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UNITED STATES
y z NUCLEAR REGULATORY COMMISSION
o NASHINGTON D C. 20855

- .:Uﬂe 21g -989

ANDUM FOR: Victor Stello, Jr.
Executive Director for Operations

Edward L. Jordan, Chairman :
Committee to Review Generic Requirements

& MINUTES OF CRGR MEETING NUMBER 163

ommittee to Review Generic Requirements (CRGR) met on Wednesday, May 24,
from 1:00 - 5:00 p.m. A list of attendees for this meeting is attached
osure 1). The following items were dddressed at the meeting:

G. Zech (AECI) 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 voluntary
participation by licensees. The Committee recommended in favor of

issuing the proposed generic letter. This matter is discussed in
Enclosure 2.

R. Baer (RES) and D. Thatcher (RES) presented for CRGR review the
proposed final resolution for Unresolved Safety Issue (USI) A-17,
'Systems Interaction in Nuclear Power Plants. " The Committee recommended
in favor of approval of the proposed resolution, including issuance of a
proposed implementing generic letter to licensees, subject to a numper of
minor modifications to the wording of the package (to be coordinated with
the CRGR staff). These matters are discussed in Enclosure 3.

R. Baer (RES) and D. Thatcher (RES) presented for CRGR review the proposea
resolution for integrated GI-128, which includes and combines GI A-30
(Adequacy of Safety-Related DC Power Supplies), GI-48 (LCOs for Class 1
Vital Instrument Buses), and GI-49 (Interlocks and LCOs for Class 1E Tie
Breakers). The Committee recommended in favor of approval of the proposed
resolution, inciuding issuance of two 50.54(f) generic information request
letters to licensees, subject to a number of minor modifications to the

woraing of the package (to-be coordinated with the CRGR staff). This
matter is discussed in Enclosure 4.

R. Baer (RES) and A. Szukiewicz (RES) presented for CRGR review the
prooosed final resolution for ys] A=47, "Safety Implications of Control
Systems in LWR Nuclear Power Plants.” The Committee recommenaed in

favor of approval of the Proposed resolution, including issuance of a
oroocosed imolementinq generic letter to licensees subject to a number of
-hanges to the wording of the package. The changes to the package are to
U8 reviewed by the Committee prior to final issuance of the proposed

resoiution and implementing generic letter. This matter s discussed in
Encicsure 5.




As a general collateral recommendation related to the above items, the
Committee recommended (a) that NRR issuance of the USI-reiated 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 issuance
dates of the generic letter.

[n accordance with the EDO's July 18, 1983 directive concerning "Feedback and
Closure on CRGR reviews," a written response is required from the cognizant
office to report agreement or disagreement with the CRGR recommendations in
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 Signed Byi
E L Jordan
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.)

entral File Spessard (w/enc. )
PDR (NRC/CRGR) Rossi (w/enc.)

5. Treby Houston (w/enc.)
W. Little Zech (w/enc.)

M. Lesar Baer (w/enc.)

P. Kadambi (w/enc.)
CRGR CF (w/enc.)
CRGR SF (w/enc.)
M. Taylor (w/enc.)

Jordan (w/enc.)
Heltemes (w/enc.)
Conran (w/enc. )
Sakenas (w/enc.)
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Enclosure 2 to the Minutes of CRGR Meetiqg_No. 163
Proposed Generic Letter on the Emergency Response Data System (ERDS)

May 24, 1989

TOPIC

G. Zech (AEOD) 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.

4

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,



Enclosure 3 to the Minutes of CRGR Meeting No. 163
Proposea Resolution of U3l A-17, "Systems interactions

1n NucTear Power Plants”

May 24, 1989

TOPIC

R. Baer (RES) and 0. Thatcher (RES) presented for CRGR review a proposed final
resolution for Unresolved Safety Issue A-17, "Systems Interactions in Nuclear
Power Plants." (The Committee considered the proposed draft resoiution 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 transmitted
Dy memorandum dated May 10, 1989, E. &. Beckjord to E. L. Jordan; the
review package included the following documents:

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

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

i.  Enclosure 1 - Draft NUREG-1174 (undated), "Evaluation of
Systems Interactions in Nuclear Power Plants"

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

i1i. 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:

1. Attachment 1 - "Bases for Resolution of Unresolved Safety Issue
A-17"

ii. Attachment 2 - ‘Summary Information for Use in Operating
Experience Evaluations”

~o

At the request of the CRGR staff, RES provided informally draft, updated

SIMS sheets for USI A~17 for the information of the Committee (see
Attachment 2),.

CONCLUSTONS/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



proposed final resolution for USI A-17, subject to a number of specific
wording modifications discussed with the staff at this meeting, as follows:

1

1. Attachment 1 to the proposed Generic Letter:

a. At page 1, modify the second sentence of the second paragraph to
read as follows:

"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
that all ASIs have been identified, but rather that the
A-17 actions plus other related activities by the
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."

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

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

e. At the bottom of page 1 and top of page 2, delete the existing
paragraph (1)(b), relabel existing paragraph (1)(c) as new paragraph
(1)(b), and include in the new paragraph (1)(b) reference to Attach-
ment 2 to this proposed Generic Letter as s kind ot information (e.g.,
"other reports') disseminated by NRC that Ticensees would be expected

Lo consider routinely in their ongoing operating experience reviews
under Item I.C.5. of NUREG-0737.

f. At page 2, change the title of subsection (2) to "Actions by the NRC
Related to Adverse Systems Interactions."

g. At page 3, under "Existing Plants" at the bottom of the page, change
the wording of the first 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 vuinerabilities."

2. In Attachment 2 to the proposed Generic Letter:

a. Change the title of this attachment to "SUMMARY INFORMATION
RELEVANT TO OPERATING EXPERIENCE EVALUATIONS. "

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



c. At page 4, under subparagraph (10) near the top of the page, change
the word "may" to "should."

d. At page 4, in the last sentence under subparagraph (11), change the
word “could" to "should."

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

"....ertain actions should be taken by NRC to resolve USI A-17.
These actions are:"

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

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

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

Operating Experience Evaluations. "

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

industry in their ongoing evalvations of operating
experience."

h. At page 10, in the last sentence of the third paragraph, change the
word "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 consistency

throughout. A1l changes to the package are to be coordinated with the CRGR
staff.



