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| TABLE II i

1

LISTING OF ALL TN! ACTION PLAN ITEMS, TASK ACTION PLAN' ITEMS, .i
NEW GENERIC ISSUES. AND HUMAN FACTORS 1550E5

! This table contains the priority designations for all issues listed in this report. For those issues found to be covered .in other issues described .i
! in this document,-the appropef ate notations have been made in the Safety Pricrity Ranking column, e.g. , I. A.2.2 in_ the Safety Priority Ranking ;

column means that Ites I.A.2.6(3).is covered in Ites I.A.2.2. For those issues found to be covered in programs not described in this document, the t
notation (5) was made in the Safety Priority Ranking column. For resolved issues that have resulted in new requirements for operating plants, the

!" appropriate multiplant Ilcensing action number is listed. The licensing action numbering system bears no relationship to the numbering systems used
. !;

;
; for identifying the prioritized issues. An explanation of the classification and status of the issues is provided in t?e legend below. ij;. -

-

tLegend
d

!. NOTES: ? .Possible Resolution Identified for Evaluation
,

j- 2 - Reso?ution Available (bocumented in NUREG, NRC Memorandum, SER, or i
: equivalent)

. ,

,

! 3 - Resolution Resulted in either: (a) The Establishment of New Regulatory )

| m; Requirements (By Rule, SRP Change,
7

,

N- or equivalent)- !

!
- .. or (b) No New Requirements

[ 4 - Issue to be Prioritized in the Future
y 5 - Issue that is r.ot a Generic Safety Issue but should be Assigned |
4. Resources for Completion
| ,

: : MEDItM - Medium Safety Priority. . f
" - HIGH - High Safety Priority .

j:

j" LOW - Low Safety Priority
'

:
DROP.. - Issue Dropped as a Generic' Issue

3 ' EI :- Environmental Issue . . [: I: - Resolved TMI Action Plan Ites with Implementation of Resolution Mandated by NOREG-0737es >

}
''

MPA- - Multiplant Action
..

LI- - Licensin0'Issus
; !

; ~ MA . * Not Applicable .
[ RI ' - Regulatory. Impact Issue.

;' S. :- Issue Covered in an NRC Program Outside the Scope of This Document j'

USI. - Unresolved Safety Issue '
,
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w Priority Lead Office / Safety Latest

E=aluation Division / Priority / Latest Issuance MTAM Action
) Plan Item / Engineer Braxh Status Revision Date No.

q Issue No. Title
-

. to
TMI ACTION PLAN ITEMS

i

IJ _0PERATING PERSONNEL
_

I A.1 Operating Personnel and Staff?ng
I~K~I.1 $nift Technical Advisor

- N'IR/DHF 5/.QB I 2 12/31/86 F-01 i
'

I.A.1.2 Shift Supervisor Administrative Duties - NRR/DHF5/ LOB I 2 12/31/86

I. A. I. 3 Shif t Anning .
- NRR/DMIE/ LOB I 2 12/31/86 F-02

Colmar RES/DF0/HFBR NOTF 3(a) 2 12/31/86
-I.A.1.4 Long-Tern Upgrading

~~
Training and Qualifications of OperatingI.A.2
Personnel

I. A. 2.1 Tuneciate Upgrading of Operator ano Senior Operator - - -

Traini..g and Qualifications
I.A.2.1(1) Qualifications - Experience

- NRW/DHF5/LQB I 5 12/31/FJ F-03
|

- NRR/DMF5/LQ8 I 5 12/31/97 F-03i

[ I.A.2,1(2) Training
- NRR/DHF 5/LQB I 5 12/31/87 F-03

' I.A.2.1(3) Facility Certification of Competence and Fitness of
Applicants for Operator and Senior Operator i.fcenses

I . A. 2. 2 Training and Oualifications of Operattors Personnel Coisar NRR/DHF5/LQB NOTE 3(b) 5 12/31/27 NA

| co I.A.2.3 Administratinn of Training Prograss - WRR/DHF5/ LOB I 5 12/31/87
, y

Coisar NRR/DHF5/LQS L! (NOTE 3) 5 12/31/87 NA

l I.A.2.4 N4R Participation in Inspector Training
Colmar NRR/DHF5/LQB NOTE 3(b) 5 12/31/87 MA

I . A . 2. 5 -Plant Drills
| 1.A.2.6 Lang-Tere Upgrading of Training and Qualifications

- - -

Colmar NRR/C*-irT/MF IB NOTE 3(a) 5 12/31/87 NA

I.A.2.6(1) Revise Regulatory Guide 1.8
Colmar NRR/DHF5/LQB NOTE 3(b) 5 12/31/87 NA'

1.A 2.6(2) Staff Review of NRR 80-117 Colmar NRR/DHF5/LQB I.A.2.2 5 12/31/87 NA

I.A.2.6(3) Revis4. 10 CFR 55 Colmar NRR/DHFS/LQB NOTE 3(b) 5 12/31/37 NA

I.A.2.6(4) Operator Workshops
; 1.A.2.6(5) Develop Inspection Procedures for Training Program Colmar NRR/DHF5/LOS NCIE 3(b) 5 12/31/87 NA

Colmar NRR/DHF 5/tr/2 DROP 5 12/31/87 NA

! 1.A.2.6(6) Nuclear Po.er Fendament41s
' I.A.2.7 Accreditation of Training Institutions Colsar NRR/DNF 5/1Q9 NOTE 3(b) 5 12/31/87 NA

I.A.3 Licensing and Requalification of Operating
Personnet

I. A 3.1 Revise Scope of Criteria for Licensing Euminations Enrit NRR/DHF5/LQB I 5 12/31/86
Ecrit NRR/DHF5/0LB NOTE 3(b) 5 12/31/86 MA

i

1.A,3.2 Operator Licensing Frogram Changes
Colmar RES/DRA0/HF58 NOTE 3(b) 5 12/31/86 NA

!.A.3.3 Requirements for Operator Fitness
I.A.3.4 Licensing of Additionel Operations Pe.sonnel Thatcher NRR/DHF5/LQB NOTE 3(b) 5 12/31/86 NA

I.A.3.5 Establish Statement of Understarwitng with IteP') ard DOE Thatcher NRR/DHF5/HFE8 LI (NOTE 3) 5 12/31/86 NA

y7.

5 1.A.4 Simulator Use and Development
- - - <

Thatcher NRR/DMf5/DLB NOTE 3(b) 5 06/30/88 NA 7rn I.A.4.1 Initiai Simulator Improveewnt

9 I.A.4.I(1) Short-Tere Study of Training Sieulators
That.her NRR/DHF5/DLB NOTE 3(a) 5 06/30/88 -

8 I.A.4.2 Loeg-Tern Training simulator upgrade
- - - 3o I.A.4.I(2) Ir.eria Changes in Training Simulators

Colmar NRR/D+1FT/HFIB NOTE 3(a) 5 06/30/88
to I.A.4.2(1) Resarrch on Training Simulators 4
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-

g* Issue No. litle Engineer Branch Status Revision Date No.,

$
.

I.A.4.2(2) Upgrade Training Simulator St-andards Colmar RES/DF0/HrBR NOTE 3ta) S 06/30/881

I 1.A,4.2(3) Regulatory Guide on Training simulators Colmar RES/DF0/HFBR NOTE 3(a) 5 06/30/88
1.A.4.2(4) Review Simulators for Canformaxe to Criteria Colmar NRR/DLPQ/LCLB NOTE 3(a) 5 06/30/88
L A. 4. 3 Feasibility Study of Procurement of NRC Training Colmar AES/DAE/RSRB LI (NC?E 3) 5 06/30/68 NA

3 . Simulator
i 1,A.4.4 Feasibility Study of NRC Engineering Computer Colmar RES/DAE/RSR8 LI (NOTE 3) 5 06/30/88 NA
' 1.B, SUPPORT'PERSONNEt.

I.B.1 Management for Operations
j I li 1.1 Organization and Management Long-Ters !aprovements - - -

I.S.1 1(1) Prepare Draft Criteria Colmar NRR/DHFT/HFIB NOTE 3(b) 3 12/31/86 NA
I,B.1.1(2) Prepare Comission Paper Colmar NRR/DHFT/HFIB NOTE 3(b) 3 12/31/86 NA*

L 8.1.1(3) Issue Requirements for the Upgrading of Management and Colmar NRR/DHFT/HFIB NOTE 3(b) 3 12/31/86 NA
Technical Resources

I.B.I.1(4)
'
Review Responses to Determine Acceptability Colmar NRR/DHTT/HFIB NOTE 3(b) 3 12/31/86 NA

I.B.1.1(5) Review Implementation of the Upgrading Activities Colmar DIE /DQASIP/ORFB NOTE 3(b) 3 12/31/86 NA
I.B.1 1(6) Prepare Revisions to Regulatory Guides 1.33 and 1.8 Ccimar- NRR/DHFS/LQB 1.A.2.6(1), 3 12/31/86 NAN 75* 'I.B.1.1(7) Issue Regulatory Guides L33 and L8 Colmar NRR/D8iF S/LQB - I.A.2.6(1). 3 12/31/86 NA,

i 75
' I . 8.1. 2 Evaluation of Organization and Management Improvements - - -

| of Near-Tera Operating License Applicants
I.B.1.2(1) Prepare Draft Criteria -

NRR/DHFS/LQB NOTE 3(b) 3 12/31/86 NA'

I.B;1.2(2) . Review Hear-Tern Operating' license Facilities - NRR/DHFS/LQB NOTE 3(b) 3 12/31/86 NA
1.S.T.2(3) Include Findings in the SER fot- Each Near-Ters - NRA/DL/0RAB NOTE 3(b) 3 12/13/86 NA

Operating License Factifty
1. B.1. 3 Loss of Safety Function - - -.

i.8.1.3(1) Require Licensees to Place Plant in Safest Shutdown Sege RES LI (NOTE 3) 3 12/31/86 NA
Cooling Following a Loss of Safety function Due to

. . Personnel Error
! I.B.I.3(2) ~ Use Existing Enforcement Options to Accomplish Safest .Sege RES LI (NOTE 3) 3 12/31/86 NA

Shutdown Cooling
1.B.I.3(3) Use Non-Fiscal Approaches to Accomplish Safest Shutdown Sege RES LI (NOTE 3) 3 12/31/86 NA

Cooling
1-
* L B. 2 Inspection of Operating Reactors

I.B.2.1 Revise GIE Inspection Program -

- - -

$ L B. 2.1(1) - Verify the At'equacy of Management ind Procedural Sege OIE/DQASIF/RCPB LI (NOTE 3) 11/30/83 NA m
4 m ' Controls and Staff Discipline- *

@ - L B.2,1(2) Verify that Systems Required to Be Operable Are Properly Sege OIE/00ASIP/PCPB LI (NCIE 3) 11/30/83 NA b.,

: Aligned $@ L B. 2.1(3) Follow-up on Completcd Maintenance Work Orders to Sege OIE/DQASIP/RCPB LI (NOTE 3) 11/30/93 NA o
w Assure Proper festing and Return to Service 3
" 'I.B.2.1(4) Observe Surveillance Tests to Determine whether Test Sege OIE/DQASIP/RCPB LI (NOTE 3) 11/30/83 NA ps.

Instruments Are Properly Calibrated *

i

f
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w Priority lead Of fice/ Safety Latest

fu Action Evaluation Division / Priority / iatest Issuance MPA

Er.gineer Branch Status Revision Date No.D Plan Iter /
Issue No. Titleq

N
I.S.2.1(5) Verify that Licensees Are Complytrg with Technical Sege OIE/DQASIP/RCPB LI (NOTE 3) 11/30/83 MA

I.B.2.I(6) Observe Poutine Mainter.ance Sege O!E/DOASIP/RCF8 LI (NOTE 3) 11/30/83 kASpecifications

1. B. 2.1( 7) Inspect f erwinal Boards, Panels, and Instrument Ract s Sege 01E/DQASIP/RCPB L1 (NOTE 3) 11/30/83 NA a

,

' for Unauthorized Jumpert and Eypasses
1.B.2.2 Resident Inspector at Operating Reactors Sege O!E/DQASIP/ORPB LI (NOTE 3) 11/30/83 NA

Sege OIE/DOASIP/ORPS LI (NOTE 3) 11/30/83 NA

1. E . 2. 3 Regional Evaluations
1.8.2.4 Overview of Licensee Performance Sege OIE/DQASIP/CEPS LI (NOTE 3) 11/30/83 NA

I

! !.C OPERATING PROCEDURES
_

!

I . C.1 Short-Term Accident Analysis an(* Procedures Revision
- - -

f
I.C.1(1) Small Break LOCAs

- NRR I 3 12/31/86

!.C 1(2) Inadequate fore Cooling
- NkR I 3 12/31/86 F-04

1.C.1(3) Transiests and Accidents
- NRR I 3 12/31/86 F-05

1.C.1(4) Confirmatory Analyses of Selected Transients Riggs NRR/D51/R58 HOTE 3(b) 3 12/31/86 NA

1.C.2 5hif t and Relief Turnover Procedures
- NRR I 3 12/31/86

I.C.3 Shift Supervisor Responsibilities
- NRR I 3 12/31/86

u I.C 4 Control Rnos Access
- NRR I 3 I?/31/86

O 1.C.5 Precedures for feedt'ack of Operatir'g Experience to - NRR/Di I 3 12/31/96 f-06

Plant Statf - NRR/DL I 3 12/31/86 f-07
Procedures for Verification of Correct Performance ofI.C.6
Operating Activities

- NRR/DHF5/P5PB I 3 12/31/86
I. C. 7 NS55 Vendor Review of Procedures
I.C.8 Pilot Monitoring of Selected Energency Procedures for

- NRR/DHF5/PSRB I 3 12/31/86

Near-Tern Operating License Applicants
!.C.9 tong-Term Program Plan for Upgrading of Procedures Riggs Nfdt/DW 5/P5RB NOTE 3(b) 3 12/31/86 NA

M CONTROL ROOM DESIGN
_

I.O.1 Control Room Design Reviews
- NRR/DL I 5 12/31/69 F-08

1.D.2 Plant Safety Para * ter Display Console
- NRK/DL I 5 12/31/89 F-09

Thatcher RES/SE/MEB MEDIUM S 12/31/89
1.D.3 Safety System Status Monitoring Thatener RES/DRPS/RhfB NOTE 3(b) 5 12/31/89 NA

I . D. 4 Control Room Design Standard
- - -

I.D.5 Improved Control Room Instrumentation Research Thatcher RES/DfG/HfBR NOTE 3(b) 5 12/31/89 NA

I.D.5(1) Operator-Frocess Communication Thatcreer RES/Df 0/HF BR NOTE 3(a) 5 12/31/89
!.D.5(2) Plant Status and Post-Accident Monitoring

Thatcher EE5/DE/MEP NOTE 1 5 12/11/89 x

Thatcher RF5/DF0/ICBR NOTE 3(b) 5 12/31/89 NA *
$ I.D.5(3) Or Line Reactor Surveillance System

Thatctwr RES/DRP5/RMfB LI (NOTE 5) 5 12/31/89 NA 1x I.D.5(4) Process Monitoring Instrumentation
Thatcher RES/DF0/Hf8R LI (N01E 3) 5 12/31/89 NA i5 1.D.5(5) Disturbance Analysis Systems

f I.D 6 Technology Transfer Conference o
3
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N Action

Priority tead Office / Safety Latest

Evaluation Division / Priority / Latest Issuance MPAD Plan Item /
H issue No. Title Engineer Bruch Status Revision Date No.

to
w

II.K.I(19) Describe Design and Procedure Modificatf or.s to ferit NRR NOil 3(a) 12/31/84 -

Reduce likelihood of Automatic PZR 20RV Actuation
in Transients

II.K 1(20) Provide Procedures and Training to Operators for Enrit NRR NOTE 3(a) 12/31/84 -

Prompt Manual Reactor Trip for LOFW, TT, M51V
Closure, LOOP, LO5G Level, and LO PZR Level

II.K.1(21) Provide Automatic Safety-Grade Anticipatory Reactor Eerit NRR NOTE 3(a) 12/31/84 -

Trip for L0nf, TT, or Significant Decrease ir SG
tevel

II.K.1(22) Describe Automatic and Manual Actions for Proper Eerit NER NOTE 3(a) 12/31/84 -,

Functioning of Auxiliary tieat Removal Systems When
FW System Not Operable

II.K,1(23) Describe Uses and Types of RV Level Indication for Enrit NRR NOTE 3(a) 12/31/84 -

Automatic and Menual Initiation Safety Systems
II.K.1(24) Perform LOCA Analyses for a Range of Small-Break Eerit NRR NOTE 3(a) 12/31/84 -

Sizes and a Rar:ge ;f Time Lapses Between Reactor
Trip and RCP Trip

II.K.1(25) Develop Operat w Action Guidelines Emrit NRR NOTE 3(a) 12/31/84 -

II.K.1(26) Revise Emergency Procedures and Train R0s and SROs Enrit NRR NOTE 3(a) 12/31/84 -

W II.K.1(27)- Provide Analyses and Develop Guidelines and Eerit NRR NOTE 3(a) 12/31/84 -

* Procedures for Inadequate Ccre Cooling Conditions
II.K.1(28) Provide Design That Will Assure Automatic RCP Trip E?rit NRR NOTI 3(a) 12/31/84 -

for All Circtnestances Where Required
II.K.2 Commission Orders on B&W Plants - - -

II . K. 2(1) Opgrade Timelir'ess and Rn11 ability of AFW System Eerit NRR/DSI NOTE 3(a) 12/31/84 -

II.K.2(2) Procedures and Training to Initiate and Control Emrit NRR NOTE 3(a) 12/31/84 -

AFW Independent of Integrated Control System
II.K.2(3) Hard-Wired Control-Grade Anticipatory Rea<. tor Trips Imrit NRR/DSI NOTE 3(a) 12/31/84 -

II.K.2(4) Small-Break LOCA Analysis, Procedures and Operator Enrit NRR/DHF5/0LB NOTE 3(a) 12/31/84 -

Training
II.K.2(5) Complete TMI-2 Simulator Training for All Operators Eerit NRR NOTE 3(a) 12/31/84 -

II.K.2(6) Reevaluate Analysis fcr Dual-Level Setpoint. Control Eerit NRR/DSI NOTE 3(a) 12/31/84 -
,

II.K.2(7) Peevaluate Transient'of September 24, 1977 Eerit fRR/DSI NOTE 3(a) 12/31/84 - '

II.K.2(6) Continued Upgrading of AFW System Enrit NRR II.E.1.1, 12/31/84 NA

TI.E.1.2

II.k.2(9) Analysis and Upgrading of Integrated Control Systes Emrit NRR ! 12/31/84 F-27
-

II.K.2(10) Hard-Wired Safety-Grade Anticipatory Reactor Trips Eerit NRR I 12/31/84 F-28

II.K.?(11) Opera:or Training and Drilling. Emrit NRR ! 12/31/84 F-29

II.K.2(12) Transient Analysis and Procedures for Management Enrit NRR I.C.1(3) 12/31/84 NA

$ of Small Breaks- x
x II.K.I(13) Thermal-Mechanical Report on Effect of HPI on Vessel Eerit NRR I 12/31/84 F-30 "O

$.$ Integrity for Small-Break LOCA With No AFW
* II.K.2(14) Demonstrate That Predicted lift frequency of PORVs Ecrit NRR I 12/31/84 F-31 *

7O and 5Vs Is Acceptable
W II.K.2(15) Analysis of Effects of Slug Flow cn Once-Through Enrit NRR I 12/31/84 - 3

Steam Generator Tubes Af ter Primary Systeo Voiding g

II.K.2(16) Impact of RCP Seal Dasage f ollowing small-Break Ezrit NRR I 12/31/84 F-32 *

LOCA With L*ss of Of fsite Power

,.
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II.K 2(17) Analysis of Potential Volding in RCS During ferit NRR I 12/31/84 F-33
Anticipated Transients4

II.K.2(18) Analysis of loss of Feedwater and Other Anticipated Emrit NRR I.C.1(3) 12/31/84 NA
Transients'

II.K.2(19) Benchmark Analysis of Sequential AFW Flow to Once- Eerit NRR I 12/31/84 F-34
Through Steam Generator

II.K.2(20) Analysis of Steam Response to Small-Break LOCA Enrit NRR I 12/31/84 F-35
That Causes System Pressure to Exceed PORV Setpoint

II.K 2(21) LOFT L3-1 Predictions Emrit NRR/DSI NOTE 3(a) '12/31/84 -

II.K.3 Final Recommendations of Bulletins and Orders Task - - -

Force
II.K.3(1) Install Automatic PORV Isolation System and Perform Eerit NRR I 12/31/84 F-36

Operational Test

II.K.3(2) Report on Overall Safety Effect of PORV Isolation Enrit NRR I 12/31/84 F-37
System

II.K.3(3) Report Safety and Relief Valve Failures Promptly Emrit NRR I 12/31/ 84 F-384

and Challenges Annually
. II.K.3(4) Review and Upgrade Reliability and Redundancy of Eerit NRR II.C.1, 12/31/84 NA
| Non-Safety Equipment for Small-Dreak LOCA Hitigation II.C.2

ca II.C.3
+4 II.K.3(5) Automatic T-ip of Reactor Coolant Pumps Enrit NRR I 12/31/84 f-39, G-01

II.K.3(6) Instrumentation to Verify Natural Circulation Eerit NRR/DSI I.C.1(3), 12/31/84 NA
II.F.2,

II.F.3
II.K.3(7) Evaluation of PORV Opentr, Probability During Enrit NRR I 12/31/84 -

Overpressure Transient
II.K.3(8) Further Staff Considerattus, of Need for Diverse Enrit NRR/ DST /GIB II.C.1, 12/31/84 NA.l Decay Heat Removal Method Independent of SGs II.E.3.3
II.K.3(9) Proportional Integral Derivative Controller Enrit NRR I 12/31/84 T-40Modification
II.K.3(10) Anticipatory Trip Modification Proposed by Some Emrit NRR I 12/31/81 F-41

Licensees to Confine Range of Use to High Power4

Levels
] !!.K.3(11) Control Use of PORV Supplied by Cont. ,1 Components, Enrit NRR I 12/31/B4 -
'

Inc; Until Further Review Complete
II.K.3(12) Confirs Existence of Anticipatory Trip Upon Turbine Enrit NRR I 12/31/84 F-42

Trip

II.K.3(13) Separation of HPCI and RCIC System initiation levels Enrit NRR I 12/31/84 F-43
II.K 3(14) Isolation of Isolation Condensers on High Radiation Eerit NRR I 12/31/84 F-44

. se II.K.3(15) Modify Break Detection Logic to Prevent Spurious Emrit NRR I 12/31/84 F-45, jj Isolation of HPCI and RCIC Systems yg'

e
rn II.K.3(16) Reduction of Challenges and Failures of Relief Eerit NRR I 12/31/84 T-46 3.$f Valves - Feasibility Study and System Modification usc) II,K.3(17) Report on Outage of ECC Systems - Licensee Report Enrit NRR I 12/31/84 F-a7 E|^

,

E3 and Technical Specification Changes3 a' co II.K.3(18) Modification of ADS Logic - Feasibility Study and Eerit NRR I 12/31/84 F-48 SaModification for Increased Diversity for Some **
Event Sequences

4

4

_ _ _ . _
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Priority lead Of fice/ 2afety Latest

$ Action Evaluation Division / Priority / tatest issuan(e MPA
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i$
II.K.3(19) Interlock en Recirculation Pump Loops Eerit NRR I 12/31/64 F-49 )

II.K.3(20) Loss of Service Water for Big Rock Foint Imrit NRR I 12/31/84 - {

II ., K . 3 (21) Restart of Core Spray and LPCI systems on Low Enrit NRR I 12/31/84 F-50

Level - Design ena Modification
II.K.3(22) Automatic Switchover of RCIC Systen Suction - Enrit NRR 1 12/31/84 F-51

Verify Procedures and Modify Design
II.K.3(23) Central Water Level Recording Eerit NRR I . D. 2, 12/31/84 NA

III.A.I.?(1),

III.A.3.4

II.K.3(24) Confirm Adequacy of Space Cooling for HPCI and Esrit NRR I 12/31/84 F-52

RCIC Systems
II.K.3(25) Effect of Loss of AC Power o fuep Seals ferit NRR I 12/31/84 F-53

Eerit NRR/DSI II.E.2.1 12/31/84 NA

II.K.3(26) Stody Effect on RHR Reliability of Its use for
t

|
Fuel Pool Cooling

II.K.3(27) Provide Common Reference Level fir Vessel Level Emrit NER I 12/31/84 F-54

Instrumentation
II.A.3(28) Study and Verify Qualification 9f Accumulators ferit NRR I 12/31/84 F-55

on ADS Values'
ferit >RR I 12/31/84 F-50

II.K.3(29) Study to Demonstrate Perfor1sance of Isolation
Condensers with Non-Condensibles

W II . K. 3( 30) Revised small-Break LOCA Methods to Show Compliance Enrit NRR I 12/31/84 f-57u

with 10 CFR 50, Appendix K
II.K.3(31) Plant-Specific Calculaticos to Show Compliance with Emrit NRR I 12/31/84 F-58

10 CFR 50.46
,

II.K.3(32) Provide Experimental Verification of Two-Phase Eerit NRR/DSI II E.2.2 12/31/84 NA'

Natural Circulation Models
II.K.3(33) Evaluate Elimination of PORY Function Esrit NRR II.C.1 12/31/84 NA

Emrit NRR/D51 II.E.2.2 12/31/84 hA

II . K. 3( 34) Relap-4 Model Development
II.K.3(35) Evaluation of Effects of Core flood Tank Injection Eerit NRR I.C 1(3) 12/31/84 hA

on Small-Break tOCAs
II.K.3(36) Additional Staff Audit Calculations of B&W Small- Eerit NRR I . C.1( 3) 12/31/84 NA

Break LOCA Analyses Earit NRR I.C 1(3) 12/31/64 NA

II.K.3(37) Analysis of B&W Response to Isolated $ sail-Break

Emi c NRR I.C.1(3) 12/31/84 NALOCA

II.K.3(35) Analysis of P! ant Response to a Saall-Break LOCA in
the Pressurize? Spray Line

II.K.3(39) Evaltation of Effects cf Water Slugs in P! ping Enrit NRR I.C.1(3) 12/31/84 NA

Caused by HPI and CFT flows
II.K.3(40) Evaluation of RCP Seal Damage and Leak ne During Emrit NRR II.K.2(16) 12/31/84 NA

x
y a small-Break LOCA
x II.K.3(41) Submit Predictions for LOFT Test L3-6 with RCPs Eerit NRR I.C.1(3) 12/31/84 NA 'O

2.
Q Running Eerit NRR I.C.1(3) 12/31/84 hA tn

: II.K.3(42) Submit Requested Information on the Effects of E

w II.K.3(43) Evaluation of Mechanical Effects of Slug Flow on Enrit NER II.K.2(15) 12/31/84 kA 3
@ Non-Condensible Gases

w

II.K.3(44) Evaluation of Anticipated Transients with Single Emrit NRR I 12/31/84 F-59 *W Steam Generator Tubes

Failure to Verify No Significant Fuel failure

O O O
b
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$ Action' Pricrity Lead Office / Safety latest

'D Plan Item / Evaluation Division / Priority / Latest Issuance MPA
s Issue No. Title Engineer Branch Status Revision Dale No.N
w<

w

!Y.D NRC STAFF TRAINING

IV.D.1 NRC Staff Trainir.g Emrit ADM/MDTS LI (NOTE 3) 11/30/83 NA

IV.E SAFETY DECISION-MAKING

IV.E.1 Expand Research on Quantification of Safety Colmar RES/DRA/RAER LI (NOTE 3) 2 12/31/86 NA
Decision-Making

IV.E.2 Plan for Early Resolution of Safety Issues Eerit NRR/ DST /SFEB LI (NOTE 3) 2 12/31/86 hA
IV.E.3 Plan for Resolving Issues at the CP Stage Colmar RES/DRA/RABR LI (NOTE 5) 2 12/31/86 hA
IV.E.4 Resolve Generic. Issises by Rulemaking Colmar RES/DRA/RABR LI (NOTE 3) 2 12/31/86 NA
IV.E.5 Assess Currently Operating Reactors Matthews hRR/DL/SEPB N0fE 3(b) 2 12/31/86 NA

IV.F FINANCIAL DISIkCENTIVES TO SAFETY

i'

IV.F.1 Increased O!E Scrutiny of the Power-Ascension Test Thatcher OIE/DQASIP NOTE 3(b) 1 12/31/86 NA
A Program
"

i IV.F.2 Evaluate the Impacts of Financial Disincentives to Matthews SP NOTE 3(h) I 12/31/86 NA
the Safety of Nuclear Power Plants

'
IV.G IMPROVE SAFETY RUtEMAKING PROCEDORES

IV.G.1 Develop a Public Agenda for Rulemaking Enit ADM/RPB LI (NOTE 3) 1 12/31/86 NA
IV.G.2 Periodic and Systematic Reevaluation of Existing Rules Milstead RES/DRA/RABR LI (NOTE 3) 1 12/31/86 NA

| IV.G.3 Improve Rulemaking Procedures Milstead RES/DRA/RABR LI (NOTE 3) 1 12/31/86 bA
IV.G.4 Study Alternatives for Improved Rulemaking Process Milstead RES/CRA/RABR LI (NOTE 3) 1 12/31/86 hA

' IV.H NRC PARTICIPATION IN THE RADIATION POLICY CDUNCIL

IV.H.1 NRC Participation in the Radiation Policy Council Sege RES/DHSWM/HEBR LI (NOTE 3) 11/30/83 hA

VJ DEVELOPMENT OF SAFETY POLICY.
_

:z. Y.A.1 Develop NRC Policy Statement on Safety Eerit GC LI (NOTE 3) 12/31/66 NA
C

ru$ V.8 POSSIBLE ELIMINATION OF NONSAFETY RESPONSIBILITIES <

9 = ;-

@ V.8.1 Study and Recommend, as Appropriate, Elimination of Eerit GC LI (NOTE 3) 12/31/86 hA o
w Nonsafety Responsibilities 3
W w

b

4
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d Action Priority Lead Office / Safety latest
'

.D Plan Item / Evaluation Division / Priority / Latest Issuance MPA
s Issue No. Title Ecgineer B ranc h Status Rc=ision Date No.

D
s

VJ AGVISORY CoptilTTEES
__

V.C.1 Strengthen the Role of Advisory Committee on Reactor Enrit GC (I (NOTE 3) 12/31/86 NA
Safeguards

v.C.2 Study Need for Additional Advisory Copenittees Emrit GC LI (NOTE 3) 12/31/86 NA
V.C.3 Study the Need to Estabitsh an Incependent Nuclear Eerit GC !! (NOTE 3) 12/31/66 NA

Safety Board

VJ t! CENSING PROCESS
_

V.D.1 Improve Public and Intervenor Participation in the terit GC LI (h0TE 3) 12/31/86 NA
Hearing Process

V.D.2 Study Construction-During-Adjudication Rules Ecri t GC LI (NOTE 5) 12/31/86 MA
V.D.3 Reexamine Comeission Role in Adjudication Eerit GC LI (6 55) 12/31/86 NA
V.D,4 Study the Reform of the Licensir,g Process Enrit GC tl (i 5) 12/31/86 NA

VJ LEGISLATIVE NEEDS
_.

$ V. E.1 Study the Need for THI-Related Legislation Emrit GC LI (NOTE 5) 12/31/86 NA

V.F ORGANIZATION AhD MANAGCMENT
__

V. F .1 Study NRC Top Management Structure and Process Esrit GC L1 (NGTE 3) 12/31/S6 NA.

V. F. 2 Reexamine Organizaticn and functions of the NRC Offices Enrit GC ll (NOTE 3) 12/33/86 NA
V.T.3 Revise Delegations of A thority to Staff Eerit GC LI (NOTE 3) 12/31/86 NA
V. E. 4 Clarify and Strengthen the Respective Roles of Chaiman, Earit GC LI (NOTE 3) 12/31/86 NA

Commission, and Executive Director for Operations
V.F.5 Authority to Delegate Emergency Response Functions Esrit GC LI (NOTE 3) 12/31/66 NA

to a Single Comunissioner

VJ CONSOLIDATION Of NRC LOCATIONS
_

V.G.1 Achieve Single Location, Long-Term ferit 6C LI (NOTE 3) 12/31/86 NA
V.G 2 Achieve Single Location, Interin Eerit GC LI (N0!E 3) 12/31/66 NA

2 TASK ACTION PLAN ITEMS'

S
@ A-1 liater Hansoer (former USI) Eerit NRR/ DST /GIB NOTE 3(a) 1 06/30/85 NA 5.

