
. _

. .
.

,

NUREG/CR-4047
ORNL/TM-9444

*

.

< OAK RIDGE-
" NATIONAL'

' LABORATORY
An Assessment of the Safety

'
-

Implications of Control at
=d " = "d "''"

the Oconee 1 Nuclear Plant.-

Final Report
i- )
!

R. S. Stone,

F. H. Clark )

O. L. Smith
A. F. McBride
N. E. Clapp, Jr.
R. E. Battle

!
Prepared for the

Division of Engineering Technology;

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission

Under Interagency Agreement 40-550-75

-

,

'

i.
i !

NAIEU8Y 8605290031 860331
PDR ADOCK 0500 9

MARTIN MARIETTA ENERGY SYSTEMS. INC |
.

FOR THE UNITED STATES

.

,0EPARTMENT OF ENERfiY

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



= e
.

9
.

k

..

1

NOTICE2

This report was prepared as an account of work sponsored by ani

agency of the United States Government. Neither the United
States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied or,

assumes any legal liability or responsibility for any third party's
use, or the results of such use, of any information, apparatus
product or process disclosed in this report, or represents that its
use by such third party would not infringe privately owned
rights.

;

a

i

t

Available from

Superintendent of Documents
U.S. Government Printing Office

Post Office Box 37082
WasNngton, D.C. 20013 7982

i and

National Techmcal information Service
Springhold, VA 22161

i
!

,

.s,--, .r...,.+2,- .-_v . w , ,_..,____.,._,r.-__w- .._..._,,-,_,~,o,,y v- . , . - . . . . . , ,,m,-_ r,,,_...,..._.c.m.m----, ..#..,



NUREG/CR-4047
ORNL/TM-9444

Distribution Categories
R1, R4, R10,12

Instrumentation and Controls Division

AN ASSESSMENT OF THE SAFETY IMPLICATIONS OF CONTROL AT
THE OCONEE 1 NUCLEAR PLANT

FINAL REPORT

Major Authors

R. S. Stone
F. H. Clark O. L. Smith
A. F. McBride R. E. Battle
N. E. Clapp, Jr.

Contributors

P. N. Austin' R. A. Hedrick 8

R. S. Booth L. L. Joyner'
D. P. Bozarth' J. Lewin
R. Broadwater C. L. Mason 8
R. D. Dabbs* J. P. Renier
F. C. Difilippo A. Sozer
E. W. Hagen

Manuscript Completed: September 3, 1985

Dated Issued: March 1986

' Science Applications, Inc., Oak Ridge, Tennessee.
' Tennessee Technological University, Cookeville, Tennessee.
' Technology for Energy Corporation, Knoxville, Tennessee.
'Joyner Engineers and Trainers, P.C., Forest, Virginia.

'

Prepared for the

; Division of Engineering Technology
Office of Nuclear Regulatory Research
U. S. Nuclear Regulatory Commission

Under Interagency Agreement 40-550-75
j NRC Fin. Nos. B0467 and B0816

Prepared by
OAK RIDGE NATIONAL LABORATORY,

l Oak Ridge, Tennessee 37831
operated by

; MARTIN MARIETTA ENERGY SYSTEMS, INC.
! for the

U. S. DEPARTMENT OF ENERGY
under Contract No. DE-AC05-840R21400

i
L



TABLE OF CONTENTS

LIST OF FIGURES . . . . . . . . .... ... ... ....... y

LIST OF TABLES . vii. . . . . . . .......... . .......

LIST OF ACRONYMS . . ix. . . . . ... .... . .. . ..... ..

ABSTRACT . ............................ xi

EXECUTIVE SUMMARY xiii. . . . . . ... .... ..... . . ....

1. INTRODUCTION . I. . . . . .. .. ....... . . ......

1.1 Program Scope . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Obj ectives 2. . . . . ... .... ... .. . .... .
13 Limitations . . . . . . . . . . . . . . . . . . . . . . . 31.4 Methodology . 3. . . . .. . ..., ... . .......

2. IDENTIFICATION AND SELECTION OF OCONEE
PLANT SYSTEMS FOR SICS ANALYSIS 7...... .. .. .... .

2.1 Oconee Unit 1 Control Systems . . . . . . . . . . . . . . 7
2. 2 . Operating Experiences . . . . . . . . . . . . . . . . . . 9

2.2.1 Relevant Oconee Operating Experiences 9..... .

2.2.2 Relevant Operating Experiences at
Other B&W Plants . . . . . . . . . . . . . . . . . 14

2.3. Selection of Control Systems Potentially
Affecting RCS Overcooling or Undercooling . 17. .. ... .

2.4 Selection of Control System Potentially
Affecting SG Overfill . . . 19... . . .. . .. ... ..

2.5 Selection of Control Systems Potentially
Affecting Recovery from Design Basis
Transients 20. . . . . . .. .... ... . ... ....

3 EVALUATION OF SICS TRANSIENTS 21.. ... ... . . . ... ..

3.1 Failure Mode and Effects Analyses'. . . . . . . . . . . . 21
3 1.1 Failures Contributing to RCS Undercooling 21.. . .

31.2 Failures Contributing to RCS Overcooling . . . . . 36
: 313 Failures Contributing to Steam Generator
!

Overfill . . . 46.. . . .. .... ...... . .
i 3 1.4 Failures Affecting Recovery from Design

Basis Accidents 51.. . .... .. . ... ....
; 3.2 Estimated Frequency of Selected Failure Sequences . . . . 57
! 3 2.1 Estimated Frequency of Steam Generator Overfill 58.

3.2.2 Estimated Frequency of RCS Overcooling Events 68..

323 Estimated Frequency of Insufficient Core
! Cooling Events . . . . . .

. 69. ... . .. . ....

i

I
| 111

!
I

l

L



i

4 AUGMENTED FAILURE MODE AND EFFECTS ANALYSIS 75. . . . . . . . .

4.1 Hybrid Simulation 75.................. .

4.2 Hybrid Model of Oconee-1 Plant . 75. . . . . . . . . . . .

4.2.1 Core 78......................

4.2.2 Steam Generator . . . . 79. . . . . . . . . . . . .

4.2 3 Pressurizer . . . 80. . . . . . . . . . . . . . . .

4.2.4 Reactor Coolant Pumps . . . . . . . . . . . . . . 80
,

4.2.5 Turbine Generator and Feedwater Heaters . . . . . 80
4.2.6 Feedwater Pumps . . . . . . . . . . . . . . . . . 80
4.2.7 Condensate Pumps 80. . . . . . . . . . . . . . . .

4.2.8 Emergency Core Cooling System . 80. . . . . . . . .

4.2.9 Control System 80.................

4.3 Model validation . 81...................

4.4 Application of the Model . . . . . . . . 82. . . . . . . .

4.5 Steam Generator Overfill Transients 83 |. . . . . . . . . .

4.6 Secondary Side Depressurization Transients . . . . . . . 90
4.7 Overheating Transients . . . . . . . . . . . . . . . . . 91
4.8 Steam Generator Tube Rupture Transients 91>

. . . . . . . .

4.9 Revision of the Hybrid Model of the Steam Generator 98. .

4.10 Preliminary Conclusions 99. . . . . . . . . . . . . . . .

5. SUMMARY AND CONCLUSIONS 103.. .................

,

5.1 Summary of Control System Failures with Safety
Implications 103.. ............. . . . . . . .

5.1.1 Control System Failures Leading to SG
Overfill . . . . . . . . 103. . . . . . . . . . . . .

5.1.2 control System Failures Leading to Loss
of SG Cooling 104..................

|
5.2 Mitigation of Significant Control System Failures . . . . 104

5.2.1 Steam Generator overfill . . . . . . . . . . . . . 104
5.2.2 Loss of Steam Generator Cooling 105. . . . . . . . .

53 Applicability of Results to Ocher B&W Installations . . . 105

REFERENCES . 107...........................

APPENDIXES . 109........................... .

A. DETAILED SYSTEM DESCRIPTIONS . 111. . . . . . . . . . . . . .

B. DETAILED FMEA DESCRIPTIONS . . . 163. . . . . . . . . . . . . .

C. DETAILS OF HYBRID SIMULATION MODEL VALIDATION
AND RESULTS 265...................... .

D. DUKE POWER COMPANY REVIEW OF DRAFT REPORT 297. . . . . . . .

.

4

I

IV

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



LIST OF FIGURES

1.1. Flowchart for study of the safety implications
of Oconee-1 plant control systems . 5. . . . . . . . . . . .

3.1. Event tree of Oconee steam generator overfill
sequences . ........................ 59

3.4. Insufficient core cooling event tree: loss of ICS
hand power (Branches HX, H1X) 60. . . . . . . . . . . . . . .

3.5. Insufficient core cooling event tree: loss of ICS
auto power (Branches H, H1) 61. . . . . . . . . . . . . . . .

4.1. ORNL hybrid computer model of Oconee Unit 1 76. . . . . . . .

4.2. Model of the integrateo control system 81. . . . . . . . . .

4.3 Water injection into steam line A at 50% power
(Class 1) 84......... . . . . . . . . . . . . . . . .

4.4. Water injection into steam line A at 100% power
(Class 2) 84.........................

4.5. Water injection into steam line A at 20% power
(Class 5) 87.........................

4.6. Loop A cold-leg coolant temperature at 20% power
(Class 5) 87...................... . . .

4.7. Water injection into steam J ine A at 100% power
(Class 5) 87.........................

4.8. Core power fraction (Class 7) 87. . . . . .. . . . . . . . .

4.9. Water injection into steam line A at 100% power
(Class 9) ......................... 90

4.10. Core average coolant temperature as measured by sensors
in Loop A at 100% power (Class 9) 90. . . . . . . . . . . . .

4.11. Core average coolant temperature at 100% power 92. . . . . .

4.12. Pressurizer water level at 100% power . . . . . . . . . . . 92

4.13. Uoper core vapor volume fraction at 100% power 92. . . . . .

4.14 Pressurizer water level 96. . . . . . . . . . . . . . . . . .

4.15. Water injection into steam line A . 96. . . . . . . . . . . .

4.16. Pressurizer water level . . . 97. . . . . . . . . . . . . . .

y



_ _ _ _ _ _ _ _ _ _ _ _ _ -

LIST OF FIGURES (continued

4.17. Energy and steam production following a reactor trip 98. . .

4.18. Steam generator A outlet quality at 100% power:
comparison of original and revised SG models 100. . . . . . .

4.19. Water injection into steam line A at 100% power:
comparison of original and revised SG models 100. . . . . . .

A.1. Simplified schematic diagram of a nuclear power plant . 120. .

A.2. Schematic diagram of the Oconee-1 steam ger.erator
control system 121. . .. . . . . . . . . . . . . . . . . . .

A.3 Schematic diagram of steam generator pressure tapa
and Ap cells 126. . . . . . . . . . . . . . . . . . . . . . .

A.4. Main feedwater pump high-level trip circuit . 127. . . . . . .

A.S. Instrument and Service Air Supply Systems at Oconee
Nuclear Station . 137. . . . . . . . . . . . . . . . . . . . .

A.6. Instrument air distribution network . 129. . . . . . . . . . .

Vi



LIST OF TABLES

2.1. Feedwater-related perturbations at Oconee
Nuclear Plant . . ..................... 11

2.2. Operating experiences at other B&W reactors . . . . . . . . 15

3.1. Summary of RCS subsystem failure modes 23. . . . . . .. . .

3.2. Summary of pressurizer system FMEA: Failures
leading to or affecting insufficient core
cooling transients . . . . . ............... 24

3.3 FMEA of RC pumps: failures leading to or affecting
insufficient core cooling transients 25. . . . . . . . . . .

3.4 FMEA of Steam Generators: failiures leading to or
affecting insufficient core cooling transients 26. . .. . .

3.5. Summary of condensate and main feedwater FMEA:
failures leading to or affecting insufficient core
cooling transients 30. . . . ...... . . . . . . .. . .

3.6. Summary of makeup and purification system FMEA:
failures leading to or affecting insufficient core
cooling transients 35. . . . ...... . . . . . . . .. .

3 7. Summary of main steam and turbine bypass FMEA:
failures leading to or affecting RCS overcooling 37. . .. .

3 8. Summary of condensate and main feedwater FMEA:
failures leading to or affecting overcooling
transients . . . . . . . . . . .............. 42

3.9. Summary of potentially adverse control system failures 53. .

3.10. Calculated module type failure rates in 820 series ICS 63, . .
1

4.1. Class 5 overfeed: failure of high-level control transfer
| and high level pump trip of Steam Generator A . . . . . . 85.

!

! 4.2 Class 7 overfeed main feedwater block valve position
I indicator fasley indicated closed . 88.... . . . . . . . .
i

4.3. Overheating induced by loss of all feedwater
| to steam generators . . . 93. . ...............

| 4.4. Tube rupture transient 100% power . 94. . . . . . . . . . . .
|
i A.I. Oconee nuclear systems (Nxx) 147........ .. . . . . .

A.2. Oconee engineered safeguards systems (Sxx) 148. . . . . . . .
l
!

vil



I

LIST OF TABLES (continued)

A.3 Oconee reactor building / containment systems (Cxx) 148.....

A.4. Oconee electrical systems (Exx) 149..............

A.S. Oconee power conversion systems (Pxx) 149...........

A.6. Oconee process auxiliary systems (Wxx) 150..........

A.7 Oconee plant auxiliary systems (Xxx) 151...........

A.8. Oconee SICS systems list 152. ................

A.9. First order reactor coolant system interfaces . . 154.....

A.10. Second order reactor coolant system interfaces 155..... .

A.11. Oconee I systems not selected for analysis 156........

A.12. Miscellaneous non-seactor accidents . . . . 161........

A.13 Accidents terminated by reactor trip 161...........

A.14. Accidents exhibiting significant post trip
transient behavior 161. . . . ................

viii



ACRONYMS

AFW auxiliary feedwater
ATWS anticipated transient without scram

B&W Babcock and Wilcox
BWST borated water storage tank

CCW condenser circulating water
CE Combustion Engineering
CRDCS control rod drive control system
CRDM control rod drive mechanism

EFW emergency feedwater
EFIC emergency feedwater initiation and control
ESFAS engineered safety features actuation system

FMEA failure mode and effects analysis
FSAR final safety analysis report
FW reedwater

GE General Electric

HP high pressure
HPI high pressure injection

IA instrument air
ICS integrated control system

LER Licensee Event Report
LOCA loss-of-coolant accident
LPI low pressure injection
LPSW low pressure service water
LST letdown storage tank

MFW main feedwater
MSLB main steam line break
MU&P makeup and purification system

NNI nonnuclear instrumentation
NRC Nuclear Regulatory Commission
NSAC Nuclear Safety and Analysis Center
NSIC Nuclear Safety Information Center
NSSS nuclear steam supply system

ORNL Oak Ridge National Laboratory
OTSG once-through steam generator

PORV pilot-operated relier valve
PRA probabilistic risk assessment

ix

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



- _ _ _ - - _ _ _

P

PTS pressurized thermal shock
PWR pressurized water reactor

RCS reactor coolant system
RCW recirculated cooling water
RPS reactor protective system
ry reactor year

SG steam generator
SICS safety implications of control systems
SU startup

TBS turbine bypass system
TBV turbine bypass valve
TCS turbine control system

UCLA University of California at Los Angeles
USI unresolved safety issue

1

4

|

X



|

ABSTRACT

As part of the U.S. Nuclear Regulatory Commission's Unresolved Safety
Issue on Safety Implications of Control Systems (USI A-47) Program, the

| Oak Ridge National Laboratory has completed an investigation of
! nonsafety grade control system failures at Oconee 1 that could lead to

rapid steam generator overfill, reactor overcooling, or reactor

| overheating (inadequate core cooling). Transients that result from loss
! of control system power and that threaten plant safety have also been !

I investigated.
'

l

Detailed examinations of all Oconee 1 major plant systems were,

performed, followed by a logical evaluation of their influence in the
I transients of interest. Broad failure mode and effects analyses
; (FMEAs) were then conducted on each of the candidate plant systems to
i determine their safety consequences. In these analyses, the effects of
; common-cause failures upon the Oconee-1 control systems were examined.
3 Sequence analyses using the results of the FMEAs were then performed to

assess combinations of failures and the estimated frequencies of these
accident sequences. Where simple cause-and-effect relationships could

; not be demonstrated (i.e., in cases where feedback was found to exist
; between the failure outcome and the initiating event), a hybrid computer

model was used to augment the FMEAs. This model, which was developed
3 with techniques similar to those currently used in other major systems

; class codes, combines thermal hydraulics, neutronics, and control system
i packages to produce a total plant simulator with emphasis on control

| system dynamics.
i
f Rapid steam generator overfill, reactor overcooling, and inadequate core

cooling can be caused by failures in nonsafety grade control systems.
For example, failure of the steam generator high-level main feedwater,

pump trip, failure to open or to close the pressurizer pilot-operated
,

relief valve, or loss of power to an integrated control system branch
circuit resulting in loss of automatic control of the main feedwater,

flow can lead to transients in one of these respective classes. Proper
i operator intervention, however, can avert possible safety consequences

resulting from such failures. Reevaluation of certain trip circuitry,
more extensive utilization of the plant computer to process instrument
signals, and rewriting of selected operator procedures are recommended

[ to minimize the effect of control failures in nonsafety grade control
~

systems at Oconee 1. Generic extension of the Oconee 1 recommendations
to all Babcock and Wilcox pressurized water reactors has also beena

addressed to the' extent possible.

!
i

!

,

'
i

|
i

i
.
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EXECUTIVE SUMMARY

An investigation of nonsafety grade control system failures at Oconee 1
that could lead to rapid steam generator overfill, reactor overcooling,
or reactor overheating (inadequate core cooling) has been completed.
The . safety implications of such control system f ailures were assessed by
performing detailed plant-specific examinations of the interaction

between control and safety systems, determining the relative importance
of these interactions, and recommending plant design and operation
guidelines based on their relative importance. The probabilities of
certain events have been estimated to ensure the credibility of this
study, and guidance has been provided to broaden the results of this
plant-specific analysis to encompass all Babcock and Wilcox pressurized
water reactors.

SELECTION OF PLANT SYSTEMS

All Oconee 1 major plant systems were evaluated logically to produce a
candidate set of plant systems for analysis. Candidate systems are
those that can potentially contribute to the initiation or exacerbation

of rapid steam generator overfill, reactor overcooling, or inadequate
core cooling. Subsystems and individual components that interface with
the candidate set of plant systems were then identified to establish
chains in which each link is significant to the transient event classes
under study.

Two sets of systems were selected for failure mode and effects analyses
(FMEA). The first system set can contribute to rapid steam generator
overfilling or reactor overcooling (as these are directly coupled) and
includes integrated control, nonnuclear instrumentation, pressurizer,
steam generator, reactor coolant pumps, makeup and purification,
chemical addition and sampling, coolant storage, coolant treatment, main
steam and turbine bypass, turbine generator, main condenser, condensate
and feedwater, reactor building component cooling water, recirculated
cooling water, and instrument air. The second system set can contribute
to rapid reactor overheating and is in general identical to the first
set but operates under different scenarios.

BROAD FAILURE MODE AND EFFECTS ANALYSIS

| Broad failure mode and effects analyses were conducted on each of the I

candidate plant systems by considering component failures and
determining the safety consequences of such failures. To limit thei

I

effort involved in this task, a top-down methodology employing
superposition was applied in generating first-order effects (i .e., those
that can be defined a priori). Subsequently, system conditions
necessary to bring about the projected failed state were determined, and

! then minimal failure chains required to produce these conditions were
adduced. In this manner significant failed states were found,

xiii
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frequently with only one or two underlying failures (a failure chain
stemming from a single failure is treated as one failure).

The broad failure mode and effects analyses included detailed
examination of the Oconee 1 integrated control system. Plant events
were selected based upon the integrated control system analysis and
prioritized according to potential severity, need to determine the
corresponding event sequence, and need to assess the time available to
the operator for corrective action.

Common cause failures were investigated by examining loss of electrical
power or pneumatic actuation capability. In general, the safety

- consequences of such failures could be avoided by appropriate operator
intervention. Pneumatic actuation failures can be propagated across
Oconee units because of the . shared instrument air system. Moreover,
substantial main feedwater upsets, abnormal operation of the emergency
feedwater system, and abnormal operation of the turbine bypass valves
can occur if instrument air availability is interrupted.

AUGMENTED FAILURE MODE AND EFFECTS ANALYSIS

Wnere feedback exists between the failure outcome and the initiating
event, a hybrid computer model was used to augment the failure mode and
effects analyses. The hybrid computer model emphasizes control system
dynamics and was developed with techniques similar to those currently
used in major systems class codes. It couples thermal hydraulics,
neutronics, and control systems packages to produce a total plant
simulator. Characteristics of the hybrid model include (1) equilibrium
(except in the pressurizer), one-velocity, two phase thermal hydraulics:
(2) various levels of treatment.of core neutronics; and
(3) representations of all primary controllers in the Babcock and Wilcox
integrated control system. The hybrid computer model has been validated

iaga nst Oconee 1 plant upset data and has been written to be adaptable
to other plant configurations.

REACTOR OVERC00 LING

Rapid reactor overcooling transients fit into two classest release of
reactor coolant, and increased heat loss through the steam generators.
In the first class, significant' aingle failures include failure to the
open position of the pressurizer pilot-operated relief valve, failure of
a reactor coolant pump seal, and rupture of a steam generator (SG) tube.
The second class comprises rapid steam generator overfills or failure
open of a turbine bypass or main steam safety / relief valve. Failures of
the integrated control system panelboard KI branch circuits HEX or HEY,
as well as failure of branch circuits, can initiate some reactor
overcooling transients.

xiv
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STEAM CENERATOR OVERFILL

Steam generator overfill also can lead to two classes of problems that
may compromise the system:

1. The primary system coolant may be overcooled directly by its
thermal contact with an excessive amount of heat rejection on the
secondary side. Using the hybrid computer program, this effect was
studied in considerable detail for cases of no reactor trip. Low
power levels produce more pronounced effects than high power levels,
but the integrated control system appears capable of bringing the
system to a new steady state whether the power is high or low.

2. A more serious event occurs when the overfill occurs in one SG, is
rapid, and produces a reactor trip. The reactor trip can come as a
result of cooling and power asymmetry in the core, or indirectly as
a result of a turbine trip caused by excessive water present at the
HP turbine outlet, water which had been introduced by excessive flow
from a SG. Such an event can lead to water ingress to the steam
line at rates and in amounts sufficient to cause damage to steam
line instruments, associated components such as valves, and steam
line supports. Such damage from SG overfills has occurred at
Beznau, Switzerland (1969), and at Davis Besse (1985). If steam
line supports are damaged, there is a reasonable probability that
the steam line will deform or collapse and rupture, with some
probability of consequent steam tube rupture. No event of this
magnitude has occurred. Were such an event to occur, it would be a
cmall-break loss of-coolant accident (LOCA) vented directly to the
atmosphere.

1

INADEQUATE CORE COOLING
,

Rapid inadequate core cooling can occur as a result of failure of the
plant systems that replace lost reactor coolant. Three failure modes
were found to require operator intervention to avoid possible rapid
reactor overheating. Two failure modes involve failure of integrated
control system power supply branch circuits (auto power and hand power),
resulting in loss of automatic control of the main feedwater; the third
consists of failure of a letdown cooler tube.

RECOMMENDATIONS AND FUTURE WORK

Proper operator intervention can, in general, avert the possible safety
consequences resulting from the failures investigated in this study.
The following actions are recommended:

1. redesign the steam generator high-level main feedwater pump trip
circuitry from a series to a parallel configuration;

!

XV
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|
2. rearrange the gang selection switching algorithm to obtain

compatible sets of pressure taps and other connecting equipment
shared by the main and emergency feedwater systems;

3 use the plant computer more effectively to process instrument
signals; and

4. rewrite certain operator procedures to minimize the impact of
control failures in nonsafety grade control systems at Oconee 1.

The Oconee 1 recommendations can be generically extended to all Babcock
and Wilcox pressurized water reactors in a guarded fashion. Design
differences compel caution in this regsrd, a matter treated to some
dcgree in the body of th13 report. Unfinished work includes studies
originally scheduled on (1) the effects of harsh environments in
creating multiple failures of control systems, (2) operator response to
multiple alarms and failures, and J3) tho impact of frequent challengee
to protection systems. '

,
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1. INTRODUCTION

1.1 PROGRAM SCOPE

The U.S. Nuclear Regulatory Commission (NRC) Unresolved Safety Issue
(USI) on Safety Implications of Control Systems (USI A-47) Program is
intended to generically assess the safety implication of nuclear power,

plant control systems by examining the consequences of control system
failures and actions, both planned and unplanned.

These assessments are to be completed by performing thorough,
plant-specific anslyses of control / safety dynamics and interactions from
a plant system perspective, developing criteria for establishing the
relative importance of control / safety systems, and recommending design
and operation guidelines for these systems based on their relative
importance .

Specifically, the three interrelated goals addressed by the NRC USI A-47
Program are as follows:

1. assess the safety implications of control systems by examining the
effects of control system malfunctions on plant dynamic behavior and
by investigating the interactions of such malfunctioning controls
with other plant systems;

2. formulate a method for assessing the failure mode and effects of
control systems on the basis of common cause, common mode, and other
multiple failures such as cascade failures; and,

3 develop criteria for establishing the relative importance of control
systems important to safety, and recommend importance-to-safety
classifications and any changes to regulatory requirements as may be
indicated by the results of this work.

In performing these tasks, the NRC USI A-47 Program is governed by the
8following objectives of its Task Action Plan:

. USI A-47 is to perform an in-dspth evaluation of the control"
. .

systems that are typically used during normal plant operation and to
verify the adequacy of current licensing design requirements or propose
additional guidelines and criteria to assure that nuclear power plants
do not pose an unacceptable risk due to inadvertent non-safety grade
control system failures,"

" . . . During the licensing process, the staff performs an audit review
of the non-safety grade control systems, on a case-by-case basis, to
assure that an adequate degree of separation and independence is
provided between these nonsafety grade systems and the safety systems,
and that effects of the operation or failure of these systems are

1
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bounded by'the accident analysis in Chapter 15 of the plant's safety
Analysis Report ,"

. . . On this basis it is generally believed that control system"

~ failures are not likely to result in loss of safety functions'that
could lead to serious events or result in condit' ions that the ,

safety syste's are not able to mitigate. In-depth studies for allm
- the non-safety grade systems have not been performed however, and

there exists some potential for accidents or transients being made
more severe than previously analyzed, as a result of some of these
control system failures or malfunctions,"

'
.

and
,

"Two potential concerns have already been identified in which a
failure or malfunction of the non-safety grade control system can-

(1) potentially cause a steam generator or reactor vossel overfill,

or (2) can lead to a transient (in PWRs) in which the vessel could
be subjected to severe overcooling. In additicar there is the
pot;ential for an independent event like a single failure, (sOch as

- a loss of power supply, a short circuit, open circuit," control

sensor failure) or a common mode event (such as a harsh environment.

caused by an accident or a seismic event) to cause a malfunction of
one or. several. control systems which would ledd to an undesirable
contrcl action, or provide misleading information to the plant
operato .' These concerns will be reviewed and evaluated. "

...

1.2 OBJECTIVES

The objectives of this study, which representa one segment of the
Oak Ridge National Laboratory (ORNL) contribdtion to the NRC USI A-47
Frogram, are to investigate, for 'a given set' or pressurized water

S reactors (PWRs), the four principal foci of the NRC USI A-47 Program:

1. evaluate cont?ol system failures that could lead to steam generator
(SG) overfill transients (reactor vessel overfill is also a USI A-47
concern but is a nonissue in the PWRs of the ORNL study),

2. evaluato control system failures that 'could lead to reactor
overcooling transients,

3 evaluate other control system actions thac have safety implications,
and

4 evaluate the effect of loss of control systera power sources (e.g.,
ac, do, pneumatic, and hydr aulic).

-

..

,

'

This plant-specific report documents the detailed examination of .those.
four objectives for Oconee 1, which is an ea'r,1y ' generation Babcock and
Wilcox (B&W) lower-loop pressurized water nuciene steam supply system
(NSSS) located in Seneca, South Carolina and operated by the Duke Power

|

|
,

E

f

I
I
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Company. An attempt will be made to broaden the results of this
plant-specific analysis so that they may be generically applied to all
B&W PWRs.

13 LIMITATIONS

This study embodies all of the objectives (as related to Oconee 1) of
the NRC USJ A-47 Program. It does not extend the NRC USI A-47 Program
objectives to include multiple control system failure initiating events
such an earthquakes, fires, and floods (both external and internal to
the containment), nor does it look at the effects of sabotage. Because
these initiating events are important, they should be addressed in
another program or in a later extension of this one. Only the
operator's first choice of the appropriate actions during a control
system failure were identified; alternative operator actions were not
studied.