UST A-17
“SYSTEMS INTERACTIONS”

PRESENTATION TO CRGR
OF THE
FINAL RESOLUTION OF USI A-17

MAY 24, 1989

D. F. THATCHER, TASK MANAGER
R. L. BAER, BRANCH CHIEF
R. W, HOUSTON, DIRECTOR
DIVISION OF SAFETY ISSUE RESOLUTION
OFFICE OF NUCLEAR REGULATORY RESEARCH

SLIDE 1

Attachment 1 to Enclosure 3



UST A-17 BACKGROUND

JUNE 1988 PROPOSED GENERIC LETTER
- BASES FOR RESOLUTION

. SUMMARY OF INFORMATION FOR USE IN EVALUATION
OF OPERATING EXPERIENCE

- REQUEST (PURSUANT TO 50.54(F)) FOR LICENSEES
TO CERTIFY THAT THEY ANALYZED THEIR PLANT FOR
FLOODING AND WATER INTRUSION

50.54(F) REQUEST WAS PROPOSED TO BE A VERIFICATION

OF LICENSEE COMPLIANCE WITH THE EXISTING LICENSING
BASIS

CRGR AGREED WITH NEED FOR ACTION ON FLOODING AND
WATER INTRUSION

CRGR RECOMMENDED MAKING A BACKFIT FINDING AND

STATING THAT THE ACTIONS ARE CONSIDERED TO BE
“NECESSARY FOR ADEQUATE ASSURANCE OF SAFETY”

SLIDE 2



INTERNAL FLOODING/WATER INTRUSION CONCERN

GENZRIC LETTER 88-20 ON INDIVIDUAL PLANT EXAMINATIONS
(IPEs) ISSUED NOVEMBER 1988

- EXPLICITLY REQUESTED INTERNAL FLOODING TO BE
INCLUDED

A-17 PROPOSES TO PROVIDE INSIGHTS TO THE IPE

[PE GUIDANCE TO REFERENCE A-17 TECHNICAL FINDINGS

AND INSIGHTS ON FLOODING AND WATER INTRUSION
(NUREG-1174 APPENDIX)

SLIDE 3



USI A-17 FINAL RESOLUTION

ISSUE GENERIC LETTER PROVIDING:
- BASES FOR RESOLUTION OF A-17

- SUMMARY OF INFORMATION FOR USE IN EVALUATION
OF OPERATING EXFPCRIENCE

CONSIDER INTERNAL FLOODING AND WATER INTRUSION IN
IPE

NO NEW REQUIREMENTS

NO PUBLIC COMMENTS TO BE SOLICITED

[SSUE;

- COMMISSION PAPER
- FEDERAL REGISTER NOTICE
- NUREG-1229

INFORM CONGRESSIONAL COMMITTEES

SLIDE 4
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May 24, 1989

TOPIC

R. Baer (RES) and D. Thatcher (RES) presented for CRGR review the proposed
resolution for GI-128, which includes and combines GI-48 (LCOs for Class 1F
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 invoives issuing to licensees two 50.54(f) generic information
request letters regarding compliance with the single failure criterion in
existing reguiations. Copies of the briefing slides used by the staff to

8uide their presentation and the discussions of these matters with the

ommittee 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:

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

b. Enclosure 2 (undated) - Draft Generic letter, "Resolution of Generic
Issues 48 and 49,..." and Attachment, "10
CFR 50.54(f) Request...GI-48...G[-49. . "

c. Enclosure 3 - Technical Evaluation Report dated March 1989,
EGG-NTA-7727, Revision 3, "Technical Findings for
Proposed Integrated Resolution of Generic [ssues
128 (Issue 48 & Issue 49)"

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

e. Enclosure 5 (undated) - Draft Generic Letter, "Resolution of GI A-30
“Adequacy of Safety-Related OC Power

Supplies" and Attachment, "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)..."

ra

At the request of the CRGR staff, RES provided a revised SIMS shret
(draft) for tracking the status of these integrated generic issues: that
item was distributed to CRGR members for information in their review of
this matter,



Cad

.2-

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 the
following caveats:

3

The Committee should review any generic criteria that the staff plans to
use in making backfit determinations that might result from their review
of 50.54(f) submittals by lTicensees related to GI A-30.

CRGR should review any model standard technical specifications (TS)
proposed by the staff intended to be used in reviewing subsequent
technical specification revisions by licensees as recommended by the
staff in these proposed generic issue resolution packages.

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

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):

a.  In Enclosure 1 of the review package, at page 5, delete the next
to last paragraph on the page.

or

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

delete the second sentence, and modify the first sentence to read
as follows:

"The proposed schedule for resolution allows 180 days for
licensee response."

c. In revised Enclosure 2 of the review package, at page 1 of the draft

(GI=4B7CT=49) Generic Letter, revise the third paragraph on the page
to 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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OF THE
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R. L. BAER, BRANCH CHIEF
R. W. HOUSTON, DIRECTOR
DIVISION OF SAFETY ISSUE RESOLUTION
OFFICE OF NUCLEAR REGULATORY RESEARCH
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Gl 128 INTRODUCTION

INTEGRATION OF EXISTING ISSUES RELATED TO
ELECTRICAL POWER

- GI 48 "LCOs FOR CLASS 1E VITAL INSTRUMENT
~USES IN CPERATING REACTORS”

- GI 49 "IN"ERLOCKS AND LCOs FOR REDUNDANT
CLAS 1E TIE BREAKERS"

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

INTEGRATED PROGRAM BECAUSE OF INTERRELATIONSHIPS

- VITAL AC INSTRUMENT BUSES (48) AND DC SUPPLIES
(A-30) CAN USE TIE BREAKERS (49)

- DC POWER SUPPLIES (A-20) FEED THE VITAL
INSTRUMENT BUSES (U48)

RELATIONSHIPS TO OTHER ISSUES

- UST A-uu

- Usl A-17

- UST A-47

SLIDE 2



GI_u48 BACKGROUND

VITAL AC INSTRUMENT BUSES ARE DESIGNED TO SUPPLY
CONTINUOUS AC POWER TO CRITICAL ELECTRICAL DEVICES
SUCH AS:

- CONTROL SYSTEMS
- INSTRUMENTATION
- SAFETY SYSTEM LOGI.