: A-2 Asyeeetric Blo Wown loads on Reactor Primary Coolant Enrit NRR/ DST /GIB NOTE 3(a) 1 06/30/85 0-10 1
8 Systems (former US1) o

'w A-3 Westinghouse Steam Generator Tubs Integt;ty (fomer USI) Emrit NRR/ DEST /EMTB NOTE 3(a) 1 I?/31/88,

" A-4 CE Steam Generator Tube Integrity (former USI) Emrit NRR/ DEST /ENTB NOTE 3(a) 1 12/31/88 s
A-5 B&W Steam Generater Tube Integrity (former USI? Eerit NRE/ DEST /EMTB NOTE 3(a) 1 12/31/86 #

A-6 Mark 1 Short-Term Progra= (former USI) Eerit NRR/ DST /GIB NOTE 3(a) 1 06/30/85

9 O O
.
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'
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) --

.w

A-7 Hart I Long-Term Program (former USI) Eerit NkR/ DST /CIB rdTE 3(a) 1 06/30/85 0-01
A-S Mark Il Containment Pool Dyanoic loads long-Ierm ferit NRR/ DST /GIB NOTE 3(a) 1 06/30/85 NA '

Program (former USI)
A-9 ATVS (former USI) Enrit NRR/ DST /GIB NOTE 3(a) 1 06/30/85
A-10 BWR Feedwater Nozzle Cracking (forwer USI) Em-it NER/DSI/GIB NOTE 3(a) 1 06/30/85 .B-25A-11 Reactor vessel Materials Toughness (former USI) Eerit NRR/ DST /GIB NOTE 3(a) 1 06/30/85

*

A-12 Fracture Toughness of Steam Cenerator and Reactor Eeri' NRE/ DST /GIB NOTE 3(a) 1 06/30/85- NA
Coolant. Pump Supports (former USI)4

~

-A-13 Snubber Operability Assurance Enrit NRR/DE/ME8 NOTE 3(a) 1 06/30/91
A-14 Fisw Detection Matthews NRR/DE/MTLB DROP 11/30/81 NA .
A-15 Primary Coclant System Decontamination and Steam Pittman NRR/DE/CHEB NOTE 3(b) 11/30/83 NA

Generator Cheetcal Cleaning
A-16 Steam Effects oa BWR Cere Spray Distributtsn Enrit NRR/DSI/CPB NOTE 3(a) 11/30/83 0-12'A-17 Systems Interactions in Nucient Power Plants (forser Enrit RES/DSIR/EI8 NOTE 3(b) 1 12/31/89 MA

(USI)
A-18 Pipe Rupture Design Criteria Emrit NRR/DE/MEB DROP 11/30/83 NA
A-19 Digital Computer Protection Systes Milstead RES/DSR/HF B LI (NOTE 5) 1 06/30/91 NA

, A-20 Impacts of the Coal Fuel Cycle --

MRR/DE/EHLB. LI (NOTE 5) 11/30/03 NA
i A-21 Main Steamline Bresk Inside Centainment - Evaluation of V%1en NRR/DSI/CSB LOW 11/30/83 NA

* Environmental fonditions for Equipment Qualification.

m A-22 PirR Main Steaaline Break - Core, Reactcr vessel and v'Molen NRR/DSI/CSB DROP 11/39/83 NA
Containment Pullding Respom e

A-23 -Containment Leak Testing Natthews NRR/DSI/CS8 RI (NOTE 5) 11/30/83
A-24' . Qualification of Class IE Safety-Related Equipment Eerit NRR/ DST /CIB NOTE.3(a) 1 06/30/85 B-60

(former USI) .
| A-25 Non-Safety Loads on Class'1E Power Sources Thatcher NRR/DSI/PSB NOTE 3(a) 11/30/83

A-26 Reactor vessel Pressure Transient Protection (form e Esrit NRR/ DST /GIB NOTE 3(a) 1 06/30/85 8-04
(USI).

A-27 Reload Applications. . .
- NRR/DSI/CP8 LI (NOTE 5) 11/30/83 NA' A-28 Increase in Spent Fuel Pool Stcrage Capacity Colmar NRR/DE/SGEB NGTE 3(a) 11/30/83

A-29 Nuclear. Power Plant Design for the Reduction of Colmar RES/DRPS/RPSI NOTE 3(b) 1 12/31/89 NA
Vulnerability to Industrial Sanotage

A-30 Adequacy of Safety-Related DC Power Supplies Sege NRR/DSI/PSB 128 1 12/31/86 MA
A-31 RHR Shutdown Requirements (fonser US!) Eerit

'

NER/OST/GIB NOTE 3(a) 1 06/30/85
A-32 Missile Effects -Pittman NRR/DE/MTEB A-37, A-38, 11/30/63 NA$

B-68
A-33 NEPA Review of Accident Risks . NRR/DSI/AEB EI(HOTE 3) 11/30/83 NA

-
a

| A-34 Instruments for Monitoring Radiation and Process V'Molen NRR/DSI/ICSB II.F.3 11/30/83- NA
4 Variables During Accidents

2 A-35 Adequacy of Offsite Power Systems Emrit NRR/DSI/PSB NOTE 3(a) 11/30/83 mE A-36 Control of Heavy Loads hear Spent Fuel (former USI) Eerft NRR/ DST /GI8 NOTE 3(a) 1 06/30/85 C-10.C-15@m A-37 Turbine Missiles Pittman NRR/DE/MTES DROP 11/30/83 NAT A-38 Tornado Missiles Sege NRR/OSI/AS8 Low 11/30/83 NA {
-~

O A-39' Determination of Safety Relief Yalve Pool Dynamic ferit NRR/ DST /GIS NOTE 3(a) 1 6/30/85 o
.

,

8, Loads and Temperature Lis:its (former USI) 3
w A-40 Seismic Design Criteria (former USI) Emrit PES /DSIR/EIS NOTE 3(a) 1 12/31/89 MA wA-41t long-Teri Seismic Program Colmar hRR/DE/ME8 NOTE 3(b) 1- 12/31/84 NA *

A-42 Pipe Cracks in Boiling Water Reactors (former USI) Enrit NRR/ DST /CIB NOTE 3(r.) 1 06/30/85 6-05,

. ..__ ____._ - . ____ -___
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h

$ Action Priority Lead Office / Safety tatest

D Plan Item / Evaluation Division / Priority / Latest Issuance MPA

w. Issue No. Title Engineer Branch Statn Revision Date No.
N
W
&

139. Thinning cf Carbon Steel Piping in LWRs Riggs RES/DRA/ARGIB RI (ACTE 3) 12/31/88 NA

140. Fission Product Removal Systems Riggs RES/ttA/A EIB DROP 66/30/90 NA

141. Large-Break LDCA With Consequential SGTR Riggs RES/DRA/AEIB DROF 06/30/90 NA

142. Leakage Through Electrical Is01ators in Milstead RES/DSIR/EIB MEDIUM 1 12/31/91
instrumentation Ciru its

143. Availability of Chilled Water Systems and Room Cooling Milstead RES/DRA/AElB HIGH 06/30/91
144. Scras Without a Thrbine/Cenerator Trip Riggs RES/DRA/A E IB NOTE 4 (tater)

145. Improve Surveillance and Startup Testing Programs Riggs RES/DRA/ARGIB NOTE 4 (later)
146. Support Flexibility of Equipmant and Coeponents Riggs RES/DRA/ARGIB NOTE 4 (later)
147. . Fire-Induced Alternate Shutdown Control Room Panel Milstead RES/DRA/AEIS NOTE 4 (later)

Interactions
148. Smoke Control and Manual Fire-Fighting Effectiveness Milstead RES/DRA/A EIB NOTE 4 (later)

'149. Adegoacy of Fire Barriers Milstead RES/DRA/AkGIB NOTE 4 (later)
150. Overpressurization of Containment Penetrations Milstead RES/DSIR/SAIB DROP 12/31/91 NA

151. Reifat.lity of Anticipated Transient without Miistead RES/DSIR/RPSIB MEDIUM 1 12/31/91
SCRAN Recirculation Pump Trip in BbR$

152. Design Basis for valves That Might Be Subjected to Milstead RES/DRA/ AMIS NGTE 4 (later)
Significant Blowdown 8oads

153. Loss cf Essential Service Water in iWRs Riggs RES/DRA/AMIB HIGH 06/30/91
m 154. Adequacy of Emergency and Essential Lighting MilsteaJ RES/DRA/AEIB NOTE 4 (later)

155. Generic Concerns Arising from TMI-2 Clearmp - - - - -*
155.1 More Realistic Source Tem Assumptions Emeit RES/DSIR NOTE 4 (later)
155.2 Establish Licensing Requirements for Non-Operating Enrit RES/DSIR NOTE 4 (later)

Facilities
155.3 Improve Design Recuirements for Nuclear Facilities Enrit RES/DSIR N3TE 4 (later)

I 155.4 Improve Criticality Calculatloas Enrit' RES/DSIR NOTE 4 (later)

| 155.5 More Realistic Severe Reactor Accident Scenerio Eerit RES/DSIR MOTE 4 (later)
155.6 Imp-ove Decontamination Regulations Eerit RES/DSI2 NOTE 4 (later)
155.7 Japrove Decommissloring Regulations Earlt RES/DSIR NOTE 4 (later)
156. Systematic Evaluatien Program - - - - -

156.1.1 Settlement of Fo>ndations and Burted Equipment Chang RES/DSIR NOTE 4 (later)
156.1.2 Das Integrity and Site Flooding Chen RES/DSIR NOTE 4 (later)
156.1.3 Site Hydrology and Ability to Wit.hstand Floods Chen RES/DflR NOTE 4 (later)
156.1.4 Industrial Hazards Ferrell RES/D51R MOTE 4 (later)
156.1.5 Tornado Missiles Chen RES/DSIR NOTE 4 (later)
156.1.6 Turbine Missiles Eerft RES/DSIR/RPSIB DROP 12/31/91 NA

156.2.1 Severe Weather Effects on Structures Chen RES/DSIR MOTE 4 (later)
156.2.2 Design Codes. ' Criteria, and Load Comoinations Kirkwood RES/DSIR NOTE 4 (later)
156.2.3 Containment Design and Inspection Shadat RES/DSIR NOTE 4 (later)

y 156.2.4 Seismic Design of Structures, Systems, and Coeponents Chen RES/DSIR NOTE 4 (later) m

x 156.3.1.1 Shutdown Systees .

Woods RES/DSIR NOTE 4 (later)
$.

Q 156.3.1.2 Electrical Instrumentation and Control Woods RES/DSIR NOTE 4 (later)
e 156.3.2 Service and Ces11ag Water Systems Su RES/DSIR NOTE 4 (later) ",

.. @ 156.3.3 Ventilation Systees. Burdick RES/DSIR NOTE 4 (later) o

w 1:i6. 3. 4 Isolation of High and Low Pressure Systems Burdick RES/DSIR/RPSIB DROP 12/31/91 hA 3

W 156.3.5 Automatic ECCS Switchover Milstead RES/DSIR/SAIS 24 12/31/91 NA -
*

156.3.6.1 Emergency AC Power Serk12 RES/DSIR NOTE 4 (later)
156.3.6.2 Emergency DC Power Rourk RES/DSIR MOTE 4 (later)
156.3.8 Shared Systees Emrit RES/DSIR NOTE 4 (later)

m__ X
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TABLE III ,

SiDetARY OF THE PRIORITIZAfl0N OF ALL TMi ACTION PLAN 1 TEM
TASK ACTION F LAN liEM5, NEW GENERIC 1550ES HUMAN F ACTOE5155Uis, AfIF'CRfRNoert Issets '

legandi

NOTES: I - Possible Resolution Identified for Evaluation
2 - Resclstion Available
3 - Resolution Resulted in either the Establishment

of New Requirements or No New Requirements
4 - Issues to be Prioritized in the Future
5 - Issue that is not a Generic Safety Issue but

srtould be Assigned Resources for Completion L

DROP - Issue Dropped as a Generic Issue v$ EI - Environmental Issue i
GSI - Generic Safety Issue |
HIGH - M 9 Safe.y Priority !

! I - Tni Action Plan Ites with Implementation
of Resolution Mandated by NUREG-0737" iLI - Licensing Issue ,

LOW - Low Safety Priority ;

HEDItM - Medium Safety Priority
i

RI - Regulatory Ispact issue fs

.,
USI - Unresolved Safety issue "
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N TABLE III (Continued)w
$
e
CA

COVERED EESOLVED SIME5
ACTION ITEn/ ISSUE GROUP IN CIHER NOTE 43if NOTE NOTE NOTE

I ISSUES I 2 3 'J5I HIGH MEDILM LOW ORO? 4 5 TOTAL

1. TMI ACTION PLAN ITEMS (369)

(i) GSI 87 46 1 0 129 0 1 1 12 9 - - 266

(fi) LI - 0 - - 74 - - - - - - 9 81

2. TASK ACTION PLAN ITEMS (142)

(i) USI - - - - 27 0 - - - - - - 27

(ii) GSI - 20 0 1 31 - i 3 3 11 0 - 70

(iii) RI
- - - - 6 - - - - - - 1 7

(iv) LI
- - - - 12 - - - - - - 12 24

' g (v) EI - - - - 12 - - - - - - 2 14

3. N W GENERIC ISSUES (240)

(i) G5I - 52 1 1 46 0 7 6 10 53 48 - 224

(ii) RI
- - - - 4 - - - - - - 5 9

I (iii) LI
- - - - 3 - - - - - - 4 7

4 HiMAN F ACT05:5 ISSUES (27)

(i) GSI - S 0 0 5 0 3 0 0 0 0 - 16

(ii) LI - - - - 3 - - - - - - 8 11

5. CHERN08YL ISSUES (32)

- - 7 - - - - - - 23 37(!) LI - 2
x
E TOTAL: 87 128 2 2 159 C 12 IG 25 73 48 64 810 e"
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4 Revision 3
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I TASK II.B: CONSIDERATION OF DEGRADED OR MELTED CORES IN SAFETY REVIEW
i

) Ine objective of this task was to enhance-public safety and reduce individual
|and societal risk by developing and implementing a phased program to include,

j in safety reviews, consideration of core degradation and melting beyond the
{ design basis.

j_ ITEM II.B.1: REACTOR COOLANT SYSTEM VENTS
!

{ This item was clarified in NUREG-0737.08 requirements were issued, and MPA
j F-10 was established by DL for implementation purposes.
1

'
!

ITEM II.B.2: PLANT SHIELDING TO PROVIDE ACCESS TO VITAL AREAS AND PROTECT l

SAFETY EQUIPMENT FOR POST-ACCIDENT OPERATION
:
!

This item-was clarified in NUREG-0737,9s requirements were issued, and HPA
F-11 was established by DL for implementation purposes.

i
!

j- ITEM II.B.3: POST-ACCIDENT SAMPLING
4

} This item was clarified in NUREG-0737,88 requirements were issued, and MPA
|; F-12 was established by OL for inplementation purposes.

t

i
8

; ITEM II.B.4: TRAINING FOR MITIGATING CORE DAMAGE.
a

This item was clarified in NUREG-0737,88 requirements were issued, and MPA
F-13 was established by DL for implementation purposes.

1

| ITEM 11.8.5:
RESEARCH ON PHENOMENA ASSOCIATED WITH CORE DEGRADATION AND FUEL

i MELTING
!

ITEM II.B.5(1)1 , BEHAVIOR OF SEVERELY DAMAGED FUEL
i

Items II.B.5(1) and II.B.5(2) were combined and evaluated together.
-|

_ESCRIPTIOND;

i

HistoricalBackgroundi

| For a~ number of. key severe accident sequences, there are critical phenomenolog- I

'Ical unknowns or uncertainties that impact containment integrity assessments.

and judgments-regarding the desirability of certain mitigating features. The
,
4 phenomena faillinto three broad categories: (1) the behavior of severely dam-
F aged fuel, including oxidation and hydrogen _ generation; _(2) the_ behavior of the
3 core-melt in its. interaction with-water, concrete, and core-retention materials;i
.-
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and (3) the effect of potential hydrogen burning and/or explosions on contain-
ment integrity. Steam explos. ions were also to bt considered in this category.
Previous work in these several areas received less attention since they related,

to accidents beyond the design basis. At the time this THI Action Plan item"
was raised, RES was conducting major programs to support the basis for rulemak-
ing and to confirm certain licensing decisions. Complementary efforts conducted
within NRR were to address specific licensing issues related to the subject
research.

,

I(1) Behavior of Severely Damaged Fuel
|
|(a) In pile Studies: Fuel behavior research was to include in pile i

testing to help evaluate the effects of conditions leading to severe
fuel damage. Such tests were being performed in the INEL Power Burst

;Facility (PBF) in FY 1983 and later in the ACRR at SNL and in the NRU '

reactor at Chalk River National Lab, Canada. In the P8F, RES was to
perform a series of in-reactor fuel experiments to determine the
effect of heating and cooling rates on damage to the bundle, rod
fragmentation, distortion, and debris formation. Fission product
release and hydrogen generation were also to be measured during the
testing. Separate effects studies were to be conducted on rubble beds
in the ACRR at SNL.

(b) H,ydrogen Studies: The objective of this work was to increase the
understanding of the formation of hydrogen in a reactor from metal-
water reactions, radiolytic decomposition of coolant, and corrosion
of metals, and to determine its consequences in terms of pressure-
time histories and hydrogen deflagration or detonation. This work
was also to include: (1) the preparation of a compendium of infor-
mation related to hydrogen as it affects reactor safety; (2) analysis
of radiolysis under accident conditions; (3) a review of hydrogen
sampling and analysis methods; (4) a study of the effects of hydrogen
embrittlement on reactor vessel materials; and (5) a review of means
of handling accident generated hydrogen, with recommendations on
improving existing methods. Results of these studies were considered
in the resolution of Issue A-48, " Hydrogen Control Measures and Effects
of Hydrogen Burns on Safety Equipment," and were not considered further
in this issue.

(c) Studies of Postaccident Coolant Chemistry: The RES objective in this
area was the development of a relationship between fission product
release and fuel failure, and the improvement of postaccident sam-
pling and analysis technique?. This was to be accomplished by the
investigation of fission product release in a variety of fuel failure
experiments.

(d) Modelirg of Severe Fuel Damage: The ef fort in this area was then
development f models for fuel rods operating beyond 2200*F that
suffer a loss in geometry in order to compute extensive damage
phenomena (such as eutectic liquid formation, fuel slumping, oxida-
tion, and hydrogen generation, fission product release and interaction

O
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with the coolant, rubble-bed particle size, extent of fuel and clad
melting, and flow blockage).

(2) Behavior of Core-Melt

The RES fuel melt research program was to develop a base and verified
methodology for assessing the consequences and mitigation of fuel melt '

accidents. The program addressed the range of severe reactor accident
phenomena from the time when extensive fuel damage and major core geometry

,

changes have occurred until the containment has failed and/or the molten
core materials have attained a semi permanent configuration and further
movement is terminated. Studies of improvements in containment design to
reduce the risk of core-melt accidents were also included.

The program was composed of integrated tasks that included scoping, phe-
nomenological and separate effects-tests,:and demonstration experiments-
that provided results for the deve'opment and verification of analytical
models and codes. These codes and supporting data-were then used for the
analysis of thermal, mechanical, and radiological consequences of acci-
dents and for decisions related to requirements of design features for
mitigation and performance confirmation. -The-technical scope of the pro-
gram included work in the following areas: fuel debris behavior; fuel

. interactions with structure and soil; radiological source term; fuel-
coolant interactions; systems analysis codes; and mitigation features.

Safety Significance

The r(sults of the research programs described above were expected to find
broad application in areas such as PRA, eccident analysis, siting, evacuation
planning, emergency procedures, code development, etc. Thus, these programs
would have considerable value just as licensing improvement efforts. However,
the programs had sufficiently well-defined scopes to permit some estimates of
direct safety significance. These programs were directed at a better under-
standing of severely damaged and molten cores. Once a core is.in this state,
any safety significance hr to be in the area of minimizing radioactive releases
and consequent dose to the public,

,

Possible Solutions

It was assumed that means would be devised to reduce the probability of contain-
ment f ailure and release of activity to the environment, Completely different
approaches could be suggested after the results of the research prog *ams were
known.

- The " classical" engineering approaches to handling degraded'or melted cores are
filtered vents to prevent. containment overpressure and core retention devices
(core catchers) to prevent containment basemat melt-through. These approaches
were used for cost estimates, but the other priority parameters were not speci-fic to these approaches.

12/31/91 :1.11.B-3 NUREG-0933
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PRIORITY DETERMINATION

Studies by PNLC4 considered only containment basemat melt-through. The
approach presented here was expanded to include other aspects. The effect on a
PWR with a dry containment was considered, based partly on the availability of
information. It was not expected that the results for other containments or '

for BWRs would be greatly different, at least in the context of the uncertainty
of such an analysis.

Frequency Estimate

Essentially, all core-melts are assumed to result in containment failure in
WASH-1400.26 To estimate the effect of being able to deal with a severely
damaged core, this assumption was relaxed. The modes of containment failure
for PWRs were defined as follows:<

Containment rupture due to a reactor vessel steama-
explosion,

p- Containment failure due to inadequate isolation of openings
and penetrations.

y- Containment failure due to hydrogen burning.

6- Containment failure due to overpressure,

Containment vessel melt-throuyn.c-

Assuming that the research programs were successful in leading to engineering
solutions, reductions in the frequency of the various failure modes were esti-
mated as follows:

a - 10% (Little can be done about steam explosions)
0% (This does not affect isol. tion failure)E -

y,6 - 90% (Venting containment should be quite effective if
methods are available for sizing the vent and determining
what filtration is needed)

c - 90% (Should be achievable if a core catcher can be
designed)

O

Consequence Estimate

The consequences were straightforward 1.1 the sense that the concequences of each
release category have been studied. However, the reduction in consequences was
more difficult to assess since the release from a molten ccre in a tight con-
tainment is still not zero. Instead, it depends on the containment detign leak
rate, the efficiency of filtration of a containment relief vent, etc. To allow
for this, it was assumed instead that the prevented releases corresponding to
the o, y, 6, and c failure modes release activity corresponding to a PWR-9
release. The results of this calculation aro summarized in Table II.B-1. For
a new (forward-fit) plant (which was the most likely candidate for implementa-
tion), the public risk reduction was-estimated to be 1,600 man-rem.

12/31/91 1.II.B-4 NUREG-0933
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$ Table 11.0-1

Release Fre m ncy* % Reduction ** af RCategory fHY) 1 in Frequency __(RY)-1 (man-rem) AFR
PWR-1 5.3 x 10 8 10% 5.3 x 10 8 4.9 x 106 2.6 x 10 2
PWR-2 6.7 x 10 0 90% 6.0 x 10 6 4.8 x 106 2.9 x 103
FWR-3 2.6 x 10 6 81% 2.1 x 10 6 5.4 x 100- 1.1 x 103
PWR-4 2.1 x 10 11 -- 2.7 x 106--

--

PWR-5 4.9 x 10 " -- 1.0 x 100-- --

PWR-6 6.3 x 10 7 90% 5.7 x 10 7 1.4 x 105 -8.0 x 10 2
PWR-7 3.4 x 10 5 90% 3.1 x 10 5 2.3 x 108 7.1 x 10 2
PWR-8 8.0 x 10 7 -- 7.5 x 104-- --

PWR-9 4.0 x 10 4 -3.9 x 10 5 1.2 x 102 -4.7 x 10 3
--

TOTAL: 4.0 x 101

*Because the specific containment failure taode was of interest here, the
frequencies above were "unsmoothed." This is in contrast to the calculations
in WASH-14003C which assumed a 10% contributien in frequency from adjacentrelease categories.

** Release Category PWR-1 is made up entirt.ly of a f ailures and thus was assigned
a 10% reduction in frequency. Categories PWR-2, PWR-6, and PWR-7 are made
up of y, 6, and c failures and were thus assigned 90%. Category PWR-3
contains both a and 6 failures which res91ts in a net assignment of 81%.

Cost Estimate

Industry Cost:
PNL cFtimated 4 the cost of a core retention device at $1.4M

8

for a forward-fit. 'NL estimated 312-the cost of a filtered containment vent to
,

be on_the order of a few million dollars. Thus, the industry cost was projectedto be $10M/ reactor.

NRC Cost: PHL estimatedS4 total NRC costs at $2.3M,' assuming. implementation at
-134 reactors. In reality, implementation might take place at a far. smaller.
number of plants due to considerations of containment type, backfit vs. forward
fit, etc. However, even if only 10 plants were affected, the NRC cost would be
insignificant compared to licensee costs. Therefore, NRC costs were neglected.
Value/ Impact Assessment

Based on a potential risk reduction of 1,600 man rem / reactor and a cost-of'
$10M/ reactor, the value/ impact score was given by:

b . 1,600 man rem / reactor~

$10M/ reactor

. = 160 man-rem /$M
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9.,
'

CONCLUS10'4

Based on the f actors considered above, this issue was given a high priority
"

ranking. However, after further evaluation by the staff, the issue was deter-
mined to be clearly within the realm of severe accident research and was

I reclassified as a Licensing issue.3M'2 lhe issue was pursued 2381 as part of
5ARP Issue L2, "In-Vessel Core Melt Progression and Hydrogen Generation,"
documented in NUREG-1365.8382

l
ITEM 11. B. 5_(2): BEHAVIOR OF CORE-MELT l

This item was evaluated in Item II.B.5(I) above and determined to be a high
priority. However, af ter further evaluation by the staf f, the issue was
determined to be clearly within the realm of severe accident research and
was reclassified as a Licensing issue.8807 The issue was pursued 83"1 as part
of SARP issue L2, "In-Vessel Core Fielt Progression and Hydrogen Generation,"
documented in NUREG-1365. 38;

ITEM II.B.5(3): EFFECT OF HYOROGEN DURNING AND EXPLUSIONS ON CONTAINMENT STRUCTURE

DESCRIPTION

Historical Background

TMI Action Plan Item 11.B.5 called for research into the phenomena associated
with severe core damage and core molting.48 Item II.D.5(3) addressed the
effect of hydrogen burns and/or explosions on containment integrity.

Safety Significance

Whereas Items II.B.5(1) and 11.6.5(2) dealt with (among other things) the gener-
ation of hydrogen via radiolysis, metal-water interaction, interaction of a
molten core with concrete, etc., Item II.B.5(3) was concerned with effects
on the containment of the burning and/or detonation of this hydrogen. If the
containment retains its integrity, even a severe accident resulting in a damaged
or molten core produces relat'vely low offsite consequences. Item II B.5(3)also included the effect of steam explosions. Again, the emphasis here was not
in preventing the explosion but, instead, in maintaining containment
integrity.

Possible Solution

Most of the work on Item II.B.5(3) was couched in terms of a stronger con-
tainment.

PRIORITY DETERMINATION

Item II.B.5(3) was, to a large extent, similar to Issue A-48, " Hydrogen Control
Measures and Ef f ects of Hydroren %rns on Safety Equipment." Issue A-48 was
somewhat more general in that i t included the effects of a hydrogen burn or

!
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detonation on containment penetrations and on safety systems located within the
containment, not just the structural response of the containment. In addition,
issue A-48 included .neasures for control of the hydrogen burn and thus had
preventive as well as mitigative aspects. However, even thou
expected to use the results of item II.B.5(3), Item II.B.5(3)gh Issue A-48 waswas not integra-
ted into Issue A-48 because: (1) the scope of Issue A-48 was still under
discussion; and (2) Item B.5(3) k cluded steam explosions as well as hydro-
gen burns.

'

Frequency / Consequence Estin. ate

In WASH-1400,36 the PWR se
failures as "a" f ailures. qwnces refer to steam explosion-induced containmentContainment failures induced by a hydrogen burn are
called "y" f ailures. Sequences including these two failure modes can be found
in Release Categories PWR-1, PWR-2, and PWR-3. It was assumed that the possible
solution would result in a 90% reduction in the probabilities of the sequences
involving these two failure modes. The results were tabulated as follows:

Release a Frequency (F) y Frequency (F) Consequences (R) 0.9FRCategory (per RY) ,,,_(pq RY ) (man-rem) (man-rem /RY)

PWR-1 5.3 x 10 8 4.9 x 108 0.23
--

PWR-2 7.0 x 10 7 4.8 x IOG 3.0 7
--

PVR-3 3.4 x 10 7 5.4 x 108 1. 7
--

PWR-7 -3.9 x 10 7 -7.0 x 10 7 2.3 x 103 -0.002

TOTAL: 4.9

The PWR-7 category has a negative contribution because a molten core still gives
some release, even if containment failure is prevented. Thus, it was assumed'

-

that the events which would have been a or y failures instead lead to PWR-7
releases.

'

Over a 40 y/ reactor. ear plant lifetime, the risk reduction above corresponds to about200 man-rem This was calculated using WASH-140018 data for a PWR
with a la.ge, dry containment. BWR pressure-suppression containments and PWR
ice-condenser containments have a much smaller free volume and thus are moresusceptible to a and y failures. Therefore, the risk for these plants could
well.be considerab?y higher.

Cost Estimate

Industry Cost: Without the results of research at tne time of this evaluation,
it was difficult to assess costs. A stronger containment could cost $15M, based.
on doubling the 34 foot wall thickness of a (150 ft x 200 ft) structure. (Suchstructures cost roughly $1,000/ cubic yard of concrete.)

NRC Cost: NRC costs were considered to be negligible.

Value/ Impact Assessment

Based on an estimated risk reduction of 200 man rem /reacte and a cost of
$15M/ reactor, the value/ impact score was given by:

I12/31/91 1.II.B-7 NUREG-0933
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3
200 man-rom / react;or,

51bM/ reactor

= 13 man-rem /$M

CONCLUSION

The public risk estimate for this issue was significant even for dry contain-
ments. Because of the difficulty in determining a cost-effective solution,
the issue was given a medium priority ranking. However, after further evalua-
tion by the staff, the issue was determined to be clearly within the realm of
severe accident research and was reclassified as a Licensing issue.ito2 The
issue was pursued 2 * as part of SARP Issue 13 " Hydrogen Transport ano Combus-
tion," documented in NUREG-1365.1*

ITEM II_,B.6: RISK REDUCTION FOR OPERATING REACTORS AT SITES WITH HIGH
POPULATI6FbTNSITitS

DESCRIPTION

Historical Background

This TMI Action Plan item " involved the review of operating reactors in areas4

of high population density to determine what additional measures and/or design
changes could be implemented that would further reduce the probability of a
severe reactor accident, and would reduce the consequences of such an accident
by reducing the amount of radioactive releases and/or by delaying any radio-
active releases, and thereby provide additional time for evacuation near the
sites.

Risk studies were completed in 1981 for the Zion and Limerick sites and in
1982 for Indian Point. Although risk assessments of other sites were conducted
by other NRC programs e.g. , National Reliability Evaluation Program (NREP), no
further risk studies were envisioned as part of this issue. Further efforts
directed towards this issue were review of the analyses and the possible imple-
mentation of site-specific fixes to reduce the risk at these sites, Special
hearings were scheduled in FY 1982 to review possible design changes for Indian
Point and follow-up work in connection with the accepted fixes was anticipated
following these hearings,

i Safety Significance
_

Concern existed over the potential for above-average societal risk due to
accidents at reactor sites located near regions of high population densities.

Possi_ble_ Solutions

As mentioned above, hearings were scheduled on possible fixes at the Indian
Point site to reduce risk, _The actual fixes that resulted from these hearings
were unknown at the time of this evaluation. Nevertheless, it was assumed that

| fixes would be made to reduce the likelihood of the most dominant accident
! sequences contributing to the frequency of c7te-melt accidents.

12/31/91 1.II.8-8 NUREG-0933
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PRIORITY DETERMINATION

Assumptions

Based on a review of similar RSSMAP and IREP analyses, it was assumed that two
sequences contributed to a large portion (50%) of the likelihood of a core-molt.c

It was further assumed that it was possible to reduce the frequency of each
sequence by a factor of 10.

Frequency / Consequence Estimate

Based on age and other related factors, it was believed that reactors in this
category had an increased frequency of core-melt over the baseline plant
(0conee) by a_ factor of 5.5 and an increased exposure increase over the mean
population density (340 persons per square mile) and release f ractions by a
factor of 3. This resulted in a revised baseline of the following:

Core-Melt Frequency = (5.5) (8.2 x 10 5/RY)
= 4.5 x 10 4/RY

Exposure Increase = (3)'(2.5 x 108- man-rem)
= (7.5 x_108) man-rem

Assuming that the dominant sequences (50% of the frequency) could be reduced
by a factor of 10, the revised core-melt freq6 acy was (0.55)(4.5 x 10 4)/RY =
2.5 x 10 4/RY.

The baseline public risk was (4.5 x 10 4/RY)(7.5 x 10" man-rem) or 3,380 man-
rem /RY. The revised public risk was (2.5 x 10 4/RY)(7.5 x 100 man-rem) or
1,880 man rem /RY. The resulting change in p2 11c risk was then 1,500 man rem /RY
resulting f rom the reduction in core-melt frequency of- 2 x 10 4/RY. Over t'e
estimated 27 years of remaining plant life, this would result in a total risk
reduction of 40,500 man-rem / reactor.

Cost Estimate

Industry Cost: Licensee costs were estimated to be $4M/ reactor to implement
the changes required to reduce the two dominant sequences.

NRC Cost: NRC costs were estimated to be $22,000.

Total Cost: Total implementation costs were $4.02M/ reactor.

Value/ Impact Assessment

Based or, an estimated public risk reduction of 40,500 man rem / reactor'and a
cost of $4.02M/ reactor,-the value/ impact score was given by:

3 ,40,500 man-rem / reactor
$4.02M/ reactor

-

= 10,000 man-rem /$M
'

t
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Ot her Considerations

Another factor that was considered in this issue was the accident avoidance
cost, estimated to be approximately $11M, which would result in a potential
cost saving of $7M, considering the $4M implementation costs.