Additional limitations of this study include

Only single and two-at-a-time multiple failures were systematically.

considered in the initial broad FMEA. The follow-up computer
augmented FMEAs considered single and two-or-more-at-a-time failures
as dictated by program interests.

The effects of control system failures during an accident or during*

normal plant operation will in some cases differ from plant to plant,
thus making it difficult to develop complete generic solutions to the
problems we find on a plant-specific basis.

1.4 METHODOLOGY

In completing detailed examinations of control-safety system failures
for Oconee 1, certain systems were selected for analysis through a
logical process which evaluated their relationship to the events to be
examined in this study: steam generator overfill, reactor overcooling,
and reactor overheating (inadequate core coo' ling). All major plant
systems were screened to determine those whose failure could cause or
exacerbate plant failure modes. Subsystems or components which
interface with any of the selected major systems wers then identified.

| This system survey defines chains of interfacing components in which
! each member of the chain has some significance to the transient event

classes under study.

Each component of each chain has been examined for modes of failure and

i for the effects of each such failure mode. The failures which define
| the minimum set leading to certain safety consequences are thus,
| identified. Many of these failures lead to events that are clearly

beni gn. These failures will be dropped from further consideration.
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Other events not considered here are those found to be precursors of
accident sequences that have been considered elsewhere [e.g., in the
pressurized thermal shock (PTS) program, or in Chapter 15 studies for
licensing reports].

A failure mod ( and effects analysis (FMEA) is the standard method
implemented fo. a systematic, qualitative search for significant
failures and tr iir consequences. The standard FMEA provides an orderly
method for stud 'ing the possible failure modes of a single component in
an important system and then treating all causes and consequences of
each such failure mode. The FMEA process conceptually fails each of the
systems that could potentially contribute to one of the three classes of
safety consequences, and the results are determined (as far as possible)
on an a priori basis. This process is a " broad FMEA."

Systems which have a capability to affect the chosen failure classes are
systematically examined for failure modes and their resulting
first-order effects. The term "First order" refers to those
consequences that can be determined by logical inspection. For
quantitative results, particularly those from scenarios in which the
affected system feeds back altered input conditions to the initiating
event, failure effects must be determined by computer analysis. These
analyses are referred to as augmented FMEAs and consist of executing
detailed total plant thermal-hydraulic simulations of Oconee 1 using the
ORNL-developed hybrid computer model. This model couples a digital
simulation of plant fluid dynamics and neutronics to a simulation of the
plant control systems. The results of these runs are fed back
(augmented) to the FMEA process for final determination of the
consequences of controls failures. Probabilities are then estimated for
those failures of interest that can lead to steam generator overfill,
reactor overcooling, or inadequate core cooling events.

Figure 1.1 is a flowchart illustrating the methodology used in this
study.

Appendixes A, B, and C are structured to represent the detailed
calculations supporting the following sections of this report as well as
to provide generic information. Appendix D incorporates Duke Power
Company's comments on the September 1984 draft report and ORNL's
responses to those comments.
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2. IDENTIFICATI0s AND SELECTION CF OCONEE FLANT
SYSTEMS FOR SICS 1.NA!,.YSIS

As discussed in Sect.1, .th9 objectivo of the Safety Implications of
Control. Systems (SICS) Program 15 to identity control system failurse
that can cause cr contribut0 to severe nucicar power plant transients.
In particular, severc qvercooling or undefcooling of the reactor coolant

'

system (ilCS), overfilling tha steam generators, snd adversely affecting
recovery from design basis trans, tents have been identified as severe

,

plant transients of concern in the SICS Prcgram.

Ococe? Un}t 3 was selected as the detailed oesign Modei for analysis cf
the B&W nuclear steam supply system (NSSS) piant design. The Oconec

~

.

Nuclear Station, operated by buke P6wer Company, has three similar
PWR unite, each rated ut 866 MW(s). Unit.1 achieved initial criticality
On Aprfi 19,1973, Unit 2 on Novedter 11, 1973, and Unit 3 on

' september 5,1974. The Oconee units and B&W syst6ms in general have
several design features that make them unique among FWR3. These
featc"6s injclud9 straight tube, count 9r flow, once-througn steama

generators (OTSG)g highly automated and int.egrated plant contr91,

instrumentation, the integrated control system (ICS1, and reactor vessel-

, internals vent. vaJ ves, which have been found to be useful ir. mitigating
reattoF yesec1 pressuriEc6 thermal anoch.'

,

The first t(sk in the SICS analysis 16 specific identification of the
'

system 8 Jn Oconee Unit 1. inis is discussed in Sect. 2.1, Due to the
I' 19rge number of systems and the acepe of the CICS Program, a process for

selecting tno,se Oconce control systems pettinent to the SICS transi6nt
typos discussed above was required p~rlor to detailed systems failure
' analysis. The systems selection process ror control systems
contributing to RCS cvercooli.ng and undercooling transients is discussed
in Cect. 2 3, The systems selection processes for so overrill and
impacts on design basis transients ar6 discussed in Sects. 2.4 and 2.$
reapcotively. A summary end description of the systems selected for

,

i detailed analysis are provided 14 Sect. 2.5. Brief descriptione of the
major operating systems are provided in Appendix A.

i

| 2.1 OCONES UNIT 1 CONTR9L $YSTEMS
|
; Performing detailed analyans cf the large number of systems in the
| Oconee Nuclear Power 8tation is not practical < Therefore, a method was
i required to (1) identify Cconee systees end (2) aelect syst'maticallye

those control systems requiring detailsd analysis. To ensure
completeness, the methocology must also provide ,a means Of tracking and

I reevaluating aystems not selected for FMEA,
!

! The first task, identificetion of Oconeo systeme, la basic to subsequent
I contcol ayatems analysos. Two princ.ipal sovrees of information were

used to identi,fy the plant systems: a gensric PNR plant systems list'
and the Oconee Final Safety Analy, sis Repcet (FSAR).* Yhe method used to

?

l

| 7
.
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identify systems was based on the generic systems list. Specific Oconee
systems with functions analogous to each of the generic systems were
then identified, primarily from FSAR descriptions. In this way, all

generic PWR system functions would have an identified Oconee system or
the omission could be identified and resolved using supplementary
information. In a similar manner, the identified generic systems were
compared to the systems described in the FSAR to ensure that all generic
systems and functions of importance were included.

A list of Oconee systems was developed using this method. This list,
including numerical system designations, is provided in Appendix A,
Tables A.1 through A.7.

Once the Oconee systems were identified, the functions of these systems
were evaluated to narrow the number of plant systems to the specific
scope of the SICS analysis. In this way, the analytic effort could be
focused on plant control systems analyses, minimizing analyses that
would be duplicated in other current programs. The systems not
considered to be within the program scope included

,

1. Standby Safety Systems: Standby safety systems have been evaluated
extensively in other programs, and the study of their failure modes
in the control systems analysis would be redundant. However, safety
qualification of a system alone is an insufficient basis on which to
exclude the system from consideration. Safety qualified systems
performing a normal control function were included in the analysis.
Furthermore, the response of safety systems to transients initiated
by control system f ailure were considered because the identification
of control system failures that degrade safety functions is an
objective of the program.

2. Systems Isolated by Reactor Trip: During power operation, the plant
systems are controlled within specified parameter limits. If these
limits are exceeded, a reactor trip will be initiated. Failure to
trip (failure of a standby safety system) is being studied as part
of the Anticipated Transients Without Scram (ATWS) Program and will
not be considered in this (control systems) analysis. Once the
reactor is tripped, some plant systems are isolated and cannot
affect the course of the post-trip transient [e.g., the control
element drive (control) system]. Since a reactor trip transient
itself is not of concern in this analysis, systems isolated
following reactor trip were not evaluated in the control systems
analysis.

. 3 Shutdown Systems: Certain plant systems such as the residual heat
' removal system (0conee low pressure injection system) and reactor

refueling equipment are placed in service manually following
shutdown and _ depressurization of the reactor. The failure modes
of these systems were not evaluated in this program because the
residual heat removal systems are being evaluated in other analysis

. . .- _,, . - --. . - - _ _ _ _ _ _ - - _ _ - -
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programs, and shutdown systems would not be placed in service in
response to control system-induced transients.

.The above evaluation procedure has besn used to categorize the Oconee
systems into two groups: those to be excluded from the SICS analysis
for the specific reasons outlined above, and those Oconee control
systems within the specified scope of the SICS program. In addition to
the systems listed in Appendix Table A.2, the Oconee plant electrical
systems have been evaluated * and will be incorporated into the SICS
results. The excluded systems, including the reason for their
exclusion, are listed in Appendix Table A.11,

2.2 OPERATING EXPERIENCES

Plant operating experiences at Oconee and all other operating B&W plants
were surveyed and analyzed. This type of study can be useful in two
ways. First, it may uncover or suggest other sequences of interest not
detected by the FMEA or simulator studies. Second, some rough estimate
or corroboration may be obtained of the likelihood of development of
events corresponding to the SICS sequences. One rather obvious
observation indicates a significant limitation of the SICS study
resulting from the methodology used and the ground rules that have been
imposed. That is, events in which multiple independent control and
safety system failures and operator errors are compounded, such as in
the loss of all feedwater at . Davis Besse on June 9,1985, do not have,
and would not be predicted to have, a significantly high probability of
occurrence (see Sect. 2.2.2) . This is because the probability of
combinations of several " independent" failures, each with a relatively
small likelihood, is diminishingly small. A suggested alternative
approach for predicting these unlikely events is noted in Sect. 2.2.2.

Relevant operating experiences at the three Oconee plants are listed and
analyzed in Sect. 2.2.1, and in Sect. 2.2.2, the same is done for the
other operating B&W plants. In addition, the reader is referred to

several recent NRC documents that contain extensive reviews and
tabulations of B&W transients and operating records.'~'.

2.2.1 Relevant Oconee Operating Experiences

Operating experiences extracted from Licensee Event Report-(LER)
reference files for Oconee Units 1, 2, and 3 were reviewed and analyzed, -

with particular attention to feedwater-related perturbations, both for
SG overfeed events that could be considered overfill precursors and for
undercooling events. The period covered is January 1975 through early
1985. In general, it was found that most of the events were of the

single-failure type that would be covered by FMEA methodology. Only 14%
of the events noted were attributed to operator error or maintenance
problems, well below the industry norm. Four of the events involved the

; integrated control system (ICS) which, until placed in manual control
! mode, tended to further degrade the situations. The difficulty is that
L

|

_
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the ICS does not have the capability to distinguish a true from a false
input signal. Although the B&W ICS is one of the most advanced control
systems used in current U.S. commercial nuclear pcwer plants, it is not
the equal of today's " smart" controllers,

The events at the three Oconee units are listed and described in
Table 2.1.

Of-the five events listed that caused Unit i to trip, two were the s

result of ICS reactions. Another LER (64-002),, involved multiple
failures and is indicativo of the complexity and unpredictability of i

some of the real-life transients noted above. The LER description
indicates that the incident beg,an during a check of pressurizer level
instrumentation. When the level check awitch was puahed, the relay for
- the reactor T-hot indication immediately dropped out, causing a low
T-hot indication. The relay for the pressurizer level check was located
in the same ICS cabinet a's the T-hot relay; its actuation apparently
caused the T-hot Telay to open. The ICS began a feedwater (FW) runback

,

on low T-hot indication that Btu limits were excieded. The Stu limits
were designed to prsvent a steam temperature reduction if a unit tried
to remove more energy from the steam generator than was available. In

the case under consioeration, Rd flow demand was 11 cited by T-hot
because the Btu limit was in effect, The ICS was switched to manual to
try to balance FW flow to reactor pcwer out put. The decreased FW flow ,

resulted in decreased heat transfer from the RCS and caused NCS presstre
to increase to the trip point. The T-hot relay failure was attributed

,

to dirty contacts. Following the trip, two main stear relief valves did ~

not reseat properly, and the pressure had to be reduced to 900 vai
.'before they closed. The HCS tecperature dropped to 5456F before the

secondary response due to the unseated valves was stabilized. The RCS !

inventory was controlied by opening the RC loop A injection valve with ,

the 1 A high pressure injection (11PI) pump in operation for normal makeup. [
-Following the reactor trip, it was noted that the control rod drive - '

position indication was sinowing 10% withdrawn (Instead of 0%) due to a
faulty power supply.

Five of the nine Unit 2 LER events were concerned with the turbine-
driven EFW pump. The events were all trivial in nature and were
rectified within 15 min.

At Oconee 3 there was a 1.5 y period of operation during which apparent
problems with the preventive maintesance proEram may have been
responsible for peralstent valve failures. Durir.g that period, four ;

LERs were issued on j ust two valves. The trouble ceased af ter the ;

valves were repacked. Two other Unit 3 events could have produced a
severe transient, resulting in equipment damage if they N3d occurred or e

_ gone to completiac during plant operation. These were the SG overfill !

(LER 61-003) and the feedwater nea1er design deficiency (LER 82-006).
Overpressurization of the secondary side of OTSG B occurred during cold
shutdown when the pressure was permitted to go to 550 psig.. The SG
overfilled, and water got into the main stean line. This incident
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Table 2.1. Feedwater-related perturbations at Oconee Nuclear Plant.
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Table 2.1. (continued)
_

Duration Powertwent
dat e Event Cause Initiator of event level LER

12/3/84 Reactor trip on 1ses Lces ott pressure la main feedwater pump out 11 h 575 84-007

of eats f eedwater on snaf t-driven of servloe. Transferred 011
ott pump for 18 supply for 19 WWP from aus.
feedwater pump et! pump to shaft-driven oil

pump. SOP failed. Auto-
transfer back to AOP fatted

CTSG 1evel increased Emers. feedwater
25 in.1 satant ever= level control

coolies system fails

Main steam presswo ) #CIVs did not Unit stabilised in not snut-
reduced 200 pst reset properly down

4/25/85 Loss of control rene RX inverter power Transfer to alternate sorce 1h 1003 Event No.
annunelators supply icet prevented by a blown fuse $75

Loss of one main Dsetilattons in Manual swapping of ocelllators

fee 4 pump 3CS

Seactor trip Second main feed 60-1005
pump tripped

RCS pressure reduced 6tSay sauck open Presses reduced to reset valve.
Unit stablitted in not snutdown

Unit 2

92/10/80 Turbine-driven amers. Start circuitry Relay in start etreuttry for 44 1001 90-021
feedwater pump deenergi zed TDErWP aus. oli pump snorted

inoperable and tripped the treamer

1/4/81 nr> tor-Wiven emers. Motor arcing Stator of motor snorted. 64 n 7at 81-004
fecesator pump is then breater was tagded

inoperable out

a/23/81 Turbine-driven asers. Loose trip level TDEFWP trip esemaatse NA 9005 81*0to

feedwater pump linkage discovered trapped and

inoperable disenarse estve snut

$/6/89 Turbine-driven emerg. tapty 011 sep operatar observation WA 9001 81-012
feedwater pe p
declared inoperable

S/6/81 Auto level control Stuce solenoid Operator observation na tool 81-008
for CTSC 3 stuck valve
in manual

4/16/82 28 emers feedwater Valve 2FDW-216 found delns funettonal eA $91 82-009
flowpath inoperable would not open testing; nandwneeel was

fully partially anut

! 9/16/82 Turbine-driven feed- Tet p/ throttle alare annunctated: trip to ein 1001 82-012
water pump inoperable valve in tripped probably due to vibration

,
state

10/5/82 Turbine-driven feed- Personnet error Maintenance bumped valve 13 min 1001 82-01)
;

water pump knoperable

$/)1/8) 2A motor-Wiven eseg. Loss of powee Power removed to f aellitate 18 n 1001 83-008
feedwater pump repair of main feedwater disen,

,

inoperable press. sulten

, , , . , - . . __ __ . . _
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Table 2.1. (continued)

.twent Deation Power
t. event Ca.. 1.itiator of event 1.u t i.gn

Unit 3

$/$/76 Lower-than-normal Feedwater & reactor Plant computer flow con- NA 1001 76-006
indicated aC flow reactor coolant stants inerror

incorr.est, ses

7n3n6 ro ac.r transi.nt spurio control s0s deer.me in rudwet.r 2m Sis n-006
signa .t.c demod indue.d

oscillations

4/22/76 Feedwater penetration Sampling valve 073G valve 3rDw-108 air NA 1001 76-013vaive inopera01e failed to close operator fa !ure

n /2ine re.dv.t.c p.n.testion s-piing valve ro,in oce-rene. (74-4, mA 90: 76-020
alv. inop.-oi. fait.d to clou 75-7. and a-in

3/22/76 Feedwater penetration sampling valve 073C valve 3FDw-106. 44 1005 77-004
valve inopereele failed to close repacked valve

n /2,/s0 Turnine-eiven es.r8 e.r sonn.1 .cror incorr.et valve line mA 50s 80-Oi8feedwater pump shut pereitted tube oil sep
shutdown to empty

2/26/81 GTSG B over- Startup control Overfilling pereitted water NA Cold 81-003pr.s.urs =d a ev.c niv. in. age to ent.c main ste.1:n. snutdown
ftlltag

$/17/81 38 sotor-driven Cooling water Airline, to valve 3LPSw-25 NA 1005 81-010
emers. feedwater inlet valve discovered troken

i p=p dalar.d ru t.d
inoperai.

4/30/82 $C internal aus. Inadequate Design could mot acecemodate NA Refueling 82-006
f ados., not.ra design ene large pressur. fore.s snutdow.
oraceed 3.n. cat.d on.n old au.. f.ed.

at.r is in3.et.d into sn.
*mader.

5/t3/83 Turbine-elven amers. Personnel error Loss of power to aus. ont 81 a 1005 83W
reedwater pump made p-p when areamer was pulled
inoperante

10/3/83 3s motor-elven so service water ralled solenoid valve on 14 h Hot 83-011*=ers. feedwater flow motor cooler outlet snut down
pep inoperabie

10/18/83 35 matar-en ven Feedwater valve Apparent component to ein 100$ 83-012
emers. feedwater stuem partially failure

i_ pep inoperable. open

6/7/84 Reactor trip Loss of both Erroneous ladioation to RPS, 49 h 20$ 84-003
feedwater pa pe sowce eknowns mit re-

boek from 100$ (The same
thing happened the day before
without causing a trip.)

8/14/84 Reactor trip Main feedwater Air line to condensate outlet 16 min If,0$ 84-00$
pumps trip valve accidentially smeared.

Condensate teoster pape
tripped causing feedwater

, pumps to trip.

|

|

I
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apparently was caused by the startup control valve leaking through and
filling OTSG B and the main steam line. Nothing was found wrong with
the control valve, either electrically or mechanically. The cause of
the incident was judged to be a procedural deficiency in that the block
valves were not specified to be shut during that particular mode of
operation. Inspection showed that no damage was done to the pipes or
hangers; however, under different circumstances overfilling of the SG
and pipes could have led to much more severe consequences.

The benefits derived from reviewing the experiences at other plants were
demonstrated in the case of LER 82-006. Because of the discovery of
damage to the OTSG internal auxiliary feedwater (AFW) headers at Davis
Besse and Rancho Seco, Unit 3 was shut down to begin a refueling outage
earlier than originally planned. Visual inspection revealed damage
similar to that reported at the other plants. Some of the headers were
deformed and showed extensive cracking and strong localized corrosion.

In conclusion, review of the Oconee LERs for the past 10 years indicated
no abnormal occurrences led to potentially severe accidents or unsafe
conditions, although under different circumstances a small number could
be considered potential precursors to damaging accidents. In addition,
an NRC survey of feedwater supply system failures showed Oconee 1 to
have a much better record than other PWRa in the period 1981-1983.'

2.2.2 Relevant Operating Experiences at Other B&W Plants

The LER files at the ORNL Nuclcar Operations and Analysis Center were
searched for relevant occurrences at the other operating B&W reactors
(Arkansas-1, Crystal River-3, Davis Besse, and Rancho Seco). Selected
occurrences are listed by event date and LER number in Table 2.2.
These experiences were reviewed to identify possible common traits- or
those irregular events that might be peculiar to B&W plants. Again, it
was found that the integrated control systems (ICS) of ten made " events"
caused by equipment problems more complex rather than keeping the
situations under control. For example, the Control Element Assembly
Calculator would at times generate penalty factors from extraneous
signals, which caused a reactor trip when fed to the core protection
calculators.

The following observations apply to the events listed in Table 2.2:

1. Errors made during construction activities and other inadvertent
actions by operating personnel caused several violations of
technical specifications, either by inadvertent actuation of
equipment or by breach of containment integrity. This indicates a
need for improved operator training and better orientation of
maintenance personnel.

2. Inverter malfunctions, although not frequent, always produced
unanticipated results at unexpected times. The ensuing disturbances
tended to bemuse the operators. When they correctly diagnosed the

_ _ _ _ _ _ _ _ _
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Table 2.2. Operating experiences at other B&W reactors

Event Duration Power
dat. cuent Caus. initiator of . vent level i.za

Arkansas 1 (50-313)
4/7/80 frip t,oss of offstte power fornada in area 25 sin 1001 20-001

6/28/80 Trip Partial loss of Crowd f ault due to trees BA 100$ $0-002
offsite power in the lines and subsequent

overleed

7/8/8i tru pep trapped Overspeed mechantse 4 events in 6-month period NA 1005 81-005
malfunction possibly due to vibration

7/27/81 Steas-driven Erw Steam valve fatted 6 other events - valve NA Hot 81-009
pump unavallaole te open operate worn shutdown

}/16/84 Trip Anticipatory trip on Porturbations in the control 175 84-002
loss of both Mfu oil possibly due to clogged
pumps filters

1/7/85 Steam-driven EFW Inadequate steam flow Ortf tco and closed bypass 24.5 h Refueling 85-001
per tripped ialve fome in inne. These

should have been removed
during prior turbine replace-
eent

4/9/85 Trip feedwater tranatent Apparent fattre in Ics 100s 4/10/85

5 / 31 /8 5 Trip High primary pressure Main twbtne intercept NA 1001 5/31/85
from loss of eatn valves closed merpectedly,
feedwater pump Increased steam pressure

caused a large crack in
espanston joint of the
feedwater heater

8/1)/85 Trip High RCS pressure Loss of condenser vacum =12 h 1005 Daily rpt
due to fracture of one 50 8/ts/85
blowdown pep casting from
water hammer

Crystal River 3 (50-302)

2/26/80 RCS transtant Inc electrical systee Malfunction opened PORV on 2h 80-010
malfunction pressuriser and held it open EPRI

5-7 ein. Safety valve and NP-80-1)-t.D
possibir PORV discharged
water dwing transtant

10/28/82 foergency feed- Instraent fatture (15 events for this instrw- 955 82-067
water train sent) 2) total violations.
Inoperable feedwater ultrasento flow

indicator inoperable. High
ambient temperatwe

8/}0/8) Overf t11 of 30 A Control valve for Misa11gned Itakage are on 7 ein 751 82-0)$
feedwater pep stuck valve
open dwing transtent

11/3/8) Inverter }A Slown fuse Maintenance being performed 971 83-058
anoperet te shorted out a lamp base

11/7/8) Contatheent radio * Isolatton valve Blown fuse Caused by a 97$ 8)-052
activity montter failed closed defective !!ght bulbs
inoperative control circuit shorted

}/12/04 Engineered safe- Spurious noise Testing on one train when NA 981 84-005
guards actuated other actuated. Scrated

water injected into RCS .
tower reduction

12/28/04 Improper response Grounds in Positive growd from case Several h 978 84-010of control room electrical circuitry shorted utre, and pre +
annunciator entsting interalttent

I negative growd disortented
l

the display systee for to ein

|
.

h

i
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Table 2.2. (continued)

Event Deation Pcerer
date twent Cause Initi at or of event level LER

Davis Besse (50-346)
4/19i42 Steam generator Interaction with aus 01scovered durtag SG sA 01 82-019

tube damage feedwater header eddy cerent inspection -
subsequently found in other
SGs

$/19 /8) Steady state core Innerent design of B&d NSSS 251 83-024
quadrant power tilt coupled with a large negative

temperature coef ficient at

the end of core life

6/9/85 1oss of all feed- F'W pep trip Reactor tra p on hign RCS 30 sin 901 IE note

water pressure. SFRCS anitiated 85-50
on spurtous low steam
generator level signal.
Both MStVs closed. Operator
error caused steam generator
isolation. AfD pumps tripped
on overspeed and would not
restart automatically due to
malfunction. PORV opened to
reueve ac3 pressee .nd
stuck open. AFD restarted
sanwally 17 min af ter trip

Rancho Seco (50-312)

6/9/80 Potential for SFAS Inverter fa!!ure If one inverter were out NA 951 80-028
unavailable of service and the second

one f ailed, automatte SFAS

Initiation would be
prevented

t/19/81 4000-gal coolant Personnel error fransfer from RCS to reactor NA Refueling 8t*024
transfer tuniding seergency sump.

One DHR systee in test. the
other in service. Both have
common suction header. Bream *
down ia communicationsa
procedses ok

7/7tSI Sample line Foreign satertal in Destccant from instriment air NA 100$ 81-037
1 solation response pneumatic line dryers coated air passage

slow fl.ters slowing response

e/19/82 ofsc aus111ary Generic 8&d probles inspection revealed deferea- IRA 05 82-010
feedwater header tions stattar to those noted
rang deforced at Davis Besse

3/25/8) Cracked bolts - Stress 19 out of 120 bolts showed NA Refueling 83-009
core barret to cracks at head-to-shank
support shield transitton

9/19/8) PORV failure TMt modt f tcation A visual indicating rod added 11 4 It -8 3 -78
to the operettag lever caused (daily report)

valve to malfunction

2/29/84 Reactor trip on Feedwater transient ICS in auto mode for RCP snut- uh 653 84-007
high pressure down. Plant response was

unstable when a coincident
grid frequency disturbance was
esper t enced. The countnation

led to RPS actuation
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nituations, and when there were no other independent component or
system failures, the event was usually terminated quickly. In other
cases, however, more serious consequences--or at least significant
precursors--would result.

3 Several other types of electrical problems led to reportable events.
Low voltage readings on station batteries are indicative of

inadequate maintenance practices or end of service life (see LER 313
82-028). There have also been recent incidents reminiscent of the
Rancho Seco light bulb accident (see LER 302 83-058).

4 There are histories of unnecessary scrams that challenge the
protection and shutdown cooling systems (see LER 313 82-020). Based'

on an NRC survey of 1984 scram data, B&W plants were found to have a
better than average industry record for number of scrams, averaging
about three per reactor year. 8' This was about half the rate for
CE and GE plants and about one-third the rate for Westinghouse
reactors, but still greater than the scram rates for Japanese and
most European plants.

5. In the period since the TMI-2 accident, the most significant event
at a B&W plant occurred at Davis Besse on June 9,1985 (see
Table 2.2). The incident involved multiple control and safety

, equipment and operator error problems, including at least 10
'

component failures classified as independent. Probably the most
significant feature of the event is that in the preceding six months
at Davis Besse,10 interruptions of main feedwater (MFW) occurred.
Problems with control of the AFW pumps were also experienced
intermittently during that period. This suggests that the excessive
number of challenges (MFW failures) to a safety system (AFW) that
was already having reliability problems should be considered as a

'

. arning of an incipient incident. Operators and regulators perhapsw

should be more alert to patterns and frequencies of problems in
order to prevent such incidents.

Events related to maintenance and testing are common to the entire
reactor industry and in general deserve more attention. Improvements in
man machine interface areas would result in fewer challenges to the

! safety and plant protection systems as well as generally safer and more
economic operation.

i
'

23 SELECTION OF CONTROL SYSTEMS POTENTIALLY AFFECTING RCS
i OVERC00 LING OR UNDERC00 LING

The control systems listed in Appendix Table A.8 have the potential to
affect plant transients to varying degrees. These systems were further
screened to assess their potential to affect RCS overcooling or

; undercooling.
I

!

!

|

|
|
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Evaluating the specific undercooling or overcooling response of the RCS
to system failures would require detailed analysis. However, for
purposes of system selection, a method based on identification and
characterization of system-to-system interfaces was used to select those
control systems that potentially could affect RCS trans.ient behavior.

Each control system listed in Appendix Table A.2 was evaluated based on
the following criteria:

1. All systems having a direct (first-order) interface with the RCS
(including the pressurizer and the steam generator) were listed and
are tabulated in Appendix Table A.9.

2. Only those systems directly affecting RCS response were selected.
Interfacing systems that may be affected by but do not themselves
affect RCS response were eliminated, although it should be noted
that some systems eliminated for this reason may be selected as an
interfacing system (see Item 3 below).