TYPICAL PLANTS INCLUDE MORE THAN ONE BUS TO MECT
SINGLE FAILURE

POWER SOURCES TO THE BUSES INCLUDE:

- INVERTERS (OR OTHER 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
OFFSITE POWER)

- REGULATED TRANSFORMERS FED FROM NORMAL AC
| POWER (OFFSITE AND HOUSE POWER)

WITH VITAL BUSES OR THEIR INVERTERS UNAVAILABLE,
TRANSIENTS INVOLVING POWER LOSSES COULD LEAD TO SAFETY
SIGNTFICANT EVENTS

SLIDE 3



GI_49 BACKGROUND

0 ELECTRICAL BUSES (BOTH AC AND DC. MAY CONTAIN

INTERCONNECTIONS (TIE BREAKERS) FOX SPECIAL OPERATING
CONDITIONS

0  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
ELECTRICAL DIVISIONS

SLIDE 4§



GI 48 AND 43 SAFETY CONCERN

LOSS OF AC AND DC ELECTRICAL POWER CAN LEAD TO:

- TRANSIENTS VIA CONTROL SYSTEMS
- LOSS OF INFORMATION TO CPERATOR
- LOSS OF REDUNDANCY IN SAFETY SYSTEMS

SOME PLANTS DO NOT HAVE TECHNICAL SPECIFICATION
RESTRICTIONS ON CONTINUED PLANT OPERATION WITH
VITAL AC POWER BUSES (OR THEIR SOURCES) UNAVAILABLE

SOME PLANTS DO NOT HAVE TECHNICAL SPECIFICATION

RESTRICTIONS ON CONTINUED OPERATION WITH TIE
BREAKERS CLOSED

WITHOUT ADEQUATE CONTROLS, PLANTS COULD BE
OPERATING INDEFINITELY IN SITUATIONS WHICH

COMPROMISE PRESUMED DIVISIONAL REDUNDANCY AND
INDEPENDENCE

SLIDE 5



Gl 48/49 RESOLUTION

TO PREVENT OPERATION IN SITUATIONS WHICH COULD
DEGRADE THE INDEPENDENCE OF SAFETY RELATED
ELECTRICAL EQUIPMENT, TECHNICAL SPECIFICATIONS
AND SUPPORTING PROCEDURES SHOULD BE INCLUDED
AT ALL PLANTS

TC CONFIRM COMPLIANCE WITH THESE EXISTING
REQUIREMENTS A 50.54(F) REQUEST IS PROPOSED TO:

- VERIFY THAT THE TECH SPECS INCLUDE
APPROPRIATE PROVISIONS AND

- VERIFY THAT PLANT PROCEDURES INCLUDE
CORRESPONDING CONTROLS

BECAUSE ELECTRICAL DISTRIBUTION SYSTEMS ARE VERY
PLANT SPECIFIC, A BASIS FOR NOT NEEDING SUCH
PROVISIONS MAY BE JUSTIFIED AT SOME PLANTS,

SLIDE 6



MODIFICATION TO IMPLEMENTATION
OF GI 48 AND_ 49

NO LONGER REQUIRE TECHNICAL SPECIFICATION ADDITIONS

REQUIRE PLANTS TO CERTIFY:
- HAVE PROCEDURES, OR

- HAVE [ CTABLISHED BASES FOR NOT INCLUDING THEM

ONLY A CERTIFICATION, WITH POSSIBLE FUTURE NRC
INSPECTION/AUDIT

NRC RESOURCES GOES DOWN FROM 100 MAN-WEEKS TO
MINIMAL TIME

SLIDE 7



Gl A-30 BACKGROUND

SAFETY-RELATED DC POWER SUPPLIES ARE DESIGNED TO
PROVIDE AN ONSITE SOURCE OF RELIABLE ELECTRICAL
POWER FOR

- FEED TO VITAL AC EQUIPMENT

- ELECTRICAL BREAKER CONTROL

- CONTROL SYSTEMS

TYPICAL PLANTS INCLUDE MORE THAN ONE SAFETY-RELATED
DC SOURCE TO MEET SINGLE FAILURE

POWER SOURCES TO DC BUSES INCLUDE BATTERIES AND
BATTERY CHARGER

ALTHOUGH SAFETY RELATED DC SYSTEMS ARE DESIGNED

TO BE HIGHLY RELIABLE, SOME FAILURES HAVE BEEN
IDENTIFIED

MOST FAILURES OF CONCERN INVOLVE COMMON CAUSE
PROBLEMS AND FAILURE TO ADEQUATELY DETECT THE
EXISTENCE OF BATTERY-RELATED PROBLEMS
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Gl A-30 SAFETY CONCERN

LOSS OF DC SUPPLIES CAN LEAD TO

- TRANSIENTS

- LOSS OF INFORMATION TC OPERATORS

- LOSS OF SAFETY SYSTEMS

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

[MPROVEMENTS AT INDIVIDUAL PLANTS MAY BE NECESSARY

SLIDE 9



Gl A-30 RESOLUTION

TO IMPROVE DC POWER SYSTEM PERFORMANCE THE STAFF DEVELOPED
A NUMBER OF RECOMMENDATIONS FOR IMPROVEMENTS IN

- MATNTENANCE

- TESTING

- MONITORING

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

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

. QUESTION PLANTS ABOUT THESE IMPROVEMENTS

- IF IMPROVEMENTS HAVE NOT BEEN MADE, GUESTION
THEIR BASES FOR NOT INCLUDING THEM

SLIDE 10
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A number of generic safety issues in the area of electric power systems

v have been ;:entified‘pven-a—per+od—n+—yeaﬁs. These.Jssues~ana_L;5Led-ead
///// pn4oaw+4geﬂ-+n~ﬁﬁﬂfﬁ'0933:1 Three issues have been selected for

: \ ‘
1ntegrabe3:;et+en because they are interrelated. These are:

~~Generic [ssue A-30 "Adequacy of Safety-related OC Supplies”

Generic [ssue 48 "LCOs for Class 1E Vital [nstrument Buses in

Operating Reactors"

Generic [ssue 49 “Interlocks and LCOs for Redundant Class IE

A Tie Breakers"

These three issues taken together are identified as Generic [ssue 128. ™

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 inv€££3£§¢f

-—— ——

—————— ———
—

-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 If Tie Breakers" involves a safety concern
that independent, redundant Class [E ac or dc 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,

GI A-30 "Adequacy of Safety Related DC Prwer Supplies" deals with a safety
concern that some plants may not have acequate provisions for assuring that
these power supplies are available and capable of performing their function.’