CONCLUSION

Based on the above value/ impact score, this issue was given a high priority
| ranking. A staf f review of PRAs submitted by the affected licensees was used
| Lo identify the strengths and weaknesset of the various plants and to assess
! the risk associated with their operation. A special adjudicatory pioceeding
; was held from 1982 to 1983 during which time the issues regarding continued

operation and risk of the indian Point plants were heard. Following thesei

hearings, the Commission concluded that neither shutdown of Indian Point Units 2
or 3 nor imposition of additional remedial actions beyond those already imple-

'Imented by the licensees were warranted.8

The staff also reviewed the Zion PRA and concluded that the risk posed by the
lion plants was small. The dominant contributors te severe accidents at the
Zion plants were examined and the staff recommended that: (1) the integrity
of the two motor-operated gate valves in the RHR sur: tion line f rom the RC$ be
checked each refueling outage; and (2) the diesel-driven containment spray pump

'be modified so that it could be capable of operating without AC power." "
Thus, this iten) was RESOLVED and new requirements were established. OL/NRR
was responsible for managing the implementation of the above recommendations. "

O11EM II.B.7: ANALYSIS OF HYDROGEN CONTROL

DESCRIPTION

1he TMI-2 accident resulted in a metal-water reaction which involved hydrogen
generation in excess of the amounts specified in 10 CFR 50.44. As a result, it
became apparent to the NRC that additional hydrogen control and mitigation
measures would have to be considered for all nuclear power plants.

The purpose of this TMI Action Plan item 48 was to establish the technical basis
for the interim nydrogen control measures on small containment structures and
to establish the basis for cortinued operation and licensing of plants, pending
long-term resolution of the - drogen control issue. The long-term resolution
of this issue was accomplished by rulemaking as part of Item 11 B.8. A final
rule was published en December 2, 1981 requiring inerting of the small BWR MARK I |and 11 containments. In addition, based on Commission guidance, interim
hydrogen control systems were required as a licensing condition for the inter-
mediate 'ume ice condenser and MARK III containments. A proposed rule was
publishm on December 23,1981 (Federal Register 46 FR 62281) which required
these systems for the intermediate volume containments. Except for pending CP
and ML applications, no additional requirements for hydrogen control or hydro-
gen analyses were imposed at that time for large, dry containments. However,
the proposed rule required that dry containments be analyzed to determine their
ability to accommodate the release of large quantities of hydrogen (75% metal-
water reaction). Also, hydrogen control requirements were (.stablished as part
of the final Near Term CP and ML Rule published on January 15, 1982

12/31/01 1.I1.B-10 NUREG-0933
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CONCLUSION
3

Based on the accomplishments above, the basis for continued operation and
i

licensing of plants with respect to the hydrogen control issue was established.
Future work related to finalizing the proposed rule dealing with intermediate
volume containments (Ice Condenser and MARK III) and large, dry containments {continued as part of Item 11.B.8.

! q

!

ITEM 11.B.8: RULEMAKING PROCEEDING ON DEGRADED CORE ACCIDENTS

DESCRIPTION

Historical Background,

In the past, safety reviews concentrated on how to prevent a core from being
.

damaged. Consequently, little attention was given to how a severely damaged ,

; ycore could be dealt with after damage occurred. Other subtasks within Task II.B n2

were concerne * with the study of the characteristics of degraded and meltedi

cores (research programs) plus some immediate actions to be taken at plants inI
operation. Item II.B.8 envisioned both a short term and a long-term rulemaking
to establish policy, goals, and requirements to address accidents resulting in
core damage greater than the existing design basis.

--

r2
Item II.B.8 it.cluded an Advance Notice of Proposed Rulemaking and an Interim
Rule. The Advance Notice was issued in December 2, 1980 (45 FR 65474). The
Interim Rule was issued in two parts: the first was issued in effective form in,

a
October, 1981 (46 FR 58484) and the second was issued as a proposed rule on
December 23, 1981 (46 FR 62281).

_

On January 7, 1982, the staf f sent a policy paper, SECY-82-1,* to the Commis-
sion requesting reconsideration of the approach to long-term rulemaking. The'

events which prompted this request were as follows:
-

The Commission had required more protection from severe accidents in some
licensing actions (e.g., Sequoyah) than was envisioned in the THI Action
Plan.

-

A rulo was developed to specify additional requirements for pending CP and
,ML applications. Again, these requirements were somewhat more extensive

than that envisioned in the THI Action Plan.

New PRAs indicated lower risk than was previously estimated for large, dry
_

-
,

PWR containments.

-

The safety of existing plants had been considerably improved by the modi-
fications guided by NUREG-0737.98

,

-

The industry initiated a program to study the costs and benefits of designfeatures for mitigating severe accidents.
'

-

An exte.sive research program to study damaged and meltad core behavior
_

was underway.

,
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A safety goal statement, based on PRA, was developed.-

The substance of SECY-82-1" was that the uncertainty assoc) wit h long-term
rulemaking was an inhibiting force on the industry. The paper recommended
that, since new applications were to be standardized, licensing coald proceed
on these standardized designs using the information available. PRAs and the
safety goal would be used to assess plant safety. If plants needed safety
features eyond the existing requirements to meet the safety goal, they could
be included. This approach would not need rulemaking specifically directed at
severe accident mitigation.

The Commission directed 10 the staf f to make several changes recommended in3

SECY-82-1.309 The staff then submitted revised " apers SECY-82-1A33'- and
SECY-82-1B HOS that incorporated the changes directed by the Commission, in-
cluding ACRS input. The evaluation of this item included consideration of
item II.B.7.

Safety Significance

i

Host of the engileered safety features at nuclear power plants of the existing
|generation were intended tc prevent severe core damage. Relatively little

C.iention was given in the past to dealing with a severely damaged c,r melted
core. Once a core is damaged, the containment will still prevent the release
of large amounts of radioactive material. However, once the core melts, the
containment is likely to fail (although the hazard to the public varies widely,
depending on the way in which the containment fails).

The degraded-core accident rulemaking was inteided to require means for dealing '

with a damaged core. This translated into preventing the release of radio-
activity and providing means for recovering from the accident. Specific items
to be considered included the following: use of filtered, vented containment;
hydrogen control measures; core retention devices (" core catchers"); re-
examination of design criteria for decay heat remnval and other systems; post-
accident recovery plans; criteria for locating highly radioactive systems;
effects or accidents at multi-unit sites; and comprehensive review and evalua-
tion of related guides and regulations.

PRIORITY DE1ERMINATION

The safety significance of this issue was esse 1tially the same as that of the
research programs described in the analyses of Items II.8,5(1) and 11.B.5(2)
above. Examination of the estimateti frequency of core damage and/or core-melt,
coupled with estimates of the potential effectiveness of engineering solutions .

(and their cost) led to the recommended high priority for Items 11.8.5(1) and
II.B.5(2). In the same manner, Item II.8,8 had the potential for a significant
(and cost-ef fective) reduction in public risk. In addition, it should be noted
that some of the plant modifications contemplated were far more expensive to
backfit than to forward-fit. Unnecessary delay could have reduced the cost-
effectiveness of the resolution to this issus,

CONCLUSION

Based on the above evaluation, this item was given a high priority ranking.,

-Work performed by RES on the hydrogen control aspect of the issue resulted in a

12/31/91 1.II B-12 NUREG-0933 |
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{ Hydrogen Control Rule that was approved by the Commission and published in the
; Federal Register on January 25, 1985.8 7 The severe accident portion of tha
f issue was addressed in April 1983 Dy a Policy Statement that set forth the Com-

mission's intentions for r'J1emakings and other regulatory actions for resolving
! safety issues related to reactor accidents more severe than design basis acci-
$ dents (48 FR 16014). Certain severe accident technical issues identified under
| the discussion of long-term rulemaking were to be dealt with for future and

existing plants through procedures and ongoing severe accident programs identi-i

! fied in the Policy Statement and described more fully in Chapter IV of
j NUREG-1070. * Thus, with the issuance of the rule on hydrogen control, this
j item was RESOLVED and new requirements were established.808

|
.
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TASK II.J.4: REVISE DEFICIENCY. REPORTING RE;UIREMENTS

? objective of this task was to clarify deficiency report requirements to
4

wtain uniform reporting and earlier identification and correction of problems.

Il h II.J.4.1: REVISE DEFICIENCY REPORTING REQUIRtMENTS

DESCRIPTION

Thia TMI Action Plan" item called for the NR5 to revise, as necessary, the
event reporting requirements of 10 CFR 21 to assure that all reportable items
are reported promptly and that the information submitted is complete. Improve-
ments were to be implemented by rule changes as appropriate and coordinated
with those made under TMI Action Plan Item I.E.6. :The-reports received as a
result of these ruh changes will provide increased information on component
failures i. hat affect safety so that prompt and effective corrective action canbe taken. The information will also be used as input to an augmented role'of
the NRC's vendor and construction inspection program.

CONCLUSION

[ This iss"e was originally classified as nearly-resolved based on changes-to
i

10 CF.; 50.55(e) and 10 CFR 21 proposed by OIE.29),292 The issue was laters
RESOLVED with new requirements when amendmert-

, CFR 21 and 10 CFR 50.55(c)
'

were issued.1396 The staff's changes were presenteu to the Commission inSECY-91-150.1387

REFERENCES,

48.
NUREG-0660, "NRC Action Plan Developed as a Result of the THI-2 A'- de r.,"-
U.S. Nuclear Regulatory Commission, May-1980, (Revision 1) August 19e

291.
Memorandum for E. Jordan, et al., from R. Bernero, " Proposed Rule Review
Request - 10 CFR Part 21 and 10 CFR Part 50.55(e), Reporting of Defects
and_ Non-Compliance," February 3,1983.

292.
Memorandum for R. Minogue from R. DeYo'ung, " Proposed Rule Amending
10 CFR Parts 50.55(e) and 21:
July 13,1982. RES Task Numbers RA 128-1 and RA 808-1,"

,

1396.
Federal Register Notice 56 FR 36081, "10 CFR Parts 21 and 50, Criteria

~and Procedures for the Reporting of Defects and Conditions of Construc-tion Permits," July 31, 1991.

1397.
SECY-91-156, " Proposed Amendments to .10 CFR Part 21,-. ' Reporting of
Defects and Noncompliance' and 10 CFR 50.55(e), ' Conditions of Construc-tion Permits,'" May 22,199L
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ISSUJ 24: AUTOMATIC ECCS SWITCH 0VER TO RECIRCULATION

DESCRIPTION

Historical Background

This issue was raised by the staff following a review 28 29 of operating events
that indicated a significant number of ECCS spurious actuations, particularly,
the four events that occurred at Davis-Besse during 1980.

ECCS operatio.1 has two different phases in PWRs: injectionandrecirculation.
Tne injection phase involves initial cooling of the reactor core and replenish-
ment of the primary coolant following a LOCA. In this phase, the ECCS pumps
typically take suction from the refueling water storage tank (RWST). T 1e
recirculation phase provides lonq-term cooling during the accident recovery
period. The ECCS is realigne e the recirculation phase to take suction from
the containment sump.

Switchover from injection to recirculation phase involves realignment of several
valves and may be accomplished by: (1) manual operations to. realign the valves;
(2) fully automatic realignment of the valves; or (3) automatic realignment of
some valves, followed by manual completion of the process _(semi-automatic).

g Each option is vulnerable in varying degrees to human errors, hardware failures,
and common cause failures.

Safety Significance

During a LOCA, ECCS pump suction must be switched from the RWST to the containment
sump before RWST inventory is lost or loss-of the-ECCS pumps will occur. Switching
to the sump early could adversely affect the accident because the containment
sump may not have enough inventory to provide pump. suction. The automatic and
the sem1-automatic switchovers reduce-the risk of human error but have a slight _

'

increase in risk for inadvertent actu'ations. This issue affects PWRs only.

Possible Solutions

The two possible solution; to this issue are alternate cases requiring fully-
automatic or semi-automatic switchover to the containment samp. The fully-
automatic switchover could be implemented by a system that would monitor the
water level in the RWST-and, at a preset level, automatically realign the ECCS

-to take suction from the containment sump. The semi-automatic switchover could
be implemented by a system that would involve automatic alignment of some valves
and manual: completion of the switchover process.

PRIGRITY DETERMINATION

Assumptions-
-

,

fg All operating or ore, posed PWRs may be affected by this issue and the Oconee 3'
Q .PRA was assumed- 1e representative of PWRs. LERs between 1987 and 1990 were

12/31/91 3.24-1 NUREG-0933
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O
used to calculate the potential risk from spurious actuations. The spurious
actuation probability was then used for the automatic switchover and modified
for the semi-automatic switchover.

The base case of the possible so'utions assumes manual switchover. Some PWRsare already fully automatic and same are semi-automatic. It was assumed that
all PWRs with manual switchover could benefit f rom the possible solutions;
since some PWRs are already automatic, some (fixed) costs will be spread over
fewer reactors than calculated.

Frequency Estimate

The issue to be addressed is the failure of an operator to open containment sump
suction valves at the start of recirculation. New parameters were introduced
to provide estimates of recirculation system unavailability corresponding to
manual, automated, and semi-automated switchove" options.29 The new parameters
were then updated for human error rate estimates given in NUREG/CR-4639.ts27
The updated parameters were then factored into the core-melt frequency.

The frequencies of the af fected release categories were summed for each case to
give the total core-melt frequency for the three cases considered.84

Base Case (Manual): 3.1 x 10 G/RY
Semi-Automatic Switchover: 1.6 x 10 6/RYFully-Automatic Switchover: 1.3 x 10 S/RY

The adjusted case core-melt frequencies were calculated by substituting the
adjusted probabilities into the failure scenarios which require sump suctionvalves to be opened for success.64 Thus, the potential reduction in core-melt
frequency was estimated to be 1.5 x 10 6/RY and 1.8 x 10 8/RY for the semi-
automatic and the fully automatic switchover options, respectively.
Consequence Estimate

Multiplying the affected release categories by the estimated public dose, the
total affected public risk for the three cases were as follows:

Base Case (Manual): 7.5 man-ram /RY
Semi-Automatic Switchover: 3.2 man-rem /RYFully-Automatic Switchover: 3.0 man-rem /RY

Thus, the estimated risk reduction was 4.3 man-rem /RY and 4.5 man-rem /RY for
the semi-automatic and fully-automatic switchover, respectively. Based on anaverage remaining operating life of 28.8 years for PWRs, this reduction was
estimated to be 125 man rem / reactor and 130 man-rem / reactor for the semi-automatic and fully automatic switchover, respectively.

Installing automatic or semi automatic systems reduces human error.
the estimated risk reduction from installing actuation systems that are lessHowever,
prone to human error was offset somewhat by an increased risk due to spurious

_

actuations. 1

12/31/91 3.24-2 NUREG-0933
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-U
d Cost Estimate

',
Industry Cost: The cost was estimated to be the same for both semi-automaticand fully-automatic switchover at all affected PWRs. The estimates for TS,'
maintenance procedure, and operating procedure changes were taken from
NUREG/CR-4627. m The implementation costs were calculated as follows:

Design /QA 8 man-weeks=
: Install / Calibrate / Test Equipment 1 man-week=

Safety Analysis 8 man-weeks
, =

TS Changes = 16 man-weeks
.

i- Training -
_ 8 man-weeks

| -Hardware (New Controller / Logic Module)
- =
= $5,000

Revise Operating and Maintenance Procedures = $7,800

i Thus, the total estimated cost was $110,000/ plant, based on-41 man-weeks at
; $2,270/ week and 'a fixed cost of $12,800.

Operation and maintenance of the possible solutions were estimated to require,

. an additional 1 man-week /RY. Over the average remaining operating life of 28.8i years, and at a discount rate of 5%, this cost was estimated to be
| $34,000/ reactor.

ig NRC Cost: It was estimated that 1 man year of contractor etfort will be
'! (f

-

% p analysis. required to research potential design changes and prepare a regulatoryA project manager will be required at 10% of the contractor cost.
;

At an estimated cost of $100,u00/ man year, the contractor and project manager -

cost was estimated to be $110,000.

! Eight man weeks will be required to review and evaluate each plant's design,
'

safety analyses, QA documentation, TS changes, and procedure changes. With an
assumed labor cost of $2,270/ week, this cost is $18,000/ reactor.

;

Total Cost: The total industry and NRC cost associated with the possible
.

; solutions to this issue is'$272,000/ reactor.
.
E

Value/ Impact Assessment
'

Separate value/ impact scores were calculated for the semi-automatic switchover-
and the fully-automatic switchover possible solutions.

(1) Semi-Automatic: S = 125 man-rem / reactor
$0.272M/ reactor

= 460 man-rem /$M

(2) Fully-Artomatic: -5 = 130, man-rem / reactor
$0.2'2M/ reactor7

= 478 man rem /$M

12/31/91 3.24-3 NUREG-0933
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O
Other Considerations

1

Since much of the work will be in radiation zones, a significant occupational
dose will occur. The dose rate was assumed to be 2.5 millirem /hr for work
outside containment.64 The occupational dose was assumed to be the same for
both possib!e solutions. The i,..plementation dose was calculated at 0.5
man rem / reactor and total operation and maintenance dose at 0.6
man-rem /reac tor. This results in a total ORE of 1 man rem / reactor.

CONCLUSION

Based on the value/ impact score and the potential risk reduction for PWRr with
manual switchover, this issue was given a MEDIUM priority ranking. Furthermore
since the uncerta1nties in the assumptions and analysis are very large, a more ,
extensive study than is possible in a prioritization would be required to resolve
this issue with reasonable confidence in the conclusion. Therefore, resources
should be allocated to obtain more reliable estimates of equipment reliability,
human error ratesdefinitive manner., and competing risks and, thereby, resolve this issue in a

The resolution of this issue will address the concern of
1ssue 156.3.5.
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ISSUE 29: BOLTING DEGRADATION OR FAILURE IN NUCLEAR POWER PLANTS

i

i OESCRIPTION '

}
Historical Background,

;
Prior to 1981, -the number of bolting-related incidents -reported by licensees

i was on the increase. A large number of these were related to primary pressure
j boundary applications and major component support structures. As a result,
j there was concern for the integrity of the primary pressure boundary in operating

plants and the reliability of the component support structures following a LOCA:

! or earthquake. This issue was identified by the ACRS.isa4 <

i

! There are numerous bolting applications in nuclear power plants the most crucial
of which are those constituting an in'.egral part of the primary pressure boundary

! such as closure studs and bolts on reactor vessels, reactor coolant pumps and
steam generators. Failure of these bolts or studs could result in the loss of.

reactor coolant that could jeopardize the safe operation of the plants. - Other
bolting applications, such as component support and embedded anchor bolts or:

: studs, are essential for withstanding transient loads created during abnormal"

or accident conditions. A report summarizing bolting failure experience was
j issued by.DL/NRR.28'

'

_ Safety Significance

[ At the time of this evaluation, there had been a total of 44 reported bolting"

incidents most of which were discovered either during refueling outages or
scheduled ISI or maintenance / repair outages. These incidents had no immediate

! impact on public health and safety since they had not- resulted in any accident.
However, degradation or failure of such studs and bolts _ constitutes a reduction

j_ in the integrity of the primary pres'sure boundary.

Concern was compounded by the fact that there was no reliable NDE method _to
detect the cracking or degradation of bolts or studs resulting .from the principal

i- modes of failure: stress corrosion, fatigue, erosion corrosion, and boric acid
; corrosion. Visual examination was the only reliable. method to discover degrada-
i tion by boric acid corrosion or erosion corrosion. In almost all cases,_this

required disassembly of the component in order to inspect the. bolts or studs.
If there is no clear evidence of boric acid-leakage-to the. surroundings,--bolting
degradation by boric acid corrosion can potentially be. undetected until the bolts

: or stud; completely fail. -Under the existing ~ISI program, visual-inspection of-
; bolts was not a mandatory requiraent and UT inspection-was not required on
L pressure retaining bolts or studs with diameters 'less than 2 inches. A major-
j accident such as a LOCA could-conceivably occur due to undetected extensive
j bolting failure of the primary pressure boundary.
1

i

~Possible Solution

D Because bolting has a wide range of cpplication in ' nuclear power plants, thered is no simple solution to the problem. Therefore, in order to minimize the
{ potential bolting problems in new power plants, improvements in one or all of

p 12/31/91 3.29-l' NUREG-0933
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the following five areas could be recommended: design, materials, fabrication,
installation, and 151. For this analysis, the focus was placed on improving the
officiency and adequacy of 151 programs.

PRIORITY ''ETERMINATION

frequency Estimate,

Based on a review of the 44 bolting incidents reported by PWR licensees, the
principal causes of bolting failure or degradation were classified as stress
corrosion, fatigue, boric acid corrosion, erosion corrosion, and other types.
A total of 19 bolting incidents were identified as resulting from stress corro-
sion, the most common cause of bolting failure. Boric acid corrosion was the
second most common cause of bolting failure or degradation reported. A total of
12 bolting incidents resulting from boric acid corrosion occurred. The remain-
ing 13 incidents were either fatigue, erosion corrosion, or other types. No
bolting failures in BWRs were reported.

A total of 16 of the reported 44 incidents were related to primary pressure
boundary bolting applications such as various closure studs in reactor vessels,
pressurizers, steam generators, and hold-down bolts in various types of valves.
A total of 13 bolting incidents related to component support structures, such as
the column support or embeddad anchor bolts or studs of steam generators, reat-
tor vessels, reactor coolant pumps, and piping restraints, were reported.
Although failure of such bolts or studs will not normally imt, air the normal
operation of a plant, extensive failure of such bolts or studs could cause com-
ponent damage or multiple piping failure under abnormal or accident conditions
such as a LOCA or an earthquake. The 44 bolts or stud failures occurred in about350 RY of experience. Thus, the frequency of corrision-initiated events was
44/350 event /RY or 1.3 x 10 2 event /RY.

Based on experience, there is a good chance that the corrosion will be discovered
and ne studs replaced before failure occurs. However, it was conservatively
assumed that 10% of the bolts or studs will not be discovered before they fail
and will result in a small break LOCA (S2). Therefore, the frequency (F) of
corrosion-initiated events was estimated to be 1.3 x 10 2 52 event /RY.

Twenty nine of the reported incidents or 66% had a direct potential for causing
a large-break LOCA due to bolting or stud failure in restaints for large piping,
component supports, or steam generator manways when these hold-down devices have
degraded to the point that they will not provide the necessary support following
a water hammer or seismic event. However, even though the actual determination
is complex, the S2 event was believed to be the most limiting.

Consequence Estimate

An 52 event can result in a wide spectrum of consequences, depending on whether
or not the engineered safety features are required to function or whether theys

do function. Using WASH-1400 " 52 sequences with the frequency estimated above,
the release was determined to be 3 x 104 Curies /RY.

The total whole-body man-rem dose was obtained by using the CRAC Code" for the
particular release category. A uniform population density of 340 people per
square mile (which is average for U.5, domestic sit =) and a typical (midwest

12/31/91 ?.29-2 NUREG-0933
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(
( plain) meteorology were assumed, lherefore, the estimated public risk was 3.5

1 x 10a man-rem /RY. For 43 plants with an average remaining lifetime of 30
_ years, the potential risk reduction was 4.5 x 105 man-rem.

! Cost Estimate
!-
; Industry Cost; The proposed fix could vary considerably depending on the type
: and depth of solution sought. However, the most probable fix was to visually
; inspect bolts or studs using an improved UT inspection technique and a more fre-
! quent inspection schedule. This represented an increase'in surveillance and
i would require extra effort during each plant refueling outage. Because of thei- wide variety of uses of studs and bolts for safety functions in nuclear plants,'

the actual cost would vary greatly.
,

'-

Based on the information provided,64 an interim and simple fix would be-to
j inspect studs and bolts only on components that had. been opened for inspection
1 or maintenance during a refueling outage. This would require a minor increase
; in surveillance and would not' require an extension of outage time. It was esti-

mated that 3 man-weeks / plant of extra _ effort would be required per 18 month,

j refueling schedule and 40 man-weeks / plant to allow for administrative overhead.
- At $100,000/ staff year, the cost (C) of the. increased surveillance over the 30-,

i year life of a plant was given by:
i
.

f. C = $[(3)(30/ 5) + 40](0.1)M/ reactor

{( = $0.2M/ reactor

If, however, each plant was required to inspect 10% of the bolts or studs zin5

j primary system components per refueling outage, whether open .for inspection or;
not, then based on an 18-month refueling schedule, each plant will have inspected'

200% of its bolts or studs over its.30 year. lifetime. (This inspection frequency -i

should detect any bolt degradation tnat might occur.) This would represent an
increase in surveillance and would require an extension of outage time by_1.5i

*

working days. ' At $300,000/ day for replacement power, the total cost-(C) over-
the plant life was given by:

j C = $(30/1.5)(0.3)(1.5)M/ reactor-

; .

; = $9M/ reactor.
:

; NRC Cost: HRC costs per reactor were negligible in comparison to. industry costs.
Value/ Impact Assessment'

t

[ (1) For inspecting bolts on disassembled components only, the valua/ impact~

score was given by: .

g g 4.5 x 105_ man-rem
.

$(0.2)(43)M.

53,000 man-rem /$M., - . =

;s
d

a
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(2) For inspecting 10% of the bolts, the value/ impact score was given by:

S = 4.5 x 105 man-rem
$(9.0)(43)M

1,160 man-rem /$M.=

Uncertainties

The uncertainties in the estimates of accident frequencies and consequences were
such that, if they lowered the value/ impact score by an order of magnitude, the
score wcald still be above a threshold that would warrant resolution of the
issue. As the cost estimates increase for specific solutions (particularly
when plant shutdown or extended shutdowns are required), the value/ impact
scores decrease and coula affect the priority ranking. If the cost estimates
associated with inspecting 10% of the bolts are off by a large factor, the
potential risk reduction would still be suf ficientiy high to maintain a high
priority ranking.

Other Considerations

A secured reactor primary system pressure boui dary, which depends on the
integrity of the system's piping and componentt is an integral part of the
"defanse-in-depth" concept embodied in the design of nuclear power plants to
protect against a core-melt. Also, some safety system functions rely on a
secured pressure boundary to prevent or mitigate the consequences of an event.
Accordingly, inspection of 10% of the bolts per refueling outage (200% over
the lifetime of the plant) provides assurance that the primary system pressure -

boundary will not be breached by f ailed bolts or studs.

When the averted costs of cleanup following a LOCA are' considered, the value/
impact scores calculated above become more favorable. It was estimated that
the averted occupational dose of inspection versus reduction due to accident
duse would fall between a PWR-8 or PWR-9 event and a PWR-1 to PWR-7 event, This
represented an averted dose between 2,400 to 8,000 man-rem.

CONCLUSION

Based on the above value/ impact scores, this issue was given a high priority
ranking. In resolving the issue, the staff took into the consideration previous
actions taken by the NRC to address the concerns related to threaded fasteners:
Bulletin Nos. 82-02,1129 87-02,1389 and 89-02tasa; Information Notice Nos.
86-25, m a 89-22, * 0 89-56,2392 and 89-70 2; and Generic letter Nos.
87-021387 and 88-05.1386

The staff's regulatory analysis, NUREG-1445,2398 proved to be inconclusive
regarding a mandatory program on safety-related b.ilting for operating plants.
The staff's technical findings were documented in NUREG-1339 W 5 which endorsed
the recommendations of independent studies performed by the industry Joint Task
Group on Bolting. This group was set up by AIF, EPRI, and the Materials Proper-
ties Council and its studies resulted in EPRI NP-5769, " Good Bolting Practices,"
and three EPRI video training tapes on " Pressure Boundary Bolting Problems."

The staff concluded that leakage of bolted pressure joints was possible, but|

l catastrophic RCPB joint failure that could lead to significant accident sequences
|
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F was highly unlikely.. This conclusion was based on: (1) operating experience;
; (2) actions taken through bulletins, generic letters, and information notices;
! and (3) proposed inaustry actions. Generic Letter No. 91-1713ss was issued to
!: licensees to: . (1) implement the industry bolting integrity program, as pre-
} - sented in- the EPRI report and video-tapes; and (2) continue actions in accordance
I with commitments made in response to NRC generic letters and bulletins. Thus,
i this issue was RESOLVED and no new requirements were established. However, in
j ' order to improve the. review of future plants and significant modifications to-~

'

! operating plants, the staff recommended that a new SRP21 Section be developed
j to codify existing guidance and industry recommendations.13"
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ISSUE 38: POTENTIAL RECIRCULATION SYSTEM FAILURE AS__A CONSEQUENCE OF INGESTION
OF CONTAINMENT PAINI FLAKES OR OTHER FINE CEBRIS -

4

. DESCRIPTION ;;

k Historical Background
.

:
This issue was identified 496 when AE00 expressed concerns about the use inside4

containment of a particular polymer coating that could flake off and f ail when
! subjected to DBA conditions. In addition to the concern for paint flakes, AEOD

also raised concerns about fibrous insulation and other debris that could pass,

through sump screens,- but could not pass through the more restrictive clear-
i ances present in systems that take suction f'com the containment sump during the
; recirculation phase of accident mitigation.

Safety Significance.
1

i Potential safety concerns' stemming from the presence of paint debris in the
; containment building during a LOCA include the following: (1) blockage of con-

tainment emergency sump debris screens; (2) blockage of containment building+

: spray system nozzles and system flow passages associated with residual heat
removal / safety injection systems and their equipment; and (3) degradation of,

ECCS performarce by the entrainment of-fine particles of paint debris. This
("~'g issue is applicable to all plants.

!- Possible Solution
i
4

In the resolution of Issue A-43, the staff evaluated the performance of the-:
'

containment emergency sump in providing a clean, reliable source of water during
| a LOCA and during long-term recirculation following a LOCA, Specifically, the
; evaluation included analysis of the transport of| fine debris,
! In its application to operate Comanche Peak Steam Electric Station, Units 1 and

2, Texas Utilities Electric Company (TUEC) performed:an analysis in' support ofn

| its request to amend its FSAR to eliminate the commitment that coatings inside
;- -the reactor containment building be qualified. This' analysis considered the
"

-

potential for, and effects of,: debris blockage of the . containment building
'

emergency sumps.- TUEC followed the guidance.and methodology developed by the
! staff in the resolution of Issue A-43 and concluded that debris' generated by
i the failure of all coatings inside the containment building under DBA condi-
! tions would not unacceptably degrade the performance of-post-accident fluid

systems. The staff's SER on the TUEC analysis was published in Supplement'-

No.:9 to NUREG-0797.1332

CONCLUSION
,

The general concerns of sump blockage'were addressed in the technical findings '
;

''

. reported in NUREG-0897,1057 the revisions to Regulatory Guide ~1.82,105E SRP11
Section 6.2.2, and Generic Letter 85-22,1059 The TUEC analysis' provided data 1067

! '~'T en the significance of containment sump blockage caused by paint flakes or other/
(< c' '/ fine debris. Thus, this issue was DROPPED from further consideration as a new

; and separate issue.
;
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ISSUE 73: DETACHED THERMAL SLEEVES

DESCRIPTION
,

Historical Background

During the period 1978 to 1980, there were reparts of fatigue f ailure of
thermal sleeve assemblies in the piping systems of both PWRs and BWRs. The
BWR g"roblem was addressed by GE in NEDO-21821 and was resolved with a staff
SER1 ar.d the publication of NUREG-0519.742 Fatigue problems occurred
subsequently in 1982 in PWRs designed by B&W and W. IE Information Notices
No. 82-091311 and No. 82-30:312 were issued by the staff to address the
problems at B&W and W reactors, respectively. Status reports on the B&W pipe
cracking problem weri contained in SECY-82-1862313 and SECY-82-186Asts which
described the problem of_ thermal sleeve- cracking in the normal make-up/high
pressure injection nozzles of four B&W plants. No notable events have been
reported at PWRs designed by.CE.

As a result of the fatigue failures in B&W reactors, a B&W Owners' Group Task
Force was established to identify the cause of the failure and to recommend
modifications to eliminate future failures. This Task Force submitted a5
report " to the NRC and the concern was resolved in Issue 69, "Make-up NozzleCracking in B&W Plants."

;

The concern regarding thermal sleeves in W-designed plants was raised by thet
A staffsta following remote video inspectiolis that revealed pieces of metal at

the bottom of a W reactor _ vessel at the Trojan Nuclear. Plant; a metal fragment
was also found between the lower core plate and the core supnort plate. All
metal pieces were subsequently identified as part of the thermal ~ sleeves
initially installed in the safety injection accumulator piping nozzle connec-
tions to the reactor coolant system cold leg piping. Confirmation that the
10-inch thermal sleeves were missing from the four safety injection | piping-

~

nozzle connections was obtained shortly thereafter. In response to the i

Trojan cracking and detachment of thermal sleeves, a plant-specific review was
conducted and an SERia15 was completed by the 'staffi In this SER, the staff
established the basis for continued operation of the Trojan plant, subject to
the findings of a-staff-generic study on.W plants; _

There have.been five generations (0 through 4.) of thermal--sleeves used in W
reactors. Only " Generation 3" thermalLsleeves have been_found to be suscep-
tible to high-cycle stresses due to flow-inouced vibrations because of the'
particular weld attachments used fri that desigc. The' vibrations caused fa-
tigue failures at the thermal sleeve attachment; welds and subsequent cracking
and tearing away of the-thermal sleeves resulted in the formation of loose
parts moving into the, reactor vessel. .Thistissue app?ies to:the design and
operation off approximately 20 W plants' that use " Generation 3" thermal sleeves.