3 For the remaining systems, all systems interfacing with the systems
selected in Appendix Table A.9 were identified. These second-order
interfacing systems, excluding those in Appendix Table A.9, are
listed in Appendix Table 4.10.

The list of systems initially selected for analysis includes all control
systems that potentially affect RCS response during plant transients and
all second-order systems that potentially affect the response of first-
order systems. The specific impact of failures of these systems on RCS
cooling are evaluated in this report.

In summary, the following 11 major control systems potentially affecting
RCS overcooling or undercooling were selected for detailed failure modes
and effects analysis (FMEA).

Principal Fluid Systems

1. Reactor Coolant System (N04)
2. Makeup and Purification System (N05)
3 Main Steam and Turbine Bypass System (P01)
4. Turbine Generator System (P02)
5. Main Condenser (P03)
6. Condensate and Feedwater System (P04)

Supporting Fluid Systems

7. Reactor Building Component Cooling Water System (WO3)
8. Recirculated Cooling Water System (WO4.D)

,

9. Instrument Air System (WO7.B) |
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Control Instrumentation Systems

10. Integrated Control System (ICS) (N02.B)
11. Nonnuclear Instrumentation (NNI) (N02.C)

In addition to the above systems, local control instrumentation will be
considered along with associated fluid system components (e.g., local
pump and driver controls). Also, the plant electrical systems have been
analyzed. The results of this analysis are described in ref. 6 and will
be incorporated into the FMEA results presented in Sect. 3

To ensure completeness and to verify the adequacy of the selection
procedure, each of the systems not selected was briefly reevaluated
to assess its potential impact on the SICS program. The results of this
evaluaticn are provided in Appendix Table A.11.

2.4 SELECTION OF CONTROL SYSTEM POTENTIALLY AFFECTING SG OVERFILL

In contrast to RCS overheating or overcooling, SG overfill can be
readily defined arid contributing systems identified. SG overfill
results directly from an uncontrolled injection of FW into either SG.
Based on a review of the control systems listed in Appendix Table A.8,
one principal fluid system and associated interfacing systems
potentially affect SG overfill:

Principal Fluid Systems

1. Condensate and Feedwater System (P04)

Supporting Fluid Systems

2. Instrument Air System (WO7.B)
3 Main Steam and Turbine Bypass System (P01)
4. Turbine Generator System (P02)

'

5. Main Condenser (P03)

Control Instrumentation Systems

6. Integrated control System (ICS) (N02.B)
7. Nonnuclear Instrumentation (NNI) (N02.C)

Other systems that potentially affect SG overfill include electrical
systems, local instrumentation, and physical interfaces with the NNI
(e.g., the SGs). Although the auxiliary feedwater ( AFW) system may
initiate SG overfill, it is a safety system and will be considered only
to the extent it responds to control system-initiated transients.

4

.

. . - - . , ,. + , , , p -, - r- -,- - - - -~~ m-
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2.5 SELECTION OF CONTROL SYSTEMS POTENTIALLY AFFECTING RECOVERY FROM
DESIGN B ASIS TRANSIENTS

In evaluating the SICS, it is necessary to evaluate the effects of
control system failures on noncontrol-system-initiated transients as
well as those transients directly initiated by control system failures.
The control systems of Appendix Table A.8 were reviewed with respect to
the system responses described in the Oconee design basis accident
analysis section of the Oconee FSAR.5 Based on this evaluation, control ,

systems potentially affecting recovery from design basis transients were
identifiad.

'

Sixteen dea > A basis accidents were evaluated in the Oconee FSAR. Of
these, eigno either did not affect the RCS (e.g., waste gas decay tank
rupture) or were terminated by reactor trip (e.g., uncompensated
operating reactivity changes). These accidents are listed in Appendix
Tables A.12 and A.13 Accidents with significant post-trip RCS impact,
including major events such as loss-of-coolant accidents (LOCAs), are
listed in Appendix Table A.14.

The major accident analysis descriptions were reviewed with respect to
the control systems listed in Appendix Table A.8. The principal fluid
systems that could potentially affect recovery from the listed accidents
were found to be those identified for RCS overcooling and undercooling

transients (Sect. 2.3).

i
2

d
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3 EVALUATION OF SICS TRANSIENTS

In Sect. 2, 11 Oconee control systems were identified that could
contribute to the identified SICS transients of concern: RCS
overcooling, SCS overheating, SG overfill, and recovery from design
basis accidents. In Sect. 3, the specific failure modes of these

systems are identified and evaluated to assess their relative importance
to safety.

Evaluation of the safety implications of control system failures was
accomplished in two steps: (1) a detailed evaluation of the specific
failure modes of the systems and (2) subsequent evaluation of the
combinations of failures that could result in significant adverse safety
effects. Analyses of system failure modes using the FMEA technique is
discussed in Sect. 3.1. Section 3.2 evaluates and discusses sequences
of possible safety significance including evaluation of expected
sequence frequencies. (The major analysis results are summarized in
Appendi x B.1. )

3.1 FAILURE MODE AND EFFECTS ANALYSES

Failure Mode and Effects Analyses (FMEA) have been performed on the
Oconee control systems to identify failure modes of interest to the SICS
Program. The choice of the FMEA technique over other techniques such as
fault tree analysis was based on the relative lack of knowledge
concerning specific failure modes of interest and the expected subtlety
of the failures and their effects. A discussion of the methodology
selection process is provided in Appendix B.1.

Detailed, component-level FMEAs have been performed on the major control
systems selected (Sect. 2), and detailed tables of results are presentede

in the Appendices. Appendix B.2 contains the FMEA tables for the steam4

cycle systems: the main steam and turbine bypass system, the turbine
generator, the main condenser, and the condensate and feedwater system.
The makeup and purification system FMEA, including the letdown fluid
processing equipment, is provided in Appendix B.3. Appendix B.4
provides the FMEA of the RCS pressurizer subsystem.

These appendices present the FMEA results based on fluid system
canponents . They also address the effects of failures of control

instrumentation and supporting fluid system components. The following
subsections summarize and discuss the results of these analyses with
respect to their significance to RCS undercooling, RCS overcooling, SG
overfill, and recovery from design basis accidents.

3.1.1 Failures Contributing to RCS Undercooling

RCS undercooling occurs when heat generated in the reactor core (and to
i a lesser extent by the operating RC pumps) is not removed from the RCS,

Safety implications of RCS undercooling, however, occur only when the

21
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combined actions of the plant control and safety systems fail to provide
an adequate mechanism for heat transport from the reactor core itself.

Assuming that the reactor is tripped-(a safety function), insufficient
core cooling will occur in a PWR such as Oconee, only from an inadequate
reactor coolant inventory. This condition can result from either a
breach of the RCS (LOCA) or a total loss of steam generator cooling and
loss of safety injection of reactor coolant.

Specific f ailures of the Oconee control systems that may cnntribute to
or initiate a LOCA, a loss of steam generator cooling, or degradation of
the safety injection functions are identified and discussed in this
section. Insufficient core cooling effects resulting from failures in
the RCS subsystems (pressurizer, RC pumps, and SGs) and associated
control instrumentation and support systems are identified and discussed
in Sect. 3.1.1.1. The insufficient core cooling effects of failures in
power conversion and makeup and purification systems are discussed in
Sects. 3 1.1.2 and 3.1.1.3, respectively.

3.1.1.1 Reactor Coolant Subsystems. Three RCS subsystems have been
identified as potentially contributing to insufficient core cooling
transients: pressurizer, RC pump, and SG subsystems. Table 3.1 lists
the insufficient cooling failure modes and interfacing systems
associated with the failure modes for each RCS subsystem, and component-
level FMEAs of each of these subsystems are presented in Tables 3 2,
3 3, and 3 4 Following are discussions of the results of the
pressurizer, RC pump, and SG subsystem FMEAs.

3.1.1.1.1 Pressurizer subsystem. Release of reactor coolant (a
small LOCA) has been identified as an insufficient cooling initiator for
the pressurizer subsystem. In Table 3 2 the specific component-level
failures leading to or contributing to this failure mode are identified,
and the potential causes of the failure, its effect on the RCS, and
possible remedial actions are listed for each,

A release of reactor coolant will result initially from either the PORV
or pressurizer code safety valve failing open. Code safety valves are
passive devices that open when the fluid pressure on the valve's seat
overcomes the spring force holding the valve closed. The valves are
designed to close when the fluid pressure is no longer sufficient to
hold the valve open (this trip point is typically lower than the opening
. pressure) . Safety valves could fail to close due to improper valve
maintenance or possibly severe operating conditions (e.g., liquid
discharge), which could result from control system failures. If one of
the safety valves does fail to close, the leak path cannot be isolated
(see Table 3.2, Item 1).

The pilot-operated relief valve (PORV) opens and closes in response to
external control signals. It is opened by applying power to the pilot
valve solenoid. This results in the pilot valve opening and applying
-fluid pressure to the relief valve operator, which in turn opens the

. . . _ _ _ _ . _ - _ _ . -_ _ _ _ _ . _ _ _ _ _ _ _
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Table 3.1. Summary of RCS subsystem failure modea
_- - _ . - - - . . . _..--...... . - - . - - - - - -

Interfacing
Insufficient Systems and Components

RCS Subsystem Cooling Failure Mode Affecting Failure Mode Comments
. . - -

1. Pressuriser 1.1 Release of Reactor Coolant 1.1.1 PORV FMEA of Pressuriser System
presented in Table 3.1.2.

1.1.2 NNI

2. RC Pumps 2.1 Release of Reactor Coolant 2.1.1 RC Pump Shaft Seals FMEA of PC Pumps presented
in Table 3.1.3.

2.1.2 RB Component Cooling
Water System

2.1.3 MU5P System
to

3. Steam Generators 3.1 Release of Reactor Coolant 3.1.1 Steam Cenerator Tubes FMEA of Steam Generators W
presented in Table 3.1.4

3.1.2 Main Steam and Turbine
Rypass System (Excessive
Cooldown Possibly
Contributing Tube ,

Failure)

3.2 Loss of Steam Generator 3.2.1 Feedwater and condensate !
Cooling System j

4. Balance of RCS 4.1 Release of Reactor Coolant 4.1.1 MU6P System FMEA of MU6P System
presented in Table 3.1.6

1

|
|
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Table 3.2. Sumary of pressurizer system FMEA: Failures lea 6ing to or affecting insufficient
core cool!ng transients

Failure Possible Causes Effects Remedial Actions
-_

Reltanc_.gf Reartgr Coolant

1. PORY DC-RV3 mechanical f ailur e of valve Small LOCA. Pr;ssurizer f!!1s Emergency procedures f or small
rails Ogen resulting in valve ciening during PCS depressur ization. LOCA's must be f ollowed. Ope n

or f ailure to close once Pressurizer heaters energized. PORV may be identtfied by PORV
o pe n , accoustic monitor (details

unavailable) and/or discharge pipe
high temp. indication. LOCA may
be terminat d by closure of the
PCRV Block valve, RC-4.

2. Pressurizer Mechanical f ailure of Smal LOCA or RCS leak. Emergency procedures for small
Code Safety valve (s) to close after Pressurizer filln during LOCA wust de followed. Ope n
valve Falls opening possibly due to depressurization. Pressurizer valve may be identified by

to Close control system fa!!ures. heaters energized. discharge pipe high temperature
indication.

1. Power to PORV o NNI Pr essur e Switch POPV o[ ens resulting in a Emergency procedures f or small
Solenoid (PC3 OSR) or Controller small LOCA. Pressurizer fills LOCA's must be followed. Ope n

Fa*1s On (WC3-V!S2) Fa il u r e during depressur ization. PORV Pay be identified by PCHV
*resr.urizer heaters accoustic monitor (details
energized. unavailable) and/or discharge pipe

high terp. indication. LOCA may' g)
be terminated by closure of the z-
PORV Block valve, RC-4. PCRV
manual control -ay be operable,

o NNI narrow range PCS POPV opens resulting in a Emergency procedures f or small
pressure transmitter or small LOCA. Pressurizer fills LOCA's must be f ollowed. Open

signal conditioning modules dur ing depr essurization. PORV Pay be identified by PORV
produce spurious high PCS Pressur izer spr ay valve PC-V1 accoustic monitor (details
pr essur e signal . opens and pr essurizer heater s unavailable) and/or discharge pipe

are deenergized. high temp. indication. 1,0C A m a y
be terminated by manual closure of
the PopV, RC-RV3 or its block
valve 14C-4. The pr essur izer spr ay
valve, 9C-V1, may be ran ually

! closed and the pr esr.ur izer heater s
manually controlled.

4. Failure of Transmitter fa!!ure or a A selected low pressurizer level The operator can compare the three
Sel ect ed f ailur e of the selected signal results in the makeup pressuriser icvel reasurements

Pressurizer transmitter's power supply valve opening and filling the through the computer and manually
Level (ICS Panelboara KI branches pr essurizer, deenergizing the select an operable transmitter for

Transmitter ItEX, HEY or Computer pressur izer heater s and possibly control and indication. Manual
Outpet Signal Panelboard KU) initiating a steam generator control of the makeup valve fand

overfill transient (see Table f eedwater control valves) isLow
3.1.3, FMEA of the Steam available. The ions of a
Gener ator s) . If the pressur izer transmitter power supp'y is
is allowed to fill, the POPV or alarmed in the control room,

safety valves would be opened and
the possible liquid discharge
through the valve could contri-
bute to their failure.

_.



Table 3.3 FMEA of RC pumps: failures leading to or affecting insufficient core
cooling transients

___

Failure Possible Causes Effects peredial Actions

Releast_gf Reactor Coolant

1. PC Pump Seal o Simultaneous loss of Small BOCA. Seal f ailures can Trip pump prior to seal failure
Failure pump seal injection and not be isolated. and achieve cold shutdown,

en component cooling Emergency procedures for small
water. LOCA's must be followed once seal

failure occurs,

o Failure of seal Same as above. Same as above.
injection following
operation with excessive
seal wear or damage,

o Undetected seal Same as above. Same as above,
anterialb cefects.

to
o Injection of Same as above. Same as above. U1

par ticulates into seal-
shaft surface.

o Excessive thermal Same as above. Same as above,
cycling of seals.

__ _ __ __ -
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Table 3.4. FMEA of Steam Generators: failiures leading to or affecting insufficient core
cooling transients

-_

Fa!!ure Possible Causes Effects Remedial Actions
- - -

antamam of Egactor (*na l an t

1. Steam Generator o material def ects in tubes. Steam generator tube rupture Emergency procedures for steam
Tube Failure accidents a small break LOCA generator tube rupture accident

with the reactor coolant must be followed.
released to the main steam
system and condenser.

O Long term operation with Same as above. Same as above,

adverse feedwater
chemistry.

o Excessive magnitude / Same as above. Same as above,

f requency of compression
a.sd tension cycles on tubes
with undetected defects in
tube material,

o Severe cooldown of RCS with Game as above. Same as abovt. $
undetected defects in tube
material,

vn.orricient steam canarator amat Tranater nat.

2. Injection of Main o Main feedwater pumps trip. A trip of the feedwater pumps Confirm automatic initiation and

Feedwater to Both terminates main f eedwater but control of Emergency Feedwater.

Steam Generators automatically initiates Emergency If Emergency Feedwater fails,
Tuminated Feedwater. Insufficient cooling manually initiate HPI on low

will not occur unless the reactor coolant subcooling.
Bnergency Feedwater System fails.

o Main feedwater flow Steam generator dryout occurs Manually initiate Emergency
isolated (Main and Startup with subsequent pressurization Feecheater and confirm subsequent

Valves closed) . of the RCS and opening of the closure of PORV. If low reactor
PORY and/or pressuriser safety coclant subcooling occurs,
valves. manually initiate HPI.

,

|
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relier valve. The relief valve is closed by deenergizing the pilot
valve solenoid.

The PORV may fall open in response to mechanical failures of the relief
valve or pilot valve (Item 1) or a control circuit failure, which
energizes or fails to deenergize the pilot valve solenoid (Item 3).

Certain circuit failures such as a failure of the valve control switch
or pressure switch may occur with other pressurizer components operating
normally. The decreasing pressurizer pressure will be detected,
resulting in the spray valve closing and the pressurizer heaters being
energized. Other failures, such as those generating a spurious high
pressurizer pressure signal, will result in the PORV and spray valve
opening and the pressurizer heaters being deenergized. In contrast to
safety valve failures, a failed open PORV may be isolated by manually
initiating PORV block valve closure, which will terminate the release of
reactor coolant.

Failure of the pressurizer pressure transmitter or associated signal-
conditioning modules producing a spurious high pressurizer pressure
signal also will result in the opening of the spray valve. The effects
of the spurious high pressure signal include opening the PORV (a small
LOCA) and deenergizing the pressurizer heaters in addition to opening
the spray valve.

Failure low of the selected pressurizer level transmitter has been
included in this category because a pressurizer overfill transient could
occur. Valve damage could occur if the overfill is allowed to result in
liquid discharge through the PORV or the safety valves.

In addition to failures that result directly in a potential insufficient
core cooling transient, other pressurizer system failures may exacerbate
the effects of such a transient. These failures include instrumentation
failures that could impede the detection of an open relief or safety
valve and failure of the PORV isolation valve, which could prevent rapid
terminatior, of a transient resulting from a failed open PORV.

3.1.1.1.2 RC pump subsystem. One insufficient cooling initiator
in the RC pump subsystem has been identified: release of reactor
coolant due to failure of the RC pump shaf t seals. RC pump seal
failures may result from several causes (see Table 3 3). If degraded
performance of the RC pump seals is recognized by the operator prior to
complete failure of the seals, seal failure may be delayed by tripping
the affected pump. Once seal failure occurs, however, the resulting
small LOCA cannot be isolated.

3.1.1.1.3 Steam generator subsyatem. Two potential insufficient
cooling initiators have been identified for the SG subsystem: release

of reactor coolant due to SG tube failure and insufficient heat transfer
rate across the SG. The FMEA of the SG subsystem is presented .in
Table 3.4.
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Steam generator tube leaks that occur during normal operation are
typically due to a combination of causes (see Table 3.4). Although

control system failures have not been identified as the sole cause of a
tube leak or failure, control system failures may initiate a tube
failure in combination with other existing conditions, or may increase
the rate of tube degradation.

The impact of SG tube failure on insufficient cooling depends on the
rate of release of reactor coolant. The more common small leaks may not
result in a net loss of reactor coolant if the makeup system is capable
of injecting coolant at the tube leak rate. However, the less frequent
tube rupture transients which result in a leak rate of hundreds of
gallons per minute are small LOCAs. In addition to the direct effects
of the release of reactor coolant, SG tube rupture procedures typically
require rapid cooldown and depressurization of the RCS.

Insufficient core cooling transients resulting from a loss of SG cooling
have been identified in Table 3.4, Item 2. The FW pump trip and MFW
isolation cases are considered in detail in the FMEAs of the main steam
and turbine bypass system and the condensate and main feedwater system,
which are discussed in Sect. 3.1.1.2.

3.1.1.2 Power Conversion Systems. As discussed earlier, the loss of SG
heat transfer insufficient cooling mechanism can be initiated by
failures in the MFW systems. Specific failures in these systems
contributing to potential insufficient core cooling transients are
discussed below.

3 1.1.2.1 Main Steam and Turbine Bypass System. The main steam
and turbine bypass system transports the steam generated in the SG to
the high pressure turbines or diverts it directly to the atmosphere or
condenser. In addition to piping, the system consists of 16 spring-
loaded code safety valves, 4 pneumatic turbine bypass valves, the high-
pressure turbine stcp and governor valves, and high pressure steam
supply lines to the MFW and EFW pump turbines.

Following reactor and turbine trip, the steam generated by reactor core
decay heat can be rejected to the condenser via the turbine bypass
valves or to the atmosphere via any of the code safety valves. No
credible failure modes could be identified that would significantly
affect the capability to reject steam at decay heat levels.

Steam supply isolation valves MS-35 or MS-36, if closed during plant
operation, would result in the inoperability of the associated MFW pump
following main turbine trip. No single failure was found that would
affect both pumps. Steam supply isolanion valves MS-82 and MS-84, if
closed during plant operation, would result in inoperability of EFW
pump A. However, closure of both valves would be required to affect
emergency pump operation, and even these failures do not affect
operability of the two motor-driven EFW pumps.
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3.1.1.2.2 Condensate and Main Feedwater System. Failbres in the
condensate and MFW systems have two principal effects of significance to
inadequate core cooling: (1) a trip of both MFW pumps, and
(2) isolation of the FW flow to both SGs. Component failures leading to
these conditions are identified in Table 3.5 and discussed below.

Many single failures are expected to result in trip of both MFW pumps.
. These failures include loss of condenser vacuum, flow blockages upstream

of the MFW pumps, or failures of the hotwell or condensate booster pumps.
In addition, single failures in the FW control valves or the ICS
FW control circuits that result in a high level in either SG will cause

automatic trip of both FW pumps. Failures in the pump trip circuitry or
selected ICS power supplies also result in FW pump trip. Trip of the
MFW pumps results in automatic initiation and control of the EFW system.

Although f ailures can be identified that would isolate FW flow to one or
the other SG, single-component failures that would isolate both SGs

could not be identified. However, two ICS power supply failures,
failures of the " auto power" (H1 or H circuits), of the " hand power"
(H1X or ilX circuits) and of one module in the FW pump speed control
circuits may result in termination of MFW flow. These failures are of
importance because automatic initiation of EFW would not be expected
(EFW is automatically initiated by a trip of the FW pumps or very low
discharge pressure).

Loss of hand power results in the speed of both MFW pumps decreasing to
2800 rpm (zero V speed signal in a 110-V range) and the turbine bypass
valYes closing and remaining closed. In this condition, with the
reduced shutoff head of the MFW pumps less than the lowest setpoint
pressure of the main steam code safety valves, the flow to both SGs will
stop (see Sect. 4).

In addition, low failure of a " sum" module in the speed control circuit
of the ICS FW pumps may result in minimum pump speed. In contrast to -

the power failure, however, the turbine bypass valves would remain
operable, which increases the likelihood of continued flow at lowered
pump speed. In any case, this failure would not affect the ability of
the operator to increase pump speed manually.

Failure of the auto power circuit may not result in an immediate
transient. However, many plant controls would transfer to manual
including the MFW flow control valves. Under this condition, the
operator may close the main and startup control valves manually to
prevent an initial SG overfill and the pump trip that would otherwise
follow a reactor trip.

With either of the power supply failuraa, the FW flow to both SGs may be
terminated without tripping the MFW pumps and consequently without an
automatic initiation of EFW. Although the operator would be able to
initiate and automatically control EFW manually,,the spurious alarms and
deenergized indicators may be confusing. Furthermore, the initial SG FW

.
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Table 3.5. Summary of condensate and main feedwater FMEA: failures leading to or affecting
insufficient core cooling transients

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

Component Failure Mode Potential Causes Ef fect on Plant Remedial Actions

Condenser vacuum valve spuriously Inatruc.entation or Turbine trip, trip of MN . Identify open volve and
Steater valve opens maintenance failure, pump tutbines and interlock manually close.
V-106 (?) of turbine bypass valves Reestablish condenser

closed. vacuum. Ensure automatic
initiation of E N if MrW
pumps trip.

Hotwell Pump Valve spuriously Instrumentation, Less than 50% seduction in Identify closed valve and
i

Isolation valves closes maintenance failure, condensate flowrate and manually reopen valve or
C-1, 2, 4, 5 probable W pump and reactor reopen f ailure. Ensure

trip at higher power levels, automatic initiation of
Automatic initiation and EfV if MW pumps trip.
control of emergency feed-
water. At lower power levels
(<50% power) operation et-
pected to continue.

Hotwell Pump B, C One or both pumps Electric power, motor Failure of both pumps and identify and repait
tripped, failure, loss of Recirc. failure of one pump at higher failure. Ensure automatic
ino per a b? e couling Water flow to power levels result in m initiation of Em if Mm

bearing coolers. pump, reactor trip and auto- pumps trip. y
matic initiation and control

,

of emergency f eedwater. At
lower power levels (<50%
power) operation expected to
continue following loss of

i one pump.

Condensate valve valve spuriously Instrumentation, valve Trip of fw pumps and reactor. Identify closed valve and
i C-10 closes operator or maintenance Automatic initiation and con- manually reopen or repair.

failure, trol of emergency feedwater.

Demineraliser valve spuriously Instrumentation, valve Less than 30% reduction in Identify closed valve and

Bypass Valves closes operator or maintenance condensate flowrate and pro- manually reopen or repair.

C-14, 15 failure, bable rw pump and reactor
trip at higher power levels.
Automatic initiation and
control of emergency feed-
water. At lower power levels
(<50s power) opera tion ex-
pected to continue.

Generator Water valve spuriously Instrumentation or valve Trip of FW pumps and reactor. Identify closed valve and
Cooler Bypass closes operator failure. Automatic initiation and con- repair f ailure.

trol of emergency feedwater.
I Valve C-61

i

(

|

!
l

,

1

1

-._______________ _ _ _ ..
- - - -
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2 Table 3.5. (continued),_

,
4

Com ponent rallure Mode Potential Causes Effect on Plant Remedial Actions,

%
Condensate Booster Valve spuriously Instrumentation, Less than 50t reduction in Identify closed valve and
Pump Isolation closes . maintenance failure. condensate flowrate and pr o- - manually reopen valve or
Valves C-77, 80, bable rw pump and reactor recpen f ailure.

*

. ' * '\. 81, 84
'.

. Automatic initiation and con-
trip at higner power levels. '

,

.
,1 ." '"*

' " c' ;
- trol of emergency f ee dwa te r . 's--

At lower power !cvels (<50% .

N '/ | *
_ +

- power) operation espected to
s,

continue.

Condensate Booster One or both pumps Electric power, motor railure of both pumps and Identify and repair
Pumps A, B . t r i pped, failure, loss of Recirc. f ailure of one pump at higher failure.

increr able cooling water flow to powel levels result in rw
,

~

bearing coolers, pump, reactor trip and auto- '.s. i
-

s
(

matic initiation and control ''
''

g. of emergency feedwater. At
lower power levels (<504,

9 power) operation espected to
J ' continue f ollowing loss of

(

'
.

',
one pump. tg

1

*r* Low Pressure' Valve spuriously Instrumertation or Less than.33% t' eduction in Identify closed valve and
PW Heater closes maintenance _ failure. condensate flowrate. Pr oba- manually reopen or r e pai r .
Isolation Valves ble PW pump and r eactor trip
C-89, 90, 91 at higher power level with *

automatic initiation and con-s

trol of emergency feedwater.

Low Pressure rw valve spuriously Instrumentation or Less than 33% reduction in Identify closed valve ands

Heater Isolation closes maintenance failure. conde nsa te - flow r a te. Proba- manually reopen or repair.
Valves C-103, ble FW pump and reactor trip
C-104, C-110, at higher power levels with
C-111, C-117,

,

. automatic inittition and con-
C-118 trol of emergency f eedwater.=

FW lieater Drain Unspecif ied - Dw' g. , Unspecified - Dwg. Ef fects bounded by a trip te Identify f ailure and
System PO-123A not 'PC-123A not available. the male PW pumps and automa= repair,

available tic initiation and control of
' emergency feedwater.

FW Pumps A, B Pump trip ' Instrementation f ailure, Trip of one pump will result Identify, failure and
pump /tur bine f ailure, in a plant runback and possi- r e pa i r . '
h!gh steam generator ble reactor trip at higher
'l evel , loss of Recire. power levels (> %0s power) .
cooling water flow to oil Trip of both pumps result s in
coolers - see also FMEA reactor trip and automatic
of Condensate System and initiation and control of
Main Steam System. emergency feedwater.

4

!
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Table 3.5. (continued)
.------ ...-

Component Failure Mode Potential Causes Effect on Plant Pemedial Actions

. ..

Spurious speed Instrumentation or Possible cecrease in feed- Manually initiate ErW on
decrease throttle valve operator ' water flowrate resulting in low SC level. Identify

failure, plant runback and possible f ailure and repair.
4

reactor trip. A runback of
both FrW pumps to minimum
speed will not result in
automatic initiation of ErW.
Loss of steam generator
cooling may occur if EFW not
manually initiated.

Power to selected startup Depending on the manual Manually close main feed-
,

level transmitter fails selection of the HEX or HEY water control and startup
! (ICS Panelboard KI, powered startup level trans . valves and makeup control

i branch HEX or itEY). mitter s, either or both main valves. Automatic control
feedwater control valves open may be restored by manual
resulting in overfeeding of selection of operable
the associated steam genera- steam generator startup
tors and possible BCS over- level and pressure trans-
cool ing. The transient is mitters and pr essurizer
automatically terrinated by level. transmitters. to
high steam generator leve! h)

trip of the main feedwater
pumps and automatic ini tta-
tion and control of emergency
feedwater, in addition to
ef fects on f eedwater control,
these power f ailures could
result in opening the makeup

! control valve and closing the
loop A and/or B turbine
bypass valves depending on
manual transmitter selection.