—

Safety-related dc power is used for the overall operation of
portions of the electrical system includ
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. Ouring normal operation, the battery chargers supply the load require-
ments 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 diese! 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 dc
power,

the safety-related
ing circuit breaker control for the ac
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%/0e staff pug to submit an Information Request to all licensees to identify

plants that shoyld develop additional administrative control to avoid operating -
under conditions that are in violation of the single failure criterion. The
censee'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,

The proposed resolution of GI A-30 involves a number of re
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Enclosure
DRAFT GENERIC LETTER
To: ALL HOLDERS OF CPERATING LICENSES

SUBJECT: RESOLUTION OF GENERIC ISSUES GI-48, "LCOS FOR CLASS 1f VITAL
INSTRUMENT BUSES," AND GI-49, "TNTERLOCKS AND LCOS FOR CLASS 1E
TIE BREAKERS"

The NRC staff has completed the evaluation of Generic Issues Gl-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 Limiting-conditions-for-Operation-(Lo0ss-in-their-Teghnical
Spee#i#eat#ons-and-have-preper-adn#n#strat#ve-eenerols-ee-énptement-these
Technieat-Speesfieations procedures to limit the length of time that a plant is
in potential violation of the single failure criterion with reqard to the C1ass
{E vital instrument buses and tie breakers unless there 15 adequate justifica-

tion why such provisions are not needed at their specific facilities.

&n-erder-ta-dete!n¢ne-whecher-any-iurther-scaff-aet#ons-are-neeessary-to-asiure-
#np&enentat#on-oi-reeaanended-eorreet#ve-measuros1 We request pursuant to

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 N accorcance w e enclosed requirements in the

attachment to this generic letter) are in place or justification has been
repared demonstrating that such procedures are not needed. S certification
should be submitted to NRC, s1 nes under oath and affirmation. The procedures
may be subject to future NﬁC inspection. Any justifications for not including
such procedures should be retained onsite for possible futute NRC audit.
a~-espense-go-ehe-questsens-49-eﬁe-attéeﬁment-witﬁin-¥§§-days-eioeﬁe-dcte—e€
Gh#s-letterf--:hts-iniornat#on-shaa%d-be-subn#tted-ta-NRG'-s$gael-unde9-eath

and-affirmation---The-infermation-witl-enable-the-Commission-to-determine
whether-any-further-action-shouid-be-taker-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 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,

0.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-48, “"LCOs for Class If Vital
Instrunert Buses," GI-49, "Interlccks and LCOs for Class 1E Tie
Breakers"
Reference: EGG-NTA-7727 Revision 2

"Technical Findings for Proposed Integrated Resolution of Generic
Issue 128 (Issue 48 and Issue 49)



Attachment

10 CFR 50.54(f) Request
G1-48, "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 pilants. In this document, the term "Vital Instrument Buses" refers
to the ac buses that provide power for the [nstrumentation 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 lE 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 anc 'C%s for Class iE
Tie Breakers." The staff has concluded that these concerns can be generally
resolved by the verification or implementation of appropriate }imiting-conditions
ei-operat#ons-(LGOs)-$n-ehe-p$0nt-teehn#en%-spee&i&eat#ons-and-by-#ue&us#on-oi
asseedated 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 aesign basis events considered

in the plant safety analysis report.

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 1
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 normal 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 aiternate 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




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
{ie 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 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
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 ~edundant 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, resuiting
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 impiemented at the Point Reach nlant

=- - ViUl

[t should be noted that the proposed resolution does not include a recommendation
regarding the verification of tie breaker interiocks. The interlocks raised as

a concern were to help protect against the 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 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 cperator from taking such action.
PRA analyses have shown that cross connectirc can allow for ogptions that can
prove to be beneficial.



In addition, there is some protection provided for inadvertent out-of-phase
connections by the normal protective relaying and breaker coordination. [f the
protective relaying actuates, equipment woiuld 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 ana GI-49 concerns have been resolved in recently licensed plants by
implementation of Standard Technical Specifications and current licensing
practice,

QUESTIBNS REQUIREMENT

ir---bo-your-plant-Technicat-Specifications-inetude-Limiting-Candrtrons-for
Operatiens-rkE0sy

Ensure that your plant procedures include time limitations and surveillance

requirements for:

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

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

¢, Tie breakers which can connect redundant Class 1E buses (ac or
dc) at one unit or which can connect Class 1E buses between units at
the same site,.

[f such provisions are not included for any of the above items (a, b, or c),
ensure that you have estabiished the bases fOr sulh 4 POSILIOn. 'H1s informa-
tion should be retained onsite for possible future NRC audit.

2f---Be-youp-plant-pnooe‘nres-$netude-appropr$ate-eervespond#ag-adn#nistrat$ve
€ontrots-te-implement-these-teehnieal-specification-reanirementss

4$-the-answer-te—any-oi-the-prev#ous-quest#ens-#s-nog-ehea-ppov#de-an-enplanat#on
ei-&he-bas&s-ior-yaur-be%#ei-that-your-p)ant-w#%1-no!-be-eperated-#ndei#n&tely
in-viglation-ef-the-single-fatlure-eriterion-reqarding-the-blass-1E-vital
instrument-buses-and-the-clesure-of-tie-breakers-connecting-61ass-1E-ac-ogr-de
busess--Ihis-may-be-aceomplished-by-etthers--La)-providing-infermation-and
suppevt#ng-ana3yses,-er-(b)-subnitt#ng-an-anendnent-vequest-propes#ng-ehat-
appropriate-kols-be-ineorporated-in-the-plant-technieat-specifications-on-the
abeve-itemsy

The information te-be-previded 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 owt

of service, & loss of off-site power will cause numerous actuations dve 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.q., 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.

NOTE: As part of future upgrades to Technical Specifications, licensees should
consider incliuding appropriate Limiting Conditions for Uperation s) a
urveiilance Kequirements 1n future Technical Specification improvements,

An example of aeeeptabte LCO and surveillance requirements (from the Hestinghouse

Standard Technical Specifications) is included for guidance. The staff plans
to_upgrade all Standard Technical Specifications to include these provisions,




Enclosure 5 to the Minutes of CRGR Meeting No. 163
UST A-47 TSafety impitcations of Gontrol Systems
1n_LWR NucTear Power PTants”

May 24, 1989

TOPIC

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. ' Copies of the briefing slides used by

the staff to guide their presentation and discussions with the Committee at
this meeting are attached.