Safety Significance

p = The safety significance of loose parts in the vessel is that there is the
potential for flow blockage and/or cladding wear or destruction by parts
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O
wedged within the fuel assemblies. In addition, if the thermal sleeves
become detached, or are removed and not replaced, there is an ancillary
concern that the nozzle cumulative usage factor may be exceeded during the
remaining lifetime of a plant.

,Possible Solution
_

After an evaluation o' the thermal sleeve problems at several W plants, the
staff concludediais that licensees could elect to either retain the " Genera-
tion 3" thermal sleeves or remove them. If the decision was to retain the
sleeves, licensees would have to develop a program to inspect the attachment
welds of these sleeves at each refueling outage. If licensees elected to
remove the " Generation 3" thermal sleeves, they would have to submit revised
TS to monitor the injection flow transients which occur at the affected nozzles
and evaluate the cumulative fatigue usage factors.

CONCLUSION

This issue was resolved for BWRs with the publication of NUREG-0619;n2 for B&W
reactors, the issue was resolved in Issue 69. No problems have been reported
in CE reactors. For W reactors, a proposed resolution has been identified 2316
and, therefore, the issue was considered to be nearly resolved.

I
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IISUE 87: FAILURE OF HPCI STEAM LINE WITHOUT ISOLATION

DESCRIPTION

Historical Background

The HPCI steam supply line has two containment isolation valves in series: one
inside and one outside of the containment. Both are normally open in most
plants; however, two plants were found to operate with the HPCI outboard isola-
tion valve normally closed. A HPCI supply valve, located adjacent to the tur-
bine, and the turbine stop valve are normally closed. This issue concerns a
postulated break in the HPCI steam supply line and the uncertainty regarding
the operability of the HPCI steam supply line isolation valves under those con-

) ditions.824 A similar situation can occur in the RWCU system which has two
normally open containment isolation valves that must remain open if the system
is-to function.830

x

The operation of the valves is tested periodically without steam. Due to flow
limitations at the valve manufacturers' facilities, only the opening character-
istics are tested under operating conditions. Therefore, the capability of the
valves to close when exposed to the forces created by the flow resulting from a

O break downstream has not been demonstrated. However, there are reasons why the
i j valves may operate under these accident conditions. The containment isolations

valves are specified to open or close within 15 to 20 seconds. Calculations per-
v

formed by Bechtelsas indicated that the mass flow through the HPCI steam line iso-
lation valves reduces from 1470 lbm/sec. at the time of a break to 328 lbm/sec.
af ter 0.135 seconds and remains constant until the valve closes.

Isolation valves are selected by the A/E for each plant. This results in a
diversity of valves and valve types from plant to plant and increases the diffi-
culty of demonstrating _ valve operating capability. Some plants have "Y-type"
globe valves while others have gate valves. One plant using globe valves for
HPCI steam supply isolation had the valve inside containment positioned such
that the steam flow exerted a force on the valve skirt in the closed position.
This force is expected to reduce the closing torque requirement of the valve
motor-operator and increase the probability that the valve will close when a
large amount of steam is flowing through the valve. Also, some valve experts
believe that the force required to open gate valves under pressure is greater
than the force required to close the valves under flow.

Safety Significance

In Mark I containments, the HPCI steam line exits the drywell and enters the
torus compartment where it typically traverses approximately a 75 arc before
exiting to the HPCI pump room. In the four corners of the reactor building
along the torus compartment are four triangular-shaped rooms which house the
RHR/LPCI sydtem, the RCIC system, and the core spray system. -In some reactor

77 buildings, there is a ventilation opening or a door, usually open, between the
(")- rooms housing the emergency core cooling pumps and the torus' compartment. Given

an unisolated break of the HPCI steam supply line in the torus compartment, the
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environment in the emergency core cooling pump rooms may exceed design limits.
This places in jeopardy the other systems required to cool the core.

In Mark 11 containments, the emergency core cooling components are typically
housed in individual rooms which are contained in the large, annular shaped area
about the suppression pool. The HPCI steam supply line exits the containment
and is then rcuted down through two floors to the room containing the HPCI tur-
bine and pump. Again, given an unisolated break of the HPCI steam supply line,
other systems which may be required to cool the core may be placed in jeopardy.

Possible Solutions

A proposed solution to the HPCI problem was to require that the outboard HPCI
1 solation valve be normally closed. However, a small bypass line on those
plants not having this feature would be required to prevent thermal shock and
water hammer and to provide assurance that leaks in the line would be detected
before they become breaks. If the HPCI supply valve were kept normally open --
currently it is kept normally closed -- the probability of not getting steam to

J the HPCI turbine when needed might not be significantly changed.

Another possible solution that would apply to valves in any system was a demonstra-
tion by test or the verification of use in other service applications that cer-
tified the operability of the valve under line rupture flow conditions. If the
normal HPCI steam flow rate approximates that estimated for a break in the steam
line the valves might be tested by individually closing them when the HPCI
turb ne is in operation.

PRIORITY DETERMINATION

Freouency Estimate

In the Browns Ferry 1 IREP study, * the frequency of intermediate size steam >

line breaks (in which size category the HPCI steam supply line is included) is '

2 x 10 $/RY. It was also assumed that a break is ecually probable at any point
in the steam lines of this size and categcry. The FPCI steam supply lines were
estimated to constitute 23% of the steam lines in the inte mediate-size category.
Hence, the frequency of a HPCI steam supply line break was assumed to be
5 x 10 5/RY.

The probability that both steam supply line isolation valves will fail to close
was difficult to determine on a probabilistic basis because of the lack of engi-
neering data. If one valve fails to perform its intended function because of
conditions which exceed its design capability, it would be most probable that
the second valve would also fail to function. As an upper bound calculation, it
was assumed that the valve failure rate will be unity, given a line break, and"

that the dependency between valves was also unity. The lower bound was calcu-
lated by assuming that the valve design was adequate and that there were no
fa: ire dependencies between the valves. Thus, the frequency of both valves ~

fail ag was obtained by taking the product of the independent failure frequency
of both valves.

The major contribution to the accident scenario considered was the dependency
between the unisolated steam line breaks and the lowpressure injection systems.
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For both the upper and lower bound calculations, it was assumed that the depen-
; dence is unity, i.e., that the low pressure injection systems will fail, given

an unisolated line break.;

! If, during the accident condition described, the core is_ maintained covered by
the feedwater system, the steam mass flow generated by decay heat should lower
to a point that would permit the closing of an isolation valve. One means avail-.

: abl2 would be electrically closing the isolation valve inside the containment;' the other means available would be manually closing one of the isolation valves.
:

If the steam flow forces prevent the initial closure of the isolation valve, the'

motor control breakers will likely trip from the.overcurrent condition before
j motor d uage can occur. Further, the isolation valve inside containment will

not have been exposed to the steam environment from the oroken line. Resetting
j the motor control breaker would then permit energizing the valve moter and clos-
| ing the isolation valve from the control room.
4

: The second method available was to close one of the isolation valves by manual
actuation of the hand crank. This would require suiting the operator in special

j garments and possibly using an airpack. Due to the expected high temperature
in the torus compartment, the isolation valve inside the containment would be

j the valve most likely closed.
<
'

NEDO-24708A827 analyzed an unisolatable 0.5 square-foot steam line break inside
i containment, which approximated a break of the 10 in.(0.55 ft2) liPCI steam line.O from the time of the break up to the time that the low pressure systems would
j begin injection (225 seconds). The analysis also included the water injected

by the RCIC, but this should be minimal.s

! The 0.5 square-foot l'ine break model predicted that the system pressure will fall
below 300 psia at approximately 210 seconds after the break occurs. The water,

!

level will still be above the core and the condensate and.the condensate booster!

pumps can be used (for those systems having a-turbine-driven feed pump) to sup-
; ply feedwater to the reactor. For those feedwater systems having motor-driven
! feed pumps, the feedwater system can supply feedwater continuously- following the
i reactor trip. With the feedwater system providing cooling water, the fuel will
! re m in covered until a HPCI isolation valve-is closed and the RHR system is
! _ restored to operation.
i

; It was calculated that 12,500 gallons / hour of water at 94*F will be converted
to steam at 212 F-in absorbing the decay heat from the fuel. At this rate of

*

consumption, a 500,000 gallon condensate tank could be emptied?in 40 hours. In
-

,

order to maintain adequate coolant for the extended time period, the vacuum must
} be_ restored in the condenser and the decay heat dissipated using the condenser.
. This will also necessitate using the auxiliary boiler to provide steam for the

gland seals. Having the condensers available will reduce the steam pressure in
the reactor, thus reducing the amount of steam that will' be' discharged through the,

broken HPCI steam supply line and decreasing the consumption of water from'the
'

;'
conden. sate storage tank. This action will also lower the amount of heat and
humidity being dumped into the torus compartment.

!
,

l|[ - The probability of the loss of the feedwater during a 168-hour interval, the
, N, time assumed necessary to restore the RHR system following a HPCI steam supply )
:

I
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line break, was calculated to be 0.03. This was based on the Browns ferr
IREP W frequency of transients that result in loss of feedwater (~1.4/RY ,
This equated to a mean time between failure of 5,570 hours. Assuming an expo-
nential distribution, a failure rate of 1,8 x 10 4/ hour results.

Of concern were the operator actions needed to maintain the operation of the
main feedwater system. Although this is an activity with which the operator
should be very familiar, detecting that the HPCI is not providing make-up inven-
tory may not be immediate. Furtner, the inventory in the hutwell must be main-
tained by flow from the condensate storage tank. To obtain an adeauate flow,
it may be necessary to reestablish the vacuum in the conlensers. As reported in
NUREG/CR-3933,828 PRAs assign a probability of 0.1 for failure to recover the -

power conversion system in a short interval. In this accident, the time needed
tomakethenecessaryoperatingadjustmentswillnotbeasshortasrequired
for transients or small breaks in iquid coolant lines. In addition, approx-
imately one-fourth or one-half of the make-up watcr requirements will be provided=

) by one or two pump operation of the CRD hydraulic system. Thus, a human error (probability of 0.05 was assigned. The total probability of failing to maintain
coolant inventory with the feedwater systems for 168 hours was estimated to be
(0 05 + 0.03) = 0.08. Thus, the frequency estimates were:

* Upper Bound:

(5x105)(1)(1)(0.08)(1)(0.8)=4x1012= 4 x 10 6 core-melt /RY
Lower Bound: (5 x 10 5)(10-3)(10-3) core melt /RY

Closing tne outboard isolation valve and oaening the supaly valve was assumed
to result in no net change in the unavailaaility of the iPCI and, therefore,
the frequency of other accident sequences was unchanged. Closing the outboard
isolation valve until the HFCI is commanded does not reduce the accident rate
from breaks that occur when the HPCI is energized or go undetected prior to the ,

HPCI beina energized. With the inclusica of a bypass line to prevent thermal
shock, this contribution was believed to be much smaller than the long-term
exposure with the line pressurized. Hence, the remaining contribution was not
considered to be significant.

The BNL estimates 29 of the frequency of a core-melt accident due to an unisolated
break outside the containment in a six-inch RWCU line was 1.4 x 10 6/RY. The'

study also conservatively assumed that the conditional probability for the isola-
tion valves failing to close, given a line break, was 1.

Consequence Estimate

A break in the HPCI steam supply line would be a LOCA outside containment. This
would be closely equivalent to the 0WR Event V sequence identified in WASH-1400.18
The consequences were obtained using the CRAC Code.04 An average population of
340 persons per square mile (which is the average for U.S. domestic sites) was
assumed from an exclusion area one-half mile about the reactor to a 50-mile
radius about the reactor. Typical midwest site meteorclogy was assumed. Based
on these assumptions, a release produces an exposure of 5 x 108 man-rem. With
upper and lower bound frequencies of 4 x 10 6 and 4 x 10 12 core-melt /RY, the
upper and lower values of risk exposure were 20 man-rem /RY and 2 x 10 5 man-rem /

RY,ing a HPCI system with open isolation valves, the risk posed by this issueBased upon an average remaining life of 24 years for 24 BWRs
respectively.

hav
has an upper bound of 11,500 man-rem and a lower bound of 1.1 x 10-2 man rem.

-

The consequences of the RWCU line break sequence would be 70 man rem /RY and- +
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d 40,000 man-rem total. Thus the inaximum risk reduction associated with this.
issue was estimated to be W .500 man-rem.

j ' Cost Estimate
. .

-

_

,

J Industry Cost: Implementation of the proposed change to leave the outboard
f isolation valve closed was estimated to be 2.5 man years. This included:
[ (1) an engineering review of the Jogic for HPCI initiation to assure that the
: valve will be commanded open and will . properly isolate if required; (2) prepara-

tion of changes to procedures (normal and emer0ency); (3) revision to aperator.4
.

training covering the' change;-(4) revision to the FSAR;-(5) license emendments;-;

and (6) hardware changes. No added mcintenance costs were anticipated. No.,
t hardware costs were assessed to add a bypass line becr se it was believed that
| most reactors already had this feature. W r overage t. cst of $100,000/ man-
| year, the total industry cost was estimate.1 to be $6.75M.
t

-NRC Cost: The NRC cost was estimated to be 1 man-month / reactor or $210.000' for
i all reactors. However, there was at least 7ne reported instance in which the-

isolation valve- could not be opened under pressure; this occurrence was reported.

in AE00/T420.82s If these valves would have to be' modified to open~under
*

{ pressure, the costs would be much greater.
:

| Performing qualification tests on a selected sample of RWCU isolation valves
i and actuators and demonstrating, by analyses, that the other valves and actuator
[ combinations will perform satisfactorily were estimated to cost $1M. If actuators
j have to be replaced, this would-add-to the costs.

Total Cost: The total industry and'NRC cost associated with the possible;\ solution was estimated to be'$7.96M.

j Value/ Impact Assetament
,

.

| Based on a potential. risk reduction of 51,500 man-rem and a.' cost 'of $7.96M, = the '

value/ impact score was given by:
,

! S = 51,500 man-rem' $7.96M
|

E 6,500 man-rem /$M
.

! Other Considerations

The occurrence of the analyzed event would result in the: loss of one defense'.3

layer (containment). Other considerations,' which in individual cases ~~ may reduce .
-the risk associated with this-issue, include the absence of ventilation openings -

or open doors between the; torus compartment and the pump rooms. The absence of-
p these' openings reduces the common cause failure potential-ofLthe RHR/LPCI, RCIC,
; and core.. spray systems with-the.HPCI steam supply'line-break. ? Consideration

should be given to reducing the risk if-the isolation valves were~ selected
"

based on- the requirement' to close under line break / steam mass flow conditions.
1This concern could'be eliminated if?it-could;be shown by. test-or from actual
application that valve operation was verified under loads equivalent to line2

break conditions;<

-

'
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A similar situnion exists for the RCIC system. Since the RCIC steam lina is
smaller than the HPCI line, the risk may not be as great but would still add
substantially to the values estimated previously.

CONCLUSION

Based on both the RWCU and HPCI event sequences and the Event V consequences,
this issue was given a high priority ranking. In resolving the issue, the staff
conducted a two phase valve test program: Phase 1 was reported in NUREG/CR-
54061 W and Phase 2 was reported in NUREG/CR-5558.1404 In addition, laboratory
tests of DC powered MOVs were conducted and reported in NUREG/CR-5720.

In general, it was found that many of the valves of concern in the issue did not
have sufficient margin to close under the blowdown loads that would be encoun-
tered under the design basis conditions caused by a pipe break. The primaryreasons for this were: (1) at the time the valves and operators were sized,
the internal mechanisms and load paths of the MOVs were not well understood;
and (2) the standard equation used by the industry to predict MOV stem loads
does not adequately account for all of the force cuponents resulting from the
interaction of the blowdown flows on the valve internal parts.

The results of the Phase 1 test program were factored into the development of
Generic Letter No. 89-10,12 n thus providing licensees with the best guidance
available at that time regarding how they should assure that their MOVs would
perform their design basis function. The results of the Phase 2 test program
were used la the development of Supplement 3 to Generic Letter No. 89-10,1217
which provided licensees with further guidance. The staff also conducted train-
ing for inspectors and provided computer software to aid in identifying theseproblems on site. Thus, this issue was RES0! 7 Di * and requirements were issued
to licensees in Generic letter No. 89-10.12u The related ACRS concern for thedesignbasisforvalvesthatmightbesubjectedtosignificantblowdownloads
will be addressed in Issue 152.

REFERENCES

16. WASH-1400 (NUREG-75/014) " Reactor Safety Study 3 An Assessment of Accident
Risks in U.S. Commercial Nuclear Power Plants, U.S. Nuclear RegulatoryCommission, October 1975.

64. NUREG/CR-2800, " Guidelines for Nuclear Power Plant Safety Issue Prioritiza-
tion Information Development," U.S. Nuclear Regulatory Commission, February
1983, (Supplement 1) May 1983, (Supplement 2) december 1983, (Supplement 3)
September 1985, (Supplement 4) July 1986.

367. NUREG/CR-2802, " Interim Reliability Evaluation Program: Analysis of the
Browns Ferry Unit 1 Nuclear Plant,'' O.S. Nuclear Regulatory Commission,
August 1982, (Appendix A) August 1982, (Appendix B) August 1982,
(Appendix C) August 1982.

824. Memorandum for 7. Speis from R. Hattson, " Request for Prioritization of
Generic Safety Issue - Failure of HPCI Steam Line Without isolation,"October 18, 1983.

(12/31/91 3.87-6 NUREG-0933 {
_ ___



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

,

i
i

! Revision 1.
| ,

!
1

j 825. Memorandum for K. Seyfrit from P. Lam, " Failure of an Isolation Valve
; g of the Reactor Co.e Isolation Cooling System to Open Against Operating '

Reactor Pressure," August 23, 1984.
t
+

826. Letter to A. Schwencer (NRC) from J. Kemper (Philadelphia ~ Electric Company),
. "timerick Generating Station, Units 1 & 2, Request for Additional Informa-
} tion from NRC Equipment Qualification Branch (EQ8)," February 27, 1984.

| 827. NE00-24708A, " Additional.Information Required for NRC Staff Generic Report
; on Boiling Water Reactors," General Electric Company, December 1980.
i

| 828. NOREG/CR-3933, " Risk Related Reliability Requirements for BWR Safety-
: leportant Systems with Emphasis on the Residual Heat Removal System,"
| U.S. Nuclear Regulatory Commission, August 1984.
i

829. BNL A-3740, "An Evaluation of Unisolated LOCA Outside the Drywell in the;

| Shoreham Nuclear Power Station," Brookhaven National Laborahry, June
; 1985.
:

| 830. Amorandum for W. Minners from A. Thadani, " Comments on Generic Issue
: No. 87 - Failure of HPCI Steam Line Without Isolation," June 28, 1985.e-
.

'

i 1217. NRC Letter to All Licensees of Operating Nuclear Power Plants and Holders
of Construction Permits for Nuclear Power Plants, " Safety-Related Motor-j- Operated Valve Testing and Surveillance (Generic Letter No. 89-10)

i -- 10 CFR 50.54(f)," June 28,1989, (Supplement 1) June 13,1990, ,

*

1. (Supplement 2) August 3, 1990, (Supplement 3) October 25, 1990,!( (Supplement 4) February 12, 1992.
.\
! 1403. NUREG/CR-5406, "BWR Reactor Water Cleanup System Flexible Wedge Gate
| Isolation Valve Qualification and High Energy Flow, Interruption Test,"
! U.S. Nuclear Regulatory Commission, (Volume 1) October 1989, (Volume 2)
j October 1989, (Volume 3) October 1989.
..-

1404. NUREG/CR-5558, " Generic Issue 87: Flexible Wedge Gate Valve Test Program,"
,

;

! U.S. Nuclear Regulatory Commission, January 1991.;-
4

1406. Memorandum for J. Taylor f rom E. Beckjord, " Technical Resolution of '

Gsneric Issue 87, ' fad ure of HPCI Steam Line Without Isolation,'",

i December 9, 1991.
1

i'

'

!
i-
.

!

Lo
:
l

[ 12/31/91 3.87-7 NUREC-0933

,

1-
-._.--...,,.,-.c_ ___a.-.- - . . ~ _ . _ . . . _ _ _ _ .-. _.___.- . __ .. . _



_ - -- --__- - - - - - -

1

ISSUE 100: DNCE-THROUGH STEAM GENERATOR LEVEL

DESCRIPTION

Historical Background

Once-through steam generators (OTSGs) are a feature unique to B&W reactor -
designs. Main-feedwster is injected from a header, located at approximately
mid-elevation of the OTSG, into an annular downc'omer region. As the feedwater
is sprayed into the downcomer, the condensing action of the relatively cold.
(455*F) feedwater draws steam from the tube bundle-through the asoirator ports
in the inner shroud; This_ steam then heats-the-feedw ter: rapidly to saturation
temperature (about 535 F) preventing Termal shocking of the shell.

In 1984, Crystal River 3 plant submitted a-TS change request to raise the
operating water level limit of the OTSGs to 100% of the operating range, which

-

is six inches above- the aspirate ports. .' Sint:e most operating B&W plants do not
have an upper _OTSG level limit i their TS,' the TS change was requested'to give-
Crystal River 3 the same operational flexibility. This change request raised
a concern regarding operating OTSGs with the water level above the: aspirator
ports M * n

Safety Significance-

Permitting operation with _a higher water level limit .would allow less time for
corrective operator action, if there were a transient that involved an increase
in feedwater flow to one orfmore steam generators. If the increased feedwater

.

flow conti_nues (e.g. , ifL the steam generator high-level detection system has
failed, feedwater control valves have failed,-or the main feedwater pump fails-
to trip), the steam generator water levelEmay exceed the aspirato_r_ port level,
thus preventing the preheating of the feedwater. --If the increased thermal'
stresses on the tubes or shell wall-are excessive, an SGTR _or steam generator
shell f ailure accident could occur croating a = LOCA or an ' initial' steam-side
break'in the case of a shell failure; This issue affects all B&W PWRs.

Possible~ Solution

The possible solution entails a detailed generic analysis to_ determine whether
operating OTSGs at levels _near or above the aspirator ports'will introduce a
significant-safety problem at B&W plants. New' planta pecific TS ?.imits woulds
have-to be; developed to preclude plant operations ifLOTSG water levelu exceed-
a pre-set maximum level.

PRIORITY DETERMINATION'
,

Assumptions
,

The reference plant selected for analysis was Oconee.3 because itz is a
representative.B&W PVR, . L All _ ten of the operating' or proposed B&W PWRs were-
considered in this analysis; TMI-2 was not' included because'it was shut- " -

'( -down indefinitely. The average remaining-_ operating 1ife of the 10 B&W plants -
.
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considered was 28.2 years, based on the original 40 year license. However, it.
was assumed that 75% of these plants will have their licenses extended for an
additional 20 years and, therefore, the total remaining operating life of these
plants was assumed to be 432 RY.

Frequency Estimate

The initiating transient of concern involves an increase in feedwater flow to
one or more 1 cops. If the increased feedwater flow continues, e.g. , if the
steam generator high-level detection system fails, feedwater control valves
f ail, or the main feedwater pump fails to trip, the steam generator water
level may exceed the aspirator port level. The resultant backflow of feedwater
through the aspirator ports may then result in a SGTR or steam generator shell
failure accident. The accident sequence developed by PNL64 to model the effects
of the proposed solution produced the following results:

(1) The average frequency of increased feedwater flow for B&W plants was
developed in Section L O of NUREG/CR-3862"88 to be 0.13 transient /RY

(2) The probability of failure on demand to reduce main feedwater flow
(product of undetected failure of steam generator high-level trip
and operator failure to terminate the overfeed event) is
(0.047)(0.7) = 0.033

(3) The probability of an SGTR,-given an overfill event, is 0.027

(4) The probability of steam generator shell failure (SGSF), given an
overfill event, is 0.027

(5) The sum of the conditional probabilities of SGTR and SGSF is 0.054

(6) The probability of a failure on demand to mitigate the SGTR or SGSF
(estimated from core-melt frequency from SGTR sequences divided by
the SGYR initiating event frequency) is (2.7 x 10~S)/(8.6 x 10'8) =
3.14 x 10-4

(7) .The resulting base case 3ccident sequence frequency was estimated to
be (0.13/RY)(0.033)(0.054)(3.14 x 10-4) = 7.27 x 10-8/RY

The ef fects of an enhanced testing and inspection program for stear generator
level instrumentation and feedwater controls was assumed to reduce the condi-
tional probablity of failure to reduce main feedwater flow, given a feedwater
overfeed eveat, to 0.011/ demand. Therefoce, the-adjusted case accident
frequency is [(0.011)/(0.033)(7.27 x 10-8)/RY = 2.43 x 10"8/RY. -Thus, the
reduction in core-melt frequency was estimated to be (7.2't x 10~8)/RY -
(2.43 x 10~8)/RY = 4.8 x 10-8/RY.

..

| Consequence Estimate
1~

!

)! Containment failure probabilities and correspcnding dose consequences were then {combined with the accident. frequencies to calculate public risL The base case 1

and adjusted case risk was calculated by PNt 4 to be 0.2 and 0.066 man-rem /RY,
{

6 '

respectively. Based on a total operating life of 432 RY, the potential risk ;

reduction for all affected plants was determined to be 56 man-rem.
1
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Cost Estimate 1

Industry Cost: 1.icensees will have to prepare safety analyses to supportrevising plant-specific 15. The total cost for these safety analyses and TS
preparation was estimated to be $4.1M; operation and mtinte.Rnce costs asso-
ciated with incraased inspection and testing were estimated to be $4.3M. Thus,
the total industry cost associated with the possib~e solution was estimated to ,

be $8.4M.
.

hhc Cost: The total cost for development of a solution, support of implementation,
and review of operation and maintenance was estimated to be $320,000, $91',000,
and $490,000,.respectively. Thus, the total NRC cost.for the_ possible solution
was estimated to be $0.9M. '

Total Cost: The total industry and.HRC cost associated with the possible
solution was estimated to be $9.3M. '

Value/ Impact Assessment

Based on a potential risk reduction of 56 man-rein and a total cost of $9.3M
at

for a possible solution, the value/ impact score was given by:

56 msn-remg
$9.3M

= 6 man-rer/$M

Other Considerations

The central concern in this issue is that operating OTSGs at a high water level
could allow feedwater back through T.he aspirator ports onto steam generator tubes
potentially affecting tube integrity. The effects on steam generator tuce integ-
rity from this particular event; however, are wit;1in the steam generator design-bases. A partial list of these design bases is summarized belcw:

15,600 cycles of' adding 40 F feedwater at 875 gpm when at hot. standby
*

conditions (normal condition)

500 cycles of adding 40*F feedwater at 875 gpm _during loading
*

conditions (normal condition)

500 cycles of adding 100'F-feedwater at 875 gpm during loading
*

*

conditions (normal- condition) '

,

7 cycles of adding 40 F feedwater at 1750 gpm during a steam line*

break (faulted condition) '

,

280' cycles of adding 40 F feedwater at 1750 gpm with-the flow*

initiated 30 seconds af ter a loss of main feedwater (faultedcondition).

Given that main feedwater is normally about 455'F during loading conditions,f) the thermal ef fects of adding 40*F emergency feedwater would be substantially-69/ greater than those of spilling train feedwater through the aspirator ports onto.the tubes. In adriition,- the aspirator ports are located near the middle of the
tube sheet, which is a less stressed position than the . location of the emergency

,
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feedwater nozzle, which is higher in the OTSG. Th.'s further indicates that the
steam generator tubes are likely to withstand introducing 455 F main feeowater
through the aspies. tor ports and onto the tubes.

CONCLUSION

OTSGs are designed to withstand over 15,000 cycles of injection of 40 F
emergency feedwater. The consequer:ces of operating with a water level above
the aspirator ports (wF'.h would introduce 455 F water) are less severe than
that assumed in this at eysis and are within the OTSG design limits. The pos-
sible solution does not produce a significant reduction in public risk and the
value/ impact score is small. Therefore, this issue was DROPPED from further
pursuit.
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DISSUE 123: DEFICIENCIES IN THE REGULATIONS GOVERNING DBA AND FAILURE CRITERION
SUGGEM ED BY THE DAVf5 M SSE INC10LN1 0F JUNE 9, 1985

h OESCRipTION
_

following the Davis-Besse event in June 1985, potential inadcquacies of nuclear
power plant design criteria and safety analyses were raised ir a DST /NkR
memcrandum.taza These concerns were: (1) root causes of DBAs are not analyzed
and may initiate or exacerbate a plant transient involving an init!ating event;-
(2) allowable outm e times (A015) and limiting condiT. ions of operation (LCOs)
may be inadequate .ince they are derived from potentially flawed DBA analyses;
(3) high probability common cause failures _are not adequately ad1ressed_in
licensing requirements; and (4) single human errors that may have a broader
effect than-active failures are not covered.

i (1) Root Causes of DBAs: This concern addressed We possibility that auxiliary
or support system failures may cause a plant tran..ent or initiating event, as
well as-result in failur6 of one or more safety systems-to perform their intendi;
function. This concern was addressed, in part, in the re;,olution of Issues A-17,
' 44, and A-45.-

Issue A-17 specifically addressed: (1) events involving transients and loss of at
least one redundant portion of any one of the systeers required to respond to a
transient; (2 ) initiating events and similar failures of redundant safety sys-
tems; and (3) degradation of safety systems by non-safety systems, as well as
degrc nion of auxiliary support systems such as SSW, CCW, and AC/DC power. The
results of studies 1232 indicated that the causes and effects of systems interac-
tions were plant-specific in nature due to the differences in plant designs. In
addition, it was demonstrated that plant-specific PRAs were effective _ tools for
identifyinn vulnerabilities to systems interactions. Currently, licensees are
required 9erform IPEs that include an evaluation of common cause (dependent)
failures, which, systems interactions are a' subset.1222 The information and
insights t .ed from the Issue A-17 studies have been provided to licensees to
assist in t. e identification and evaluation of system interactions and other
common cause failures. Licen''s are expected to propose plant-specific proce-
oure and/or hardware modific, J as, where appropriate, to reduce their vulner-
abilities to such events. Consequently, vulnerabilities to the root causes of
DCAs are being systematically identified and corrected. as determined by-
licensees, on a plant-specific basis in the IPE process.

Issue A-44 addressed the likelihood and duration of losses of offsite power, the
redundancy and reliability of onsite emergency AC power svarces (e.g., diesel

'

generatorf' and the effects on plant risk of failures of all'AC power sources.
E Support 53.cem failures were important aspects of these analyses, particularly

DC instrumentation cnd control power supplies, instrument air supplies, and
auxiliary cooling systems such as SSW and CCW. Resolution of this concern
involved ir.,> roving the reliability of onsite AC power systems and strengthening
each plant's capability to cope with an extended loss _of AC power.

Issue A-45 addrosed potential improvements in the reliability of shutdown decay
' heat removal systems ;that are required to operate af ter a transient or initiat-

~

ing event-ar i included support system failures and single point _ vulnerabilities.
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it was concluded in NUPLG-1289'" that rewiut ion of issue A-45 could only he !

achieved on a plant specific basis; this is being implemented as part of the IPE
process. Licensees were ditected to identifv decay heat removal vulnerabilities
and to determine if cost-effective solutions to these vulnerabilities could be
achieved,

in addition to this concern being addressed in part by resolution of Issues A-17,
A-44, and A-45, IPfs currently underway by each licensee are expected to search
for vulnerabi'ities stemming from support system failures, it is expected that

,
' these IPEs, when completed, will contain dependency tables (or othcr similar

methods of displaying dependencies) that identify dependencies between initiating
events and mitigating functions or systems, it is also expected that licensecs
will more expeditiously to correct any identified vulnerabilities that warrant
correction in accordance with Generic Letter 88-20.8222

(2) AUTs and LCOs: This concern relates to the fact that A0Ts and LCOs may be
derived from the results of DBA analyses; if the DBA analyses a e inadequate,
then the A0Ts and LCOs may also be inadequate. Since it is not uncommon for a
plant to have several components out of service at thc same time, the potential
exists for operation of a plant in a dangerous configuration in which two or
more components that appear in the same accident sequence are out of service.
The concern incused on outages for diverse components that are not necessarily
in the same safety system, such as simultaneous outage of valves in the high
pressure injection system (HPIS) and the low pressure injection system (LPIS).