<

j FW Pump Valve fails to Instrumentation or valve Following substantial f eed- Identify failure and

Recirculation open on low rw oierator f ailur e. water flowr ote decrease r e pa ir .

. Control Valve flowcate trenstents (e.g., reactor

I PDW-53, 55 trip), f ailure to maintain
I minimum pump flowrate wi!!

result in pump trip or
possible pump damage.

i
:
i

a

I

.

I
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Table 3.5. (continued)

Component rallure Mode Potential Causes Effect'on Plant Remedial Actions
---

PW Control valve Valve (s) open or Loss of instrument air Valve (s) opening or remaining Identify closed valve and
FDW-32, FDW-41 fall to close on pr es sur e, instrumenta- in position af ter reactor manually reopen or repair*

demand tion, or valve operator trip may result in a steam failure'
failure, generator overfeed condition.

Transient will be terminated
by automatic trip of main rw
pumps and initiation and con-
trol of emergency feedwater

i
unless manually controlled by
the operator. If main and

. startup valves are manually
closed by operator, the
startup valves must be manu-
ally reopened and controlled
to maintain SC level. Auto-
matic initiation of ErW will
not occur.

rw Startup Valve valvels) open or Loss of instrument air Valve (s) remain in position Identify failure and
FDW-3 5, FDW-4 4 fall to close on ' pr essur e, instrumenta- following reactor trip which manually close startup or ggdemand tion or valve operator may result in a steam genera- star tup isolation valves, to')

failure. tot overfeed condition.
! Transient would be terminated
!

by automatic trip of main rw
pumps and initiation and con-
trol of emergency f eedwater

; unless manually controlled by
'

the operator.
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'
levels may be h! gh. As a result, the time delay from initial loss of
power supply to the time FW flow rate must be reestablished to prevent
SG dryout could also impede the decision to initiate EFW manually.

If the SGs were allowed to dry out, the operator would be expected to
initiate high pressure injection (HPI) manually on low reactor coolant
subcooling. However, the existing confusinE conditions already have
resulted in the operator failing to initiate EFW manually. A subsequent

,

failure to initiate HPI manually under these same conditions would be
significantly more likely than otherwise might be the case.

:

3.1.1 3 Makeup and Purification System. The makeup and purification
(MU&P) system continuously processes reactor coolant and returns the
purif.ied coolant to the RCS. In addition to coolant purification, the '

MU&P system supplies RC pump seal injection flow.

A detailed FMEA of the MU&P system has been performed, and the effects .

'
of MU&P equipment failures have been identified. The MU1P failures
potentially affecting insufficient core cooling are summarized in

Table 3.6. ;

The failures listed result in or contribute to the release of reactor
coolant and, potentially, to insufficient core cooling. An isolable
small LOCA can result from a letdown cooler tube failure (Table 3.6, .

Item 1). Two failures (Items 2 and 3) have been identified that ;
*

contribute to the potential for a small LOCA. If a drain path from the
standby letdown cooler is left open following maintenance, the failure e

*
may remain undetected because the cooler is isolated from the RCS.
Should the standby cooler subsequently be placed in operation (isolation .

valves manually opened), a small LOCA would result.

Failure of the operating reactor building component cooling water flow
results in isolation of cooling water to the letdown coolers and RC

*

pumps. This failure results in automatic isolation of letdown flow, If

| the letdown storage tank (LST) is allowed to drain, resulting in damage ,

| to the operating HPI pumps, or if the HPI pumps were manually tripped to
protect them, a simultaneous loss of RC pump seal injection and cooling
water flow occur. As identified in Table 3.3, this condition could lead
to RC pump seal failure.

l In the three MU&P failures listed in Table 3.6, the LST will be drained
r

[ unless an alternate supply of water is provided to the HPI pumps.
~

Following a small LOCA, this action may occur automatically if the +

1500 psi engineered safety features actuation system (ESFAS) set point ;

; la reached pricr to draining the LST. If the LST is allowed to drain,
.

'

the operating HPI pump would be damaged, degrading the HPI safety f

function required for mitigation of small LOCAs. -

!\

This consequence of draining the LST has been recognized by Duke Power !

Company, and "A modifloation is currently under way which will address

,

i

! .

,

:
l - . .._-._.__._.m ..-. . . . . _ - - - . . ~ . . . _ _ . _ . _ - . - . . . _ _ _ .
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t Table 3.6. Summary or makeup and purirication system FMCA: Tallures 1ctding to or affecting
{ insufficient core cooling transients.

*

--- -

--._

re blias e Poacitrie ra-uses
-a

,

Effects pesiedial Actiw a '

nelem of _AggLotfsglagt
.

1. Letdown Cowler Cort *,slan, st r ess on tubee,
Isolarehle. small LCSA or PC leak. Pannally open a tJwnth f ree the

P

tube Fallett
; Priot to ESP 3 actNrt19p, TNST t3 the HPI pumps 'f rios to'

ciet ating tiP'I pumps will be deplettn1 the LST, f ealste tiiedepleting letemn aiutNe tahh af tected IEr' down eccler, a-nd p3 see;

(LST). If %e 1.57 is allowed toi

deafi, the operating $P1 pumpa JiterMta eccler in upcrattom
we.Glt! be consequ*ntis&Jy damaged.

ff.attihutina railcren ,
,

2. Open f.etdewn undetectev, impr ope.'
Isolatabic emell 1,0CA er PC leak, Manually eDe*! a f,acwpath frv*m the w

a

Cooler Diatn meintacence tesultin41m open Friet to E3f3 setueiten, 3W3? to the PPI pumps prior to kJe *

Fath di a m et peth from an isolated olerating di gneys wOl be depleting the LST. Isalate thecooler and subsettusatly
placitg the t'coler trts depleting letdatn* atarage tant .af f Mted letoown coo)=r-, end pIace(LSTi. It thG tsf la al$ owed to alterrate cot'le; in erstat ir#,operaEich.

; disin, the epegatitw; Mp! pucps f
weu!d b* consequencis11y elegaqad.

3. Reactor sattding sportous centaiteent teolation Letdown wth isolated resuit2ney Aaaaa11p open a floirpe'.h fron thetcageneet Cooling * valve c144us e er trip of a in 'he RC pas.p seal injection BWST io the HPI pumpe . print tot tw ter Flow to - consonent coolinQ *.retet pt.1hp tirar techng pwped f rom The LM. dr ain(nq 147. If cteponent
a

Letdown Cooter and f alture to stof t spare if the LB* is .allwed to drain, coolino , eater. f.'aw cannot be
,

and rec Purps purp.
Terminated the requitir.<; pGep datase could r*etored, Prl'p RC pumps to presentresult in e simultaneota Icss of danage to pump bearir16

[ coopewht cooling waLi f1(N and
ac pu;tp real in*eci,lon flow.

!

P

!

,t

I

+

1

1
_ __-. ... . ~ . , . . ._ . . _ . _ - . ..-.. .. . . . - -. ~ ._ - - . ... . .-
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the concerns of an alternate HPI pump suction supply and additional LDST
level alarms." 8 8

3.1.2 Failures Contributing to RCS Overcooling

RCS overcooling is a transient response which results in a continued
decrease in reactor coolant temperature. In contrast to RCS

' undercooling transients, however, the specific safety implications of
overcooling are more difficult to define. Loss of reactor coolant will
result in a continued decrease in temperature due to decreasing RCS
pressure (i.e., the coolant saturation temperature is reduced). As-

discussed in Sect. 3.1.1, loss of reactor coolant contributes to

possible inadequate core cooling. More generally, significant RCS
temperature reductions have been analyzed to assess their impact on
reactor vessel integrity due to the pressurized thermal shock (PTS)
phenomenon. (PTS analyses of the Oconee plant are discussed in
ref. 5.)

Section 3.2 discusses component failures resulting in RCS overcooling
due to excessive SG heat transfer from the RCS. Component failures
contributing to a loss of reactor coolant were addressed in Sect. 3.1.1..

Transients resulting in a decrease in RCS pressure can occur due to4

pressurizer spray valve malfunction in addition to loss of reactor
coolant. Spray valve malfunctions, however, are self-limiting and, as
such, are not considered RCS overcooling events.

Failures resulting in increased SG heat transfer were found to be

{ limited to the power conversion systems, specifically the main steam and
turbine bypass system and the condensate and feedwater system. These
contributing failures are discussed in the following sections.

3.1.2.1 Main Steam and Turbine Bypass System. The principal RCS
overcooling effect caused by failures in the main steam and turbine

,

bypass system is the potential for depressurizing the SGs. Reducing SG
pressure reduces the saturation temperature on the secondary side of the
SGs and increases the heat transfer rate from the RCS. Table 3.7 lists
failures in the main steam and turbine bypass system that cause
depressurization of the main steam system and the resulting effects on
the RCS.

i

t

| Failures potentially resulting in depressurization of the main steam

| system include the failure of main steam safety valves or turbine bypass
valves to close as designed, a diversion of steam to the startup steam
header, and failure 'of the main turbine to trip following reactor trip.

The 16 main steam code safety valves (8 valves per SG) are spring-loaded
valves that open upon high steam pressure on the valve seat. As the
steam pressure decreases, the force of the springs on the valve seats
closes the valves automatically. Some of the safety valves are expected
to open following turbine trip. Improper valve maintenance could result

r

u

v-- - - - -.--r- - - -
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Table 3 7. Summ'.ry of- main steam and tur bine bypass FMEA: failures leading to or' affecting
RCS overcooling

- --- _ . - .

Failure Possible Causes Effects Remedial Actions

Deoressurization of natn steam svggs

1. One or More Main Mechanical failure of valve, Steam leakage to the atmosphere. Emergency procedures for a small
Steam Safety improper maintenance, Depending on the response of the steam line break must be f ollowed.
Valves (MS-1 discharge of entrained turbine and reactor controls, Isolation of feedwater to affected
through MS-16) liquid through valves. automatic reactor and turbine steam generator may be required to
Fails to Close trip and potentially overcooling prevent exceeding 100 F/hr RCS0
Following of the RCS could occur. cooldown rate.
Turbine Trip

2. One or Both Steam Mechanical failure of Steam diverted to condenser. Identify open valve (s) and
Generator A valve (s) or transducers, Depending on the response of the manually close isolation valve
Tur bine Bypass improper maintenance. turbine and reactor controls and MS-17 as required to control RCS
Valves (MS-19, the main condenser, automatic cooldown rate.
22) Fall Open or reactor and turbine trip and
Fall to Close potentially overcooling of RCS
Following Turbine could occur.
Trip w

4
3. Both Steam o Spurious output of manual Steam diverted to condenser. Identify open valve (s) and

Generator A control station SS15A-MC Depending on the response of the manually close isolation valve
Turbine Bypass (aux. shutdown panel) turbine and reactor controls and MS-17 as required to control RCS
Valves (MS-19, signale valves to open, the main condenser, automatic cooldown rate.,

22) Open in reactor turbine trip and
Response to a potentially overcooling of PCS
Spurious could occur.
Control Signal

o Spurious high output from Steam diverted to condenser. De- Identify open valves and manually
selected steam generator A. pending on the response of the control. Close isolation valve
outlet pressure transmitter turbina and reactor controls and MS-17 if required to limit RCS
(SS6A-PT1 or PT2) or train the main condenser, automatic cooldown rate.
A control circuit modules. reactor turbine trip and poten-

tially overcooling of RCS could
occur.

4. One or Both Steam Mechanical failure of Steam diverted to condenaer. Identify open valve (s) and
Generator B valve (s) or transducers, Depending on the response of the manually close isolation valve
Turbine Bypass improper maintenance. turbine and reactor controls and MS-26 as required to control RCS
Valves (MS-28, the main condenser, automatic cooldown rate.
31) Fall Open or reactor and turbine trip and
Fail to Close potentially overcooling of RCS
Following Turbine could occur.
Trip
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Table 3.7. (continued)
~

_-

} Failure Possible Causes Effects Remedial Actions

5. Both steam o Spurious output of manual steam diverted to condenser. Identify epen valve (s) and
Cenerator B control station SSISA*RC Depending on the response of the manually close taclatten valve'

Turbine Bypass (aus. s5a+down.iens1) turban 6 and reactor controls and MS-29 as r equired to control RC5
.

Valves (RS-28, signal valves to open. the main rondenser, autoeatic cooldown rate.'

! 31) Open to reactor and turbine trip and
; pesponse to a potentially ovefroeling of RCS

[ Spurious could cecur.
Control Signal

.'' 0 spur ious high output f r om Steam diverted te cenoenser. Identtiy open valve (s) and
selected steam generator B Depending en the response of t'h* hanually close teciation volve
outlet pressure transmitter turbine end reactor controls and MS-26 as required to control PCS;

' (Ss6A-PT1 or PT2) or train the main condenser, aut omatic cooldown rate.
i A control circuit modules. reactor and turbine trip and

pctentially overeccling of PCS'

could occur.
;

6. Steam Generator Commcm settwiat moduse $ team dives ted to condenter . Identify open valve (s) and

A and B Turbine generates a spurious low Depending on the response of the minus11y close laclation talve,

j
nypasa Valves seticint pressure, turbine and reactor controle end Ms-17 and M3-25 es retvised to'

| sn5219 27, 28, the main condenser, automatte control RC$ coeloown ratt*. Le
CD

31) open in reafter and turbine trip and
Response to a potentially overcooling of RCS

! Erwricus could Gecur.
control Signel'

\ %*
? 7. Steam Cenerator An initiating tronalent steam diverted to condenser Peneally cant 01 turbine hy pe se
i A and a Turoins causing # urbir,e ta lp f ollowed coupled with a main teedwatef and main feedwater control valves.
! pypass valves by a loss of ICS Panelbosid overfeeding of the s(tam If (eytiftd, trip main fetdwated
1 (MS-19, 22, 28, Kr branch H or H1 (Auto generators. Unless manually pumps and verify automatic

j 11) Fall to Power). terminated, the potential for initiation SPd Contlol of
Close rallowing PCs overcooling as significant, esergency feedwater.

i

tntbane Trip.

4. Diversion of unknown - Pu=284-1 not 8 team daverted (f om stP turbine - Rdentify d4 version of steen and
$ $tsam to available, may cause turnine end teactor close isolation valves MG-24 and
j startup trip and potentist overcooling 31.

Eteam Header of RC$.
s

i'
\
,

6
*

i-
,

,
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Table 3.7. (continued)
-

-_- - - . _ _ _ _ . . _ . = - . -_mm.. ___ -

Fallurs Possion. Cassen Ef f ect s Resedial Actione
n- - -....,...-._...---~:~ -. _ _ . . . . _ _ _ _

9. Pain Turbines o Contacts in CDPCs fail to Following gesctor trip,
.

and/or low presouge tur binen.
Attempt to manually trip the high

rail to Trip open ch reactor trip. continued steam flow through the
Following turcanes would result in Manually throttle main feedwater
peactor Trip Cepressurisation of the turbine to control RCS depreasprisetton

hea<ia s , thfettllrgs af ti.e turbine if required.
governer valve and lessible
ovetcooling of the PCs. Feed *
water flowcate to steam
generators initially throttled
until lou _eteam ceneta-tot level
setpoint is teached. The entert
cf PCS overcooling follow (try this
transient 14 untnown.

o tinopecified f ailures in Seine as above. Some as above.
t urbine euntrol system
(details of tuibice
control it.attaament ation
unavailable),
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in one or more safety valves failing to close at their (closure) set
point pressure, potentially leading to RCS overcooling.

In addition to the safety valves, four turbine bypass valves are
installed to control the steam line pressure following turbine trip.
Two-turbine bypass valves are connected to the steam line from each
SG and may be isolated from the steam line by a manually operated
isolation valve. Each pair of valves is controlled by a separate
control circuit based on the presaure of the associated steam line.

Failure modes of the turbine oypass valves include those affecting one
of the valves, modes affecting both valves on either steam line and,
-potentially, modes affecting all four valves. Failure of a single valve
open or its failure to close (Table 3.7, Items 2 and 4) could be caused
by a mechanical failure of the valve, the pneumatic operator, or the
associated E/P transducer. Failure of both valves on either steam line
to open or to close (Items 3 and 5) would be caused by failures in the
common control instrumentation strings.

Two failure modes were identified that potentially could cause all four
valves to fail open. Failure of the pressure set point module common to

. both instrument strings (Item 6) could result in both instrument strings
! signaling the four turbine bypass valves to open. The second failure
|~ mode results in the four transiently open turbine bypass valves failing
! to -close (Item 7), and involves a sequenced loss of the ICS Panelboard

KI branch H or H1 (auto power) . The specific effect of a loss of auto
power is transfer of the turbine bypass valve to manual control. The
valves would then remain in their existing positions. If the power
failure occurred immediately following turbine trip, the four turbine

. bypass valves would be open and would improperly remain open. In the
'

case of this particular power supply failure, the MFW control valves
also transfer to manual and remain open.

Although this failure mode sequence appears highly unlikely, similar
events have occurred (Oconee Reactor Trip 3-35, 11/10/79). It is
believed that the response of the control instrumentation to a transient

,

(which may be caused by control instrumentation failure) increases the
' likelihood of oubsequent isolation of the instrumentation power supplies.

It should be noted that most power supply failures other than branch H
|- .or H1 will cause the turbine bypass valves to close and remain closed.

In any of. the turbine bypass valve failure modes identified, the
operator has the option of closing one or both isolation valves and

"

terminating the depressurization.

Diversion of steam to the startup steam header has been identified as a
possible cause of steam line depressurization affecting both SGs.
However information concerning the distribution of steam to the startup

; steam piping has been unavailable. Should a control failure in the
startup steam piping result in a significant diversion of steam from the
steam lines, the operator has the option of terminating the

4
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depressurization by manually closing both startup header isolation
valves.

Failure of the main turbine to trip following reactor trip has been
identified as a possible cause of significant SG depressurization.i

However, while the potential for such a transient to occur is believed
to be very unlikely, it remains unevaluated due to the unavailability of
turbine control instrumentation design information. Following reactor
trip, contacts in the control rod drive control system (CRDCS) open to
vignal the turbine controls to automatically trip the turbine. Should
the CRDCS turbine trip contacts fall, the steam lines will begin to
depressuri ze . The lower steam pressure would be sensed by ICS and a
signal sent to the turbine controls to close the turbine throttle valves.
It is unknown whether other parameters input to the turbine controls
(e.g., turbine speed) would override the ICS signal and maintain the
turbine throttle valves open. However, should the turbine trip and

j the throttle valves fail to close following a reactor trip, RCS
overcooling potentially could occur. The consequences are bounded by
those of the steam line break.

i

Two failures have been identified that would not result in an immediate
steam line depressurization but could increase the severity of other
subsequent failures. These are failures of the turbine bypass valve
isolation valves and failure of a CRDCS turbine trip contact. It is
believed that either f ailure could occur and remain undetected for a
significant period of time.

,

3.1.2.2 Condensate and Main Feedwater System. The principal effect of
failures in the condensate and main feedwater system on RCS overcooling
is the potential for overfeeding the SGs. Following reactor trip, the
potentially rapid increase in SG inventory is expected to result in RCS
overcooling until it is terminated manually or automatically. Specific

j failures in the condensate and main feedwater system leading to over-
feeding the SGs and the overall effects are identified in Table 3.8 and
discussed below.

,

Steam generator overfeeding will occur if either MFW control valve fails
open or fails to close following a reduction in FW demand such as a
reactor trip. Typically, control valve failure open would be expected
to have a greater impact on RCS overcooling at low reactor power levels;
failure to close would be more severe at higher reactor power levels.

Failure open of one of the two control valves could occur due to a
] mechanical failure of the valve or its operator, failure of the E/P

transducer, or failure of the associated ICS loop A or loop B FW control
circuit (Table 3.8, Item 1). In the event one of the control valves
fails open, the operator has the option of closing the main valve
manually and controlling the startup valve, if possible, or tripping the
MFW pumps. If the operator fails to control MFW flow, both MFW pumps
will be tripped automatically on high level in either SG. Simulation
was required for quantitative determination of the extent of RCS

i

i

!

!
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Table 3.8. Summary of condensate and main feedwater FMEA: failures leading to or affecting RCS
overcooling transients

Failure Possible Causes Effects Remedial Actions

Excessive addition of reedwater to steam Cenerators

1. Main reedwater o Unspecified f ailure in Steam generator A or B level Trip main f eedwater pumps manually
Control valve valve operator or increases possibly resulting in if required to control RCS

FDW-32 or associated valve control reactor trip. Continued feed- overcooling. Confirm automatic

FDW-41 Falls station. water injection following reactor initiation and control of
Open trip espected to result in RCS emergency feedwater.

overcooling until terminated by
high steam generator level trip
of main f eedwater pumps and
s ubs equent automatic initiation
and control of emergency
feedwater. (Automatic closure of
associated main f eedwater block
valve FDW-31 or FDW-40 is
espected; however, this slowly

I,

closing valve is not espected to
prevent the high level feedwater 2-

hJpump trip.)

! o ICS Loop A or Loop B Steam generator A or B level Manually close main f eedwater

feedwater control circuit increases possibly resulting in control valve and manually control

generates a spurious high reactor trip. Continued feed- startup control valve in the

demand sigral due to a water injection f ollowing reactor af f ected loop. Trip main
! module f ailure. trip espected to result in RCS feedwater pumps eanually if

overcooling untti terminated by required to control RCS
high steam generator level overcooling. Confirm automatic

; control setpoint or high steam initiating and control of
*

r generator level trip of main emergency feedwater,
f eedwater pumps and subsequent
automatic initiation and control
of emergency feedwater.

!
!

o Failure of Steam Generator Steam generator A or B level Manually close main feedwater
;

Startup Range Level increases possibly resulting in control valve and manually control
>

Transmitter Sensing Tap, reactor trip. Continued feed- startup control valve in the
water injection f ollowing reactor af f ected loop. Trip main
trip espected to result in RCS feedwater pumps manually if
overcooling until terminated by required to control RCS
high steam generator level overcooling. Confirm automatic
control setpoint or high steam initiating and control of

( generator level trip of main emergency feedwater. Manually
i

f eedwater pumps and subsequent control emergency f eedwater based
automatic initiation of emergency on steam generator operator range
feedwater. Emergency feedwater level signals.

.

continues to overfill af f ected
|

steam generator.

._



Table 3.8. (continued)

Failure Possable Causes Effects Pemedial Actions
- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - ---------- --- ---

2. Main Feedwater o Loss of Instrument Air Following reactor trip, the Manually trip main feedwater pumpsControl valves Pressure. supply of feedwater to the steam if required to control RCS over-FDW-32 and/or generatore exceeds the RCS demand cooling. Follow emergency proce-FDW-41 Fails to resulting in increasing steam dure for loss of instrument air.Close Following generator levels and possible RCS
Reactor Trip overcooling. The transient is

terminated by an automatic high
steam oenerator level trip of the
main feedwater pumps and auto-
matic initiation and control of
emergency f eedwater using the
backup nitrogen system. Loss of
closure of the turbine bypass
valves, the makeup control valve
and RC pump seal return valve and
opening the RC pump seal
injection control valve.

O Loss of ICS Panelboard NI Follow ang r eact or trip, the steam Manually close main f eedwater
Aut o Power r> ranch (H. HI) generators will be overfed control valves and manually [}cr manual transfer of main r esul t i ng in possible RCS over- control main feedwater startup
feedwater control valve to coolang. The transient termina- turbine bypass and makeup control
manual control, ted automatically by a high steam valves if required.

generator level trip of the main
feedwater pum ps. Loss of auto
power also result s in the makeup,
PC puap seal inject ion and
turbine bypass valves trans-
ferring to manual and freezing in
position. If the power f aalute
occurred following turbine trip,
the turbine bypass valves could
fail in an open position
resulting in a steam generator
de pr essu r iz a tion.

centributina Failures -

3. Pain Feedwater FPTX relay or associated Fanlure could occur and remain If required, manually trip main
Pumps Fall to steam generator 03+ rate range ur. detected during normal feedwater, condensated booster or
Trip level transmitters or high oper at a on. The automatic main hotwell pumps to terminate
Automatically level bastables fall to feedwater pump trip would not overfill.
on Ha4n Steam generate a main feedwater pump termanate a steam generator
Generator Level trip signal on demand. overfill transient if required.
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Table 3.8. (continued)

Pailure Possible Causes Effects semedial Actiona

4. aC Pumps Trip Problems associated with pump A trip of the aC pumps transfers Manually control the affected

seal or bearing cooling, control of the startup feedwater startup valve. Trip the main
electric power loss to AC valves to the selected operate feedwater pumps if required to

pumps (and not af fecting range level transmitters. If a control steam generator overfill,
feeduater pumpe). ESPS signal. selected transmitter was in an

undetected f ailed low state, a
steam generator overfill
transient could occur with a
simultaneous f ailure of the
automatic high steam generator
level f eedwater pump trip.

5. Main feedwater Failure of the valve, its Failure could occur and remain If required, manually trip main

Blocs Valves motor operator or electric undetected during normal feedwater, condensated booster or

FDw-31, 40 Fall power supply, o pe r at ion. Failure of the block hotwell pumps to terminate
valve eliminates one possible overfill,open
means of limiting steam generator

'

feedwater injection.
Jr
J:r
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overcooling prior to automatic pump trip. Overcooling was minor, with
results described in Sect. 4.

Single failures in the loop A and B common control circuitry are not
expected to result in RCS overcooling due to downstream, loop-specific
signal modification (ICS Btu limits or RCS Tavg controls). However, if
the manually selected loop A and loop B startup level transmitters were
powered from the same power source (ICS Panelboard KI branch HEX or
HEY), a failure of this single power source would result in the loop A
and loop B control valves failing open (Item 2). The operator has the
option of controlling the main and startup FW control valves in each
loop manually or tripping the FW pumps if required.

Loss of the instrument air system or failure of selected ICS Panelboard
KI branch circuit H or H1 will result in the loop A and loop B MFW
control valves failing in an "as is" position (Item 2). Loss of
instrument air results in the FW control valves failing as is and the
turbine bypass valves closing. If a SG overfeed transient results, it
can be terminated by manual or automatic trip of the MFW pumps. Failure
of Panelboard KI branch H, H1 (ICS auto power) results in many plant
components, including the FW control valves, automatically transferring
to manual control and remaining in position. If the plant was in steady
state operation prior to the auto power, an automatic reactor trip may
not occur in the short term. However, other effects of the loss of auto
power such as the generation of many spurious control room alarms, may
induce the operator to trip the reactor manually. Once the reactor is
tripped, the SGs will be initially overfed. The operator has the option
of manually controlling the FW control valves or tripping the FW pumps.
Furthermore, a reactor trip from a high power level may result in an
automatic trip of the MFW pumps on low suction pressure unless the
operator rapidly throttles MFW. The FW pumps will be tripped
automatically on high steam generator level if the level is not
controlled manually. As noted in Tables 3.7 and 3.8, if the loss of
auto power occurred following a turbine / reactor trip transient, the
turbine bypass valves would be open. In such a case, the loss of auto
power will transfer the turbine bypass valves to manual control while
they are open, resulting initially in a combined SG depressurization and
SG overfeed transient. The operator can manually control both the
turbine bypass and the FW control valves. If required to control SG
level, the operator may trip the MFW pumps and verify the automatic
initiation and control of EFW.

In addition to condensate and feodwater system failures which directly
result in overfeeding the SGs, a number of failures could combine with
other failures to increase the severity of a transient.

Of the failures listed, possibly the most significant is the failure of
the automatic high SG 1evel MFW pump trip. This failure (Item 3), in
combination with SG overfeed failures (Items 1 and 2), could result in
the introduction of significant quantities of water into the steam lines
unless the overfeed is manually terminated by the operator. The effects
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of SG overfill include, in addition to the potentially increased
severity of RCS overcooling, possible damage to the main steam safety
and turbine bypass valves, as well as significantly increased stresses
on the main steam lines and their supports. Although the effects of
increased stresses, possibly intensified by the opening End closing of
turbine bypass or safety valves, have not been evaluate 1 in detail, the
conditional probability of consequential steam line fcilure would be
increased.

Trip of the four RC pumps has been listed as a contributing failure
(Item 4). Following a trip of the four pumps, control of the startup
FW valves transfers to the operate range level transmitters at a 20-ft
SG 1evel set point. This action alone may produce some degree of RCS
overcooling. However, the 1,ncreased level is required to promote
natural circulation in the RCS, and the rate of increase in SG level
would be less rapid than following transients initiated by the MFW
valves f ailing open or f ailing to close. If the selected operate range
level transmitter on either SG were in a failed low state, the FW
flow rate to the affected SG would continue beyond the 20-ft level
set point and the automatic SG high level FW pump trip would be
defeated.