BACKGROUND

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 US] A-47"
4. Model SER

5. Revised STS for B&W and CE plants

CONCLUSTONS/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. A
clarifying statement should be included in the generic letter to
eliminate 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 overfill
protection.



4. The language on page Z 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
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.

5. The implementation schedule should be reviewed and sufficient flexibility
added to not cause an unnecessary burden on licensees. In addition, the
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
specifications should be made clear that changes are not required in
response to this genmeric letter, and that licensees will only be
encouraged to revise their tech specs.

As a collateral recommendation, the Committee recommended that NRR act to
improve the mailing of generic letters to eliminate an unnecessary delays in
licensees' 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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PUBLIC COMMENTS

37 PUBLIC COMMENTS RECEIVED

RESPONSES TO COMMENTS PROVIDED IN itaeG-1217
APPENDIX C

MOST COMMENTS RESULTED IN EDITORIAL CHANGES -

PROVIDING CLARIFICATION

SOME UTILITIES OBJECT TO HAVING PERIODIC
VERIFICATION OF OVERFILL PROTECTION INCLUDED
IN THE TECH. SPECS.

CALVERT CLIFFS INDICATED THAT THE STAFF'S
COST ESTIMATES WERE LOW BY FACTOR OF 2



-

SUMMARY OF FINAL RESOLUTION

LIMITED NUMBER OF REQUESTED ACTIONS PER 10CFRS0.,54(F)

0  PROVIDE ALL LICENSEES WITH RESULTS OF ANALYSIS
CONDUCTED BY STAFF - FOR INFORMATION

0 REQUEST OVERFILL PROTECTION (ALL PLANTS)

0 REQUEST PERIODIC VERIFICATION OF OVERFILL
PROTECTION (TECH SPECS)

0 [MPROVE AUTCMATIC INITIATION OF EFW ON LOSS
OF POWER TO CONTROL SYSTEMS (OCONEE ONLY)

0 IMPROVE EMERGENCY PROCEDURES FOR SBLOCA
(CE PLANTS WITH LOW HEAD PUMPS)



MODIFICATIONS TO THE
PROPOSED RESOLUTION

FINAL RESOLUTION ESSENTIALLY THE SAME AS
PROPOSED IN THE DRAFT (FOR COMMENT) PACKAGE

ALTERNATIVE CORRECTIVE ACTIONS TO AVOID STEAM
GENERATOR DRYOUT ON LOSS OF POWER TO CONTROL
SYSTEMS HAVE BEEN ADDED TO THE GENERIC

LETTER - FOR OCONEE PLANTS

REQUESTS TO SUBMIT PLANT DESIGN MODIFICATIONS
FCR NRC REVIEW WERE DELETED. LICENSEES ARE NOW
REQUESTED TO RETAIN ON SITE, THE DOCUMENTATION
ASSOCIATED WITH THE REQUESTED ACTIONS FOR
POSSIBLE FUTURE INSPECTION (EXCEPT FOR TECH,
SPEC, MODIFICATIONS)
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MEMORANDUM FOR: Edward L. Jordan, Chairman
Committee to Review Generic Requirements

FROM: Eric S. Beckjord, Director
Office of Nuclear Regulatory Research

SUBJECT: CRGR REVIEW OF THE FINAL RESOLUTION OF USI A-17, "SYSTEMS
INTERACTIONS IN NUCLEAR POWER PLANTS"

Attached is the final resolution of USI A-17 for your consideration.
The previous version of'the A-17 resolution was forwarded to you on September

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

(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.
The insights on flooding ana water intrusion from internal plant sources
developed as part of A-17 wi!l be provided for licensees use. No additional
work by licensees is intended outside the scope of the planned IPE effort.
With this action, the .nterral flooding and water intrusion portion of USI
A-17 is considered resolved,

we pian to issue a generic ietter 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 comment, Rather, we are (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 Congressicnal com-
mittees and (5) having NRR issue the generic letter for information only.

NRR and AEOD have cuncurred in these changes. O0GC has no legal objection.

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 made

to the resolution,
3 C N
\1\4— ) 5‘ A}L O s\

Eric S. Beckjord, Director
Office of Nuclear Regulatory Research

Enclosures: See following page
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Edward L. Jordan
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Enclosures:

1.

cc:

Draft Commission Paper with 3 enclosures:

(1) NUREG-1174

(2) NUREG-1229

(3) Federal Register Notice and Summary
Statement

Proposed Generic Letter with 2 attachments

T. Murley

F. Gillespie
S. Lewis

J. Conran



DRAFT COMMISSION PAPER

The Commissioners

Victor Stello, Jr.
Executive Director for Operations

- |
g I

Subject: UNRESOLVED SAFETY JSSUE A-17, “SYSTEMS INTERACTIONS IN
NUCLEAR POWER PLANTS"

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

Summary : The staff has completed its technical work on USI A-17 and
has developed a proposed resolution. The technical findinags
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:
(Enclosure 2). The staff concluded from its A-17 investiga-
tions that certain actions should be taken by the NRC and
licensees,

These actions include guidance to the staff for use in severe
accident policy implementation and probabilistic risk assess-
ment (PRA) review and development, and general insights and
lessons iearned 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
the Individual Plant Examinations (IPEs).

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 the USI A-46
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. Certain
SSCs are designed to interact to perform their intended functions.

Contact:
D. Thatcher, RES
492-393%



The Commissioners

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.

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.

Therefore, the purpose of US! 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 deterministic 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 conciuded 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 will
address seismically induced systems interactions to



The Commissioners

verify that components and systems needed to safely shut
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) 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."

(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 Peview 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 Chairman 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 ASls
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 AEOD and discussed at Meeting Nos., 88 and 139 of the
Comnittee 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.



The Commissioners

Enclosures:
See following pag

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
associated with flooding and water intrusion from internal
plant sources. Since such vulnerabilities are already to be
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, NRK, ACRS and CRGR agreed

with this decisien. 0GC 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, Gl 57, "Effects of Fire Protection
System Actuation on Safety-Related Equipment," although
related, has not been subsumed by the A-17 resclution. 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
to common causes such as earthquakes or smoke. Therefore, if
the A-17 action regarding flooding and water intrusion is
implemented as proposed, GI 57 will sti1l have other
potential safety significance associated with it. Further
action may be proposed on G! 57 based on that safety
significance.