_

This concern deals with A0Ts for components and the possibility that a plant
may be operating one active component failure away from core damage. A large
fraction of the potential core damage probability and public risk reduction
associated witn this concern would be associated with removing vulnerabilities
associated with the component outages, A0Ts and LCOs were addrassed in issue 117
where the approach to evaluating the et snge in core damage probability was to
remove the test / maintenance unavailability from basic events in each cut set
that contained multiple test / maintenance outage term >. This analysis assumed a
scenario which precluded the possibility that a plant could be operating at full
power with vital equipment in dif ferent ESF systems down for maintenance, and
effectively removed the vulnerabilities associated with A0Ts and LCOs on compo-
nents in different ESF systems and in redun<iant divisions of each ESF system.
Issue 11'/ war' not pursued separately because its safety concern was addressed
as part of the staff's Technical Specification improvemert Program (TSIP). In
addition, as part of the implementation of the Maintenance Rule,1338 licensees
should make an assessment of the total plant equipment that is out of service
during power operation. This assessment is to ensure that the objective of pre-
venting failures by performing maintenance is appropriately balanced against the
objective of minimizing unavailability.

(3) HLqh probability Common Cause Failures: Issue A-17 addressed, among other
thinijs, the potentWFTor common cause events involving systems / components that
share physical connections or spatici configurations, or could cause operator
errors that may result from operation disinformat' ion or inhibition of an opera-
tor's ability to respond to a malfunction.1233 An example that was addressed
in the Issue A-17 analyses war a high energy lire break and the possibliity that
adverse environmental conditions resulting from sucn an event could induce fail-
ures in one or more safety systems designed to respond to the event. This is
an er. ample of the spatially-coupled system interaction. Other examples include
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seismic events, fires, and floods that could af fect the operability of equipment /
systees located in close proximity to each other, interactions between normal
offsite and emergency onsite AC power systems (e.g., sharing comon breakers or
power distribution buses), and common support systems, cross-connects, af.d other
functional dependencies.

) As discussed previously, the staff concluded that plant-specific analyses were
necessary to accurately identify, evaluate, and resolve (where appropriate)
vulnerabilities to systems i n ractions. The plant-specific IPE programisas
includes an assessment of common cause or dependent failures. Since systems
interactions are a subset of corrmon cause failures, this concern is covered in
the performance of the IPEs.

Issue A-47 also addressed aspects of this concern, including single failures or
multiple failures which could cause a malfunction in one or more control systems.
Such malfunctions may result in an undesirable control system response or pro- ;

lvide misleading information to an operator. The analysesm a in support of the
resolution of Issue A-47 identified potential control system failures that could
cause overpressure, overcooling, overheating, overfilling, or reactivity events.-
All of these events are covered in DBA aralyses. Requirements were established
that, in general, provide or enhance systems to protect against reactor vessel /
steam generator overfill events and to prevent steam generator dryout, enhance
procedures and provisions to verify the operability of these systems,.and modify
selected procedures to respond to small-break LOCAs. This concern is considered
to be resolved.

O (4) Single Human Errors: This concern relates to the possibili+.y that a single-
human error could potentially result in a plant transient-or initiating event
and defeat one or more divisions of a safety system. No events of this type
have been identified in plant operating experience, although the Davis-Besse
incident was one that involved two human. errors and a flawed Steam and Feedwater
Rupture Control System. -Therefore, it appears unlikely that significant
vulnerabilities to single human errors exist in the industry. '

Issucs A-17, A-44, A-45, and A-47 addressed various aspects of this concern as
contributors to system failures, including degradation of operator information
that could lead to operator " blindness," incorrect operator actions, and human
errors. Tht. analysu performed in support of these issues considered, for the
most part, the possibility'that single operator action could defeat one or more
divisions of an ESF system, In cddition, in situations where operator actions
are necessary but the integrity- of the information in the control room may be
questionable .(such as following a station blackout), it was assumed that the
operator would not respond correctly. This effectively eddresses single human
errors that may defeat an ESF that otherwise would be operable.

<

Single human errors may-also initiate a plant-transient. Instances can be found
in tERs'in which single human errors have.resulted in plant shutdowns, such as-
maintenance errors during electrical switchgear work that result in main feed-
water isolation or interruntion of vital AC power sources. Maintenance errors'

i

on;the non-nuclear side of a plant that resulted in turbine generator trips have i
-also occurred. --However, to date, such failures have not resulted in-the occur-
rence of a transient and simultaneous failura of ESF systems that are. designed

( to respond to the transient. This is primarily'because of the' redundancy and
diversity of plant systems, particularly ESF systems, that are designed to mini-%

4

mize the ef fects of. single failures by maintaining separation of dif ferent i
i
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divisions of vital plant equipmert. This conclusion was supported by the
results of a number of recent PRAs, including NSAC-60889 and the PRAs prepared
in support of NUREG-1150,1 81 in which no accident sequences initiated by single
human errors were found to contribute significantly to core damage probability.

CONCLUSION

Since this issue was raised, all the safety concerns nave been or will be ade-
quately addressed in the resolutica of Issues A-17, A-44, A-45, and A-47, the
evaluation of Issue ll? t % IPE program, and the Maintenance Rule. Thus, this
issue was DROPPED as e o -- nd separate issue.
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j ISSUE 128: ELECTRICAL POWER RELIABILITY
'

|

| DESCRIPTION

| Following the NRR reorganization in November 1985, DSR0/EIB was responsible for
.

resolving three issues that were directly related to onsite electrical systems: 1

; Issue 48, "LCO for Class IE Vital Instrument Buses in Operating Reactors";
; Issue 49, " Interlocks and LCOs for Class IE Tie Breakers"; and Issue A-30, '

] " Adequacy of Safety-Related DC Power Supplies." In an effort to provide a more
integrated approach to resolving these three issues, DSR0 formulated a programi

to combine the issues into one generic issue.2001 In addressing this issue, the3

f staff was to consider NRC endorsement of IEEE Standards 603 and 308 with possible
i revisions to the related Regulatory Guides. An; revisions to Regulatory Guides
j. resulting _ from this issue could impact future plants.
-

Issue A-30 was initiated because of concerns regarding the reliability of nuclear
.

:_
! plant DC battery systems and the ability of plants to safely shyt down in the

event of a corwon-mode failure or multiple failures of redundant systems. This*

concern resulted in a study of ' the safety related DC _ power supplies at operating ;
i nuclear powe plants. The results of this study were presented in NUREG-0305 M3
i which recommended that a quantitative reliabill.ty assessment of DC power

systems _be performed to identify and provide a basis for any changes in licensing4

4

) criteria.

!'
!- A reliability assessment was performed and documented in NUREG-0666.2c4 The ~

!. dominant failure modes identified in this study involved: -(1) the inability of_ ~

j batteries to provide sufficient power to Class 1E instrumentation and controls
buses upon loss of AC power to the battery chargers; and (2) operational, test,

'

; or maintenance arrors that could result in the loss of multiple DC divisions.
Monitoring provisions and procedures for preventing these occurrences were1

i- developed by the staf f and presentou in NUREG reports, Information; Notices, Bul-
3 letins, and STS. . Two of these provisions were adopted in industry standards: '

L IEEE-450, "lEEE Recommended Practice for Maintenance, Testing and Replacemeat f'

Large.tead Storage Batteries for Generating Stations and Substations," and 'IEEE-
946 " Recommended Practices for the Design of--Safety-Related DC Auxiliary Power.

! Systems -for Nuclear Power Generating Stations."

. Issue 48 was identified when it was found that some nuclear power plants lacked
i- administrative controls or TS governing operational restrictions for their Class

1E 120V AC Vital Instrument Buses. These restrictions are required to ensure''

compliance with GOC 17, 21,.34,_and 35 of 10 CFR-50,_. Appendix A. During repair
or maintenance activities on bus power sources or inverters,-one or more of_ the;

; normal or alternate . vital instrument bus power sources could be removed from
. - service indefinitely. - This condition' could lead to the loss of_ more than one -

' vital instrument bus in the event of a single failure or-loss of of fsite _ power.
,

Issue 49 was identified as a result of an incident at the Point Deach Nuclear
!- Plant. The licensee reported to the NRC that a: manually operated tie-breakerO betw en redundant safety buses, which had been closed during'a plant outage'in

L
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order to facilitate maintenance without interrupting power to affecttd systems,
remained closed for a period of 5 weeks after the plant returned to operation.
In the event of r loss of normal AC power, the diesel generator output breakers
would have been prevented from closing, as a result of the tie-breakers beingclosed. 4

l

C.ONC LUSION

lhis issue was given a high priority ranking and resolution was pursued based
on the separate evaluations of Issues 48, 49, and A-30.

To address !ssue A-30, Generic Letter No. 91-068 * was issued to request
licensees to respond to 9 questions that were developed to fac1.ftate staff
determination of licensee implementation of existing recommendations. These
recommendations included provisions for monitoring DC systems, test procedures,and operating procedures.

The recommendations were identified from a number of
previous and ongoing actions including industry standards, INP0 recommendations,STS, and existing licensing practices. In the generic letter, the option was
provided f or licensees to supply information as part of the IPE. The actions
described in the letter were not considered to constitute a backfit but only
involved information gathering, in accordance with 10 CFR 50.54(f). Follow-up
NRC actions, if necessary, would be pursued on an individual plant basis,

issues 48 and 49 were addressed in Generic Letter No. 91-11,1400 issued to licensees
to certify that they either have implemented TS or administrative controls con-
forming to the guidelines in the letter, or to justify why such controls may notbe required.

Any modification (e.g. , procedural changes) performed to complete
implementation would be considered a backfit to be performed as a compliancematter. This precluded evaluation of the need for controls as part of the IPE
as an acceptable alternative to responding to Generic Letter No. 91-11.340
However, the option to further evaluate certain aspects (such as the optimum
length of time for allowing outage of equipment) as part of the IPE was stillprovided.

The staff's technical findings were published in NUREG/CR-5414.1402
issue was RESOLVED and requirements were issued.1402 Thus, this
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Revision 1 ,

ISSUE 130: E'SENTIAL SERVICE WATER PUMP FAIL'JRES AT MULTIPLANT Si1ES

DESCRIPTION

Historical, Background

This issue was identified'58 when the staff found the Byron Unit 1 vulnerable to
core-melt sequences in the absence of the availability of Byron Unit 2 which was
not yet operational. Because of the licensing status of the multiplant configu-
ration of Byron Units 1 and 2, and the more immediate need to make a third ser-
vice water pump available to Byron Unit i via a crosstie with one of the two
Byron Unit 2 essential service water (ESW) pumps, the Byron Unit 1 concern was
classified as a plant-specific (not generic) issue. However, this plant-specific
issue raised concerns for multiplant sites that have only two ESW pumps / plant-with crosstle capabilities. The future operation of Byron Unit 2 would place
both Byron units in this limited group of plants with multiplant configurations.

A limited survey 9ss of W plants was conducted to help identify the generic
applicability of multipTant configuration vulnerabilities with only 2 ESW pumps /
plant. -In the multiplant configuratior 4dentified (approximately-16 plants),
all plants can share.ESW pumps via cross.:e between plants. It was stated"8
that B&W and CE plants would be surveyed to identify (* similar multiplant con-
figurations with 2 ESW pumps / plant and crosstle capabilitier exist in the other
NSSS vendors' designs. Based on the staff's limited surv4 , this issue had the
potential to af f ect at least 16 PWR plants. A survey was recommended for single-
unit plants to identify if similar ESW vulnerabilities existed.

Safety Significance.

All ESW systems are front-line (supporting) safety systems. The design of the
ESW support systems are highly plant-specific with plant-specfic equipment,
crosstie capability, and ESW operability and functionability needs for suc-
cessful (accident mitigation) operations. Because of-the variability between
ESW systems of different plant configurations, approximate generic modeling of'

the success criteria for the multiplant configurations with 2 ESW pumps / plant
with crusstie capabilities was used to scope the safety significance of this
issue. The assumed success criteria and systemic events leading to core-melt
are discussed below.

The core-melt and radiological risk (consequences) determined by this evalua-
tion pertain only to the generic model multiplant configure. tion with 2 ESW
pumps / plant. How% er, as discussed herein, other plant configurations may also
contain similar ESW system vulnerabilities.

Should the front-line ESW systems fail to provide adequate cooling capability
to shut down a plant when subject to a loss of ESW, a core-melt accident could
result in significant risk to the public.

O
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Possible Solutions,

The possible solutions to reduce the public risk from a loss of the ESW system
(1) provide a third ESW pump / plant; (2) provide an additional swing pump- were:

I that is shared between units: and (3) modify TS governing the 1.00 for the ESW |

,

| pumps. '

PRIORITY DETERMINATION
,

'

The service water cooling syst'em is used to remove heat from essential and non-.

essential equipment. Under accident conditions, the non-essential heat loads are
isolated and the ESW system provides cooling only to essential equipment for
plant cooldown and post-accident operations. At multiplant sites, the ESW sys- |
tems for each plant are crosstied with double isolation valves that are normally
r:l osed.

.

ESW Success Criteria: The success criteria for the ESW systems in providing
adequate cooRng capability during normal, accident, and post accident condi-
tions are plant / design specific. The ESW vulnerabilities will depend on the.

plant configurations, numbers and the capacities of the ESW pumps, and equipment
ESW cooling dependencies. Because the success criteria may be as varied as the
ESW systems, this generic evaluation assumed the following success criteria as a
representative model for purposes of quantifying the systemic events reading,

to possible core-melt accidents. The generic criteria may apply only to multi-
plant sites having 2 ESW pumps / plant with crosstie capabilities.

During normal operations, one ESW pump / plant provides adequate cooling to systems
such as CCW, RCP moter coolers, and ali-conditioning and ventilation systens.
The second ESW pump / plant is assumed to be normally in a standby mode. Because
of load shedding (isolation of non-essential equipment), one ESW pump / plant was
assumed to be capable of handling the accident and cooldown heat loads. Typica'
equipment cooled by the ESW under these conditions are the CCW heat exchangers,t

) containment spray heat exchangers, diesel generators, and auxiliary building
ventilation roolers. With one plant in normal operation and the second plant

'

; already in the shutdown or refueling modes of operation, the criteria assume
; one ESW pump can provide adequate cooling to shutdown the operating plant

through the crosstie connections, should the need arise.

Initiating Transient Event: The initiating events leading to core-melt assume
the following: One plant "A" ESW pump (P ) fails and the second ESW pump (P )3 2is out of service during a TS allowed outage time (A0T) of 72 hours. -The failure
frequency of P was estimated at approximately 10 1/RY * The unavailability3

of P (normally in standby) from the A0T was approximately 10 2/RY. Therefore.2

| the initiating event that originates from plant A (T ), due to the loss of
' 3

service water in plant A, had a frequency of 10.afgy,

Plant B may be in operation or in the shutdown or refueling mode of operation.,

i If a 0.7 capacity factor was assumed for both plants, the probability that both
I. plants would be operating at the same time was 0.5 (product of capacity factors).
| Conversely, the probability that or,a plant is operating and the other plant is
i

shutdown was also 0.5. Absent any TS requirements on the Plant B ESW pumps during
shutdown or refueling modes, the status of Plant B ESW pumps (P ,P ) was uncer-3 4
tain. Therefore, as shown below, the unavailability (W ) to meet the success

4
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criteria (N) is the product of the status mode probability and the conditional\ failure probability, given the status mode of the ESW pumps,

. - - a

l U N ESW PUMPS Wa
9

(Initiating (Plant B (Number of (Status (Unavail - (Unavail-Events Status) Plant B Mode) ability) abilityFrequency) Pumps of N)kequired)

10 3 Operating 2 Pa=R

P =A0T (10 2)(1,0) y,=19 24

U =0.5 2 P =Rbo 3

P =SB (0.98)(7x10.a) y,=(7xio 3)4

10 3 Shutdown 1 P =M (0.25)(1.0)- Wa=(0.25)3

P =M4

U :-0. 5 1_ P =Mbr 3

P =SB (0.25)(7x10 3) W =(2x10 3)4

P =R -3 -

P =SB4

Pa=R - -

P =M4

A0T - Allowed Outage Time
M - Maintenance
R - Running
SB - Standby

loss Of Service Water Transient Event Sequences: This section describes the
loss of service water events for a two-unit multiplant configuration with
2 ESW pumps / plant, given the loss of service water initiating transient (T,) inPlant A~ discussed earlier.

The control room operator is expected to trip the Plant A reactor and initiate
local recovery actions to open the ESW crossties between Plant A and Plant B.
Af ter the Plant A reactor trip, the. auxiliary feedwater system (L) would be
demanded. If Plant B ESW pumps are available-and the ESW is recovered by valve
realignments (X,-crosstie),-it was assumed that the reactor (Plant-A) can be
cooled by steam generators using "L". If "L" is not successful (failure on
demand), the operator would initiate HPI and coni the reactor by feed-and-bleed. Recovery of service water via "X".would also restore cooling to the CCW
heat exchangers that cool the HPl pumps and other essential equipment

i
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If the Plant B ESW pumps are available and ESW recovery by "X" is not made, the
Plant A RCP seals may fail (S) due to loss of seal injection (charging pumps)
cooling and RCP thermal barrier cooling (CCW). The RCP seal failure results
in a LOCA. The ECCS pumps were assumed to fail because of lack of CCW heat
exchanger cooling by the service water, resulting in a core-melt event.

If "L" fails on demand, the operator would initiate the HP1 pumps and attempt to
cool the reactor by feed-and-bleed. However, the HPI pumps, as described earlier,
indirectly require ESW cooling and are assumed to fail. If L i successful, the
pressure relief valves (if required) cculd either fail to open (P) and relieve
the reactor pressure (overpressure failure of reactor), or fail to close (Q),
given that they opened (LOCA). Given a LOCA, the HPI pumps were assumed to
fail because the service water cooling to the CCW heat exchangers, which cool
the HPI pumps, was not available.

If Plant 8 ESW pumps are not available (W ) due to extended maintenance outage
4

(M) or failure to start and run from a standby condition (SB), it was assumed
that recovery of the ESW pumps cannot be obtained in sufficient time to preclude
corn-melt. In these cases, a successful crosstie (X) is not effective in reduc-
ing core melt.

The cut sets (systemic event sequences) for the above loss of service water
transient in Phnt A (T ) were:a

(1) Plant B Operating (Ubo)

X(L+P+Q) 3 x 10 4 1.5 x 10 7TU XS - (5 x 10 4) 3 x 10 4 1.5 x 10 7=ab
(W +W ) 2 x 10 2 1.0 x 10 53 2

(2) Plant 3 in Shutdown or Refueling (Ubr)

X(L+P+Q) 3 x 10 4 1.5 x 10 7
T*U XS = (5 x 10 4) 3 x 10 4 1.5 x 10 7=

(Wa+W ) 2.5 x 10 1 1.3 x 10 44

The base case frequencies and probabilities for the cut sets shown above were:

( T, = 10 3/RY W3 = 2.5 x 10-1
U = 5 x 10 1 W = E x 10-abo 4

U = 5 x 10 2 X = 3 x 10-2br
W = 10 2 S 10 2=

3

W = 7 x 10 32

L = 10 2 to 10 5, depending on plant specific dectgn and ESW cooling needs
P = (10 3/ demand)(10 1 demand /L) = 10-4
Q = (10 2/ demand)(10 1 demand /L) = 10-3

,

12/31/91 3.130-4 NUREG-0933
:

l

l

( . -- . - -
-- -



,

Revision 1

Frequency Estimate

Based on the success criteria and examination of the above base case core-melt
frequency estimates, a dominant core-melt frequency of approximately 10 4/RY for
the multiplant units with 2 ESW pumps / plant can occur with one plant operating
and the other plant shut down (refueling).

Based on engineering judgment, at least one of the ESW pumps in the shutdown
plant should be kept running. In addition, the RHR and diesel generator TS oper-
ability requirements for Modes 5 and 6 indicated (indirectly) that the ESW pumps
should be operable in Modes 5 and 6. However, by possible valving alignments
(plant specific), the RHR system and diesel generators could be cooled by the
adjoining operating plant's ESW pumps. Therefore, lacking specific _ operability
requirements on the ESW pumps when the plant is in Modes 5 or 6, the operability
of the shutdown plant's ESW pumps was not assured. If only one of the two ESW
pumps is out for maintenance and the other pump is in standby, the core-melt
frequency for the operating plant was approximately 10 6/RY from T . If at

a
least one ESW pump is running (simultaneous multiple failures of running pumps
in both plants was considered unlikely) in the shutdown plant, the core-melt
frequencyoftheoperatingplantfromTywasnegligible.
Based on the above, TS requirements on ESW pumps-while plants are in Modes 5 and
6-may provide a reduction in core-melt frequency of approxiniately 10 4/RY for
the operational plant at a two unit multiplant site. When both plants are oper-
ating, the dominant core-melt frequency from an ESW transient (1) was estimated
at 10 6/RY. Improvements in valve realignments (crosstie)-procedures were not
believed to contribute significantly to core-melt frequency, but the resolution
of this issue should reexamine the need for TS or procedures for these crosstie
operations. It also appeared that changes to the ESW TS in Modes 1, 2, 3, and
4 would not provide significant reductions in core-inelt frequency.

An additional ESW swing pump between plants or a third ESW pump / plant was esti-
mated to provide at least an order of magnitude reduction in core-melt frequency.
Therefore, the reduction in corp melt frequency from the addition of an ESW pump
was estimated at approximately 10 5/RY.

Consequence Estimate

As shown above, the two-unit multiplant configurations with only 2 ESW pumps / unit
may have a core-melt frequency reduction potential (CM) on the order of 10 5/RY
when both units are running, or 10 4/RY when one unit is running and the other

-

is shut down. Because the indicated remedies for each dominant core-melt fre-'

quency were significantly dif ferent in scope and costs to implement, the_ risks
were calculated senarately. In each case, however, the estimated core melt.
frequency was prealcated on the potential unavailability of. the ESW pumps in the
adjoining unit of_the multiplant_ configuration._The crosstie configurations and-

= capability of the plant operators to realign the valves in the crosstie cor-
figurations were not estimated to be as significant an impediment to success in
reducing core-melt f requency.

It was also estimated that recovery of the ESW pumps cut of service cannot be
_

assured in time to preclude a' core-melt. Equipment such as the screen wash pumps'd (non-safety grade) might provide alternate means.of service water cooling.
|

4
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'

However, alternate equipment and its use in these situations will be highly
i plant-specific.

With the ESW system unavailable for direct or indirect cooling of all emergency
core cooling systems and containrrent cooling systems, the containment was esti- '

mated to be as likely to fail by overpressurization (WASH-1400,16 Category 2) as
by basemat melt-through (WASH-1400,16 Category 6), the timing of the release
being dependent on prcgress and timing of the core-melt. Potential containment
failures similar to the WASH-1400,26 Categorf 4 (failure to isolate containment)
were estimated to be of lower probability and, therefore, of lesser significance.

Given the above, the risk (consequences) was calculated as a product of the
core-melt f requency, the release (dose) per category type release, the proba-
bility of the category type release, and the number of remaining reactor years
of plant life. The conditional public dose per category type release was based
on the fission product inventory of a 1120 MWe PWR, meteorology typical of the
Byron site, and a surrounding uniform population density of 110 persons per
square mile over a 50-mile radius from the plant site, with an exclusion
radius of one-half mile from the plant.

Public Risk Parameters

Plant A Core- Release Prob. of 00se per Remain- Public
Operating Melt Category Release Release ing Risk

Freq. (WASH- Category Category Plant (man rem /
(CM/RY) 1400)16 (man-rem) Life reactor)

Plant 8 1.3x10 1 2 0.5 4.8x106 30 9,360

Shutdown 1.3x10 4 0 0.5 1.5x105 30 300

TOTAL: 9,700
|

l Plant B 10 5 2 0.5 4.8x106 30 720
|

Operating 10 5 6 0.5 1.5x105 30 35

| TOTAL: 755

| The estimated risk reduction that may result from installing a third ESW
i pump / plant, or an ESW twing pump per 2-unit multiplant configuration, was 755
i

man-rem / plant when both plants are in operation.

When one plant is in operation and the other plant is shut down (refueling),
i the estimated risk reduction from improved TS LCOs in Modes 5 and 6 was 9,700
' man-rem / plant for the operating plant.

Cost Estimate

Three cost estimates were provided for this issue. The first considered the
costs associated with the addition of a third pump per plant in a multiplant
configuration. The estiinated cost of the third pump / plant was also considered
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;

) applicable to the cost of a wing pump between the 2 plants. In this second
option the cost of the swing pump can be shared between the 2 plants. This,

j significantly lowers the per plant costs in a multiplant configuration. The
j third option involved modified TS on the LCOs for the ESW pumps. This analysis

addressed TS LCOs on the FSW pumps in Modes 5 and 6. However, the TS for all
;

i modes of operation should be reviewed for adequacy and updated according'y. It
j was also expected that Options 1 and 2 stated above might require additional TS.

Industry Cost: Based on estimates provided,880 the cost of an additional service
-

j water pump /pTant was approximately $1bH, assuming an additional pump-house is
; not needed and that the work can be performed during a 60-day scheduled outage

(no replacement power cost). The $15M/ESW pump included the following: direct3

:ost (pump, pipirg, valve, and labor) estimated at $6M; indirect cost (engineer-i

ing, temporary construction, and construction management) estimated to be
! approximately equal to the direct cost ($6M); and an additional cost ($3M)

equivalent to 25% of direct and indirect costs to cover contingencies and,

; operations and maintenance.
i

j The industry cost to prepeN the TS was estimated to be $16,000/ plant 981 and
i included 8 man-weeks of licensee technical, legal, management, and committee
]

input.
!

j The total estimated industry cost / plant for each of the three options were:
.

} (1) Additional ESW Pump Plus TS = $15M
{ (2) Additional Swing Pump = $7.5M
; (3) TS Modifications = $0.016M
,

I For Options 1 and 2, the TS costs were negligible when compared to the associatedi pump costs.
,

2 NRC Cost: The NRC cost included the cost to review and develop a solution (s)
! for the issue and the cost of reviewing plant speci'ic TS. The review and
| development of the solution (s) were estimated to require one staff year of NRC-
i time and approximately one man year of contractor assistance. At a cost of

$100,000/ man year, this amounted to $200,000 for all plants or $12,500/ plant
1-

when distributed over at least 16 plants.

| The NRC cost per plant was based on cost estimates given in NUREG/CR-4627882 and
included 6 staff-weeks of technical effort and three weeks for management andi

legal reviews and concurrences. Based on a rate of $50.00/ staff-hour, the NRC<

j costs were estimated at $18,000/ plant per TS change. Considering that two--

Federal Register notices might be requited ($800), the total NRC cost was esti- *

j mated to be approximately $19,000/ plant. The total NRC. cost, including the gen-
1 eric review costs distributed over the affected plants and the plant-specific TS

casts, amounted to a-total NRC cost of $32,000/ plant. The above NRC costs were
applicable to-each of the three options discussed in this analysis.

4

'

Total Costi The estimated total industry and NRC' cost / plant for the above three
conditions ano options were approximately $15M, $7.5M, and $0.05M, respectively.

.

1

d'
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Value/Impict Assessment

Three value/ impact assessments were calculated for this issue.

(1) Additional ESW Pump / Plant: 5 = 755 man-rem / reactor
il5M/ reactor

50 man rem /$M=

(2) Additinnal Swing Pump: 5r 755 man-rem / reactor
$7.5M7 reactor

100 man-rem /$M=

(3) Modified IS/Hodes 5, 6: S = 9,700 man-rem / reactor
50.05fi/ reactor ~ ~ ~

2 x 105 man-rem /$M=

Other Considerations

This issue was evaluated based on approximate generic success criteria for
2-Unit configurations with 2 ESW pumps / unit and crosstie capabilities between
the units. In actual plant configurations, the success criteria and shared use
of ESW and other equipment are highly plant-specific. Because of various ESW
pump capacities, some plants with more than 2 F''' pumps / plant might also have
vulnerable ESW systems. Single unit designs shuold be reviewed for potential
ESW vulnerabilities.

Because of the large variatiens in ESW designs and success criteria, there are
; large uncertainties in a 'imited generic analysis such as this one. Further, a

moie careful analysis that, includes additional sequences (valve faults, etc.)'

| may show greater (or lesser) ESW plant-specific vulnerabilities and public risk.

| The possible solutions may also vary from plant to plant. However, this issue
' identified the need to evaluate possible ESW vulnerabilities in all modes of

plant operations for single and multiplant configuations,

The need for requirements on crosstie operations and ESW TS in Modes 5 and 6 was
identified in this evaluation as potentially significant in reducing public risk
and was determined to be potentially cost-effective. In this regard, it was
recommended that resolution of this issue be coordinated with the Technical
Specifications Branch, DOEA/NRR.

CONCLUSION

Based on the evaluation and other considerations described above, this issue was
given a high priority ranking. In resolving the issue, the staff addressed the
loss nf essential service water at 7 multiplant sites. The affected units have
similar ESW system designs with two trains per unit: one pump per train with a
crosstie between units. The issue was resolved with TS and emergency procedures
im v.vements issued in Generic Letter No. 91-13.13sa The staff's technical
fi .ngs and regulctory analysis were published in.NUREG/CR-55261408 and
NUkEG-1421,1409 respectively. Thus, this issue was RESOLVED and requirements
were issued.1410
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ISSUE 133i UPDATE POLICY STATEMENT ON NUCLEAR PLANT STAFF WORKING HOURS

DESCRIPTION

Historical Background
,

In IE Circular No. 80-02.975 the concern of overtime work for licensee staff
who perform safety-related functions was discussed and limits on maximum working
hours were recommended. in July 1980, a letter *78 was issued to OLs and cps
with interim criteria for shift staffing, including restrictions on overtime.
These criteria were superseded by the NRC requirements issued in NUREG-0737,88
Item I.A.1.3.

In February 1982, NRC issued a policy statements 77 on " Nuclear-Power Plant Staf f
Working Hours."

Basedonpubilecomments,thispolicgtransmittedthislatterstatement was revised
and reissued 978 in June 1982. Generic Letter 82-12M
version of the policy-statement to OLs-and cps along with instructions-to revise-
TS administrative procedures to conform to the policy statement. Guidance on
incorporating limits on overtime into the TS was later issued-in Generic Letters
82-16980 and 83-02881 to PWRs and BWRs, respectively. In March 1983, Generic

9Letter 83-14 82 was issued to clarify the definition of " Key Maintenance Per-
sonnel" stated in Generic Letter 82-12. In September 1985, the staff was
directedS83 to update the policy statement on " Nuclear Power Plant Staff Working
Hours." Since the NRC policy was stated in several documents, revision of
NRC's policy guidance on limits on overtime.and shift scheduling was needed to
consolidate the guidance into a single document.

The existing policy statement and implementing documents were considered adequate
from a safety perspective in that the amount of overtime worked by nuclear power
plant personnel was not identified as an actual. contributor to reportable events,
nor did it degrade the safety of plant operations. However, one specific area
of guidance relating to the use of 12-hour shifts was absent from the policy
statement. The staff reviewed and approved on a case-by case basis licensee
programs for routine 12-hour shifts (e.g., Oconee and Callaway).

The proposed policy statement was intended to achieve the following: -(1) update
and clarify HRC's policy on shift scheduling for both routine 8-hour and 12-hour
shifts;-(2) establish control of overtime hours worked by nuclear power plant
personnel who perform safety-related functions; and (3) clarify what action NRC
will take in instances where it is determined that fatigue from excessive working
hours has degraded personnel performance and'thereby contributed to unsafe nuclear
power plant operation.

The proposed policy statement was unchanged from existing practice, with respect
to administrative procedures, to prevent personnel who perform safety-related
functions from working in a fatigued ' condition during normal operations no more
than' 16 hours in a 24-hour period, 24 hours in a 48-hour period, or'72 hours in
any 7-day period. Overtime on an individual basis was to be controlled with[ management approval of deviations from recommended limits on working hours.

12/31/91; '3.133-1- NUREG-0933
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Ih6 staff believed that a revised policy statement on shift and scheduling and
hours of work would eliminate licensee confusion resulting from multiple policy
and requirement documents and would clearly identify licensee management's
responsibility to assure that nuclear power plant staf f f atigue resulting f rom
excessive working hours did not adversely affect public health or safety. Addi-
tionally, the revised policy statement would benefit th* NRC staff in conducting
reviews of licensee programs and in monitoring license 4 .mplementation.

CONCLUSION

This issue was classified as a Licensing Issue that was resolved * with the1

issuance of NRC Information Notice No. 91-36.1350
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ISSUE 135;_ STEAM GENERATOR AND STEAM LINE OVERFILL

DESCRlrfl0N

Steam generator overfill and its consequences have received stof f and industry
attention because of the frequency and severity of overfill events. Over the
years, a number of issues have been raised concerning steam generator overfill
including issue 66, " Steam Generator Requirements," and Issue 67, " Steam Genera-
tor Staff Actions." In order to provide an integrated work plan for the resolu-
tion of these issues, Issue 135 was initiated 1076 and assigned a medium priority
ranking based on the separate evaluation of Issue 67.7.0, " Improved Eddy Current
Tests."

Resolution G* Issue 135 was expected to provide a better understanding of steam
generator and secondary steam integrity, including the ef fects of water ha'nmer
on secondary system compcnents and piping as well as the-resultant radiological
consequences. The work scope for resolving this issue was divided into four
tasks which called for the_following-staff actions:

1: (a survey the code requirements and industry practice for eddy current
lask_Tng proc)edures; (b) assess the capability of current methods to detect steamtest
generator _ tube _ degradation; (c) review existing ASME Section 11 requirements on
eddy current testing procedures and determine its adequacy-for use as a standard
for inspection of steam generator tubes; and-(d) develop written. recommendations
for regulatory guidance and/or requirements, including possible endorsement of
ASME Section 11 requirements on eddy current testing procedures for development
of a draft regulatory guide.