Other contributing failures include failure of the MFW block valves
(Item 5) and failures potentially resulting in exceeding FW chemistry
specifications. Adverse FW chemistry could contribute to long-term
degradation of SG tube integrity.

3.1.3 Failures Contributing to Steam Generator Overfill

Two classes of SG overfeed have been considered: (1) those which are
associated with reactor and turbine trip and (2) those which are not.
Any overfeed that causes liquid water to enter the steam line is
considered an overfill. If water enters the steam line in sufficient
quantity and is accelerated to sufficient velocity, the integrity of the
steam line is threatened and additional serious hazards may arise.

Overfeeds not associated with reactor and turbine trip were studied in
depth using hybrid computer simulation. Power levels from 20 to 100%
and conditions corresponding to component failures in Classes D and E
(as defined in Appendix D.9.1) were examined. These calculations are
more fully described in Sect. 4 and Appendix C. The following
summarizes the results sufficiently for the purposes of this section.

1. Some overfeeds led to low quality steam that would carry moisture
into the steam line. The quantities did not appear great enough to
threaten the integrity of the steam line, although the levels might
have been unacceptable for the turbine.

2. In each case the ICS brought the system to a new steady state or
approached one. In no case was the primary side overcooled to the
point that safety appeared threatened, although some of the
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transient and new steady state conditions may have been
unsatisfactory operating states.

3 Some of the cases probably would have induced reactor and turbine
trips had there been additional trip logic enabled in the
calculation. In particular, the conditions reached in some cases
might have actuated a moisture separator turbine trip should such be
provided in the reheater section, or could lead to a reactor trip on
asymmetric power distribution. Such trips are not assumed in the
SAR.

The second class of SG overfill, events associated with reactor and
turbine trip, may in some events conceivably cause large quantities of
water to flow into the steam line. These important events are described
in Sects. 3.1.3.1 and 3.1.3.2.

A number of protective features are in the Oconee system to prevent the
flow of water into the steam line:

1. ICS actions to adjust power level and secondary flow.

2. High level override signal, also in the ICS, which causes control to
shift from demand to level control when the high level (85% of
operate level range) has been reached.

3 Blocking valve which begins to close when the startup valve goes 50%
closed (ICS actions).

4. High level MFW pump trip whose circuitry is considered external to
the ICS and which is actuated when the operating level sensors
register 90% of their range.

5. The operator may trip the MFW pumps to terminate the overfeed if he
is aware of what is happening. However, the transients of concern
are fast moving. We have therefore assumed no operator
intervention.

We here consider failures that lead to overfill in a single SG, and
which are much more likely to occur than failures affecting both SGs.
Moreover, certain protective tr'ps on the MFW pumps would affect only a
single pump in a single SG overfill. In such cases the single SG
overfill is the more dangerous.

Even with protective features 2, 3, and 4 defeated, the ICS appears to
be able to maintain sufficient balance between power and secondary flow
to limit water entry into the steam line to wet steam. However, as an
overfeed caused by failures of features 2, 3, and 4 plus an initiating
event develops, there will be accompanying upset conditions which can
lead to reactor and turbine trips. Reactor trip causes turbine trip;
turbine trip causes reactor trip; both will occur almost simultaneously.
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We have found only one failure that defeats all protective features 1
through 4: the Class F failure described in Appendix B.S. Actually,
this event does not defeat feature 4 (high level MFW pump trip).
Instead, it causes the transient to continue under the head produced by
the AFW af ter the MFW pump trip has occurred. As such, it is a somewhat
more slowly developing transient, providing more time for operator
intervention and less momentum into the steam line.

,

We will restrict consideration to the more dangerous case, in which the
overfill occurs in a single SG driven by maximum allowed flow. As
indicated, we have found no case where this might be brought on by a
single failure. However, there are possible classes of failures such
that one may occur and be present and undetected for an extended period
of time; during that time the occurrence of a failure of one more
component of an appropriate class can bring on overfill of one SG with
water entering its steam line at maximum velocity.

The following two subsections deal with this scenario.

3.1.3.1 Water in the Steam Line. We have developed several ways of
causing significant quantities of water to enter the steam line rapidly
from a single SG. A Type A failure (one that disables both the MFW pump
trip and the ICS high level signal limiting features) along with a
Type D failure (an ICS fajlure that causes more FW demand than is
necessary) will produce an overfill. The Type A failure can go
undetected, but the operator should become aware of it fairly soon if it
produces incorrect operation over the whole operating range. However,
if the effects are confined to the high level end of the operating
range, as they might be for certain kinds of pressure transducer or
electronic logic module failures, the failed state could continue
undetected for long periods of time.

Another compound failure mechanism combines a failure that places the
high level MFW pump trip in an undetected failed state (Type B) and a
subsequent failure that causes the low level sensing system to read low
(Type C). Any one of several relays could fail in such a way as to
leave the high level MFW pump trip disabled and undetected (see
Sect. 3.2). I

; A single failure of the low SG pressure tap, its sense line, or the
valve packing in its sense line can produce a condition that leads to SG
overfill (Type F). Although the MFW pump trip remains operational in
this case, the failure causes the EFW to continue to overfill following
the pump trip (see Appendix B.5). This failure scenario is less
threatening than the preceding two because it proceeds more slowly and
imparts the momentum of the water to the steam line at a lower rate.

We next assume that an overfill has occurred in SG A as a result of one
cf the two preceding scenarios. Both MFW pumps increase to maximum
speed because the pressure drop across control valve A is low. The
overfeed of SG A then causes the secondary flow and inventory in SG A to

!

- - - _ _ - _ .
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increase while the outflowing steam temperature drops into the
saturation region and the quality drops below one. The ICS, responding
to the increased flow, calls for less flow, causing MFW B control valve
to begin closing, but this closure has no effect on A because of the

postulated failure. The net secondary flow increases, leading to a drop
in core average temperature and a subsequent increase in power by the
ICS in its attempt to compensate for this. These effects are
demonstrated by calculations whose results are presented in Sect. 4 and
Appendix C, showing the course of such an event without a turbine trip.

Steam from A and B mix in the turbine header, but since the mass flowing
from A is much greater than the mass flowing from B, the net effect is
a reduction in the quality of the total flow. With an assumed trip
at .98 quality (main turbine manufacturer's specification), according to
our calculations the turbine trips about 6.5 min into the transient.
This causes closure of the turbine stop valves, reactor trip, and
transfer of MFW pump turbine steam feed from the low pressure turbine
tap to the respective steam lines. (Trips could also arise from

,
asymmetric cooling of the reactor core.)

Flow in the steam system is essentially stopped by the closure of the
turbine stop valves. During this period of interrupted flow, which
should continue until pressure builds to the point that a relief valve
opens, phase separation should occur in the steam lines with the 11guld
draining into the lower regionn of the SG.

Following reactor trip, the MFW pumps should initially slow down on a
fast-acting, reduced-demand signal. However, the differential pressure
across the SG A failed open MFW control valve will continue to generate
an error signal whose integral soon dominates the demand signal and
returns the MFW pump turbines to maximum speed. The diminished flow
demand has no effect on the failed SG A control valve, but causes the
SG B control valve to close further. The B control valve will remain
open by at. amount sufficient to satisfy the low-level set point
constraint in SG B.

When the MFW pumps are operated at high speed with B control valve
stopped down considerably A control valve failed open, and the MFW
high-level pump trip in an undetected failed state, the A steam line
will be pressurized enough for one or more relier valves to open,
thereby allowing significant flow and a relatively large amount of
11guld to enter the line. As the steam quality deteriorates, MFW pump
turbine A may trip. This can come about when excess liquid in the
turbine intake causes excessive vibration or thrust, thus activating
manufacturer-installed trips designed to protect the turbine against
mechanical stress. In the absence of trips, the A pump turbine may fail
as a result of excess liquid intake, or it may continue to function at
normal or reduced efficiency. Regardless of which of these alternatives
prevails at the A pump turbine, the B pump turbine and steam line should
continue in good operating order. Ample pumping power is therefore
available to continue the rapid overfeed of SG A.
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This overfeed appears to require manual trip of the MFW pumps to avoid
further damage. The Babcock & Wilcox " Abnormal Transient Operating
Guidelines"'8 instruct the operator to trip the MFW pumps manually on
suspicion of MFW overfeed. An alert operator following the existing
procedures could therefore terminate this event. Note, however, that
the event does develop quite rapidly.

Some of the hybrid computer calculations suggest that with a fully open
control valve in the failed section, there would be a low suction
pressure trip of the MFW pumps. The outcome of these calculations are
critically dependent upon certain possibly unrealistic assumptions about
control valve and MFW pump characteristics. The calculations in
question introduce at most a borderline uncertainty for some of the
cases.

The overfill scenario leads to very substantial water ingre,ss to the
steam line. If this water enters the steam line at a high flow rate, it
will impart significant momentum to the steam line. Consideration was
not limited to obvious high damage but perhaps relatively low
probability events such as water hammer. Any significant transfer of
momentum from the water to the steam line can produce a swaying or other
motion of the steam line, which will stress its supports. If a
sufficient number of supports fail, the steam line could deform or
collapse with a prusumably high probability of rupture. Such an event
occurred at the Beznau (Switzerland) PWR in July 1969.58 Damage to
equipment and line supports was extensive, although line rupture did not
occur. Though steam lines differ in geometry, design, and materials,
the Beznau event demonstrated that the postulated phenomenon can occur
in a steam line with great force and cause great damage. Since steam
lines are not qualified for this environment, prudence would suggest
that line rupture should be assumed to be highly probable given a
massive, continuing water ingress.

Steam line rupture without complications is analyzed in the FSAR, and
the consequences are found to be acceptable. The next section will
discuss why in the case just examined FSAR calculations do not seem to
bound the possibilities of SG tube damage.

3.1 3 2 Possible Steam Generator Tube Rupture. Chapter 15.13 of the
Oconee-1 FSAR considers a main steam line break and explores the
possibility of resulting SG tube rupture. The mechanism for tube
rupture would be increased tensile stress on the SG tubes as a result
of severe differential contraction of the SG tubes and their massive
shell-support structures in a SG blowdown. In such a situation there is
a potential for multiple as well as single-tube ruptore. The FSAR
conclusion states that no significant expectation of 3G tube rupture
would result from a main steam line break.

We believe the FSAR conclusions are not applicable to the scenario
described in the preceding subsection for the following reasons;

_ _ _ _ _ _ . _ _ .-
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a. The FSAR tube rupture calculations are based on empirical data from
experimental conditions less stringent than those proposed here,

b. In the proposed scenario, a maximum inventory of water is in the SG
at the time of the line break. This extra water must be disposed of
by flashing, causing additional cooling, or by expulsion from the SG
by expanding steam, causing additional transverse stresses to the
tubes--an effect apparently ignored in the FSAR.

c. The use in the FSAR of mean tube and shell temperatures to
characterize thermal effects is not justified. The concern is not
for the mean but rather for the tubes subject to extreme stress.

d. The preceding subsection proposes a scenario in which several RC
circulatory cycles may have elapsed between the reactor trip and a
steam line break. During that period of time the core power and the
temperatures of the SG tubes would decrease considerably. The FSAR
does not appear to have taken these effects into account.

e. The FSAR takes no account of the vibrational stresses induced in the
tubes by blowdown.

f. The stress damage model used in the FSAR assumes the uniform
application of stress to a tube whose original wall thickness has
been uniformly reduced by 50% when, in fact, one would expect that
the stresses (strains) would be concentrated heavily about isolated
flaws. The FSAR provides no justification for the assumption that
the uniform-thinning, uniform-stress model conservatively bounds the
effects of concentrated stresses (strains) at isolated flaws.

The above facts indicate that there is insufficient information
available to assess the effect of a steam line break on possible single
or multiple SG tube rupture.

3.1.4 Failures Affecting Recovery from Design Basis Accidents

A brief evaluation has been made to assess the potential for control
system failure to adversely affect recovery'from design basis accidents.
The evaluation was based on design information and transient analyses
presented in the Oconee Nuclear Station FSAR.88

The evaluation demonstrated that continued normal operation of certain
control systems was assumed in some of the accident analyses reported in
Chapter 15 of the Cconce FSAR. These included post-accident MFW flow
control, main steam isolation ara pressure controls, and pressurizer
spray and/or pilot-operated relief valve (PORV) controls. Failure modes
of these control systems adverse to the transient would result in a more

severe transient. However, simulation is required to assess the degree
of acceptability of the resulting impact on the reactor core or RCS. A

I
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,

summary of potentially adverse control system failures is presented in ,
'

!- Table 3.9. The accidents analyzed in FSAR Chapter 15 and the potential
impact of control system failures are discussed below.

.

The Chapter 15 transients fell into three categories: miscellaneous
'

nonreactor accidents, accidents terminated by reactor trip, and

7
accidents exhibiting significant post-trip transient behavior,

i Accidents assigned to these categories are listed in Appendix

Tables A.12, A.13, and A.14. .

; Waste gas decay tank rupture and fuel handling accidents (Appendix
1 Table A.12) involve the release of radioactivity to the auxiliary

building and then to the environment from the auxiliary building vents.
,

Control system mitigation of these transients was not identified in the
'

analyses described in the FSAR.

1 Six of the accidents listed involve a core reactivity excursion
; terminated by reactor trip. These accidents are listed in Appendix

| Table A.13 In each case, the accident is detected by the reactor e

protective system (RPS), which initiates reactor trip. Once trip
i occurs, a normal hot shutdown condition will result. Although control
I 'system failures could affect the hot shutdown, their impact would not be

significantly different had the design basis accident not occurred.
,

Appendix Table A.14 lists the design basis accidents exhibiting -

| significant post-trip transient behavior. These accidents and the '

; potential impacts of control system failures are discussed below.
J :

3.1.4.1 Loss-or Coolant Accidents. Loss-of-coolant accidents (LOCAs),

involve the uncontrolled release of reactor coolant from the RCS. This i
'

!
; class of accident is discussed in FSAR Sects. 15.14, Loss of Coolant

Accidents; 15.9, Steam Generator Tube Rupture Accident; 15.12, Rod :
!Ejection Accident; 15.15, Maximum Hypothetical Accident; and 15.16, Post

; Accident Hydrogen Control. ;

<
>

Following the release of coolant, the core achieves a suberitical
|,

condition due to reactor trip, vaporization of the coolant in the core
i region, and injection of boric acid. Heat transfer from the suboritical
'

core is maintained by pool boiling, with the coolant inventory in the

| reactor vessel maintained by high-pressure injection, low-pressure ,

i injection, and core flood safety systems.

'

Following large LOCAs, the RCS will depressurize rapidly and the '

accident will be mitigated solely by safety systems. Small-break LOCAs,
i however, may require SG heat transfer to aid RCS depressurization. In

the Oconee design, following the LOCA-induced reactor trip the ICS
regulates the flow of MFW to maintain a level of approximately 2 ft in
each SG. This level will be maintained until the reactor coolant pumps
(RCPs) are tripped manually following actuation of an engineered safety
features actuation system (ESFAS). Upon RCS trip, the ICS modifies the
level set point to maintain a 20-ft level in each SG.

i

. -- - , - -- _ . _ _ _ , . - _ _ . - . - _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ . _ _ _ _ _ _ _ - . _ ._ ____,
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Table 3.9. Summary or potentially adverse control

system failures

FSAR Accident Control System Failure Potential Effect

__

Loss of Coolant o Main feedwater control o Operator required to
Accident (faall valves fail to maintain manually initiate
Ereak/SG Tube SG level. energency feedwater.
Rupts.re) Failure to provide

feedwater has an
adverse affect on RCS
depressurization.

o Turbine typass valves o Increased duration of
fail to cren. reacter coolant flow

thecugh a ruptured
steam generator tube,

o POIN f ails to c;en. c Increased duration of
reactor coolant flow
through a ruptt. red
steam generator tube.

Steam Line Ereak o Turbir.e fails to trip. o Double SG blcvdcwn
until manually
ternirated.

o Turbir.e typass valves o Double SG blewdewn
fail open or fail to until manually
close. terminated.

o Fain feedwater control o More r,cvere PCS

valves fail to close. ecoldewn and
de p ressuriz a tion.

Less of Coolset Flcw o Main feedwater cortrol o Operatcr required to
valves fail to cairtain ranually initiate
SG level. crerEency feedwater.

Failure to caintain
adequate level
adversely icpacts
ratural circulation.

' s of All AC o Turtir.e typass valves o fressurizer may drain
"<.ur fail open or fail to possibly impacting

riose. ratural circulation.
. . - - - . . . - - . - - - . . - - - --
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Two ICS/MFW control valve failure modes may affect the mitigation of the
small break LOCA: failure to initially maintain the 2-ft SG levels, and
failure to transfer to the EFW nozzles and maintain 20-ft levels af ter
the RC pumps are tripped. Manual initiation of EFW, a safety system,
would ensure that SG levels are maintained.

The effects of the identified ICS failures, although adverse, are not
expected to be large compared with the effects of other (additional)
assumptions mandated for the LOCA evaluation model. Failure of a high-
pressure injection train and conservative increases in core decay heat :
generation rates (currently being modified) would have greater impact.

The " Maximum Hypothetical Accident" and " Post-Accident Hydrogen Control"
sections of the PSAR addresa post-LOCA containment conditions and do not
involve control system interactions with the events described.

The rod ejection accident is failure of a control rod drive pressure
boundary, which results in a control rod being rapidly removed from the

,

core, increasing reactivity and creating a small-break LOCA. T7e core '

reactivity transient is terminated by reactor trip. Once the core is
subcritical, the transient is similar to a small-break LOCA as discussed
above.

The steam generator tube rupture accident is a small-break LOCA that
results in release of reactor coclant to the environment via the SGs and
main steam safety valves and/or main condenser. Mitigation of the tube
rupture accident involves a manually initiated rapid cooldown and
depressurization of the RCS to minimize the flow of reactor coolant from
the RCS through the ruptured SG tube.

Cooldown and depressurization of the RCS requires the operation of
control systems. The primary supply of FW to the SGs is provided by the -

MFW system. FW can be supplied by the EFW (safety) system through
automatic actuation in most cases and manual actuation in all cases.

Isolation of the affected SG and regulation of main steam pressure *

requires turbine trip and control of the turbine bypass valves. Turbine
trip is initiated by auxiliary relays and contacts located in the -

control rod drive control system (CRDCS). Although the turbine trip
relays and contacts are redundant (a single failed relay or contact will
not initiate or prevent a turbine trip signal), it is not known whether
they are designed and tested as a safety system. Unless tested
regularly, one or more of these devices may be in a failed state without
detection following successful turbine trips. '

Cooldown of the RCS requires the use of the nonsafety turbine bypass
valves and the condenser and associated condenser support systems
(principally the condenser circulating water system). Although steam
may be released to the atmosphere via the manual steam dump valves, the
use of these valves is expected to delay,the cooldown significantly. i

!

i

!

L

I

'

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

The required deproosurization of the RCS following a tube rupture can be
accomplished using the pressurizer spray valve (if the RC pumps are not
tripped) or the pressurizer PORV. In the Oconee design, opening the
PORV or the spray valve is considered a nonsafety function.

In summary, the normal operation of several control systems has been
assumed in the mitigation of small LOCAs. Although failure of one or
more of these control systems is not expected to have a significant
effect on core integrity, it could affect the probability and extent of
a consequent offsite radionuclide release following SG tube rupture.
Quantification of such releases is beyond the scope of the simulation
used in this study.

3.1.4".2 Steam Line Break Accident. The steam line break accident
involves a postulated failure of a steam line that results in very rapid
cooldown of the RCS. Of stated concern in the FSAR were the potentials
for core criticality to impede continued core cooling and for a SG tube
rupture to be caused by the steam line break.

Mitigation of the steam line break requires a reactor trip, a turbine
trip to isolate one of the two SGs from the break, isolation of
FW to the depressurized SG, and controlled injection of FW to the
pressuelzed SG. The analyses of steam line breaks presented in the FSAR
cover three postulated operating modes of the ICS and plant operator
control of the MFW:

1. The ICS initially throttles MFW flow, and the operator prevents the
ICS from automatically reopening the control valves.

2. The ICS initially throttles MFW, but the operator allows the ICS to
reopen the control valves in order to maintain minimum SG 1evel.

3 The ICS and the operator fail to throttle FW flow.

In all three cases considered, automatic turbine trip and proper ICS
control of the TBV are assumed. Assumptions concerning EFW operation
were not clearly specified. (Significant SG depressurization is
expected to result in an automatic trip of the MFW pumps and automatic
initiation of EFW. Main feedwater flow to the depressurized SG could
continue due to the continued operation of the condensate and condensate
booster pumps.)

Analysis results in the FSAR show that the core could return to 35% of
rated power for case 2 (the worst case), and unacceptable fuel damage
was not reported. Although adverse failure of control systems assumed
to operate manually in these analyses could increase the severity of the
reactivity insertion through RCS cooldown, the impact on core response
would be mitigated by increased boric acid injection. Furthermore, each
of the core responses presented assume the highest reactivity control
rod failed to insert--a very conservative assumption.

1
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Reactor building pressure responses to a steam line break as presented
in the FSAR indicate that the building design pressure is not exceeded
in any of the FW control failures considered. Additional adverse
control system failures were not identified.

An analysis of the effect of the break on the SG tubes was presented in
the FSAR. It is not clear that the analysis assumptions bound the
worst-case RCS cooldown, since adverse control system failures could
increase the potential for consequential damage of the SG tubes
following a steam line break.

Although consequential tube rupture was not predicted, the FSAR presents
the results of an analysis of the environmental consequences of 1, 3,
and 10 SG tube ruptures coincident with a steam line break. The results
were found to be acceptable. (The details of this analysis have been
presented in cited FSAR references which have not been reviewed.)

3.1.4.3 Loss of Coolant Flow Accidents. Loss of coolant flow
transients involve a reduction in the coolant flow rate through the
core, resulting in inadequate heat transfer for the existing power level.
These accidents are mitigated by reactor trip followed by control
actions required to maintain post-trip core flow.

Loss of flow accident such as a trip of less than four RC pumps,
reduction in grid frequency, or a " locked rotor" are mitigated by
reactor trip with otherwise normal post-trip conditions. Trip of four
RC pumps requires that tne ICS transfer the SG 1evel to a 20-ft set
point (assuming the f1FW pumps are operating). This increased level is
required to establish and maintain natural (convective; circulation of
the reactor coolant.

Failure of the ICS to maintain the increased SG 1evels would require
manual initiation of EFW.

3 1.4.4 Loss of Electrical Power Accidents. Two cases of loss of
electric power are addressed in Chapter 15 of the FSAR, and additional
results of loss of electric power analyses are addressed in Chapter 10.

One case addressed in Chapter 15 was separation of the unit generator
from the grid with a successful turbine runback. Although this
transient requires significano control system response, its
categorization as an accident is questionable. The conditions in the
RCS did not require reactor or turbine trip, and the case represents a
limiting operational transient with plant power being supplied from the
unit generator.

Failure of control systems during this transient could result in a
reactor and turbine trip and could deenergize the ac electric power
buses. This transient is mitigated by automatic reactor trip and
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automatic initiation of the 'EFW and emergency ac power systems. This
transient was discussed briefly in Chapter 10 of the FSAR.

The limiting casa of loss of ac power addressed in Cna;4er 15 consisted
of separation from the p id, reactor and turbine trip, and a postulated
failure of emergency ac power sources. This transient, as above, is
mitigated by reactor trip and the EFW system.

The transients involving loss of MFW induced by ac power failure
discussed above can be affected by failures in the turbine bypass and
the letdown system. Following either transient, the steam line pressure
is initially maintained by the ICS-controlled turbine bypass valves1

(TBV). If these valves fail to open, the pressure control function is
provided by the main steam safety valves.

i

! Forthelossofpowercasewitbsuccessfulstartofemergencyacpower
sources, failure of the TBV to properly close or to open results in an-

RCS cooldown transient. Depressurization to 1500 psi will result in,

i automatic high pressure safety injection. The open TBV can be isolated
by the operator. (It should be noted that loss of coolant water to the
condensers results in the TBV being interlocked closed. This is af

control system action used to prevent overpressurizing the condensers.)

The case of limiting loss of all ac power results in establishing ^

natural circulation in the SCS by automatically initiating and
i controlling EFW. As above,' failure of the TBV in an open position will

result in an RCS cooldown transient. For this case, the TBV isolation
valves car.not be closed from the control room due to loss of ac power.
However, the loss of power deenergizes the instrument air compressors,4

{ resulting in the TBV closing.

The normal makeup flow to the RCS will stops however, letdown will
. continue initially. Letdown can be isolated manually or automatically
j by the loss of instrument air pressure or containment isolation signals

if the RCS depressurizes to 1500 pai.
- The possible initial RCS cooldown and/or loss of reactor coolant via the

l letdown line may result in the pressurizer draining. The effect of the
I pressurizer draining on natural circulation could be adverse but would

; be countered by the initiation,of HPI.

:

i
3.2 ESTIMATED FPEQUENCY OF SELECTED FAILURE SEQUENCES

j In Sect. 3 1, several control system failures were identified that could
cause or contribute to the following failure modes: SG overfill, RCS4

f overcooling, inadequate core cooling, or recovery from design basis
accident. Of these, those failures resulting in rapid SG overfill or'

total loss of SG cooling have been selected as failures with potentially
i high safety consequences. To evaluate the potential significance of
)
a

!

!

b

)
1
'

. . _ . .~. . _ . . . -
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these failures and failure sequences, their frequencies of occurrence at
the three Oconee nuclear plants have been estimated.

3 2.1 Estimated Frequenc/ of Steam Generator Overfill

The potential for overfilling a SG with FW has been identified as a
transient of concern for the Oconee Nuclear Station. The estimated
frequency of this transient has been estimated to be between 0.006 and
0.001 overfill transients per year. The methodology for this
calculation is discussed in th.. section.

The sequences of events leading to SG overfill are depicted in event
tree format in Fig. 3 1. Although not depicted in the figure, the
significance of the SG overfill transient is expected to be the
potential for contributing to subsequent failure of the steam lines and
SG tubes. Other possible effects include consequential damage to the
high pressure main turbine and damage to the MFW or EFW pump turbine
drivers. However, given SG overfill, the conditional probability of
these cannot be estimated without significant analyses of the physical
response of the steam lines and their supports to SG overfill. The
conditional probabilities of subsequent damage would be required to
evaluate the frequency of ultimate plant damage.

SG overfill is defined for purposes of this calculation as an6

uncontrolled addition of MFW to either SG, resulting in the addition of
liquid to the steam lines. In the Oconee design SG overfill resulting
recm failures in the MFW system requires a failure in the MFW control
valves or instrumentation that results in overfeeding one of the two
SGs (MFW overfeed), a concurrent failure of the MFW pump to trip on high
SG (" operate range") level, and failure of the operator to detect and
manually trip the MFW pumps or isolate the FW line. These three
contributors to SG overfill are shown in fault tree format in
Fig. 3.2.

3 2.1.1 Frequency of Main Feedwater Overfeed. The occurrence of MFW
overfeed has been identified in Fig. 3.2 as a necessary condition for SG
overfill. The component failure combinations leading to MFW overfeed
are identified in Fig. 3 3 As shown, MFW overfeed may be caused by
either startup (SU) feodwater flow path valve or either MFW flow path
falling open. In either case it has been assumed that one of the
control valves will fail to close following a reactor trip or fail open,
resulting in a reactor trip, and that the block valves in each flow path
are not closed. This condition results in the supply of FW exceeding
demand and an increasing SG 1evel.

I
Failure rates are calculated on the basis of a single SG overfeed. ,

Although overfeeding both SGs is possible, the frequency is lower and
,

the conditional probability is higher that the SG high level J

instrumentation will successfully trip the pumps.

;

I

I
i

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



. _ .

Y

59-

' Automatic high SG 1e n1 NFW pump trip Transient
tereinated

SG overfeed Operator trips pumps manually Transient
(0.144/y) terminated

Auto trip fails

(0.0''/ demand)

.

Manual trip falls .SG overfill
(0.7 to 0.01/ demand) (0.006 to 0.001/y)

Fig. 3.1. Event tree of Oconeo sf.eam generator overfill sequences,'

s

The probability that a 6-in. SU valv'e will fail in an open position and
potentially result in SG overfeed must incNde consideration of the
operator isolating the affected flog path. As shown,in Fig. 3.3, given
a failed open startup valve, the operator could. terminate the flow to
the affected SG by closing either.of the two motor-operated isolation
valves on the affected startup valve. Available informa, tion on

.

operating experience indicates that operators will intervene manually to
control MFW flow rate prior to reaching the high SG level MFW pump trip
set point. Since 10 min or more (depending on the core residual heat

'

generation rate) is available prior to reaching M1W pump trip, a
probability of failure to isolate of 0.01 per demand has been assigned
to this operator action based on the methodology, described 'ni
Sect. 3.2.1.3 It should be noted that this operator action is separate
from a manual trip cf the MFW pumps.

