(iii) for 50.54(f) requests.
It also provides the information required by NUREG/BR-0058 Appendix A " Analyses
Required to Justify the Imposition of an Information Collection Requirement."

Evaluation and Proposed Resolution for GI A-30

Background
,

4

GI A-30 " Adequacy of Safety Related DC Power Supplies" deals with a safety
concern tilat some plants may not have adequate provisions for assuring that
these power supplies are available and capable of performing their function.

Safety-related de power is used for the overall operation of the safety-related
portions of the electrical system including circuit breaker control for the ac
power. It is typically also a source of vital ac power (via the vital inverters)
for safety-related instrumentation and logic systems as well as operator indica-
tions. During normal operation, the battery chargers supply the load require-
m:nts and maintain the batteries fully charged to be~available during loss of
offsite power. For a loss of offsite power event, battery power is particularly
important during the time period when the diesel generators are starting and
immediately thereafter, because the circuit breaker control to sequence loads
and the excitation of the generator field windings is entirely dependent on de;

power.

Under a postulated Station Blackout (USI A-44) the batteries would be the only
'

source of electrical power available. DC power, during this postulated event,
is needed for operability of the steam driven auxiliary feedwater system in4

PWRs and for the RCIC and HPCI systems in BWRs. These are typically the only
systems available to mitigate a station blackout event. All of these systems
require de power for operation of valves and for system control. Further,
instrumentation to inform the plant operators of plant status and to allow them,

to diagnose and correct the causa of the station blackout would be entirely
dependent on the de power supply system.

The proposed resolution of GI A-30 involves a number of recommended provisions
for tests and maintenance and a number of provisions for monitoring the de
power supply status. Many of these provisions may have already been implemented
at a large number of plants. A more detailed discussion of this issue is con-
tained in Idaho National Engineering Laboratory (INEL) Report EGG-NTA-8197,
Revision 1," Technical Findings, Generic Issue 128 (Issue A-30), Adequacy of
Safety Related DC Power Supplies," March 1989.

<



.

. .

! 2 )
'

!
i

.

Safety Benefit

Risk analyses have been performed on some typical plant configurations that j
indicate that failure of a de power system could represent'a significant con--

tribution to.the unreliability of shutdown cooling. Plants must provide for
. some redundancy in the safety-related de power system to meet the GDC. Operat-

ing experience over the years has highlighted some, types of common cause events,

that may lead to the loss of more than one division of safety-related de power.
Information taken from LER data indicates that there have been a substantial
number of reportable events that involved the safety-related de systems.

Of particular concern has been the apparent lack of sufficient battery main-
: .tenance and surveillance. This concern, coupled with some lack of adequate
; monitoring of the condition of the de power sources, has led to a number of

actions by both NRC and INP0. Industry standards have been revised and current
Standard Technical Specifications (STS) and licensing practice now include
provisions for improved battery maintenance, testing and monitoring. Recomenda-
tions for similar improvements have been issued in notifications to all plant
licensees. The. staff believes that a significant number of plants have made
improvements. Since most of the revised industry standards were not issued as
requirements, the staff is unable to determine whether or not all plants have
implemented all the recommended improvements.-

.,

The staff and its contractor made a survey of the technical specifications of.

113 plants in the area of battery surveillance. It was found that 37 plants'

; utilize the Standard Technical Specif,i.ca. tion.
.

Proposed Resolution
:

The staff believes that the most cost-effective approach to resolve the A-30>

issue is for the staff to request certain information from all plants (pursuant
to 10 CFR 50.54(f)) in order that the NRC can establish that adequate measures

o have been or will be taken at all facilities. Only a portion of the measures
~

would be reflected in a plant's technical specifications. The responses may
indicate that in some cases improvements in de system surveillance, maintenance
and procedures are necessary.

Information Required by CRGR

5 The CRGR Charter (Revision 4 dated April 1987) identifies the information
; necessary for CRGR evaluation for information requests that may lead to a new

staff position. The applicable required information is listed in Section
Ill.A.(iii) as follows:4

(a) A problem statement that describes the need for the information in
terms of potential safety benefit.

(b) The licensee actions required and the cost to develop a response to1

the information request..

(c) An anticipated schedule for NRC use of the information.

.
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Th description of the A-30 problem and the potential safety benefit is contained
in the previous section.

1

! The proposed request for information is in accordance with the provisions of
| 10CFR50.54(f). The purpose of the request is to detennine the extent of

implementation of the recommended A-30 actions previously submitted to licensees
by the NRC and other industry groups. The request will gather information that
may lead to the development of a new staff position which would extend the A-30
provision implemented on current plants to include previously licensed plants.,

L How:ver, if the information request verifies that these provisions have already
been adequately implemented, then no further NRC action will be needed.'

Costs

The proposed request contains several multi-part questions. Licensees who have
acted on past bulletins, notices and industry communications, as well as more
recently licensed plants, will be able to provide adequate responses with a
minimum amount'of effort. For conforming plants, the licensee effort is not
exp:cted to exceed 100 man-hours. Assuming $50/ man-hour, the cost would be
$5000. Other p'lants may require additional effort. However, the proposed plan
imposes no action on licensees beyond responding to the request for information.

Implementation of the proposed plan will require review for all plants not
initially found to be in compliance. Total NRC resources estimated for this
plan based on 50 plant reviews is 100 man-weeks.

Schndule
- ~ ~

The proposed plan allows 180 days for licensee response to the request for
information. It is expected that NRC evaluation of licensee responses will be
completed within 2 years after the licensee's submittals.

Future Plants

The staff has identified a number of Regulatory Guides and Standard Review Plan
changes which should be made to address this issue for all future plants.
Since no new applications are under review, this can be pursued as a separate
effort.
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Enclosure

DRAFT GENERIC LETTER

T0: ALL HOLDERS OF OPERATING LICENSES

SUBJECT: RESOLUTION OF GENERIC ISSUE GI A-30 " ADEQUACY OF SAFETY-
RELATED DC POWER SUPPLIES"

The NRC staff has completed the evaluation of Generic Issue A-30, which focuses
on safety-related de systems. Attachment 1 to this Generic Letter provides a
brief description and history of this GI. Additional details are provided in
the reference. As a result of its evaluation, the Staff concludes that certain
maintenance, surveillance and monitoring provisions are appropriate for establish-
ing the adequacy of safety-related de systems. The Staff believes that most
plants have already implemented a major portion of these provisions because of
a number of actions taken by the Staff and industry. Details of these actions
are provided in the reference.

In order to determine whether any further Staff actions are necessary to assure
implementation of these recommended maintenance, surveillance and monitoring
provisions at your plant, we request, pursuant to 10 CFR 50.54(f) and Section
182 of the Atomic Energy Act, that you provide the NRC with a response to the
questions in the attachment within 180 days of the date of this letter. This
information should be submitted to NRC, signed under oath and affirmation.

This reguest is covered by Office of Management and Budget Clearance Number
3150-0011, which expires December 31, 1989. The estimated average burden hours
is 100 man-hours per licensee response, ' including assessment of the questions,
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 to the U. S.
Nuclear Regulatory commission, Records and Reports Management Branch, Office of
Administration and Resources Management, Washington, D. C. 20555

If you have any questions, please contact your project manager.

Sincerely,

Attachment: 10 CFR 50.54(f) Request - GI A-30 " Adequacy of Safety-Related dc
Power."

Reference: EGG-NTA-8197, Revision 1, " Technical Findings for Generic Issue
128 (Issue A-30), " Adequacy of Safety Related DC Power Supplies"
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ATTACHMENT |

10 CFR 50.54(f) REQUEST - GI A-30 " ADEQUACY OF |
SAFETY-RELATED DC POWER SUPPLIES" !

|

|
B_act.g round

The specific area of concern of Generic Issue A-30 is the adequacy of the safety-
related de power in operating nuclear power plants, particularly with regard to I
multiple and common cause failures. Risk analysis and past plant experience '

support conclusions that failure of the de power supplies could represent a
significant contribution to the unreliability of shutdown cooling. Analysis
indicates that inadequate maintenance and surveillance and failure to detect
battery unavailability are the prime contributors to failure of the de power |systems. ;.

i

During the development of plans to resolve Generic Issue A-30, it was observed )that several previously issued notices, bulletins and letters submitted to i
licensees include recommendations similar to those that have been identified to
resolve Issue A-30. More specifically, it has been determined that recommenda-
tions contained in notifications IEN 85-74, IEB 79-27, the Institute of Nuclear

i

Power Operations' Significant Operating Experience Report (SOER) 83-5, and |separate actions being taken to resolve Generic Issue 49 include the elements !

necessary to resolve Generic Issue A-30. It is therefore concluded that licensees |

that have adequately implemented these recommentations and actions will have !

resolved Generic Issue A-30. 1

~

The response to the questions that follow is necessary to provide the staff ,

with information to determine whether~ any .further action 'is required for your i

facility. If licensees have adequately addressed previous notifications, further ;action will not be necessary. i

Questions

Licensees are requested to provide the following information for eacn unit at
each site: !

1. Unit
.

2. a. The number of independent redundant divisions of Class 1E or safety-
related dc power for this plant is . (Include any
separate Class 1E or safety related dc, such as any dc dedicated to
the deisel generators.)

b. The number of functional safety-related divisions of de power
necessary to attain safe shutdown for this unit is .

3. Does the control room at this unit have the following separate, independently
annunciated alarms and indications for each division of de power?

a. alarms

1. Battery disconnect or circuit breaker open?



..
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2. Battery charger disconnect or circuit breaker open (both input
acandoutputdc)?

3. de system ground? |

4. de bus undervoltage?

5. de bus overvoltage?

6. Battery charger failure?
l

7. Battery discharge?

b. Indications

1. Battery float charge current?

2. Battery circuit output current?

3. Battery discharge?

4. Bus voltage?

c. Does the unit have written procedures for response to the above alarms
and indications?_

.

4. Does this unit have indication of bypassed and inoperable status of
circuit breakers or other devices that can be used to disconnect the
battery charger from its ac power source during maintenance or testing?

5. If the answer to any part of question 3 or 4 is no, then provide information
supporting the adequacy of the existing design features of the facility's 1

safety-related de systems.
{

6. a. (1) Have you conducted a review of maintenance and testing activities
to minimize the potential for human error causing more than one de
division to be unavailable? and (2) do plant procedures
prohibit maintenance or testing on redundant de divisions at the same i

,

time?

b. Do maintenance and test procedures for this plant include
provisions for rotatior. of qualified personnel and systematic verifica-
tion of activities completed by other qualified personnel for mainten-
ance and testing of the safety-related de systems?

7. Are maintenance, surveillance and test procedures' regarding station batteries
conducted routinely at this plant? Specifically:

a. At least once per 7 days are the following verified to be within
acceptable limits:

i
._ --
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1. Pilot cell electrolyte level?
,

2. Specific gravity or charging current?=

3.- Float voltage? -

4. Total bus voltage on float charge?

5. Physical condition of all cells?
,

b. At least once per 92 days, or within 7 days after a battery discharge,
overcharge, or if the pilot cell readings are|outside the 7-day
surveillance requirements are the following verified to be within
acceptable limits:

1. Electrolyte level of each cell?

2. The average specific gravity of all cells?

3. The specific gravity of each cell? *

4. The average electrolyte temperature of a representative
number of cells?-

L. 5. The float voltage of each cell?_ >

6. Visually inspect or' measure resistance of terminals and i

connectors (including the connectors at the dc bus)?

At least every 18 months are the following verified:c.

1. Low resistance of each connection:(by test)?

2. Physical condition of the battery?

3. Battery charger capability to deliver rated ampere
output to the de bus?

4. The capability of the battery to deliver its design duty
cycle to the de bus?

5.. Each individual cell voltage is within acceptable limits '

during the service test?

d. At least every 60 months, is capacity of each battery verified by
performance of a discharge test?

,

At least annually, is the battery capacity verified by performancee.
discharge test, if.the battery shows signs of degradation or has
reached 85% of the expected service life?

. _. __ __, . .~,_. - _.
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80 If the answer to any part of question'6 or 7 is no, then provide your
basis for not performing the maintenance, surveillance and test procedures
described.

9. -Does this plant have operational features such that following loss of one
safety-related de power supply or bus:

a. Capability is maintained for ensuring continued and adequate.
reactor cooling?

,

b. RCS integrity and isolation capability are maintained?

c. Operating procedures, instrumentation (including indicators and
annunciators), and control functions are adequate to initiate systems
as required to maintain adequate core cooling?

<
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ABSTRACT

This Idaho Nuclear Engineering Laboratory report provides the technical*

findings and conclusions for resolving Generic Issue A-30, " Adequacy of
' .,>

'

Safety Related DC Power Supplies."

i

*
4

i

a e 4.' *

l

.
<

.

e

9

11

.

t u 6 s -,-,r , - - - ,. - , ,- e.-~w, ., e ,,a-en-,w,+s., ,e- , -s,,-,,g www ,-w.an- , , , a- +,n---eg.,,-,,-sm. ,.s, .,o-. . . . ,,



s

4

,

FOREWORD

This report is supplied as part of a program to resolve Generic
Issue A-30, " Adequacy of Safety Related DC Power Supplies." This work is
being conducted by EG&G Idaho, Inc., for the U.S. Nuclear Regulatory
Commission, Office of Nuclear Reactor Research,- Division of Engineering.

The NRC Task Manager for this project is D. F. Thatcher of the
Engineering Issues Branch, Division of Safety Issues Resolution, Office of
Nuclear Regulation Research.

.

The U.S. Nuclear Regulatory Commission funded this work under authorization
B&R 9-60-19-50010, FIN No. D6025.
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TECHNICAL FINDINGS . i

GENERIC ISSUE 128 (ISSUE A-30) |
ADEQUACY OF SAFETY RELATED DC POWER SUPPLIES -

,

1. INTRODUCTION I

A number of generic safety issues in the area of electric power systems |
have been identified over a period of years. These issues are listed and i
prioritized in NUREG-0933.I Three of these issues, because of their

1interrelationship, have been selected for integrated action. These are

f

Generic Issue A-30 " Adequacy of Safety-related DC Supplies"
|

Generic Issue 48 "LCOs for Class 1E Vital Instrument Buses in
; Operating Reactors"

Generic Issue 49 " Interlocks and LCOs for Redundant Class II Tie,

Breakers"
,

These three issues taken together are identified as Generic Issue 128. This
report is a part of the action to resolve Generic-Issta 128, but is
specifically directed toward resolving Issue A-30.

4

>

The purpose of this report is to (1) provide background information,
i

(2) state the recommendations that have been identified as sufficient to
resolve this issue, (3) identify and correlate the elements of relevant past
plant notifications with those identified in the recommendations,
(4) document information as available, on actions that may have resolved
part or all of the concerns of this issue on specific plants and (5) provide,

a recommended plan of action to close this issue.

It has been determined that some of the notifications previously
submitted to plant owners regarding other concerns, contain elements of the
recommendations identified for resolving Generic Issue A-30. Those

.

1

.
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I.

plants that have taken adequate action in response to these' notifications,

may have resolved all or,part of the relevant concerns. Most if not all l
plants.that have adopted current standard technical specifications have met
the recommendations regarding maintenance.

It is. proposed that an information request be submitted to all
ilicensees of operating plants to determine if the concerns of this issue 1

ihave been addressed. The information obtained from this effort is expected !

to identify problem plants for which further action may be necessary. . l
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! 2. BACKGROUND
.

This issue was first identified in April 1977, when a nuclear !
consultant questioned the Advisory Committee on Reactor Safe' guards (ACRS)
about the adequacy of the safety-related DC power systems.2 The specific j

'

area of concern was the adequacy of the minimum design requirements for DC
power systems, particularly with regard to multiple and common cause
failures.

.

The NRC staff reviewed the adequacy of safety-related DC power supplies
at operating nuclear power plants. Typical plants were reviewed for design,
operating experience, and decay heat removal capability with. respect to a DC
power system failure. A preliminary assessment of accident scenario
probabilities was made using data from WASH-1400.3 The results of the
initial staff assessment of the safety-significance of this issue were

| reported in NUREG-0305 in July 1977.4
|

NUREG-0305 recommended that a quantitative reliability assessment of
the DC power systems be performed to identify and provide .a basis- for any!

I changes in licensing criteria deemed necessary. Accordingly, a task action
! plan was developed. This task, identified as Generic Issue A-30, was
I chartered to determine the adequacy of the safety-rela'ted DC power system.

The results of this study are documented in NUREG-0666.5

NUREG-0666 contains a probabilistic safety analysis of plant designs to
assess the adequacy of the plant DC power system. The analysis utilized !
design information that conservatively enveloped the differences in plant |
design. It also utilized information from operational experience as
reflected in Licensee Event Reports (LERs).

The supporting technical bases of NUREG-0666 included .an analysis of|

the two-division DC power systems that evaluated the effectivenes's of each {
proposed improvement in reducing the probability of the dominant DC power
system failure modes. The analysis showed that there are two types of
failures that dominate DC power system unreliability: common-cause failure
of the batteries to provide sufficient power to the buses upon loss of AC

3
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power to the battery chargers; and operational, test, or maintenance errors
that cause the loss of both DC divisions (a bus tie may or may not be closed
for this type of failure).

In the first failure mode, battery unavailability was dominated by
inadequate maintenance practices and failure to detect and correct battery
unavailability due to bus connection faults. In the second failura mode,
most failures involved procedural errors either during periods when a tie
breaker was closed or when both divisions were undergoing maintenance
simultaneously (both compromise divisional independence).

The NUREG-0666 report concludes that failure of the minimum DC power

system could represent a significant contribution to the unreliability of
shutdown cooling. It also concludes that this contribution could be
substantially reduced through the use of various design and operational
improvements. Recommendations were made to augment both the minimum design
criteria and procedural require;nents.

Information taken from LER data indicates that there have been a
substantial number of reportatle events that involved the reliability of the
safety-related DC systems. NLREG-0666 includes some statistics on events of
this type that were listed in LERs prior to mid-1978. There are more than
1000 events listed. More than 100 events directly involved DC power'and

87 events involved the batteries. Twelve of these events were identified as
failure of a single DC bus. Twenty-four events were identified as battery
charger failures. Four events were identified as possible battery common
cause failures.

6NUREG/CR-4470 contains a survey of events involving loss of vital AC
instrument power through 1984. The vital instrument buses are normally
powered by inverters from DC power. A total of 251 events were cataloged in
the report of which more than 50 involved malfunctions of the DC power
supply. Many of these events were caused by operator error or errors in
maintenances procedures. Nine of these events caused operational
transients.

4
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There'have been 3 events that merit special attention. These were:

1. An event at the Palisades power plant on January 6, 1981, caused
by humar, errer, resulted in the output breakers of both batteries. !

being opened.

This event had limited consequence because the battery charger

remained available to supply the DC power require,ments. It is
,

significant because power from both batteries was lost l
simultaneously.

)

2. An event at Millstone Unit 2 on January 2, 1981,7 caused by !
operator error, resulted-in the loss of one of_ the two redundant. >

independent DC buses.

|
,

This event precipitated a variety of consequences, including a
1oss of operability of important switching equipment and
annunciators. The event was made more complicated by the failure
of an emergency diesel generator nine rainutes into. the event.

!' 3. An event at Zion Unit 2 on September 19, 1976,7,8 . caused by a
:

switching error resulted in the loss of one of the safety-related j
DC buses. I

i

In this event, the loss of the DC bus was the start of a.' series of |
events that caused the reactor to trip without-the' usual
annunciation. The reactor trip was followed by actuation of the
emergency safeguards equipment and-a fire that severely damaged
one of the' emergency diesel generators. The event left.the plant
in a natural circulation' mode of operation. Although this event
happened many years ago, it continues to be a valuable. source of

information relevant to Cenoric Issue A-30. It demonstrated that
some operating reactor facilities may not provide. sufficient
operational information.on the status -of the safety-related DC
system in the control room. It also suggested-that more attention
should be given to the design and review'of the annunciator system
in nuclear power plants.

5
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- The eventlat Zion Unit 2 resulted'in a proposed multi-unit action to
require licensees of operating reactors to review'.their design and to
propose revisions, as necessary, to ensure that:

,

1. The plant annunciators and monitoring systems pertaining to the
status of.all.DC buses in the plant are available to the control
room operator at all' times.

2. - The plant bypass indication ~ system include indication of the

| position of the station battery output breaker or fused disconnect-
switches _(if provided) and the charger'inputLand output breakers.

!
: This multi-unit action was.not implemented. Instead'it'washeldin
! abeyance because of the direct relationship to the A-30 issue. ' For the

.

purposes of this' report, the recommendations of the proposed multi-unitL
action is considered to'be.a part of the A-30 generic issue.,

*
.
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3. OTHER RELATED ISSUES
i

4

Generic Issue A-30 is interrelated with several other generic issues.,

These include:,

.

d

1. A-17 Systems Interactions--.

!

; 2. A-25 Non-safety loads on Class 1E Power Source--

,

3. A-44 Station Blackout'

--

,

i

4. A-45 Decay Heat Removal--

4 1

5. A-47 Safety Imolications of Control Systems: --

.

6. GI-46 Loss of 125 Volt DC Bus

7. GI-48 LCOs for Class 1E Vital Instrument Buses in Operatina--.

, Reactors

~

8. GI-49 Interlocks and LCOs for Redundant Class 1E Tie--

Breakers

9. GI-76 Instrumentation and Control Power Interactions. --

! I
e

'

: The first six issues are affected by, or involve, the loss of DC power
in which operation of some systems (or several different systems) could be

f unavailable, such as: Control room annunciators and indicators,
turbine-driven auxiliary feedpumps, reactor core isolation cooling pumps,
and high pressure safety injection pumps, diesel-generator start valves 'and,

'

control power, vital instrument power, main generator stop valves, turbine
<

trip and switchyard circuit breakers.

:.

The guidelines for station blackout (A-44) include a plant requirement
for a coping duration to be defined by the availability of alternate AC
power. During the coping period, the plant is dependent on battery power to

4
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\ '

achieve and maintain safe shutdown. This requirement places additional
! dependence on the capacity and reliability of the plant DC systems.

Generic Issue A-30 involves the power source to the inverters for the
i

vital 120 VAC instrument power supplies which are related to Generic
| Issues 48 and 49. The NUREG-0666 recommendation prohibiting bus tie

|
breakers that could compromise division independence is also related to A-30

| and GI-49. This concern is expected to be resolved by actions pending on
GI-49. In addition, A-30 is related to GI-76, because a loss of 120 VAC

|
vital instrument power could challenge emergency safeguards systems. Loss I

of the vital instrument power could cause, for example, reactor trips, loss
of feedwater, loss of emergency core and containment cooling systems and the

| loss of the post-accident monitoring instrumentation necessary for the i

operator to assess unit conditions.

In addition to the related generic issues listed above, there are
ongoing inv'estigations directed toward extending the life of batteries,
battery chargers and other components. A description of some of this effort

9is reported in NUREG/CR 4457 , NUREG/CR 456410 and NUREG/CR 505111,

These investigations provide useful information on methods that may extend,

the life of batteries and battery chargers. They have,no direct impact upon..

.

the proposed action to resolve generic issue A-30 because this issue is |

specifically directed toward assuring the availability of DC power and' does
not extend into the area of aging of components.

|

!

8
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| 4. TECHNICAL FINDINGS

|

| 4.1 PREVIOVSLY PROPOSED RECOMMENDATIONS
|

'

|

The NRC has considered resolving this issue in various ways, including,

implementing a Branch Technical Position, revising the Standard Review Plan,
and issuing a generic letter or an information notice. Among these

| alternatives was, a Branch Technical Position proposed by the Power 4ystem
Branch which provided a set of guidelines applicable to all Class IE DC

| power supplies, based on the recommendations of NUREG-0666. These

| guidelines have been identified by the staff as sufficient to resolve the

| concern of Generic Issue A-30. They are used in current licensing practice
and provide the basis for relevant sections of the current Standard
Technical Specifications. These guidelines are summarized as follows:

| 1. Where electrical interconnections between redundant divisions of
| the safety-related DC power systems are provided, the following

practices will reduce the potential common cause failure of the DC
power systems to a relatively low level.

|
~

Interconnections, where allowed, must be made by manual meansa.

and only with strict administrative controls.

b. The use of any tie breaker interconnection of redundant

divisions should be restricted to cold shutdown or refueling
modes of operation by use of strict administrative controls,

Interconnections should be designed and implemented such thatc.

single failure or inadvertent closure of interconnecting
devices does not compromise division independence.

d. Surveillance requirements and limiting conditions of |
operation should be provided in the technical specifications |

1

for the use of interconnections, including interconnections
between safety-related DC power systems for multi-unit
stations.

9
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'
,

2. The following control room indications for. safety-related DC power
systems are important and effective in enhancing.the~ reliability
of the DC power systems.

a. A battery trouble alarm in the control room that monitors the i

following abnormal conditions is important and effective in
enhancing the reliability of the DC power systems. I

i

(1) ' Battery disconnect or circuit breaker open

-(2) Battery charger disconnect.or circuit breaker _-open (both
,

input-AC|and output DC)

i
(3) 'DC system ground'

(4) DC ' bus undervoltage

(5) DC' bus overvoltage'

(6) Battery charger failure . !
'

'

.

(7) Battery discharge
~ ~

'

.

b. Battery float charge current
!

c. Battery circuit output' current

d. Battery charger output current'

Additional alarms and indications may also be incorporated and the
,

failure of one'0C division should not cause a total loss of the control
room annunciator. system. -

3. Bypassed and inoperable status indication should be. provided' for 4

circuit breakers or other devices that can be used to disconnectr

r

10
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.

the battery or the battery charger from its DC bus or the battery
charger from its AC power' source during maintenance or testing.

,

4. The following practices will reduce the likelihood of accidental
degradation of safety-related DC systems and associated
distribution systems:

.

a. Performance of an independent review of all maintenance,.

procedures and testing activities to help minimize the
potential for human error causing more than one DC division
to be unavailable.. Procedures'should prevent maintenance or
testing activities from occurring on r.edundant DC divisions
at the same time.

.

b. Adherence to adequately written procedures and administrative
controls for. maintenance,' testing, and operational
activities. Procedures shoUld include a provision for;the.
rotation of qualified personnel and the systematic'-

t

verification of activity completion by other qualified
personnel.

,

.. .
,

.

5. The following surveillance and maintenance activities provide -
assurance that the DC power system operates with high reliability.

At least'once per 7 days, verification of the pilot cell-a.

electrolyte-level, the specific gravity (or charging current)
and float voltage, the total bus voltage on' float charge, and
the physical conditions of all cells,

_

,

b. At least once per 92. days, or within 7 days after a. battery '

discharge,' overcharge, or-if the pilot cell readings are
outside of 7-day surveillance requirements, verification of ~
the electrolyt'e level of each cell, the- average specific'

,

gravity of all cells, the specific gravity of each cell, the
i

average electrolyte temperature of a representative number of
cells, the float voltage of each cell, and the visual

11 I

u
'
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i
.

..

inspection (or measured resistance of) terminals and
connectors (including connectors at the DC bus).

1
!

c. At least once per 18 months, verification of low resistance
of each connection, the physical condition of the battery, l

each battery charger's capability to deliver rated ampere
output to the DC bus, the capability of the. battery to

_

deliver its design duty cycle to the DC bus (service test),
- 1

and each individual cell voltage during.the service test.
,

Resistance measurements must be-taken consistently and with
'

an instrument.of sufficient accuracy and resolution to
measure resistance changes in the' micro-chm range.-

~

Individual cell voltage readings should be' taken.between
respective posts of like polarity of adjacent cells, so 'as to

_

include the voltage drop of the intercell connections.*

.

d. At least once per 60 months, verification-of the capacity of
each battery by a performance discharge test. If the battery

'

shows signs of degradation or has reached 85% of the service

life expected for the application, ' verify the capacity
annually by a' performance discharge test. - Degradation is
indicated when the battery capacity drops more than 10% of.
Its rated capacity from its average on previous performance
tests, or is below 90% of the manufacturer's rating.

6. Plant design and operational features shculd b: such that
following the loss of one DC power supply or bus: (a) redundant
capability is maintained for ensuring continued and adequate -

reactor core cooling; (b) RCS . integrity and' isolation capability
are maintained; and (c) operating procedures, instrumentation, and
control functions are adequate to initiate systems as required to !
maintain adequate core cooling. In essence, reactor. core cooling '

capability should be maintained regardless of reactor trip
1

12
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.

following the loss of any one DC power supply or bus and a single
independent active failure in any other system required for
shutdown cooling.

Discussion of Recommendations

| -

| The proposed power systems branch technical position stated that the
following considerations and assumptions should be used to determine the

| adequacy of the design and operational features:
|
!
'

a. DC power bus losses ranging from momentary to several hours

duration should be considered. The length of the DC power bus
outage should be the result of a comprehensive failure modes and
effects analysis (FMEA) that has been performed. The FMEA should |
use reasonable assumptions, including credible failures (human and
hardware related) and an evaluation of the repair actions and time I

necessary to complete restoration. An equivalent evaluation could
be used instead.

_ b. The transient conditions and interactions caused by the DC power |

bus loss and individual. single failures, which may . affect the|

ability to maintain adequate reactor core cooling, should be'

considered.

c. Systems and components which become unavailable, or attain an

undesired operating state due to the DC power bus loss, should be

considered unavailable and should not be considered as single
independent failures.

d. Single failures affecting the availability of DC power supplies in
addition to the initial DC power bus loss need not be considered
for those DC power systems or subsystems in which the requirements
of Recommendations 1, 4, and 5 above have been satisfied.

i

13
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.

.

e. Systems and components available to accomplish shutdown cooling
~

should be (1) safety grade, or (2) used regularly during plant
operation, or (3) subject to routine operability checks.

f. Single failure should be interpreted to mean single active
failures, except where further clarification is provided in
a through e above.

4.2 Other Related Actions

This section provides information on other independent actions and
recommendations by the NRC and other organizations that may contribute to
the resolution of Generic Issue A-30.

Standard Technical Soecifications

Essentially all of the A-30 recommendations relating to maintenance and
surveillance are included in the current standard technical
specifications.12 Recently licensed plants and some older plants have
incorpoiated the relevant provisions into their plant technical
specification. A survey of plant. specific technical specifications was
conducted by the staff' in' March 1987 to identify as far as possible (from
available staff records) which p'lants have adopted the relevant provisions.
The results of the survey are summarized in the appendix of this report.

|-

Generic Issue 49
'

I

Action to resolve Generic Issue 49, " Interlocks and LCOs for Class 1E I

Tie Breakers," will be taken as part of the Integrated Generic Issue 128.
The actions proposed will:

1. Restrict the closure of any bus tie breakers (between redundant |

| division of AC or DC power and between units at the same site) to
'

periods when the reactor is shutdown.

2. Ensure that provisions in the plant technical specifications
prohibit plant startup unless all tie breakers are open.

14
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'

.

The proposed plan for resolving Generic Issue 49 will accomplish all I

the actions in A-30 Recommendation Number 1 (listed in Section 4.1). It |
should be noted, however, that complete protection from compromising I
division independence by a single failure or inadvertent closure of a single I

tie breaker can only be obtained by racking out and physically removing the
tie breaker. Therefore, current licensing practice discourages the use of
tie breakers between independent division of power and requires redundant |
tie breakers when used.

Sianificant Ooeratina Exoerience Reoort 83-5
'T

The Institute of Nuclear Power Operations (INPO) issued Significant
Operating Experience Report (SOER) 83-513 on May 27, 1983. This report, |

1

titled "DC Power System Failures," had eight recommendations concerning
|

hardware, procedures, maintenance and training. )
l

The ha'rdware recommended includes: (1) alarms for DC bus under/over
voltage, DC system ground fault, battery charger trouble and battery and

;

battery charger input and output breaker position, and (2) battery capacity |
(ampere hour) monitor. The report recommended a review or test of plant*

-
i

behavior on loss of each vital DC bus. Should significant tr.ansients be
possible, design and procedural changes were recommended to ensure that the
transients were manageable. The report also recommended an evaluation of
procedural requirements for specific gravity measurements and a review to,

determine that components supplied power from the Cla s lE DC power system

are not subjected to more than their design rated voltage, especially when
performing an equalizing charge.

Procedural changes were also recommended as necessary to: (a) prevent
the simultaneous maintenance of redundant DC divisions, (b) control the
operation of tie breakers between redundant divisions or between units of
multi-unit stations, (c) prevent the simultaneous testing of redundant DC
divisions where the reliability of the DC system would be increased by
testing each division separately, (d) monitor battery capacity when chargers
are not in service, (e) clearly and correctly specify the transfer between
float and equalizing charge, (f) clearly and correctly specify, if

15
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permitted, the crosstying between electrical divisions and between units of
multi-unit stations, (g) clearly and correctly specify the transfer between

~

normal and standby battery chargers, and (h) ensure that procedures address
initial and follow-up actions for the loss of any vital DC bus.

The report also recommends preventive maintenance procedures to ensure

clean battery cell terminals, cell interconnections and bus connections, and
routine battery cell case inspections. Operator training for DC power
system operation, plant response to loss of Class 1E DC power and proper
switching operation was also recommended.

The SOER 83-5 report was submitted to each INP0 affiliated station.
Depending on the licensee's response to the INPO recommendations, several of
the A-30 recommendations may have been implemented. The INP0 report
adequately addresses the following A-30 recommendations (identified in
Section 4 of this report): 1.d (including multi-unit stations), 2.a, 2.b, c
& d (provided by battery capacity monitors instead of current meters), 4.a,
and specific gravity and physical conditions of 5.a & b. It also would have
licensees study plant behavior following the loss of DC power, partially
satisfying Recommendation 6.

;

IE Information Notice No. 85-74
1

i
The NRC issued IE Information Notice 85-74, " Station Battery Problems,"

!
on August 29, 1985. It recommended the use of Regulatory Guide 1.129,

;

Revision 1, and IEEE Standards 450-1975 and 1980 for guidance in the ',

maintenance of station baf.teries. This information notice, if heeded by
licensees, would provide the testing identified in Recommendation Number 5
(Section 4.1).

IE Bulletin No. 79-27

The NRC issued IE Bulletin No. 79-27, " Loss of Non-Class IE

Instrumentation and Control Power System Bus During Operation," on
November 30, 1979. One of the requirements of this bulletin is the
preparation or review of emergency procedures to be used by control room,

i
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*

operators to achieve cold shutdowns upon loss of any Class IE or non-Class *

IE bus supplying power to safety and non-safety related instrument and
control systems. Implementation of the requi,rements of this bulletin should
have verified the existence of the emergency procedures recommended by l

Recommendation Number 6C.
i

|IEEE Standard 603-1980
l

|

IEEE Standard 603-1980, "IEEE Standard Criteria for Safety Systems for
Nuclear Power Generating Stations,"I4 is endorsed with certain exceptions |
by Regulatory Guide 1.153.15 This Regulatory Guide is effective for I

construction permits issued after November 1985. Section 5.8.3, " Indication
of Bypasses," states that if the protective actions of a part of a safety
system has been bypassed or rendered inoperative, a continuous indication of
this fact should be provided in the control room. It should be
automatically actuated if the bypass or inoperative conditions occurs more
than once per year and is expected to occur when the affected system is
required to be operable. This means that if a circuit breaker or fused
disconnect is operated so that a DC bus is disconnected from its battery or
battery charger, or if the battery charger is disconnected from its AC power
sou'rce, this condition should be automatically indicated in the control room
as ar. operating bypass.

While these requirements do not extend directly to all currently
licensed plants, earlier less specific but similar requirements endorsed by
the NRC are stated in IEEE Standards 27916 and 308.17 These |
requirements meet some of the actions stated in Recommendations 2 and 3

(Section 4.1).

A-30 Recommendations Not Addressed in Previous Notifications to Licensees

In this review we have found that almost all of the proposed
recommendations for resolving Generic Issue A-30 are included in notices,
bulletins and letters that have been previously submitted to all licensees.
Two possible exceptions are included in Recommendations Numbers 4b and 6a

(Section 4.1).

17
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The first of these would require procedures that assure that
maintenance and tests are performed properly by rotation of qualified

|
*

personnel and by systematic verification of work by separate independent j
,

qualified personnel. This requirement could introduce new human factor !

related risks by having excess personnel in the battery rooms and by
increasing the possibility that work may be conducted on redundant systems )

at the same time. We view this as a matter of competing risks. The |
rotation of personnel and verification of work would help reduce the |

possibility of common-cause human-error. However, with extra workmen in a
somewhat small area, each with tools a e ability, there is an additional
potential for accidental degradation - the DC power system. Therefore, we |
find that this recommendation could be dropped.

The second item (6a) depending on interpretation could require
3 independent divisions of DC power. Some older plants currently have only
2 divisions.

General Design Criteria (GDC) 34 (Residual Heat Removal)18 and 35
(Emergency Core Cooling)19 require redundancy such that system functions

.

can be accomplished assuming a single failure and that either the offsite
electric power system or the onsite electric power system is not available.
GDC 1720

~

lists the criteria for electric power systems. The batteries are
considered to be part of the onsite electric power supplies. Recommendation

6a implies an added requirement for maintaining all redundant DC powered
functions operational following loss of a DC power bus. This may be a
stringent requirement that cannot be met by some existing plants. Item d in
the guidelines (Section 4.1) states that single failures affecting the
availability of DC power supplies in addition to the initial loss of the DC
power bus, need not be considered for those DC power systems or subsystem in
which Recommendations Numbers 1, 4 and 5 have been satisfied.

|

|
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5. CONCLUSIONS

!