Task. 2: Review the results and conclusions of studies on SGTR and propose spe-
Bfic modifications to SRPM Section 15.6.3 including tube. integrity, operator'

action time, and offsite dose: limits. Develop a_ regulatory analysis supporting .
the SRP changes includin0 a risk analysis and a cost benefit of _ the proposed SRP
changes.

Task 3: Reassess the following concerns in issue 6'7 for potential inclusion in
an ir,tegrated resolution: reassessment of radiological consequences, reevaluation
of design basis SGTR, supplemental tube inspections, integrity of steam generator
tube sleeves, denting criteria,-inproved accident monitoring,> reactor vessel
inventory measurement, RCP trip, control room design review. E0Ps, organizational
responses, and RCS pressure control.

Task 4,:- Review the ef fects of water hammer, overfill,.and water carryover on
the secondary system and connecting syr,tems and develop _ proposals for mitigatirg
the consequences. Consider _the effects of_ sagging due to_ water _ weight', oper-
ability of Wives, 'aad other components when subjected to two phase flow of
liquid.

-The coordination of results of the_different tasks was to' provide a basis for
the staff to develop a position on offsite dose, operator action time, and tube

O integrity, Vater hammer mitigation studies were to be carried out-to give the

12/31/91 3.135-1- NUREG-0933
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9,staf f a better understanding f or developing positions on water hammer in main
steam lines and operability of valves and other components.

CONCLUSION

This issue was given a medium priority ranking and p:rsued by the staff. It

was found that SGTR and steam line overfill events pose a relatively low pub-
lic risk, as previously indicated in NUREG-0844''81; comparable risk results for
SGlR events were also published in NUREG-1150.1081 The staff technical findings
were published in NUREG/CR-4893.1411 Thus, this issue was RESOLVED and no new
requirements were established.1337
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ISSUE 130: DEINERTING OF BWR MARK I AND MARK 11 CONTAINMENTS DURING POWER

OFERATION5 UPON OT5tDVERY OF RC5 1.EAKAGE OR A TRAIN OF A SAFEIY~

SYSILM INUPERABLE

DESCRIPTION

H_istorical Backgrotnd

The issue ef deinerting upon discovery of RCS leakage was identified" H by
DL/NRR, based on data collected by 01E. The related but separate concern of
deinerting with one train of a safety system inoperable was also raised.<

BWR MARK I and 11 containments are inerted with nitrogen during normal
operations to protect against the build-up of a potentially explosive H -022

ismixture, in the event of a LOCA or core damage even*,. Following a LOCA, H2
evolved within the containment-from zircaloy-water reactions and H2 and 02 are
also produced by radiolysis of the coolant. Core damage or melting would add
an additional large quantity of H2 as a r?sult of metal / water reaction with-fuel
cladding and core structural materials. Plant atmosphere systems are designed
to maintain containment 02 concentration to less than 5% by volume, or the H2
concentration to less than 4% by volume, to ensure that a combustible gas
mixture does not form.

RCS leakage outside of-TS limits requires licensees to identify, isolate, and

O. repair the leak to avoid or mitigate the-consequences of a LOCA. The:e steps
require plant personnel entry into the containment. In accordance with plant
TS, operators typically reduce power, deinert the containment, and allow per-
sonnel entry to idantify potential RCS leaks. - However, deinerting under leak '

conditions leaves the containment vulnerable to H -02 concentration build-up, if2
the leak progresses to a-LOCA or core damage event. This was the primary con-
cern in this issue. A secondary concern was that TS also allow licensees to
operate with a deinerted containment for up to 24 hours with one_ train _of a
safety system inoperable.

The DIE data consisted of 13 RCS leak event reports in which the containment was
deinerted to allow corrective action by plant personnel. These events occurred
between 1981 and 1986. Existing NRC guidance for this issue included GDC 41
(Containment Atmos 3here Cleanup), from 10 CFR 50 Appendix A, and Section 3.6.6.4
of the GE STS for 3WR.'5 designs.

Safety Significance

With either of the above concerns, the possibility of early gross containment
failurewithenergeticsourcetermreleasecouldbesignificantly-increased}Itheteby increasing public risk. The issue affected 33 BWRs with MARK I or_
containments.

Possible Solution-

A possible solution to this issue was to revise plant TS to require a

O reactor to be brought to cold shutdun,' prior'to deinerting the containment,

12/31/91- 3.138-1 NUREG-0933
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when either unidentified leakage in the containment building or inoperabilit,
a safety system is noted.

PRIORITY DETERMINATION

Frequency / Consequence Estimate

The baseline risk assessment used for this issue was the Millstone 1 PRA which
was based on the assumption that the containment would always be inerted unless
the reactor is in a cold shutdown condition; the PRA provided an assessment of
risk; associated with accident sequences at full power. In addition, the Mill-
stone 1 PRA took into account TS allowing operations with one train of the safety
system inoperable. The following two cases were assessed for this issue.

Case 1 A deinerted containment during a shutdown for an unidentified
RCS leak.

Case 2 A deinerted containment with one train of a safety system
inoperable.

For this issue, potential public risk reduction results f rom the change in
containment failure mode afforded by not permitting deinerting during power
operations under off-normal conditions. The assumed resolution of the issue
will not result in a reduction of core-melt frequency.

To analyze the issue, an average consequence factor (C) was determined using
the following equation:

R = (fg)(C) = 1(fcmn)(C )n

where R = Risk (man-rem /RY)

f = Core-melt frequency (event /RY)
cm

C = Average Consequence Factor (man-rem / event)

f = Total core-melt frequency for the nth release category (event /RY)cmn

C = Consequence Factor for the nth release category (man-rem / event)n

The following values were used from the Millstone 1 PRA and NUREG/CR-2800: 64

f = 3.09 x 10'4/RY f = 1 x 10-6/RY Ci = 5.4 x 10 man-rem6
cm cm3

'f = 8 x 10~6/RY C2 = 7.1 x 106 man-rem
cm2

f = 1 x 10-4/RY C3 = 5.1 x 30 man-run6

cm3

f = 2 x 10~4/RY C4 = 6.1 x 105 man-rem
cm4

Therefore, the value of C was 2.25 x 106 man-rem / event.

From the Millstone 1 PRA, the only dominant LOCA sequence is found to be the
small-break LOCA (SB(g)). The frequency of SB(B)(IbO(B)) is 3 x 10-6 event /RY.

12/31/91 3.138-2 NUREG-0933

. .. _ .- .



_ __

.
.. . .

In analyzing the first concern, i.e., deinerting the containment with an unknown
leakage into the containment building, two different schools of_ thought concern-
ing the effect of detected leakage upon LOCA expected frequency were addressed.
Employing the leak-before-break theory, detection of leakage within the contain-
ment building would not be associated with an increase in [0CA frequency. Con-
versely, it could be assumed that leakage from a through wall pipe crack would
increase the probability that the pipe would break causing a LOCA. As a result,
the unknown leakage concern was analyzed from both perspectives as Case 1.

It was assumed that, whenever the containment building is deinerted, any core-
melt event will result in containment failure due to H2 burn with a probability
of 1. TS permit licensees to deinert the containment building of BWR MARK I
and 11 designs, 24 hours prior to a scheduled shutdown. LERs gathered over the
5 year peried revealed 9 events in which the plants were deinerted before reach-
ing a hot C.utdown condition and one event in which the plant was deinerted
before shutdown with one train of ECC5 ino
were found to be valve stem, body packing,perable.Of the 9 leakage events, 8

or seal failures and one was deter-
mined to be a through-wall crack in a RCS line. Assuming that the containment
was deinerted for 24 hours during plant operation for each of these events and
that during the five-
duction factor (i.e. , year period 29 plants operated with an assumed power pro-historical fraction of the calendar year that plants operate
at or near full power) of 0.7, the following fractions of plant operating history
were calculated. Each _ represents the fraction of the operating history that a
plant experiences a deinerted condition, as a result of tha particular set of
circumstances:

V - deinerted due to unknown leakage (9 events) = 2.4 x 10-4a

V - deinerted due to unknown leakage actually dueb
to through-wall pipe leak (1 event) = 2.7 x 10'S

V - deinerted due to unavailability of une trainc of a safety system (1 event) = 2.7 x 10-5

Assuming that, if the containment is deinerted and a core: damage event occurs,
the conditional probability of containment failure (Fcnn) due to H2 explosion
is 1, the conditional probability of containment failure becomes the probabi-
lity that the containment is deinerted (V ). The consequence of containment

n

failure due to H2 explosion in the Millstone 1 PRA is best represented by the
consequence factor (C ) for a Category 2 release i.e., early large containment-2

failure. Therefore, the risk during periods while the plant is deinerted in
preparation for a shutdown with an unknown leakage, assuming that detection of
leakage does not increase the probability of a pipe break (LOCA), was calculated
as follows:

r = (fcm)(Y )(Fcon)(C )a 2

= (3.1 x 10-4)(2.4 x 10-4)(1)(7.1 x 108) man-rem /RY
= 0.528 man rem /RY

This was the base case risk. If plants are not permitted to deinert during
periods of unknown leakage in the containment building, the adjusted case riskj would be:

12/31/91 3.138-3 NUREG-0933,
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r' = (fcm)(Y )(U)a

= (3.1 x 10-4)(2.4 x 10~4)(2.25 x 10 ) man-rem /RY6
"

= 0.167 man-rem /RY

The change in risk (ar) is (r r') or 0.361 man rem /RY. When applied to the
33 af fected plants with an average remaining life of 18.6 yrs, the total risk
reduction attainable by not permitting plants to deinert when an unidentified
source of leakage in the containment building exists was estimated to be
222. man rem.

j
If it is assumed that the probability of a LOCA (in this case 50(B)) is increased
by two orders of magnitude if a through-wall leak exists, the potential risk
reduction afforded by not permitting )lants to deinert when an unidentified

'

!source of leakage in~ the containment auilding exists is calculated as follows:

r = (fcm)(Y - V )(fcon)(C ) + (fca )(V )(Fcon)(C )
'

2 b 2a b

where fSB(g)' = fSB(B) x 100 = 3.1 x 10-4/RY
and f ,' = f - fSB(B) + f5B(B)' = 6.08 x 10-4/RY; e em

Thus, the base case risk (r) is 0.585 man-rem /RY.
'

If deinerting is not allowed when there is an unknown leakage in the containment
building, the adjusted case risk is calculated as follows:

'

r' =(fcm)(Ya ' Y )(U) * (Icm )(Y )(C) = 0.186 man rem /RY
'

b b

Thus, the change in risk due to resolution of this aspect of the issue is
(0.585 - 0.186) man-rem /RY = 0. 399 man-rem /RY.

When applied to the 33 affected plants with an average remaining life of 18.6
years, the potential risk reduction due to resolution, if it is assumed that
through-wall leakage increases the probability of LOCA by two orders of
magnitude, is 245 man rem.

The second case, i.e. containment deinerting prior to shutdown with a train of
a safety system inoperable, was analyzed as follows,

The LER data from the 5 year study period revealed only one instance ofi

deinerting prior to shutdown with a train of a safety system (LPS in this case)inoperable. This results in a fraction of operating history for this conditionV = 2.7 x 10~5 as shown earlier. It was conservatively assumed that unavailc

abi'lity of onn train of any safety system will increase the core-melt frequency
by one order of magnitude, i.e., fcmZ = 3.1 x 10~3/RY.

The base case risk (r ) was calculated by the following relationship:y_

| r * IIcm )(Y )(Fcon)(C )z c 3

= (3.1 x 10-a)(2. 7 x 10-5)(1)(7.1 x 108) man-rem /RY
= 0.594 man rem /RY,

12/31/91- 3.138-4 NUREG-0933
,

.s. + , _ . .



. _ _ _ _ _ _ _ _ _ _

e

,

if resolution of the issue does not permit deinerting with one train of a safety
system inoperable, the ndjusted case risk (r/) is calculated from the fol:owingrelationship: '

r ' = (f ,2)(V )(U7 e c

= (3.1 x 10-3)(2.7 x 10-5)(2.25 x 106) man rem /RY
= 0.188 man-rem /RY

Thus, the change in plant risk for this case due to resolution of the issue is
(r rz ) = (0.594 - 0.188) man-rem /RY = 0.406 man rem /RY. When applied to they

affected population of 33 plants over the average remaining life of 18.6 years,
the potential risk reduction attainable by not permitting deinerting with-one
train of any safety system inoperable is 249 man-rem.

Cost Estimate

Industry Cost: Industry costs included preparation and implementation of TS
changes for The affected plants and replacement power costs that would be incur-
red because TS eliminating deinerting prior to shutdown under off-normal condi-
tions will lengthen plant outages by up to 24 hours per shutdown. At $18,000/
plant, the total industry cost for simple TS changcs was estimated to be
$594,000.861

Assuming that each time a plant must shut down for an unidentified leak in the
containment building and/or a safety system train inoperable not allowing the '

24-hour deinerting period will add one day to the plant outage, the average
replacement power cost was estimated to be $300,000/ day for each instance.
Ratioing the 9 containment leakage events and the 1 loss of a safety system
train event from the 5 year survey of LERs, it was determined that for the 33i

affected plants over their remaining life of 18.6 years, 38 leakage events and
4 safety system train events would be expected. This equates to an industry
replacement power cost- of $12.6M ($11.C1 for leakage events and $1.2M for loss ,

of a safety system train events).

Thus, the total estimated industry costs were $12M and $1.8M for the leakage
and safety syster inoperability aspects of the issue, respectively.

NRC Cost: Resolution of either or both parts of this issue will. require the
issuance of a backfit order and the development,-review, and approval of a
revised TS for each of the affected plants. Develtgment and approval of the

i resolution of the issue was estimated to require a staff effort of $100,000 and
a technical assistance contractual effort of.$250,000, for a total of $350,000.
Imposition and implementation of the resolution of the issue, i.e., review and
approval of a simple TS changd, were estimated to be $11,000/ plant, and $363,000e
for the 33 affected plants.S - Thus, the total NRC cost was estimated to be
$713,000.

Total Cost: For Case 1, the total industry and NRC cost associated with the
1possible solution is $(12 + 0.713)M for leakage events and loss of a safety isystem train events. For Case 2, the total industry cost is $(1.8 + 0.713)M.

,

,
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Value/ Impact Assessment

Separate value/1mpact scores were calculated for each case.

(1) Case 1 - Leakage Only,
(a) Based on no increased probability of LOCA,

5= 222 man-rem
- Tir7Ff--~

17.5 man rem /5M=

(b) Based on two orders of magnitude increase in LOCA probability,

S= 245 man-rem
512.7M

19.3 man-rem /$M=

(2) Case 2 - Safety System Train Inoperable

S= 249 man-rem
52.9f-~

99.5 man-rem /$M=

Other Considerations

The remaining life of the plants used to calculate the risk, cost, and value/ -

'

impact scores was based on the assumption that the total operating life of the
existing operating plants was limited to 40 years. The potential for license
extension was also considered with the assumption that 75% of existing operating
plants would apply for license extensions of 20 years.

The additional risk reduction increment from license extensions would not result
.

in a total poter.tial risk reduction of more than 500 man rem for either aspect
of this issue. Since both the risk reduction estimates and the licensee costs
estimates were a direct function of remaining plant operating life, the value/
impact scores remain essentially unchanged by consideration of license extension. '

CONCLUSlg

Whether considered for the remaining licensed lifetime of BWR MARK 1 and II
plants or for additional operating _ life through license extensior., the value/
impact scores and potential risk reduction for both the leakage and safety
system train inoperability aspects of the issue fall into the LOW priority
category. '
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ISSUE 142: LEAKAGETHROUGHELECTRICALISOLAT0fSININSTRUMENTATIONCIRCUITS

DESCRIPTION

Historical Background

Electrnnic isolators are used to maintain electrical separation between safety '

and n30' safety-related electrical systems in nuclear power plants, _ preventing
malfunctions in the non-safety systems from degrading performance of safety-
related circuits. Isolators are primarily used where signals from Class-1E
saf9ty related systems are transmitted to non-Class 1E control or display
equipment.

There are a number of devices which may qualify as electrical isolators in a
nuclear power plant, including fiber optic and photo electric couplers,,

transformer-modulated isolators, current transformers, amplifiers, circuit<

creakers, and relays. These isolators tre-designed and tested to prevent the
-maximum credible fault applied-in _the transverse _ mode on the non-Class IE side
of the isolator from degrading the performance of the safety-related circuit

-

-(Class-1E sidel below an acceptable level.

This issue was identifiedi270 by the staf f in June 1987 and arose from
observations made during SPDS evaluation tests- that, for electrical transients
below the maximum credible level, a relatively high level of noise could pass
through certain types of isolation devices and be transmitted to safety-related
circuitry.12e9 In some cases, the amount of energy that can pass through thea

isolator may be sufficient to damage or seriously degrade the performance of
Class lE components, while, in other cases, electrically generated noise on the
circuit may cause the isolation device to give a false output.

Safety Significance

Recent observations have shown-instances in which isolation devices subjected
to failure voltages and/or currents less than maximum credible f ault levels
passed significant levels of voltage or current, but the same devices performed
acceptably at maximum credible levels. The safety' system on the Class 1E side
of the isolation device may be affected by the passage of small levels of
electrical energy, depending upon the design and function of. the safety _ system.

In the event that safety systems are affected by less than maximum credible
faults on the-non-Class 1E side of isolators, the effects can range from degra-
dation to feilure of single or multiple trains of safety. systems -resulting'in
failure on demand or inadvertent operation. In one recorded incident, a voltage
transient induced by-a power line fault caused a false indication that the-

-turbine generator output breaker had tripped, resulting in e reactor-scram.

Possiale Solution

The assumed solutlon to this issue would require the staff to determine the

O extent to which potentially susceptible isolators are used in nuclear power
plants and to identify the systems-in which they are used. An NRC bulletin to

12/31/91 3.142-1 NUREG-0933
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all licensees to provide input on those questions would be necessary. Assuming
that the staff determines from the licensee r spontes to the proposed bulletin
that a potential problem exists, a research program consisting of two major
objectives would have to be initiated to develop the solution to this issue.
The first objective would be to develop test procedures and acceptance criteria
for isolators that licensees could use to determine the adequacy of installed
isolators. The second objective would involve development of appropriate hard-
ware fixes that coulu resolve the issue.

Electrical hardware currently exists either to reduce the amount of energy that
may leak through electrical barriers provided by various types of isolation
devices, or to minimize the consequences of any unwanted signals that may leak
through the isolator. Some of these devices are described belov.

Surge arresters, also called lightning arresters, provide an effective means of
eliminating high voltage transients from a circuit. These devices are simply
connected from the conductor directly to ground, preferably as close as possible
to the device to be protected. The arresters f unction by sir ,ely shunting to
ground any voltage spikes above a certain level.

Filter chokes and capacitors can greatly attenuate high frequency electrical
noise. 1hese components create an impedance to the passage of electrical
energy proportionate to the frequency of the signal and are especially ef fec-
tive against radio frequency noise. Filter chokes (or reactors) also function
as current limiters in AC circuits and thus offer additional protection from
overload currents.

At power frequencies, power conditioners can be employed to eliminate all
unwanted signals. Power line conditioners function by rectifying an AC signal
into DC and then reconverting power through an invertor into a clean, noise-free
AC signal. These devices prevent notches, spikes, radio frequency, brownouts,
and overload power at the input terminals from degrading the quality of power
at the proterted output.

The final step in the solution to this issue would be the ise.uance of a generic
letter to licensees with the following guideliner for: (1) inspection and

) testing of all electrical isolation devices between Class 1E and non-Class IE
4 systems; (2) repair / replacement of isolators ti'.at fail the tests, including

description of acceptable hardware fixes to the isolators; and (3) imp'.ementa-
tion of an annual program to inspect and test all electronic isolators between
Class 1E an.i non-Closs IE Systems,

PRIORITY OETERMINATION
\

Assurotions

A total of 90 PWRs and 44 BWRs are potentially affected by this issue. The
expected average remaining lives of these plants are 28.8 and 27.4 years for
PWRs and BWRs, respectively.

Frequency Estimate

- There are several sources of uncertainty associated with this issue, the most
important of which are: (1) the extent to which potentially susceptible iso-

'

lators are used at nuclear power plants; (2) the amount of electrical energy

12/31/91 3.142-2 NUREG-0933
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leakage through isolation devices that could compromise the function of Class 1E
system components; and (3) the number of components in which such compromises
would be critical. While a recent study 12c9 indicated that a safety problem may
exis', due to energy leakage through electronic devices, no definitive research
has been conducted to date to indicQ the character and magnitude of the asso-
ciated safety concerns. As a result, a sensitivity analysis was performed to
bound the potential public risk reduction associated with this-issue. Estimates
of the upper and lower bounds were developed as well as a third case that
represents the "best estimate" ba P d on the available information.

,

The Oconee 3 and Grand Gulf 1 PRA studies were used as representative of PWRs
and BWRs, respectively.64 The parameters affected by this issue are those
invalving control circuitry failures and functional failure of ESF actuation

7
systems. These components may be directly affected by energy leakage through
isolation devices that are intended to protect them from signals originating in
connected non-Class 1E-systems. It is also pussible that sensors in the Class
1E safety systems may be P fected by'the electrical energy leakage from the non-
Class 1E system. These - o . mty include valve position, temperature, and

/ pressure sensors that ale: aant operators to take a particular action. In
this case, plant operators may be misled into not taking appropriate actions
when required. For this reason, operator error terms are also included asn

$ potentially affected parameters. The affected parameters in the Oconee 3 and
Grand Gulf 1 PRAs were identified and modified to model the three sensitivity

-

cases.

Best Estimate: All of the affected control circuitry f ailure, ESF actuation
.. f unctional failure, and operator error terms were multiplied by a factor of

( two (assumed) to account for the potential additional failures associated with
' electrical isolators. A factor of two was assumed based on engineering

judgment and the findings of previous prioritization analyses.3

Upper Bound: All cf the affected control circuitry failure, ESF actuation
functional failure, and operator error terms were multiplied by-a factor of
ten (assumed) to account for W potential additional failures associated with
electrical isolators. A factor af 10 was likewise assumed based on judgment
and previous analytical experience.

,

Lower Bound: The control circuitry and ESF actuation functional failures were
multiplied by a factor of 1.4. This is based on an= assumed factor of two
increase in only the probability of fuse failures which are included in the
control circuitry unavailability values. No effect on the operator error terms'

were assumed in this-case.

It is noted that varying all the control circuitry, ESF function failui a, and
operator error terms is a conservative approach. Logic dictates that not all
the terms would be effected at the same time and that a plant-specific detailed
evaluation would probably result in a reduced sensitivity. After the failure
terms were modified, they were combined with the remaining unaffected portions
of the parameter unavailabilities to calculate the revised unavailabilities.
The affected cut' set elements and their base case and adjusted case unavail-
ability <alues are shown in Table 3.142-1.

In performing the risk analysis, it was assumed that the isolator failures were
not considered as potential causes of failure in the original Oconee and Grand' Gulf pRAs. (This assumption may also introduce additional conservatism.)

12/31/91 3.142-3 NUREG-0933
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Since r,he base e.ane is inteaded to represent the situation 'n which isolator
failures are considered as possible caeses of safety system failures and the
adjusted case represents the situation af ter the resolution is implemented, the
modified parameter vnlues are used in the base case and the adjusted case
represents the original Oconee and Grand Gulf para .eter values. The base case

Land adju;ted case values of the af fceted parameters were- then incorporated in
the Oconee 3 and Grand Gulf 1 r* ras to derive the estimated : ore-melt f requency
and the c ociated public risk reduction. Based on the data in Table 3.142-1, t

the following core-melt f requency reduction as estimated for the representative
PWR and BWR.

_ Core-Mel t Frequency Reduction
Sensitivity Case PWR BWR -

_ _ _

Best Estimate 2.59 x 10~5/RY 7.98 x 10~6/RY
Lower Bound 5.37 x 1F 6/RY 2.07 x 10"6/RY
Upper Bound 4.35 x 10-4/RY 1.17 x 10~4/RY

Utilizing generic release categories and containment failure modes, the
pub?ic risk reduction was estimated to be as follows:

Public Risk Reduction (man-rem /RY)
Sensitivity Case PWR BWR

Dest Estimate 57 53
Lower Bound 13 14
Upper Bound 1,016 789

Based on the public risk reduction estimates presented before for the
representative PWR and BWR and the three sensitivity cases, the following
public risk reduction was estimated (weighted average over all a+fncted PWRs
and BWRs and their remaining lives):

Best Estimate :- 1,580 man-rem / plant
378 man-rem / planttower Bound =

26,752 man-cem/ plantUpper Bound =

Cost Estimate

Industry Cost: It was assumed that the proposed generic letter would contain
' the following guidelines applicable to all affected plants: (1) inspection and

testing of all electrical isolation devices between Class 1E and non-Class 1E
systems; (2) replacement of failed or unacce-'.able isolators, including descrip-
tions of acceptable hardware fixes to the isolators; and (3) implementation of
an annual program to inspect and test all electronic isolators between Class IE
and non-Class IE systems.

The initial testing and inspection program at each plant is esti:nated to {
require approximately 4 man-weeks for planning and 8 man-weeks for review t

and evaluation of the data, preparation of the final response to the generic ]
letter, and preparation of a safety analysis. Industry cost to conduct the |

=linitial ter'. program is highly uncertain because -there are unknown numbers of
affected systems and susceptible isolators at each plant. For the purposes of

,

this analysis, the number of potentially affected isolators was estimated using

12/31/91 3.142-4 NUREG-0933
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TABLE 3.142-1

Base Case and Adjusted Case Values of Affected Parameters
r

Adjustgd Base 085* Baseb c d: Parameter Case Case-1 Case 2 .Ca.se 3 |

,

! Grand Gulf
j-

; H 0.0212 0.02'25 0.0217 0.0329 '

; HACT, RACT 0.00123 0.00223 0.00163 0,0102 '
4 R 0.0512 0.0530 0.0518 0.067

L 0.0213 0.0226 0.0218 0.033
*

'

LRACT, BCACT 0.00123 0.00223 0.00163 0.0102
| LA2, LB2 0.0140 0.0151 0.0144 0.0240
; LB1 0.0134 0.0138 0.0135 0.017
; LC 0.0215 0;0230 0.0220 0.035'

VGA1, V0B1 0.0148 'O.0156 0.0150 0.022
Y"*' ""' O.0236 0.0273 0.0238 0.0553j- 0.0144 0.0150 0.0146 0.0398
dw 0.00123 0.00222 0.00153 0.0102-

i SSA, 0.0205 0.0223 0.0209 0.0361 1! '"
0.0140 0.0131 0.0144 0.0239 -

t 0.00123 0.00223 0.00163 0.0102
} 0.00803 0.0091 0.00813 0.0173'
; 0.0033 0.0064 0.0033 '0.0296

. 0.03)$ 0.0333 0.0321 0.0477 '
N

; Oconee
i
' B, C 0.0033 0.0043 -0.0037 0.0121D, E 0.0231 0.0354 0.0249 0.1334-
*

CONST) 0.0002 0.00048 0.0003 0.0007 ;
- CONST2 0.0006 0.00125 0.00083 0.0123! A1, C1 0.0098 0.0163 0.0124 0.0683

B1 0.0349 0.0502 0.0710 0;1718-.

; G1 0.0136 0.0172 z0.0150 0.046E RCSRBCM 0.00003 0.00007 0.00003. 0.00032
3- WXCM' 0,003 0.006 0.003 0.03 |*

0.E 0.00049 =0.00121 0.0006 0.0178-
'W. X 0.00009 0.00025- '0.0001- 0.00451

-

; B.W,'C.X 0.00003' ~0.00006 0.00004 0.00081-D.X,.E.V 0.00021 0.0006 0.00029~ 0.00895
-

B.D- _ E C 0.00006 0.0001 0.00008 0.0016',,

|
. _ NOTES: (a) Original Oconee 3 and' Grand Gulf 1 PRA values
1 -(b) Best est.imate
: (c) Lower bound case
;- (d) Upper _ bound case

rh,o
e
<
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the number of saf ety system rwpnsmt- in the Oconae and Grand Gulf PRAs with
functional and/or control circuitry failure terms. Accordingly, 46 isolators
f or BWRs and '78 holators f or NRs were estimated. Assuming a two-man team can
test 10 isolators per day, labor requirements f or the initial testiinspection
required by the generic letter were estimated at 10 man-days / plant for PWRs and
16 man-days / plant for BWRs.

f urthermore, isolators that rail the initial tests must be replaced or repaired.
It was conservatively assumed that 25% ef the tested isolators will fall the
tests; this results in 12 tallures at PWRs and 20 failures at BWRs. The cost

1 to purchase, install, test, and perform adequate QC of acceptable replacement
isolators was estimated at $10,000/ isolator. This included approximately 2
man-days / isolator for replacement. Thus, the total isolator replacement costs
were estimatt' o be S120,000/piant and $200,000/pIant for PWRs and BWRs,
respectively.

Assuming a cost of $2,270/n.an-week, the total in;)lementation cost (including
hardware) was estimated to be $156,000/clant and $239,000/ plant. for PWRs and
BWRs, respectively.

1he generic letter was assumed to include a requirement for annual testing and
inspection of all electronic isolators. The industry labor requirements for
this activity were estimated to be 1 man wk/RY for test planning (this is
signif;cantly lcwer than the 4 man-wks for planning the initial test program),
plus 10 mar,-des /RY to conduct the tests at PWRs and =16 wr days /RY to conduct
the tests at BVRs. An additional 1 man-wk/RY at all plants to review the test
results and prepare a report for the NRC was also included. This resulted in
estimated labor requiremen's of 4 man-wk?/RY and 5.2 ran-wks/RY for PWRs and
BWRs, respectively.

Furthermore, thn annual testinD program h likely to determine that there are
additional failed or suspect isolators that require replacement. For the pur-
poses of this analysis, it was assumed that all the remaining irolators (i.e.,
other than those that were replaced as a result of the initial test program)
will eventually be replaced with acceptable components. The number of remaining
isolators to be replaced at PWRs was estimated to ba 38 (i.e. , 46 - 12) over a
28.8 year period or 1.2/RY_ At BWRs, the annual replacement rate is equal to
$8 (i.e., 78 - 20) over a 27.4 year period or 2.1/RY. The annual replacement
costs at each plant were thus estimated to be $12,000/RY and $21,000/RY for PWRs
and DWRs, respettively.

At $2270/mwweek, the tetal cost of maintenance and ope,ation (including
hardware) cf the possible solution at each plant was estimated to be $'21,000/RY
and $33,000/RY for PWRs and BWRs, respectively. Using a 5% discount rate, the-
present worth of the cnSt associated with plant maintenance and operatior for
PWRs and BWRs was estimated to be $11,600/RY and $18,300/RY, respectively.

N9C Cost: It was assumed that the NRC's'first activity involves issuance of a
Elletin to determine the extent to which potentially susceptible isolators are
uwd in nuclear power plants and to identify the systems in which they are
used. It was estimated that 2 mar-weeks ($4,000) would be required to prepere
the bulletin. Licensee responses to the bulletin must then be reviewed and
analyzed by the staff, lo perform this review and analysis, it was estimated
that 6 man months ($50,000) of technical support would be needed, The total
cost. of this activity was estimated to be $54i000.

12/31/91 3.142-6 NUREG-0933
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Assuming that, after analyzing licensee responses, NRC concludes the issue
warrants further attention, the second activity involves a research program
that would develop the details of the final resolution to this issue.,

Thisprogram would involve two major objectives, First, test procedures and accept-
ance criteria for isolators would be developed for licensee use in determiningthe adequacy of their installed isolators. It was estimated that a $50,000 sub-
contc3ct plus $10,000 for NRC contract support will be needed to accomplish thisobjective. Second, appropriate hardware fixes would be developed that couldresolve the issue. Safety and' cost analyses to determine the cost-effectiveness
of the proposed hardware fixes would also be necessary. An estimated $150,000
subcontract plus $20,000 for NRC contract support would be needed to accomplishthis activity. Thus, the total cost of this activity was estimated to be'

$230,000.

The next step is to prepare and issue a generic letter to all licensees.
Approximately 4 man-wks-($10,000) are estimated to be required to prepare andissue the letter. It was estimated that 6 man months of staff time would berequired to review and evaluate each licensee response. (This is equivalent

.
'

to a 555,000 subcontract and $10,000 for NRC contract support.) Thus, the
total estimated cost fur this effort is $75,000.,

Based on the abose ustimates, the total NRC cost for development of the possiblesolution is $355,000. Averaging this cost over the 134 affected plants results'

in an NRC cost of $?,650/ plant for uevelopment,

it was essumed that the staff will review the implementation of the requirements
in the generic letter, review the test procedures, review plan _t-specific imple-

v

mentation plans, and prepare a safety evaluation. The NRC cost for this review-was estimated to be 4 man wks/ plant. At $2,2~'0/ man-wk, this cost is $9,080/plant.