.

As shown in Fig. 3 3, the failures resulting in a SU valye failing open
_

and affecting-the puup trip circuit are' separated from other failures
affecting only the valve position. The SU valve is controlled by the
" operate range" level trhnsmitters following a trip of the four RC pumps.
Although an RC' pump trip initiator, of itself, is expected to occur very
infrequently without a lose,of the external grid (which would result in
trip of the feedwnter pumps), the operat6r-is required to trip the RC'

pumps manually following an ESFAS trip. Thus, failure of a SU valve
resulting from a pre-existing operate range level transmitter failure is
calculated based on the ESFAS trip frequency (3 trips per 18 reactor
years'') and transmitter / multiplier mod' ale, failure rates. This yields
a SU valve failure frequency of 0_.004/y for this' failure mode. However,

'

since this failure also disables the aut W tio t. w.s trip circuit, its
contribution to SG overfeed is greater than tnat of other startiup valve

"
railure initiators.

'

!
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n follures are detected prior to occure MFW Flowpeth: 0.072/SG/y
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] Input to

**3 "Volid" ESPS Tripe in 18 ry. Fig. 3.2
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Fig. 3.2. Steam generator Overrill rault tree.
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SO everftll
occure 0.003 to O.OOOS/SO/y

[ \

MFW overfeed MFW pump
occure trip fetis .047/D

Operator
felle to terminate

overfeed

See F1g. 3.3
e%

0.7 to 0.1/MFW volve De T

Other Other Other SO Other OtherUMFW pump
,

. MFW pump MFW pump or operator signal
.

generator I
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* Demand. Assumes that 505E of failures are
detected end repelred prior to demand.

Fig. 3.3 MFW Overfeed fault tree.
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Other failures resulting in 50 valve failure include centrol
instrumentation module failures, f. allure of the valve, and transfer of

the valve to manual control. Module failure rates were based on the
number of operational amplifiers per module and the IEEE-5CO'S
operational amplifier failure rate. The operational ampilfler count was
based on 820 3eries modules which, except for power supply, are belleYed ,

to be similar in configuration to the Oconee 721 Series modules. This
methodology produced reasonable estimates when compared to available
observed ICS component failure data. The module count for an 620 Series

ICS and the calculated module failure rates are shown in Table 3.10.
The sum of these failure rates is 1.04 module failures /ICS/y. B&W

5topical report BAW-1564 * 1.ists 30 module railures per 19 calendar
reactor years, which corroborates the estimate well.

The failure rate of the SU valve itself was b6 sed on hJstorical nucliear '

lplant pneumatic valve experience ' and Oconce reactor trip frequency.
The estimated frequency of the SU valve ceing placed in manual Con' trol
(0.1/y) is based on engthderin6 judgment and specifically censiders the #

fact that transfer of the startup velve to manual cannot af,fect reacher
,

perfor,mance until the reactor is tripped or shut down. A combined
frequency of 0.15 SU valve failures per year was estimated for thesc .

failure modes.
,

As noted above, startup valve f ailure is considered an overfeed only if
the high level trip circuit is challenged. The startup valve-induced
overfeed rate is calculated as the product of the startup valve failure
rate and the conditional probability that the operator will fail to
isolate prior to high level trip challenge. This yields a frequency of
0.002 startup valve-induced overfceda per year.

SG overfeeds due to fatiure open of the MFW flow path occur ra.pidly, in
.

contrast to these induced by the.SU valve. Since MFW valve overfeeds
will challenge the high lovei trip in approximately 1 or 2 min, manual
isolation prior to challenging the automatic high level pump trip has
been ignored, However, a MFW block valve in the MFW flow path will be
closed automatically once the SU control valve is 50% closed. It has
been assumed that automatic clonure of the block valve would prevent SG
overfill, regardless of whet.her the MFW pubps are tripped.

As shown in Fig. 3.3, MFW overfeed can occur due to (1) Independent
failures of the MFW control valve and the MFW tlock valve to close, '

(2) instrument failures affecting both the MFW and SU control valves,
and (3) lailures arrecting th6 MFW flow path and the MFW pump trip
circuit. Failure of the block valve to close day occur due to failures

,

of the valve itacif Gr its centrol circuitry, or failure of the startup
valve to close. Sinco these failures are of importance only following a '

MFW control valve failure, their failure probability has been reduced by
half to account for 6n assumed yearly test interval. The frequency of

,

the MFW control valVs failing open or failing to close was based on
failu~res only affec' ting MFW control valve position. Such failures
include MFW valve failuPc, manus 11y placing the MFW valve in marnal, and
ICS control circuit failurea not affecting SU valve position.

.

, _ _, , , _ _ . , 2 - - --
-
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Table 3.i0. Calculated c:odale type rallure
rates in 820 series ICS

--

Module Ts11ure A.at.+7 of Calcu2ated
Rate (Failures / Module s/Ty p+ Failurea/hodule

Hodule Type Mi>du,te/Yeat)1 in JCS Typt/Yearl
_ _

_ .-

At:alog Femoiy ,002 it .032

r,i. ner .003 53 +100
I

ikgr,a1 Cer.erstor .D02 11 ,,0!6 '

Fveer and Integral .035 17 .077

Syr.at Li=tter . 0 0') 6 ,054

t1Enal Log .002 '6 .014

Fignal t'cr.ito.i- .007 13 .038

Tri-stable .007 16 .108

Functicn Generater .016 19 2 31

auet t :r.4 er .007 5 .041

!$.itipl ter .015 4 .072

P!Stel;af+out .004 ._i D.Ctf

TO'!AL 179 1.0 bi
_.. _ _ . - . _ _- -- . ~.-

IEsted on 2.26 x 10-3 Fullt.e(s/Creratic.%1 Arplifier/ Tear f JEEEet00).1

_ _ _ - - _ _ _ _ . _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ . .._- - _-__ ___ _ . _ . _ _ _ . . _ _ -
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A number of ICS module failures affect both the MFW and SU control
valves. .These module failures include portions of the ICS MFW demand

; circuit downstream of the maximum SG level circuit and the minimum SG
level circuit.

The ICS control circuit failure probabilities were based on the module<

failure rates of Table 3.10 and IEEE-500,'' and the valve failure
probabilities were based on the data of NUREG/CR-3154.'' The
probability of the MFW and SU control valves being placed in manual
control has been estimated to be 0.01 and 0.1/y respectively. These
estimates were based on engineering judgment. One ICS power supply
failure was found to contribute to failure of the minimum SG 1evel
circuit, selected branch circuit HEX or HEY. The failure rate of the
branch circuit was estimated to be 0.009/y based on the failure of one;

of five ICS power supply branch circuits on a 23-ry experience base.''.

The last main control valve failure mode considered affects the
FW pump trip circuit in addition to the control valve. The ICS
FW flow control circuits are designed to be limited (intercepted) by the

'

maximum SG level signal based on operate range SG level transmitters.
If the selected operate range level signal is failed when any of a'

-

number of ICS modules fail, thereby producing a high FW demand signal,
an overfill transient not terminated by the automatic pump trip will
occur. The frequency of the high level circuit failure has been
separated into the failures that affect the pump trip and the balance of
the module failures that do not. (These failures contribute to MFW
overfeed but not to combined overfeed / pump trip failure). The ICS
module failures (upstream of the high level auctioneer module) that
could cause high FW demand are numerous, and no attempt has been made to

i, individually quantify the individual module failure combinations. Based
'

on engineering judgment, these failures have been estimated to occur
with a frequency of approximately 0.1/y, which is not inconsistent with,

ICS operating experience. Combining these failure probabilities yields
0.002 failures /SG/y that affect both the MFW flow path and high level

| pump trip circuit, and 0.07 failures /SG/y that affect only the MFW
flow path.'

The calculated frequency of significant overfeed transients for Oconee
was 0.072 overfeeds/SG/y, which appears to be in excellent agreement
with Oconee operations data. The Duke PTS evaluation report'' describes

i 16 overcooling transients that occurred at the three Oconee units over a

23-ry span. Of these, five were found to be significant overfeed
transients of the type of interest in this program (Events 5, 6, 7, 14,
and-15). Two additional transients were considered marginal and were
not selected (Events 11 and 13). None of these events could be

l' identified as a startup valve-induced overfeed. From these data, a mean
! frequency of 0.22 overfeeds/ry or 0.11 overfeeds/SG/ry can be estimated
'

assuming single SG overfeeds in the five events. The 5 to 95%
chi-squared limits are 0.01 to 0.2 overfeeds/SG/ry.

'

In their PTS report, Duke Power Company estimated overfeed frequency
(including overfeed initiators and failure to runback) at 0.29/ry or'
O.15/SG/ry, again assuming single SG overfeeds.

,

y , -- , , . , , . < , - . - - - % ._. . . - . , , - - - , , - , _ _ =_____u_



65

It should be noted that the estimates, while valid for Oconee, may not
apply to the general population of PWRs, as the generic PWR experience
is not necessarily applicable to the unique Oconee design. However, in
NUREG/CR-2789,88 the " corrected" overfeed / cold FW transient was
estimated to occur with a frequency of 0.161 events /ry for the general
population of PWRs.

3.2.1.2 Automatic High Level Feedwater Pump Trip Failure. In the
Oconee design, an indicated high SG level detected by both " operate
range" level transmitters on either SG will initiate a trip of both MFW
pum ps . The pump trip circuitry modeled in the fault tree (Fig. 3.1) has
been obtained from available Bailey Meter Co. ICS circuit diagrams *8 and
Oconee circuit diagrams. * The circuitry for each steam generator
consists of two level (AP) transmitters, each generating a signal
proportional to the pressure difference between the SG operate range
level taps. These two voltage signals are inverted in " function

generator" modules and corrected for the SG downcomer temperature in
" multiplication" modules, which generate temperature-corrected signals
for transmission to " signal monitor" modules. Each signal monitor

-closes one set of contacts that activates an alarm and another set that
forms part of the FW pump-trip logic on indicated high level. The four
pump-trip contacts associated with the two SGs are arranged in a
parallel series array to energize a pump-trip relay upon closure of both
trip contacts associated with either SG. The trip relay activates trip
contacts for each MFW pump to open a solenoid valve and initiate pump
trip.

Assuming that an overfeed occurs and results in a high level in one of
the two SGs, the conditional probability that the pump-trip circuitry
will fall to initiate a pump trip has been cetimated. As shown on
Fig. 3.2, the pump-trip failure occurs if either of the two

transmitters, function generator modules, multiplication modules, signal
monitor modules, the pump-trip relay, or the pump-trip solenoid valves
fail. In addition, the trip will fail if the mechanical equipment
associated with either pump turbine inlet intercept valve fails to
respond to the depressurized hydraulic reservoir.

Transmitter and solenoid valve failure rates were estimated based on
IEEE-500 data. The module failure rates used are listed in Table 3.10.
The failure rates of the trip circuit components have been reduced by
50% to account for failure detection and repairs prior to an overfeed
transient. (The failure of the pump-trip circuit is of concern only if
the circuit is failed when the overfeed transient occurs. Basing the
conditional probability of failure on an assumed demand at one-half the
yearly test interval produces reasonable estimates.) In addition to the
failure probabilities listed for the trip circuitry, a failure
probability of 0.001/ demand has been included to account for failure of
each of the intercept values for the MFW pump turbines.

Based on the model shown in Fig. 3.2 and described above, an estimate of
| 0.047 pump-trip circuit failures per demand has been obtained.

i

.
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Oconee experience indicates that the trip circuit has been ch.allenged "

six times without failing,and has been tested, also without known
failures. According to verbal information, the circuits on the three
Oconee units have been tected yearly ainee 1974 without failure, thus an
additional 30 challenges have occurred. Using the 50% chi-squared bound
to estimate the mean failure rate would yield 0.02 failures per demand,
The use of this estimating technique implies that if the actutl failure

'
rate were constant and equal to 0.02, there vould be an equally likely
chance of having zero failures or 1 or more faAlures in the 36 demands. -

The circuit failure rate calculated from cotimated component failure
rates, 0.047 failures por demand, is a factor of 2 higher than the
" chi-squarad" estimate.

Duke Power Company, in their PTS report, estimated the failure rate of '

the trip circuit to be 0.005/ demand. Although this value .~1.3 consistent
with zero observed failures in 36 demands, it is lover than would be
expected with the known ICS module failures. The 30 codule failures in
19 ry and an assumed 179 modules /ICS yields an " average" module failure
rate of 8.8 = 10-8 failures / module /y With sLx ICS type modules / trip

circuit and yearly testing, the modale contributien to trip circuit '

failure would be 0.026/ demand, which itself is higher than the Duke '

Power estimate of 0.005. (The module failure contribution, using the
more detailed module failure rate estimates shown in Table 3 10, was
0.027/ demand.)

+

Based on the above, the calculated trip circuit failure rate of
0.047/ demand is considered reasonable, although it may be somewhat
conservative compared with the test results.

'

3.2.1 3 Manual. Feedwater Pump Trip Failure. Following an assumec
overfeed and failure of the automat.ic trip circuit, the operator is .

expected to trip the MFW pumps manually or isolate FW.

Estimating the reliability of control roon operators, especially in
'

brief t'ime frames, is uncertain. Some asseesnenta suggest a " general
error rate [of 0.2 to 0 3/denand] given very wign strese levels (but not
extremely high levels) where dangerous activities are occurring
rapidly."as,a' In the Oconee PPA,'' Duke Power Company assumed that
operator failures had a probability of 1.0 in the O- to 1-min time frame.
The pt abability of tne operator falling to trip the FW pumps manually
following an overfeed transient was estimated to be 0.05/ demand in the *

Oconee PTS evaluation. For purposes of this analysis, a correlation
relating the failure rate of a team of operators as a function of
available time has been used.*'

According to the calculations presented ir, the Duke FTS report, the
SG MFW pump-trip level will De reached 36 s after a reactor trip from
full power if one of the HFW control valves fail to close. If the high
level trip fails, the steam generator will completely fill ("SG water *

salid") in an additional 79 s. These calculations provide a minimum
time for operator action. Additional time is. expected for operator
action following less severe avsrfeed transients.

_ _ _
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One of the transients listed in the Duke PTS report, Event 5, gave a
i time cf 220 s to reach the SG high level pump trip. Extrapolating this

time to an overfill condition based on the above calculation suggests
that an additional 8 min would be required to fill the SG. This datum

(> indicates that overfeed transients (failure to runback) do occur at
rates considerably less than calculated maximum rates. The time to trip

i the FW pumps for the other listed transients was not given.
,

The Event 14 overfeed transient description also indicates two
additional factors concerning operator response to overfeed transients.
First, the overfeed transient was recognized prior to automatic MFW pump
trip, and second, the operator attempted to throttle MFW flow until the
automatic trip occurred. For the other listed overfeed transients,,-

'

specific operator recognition or attempted throttling was not described.
( A manual MFW pump trip, however, did not occur for any of the listed

transients. From this information, some credit for operator recognition
of an overfeed transient prior to reaching the high level trip set point

i should be given. However, the operators appear to be reluctant to
initiate MFW pump trip manually, at leact prior to automatic trip
failure.

J

Applying the operator failure /available time correlation to the maximum

| overfeed rate case yields a probability of approximately 0.7 that
cperators will fail to terminate the overfeed transient, assuming that,

the entire two min was available to the operators to perform this
function. This value is the approximate midpoint of a range of failure-
probabilities from 0.3 to 0.95. For the time available in slower
overfeed transients as represented by the Event 5 data, the probability
of failure to trip the pumps manually on demand drops to approximately
0.1 (in a range of probabilities from 0.6 to 0.02). In both cases, the
operators are assumed to be responding in a " cognitive mode" rather than
the more reliable " rule-based mode." This assumption was based on the
absence of manual MFW pump trips in the Oconee experience base.

The two operator failure probabilities calculated, 0.7 and 0.1,
,

represent a credible range for the failure probability. However,
without additional data on the expected time available for the operator,

,

to trip the pumps manually, a point estimate' cannot be calculated.

i 3.2.1.4 Summary of Results. The MFW overreed transient has been
estimated to occur with a frequency of 0.072/SG/y (or 0.144/y). In
addition, 0.002 transients /SG/y were estimated for those transients
affecting both overfeed and the MFW pump trip.

As shown in Fig. 3.1, combining the estimated overfeed frequency with
the MFW pump-trip failure frequency and the estimated frequency of the4

1

operator failing to trip the FW pumps manually yields a steam generator
overfill frequency estimate of 0.005 to 0.001 events /SG/y for rapid SG
overfill transients.

.

I
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3.2.2 Estimated Frequency of RCS Overcooling Events

In addition to SG overfill, other RCS overcooling failures not involving
SG overfill have been identified. The two events initially judged to be
significant were a failed open PORV and failure to trip the main turbine
following reactor trip.

A failed open PORV initially results in a LOCA; thus the initiating
failures should be considered in terms of frequency and consequence.
However, the FMEAs of the PORV and associated control circuitry did not
identify failures leading to an open PORV and simultaneously affecting
the systems and components required to mitigate the resulting transient.
In particular, the failures that opened the PORV did not affect the
ability to close the PORV isolation valve manually, maintain SG cooling,
or automatically initiate HPI.

Oconee operating experience indicates that the PORV failed open twice in
the 23-ry experience base ** and resulted in HPI actuation. One of these
failures resulted from a loss of instrumentation power. The PORV
control design has since been modified to close the valve on loss of
power, so this event is no longer applicable. The 0.04 failures /ry
(1/23 ry) estimate, however, is conservative due to the substantially
reduced number of PORV challenges following implementation of post-TMI
design changes. This, in combination with the expected manual closure
of the PORV isolation valve, would place the frequency of PORV failure-
induced LOCAs well below the NRC's small LOCA screening estimate of
0.01/ry. Consequently, the failures resulting in an open PORV are no
longer considered significant.

Failure to trip the turbine following reactor trip could result in a
significant cooldown of the RCS similar to a steam line break. This
transient was initially selected as significant due to the expected
difficulty in testing the turbine trip contacts in the control rod drive
control system (CRDCS).

The CRDCS contacts are arranged in a parallel-series configuration.
Therefore, periodic tests of the array (as contrasted to tests of
individual contacts) would not detect failures until the array is
degraded to a completely failed state. The probability of such a
failure would depend on the design life of these contacts relative to
the 40-y plant life or to a preventative maintenance replacement
interval.

However, even if the trip contact array fails, two additional features
are expected to terminate the transient. First, the ICS will rapidly
throttle the turbine in an attempt to maintain turbine header steam
pressure, and second, the plant generator is expected to be separated
from the grid. (Separating the generator from the grid would result in
an overspeed trip of the turbine unless otherwise tripped or throttled.)

i

Although insufficient information is available to make an estimate of
the frequency of turbine trip failure, the combined failure rate of the ;

!
:

|
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CRDCS contacts, the ICS runback, and the generator separation trip is
expected to be very low. The identified turbine trip failure is no
longer believed to be significant.

3.2.3 Estimated Frequency of Insufficient Core Cooling Events

Two failure events were identified as potentially significant initiators
of insufficient core cooling. Each was an ICS power supply branch
circuit failure that could result in a loss of MFW. These initiators

_

are of significance because MFW flow to the SGs can the lost without

tripping the MFW pumps or depressurizing the pump discharge piping._

Without these parameters, the EFW system in the Oconee design is not
initiated automatically, and the operator is required to initiate the
system manually. The insufficient core cooling sequences initiated by
these branch circuit failures are discussed below.

3.2.3.1 Loss of ICS Hand Power. A loss of ICS branch circuits HX or
H1X, assuming that panelboard KI remains otherwise energized, will
result in the MFW pump being runback to minimum speed and the turbine
bypass steam dump valves being closed. The reactor and turbine are
expected to trip on high RCS pressure. The sequences of interest
following this initiating event are depicted in Fig. 3.4.

Given the initiating power supply failure, SG inventory will begin to be
depleted. Due to the continued operation of the MFW pumps, neither the

,

low MFW pump discharge pressure nor the MFW pump-trip EFW initiation
signal is expected to start EFW operation. Thus, unless the operator
manually initiates EFW or recovers MFW, the SG will boil dry and SG
cooling will be lost. With the loss of reactor coolant subcooling
margin, the operator is instructed to trip the RC pumps and initiate
HPI.

With the loss of SG cooling and tripped RC pumps, core residual heat is
expected to generate steam in the RCS which will cause filling of the
pressurizer and discharge of liquid through the PORV and/or pressurizer
safety valves. The depletion in reactor coolant inventory will affect
the ability to restore SG cooling. Information in the Oconee PRA
suggests that if the operator restores MFW or initiates EFW within the
first 30 min, SG cooling can be restored. Initiating FW after 30 min is
ineffective.

Even if SG cooling is lost, the initiation of HPI will provide long-term
core cooling (i.e., hours). Based on the Oconee PRA, if the operator
initiates HPI within the first 60 min, a stable core cooling condition
will be established. If the operator fails to initiate HPI within this
time period (assuming SG cooling during the first 30 min), a core melt
sequence would be expected.

The frequency of the event sequence leading to core melt depends on the
expected frequency of the loss of hand power and the conditional
probability that the operator fails to restore SG cooling or initiate
HPI. The frequency.of a loss of hand power (branch HX or H1X) is

. _ _ _
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EFw Initiated or MFW recovered in 30 min' _ Transient
terminated

ICS hand power falls HPI initiated in 60 min No safety
(0.009/y) consequences

SG cooling fails **

(0.1/ demand)

HPI falls Core melt
(0.01/ demand) (9 10-*/y)

' Minimum MFW pump speed assumed insufficient for continuous FW flow at SG pressure of
1050 psig.

**EFW available: MFW can be recovered with difficulty, by oparator action.

Fig. 3.4. Insufficient core cooling event tree: loss of ICS hand
power (Branches HX, H1X).

estimated to be 0.009/ry based on one obcerved event of a loss of one of
the five ICS power branch circuits (auto power) in 23 ry. Based on the
circuit configuration, a loss of hand power (or another ICS power
branch) is expected to be as likely as the loss of auto power (branch H).

~

In the observed loss of auto power event, the power was restored in 30
to 45 s. The potential for recovery of the hand power and MFW is
considered in the recovery of SG cooling.

I Given the initiating event, the operator is capable of initiating EFW or

| restoring hand power manually. If hand power is restored, two

| conditions are possible: MFW may be restored and controlled, or the MFW
'

pumps may trip during the power recovery transient, automatically
; initiating EFW. Either is considered a success path.

Although the restoration of SG cooling could be straightforward,-several
factors would tend to make the situation more difficult:

1. The hand power alarm may or may not indicate loss of the power
.

supply. Although a loss of hand power (branch HX) alarm is
'

indicated in the procedure for loss of panelboard KI, an alarm for
the subsidiary circuit H1X is not specified.85

2. Several spurious alarms will actuate due to the power failure as
well as other properly responding alarms.

. - _ . _ . _ . - .
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3 Many RCS temperature indicators and recorders will fail low,
midscale, or as is.

4 The procedure for loss of FW ' as well as the ATOG indicate that
88

EFW will be initiated automatically.

5. Operators are required to perform other actions such as initiating
HPI and tripping the RC pumps.

In the Oconee PRA, three probabilities for failing to recover SG cooling
were given: 0.5, 0.3 and 0.1. These probabilities correspond to one,
two, or three available secondary heat removal paths. Since it is
possible to initiate EFW flow to either SG (two paths) or restore hand
power (one path), this method suggests a failure probability of 0.1.

In addition to recovering SG cooling, the manual initiation of HPI will
result in successful core cooling. As indicated in the Oconee PRA, the
operator must initiate HPI within the first 60 min to be effective.
(The specific action the operator is instructed to take is aligning the
BWST to the HPI Pumps and throttling HPI flow with the pressurizer
full.*') The Oconee PRA estimates the probability of failing to perform
this action to be 0.01.

It should be noted that the estimated failure probabilities given in the
Oconee PRA, although listed separately, considered interactions between
SG cooling and HPI initiation actions. Thus, it may be more appropriate
to consider a probability of 0.001 failures per demand to reestablish SG
cooling within 30 min or initiate HPI within 60 min.

Applying the available time / operator failure correlation to the problem
yields a comparable estimated failure rate. Operator failure within
30 min would have a probability of 0.01 and within 60 min a probability
of 0.001. However, these estimates must be modified to account for

coupling between operator action failures and impediments to appropriate
operator actions (e.g., spurious low RCS temperature indications, a full
pressurizer , etc. ) . ~If, as above, a single probability of not
performing'either required action within 60 min is estimated using the
correlation, the 0.001 failure probability is obtained as indicated in
the Oconee PRA.

Combining the power supply failure frequency, 0.009/ry, with the 0.001
conditional probability of the operator failing to restore SG cooling or
initiate HPI yields a core melt sequence frequency of 9 x 10-*/ry.

This sequence is considered to be significant. In particular, the fact
that a control system failure could defeat automatic initiation of the
required mitigating system should be investigated further. It also is
noted that the 60-min operator action limit resulted from a procedurally
required trip of the RC pumps. If the pumps were not tripped, ORNL
calculations indicate that the time available for the operator to take
the required actions would be extended significantly. The particular
impact of this time extension on the sequence frequency has not been
evaluated.
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3.2 3 2 Loss or ICS Auto Power. A loss of ICS auto power, branch
circuit H or H1, will result in many ICS control stations transferring
to manual and the controlled components remaining in position. Failure
event sequences that could occur following loss of auto power are
depicted in Fig. 3 5.

Although a loss of ICS auto power would not result directly in a
transient, automatic responses to perturbations in the plant operating
state would be limited. A high probability has been assumed for an
eventual reactor trip in response to such perturbations (e.g., a MFW
control valve drif ting due to air leakage from the valve operator).

Once the reactor trips, the SGs would begin to fill rapidly unless the
operator throttled MFW flow by closing the main and startup control
valves. These valves would be left closed until the existing high SG
inventory boiled off to approximately the 30-in, level. The operator
would then control the startup control valves to maintain this level.

As with the loss of ICS hand power, the operator has several alternate
actions to control and terminate the transient. However, once the
operator successfully throttles MFW, a second operator action will be
required to prevent a loss of SG cooling.

The frequency of the sequence leading to core melt has been estimated.
This sequence frequency incorporates the frequency of the initial power
supply failure and the conditional probabilities of the operator
successfully throttling MFW, failing to reestablish SG cooling, and
failing to initiate HPI.

The frequency of loss of ICS auto power is expected to be the same as
for ICS hand power, 0.009/ry based on operating experience at Oconee.
As indicated in Figure 3.5, the conditional probability that the reactor
subsequently trips has been estimated to be 1.0.

Once reactor trip occurs, a rapid SG overfeed transient will begin. As
discussed in Sect. 3 2.1, it is considered likely that the operator will
attempt to throttle the MFW valve, although it is generally considered
unlikely that he will succeed in preventing a SG high level trip
challenge. For this particular transient, however, the operator may be
alerted prior to the overfeed and may begin throttling prior to reactor
trip. A 0.5 probability has been estimated for successfully throttling
MFW prior to a MFW pump trip challenge.

Given the MFW isolation, a period of tens of minutes will elapse before
MFW flow would be required. This period of time increases the
opportunity for the operators to become occupied with other crises and
to fail to reestablish SG cooling. With the MFW isolated, a plant
condition similar to the condition following a loss of ICS hand power
will occur. However, two factors are expected to increase the
likelihood of successful recovery:

1. Manual MFW controls are available to the operator without recovering
from the power supply failure.

I
|
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Reactor trip does not occur Continue power
(-0) operation
P0/ demand )

ICS auto power falls
(0.009/y) Operator falls to isolate MFWe SC overfeed

(0.5/ demand) transient

MFW or EFW reestablished
Reactor trip occurs in 30 min Transient
(-1/ demand) (0.5/ demand) terminated

HPI initiated
MFW isolated in 60 min No safety
(0.5/ demand) consequences

SG ecoling ratis**

(0.03/ demand)
HPI fails Core melt

' Closure of main and bypass FW control valves.
**MFW and EFW available by operator action.

Fig. 3.5. Insufficient core cooling event tree: loss of ICS auto
power (Branches H, H1).

2. The operator has successfully used these controls to throttle MFW
and is thus alerted to the subsequent requirement to reestablish
flow.

For these reasons, a credit factor of three has been applied to the
Oconee PRA 0.1 failure probability estimate. This yields a probability
of 0.03 failures to reestablish SG cooling per demand.