, From our review of. Generic Issue A-30, we conclude that the action

recommended by NUREG-0666, and further developed by the Power System Branch
j remains valid. These recomendations are reasonably well reflected in

~

current versions of Standard Technical Specifications.12 Plant responses
j to NRC Information Notice 85-74, " Station Battery Problems," August 29, 1985

may have brought about voluntary implementation of some of the recomended
provisions of NUREG-0666 in some older plants. Other relevant independent |

:

| recommendations have been submitted to plant owners by the Institute of f
{ Nuclear Power Operation. These also may have encouraged some plants to )
i implement some of-the recomendations of NUREG-0666.
4

;

i It has been determined that most, if not all, of the elements of the
recommendations identified to resolve this issue have been included in the
various past notifications submitted to licensees. Those plants that have
taken adequate action in response to these notifications may have resolved,

1 all of the concerns of the issue. A correlation between the recommendations
included in the past notifications and the A-30 recommendations are
summarized in Table 1.

The adequacy of implementation of these recomendations is unknown
'

except in recently licensed plants or as reflected in plant specific
technical specifications. We therefore, conclude that the adequacy of
implementation of the recommendations can best be verified through a
information request directed to all plant licensees. The results of this
survey will provide the basis for any further actions and identify specific
plants that may require further action.

!

|

19
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TABLE'1. CORRELATION.0F GENERIC ISSUE A-30 RECOMMENDATIONS

Standard
'

A-30 Tech SOER IEN IEB 1Recommendations Soecs' G1-19. 81-1 Bi-Zi 21-21 |

1. Inter Division Ties

(a) Operated manually x x x
under administrative -

control

(b) Operation restricted. x x-L

to shutdown / fuel-
handling

'(c) Prevent single failure x-
or inadvertent closure
from compromising
Division independence

(d) . Tech. Specs for LCOs x x x
an'd - Surveillance

2. Alarms and Monitors

(a) Alarms
.

.

(1) Battery disconnect x
(2) Charger disconnect ~

'x
(3) DC ground x
(4) DC undervoltage x
(5) DC overvoltage. x
(6) Charger failure x

;(7) Battery discharge .x i

(b) Battery Float Charge x
Current'

l

(c) Battery Circuit Output x

(d) Charge Output Current x

3. Charger and Battery Input See note below
Disconnect Indication
During Maintenance

i

Note: ' IEEE Standard 279 (Section 4.1.3) states that'if the protective '

actions of some part of the safety system have been bypassed or deliberately
rendered inoperative for any purpose, this fact shall be continuously
indicated in the Control. room. This requirement is more precisely stated in
IEEE Standard 603 Section 5.8.3.-

20
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TABLE 1. CORRELATION OF GENERIC ISS E A-30 RECOMMENDATIONS-

1

Standard.

A-30 Tech SOER IEN IEB
RECOMMENDATIONS Soecs GJ-ig 83-1 85-74 79-27

4. Procedures and
| Administrative Controls
| |

(a) Independent maintenance x
and testing of i

redundant DC divisions

(b) Procedures to ensure Note: See Section 4.2 for discussion
maintenance and of this item.
testing is done

| correctly

|

5. Surveillance and Testing

(a) Weekly x x x

(b) Quarterly x x x

(c) 18 Months x x

(d) 60 Months x x
. -

6. Design and Operational
.

Features Following Loss of
One DC Supply -

|(a) Redundant capability Note: See Section 4.2 for x :for core cooling discussion of this item (no redun-
'

dancy re-
quirement)

(b) RCS integrity and xisolation capability
maintained ,

'

(c) Procedures, instruments x
| and control functions

adequate for core
cooling

Note: SOER 83-5 recommended review of the items in item 6.

21
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5.1 Estimated Cost
.

The licensee cost is dependent on the time requirement to collect and

document the requested information. This effort is estimated to average 100
man-hours which based on $50 per hour would result in a cost to the licensee
of $5000.

NRC resources is estimated to require 2 man-weeks to re, view the
justification provided by each plant which does n91 respond with affirmative
verification. If 50 plants are found to be in this category, 100 man-weeks

S would be required..

|

.

b

&
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APPENDIX |
TABLE 2. SURVEY OF PLANT TECHNICAL SPECIFICATIONS

'

l

l

OC System Surveillance Tie Breaker LCOs

No

Plant M M1 g g g QQ fnfo Notes
|

ANO-1 x x

ANO 2 x x AC only j

|
Arnold x x

Beaver Valley x x

Davis Besse x x AC only |

Braidwood I & 2 x x

Browns Ferry 1 x x

Browns Ferry 2 x x

Browns Ferry 3 x x |

Brunswic,k 1 x* x x *no R check
*no R check

Brunswick 2 x* x x --
-

Byron 1 &'2 x x

Crystal River 3 x x

I
Diablo Canyon 1 & 2 x Jx

l
Callaway 1 x x x

Calvert Cliffs 1 x x AC only

Calvert Cliffs 2 x x AC only

Catawba 1 & 2 x x AC only

Clinton 1 x x

Comanche Peak 1 & 2 x x No tie breakers

D. C. Cook 1 & 2 x x x

Cooper 1 x x

Dresden 2 & 3 x x

25
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4 APPENDIX
; TABLE 2. (Continued) !_

,.

. ~

DC System surveillance Tie Breaker LCOs
i
1

i
.

No

Plant iLi M1 g N,gnt & E h Notes

Farley 1 x x
|

.

Farley 2 x x

!

Fermt 2 x x. x
,

Fitzpatrick 1 x x
-

,

Ft Calhoun x x

Ft. St Vrain x x

Gtnna x x
,

Grand Gulf 1 - x x
.

Haddam Neck x x

.

S. Harris' x x x
*

Hatch 1" x x

, .

Hatch 2 x x x '

Hope Creek x x

Indian Point 2 x x

Indian Point 3 x x

Kewaunee x x
,

1

La Salle 1 & 2 x x

La Crosse x x. x .

Limerick 1 & 2 x x
;

~!
Maine Yankee x x

McGuire 1 & 2 x x AC only )

-Millstone 1 x x

Millstone 2 x x x

26
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APPENDIX
TABLE 2. (Continued)

I

DC System Surveillance Tie Breaker LCOs
|

No
Plant g Q g None $ QQ, Info Notes i

|Millstone 3 x x j

Monticello x x

Nine Mlle Point 1 x x

Nine Mile Point 2 x x x

North Anna 1 & 2 x x x

Oconee 1, 2 & 3 x x

Oyster Creek x x* * Insufficient
info. Some
tie breaker
restrictions.

Palisades x x

Palo Verge 1, 2, 3 x x x

Peach Bottom 2 & 3 x x

Perry 1 & 2 x x

Pilgrim x x

Point Beach 1 & 2 x x

Prairie Island 1 & 2 x x

1
Quad Cities 1 & 2 x x

Rancho Seco x x

1River Bend x x
|
|Big Rock Point 1 x x |

Robinson x x

Salem x x

San Onofre 1, 2, 3 x x
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APPENDIX
TABLE 2. (Continued)

DC System Surveillance Tie Breaker LCOs

No

Plant jT1 p11 g N,,g,r3 [q g Info Notes

Seabrook x x
.

Shoreham x x x

South Texas x x

St. Lucia 1 x x
.

.
St. Lucia 2 x x x

|

Sumer x x x|

|
r

) Surrey 1 & 2 x x.

f

i

i Susquehanno 1&2 x x x
1

TM!-1 x x

Trojan x x AC only

Turkey Point 3 & 4 x x

Vermont Yankee x x;

Vogtle 1 & 2 x x x

Vaterford 3 x x

Vatts Bar 1 x x x,

>

VNP 2 x x x

Valf Creek 1 x x x

Yankes Rowe x x x

|

| Zion 1 & 2 x x
|

LCO - Limiting condition of operation.

STS - Sta9dard Technical Specification

ALT - Alternate

MIN - Minimsl Requirements

i 28
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' APPENDIX

| TABLE 2. (Continued)
!

Note 1: OC Bus Surveillance

! Of the 113 plant technical specification surveyed, 54 include surveillance requirements that are
essentially the same as are included in the Standard Technical Specifications. ; Thirty-five plants have
alternate (always less rigorous) requirements. Several of these are GE plants with substantially different I

configurations which include MG sets. Twenty-Two plants have surveillance requirements which are
substantially less rigorous than are required by the Standard Technical Specifications. Only 2 plants have
technical specifications (Ft. St. Vrain and Haddam Neck) that do not have any surveillance requirements on '

their DC buses.; J

Note 2: Tie Breakers LCOs

Of the 113 plant technical specifications surveyed,17 have no stated restrictions 'on plant operations
with tie breakers closed. Sene of these plants are known to not have tie breakers (Comanche Peak).
Thirty-six plants do have LCO restrictions on operation with tne AC breakers closed. Of these, 27 also have
restrictions on operations with DC tie breakers closed. Some plants operate with closed DC tie breakers
during periods of equalizer charger.

m . ,

!

I

|

1
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,

|

i

|

I

29 1

'
!

<
. , --. ., . - , - - -- ,. ,,-

_ . ,



e*
e

>

=.c.5 n euctam awuro2v comu..m= *e + rsww..e,4.ea e,noe .. *. .a.,
po.u ne

f26

?#.":'M BIBUOGRAPHIC OATA SHEET EGG-NTA-8191
u s iw.uct e~. e~ r . .ev en Revision I
i nra .~o se.r,ra

2 a . . . .u ~.

TECHNICAL FINDINGS FOR. GENERIC ISSUE 128 (ISSUE A-30)
ADEQUACY OF SAFETY-RELATED DC POWER SUPPLIES

. o.r. . ..c.e c ..a r n
oo,r-

g ....
. .o ,.o . , ,, liarch 1989r

R. O. Haroldsen ~

. o r. .uo.r 'n n
Alan C. Udy *a t- .'a

liarch | 1989
r o.o....c o. ..a.r o. ....... ..,voo .co..u ,, <.c , . .. .cr,r.....o.. ..r. ....

t EG&G Idaho, Inc.
P. O. Box 1625 * ' ' ' o a 'a '' ' ''~" "
Idaho Falls. ID 83415

06025

i a i,o sa. ~o o a.r.o .... .. ...v~o .oo..u e m.= < c , ..r...o..ucar

Division of Engineering Technical Evaluation Report
Office of Nuclear Regulatory Research:

I U.S. Nuclear Regulatory Commission ''"' '** " " ""''''~**""

Washington. DC 20555
'I $w b.M.%r...NQ,.S

-
1 A4.T..cr rJ00 -ege ., sup

This EG&G Idaho, Inc. Idaho National Engineering Laboratory report provides the
technical findings for a proposed integrated resolution of Generic Issue 128, (Issue

| A-30), Adequacy of Safety-Related DC Power Supplies.
1

i

..occu.. r...s..........o os,ouca...c .
......u.,er.

i $74f.M %r

Unlimited
Distribution

1. ucv. r. :uu ..c r, s

r.4 . sow,,o. ri..u i,e..* .~e.o t o us

Undiassified!

. r .4 ,. ,

Unclassifiedt

l

!
, , wo.. . o. ..c u

!
.....c.

I



. - - . -. - - .- - . - .

L +

h. ) Y('/V
gT

[je.norogk UNITED STATES

-

y g NUCLEAR REGULATORY COMMISSION 3 --e, _
,

7. j WASHING T ON, D. C. 20555 '

% [ -w , -- ,

| APR3 19g9

;

MEMORANDUM FOR: Edward Jordan, Chainnan
Committee to Review Generic Requirements;

FROM: Eric S. Beckjord, Director
Office of Nuclear Regulatory Research

!

SUBJECT: FINAL RESOLUTION OF USI A-47 " SAFETY IMPLICATIONS OF'
. CONTROL SYSTEMS IN LWR NUCLEAR POWER PLANTS"

i

| The staff has completed its resolution of Unresolved Safety Issue A-47,
j " Safety Implications of Control Systems in LWR Nuclear Power Plants."_ Results

of the staff evaluation and the proposed implementation are presented in the
enclosed documents.-

,

1

i The draft staff NUREG reports (NUREG 1217 and 1218) which included the proposed
j resolution received CRGR concurrence on May 10, 1988,-and were issued for.

public comment on May 27, 1988. The enclosed documents represent the final
j resolution of this issue and ir.cludes the staff discussion of the public
; comments that were received. The changes to the NUREG reports and to the-
'

generic letter are editorial in nature and are intended to clarify. the staff,

requirements.
2

; The public comments and the staff's responses are-documented in _ Appendix C to
NUREG-1217. Difference of opinion between the NRC staff and two industry4.

4 commenters remain, and are highlighted here for your information:
i (1) Duke Power Company believes that the requiremant to include

provisions in the Technical Specifications for perindic verification
for the steam generator overfill protection system is not consistent
with NRC policy statement on the content of the technical specifica-

; tions. The staff however maintains that this requirement is com- .

; patible with the new techr.ical specification policy. (See comment 31
in Appendix C.)

j (2) Baltimore Gas and Electric Comoany (C::lvert Cliffs Plant) believes
j that our cost estinates for overfill protection for their plant-is

low by a facter of 2, and therefore they conclude that the stated'

design modifications to provide steam generator overfill protection,
'

are not cost effective. Although the staff agrees that the actual
costs may be closer to the Calvert Cliff estimates, the sensitivity
study provided in Appendix B of NUREG 1218 indicates that the cost
benefit for the modifications requested are still justified. (See
comment 15 of Appendix C to NUREG-1217.)

;
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The safety issue in USI A-47 is the concern that, in LWR nuclear power plants,
there may be failures initiated or aggravated by non-safety related control
systems that could lead to plant upsets or events that significantly impact
the health and safety of the public.

:

To address this safety concern an evaluation was performed on non-safety
related control systems that are typically used during normal plant operation.
Four nuclear steam system (NSS) plants were evaluated, a General Electric '

Company designed BWR, a 3-loop Westinghouse Company PWR design, a once-through
steam generator PWR designed by Babcock and Wilcox Company, and a Combustion
Engineering PWR design. Tasks were established to identify' control. systems

I whose failure could (1) cause transients or accidents to be potentially more
| severe than previously analyzed, (2) adversely- affect any assumed or anticipated '

' operator action during the course of transients or accidents, (3) cause f

technical specification safety limits to be exceeded, or (4) cause transients
or accidents to occur at a frequency in excess of those established for
abnormal operational transients and design basis accidents. A study was alsoI

conducted to determine the generic applicability of the results of the specific' ,

plants analyzed to each class of plants. '

A set of limitations and assumptions was developed to confine the USI A-47
investigation to a manageable scope and to focus attention on the more safety
significant potential control system failures. The limitations and
assumptions are itemized below:

| (1) A minimum number of safety-related protection systems would be
available to trip the reactor and initiate overpressure protection
systems or emergency core cooling (ECC) systems, if needed, during
transients initiated by failures in the control systems. '

| (2) Control system failures resulting from common cause events such as
| earthquakes, floods, fires, and sabotage, or operator errors of
| omission or commission are not addressed in this review. A study of '

selected multiple control system failures in non-safety related i

equipment was, however, performed to evaluate some effects of common
mode failures. '

(3) Transients resulting from control system failures during limited
conditions of operation (LCOs) or anticipated transient without
scram (ATWS) events are not addressed in this review.

(4) The plant-specific designs were assumed to have been appropriately
modified to comply with the requirements of IE Bulletin 79-27 and

! NUREG-0737.

The A-47 program has addressed the safety implications of non-safety related
control systems with a number of different approaches. One approach utilized
failure mode and effects analysis to identify control system failures that
could potentially impact plant safety. Another approach utilized thermal

i
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hydraulic analyses to evaluate plant transients resulting from single and !
multiple non-safety related control system failures. Another approach was the
evaluation of operating experience on control system failures reported by the ;
utilities. On the basis of the findings identified during this review, a 1

number of alternatives for possible regulatory action were evaluated. The3

; selection of the resolution is based on consideration of the safety benefits
derived from these alternatives in terms of risk reduction and the cost of

'

| implementation. The regulatory analysis of the alternatives considered is
; presented in NUREG-1218 .

The staff has concluded that certain non-safety related control systems and
the technical specifications for selected systems should be upgraded. In
addition, selected emergency procedures should be reevaluated and modified, if
necessary, to assure that plant transients resulting from non-safety related
control system failures do not compromise safety.

| The resolution of A-47 provides a generic letter to be issued to all plants
1 (See Enclosure 1). The generic letter includes four actions and provides

guidance to the licensees to reduce efforts needed to prepare their responses.<

These actions are:

(1) Provide the results of the staff's generic analyses. Licensees are
expected to review this information for applicability and to;

consider action only if the staff's analyses do not bound their4

- specific plant design.
(2) Request that all PWR plants provide automatic steam generator overfill

protection, all BWR plants provide automatic reactor vessel overfill
protection, and the technical specifications include provisions
to periodically verify the overfill protection system operability.

(3) Request that certain Babcock and Wilcox plants provide automatic
initiation of auxiliary feedwater in the event of loss of power to
the non-safety related feedwater control system.

(4) Request that certain Combustion Engineering plants reassess their
emergency procedures and training to assure safe shutdown during any
postulated small break loss of coolant accident.

It has been determined that these actions are backfits. Justification for the
backfit is presented in NUREG-1218. In order to minimize the staff's efforts
and expedite the schedule for the review of the licensees' response to the
generic letter, a model SER (Enclosure 4) is attached for internal use by NRR.
This document will be used as guidance for the project managers of each plant
to expedite the review of the overfill protection and assure that the required
actions have been implemented.

As part of the CRGR package we are also enclosing for guidance to NRR a copy
of the proposed revision to the Babcock and Wilcox and to the Combustion

!
Engineering Standard Technical specifications (STS) (Enclosure 5). These (STS) '

sections have been updated to reflect changes for overfill protection. These
changes are commensurate with the STS requirements for other systems that jinitiate safety actions. The STS for Westinghouse and for the General Electric

|

plant designs currently include requirements for overfill protection and j
therefore no changes to those STS are required.

j

!

)
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Other on-going staff programs that are related to, but are outside the scope of, '

USI'A-47 are discussed in Appendix A, in NUREG 1217. Any action developed as
i part of these programs will be imposed independently of USI A-47.

Discussions were also held with the ACRS regarding the resolution of USI A-47.
The ACRS agreed with the proposed resolution but expressed concerns regarding '

the scope of A-47 and identified some areas of concern that were not completely
reviewed by this program and where additional work was still needed. These
areas are now being identified and described by ORNL in a separate program
entitled Multiple System Responses Program (MSRP). The MSRP program is intended

,

to define specific bounds for these and other concerns in order to allow the
NRC staff to prioritize these activities.

This enclosed package has been reviewed and concurred by NRR, AE0D and OGC.

Since no substantive changes were made to this package during the public ,

comment period, the staff does not believe that a formal CRGP, review is
needed. We will however be available to brief the committee, if needed.
Subject to a favorable recommendation by CRGR, the A-47 resolution would be
implemented by forwarding the generic letter and the supporting enclosures to !
NRR. We have identified USI A-47 as a Category 2 action.

For further information on this subject, contact Andrew Szukiewicz, USI A-47
Task Manager (x23914).

,

1 1

. -

h
'

. ,

Eric S. Beckjord, '

rector
| Office of Nuclear egulatory Research

Enclosures:
| 1. Generic Letter
| 2. NUREG-1217 " Safety Implications
! of Control Systems in LWR Nuclear
! Power plants, Technical Findings

Related to Unresolved Safety Issue,

| A-47
3. NUREG-1218 Regulatory Analysis for|

| Resolution of USI A-47
4. Model SER
5. Revised STS for B&W and CE plants

cc: w/o enclosures
T. Speis
W. Houston

| W. Minners
| R. Baer
| D. Thatcher
| A. Szukiewicz

J. Conran

___ _ _ ___ _ _
_ _ - . - - _ _ ,
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ENCLOSURE 1

GENERIC LETTER
(REFERENCE USI A-47)

T0: All Licensees of Operating Reactors, Applicants for Operating
Licenses and Holders of Construction Permits for Light Water
Reactor Nuclear Power Plants.

! GENTLEMEN:

SUBJECT: REQUEST FOR ACTION RELATED TO RESOLUTION OF UNRESOLVED SAFETY
! ISSUE A-47 " SAFETY IMPLICATION OF CONTROL SYSTEMS IN LWR

NUCLEAR POWER PLANTS" PURSUANT TO 10 CFR 50.54(f)
(Generic Letter )

As a result of the technical resolution of USI A-47, " Safety Implications of
Control Systems in LWR Nuclear Power Plants," the NRC has concluded that
protection should be provided for certain control system failures and that
selected emergency procedures should be modified to assure that plant transients
resulting from control system failures do not compromise public safety.

The NRC is taking four actions with respect to all licensees and applicants of
LWR nuclear power plants. The first action provides to all licensees and

| applicants the results of the analyses conducted for this review. During the
A-47 review a number of different designs for reactor vessel and steam generator!

overfillprotection]wereevaluated. The staff concluded, with only a few
exceptions, that no significant safety benefit could be gained by providing
additional redundant level sensors and trip logic to terminate main feedwater
on plants that already have automatic overfill protection. Plant specific
features such as: power supply interdependence, sharing of sensors between
control and trip logic, operator training, and designs for indication and alarms
available to the operator were considered in developing risk estimates associated
with failures of the feedwater trip system. This information, including the
analysis for other events evaluated, such as overheat and overcool events, are
provided for information only. It is expected that each licensee and applicant

~ ill review the infonnation for applicability to its facility and conduct aw

plant specific analysis and make modifications, as needed, if the staff analysis
and the conclusions do not bound their specific plant design. The results of
the analyses and the technical bases for the NRC conclusions are documented in
the references listed in Enclosure 1.

The second action recommends that all PWR plants provide automatic steam
generator overfill protection and all BWR plants provide automatic reactor
vessel overfill protection and that technical specifications include provisions
to verify periodically the operability of the overfill protection and to assure
that automatic overfill protection is available to mitigate main feedwater
overfeed events during reactor power operation. The Technical Specifications
recommendations are consistent with the criteria and the risk considerations of
the Commission Interim Policy Statement on Technical Specification Improvement.
In addition, the staff recomends that all BWR recipients reassess and modify,
if needed, their operating procedures and operator training to assure that the
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operators can mitigate reactor vessel overfill events that may occur via the.
condensate booster pumps during reduced system pressure operation. Enclosure 2
describes the requested action.

Enclosure 2 outlines a number of designs that satisfy the objectives for overfill
protection and provides guidance for an acceptable design. The staff believes
that a significant number of plants already provide satisfactory designs for ,

overfill protecticn;.many plants also have technical specifications dealing
with overfill protection system surveillance which were previously approved by

,

|

the staff. To reduce documen 'on associ with t |respons regap'ing
gubce S M.-fyoyerfil pro e ion dt fa tat NRC ew, the ennee/a a

s bmi a ter.ui cum h meuca aplict .y stating |c7'ir__ th t
-

o closure 2.1 % x. ~~L - -.,-

The third action is to recommend that certain Babcock and Wilcox plants provide
either automatic initiation of auxiliary feedwater on low steam generator level
or another acceptable design to prevent steam generator dryout on a loss of
power to the control system. Most B&W plants have already incorporated
automatic initiation circuits for this purpose. Enclosure 2 identifies the ,

plants that have not, and describes the requested action. :

The fourth action is to recommend thet certain Combustion Engineering plants
reassess their emergency procedures and operator training to assure safe

.

ishutdown of the plants during any postulated small break loss of coolant
accident. Enclosure 2 identifies these plants and describes the requested-
action.

'On the basis of the technica.1 studies the staff requests that these actions be
taken by all LWR plants tote _nhance safety, These actions result from thee

staff interpretation of General Design Criteria 13, 20, and 33, identified ini
,

10CFR50, Appendix A.

'The implementation schedule for actions on which commitments are made by
licensees or applicants in response to this letter should be prior to start-up
after the first refueling outage beginning nine (9) months following receipt
of the letter, gu ich--- it,f g
In order to determine whether any license or construction permit for facilities '

-

covered by this request should be modified, suspended or revoked, we +e >ert.A/pu_. >

.

pursuant to Section 182 of tfe Atomic Energy Act and 10.CFR 50.54(f), that you vu

whether you willL.h ith the%g date of this letter, a statement as to
provide the NRC, within &O' days of ij

[/
_ cd actions in Enclosure 2 and, if so, .

that you provide a schedule for implementation of the items in Enclosure 2 and
the basis for the schedule. This information should be submitted to the NRC,

#e[.signed under oath and affirmation. The licensee should retain, cn . r, 4
the documentation associated with the actions for pc: ibic future insection. ' Y P
Technic 1 specification applications mu t, h ver,i lude su ar of esign #
inform io all o ec sa y m a ion r st w- so
satis y 1 a pro te r g ati i partic ar 100 R50.91 covering potential N.
signi cant ha rdsconsierations.f

ep a f%
,

j

. - _ _ _ _ _ _ _. _ _,_ . _ _ _ _ _ _ _ , , . _ . _ . _ _ , , _ ,_ . _ . . ._ _ _ _ _ ,,,.,,_1
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This request is covered by Office of Management and Budget Clearance Number l

3150-0011 which expires December 31, 1989. The estimated average burden
hours is 240 man-hours per licensee response, including assessment of the ;

new recommendations, searching data sources, gathering and analyzing the data, l

and the required reports. These estimated average burden hours pertain only I

to these identified response-related matters and do not include the time for
actual implementation of the requested actions. Coments 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 to the U.S. Nuclear Regulatory Commission, Records
and Reports Management Branch, Office of Administration and Resources Manage-
ment, Washington, D.C. 20555.

If you have any questions on this matter, please contact your project
manager.

Sincerely,

Steven A. Varga, Acting
Associate Director for Projects

Office of Nuclear Reactor Regulation

Enclosures:
1. Enclosure 1 and 2 to

the generic letter
2. NUREG-1217 " Safety Implications

of Control Systems in LWR Nuclear
Power Plants" - Technical Findings
Related to Unresolved Safety Issue
A-47

3. NUREG-1218 " Regulatory Analysis for
Resolution of USI A-47"

i

i
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Enclosure 1 to!

Generic Letter

REFERENCE

LIST OF SIGNIFICANT
INFORMATION RELATED TO
RESOLUTION OF USI A-47

|

1. NUREG-1217 " Evaluation of Safety Implications of Control'

Systems in LWR Nuclear Power Plants" - Technical,

' Findings Related to USI A-47.

2. NUREG-1218 " Regulatory Analysis for Resolution
of USI A-47."

3. NUREG/CR-4285 " Effects of Control System Failures on
Transients, Accidents and Core-Melt Frequencies
at a Westinghouse PWR."

4. NUREG/CR-4386 " Effects of Control System Failures on
Transients, Accidents and Core-Melt Frequencies
at a Babcock and Wilcox Pressurized Water
Reactor."

| 5. NUREG/CR-4387 " Effects of Control System Failures on
Transients, Accidents and Core-Melt Frequencies

! at a General Electric Boiling Water Reactor."

6. NUREG/CR-3958 " Effects of Control System Failures on
Transients, Accidents and Core-Melt Frequencies
at a Combustion Engineering Pressurized Water
Reactor."

7. NUREG/CR-4326 " Effects of Control System Failures on Transients and
Accidents at a 3 Loop Westinghouse. Pressurizedi

| Water Reactor." Vol. I and 2.

8. NUREG/CR-4047 "An Assessment of the Safety Implications of Control
at the Oconee 1 Nuclear Plant-Final Report.".

| 9. NUREG/CR-4262 " Effects of Control System Failures on Transients and
| Accidents At A General Electric Boiling Water
| Reactor " Vol. 1 and 2.
,

10. NUREG/CR-4265 "An Assessment of the Safety Implications of Control
at the Calvert Cliffs - 1 Nuclear Plant" Vol. I and 2.

| 11. Letter Report " Generic Extensions to Plant Specific Findings of the
| ORNL/NRC/ Safety Implications of Control Systems Program."
! LTR-86/19

i
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Enclosure 2
to Generic Letter

CONTROL SYSTEM DESIGN AND PROCEDURAL MODIFICATION
| FOR RESOLUTION OF USI A-47

As part of the resolution of USI A-47, " Safety Implications of Control Systems,"
the staff investigated control system failures that have occurred, or are
postulated to occur, in nuclear power plants. The staff concluded that plant
transients resulting from control system failures can be adequately mitigated

| by the operator, provided that the control system failures do not also compro-
| mise operation of the minimum number of protection system channels required to
| trip the reactor and initiate safety systems. A number of plant-specific designs
| have been identified, however, that dc not go de adew ai.e pieta ticn 'r^-
| transients leading to reactor core overheating or reactor vessel or steam gen-
|

erator overfill, w .A% el-

Reactor vessel or steam generator overfill can affect the safety of the plant
in several ways. The more severe scenarios could potentially lead to a steam-
line break and a steam generator tube rupture. The basis for this concern is

| the following: (1) the increased dead weight and potential seismic loads placed
'

on the main steamline and its supports should the main steamline be flooded;
(2) the loads placed on the main steamlines as a result of the potential for
rapid collapse of steam voids resulting in water hammer; (3) the potential for
secondary safety valves sticking open following discharge of water or two-phase
flow; (4) the potential inoperability of the main steamline isolation valves
(MSIVs), main turbine stop or bypass valves, feedwater turbine valves, or at-
mospheric dump valves from the effects of water or two-phase flow; and (5) the
potential for rupture of weakened tubes in the once-through steam generator on
B&W nuclear steam supply system (NSSS) plants due to tensile loads caused by
the rapid thermal shrinkage of the tubes relative to the generator shell. These
concerns h=: et beer & wat dy. addressed in plant designs, because overfill
transients normally have not been analyzed.

To minimize some of the consequences of overfill, early plant designs provided
commercial-grade protection for tripping the turbine or relied on operator
action to control water level manually in the event the normal-water-level con-
trol system failed. Later designs, including the most recent designs, provide
overfill protection which automatically stops main feedwater flow on vessel
high-water-level signals. These designs provide various degrees of coincident,

logic and redundancy to initiate feedwater isolation and to ensure that a
single failure would not inhibit isolation. A large number of plants provide
safety-grade designs for this protection.

! On the basis of the technical studies conducted by the staff and its contractors,
the staff recommends that certain actions should be taken by some plants to
improve plant safety. These actions are described in the material that follows,
and include design and procedural modifications to ensure that (1) all plants
provide overfill protection, (2) all plants provide technical specifications
for periodic surveillance of the overfill protection, (3) certain Babcock and
Wilcox plants provide an acceptable design to prevent steam generator dryout on
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a loss of power to the control system, and (4) certain Combustion Engineering
plants reassess their emergency procedures and operator training to ensure safe
shutdown during any postulated small break loss of coolant accident.

.

(1) GE Boiling-Water-Reactor Plants

(a) It is recommended that all GE boiling-water-reactor (BWR) plant designs
provide automatic reactor vessel overfill protection to mitigate main
feedwater (MFW) overfeed events. The design for the overfill-protection
system should be sufficiently separate from the MFW control system to
ensure that the MFW pump will trip on a reactor high-water-level signal
when required, even if a loss of power, a loss of ventilation, or a fire
in the control portion of the MFW control system should occur. Common-
mode failures that could disable overfill protection and the feedwater
control system, but would still result in a feedwater pump trip, are
considered acceptable failure modes.

It is recommended that plant designs with no automatic reactor vessel
overfill protection be upgraded by providing a commercial-grade (or better)
MFW isolation system actuated from at least a 1-out-of-1 reactor vessel
high-water-level system, or justify the design on some defined basis.

In addition, it is recommended that all plants reassess their operating
procedures and operator training and modify them if necessary to ensure
that the operators can mitigate reactor vessel overfill events that may

,

occur via the condensate booster pumps during reduced pressure operation
of the system.

,

(b) It is recommended that technical specifications for all BWR plants with
main feedwater overfill protection include provisions to verify
periodically the operability of overfill protection and ensure that
automatic overfill protection to mitigate main feedwater overfeed events
is operable during power operation. The instrumentation should be
demonstrated to be operable by the performance of a channel check, channel
functional testing, and channel calibration, including setpoint
verification. The technical specifications should include appropriate
limiting conditions for operation (LCOs). These technical specifications
should be commensurate with the requirements of existing plant technical
specifications for channels that initiate protective actions. Previously
approved technical specifications for surveillance intervals and limiting

[, conditions for operation (LCOs) for overfill protection are considered
,- acceptable. Justification should be included to demonstrate that the "

changes to the technical specifications are commensurate with previouslyy
approved designs.

Designs for Overfill Protection

Several different designs for overfill protection have already been incorporated
into a large number of operating plants. The following discussion identifies
the different groups of plant designs and provides guidance for acceptable
designs.
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Group I: Plants that have a safety-grade or a commercial-grade overfill protec-
tion system initiated on a reactor vessel high-water-level signal based on a
2-out-of-3 or a 1-out-of-2 taken twice (or equivalent) initiating logic. The
system isolates MRI flow by tripping the feedwater pumps.

The staff concludes that this design is acceptable, provided that (1) the
overfill protection system is separate from the control portion of the MFW
control system so that it is not powered from the same power source, not
located in the same cabinet, and not routed so that a fire is likely to affect !
both systems and (2) the plant technical specifications include requirements to
periodically verify operability of this system and identify the LCOs. j

Licensees of plants that already have these design features that have been ;

previously approved by the staff should state this in their response.
]

Group II: Plants that have safety-grade or commercial-grade overfill-protection |
systems initiated on a reactor vessel high-water-level signal based on a 1-out- |

of-1, 1-out-of-2, or a 2-out-of-2 initiating logic. The system isolates MFW
flow by tripping the feedwater pumps. ;

.The staff concludes that these designs are acceptable provided conditions (1)
and (2) stated for Group I are met. Licensees of plants that already have
these design features that have been previously approved by the staff should
state this in their response. Plant designs with a 1-out-of-1 or a 1-out-of-2 1

trip logic for overfill protection should provide bypass capabilities to
prevent feedwater trips during channel functional testing when at power

j operation.

Group III: Plants without automatic overfill protection.

It is~ w m z J Irequested that the licensee have a design to prevent reactor vessel
overfill and justify the adequacy of the design. The justification should
include verification that the overfill protection system is separated from the

! feedwater control system so that it is not powered from the same power source,
.

'

not located in the same cabinet, and not routed so that a fire is likely to
'affect both systems. Common-mode failures that could disable overfill pro-

tection and the feedwater control system, but would still result in a feedwater ;

pump trip, are considered acceptable failure modes. The staff review identified
three plants; i.e., Big Rock, Lacrosse (permanently shutdown), and Oyster Creek;
that fall into this group. If any of these plants wish to justify not including.

overfill protection, part of the requested justification should demonstrate
,

that the risk reduction in implementing an automatic overfill protection system
is significantly less than the staff's generic estimates of risk reduction. In, ,

determining the risk reduction, specific factors such as low plant power and |
population density should be considered. Other applicable factors that are
plant unique should also be addressed.

!

(2) Westinghouse-Designed PWR Plants

(a) It is pequested that all Westinghouse plant designs provide automatic
steam generator overfill protection to mitigate MFW overfeed events. The
design for the overfill protection system should be sufficiently separate

|

* - - 4 - m- m., , , - u-- S s-- y v er, , ---+-me er a-- ..uN-i.
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from the MFW control system to ensure that the MFW pump will trip on a
reactor high-water-level signal when required, even if a loss of power, a |

loss of ventilation, or a fire in the control portion of the MFW control
system should occur. Comon-mode failures that could disable overfill l
protection and the feedwater control system, but would still result in the
feedwater pump trip, are considered acceptable failure modes.

(b) It is requc+ted that technical specifications for all Westinghouse plants I
include provisions to periodically verify the operability of the MFW |overfill protection and ensure that the automatic overfill protection is !

operable during reactor power operation. The instrumentation should be
demonstrated to be operable by the performance of a channel check, channel
functional testing, and channel calibration, including setpoint verifica-
tion. The technical specifications should include appropriate LCOs.
These technical specifications should be comensurate with existing plant
technical specification requirements for channels that initiate protective
actions. Plants that have previously approved technical specifications
for surveillance intervals for overfill protection are considered accept-
able. Justification should be included to demonstrate that the changes t'57
the technical specifications are commensurate with previously approved
designs.

Designs for Overfill Protection

Several different designs for overfill-protection are already provided in most
operating plants. The following discussion identifies the different groups of
plant dcsigns and provides guidance for acceptable designs.

Group I: Plants that have an overfill-protection system initiated on a steam
generator high-water-level signal based on a 2-out-of-4 initiating logic which
is safety grade, or a 2-out-of-3 initiating logic which is safety grade but uses
one out of the three channels for both control and protection. The system
isolates MFW by closing the MFW isolation valves and tripping the MFW pumps.

The staff concludes that the design is acceptable, provided that (1) the
overfill protection system is sufficiently separate from the control portion of
the MFW control system so that it is not powered from the same power source,
not located in the same cabinet, and not routed so that a fire is likely to
affect both systems, and (2) the plant technical specifications include.

requirements to periodically verify operability of this system and identify the
LCOs.

Group II: Plants with a safety-grade or a commercial-grade overfill protection
system initiated on a steam generator high-water-level signal based on either a
1-out-of-1, 1-out-of-2, er 2-out-of-2 initiating logic. The system isolates MFW

~

by closing the MFW control valves.

The staff finds that only one early plant (i.e., Haddam Neck) falls into this
.

group; therefore, a risk assessment was not conducted. Considering the !
successful operating history of the plant regarding overfill transients (i.e.,

|

|

|
1

,
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no overfill events have been reported), this design may be found acceptable,
provided that (1) justification for the adequacy of the design on a plant-
specific basis is included and (2) technical specifications are modified to
include requirements to periodically verify operability of this system and
identify the LCOs. As part of the justification, it is requested that the
licensee include verification that the overfill-protection system is separate
from the feedwater-control system so that it is not powered from the same power
source, not located in the same cabinet, and not routed so that a fire is
likely to affect both systems. Comon-mode failures that could disable
overfill protection and the feedwater-control system, but would still cause a
feedwater pump trip, are considered acceptable failure modes.