Furthermore, an additional 0.5 man-wk/RY of NRC effort will be required for an
annual review of the operation and maintenance of the solution. Summing this cost
over the remaining lives of the affected plants at $2,270/ man-wk results in anNRC cost of $32,200/ plant. Usina a 5% discount rate, the present worth of-thisreview is $17,900/ plant.

Therefore, the total NRC cost for the development and implementation of the -
possible solution was estimated to be approximately $30,000/ plant.

Total Cost: The total cost of implementation of the proposed solution waso

estimated to be $0.6M/ plant. -

Value/ Impact Assessment

Based on the above estimates, the foilowing value/impa;t scores were calculated
for the three cases considered.-

.-Best Estimate: 5 = l'580 man-rem / plant
$0.6M/ plant

( 2,633 man-rem /$M=

,

12/31/91 3.142-7 NUREG-0933



Revision 1

378 man-rem / plant
Lower Bound: 5= $0.6M/ plant

*

630 man-rem /$M=

26,752 man-rem / plantupper Bound: S= $0.6M/ plant

44,587 man-rem /$M=

Other Considerations

Implementation of the possible solution was assumed to include repair, replace-
ment, and testing of potentially susceptible isolators. This results in labor
estimates of 34 man-days / plant for PWRs ans 56 man-days / plant for BWRs in radia-
tion zones. Radiation fields of 25 millirem /hr are assumed to exist inside con-
tainment where most of the isolators are located. Utilizing a 75% efficiency
factor for labor in radiation zones, the occupational dose increase for imple-
mentation of the possible solution was estimated to be 9.1 man-rem / plant and
14.9 man-rem / plant for PWRs and BWRs, respectively.

Liceasee labor requirements in radiation zones for operation and maintenance of.

the possible solution includes:

PWRs BWRs
(man-days /RY) (man-days /RY)

Annual Test Program 10 16
Replacement of Isolators 2.4

~ 20.2
4.2

Total: 12.4

Again, utilizing a 75% ef ficiency factor for labor iri radiction zones and radia-
tion fields of 25 millirem /hr results in an estimated increase in occupational
exposure of 3.3 man-rem /RY and 5.4 man-rem /RY for PWRs and BWRs, respectively.
Summing these values over the remaining lives of the affected plants (28.8 years
for PWRs and 27.4 years for BWRs) resu!ts in an increase in ORE of approximately
95 man rem / plant and 148 man-rem / plant for PWRs.and BWRs, respectively.

CONCLUSION

The best estimate of public risk reduction associated with preventing leakage
through electrical isolators 'is significant and indicated a high priority rank-
ing. However, the calculation of risk reduction included a number of conserva-
tive assumptions which were also noted during the peer review process. Use of
conservative assumptions where real data does not exist will always result in
overprediction of potential risk reduction.

In acknowledgement of the conservatisms in the analysis and the peer review
comments, a MEDIUM priority ranking was assigned to this issue. This raaking
was consistent with the qualitative judgments from the peer review process and
was further supported by NRR's stated intention to process a research request
to . initiate an electrical isolator testing program to improve the current state
of knowledge concerning isolator characteristics at less than maximum credible
fault levels. Resolution of the issue will also address the safety concern of
Issue 156.4.1.

!

|
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ISSUE 150: OVERPRESSURIZATION OF CONTAINMENT PENETRATIONS
'

DESCRIPTION

a.
Historical Background

: This issue was identified 2330 by DSIR/RES and addressed the concern for
: overpressurization of containment piping penetrations following a containment

isolation and subsequent heat-up.

Containment isolation at all nuclear power plants ensures that radioactive
materials are contained if an accident or inadvertent release of such materials.

: occurs. Isolation is provided for all piping systems that penetrate the con-
tainment. Double barriers are.provided to ensure-that no single failure of an
active component can result in a loss of this isolation function. Typically,
this double barrier system is-provided by isolction valves inside and outside
containment. When containment isolation is required because of an accident or
inadvertent release of radioactive materials, these valves are closed to prevent
leakage _of radioactive materials to the environment,;

i

Safety Si_gnificance
,

O Overpressurization of the containment piping penetrations could potentially,

t occur during an accident involving a significant increase in the containment
temperature. This might occur when water that is trapped between the inner and
outer containment isolation-valves is heated and e.xpands. Theoretically, heat-'
ing a constant volume of water from 100 F and 100 psia to 200 F would increase

i the pressure to 3000 psia. This pressure increase could fall the penetration
or the isolation valves and could provide a direct flow path to the environment
from the potentially contaminated containment atmosphere. The pressure =
increase is mitigated somewhat by the penetration itself expanding because of
the temperature increase, as well as the possibility that the isolation valves
will not be leak-tight and thus will not pressurize fully.

Possible Solution

A possible solution to this issue is to provide c mechanism for preventing
water from becoming trapped or for relieving the pressure that could build up
in the piping systems between the inner and outer containment isolation valves.
Licensees would need to perform thermal __ and structural ^ analyses of. the penetra-
tion systems to determine which penetrations, if any, are susceptible to such
failure. A pressure relief system would be needed to prevent'the pressure
increase from failing the penetration. This pressure relief system could
consist of the following:

(a) Check valves inside the reactor building instead of the inner
containment isolation valves. These valves would prevent water from
becoming trapped between the two ' isolation valves but is only viable
for penetrations with flow into containment.

\_./
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9(b) A method to provide pre: sure relief, such as a rupture disk or safety,

valve. A storage tank n.ight be needed to contain blowdown liquid t
.

or vapor that would he fo ced through the pressure relief equipment
when the equipment is ocercted.

PRIORITY DETERMINATION

Assumptions

This issue c oes not directly impact the potential for a core damage accidenti

but addresses a plant's ability to contain radioactive materials that might be
released during a core damage accident. Thus, the only concern is Lhe
probability of containment failure resulting from the failure of containment
isolation. Therefore, to estimate the potential public risk reduction, the
effect of the possible solution on the probability of containment faildre,
assuming a core damage event has occurred, was evaluated.

There are 90 PWRs and 44 BWRs affected by this issue with average remaining
lives of 28.8 and 27.4 years, respectively. Oconee 3 and Grand Gulf 1 were
used as the reference PNR and BWR, respectively.

Frequency Estimate

The Oconee 3 PRA54 addressed failure of, or leakage through, containment
penetrations as a potential failure mode of the containment. For Oconee 3,
theprobabilityofcontainmentpenetrationleakage(),giventheoccurrenceof a core damage accident, was estimated to be 7.3 x 10 . This probability
was used as the base case value for Oconee 3.

The Grand Gulf 1 PRAS4 does not explicitly evaluate containment penetration
leakage because none of the accident sequences involving containment isolation
failure were found to be amor,g the dominant sequences from a public risk per-
spective. However, the Grand Gulf 1 PRA was based on WASH-140016 which did
assess the conditional probability of containment isolation failure (6).
Therefore, the base case value used in this analysis was based on the
WASH-140018 analysis.

,

The probability of containment isolation failure is dependent upon the specific +

core damage sequence that occurs befcre containment failure.16 As a result,
the containment isolation f ailure probability depends on the prior success or
failure of the various engineered safeguards = functions. Based on information
in Appendix V of WASH-1400,16 a value of 4 x 10 2 was selected as a representa-
tive probability for containment isolation failure. This value represents the
weightedaverageoftherangeofpossiblevaluesbasedonthenumberof
observations in WASH-1400.1

The release categories associated with containment isolation failure for
Oconee 3 are PWR-4 and PWR-5. For Grand Gulf 1, the affected release
categories were-not explicitly stated in NUREG/CR-280064 or NUREG/CR-1659.54
It was noted in WASH-140016 and a recent PRA889 of Oconee 3 that relatively
high containment leakage, attainable from failure of containment isolation,
would prevent failure of the containment building from potential overpressure -

caused by hydrogen gas explosions. Consideration of the containment isolation
4
a
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!/' failure mode was therefore incorporated into accident sequences involving.; ( containment overpressure events caused by gas generation,- as shown in
| Appendix B of.NUREG/CR-2800.84 A new base case risk value was developed for
1 all BWR accident sequences that involve containment overpressure events. To
| accomplish this, the core damage saquences presented in NUREG/CR-280084 that

could result in containment overpressure were modified to incorporate the base
case containment isolation failure probability, rather than the containment1

overpressure probability. This had the effect of creating a set of new
accident sequences that included containment isolation failure events.

!

The adjusted case values of the affected parameters were estimated by adding to
the base case values the probability of failure of the penetration system
(failure of one or more penetrations) that would arise from overpressurization.

4

'

A conservative approach was taken to develop a new containment leakage sequence,

of events that incorporated the potential for overpressurization. This
sequence consisted of the following events: -(1) containment isolation is
successful; (2) water becomes trapped aetween inner and outer isolation valves;

;

| (3) containment heating causes Feating and expansion of. the water between the~

isolation valves; and (4) the water expansion causes the penetration to fail,1

such that a leakage path occurs between the containment atmosphere and the
i environment. Based on this sequence of events and using the rare event approx-
j imation, the additional probability of containment system failure is the product
j of the following terms:

! H = number of penetrations that are susceptible to overpressurizationi

!( P[1] = probability water becomes trapped between isolation valves
!

P[2] = probability inboard and outboard isolation valves are leak-tight

| P[3] = probability penetration overpressurizes to rupture, given that the
j penetration is leak-tight and full of water.

P[N = probabilty that the peretration fails.in a manner that results in a:

L

ieakage path from the containment atmosphere to the environment,
| given that the penetration ruptures due to overpressurization.

N depends on the types of penetrations and isolation valves at.each plant.
i ' Only liquid penetrations are succeptible to this type of failure and penetra-

tions provided with check valves are not. To determine the_value for'N, the
! description of contalment penetrations ' given in NSAC-60888 was assumed to! represent both PWRs and BWRs. A total of 62 penetrations were listed, of.| which, 35 were provided with check valves or were not liquid-carrying lines and

_,

'

t-
were not susceptible to this containment failure sequence. Therefore,--the'

value of N is 26.

No information was available to calculate P[1]. Containment isolation valve
~

'

closures are timed such that one valve closes slightly:soone.r. than the other to
i prevent water from becoming trapped oetween the valves. Therefore, this event

-

! could be caused by failure of the containment. isolation system control logic or
! circuitry to function as intended, or by failure of the valve.to close when! intended. . P[1] was assigned a value of 0.50.
!i
I

\
'
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In this analysis, P[2] was set equal to unity. Thus, no credit was taken for
the fact that penetration overpr(essurization would not occur if cqe of the iso-
lation valves were not leak-tight. It has been estimated that there is
approximately a 30% chance that one of these valves is not leak-tight.13a1

To assist in estimating P[3], a simplified engineering analysis was performed
I by DSIR/RES to determine the stress and strain that a penetration would

experience, assuming that it is leak-tight and full of water. For the purposes
of the analysis, a typical penetration wat i.pproximated as a 2-inch diameter,
12 inch long cylinder fabricated of steel and having a yield point of 30 ksi.
Assuming that the water was initially at 100 F and its temperature increased to
200 F as a result of an accident, it was calculated that the hoop stress would (exceed the yield point. However, the volume of the cylinder would only have to

. increase 2.6% to accommodate the expansion of the water. This corresponds to a
plastic strain of 1.3% in the diameter of the penetration, conservatively
assuming no plastic strain in the axial direction. If the water were heated to
300 F, the diametric plastic strain needed La accommodate the expansion of the
water would be 3.8%, again conservatively assumin0 no plastic strain in the
axial direction. These values of strain are far below the values that would be
expected to cause rupture of the penetration. Also, as expansion of the
penetration volume occurs due to plastic deformation, the pressure of the
trapped water decreases, further decreasing the likelihood of rupture. Using
the above information, but considering that there is some probability that the
material used to fabricate the penetration has an undetected flaw, the value of

) P[3] was estimated as 1 x 10 4

For there to be a leak path that satisfies the definition of P[4], there must
be a failure inside and outside the containment. One possibility is that the
penetration rupture " runs" past the containment vessel. The other
possibilities involve failures of both containment isolation valves, or the
containment penetration and one isolation valve. 5%h failures must be
simultaneous since the failure of one component relieves the pressure and
eliminates the possibility of sequential failures. It was estimated that the
value of P[4] is 0.1.

Based on the above estimates, the additicnal probability of containment
system isolation faiiure is the product of N, P[1], P[2], P[3], and P[4], and is
approximately (26)(0.5)(1.0)(1 x 10-4)(0.1) :- 1.3 x 10-4

,

Consequence Estimate

Incorporating the values into the Oconee 3 and Grand Gulf 1 PRAs results in a,

potential public risk reduction of 1.3 x 10 2 man rem /RY and 3.0 x 10 3 man-
rem /RY, respectively. Thus, the total potential public risk reduction is about
40 man-reni for all 134 affected plants.

Cost Estimate
2

Industry Cost: To impicment the possible solution, licensees will be required
to perform analyses to determine if certain penetrations are vulnerable to
over pressurization following containment heat-up. These analyses were
estimated to require 4 m weeks / plant.

O
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In addition, safety analyses and QA-related activities are needed because of
the installation of hardware inside containment that requires considerable
attention to QA in designing the penetrations' pressure rellef systems. Two

i

man-weeks of labor per penetration were estimated for the design and safety
'

analyses. The number of vulnerable penetrations was assumed to be 20% of the
total penetrations without check valves, or 7 penetrations. Therefore, at 2
man-weeks / penetration, 14 man-weeks / plant would be required..

Installing new hardware within containment at operating plants (i.e., backfit).

. will require about 1 man-week of labor in radiation zones; plants under
; construction (i.e. , forward-fit) would not require labor in radiation zones.

The material costs were estimated to be $900/ penetration and $6,500/ plant,
-

i

including labor for pipefitters, welders, radiation monitoring staff, and
; instrument technicians. For forward-fit plants, the hardware costs remafned

the same, but labor costs would be reduced because personnel would not be,

working in radiation zones. Therefore, a 50% reduction in labor requirements
was estimated i.e., 0.5 man-week / plant.

!

Based on the above estimates, the total labor required is 19 man-weeks / plant.
'

for backfit plants and 18.5 man weeks / plant for forward-fit plants. Therefore,
at $2,270/ man-week, the estimated industry labor cost was $43,000/backfit plant

-

; and $42,000/ forward-fit plant. With a total of 71 backfit plants and 63
forward-fit plants, the total estimated industry implementation cost was $6.5M.,

It was estimated that 28 man-hrs /RY will be required to conduct periodic
'

(monthly) testing of the pressure relief system. At $2,270/ man-week, this costis $1,589/RY. For the 134 plants, the total estimated cost for operation and
maintenance is $6M. Using a 5% discount rate, the present worth of the
recurring costs associated with plant maintenance and operation is $3.3M.3

I

j NRC Cost; It was estimated that 5 man-months will be required for the staff to
! develop acceptable methods, data, and acceptance criteria for licensees to use
! when evaluating the vulnerat.ility of penetrations to the overpressure; phenommon analyzed in this issue. At $2,270/ man-week, the total cost for this
| development is $54,000.
I

!

About-2 man-weeks / plant were estimated for reviewing and evaluating licensee
calculations of the stresses within the penetrations and for. reviewing the'
design, safety' analyses,-and QA documentation for the penetration pressure

| relief systems. At a cost of $4,500/ plant, the _ total cost for this effort wasj estimated to be $600,000.

After implementation, the NRC will have to inspect the operation _and
; maintenance of the penetration isolation-systems. One man-br/RY was estimated'

as suf ficient for NRC review of each system._ Therefore, the annual labor
requirement is 0.18 man-week /RY for seven such systems. At $2,270/ man-week,
the total cost for the inspection of the 134 affected plants is-$1.5M. -At-a 5%,

} discount rate, this cost is $880,000.
'

!
.

I, Total Cost: The total estimated industry and NRC cost associated with the.
|l possible solution'to this issue is $11.3M.
i,

,w
.

; ,
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Value/ Impact Assessment

Based on an estimated public risk reduction of 40 man-rem and a cost of $11.3M
for the possible solution, the value/ impact score was given by.

3 _ 40 man-rem
4

Til.3M

= 3.5 man rem /$M

Other Considerations

(1) For backfit plants, an estimate * 5 man-br/ penetration of labor in a radio-
tion zone would be required and, assuming 7 penetrations / plant, the total
ORE would be 35 man-br/ plant. The dose rate was assumed to be 25
millirem /hr, which is representative of the dose rate inside containment,

;' during reactor shutdowns. The implementation dose was therefore estimated '
'

to be about 0.9 man-rem / plant. For the 71 backfit plants, the ORE is
greater than the total averted publ'ic dose.

I (2) Routine testing and inspection of the penetration pressure relief systems
were assumed to occur once per 30 days, similar to testing of the contain-4

ment isolation valves. The testing was assumed to be performed by a 2-man
tearn and to last about 10 minutes. Assuming 7 penetrations to be tested,
the total operation and caintenance dose was estimated to be about 0.7
man-rea/RY.

(3) The public risk reduction estimated for this issue was overestimated for
'

several reasons. First, no credit was taken for the protection from over-
pressure that would be provided if one of the isolation valves were not
l eak- ti ght. Investigation of a previous containment issue indicated that
there was approximately a 30% chance that one of the valves would not be
leak-tight.

(4) The costs were estimated assuming that the containment isolation systems
were located away from the containment building wall. This is. not the
case for many of the isolation valves which are located adiacent to tha
containment walls. This assumption tends to minimize the costs because
they would be clearly higher wher, the containment structure must be
modified to accommodate the pressure relief system. As a result, the cost
estimates provided above were believed to be low.

CONCLUSION

! The estimated public risk associated with overpressurization of containment
penetrations is not significant. Based on the value/ impact assessment and the
staff's simplified engineering analysis, this issue was placed in tha DROP
category.
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ISSUE 151:
RELIABILITY OF ANTICIPATED TRANSIENT WITHOUT SCRAM _ RECIRCULATIONEUMP TRIP IN BWRs

OESCRIPTION

Historical Background

This issue was identified in a DSIR/RES memorandum 2329 WhiCh addressed theconcern for the reliability of breakers used to trip the recir.ulation
pumps at high pressure or low water level signals during ANS mitigction in
BWRs. A staf f review of BWRs that experienced failures of breakers in the
recirculation pump trip (RPT) system was documented in AE00/E804.ta2a

If a plant transient requiring a reactor scram occurs and the scram function
does not occur, then an ATWS event exists. To lessen the effects of an ATWS
event, negative reactivity must be added to the reactor core by tripping thetecirculation pumps. Negative reactivity is added as a result of the ensuing
steam voiding in the core area as the core flow decreases, thereby decreasing
the power generation and limiting the powe.r or pressure disturbance.

Plants equipped with GE AKF-25 circuit breakers have ew erienced failures of
th? field breakers in the RPT system which were caused by binding of the trip
latch machanism and misadjustment of the breakers' mechanical linkage. GEj issued a service information letter whicn attributed the circuit breaker

j.
V

failures to misadjustment or lubrication problems and suggested corrective
actions and maintenance practices to improve the breakers' performance. In
addition, Information Notice No. 87-12 was issued by the NRC to all BWR
licensees to alert them of potential problems with these circuit b cakers.
Safety S p ificance

A RPT breake. is included in the design of plants to automatically trip the
recirculation pump on high vcssel pressure or low reactor water level during anATWS event. If the RPT hreaker fails to trip on demand, the reactor could
experience continued power generation resulting in high suppression pooltempera *" e. This issue affects BWRs only.

Possib' ,olution

A possible solution is based on the corrective actions implemented at the
Pilgrim Nuclear Power Station and involves installing a redundant ATWS trip sir'nal
that would interrupt current to the recirculation pumps. Specifically, a new
trip coil initiated by an ATWS signal would be installed in each recirculationpump motur generator set drive motor. 5

During an ATWS event, both the
recirculation pump fie?d breaker and the motor generator set supply breaker
would receive trip signals, if either high vessel pressure or low reactor water
level was reached. Thus, the reliability of the RPT system would be increased
and the potential for reaching an unacceptable suppression pool temperature curing

! n an ATWS event would be diminished.
$

%/
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PRIORITY DETERMINATION

Frequenmy Estimate

Several designs are currently used in accomplishing the RPT function; however,
the GE AKF-25 breaker is used primarily in BWR/3 and BWR/4 designs. Pilgrim
(BWR/3) was excluded as an affected plant because it had already implemented the
proposed solution, There are 25 BWR/3 and BWR/4 plants with an average remaining
life of 26.5 years af tected by this issue:

Plant Number Average Life
Type of Plants Expectancy (yr)

BWR/3 6 15.4
BWR/4 19 30.0

The issue af fects a plant's ability to render the reactor subcritical
following an ATWS event. Since the reactor subcriticality Tnalysis 4 of Grand6

Gulf 1 (BWR/6) is analogous to the WASH-1400 W analysis of Peach Bottom (BWR/3),
the Grand Gulf 1 analysis was used to quantify the influence of the solution on
accident frequency and consequence. Thus, the accident sequence affected by
this issue is a scram followed by a failure to render tne reactor subcritical
and is depicted as Tg3C. The transient-initiating event (T a) has a frequency2of 7 events /RY.64

Failure of reactor suberiticality (Event C) has been probabilistically modelled
as the product of the following: (1) failure of the RPS; and (2) failure of
the RPT or failure of the operator to take the appropriate actions to shut down
the reactor, given RPS failure.64 From WASH-1400,is the failure rate of the
RPS was Oiven as 7.7 x 10~6/ demand. The operator error, which was estimated to
be 0.1, dominated Item 2 above. The RPT circuit breaker failure rate was given
as 3 x 10-3/ demand.

To derive the base case value for event C, the RPT failure rate was modified to
5 x 10-2/ demand, which reflects the lower reliability of the GE AKF-25 circuit
b reake r.1328 Therefore, the base case value for event C is approximately
(7.7 x 10 6)[0.1 + (5 x 10 2)]/ demand or 1.16 x 10 d/ demand.

The adjusted case value for Event C assumes the installation of a redundant
ATWS RPT signal. Theref ore, the event (recirculation pump fails to trip) ,

requires failure of both RPT subsystems. Assuming that the RPT subsystems ate
independent and using the GE AKF-25 circuit breaker reliability value., the RPT
failure frequency is (5 x 10 2)(5 x 10 2)/ demand or 2.5 x 10.a/ demand. This
value does not take credi+ for pctential increases in reliability tht could
result from improved test and maintenance programs or from changing to a more
reliable RPT circuit breaker. However, the estimate also doe; not consice the
potential decrease in RPT system reliability due to common cause failure
mechanisms. Thus the adjusted case value of Event C is about (7.7 x 10 6) x
[0.1 + (2.5 x 10 3)]/ demand or 7.9 x 10 7/ demand.

Therefore, the T aC accident sequence frequency is 8.1 x 10"6/RY for the base2'

case and 5.5 x 10d/RY for the adjusted case. The total reduction in accidentfrequency is 2.6 x 10 6/RY.

12/31/91 3.151-2 NUREU-0933
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Consequence Estimate

Accident sequence T sC falls into the BWR-2 release category (7.1 x 1062 man-
rem / event),64 The total public dose associated with the base case and adjusted
case is 57.4 man-rem /RY_and 39.2 man-rem /RY, respectively. Thus, the estimated
public dose reduction from implementing the possible solution is 18.2 man-
rem /RY and the total risk reduction for 25 reactors with an average remaining
life of 26.5 years is 12,000 man-rem.

Cost Estimate

Industry Cost: The cost to implement the possible solution will vary from plant
to plant. The following Pilgrim 1 actual costs were used to estimate the industry
cost: (1) engineering = $390,000; (2) labor = $66,000; (3) hardware = $10,000..

Thus, the implementation cost was estimated to be about $466,000/ plant for a
total industry cost of about $11M (excluding Pilgrim).

It is expected that the installed redundant RPT subsystem will only be operated
for testing purposes and operation costs are thus negligible. In addition, the
testing and maintenance procedures for the redundant RPT subsystem will be very
similar to existing RPT subsystems and, therefore, should require very little
additional development _ time. Thus, testing and maintenance are each estimated
to require 0.5 man-week /RY, resulting in a plant cost of._$2,270/RY and a_ total
industry cost of about $1.5M. Thus, thectotal industry implementation,
operation, and maintenance cost is $12.5M.

O NRC Cost: Development of the solution is estimated to require one man year of
contractor labor, at a cost of $100,000/ man year, to complete an evaluation of-
the solution and any potential alternatives (e.g., enhanced test / maintenance or
replacing-the degraded RPT breakers with more reliable models). This study would
also need to include a preliminary review of plant designs to-determine the technical
feasibility of the proposed modifications. Development of_the solution would
also include issuing an NRC generic letter to the affected plants, which is estimated
to cost about $11,000. W -

Review of the proposed plant modifications was estimated to take 5 man-weeks / plant
for a total NRC _ review cost of $280,000 for_the ?5-affected plants. Thus, the- {total NRC cost for development and review is $320,000.

|
Total Cost: The total industry and NRC cost associated with the possible solution

~is approximately $13M.

Value/ Impact Assessment

Based on an estimated public risk reduction of-12,000 man-ram and a cost of $13M
associated with the possible solution,_the value/ impact score is given by:

12,000 man rem3=
$13M

= 923 man' t-em/$M

k
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9Other Considerations ,

The scram frequency estimate used in the above calculations is considerablj
greater than that reflecteJ in recent performance indicator reports. In
addition, the RPS failure rate was originally developed for WASH-1400* priorto the ATWS rulemaking and is also quite outdated. As a result, the RPS relia-
bility goal from the ATWS rulemaking proceedings was utilized as a conservative
value and the risk reduction calculations were repeated using: (1) a SCRAM
frequency of 3.1/RY, derived from data in the 1988 AE00 Annual Report and Part 1
of the itfrd Quarter 1990 AEOD report, " Performance Indicators for Operating
Commercial Nuclear Power Reac',crs"; and (2) an RPS failure rate of 3 x 10 5/
demand from the ATWS rulemaking proceeding.704 These estimates resulted in apotential risk reduction of 20,800 man-rem and a value/ impact sure of 1600man rem /$M.

,C_0NC1.US10N

Based on the potential public risk reduction associated with this issue and
the other considerations above, the issue was given a NEDIUM priority ranking.
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F ISSUE 1 8: SYSTEMATIC EVALUATION PROGRAM
1

In 1977, the NRC initiated the Systematic Evaluation Program (SEP).to review the {designr of 51 older, omrating nuclear power plants. In Phase I of the SEP, the,

staff defined 137 issue:s for which the regulatory requirements had changed
- er.ough over time to warrant an evaluation of-thuse plants licensed before the
3 issuance of the SRP.12 In Phase II of the SEP, the staff compsred the design of

10 of the 51 older plants to the SRP11 issued in 1975. Based on these reviews,!- the staff identified 27 of the original 137 issues that required some corrective
action'at one or more of the 10 plants that were reviewed The staff referred

$

'

to the issues on this smal~ler list as the SEP " lessons learned" issues and con-
cluded that they would generally apply to operating plants that received,

| operating licenses before the SRP" was issued in 1975.
;

In SECY-84-133, the staf f presented the 27 SEP issues to the Con. mission as;

i part of a proposal for an Integrated Safety Assessment Program (ISAP). The
intent of the ISAP was to review safety issues fer a specific plant in an inte-,

grated manner. Two SEP plants participated in the ISAP pilot efforts. Follow-
-

j ing the review of these two pilot plants, ISAP was discontinued.
t

In SECY-90-160, the staff forwarded for Commission approvul a proposed license:

renewal rule and supporting regulatory documents, In this paper, the staff,

''

stated that certain unresolved safety issues'could weaken the generic justifi-
cation of the adequacy of the current licensing bases argument. These issues;.

r included SEP topics for 41 older plants that had not been explicitly reviewed
|(%
, under SEP Phase II. The Ccmmission requested that the staff keep it informed

of the status of the program to determine how the SEP " lessons learned" issues
j had been factored into the licensing bases of operating plants.

Resolution of the 27 SEP issues was identified by the staff.as important to the
development of the license renewal rulemaking. The key. regulatory principle-
underlying the licensa renewal rule is that the current licensing bases (CLBs);

~

at all operating nuclear power plants, with-the exception of age-related degra-
dation, provide adequate protection to the public health and: safety.. This prin-
ciple is reflected in the provisions of the license renewal rule which limit the
renewal decision to whether age related degradation has been adequately addressed

,

; '

i- to assure continued compliance with a plant's CLB._ In order to adopt this
approach, the NRC must be .able to provide a technical basis for the key principle 1of license renewal. Accordingly, the rulemaking included a technical discussion
documenting the adequacy ~ of the CLB for all nuclear. power plants, in both the- i

statement of considerations and in NUREG-1412. However, as discussed in SECY~
- 90:160, the staff identified a potential weakness in the discussion of the aae- 1

;. . quacy of the CLB with regard to-the 41 older, non-SEP plants. To address this
; potential weaknes., the staff undertook an effort to determine whether or not

each SEP issue either had been or was being addressed by other regulatory;

i programs'and activities. ,

'

i The staff completed this effort and placed each SEP issue.into'one of the
! ' following categories: (1) issues that had been completely resolved (i.e.,
| - necessary corrective actions had been identified by the staff, transmitted to > ;

.

IO
V

I
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I

licensees, and implemented by licensecs); (2) issues that were of such low
safety significance so as to require no further r?0ulatory action; (3) issues
that were unresolved, but for which the staff had identified existing regulatory
programs that cover the scope of the technical concerns and whose implementation
would resolve the spectfic SEP issue (such as IPE and IPEEE); and (4) issues
that were unresolved and regulatory actions to resolve the issues had not been
identified. The 27 SEP issues and applicable regulatory prngrams were summarized
and presented in SECY-90-343.2 m The staff concluded that the 22 SEP issues in
Categories 3 and 4 remained unresolved for purposes of justifying the adequacy
of the CLB for some portion of the 41 older, non-SEP plants. The following is an
evaluation of these 22 issues.

\

ISSUE 156.1.1: SETTLEMENT OF FOUNDATIONS ANO BURIE0 EQUIPMENT

This issue is being prioritized.

ISSUE 156.1.2: 0AM (NTEGRlTY AND SITE FLOODING

This issue is being prioritized.

ISSUE 156.1.3: SITE HYDROLOGY AND ABILITY TO WITHSTAND FLOODS

This issue is being prioritized.

ISSUE 156.1.4: INDUSTRIAL HMARD_S

This issue is being prioritized.

ISSUE 156.1.5: TORNADO MISSILES

This issue is being prioritized.

ISSUE 156.1.6: TURBINE MISS!LES
-

DESCRIPTION

This issue is one of the three Category 4 issues identified by NRR in
SECY-90-343.im. The safety concern is the potential de. age from turbine
missiles in nuclear plants licensed before 1973.

As a result of turbine disc failures at two nuclear plants and a number of
non-nuclear p'iants prior to 1973, the staff believed that high energy missiles
could be generated from steam turbines with the potential for causing failures
in safety related systems. The two areas of concern are: (1) failures at
design overspeed because of cegraded disc material, poor in-service inspection
(ISI) of flaws, or chemistry conditions leading to stress corrosion cracking

12/31/91 3.156-2 NUREG-0933
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4

(SCC); and (2) destructive overspeed_ failures that would bring into question
the reliability of electrical overspeed protection systems, the reliability
and testing programs fer stop and control valves, and the ISI of valves. For

4

i plants licensed after 1973, the safety concerns of this issue were reviewed by
the staff as part of its OL activities; turbine overspeed protection designs;_

; were found acceptable and the magnitude of the potential damage from turbine
missiles was determined to be plant-specific.

CONCLUSION
i

! The safety concerns of this issue were addressed in the evaluation of Isstm
| A-37, " Turbine Missiles," which focused primarily on plants licensed prior to

November 1976; SRPti requirements for turbine design were. issued for use by CP'

applicants after this date. Based on the historical failure rate-of turbines4

used in the evaluation, Issue A-37 was determined to have little safety signif-'

i icance. No new data were provided in SECY-90-3431351 that would change this
| conclusion. Therefore, this issue was OROPPED from further cnnsideration.
>

IS$l'E 156.2.1: SEVERE WEATHER EFFECTS ON STRUCTURES
'

This-issue is being prioritized.,

|

ISSUE 156.2.2: DESIGN CODES, CRITERIA, AND LOAD COMBINATIONS
'

This issue is being prioritized.
1

:

ISSUE 156.2.3: CONTAINMENT OFSIGN AND INSPECTION'

This issue is being prioritized.

; ISSUE 156.2.4: SEISMIC DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS

This issue is being prioritized.

|-

ISSUE 156.3.1.1: SHUTDOWN SYSTEMS

: This issue is being prioritized.
!.

ISSUE 156.3.1.2: ELECTRICAL INSTRUMENTATION AND CONTROL
,

.This issue is being prioritized.- !

4-

ISSUE 156.3.2: SERVICE AND COOLING' WATER SYSTEMS

This issue is being prioritized.
,

I 12/31/91 3.156-3 NUREG-0933
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ISSUE 156.3.3: VENTILATION SYSTEMS

This issue is being prioritized.