The Oconee PRA estimate of 0.01 failures to initiate HPI given loss of
SG cooling has been used. As indicated previously, failure to initiate
HPI and failure to reestablish SG cooling are linked actions. The
combined probability of 0.0003 failures to establish SG ccoling or HPI
is considered reasonable for the loss of ICS auto power sequence.

Combining the initiating failure frequency with probabilities of the
other failure events in the sequence yields a sequence frequency of

10-* for the loss of ICS auto power core melt sequence. Although1 =

this frequency is lower than that estimated for loss of ICS hand power,
loss of ICS auto power remains a potentially significant transient.
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4. AUGUMENTED FAILURE MODE AND EFFECTS ANALYSIS

,

4.1 HYBRID SIMULATION

The ORNL study of the safety-related aspects of control systems consists
of two interrelated tasks: (1) a failure mode and effects analysis
(FMEA) that, in part, identifies single- and multiple-component failures
that may lead to significant plant upsets; and (2) a hybrid computer
model that uses these failures as initial conditions and traces the
dynamic impact on the control system and the remainder of the plant.
The second task is treated in this section.

The initial step in model development was to define a suitable interface
between the FMEA and computer simulation tasks. This involved
identifying primary plant components that must be simulated in dynamic
detail and secondary components that can be treated adequately by the
FMEA alone. The FMEA in general explores broader spectra of initiating
events that may collapse into a reduced number of computer runs. A
separate task within the FMEA process included consideration of power
supply failures. Consequences of the transients may feed back on the-
initiating causes, and there may be an interactive relationship between
the FMEA and the computer simulation.

Since the thrust of this program is to investigate control system
behavior, the controls are modeled in detail to accurately reproduce
characteristic response under normal and off-normal conditions. The
balance of the model, including neutronics, thermohydraulics, and
component submodels, is developed in sufficient detail to provide a
suitable support for the control system. The overall approach
predominantly uses the existing state-of-the-art procedures available in
production codes or in the literature. At the expense of generality,
attempts were made to simplify and streamline programming, tailor it to
a specific plant, and improve computational speed and maneuverability as
compared with large production codes.

4.2 -HYBRID MODEL.0F OCONEE-1 PLANT

From a modeling point of view, all PWRs have many common elements. An
obvious example is the reactor; with minor changes in parameters, a
single structured simulation may be used for plants designed by B&W,
Westinghouse, and Combustion Engineering. Other features such as
pressurizer controls and high-pressure injection (HPI) systems may
differ in detail but-have the same generic features for modeling. The
B&W (Oconee-1) model was developed as the prototype for a generic PWR
system, and it incorporates modules that are broadly representative of
the nuclear industry, thus minimizing the revisions needed should it
become desirable to extend the model to accommodate other specific
designs. Its principal components are shown in Fig. 4.1.

75
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:

; The range of problems to be considered is extremely broad. For example,
some specific control-related safety issues that have occurred in thei

past are as follows:
:

'steam generator and/or reactor overfill,+

' reactor overcooling transients.I
i+

! misvalving that leads to direct loss of coolant,+

turbino trip-induced pressure surges, ;+

administrative 1y mandated shutdown upon loss of one or more' +

auxiliary power channels, creating immediate dependence upon the ,

;

renaining auxiliary channels,
*

Imisvalving that turns off oil to turbine bearings, with*

consequent loss of coolant pumps,
j switching errors that can discharge batteries and overload+

charges, ,

startup procedures that may lead to short-period transients,+ ,

'

and
operating limits run cutside technical specifications because of+

,

-control sensor errers, and short circuiting of circuit t

I components, leading to control system power supply failures. ,

The ORNL. developeent approach was to model first the projected scenarios
of greatest concern, and to allow sufficient flexibility in the ,

simulation framework to expand into other areas with a minimum of |
'

; retrofitting. A principal purpose of this study was to discover
undesirable control actions that may arise from unanticipated
interactions among system components. While model simplicity is-

desirable in many respects, particularly for grasping major

| characteristics, the dynamic detail needs to be sufficient to encompass i

the more complex and subtle interactions that can occur in a real plant.i

i
Extensive modeling of nuclear components, some of which was done at'

*

ORNL, has been accomplished in the past and described in the literature.
; A literature search was made of the state-of-the-art modeling for each
I component. Although much of this was immediately applicable, some

modifications and new model development were required.

Details of the model will be given in a separate topical report.za An
overview is presented here.*

4.2.1 Core

4.2.1.1 Neutronics. The treatment of core neutronics has available the
following possible levels of detail.

1

1. Zero-order kinetics, the simplest level, is useful in afterheat and
comparable fixed- or zero-flux studies.

,

2. Point kinetics, the.next level of complexity, is useful in fixed
flux-shape cases. Three to six neutron groups are appropriate.

.

. . _ . _-_ .- - -- . _ _ - . - - _ -
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3 One-dimensional (1-D) flux distribution is useful when axial spatial
neutronics is important, such as when treating details of the
interaction among rods and/or coolant temperature and/or boron
poison in maintaining reactivity and axial offset. Here the
computationally fastest appropriate 1-D code is used and the
two-group diffusion approximation is employed. Control rod action
can be simulated by suitably modifying neutron cross sections with a
preprogrammed correlation between cross sections and rod location.

This level of detail is based on the WIGL3 neutronics code and was
used in all calculations reported.

4. Though not used up to this point, higher-order geometries (e g.,
X-Y, R-0, 3-D) ultimately could be included in the neutronics for a
more complete mapping of core detail.

4.2.1.2 Thermal Hydraulics. In choosing a formalism for core
thermal hydraulics, we reviewed the following theories and codes
developed in the U.S. and abroad that treat single- and two-phase flow:
RELAP4 and RELAPS (EG&G), TRAC PD2 and PF1 (LASL), RAMONA-3B and THOR
(BNL), THOR RETRAN2 and FAST (EPRI), FLASH-5 (Bettis), COBRA-3
(Battelle), MATTE 0 (European Atomic Energy Community), BRUNCH-DL (West
Germany), HUBBLE-BUBBLE-1 (UKAEA), THIRST ( Atomic Energy of Canada),
SINOD (Yugoslavia), UTSG (West Germany), and STUDS 1,2 (Sweden). The
methodology. chosen most closely follows the formalism of RELAP4.

For the mild to moderate transients of this study, nonequilibrium
conditions are generally significant only in the pressurizer. Further,
interphase slip is not. expected to contribute significantly to control
system evaluation in most cases. Therefore, the homogeneous
approximation is sufficient of the majority of calculations.

4.2.2 Steam Generator

The PWR SG varies from vendor to vendor in ways that do not invite a
single generic representation. B&W design characteristics supplemented
by Oconee-1 data were used for the model. Primary and secondary coolant
were one pass systems, and coolant regimes having suitable correlations
include subcooling, nucleate boiling, transition boiling, film ociling,
and superheating.

4.2.3 Pressurizer

Equilibrium models of pressurizers have been shown to substantially
underpredict pressure under important conditions. In our programming a
nonequilibrium formalism was used that includes subcooled, saturated,
and superheated phases. This methodology is an expansion of the
treatment used in the RETRAN codes,

m. . . . . . . .
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4.2.4 Reactor Coolant Pumps

The RETRAN2, TRAC, and other codes include puqp models; we have adapted
this work to ours. Multiple pumps and loops are treated to allow
studies of failures of fewer than all punps; thus asymmetries in the
loops can be studied.

4s2.5 Turbine Generator and Feedwater heaters

The dynamics of the turbine generator are s!gnificant in some cases of
interest. ORTURB, a production code for turbine-generator-cencenser
simulation, is the basis for balance-of , plant modeling. This code has
been applied extensively in studies of Ft. St. Vrain and other plants.
The feedtrain simulation per.mits detailed modeling of steaming and.
condensation in heaters and uses the formaltem developed by
J. G. Delene, which was extensively applied in the desalination program.
Modifications have been nade as needed to accommodate epecific

requirements of this program. The low voltage bus is the modeling
boundary.

4.2.6 Feedwater Pumps

RETRAN21. TRAC, or other cources provide the formalicm adapted to our
model. ?1ultiple pumps and loops were sinulated and therefore f ailure of
fewer than all pumps can be studied. The AFW system was incluaed.

4.2.7 Condensate Pumps

The same sources used for the FW pumps provide the formalism. The
cooling water inlet pipe is the model boundary.

4.2.8 Emergency Core Cooling System (ECCS)

While the functions of the ECCS are not the thrust of this study,
certain components are activated in some of the transients investigated.
For example, during overcooling incidents the system preseure may fall
enough to trip the high-pressure injection system and possibly the
low-pressure injection system. These components, including
accumulators, are treated in the model at a suitable level of detail

4.2.9 Control System

The control system (Fig. 4.2) includes a realistic representation of
primary controllers that simulate basic operating requirements. The
detailed actions of secondary controllers, such as those for bearing
lubrication or power supply function, were considered in the failure
analysis implicitly as causes under broade" simulation categcries such
as FW pump failure or instrument malfunction.

The kernel of B&W's integrated control system (ICS) comprises three
major loops coupling megawatt demand with turbine, feedwater, and
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Fig. 4.2. Model of the integrated control system.

reactor control plus pressurizer controllers. Simulation is complicated
by feedforward signals, direct cross coupling of loops, and many rate
and magnitude limiters that restrict loop functions or that reorganize
portions of loops under prescribed conditions.. These nonlinearities are
typically excited during off-normal or upset conditions. Since it is
the intent of this study to investigate such conditions, it was
necessary to reproduce the ICS in considerable detail.

4.3 MODEL VALIDATION

The use of previously confirmed modeling techniques wherever possible
provided a leg up on verification of the hybrid model of Oconee-1.
Testing progressed along two fronts: (1) comparison with data from B&W
plants including Oconee-1, and (2) comparison with the results of other
codes.such as TRAC and RELAPS. Details of both types of comparisons
including numerous examples are given in Appendix C.

Comparisons .to plant operating data and to steady state profiles from
B&W design reports show good agreement. Detailed comparisons of the
hybrid model predictions to data from Oconee 3 turbine trip (March 1980)
were also-in good agreement. The hybrid model shows the same degree of
agreement with the data as do the TRAC and RELAP5 codes for cases run as
part of the pressurized production codes (see Appendix C).
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4.4 APPLICATION OF THE MODEL

The simulation was used primarily to address mild to moderate transients
that can occur at least partially under action of the nonsafety control
system. Severe transients simulated included steam line breaks.
Attention initially focused on overfill events that assumed single or
multiple failures of feed valves or the generator low and high level set

. points and the trips that regulate these valves. Cases were run at 20,
50, and 100% initial power levels, with failures occurring either in
loop A or in both loop A and loop B. The classes of events listed below
were considered. (In the first six sets, the initiating event was
failure high of the low level set point.)

1. Intermediate overfeed failure insufficient to activate SG level
protective features other than ICS interaction.

2. Overfeed failure when the high level control transfer is approached.

but not reached.

3 Slow MFW control valve action in combination with overfeed failure
when the high level control transfer is approached but not reached.

4. Overfeed in which high level control transfer fails and high level
pump trip is approached but not reached.

5. Overfeed with high level control transfer and high level pump trip
failed.

6. Overfeed with high level control transfer and high level pump trip
failed in combination with a steam leak in line A.

7. MFW blocking valve position indicator falsely indicated closed; flow
reading taken from loop A startup meter.

'
8. _ Potential overfeed, which begins with main turbine trip and

failure-in-place of main and startup feed value controllers, in some
cases in combination with failure of bypass valve contaollers.

9. Turbine trip during overfeed.'

In general, these calculations showed that for single-SG overfeed, water
inventory in the affected SG could increase to a level sufficiently high,

to saturate the SG fluid, quench superheat, and inject water into the
!. steam line. In some cases of two-SG overfeed, the transient terminated

on low suction trip of the main feed pumps. Overcooling of the primary,

side was usually modest.
i

Other events studied using the model include depressurization of the
secondary side, overheating of the primary, and SG tube rupture:

1. Secondary side depressurization induced by steam line rupture or
by steam valves failing open in loop A or in both loop A and loop B
at lcw and high power levels.

,

h
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2. Overheating induced by loss of all FW to SGs.

3. Partial or full rupture of one or more SG tubes following generator
overfill, with or without main steam line break.

In the next sections the above groups of cases will be described in more
detail. Transients were normally run for 10 min of plant time, although
some were as short as 30 a and others extended to 1 h. (The model has
restart capabilities for transient continuation.) Descriptions of
lengthier event sequences are supplemented by tables. Although all
available information on plant trips was included, it is possible that
trips unknown to the authors would terminate some of the transients.
Operator intervention was excluded. '

In presentinS the results of the hybrid simulations, only those figures
that demonstrate the most important conclusions will be given here. For
complete results, refer to Appandix C.

4.5 STEAM GENERATOR OVERFILL TRANSIENTS

As indicated above, nine classes of overfill sequences were considered:

Class - 1 : Intermediate overfeed failure insufficient to activate SG
1evel protective features other than ICS interaction. In these cases
the low level set point in SG A was assumed to fail high at 198 in, on
the operating range. None of the high level set points was approached.
At 100% pcwer, the impact of this degree of overfill on the primary side
was minor. At 50% power (and lower) overcooling remained minor, but as
SG A filled to the set point the outlet quality * decreased below 1.0
and liquid was injected into the steam line (Fig. 4.3). Figure 4.3 is
the time integral of liquid exiting the genera *,or, indicating the total
water passing into-but not necessarily accumulating in the line. Phase
separation and any attendant accumulation were not considered. Loss of
superheat at lower power levels results from the larger incremental rise
in generator water level necessary to reach the spurious set point.

Class 2: Overfeed failure when the high level control transfer is
approached but not reached. In these cases the low level set point in
SG A is failed to a higher value than previously: 240 in., which is
near.but below the high level set point. Because of the greater water
loading in the SG, even at 100% power the steam quality at the generator
outlet dropped below 1.0 at approximately 2.5 min. and water was
injected into the steam line (Fig. 4.4). Runs at 20 and 50% power
showed approximately half as much injection into line A in 10 min. As
in Class 1 events, the impact on the primary side appeared to be minor.

The above runs were repeated with level failure occurring in both SG B
and SG A. At power levels above approximately 50%, the results for both
steam . lines were comparable to those for line A discussed above. At

. lower initial powers, the MFW pumps tripped on low suction pressure and
terminated the overfill before water was injected into the steam lines.

"Throughout this chapter the term quality refers to the
thermodynamic quality.
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Fig. 4.3 Water injection into Fig. h.4. Water injection into
steam line A at 50% power (Class 1), steam line A at 100% power (Class 2).

|

Class 3: Slow MFW valve action combined with overfeed in which the high
level control was approached but not reached. These cases were a repeat,

of the Class 2 events but with an added FW control valve malfunction in
which the stroke rate was significantly slower than normal. Full stroke

time was assumed to be 60 s rather than the nominal 5 to 10 s. At full

power, cluggish valve action reduced water injection by 50% compared
with normal valve action; the ICS had more time to reduce flow to SG B
and maintain system balance. Conditions on the primary side were
largely unchanged. At lower power (20%), the ICS increased reactor
output and TW to SG B in an attempt to match SG A overfeed. The net
imbalance, combined with the longer time required to reach the failed

,

level set point, was such that water injection doubled in comparison'
,

with nor=al valve action.

Class 4: Overfeed in which high level control transfer fails and the

i high level pump trip is approached but not reached. In thase runs the

j low level set point was assumed to fail at 263 in., near but below the
point at which pump trip would be initiated. Water injected into the,

' steam lices in the first 10 min of the transient varied from 35,000 to
75,000 lb over the power range considered. Cooling of the primary'

remained minor. When set point failure in line B was combined with
line A, water injection occurred in both lines at powers above 50%,
while at lower power the system tripped on low FW pressure. )

|'

Class 5: Overfeed in which high level control transfer and high level
'

'
pump trip failed. (See also Table 4.1.) In these caseo, the low level

set point in SG A was assumed to fail arbitrarily high; a value of

j 700 in. was used in the simulation. All high level control points in
SG A were thus exceeded and assumed failed. Depending upon initial

! power level, the ICS took different courses of action to reestablish

_ _ _ _ _ _ _ _ _ _ _ . . _ _ -_. _ _ _ _ _ _,
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Table 4.1. Class 5 overfeed: failure of high-level control :
transfer and high level pump trip of Steam Generator A

;

Eveat Time (min)
P

20% Power
i

Low level set point of SG A failed arbitrarily high O
(700 in.); high level control and trip failed

SG A feed valve opened; flcw reached maximum rate 0.5 !

SG A superheat lost; water injection into steam 1.5 .

line began

Reactor power matched increased flow 2.0 L

Loop A cold-leg coolant temperature stabilized 35'F below 2.0
initial value

SG A outlet quality stabilized at 0.6 2.5

Primary pressure bottomed at 1985 psia 2.5

SG A water level stabilized at 350 in. 4

Pressure control system restored primary to set point 10

Gross water injection to line A was 380,000 lb 10

1005 Power

Low level set point of SG A failed arbitrarily high 0
(700 in.); high level control and trip failed

SG A feed valve opened to 132% of normal flow; 2
SG B valve closed to 79%

SG A superheat lost; water injection to steam 2
line began

SG B superheat increased 12*F 2

Primary coolant temperatures restabilized; loop A cold- 3.5
leg temperature 15"F below initial value

SG A level reached new steady state at 260 in.; 6.2
SG B level at 130 in.

Gross water injection to line A was 68,000 lb 10

.
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| balance between reactor power and FW flow. At 20% power, the failed
set point caused the SG A feed valve to run full open in a few seconds.
Generator level increased to 350 in, and then stabilized because (1) tha

; maximum pumping power in line A was reacned, and (2) balance between
; power and flow was reestabliahed at 60%, with most of the heat

i transferred to SG A. Superheat in SG A was lost in approximately
' 1.5 min. Total water injection was 380,000 lb after 10 min (Fig. 4.5).

On the primary side, pressurizer pressure decreased 200 psi in 2.5 min4

and then recovered. Pressurizer level indication cropped 5 f t in the
first 3 min and was beginning to rise after 10 min. The cold leg-

temperature of tre affected loop decreased 35'F in 2 min (see
i Fig. 4.6).

i At 100% initial power, the ICS was limited in its capacity to adjust
power to match overfeed. In this case the control system reduced flow -,

to SG B to compensate for the increase in tne flow to SG A. The level
indication in SG A stabilized near 260 in. Water injected into line A
was 68,000 lbs in 10 min (Fig. 4.7). Secondary and primary temperature
Variations are generally smaller than at 20% power because the overfeed.

at 100% is a smaller percentage change in flow.

.

* 'n both of these transients, actions of the ICS to match power and feed
flow resulted in a stabilized system. If the turbine does not trip on
low quality, this configuration may be sustainable,

i Class 6: Overfeed with high level control transfer and high level pump
trip failed in combination with a steam leak in line A. The previous
100% power case was repeated with the addition of a steam leak in line A.
The leak was sized to correspond to full-open bypass valves and began

after the overfill was well established (5 min). In the affected line,
steam flow redistributed between the leak and header in such a way that
turbine flow decreased but total flow was nearly preserved. Conditions
on the primary side did not differ markedly from the previous case. The
configuration appeared to be controllable by nonemergency ICS action.

Class 7: The MFW biccking valve position indicator falsely indicated
closed; flow reading taken from the startup meter in loop A. Initial
power was 1005. The FW flow signal for SG A was 15% (see Table 4.2).
The ICS reduced reactor power to 70% (Fig. 4.8). Total feed flow was
reduced less rapidly, and some overcooling of the primary occurred.-

Primary pressure decreased 230 psi, and pressurizer level fell from
18 ft to 9 ft in 1.5 min. Core average temperature, as calculated from
the hot and cold legs of the affected loop, decreased 18'F in 1.5 min

" and then began a slow recovery. Water injection into steam line A was
20,000 lbs in 10 min.

,

Class 8: Potential overfeed that begins with main turbine trip and
failure-in-place of main and etartup feed valve controllers. Three

4 subsets of events were considered, beginning.at steady state with
reactor and turbine trip: (a) main and startup valves frozen in place;
(b) same as (a) except that in addition the condcuser bypass valves were

'

,

- - _ - _ _ _ _ _ - - - - ._ _.---.,-u_ _ _ __
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Table 13.2. Class 7 overfeed: main feedwater block valve position
indicator-falsely indicated closedt

(Flow reading taken rrom si,artup meter in loop; A; 100%; power.)

.|--4,-
^

f -:

. Event' ~ Time (min),

_ _ J>*
21

SG A MFW block valve indicator falsely'indicat'ed 0
"

closed; flow reading takan from startup meter - '