Group III: Plants without automatic overfill protection.

It is re - 9d that the licensee have a design to prevent steam generator
overfill and justify the adequacy of the design. The justification should
include verification that the overfill-protection system is separated from the
feedwater-control system so that it is not powered from the same power source,
not located in the same cabinet, and not routed so that a fire is likely to
affect both systems. Common-mode failures that could disable overfill pro-
tection and the feedwater-control system, but would still result in a feedwater
pump trip, are considered acceptable failure modes. The staff's review
identified two plants; i.e., Yankee Rowe and San Onofre 1; that fall into this
category. If either of these plants wish to justify not including overfill
protection, part of the requested justification should demonstrate that the
risk reduction in implementing an automatic overfill protection system is
significantly less than the staff's generic estimates of risk reduction. In
determining the risk reduction, specific factors such as low plant power and
population density should be considered. Other applicable factors that are
plant unique should also be addressed.

(3) Babcock and Wilcox-Designed PWR Plants *

(a) It is r+,m ixd that all Babcock and Wilcox plant designs have auto-
matic steam generator overfill protection to mitigate MFW overfeed events.
The design for the overfill-protection system should be sufficiently
separate from the MFW control system to ensure that the MFW pump will trip
on a steam generator high-water-level signal (or other equivalent signals)

.

*
0n December 26, 1985, an overcooling event occurred at Rancho Seco Nuclear Gen-
erating Station, Unit 1. This event occurred as a result of loss of power to
the integrated control system (ICS). Subsequently, the B&W Owners Group initi-
ated a study to reassess all B&W plant designs including, but not limited to,
the ICS and support systems such as power supplies and maintenance. As part of
the USI A-47 review, failure scenarios resulting from a loss of power to control
systems were evaluated; and the results were factored into the A-47 requirements.
However, other recomended actions for design modifications, maintenance,
and any changes to operating procedures (if any) developed for the
utilities by the B&W owners group is being resolved separately.

- .. __ _ _ _ _ _
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when required, even if a loss of power, a loss of ventilation, or a fire
in the control portion of the main feedwater control system should occur. |
Common failure modes that could disable overfill protection and the i

feedwater-control system, but would still result in a feedwater pump trip, ,

are considered acceptable failure modes. |

|

It is regt::t;d that plants that are similar to the reference plant design
(i.e., Oconee Units 1, 2, and 3) have a steam generator high-water-
level feedwater-isolation system that satisfies the single-failure
criterion. An acceptable design would be to provide automatic MFW
isolation by either (1) providing an additional system that terminates MFW
flow by closing an isolation valve in the line to each steam generator
(this system is to be independent from the existing overfill protection
which trips the main feedwater pumps on steam generator high-water level);
(2) modifying the existing overfill-protection system to preclude

undetected failures in the trip system and facilitate online testing; Tor
or

(3) upgrading the existing overfill-protection system to a 2-out-of-4
equivalent) high-water-level trip system that satisfies the single-failure
criterion.

(b) It is rege--t:d that technical specifications for all B&W plants include o

provisions to periodically verify the operability of overfill protection
and ensure the automatic main feedwater overfill protection is operable
during reactor power operation. The instrumentation should be demonstrated
to be operable by the performance of a channel check, channel functional
testing, and channel calibration, including setpoint verification. Technical
specifications should include appropriate LCOs. These technical specifica-
tions should be commensurate with the requirements of existing technical
specifications for channels that initiated protective actions. Justifica- "'

tion should be included to demonstrate that the changes to the technical ,

specifications are commensurate with previously approved designs.

(c) It is reque:;id that plant designs with no automatic protection to prevent
steam generator dryout upgrade their design and the appropriate technical
specifications and provide an automatic protection system to prevent steam
generator dryout on loss of power to the control system. Automatic
initiation of auxiliary feedwater on steam generator low-water level is
considered an acceptable design. Other corrective actions identified in
Section 4.3(4) of NUREG-1218 could also be taken to avoid a steam generator
dryout scenario on loss of power to the control system. The staff believes
that only three B&W plants, i.e., Oconee 1, 2, and 3, do not have automatic
auxiliary feedwater initiation on steam generator low water level).

Designs for Overfill Protection

Several different designs for overfill protection are already provided on most
operating plants. The following discussion identifies the different groups of
plant designs and provides guidelines for acceptable designs.

_ _ _
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Group I: Plants that provide a safety-grade overfill-protection system initi-
ated on a steam generator high-water-level signal based on either a 2-out-of-3
or a 2-out-of-4 (or equivalent) initiating logic. The system isolates main

I feedwater (MFW) by (1) closing at least one MFW isolation valve in the MFW line
to each steam generator and (2) tripping the MFW pumps.

|
| The staff concludes that this design is acceptable, provided that (1) the
! overfill protection system is sufficiently separated from the feedwater control

system so that it is not powered from the same power source, not located in the
same cabinet, and not routed so that a fire is likely to affect both systems
(common-mode failures that could disable overfill protection and the feedwater
control system, but still result in a feedwater pump trip are considered
acceptable failure modes) and (2) the plant technical specifications include
requirements to verify operability of this system periodically and identify
LCOs.

Group II: Plants that have a commercial-grade overfill-protection system ini-
tiated on a steam generator high-water level based on coincident logic that
minimizes inadvertent initiation. The system isolates MFW by tripping the
MFW pumps.

This design may be found acceptable, provided that (1) the overfill-protection
system is sufficiently separate from the feedwater control system so that it is
not powered from the same power source, not located in the same cabinet, and

| not routed so that a fire is likely to affect both systems and (2) the design
modifications are implemented per the guidelines identified in the second'

paragraph of item (3)(a) above and that the plant technical specifications
include requirements to periodically verify operability of this system and
identify LCOs.

,

|

It is requetted that plant designs that provide a separate 1-out-of-1 or a
1-out-of-2 trip logic to close the feedwater isolation valves for additional
overfill protection provide bypass capabilitics to prevent feedwater trips
during channel functional testing when at power or during hot-standby opera-
tion. These technical specifications should be commensurate with existing
plant technical specification requirements for channels that initiate protec-
tion actions.

(4) Combustion Engineering-Designed PWR Plants

(a) It is requested that all Combustion Engineering plants provide automatic,
steam generator overfill protection to mitigate main feedwater (MFW) over-
feed events. The design for the overfill-protection system should be
sufficiently separate from the MFW control system to ensure that the MFW
pump will trip on a steam generator high-water-level signal when required,
even if a loss of power, a loss of ventilation, or a fire in the control,

'

portion of the MFW control system should occur. Comon failure modes that
could disable overfill protection and the feedwater control system, but
would still result in a feedwater pump trip, are considered acceptable
failure modes.

1

I

|

|
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(b) It is requHtTd that technical specifications for all Combustion Engineer-
ing plants include provisions to verify periodically the operability of
overfill protection and ensure that automatic MFW overfill protection is
operable during reactor power operation. The instrumentation should be I

demonstrated to be operable by the performance of a channel check, channel i
functional testing, and channel calibration, including setpoint verifica- |

'tion, and by identifying the LCOs. These technical specifications should
be commensurate with existing plant technical specifications requirements i
for channels that initiate protection actions. Justification should be '

.

included to demonstrate that the changes to the technical specifications |

are comensurate with previously approved designs. }
'

(c) It is requssted that all utilities that have plants designed with high- |

pressure-injection pump-discharge pressures less than or equal to 1275 psi
reassess their emergency procedures and operator training programs and
modify them, as needed, to ensure that the operators can handle the full
spectrum of possible small-break loss-of-coolant accident (SBLOCA) scenarios.
This may include the need to depressurize the primary system via .the
atmospheric dump valves or the turbine bypass valves and cool down the
plant during some SBLOCA. The reassessment should ensure that a single
failure would not negate the operability of the valves needed to achieve
safe shutdown.

The procedure should clearly describe any actions the operator is required
to perform in the event a loss of instrument air, or electric power prevents
remote operation of the valves. The use of the pressurizer PORVs to
depressurize the plant during an SBLOCA, if needed, and the means to ensure
that the R NDT (reference temperature, nil ductility transition) lisi b
arenotcobpromisedshouldalsobeclearlydescribed. Seven plar.cs have
been identified that have high pressure injection pump discharge pressures
less than or equal to 1275 psi that may require manual pressure-relief
capabilities using the valves to achieve safe shutdown. They are: Calvert
Cliffs 1 and 2, Fort Calhoun, Millstone 2, Palisades, and St. Lucie 1 and 2.

Designs for Overfill Protection j

CE-designed plants do not provide automatic steam generator overfill protec-
tion that terminates MFW flow. Therefore, it is requested that licensees and
applicants for CE plants provide a separate and independent safety-grade or.

commercial-grade steam generator overfill-protection system that will serve as i
backup to the existing feedwater runback, control system. Existing water-level '

sensors may be used in a 2-out-of-4 initiating logic to isolate MFW flow on a |steam generator high-water-level signal. The proposed design should ensure !

that the overfill protection system is separate from the feedwater-control |
system so that it is not powered from the same power source, is not located in :
the same cabinet, and is not routed so : hat a fire is likely to affect both !
systems (common-mode failures described above are considered acceptable) and |

the plant technical specifications should include requirements to periodically
verify operability of the system and identify the LCOs. The information that
is requested to be addressed in the technical specifications is provided in
item (4)(b) above.

1
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ABSTRACT

This reivrt summari/cs the work performed by the Nuclear Regulatory Commission (NRC) staff and its contractors,
Idaho National Engineering laboratory, Oak Ridge National 1.aboratory, and Pacific Northwest Iaboratory leading to
the resolution of Unresolved Safety issue (USI) A-47," Safety implications of Control Systems." The technical findings
and conclusions presented in this document are based on the technical work completed by the contractors.The principal
documents that contain the technical findings and conclusions of the contractors who worked on USI A-47 are summa-
rized in Appendix B.

An in-depth evaluation was performed on non-safety-related control systcms (sce Section 1) that are typically used dur-
ing normal plant operation on four nuclear steam supply system plants: a General Electric Company hoiling-water
reactor, a Westinghouse 3-loop pressuri2ed water reactor (PWR), a Babcock & Wilcox Co. (B&W)once-through steam
generatot PWR. anda Combustion Engineering PWR design. A study was aiso conducted to determine the genericappli-
cability of the results to the class of plants represented by the specific plants analyzed. Gencric conclusions were then
developed.

Steam generator and reactor vessel overfill events and reactor vessel overcooling events were identified as major classes
of events having the ps tential to be more severe than presiously analyzed. Specific subtasks of this issue were to study
these events to deterriine the need for presentive and/or mitigating design measures.

The impact of the Rancho Seco event (December 26,1985), which involved a loss of power to the integrated control
system is also discussed. This effort is closely coordinated with the USI A-47 effort, but is being evaluated separately by
the B&W Owners Group and the NRC staff. Any requirements des cloped will be imposed independently of USI A-47.

This report describes the technical studies performed by the laboratories, the NRC staff assessment of the results, the
generic applicability of the evaluations, and the technical findings resulting from these studies.

This final rep 3rt contains the staff's responses to, and resolution of. the public comments that were solicited and rcccived
before September 16.1958 in response to the draft . . ports int'c 3 for public comment on May 27,1988.
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I STATEMENT OF Tile ISSUE

Nuclear power plant instrumentation and control systems (2) steam pressure regulator ma! functions or failures
compn 3e safety related protection systems and non- that result in an increase or a decrease in the steam
safety related control systems.The safety-related protec. flow (including the turbine trip event)
tion systems are designed to satisfy the general design
entena (GDC) identified in 10 CFR Part 50 and are used (3) spectrum of reactivity addition events
to (1) trip the reactor whenever certain specific parame-
ters escced allowable limits, (2) protect the core from (4) chemical and volume control malfunctions that in-
overheating by initiating the emergency core cooling sys. crease the reactor coolant inventory or decrease the
tems, and (3) actuate other safety systems such as the clo. boron concentration
sure of main steam isolation valves or opening of the
safety or relief valves to maintain the plant in a safe condi. llecause non-safety-related control systems are only
tion. Non-safety related control systems are used to audited as part of the licensing review, there may exist
mamtain a nuclear plant within prescribed level, pres- some potential (w hich an audit review did not disclosc) for
sure, and temperature limits during shutdown, startup, accidents or transients developmg into more severe
and normal power operation. Non safety-related control events than previously analyzed, if compounded by non-
systems are not relied on to perform any safety functions safety-related control system failurer.
durinc or following postulated accidents.Thev arc used to
control plant processes that could have a significant im- 17tese system failures or malfunctions may occur inde-
pact on the plant dynamics Non-safety-related control pendently or as a result of an accident or transient. Con-
systems include, but are not limited to: (1) reactivity con- cerns have previously been identified (NRC |AEODJ.
t'ol sy <tcms: (2) reactor coolant pressure, temperature. 1980: NUREG-0153)in w hich a failure or malfunction ofr

level. and flow control systems; and (3) inventory control the non-safety-related control system can (1) potentially
systems (such as feedwater and borated water controls), cause a steam generator or reactor vessel to overfill (see
in addition, they include secondary system pressure and AEOD report) or (2) can lead to a transient (in PWRs)in
flow controls (pressurized water reactor [PWR]) as well w hich the vessel could be subjected to severe overcooling
as au.aciated support sutems. such as electric. hvdraulic, (sce NRC, SECY-82-465). In addition, the potential ex-
and pneumat;c powerhapply astems. The non safetv, las for a smgle failure (such as a loss of power supply, a

'

related control n stems are not required to be dedgned to short circuit, an open circuit, a control sensor failure)or
satisfy the GDC'. for multipic failures resulting from a common-cause fail-

ure to cause a malfunction of one or more control systems
During the licensing review processes, the U.S. Nuclear which could lead to an undesirable control system re-
Rcgulatory Commission (NRC) performs an audit review sp ns , r could provide misicadmg mformation to the
on the non-safety-related instrumentation and control p nt operatoa

systems on a case-by-case basis. Although this audit re-
view is not conducted to the same degrec as the review of The purpose of the Unresolved Safety Issue (USI) A-47
the safety sy stems. the review provides confidence that an study is to perform a more in-depth review of the non-

adequate degree of separation and independence is pro- safety-related control systems and to (1) evaluate the
vided betuccn these non safety related systems ar'd the need for modifying control systems m operating reactors.
safety-related protection systems. The audit resiew also (2) verify the adequacy of current licensing requirements
prouJes confidence Ihat misoperation or failure of non- dentified in Section 7.7 of the Standard Review Plan 1

safety-related control sy stems does not result in transient (NRC, NUREG-OS00), and (3) cvaluate the need for ad- !

conJmons more severe than conditions ayumed m the ditional guidelines and entena to ensure that non safety. I

boundmg anal)ses rcrorted in the plant salcty anal) sis re- relatcJ control nstem failures do not pose unacceptah|c

| pon 6 AM public risk. To th'is end. tasks were established to identify
'

control systems whose failure cocid (1) cause transients
!

Ih ers t hat licentecs are required to adJres are specified
or accidents to be potentially more severe than those l

| in Chapter 15 of the Standard Review Plan (NRC. identified in the final safety anal)sa report (FSAR)and

NURI G-0800). These esents include, but are not lim- previousiv analyzed. (2) adversch affect anv assumed or
'

ited tW anticipated operator action during the cotirse of tran-
| sients or accidents,(3)cause techmeal specification safety

limits to be creceded, or 4) cause transients or a,_cidents
t11 Ozedwate s'. stem malfunctionc that icsult in a de- to occur at a frequency m exccw of those established for!

ucase or an increase m the ft cdaatcr flow Onclud- abnormal operational t ransient s and design-basis
mg the loss of normal feedwater flow) acciden ts.
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11 should be noted that the focus of the USI A-47 review ine the design of each nuclear power plant now operating
was directed to identify and ev.duate control splem fail- or under construction for significant risk contributors.
urcs that could cause transients or accidents to be poten- Once NRC and the nuclear industry have developed a
tially more severe than those identified in the FSAR. method of analysis, eveg nuclear power plant that has
Control system failure-induced transients that were not yet been appropriately examined will be studied, and -
boundeJ by the FSAR analysis were not considered sig- any changes that are needed will be made to ensure that
nificant failures for this review. These transients were no excessive risk is posed to public health and safety
evaluated. but if they were determined to be adequately. (NRC, NUREG-1070).
mitigated by safety-rclated systems or if sufficient time
was avadable for the transients to be mitigated by subse. The section that follows. " Approach,' describes (1) the!

quent operator action and not execed the bounding approach used to review non safety-related control sys-
analyses. they wcre not considered to pose an important tems, (2) the limitations and assumptions made, and
risk to public health and safety. (3) the methods developed and the activitics performed.

Section 3 describes the results of the individual plant re-
llecause control systems are an integral part of plant op- views and identifics the control system failure scenarios
crations. failures in these systems have historically caused determined to be potentially safety significant. Section 4
plants to shut down or to actuate safety systems. Chal- discusses t he generic applicability of the plant specifiere-
lenges to the safety systems could represent a small but views of the reference plants Section 5 presents the

| potentially significant fraction of the overall plant risk, staff's conclusions, and Section 6 lists the references cited
i This fact has been demonstrated in plant probabilistic risk in this report. Appendix A provides a summary of other.

assessments that have been performed to date. As a result NRC and industry studies, programs, and issues related to
of plant-specific analyses that have exposed unique vul. USl A-47. In Appenda II. the principal documents un-
nerabilities to severe accidents, some plants have modi- derlying the resolution of USI A-47 are summarized. Ap-
fied ther designs. Generally, undesirable contributions pendix C contains the staff's responses to, and resolution
to risk have been reduced to acceptable levels by changing of, the public comments that were solicited and received
procedures or modifying designs. The Commission plans before September 16,1988, in response to the draft re-
to formulate an integrated systematic approach to exam- ports issued for public comment on May 27.1988.
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2 APPROACII

2.1 Selection of Plants (a) actuation of the reactor inp system,(b) actuation
of the overpressure protection system,and(c)initia-

Three pressuri/ed watcr reactor (PWR) plant designs tion of the minimum numberof required emergency
and one boiling-water reactor (BWR) plant design were core cooling (ECC) systems, if needed during a con-
selected for the review of non safety-related control sys. trol sy stem failure transient. This assumption is con-
tems. Dese reference plants are specific designs from sidered valid on the basis that adequate separation
each of the four major nuclear steam supply system and independence is required to be provided be-
(NSSS) vendors: Babcock & W Icox Co. (B&W), Westing. tween the non safety-related control systems and
house Corp. (W), Combustion Engineering Co. (CE) and the safety-related protection systems. Independ-
General Electnc Co. (GE). A major factor in the selec. ence is provided by verifiable isolation devices lo-
tion of the reference plants was the quaiity and quantity cated between safety related and non-safety related
of plant specific design information availabic to the NRC systems and/or by physically locating the safety sys-
staff. In addition. the three PWR designs were already be, tems in separate areas and routing the electrical ca-
ing evaluated in the studv of USI A-49. "Pressuri/cd bics in separate raceways throughout the plant.The
Hermal Shock "and a sig/uficant amount of information staff audits the safety related systems (audit re-
obtained in that study could be utilized. The BWR plant views) as part of the licensmg review process to en-
was selected becausc a considerable amount of design in. sure that an aJequate degree of separation and
formation was available from other NRC projects. Also, independence has been provided. Also as part of
an existing thermal hydraulic computer model was avail, the A-47 program, a literature scarch was con-
able for this plant. ducted to review the operating history of control sys-

tem failures.The purpose of the review,in part, was
Mc reference plant designs were reviewed by two na- to identify any control system failures that could
tionallaboratenes.Two of the PWR plants, representing cause a failure in both safety-related protection sys-
B&W and CE designs. were evaluated by Oak Ridge Na. tems. De staff's review (see Section 3.2 of this re.
tional Laboratory (ORNl-) (NRC, NUREG'CR-3642. port) did not identify any such failures. In addition,
~4047. -4265 (Vols.1 & 2). and -4449k The other two as part of the USl A-17 systems interactions pro-
plar.t s: signs, a GE EWR a,J a R PWR 64n. v ere cara. sytial inNractions between safety related
evaluated by Idaho National Engmecring laboratory sy stems and non-safety-related sysicms w ere consid.
(INFl.) |NRC. NUREG/CR-4262 (Vols.1 & 2). and cred. Any identified interacuons between safety-
-4326 (Vols.1 & 2)].The risk analy ses for potentially sig. related systems and non. safety-related control
nificant control sy stem failures were performed by Pacific systems were evaluated as part of that program and
Northwest l aboratory ( pNI.) (N RC. N U REG /CR-3958, are not included in the scope of the USI A-47
-4385, ~4386. and -4387). Appendi.s B summari/cs the review.
content of the pnneipal documents used for this review.

(2) f.aternal events such as carthquakes, floods, fires,
and sabotage have not been considered in this study.

2.2 Limitations and Assumptions of Multiple control system failures were evaluated to
,

the Study ammmceuxuonwnm xaus fanurnon the |
plant. However, the review was hmited to selected

.I.o perferm a sy stematic resiew of control system failures,
comb nations of control sptem failures. Not aII
control system failures that could occur as a result of

it became quickly evident that the scope of the review had
these external events were reviewed in detait An at-to be co,fmed. rhc type of events and a type number. tempt was made to select those failure scenarios that

and combinauons of possible cont rol sy stem failures were
would bound the dsnamic ef fects of a number oftherefmc limited. In order to keep the resien at a man-
control n stem failu'res. Ssstem failures were evalu-apeabic lesel limitations and assumptions had to be ated for ' utomatic and m'anual modes of operationa

made. These limitauons and auumptians anJ their bases and at different reactor powcr Iculs that meludedare discussed below.
low intermediate- and full-power operation.

(1) Non sakty-rclaicJ control system failures would it should be noted that m!uanons have been
not cause simultaneous failure of both redundant performed by the staff and the unlities to assess the
tra ns of safety-related protecuon systems. This as- plant's abihty to achicsc safe slutdown dunny these

n pum c.phc.s that a mmimum numbt r 01 safety- external neras. I are pmDon raicws for all
related pr0tection sp! cms would be asailable for operating plants have ako been performed to
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ensure conformance to 10 CFR Part 50. Appendix ing anticipated transients and to mitigate the conse-
iR. and to evaluate the plant's ability to cope with quences of an KlWS esent. '

fires and flooding in different cable trass as well as in
differentareas of the plant.These revicwsevaluated O C"". trol system failures that could lead to failures of

'

the effects of fires and flooding in control-grade as hquid tanks located outside the containment and to
i

fuel handh.ng accidents (for cumple, spent fuel or '

well as protection-grade equipment.
accidents involving waste disposal systcms) were not

Also, as part of Ihe USl A-46 activitics. control- considered in Ihis review. These systems do not usu-
grade and protection-grade equipment are evalu- ally interact with control systems that are used dur-
ated to assess their seismic ruggedness and ensure ing normal plant operations.
that plants have the ability to achieve safe shutdown (8) Individual utilities had to address IE Bulletin 79-27,
after a design-basis scismic event (see item 2 m Ap-

"Imss of Non-Class IE Instrumentation and Controlpendix A to this report).
Power System Bus During Operation," and to mod-

(3) Operator errors of omission or commission were not ify their plants appropriately in order to ensure that
addressed in ihis review. Operating procedures for the operator would be able to achieve cold shutdown
the important transients wcre revicwed. An assess- conditions after a loss of powcr of a single bus to in.
ment was made to determine whether operating st rumentation and controis in systems used in attain-
procedures (to mitigate the transients of concern) ing cold shutdown. A reevaluation of IE Bulletin
wcre written so that Ihe operator could perform the 79-27 rc3arding the consequences of a loss of power
task in the time allowed. An evaluation was also per- to the instrumentation and control systems is cur-
formed to determine whether there was sufficient rently being performed for all B&W-designed oper-

information (i.e.. alarms and/or indications) avail- ating plants (see item 5 in Appendix A to this
able in the control room for the operator to assess report).
the conditions in the plant at the time of the event.

(9) The items of NUREG-0737. " Clarification of TMIIn some cases. early recognition of transients was
necessary. Given early recognition, there were ac- Action Plan Requirements"(November 1980). wcre

tions that the operator could take to mitigate these implemented or committed to be implemented on

esents. F,or the purpm.es ef Jeveloping the failure individual plant designs. including but not limited to
itemsll.E.1.1 II.E.1.2,ll.K.2.2.ll.K.2.9 and II.G.I.

scenarios and analyzing resu';ing trarsiems on the
p' ant model. two of thc four r uews assumed no op.
erator action for the first 10 minutes into the tran.
sient. The other plant reucus evaluated operator 2.3 USI A-47 Program Overview
action on the basis of available time for action during
each transient. For the risk-analysis phase evaluat- Figure 2.1 summarizes the A-47 program and identifies
ing the core-melt frequency, operator action for all that program's major activities. Both INEL and ORNI
plants revicued was determined on the basis of concentrated on identifying control system failures that
available time for action durmg each significant could lead to:
transient identified.

(1) steam generator (reactor vessel) overfill events
(4) Transients resultine from control ssstem failures

during hmiting contlitions for operation (l.CO)(for (2) reactor vessel oscreooling events
'

exampic. systems deliberately disabled for a short (3) reactor core overheating events Itime for testing anJ or mamtenance; weic not con-
;

sidered in the revicw. (4) events or accidents that could be more severe than
those previously analy7ed in the FSAR

(5) ne processes used to tr . % anJ to m.antain con- ~

trol systems were not consiJered in this review. Steam generator and reactor sessel oserfill and reactor )'

vessel overcooling events have been identified previously
(6) Anticipated transients without scram ( AlWS) were as potentially significant transients that could lead to un-

rot considered in the reuen. A separate generic acceptah!" consequences. Review of how control systern
study (NRC. NURiiG-0460) was conducted to ad- failures contribute to these events was. therefore, a major !
dress this issuc. On Ju!v % 14S4. Title 10 of the part of the program.De methodology developed during |
Codc of Federal Regulations tCl R)was amended to this phase of the revicw was then apphed to iJentifying
include Section 50.62 (A'lWS rule), which requires and evaluatmg control splem failures contnbuting to rc.
specific improvements m tN daign and operation actor core over heatine es ents and es ents or accidents t hat
of commeraal nuaar power faahties to rcJuce the could be more soue th.m tha preuoaly anaiped in
hLehhood of failure to shut down the itactor follow- the FSAR.
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The goal of the resicw was to identify the non safety- and estimates of fadure frcquencies were derived from
relatcJ control systems whose failure or misoperation generic failure-rate data. Estimates of failure frequencies

,

could; were also related to specific plant failure data when
available.

(1) cause transients or accidents identified in the FSAR
d

analysis of the reference plants to be potentially Safety-significant control system failures identified by
mare rescre than predously analy/ed

~

IN!!L and ORNL are desenbed in Section 3.

(2) ads ersely affect any assumed or anticipated operator PNI . performed a probabilistic risk analysis on all signifi-
action during the course of a particular event cant failure sequences that were identified. The impor-

tance of these sequences was determined according to(3) cause technical specification safety limits to be their expected contnbution to risk.
execeded-

For the more risk-significant failure sequences. plant(4) cause transients or accidents to occur at a frequency
modifications were evaluated and the potential risk re-

,

in excess of the values established for abnormal op-
duction and cost for these modifications were estirnated.erational transients and design-basis accidents
A typical steamline configuration was analyzed (insofar as

($) cause frequent challenges to the protection systems stress) to evaluate the dynamic effects of overfill events.
_These studies were performed by INEL through its sub-

INEL and ORNL developed similar approaches for contractor CREARE R&D Inc.
cvaluating control systems. Each approach consisted of
several activities conducted in parailcl: Evaluations were made to assess the generic applicability

of the review. His review was conducted in two steps:
(1) Selection criteria for choosing important systems (1) assessing whether the thermal-hydraulic characteris-

and important failure sequences were developed. tic of different plants (of the same vendor) were similar to
the reference plants and (2) assessing whether control

(2) Failure mode and effects analyscs were performed and safety systems of different plants (of the same ven.
for all control systems in cach reference plant to dor) are sufficiently similar.
ta) identify systems that had the potential to affcet
the cwnts of concern (for example. overfi!!. over-
coAng. oserhcating) and (b) iJsmu ihe fadure 2.4 RCHOW PrOCCdurCS

.

modes that would aggravate the events.
INEL and ORNL cmployed similar methods and procc-

.

(3) A hierature scarch was conducted to review the op- dures to review the control systems. Differences were
crating history of selected plants and identify system noted in the initiating mechanism for each type of tran-
failures that adscrsely affected plant safety. sient evaluated. and in the number of control system fail-

ure combinations analyzed. These differences are(4 ) Dermal. hydraulic computer models (for cach ref-
crence plant design) were developed with sufficient attributed to the collective judgments made by the re-

detail of the plant systems and control systems de- viewers conducting the evaluations at cach laboratory and

sign to simulate the dynamic responses of the plant
the iterative process used to select the failure scenarios.

during transient conditions. Rese procedural differences are not significant.

(5) Analysis was verified by comparing selected tran- 2.4.1 Criteria Development '

sent response calculations with actual plant data
and other independent analyses using accepted and The following events for BWRs and PWRs were consid-
s erified codes.

cred in identifying potentially significant control systems.
' " " " " " " E C C "ICredib!c combinations as well as some highly unlikch

fai:ure wmbinations of sy stems wcre analycJ to identif!. ence and judgment of the NRC staff and its consultants.

@1sted events were identified by performing systemilevelntml s) Rems wQ faHmc cod contnbute to theimportant control system failure sequences and to evalu. ,

ate their consequences. Non+afetv-related control su-
tem failures were evaluated for automatic and manual f ilure mode and effects analyses WMEAs)and were sc-

moJes of operanon and at different reactor power levels " * "' " # ""'"E |* """'tiow intermediate , and full-powcr operations)in order.

to Jc:ermme the bounding conditions. The sequences (1) HWR rsents
that susfied the selecuon entaia were anah7ed to iden-

~

iny e.<mponent failures (includmg compone'nt f ulures in (a) inacases and d(ereases in reactor coolant
suppon miemst failure mechanisms were identified inventon

!
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(b) increates in reactor heat removal Computer modcIs included the nuclear steam supply sys-
tems the balance-of. plant systems, the safety-related

(c) increa>es in reactor vessel pressure reactor protection s:. stems, and the major non safety-
related control systems designed to control pressure. |

(d) increases in reactor core positive reactivity temperature, flow, and flux. The control logic necessary
to automatically actuate the safety-related and control-

(e) increases and decreases in reactor core trade protection systems and/or components was
inclu d.recirculation flow

For the ISEL analysis. RELAP 5/ Mod 1.6 was used for
(2) PWR Fvents both the GE and the E reference plant designs.

(a) increases and decreases in steam generator
inventory For the ORNL analysis, the computer model used for the

11&W reference plant consisted of an analog model of the
integrated control system coupled to a digital thermal.

(b) increases and decreases m. heat removal by hydraulic model of the major reactor components and sys-
the secondary system tems. This hy brid model (NRC, N UR EGiCR-4449) used

a number of different codes to model the various compo-
(c) anomalies in reactivity and power nents and subsystems in the design. The codes most

distribution widely used were the RETRAN and RELAP codes.

(d) decreases in reactor coolant system flow For the CE reference plant design review, ORNL used
rate the following plant modelsr

(1) a RETRAN model of Calvert Cliffs Nuclear Power(e) increases and decreases m. reactor coolant
system inventory Plant. Unit 1 (developed principally by CE for the

13altimore Gas & Electric Company and modified by
ORNL [NRC. NUREG/CR-475S] to include theTables 2.1. 2.2 and 2.3 het the screening triteria used by necess:ov control and balance-of-plant system de-INEl. and ORNI. to iintify potentially significant con- sgngy,a6d

trol systems.

(2) a modular modeling system (MMS) computer code
adapted to the Calvert Cliffs design.

2.4.2 S stems Level Failure Mode and3
The MMS model was developed as a backup in the eventEITects Analyses the RE'lRAN model might not be availabic. Subsc-
quently, it was used for several transient simulations but

A systems level FMEA was performed on all major plant was not needed for the design review.
systems for each reference plant design to identify sys-
tems and their failure modes that could potentially cause Control sy < tem failurcs identified during the FM E A were
or contribute to the events listcJ above [Section 2.4.l(l) represented in the thermal. hydraulic analysis. Single fail-
anJ (2)]. Systems that did not contribute to these events urcs as well as rnultipic failures of systems such as loss of
were dcleted from further review. Durmg this stage of re- power to the control systems were evaluated to assess
view. both non. safety related systems and safety related their effect on the transient behasior of the plant. It was
sy stems w ere addressed. The entena (Tables 2.1. 2.2, and not necessary in all cases to use the thermal-hydraulic
2.3) w creinterpreted broadly during the selection process model to evaluate the effects of every system failure iden-
to cnsure that a!! sytems that could contribute to the tified by the FMEA. Engineering judgment limited the
events of concern were identtfied, regardless of their rela- numbers and kinds of transients that were analyzed. Sc-
the effect. The effects of the f.he of support cystems lection of the type and number of system failures eva!u.
(e.g., loss of air and ioss of powcr supply) were also con- ated was an iterative process. That is, the selection of
sidercJ in thh phase of the resiew. spicm failures was highly dependent on the results of

previous analyses. In selecting credible single-failure and
rnultiple-f.ulure scenarios for analysis, engineering judg-

2.4.3 Thermal-Hydraulic Transient Analyses ment prevailed. ln some cases tmore cxtensively in the re-
views of the GE and the E designs), highly unlikely

I hermal4 Jraulie tran<ient analyses were conJucted us- combinations of multiple failures were selected for analy-3

ing cumputer rmJch des clopeJ for each of the reference sis. I hese comNnations wcre (hosen to select optem fail-
p! ant designs. ure comb: nations that could base the most significant

7 NI ?iMG- 12 G
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effect on the es ents of concern. If these stIcelcJ multiple GE and the W review) wcre also evaluated. These analy-,

failures resulted in acceptable plant transients, many ses were performed in part to serify the dynamic plant re-
other (less sesert) failure comhmations could be climi- sponse to failures that were assumed in the FSAR
nated from consideration. Failure combinations w cre also analysis (that is. a single failure of a safety-related system.

'
selected to assess the effects of potential common-mode concurrent with loss of a single non safety-related sys-
failures of the more important systems. tem) and in part to assess combinations of control system

failures that might occur on other plants as a result of a
If unhkely failure combinations resulted in significant c mmon-cause failure resulting from unique design con-
plant transients, the failure modes were then anah7ed to figurations. The number of control system failure combi-
determine how credible these failure combinatioris were nations that were analyzed were minimized by selectmg

,

and to estimate the frequency of such failures. only those combinations that would have the greatest im-
pact on plant parameters (e.g.. flow. pressure, and level).
These combinations were judged to be the ? worst case"

Combinations of system failures under various normal
scenarios. If these combinations resulted in acceptable

plant conditions (i.c.. startup, shutdown, and power op- plant transients. other (less severe) failure combinations
cration) and accident conditions were analyzed. Failurcs could be climinated from consideration,
that w cre conoJered for selecting worst-case or boundmg
transients included the following:

(1) single and multiple failure of safety related protec. 2.4.4 Literature Search
,

tion systems (evaluated only on GE and E designs)

The literature was scarched to identify and evaluate tran-
Some single failures in safety-related protection sy s- sients or accidents initiated by failures related to control
tems could produce more severe transients than

and instrument systems. Lice'nsec esent reports (LERs)those caused by combined failures of various non'
safety-related control systems, in many cases, in- and nuclear plant experience reports were reviewed to

identify and select candidate scenarios for transient
ciuding the effects of safety-related protection.
failures bounded the effects of a number of non- analysis. Control system failures from these reports were

safety-tclated control system failure combinations scrcened to identifv those failures that could (l)adverselv
affe.:t operator actions. (2) result in the actuation of proland thcrcfac Nnimi/ed the n .Ar of ncn-safety-

system failure combinahons that needed to be ana- t(cuon systena. (3) cause technimi specification safety

Ivzed by computer simulation. I mits to be exceeded, and (4) cause transients or acci-
dents designated as moderate or infrequent events to oc-

(2) single failurcs of non-safety-related systems cur more frequently than prescribed. Also, the LERs
were used to assess if control system failures (shown by

(3) multiple dependent failures of safety-related pro- analysis not to be a problem on the reference plant) might
tection ssstems and non-safety-relatcd systems re- be of concern at ather plants. Data en control and instru-

~

sultine flom a single event such as loss of a support ment failures from 1969 through 1985 were reviewed by

^evstem the laboratones. ORNL data w cre supplemented by addi-
tional data provided by the Universny of California at Los

H) multiple independent sutem failures Angeles (UCLA)(Alter and Okrent.1983). UCLA staff
'

visited seven plant sites, gathering eperating experience
I oss of ac and de electric power supply systems and air and reviewing station records.
systems was consiJered m the resiew. When multiple
control system failures were identified that could occur as
a result of a loss of a single electrical bus or a single air

2.4.3 Failure Analyses of S.ignincant Control.

supply system or common sensing lines, they were ana-
ly7ed For certain sptems. ifit w.6 not apparent from the System Failures
available information whether or not they could fail si-
multaneously as a result of low of power, multiple (de-

Fmlures that met the selection criteria (refer to Tabicspendent) failures were postulated. If these failures
2.1. 2.2. and 2.3) were considered te be safcts sienificant.resulted in significant plant transitnts. the failure modes
Analues were performed to identify the cre'dibic failure

would tbn be ana!)/ed to determine if these f.niurc^ meclianisms that could cause thc es ents of concern. Prob-were crethble,
ability was also estimated for eah identified failure
mechamsm and for the recultinc failure scenarios that

For cerv n enis. multiple inder ;ndcut failures of non. could cause the events of cona rn. Fr.e result' ol these re-
wfety e J systems (and safety related systems for the views are described m Secuon 3
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Table 2.1 Control system screening criteria used by INEL to identify
pottntially significant control sptem failures on the

GE 11% R reference plant design

(1) Any control. grade system or component failure, either initialmg or aggravating, that results in an undesired in-
crease in reactor coolant inrentory to the point at which moisture enters the mam steamlines, will be selected for a
dela. led resicw. For this study, the point of overfill is defined as that level which, if exceeded, could cause significant
water to carry over imo the main steamlines.