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

e
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Enclosures:

1. NUREG-1174

2. NUREG-1229

3. Federal Register Notice and
Summary Statement
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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
Gl 77, and GI 77 would be considered subsumed by A-17,
Another directly related issue, Gl 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
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. A Federal Register
Notice has been prepared and is enclosed.

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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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 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, Gl
57 will still have other potential safety benefits associated
with it. Further action may be proposed on Gl 57 based on
this remaining safety benefit,

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:

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.
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,
suppressant.,

It also is considering systems which use gas as a
Therefore, if the A-17 action regarding

flooding and water intrusion is implemented as propose,, GI
57 will still have other potential safety benefits associated 'l

with it.

Further action may be proposed on G! 57 based on

this remaining safety benefit,

The staff plans to issue the two enclosed NUREG reports and

the generic letter to all licensees.
Notice has been prepared and is enclosed,
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ABSTRACT

This report presents a summary of the activi
Issue (USI) A-17, "Systems Interactions in N

includes the NRC staff's conclusions based on those activities. The staff's
technical “indings provide the framework for the final resolution of this un-
resolved safety issue.

The final resolution will be published later as
NUREG-1229.

ties related to Unresolved Safety
uclear Power Plants," and also
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EXECUTIVE SUMMARY

The U.S5. 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
Tater as NUREG-1229.

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
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.

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

(1) Systems Interaction (5I)

An action or inaction (not necessarily a failure) of various systems (sub-
systems,k divisions, trains), components, or structures resuiting from a
single credible failure within one system, component, or structure and

ropagation 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 as-
pects of the initiating failure and/or its propagation.

(2) Adverse Systems Interaction (ASI)

A systems interaction that produces an undesirable result.

(3) Undesirable Result (Produced by Sls)

This was defined by a 1ist 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 portions
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.)
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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
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 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)

or (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
incorrect information.)

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-
press‘cr system is actuated).

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

(1) Functionally Coupled

Those SIs that result from sharing of common systems/components; or phys-
ical connections ! ‘tween 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-
propriately induces an operator action, or a malfunction inhibits an oper-
ater's ability to respond. As analyzed in A-17, these Sls are considered
another example of functionally coupled ASls.
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(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:

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 a
resolution. Considering this, the A-17 program utilized a set of working
definitions to 1imit the issue. It is recognized that such an approach
may leave some concerns unaddressed.

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.

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.

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.

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.

Induced human-intervention-coupled interactions as defined in A-17 are a
subset of the broader class of functionally coupled Sls. 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
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.

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 ASls.

(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

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
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. 1In 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 hecause 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 aTl 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 11.C.3, "Systems Inter-
action," for the purpose of coordinating and expanding the staff's work on
systems interaction (USI A-17) and to incorporate that work into an integra‘ed
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 Iiem I1.C.3.
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The A-17 program has been designed to establish whether or not 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
address them,

2 BACKGROUND

The term "systems interaction" has never been precisely defined, and, as a
result, the investigation into the concern has suffered from a lack of a clear
focus. At t'mes, A-17 was becoming a "catch all" cate ory 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-
rificant types of events that have occurred, the A-17 program has been provided
with a set of working definitions (see Section 3, "Definitions and Scope").

The -‘efinitions 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

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

The definitions presented here parailei those in the NRC Task Action Plan
(NUREG-0649); however, the term "common-mode failure" has been dropped and fur-
ther clarifications have been added. In developing the definitions, the main
objective was to acknowledge that a great amount of concern exists regarding
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),
involving an equipment malfunction or failure and its propagation.

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
the nuclear industry over the last 10 years, it was decided that a classifica-
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
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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
failures directly propagate
to other equipment/systems
within the same safety
division

Existing regulations
+ Single failure
defined in the GDC

Not analyzed in
A-17

(2) Single failures subtly UST A-17 definition
propagate to cause plant of adverse systems
transients/accidents interactions
and/or cegrade the
required afety systems.
Includes:
+ Subtle sp.:ial 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 in
able redundant safety ator training A-17
systems
(5) Events that could cause UST A-46 plus current Not analyzed in
multiple plant probleims licensing requirements A-17, except for
simultaneously: cover earthquakes internal flooding/
+ Particularly earthquakes water intrusion
+ Also fire and pipe break/ Appendix R deals with events occurring
flooding fire one at a time
Equipment qualifica-
tion rule (10 CFR
50.49) deals with
design-basis pipe breaks
None of these programs
deals with multiple,
simultaneo.s events.
Therefore, this area is
to be furthzar evaluated
under the Multiple System
Responses Program.
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(2) wuse 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 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 svhsystems, 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-
ey -— : . : . .

uous or unanticipated ini~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 1.s 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 wel) 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

sysiems 1n that same division as well as possibly with some equipment not re-

lated to safety. If these suppori-type systems do fail, the supported system

11 1 e

will also most likely fail or at least will operate improperly.

Although these examples involve interaction of

e
sidered adverse systems interactions, they are i the kinds of interactions
C

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"
C

ms and even could be con-
|

y
0
e

f‘\
interactio
to further pinpoint the issue.

3.2 Adverse Systems Interactions

The definition used here 1is
result, as defined by a 1is
A-17 program (see below)

A systems interaction that produces an undesiratle
f the types of events to be considered in the

The 1ist was created on the basis of perceived safety concerns in the broad

area of systems interactions for the purpose of capturing potential adverse
systems interactions, and therefore terms such as "undesirable™ instead of
"unacceptable" and "degradation" instead of “failure" were used.
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(1) Degradation of redundant portions of a safety system, including consider-
at?on 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 rot related to safety.
(Note: This result would demonstrate o Lreakdown 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 the operator to perform unanalyzed, unassumed,
or incorrect actions.

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

(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 the 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 grealer than originaiiy 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-
vated 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.
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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 c¢f sabotage are excluded.)

3.3 Other Common-Cause Events

Multiple failures resulting from a single comm¢ cause and typically charac-
terized by the failure of identical components i. redundant safety systems will
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 rommon-
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 (ATWS) 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 (larifications

Some additional clarifications are included here to address the areas that tend
0 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 staff,to focus on only the
area of the adequacy of the information presented to the ¢ erator by the plant
display systems, as outlined in induced human-intervention-ccupled SIs. There-
fore, the operator was treated as a hardwired 1ink 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 cf 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

fDC

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
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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 ‘ully operable
or totally inoperable, as if only two possible states existed. 5 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 and/c  the
ability to achieve safe shutdown. The ACRS believes that failures or >artial
failures could occur simultaneously in multiple systems, if the initia.ing
event is of a sufficiently broad nature, such as an earthquake, fire, or flood.