ISSUE 156.3.4: ISOLATION OF HIGH AND LOW PRESSURE SYSTEMS4

DESCRIP7 ION

This issue is one of the nineteen Category 3 issues identified by NRR in
SECY-90-343.1351 A issue are low pressure systems (such as the RHR systems)
that interface with the reactor coolant system through isolation valves. The
concern is that systems with low design pressure, in comparison with reactor
coolant pressure, will ir, cur damage due to valve failure or inadvertent valve
opening.

Issue 105, " Interfacing Systems LOCA in LWRs," is currently being resolved and
is concerned with the possible breach of tnose interfacing boundaries that are

i created by a series of pressure isolation valves (PIVs) and the consequences of
failure of a boundary by mechanical fa11ure, human error, or external event.
Thus, Issue 105coversallinterfacingsystems, including'51those identified inIssue 156.3.4. The 41 plants identified in SECY-90-3431 that received OLs
before 1976 are affected by this issue.

! CONCLUSION

The safety concern of Issue 156.3.4 is being addressed in the resolution of
Issue 105, " Interfacing Systems LOCA in LWRs." Therefore, Issue 156.3.4 was
DROPPED from further pursuit as a new and separcte issue.

ISSUE 156.3.5: AUTOMATIC ECCS SWITCH 0VE_R

DESCRIPTION

This issue is one of the nineteen Category 3 issues identified by NRR in
SECY-90-343,2ast

Most PWRs require operator action to realign ECCS systems for the recirculation
mode following a LOCA. Current guidelines state that automatic transfer to the
recirculation mode is preferable to manual transfer. However, a design that
provides manual switchover is sufficient provided that adequate instrumentation
and information displays are available for the opersror to manually transfer
from the injection mode to the recirculation mode at the correct time. Autom!-
tic in lieu of manual switchover could possibly provide an improvement of ECCS
reliability at a cost that could result in a worthwhile-safety enhancement.
This issue addresses the procedures for manual switchover, the adequacy of
available instrumentation, and the possible operator errors associated with the
switchover process. The 41 plants ident'ified in SECY-90-3431351 that received
OLs before 1976 were affected by this issue.

O
12/31/91 3.156-4 NUREG-0933
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CONCLUSION
, -(

i Issue 24 is currently schedoled for resolution and is directed at studying the_

merits of manual, automatic, and se # automatic ECCS switchover to recirculation.,

All 41 plants affected by this issue will be considered in the resolution of-

Issue 24. Thus,. Issue 156.3.5 will be covered it, Issue 24.4

'

ISSUE 156.3 6.1: EMERGENCY AC,y0WER

This issue is being prinritized.'

.

ISSUE 156.3.6.2: EMERGENCY DC POWER
_

; This issue is being prioritized.

ISSUE 156.3.8: SHARED SYSTEMS
,

i This issue is being prioritized.
;

I

ISSUE 156.4.1: RPS AND ESFS ISOLATION

DESCRIPTIONf- '

i (: 'w This issue is one of the three Category 4 issues id9ntified by NRR in SECY-90-
343.13s1 The safety concern is that, in the event of non-safot.y . system fai' lures,
the lack of isolation devices could result in the propagation of faults tc

,

safety systems and common cause failures nay result. In its. study, the staff*

found that approximately 39 plants at 28 sites were not required to meet IEEE
279-1971887 and have not been reviewed for this safety ' concern since the- time 4

of their licensing.-

Non-safety. systems generally receive control signals from the reactor prctectiori
system (RPS) and engineered safety features (ESF) sensor current loop >. The,

non-safety circuits are required to be isolated to ensure the independence af
the-RPS and EST channels. Requirements for the de _nd qualification cf

isolation devices are quite specific. Evaluation s. the quality of iso btior,
i devices is not the safety issue of concern; rather, the' issue is the ex4 tence

of isolation cevices which will preclude- the propagation of- non-safety syster *

faults to safety systems.

'

CONCLUSION
4

The safety concerns of leakage through electrical isolators in instrumentation
circuits and electrical isolation in plants not required to meet IEEE 279-1971397
are currently being addressed in the resolution of Issue 142, " Leakage Throughi

Electrical Isolators in Instrumentation Circuits." Therefore, Issue 156.4.1 will

be covered in the resolution of Issue 142.
p .

. ,
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l
? ISSUE 156.4.2: TESTING OF THE RPS AND ESFS

This issue is being prioritized.

ISSUE 156,6.1: PIPE BREAK EFFECTS ON SYSTEMS AND COMPONENTSg

1

This issue is being prioritized.
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jc .jpendiz8(Continued)
'

l

4 . Operating Future- 'i
y . Action *

s Plan Item / _
Safety Affw ted NSS5 Vendor Operating Plants- Plants-
Priority /. Plants- Effective Effective r

i ' y Issue No. T.itle' Status BWR' PWR MPA ho Date Date ;
; N :

| 1$
*

,

4

! I.C.6 'Proced:Jres for Verification of Correct Performance of I All All F-07 10/31/80 10/31/80
'

'
} Operating Activities
i I.C.7; NSSS Vendor Review of Procedures I All All NA 6/26/80
i I.C.8 -Pilot Monitoring of Selected Emergency Procedures for I All All MA 6/26/80
4 Near-Term Operating License Appilcants '

,' I.C.9 tong-Term Program Plan for t!pgrading of Procedures NOTE 3(a) All All 9/13#9 6/-/85 I

i
I. D ' CONTROL ROOM DESIGN'

,
- 5-

4
.-

: Control Room Design Reviews
. I All All F-08 6/26/80 6/26/80 !

,

F - I,0.1

. I.D.2 _ Plant Safety Parameter Display Console I #11 - All F-09 6/26/80 6/26/60
[ I. D. 3 Safety System Status Monitoring MEDIUM All All - -

i. .I.D.5 Improved Control Room Instrumentation Research -

i I.D.5(2) Plant Status rad' Post-Accident Monitoring NOTE 3(a) :.11 All hA 12/-/80
i I.D.5(3) On-Line Reactor Surveillance System NOTE 1 All All
!~

Il ' QUALITY ASSURANCE.
*

t
,

; > '- i
. . . . ,

6* !. F. 2 -- | Develop More Detailed QA Criteria -
t " .

| 1.F.2(2)- ' Include QA Personnel in Reviet and Approval of Plant NOTE 3(a) Ali All NA 7/ f ;

; ! Procedures'
~

1.F.2(3) Include QA Personnel in All Design, Construction, NOTE 3(a) - All All NA 7/-/81 ;1

.. Installation, Testing, and Operation Activities

|- I.F.2(6) Increase the Size of.Licenseest QA Staff . NOTE 3(a) All All NA 7/-/81:
; I.F.2(9) Clarify Organizational Reporting ievels for the QA NOTE 3(a) .Alli All MA 7/-/81J i

Organization
-

; - I.G PREOPERATIONAL AND LOW-POWER TESTING |
.

-

|

!~. L I .G.1 ~ ' Training Requirements- I Ali All NA . 6/26/b0 i
i I.G.2 Scope of Test Prov, ram " NOTE 3(a) All All M 7/-/81 i
'

'
, . 1

II.B CONSIDERATION OF DEGRADED GR NELTED CORES IN 1

i SAFETY REVIEW
e t
; 1 . i*

| Q ~II.B.1 Reacter Coolant System Vents
. I All All F-10 9/13n9 9/27/79 - x. !

m LII.B.2 _ Plant Shielding to Provide Access to Vital Areas and- I All All F-11 9/13/19 9/27/79' <D -.
1

,

? Protect Safety Equipment for Post-Accident Operation 5.1

! o' II.B.3- -Pott-Accident Sampling I All All~ F-12 9/13/79 9/27/79 na
! $ II,8.4 Training for Mitigating Core Damage

.
I ~ All All F-13 3/28/80 '3/28/80- 7

+ w- - II.E.6 Risk Reduction for Operating Reactors at Sites with NOTE 3(a) All All . TBD ' NA ' . 7-
4 . High Populatian Densities ' cn ,
i -11.818 Rulemaking Proceeding on Degraded Core Accidents NOTE 3(a) All All .TBD 01/25/85 |
i.

'

I

i

- .-
- - , , ~ . - .s .- ,L_w
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Appendix B (Continued)

Operating future ;

y Action Safety Affected N$55 Vendor Operating Plants- Plants-

N Plan Item / .

Priority / Pf ar.ts- Effective Effective

g" Issue No. Title Status BWR FWR MPA %). Date D?te.

' N ,

c !
w -

M. ELECitICAL POWER

II.G.1 Power Supplies for Pressurizee Relief Valves Block I NA All 9/13/79 9/27/79
Valves, and Level Indicators

II.H TMI-2 CLEANUP AND EXAMINATION j;
._ j

i

II.H.2 **tain Technical Data on the Conditions Inside the HIGH NA B&W 5/-/50 NA.

TMI-2 Csetainment $tructure;

II.J CENERAL IMPLICATIONS OF TMI FOR DESICM AND CONSTRUCTION ACTIVITIES (
II.J.4 Revise Deficiency Reporting Requirements I;

I II.J.4.1 Revise Deficiency neporting Requirements NOTE 3(a) All All 7/3U91 7/31/91
'

II.K. MEASURESTOMITIGATESMAit-SREAKLOSS-CF-{00LANT f
fi 2m ACCIDENTS AND LOS$-Of-FLEDWATER ACCIDENTS

a

H
W'

?I.K.1 IE Bulletins -

II.K.1(1) Review TMI-2 PNs and Detailed Chrono 1m cf the NOTE M e) Ali All 3/3U80 NA
TMI-2 Accident

II.K.1(2) Ceview Transients Similer to TMI-2 That Have NOTE 3(a) MA S&W 3/3U80 hA ,

Occurred at Cther Facilities and NRC Evaluation
of Davis-Besse Event

'

II.K.I(3) Review Operating Procedures for Recognizing, NOTE 3(a) MA Ali 3/31/80 AA
Preventing, and Mitigating Void formation in !

' Transients and Accidents k

II.K.1(4) Review Operating Procedures and Training NOTE 3(a) All All 3/31/50 NA !
Instruct;ons i

II.Ll(5) Safety-Related valve Position Description ic0TE 3(a) All All 3/3U80 3/31/80 F

! II.K.1(L) Review Containment Isolation Initiatk a Design NOTE 3(a) All All 3/31/80 RA
i and Procedures
' II.K.1(7) Implem$nt Positive Position Controls on Valves NOTE 3(4) NA B&W 3/31/80 NA [

That Could Ccapromise or Defeat AFW flow
2- II.K.1(8) Implement P ucedures That Assure Two Independent NOTE 3(a) NA B&W 3/3 UB0 hA ,

'

E 100% AFW Flo- Paths m I

m II.K.1(9) Review Procedices to Assure That Radioactive NOTE 3(a) All All 3/31/80 M *'

1 ? Liquids and Gases Are Not Transferred out of 1
1 o Containment Inadvertently "

^

$ II.K.1(10) Review and Modify Procedures for Re w viog Safety- NOTE 3(a) All All 3/31/30 3/:t1/80 ot

3w Related Systems free Service
IL K.1(11) Make All Oper. ting ano staintenance Personnel NOTE 3(a) All Att 3/31/r0 NA o2

,

Aware of the Seriousness and Consequences of 5.n
.

Erroneous Actions leading up to, and in Early4

Phases of, the TMI-2 Accident

|
~. - . --.
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A peadin 8 (Contmoed)f

Operating f utum

W Action Safety Af fected fins Vemfor Operati v; Plante Piants-

N Plan Ites/ Priority / Plants- fffettive Ef fective

$ Issue No. Title Status PW F"wR MFA No. D. ate Date

N
<D
W

II.K.1(12) One Hour Notification Requinment and Contir.uous NOTE 3(a) All AH NA

Communications Cdannels
II.K.1(13) Propose Technical Specification Changes Reflectir.g NOTE 3(a) All All 1/US1 U1/s1

Implementation af All Bulletin Itcus
II.K.1(14) Review operating Modes and Procedure to Deel with NOTE 3(a) GE CE W 3/3U80 M

Significant Azounts of Hydrsqen
II.K.1(15) For Facilities with Mos.-Automatic ATV Initiation, NOTE 3(a) M CE. W M

Provide Dedicated Operator in Continuous
Communication with CR to Operate AN

II.K.1(16) Implement Procedures lhat Identify PRI PORV "Open" NOTE 3(a) M CE. W M
Indications and That Direct Operator to Close
Manually at " Reset" Setpoint

II.K.1(17)' Trip PZR Level Bistable so That PZR Low Presbure fe0TE 3(a) NA W

Will Initiate Safety Injection

II.K.1(18) Develop Procedures and Trein Operators on Methods NOTE 3(a) NA B&W M

I of Establishing and Nintaining Natural Circulation
L II K,1(19) Describe Design and Procedure Modifications to NOTE 3(a) MA B&W 3/3U80 nA

| Reduce Lik.elthcod of Automatic PZR FORV Actuation
in Transients-

T II.K.1(20) Provide Procedures ,and Training to Operators for NOTE 3(a) NA B&W 3/3USO 3/3Ue3
;* Prompt Manual Reactcr Trip for LOFW, TT, MSIV
* Closure, LDOP, LOSG Level, and LO PZR Level

II.K.1(21) Provide Automatic Safety-Grade Anticipatory Reactor NOTE 3(a) M ELW 3/3U80 3/3U60
Trip for LCN, TT, or Significant Decrease in SC
Level

II.K.1(22) Describe Automatic and Manual Actions for Proper hCTE 3(a) All hA 3/3 Uso 3/3U80
Functioning of Auxiliary Heat Removal Systems Wh+n
FW System Mat Operable

II.K.1(23) Describe Uses and Types of RV Level Indication for NOTE 3(a) All KA 3/3UB0 3/3U 80
Autoestic and Manual Initiation Safety Systems

II.K.3(24) Perfore LOCA Analyses for a Range of Small-6reak NOTE 3(a) NA All M
Sizes and a Range of Time Lapses Between Reactor
Trip and RCP Trip

II.K.1(25) Develop Operatcr Action Guldslines . NOTE 3(a) MA All MA

II.K.1(26) Revise Emergency Procedures and Train RGs and SEOs NOTE 3(a) NA All MA

II.K.1(27) Pror* o Analyses and Develop Guidelines and NOTE 3(a) MA All NA

Proce eres for inadequate Core Cooling Conditions
II.K.1(28) Provice Design That Will Assure Automatic RCP Trip n0TE 3(a) NA All 1/U81 U1/52

E for All Circumstances Where Required
II.K.2 Commission Ord2rs on B&W Plants - M

H IL K.2(1) Uporade Timeliness and. Reliability of ATW Systes NOTE 3(a) MA B&W hA E
IL K.2(2) Procedures and Training to Initiate and Control NOTE 3(a) M B&W NA -

8 EO AFW Independent of Integrated Control System
y II.K.2(3) Hard-Wired Control-Grade Anticipatcey Reactor Trips NOTE 3(a) NA B&W MA 9

"

II.K.2(4) Small-Break LOCA Analysis, Procedures and Operator NOTE 3(a) kA B&W NA
*

Training
II . K. 2.'5) Complete TMI-2 Simulator Training for All Operators NOTE 3(a) NA B&W NA

- ._. ._ _ . _
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Appendic S (Continued)

Operating Future
0" Action Safety Affected M*55 Vendor Operating Plants- riants-

Q Flan Item / Priority / Plants- Effective Effective
y Issue No. Title Status BWR PVR MPA No. Date Date
N

0

II.K.2(6) Reewaluate Analysis for Dual-l.evel $etpoint Control NOTE 3(a) NA 3&W MA

II.K.2(7) Reewaluate Transient of Septeeer 24, 1977 NOTE 3(a) M B&W NA
II.K,2(9) Analysis and Upgrading of Integrated Contro! Systee I hA E4W F-27 UU81 1/1/ 1
II.K.2(10) Hard-Wired Safety-Grade Anticipatory Reactor trips I NA E&W F-29 UU81 U1/01
II.K.2(11) Operator Traini g and Crilling I Nr. B&W F-29 1/1/81 1/1/61n
II.K.2(13) Tf ermal-Mechanical Report on Ef fect of HPI on vessel I NA BAW F-30 1/U81 1/U81

Integrity for $aall-Break LOCA With No AFW

II.K.2(14) Demonstrate That Predicted Lift Frequency of PORys ! MA B&W F-31 U1/81 U1/mi
and SVs Is Acceptable

II.L 2(15) Analysis of Effects a slug Flow on Onc.e-Through I NA G&W 6/ U60 6/1/B3
Steam Generator Tces Af ter Primary Systee Voiding

II.K.2(16) Impact of RCP Gal Damage Following Small-6reak I MA B&W F-32 6/1/80 6 'USO i

tDCA With Loss of Offsite Power j
II.K.2(17) Analysis of Potential Voiding in RCS During I HA B&W F-33 AA

Anticipated Transients

II.K.2(19) Benchmark Analysis of Sequential AFW Flow to once- I MA E&W F-34 UU81 NA
Through steam Generator

II.K.2(20) Analysis of Steam Response to small-Break LOCA I MA B&W F-35 1/1/81 M
That Causes Systes Pressure to Exceed PORY 5etpoint

T II.K.2(21) LOFT L3-1 Predictions NOTE 2(a) M B&W tA
sa II.K.3 Final Reccamendations of Bulletins and Orders Task -

* Foru
II.K.3(1) Install Automatic PORY Isolation Systes and Perform I M All F-36 7/1/81 7/1/81

Operationes Test
II.C 3(2) Report on Overall Safety Effect of PORY Isolation I hA All F-37 1/1/81 Uu81

System
II.K.~s(3) Report $afety and Relief Valve Failures Prr, aptly I All All F-38 4/1/60 4 /UE0

and Challenges Annually
II.K.3(5) Automatic Trip of Reactor Coolant Pumps I NA All F-39, G-G1 U1/81 U1/81
II.K.3(7) Evaluation of PORY Opening Probability During I MA B&W 1/1f 81 1/UB1

Overpressure Transient
II.K.3(9) Proportional integral Derivative Controller I NA W F-40 7/U60 7/1/80

Modification
II.K.3(10) Anticipatory Trip Modification Proposed by Some I NA W 7-41

Licensees to Confine Range of Use to High Power
levels

.II,K.3(11) Con'rol Use of PORY Supplied by Control Camponents, I All All
Inc. Untti Further Review Complete

g II.K.3(12) Confira Existence of Antic 1;atory Trip upon Turbine I hA V F-42 1/USO UUB0
m Trip yg II.K.3f13) Separation of HPCI and RCIC System Initiation tevels I GE NA F-43 10/1/80 10/1/80 <

a II.K.3(14) Isolation of Isolation Condensers on High Radiation I GE NA F-44 1/U81 NA 7$ II.K 3(15) Modify Breck Detection Logic to Prevent Spurious I GE NA F-45 UUel U1/01 -

w Isolation of HPCI and RCIC Systems 2W II.k.3(16) Reduction of Challenges and Failures of Relief I GE NA F-46 1/1/81 U1/01
~

Valves - feasibility 5tudy and Systes Modification *
II.K.3(17) Eeport on Outage of ECC Systees - ifcensee Report I GE M F-47 U1/81 1/1/81

and Technical Specification Changes

e O O
..
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Appeck./8 (Crntinued)

Op-rating Future
y Action . Safety Affected NSSS Vendoc Operating Plants- Plants-
N Plan Item / Priority / Plants- Effective Effective
$ 7ssue No. Title Status BWR PVR HPA No. Cate DateN
N

II.K.3(IS) Modification of ADS Logic - Feasibility Stucy and I GE NA F-48 1/1/81 1/1/81Modification for Increased Diversity for Some
Event Sequences

II.K.3(19) Interlock on Recirculation Pump Loops I GE NA F-49 1/US1 MII.K.3(20) Loss'of Service Water for Big Rock Point I GE M 1/1/81 hAII.K.3(21) Restart of Core Spray and LPCI Systems on Law I GT NA F-50 U1/81 1/U81Level - Design and Modification
II.K.3(22) Automatic Switchover of RCIC System snction - I GE NA F-51 UU81 1/1/81Verify Procedures and h>dify Gesi nC
II.K.3(24) Confirs Adequacy of Space Cooling for HFCI and I GE M F-52 UUB2 1/U82RCIC Systems
II.K.3(25) Effect of Loss of AC Power on Punn Sesis I GE M F-53 1/1/82 1/1/82IIA.3(27) Provide Common Reference Level for Vessel Level I GE NA F-54 10/1/80 10/1/80Instrumantation
II.K.3(28) Study and Verify Qualification of Accumulators I GE NA F-55 UV82 UU82on AD5 Valves
II.K.3f29) Study to Demonstrate Performance of isolation I GE NA F-56 4/U81 MCondensers witn Men-Condensibles

T ' II.K.3(30)
Revited Small-Break LOCA Methods to Show Compliance 2 All All F-57 U1/83 1/U63with 10 CFR $0, Appendte K

j y II.K.3(31) Plant-Specific Calculations tc Show Compliance with I All All F-58 1/1/83 1/1/83' 10 CFR 50.46
| II.K.3(44) Evaluation of Anticipated Traesients with Single ! GE M F-59 UU81 1/ U81
; failure to Verify No Significar>t Feel Failure
| II.K.3(45) Saluate Depressurization with Other Than Full ADS I GE M F-60 UU81 1/1/81
! II.K.3(46) . esponse to List of Concerns from ACRS Consultant I GE M F-61 7/UB0 7/1/80II.K.3(57) Identify Water Sources Prior to Manual Activation I GE hA F-6.7 10/1/S0 r
, of ADS
I

| 1

III.A EMERGENCY PREPAREDNESS AND RADIATION EFFECTS

III.A.1 Improve Licensee Emergency Preparedness - Short Tere
III.A.1.1 Ispgrade Emergency Preparedness -

III.A.1.1(1)' Implement Action P?an Requirements fer Promptly I All All 1G/10/79 8/19/80leproving Licensee Emergency Preparedness
III.A.I.2 Upgrade Licensee Emergancy Support racilities -

c: III.A.1.2(1) lechnica* Support Center I All All F-63 9/13/79 9/27/79m III.A.I.2(2) On-Site Operational Support Center I All All F-64 9/13/79 9/27/79 N8 III.A.I.2(3) ' hear-Site Emergency Operations f acility I All A!! F-65 9/13/79 9/27/79 .c
*

t.o III.A.2 improving Licensee foerc*ncy Preparedness-tenc Term
$ III.A 2.1 Amend 10 CFR $0 and 10 Cf R 50, Appendia E -

{III.A.2.1(1) Publish Preposed Amendments tJ the Rules I All All
III.A.2 1(2) Conduct Pubile Reg!onal Meetings I All All *
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@pendia B (Continued)

Operatang Fature
y Action Safety Affected M555 Vendor Operating Plants- Plants-
% Plan Itee/ Priority / Plants- Effective Effective

$ Issue No_ Title Status PWR FwR t@A hc. Date Cate
s _ _

t.O 4

W \

|

III.A.2.I(3) Prepare Final Cammisstoa Paper Reccomending Adoption I A11 All
of Rules

III.A.2.1(4) Revise Inspe. tis,n Progran to Cover Upgradad I All :.f i F-57
Require- cs

1

11. . '. 0. ! v .eevnent of Guidance and Criteria 1 All All F-68 '

III.A 3 Improving NRC Emergency Prepaceeness
llEK~3.3 Communications -

III. A. 3.3(1) Instali Direct Dedicated Telephone Lines NOTE 3(a) All All

III.A.3.3(2) Obtain Dedicated, Shcrt-Range Radio Comunication NOTE 3(a) All Ai1
Systems

III.D RADIATION PRGTECTION

I

III.D.1 Padiation source Ct.ntrol
ITT T I.1 Primary Cooiant sources outsice the Containeent -

5tructure
III.D.1.1(1) Review Information Suoeltted by Licensees Pertaining I All All 7/2n9 4/; rn9

T to Reducing testage from Operating Systaes'

!!I.D.3 Vorher Radiation Protection iisprovement

III.D.3.3 Inplant Radiation Monitermg -

III.D.3.3(1) Issue Lettee Reouiring lepected Radiation $arcling I All All F-69 9/13/79 9/2?/79
Instrumentationi

| III.D.3.3(2) Set Criteria Requiring Licensees te Evaluate Need fer h0TE 3(a) All All 9/13/79 9/z /'79
Additional Survey Equfpment

III.D.3.3(3) Issue a Rule Change Providing Acceptable Methods for iWTE 3(a) All All 9/13/79 9/27/7'l
2Calibration of Radiation-Monitoring Instruments

III.D.3.3(4) Issue a Regulatory Guide NOTE 3(a) All All 9/13/79 9/27/79
111.D.1.4 Control Room Habitability I All All F-70 5/7/EO G/h /60

TASK ACT!GM PLAN ITE**5
-_

A-1 Water Hammer (former USI) NOTE 3(a) All All AA 3/15/84
A-2 Asyssetric Blowdown Loads on Reactor Primary Coolant MOTE .3(a) KA All 0-10 1/-/81 1/-/81

:;e Systees (former USI)
g A-3 Westinghouse Steam Generator Tube Integ-ity (forser USI) NOTE 3(a) NA W a/I7fs3 a/17/85 m
m A-4 CE Ste.e Generator Tuoe Integrity (former USI) NOTE 3(a) NA CE 4/17/55 a/17/85 to

9 A-5 EA Steae Geneeator Tube Integrity (former USI) NOTE 3(a) NA Sh a/17/a5 a/17/e5 1
o A-6 Mark I Short-Term Program (former USI) NOTE 3(a) GE NA 12/-/77 MA e

^

$ A-7 Mark I Long-Tere Program (foneer OSI) NOTE 3(a) GE NA D-01 8/-/82 8/-/82 o
w A-8 Mark II Contairment Pool Dyansic loads - Long Tere NOTE 3(a) GE hA E/-/81 8/-/81 0

Progree (former USI) cn
A-9 ATais (former USI) NOTE 3(a) All All 6/26/85 6/16/84
A-10 BWR Feedwater Monte Cracking (f reer U5I) NOTE 2(a) All NA B-25 11/-/80 11/-/8C

9 9 9
.
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w Operating iuturetv Action Safety Affectec h555 Vendor Opera t ie g Plaats- Plants-D Plan Item / Priority / Plants- Effective Efrectiseq Issue No. Title Status BWR PWR MFA No. Date Date
3

NEW CEMRIC 155 DES
._

2., failure of Protective Devices on Essential Equipment NOTE 4 All All Tea 18015. Radistion Effects on Reactor vessel Supports HIGi All All Tbc rec23. Reactor Coolant Pump Seal failures HIGI All AIT TB0 13924. Au*m atic Emergency Core Cooling System Switch t2 HEDitM NA All TBD 783Recirculaiton
25. Automatic Air Header Dum on EWR Scras System NOfi 3(a) All NA 1/9/g1 1/s/8140. Safety Concerns Associated with Pipe Breal s in tne BWR IOlf 3(a) All NA B-65 8/31/81 e/31/81t

Scram System
41. B'm*R Scras Discharge Volume Systees NOTE 3(a) All NA a-58 12/9/80 kA
43. Reliability of Air Systems NOTE 3(a) All All 8,8/38 MA
45. Inoperability of Instrumentation Due to Estreme Cold NOTE 3(a) All All m 9n/33Weather
$1. Proposed Requireeents for Improving the Reliability of tote 3(a) All All e7/Is/n c7n8/e9Open Cycle Service Water Systees
57. Effects of Fire Protection System Actuation MEdILM All All TBD TSO> on Safety-Related Equipeent

d 67. Steae Generator Staf f Actions - - - - -

to 57.3.3 h4) roved Accident Monitoring NOTE 3(a) All All A-17 12/17/82 12/17/6270. POW and Block Valve Feliability NOTE 3(a) NA All 06,25/90 06/25/9073. Detached Thermal Sleeves NOTE 2 hA W 180 TED
75. Generic Implications of ATWS Events at the Sales NOTE 3(a) All A?1 B-76, B-77, 07/08/83 TBDNuclear Plant B-78, B-79,

8-80, B-81.
B-82 B-85,
B-86, B-87
B-88, B-89,
8-90, B-91, |

B-92, 8-93 |
!76. Instrumentation and Control Power Interactions NOTE 4 All All TB3 IBD

78. Monitoring af Fatigue Transient Limits for Reactor *cTE 4 All All TBD TBD
Coolant System

79. Unanalyzed Reactor Vessel Therrat Stress During MEDILM MA B&W TB3 TB0
Natural Convection Cooldown

z B3. Centrol Rooe Habitability NOTE : All All TED 180
E 86. Long Renge Plan for Dealing with Stress Corrosion NGTE 3(a) All NA 8-84 180 TBD
rn Cracking in BWR Piping y? 87. Failure of PPCI Steam Line Without Isolation NOTE 3(a) All All 06/28/89 C6/28/89 <o 89. Stiff Pipe Clasps NOTE 4 All All TBD TBD 7 .

8 93. Steam Binding of Auxiliary Teedwater Pumps NOTE 3(a) AA All T33 TB0 |
+

ta j
e,
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| Appendix B (Continued) |

j !
Operating future

j $ Action Safety Affected NSSS Vendor Operating Plants- Plants-

N Plan Itee/ Priority / Plants- Effective Effective

$ Issue No. . Title Status BVR PWR MPA No. Date Date ;
N

0

155.6 Improve Decontamination Regulations NOTE 4 All All TBD TBD

155.7 Improve Deccomissioning Regulations NOTE 4 All All TBD TBD

156. Systematic Evaluation Program - - - - -

156.1.1 Settlement of Foundations and Buried Equipment NOTE 4 All All TBD TBD= ,

156.1.2 Das Integrity and Site Flooding NOTE 4 All All TBD TBD r
'156.1.3 Site Hydrology snd Ability to Withstand Floods NOTE 4 All All TBD TBD

'

156.1.4 Industrial Hazards NOTE 4 All All TBD TBD

156.1.5 Tornado Missile NOTE 4 All All TBJ TBD-

15G.2.1 Severe Weather Effects on Stria.tures NOTE 4 All All TBD TBD !

156.2.2 Design Coces. Criteria, and toad Combinations NOTE 4 All All TBD TBD .

t156.2.3 Containment Design and Inspection NOTE 4 All All TBD TBD '

156.2.4 Seismic Design of Structures, Systems, and Components NOTE 4 All All TBD TBD
. 156.3.1.1 Shutdown Systems NOTE 4 All All T8D TBD
1 156.3.1.2 Electrical Instrumentation and Controls NOTE 4 All AIT TBD TBD

156.3.2 Service and Cooling Water Systems ND". 4 All All TBD TED

156.3.3 Ventilation Systems NOTE 4 All All TBD TBD.

156.3.6.1 Emergency AC Power NOTE 4 All All TBD TBD
156.3.6.2 Emergency DC Power NOTE 4 All All TSE TBD
156.3.8 Shared Systems NOTE 4 A!1 All TBD TBD, p

; 156.4.2 Testing of the RPS and ESFS NOTE 4 All All TBD TBD
! $ 156.6.1 Pipe Break Effects on Systems and Corponents NOTE 4 All All TBD TBD

, .
NOTE 4 All All TBD TSO157. Containment Performance

158. Performance of Power-Operated valves Under h0TE 4 Ali All TBD TBD
Design Basis Conditions

159.- Qualification of Safety-Related Pumps NOTE 4 All All TBD TBD
j While Running on Minlaus Flow

150. Spur:cus Actior:s of Instrumentation NOTE 4 All All TBD TBD
Upon Restaration of Power

161. Use of Non-Safety-Related Power Supplies NOTE 4 All All TBD TBD
in Safety-Related Circuits

i 15?. Inadequate Technical Specifications fo- NOTE 4 All All TBD TBD
hhared Systems at Multiplant Sites When

: One Unit Is Shut Down

HUMAN FACTORS ISSUES

| ftF1 STAFFING AND QUALIFICATIONS2
c- -

m m
m hF.1.1 Shift Staffing NOTE 3(a) All All TBD TBD r0
0 <

e .

g 9 PROCEDURES ~ m,,
ta - ow n

hF4.4 Guidelines for *Jpgrading other Procedures HICH All All TBD TB0 m

- _ . _ _. _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ ---
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Appestdin B (Contin ed)u

y . Action Operating future
N Flan Item / Safety Affected NSSS Vendor Cpsrating Plants- Plants-

Priority / Plants- Effecthe Effectiveg Issue No. Title status BWR PWR MPA ho. Date DateN
tD
w

@ MAN-MACHINE INTERFACE
-

HF5.1 Local Control Stations HIGH All Ali TBir TBDNf5.2 Review Crit rf4 for Human factor $ Aspects of Advax ed HIGH All All TBD TSOControls and Instrumentation

i
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13. SUPPt.EVI NTANY NOTES

'11 AB5 T R AC T m:0 wifs er Aw!
~

The report presents the priority rankings for generic safety issues related 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 those safety issues that have a
significant potential for reducing risk. The safety priority rankings are HIGH, ME0iUM,
LOW, and DROP and have been assigned on the basis of risk significance estimates, the
ratio of risk to costs and other impacts estimated to result if resolutions of the ( i

safety issues wcre imr.lemented, and the consideration of uncertainties and other
j

quantitative or qualitative factors. To the extent practical, estimates are
quantitative.

4
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Unlimitedgeneric safety issues 'i. m u m m a,s.I.us
risk
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