(2) Any ~ control-grade system or component failure. cither initiating or aggravating, that results in an undesired de-
crease in reactor vesselimentory beyond the bounds of the Browns Ferry .FSAR analysis, will be selected for a de-
tailed review.

(3) Any control-grade system or component failure, either initiating or aggravating. that results in an undesired in-
crease in /n at removalbeyond the bounds of the Browns Ferry FSAR analysis. will be selected for a detailed review.
System failures that could ! cad to coo!Jown rates in excess of 100F* in an hour w cre identified as potentially signifi-
cant failures during the transient naalysis phase of the review.

(4) Any control grade system or component failure, cither initiating or aggravating. that results in an undesired in-
crease in rc actor rcuc/ pressure bey ond the bounds of the Browns Feny FSAR analysis, will be selected for a detailed
review.

(5) Any control-grade system or component failure, either initiating or aggravating. that results in an undesired in-
crease or dccrease in reactor core coolant flow bey ond the bounds of the Brow ns Ferry FS AR analy sis, will be select ed
for a detailed review.

(6) Any control grade system or component failure, either initiating or aggravating, that results in a ndesired in-
crcase in pmitne tractirity beyond the bounds of thc' Browns Feny FSAR analysis, will be selected or a detailed
review.

X

k(7) Any control grade splem or component failures projected to cause transients identified as incidents of moderate
frequency (anticipated operational occurrences) to occur more frequently than once a year, or failurcs which are
projected to cause transients identified as infrequent incidents to occur more than once during the lifetime of a
plant, or failures which are projected to cause limiting faults (design-basis accidents) will be selected for a detailed
review.

(8) Any control-grade system or component failures that would adversely affect any assumed or anticipated operator
action or operation of automatic protection systems during the course of a particular event, or that would result in
frequent manual or automatic actuation of engineered safety features, including the reactor protection system or
that would result in exceeding any techmcal specification safety limit. will be selected for a detailed review.
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! Table 2.2 Control splem screening criteria used by
!

INI:L to identify potentially significant contrul system failures
on the F PWR reference plant design

!

(1)_ Any control-grade system or component failure, either initiating or aggravating, that results in an undesiredin-
ecase in stcam gcncrator waterIcvc/ to the point at w hich moisture enters the main steamlines, will be selected for a
detailed review. For this study, ihe point of overfillis defined as that level which,if exceeded. could cause significant

; water to carry over into the main sicamlines.
|
| (2) Any control-grade sptem or component failure, either initiating or aggravating. that results in an undesired in-
!

crca3e or decrease in reactor coolunt inventory beyond the bounds of the H. II Robinson FSAR analysis, will be se-
lected for a detailed review.

| (3) Any control grade system or component failure, either initiating or aggravating. that results in an undesired de-
crcase in reactor coo /mit water tcmj cruture beyond the bounds of the H. B. Robinson FS AR analysis, will be selected -,

I

for a detailed review. Ss stem failures that could lead to cooldown rates in excess of 100F * in an hour were identified~

as potentially significant failures during the transient analysis phase of the review.

(4) Any control-grade system or component failure, cither initiating or aggravating, that results in an undesired in-
ceca 3e in nuc/ car systcm pecs3ure beyond the bounds of the H. B. Robinson FSAR analysis, will be selected for a de-
taded review.

j (5) Any control. grade system or component failure, either initiating or aggravating that results in an undesired de-
! crcase in reactor corc coolantpo.v beyond the bounds of the H. B. Robinson FSAR analysis, will be selected for a

detailed review.,

!'

(6) Any control-grade system or component failure, either initiating or aggravating. that results in an undesired in- l

i

crca3e in positive reactirity beyond the bounds of the H. B. Robinson FSAR analysis, will be selected for a detailed
review. '

|

| (7) Any control-grade s) stem or component failure, aggravating a srcam gencrator tube rupture causing a release of |'

raioactise material to the atmosphere greater than the FSAR analysis calculated, will be selected for a detailed
review.

(8) Any control. grade system or component failurcs projected to cause transients identified as incidents of moderate
frequency (anticipated operational occurrences) to occur more frequently than once a year. or failures which are j
projected to cause transients identified as infrequent incidents to occur more than once during the lifetime of ai

! plant, or failures which ar e projectcJ to cause limiting faults (design basis accidents) will be selected for a detailed
! review.
|

| (9) Any control grade s'. tem or component failures that would adversely affect any assumed or anticipated operator
anion durmy the course of a particular event, or that would result in frequent manual or automatic actuation of

,

'

engineered safety ft a. me!uding the reactor protection sy stem, or that would result in exceeding any technical
-

| specification safet) .hmit, wdl be selected for a detailed review.
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Tabfc 2.3 Control s3 stem screening criteria used by ORNI to
identify potentially significant control system failures

on the il&W and CE l'WR reference plant designs

(1) IJentify nuclear plant systems with potential to initiate or aggravate steam generator overfill. Such systems would be
those whose failure or misoperation can introduce feedwater in amounts sufficient to fill the steam generator to the
degree that water enters the steamlines.

(2) Identify nuclear plant systems with the potential to initiate or aggravate overcoohng the primary system. Such sys-
tems uould be those whose failure or misoperation can lead to uncontrolled primary heat removal at rates greater
than the rate of heat production to the extent where safety limits are challenged. System failures that lead to ex-
tended cooldown rates in excess of 100F* in an hour were identified as potentially significant failures during the
inmsient analysis phase of the review.

(3) Identify nuclear plant systems with potential to initiate or aggravate core damage through overheating.

(4) Identify nuclear plant systems with potential to degrade the performance of safety systems.

.

p

t

i

.

|

!

bk NI bi*I)I

. , - , . - - - - . . -



. - -. . . .. - --. .-. . .

e

i

|.s

4

.3 RESULTS OF TIIE INEL AND ORNL STUDIES

.

.

3.1 Poteiltially Significant Control SyS. greater break flow conditions than were assumed in the

tem Failure Scenarios FSAR accident analysts,.

.

Using the methods and screening criteria described in Transient studies show ed that the limiting mode of opera-
tion for one of the two identified overcooling transientsSection 2, potentially significant control system failure occurred during hot shutdown conditions. De two over-

scenarios were identified for cach reference plant design,
"the results are summarized in the sections that follow. pressure transients occurred during cold-shutdown op-

cration.and one of the overfill transients occurred during
low-power operations. For the other failure scenarios.

3.1.1 GE B%R Plant mid.r nge to full p wer peration produced more rapid
and severe transients.

'Ihree failure scenarios that could lead to reactor vessel - +

overfill esents were - identified (NRC. NURIIG/ For these events. an ascumption was made that no opera-
CR-4262. Vols.1 & 2).Two of the three failure scenarios tor action was initiated for the first 10 mmutes following -
could also lead to overcooling es ents during low. pressure any postulated failure. This guideline applies to operator
startup or shutdow n operation. All other failurc scenarios - response to a specific failure regardicss of the time at
that were identified were determined to be bounded by, which the failure occurs during the course of the event.
the plant FSAR analyses.

Results of the thermal. hydraulic trancient analysis indi-
For these events, an assumption was made Ihat no opera. cated that:

l

tor action would be initiated for the first 10 minutes fo!-
lowing any postulated failure. Itts guideline apphes t - (1) The onset of os crfill(via the main feedwater system)
operator response to a specific failure regardless of the could occur very quickly (between 20 and 205;

time at which the failure occurs during the course of an ' seconds)'
cvent.

(2) . Plant cooldown transients reached cooldown rates -
The onset of overfill was predicted to occur very c".:ickly of 100P within 125 to 230 seconds.

(i.e. between 20 and 300 second> into the csent b The re.
actor vessel was assumed to overfill when moisture en- (3) Overpresure limits (10 CFR Part 50. Appendix G

,

tered the main steamlines and was sustained. Moisture
curves) can be exceeded in 15 to 162 seconds,

carryoser was defined as a significant change in steam Tabic 3.2 summariics the failure scenarios and the failure
quality a nd was indicated by the stcamline vapor void frac- mechanisms that were iden tified as safety significant, and
tion and the downcomer water level.ne transient analy- summarizes the failure probabihties of control system
ses were terminated after the vapor void fraction in the failure sequences initiating the' events of concern.
steamline continucd to decrease at a steady rate, indicat.
ing that more water was entrained in the steam. Tran-
sients that resulted in the downcomer fluid temperature g, p . I

decrea<,ing at a steady rate greater than 100P in an hour
"Ihree potentialh safets-significant failure scenarios were

were defined as os crcooling tr.msents. Table 3.1 summa- ~

riees the failure scenarios and the failure mechanisms identified (NRC. NUR'EG/CR-3692. -4047 and -4449).-_

.

One leads to a steam generator overfill event and two
that w ee identificJ as safety significant. and summarues
failure probabilities of control system failure sequences lead to a reactor core overheating event. The analysis

initiatine the esents of concern- indicates that the onset of overfill associated with main-
feedwat er flow can occur very quick!y (i.e.. approximat cly
3 minutes) at power levels between 50 percent and 100

3.1.2- W 3-. Loop PRR Plant percent when both feedwater pu~pt are in operation.-

Overfill events associated with tne auxiliary feedwater
liight failure scenarios were identified that could poten- sy stem and the startup feedwater elem were predicted
tially lead to undesirable events (NRC. NURiiG/ to occur at a much slower rate, so that the operator would -
CR-4326. Vols.1 k 2). Two of thesc scenarios were be espected to have sufficient time to identify the event
identified as contubutors to overh11 es ents, tw o ot her sec- and termmate the Dow before overfill conditions could
nanos contribu ted to overcooling even t s. and two con t rib- occur. The onset of os erfill was determined by a very low -
uted to scactor coolant system oserprewure esents. The vapor soiJ fraction fluid entering the steam generator
r c m. y Ie o f ailm e seen.o uno;,tiibuted to a radiation dow neomer anJ m..m steamlinekt b p uiJcline was simia
release during a steam pencrator tube rupture. by causing lar to that discussed in Section 3.l.1 for the 13WR review.

N t 'l !E1217 12
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Results

l'or the os erheating es ente. it was predictcJ that the core in the actuation of protection systems.(3)cause technical
wuid be seserely damaged d the operator did not take specification safety hmits to be exceeded, or (4) cause
proper conecthe action withm 30 to 60 mmutes. transients or accidents designated as moderate or infrc-

Other control system failure scenarios were identified in quent events to occur more frequently than desenbed.
Data on control and instrument failures from 1969NUREG/CR-3692. -4047, and -4444, but were deter- through early 1985 were reviewed.The sections that fol-

mmed to be either bounded by transients or accidents
low summari/c both that review and the conclusions.analy/ed in the FSAR. or it was determined that the

operator would base sufficient time to terminate the
event before it became a safety-significant event: there- 3.2.1 GE BWR Plants
fore, they are not discussed here. Tab!c 3.3 summarties The literature review for BWR plants evaluated all re-
the failure scenarios and the failure mechanisms that ported events of control ssstem failure for the llrowns
wcre iJentified as safety significant, and summarizes fail-

17erry Nuclear Power Station, Units 1. 2. and 3, during a
ute probabilitics of control system failure sequences initi- 3. year period (1980 through 1982). This review was ex-
ating or contributing to the esents of concern.

panded to include allother BWR plants for the same pc-
riod. The data were further expanded to include

3.1.4 CE PMit Plant p tenti lly significant events occurring as early as 1970
(NRC, NUREG/CR -4262. Vols.1 & 2).

l'our potentially safetv-significant failure scenarios were
identified (NRC. NUSEG/CR-4265). Two lead to over- Review of the operating experience did not identify any

. .

fdling the steam generator vessel via the main feedwater c ntrol system failures that satisfied the above criteria.
system; one leads to overheating ihe reactor core; and onc

'lhree reactor overfill events did occur in Ihe early 1970s.
overcooling event could lead to a possible pressurized

Two occurred at Dresden Nuclear Power Station. Units 2
thermal shock event in a plant with a vulnerable pressure and 3. and one at Nine Mdc Point Nuclear Station, Unit 1.
vessel. Two ca t egories of such overfill even t s were investi-
gated: rapid and slow. Slow oserfeeding transients occur At the time of these events, the design did not provide a

via the feedwater bypass valves after the main feedwater- reactor vessel high water level fecdwater trip system. A
trip system was later incorporated.regulating vahes are closed and were not considered

safety significant bceause of the Isr time it took to over. Four overcooling events were also identified (Edwin I.
fdl.Os crfdl with m in fted.una 9 m rmas predictedio - Ibich Nuclear Plant. Unit 2 [1978]: Brunswick Steam
occur s cry quickly (that is, onset of overfill could occur in Electric Plant. Unit 1 [1977]: Peach Bottom Atomic
2 minutes). Onset of overfdi was assumed when low- Pow er Station. Unit 3 [1979]: and Cooper Nuclear Station
quahty steam entered the main steamlines/lhis guidelinc [19S0]). 'lhese events w cre regarded as precursors to the
is similar to that discussed in Section 3.1.1 for the HWR transients evaluated in the plant model.
review.170r the other two failure scenarios, the analysis
indicated that for a very narto}v range of break si/cs of 3.2.2 H PWR Plants
small break loss-of-coolant accidents (SBLOCAs). over-
heating of the core or possible pressurized thermal shock A similar review of the E PWR plants was conducted for
can occur if the operator fails to take the plant to safe. the same 3 year period (1980 to 1982)(NRC, NUREG/
shutdown conj:tions. Other failure scenarios that were CR-4326. Vols.1 & 2). The review included the refer-
identified in NUREG/CR-4265 were determined to be once plant and five other W PWR plants.The review did
bounded by the events analyzed in the FSAR accident not identify any control system failures that satisfied the
artdpis. or it was determined that the operator would criteria stated above.
have sufficient time to terminate the event. Therefore
they are not discussed here.

3.2.3 MW P%Tt Plants
Table 3.4 summanzes the failure scenarios and the failure A review of the operating expenence was conducted for |

mech:mkms that ucre identified auafety (ignificant. and the reference plant ar.J all other HAW PWR plants
summari/es Iailure probabihties of control system failure (NRC. NUREG/CR-4047). The period ranged from
sequences initialme or contributine to es ents of concern. January 1975 through early 1985. On the basis of this re-

I
view. no abnormal events w cre identified at the reference

3.2 Literature Search plant that led to potentially severe accidents or unsafe
conditions. One steam gencoder merfdl es cnt occurreJ

! at Oconce Nuclear Station. l'mt 3. in 1981.lxensec event reports and nucleai plant expentnce re-
p o were roucJ to iJenttfy wnuol sptem faduies The operota,y histon d., i on 0:hcr H&W PWR piar.ts
that could (1) adversely affect eperator actions. (2) roult revealed the f ollowing:

i
,
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Results

(1) Two steam generator oserfill events occurred at 3.2.4 CE PWR Plants
Rancho Seto Nuclear Generating Station. Unit 1
iMarch 1978 and December 1985). A review similar to the Il&W review was conducted for

Cl! PWR plants (NRC, NURiiG/CR-4265).
(2) Operator errors could cause technical specifications

to be violated. A "".mber of steam generator overfeeding events werc i
!

identified; none progressed to an overfill condition. In all
(3) Inadvertent malfunctions occurred infrequentiv. cases, the overfeeding events were Icrminated by t he con-

,

!

'

trol system or by operator action. Maintenance and test-
(4) Unnecessary scrams that challenge the protection - ing probicms resulted in the most frequent challenges to

system occur.13&W PWR plants have a lower-than- the protection systems. 'Mic review did not identify any
average industry record for the number of scrams control system failurcs that satisfied the criteria stated in
(i.e., three per year). Tables 2.1,2.2, and 2.3.
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Table 3.1 Potentially significant failure scenarios in a representative GE IlWR
(Source: NtJREG/CR-4262 and -4387)

Probability
estimate

Ewnt Failure scenario Failure mechanism (events /yr)

Overfill 1:ailure m the feedwater control system can cause an A leak or rupture of the primary sensing line 3.4Ii-3 * '
crent #1 increase in feedwater flow.and disable the fecdwater trip common to two of the three reactor vessel

system und the operator fails to trip the feedwater pumps. water-level sensors can cause false low-level
signals.

Condition for Operapun: 67'% full load operation.
Common-cause failure (e.g. maintenance
error) of two of the three reactor vessel level
sensors (or sensor circuitry) can cause false
low-level signals.

Independent failurcs of two of the three level
sensors (or sensor circuitry) can cause false low-
level signals.

,-

A failure in the control circuit that regulates the.

feedwater pump speed and a second failure of
two of the three high-level trips.

Overfill Control system failure can cause an increase in the conden- A single control system failure can cause any one 2.5fi-5t
event #2' sate flow and the operator fails to terminate condensate of the three motor operated feedwater pump

flow. discharge valves to open, resulting in full con-
densate flow.

Condition for Oncration: low-pressure startup or reactor
shutdown operation. A single failure of a startup feedwater low-pressure

bypass valve (failing open) can cause an increase
in the condensate flow rate.

A sing!c failure of a condenser bypass valve
(failing closed) can cause an increase in the
condensate flow rate.

d
E W
d 3
2.- ciu -

G See footnotes at end of tabic. "

.
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Ta!.!c 3.1 (Continued) %
_. .-
. ,

C Prob.ibilitt
~'

estimate
thent l'ailure scenario Failure mechanism (es ents/yr)
-- -

( h cr fill l'ailure in the proic tion system which results in inadver- Failure in a 1-out-of-2 taken-twice reactor low- liili-3tt

c cute 3*- tent for-pressure o.olant mlection (I l'FI) or core spray water-!crel logie circuit,
injecin a (USl > and the oper.itor 1.uls to ternunate flow.

l'ailure m one of the two lugh di>well pressure
logic circuits.

f.bnt 111gn._[er_Onegipan: I ow-pressure startup or reactorl

shutdown operation. Common-eause failure of two drywell pressure
switches (failmg closed).

Common-cause failure of two reactor vessel low-
water-level switches (failing closed).

Two independent failures of drywell pressure
switches or two independent reactor low-water-

g IcVel switches (failing closed).

Includes probability estimate Cl.52/ demand) that the operator fails to trip the feedwater in time to prevent overfall following a rapid overfeedmg
*

transient.
+ ' ilus event can also cause an overcooling transient.
t includes probability estimate it).3/ demand) that the operator fails to trip the condensate flow to prevent overfill.
t tincludes probabihty estimate (IIA / demand) that the operator fails to trip the LPCIs or CSIs.

,
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Table 3.2 Potentially significant failure scenarios in a representative H PWR
(Source: NtlREG/CR-4326 and -4387)

Probability
estimate

Event Failure scenario Failure mechanism (events /yr)

Overfill A singic control system failure can lead to excessive A false steam generator low-water-level signal to 1E-4*crent #1 feedwater flow (e.g.. overfeeding). When the feedwater flow the feedwater controller can cause overfeeding
is automatically terminated by the steam generator high- of a steam generator.
water-level trip system, the auxiliary feedwater system
(which is automatically initiated when the main feedwater A leak or rupture in the primary sensing line of
pumps are tripped) can cause a steam generator overfdl the controlling steam generator level instrument
condition if the operator does not take proper action to can cause overfill.
mitigate the transient.

A single failure can cause the feedwater regulating
Condition for Ooeration: Very-low-power operation (i.c.. valve to open and cause an excessive overfeeding
SG power). , transient.

A failure in the steam generator water. level
a controller circuitry can cause a steam generator

overfeeding transient.
t

Overfill A control system failure can cause an increase in main fccd- A failure in the controlling steam generator level 31I-8 "
event. #2 water flow and a second failu:c of a steam generator high- instrument (causing it to indicate low) and a

water-level trip system could cause an overfill event if the concurrent (or subsequent) second failure of
operator fails to terminate flow. another level channel (sticking or failing as is).

Condition for Operation: 67% full-power operation. A leak or rupture in the primary sensing line
of the controlling steam generator level instrument
and a second failure of another !cvel channel
(sticking or failing as is).

' A failure in the main feedwater valve (can cause
it to open)and a failure of two of the three
steam generator Icvel instruments (fail in
the mid-range position).

?
h
m No )
|; ." .

E. '

C See footnotes at end of tabic. E
!

l
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K Table 3.2 (Continued) 'g;
a ~

.L G
e Probability
"

estimate
Ewnt Failure scenario Failure mechanism (events /yr)

Overfill A failure of a steam generator level controller and
event 52 a failure of two of the three steam generator water
(con t'd) level instruments failing to respond to a high. water-

Icvel condition.

The controlling steam generator level instrument
fails low and the steam generator high-water-level
trip logic circuitry fails to trip the feedwater pumps.

A leak or rupture of the primary sensing line of
, the controlling level instrument (can cause the

sensor to read low) and a failure of the high-
water-level trip logic circuit.,

A failure of a feedwater valve (in the open
"_ position) and a failure of the high-water-level

3 trip logic circuitry.

Failure of the steam generator water-level
controller and a failure of the high-water-level
trip logic circuitry.

Overcool A failure that results in an inadvertent steam dump The Tovg temperature instrument fails high and 1.4 E-8t
event #1 operation with the reactor at power (all steam dump valves a second failure occurs in the steam dump valve

fail open and the operator fails to close the block valve). arming circuit.

Condition for Operation: 102% full-power operation (this A single failure occurs in the temperature
; failure scenario requires that the reactor trips during the control!cr and a second failure occurs in the

early stage of the transient). steam dump valve arming circuit.

Overcool Control system failure that results in inadvertent opening Single failure in the steam dump contro!!cr that IE-3t
event #2 of the steam dump valves or steamline relief valves. sends a signal to one or more steam dump valves.

Condition for Operation: Ilot shutdown (T.,g less than A single failure in a steam dump valve that results
547'F). in opening of the valve.

See footnotes at end of table.
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Table 3.2 (Continued)

Probability
estimate

Event Failure scenario Failure mechanism (events /yr)
<

Overcool A single failure in the steam dump controller that
event #2 sends an open signal to one or more PORV
(Cont'd) (atmospheric dump valves)1

A steamline PORV control circuit (or switch) fails.
Over- A failure that results in a loss of letdown flow and a loss of A loss of power that feeds both the letdown valve 2E-8t t
pressure pressure relief (both PORVs)and the operator fails to and one of the PORVs so that the pressurizer
event #1 terminate the event. Ictdown valve goes to its closed position and

renders the FORV inoperable and a second active
Cendition for Operation: Cold shutdown. failure of the other PORV.

Independent failure of a letdown valve in the
closed position and failure of both PORVs to

3 open.

Over- A failure that results in inadvertent safety injection initiation A single failure in the logic circuit that results in 41i-5t tpressure when the reactor is being heated from cold shutdown. the actuation of the safeguards sequence.
cvent #2 (During this operation both pressurizer PORV setpoints are

shifted from the " low temperature'setroint to the " normal" Independent failures that would initiate high-
setpoint. If there is a failure causing inadvertent operation pressure safety injection and open the
of safety injection. overpressure conditions can occur if accumulator isolation valves.
the operator fails to terminate the event).

A single failure in one of the two safety
injection actuation pushbuttons (that actuates
the safeguards sequence).

Condition for Operation: IIcating up from cold shutdown.

SGTR Failure that results in opening one of the steamline relief A failure of a component in the steamline PORV 2E-3 (7E-6event #1 valves concurrent with a steam generator tube rupture in control circuit can cause the valve to open and with an SGTR
the affected steam generator. remain open. cvent)

3
-5

.

5 ;;

86 5G Sec footnotes at end of table. "
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og Table 3.2 (Continued) y-C
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'

U Probability"
estimate

Event Failure scenario Failure mechanism (events /3 r)

SGTR Condition for Operation: 1027o power operation with one A mechanical failure of a steamline PORV (i.e.,
event #1 steam generator tube ruptured (adjacent to the cold-!cg atmospheric dump valve) can cause the valve to
(Cont'd) tube-sheet)and a simultaneous loss of offsite power. stick open.

A failure of a component in the steam dump
controller can cause a steamline PORV to open
and remain open.

A mechanical failure of a safety valve can cause
it to stick open.

SGTR Failure that results in opening of steamline safety valves For PORV and SRV failure mechanisms, refer to 311-3
event #2 (SRVs) or steamline relief valves (PORVs) and a high SGTR event #1 above. (lii-5 with an

feedwater rate concurrent with a rupture of a steam
SGTR event)generator tube.o

For feedwater overfeeding events, the following
failure mechanisms were considered:

Condition for Oncration: 1027o power with one steam
generator tube rupture (adjacent to the cold-leg tubesheet). . A failure of a steam generator levelinstrument

controlling the feedwater flow.

. A leak or rupture of the sensing line of the
Icvel instrument controlling the feedwater flow.

. Inadvertent opening of the feedwater control valve.

. A circuit failure of the steam generator water
level controller.

* Includes probabdity estimate (0.1/ demand) that the operator fails to terminate the auxiliary feedwater system to prevent overfill.
** Includes probability estimate (0.5/ demand) that the operator fails to terminate the flow.
tincludes probability estimate (0.05/ demand) that the operator fails to initiate the block valve.

ttincludes probability estimate (0.1/ demand) that the operator fails to terminate the event.

. _ _ - _ _ _ - _ _ - _ - - _ - _ -. _ _ - __ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ - _ _ _
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Table 3.3 Potentially significant f.iilure scenarios in a representative II&W PWR
(Source: NtlREG/CR-3692, -4047, and -4386)

Probability
estimate

Event Failure scenario Failure mechanism (events /yr)

Overfill Failure in the main feedwater control system (or valves) that Failures that can cause main feedwater pump 6E-3*
cvent could result in overfeeding one of the two steam generators trip system to fail are:

and a concurrent (pmsibly long-present but undetected)
failure of the main feedwater pump trip system which . Either of two high steam generator (operate
terminates feedwater flow on steam generator high-water range) level transmitters failing low,
level and a failure of the operator to detect and manually
trip the main feedwater pumps or isolate the feedwater flow. . Either of two steam generator level function

generator modules failing.
Condition for Oncration: Normal power operations.

. Either of two multiplications modules failing.

. Eitherof two signal monitors failing.
.'i

. Feedwater pump trip relay (ITPX) failure.

* Feedwater pump trip solenoid valve failures.

. Feedwater pump turbine inlet intercept valve
failures.

Failures that can cause main feedwater overfeed-
ing are:

. Main feedwater control valves fail open or
control valve signal fails demending valve to
open.

. Miscellaneous failures of control modules
associated with the feedwater control system.

3
* x
Q es

mwe

b b
"G See footnotes at end of table.
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Probabilitt
estimate

Event Failure scenario Failure mechanism (events /yr)

Overheat A loss of electric power to the integrated control system A loss of " auto" power to integrated control IAIW*crent #1 branch circuits "II" or "II1" when the control system is oper- system branch circuit "II" or "111."
ating in the automatic mode would result in control stations
for different control systems transferring to a manual mode of
operation.This transfer could occur without upsetting plant
operation. Power could be restored before any plant
perturbations could occur. If, however, plant perturbations
resulted in a reactor trip, feedwater overfeeding conditions
could occur if the operntor does not manually throttic the
feedwater flow. The fecdwater pumps would eventually trip
on steam generator high-water icvel if the feedwater flow
were a!! owed to continue md safe-shutdown operations
would be initiated.

g If, however, the operator takes action early in the transient
by throttling the feedwater to prevent overfeeding, but
subsequently does not restore the necessary flow to the
steam generator or initiate high-pressure injection (IIPI),
severe reactor core overheating can occur.

Condition for Operation: Normal operating range.

Overheat A failure of the " hand" power to the feedwater control sys- Loss of " hand" power to the integrated control 9E4tevent #2 tem would result in the main feedwater pump run back system branch circuits (IIX or IllX).
to minimum speed. If the feed pumps were not tripped
but allowed to operate at minimum speed, the steam
generator water level would eventually be depleted. Unless
the operator manually initiates the auxiliary fccdwater
system or restores the main feedwater flow, the steam
generator would boil dry and steam generator cooling
would be lost. The operator has about 30 minutes to
reestablish the main or auxiliary feedwater flow. After

See footnotes at end of table.
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Table 33 (Cortinued)

Probability
estimate

Event Failure scenario Failure mechanism (events /yr)

30 minutes, establishing feedwater flow would not be
effective to establish the necessary steam generator
cooling. The high-pressure injection pumps would pro-
vide the necessary long-term core cooling if the operator
manually initiates this system within 60 minutes.

Condition for Oncration: Normal power operations.

' Includes probability estimate (0.7/ demand) that the operator fails to trip the feedwater in time to prevent overfill following a rapid overfecdingtransient.

" Includes probability estimate (0.03/ demand) that the operator fails to reinstate main feedwater or initiate emergency feedwater within 30 minutes,
and includes a probability estimate of 0.01/ demand that the operator fails to initiate high-pressure injection within 60 minutes.

tincludes probability estimate (03/ demand) that the operator fails to reinstate main feedwater or initiate emergency feedwater within 30 minutes,
g and includes a probability estimate of 0.01/ demand that the operator fails to initiate high-pressure injection within 60 minutes.

i

a

=i
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y Table 3.4 Potentially significant failure scenarios in a representative CE PWR y
C (Source: NUREG/CR-3958 and --4265) g
G
U Probability

estimate
Event Failure scenario Failure mechanism (events /yr)

Overfill A single failure that causes the main feedwater regulating The following failures can cause the main feed- 9 E-3 *
crent #1 valve to fail in the "as is' or in the fully open position and water regulatory valves to fail:

the operator fails to terminate the overfeeding event.
. Iess of clectrical bus (1YO9).

Condition for Operation: Transient conditions following
a reactor trip. . Air solenoid valve controlling air to the feed-

water regulatory valve fails closed.

. Mechanical failure of the main feedwater
regulating valve.

. Failure in the hand / auto station to the regulating
valve.

Failure of the electrical to pneumatic convertor.

to the main feedwater regulating valve. *

Overfill Given an overfeeding condit. ion, if the turbine trip signal to An overfeeding condition can occur if the feed- 411-4 *
cvent #2 the feedwater regulating circuit fails and the operator fails water demand signal fails high and the following

to terminate the feedwater flow, a system generator over- failures occur to cause the turbine trip signal to
fill event can occur (multiple failures would be required). fail to close the regulating valves:

Oindition for Operation: Normal power operation. legic circuit failure.e

* Relay failure.

. Cable failure.

i

See footnotes at end of tabic.,

.
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Table 3.4 (Continued)

| Probability
estimate,

lhent Failure scenario Failure mechanism (events /yr)

Overheat Given a specifically sized small-break loss-of-coolant accident A failure to initiate r,r maintain reactor coolant 91i-6 "
event (LOCA), a failure to mitiate reactor coolant system cooldown system cooldown car, be caused by atmospheric

via the steam generator, and/or depressurize the reactor via dump valves (ADVs) and/or the turbine bypass
the pressuri/cr power-operated relief valve (PORV) or the valves (FilVs) failing to open on demand, or
auxiliary spray system can potentially cause cc re uncovery. closing indirectly ns a result of a safety injection

actuation signal and an operator error.
Condition for Occration: Shutdown after a small-break
1.OCA. A failure of the instrument air sys;em or a loss

of power to bus YO9 can prevent the ADVs and
TilVs from opening (these have much lower
probabilities than the mechanism above).

A failure to depressurize the reactor coolant
system can result from the lack of procedural

g instructions to initiate this mode under saturated
RCS conditions.

Overcool Given m!1-break LOCA and reactor coolant system Operator error or a failure of the pressurizer 1.511-41
event coo down is initiated, if the operator fails to open either PORVs or auxiliary spray system.

p essurizer PORV or initiate auxiliary spray, a pressurized
i thermal shock could result in damage to a vulnerable pressure

vessel.

Condition for Occration: Shutdown after a small-break I.OCA.

* Includes 0.1/ demand poorbility that the operator fails to manually trip the main feedwater pumps in time to prevent overfill.
'

" Includes multipic op.:ratar failure probabilities (that is, failure to initiate reactor coolant system (RCS) cooldown via the steam generator
(0.01/ demand)and failure to depressurize the RCS via pressuriecr PORVs or auxiliary spray system (0.5/ demand).

tincludes 0.01/de nand probability that the operator faits to open the pressurizer PORV when indicated. It does not include the conditional
probabihty of vessel failure due to pressurized thermal shock (PTS) conditions.
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4 GENERIC APPLICAlHLITY '

Reference plants were selected on the basis of (1) the used to limit the number and kind of transient analyses
quality and quantity of design information available to _. performed. Selection of the type and number of system >

conduct a review and (2)the belief that any weaknesses in failures evaluated for the plant model was an iterative
control system designs were more likely Io be identified in process highly dependent on the knowledge gained from

3' older plants. responses to the failure sequences simulated in previous

A numt er of control system failures having the potential analyses. In some cases, highly unlikely combinations of

for causing undesirable events were identified at the ref. multiple failures were evaluated to assess worst-case or,

bounding scenarios. On the basis of the combinations and ference plants.To determine if the results obtained for the
reference plants were applicable to other plants supplied number of control system failures analyzed, it became ap- -

by the same vendor, similarities in the thermal.hydraub,e parent that as long as the protection systems were not

parameters and similarities in control systems of other compromised and performed their intended design func-
tions, the events (except those noted below) induced byplants were evaluated.This evaluation of control systems
control failures were satisfactorily mitigated. On the basis(similarity review) of other plants focused primarily on
of the number of credible and unlikely failures evaluated,

'

those design characteristics identified as contributing to
the staff concluded that other control system failures thatthe events of concern. Sensitivity studies were selectively

performed to evaluateif the differences were significant. could occur at the reference plant (but have not been ana-

De significant transients analyzed for the reference lyzed in this review) would also be mitigated by the pro-

plants were also evaluated to determme (1)if similar tran* ' tection systems. Since the designs of the reactor protec-,

sients could occur in other plants and (2)if the transtents tion sy stems of other plants (of the same vendor)are func-

analyzed for the reference plant represented a more se- tionally similar to the reference plant designs, the same

vere or bounding transient. degree of protection to mitigate multiple control system ;

failures is provided in other plants.
Results of the reviewof the reference plants were consid-
cred generically applicable to the same sendor's other It should be noted that a few plant designs vary signifi-
plants it cantly from the reference plant designs.ncse plants in-

corporate unique design features in major fluid systems
(1) Major fluid n stems of ot her plants w cre functionally and/or instrumentation and' control systems, power sys-

similar to the reference plant.
'

tems, or reactor protection systems which have not been
evaluated in detail. For BWRs these plants are: Oyster(2) Ratio of power to volume and various ratios of Creek Nuclear Power Plant, Unit 1; Hig Rock Point Nu-

,

'

volume to flow of other plants were similar to the clear Plant: Nine Mile Point Nuclear Station, Unit 1: La
reference plant. Crosse Nuclear Generating Station; Millstone Nuclear

(3) ncrmal-hydraulic transients analy/cd at the refer' Power Station, Unit 1; and Dresden Nuclear Power Sta-.

ence plant were similar to or would bound transients tion, Units 2 and 3. For the W PWRs, the plants are: Yan-

on other plants of the same class. kee Rowe Nuclear Power Station, Haddam Neck Plant,
and San Onofre Nuclear Generating Station, Unit 1. For

(4) Control systems at other plants were sufficiently CE PWRs, the plants are: Arkansas Nuclear One, Unit 2:
similar to the reference plants so that any differ. San Onofre Nuclear Generating Station, Units 2 and 3:
ences in the design were not significant enough to Maine Yankee Atomic Power Plant; and Palo Verde No-
substantially alter the events of concern. clear Generating Station. Units 1,2, and 3. For B&W

-

PWRs, the plants are Arkansas Nuclear One, Unit 1:
(5) Reactor protection systems (that is, the reactor trip Crystal River Nuclear Plant: Rancho Seco Nuclear Gen-

systems and the engineered safety features systems) erating Station. Unit 1: and Davis-Besse Nuclear Power
at other plants are functionally similar to the refer- Station, Unit 1. The major differences in these designs
ence plants so that any differences in the design of and their effects on the significant events are discussed
the reactor protection system were not significant below. Most of the events identified during the Unre-
enough to substantially alter the events of concern. solved Safety Issue (USI) A-47 review were found to be

generically applicable to most other reactors of the same
A large number of singic and rnultiple control e stem fail-
ures were analyzed for the reference plants. It was not class. Some events. however, were determined to be ap-

necessary or practical to evaluate all possible control sys-
plicable only to the tcference plant.

tem fai!ure combinations that could occur in any one The following discussions assess the generic applicability
plant. Enginccrmg judgment and the failure modes and of the events determined to be safety significant during
effects analysis (FMEA) conducted on each plant were the review. Design features of other plants that could
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.

potentially modify failure scenarios or transients analyzed isolation of feedwater on a reactor vessel high-water-level ;

in this review are described and the eriteria used to assess signal and rely solely on the operator to mitigate an :

generic applicability are identified. 'lhis assessment is overfeeding event.
based on fundamental engineering principles, the generic
evaluati ns conducted by ORNL and INiiL (see NRC The rclative benefitsof thc different high water-level trip

reports NUREG/CR-3991, -4047, ~4262, -4265, -4326 logic provisions were evaluated using the reference plant
as a model.The nsk reduction associated with the differ-and letter Report ORNIJNRC/LTR-86-19), and staff

judgment. ent trip systems was estimated (NUREG/CR-4387).