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.
ExampTes 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 nther impor-
tant aspect invelves a similar probTem area. & 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 1f 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

Ouring the review and evaluation of systems interactions, the group studying
UST 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 cleariy 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 interface 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 potentiai 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.

Seme of the information on methods is reported in other sections of this report
(e.g., aigraph 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
systems interactions

Types of systems interactions
identified by methodologies

Analysis methodologies

available to identify Induced human-

: : intervention-
systams interactions Functiona)l Spatial coupled
Operating experience review X X X
Plant walkthrough X
Preoperational testing X
Failure modes and effects

analysis X X *
Design review X X X
Decision table X *
System state enumeration X
Binary matrix x X
Digraph matrix X X X
Event tree analysis "

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) analy.is 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 ic pro-
vided about the individual methodologies in the class. (For a iist 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 I1.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,
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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, cperating 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 inciude the identification of systeme 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.
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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
determine the potential for spatial systems interactions. The program consisted
of: (1) combined proximity for seismic Category I and Il components, systems,
and structures, (2) high-energy line break hazards, (3) internal missiles, and
(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.

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

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

A1l 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 typicazlly 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 the
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 the
methodologies is discussed below.

4.3.1 Failure Modes and Effects Analysis

Failure modes and effects analysis (FMFA) ie 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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system level) must be considered for all plant operational modes and the analyst
must also consider the possibility of other components undergoing test and
maintenance.

4.3.2 Design Reviews

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
called a design review team. Using the design criteria or specifications for
the systems, the team reviews available documentation such as control schemat-
ics, layout drawings, as-built drawings, and piping and instrumentation dia-
grams. The team then identifies design deficiencies, including potential
systems 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
that as-built drawings are frequently not available or are not up to date.
Also, it is difficult to ensure the comprehensiveness of design reviews.

4.3.3 Decision 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 interna) states
(operational or failed states) of the components. Decision tables can han-
dle binary and nonbinary logic (i.e., components with two or more states).

To construct a decision table, the analyst divides the system into levels of
components or subsystems. Once the system has peen 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
system).

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, since 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 as well. However,
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
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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

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
from) the compdnent listed at the top (column). The matrix is not limited to
components. The entity of interest could be maintenance, a physical location,
a system tra: ', 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. A1) 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:

(13 their Timited ability to analyze human interface, (2) their complexity, and
(3) their expense when performed at a detailed leve) (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) GO methodology
(5) sneak circuit
(6) generic analysis
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4.4.1 Digraph Matrix Analysis

Digraph matrix analysis (DMA) 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 ma.rix) of elements that have direct influence on an
element of higher order.

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

Finally, 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) OMA 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
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-
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 tocl 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 evente (e.g.., earth-

e AWy

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
lTevel 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 (GO 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 GO 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 mede 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 ~ompact 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-
ered since it has the ability te handle multiple system states (i.e., partial
failure or degraded conditions can be modeled).

Disadvantages 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 studiec 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
originally 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 erronecus 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
paths that are nol 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-circJit analyses are the lack
of documentation explaining the methodo]o?y. Additionally, only one company
was found that had experienced and qualified analysts a“le to perform such
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
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

impact
vibration
pressure
grit
moisture
stress
temperature
freezing

(2) electrical/radiation generic causes

electromagnegic interference
radiatisn damage

conductin? 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 Qak Ridge National Laboratory's Conclusions and Recommendations

Oak Ridge National Laboratory (CRNL) 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 program should
utilize operating experience reviews, design reviews, and preoperationa) test-
ing. These three methedologies 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 modeiing, 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

A1l methods appear to have some advantages and disadvantages. The major
conclusions based on the above review are:

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

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

(3) It is, therefore, probably most cost effective to 1imit 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, ongeing work, and new work with the objec-
tive of focusing the various efforts to resoive the generic 1ssue as defined

in the revised TAP scope and definitions

.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 some
of 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 additiona)l guidance contained in
1ts 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
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 quoved from the report were formulated to in-
clude the following types of events:

. Events which demonstrated that the action of any system degraded or
resulted in loss of the effectiveness of any of the following

systems:
reactor coolant instrumentation power
residual heat removal chemical and volume control
component cooling auxiliary feedwater
service water portions of main steam

auxiliary power

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.

As an example, the failure of an RHR [residual heat removal] pump to
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
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
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
the occurrence of a majority of the events studied. In addition, about five
specific investigations and/or plant modifications were recommended in the
study.

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 QOak Ridge National
Laboratory's (ORNL's) review of operating experience (see Section 5.4, below).
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 (s2e Section 5.4,
below) for possible SI events which met the definition offered in the current
A-17 Task Action Plan.

.12 giablo Canyon Nuclear Power Plant Seismically Induced Systems Interaction
rogram

Pacific Gas and Electric Co. (PG&E) estaolished 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.

PGAE 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
sﬁugaown 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 ‘nduced failure or mo-
tion could interact with a target and prevent or iniibit a target from
accomplishing its safety function.

On the basis of these definitions, a large number of potent.al 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.
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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
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
censequences 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
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 syitem acting on one
or more other systums 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 inadequateiy
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-
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
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 1ine break
(HELB), internal missiles, and flooding. Additional reviews also addressed the
areas of pipe stress, fire protection, and therma) growth for potential spatial
interactions. CPCo was incorporating many inplace programs into the spatial §I
studies to avoid unnecessary duplication of efforts. For example, a program
had been in place to address the seismic "Class II over Class 1" 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 onge-
ing NRC programs are directly related to the work on A-17.

5.2.1 Sandia Laboratory Study of Watts Bar Nuclear Plant

From 1970 through 1980, NRC contracted with Sandia Laboratory to utilize a
method of reviewing nuclear power plant systems for potential interactions that
was differ. "t from the review process being used by NRC in its Standard Review
Plan (SRP) { I!REG-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, NUREG/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
that could alsc 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 methodelogy 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 1i-
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,

it would increase the likelihood of core damage, and (3) The potential cause

of an interaction was not explicitly covered in the SRP.