Safety berefits gained by providing additional reactor ves-

! 4.1 GE BWR Plants selwater levelredund ncyandind pendencet s meex-
isting feedwater inp systems are not significant.The esti-

,

Several control system failures that could contribute to mated reduction in frequency of overfill events between

reactor vessel overfill and reactor overcooling events plants that have some sort of automatic reactor vessel.

were identified as potentially safety significant. All other high water-level feedwater trip system was not signtin- ,

i

control system failures that were evaluated were deter- cant. For plants with no automatic feedwater inp system,I

mined to be bounded by the FSAR analyses. The failure the overfill frequency was estimated to be about 15 times
,

mechanisms contributing to these events are identified in more likely than for plants with automatic feedwater trip

Table 3.1, Major contributors to events that occur during systems. In actual practice, the three BWR plants with no

power operation were multiple control system failures trip system have demonstrated better reliability because

that initiated overfeeding transients and failed the auto- of the operator,s role m controllmg feedwater. Results

matic feedwater pump trip system. Major contributors to and conclusions of analyses of the reference plant apply

events that occur during startup or shutdown operation to other BWR plants if they meet the following cntena

were single and multiple failures that initiated vessel w th respect to control system design:
,

overfeeding. (1) The plant must have an automatic reactor vessel

The discussions that follow summarize the design fea- high-water-level feedwater trip system.
'tures of other plants and assess the generic applicability. (2) The trip system must be operable during power op-

of the major events identified for the reference plant. eration or administrative procedures must be imple-
mented to ensure that manual feedwater trip can be

4.1.1 Oserfill Events at Power Resulting accomplished in time to prevent overfill when the
,

From Failures in the Reactor Vessel aut m tic feedwater trip system is not operable. -

High Water-Level Feedwater Trip .hM. Hydraulic Difference 2
System *

Most BWR plant systems that could contribute to reactor

Control System Differences . verfeeding and vessel overfill events are function-i

! ally similar. Although variauons m the design exist m
Review of the plant-specific safety analysis reports some plants, such as the number, type, and capacity of
(S ARs) and the docket files identified variations in the re- valves or pumps and the size of reactor vessels, these vari-

| actor vessel high-water-level feedwater trip systems that ations are not significant when the overallsize of the plant
terminate reactor vessel oserfill events in BWRs during is considered. Major systems are designed with roughlyt

power operation. similar proportions so that the time to overfill at other
BWR plants is expected to be very similar to or bounded

Most operating BW,R plants provide commercial non- . by the time predicted for the reference plant. Several
safety related reactor vessel overfill protection identical . BWR plants identified above (p. 26) incorporate designs
to the re ference phnt; that is, a 2-out-of-3, high water- that differ from the reference plant design.These differ-
level trip system with separate and independent electrical ences include: (1) different recirculation flow systems,
power supplies for each level sensor. Several plants how" (2) use of isolation condenscrs, (3) different powe r supply
ever have overfill protection designs with less independ- designs, and (4) use of different reactor vessel capacities.
ence and reliability.These designs vary from a 1-out-of-l
or a 1-out-of-2, to a 2-out-of-2 reactor high water level These design differences (except for vesse: size) would
Icedwater pump inp. At some plants, logic separation not change the results of the overfill transient 3 analyzed
and clectrical power independence could not be verified. for the reference plant. Although reactor vessei capacity
More-recent designs provide improved flexibility and re- (i.e., sire) can affect plant response for overfill evci.ts, the
dundancy by includmg a four-level sensor logic system, ratio of feedwater flow to reactor vessel volume for Mese
that is, a 1-out of 2 taken twice.Three plants (Ilig Rock plants is smaller than the ratio for the reference plant so
Point, la Crosse, and Opter Creek) have no automatic that the overfill transients at plants with larger reactor
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vessel volumes (hke I a Crowe) are expected to occur plants rely on the operator to terminate flow from these !
more slowly than predicted for the reference plant. systems once they are initiated. |
The following cnterion was used to assess the generic ap- Hermal-flydraulic Differencesplicability of this overfill event at other plants: Rattos of
power to flow, power to volume, and reactor feedwater Several plants provide fluid system designs that are differ-
flow to reactor vessel volume for other plants should be ent from the reference plant design. Dese differences !

similar to the ratios for the reference plant. If the ratios are discussed in Section 4.1.1.
vary, they should vary in the direction that causes the
overfill transients to occur more slowly. The differences in the major fluid systems in these plants I

(except for reactor vessel size) do not affect the overfill
| Plants with thermal-hydraulic chrcteristics that satis- transients analyzed for the reference plant. For plants
'

fied this criterion were determined to be similar to the with larger reactor vessels, because the ratio of conden-
reference plant. sate flow and/or emergency core cooling system (ECCS)

flow to the reactor vessel volume is smaller than these ra-
Conclusions tios for the reference plant, overfill transients for these

plants are expected to be slower and less severe than the
(1) Most BWR plants provide autoraade feedwater transients predicted for the reference plant.

pump Inp systems on high reactor vessel high. water
level. (Only three plants do not have automatic feed- The following criteria were used to assess the generic ap-
water pump trip on reactor vessel high-water level). plicability of this event on other plants:

(2) Variations in the design of the control system for (1) Ratios of power to flow, power to volume, and con.

I automatic overfill protection exist in other BWRs. densate flow or lowypressure ECCS flow to reactor
For plants with automatic overfill protection sys- v lume should be sumlar to the values for the refer-i

tems, variations in the design do not significantly ence plant.

modify expected failure estimates to reduce the fre- (2) De fill rate of the condensate system or the ECCS is
quency of overfill events that could result from con- less than or about equal to the reference plant flow
trol system failures. rates.

(3) Overfill events at phmts with no automatie overfill (3) Administrative procedures are impicmented to help
protection are c<tiated te be 15 times more likely cnsure that manual trip can be accomplished to ter- 1

than at plants with automatic overftll protection. minate condensate or ECCS flow in time to prevent iOperator action can significantly reduce this overfill.
|

csnmate.
Plants that had thermal-hydraulic characteristics and ad- |

(4) Ratios of pow er to flow, pow cr to volume, and reac- ministrative procedures satisfying these criteria were de- j
tor feedwater flow to reactor vessel volume at other termined to be similar to the reference plant.
BWR plants are sufficiently similar to these ratios

The risk associated with control failures that could lead tofor the reference plant so that the analysis con-
ducted on the refercnce plant is considered a overfill events (estimated for the reference plant) was

bounding analysis and is generically applicable t small. Because the variations in control system design for |

other BWR plants. other plants were not significant enough' to substantially I
increase these estimates, sensitivity studies of control sys- I

tems contributing to this event at other BWR plants were
4,1.2 Overfill and Overcooling Events Dur. not performed.

ing Low-Pressure Startup and Shut-
Conclunndou n Operations
Ratios of pow er to flow, pow er to volume, and condensate

Control System Differences flow or low-pressurc ECCS flow to reactor volume at

Various failures in the condensate system and in the low- other BWR plants are similar enough to the reference
plant so that the analysis conducted on the reference

pressu re coolant inject mn (1,PCI) ar.d core spray (CS) sys.
plant is considered a boundmg anal) sis and is genericallytems were identified that could cause reactor vessel applicable to other BWRs.

overfeeding events dun,ny low-premre startup and shut-
down operations.

Most BWR plante proside ! PCI. CS, and condensate sys-
~W PWR Plants4.2

tems similar to Ptms m the reference plant design. Al- Re review of a)X PWR plant ident:fied seuralcontrol
though variations m some control system designs exist all system failures that could contribute to steam generator

Nt'IR G-1217 28

__



- .- - -- - - -. - -- .. -

'

'

Applicability
|

ove-fdl, reactor vessel os crcooling, and reactor overpres- crence plant and should not result in a steam generator
sure events. Several failures were also identified that overfill.
could contribute to undesirabic release (i.e., releases in,

cxcess of tho>c calculated in the FSAR analysis for sicam Thermal-II draulic Diffe*cences3 |.

ger.crator tube rupture [SGTR]) of radioactisity during Variations exist in the de<.ign of the AFW systems in other Ian SGTR. All other control system failures that werc ~ W PWR plants that would change the time to overfill. 1

. evaluated were determmed to be bounded by the FSAR -
'

analysis.The failure mechanisms that contributc to these New 4 loop designs and some 3-loop designs have devices J

events are iden tified in Table 3.2, Overfill events could be (orifices or throttling valves) installed in the AFW lines.
caused by either sustained operation of the auxiliary feed. .Dese devices restrict the flow into the steam generators
water system or the main feedwater system. Overcooling so that a less severe overfeeding transient would result
events could be caused by failures in t he stcam dump con, than analyzed for the reference plant. In addition, most
tro! systems (i.e., steamline atmospheric dump valves or 4 loop designs have split AFW headers, so only 50 per-
condenser steam dump system).. Overpressure events cent of total AFW could flowinto the faulted steam gen-
could be caused by failures in the pressuriier power. erator instead of 100-percent flow for the 3-loop refer-

,

operated relief valve (PORV) control sptem, failures of ence plant design.

| the letdown valves, and failures in the ECCS circuitry. De following criterion was used to assess the generic ap-
Fai urcs m, the steamlme pressure relief control systems plicability of this event on other plants: The ratio of
could also contribute to excessive release of radioactivity steam generator volume to main feedwaterflow rate and '
during an SGTR. the ratio of steam generator volume to the auxiliary feed-

~

De discussions that follow summarire the generic appli- water flow rate should be similar to or greater than these

caMlity of otherE PWR plants to the major events iden- ratios for the reference planti
tified in the reference plant. Plants with thermal hydraulic characteristics satisfying -

this criterion were determined to be similar to the refer.
I4.2.1 Overfill Events Resulting From a Sus- ** P ""I'

tained Operation of the Auxiliary Feed. Some E PWR plants identified above (p. 26) incorporate

vater Flow designs that are different from the reference plant.These
design differences include: (1) large cooling capacity of
the scactor coolant system so that the ratio of the steam

Control System Differences generator volume to the main or auxiliary feedwater flow
s can@ peater than the reference plant design;On all W PWR designs, auxiliary feedwater (AFW) flow is

automatically initiated when the main feedwater pumps (2) the use of chargm, g pumps (i.e., high pressure injec-

are tripped. There are no automatic interlocks to termi. Li n Pumps) that have a higher pressure capability than'

e re ence plant design; and (3) main steam systemsnec AFW flow when the water in the steam generator
reaches a high level (except for Virgil C. Summer Nuclear that have no main steam isolation valves. These design

,

Station. Unit 1). An overfill event similar to the reference
differences would not change the results of the overfill

plant event can occur unicss the operator manually termi- vents analyzed for the reference plant with the
j

exception of plants w,th larger reactor vessel volumes. jinates the AFW flow. Analysis performed on the refer-
ence plant predicts onset of overfill occurring rapidly, re- me plams, severe overfill events are expected. '

~
quiring quick operator response to terminate the AFW Although other dfferences, such as operator training and
flew. procedures. the design of the icvel-indication system, and

alarms available to the operator, will alter the operator
Results and conclusions of analysis performed on the ref- response time to address an overfeeding event, the review
crence plant apply to other E PWR plants if they do not did not identify ar.v plants that would have more-severe
meet the following criteria with respect to control system overftli transients.'
deten.

. Conclusiom(1) Automatic reduction of the AFW flow on steam
generator high-water level is provided, or (1) Overfill events via the AFW system can occur at

other W PWR plants under similar conditions ana-
Q Adminktrative procedures are implemented to give lyicd in the reference plant (except for the Virgil C.

reasonable assurance that the Al'W valves can be Summer plant which has automatic termination of
manually throttled in time to prevent overfill. AFW).

If cther E l'WR plants meet the above criteria, the ana- (2) The oserfill transients via the AFW system at other
ly7ed failure modes would be less sescrc than for the ref- W PWR plants are determined to be equal to or less

29 NUREG-1217

,, ,,,,.,,m.J.m._ - . . - , . _ -. .,. . . . _ , - . - - - _ _ - ~ , _ . . ~ , , , . , _ ~ _ - _ , ~ . _ - . . _ , .c ,. - . . .



. - -- - . . . - -

|

|
'

Applicability
1

,

I severe than those analped for the reference plant Thermal.llydraulic Differences
; (except for the Virgil C. Summer plant which has

automatic termination of AFW).
ha follow ng critcrion was used to assess the generic ap-
pli2 lity of this event to otherE pWR plants: The ratio

'

' (3) Ratios of steam generator volume to main feedwater f neain gqnerator volume to main feedwater flow rate
flow rate and steam generator volume to AFW flow should be stmdar to or greater than that of the reference
rate at other E PWR plants are so similar to refer- plant,
ence plant ratios that the overfill analysis conducted Plants with thermal-hydraulic characteristics satisfying'

at the reference plant is considered a bounding this criterion were determined to be similar to or bounded'

analysis applicable to other E PWR plants. Al- by the reference plant.
! though several plants provide dtfferent designs, so
'

that some of the thermal-hydraulic characteristics Some E PWR plants identified above (p. 26) incorporate
'

mentioned above are different from the reference designs that differ from the reference plant. nese differ-
'

plant, the differences are such that the transients ences would not adversely change the results of the over-
I would be equivalent to or less severe than the results fill events analyzed for the reference plant. Less-severe

of the overfill' events anAzed for the reference overfill events are expected for plants with larger steam'

plant. generator volumes. Although other dtfferences, such as
operator training and procedurcs, the design of the level
indication system, and alarms available to the operator,

4.2.2 Overfill Events Resulting From Fail- can alter the operator response time to an overiceding
ures in the Steam Generator Iligh- cvent, the review did not identify any plants that would

have more severe overfill events.1 Water Level Feedwater Trip System

Conclusions
Control System Differences

(1) . Variations in the design of the automatic overfill-
All of the overfill protection system designs at E PWR protection system exist in other E PWR plants. The
plants (except for three very early plant designs, i.e.. Had. designs are the same as or better than the reference
dam Neck, Yankee Rowe, and San Onofre 1) have either plant design (except as noted for three very early
a 2-out of-3 or a 2-out-of-4 steam generator high water. plant designs).
lesel trip splem to terminate the feedwater flow during a (2) Overfill transients in other W PWR plants arefeedwater overfeeding event. Dese systems are redun- judged to be equal to or less seIere than those ana-
dant and designed to satisfy safety requirements. He

,

newer designs incorporate a more flexible and redundant lyzed for the reference plant.

2-out-of-4 system that provides additional improsements (3) ne ratio of steam generator volume to main feed-
for testing and fully satisfies all the prescribed safety re- water flow rate at other E PWR plants is so similar
quirements of IEEE Std. 279-1971. " Criteria for Protec- to the reference plant ratio that the overfill analysis
tion Systems for Nuclear Power Generating Stations." conducted on the reference plant is considered a '

San Onofrc 1 and Yankee Rowe plants do not have auto- bounding analysis applicable to other E PWR
matic overfill protection. De lladdam Neck plant pro- plants. (Although several plants provide different
vides an overfill. protection system consisting of a safety- designs so that some of the thermal hydraulic char-
related.1-out-of 2 steam generator high water-level in- acteristics discussed above are different from the
terkick which automatically shuts the main feedwater reference plant characteristics, these differences do
control valves to the steam generator. Results and con. not change this conclusion.)
clusions of the reference plant apply to other E PWR
plants if they meet the following criteria with respect to 4.2.3 Overcooling Events During Hot Shut-
control system design:

down and Full Power Operation
(1) He plant must have an automatie steam generator

high water level feedwater trip system similar to or Control System Differences
better than the reference plant design has. Several control system failures wcre identified that could

(2) The trip system must be operabic during power op- cause the steam dump valves to the condenser or the at-
,

cration or administrative procedures mur be imple- mospheric dump valves (ADVs) to open. These failures i

mented to provide reasonable assurance tMt a man- can result m reactor vessel overcool events during full-
ual feedwater trip can be accomphshed in time to p wer oper non or hot shutdown conditions. j

prevent overhlt when the automatic feedwater trip All E PWR plants utilin similar ADV and condenser-
mtem is inoperable. steam dump valve control systems. Although the number

i
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of valves and valve capacitics of these systems may differ Thermal-II draulic Differences3

at other W PWR plants, the oserall valve capacity for 2.,
3 , and 4Eop plants is proportional to the plant's power Most E PWR plant systems that can contribute to reactor

level. Transients resulting from failures in these systems sessel vercooling transients are functionally similar. Al-
at other E PWR plants were determined to be similar to though variations in the design exist at some plants (such

those analyzed for the reference plant, as the number, type, and capacity of vah es, and the num-
ber of steam generators), the variations are not signtficant

A majority of operating plants and plants under review when one considers the size of the plant. Major systems

for an operating license (i.e.,37 out of 52 W PWR plants) are sized in roughly the same proportions so that the over-

have incorporated lead / lag-compensatedicamline pres- cooling transien's on other E PWR plants are expected
sure measurement in the steamline-break-protection sys, to be similar to or bounded by transients analyzed for the

tems. This control system can terminate steam flow reference plant. Several E PW R plants identified above

through the steam dump valves to the condenser by iso, (p. 26) incorporate designs that differ from the reference

lating the main steamlines on a low steamline pressure plant. Plants that have larger reactor vessel and steam

signal.This control design feature is not provided for the generator volumes, like Yankee Rowe Nuclear Pow;cr
reference plant and represents an improvement over the Station, have larger cooling capacitics and larger ratios
reference plant design. l'or W PWR plants utilizing this for reactor coolant system volume to atmospheric dump
feature, overcooling transic5s resulting from inadver- valvc (or steam dump valve) capacity and steam generator
tent opening of steam dump valves downstream of the volume to atmospherie dump valve (or steam dump valve) 1

main steam isolation valves (MSIVs) will be less severe capacity. Overcooling transients resultmg frorn madver-
than transients predicted for the reference plant. tent opening of the steamline PORV or steam dump

- valves to the condenser at these plants would be less se-
In addition, most operating plants as well as plants of vere than transients analyzed at the reference plant.
newer designs utilize arming circuits in the steam dump
valve control system similar to circuits m the reference 'Ihc following criteria were used to assess the generic ap-

plant design. Multiple mdependent failures m these sys- plicability of this event at other E PWR plants: Ratios of

tems, similar to those postulated for the reference plant, (1) r actor coolant system volume to atmospheric or
are needed to cause all the steam dump valves to fail condenscr-steam dump valve capacity and (2) steam gen-

open. 'lhe initiating frequency for such failures is very er tor volume to atmospheric or condenser stcarn dump
j g,~ vah e capacity ratios should be similar to or greater than

these values for the reference plant.

Although one plant design (San Onofre Nuclear Gencr-
Plants with thermal hydraulic characteristics satisfying

ating Station. Unit 1)does not havc MSIVs or a lead / lag- these criteria were determined to be si.milar to or
compensated steamline pressure control system, it does bounded by the reference plant.utilize arming circuits similar to those of the reference
plant to prevent inadvertent opening of the dump valves.

Conclusm, ns

Results and conclusions of analyses of the referenec plant
apply to other E PW R plants if they meet the following W AllEPWR plantsprovideadequatecontrolsystems

, , to prevent overcooling transients resulting fr'om in-critena with respect to control system designs:
advertent opening of the steam dump valves to the

(1) Must automatically terminate the steam flow condenser. Most plants provide overcooling tran-
sient protection that is better than that of the refer-

through the steam dump valves to the condenser by ence plant.
isolating the main stcamlines on low steamline pres-
sure (that is, must have a lead / lag compensated (2) Transients that could occur as a result ofinadvertent j
steamline pressure control syst em. or equivalent)or opening of the steam dump vahes to the condenser

or atmospheric dump valves are expected to be
(2) Multipic independent control failures are needed to equal to or less severe than those analyzed for the

open all stcam dump valves to the condenser (t hat is, reference plant.
provide arming circuits in the steam dump valve con-
trol systems similar to those in the reference plant). (3) Ratios of (a) reactor coolant system volume to at-

mospherie dump valve or (b) steam dump valve ca-
(3) Administrative procedurcs arc implemented to en- pacity and stcam generator solume to ADVor stcam j

sure Ihat (a) the ADVs can be manually isolated in dump valve capacity at other E PWR plants are suf- !

time to present sescre overcooling or (b) multiple ficiently similar so that t he overcooling analysis con-
inJependent f uluscs are requirtd to open more ducted for the reference plant is a bounding analysis {than one ADV. applicable to other E PWR plants. ;

i

!
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Although several plants provide such different designs may be susceptible to the kind of procedurally in-,

| that some of the thermal hydraulie characteristic dis- duced conditions analyzed in the reference plant re-
cussed above differ from those of the reference plant, the view. Variations in procedures at other plants could
differences would cause less-severe transients and there- affect the frequency and severityof this procedurally
fore do not adversely change the results of the overcool. induced transient.The emphasis placed on PORV.
ing events analyzed for the reference plant. related events since the R11-2 accident, however,

has made more operators more aware of this type of

4.2.4 Overpressure Events During Low- yr nsient.

Tentperature and Low-Pressure Shut. (2) Results and conclusions of the analysis of the refer.
lence P ant appy to other PWR plants if they meetdown or Startup Operating Conditions

the fo!!owm, g cnteria..
,

Several control system failures were identified that could (a) .nelow temperatureoverpressure(LTOP)sys.
! prevent pressurizer PORVs from opening.ncse failures tem is removed from service during plant .

in conjunction with events that would increase reactor heatup before the RCS temperature is at or
| coolant system (RCS) pressure can result in reactor vessel near the minimum pressurization temperature
l overpressure events. so that an LTOP condition can occur, or

Control System Differences (b) De ECCS is enabled during plant heatup be-
I fore the RCS temperature is at or near the mini-

Pressurizer PORV control systems at all E PWR plants mum pressurization temperature for the reac-
are designed to conform to NRC Branch Technical Posi- tot vessel, or
tion RSB 5-2 (Denton, July 23,1985) which requires the
control systems for the pressurizer PORV valves to satisfy (c) No other automatic pressure reduction capabili-
the singic failure criterion a,d to be powered from reli- ties exist to limit overpressure transients during
able independent power supplies (not necessarily Class low temperature operations. ,

. IE). Some new plants impro_ve their control systems over
the reference plant design by designing pressurizer Under certain conditions, PWR plants are allowed to op-
PORV control sy>tems that conform fully to all the re. erate under limiting conditions for operation (LCO),
quirements of safety related systems. so that additional w herein a redundant pressurizer PORV may be rendered
failurcs would be nceded to produce the tunsients ana- inoperabic for a finite period. If, during this time, the sys-
lyzed for the reference plant. Control system designs at tem is subjected to a pressure transient, the plant may be
other E PWR plants are, therefore. s cry similar to or bet, vulnerabic to an overpressure event if a single failure in
ter than the reference plant designs, the available PORV control system can render the

overpressure protection ystem inoperable. His scenar-
| (1) Results and conclusions of the analysis of the refer- io has been identified as a safety issue. Generic Issue 94
| ence plant apply to other PWR plants if they meet was identified to reevaluate the existing LTOP designs

the following criteria with respect to control system and to assess the need for additional improvements to the
design: low temperature overpressure-protection system. This .|

(a) Pressun2er PORVs must be powered by reli- study is applicable to all PWRs that have PORVs (Den- )
able and independent power supplies and must ton, J uly 23,1985). By resolving this issue, insights may bc

|
be designed so that multipic independent fail- gamed to warrant modifications.

urcs are required to disable both PORVs.*

Thermal-11 draulle Differences3 .

(b) Administrative procedures are implemented to Because the major systems at E PWR plants are of
ensure that when one of the redundant pres- roughly the same proportions, the overpressure tran- |surizer PORVs is rendered inoperable for a lim. sients at all E PWR plants are expected to be similar to or 1

ited period of time during low temperature op- bounded by transients analyzed for the reference plant.
erations, the remaimng PORY can be opened Several E PWR plants ident! bed (p. 26) incorporate
manually. some designs that differ from the reference plant design. ,

Rese differences, discussed in Section 4.2.1 (execpt for
'

Operator-induced procedural failures could also plants that have high capacity injection pumps), would
prevent luth PORVs from opening during low tem- not adversely change the results of the overpressure tran-
perature and low-pressure conditions. ncse proce. sients analy7cd for the reference plant. For plants that
dural failures are dependent on the adequacy of pro- utilize high-capacity injection pumps (higher than t he ref-
culures used. Operating pmecdures at other plants crence plant design like San Onofre Nuclear Generating
were not reviewed to dciermine how many plants Station, Unit 1), the oserpressure transients induced by
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inadvertent initiation of the high-pressure injection could All E PWR plants provide stcamline ADV designs simi. >

produce a more-severe overpressure event than a 3- lar to that of the reference plant design.They rely on the
lyicd. Additional administrative procedures are use : . - operator to isolate the flow through these valves should '"i
these plants to lock out the isolation valves to the Q . the valves fail to close during an SGTR event. Although
head pumps during s.hutdown conditions to preclude such the design of the ADVs may vary at other plants, these j
cvents so that additional independent failures would be variations are not sufficient to modify the analysis per- ;

> required to cause similar or rnore-severe events than ana- . formed for the reference plant design.
~

lyzed for the reference plant. The following criteria were
u edt ssess th genene applicabihty of these events t - Results and conclusions of the analysis for the reference

plant apply to other E PWR plants if they meet the fol-
- lowing criteria with respect to control system design:

| (1) The ratio of RCS volume to normal colc. Mutdown (1) must have electrically initiated air-operated ADVs
' letdown flow rate should be similar to or greater ;

than that of the reference plant. (2) require manual operator action to isolate flow -

through the ADVs
,

(2) Administrative procedures are implemented during i

startup or low-temperature, low pressure operation Conclusion -i
to ensure that the pressuriier PORV low-pressure 4

setpoint is not changed to the higher setpoint for ; Transients at other E PWR plants that could occur as a
'

l normal operation before reaching the minimum result of madve tent opening of the steamline ADVs are ;

pressurization temperature, or expected to be equal to or less severe than those analyzed j

at the reference plant. ;

(3) Other automatic pressure-reduction capabilitics ex-
'

!
ist to limit the overpressure transients during 1 TOP 4.3 B&W PWR Plants <
operation.

.

The review of the B&W PWR reference plant identified {
| Conclusions potentially significant control system failures that could

_ contribute to stcam generator overfill events and reac'or i,

| (1) Most pressurizer PORV control system designs at corc overheating events. All other control system failures
other E PWR plants are veq similar to & signs of that were evaluated were determined to be bounded by

'

the reference plant. The designs provide similar the FSAR analysis.The failure mechanisms that contrib-
electrical independence. ute to these events are identified in Table 3.3,

(2) A few plants have better PORV control systems The major contributors to these events were single and |
than the reference plant has, so additional multiple' multiple control system failures that (1) initiated
independent failures would be needed to produce overfeeding transients and failed the automatic feed- ;

similar scenarios analyzed for the reference plant. water pump trip system that would have terminated an !
overfill event and (2) mused a loss of electrical power to

'

(3) The thermal-hydraulic analyses conducted for the various sections of the integrated feedwater control sys-
reference plant are applicable to other E PWR tem resulting in a feedwater underfeeding condition that
designs. could lead to core overheating if proper operator action

were not initiated.
(4) Plants whose high.hcad injection pumps have a

~

.

capacity higher than that of the reference plant pro. It should be noted that about half of the B&W PWR
vide additional lockout devices to prevent inadver- plants currently operating incorporate an "820" ,

tent initiation of the injection pumps during low- integrated control system rather than a "721" integrated ;
temperature operation, control system detign utilized by the reference plant.

Although these two control systems are functionally
similar, they differ significantly in the power suppiv

4.2.5 Control System Failures Aggravating a configuration. Design differences. such as providin'g ;

Steam Generator Tube Rupture Event additional independence and power supply separation. !

were implemented by the individual utilitics on the 820
Ses cral control system failures were identified that could systems in order to impros e sy stem reliability on a loss of
cause inadvertent opening (or failure to close once chal- power. However, for this review, the 721 and the S20
lenged) of the atmospherie steamline dump valves during systems were not compared in depth. To address the
an SGTR event. An ADV that fails to reclose during an different transients resulting from a loss of power to the
SGTR event can result in more severe transients than integrated control system (and other control splems),
those previously analy/ed by E for an SGTR event. Ilulletin 79-27 was issued by NRC's Office of Inspection

I
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and Enforcement to all licensecs. The bulletin required improvement over the reference plant design when the
alllicensecs to take certain action to ensure the adequacy installation is complete.
of plant procedures for accomplishing cold shutdown
upon a loss of power to any Class 1E or non. Class lE bus Results and conclusions of analyses of the reference plant

supplymg power for instruments and controls in systems apply to other B&W PWR plants if they meet the follow-

used in attaining cold shutdown. The licensee s response ng criteria with respect to control system design: !

and design rnodtfications to comply with Bulletin 79-27 (1) . The automatic overfill protection is at least as reli-
were considered and evaluated in the review of the able as the reference plant design. A single failure in
reference plant. The staff did not verify satisfactory the overfill-protection system for the reference
compliance with this bulletin for all other plants. plant can negate the automatic overfill protection r

The discussions that follow summarize the generic appli- system. *

cability of the major transients identified in the reference (2) The main feedwater trip system must be operable
plant to other B&W PWR plants. during power operation, or administrative proce-

dures must be implemented to ensure that manual

4.3.1 Overl'ill Events Resulting From Fail- fe dw ter trip can be accomplished in time to
|

prevent overfill when the automatic feedwater inp ;. ures in the Steam Generator High- system is not operable. 1

Water-Level Main Feedwater Trip !

System Thermal. Hydraulic Differences

Most B&W PWR plant systems that could contribute to .

Control S3 stem Diffuences steam generator overfeeding and overfill events are func- I

Revicw of the main fecdwater control systems at all B&W tionally similar. Variations in the designs exist at some
operating PWR plants and all new B&W designs plants, such as the type and capacity of main feedwater

i

currently under review for operating Ucenses indicates valves or pumps; these vanations are not significant when

that the 2-out-of-2 steam generator, high-water-level considering the overall size of the plant. Major systems
main feedwater trip svstem provided on the reference are sized in roughly the same proportions so that the time
design is plant unique ' nd not generically applicable. All to overfill on other B&W PWR plants is expected to bea

other B&W oper.uine 1 WR pMtc hase installed or have very similar or is bounded by the time predicted for the
committed to instati safetpielated overfill plotection reference plant.
systems that will satisfy the single-failure criterion. The following crit crion was used to assess the generic ap-
(Arkansas Nuclear One. Unit 1, implemented Ihe new plicability of this event to other plants: The ratio of stcam
design in 1986; Rancho Seco Nuclear Generating Station, generator volume to mam feedwater flow rate and the ra.
Unit 1. installed its sptem in 198S: Three Mile Island tio of steam generator volume to the auxiliary feedwater i
Nuclear Station. Unit 1. installed its system in 1987: and flow rate should be similar to or greater than those of the
Crystal River Nuclear Plant. Unit 3, installed its system reference plant. d

but has not yet implemented the trip system. It should
also be noted that for the Belicfonte and WNP-1 plants Plants with thermal-hydraulic characteristics satisfying
overftll protection will be provided by high steam this criterion were determined to be similar to the refer-
generator differential pressure (i.e.. water level) when ence plant.
reactor power is below 31 percent and by excessive

,

feedw2ter flow when reactor power is above 25 percent. Conclusions
Pow er dependence will be removed from the water level

(1) Control systems for overfill protection for the maint rip aft er a rcactor trip is initiat ed.) The imtiating logic for
thete designs is either a 2-out-of-4 or' a 1-out of-2 feedwater system for the reference, plant is plant

taken-twice, stcam generator high water-level main specific to Oconce Unit 1. Dv: control systems for
overfill protection are not as reliable as those pro-feeduster trip system. The trip system actuates

redundant main feedwater isolation sptcms consisting of vided or planned to bc prosidcd at all other B&W

a main feedwater pump trip and a main feedwater PWR plants ~

isolation or control valve trip. One plant design currently (2) All other B&W PWR plants provide (or have com-
under resiew for an operating license will use a mitted to provide) improved safety-related control
safety-related 2-out-of-3, high-water-level main iced- systems for steam generator overfill-protection sys-
water trip system. These plants provide (or will provide) tems for the main feedwater system. Dese systems
addaLmal redundancv. independence, and testing - consist of either a 2-out-of-4 er a 1-out-of-2 taken
ficubJn) in their stum generator overfill. protection twice or a 2-out-of.3 otcam generator high-water-
sptem and they are expected to represent a significant level trip. Although there are theoretical reliability
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| differences between these systems, these differ- and, therefore, represent an improvem tnt ov er the refer- ]
cnces are outweighed by the improvements in over- ence design.) j

all reliability and operational flexibility allowed by ;
such systems. All are thus adequate for overfill pro- Thermal-Hydraulic Differences |

tection. It should be noted that until these modifica- I; Variations in the designs exist at some plants, such as type
[ tions are completed some of the plants are currently

and capacity of the feedwater valves or pumps. Theseoperating with no overfill protection.i

variations are not significant when considering the overall

(3) Ratios of steam generator volume to main feedwater size of the plant. Major systems are sized in roughly the l
!

flow rate and steam generator volume to auxiliary same proportions so that the time of steam generator
feedwater flow rate at other B&W PWR plants are dryout at other B&W plants is expected to be similar to or

similar to the reference plant ratios; thus the overfill bounded by the time to dryout predicted for the reference
P ant. The following criteria were used to assess the ge-lanalysis conducted on the reference plant is a

bounding analysis applicable to other B&W PWR neric applicability of this event to other B&W plants:
plants. (1) The ratios of steam generator volume to main feed-

water flow rate and steam generator volume to the
auxiliary feedwater flow rate should be similar to

4.3.2 Overheat.mg Events Result.ing 1, rom these values for the reference plant.
Steam Generator Dryout>

| (2) The ratio of power to volume should be similar to
! Several control system failure scenarios were identified this value for the reference plant.

that could result in steam generator dryout on a partial Plants with thermal hydraulic characteristics satisfying
loss of electncal power to the feedwater control system. these criteria were judged to be similar to the reference
Such events could lead to reactor core overheating if ade- plant.

( quate feedwater flow is not established within 30 minutes
| of a steam generator dryout and high-pressure injection

Conclusions
(HPI)is not initiated within 60 minutes. lesses of electri-;

cal power to the " hand control"(i.e., manual control) cir. (1) All other B&W PWR plants provide control system
cuit duting the manual mode of operation or to the " auto designs to initiate auxiliary feedwater on steam Ecn-
control circuit daring the automntic mode of operation crator low-water Icvel to prevent steam generator
were identified as major contributors. dryout on -loss of main feedwater. This design fea-

ture represents an improvement over the reference
"" E"'Control System Differences

,

(2) Ratios of power to flow, peer to feedwater flow
Half of the operatmg B&W PWR plants have an 820 inte- rate, and steam generator volume to main feedwater
grated control system rather than the 721 integrated con- flow at other B&W PWR plants are similar to values
trol system used at the reference plant. Only four plants for the reference plant; thus the steam generator
(Oconee Nuclear Station, Units 1,2, and 3, and Three

dryout analysis conducted for the reference plant is
Mile Island Nuclear Station, Unit 1) use 721 systems. similar to or is a bounding analysis for other B&W
Electric power distributions in the 820 system are differ- PWR plants.
ent from the distnbutions in the 721 system.The 820 sys-
tem was not reviewed in detail to determine if a credible (3) 'Itc overheating c*,cnt scenario analyzed for the ref-
partial loss of power to the integrated control system crence plant is not directly generically applicahic
could cause similar events; however, all other plants (in- but bounds overheating events at other B&W PWR
cluding TMI-1) incorporate separate control circuits that plants.
automatically initiate auxiliary feedwater flow on low-
water level in the steam generator. These circuits repre- 4.4 CE PWR Plants

l' sent an impros ed design that mitigates a steam generator i

| dryout scenario postulated for the reference plant. 'Ile review of the CE PWR reference plant identified
'

Hesults and conclusions of analyses of the reference plant a p tesa% signJkant controlpcm fahrcda; )
apply to other B&W PWR plants if they meet the follow- c uld c ntribute ta(1) steam generatoroverfillevents,(2)

ing criterion with respect to control system design: Auxil- a reactor me overheating csent, and (3) an overcooling
,

cwnt at muld lead to a potential pressurized thermal jiary feedwater flow is not automatically initiated on low-
water levelin the steam generator. (Plants in which Al'W sheck event in a plant with a vulnerabic pressure vessel,

is automatically mitiated on low-water leselin the steam All other control splem failures that were evaluated I
generator arc less susceptible to steam generator dryout were determined to be bounded by the FSAR analysis. ]
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The fai' tre mer hanisms that contributed to these events charge head higher than the reference plant design and
are identified in Table 3.4. (2) no pressuri/cr PORVs. %ese design differences

would not ' change the conclusions for overfill events ana-
The major contributors to these events were (1) single lyzed for the reference plant. Although other differences,and multiple control system failures that initiated such as operator training and procedures and design of
overfeeding transients or prevented atmospheric dump the level indication system and alarms available to the op-
valves or turbine bypass valves from openmg on demand crator, will alter operator response time to respond to an
and (2) incorrect operatos actions to open the pressurizer overfill event, the review did not identify any plants with

| PORVs when needed. characteristics that would cause more-severe overfill
The sections that follow summari2e the generic applica, events.

|

i bility of the major transients identified in the reference
De following criterion was used to assess the generic ap-

plant to other CE PWR plants- plicability of this event to other CE PWR plants: The ra-
tio of steam generator volume to main feedwater flow

4.4.1 Overfill Events Resulting From Opera. rate and the ratio of steam generator volume to the auxil-
Ii 'Y C'd* 'C' II * ' '* Sh "Id D* Si*II^' ' ' 8'' 'C'| tor Errors During a Steam Generator

than these values for the reference plant.Oserfeed,ng Event| i
| Plants with thermal-hydraulic characteristics satisfying
! Contiol System Differences this criterion were determined to be similar to the refer-

ence plant.t

On all CE PWR plant designs, no automatic steam gen-
erator high-water-level signals trip the main fecdwater Conclusions
pumps. If an overfeeding event occurs, a steam generator
high-water-level signal will automatically trip the main (1) The feedwater control system designs on all CE
steam turbine. A turbine trip signal will trip the reactor, PWR plants are similar to feedwater control system

| shut the feedwater valves, and open the startup feedwater design for the reference plant.
,

| vah es to 5-percent flow. (2) Here are no automatic steam generator high-water-
This trip system can limit the frequency of steam genera- level feedwater-pump trip systems; manual operator

! tor overfdl events, but operalor acti m is still required to acoon is reqwred to trip the feed pumps or close iso-
trip the main feedwater pumps to 1" event overfdl. If the lati n valves to prevent overfill.
operator does not manually trip the feedwater pumps, a (3) The ratios of steam generator volume to main feed-
single failure in the feedwater control system can cause water flow rate at all CE PWR plants are similar tothe steam generator to overfdi- such ratios at the reference plant; thus the overfill
The results and conclusions of analysi3 on the reference anah sis conducted for the reference plant is consid-
plant apply to other CE PWR plants if they meet the fol- cred applicable to other CE PWR plants.
lowing criterion with respect to control system design: All
main feedwater flow is not automatically isolated on a 4.4.2 Overheating Events and Possible Pres-
steam generator high water-level signal. Plants with surized Thermal Shock Events Result-automatic overfill-control circuits would be more resis-

ing From O erator Errors DurinEEtant to overfdl transients than the reference plant would
de. Small Break Loss-of Coolant Accidents

Thermal.llydraulic Differences
Several failure scenarios were identified for specifically

Variations in design exist at some plants. Rese variations si/ed small-break loss-of-coolant accidents (SBLOCAs)
| include type and capacity of feedwater valves and pumps. that could lead to eventual core dryout and fuel damage if'

These variations aic not significant with regard to steam the operator does not take proper action to depressuri/c
; generator filling times when considering the relative si7e the reactor coolant system to (l) maintain adequate high-

of the plants. Major sy stems are sized in roughly the same pressure injection flow or (2) avoid reaching R rNDT
proportions so that the time to overfill at all other CE (reference temperature nil ductility transition) limits.
PWR plants is expceted to be similar or bounded by the
time to overfdl predicted for the reference plant. Control System Differences

Several CE PWR plants incorporate designs that arc dif- For the reference plant. manual operation of the atmos-
fcient from the reference plant design. These dcsign dif- phcuc dump valves (ADVs) or the tut bine bypass valves
ferences includc (1) the use of charging pumps with a dts- (THVs) or both may be required to depressurize the

|
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i primary system during SHI OCAs to maintain adequate Thermal-ll draulic Differences |3

high pressure injection flow. Opergttor use of the pres-
surizer PORVs or pressuruer auuhary sprays could also Several CE PWR plants incorporate designs that are dif-

be used to depressuruc the primary system if the ADVs ferent from the reference plant design.Ticsc design dif-

or the 1 HVs or both are not available or if the R r NDT
ferences include (1) the use of high-head safety injection'

limits for the reactor vessel are exceeded. Failures that pumps with higher heads than the referen:e plant has and

could keep the ADVs or the TBVs from opening on de- (2) some CE PWR plants do not have pressurizer
mand include loss of power or loss of instrument air to the PORVs.The use of higher head injection pumps will sig-

valves. For the reference plant under LOCA conditions, a nificantly change the analyzed failure scenarios. Higher

safety injection signal isolates service water flow to the air head pumps will be able to inject water into the reactor

compressors that supply operation air to the ADVs and vessel at higher pressures, so that specifically sized
the TBVs. Loss of service water could result m a failure o,' SHLOCA events analyzed for the reference plant would

be significantly less severe.
the air system. His design is similar to the design of other
CE PWR plants. Although an operator of the referer.ce The following criterion was used to assess the generic ap-
plant can manually transfer control of the ADV to the plicability of this event on other CE PWR plants: The;

'

auxiliary shutdown panel and can provide air to the valves shutoff pressure of the high-head pumps should be simi-
from the salt water-cooled air compressor, emergency lar to or less than the reference plant design safety

| procedures for the reference plant do not instruct the op- injection.
crator to perform this task.

Pl M - % hion were determined to be
Results and conclusions of analysis of the reference plant similar to the reference plant. Plants with higher head
apply to other CE PWR plants tf they meet the following safety injection pumps were determined to have less se-
criteria with respect to administrative procedures or con- vere transients than analyzed.
trol system design:

Conclusions1 (1) Air supply to ADVs or to the TBVs is lost during
SBl OCA conditions. (At the reference plant, auto- (1) Seven of the fifteen CE PWR plants have similar
matic isolation of service water to instrument air high. head pressure injection pump systems; thus
compressors is initiated during LOCA conditions so failure scenarios analyzed on the reference plant are
that the ADVs or the TBVs are rendered inoper- genciically applicable.
able. Plants that continue to supply instrument air to
the ADVs under LOCA conditions are protected (2) Eight of the fifteen CE PWR plants have substan-
against this type of event.) tially higher high-head pressure injection pumps so

that administratisc procedures to depressurize the
(2) Administrative procedures do not clearly instruct primary system are not as critical for these eight

the operators to provide operating air to the ADV or plants as for the reference plant.
the TUVs from an alternate source in the event that
sersice water flow is isolated to the main instrument (3) Seven of the eight CE PWR plants that have high-
air compressors (if administrative procedures exist, head pressure injection pumps do not have pres-
plants are less susceptible to overheating events of suri7er PORVs. For these plants, auxiliary pres-

,

this type), and suruct spray systems are used to control pressurizer
pressure. This design difference does not signifi-

(3) An alternate compressed-air source to the ADVs or cantly change the conclusions reached in item 2,
TBVs is available. above.
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5 SUMMARY AND CONCLUSIONS

Hefore any safetyissue can be resolved, the nature of the tions and maintenance. The control system designs
concern must be clearly described. Concerns described as between the plants supplied by the same nuclear
general subject areas (such as common-cause failures, op- steam supply system (NSSS) vendor are functionally
crator errors, sabotage, and undetected failures) can similar enough that the transients resulting from the
prove to be so broad that almost every conceivable safety failure of the same type of non-safety-related system
issue could fall within the concern, and thus an issue on the different plants will produce similar tran-
would prove to be unmanageable. Ecrcfore, to proceed sients (see Section 4, " Generic Applicability," for
with a resolution of the concern expressed as " safety im- exceptions).
plications of control systems," the NRC staff developed a
set of limitations and assumptions to attempt to focus on (2) Control system failures have occurred that resulted
the safety concern.The staff also decided to take advan- in complex transients. Improvements made after the
tage of other ongoing efforts. Thus, if some aspects that nil-2 accident in the design of the auxiliary feed-
might be considered to have control system safety impli- water system and in operator information and train-
cations were better addressed by these other efforts, the ing should greatly aid in the recovery actions in the
scope of USI A-47 was modified, avoiding duplication of future.
cffort. As a result, a number of concerns (such as: (1) ef-
fects of seismic events on control systems, (2) dynamic ef- (3) Plant transients resulting from control system fail-
fccts on plant safety resulting from water entering the ures can be adequately mitigated by the operators
main steamlines, and (3) reduction in the frequency of in- provided the failures do not compromise proper op-
tegrated control-system-induced transients in B&W eration of the minimum number of protection sys-
PWR plants)wereleft to be addressed outside the frame- tem channels required to trip the reactor and initiate
work of the USI A-47 study.ne limitations and assump- the safety systems if such initiation is required,
tions identified in this report are crucial to understanding
the scope of the issue and its resolution. (4) Control system failure scenarios have been identi-

On the basis of the limitations and assumptions, a number
fled that could potentially lead to reactor vessel /

of tasks were defined. These tasks were structured to: stcam gencrator overfill events, core overheating

(1) make use of the operating experience of actual events, events, and overpressure events.

(2) take advantage of previous control system studies,
(3) take advantage of the staff requirements identified m (5) Transients or accidents resulting from or aggravated

the B11-2 Action Plan (NUREG-0660),(4) evaluate the h control system failures (except those noted in this

safety sigmficance of control system failures, and report that can contribute to reactor vessel /stcam

(5) evaluate the safety benefit and cost effectiveness of generator overfill or core overheating events) are
potential corrective measures. less severe and therefore are bounded by the tran-

sients and accidents identified in the FS AR analysis.

Because the initiating events and the frequency of control
system failures are for the most part plant specific the (6) PWR plant designs having redundant commercial-
risk estimates that are used to evaluate safety significance grade (or better) overfill-protection systems that sat-
were difficult to extrapolate to other plants. The safety isfy the single-failure criterion are considered to
benefit derived for the reference plant and extrapolated adequately preclude water entering the main steam.
to other plants is based both on qualitative insights and imes,

quantitative analysis.The generic applicability analysis is
also based on qualitative analysis and detcrministic (7) BWR plant designs with commercial-grade (or bet-
arguments. ter) overfdl protection systems are considered to

adequately preclude water entering the main
On the basis of the technical work completed by the staff sicarnlines.
and NRC contractors. the following conclusions have
been reached: (8) PWR plant designs that provide automaticinitiation

of the auxiliary feedwater flow on steam generator
(1) Control spiera failures are dependent on individual low-water lesel are considered to adequately pre-

plant charactenstics such as power supply configura- clude core overheating.
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APPENDIX A |

OiHER RELATED STUDIES, PROGRAMS, AND ISSUES

| A number of ongoing U.S. Nuc! car Regulatory Commis- actions needed to mitigate SGTR and prevent overfill,,

| sion (NRC) and industry programs are related to Unre- and (c) radiological offsite dose calculations from an
solved Safety issue (USI) A-47. nese programs are dis- SGTR event. nese activities are being evaluated in the )

'

cussed here and summarized in Table A.I. study of Gencric Issue 135. 1

|

(1) Generic Issues in NUREG-0933 (4) Babcock & Wilcox (B&W) Design Reexamination

A comprehensive B&W Owners Group study (Tucker,
As sPecifically identified in NUREG-0933, Generic Is- May 15,1986) was mitiated to reassess all B&W pressur- ,

sucs 70 and 94 dealing with overpressure protection may ized water-reactor (PWR) plant designs including, but
require modifications to existing control systems. lhe not limited to, the integrated control system, support sys-
staff concluded that resolution of these issues should pro- tems such as power supplies, and maintenance.
cced via the more focused review specified for these ge-

,

neric issues- ' Of particular relevan'ce to USI A-47 was the part of this
reexamination that dealt with improving the reliability of

(2) Seismic Qualification of Equipment in Operating the B&W PWR plants by (a) reducing the number of re-

Plants, USI A-46 actor trips caused by non-safety-related control and sup .
port systems or by operator or nraintenance errors and

Within the framework of ongoing NRC and industry pro- (b) improving response to plant transients. The NRC
grams, the scismic ruggedness and operability of control. staff monitored this comprehensive study. Recom-
grade and protection-grade design equipment during de- mcnded actions for design modifiaations, for mainte-
sign basis seismic events are being evaluated. Data from nance, and for changes to operatmg procedures devel- '

r . . oerience during scismic events (including recent eped for the utilitics by the owners group were coordi- ,

| al- /.cs in Chile and Mexico) are being evaluated to nated with the staff through NRC's Division of Engineer.

ine seismic capability of electrical and mechanical ing and System Technology.The NRC staff assessment of|- t.

equipment needed to safely shut down the plant. Equip- the B&W Owners Group Plant Reassessment Program isI

ment uced in non. safety-related control systems that in, documented in NUREG-1231 and Supplement No. I to
teract with safety-related equipment or that are used in that report, dated November 1987 and March 1988,
achieving and maintaining hot shutdown are being cvalu- respectively.

ated to ensure that their operability (or lack thereof)does .

! not compromise the plant's ability to achieve and main- (5) Staff Actions Resulting From the Investigation of
,

| tain hot shutdown during or after a scismic event. All con- the December 26,1985 Incident at Rancho Seco
trol system components and instruments are included in

Gener.e and plant-specific actions resulting from the m.-the USI A-46 scope by type if not explicitly reviewed. As
part of the USI A-46 scope, the current review is evaluat- vestigation of the Rancho Seco meident (see NRC,

ing two plant designs (i.e.,7_. ion and Nine Mile Point Unit NUREG-1195) were identified in part in a memorandum

1). focusing on equipment installation, its function, and fr m V. Stello to R Denton, dated March 13,1986, and m

its actual location. Once the methodology and review pro- subsequent response memorandum, dated April 25.
1

cedures are established the review will extend to all other 1986. Several other memoranda have been issued subse- |

operating plants in the USI A-16 scope (v,hich includes quent to the April 25,1986 responsc related to the identi-

70 operating plants). ficd issues.These memoranda are listed in the September |
4,1986 memorandum from F. Miraglia to the various di- |
rectors of NRR. The activitics discussed in these memo- l

(3) Reactor Vessel / Steam Generator Overfill randa were pursued by the NRC staff and were requested
to be evaluated by the B&W Owners Group (BWOG).

In separate evaluations the staff is investigating the con- The major activities are summarized below;
'

sequences of water entering the main steamlines result-
ing from overfeeding transients or steam generator tube (a) Regarding completeness of actions taken with re-
rupture (SGTR) events. These evaluations include (a) spect to BAW-1564 (" Failure Modes and Effects
analysis of the potential waterhammer conditions that Analysis of the ICS") and the Oak Ridge Na-
could degrade steamhne integrity. (b)asserment of the tional laboratory (ORNL) resiew of it, the
adequacy of existing emergency procedures for optrator BWOG has been asked to reevaluate BAW-1564

NUREG-1217y
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and to describe its plans to address the ORNI. con- (6) Staff Actions Resulting from the June 6,1985 Inci-
cerns. The staff evaluation is discussed in dent at Dasis.Besse
NUREG-1231. Supplement No.1.

Generic and plant specific actions resulting from the in-
vestigation of the Davis-Besse incident (see NRC,

(b) ne staffinitially asked the BWOG to reevaluate IE NUREG-1154) have been identified in a memorandum
Bulletin 79-27 regarding the consequences of a loss from W. Dircks to the Directors of NRC, dated August 5,
of power to the instrumentation and control systems 1985. Shon-term, plant-specific items. have been ad-
for all of the B&W-designed operating plants. Be- dressed and the resolution is described in the " Safety
cause of program constraints, the reevaluation of Evaluation Report Related to Restart of Davis Besse Nu-
Bulletin 79-27 was removed from the BWOG scope clear Power Station"(see NRC, NUREG-1177). A num-
and is now being conducted by the NRC staff. All ber of potential generic issues were also identified.These
B&W plants will be evaluated. The Rancho Seco issues include possible deficiencies in the design, con-
plant evaluation has already been completed. This struction, or operation of several or a class of nuclear
evaluation is presented in NUREG-1286, power plants. De staff did not identify a need for any im-
Supplement No.1, March 1988.11is anticipated that mediate staff action of a generic nature related to these
the review of the other B&W plants will be com- issues. These issues have, however, been designated for

. pleted by mid-1989. review as part of Generic Issues 122 through 125.Dese
issues are to be evaluated and resolved on a schedule con-
sistent with their priority designation. Currently, the staff(c) With regard to atmospheric dump valves (ADVs) s completing the prioritization of these issues. Their

and turbme bypass valves (TBVs) opening on loss of status and priority level are provided in NUREG-0933.
mtegrated control system (ICS) power, the staff has

The staff is pursuing resolution of these issues on a sepa-
met with the BWOG and determmed that only Ran- rate schedule independent from the USI A-47 study.cho Seco has the ADV problem and only Rancho
Seco and Arkansas Nuclear One Unit 1 (ANO-1)
have the TBV problem. Rancho Seco has already (7) Systems Interactions (USI A-17)
redesigned the ADV and TBV controls to eliminate
the prob!cm. The staff's evaluation is presented m Potentially undesirable interactions between plant sys-

NUREG-1286, Supplement No.1. ANO-1 modi- tems, components, and structures were evaluated within
- the framework of the US1 A-17 studv.These evaluationsficdits IB\ controlsdurmgthe August 1986 refuel-

ing. The modified design prevents the TBV from include identification of interdep'endencies between

automatically opening on a loss of power m the ICS. safety-related protection systems and systems not related
to safety, including non-safety-related control systems.
The staff is pursuing resolution of this issue on a separate

(d) The staff has conducted a survey of completeness of schedule independent from the USI A-47 study.
:.;tions taken with respect to NUREG-0667 recom-
mendations by the staff and by licensees of each (8) Multiple Systems Response Program (MSRP)
B&W-designed operating reactor. The survey shows
that 90 percent of the related staff requirements A number of potential safety concerns were raised by the
have been implemented. The Rancho Seco licensee NRC staff and the Advisory Committee on Reactor Safe-

. and the BWOG have reviewed the recommenda- guards (ACRS) which were not covered by the existing
tions as part of the Rancho Seco recovery and B&W. USI programs (i.e., USl A-17, A-46, and A-47)or other
design reassessment programs. The staff's evalu- safety issues (e.g., fire protection and environmnental
ation is provided in NUREG-1286 and qualification). These concerns were identified because
NUREG-1231. Supplement No.1. they were either: (a)outside the scope of the safety issue.

(b) a spinoff from the existing issues, or (c) peripheral
concerns for which additional review effort is thought

(c) In connection with the partial loss of the non. necessan .
nuclear instrumentation (NNI) system at Rancho

'

Seco in 1984. Rancho Seco staff and the BWOG The MSR P was established to address these concerns and
have reviewed this event as part of the recovery and develop them as issues of sufficient detail that they may
design reassessment programs. The staff's evalu- be evaluated. if needed, as new generic issues according

,ation is prosiJed in NUR EG-1286 and in to priority. This program is being pursued on a separate '

Nt? REG-1231. Supplement No.1. schedule independent from the USl A-47 study.
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Table A.1 Summary of USI A-47 related studies, prograrns, and issues

Estimated
Issue Subject completion schedule

GI-70 PORV and block valve reliability Early 1989

GI-94 low-temperature overpressure protection Early 1989
for light-water reactors

USI A-46 Seismic qualification of components Mid-1991 (plant-specific
implementation)

GI-135 Water entering main steamlines (overfill) 12te-1989

B&W plant reexamination BWOG reevaluation to minimize challenges Completed in March 1988
to protection systems and improve mitigation
of complex transients

Staff actions resulting from included as part of BWOG reevaluation Completed in March 1988
Rancho Seco Dec. 26,1985
incident

Staff actions resulting from NUREG-1177 (short term actions) Completed in June 1986
Davis-Besse June 6,1985
incident

GI-122 (initiating feed and bleed) Mid-1988

GI-124 (AFW system reliability) Mid-1988

GI-125 (reevaluate design to automatically Mid 1989
isolate feedwater from the steam generator

USI-A-17 Systems interactions Mid-1989

Multiple Systems Response Various potentially safety-significant subjects To be determined on
Program (MSRP) individual iwucs

.t3 Nt'Rr.0-1217
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APPENDIX B

SUMMARY OF TIIE PRINCIPAL DOCUMENTS USED FOR USI A-47 STUDY
.

The following are summaries of the principal documents the contractor presents its conclusions and
underlying the resolution of Unresolved Safety issue recommendations.
(US1) A-47.

From the technical findings presented in these two
reports, the staff formulated the resolution of USI

(1)- Draft NUREG-1217," Evaluation of Safety Impli- A-47 for General Electric and Westinghouse
.

. cations of Control Systems in LWR Nuclear Power plants.
'

Plants, Technical Findings Related to Unresolved
Safety Issue A-47."

. (5)- NUREG/CR-4047,"An' Assessment of the Safety
Ris report presents the technical findings and - Implications of Control at the Oconce 1 Nuclear
summarizes the work performed on USI A-47 by Plant." (See summary for NUREG/CR-4265.)
the U.S. Nuclear Regulatory Commission (NRC)
and its contractors: Pactfic Northwest laboratory (6)- NUREG/CR-4265,"An Assessment of the Safety .

(PNL), Idaho National Engineering laboratory Implications of Control Systems at the Calvert ?

(INEL) and Oak Ridge National Laboratory Cliffs 1 Nuclear Power Plant"(Vols.1 and 2).
(ORNI.). Summaries and staff conclusions regard-
ing other related work, such as generic applicability Dese two reports (numbers 5 and 6) summarize
and operating experience survey, are also the work performed on USl A-47 by ORNL Sum-
presented. maries of failure modes and effects analysis, com-

puter analysis, recorded plant occurrences, and
From the technical findings presented in this re- probabilistic assessment of significant control sys- *

port, the staff formulated the resolution of USI tem failure frequencies are provided. In addition,
A-47. the contractor presents its conclusions and *

recommendations.

(2) Draft NUREG-1218, " Regulatory Analysis for From the technical findings presented in these two
Proposed Resolution of USI A-47 SafetyImplica- reports. the staff formulated the resolution of US!
tions of Control Systems." A-47 for Babcock & Wilcox Company and Com-

" "E " ## "E *"
This report presents a summary of the regulatory -
analysis conducted by the NRC staff to evaluate
the value impact of alternatives for resolution of (7) NUREG/CR-4385, " Effects of Control System
USI A-47. The resolution presented in this USl Failures on Transients, Accidents, and Core-Melt |
A-47 study is based on these analyses. Frequencies at a Westinghouse Pressurized Water

Reactor " (See summary for NUREG/CR-3958.)

(3) NUREG/CR-4262, " Effects of Control System
. Failures on Transients and Accidents at a General (8) NUREG/CR-4386, " Effects of Control System !

Electnc Boiling Water Reactor (Vols. I and 2). Failurcs on Transients, Accidents and Core-Melt )
(See summary for NUREG/CR-4326.) Frequencies at a Habcock and Wilcox Pressurtzed

. 1

Water Reactor. (See summary for NUREG/ |

CR-3958.) ;
(4) NUREG/CR-4326, " Effects of Control System

Failures on Transients and Accidents at a 3-Loop
(9) NUREG/CR-4387, " Effects of Control SystemWestinghouse Pressurized Water . Reactor" Failurcs on Transients, Accidents, and Core-Melt

(Vols. I and 2). Frequencies at a General Electric 13 oiling Water
These two reports (numbers 3 and 4) summarize Reactor."(See summary for NUREG/CR-3958.)
the work performed on USI A-47 by INEL Sum-
manes of failure modes and effects analysis, com- (10) -NUREG/CR-3958 " Effects of Control System
puter analysis. recorded plant occurrences, and Failures on Transients. Acadents and Core Melt
probuMin:e arc 9 ment of significant wr. trol sys- Frequencies at a Combustion Engineering Pres-
tem failure frequencies are provided. In addition. suri7cd Water Reactor."

NL R E U-1217 .t4
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These four reports (numbers 7-10) summarize the impact analyscs of possible modifications to pre-
work performed on USI A-47 by PNI.. Probabilis- vent control system failures are presented.Dese
tic risk analyses and estimates of core melt analyses are based on the control system failures

frequencies and public risk associated with control identified by INEL and ORNL

system failures in Westinghouse, Babexk & From the technical findings presented in these four
Wilcox, General Electric, and Combustion Engi- reports, the staff developed the regulatory analysis
necting reactors are presented. In addition, value/ for USI A-47.

|
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APPENDIX C H,

STAFF RESOLUTION OF PUBLIC COMMENTS

1

Drafts of NUREG-1217 and NUREG-1218 were issued tion of unheated feedwater could provide the cooling . ,

in April 19SS for comment. Public comments were re- necessary to cause- significant OTSG [once through !
ccived from the organizations and individuals listed be- steam generator] tube tensile loading. Tube stresses dur-

i

Iow. The comment period was extended to September ing MSLB [a main steamline break) have been evaluated !
e 1988 so that the substantive comments that came in late as acceptable. |

could be included.
i

Charles H. Cruse - Baltimore Gas & Electric. Resolution

Company Appendix C of NUREG-1218, with regard to SGTRs as
they relate to overfill events, states that "the more-severe

W. J. Johnson - Westinghouse lifectric scenarios could potentially lead to a steamline break and |
Corporation a steam generator tube rupture.'' This statement implies

that such an occurrence is possible; however, the state-
Harry G. O'Brien - Tennessee Valley Authority ment does not imply certainty. De supporting analyses

'

1

. ' for the staff conclusions are described in detail in NRC '

J. L Sullivan - GPU Nuclear Corporation -

(NUREG/CR-3958, NUREG/ .contractor _ reports
'

CR-.4385,and NUREG/CR-4386)for the three differentH. B. Tucker - Duke Power C,ompany
pressurized water reactor (PWR) designs of the major i

ne comments that follow were extracted from the re- nuclear steam supply system (NSSS) vendors.

sponses the staff received.
The' conditional probability estimates for SGTR given a
steamline break were taken from the results of unre-

COMMENT 1 . solved safety issue (US!) A-3. A-4 and A-5 studies pro-
. vided in NUREG-0S44 and varied from 0.017 to 0.003

The events listed in. Table 3.3 [of NUREG-1217] lack de.
tail and are few m number. There are more events to draw depending on th'c number of tubes ruptured.

conclusions from and, without details, it is difficult to
in addition, a sensitivity study for reactor vessel / steam

judge the importance and probability of these events.
generator overful scenarios. provided in Appendix B of

-

NUREG-1218, also desenbes the dominant accident se-
:

Resolution quences used to determine public risk resuhing from )

overfill events and evaluates the risk associated withTable 3.3 of NUREG-1217 only summari7cs (1) the fail- three different conditional probability estimates for a
'

ure scenarios and the failure mechanisms that were iden- main steamline break given an overfill event. These esti-
tified as safety significant and (2) the failure probabilitics mates go to at least two orders of magnitude lower than
of control systems failure scquences initiating or contrib- used in the initial analyses.
uting to the events of concern. The contractor reports ref-
crenced in Sections 2.1 and 3 of NURiiG-1217 provide Since this information is already stated in NUREG-1218
additional detailed description of the type of events (e.g., Section 3 and Appendix B). no additional modtfica-

.

evaluated and the type of events that were identified as tion or clarification is necessary. Ipotentially safety significant. For additional clarity,
|

Tables 3.1 tbrough 3.4 w cre reviseJ to refer directly to the
contractor reports. COMMENT 3

He probability of main steamline break (MSLB)due to
COMMENT 2 overfill is arbitrarily high and not supported by the evi-

dence of damage for events that have occurred.
Appendix C [of NUREG-1218) implies that steam gen-

.

'

crator tube rupturc [SG I R j is inevitable as a result of an
m m r 3aoverfill event. This is totally unsupport ed by analysis. The

,

assumed thermal shrinkat.e which causes ISOTR] is not The estimated frequen ) for main steamline break '

. gwW since thcie is no larre volume of unheated feed- (MSI.B). given [an] SG [ steam or,cratorl overfill. is too
water w hen the plant is at power. Only a very large addi- high. As referenced by NUREG-1217, a comprehensive

NI'R EG ~ 1217 4
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|
review of such events |NUREG/CR-3958] indicated that arc summarized in the footnotes of Tables 31 through 3.4 :
no such MSI.Bs had occurred despite several spillover of NUREG-1217. Therefore, no additional modtfication !
events. We are also unaware of any such events occurring or clarification to this report is considered necessary. I

since the date of this study.

COMMENT 5
Resolution It is not c! car if systems interaction was or was not in- 1

!Most overftlls that were identified were initiated by fail. cluded in this study. [Sce Table 2.3 of NUREG-1217.]
urcs in the main feedwater control and high-water-level
trip circuits. If these events were not terminated by the Resolution
operator, they would lead to water filling the steamlines,
which could possibly result in damage or total steamline The staff agrees that additional clarification is needed to
failure. A large uncertainty custs conceming this poten. explicitly state that systems interactions are addressed by
tial damage; therefore, the staff conservatively assumed a others and are not included in the USI A-47 scope.
high probability of MSI.B given a spillover of water into Therefore Section 2.2(1)has been revised so that the last
the steamlines.This probability was assumed to be either two sentences now read: "In addition, as part of the USI
0.95 or 0.50. Recognizing this conservatism, a sensitivity A-17 systems interaction program, spatial interactions
study (sce Appendix B of NUREG-1217)also was per- between safety-related systems and non-safety related
formed to assess the public risk associated with what is systems were considered. Any identified interactions be-
considered to be more-realistic conditional probability es. tween safety-related systemsand non-safety related con-
timates for MSLB (given a spillover). These best-estimate trol systems were evaluated as part of that program and
values derived from operating history data were esti, are not included in the scope of the USI A-47 review."
mated to be between a factor of 4 to a factor 7 times less
than the initial estimates and were based on two events in COMMENT 6
Europe in which steamline damage resulted from water
entering the steamline. The sensitivity studies also in. . Appendix A item (4) of [NUREG-1217] is incorrect
cluded an estimate 100 times less than the initial esti- where it states "The purpose of this reexamination is to
mate. The staff's conclusions factor in the more-realistic improve the reliability of the B&W [ Babcock & Wilcox)
best estimate MSLB probabilities esulting fro,a overfill PWR [prescuri/ed water reactor) plants by (a) reducing
o ena. Since this information is already described in Ap. the number of reactor trips caused by non safety-grade
pendts B of NUREG-1217, no additional modification or control and support systcms.. ." The Safety Performance
clarification to the report is considered necessary. Improvement Program looked at all systems regardless of

their safety-grade [ safety related] or non safety-grade
(non-safety-related] status.

COMMENT 4

lhc importance of the operator m responding to u entsis Response
not recogni/cd in the conclusions of [NUREG-1217].

The staff agrees that the Babcock & Wilcox Owners I

Group Safety Performance Improvement Program scope
Resolution included safety related systems. The discussion in item

(4)of Appendix A states that the reassessment reviewin-
The scope of the USl A-47 study is descobed in Section 2 cluded, but was not limited to, the events identified. The
of NUREG-1217. Factors such as the adequacy of exist * scope of the reassessment program was extensive: how-
ing operating procedures and information displays were i

cvaluated for the important transients, but operator er- ever, the discussion in NUREG-1217 focused only on i

rors of emission and comndssion were not systematically
those systems that are applicable to the A-47 scope,i.e., i

non-safety-related systems.
addressed.

Item (4)of Appendix A has been reworded to clarify this :
For a!! sigmfic:mt cvent sequences, the importance of the arca. I
operator response in the face of failed control systems
was included in the final judgment of probability of the
crent-hence a factor in the resolution of this mue. Ihe COMMENT 7,

degree to which operator errors were adJressed is de- It is not cicar from NUREG-1218 whuher the suppested
scribeJ in Section 2.2(3)and ako in the various contractor redundant trip circuitry should apply to Ihe act ual trip cir-
reports that are iJenufied m Section 2.1 ef cuits within the FWPT[feedwater pump trip]. or only to
NL 'Rl:G-1217. The prohalsht) ettim..tes for operator the logic that app'ies the trip signal to t!.e l'WPI' mam.

errors in mitigating the significant-events sequences also trip solenoid vahc.

47 Nt T FG-1217
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Resolution tems can be provided without a significant increase in

:'
For most applications it is difficult to have coincidence feedwater pump inps.

lopc such as a 2-out-of-3 for the entire system from the
sensors to the actuators. However, if the output of the COMMENT 10
logic operates only a single solenoid actuator, there is a In regard to various solutions presented to create a 2-out-
smgle point of failure tha1 can defeat one of the main pur-

of-3 logic in the overfill protection circuits, it does not ap-poses of coucidence logic. To chminate a single point of pear that using startup level indication as a third channel
,

failure,it is necessary that there be redundant actuators.
would offer adequate redundancy, because the startupif there are redundant actuators, a logic of 2-out-of-3,

2-out-of-4, or 1-out-of-2 taken twice can be designed so level and operating level (downcomer level) are not com-
pletely related.The operating level is temperature com-that there is no singIc point of failure tn the system. pensated, the startup level is not. The operating level
looks at level within the downcomer, and thus offers de-

COMMENT 8 tcction of level that would flood the aspiration ports; the
stanup level looks at water levelin the heat transfer area

The paragraph associaled with Section 4.3(1) of of the OTSG [once-through steam generator],and is sub-
NUREG-1218 is incorrect. The signal monitors are a ject to resistive pressure drop errors and other variations
dcenergize-to. trip logic. The trip relay is an energize-to- at power. Therefore, during normal power operation, the
t rip [ logic] but it is from a different power source from the startup level is subject to much greater inaccuracies than
rest of the control system. Therefore, the design of the is the operating level,
system is such that loss of control system power will auto-
matically trip the MITV [ main feedwater] pumps.

Resolution

In NUREG-1218, Section 4.3(3), Case 1 is an evaluation
R n lut.mn for changing steam generator high-water-level trip by
De intent of the referenced paragraph is to show that adding a level system to trip the MFW block valves inde-
there are single failures for the existing 2 out-of-2 trip pendently of the 2-out of-2 trip logic that trips the MFW
logic for the MFW pump trip on high water level in the pump.De basis for the cost estimate in NUREG-1218 is
stcam generator and that the existing 2-out-of 2 triplogic an assumption that an existing steam generator water
cannot be 1ccicJ while the reactor is opcruting. A single Icvel sensor could be used (e.g., startup range system) for
failure could defeat the trip, but it would not be detected this independent trip system. If the startup range trans-
untd after the reactor was shut down and the system was mitter cannot be used, the cost estimate is not applicable.
tested. Although the paragraph of concern is correct,it However, there is a second value/ impact evaluation (Case
was modified to clanfy what was meant by control power 2) based on the installation of additional equipment. This
and by the control system and is compatible with the ter. alternative also is considered viable en the basis of the
minelogy used above. value/ impact evaluation, but its benefit is less. De selec-

tion of the best alternative should oc based on the individ-
,

ual plant requirements-

. Since this information is already stated in NUREG-1218Duke [ Duke Power Co.] agrees with the conclusion
(and presented in the referenced NUREG/CR--4386 re-reached in Section 4.3.1(c) of NUREG-1218, that addb port), no additional modification or clarification is

tional trips from monthly testing would occur and that the
cost /bcnefit ratio makes this alternative unattractive.

necessary.

1
COMMENT 11

'

N" I""""
The two oserheating esents desenbed in Table 3.3 of

it should be noted that the conclusions discussed in Sec- NURiiG-1217 are no lonfer applicable due to a
tion 4.3.l(c) apply only for providing full system testing modification presently being installed at Oconec. This
capability on a monthly basis on the existing 2-out of-2 modification produces an automatic MITV pump trip on a
steam generator high-water-level trip system. l'eriodic loss of either hand or auto power to the ICS [ integrated
testing and verification of overfill protection systems with control systeml. This modification is the same as
adJitianal modification as indicated is however a viable corrective action (iii) for ahernative (4)in Section 4.3 of
alternative. as discussed in Section 4.3.2. Periodic venfi- NUR EG-1218. In addition, corrective actions (iv) and (v)
catim and testing guidelines are provided in Appendix C. hase ahcady been imp?cmented at Oconee. Operators
item Q)(b)of Nl RI'G -1218.Tbc staff abo believes that hase been trained to cope with a loss of hand or auto
penMic verifmation and testing of overfdl protection sy s- power to the ICS, and alarms have been installed in the

.

e
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control room to alert operators to the loss of hand or auto Resolution
power to the ICSJlhcrcfore,it is not neecssary to provide 'lhe staff agrecs that thc modifications identified and im-
automatic initiation of the ERV [cmcrgency feedwater) plemented on the Oconce plants by Duke Power Com-system on steam generator low. water level. 'Itc auto-

pany to provide an automatic MRV pump trip on a loss ofmatic initiation circuitry for liBV at Oconce uses low
e ther hand or auto power to the ICS may be found ac-

MRV pump discharge pressure or low MRV pump con- ccptable if designed to include all the branch circuits
trol oil pressure signals to anticipate the loss of MRV. identificd in Section 2, item 4, of NUREG/CR-3991. For
This design feature permits automatic initiation in a more additional clarity, Section 3 of Appendix C totimely manner to reduce the likelihood of steam NUREG-1218 has been modified to include all other ac-,, ,

generator dryout.1_urthermore, low-level imtiation of ccptable corrective actions that could be taken to avoid
ERV has some potential negative impacts such as

steam generator dryout on a loss of power.The staff, how-increased reactor trips, increased operator burden, ever, still maintains that low-water level initiation of
additional challenges to safety systems and potential ERV ensures adequate flow to the steam generator in the
overcooling due to ERY overfill, which has not been ade- event of other failures, such as inadvertent MFW valve
quately addressed.

closure, and that the system can be designed to minimize
inadvertent trips and challenges to the safety systems. On

Duke [ Duke Pow er Co.] notes that the values used to esti- the basis of thelocation of thelowMRV pumpdischarge
mate operator reliability in the two overheating events pressure,it is not clear that in the event of an MRV valve
are conservative. In panicular, the probability that the closure, ERV would be automatically initiated. Justifica-
operators fail to initiate high-pressure injection following tion for the adequacy of such a design should be submit-

a loss of feedwater is estimated to be 1.0E-02 [0.01). ted for staff review.
Work performed for the NRC by EG&G Idaho and pub-
lished in NUREG/CR-4966 shows that this probability The staff agrecs that there is considerable uncertainty in
should actually be 1.0E-03 [0.001] or lower. Other opera- the values used to estimate operator reliability for these
for actions which have been given too high a failure prob. events. Ilowever, on the basis of operating history of
ability are reinstating MRV or initiating liRV during the B&W plants and the amount of confusion introduced by
overheating events. Given that more than 30 minutes are an ICS power failure (for example, as excmplified by the
available to talc cither action, significantly lower failure Rancho Seco power supply failures), the staff believes
probabilitics would be appropriate. The use of a more that the estimates used are justified. Although it also
realistic assessment of operator actions following these should be noted that the consequences of dryout of one
overheating events produces calculated core. melt steam generator have been adequately analyzed, dryout
frequencies one to two orders of magnitude lower than of both generators is a more severe event not adequately
those given. analyzed for all plants.