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
between trains of *he auxiliary feedwater system, (3) positive pressure control
will not be lost as a result of interactions stemming from common power sources
between pressurfizer heater channels, and (4) the inventory makeup necessary to
maintain decay heat r moval will not be lost as a result of interactions stem-
ming from the common 1. -ation 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 concluded 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

. 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 prec 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 subgect 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, inteide-
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
that hint at deficiencies of this raiure. Because of the potentially
serious implications of such sitiaticns, more attention needs to be
directed to seeking them cut. <C(areful review of LERs can uncover
such design errors, if they are consciously sought out.

Reference is then made to three sections of the Anpendix 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 events do not meet the definition and screening criteria of the
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 potentially significant area from the viewpoint
of adverse systems interactions.

The second section is entitled "Failures That Indicate Interdependence of Re-
dundant Elements" and describes four separ. e events.

The first of these events involves reduncant battery chargers for a fire
pump and would not meet the %P definition of systems interaction because
(1) the fire system i; nnt (ypically a sysiem needed to achieve and main-
tain safe shutdown and (2) the chargers were not truly redundant in the
same sense of engineered safety features (ESF) Trains A and B equipment.

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
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
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 [sland Nuclear Station Unit 1
(TMI-1) and involves a miscalibration of all four power range flux moni-
tors as a result of a faulty test pressure transmitter. Although this
event does demonstrate a common-riuse 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 Appri.c.: is entitlad “Adverse Interactions of Safety
System and the Influence of duman Srrors" and involves one event at Arkansas
Nuclear One Units 1 and 2. The event involved a number of adverse systems in-
teraction aspects 7. has also been included in the 1ist 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 LgRs would not reveal these unique interactions and
recommended a physical inspection of the plant and the “formation of a small but
competent interdisciplinary team." ta

Over the years, ACRS has stated its belief that the staff should require all
utilities to do a systems intaraction type of analysis and that because such an
analysis could be done with Tittie NRC guidance, the requirement should be is-
sued without further investigatiuns 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 chat 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 re?arding 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-TMI-2 Actions, including Human Factors Issues

After the accident at TMI-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 rcadily detectable)
in a plant indication system during an event. This was the nduced human-
intervention-coupled adverse systems interaction referred to n Section 3.
After 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 infuri *ion (Regu-
latory Guide 1.97, "Instrumentation for Light-Water-Cooled Nuclea: “ower Plants
To Ascess 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 plont 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 TMI-2 accident, the NRC formed the Office for Analysis and
Evaluation of Operational Data (AEOD) with the intent to pay closer attention
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 AEQD
reports (see Section 5.2.7 of this report). As part of the resolution of A-17,
the staff took a separate look at operating experience. The AEOD 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
plants receive much greater scrutiny than at the time when the systems
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 $Is 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
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 I
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 tc 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 yezrz. I&E has notified the industry about significant operating
occurrences. In some cases, the occurrences involve systems interactions. As
was concluded for AEQD, the staff concludes that the I&E mechanisms of bulle-
tins and notices addressed significant experience, including systems
interactions.

5.2.7 Other Generic Issues

In November 1983, the NRC published NUREG-0933, "A Prioritization of Generic
Safely Issues.” The report presents the priority rankings for a number of -
generic safaty issues reiated to nuclear power plants. The purpose of these
rankings is to assist in the timely and efficient allocation of NRC resources
for the resolution of thoce safety issues that have a significant potential for
reducing risk.

The prioritized issues include TMI Action Plan items under development; pre-
vicusly proposed issues covered by task action 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 bheen
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 AEOD 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 11.C.3,
"Systems Interactions"; Issue C-13, "Non-random Failures"; and Generic Issue 17,
“Flooding of Safety Equipment Compartments by Backflow Through Floor Drains."

As stated in the TMI Action Plan, the purpose of Issue I1.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
reiiability 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 I11.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
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 Jontrol Systems" (NUREG-0649). This is
primarily based on the understanding the" control systems do interact with many
plant systems and, therefore, if the contry! systems interactions lead to
possible degradations in safety systems, such « 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 spatia’ 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 pursiing some ASIs.

As the resolution of A-17 has progressed to tie point of focusing on certain
areas, the relationships to other unresolved safety issues have been considered.
The proposed resolution of A-17 acknowledges ielationships with USI A-45,

UST 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
coupied interactions.

These topics included:
[11-4.C  Internally Generated Missiles

IT11-5.A  Effects of Pipe Break on Structures, Systems, and Components
Inside Containment

111-5.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.

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 11 i+ lable 3.
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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 1.2, 1.3
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 calied
"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 lTikely 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

(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) pubiished 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 US] 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
the study made by the utility. One method, the digraph matrix method, was
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
further information see NUREG/CR-4207). Both studies concentrated on function-
ally 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-®
per reactor year. The next likely cutset contribution was not greater than
about 5 x 10-® 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~® 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-® per reactor year. (Note:
Although this was presented by LLNL as an adverse systems interaction, 1t 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-® 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 '«ith total redundancy and channelization and usually include signifi-
cant non-s fety/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
accumilate 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
rotection systems
4 P.ant drain systems allow flooding of safety- 8
reiated equipment
5 Loss »f charging pumps due to volume control tank 6
level 'nstrumentation failures
6 Inadver.ent ECCS/RHR pump suction transfer 4
7 HPSI/charging pumps overheat on low flow during 6
safety injection
8 Level instrumentation degraced by HELB conditions 21
9 Loss of containment integrity from LOCA conditions 10
* during purge operations
10 HELB conditions degrading control systems 3
11 Auxiliary feedwater pump runout under steamline 2
break conditions
12 Waterhammer events 4
13 Common support systems or cross-connects 18
14 Instrument power failures affecting safety systems 5
15 Tnadequate cable separation 8
16 Safety-related cables unprotected from missiles
generated from HVAC fans
17 Suppression pool swell 3
18 Scram discharge volume degradation 2
19 Induced human interactions &
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
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 contro] 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
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
piant, as well as transient and accident situations, must be accommodated.
Interfaces are created between redundant safety-related equipment as well
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-
nificani events occur when the system is in any abnormal 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 dc 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
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
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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. In
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 suppl.d 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 cystems; heating,
ventilation, and air conditioning systems; lubc 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 unigue to some extent.

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-
mation 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

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.

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-
ticipated Transient Without Scram (ATWS)," shou.4 resolve the concerns in the
area of the reactor trip system (RTS). The staf: 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 vailable for the operator
to take corrective action. The only exception may be ‘uring 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
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-
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 actuate
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 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>