COMMENT 12In sumrn.uy. using a more realistic assessment of operator
actions significantly lowers the calculated probability of The draft NUREGs [NUREG-1217 and NUREG-1218]
overheating events leading to core melt. Furthermore, indicate that a 1-out-of-2 taken-twice trip logic is accept-
the two oscrheating events described in NUREG-1217 abic. This design would place the unit at a higher risk of
are no longer apphcable due to actions already taken at inadvertent umt trip, since a single failure can cause ac-
Oconee. As a result, a value/ impact analysis shows that tuation of the trip logic.This situation would result in un-
non: of the remaining corrective actions meet the stated necessary challenges to safety systems. This concern and
encrion of Sl.000' man rem. the resultant impact are not considered by the

investigation.

< ostNt h IIta Resolution

iteam genaator dryout for IM W plants has been found ^ b"*".f-2 taken twice logic, if properly designed,
not to be a concern based on the fact that restonng feed- w uld not madvertentlyactuate the triplogicasa result of

water flow to the steam generator restores cooling esen a smgic failure. I-or exampic, the General Electric Co.
uses a 1-out-of-2 taken-twice logic in the reactor scram

without a significant water level present. Emergency system. A hoiling-water reactor (HWR)has four solenoids
feedwater (l!! W) actuation on low steam generator o'n each control rod assembly, two of which are decncr-
[ water] level is provided for reasons other than avoiding gi/cd to tripand two of which are energi/cd to trip.There
drwat. Although dryout is not desirable, technical speci- is no single failure that could cause an madsertent actua-
ficatun raianements to mair.tain it are not appropnate tion of the trip sy stem. The Wuon of the logie should
for H&W p! ants. best meet the individual plant requirements.
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COMMENT 13 a smaller, but still appreciable, reduction in public risk
na wa wthnem anaW asa muh oW pp

The overfilling scenario described in Table 3.3 of posed resolution.
NUREG-1217 assumes a 0.95 probability of main stcam-
line break (MSLH) given spillover into the steamlines. De staff conclusions consider the more realistic estimate
This arbitrary assumption results in a 9.58E-06/yr calcu- for the conditional probability of an MSLB given an over-
lated core melt frequency and a 45.8 man rem />r calcu- fill. Even with the less-conservative estimates, the pro-
lated public risk, as stated in NURl!G/CR-4386. posed fix is still warranted. Since this information is
However, Duke Power analysis of the Oconce main already presented in Appendix B, no additional modifica-
steamlines shows that, following spillover, the loads pro- tion or clarification to the report is necessary,
duced in the lines do not result in an MSLB. Since main

COMMENT 14steamline integrity is maintained, the conditional steam
generator tube rupture, which is postulated in the domi- We agree that events may be postulated in which a failure
nant sequence, will also not occur. Therefore, the actual of the feedwater control system and failure of the opera-
calculated core melt frequency from the overftll scenario tor to take timely action can initiate an SG [ steam
is that due solely to the remaining T2 transient (a loss of generator] overfill event, However, we believe that the
main feedwater due to turbine damage). NUREG/ value/ impact analysis does not justify the proposed al-
CR-4386 calculated this frequency to be 6.88E-08/yr terations because the probability of the control room op-
with a calculated public risk of 0.186 man-rem /yr.The re- erator not taking corrective action in time to preclude an
sulting safety benefits (in man-rems)of the potential up- SG overfecd event is too conservative. The Oak Ridge
grades for the overcooling scenario are actually [more National Laboratory (ORNL) analysis states the prob-
than] two orders of magnitude less than those stated in ability of operator error to be 0.1 failure per demand but
NUREG-1218. A value/ impact analysis, using the actual does not describe the basis for this value. It appears that
public nsk benefit with the estimated costs given in this value is based upon the human reliability analysis as
NUREG-1218, shows that none of the alternatives meet provided in [NUREG/CR-1278]. However, our opera-
the stated criteria of $1,000/ man rem. tors have demonstrated their proficiency in mitigating

this type of event before SG overfilling occurs by both op-
This conclusion is in agreement with the statement in Ap- erating experience and training. A reactor trip plus a
pendix B of NUREG-1218..."If the probability of an stuck feedwater valve scenario did occur at Calvert Cliffs
MSLB (gisen ourfill) was further redund by as much as [Nuc! car Power Plant] in October 1983 and was
2 orders of magnitude, the risk reduction would not be successfully terminated by prompt operator action.
significant enough to warrant a design change." This is Corrective action is specifically given in emergency
alsoin overall agreement with the NRC staff position that operating procedures. The ORNL analysis was based
overcooling events at B&W plants are minor contributors upon the configuration of Calvert Cliffs at the time of
to core damage, as stated in NUREG-1231. data collection. Since that time, we have made several

changes to upgrade both the control room and operating
procedures to improve operator performance. Many of

Resolution these changes were in response to Wi related
The staff agrees that Ihe initial estimate of the conditional initiatives. Changes made include: (1) implementation of
probability of an MSLH, given an overfill event, is conscr. functional recovery emergency procedures (2) upgrading
vative.The staff maintains, however, that the claim of en. abnormal operating procedures including SG overfill
sured main steamline integrity following an overfill event event; (3) requiring degreed shift technical advisors to
is unsubstantiated. A static load analysis is not convincing complement the operating shift crews:(4) addition of a
for the accident conditions being investigated. 'lhis smgle computer based safety parameter display system to the
event can result in the introduction of high-temperature control room; and (5) construction and use of a fully
saturatcd water into the steamlines with the potential for operational site-specific control room simulator. Human
being rapidly accelerated and potentially introduces factors upgrades in progress will further aid operators to
forces on the steamlines large enough 1o break ihem. Ex. function more effectively during unusual operating
perience suggests that there is a real chance of an MSLB conditions. None of these changes were considered in the
gisen an oscrfill event. In two events in Europe, steam. original analysis. However, these changes affect the
lines were damaged when water entered the steamline. performance shaping factors reicsant to the human
These two events were used in the sensitivity analysis reliability analysis and. as a result. increase the probability
found in Appendix B of the regulatory analysis that the operator will terminate the event.
(NUREG-121R As illustrated in the sensitivity analysis,
the use of a best.cstimate less-conscrutive value beed Resolution

on operatme expuitnce (of 0.13) for the conditional In the staff's resitws and simulations of eredible overfill
probability of an MSI .B given an overfill event resulted in scenarios. several scenarios wcre identified in which
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water could spill over into the steamline within 3 to 5 min- is a more prudent estimate than the suggested 25 years,

| utes of theinitiating event. If this esent were coupled with particularly in light of potential life extension and/or li-
| reactor scram that was not directly related to the overfill censec renewal activitics. l

event, then such an event scenario could further distract
the opentor from the overfill problem. Operator actions COM51ENT 16
to mitigate the overftll event under these conditions
would be more complex and difficult to predict. The The core melt frequency stated in Table 5.1 of
staff's enteria on establishing quantitative success prob- [NUREG-1218](1 x 10 7)does not agree with that stated
abilities for operator actions in such circumstances is dis- in the text in Section 4.2(5)(a), page 4-8 (1.4 x 10 7).
cussed in Section 4.4 of NUREG/CR-4265. A review of
operating history in the overfill event identified in Licen. N'5 I"I.*"
see Event Report (LER) 87-011-02, which occurred at
San Onofre Nuclear Generating Station, Unit 3, indicates Table 5.1 of NUREG-1218 summarizes the alternatives
that a failure probability of 0.1 for an operator to termi- discussed in Section 4. For simplicity, the estimated core-
nate an overfill event is a reasonable estimate. Since a melt frequency values shown in this table were rounded
less-conservative but defensible estimate was not pro- off to the most significant number and are within the er-
posed, no modification to NUREG-1217 is warranted. ror band of the calculations performed. No modification

to the report is necessary as a result of this comment.

CO \lMENT 15

1 he estimated cost to implement the proposed automatic COMMENT 17

trip as calculated by the draft NUREGs [NUREG-1217 In NUREG-1218, Section 4.2(5), page 4-7, Case 1 is de-
and NUREG-1218] is too low. We have estimated that scribed as the inadvertent opening of all five condenser-
the total cost would actually be closer to $200,000.. .The steam dump valves. Most Westinghouse plants provide
cost estimated for design engineering and safety evalu- for condenscr-steam dump isolation on a protection
ation was increased because the modification may be de- grade low low Tag signal which closes the steam dump;

j termined 1o be an unresolved safety question. The change valves regardless of the control-grade demand signal.
I would increase the probability of occurrence of a design-
l basis event, loss of feedwater. Accordingly. the trip sys-
l tem will have to be designed suth that we do not degrade Resolution

the reliability of the feedwater system or increase the The staff agrees. Section 4.2(5)was revised to reflect this
probability of unnecessary challenges to safety systems. comment.
Our estimate does not include the cost of installing new
containment penetrations, cabling, or cabinet space; this

| can only be determined by a detailed plant-specific design COMMENT 18
analpis. If these changes are needed, the cost would in- Section [4.2(1) of NUREG-1218) states that steam gen-
crease dramatically. Our estimate also does not include crator overfill via the AlW [ auxiliary feedwater) system
indirect factors such as the opportunity costs or escalated was predicted to occur in about 3 minutes.
costs. Also, the remaining plant life was assumed to be 30
years. Since the proposed automatic trip would not be For overful event #1, as described in NUREG-1217, any
fully operational for 3 years from the project initiation. of the four proposed failure mechanisms result in the
the actual remaining plant licensed life for Calvert Cliffs main feedwater (MIV) valve to inadvertently open re-
[ Nuclear Power Plant] would be less than 25 years. sulting in overfeed of the steam pencrator. Upon reach-

ing the steam generator hi hi water-level setpoint, the
MFW pumps and turbine are tripped and the AIM

Res lutm.n pumps are initiated on MFW pump trip. The time to
The staff agrecs that the original cost estimate of overfill the steam generators via AIM for this scenario is
$100,003 may be low anJ that the total cost estimated by expected to exceed the 3 minutes due to the effect of tur-
the utility for this alternative may be closer to $200,000. lt bine trip and MI'W pump trip.
should be noted, howescr. that the sensitisity analysis in
Appendix B of NUREG-1218 shows that design modifi. For overfill event #2. as described in NUREG-1217, the
cations costmg 5245.000 would still bc justified, initial failure mechanism (e.g., a failure in the controlling

steam generator level channel) results in the MFW valve
The staff revised the report to reflect the utility's cost es- to inadvertently open resulting in overfeed of the steam
amate- rio addition il noMications were warranted. In generators. The second failure assumed is the loss of a

i addition, the staff does not propose any changes anJ be. second channel of the hi hi sicam pencrator les el inp p
lies es that the assumption of a 30-) ear remaining hfetime tem which would result m the loss of Miv pump and
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turbine trip. liowever, the Al W pumps would not be ac- [ nuclear steam supply system] plants do not have such
tuated. The time to overfdl the steam generator in this procedures available.
scenario due to MFW is approximately 3 minutes. Ilow-
ever, this conclusion is in conflict with the statement in We would like to emphasize that all Westinghouse NSSS
Section 4.2(1) which states the steam generator is over- plants that were members of the Westinghouse Owners
filled via the AFW system in about 3 minutes. Group (WOG) have available administrative procedures

for controlling level in the steam generator following re-

Resolution actor trip or safety injection as described in the Emer-
gency Response Guidelines (ERG), Procedure E-0,

The computer simulation of the first event showed that "ReactorTrip or Safety injection." This guideline directs
approximately 205 seconds into the transient there was the operators to maintain total feed flow greater than a
significant flooding of the moisture separators and preset value until narrow range level is restored to the
that moisture carryover was expe:ienced from one of the narrow range span in at least one steam generator. Subse-
three steam generators. 'llis overfill transient assumed quentiy, the operator is tc control feed flow to maintain
no operator action to manually terminate the Al'W the narrow range level between 0 and 50 percent of spar..
flow.

1 Tence, any plant that has implemented the WOG ERGS
The second overfill event resulted from an MRV flow has administrative procedures for controlling feedwater
overfeeding transient with no automatic or operator- flow (both main and auxiliary) following reactor trip or
assisted manual termination of the MFW flow. For this safety injection.
event. AFW was not initiated.'Ihe computer simulation
for this event showed a substantial reduction in steam
quality 20 seconds into the event. Resolution

The staff is not implying that many Westinghouse plants
The RELAPS computer model that was used to perform do not have procedures for instructing the operatars to
these simulations was subjected Io code verifications and manually throttle AFW flow following reactor trips or
quality assurance checks as well as correlation checks be- safety injection events. Section 4.2.l(l)(b) states that if a
tween calculated results and actual plant measured re- Westinghouse plant does not have such procedures, on if
suits.These checks proside reasonable anurance that the the procedures (or training) are inadequate, then these
model clo>c!) predicts plant behasior. Analpes of these plants are susceptible to AFW overfill transients similar
two events are descnbcd in more detail in SUREG/ to those desenbed in the reference plant. It is prudent forCR--026, Volume 1.

all plants, not just members of the Westinghouse Owners
Group. to ensure that their plant procedures and training

For adJitional clarity, Section 4.2 of NUREG-1218 was are adequate to preclude overfill transients via the AFW
revised to preclude any perceived conflict by identifying system.
the spectfic event of concern in the reference plant study.

No modification or clarification is proposed as a result of
COMMENT 19 this comment.

In NUREG-1217, Section 4.2.1(2), page 4-7, the use
of the terminology " charging pumps"is confusing in COMMENT 21
this context. Generally, charging pumps refer to the Need and Criteria for tant Specific Daluations JIhc
Westinghouse high. head safety injection pumps and not analysis to support the USI A-47 conclusions seems to
the auuhary fecJwater or gartup feedwater pumps. have examined control system failures that could have the

most adverse impact on the primary- and secondary-side
i mtems. Althouch the spatial effects of specific hazardsRes ut m.n -,

3uch as fire, flooding, harsh environments, carthquakes,
The mff agrees. Section 4.2.1(2) has been revised to etc., were not specifically addressed. this approach may
climinate this confusion. give a reasonable " coverage" of these effects. Evaluations

| were made of the genene applicability of the analyscs of

COMM ENT 2() the representative plants. This approach has a great deal
of merit for both a genenc assessment and for plant-

The implication from the statem(nt Dn NURI.G-1217. specific assessments.
Secuen 4 2.lt1Yh) page 4-6] concerning the availability
of plant admmotralise procedurcs for manually throt- l low es cr. it is not clear that this approach gives sufficient
tling m..hary feedwatt r ( Al'W) flew fo!!owmg reador wu rage of this scry broaJ area. I think thatplampccific
trip or safety inption n that many Westinghouse NSSS cvaluations are needed to factor m (a) the various hazards
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and their spatial effects on the control systems...and (b) of the control systems. However, a limited number of
plant. specific control and support systems. I think that multiple unintended (spurious) operations were as-
the industry needs to develop criteria and practical meth- sumed. These assumptions may be fairly representative
odolog for use in plant specific evaluations. The evalu- and give good " coverage" of the failures that might be
ations for operating plants can be based on risk reduction caused by these types of events. I think further work is
and v21ue/ impact for operating plants: however, the needed to develop an integratedtreatment of these types of
evaluations for future plants and perhaps construction events as well as the failures within the current scope of
plants [ plants under construction] need to also factor in USI A-47. This integrated treatment should include (1)
the traditional design-basis event (DBE) type of safety the various hazardous events, such as pipe breaks," inter-
limits and safety analyses. nal" flooding, " internal" fires, other events that produce

harsh environments earthquakes.ctc.,and(2)considera-
tion of the spatial aspects of the hazards and their effects

CO*H3T 238 on the control systems lxated within the zone of their
ne environmental qualification requirements in 10 CFR influence. Different ass amp ions may be appropriate for
50.49 require that non safety-related electrical equip. different haztirdt
ment must be environmentally quahfied ifits failure un-
der harsh environments can prevent safety-related

Resolut, ionequipment from accomplishing its safety function. USI
A-47 needs to be expanded to cover unintended opera- In its technical evaluation of USI A-47, the staff consid-
tion of control systems caused by emironmental condi- cred individual and selected multiple system failures that
tions caused by pipe breaks and other events that could result from nonmechanistic failure modes. This approach
produce a harsh environment. For exampic, NRC Infor- evaluates, to some extent, the effects of system failures
mation Notices 79-22, 86-106, etc., should be factored that could occur as a result of external events such as fires,
into the evaluation. US! A 47 also should be expanded to flooding, and canhquakes. nis was a limited study focus-
cover flooding from moderate energy line breaks, flow di- ing only on non-safety-related control system failures.
versions, etc., that are outside of the scope of 10 CFR This study assumed that at least one channel of safety-
50.49. related mitigating systems would be available if needed.

De limitations of the USI A-47 evaluation were estab-
lished on the basis that these events were addressed inCO%1stlNT 21b g g g gz g 44 p p g

NRC Generic Letter 87-02 implies that USI A-46 may (10 CFR 50 Appendix R) review program, Environmental
not cover unintended (spurious) operations of nonscismic Qualifications program. However, some potential safety
(non-safety-grade [related]) control systems in carth- concerns were identified by the staff and the Advisory
quakes (see pages 4 and 12, etc.). The seismic experience Committee for Reactor Safeguards (ACRS) that were
data base does not seem to cover unintended (spurious) either (1) not in the scope of the safety issue or other pro-
operations during an earthquake. If my understanding is grams, (2) a spinoff from the existing issues, or (3) periph-
correct, the discussions in Section 2.2(2) and Appendix eral concerns for which additional review effort is tbought
A(2) of NUREG-1217 may need some expansion, to be needed. As a result,a program has been established

to address t h ese concerns and to des clop them as issues of
Sections Ill.G and III.L of 10 CFR 50, Appendix R, re. sufficient detail so that they may be evaluated, if needed,
quire that spurious actuations be addressed for fires, as new issues according to priority. This program is enti-
However, NRC Generic Letter 86-10 does not appear to tied the Multiple Systems Response Program and is pro-

-

regmre that more than one spurio s actuation be as. gressing on a separate schede.le independent from US!
sumed. His does not appear to be adequate coverage A-47,
since multip/c unintended operations have occurred in
ses eral actual fires.

COMMENT 22

comrm Overfill Events-One of the more rapid and significant
overfill esents for a PWR seems to be a reactor inp

Treatment of Specific Esents and Spatial I;fTects- followed by a failure of the control sy stems to rapidly run-
Section 2.M anJ Appenda A of NURI:G-1217 and back the MFW. This type of event seems to only be ad-
Section 2.l(2)of NUREG-1218-The draft N UR EGs in- dressed in two cases in Section 3 of NUREG-1217:
dicate that "esternal" events such as carthquakes floods, (1) overfill event 1 inTable 3.4 anJ (2) overheat event #1
fires. and sabotare have not been considered. It appears in Tahic 3.3. I thmk that this type jofj overfill event needs
that the evaluatmas did not consiJcr thc3panalaspects of to be treated m more detaii for all of the representathe
potential ha/ards (e.g.. fires, floods, etc.) or the locations plants.
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Resolution in the logic could only open a few dump valves. This was
donc to prevent a relatively likely initiating event single

All of the representative plants studied during the USl failure from causing the fuel safety limits for a frequent
A-47 evaluation wcre evaluated for this type of transient. cvent (ANS Condition !! event) to be exceeded. Although
it should be noted that NUREG-1217 only summarizes this is not directly related to frequency of core melt, I
the results of several contractor reports. Specific details think it is an improvement worth considering for other
of the analyses performed can be found in the referenced PWRs-particularly for future plants and perhaps for
contractor reports. [ plants under construction).

I Section 4 of NUREG-1217 discusses the generic
applicability of such events, and Appendix C of Resolution

| NUREG-1218 proposes recommended actions for each Existing NRC criteria require that accidents and tran-
| type of nuclear steam supply system (N SSS) plant in order sients be analyzed assuming a worst-case single failure.

to mitigate the consequences of such events. Therefore, Acceptance criteria also are specified for cach category of
no additional action is considered necessary as a result of events. The acceptance criteria for increase in steam flow
this comment.

transients are specified in NUREG-0800, Section 15.1.1.
Each licensee is responsible for providing an appropriate

I' C051 MENT 23 pha@ign that will meet the applicable acceptance cri-
teria for 0 accidents and transients.

B&W Overfill Protection Sptems-Section 4.3 of
NUREG-1217 and Section (3) of Appendix C of

COMMENT . 5NUREG-1218-Our 205 fuel element B&W plant, Bel-
lefonte, does not have a mcasurement of steam generator Steam Generator Tube Rupture Esents-Section 3 of,

! water level. This resulted in the need for a much more N UREG-1217, and Sections 3.2.4 and 4.2(9) of
, complex overfill prot cetion system that used neutton D ux. NUREG-1218... address the affects of control system
1 MFW flow, stcam generator differential pressure, etc., to failurcs on SGTR [ steam generator tube rupture) cvents

develop trip signals. The NUREGs [NUREG-1217 and for Westinghouse plants (see SGTR event #1 and #2 in
NUREG-1218) should reflect this different protection Table 3.2 [NUREG-1217]). It appears to me that these
system used on a few B&W construction plants.

type > of failures should present similar concerns for the
B&W and CE plants. If valid, these failures and events

Resolvion should be addressed in [NUREG-1217 and

The staff agrees. Overftll protection for Bellefonte Nu-
clear Plant and Washington Nuclear Plant, Unit 1. is pro-
vided by high sicam generator differential pressure (i.e., Resolutm.n

level) when the reactor power is below 31 percent and by SGTR events were addressed in the contractor reports ,

excessive feedwater flow when the reactor power is above for both the B&W and CE plants. The evaluations are 1
25 percent. Reactor power dependence is removed from provided in NUREGICR-4047 and NUREG/CR-4265,
the lesel trip after a reactor trip has been initiated. This respectively, and are referenced in NUREG-1217.
system is designed as part of the engineered safety fea-
tures actuation system and is designed to conform with

COM51ENT 26the prescribed criteria for these systems.This design also
may be considered an equivalent alternative, dependmg Initiating Dent Failures vs. Consequential failures-

|on the outcome of the staff's review. The USI A-47 cvaluatian considers some control system '

! failures that are the corsequences of DBEs [ design-basis
As a result of this comment, Section 4.3.1 of events) however, most of the emphasis is placed on initi-
NUREG-1217 and Section (3) of Appendix C of ating event control miem failures. I think additional
NUREG-1218 have been revised to permit other designs attention needs to be pren to consequential control sys-
that are equivalent or better. tem failures. For exampic.the unintended opening of the

secondary side PORVs { powcr-operated relief valves] up-
mam i m steam Masn vab WW canI COMMENT 24
create safety problems of (a) a loss of containment isola-

| Atmmpheric and Condenser Dump Vahe Controller tion in a I.OCA poss of. coolant accident] (assuming a
Logic-Section 4.2(6)of NURl!G-1218-TVA modified small pre-existing steam generator tube leak), (b) exces-
the atmospherk .mJ condenstr dump sahe wanoller sa c tooldow n rates anJ low of pressurved steam genera-
lepe m Ihe ICS for our B&W plant so that a single failure tors for a heat smk in a steamline break, (c) loss of

sI h&U .4
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capability to terminate the radiation release in a steam sions to isolate hfFW to prevent overfill to the engi-
generator tube rupture, etc. neered safety features actuation systems (ESFAS) for our

Bellefonte and Yellow Creek plants.
'

Resolution In other areas,'lVA directed B&W in the early 1970s to
The USI A-47 study addressed DBEs being made more add a safety grade [ safety-related) system for Bellefonte
severe than presiously analyzed as a result of non-safety. to initiate and control auxiliary feedwater (AFW). This
related control system failures.These failures could occur was expanded after Thil-2 to provide better control. In
as a result of the event orindependently. A review of the the mid-1970s, 'fVA upgraded the primary- and,

contractor reports referenced in NUREG-1217 shows secondary-side power-operated relief valves (PORVs) to<

that a sigmficant effort was made in this area. In all but a be safety grade for both the opening and closing modes
few cases,it was shown that the existing safety related sys. for our Ll& W and CE plants. (Our CE plants did not have
tems adequately mitigated DBEs even when com. PORVs on the primary side.) These valves sene the
pounded by multiple non-safety related system failures. safety functions of cooldown, depressurization, isolation,
Single and selected multiple non-safety-related control and prevention of unintended operations.1VA has also
failures werc evaluated under different normat operating provided safety-grade pressurizer sprays to serve the
conditions and accident conditions. 'lhese failures in. safety function of depressurization (in conjunction with
cluded consequential failures as well as random failures the PORVs). In the early 1970s, TVA also provided
of non-safety-related control systems in order to assess safety-grade control air systems to power the PORVs,'

worst-case transient conditions. AFW control valves, etc.. for our E, B&W, and CE
plants.

COS151ENT 27
Resolution

General Impressions-Based on a brief review, I think
that the evaluation and the proposed resolutions for USl It is commendable that 'IVA has undertaken several in-
A-47 are generally reasonable for operating plants. I itiatives for design improvements related to USI A-47.
think some furthereffort may be needed on an integrated Procedural, administrative, and design modifications that
approach for unintended (spurious) operations of non. tmprove plant salcty are encouraged.
safety-related equipment. Plant-specific evaluations may
be appropriate. A somewhat meic consenative approach As a result of operating experience and tramients that
may be appropriate for future plants and perhaps for have occurred at several Babcock & Wilcox (B&W)
[ plants under construction]. plants, an industry-sponsored program was developed by

the owners of the B&W plants. The stated goal oi this
program (i.e.. Babcock & Wilcox Owners Group Safety

COMMENT 27a and Performance Improvement Program)was to increase
'lV A Initiatives Related to USI A-47-TVA has the level of plant safety by reducing plant trips and by re-
undertaken several initiatives for design improvements ducing or eliminating complex transients. This effort I

Irelated to the USI A-47 area.The majority of these were complements the proposed actions under USI A-47.
made for our later Babcock & Wilcox (B&W) and Com-
bustion Engineering (CE) pressurized water reactors A large number of recommendations werc developed and
(PWRs)-Bellefonte and Yellow Creek. are currently being implemented by the individual plants,

including Bellefonte.'Ihe staff believes that this industry
'lVA was mstrumentalin identifying the potential prob. effort makes plants safer.
Iem with control system failures that could cause a steam
generator overfill transient in 1972 before it became an

C05151ENT 28N RC concern. We noted that Westinghouse Oy_) had pro- ]
vided a cafety grade [ safety-related] cutoff of main feed- Commercial Grade vs. Safety Grade | Safety.Rdated|

,

water (hil W) on high steam pencrator [ water | level for Overfill Protection Systems-Items (6)and (7)of Section
core overcooling protection (which also provided steam Sof NUREG-1217,anditems(6)and(7)and Appendix C
generator overfill protection), and that B&W and CE did of NUREG-1218-The conclusions for USI A-47 indi-
not have any provisions for au tomatic h11:W isolation. We cate that commercial-grade oserfill protection systems
also noted that B&W had transferred [itsj mtegrated con- that meet certain design requirements are considered to
trol system (ICS) design from [its] fossil to [itsj nuclear be adequate.This is reasonab!c for backfits for operating
plants: however,[B&Wj had not transferred the separate plants; howeser, I think future plants and perhaps con-
oserfi:1 "protetuon" type sptem prosided in [its] fossil struction plants need to provide safel)-grade os crhll pro-
plants. At TVNs direction, B&W and Cli added provi- tection systems.
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!

Resolution Regarding SGTR events,in its study of Generic Issue 135,
the staff is investigating the consequences of water enter-

The staff's recommendations are presented in NUREG- ~ing the main steamlines refer toitem 3 (p. A-1)of Appen-
1218, Appendix C.Dese recommendations reficct mini- dix A to NUREG-1217. '

mum acceptability. It should be noted that the more re-
cent plant designs have chosen to incorporate !

safety-related overfill protection systems. Dese designs COMMENT 30
are fully endorsed by the staff. It is, however the respon- Development of Methods of Treating Multiple Failures in
sibility of each licensee to justify the adequacy of its de- Control Systems-The assumptions for unintended (spu-
sign.The staff believes that it is appropriate for licensees rious) failures has been a controversial topic and a source -
of new plants to provide such safety-related systems and of confusion for many years. He assumptions for non- ;encourages them to do so. safety-grade [non-safety-related) equipment are much

more uncertain than are the assumptions for safety-grade
[ safety related) equipment. ;

COMMENT 29 '

I think that the industry needs todevelop a practicalmeth.
Traditional DBE Safety Limits vs. Risk Basis-The pro, odology for designers to use to evaluate and provide pro-
posed resolutions of USI A-47 are generally based on risk tection from a limited number of multiple unmtended
reduction and value/ impact analyses. This is appropriate operations of non-safety-related equipment. As dis-

,

for potential backfits for operating plants. Ilowever, for cussed... this needs to be an mtegrated approach for the
,

,

fut ure plants and perhaps for [ plan ts u nder const ruct ion ]. various typcs of hazards. The spurious operations need to .

I think that traditional DBE [ design-basis event] type of - be addressed for non-safety-grade components that are
safety limits and :;afety analyscs needs to also be consid- (a)in the zone ofinfluence of the event and (b) not quah,-
ered. For newer plants, the control system failures need ficd (or designed to function) in the environment. The
to be factored into the traditional conservative safety methodology should build on (a) the approaches being
analyses to some degree. Examples include: Item developed for the resolution of USI A-47 and USI A-17

(1) Overfill Events-If an overfill event can cause the and (b) the approaches being developed for various indi-
,

failure of steamlines or relief valves on a PWR, then the vidual hazards. <

traditional safety limits associated with steamline breaks
need to be considered as well as the tok 1uus concerns of The methods development needs to include an evalu-

a steam!ine break causing steam generator tube ruptures ation of the(a)need (b) merits,and(c)practicalityof ad-
and core melt. See also the safety concerns in item (3) of dressing 'a limited number of multiple unintended
Appendix A of NUREG-1217. Item (2) SG FR Events- operations.This involves an evaluation of whether or not

ne effects of control system failures need to be evalu- the increased com plexity of the analysis of. and prot ection

ated in terms of the traditional SGTR [ steam generator from, a limited number of multiple unintended opera-
t ube rupturel dose limits-es en thougb (such failurcs do] tions would give a worthwhile and cost-effective increase

not lead to a core melt considered m the risk basis. See in safety over the assumption of one spurious action.

also the safety concerns m item 0) of Appendix A of There is a need to developpracticalmethods oflimiting the |

NUREG-1217. number of multiple unintended operations to those that |

are more likely and ibat are also more significant.
. .

i

i

ne previous treatments for unintended (spurious) op-
Reschitinn crations that have been either proposed or used by indus-

try have involved a full range of assumptions. ncy are
The technical evaluation to address USI A.-47 included generally limited to equipment in the zone of influence
consideration of DBEs and specifically addressed acci- that is not designed to work in the emironment proJuced
dents or transients being more severe than previously by the event. These include:
analv7ed. His methodolocv inherently included assess-
men't of traditional safetylimits and safety analyses. It (1) No unintended (spurious) operations.
should be noted that Section 7.7 of the Standard Review (2) One unintended operation.
Plan (SRP) (NUREG-0800) already describes accep-
tance criteria for non. safety-related control systems, in. (3) A limited numbe r of multiple unintended operations.
ciuding the consequences of their failures. The SRP is
applicabic to current beense applications as w cll as to fu- (4) Multipic unintended operation of all nonqualified
ture p! ants. W ith the cscepwn of incorporatmp guide- equipment in zone of influence.

lines foi overfill protection, no adddional remon> to the i do not think it is reasonahic to assume either(a)no unin-
SRP are anticipated as a result of the USl A-47 cffort. tended operations or (b) multiple unintended operations

Ni min 1217 %
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was the result of a careful consideration of the most likely
of a/I nonquahfied equipment in the zone of influence. failure combinations and the most safety-significant com-
The most liAcly results of DHEs [ design-basis es ents) with binations. The selections were based on engineering ;

hazards, such as fires, harsh ensironment, flooding, vibra- evaluation and were derived from a large number of tran- !

tion from an earthquake. etc., are a limited number of
sient simulations.multip/c unintended operations. It is di.fficult to defend ;

the assumption of one unintended operation from likeli-
!bood and past experience. However, the assumption of COMMENT 31

one unintended operation "cosers" a ;ood interim posi-
The proposed resolution includes requirements for in-

tion until (a) a more detailed evah ation of the issue. cluding cenain items in the plant technical specifications.
(b) positions, and (c) practical metaods of addressing It is not apparent that this position has been evaluated us- |

,

multiple unintended operations can he developed. ing the NRC Interim Policy Statement on Technical
'

Although only one spurious action is assumed it could oc- Specification Improvements.

cur at any location in the zone of influence; thus, allspuri- We believe that the NRC Interim Policy Statement, as
ous actions would need to be evaluated individually. In
general,the likelihood of multiple unintendcd operations

written, does not support including steam generator over-
fill protection in the technical specifications. We are

decreases as the number is increased. (Therc arc a few ex- aware of the NRC staff position in [the NRC] letter dated
ccptions such as containment isolation and other actions May 9,1988. to Mr. Wilgus, chairman of the B&W Own-of the ESFAS [ engineered safety features actuation sys-

ers Group. We disagree that the existing criteria support
tem]. the solid state control systems. etc.) Also, the as- including "certain active design features...and operating
sumption of one failure may be commensurate with the restrictions...needed to preclude unana/ ped accidents."
importance to safety. If the equipment is not safety re- Furthermore, it cannot be generically concluded that
lated, its function is not directly related to the mitigation
of the DBEs. Ifit is assumed that it does not work, a class stcam generator overfill protection is necessary to pre-

of failure modes is already analyzed. If one spurious fail- clude an unanalyzed accident on the basis of a review of a

ure is assumed, an additional class of events is eliminated. single plant. 'Iherefore, the need for new technical speci-

The failures not analyzed would be multiple failurcs of fications must be made on a case by-case basis. As a mat-

non-safety [-related] equipment that somehow combine
ter of interest, the event has been evaluated for TMI-1

to affect multiple trains of safety [-rclated] equipment, or
and does not result in an unanalyzed event without taking

in combination v.ith a random failure, affect the remain- credit for overfill protection.This conclusion has been re-

ing specific train. The effort mvolved in eliminating this viewed by the NRC staff and found acceptaole.

threat may not be commensurate with the risk.
Resolution

Roolution The NRC staff does not agree. The staff maintains that
the position to periodically verify the operability of theThe staff generally agrecs with the suggestion that indus-
overfill protection system is consistent with the NRC In-try should develop improved analysis of the effects of terim Policy Statement on Technical Specification Im-non-safety-related system failures and interactions and
provements. For most plants, this position satisfiesbelieves that the effects of multiple failures on the ability criterion 2 of the NRC Interim Policy Statement, which

of operators to diagnose the need for intenention and delineates constramts on design and operation of nuclear
correctly inter ene should be studied in more detail.The

power plants that are derived from the plant safety analy-staff also belieses that a significant number of plant up-
sets are the result of multiple failures and that a system- sis report. and does belong in the technical specifications.

Also, for some plants, this position also satisfies criterionatic means for dealing with them is not available to all
3 of the same policy statement because the high-water-

plants. Some effort in this area is currently being ad-
dresseJ sia the use of pl.mt simulators and plant-specific level trip system is used to mitigate a main feedwater

over41 transient. which is a design basis event.
probabilistic risk assessment analysis. feed
in the USl A-47 study multiple control system failures

Therefore, the resolution has not been moJtfied as a re-

were considercJ. The selection of the multiple failures sult of this comment.

N t :R IM- 121'
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MODEL'SER

MODEL SAFETY EVALUATION TO BE USED AS GUIDANCE
BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATED TO LICENSE AMENDMENT REQUESTS FOR. ;

TECHNICAL SPECIFICATION CHANGES FOR
REACTOR VESSEL (BWR) OR STEAM GENERATOR (PWR) OVERFILL PROTECTION -

1
l

1.0 INTRODUCTION

|

By' Generic Letter 89-XX(1) , the NRC recommended that a system be provided to

mitigate main feedwater overfill events for all boiling and pressurized water

reactors (BWRs & PWRs) that currently ~do not have such protection. This action

was part of the technical resolution of Unresolved Safety Issue (USI) A-47,

" Safety Implications of Control Systems in LWR Nuclear Power Plants." Further--

,

more, it was requested that all LWR plants have Technical Specifications that

address the operability of the overfill protection systems that are-provided in
!

'

response to the Generic Letter on USI A-47.

2.0 EVALUATION i

i

i Overfill protection for each LWR consists of protection chann'els that initiate

the termination of main feedwater flow to the reactor vessel for a BWR or to the

steam generators for a PWR, on sensing a high water level condition. The

overfill protection mitigates the consequences of main feedwater control system

failures as an event which could lead to overfill. conditions, as well as

limiting the operating water level to within the bounds of the assumptions used

in the safety enalysis. Both functions fall within the scope of the criteriaI

for determining the cortent of Technical Specifications as established by the
2)Commission's Interim Policy Statement on Technical Specifications .

i

! .

.
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The action set forth by Generic Letter 89-XX on Technical Specifications for

overfill protection is that license amendment requests be submitted that

encompass requirements for Limiting Conditions for Operation, Setpoints, and

Surveillance Requirements which are commensurate with the safety actions required

by the existing Technical Specifications.

By letter dated (the Licensee) responded to generic letter,

| 89-XX. [PM should provide a description of the specific plant's response,

i.e., describe the system to be installed with the appropriate Technical

Specification changes.]

| Per generic letter 89-XX, an acceptable overfill protection system design is

one which (a) is separate from the feedwater control system so that it is not

powered from the same source, (b) is not located in the same cabinet as tne

feedwater control system, and (c) the cables are not routed so that a fire is

likely to affect both the feedwater control system and the overfill protection,

system simultaneously. Common-mode failures, however, that could disable

overfill protection and the feedwater control system, but would still cause a

feedwater pump trip, are considered acceptable failure modes.

l
l

[The PM should provide specifics of how the design meets the review criteria.

The PM must conclude that the licensee's design is acceptable or not acceptable

as appropriate. If the design is unacceptable, the amendment would be rejected.]
|

l

l

|

|
|
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The plant's existing Technical Specifications for systems. that _ initiate safety

actions define requirements which the NRC has-previously reviewed and found to

be in conformance with the applicable regulatory requirements for Technical

Specifications; namely those set forth in 10 CFR 50.36 in regard to Limiting

Conditions for Operation, Limiting Safety System Settings (Setpoints), and

Surveillance Requirements. The licensee has proposed technical specifications

for the overfill protection system which are equivalent to similar existing

technical specifications for [PM provide specifics]. The proposed technical

specifications for the overfill protection system insure operability of the

system at appropriate times, are consistent with existing requirements for

systems providing a commensurate level of safety and are therefore acceptable.

3.0 ENVIRONMENTAL CONSIDERATION

This amendment involves a change to a requirement with respect to the

instellation or use of a facility component located within the restricted area

as defined in 10 CFR 20 and changes to the surveillance requirements. The

staff has determined that the amendment involves no significant increase in

the amounts, and no significant change in the types, of any effluents that may

be released offsite and that there is no significant increase in individual or

cumulative occupational radiation exposure. The Commission has previously

issued a proposed finding that this amendment involves no significant hazards

consideration and there has been no public comment on such finding.

Accordingly, this arrendment meets the eligibility criteria for categorical
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exclusion set forth in 10 CFR 51.22(c)(9). Pursuant to 10 CFR 51.22(b), no

environmental impact statement or environmental assessment need be prepared.in

connection with the issuance of this amendment.

| -4.0 CONCLUSION
i

The Commission made a proposed determination that ' he amendment involves not
'

L significant hazards consideration which was published.in the Federal- Register-
;

( FR ) on .The Commission consulted with the.

state of No public comments we'e received, and ther.

! state of did not have any comments.
r-
!

!
!

| We have concluded, based on the considerations discussed above, that:' (1). !

there is reasonable assurance that.the health and safety of the public will

not be endangered by operation in the proposed manner, and (2) such activities
.

[

will be conducted in compliance with the Commission's regulations,and the
,

issuance of this amendment will not.be inimical to the common defence and

security or to the health and safety cf the public.
t
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for Nuclear Power Reactors," 52 FR 3788, February 6, 1987.

PRINCIPAL CONTRIBUTOR:

Dated:

.
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Enclosure S jYJ (fff)dQ
~T 7 h "< p ' g CT-

|INSTRUMENTATION

3/4.3.2 ENGINEERED SAFETY FEATURE ACTUATION SYSTEM NS R.uEN A ::N

LIMITING CONDITION FOR OPERATION

3.3.2- The Engineered Safety Feature Actuation Syste.T (ES:is) ' s:#. e a-d:-
channels shown in Table 3.3-3 shall be OPERABLE witn :ne' t i: se:::"-.s se
consistent with the values shown in the Trip Setpoint celurm :' Ta:'e 3.3-2

and with RESPONSE TIMES as shown in Table 3.3-5.

APPLICABILITY: As shown in Table 3.3-3.

ACTION:

'

a. With an ESFAS instrumentation channel trip setpoint less conservati.e
than the value shown in the Allowable Values column of Table 3.3-4,
declare the channel inoperable and apply the applicable ACTION
requirement of Table 3.3-3 until the channel is restored to OPERc5LE
status with the trip setpoint adjusted consistent with the Trip
Setpoint Value.

b. With an ESFAS instrumentation channel inoperable, take the action
shown in Table 3.3-3.

/g,
SURVEILLANCE RE0VIREMENTS

4.3.2.1 Each ESFAS instrumentation cnannel a.-d b.spass sra11 te dem:nstrate:
OPERABLE by the performance of the CHANNEL CHECK. CHANNEL CA IBRATION and
CHANNEL FUNCTIONAL TEST operations for the MODES and at the frequencies shown |
in Table 4.3-2.

4.3.2.2 The ENGINEERED SAFETY FEATURES RESPONSE TIME of each ESFAS functi:n
shall be demonstrated to be within the limit at least once per 18 months.
Each test shall include at least one channel per function such that all channels
are tested at least once every N times 18 months where N is the ',tal number
of redundant channels in a specific ESFAS function as shown in . : " Total No. i.

|of Channels" Column of Table 3.3-3.

B&W-STS 3/4 3-9 SLp 21 G33
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Enclosure' 5'

TABLE 3.3-3 (Continued)
,

h ENGINEERED SAFETY FEATURE ACTUATION SYSTEMS INSTRUMENTATION
"

" MINIMUM
TOTAL NO. CHANNELS CHANNELS APPLICABLE

FUNCTIONAL UNIT OF CHANNELS TO TRIP OPERABLE MODES ACTION

8. AUXILIARY FEEDWATER
.

a. Manual Initiation 2 1 2 1, 2, 3 - 16
' b. Steam Generator.

Pressure-Low 4/ steam 2/ steam 3/ steam 1, 2, 3** 10#'

I generator generator generator
c. Steam Generator - ~ ~ ~

- " --
- - - - - -

; Level-Low 4/ steam 2/ steam 3/ steam 1, 2, 3 10# ] 2

generator generator generator

d. Reactor Coolant - -
' - - ~ ~ ~ ' ~ ~

Pumps Tripped. 4 2 3 1, 2, 3** 10#
w e. Containment Pressure-
D High 4 2 3 1,2,3 10#

x '
w f. Automatic Actuation

2 1 ~2~ 1,2,3 15 b-O Logic
~ - ~ ~ ~ ~ ~ - - - - - - >"

g. Trip of Main Feedwater
Pumps 3/ pump 2/ pump 2/ pump- -1, 2** 9'

:
'

9. ENGINEERED SAFETY FEATURE
; ACTUATION SYSTEM BYPASSES
!

a. Reactor Coolant System 1/ channel 1/ channel 1/ operating .1, 2, 3 17 q<

1 Pressure channel

b. Steam Generator 1/ channel 1/ channel 1/ operating 11, 2, 3 17
y,

Q Pressure- . channel

| w . . '

i c. Containment Pressure 1/ channel 1/ channel. 1/ operating 1,2,3,4 17 ,
-

channel
y IO- N A O s c , m D u riorJ M f

- a. h% c c o . ,, w-

' ka 4 - (hh W I #" [ N
- u rw 6. L, wn 4

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

E TABLE 3.3-4 (Continued)
a

ENGINEERED SAFETY FEATURE ACTUATION SYSTEMS INSTRUMENTATION TRIP SETPOINTSd
FUNCTIONAL UNIT

TRIP SETPOINT
ALLOWABLE VALUES

8. AUXILIARY FEEDWATER

a. Manual Initiation
b. Steam Generator Pressure-Low

Not Applicable Not Applicable
c. Steam Generator Level-Low 5( ) psig 5( ) psig

5( ) feetd. Reactor Coolant Pumps-Tripped 5( ) feet
Containment Pressure-High Loss of 2 or 4 Pumps Loss of 2 or 4 Pumpse.

f. Automatic Actuation Logic 5 (5) psig- 5 (5) psigNot Applicableg. Trip of Main Feedwater Pumps Not ApplicableNot Applicable Not Applicable-
9.

ENGINEERED SAFETY FEATURE
ACTUATION SYSTEM BYPASSES

y a. Reactor Coolant System Pressure
b. Steam Generator Pressure (1600)*

( )y c. Containment Pressure (725) ( )
$ Not Applicable 'Not Applicable

(* % tLo w y g g
^

" i., th e V bC -

t '[1 b gg h k
C/

<E

;.

.

_ - - - _ - _ . .
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| TABLE 3.3-5 (Continued)
~

INKTIATING SIGNAL AND FUNCTION
RESPONSE TIME IN SECONDS

! 8. 4.16 kv Emergency Bus Undervoltage (Loss of Voltage)
Loss of Power

5( )*
9. 4.16 kv Emergency Bus Undervoltage (Deoraded Voltage)

Loss of Power 1 (' )*
i 10. Steam Generator Pressure-Low
! Auxiliary Feedwater System

Main Steam Isolation '3((
! < )*/( )**

)*/( )**
11. Steam Generator Level-Low

| Auxiliary Feeewater System
1( )*/( )**

12. Reactor Coolant Pumps-Tripped
>

Auxiliary feedwater System 1( )*/( )**
13. Trio of Main Feedwater Pumos

Auxiliary Feecwater System 1( )*/1 ( )**>
[ , TABLE NOTATIONr

r

eDiesel generator starting and sequence loading delays included.,

time limit includes movement of valves and attainment of pump or blowerResponse ,
discharge pressure.

,

C* Diesel generator starting and sequence loading' delays not in l d d
d

cue. Offsitepcwer available.
Response time limit includes movement of valves and

attainment of pump or blower discharge pressure.
!

" %
.w :%v _. ec <

~
-

. meg
-- s

I

4

|

-

B&M-STS 3/4 3-20
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TABtE 4.3-2 (Continued)
E

"I
-ENGINEERED SAFETY FEATURE ACTUAIION SYSTEMS INSTRUMENTATION SURVEILLANCE REQUIREMENTST

CilANNEL MODES FOR WHICil"

CHANNEL CHANNEL- FUNCTIONAL SURVEILLANCE IS

CHECK CALIBRATION TEST REQUIRED
FUNCTIONAL UNIT

b. 4.16 kv Emergency Bus
Undervoltage (Degraded
Voltage) S R M 1, 2, 3, 4

8. AUXILIARY FEEDWATER

a. Manual Initiation N.A. N.A. M(1) 1, 2, 3

b. Steam Generator Pressure-
Low S R M 1, 2, 3

-~ _. __

c. Steam Generator Level- -

-
..

H 1, 2, 3 j ...

(-'~5
R 'Low ._ _ s

d. Reactor Coolant Pumps-
-- - --

, 3
- - - - -

- - - -

S .R H 1, 2w
'A T ripped

e; Containment Pressure-
R- M(3) 113w

A High S__ ~
_ff .T.~ ~ ' ~ ~T2F ~T, 2, 3 ,

|

"
; 3

f. Automatic Actuation Logic [N.A _"

g. Trip of Main Feedwater
N.A. N.A. R 1, 2 |

Pumps |

/ i

9. ENGINEERED SAFETY FEATURE 'i

ACTUATION SYSTEM BYPASSES

a. Reactor Coolant System N.A. R(4) S/U(5) 1, 2, 3

Pressure
b. Steam Generator Pressure N.A. _R(4) S/U(5) -1,,2, 3

c. -Containment Pressure N.A. R(4) N.A. 1, 2, 3, 4 '

i

!

~

'N (~dQ Q R ~i3 41',,1, -

1

a-- -

<G I1-
' 'Y u kqqg

! ( ega
'

b A%b 4QZ
___ _ - _ _ _ _ _. - .. .. . -. . -
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( INSTRUMENTATICN

3/4.3.2 ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INSTRUMENTATION

LIMITING CONDITION FOR OPERATION

3.3.2 The Engineered Safety Feature Actuation System (ESFAS) instrumentation
.

channels and bypasses shown in Table 3.3-3 shall be OPERABLE with their trip
| setpoints set consistent with the values shown in the Trip Setpoint column of

Table 3.3-4 and with RESPONSE TIMES as shown in Table 3.3-5.

i APPLICABILITY: As shown in Table 3.3-3.
!

ACTION:e

a. With an ESFAS instrumentation channel trip setpoint less conservative
than the value shown in the Allowable Values column of Tacle 3.3-4,
declare tne cnar.nel inocersole and apply the acclicaole ACTICN

j
recuirement of Table 3.3-3 until the channel is restored to CPERABLE,

stctus with the trip setpoint adjusted consistent with the Trip
Setpoint value.

|

! b. With an ESFAS instrumentation channel inocerable, take the ACTION
| snown in Table 3.3-3.

I;

SUR!EILLANCE REOUIREMENTS

|

2.3.2.1 Eacn ESFAS instrumentation cnannel snall be demonstratec 3PERABLE by
the cer'ctmance of the CHANNEL CHECK, CHANNEL CALIBRATION and CHANNEL FUNCTIONAL
TEST operations for the MODES anc at the frecuencies shown in Table 4.3-2.

4.3.2.2 The logic for the bycasses snail be demonstrated GPERABLE during the
at cower CHANNEL FUNCTIONAL TEST of cnannels affected oy oypass operation.
The total bypass function snall be demonstrated OPERABLE at least once~oer 18

I montns during CHANNEL CALIBRATION testing of each cnannel affected by bypass
i operation.

.

!

4.3.2.3 The ENGINEERED SAFETY :EATURE5 RESPONSE TIME of eacn ESFAS function
i snail :e :emonstratea to be sitnin the 'imit at least once :er 18 montns.

Eacn .es snail incluce at ieast one cnannel per function sucn :nat all cnanneis
'

are tested at least once every 1 times 18 months wnere N is the total qumoer
; of recuncant nannels in a specific ESFAS function as snown in :he ' Total No.
| or Channels" Column of Tacle 3.3-3.
!
!

|

301 33 5. . . - - . . . -

u: :.: ..-2 _:

i
'

_ . . _ _ _ _ _
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2 .. TABLE 3.3-3 (Continued);
e, .

d ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INSTUMENTATION

.

MINIMUM
i TOTAL NO. CHANNELS CHANNELS APPLICABLE

FUNCTIONAL UNIT OF CHANNELS * TO TRIP OPERABLE MODES ACTION

9. LOSS OF POWER (LOV)
a. 4.16 kv Emergency Bus

Undervoltage (Loss
of-Voltage) 4/ Bus 2/ Bus 3/ Bus 1, 2, 3 12

b. 4.16 kv Emergency.

' Bus Undervoltage-
(Degraded Voltage) 4/ Bus 2/ Bus 3/ Bus 1, 2, 3 12

,
.

10. EMERGENCY FEEDWATER (EFAS)
w a. Manual (Trip Buttons) 2 sets of 2' 1 set of 2 2 sets of 2 1,2,3 16

per S/G per S/G per S/G=
*w

i b. Automatic Actuation
-

Logic ( 4/SG , 2/SG' 3/SG 1,2,3
"'

14*, 15* ;.

);
_

.
_ ,_ _

c. SG Level and Pressure .

(A/B) - Low and } _

'~' ~

WP (A/B) - High 4/SG 2/SG 3/SG 1, 2, 3
.

13* L '

;
; . _ . . _ _ --

d. SG Level (A/B) - Low-
and No S/G Pressure - .

:. Low Trip (A/B) '.4/SG 2/,SG 3/SG 1, 2, 3 13*
.

.

e. Safety Injection See 1 above for all Safety. Injection Initiating Functions and Requirements

|I~ J-% d K-Ehte c,w u ,IA,j g.

g- _ ,;- a
;E +. .c imt _ up4

b. o d n . , .{ { w f da0 f.se
c ~g or..

:
"

.. . . . . -. . - - . - _ . . --. _ . . _ _ _ _ _ _ _ _ - _ = - _ _ _ _ _ _ _ _ _ -
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1 Allt i 3.3-4 (ConLinneil)

I !!['!!!l_I.EED_SA.ll ![[[AlllHi AtjlllAIION SYSIEM INSIRilH,l_Hl All0N 1 RIP . vat UES
-

Alt 0WABLE
i lHIC l lONAl UNil IRIP VAtHE VALUES

H. CONI AltlHlNI C001 tilG (CCAS) .,

a. Manual (Irip iluttons) Not Applicable Not Applicable

b. Containment Pressure - liiuh 5 (18.4) psia 5 (19.02) psia-

c. Pressurizer Pressure - tow > (1740) psia 2 (1686.7) psia-

41. Automatic Actuation logic Not Applicable Not Applicable *'

9. t05S Of POW [ R -

a. 4.16 kv Imergency Bus linifervoltage
l} (loss of Voltage) . (3120) volts (3120) volts
'i' b. 4.16 kv imergency Bus tinilervoltage (423) i (2.0) volts .(423) i (4.0) volts

~

ij (Degradeil Voltage) wit h an (8.010.5) with an (8.0 1 0.8)
second time delay. second time delay,

10. LMIRGINCY FEEDWAIER (EFAS)
a. Manual (Irip Buttons) Not Applicable. Not Applicable.

; b. Steam Generator ( A&B) level-t ow 3 (46.5)% ,> (45.61)%i
!

c. Steam Generator AP-iligh (SG- A ' ' SG-il) $ (39) psi $_(48.35\ psi i

1,

j d. Steam Generator'AP-liigh'(SG-B > SG-A) < (39) psi' .$ (48.35) psi
i e. Steani Generatier ( A&B) Piessure - l ow > (/211) psia ;> (706.6) psia

o
| t. Sately injection See I above for all Safety injection Initiating Functions. . ,

* anil Requirements..

' ' . g. Automatic Actuation logic Not Applicable NotcApplicable

N N nwa%1 %,%

r< m., m e u n g 3 . ,, y nr.

:
:..-_- , . . . - , - . . . . . - - - . - - - . . ~ . . - - ~ . .,, _ _ __ _ -___ _-

.



. . . - . - - . . . . . . - - - . - . -.

.. ..

.

: i

|
; Enclosure 5 |

*

TABLE 3.3-5 (Continued)
;

ENGINEERED SAFETY FEATURES RESPONSE TIMES l
.

!
!

i INITIATING SIGNAL AND FUNCTION RESPONSE TIME IN SECONOS
' |. .

11

e

; 10. steam Generator Level-Low
!

a. Emergency Feedwater 5 */ i
**

|;
#

11. Steam Generator aP-High-Coincident With Steam Generator Level low l

.

i

a. Emergency Feedwater < '*/ **

.

' 'h% w$/ bm{ - i
' *w=M =xw

,__

:

. . .

!8

NOTE: Resconse ti .e for Motor-Oriven
Auxiliary Feedwater Pumos on all '

3.I. signal starts ; (50.0)

TABLE NOTATICN

Diesel generator starting and secuence loading delays Mcluded. Response
*

-ime limit inclucas movement of valves anc attainment of pumo or olower
cisenarge pressure,

i

"* Diesel generator starting and sequence loading delays not incluced. 'Offsite !ocwer availaole. Resconse time limit includes movement of salves and
attainment af cumo or clawer discharge pressure.

'

.

.

$
E

".3- 5~ 5 3/ * 3-25 * ' ~
.

_.

$

, y -.-c,r.,--- r. ., . . , - , ,- .. - ,. - em.. v .
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3 ENGINEERED SAFETY FEATURE ACTUATION SYSTE INSTRUMENTA' TION SURVEILLANCE REQUIREMENTS-
'

d
CHANNEL: MODES FOR WHICH !

. EllANNEL CHANNEL FUNCTIONAL SURVEILLANCEFUNCTIONAL UNIT CHECK CALIBRATION TEST IS' REQUIRED
g

,

10. ENERGENCY FEE 0 WATER (EFAS)
a. Manual (Trip Buttons) N.A. N.A. R N.A.b. .SG tevel and Pressure (A/B)-Low - - - -

and AP (A/B) - High ( 5 ,

c. SG Level (A/B) - Low and No '
R M 1,2,3 '$

.

-
'

Pressure - Low Trip (A/B) , S . _ __ R. .M.._..d. Automatic Actuation Logic ( N.A. N.A. M(1)
_ _ _ 1,2,3

|-1, 2, 3 -u

e. 5. I . (See 1 above~(S.I. Surveillance Requirements)
.

.

U (.y / M .ii G u Je w n f I 3j u 7jo ,,

'v M - (1 qW
h d gofon.D 4 -~
f3

9 b 6h d,n, ( g (%i.% d'k-m gm

.

I

TABLE NOTATION,

j (1) Each train or logic channel shall'be tested at least every 62 days on a STAGGERED TEST BASIS.
|

(2) The CHANNEL FUNCTIONAL TEST shall include exercising the transmitter.by applying either a vacuum or
!

pressur,e to the appropriate side of the transmitter.
::e
S

Iw
. .

g
! U

.

id' \ '

. _ _ _ - _ - _ - - _ _ _ _ _ - -. . . ._ _ . . __ _ -__
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| . 1NSTRUMENTAT10N !
i

!

| 3/4.3.2 ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INST U EN C N
t

:
!

I
!

!LIMITING CONDITICN FOR OPERATION
|

|

|

3.3.2 The Engineered Safety Feature Actuaticn System (ES:H) ' s: e :a ':-'

channels shown in Table 3.3-3 shall be OPERABLE witn tne tri: se ::'- s se:d -

consistent with the values shown in the Trip Setpoint column O' Ta:1e 3.3-4
,

and with RESPONSE TIMES as shown in Table 3.3-5.

( APPLICABILITY: As shown in Table 3.3-3.
|

| ACTION:
!

a. With an ESFAS instrumentation channel trip setpoint less conservative'

than the value shown in the Allowable Values column of Table 3.3-4,
j

l declare the channel inoperable and apply the applicable ACTION
! requirement of Table 3.3-3 until the channel is restored to OPERA 3LE.

status with the trip setpo#nt adjusted consistent with the Tr.ip
Setpoint Value.

|

b. With an ESFAS instrumentation channel inoperable, take the action
! shown in Table 3.3-3.

6

: SURVEILLANCE REOUIREMENTS

|

4.3.2.1 Each ESFAS instrumentation cnannel ard bs;: ass snall e demonstratec
OPERABLE by the performance of the CHANNEL CHECK. CHANNEL cat.IBRATION and
CHANNEL FUNCTIONAL TEST operations for the MODES and at tne frequencies scown
in Table 4.3-2.

4.3.2.2 The ENGINEERED SAFETY FEATURES RESPONSE TIME of each ESFAS functi:n
shall be demonstrated to be within the limit at least once per 18 months.
Each test shall include at least one channel per function sch that all channels
are tested at least once every N times 18 months where N is the 'otal number
of redundant channels in a specific ESFAS function as shown in . " Total No. )

of Channels" Column of Table 3.3-3.

!
I

r

B&W-STS 3/4 3-9 Si.P 21 13E2
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TABLE 3.3-3 (Continued),

ENGINEERED SAFETY FEATURE' ACTUATION SYSTEMS INSTRUMENTATION

"
MINIMUM-

TOTAL-NO. CHANNELS CliANNELS APPLICABLE
FUNCTIONAL UNIT OF CilANNELS TO TRIP OPERABLE MODES ACTION

8. AUXILIARY FEEDWATER

a. Manual Initiation 2 1 2 1, 2, 3 - 16
b. Steam Generator

Pressure-tow 4/ steam 2/ steam 3/ steam 1, 2, 3** 10#
generator generator generator

c. Steam Generator
Level-Low 4/ steam 2/ steam 3/ steam 1, 2, 3 10#

generator generator generator

d. Reactor Coolant ---
~

. Pumps Tripped 4 2 3: 1, 2, 3** 10#

A
' e. Containment Pressure-w

High 4 2 '3 1,2,3 10#
w f. Automatic Actuation [

~---- "-

j y Logic (2 1 2 1 2,3 15 3
g. Trip of Main Feedwater - - -

|'

Pumps 3/ pump 2/ pump 2/ pump 1, 2**- 0.

i
.

9. ENGINEERED SAFETY FEATullE
;

ACTUATION SYSTEM BYPASSES
,

a. Reactor Coolant System 1/ channel 1/ channel 1/ operating. 1, 2, 3 17
Pressure channel

b. Steam Generator 1/ channel 1/ channel 1/ operating 1.2,3 17u, -

q) Pressure channel j ;

7. Containment Pressure 1/ channel 1/ channel. 1/ operating 1,'2, 3, 4 17c.
channel-

80-y. h4 nbuAm. rug
1 SL % G w &

G 4 - t kh t , ('f &fdd
*.I i 4 t_ 4.

_ _ _ _ .
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i

m TABLE 3.3-4 (Continued)-E
a
u1 ENGINEERED SAFETY FEATURE ACTUATION SYSTEMS INSTRUMENTATION TRIP SETPOINTS

FUNCTIONAL UNIT,

TRIP SETPOINT ALLOWA8LE VALUES
; 8. AtlXILIARY FEEDWATER

s

8

a. Manual Initiation Not' Applicable Not Applicableb. Steam Generator Pressure-Low i$( ) psig 1.( -) psig-c. Steam Generator Level-Low <( ) feet.
. 5( ) feet

'

d. Reactor Coolant Pumps-Tripped Loss of 2 or'4 Pumps Loss of 2 or 4 PumpsContainment Pressure-High 5 (5) psig 5 (5) psig '

e.
f. Automatic Actuation Logic Not Applicable Not Applicable

,

9 Trip of Main feedwater Pumps Not Applicable Not Applicable;
'

9. ENGINEERED SAFETY FEATURE
ACTUATION SYSTEM BYPASSES

( y a. Reactor Coolant System Pressure (1600) -( )*; b. Steam Generator Pressure (725) ( )y c. Containment Pressure-
$ Not Applicable Not Applicable '

,

'" MA w iLu2agg asau .rg

. % C%evde lLeuf- [4 g 6( )Q4 E( ) [<ed
:

4

%.

.

L (

. _ _ _ _ _ _ _ -- _ _ _ _ _ _ _ _ _ . _ . _ _ _ . . ._ . _ -- . . _
_ , __ _ __ _ ________--_____.
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TABLE 3.3-5 (Continued)

INITIATING SIGNAL AND FUNCTION
RESPONSE TIME IN SEC0f4DS

'4.16 kv Emergency Bus'Undervoltage-(Loss of Voltage)8.-
Loss of Power

$1(- )*
9. 4.16 kv Emergency Bus Undervoltage (Dearaded Voltaae)- ~

Loss of Power
1( )*

10. Steam Generator Pressure-Low
-Auxiliary Feedwater System

3.((~))*/(
< . ' */( )**Main Steam Isolation )**

11. Steam Generator Level-Low
Auxiliary Feedwater System

1-( )*/( )**
12. Reactor Coolant Pumps-Tripped-

Auxiliary Feedwater System-
~1 ( -)*/( )**-

.

.

13. : Trio of Main Feedwater Pumes.
,

.

Auxiliary Feedwater System
-> 1'( )*/1 (- )**~

TABLE NOTATION

CDiesel generator starting and sequence loading delays' included
. . . Response

',time limit includes movement of valves and attainment of pump or blowerdischarge pressure. :
P

QCDiesel generator starting.and' sequence' loading delays not included Offsitepcwer available. Response time limit includes movement of valves and-
.

attainment of pump or blower discharge pressure.-

- 1g3 k
. _ . (_)S-- \

. -

..

i
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TABLE 4.3-2 (Continu d)
Y.
T ENGINEERED SAFETY FEATURE ACTUAIION SYSTEMS INSTRUMENTATION SURVEILLANCE REQUIREMENTS
"l--

CilANNEL MODES FOR WillCil*

CHANNEL CHANNEL FUNCTIONAL SURVEILLANCE IS

CllECK CALIBRATION TEST REQUIRED
FUNCTIONAL UNIT

b. 4.16 kv Emergency Bus
Undervoltage (Degraded
Voltage) S R M 1, 2, 3, 4

8. AUXILIARY FEEDWATER

a. Manual Initiation N.A. N.A. M(1) 1, 2, 3

b. Steam Generator Pressure-
Low 5 R H 1, 2, 3

c. Steam Generator Level-
R M 1, 2, 3 ](SLow >~

w d. Reactor Coolant Pumps-!
S R H- 1, 2, 3

1 Tripped
w e. Containment Pressure-

High _

N(3) 1, ?. 3'

S RE Automatic Actuation Logic d _ N. A. __ _ M(2F 1, 2, J]h-- ,.

"
f.

9 Trip of Main Feedwater
' Pumps N.A. N.A. R' 1, 2,

.;

9. ENGINEERED SAFETY FEATURE
ACTUATION SYSTEM BYPASSES / !

'

i

a. Reactor Coolant System. N.A. R(4) S/U(5) 1, 2, 3

,
Pressure

b. Steam Generator Pressure N.A. R(4) S/U(S). 1, 2, 3 '

c. Containment Pressure N.A. R(4) N.A. 1, 2, 3, 4

|
'l bkQG)( DQLA g, ,
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INSTRUMENTATION;.
.

3/4.3.2 ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INSTRUMENTATION

3 ' LIMITING CONDITION FOR OPERATION

l

u

3.3.2 The Engineered Safety Feature Actuation System (ESFASF instrumentation
channels and bypasses shown in Table 3.3-3'shall be-OPERABLE with their trip
setpoints set consistent with the values shown. in the Trip:Setpoint column of
Table 3.3-4 and with RESPONSE TIMES as shown in Table-3.3-5.

APPLICABILITY:' As shown in Table 3.3-3.<
.

ACTION:%.

a .- With an ESFAS instrumentation channel trip setpoint less conservative
than the:value shown,in the Allowable Values column of Table 3.'3-4,
declare.tne cnannel. inoperable and apply the amplicaole ACTION
recuirement of Table 3.3-3 until the channel is restored to OPERABLE ,

' status with tne trip setpoint adjusted consistent:with the Trip
Setpoint value. ,

'

b. With an ESFAS instrumentation channel inoperable, take-the ACTION
shown in Table'3.3-3. .

SURVEILLANCE REOUIREMENTS
-

.

1.3.2.1 Eacn ESFAS instrumentation enannel snall be-demonstratea GPERABLE by
'

the performance of'the CHANNEL CHECK, CHANNEL CALIBRATION and CHANNEL FUNCTIONAL
TE3T coerations for the MODES an at the frequencies shown in Table 2.3-2.

a.3.2.2 The logic for the bypasses shall'be demonstrated OPERABLE during the $
at cower CHANNEL FUNCTIONAL TEST of enannels affected by bypass operation. ,

The total bypass function shall be demonstrated OPERABLE at'leastLonce per 18'
months during CHANNEL CALIBRATION testing of each enannel 6ffected by bypass
operation.

,

4.3.2.3 The ENGINEERED SAFETY EATURES RESPONSE TIME of eacn ESFAS function
'

snali ce demonstratea to be within the limit at least once :er 18 months.
Eacn test snail'inciuce at least one cnannel per-function sucn'that all enannels
are tested at least once every 1 times 18 months wnere N is the total numcer
of recuncant enannels in a soecific ESFAS function as shown in tne." Total No. -,

of Channels" Column of.Taole 3.3-3 1

1

1

,o
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Enclosure 5 ~

g TABLE 3.3-3 (Continued)

ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INSTUMENTATION

.

MINIMUM
TOTAL NO. CHANNELS CHANNELS APPLICABLE

FUNCTIONAL UNIT OF CHANNELS * TO TRIP OPERABLE MODES ACTION
-

.

9. LOSS OF POWER (LOV) !

a. 4.16 kv Emergency Bus
Undervoltage (Loss
of Voltage) 4/ Bus 2/ Bus ~ 3/ Bus 1, 2, 3 12

b. 4.16 kv Emergency,

Bus Undervoltage
(Degraded Voltage) 4/ Bus 2/ Bus 3/ Bus 1, 2, 3 12 '

.

! 10. EMERGENCY FEEDWATER (EFAS)
w a. Manual (Trip Buttons)' 2 sets of 2 1 set of 2 2 sets of 2 1,2,3 16j

per S/G per S/G per S/G' a
w
1 b. Automatic Actuation - ~ ~ ~

---. ,

' ~ ' ' ~ ~

"
Logic. 4/SG ' 2/SG 3/SG 1,2,3 14*, 15*.

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

c. SG Level and Pressure
= - - - -

~- ~ ~ ~ ~ - ~~
~(A/B) Low and

, . s,

WP (A/B) - High (4/SG 2/SG 3/SG 1, 2, 3 -
.

13* A_]-i _ .. .. _ -- _ _ . _ _ -_

d. SG Level'(A/B) - Low
and No S/G Pressure - '

iLow Trip (A/B) 4/SG. 2/,SG 3/SG- 1,2,3 13*
{ ,

e. Safety Injection .See 1 above for all Safety Injection' Initiating Functions and Requirements
,

r

v -u. t ,

'

F. % SG
l *~ ( ._ t (gty ,

L: k M., t,, aug f 4 ~ <<6re c
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l Alli t 3. 3-4 (Continued)

'_ !.tHil!1t[HLil sal L IY_ i LA,lllHL ACillAl10N SYSTEM INSlHilMMMIION 1 RIP _ VALUES *

sn .

Att0WABLE'

lill4CllONAl llNi l IRIP VALUE VALUES

H. CONI AltlMI N1 0001 ItHi (CCAS) ..

a. Manical (Irip iluttons) Not Applicable Not Applicable,

,
.

.

b. Contaisisitesit. Pressiere - liigli 5 (18.4) psia- $'(19.02) psia
:

c. Pressurizer Pressure - Low 3 (1740) psia -> (1686.7) psia

it. Automatic Actuation logic Not Applicable Not Applicable *|,

i
9. 10S$ 01 POWlH; -

a. 4.16 kv Imergency Bus tintlervoltage,

'<' (loss of-Voltage) -(3120) volts (3120) volts.

o i

'f b. _4.16 kv fmergency Bus Unilervoltage (423) 1 (2.0) volts. (423) i-(4.0) volts,

|j (Degradeel Voltage) with an (8.0 + 0.5) with an (8.0 + 0.8)
: second time delay second t.ime delay

: 10. LHlHGlHCY ffEDWAl[N (EFAS)

{ a. Manual- (Irip Diettosis) Not. Applicable Not Agip)icable

b. Steam Generatur ( A&B) level-t ow 'l (46.5)%_ 3 (45.61)%
;

c=. Steaiti_ Genierator AP-liigli-(SG- A > SG-B) $ (39) psi '$ (48.35) psii
_

i
d. St eam Generatur AP-liigh (5G-11 > SG-A) ,< (39) psi $ (48.35) psi

c- e. St eam'Generat ur ( A&B) Pressure - l ow > (728) psia 3_(706.6) psia
o

I. Sately injection See I above for all Safety Injection Infl.lating Functions, , ,

anil_ Requirements, ,.

;
..

^ ~

'NotfApplicable Not. Applicable-'|,'. 9 : Automatic'Actualion iogic-
-

- e d
.

I' "' SN% G %., & , La ) ) }Qs
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TABLE 3.3-5 (Continued)

ENGINEERED SAFETY FEATURES RESPONSE TIMES

INITIATING SIGNAL AND FUNCTION RESPONSE TIME IN SECONDS
!

10. Steam Generator Level-Low
.

a. Emergency Feedwater 1 */ **

11. Steam Generator iP-High-Coincident With Steam Generator Level Low
)

a. Emergency Feedwater
i */ **

0

' b% _|k((
' M GMhlm

!__.

,

4

NOTE: Resconse time for Motor-0 riven
Auxiliary Feecwater Pumos On all
5.I. signal starts (60.0)c

.

TABLE NOTATION

=

Oiesel generator starting and secuence loading delays included. Resconse
time limit incluces movement of valves and attainment of pumo or slower
ciscnarge pressure.

"" Diesel _ generator starting and sequence loading delays not inclucec. Offsite
power avaiiacie. Resconse time limit includes movemen of valves anc
attainment :f cumo or blower discharge cressure.

,

'm

Og

CE-ST3 lia 3-25 * ' ~

_

0



TABLE 4
~}Continu2d) - Encio ure 5

'

',

] ENGINEERED SAFETY FEATURE ACTUATION SYSTE INSTRUMENIAT'' ION SURVEILLANCE REQUIREMENTSd
CHANNEL MODES FOR WHICH

. CHANNEL CHANNEL FUNCTIONAL SURVEILLANCEFUNCTIONAL UNIT CHECK CAllBRATION TEST IS REQUIRED

10. EMERGENCY FEEDWATER'(EFAS)
a. Manual (Trip Buttons) N.A. N.A. R N.A.b. SG Level and Pressure (A/B)-Low

and AP (A/8) - High (S R M 1,2,3 -

c. SG Level (A/8) - Low and No
Pressure - Low Trip (A/B) S R _ M 1 , 2 ,_ 3d. Automatic Actuation Logic (_N.A. N. A. ' _ _ M(1) 1~ 2, {'H

fe. S.I. (See 1 above (S.I. Surveillance Requirements)

{ b^'MiGh7NM .13Jt,; q
, .

N -04 (cf d go f aE 4$ &

h,mh c & (%(. ,9 b oM W te

i TA8tE NOTATION
,

(1) Each train or logic channel shall be tested at-least every 62 days on a STAGGERED TEST BASIS. |

(2) The CHANNEL FUNCTIONAL TEST shall include exercising the transmitter,by applying either a vacuum ori pressur,e to the appropriate side of the transmitter. _
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