ICS reduced reactor power to 5%
~~~

0.8-
-

,

; Primary pressure bottomed 230 psi belew set point 1.5

Preswat :er level bottomed 9 ft belo$ set point
~

1.5

Core average coolant temperature bottombd 18'F below 1.5
et.c peil;

,

,

SG A ruperbeat lost; toter injection to line ? bePn 1.5

ICS increased pcwer from 55 to 70% 2.5

1Cs ramped total feed flow t,auy to M, 5

Pressure control restored set point
~

10

'

Gross water injection to line A was 20,000 lb 10

1,. + - . - - ,..a ..

insMr Mmq g 90 M > p- ua (D) ekOupc that the FW pumps were run back
| to utale.uin sheerd. %ses %ce run at 100% and 50% powe , overfecy'y
' both generaters resulted it tH ;r' ry * :w *- g, umps on low buctiG;.

pressure approximately 20 s into ths tranbient. Representative of these
results is the Class 8a case at 100% power. The turbir.0 tripped at time
zero, the main and startup valves were frozen in place, and the turbine

,

bypass valves were locked shut. Turbine bleed-steam valves closed in
5 s, _ shunting bleed flow (approximately one-third of the total) throu6h
the condenser. During this interval, high SG pressure reduced FW flow

faufficiently to prevent feed puup trip. After a few more seconds, steam
sufety valve actuation limited pressure increase and the ICS increased
main pump speed and flow to reestablish 35 psi across the main valves.
At'20 s' increasing flow' caused suction pressure of the condensate
booster pumps to drop below t V 16-psig trip point, 1,oss of the booster
pumps in turn tripped the main _ pumps on low suction, and feed flow
ceased. Effects of the brief overfeed were negligible.

Allowing the bypass valves normal action somewhat, reduced SG pressure
buildup and slightly shortened the time taken for feed flow to build up I

to the pump-trip point;-however, the overall results were not changed
*

,

,%

*fy

#
,

'
._ _ _. . . _
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materially. In one simulation, the pump speed was manually run back to
minimum (2800 rpm) to determine whether this action would reduce flow
sufficiently to prevent a trip. When the speed fell below approximately
3200 rpm, the pump became effectively deadheaded (though recirculation
to the condenser existed) and overfeed was thereby terminated. Thus, in
these Class 8 cases, overfeed did not extend beyond the first 20 s of
the transients. No water entered tiie steam lines, and cooling effects
on the primary were minor.

The previous two-SG cases were repeated with only one SG affected. At
100% power, normal bleed flow shunted through the condenser and pumps
caused sufficient incremental line loss to trip the booster pumps (and-
then the main pumps) on low suction pressure 55 a into the transient.
However, at 50% power, low suction trip did not occur.

These results indicate that SG overfeed in coincidence with turbine trip
may or may not be terminated by low pump suction pressure, depending on
the initial power level. For two-SG overfeed, pump trip occurred at
midrange power levels and higher. For single SG overfeed, pump trip
occurred only at higher power levels.

It was noted, however, that the occurrence of predicted booster pump
trips (followed by MFW pump trips) on low suction pressure is sensitive
to the assumptions of line pressure drops, control valve losses, and
details of the operational sequences. Only minor changes in these
assumptions, within the bounds of the uncertainty ranges, could change
the probability of pump trip.

Class 9: Turbine trip during overfeed. A series of runs was made to
determine whether ttrbine trip during an overfced event would exacerbate
the amount of moisture injected into the steam line. It is unclear
whether or how wet steam causes a turbine trip, either directly by
active protection devices or indirectly by secondary distu=bances. The
study was done parametrically by initiating trip at time zero and at

3 min and 6.4 min after onset of overfeed. The overfeed initiator was
failure high of the low level set point at 700 in., which caused the
feed valves to~open fully. At 100% power, the feed pumps tripped on low
booster-pump suction following turbine trip. Although the failed
low level set point actuated the EFW system, injectica of water into the
steam lines terminated on main pump trip (Fig. 4.9). With trip.at onset
of overfeed, superheat was not lost and no water was injected into the
steam line. At power, injection commenced at 1.8 min. Trip at i min
limited injection to 2.6 x 10 lb and trip at 6.4 min terminated8

injection at 4 = 10' lb. Principal thermal changes on the primary side
were associated with reactor trip and were approximately the same
magnitude for all three overfeed conditions (Fig. 4.10).

These runs suggested that excess main feed flow would have to be limited
if consequential overfeed were to continue after turbine trip. The next
case was started at 50% power (and flow). It was determined that
failure of the SG A feed valve 80% open provided the maximum flow rate
that could be sustained without pump trip following turbine trip.

_ m
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Fig. 4.9. Water injection into Fig. 4.10. Core average coolant
steam line A at 1005 power (Class 9). temperature as measured by sensors in

Loop A at 100% power (Class 9).

However, since the overfill rate was slower, the Btu-limit circuitry of
the ICS was able to take corrective action and rebalance the system.
Power increased and loop B SG feed flow increased to match that of loop
A. The system restabilized near 80% power. Power increase was
sufficiently rapid compared to the rate of overfill to prevent loss of
SG superheat.

Thus, in this study turbine trip effectively terminated water injection
into the steam line. When overfeed was restricted to a rate that would
not cause pump trip, the Btu limits acted to prevent loss of superheat
and hence injection of water into the steam line.

|

4.6 SECONDARY SIDE DEPRESSURIZATION TRANSIENTS

i
In these events, secondary side depressurization is induced by partial
steam valve failure or steam line rupture in loop A or in both loop A
and loop B and at low and high power levels. At 20% power, a fault in
steam line A was sized to accommodate the line's total available flow.
An initial modest pressure reduction in the SG resulted in a temporary

,

increase in feed flow, and the ICS Increased reactor output and
reestablished equilibrium at 35% power. The ICS maintained header
pressure by throttling turbine flow, forcing virtually all line A flow
through the fault. Impact on the primary and secondary pressures and
temperature was minor. Plant conditions appeared to remain manageable
by the ICS. Without operator intervention, the system would be expected

| to trip on depleted FW inventory.
!

.
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At 100% power, over the time interval considered, the ICS appeared to be
capable of managing single-line faults that released up to 100% of one
line's nomir.a1 flow. Perhaps the most noteworthy imbalance was the
substantial downtrend in FW temperature that resulted from loss of
one-half of the bleed steam to the heaters, Leaks of this magnitude or
larger in both lines resulted in depressurization of the secondary side
and system trip within 1 min on low steam flow to the turbine or a
presumed disturbance resulting therefrom.

4.7 OVERHEATING TRANSIENTS

Overheating was induced by loss of all FW to SGs. Transients were
initiated at steady state 100% power by tripping the reactor and turbine
and closing the main and startup FW valves. The turbine bypass valves
failed closed, and the EFW system did not actuate (see Table 4.3). In
the first case considered, the primary coolant pumps were not tripped.
The SGs dried out in 1.5 min; thereafter, decay heat was not removed at '

the SGs. The ' steam line safety valves cycled until SG dryout, whereupon ;

the pressure stabilized, There was no further significant coupling to '

the balance of plant, and that part of the simulation was diacontinued,
Core average temperature dropped 25' during SG dryout and then beBan to |

rise from decay heating (Fig. 4.11). Six minutes into the transient,
following the initial drop, pressurizer pressure reached the PORV set
point and stabilized. At 14 min the pressurizer went solid (Fig. 4.12).
Core fluid quality increased and reached saturation at 30 min. Core
temperature stabilized while quality continued rising and the core began
to void (Fig. 4.13). Shortly af ter the onset of voiding, pr.imary
pressure rose to the safety valve set point and then cycled between set
points as the safety valves opened and reseated. At I h, when the
transient was terminated, the core void fraction had reached 0.8
(Fig. 4.13); the core would have dried out in another 15 min.

The second overheating case was the same as above except that the
reactor coolant pumps were tripped when the primary subcooling margin
was less than 50*F, which occurred 12.5 min into the transient. This
case explored whether reduced circulation would accelerate the rate at
which the primary system overheated. It was found that, after the pumps
tripped, the pipes and SG metal extracted enough heat from the coolant

,

to establish natural circulation at approximately 2% of full flow. This
provided sufficient effective mixing of the primary fluid to give a
heat-up rate not materially different fran the previous full-flow case.

4.8 STEAM GENERATOR TUBE RUPTURE TRANSIENTS

These cases investigated partial or full rupture of one or more SG tubes
following SG overfill, with or without main steam line break (see
Table 4.4). The principal interest here is based upon the following
postulated scenario: Starting from failure high of the low level set
point in one SG, the SG overfills, outlet quality falls below unity,
water is injected into the steam lines (as occurred in Class 5 events),

_ _ _ . _ _ .
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Table 4.3 Overheating induced by loss of all feedwater
to steam generators

(Primary pumps not tripped; 100% power.)

Event Time (min)

Loss of all FW, including emergency, to both 0
SGs; turbine bypass valves failed shut; reactor
and turbine trip assumed

SGs dried out; loss of decay heat removal 1.5

Core average coolant temperature bottomed 25'F below 1.5
"

set point

PORV opened at set point 6

Pressurizer went solid 14

Primary fluid quality positive; voiding began 30

Primary pressure activated pressurizer safety valves 32

Core void fraction reached 0.8 60

and liquid-induced dynamic stresses in the pipes cause a full steam line
break and a rupture of SG tubing. It is to be emphasized that while
these cases predict liquid injection into the steam lines, they do not
predict pipe break and/or tube rupture.

Three transients involving tube rupture were simulated. In all three
the rupture was presumed to occur near the bottom tube sheet of the
overfed SG. Each rupture event began 6.2 min after overfeed started, at
which time the SG water level was 20 ft.

In the first and mildest case, one tune was partially ruptured with an
average leak rate of 7.5 = 10' lb/h. No other failures were postulated.
The plant was not tripped. The leak was of such size that the makeup
. systems compensated two-thirds of the loss, and primary inventory
decreased slowly (Fig. 4.14). Primary pressure remained near set point
until the pressurizer heaters tripped off on low level at 22 min. Core
average temperature was controlled near set point. The contribution of
the leak did not materially change the already overfilled SG level, the
generator pressure or temperature, or injection into the steam line
(Fig. 4.15).

In the second case, the leak rate was postulated to be substantially
larger. Three tubes were presumed to have double-ended breaks witn an

,
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Table 4.4. Tube rupture transients
(100% power)

Event Time (min)

Precursor to all tube rupture sequences

Low level set point of SG A failed arbitrarily high 0
(700 in.)

SG A feed valve opened to 1325 flow; SG B 2
valved closed to 795 flow

SG A superheat lost; water injection to steam 2
line began

Primary pressure and pressurizer level bottomed; makeup and 3.5
press!1re' control began to restore set p61nts

SG A level increased to new steady. state value of 6.2
240 in.; SG B level st 130 in. -

One SG tube ruptured

One tube in SG A experienced single-ended break; or 6.2
equivalent leak of 7.5 = 10' lb/h

. Primary inventory, partially compensated by makeup, slowly 6.2+
declined

i

,

Pressuriier heatera operated to maintain set point 6.2+
,

Pressurizer level fell telos heater trip point; pressure 22
. began to decrease; leak continued
|

Three SG tubes-ruptured

Three SG A tubes experienced double-ended breaks; 6.3.

5total leak rate 6.2 = 10 lb/h

Low primary pressure tripped reactor 7.2

; Pressurizer dried ont; heaters tripped 7,9
(

HPI turned on at set point; pressure increased; 8.3
inventory continued to decrease ~11/ min,

,

4
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Table 4.4 (continued)

Event Time (min)

One SG tute and steam line ruptured

Steam line A experienced full rupture; one tube of 6.2
SG A had double-ended break with leak rate of

52n 10 )b/h

False high-level signal in SG A tripped feed pumps, 6.3 *

reactor, and main turbine

Pressurizer temporarily dried out; heaters tripped 6.5

Primary pressure fell to HPI set point 6.6

Core average coolant temperature as measured by loop A 6.6
sensors dropped to -505'F.

Core average coolant temperature as measured by loop B 6.6
sensces dropped to -535'F and stabilized with slow
downvard trend

SG A coolant temperature dropped to -495'F 6.6

SG A blew down to -100 psia 6.7

Core average coolant temperature as measured by loop A 6.8
sensors recovered to -535'F and stabilized with slow
downward trend

3G A coolant temperature recovered to -535'F and 7
stabilized with slow downward trer.d

3G A dried out 7

HPI rewetted pressurizer 7.5

HPI restored primary pressure to set point 13

HPI built pressurizer inventory to normal level; leak 30
continued

___.
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j average total leak of 6.2 x 10' lb/h. No other failures were postulated.
.In this case the leak was an order of magnitude larger than the normal
makeup capacity. Primary pressure violated the protection system

j pressure-temperature constraint at 7.2 min and tripped the reactor.

At 8.3 min the HPI system actuated and reversed the pressure trend.

'

Although the primary began to repressurize, the leak exceeded the
,

capacity of the HPI, and netLinventory loss continued (Fig. 4.16). The
pressurizer dried out at 7.9 min. Primary inventory gross loss
contin 6sd at the full leak rate, -2.55/ min, and net loss was -15/ min.

! In this case, throttling the HPI and depressurizing the primary would
! appear to be requisite operator actions not only to staunch release of

! coolant but also to prevent core exposure.

In the last tube rupture event studied, one SG tube was assumed to
i experience a double-ended break with an average leak rate of

5'

2.m 10 lb/h in conjunction with a guillotine-type break in the main
steam line of the overfilled SG. No operator actions were included.;.

The massive disturbance was presumed to trip the main turbine and
| reactor, at least on false high-SG-level signal (noted below). Blowdown

of the affected SG reduced the pressure to 100 psi within 30 s, at which
time SG A -dried out and thereafter the influx of primary coolant flashed

_

to steam upon entering the secondary side. The dynamic head associated
with the initial acceleration of fluid in the affected SG caused the

;
level sensor to register higher than the high-level trip, and the feed
pumps tripped. Steam temperature dropped during blowdown and, af ter
dryout, tracked the temperature of the flashing primary fluid. Primary
pressure fell rapidly during SG blo'wdown. HPI was initiated at set.

-point in 20 s, and pressure was subsequently restored to the PORV set'

4
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Fig. 4.16. Pressurizer water level. Overfill of steam generator A
followed by full rupture of three tubes.

point. The pressurizer temporarily dried out until HPI was established.
Core average temperature decreased rapidly during depressurization, then
stabilized at -535'F. At 30 min, when the calculation was terminated,
the system inventory was increasing and the leak into the secondary
system was continuing.

An additional case.was run to help estimate the amount of radioactive
primary coolant that might be released to the atmosphere in the event of
steam tube rupture. The calculation began with the assumption that
radiation alarms instigated a reactor trip. Total heat generation
(Btu), total steam generation (1b), and total steam released to the
atmosphere through the safety valves as a function of time after trip
are shown in Fig. 4.17. Steam released through the safety valves, which
opened only during the first half-minute of the transient, amounted to
1.1 = 10' lb. If the bypass valves are operative, that would also be
the total steam released (27% of the total steam generated during the
time the safety valves cycled). If the bypass valves failed closed, the
total steam curve (Fig. 4.17) is a guide to the amot.i that would be
released through the safety valves during the early minutes of the
transient. For longer times, extrapolation of the total heat generation
curve provides a measure of the amount of steam that would be produced
at -700 Btu /lb. Initially a greater amount of steam is produced because
the primary system experiences a temperature drop.

Assuming that one SG tube ruptured with an average leak rate of
52 = 10 lb/h, and that the bypass valves operated as designed,

- ._ __ ._ , _ - _ _ ..___ _ _._ _ _ _ . - -_ __
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d

-450 lb of the primary coolant would be discharged through the safety
valves. If the bypass valves failed closed, the coolant should be
discharged at approximately the leak rate.

4.9 REVISION OF THE HYBRID MODEL OF THE STEAM GENERATOR

Using data provided by NRC, the steam generator model was originally
designed with an outlet steam temperature of 570'F, which yielded 38'
of superheat. The superheat region started at 72% of the length of the
tubes relative to the bottom tubesheet. The primary- and secondary-side
temperature distributions calculated by the model agreed closely with
design profiles included in the NRC-supplied data. In reviewing ORNL's
draft report on Oconee 1 Duke Power Company stated that SG superheat
ranges from 48 to 63', that the outlet temperature is nearer to 595*F,
- and that the superheat region begins at 55% of the length of the tubes.

.
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The hybrid model has been revised accordingly. Using the midpoint of
the stated range of superheat, the SG outlet temperature was increased
to 590*F to provide 55' of superheat. The model superheat region now
begins at 55% of the length of the tubes.

Following revisions of the model, the Class 5 event overfill that
occurred at 100% power was repeated to judge whether this higher level
of superheat would qualitatively change the conclusiens of previous
overfill calculations in which water was injected into the steam line.
Although the added superheat had the expected effect of retarding loss
of superheat, the overall course of the transient was not changed.
Results based on the two SG models are compared in Figs. 4.18 and 4.19.
With the revised model, the overfilled generator lost superheat in l

3.5 min (versus 2.5 min with the original model), and 3.2 10' lb
(versus 6,8 x 10" 15) water was injected into the steam line in
10 min. The basic conclusions of the overfill studies appear to remain
unaltered; for certain conditions, superheat can be lost and water
injected into the steam line. It should be noted that ORNL studies have
indicated that the ICS Btu limits will act to prevent loss of superheat
if the rate of overfill is not too great. This was found in the Class 9
event in which the rate of overfill at 50% power was limited by failing
the feed valve only 80% open.

4.10 PRELIMINARY CONCLUSIONS

A number of general conclusions may be drawn from these simulations.
Safety implications are treated more fully in Sects. 3 and 5. The
ICS shows considerable ability to deal appropriately with many of the
off-normal conditions investigated. The feedforward and feedback

control matrix, which matches FW and reactor power, has a versatility
that tended to buffer th3 disturbances. This is seen particularly in
the Class 5 overfeed events in which all high level control was
inoperative. The ICS manipulated either the power level at low power or
the distribution of feed flow between generators at high power to
maintain Btu balance.

In a number of the simulations, superheat was lost, SG quality fell
below 1.0, and water was injected into the steam lines. While these
cases presume no quality trip, conditions could exist in which the
quality hovered just above a trip set point and injected water into the
lines for a sustained period. For example, in the Class 2 event in
which the low level set point in SG A failed to 240 in., the quality was
marginally below unity and water was injected into the line
(Fig. 4.4).

Overfeed of both SGs tended to inject water into the lines at power
above approximately 50%, whereas the calculations indicated that at
lower powers the systems would trip on low FW suction pressure before
water was injected. Safety implications of water injection are
discussed elsewhere.

.
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trip failed.) trip failed.)

In another type of overfeed event, the transient began with turbine trip
and failure of the FW control valves in place. On turbine trip the
bleed lines are sealed off and an additional one-third of flow is'

rerouted to the condenser and through the feed pump lines, with
attendent increase in pressure loss at the pumps. The result indicated
that the transient may or may not be terminated by low pump suction
pressure, depending on initial power level (and flow) as well as on
assumptions made about the operational sequences and the modeling of
line and control valve pressure losses. For two-SG overfeed, the
incremental flow on turbine trip was sufficient to cause pump trip if
the initial power and flow were midrange or higher. For single-SG
overreed, trip occurred only at high power, and even then the trip
condition appeared marginal (as noted).

Turbine trip at full power (and flow) effectively terminated water
injection into ,he steam line. When overfeed was restricted to a rate
that would not cause feed pump trip, the Btu limits acted to prevent
loss of superheat and hence water injection into the line.

In the majority of cases studied, overfill of the SGs appeared to have
only minor effects on the temperatures and pressures of the primary side.,

An exception was the Class 7 event in which the MFW blocking valve
position indicator falsely indicated closed and the flow reading was
takan from the startup meter in loop A. The ICS ran the power back more
rapidly than feed flow, and primary pressures and temperatures dropped

. _ ___ _ _ _ _ - . _
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significantly. This case suggests that the automatic ramp rates for 1

power and flow may lead to notable thermal imbalances under certain
operating (nontrip) conditions.

The ICS demonstrated ability to manage single-line steam leaks up to the
full normal flow in the line for the existing power level. In the
simulations there was a tradeoff of flow between the leak and the
turbine, with consequent reduction in turbine power. Turbine trip may
occur even though the leaks appeared otherwise controllable by the ICS
in the short term.

Overheating of the primary on loss of all FW was dominated by the
combined heat capacity of the primary fluid and metal, and was
marginally affected by main pump operation. For the conditions studied,
boiling began in the core in 30 min, and dryout would occur in an
additional 45 min.

Steam generator tube ruptures varying in size from partial rupture of
one tube up to double-ended breaks of three tubes were considered in
conjunction with an overfill incident. Operator action was not
addressed. In all cases the HPI operated to reestablish pressure at set
point and perpetuate leakage into the secondary system and out the
steam-line valves. In the case of a triple-tube rupture, rate of
inventory loss exceeded HPI capacity, the pressurizer dried out in
-1.5 min and primary inventory net loss continued at the rate of
-1%/ min, indicating that operator action was needed to prevent
uncovering the core. Each additional simultaneous tube rupture would
increase the net loss by -15/ min and correspondingly reduce the time
available for remedial action. When rupture of one tube was accompanied

~by a full steam-line break, the average core temperature decreased -50*1'
during rapid steam generator blowdown, then stabilized as leaking
primary fluid flashed in the dried-out generator,

i

i

|
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5. SUMMARY AND CONCLUSIONS

'

A detailed analysis of the Oconee-1 nuclear power plant systems has been
perforn.ed to evaluate possible safety implications of control system
failures. Results of the control system failure analysis for the Oconee
plant design have been discussed in detail in Sect. 3 and are summarized
in Sect. 5.1. Section 5.2 identifies possible areas of investigation to4

assess mitigation of these control system failure transients, and
Sect. 5.3 discusses generalization of these areas of investigation of
the Oconee design to B&W NSSS plants as a category,

,

i

5.1 SUMMARY OF CONTROL SYSTEM 7AILURES WITH SAFETY IMPLICATIONS

Two Oconee 1 control system failure-initiated transients have been
identified with potentially significant safety implications: SG
overfill and loss of SG cooling. These two transients are discussed
below.

5.1.1 Control System Failures Leading to SG Overfill,

SG overfill has been identified as a transient consequence of concern in
! the SICS Program. Although specific analysis of the consequences of SG

overfill are beyond the scope of this program, possible areas of concern
include consequential steam line failure and SG tube ruptures. As
discussed in Sect. 3, such consequences of SG overfill may not occur;
however, the conditional probability of steam line damage and tube
rupture following SG overfill is expected to be significant. Further
analysis of these consequences is recommended.

In the SICS Program, the analysis was directed toward identifying and
analyzing failures that result in SG overfill. Control system failures
were found that result in two types of liquid injection into the steam

i lines:
.

1. Certain failures resulted in increasing SG inventory without
initiating reactor trip. These failures, while they may result in
turbine blade damage, are not expected to cause a gross injection of
liquid into the steam lines.

; 2. Similar failures which either follow reactor / turbine trip or cause
'

such a trip have potentially more severe consequences. With the
reactor tripped, the MFW system is capable of rapidly filling the SG
secondary volume and injecting a significant quantity of liquid into
the steam lines.

As described in Sect. 3 2, several control system failures could,

initiate such an event. In the Oconee design, existing instrumentation
results in an automatic trip of the MFW pumps on high SG level in

i
addition to possible operator actions that could terminate the overfeed.
As described in Sect. 3 2, the combinations of control system failures

! 103
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and operator failures required to cause SG overfill were analyzed.
Based on this analysis, the frequency of SG overfill due to all causes
at Oconee has been estimated to be between 6 = 10-8 and 1 = 10-'
events /ry.

5.1.2 Control System Failures Leading to Loss of SG Cooling

Two failures were found that could result in loss of SG cooling. In
either case, subsequent operator action would be required to prevent
significant core damage.

The first failure involves a loss of ICS hand power. This failure'

reduces the MFW pump speed and terminates FW injection to the SGs
without tripping the MFW pumps. Without a trip of the MFW pumps, the
EFW will not be initiated automatically. In this case the operator must
manually initiate EFW or the HPI to prevent core damage.

Another ICS power failure, loss of auto power, also may lead to loss of
SG cooling. Loss of auto power transfers the MFW controls to manual,
with the MFW control valve in an "as is" position. Should a reactor
trip result from the transients, an overfeed transient would occur. If

the operator manually throttles MFW flow, FW injection to the SG ceases
and SG cooling will be lost unless the operator manually restores MFW or
manually initiates EFW.

The sequences of these events leading to significant core damage have
been evaluated to estimate core damage frequencies. Core damage
sequence frequencies of 10-5/ry and 10~'/ry have been estimated for the.

loss of SG cooling sequences initiated by loss of ICS hand power and
loss of ICS auto power respectively.

,

5.2 MITIGATION OF SIGNIFICANT CONTROL SYSTEM FAILURES>

The potentially significant control system failures discussed above have
been evaluated to identify possible areas of improved mitigation. These
areas of possible improvement are discussed below.

5.2.1 Steam Generator Overfill

In the SG overfill case, there exists a circuit largely independent of
identified initiating failures which will trip the MFW pumps on high SG
level. However, due to the long test interval for circuit components
(1 y) and the 2-out-of-2 logic used, the expected failure rate of this
circuit was relatively high.

If the estimated frequency of SG overfill is found to be too high,
several options are available to reduce it. These options include
shorter trip circuit test intervals and circuit modifications. Although
modification of the existing MFW pump trip circuitry is not recommended,

i
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parallel circuits that close the MFW block valve (in series with the MFW
control valve) could significantly reduce SG overfill frequency.

5.2.2 Loss of Steam Generator Cooling

The two loss of SG cooling transients are significant due to the coupled
loss of MFW and loss of automatically initiated EFW. In this case,

automatic initiation of EFW based on low SG level is recommended. It is
noted that 1E SG level transmitters are mounted on the SGs at Oconee but
are not used for EFW initiation.

5.3 APPLICABILITY OF RESULTS TO OTHER B&W INSTALLATIONS

Results to date have been based on a model of Oconee-1 and are
therefore, in the first analysis, plant-specific for the three very
similar units at the Oconee Nuclear Station. Generic extensions of
these results to other B&W installations will depend primarily upon
balance-of-plant configurations at the other facilities, which in
general will show more variation than will the primary systems. In the
interest of generality of application, to the limited extent possible
other B&W-designed plants have been examined for those features that

have caused interest in certain transients at the Oconee installation.

One aspect of plant behavior developed in previous sections of this
report involves the overfill of a single SG, with subsequent possibility
of steam line flooding. In general, this scenario requires a failure
that initiates a FW overfeed, plus another condition that avoids a high
level MFW pump trip. In those cases where a failure of the high level
trip mechanism itself must be assumed, there can be significant
differences between B&W plants. For instance, in Oconee the high level
trip is a nonsafety system whereas at Davis-Besse the same trip is
safety grade, with the appropriate design and surveillance requirements
imposed by that designation. This type of consideration will affect
failure probability calculations, and therefore probabilities calculated
for Oconee-1 should not be uncritically applied to another plant. The
newly deployed emergency feedwater initiation and control (EFIC) system
has already been installed in, or is planned for, Arkansas Nuclear
One-1, Crystal River-3, SMUD, and Three Mile Island-1. Earlier versions
of EFIC had high level trips, but most of these have been removed
because of problems with noisy level transmitters. Because of these
plant-specific variations in high level trips, the exact situation in a
given plant must be assessed before an overfill probability can be
addressed. We have found no significant differences between plants in
their proneness to sensing line failures or in the amount or quality of
information available to their operators during overfill sequences.

Another evaluation addressed potentialities for dryout. At Oconee, if
both MFW pumps trip, the AFW starts automatically. AFW also starts in
response to low pressure in the MFW header. In contrast to Oconee,
plants using the EFIC add an AFW start on low SG level. In general, it
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appears a good idea to provide for such AFW actuation on low level, a
i direct measurement of the variable at risk.

,

Other-B&W plants have more or less diversity in equipment than Oconce.'

(All of the AFW pumps presently at Davis-Besse, for example, are
i steam-turbine driven; all other U.S. PWRs have at least one motor-driven

AFW pump.) Other plants'also exhibit widely varying historical rates of.

MFW loss and AFW failures as a function of routine operation. The
,

: record of Oconee 1 FW problems was found to be much better than both the
B&W and other PWR averages (see Sect. 2.2). The evaluation of Oconee

; thus provides a useful guide to safety implications of control in other

f B&W plants and even, to some extent, in the PWRs of other manufacturers.

t It obviously cannot be taken as a quantitative guide to such problems in
any other system.

;

!

The further question arises as to whether certain control system,

problems precluded by Oconee's design and theref ore not found in our'

study may nevertheless exist in other B&W plants of substantially
different design. The broad FMEA described in this report examines the
control systems that may affect safety in a truly broad generic sense.

| The historical record was also examined for failures in all B&W plants.
There is thus a general basis for expecting that the broad systems and.

j issues of concern have been identified for the class of B&W plants as a
whole. Where potential problems were found in this broad approach, the

| Oconee system was examined in an augmented, very plant-specific fashion
: to verify and quantify the effects to be expected. While the results of

,

this augmented, simulator-aided study can be expected to give useful
,

insight for all B&W installations, it must be understood the design
j parameters used were from the Oconee 1 plant, and that the results of |

the augmented study can be applied to another plant only in the context4

'
of an informed consideration of design differences that may alter

' results.
i
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Detailed System Descriptions

T

Brief system descriptions are provided for each of the major control
systems identified in Sect. 2. Support systems (e.g. , instrument air
and control systems) are discussed with each major system. The Oconee'

final safety analysis report (FSAR) was the principal source of
information used to develop these system descriptions. (See Tables A.1
through A,14 at the end of this appendix.)

A.1 NUCLEAR SYSTEMS DESCRIPTIONS

Nuclear systems include the reactor core and those systems and
subsystems that monitor and control core reactivity, remove heat from
the core, and otherwise support safe operation of the reactor. The
major systems and subsystems identified in Sect, 2 are as follows:

N01 - Reactor Core
N04 - Reactor Coolant System
N02 - Regulation Systems
NOS - Makeup and Purification System

,

Brief descriptions of these systems are provided in this section.
,

A.I.1 Reactor Core-

The reactor core consists of 177 fuel assemblies supported within the
reactor vessel by internal grid plates. Fission of the slightly
enriched uranium in the core fuel assemblies produces thermal power,>

which is ultimately used in the unit's main generator to produce

! electric power.

The reactor core produces heat at a rate consistent with exterior
, ,

factors such as the density of the moderator (reactor coolant), the
concentration of boric acid in the coolant, and the position of control
rods in the core. Heat is removed from the core by pumping the reactor
coolant upward through the fuel assemblies. The rate of heat transfer
depends on the fuel temperatures, the reactor coolant temperatures, and
the coolant velocity.

Although the response of the core to external parameters is important to
a study of reactor coolant system overcooling or undercooling, a
detailed analysis of core failure mechanisms initiating a transient is
considered beyond the scope of this study. For purposes of this
analysis, the reactor core is assumed to be operating within technical
specification limits at the onset of externally initiated transients,
and to respond to external factors as designed.

i 111
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I
j- A.I.2 Reactor Coolant System

j Together with the reactor core, the Oconee reactor coolant system (RCS)
constitutes a Babcock and Wilcox (B&W) designed nuclear steam supply2

system (NSSS). The RCS consists of or is impacted by the following
,

<

: major components of the reactor pressure boundary:
i

1. A reactor vessel to house and support the reactor core,;

f

2. Four reactor coolant pumps to circulate reactor coolant through the'
reactor core and the steam generators (SGs).

3 A pressurizer to control RCS pressure and maintain the reactor
coolant in a subcooled state.

4. Two SGs to transfer heat from the reactor coolant and produce steam
to drive the plant turbines.

,

; 5. Sixty-nine control rod drive mechanisms to position the individual
control rods.

*

<

j Reactor coolant is pumped from the SGs into the reactor vessel through
,the four " cold-leg" inlet pipes. As the coolant flows upward througn

the pipes,-heat is transferred from the fuel elements to the coolant,
I raising its temperature. The heated coolant flows from the reactor
j vessel to each of the two SGs through one of two " hot-leg" outlet pipes.
: Heat is transferred from the high temperature reactor coolant as it

flows downward through the tubes of the two SGs. The heat flowing
i across the SG tube walls vaporizes and slightly superheats the feedwater

(FW) pumped into the shell side of the SGs to produce steam. The>

; reduced temperature reactor coolant then flows through two pipes leading
from each SG, one to each of the four reactor coolant pumps. '

'

The reactor vessel and connecting piping are safety-qualified passive-
'

pressure boundaries. Consideration of the failure of these pressure <

boundaries is beyond the scope of this study. The functions of the
reactor coolant pumps, pressurizer, SGs, and associated equipment are,

: discussed below.
:

A.1.2.1 Reactor Coolant Pumps. Each reactor coolant loop contains two
vertical single-stage centrifugal type pumps having a controlled leakage ,

seal assembly. Reactor coolant is pumped by the impeller attached to I

the bottom of the rotor shaft. The coolant is drawn up through the
i bottom of the impeller, is discharged through passages in the guide
j vanes, and exits through a discharge in the side of the casing. The
; impeller can be removed from the casing for maintenance or inspection

without removing the casing from the piping. All parts of the pumps in!

contact with the reactor coolant are constructed of austenitic stainless'

steel or equivalent corrosion-resistant materials.

.

!

I
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The pump employs a primary, high pressure-controlled leakage seal
assembly to restrict leakage along the pump shaf t, as well as a
secondary high pressure seal to direct the controlled leakage out of the
pump. A low pressure vapor seal minimizes the lea'<1ge of vapor frcm the
pump to the containment atmosphere.

A portion of the high pressure water flow from the high pressure
injection (HPI) pumps is injected into the reactor coolant pump between
the impeller and the controlled leakage seal. Part of the flow enters
the RCS through a labyrinth seal in the lower pump shaft to serve as a
buffer to keep reactor coolant from entering the upper portion of the
pump. The re.nainder of the injection water flows along the drive shaft,
through the controlled leakage seal, and finally out of the pump. The
small amount that leaks through the secondary seal is also collected and
removed from the pump.

Component cooling water is supplied to the thermal barrier cooling coil.
In the event seal injection from the HPI pumps stops, reactor coolant
will flow from the coolant system and through the thermal barrier
labyrinth seal. The temperature of the reactor coolant is reduced in
the labyrinth seal (thermal barrier cooling coll) prior to passing
through the controlled leakage seals.

The reactor coolant pump seals are designed to operate with either high
pressure seal injection flow, component cooling water flow, or both.

The reacto" coolant pump motors are large, vertical, squirrel cage
induction motors. They have flywheels to increase their rotational
inertia, thus prolonging pump coastdown and assuring a more gradual loss
of main coolant flow to the core in the event pump power is lost. The
flywheel is mounted on the upper end of the rotor, below the upper
radial bearing and inside the motor frame. An anti-reverse device is
included in the flywheel assembly to prevent reverse rotation in the
event of back flow. Prevention of back rotation also reduces motor
starting time.

The motors are enclosed with water-to-air heat exchangers to provide a
closed-circuit air flow through the motor. Radial bearings are of the
floating pad type, and the thrust bearing is a double-acting Kingsbury
type designed to carry the full thrust of the pump. A high pressure oil
system with separate pumps is provided with each motor to Jack and float
the rotating assembly before starting. Once started, the motor provides
its own oil circulation.

The bearing oil flows through a heat exchanger from which its heat is
rejected to the component cooling water flow. Loss of the component
cooling water flow will result in excessive oil temperature and possible
bearing failure in the long term (hours).
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,

Instrumentation is provided to monitor motor cooling, bearing
temperature, wincing temperature, winding differential current, and
speed.

A.1.2.2 Pressurizer. The pressurizer in a pressurized water reactor 1

(PWR) coolant system (RCS) is a large tank containing saturated water
and steam. The pressurizer water space is connected to one of the
reactor outlet pipes (hot legn) by the surge line, which allows a flow
of water from or to the RCS during changes of reactor coolant specific
volume.

In additien to nroviding a surge volume, the pressurizer is used to
control RCS pressure and provide a rough indication of the reactor
coolant inventory. The pressure in the pressurizer (and in the RCS) is
controlled at a set point to maintain the reactor coolant in the RCS in
a subcooled state.

During transient reductions in the reactor coolant volume, both the
liquid level in the pressurizer and the RCS pressure tend to decrease.
The liquid level in the pressurJzer is monitored, and a decrease below
the set point results in a control circuit automatically increasing the
net flow rate to the RCS from the makeup and purification system (MU&P)
to restore the level to its set point. The RCS pressure is also
monitored, and a decrease results in a control circuit automatically
energizing the pressurizer electric resistance heaters (located in the
pressurizer water space). The heaters increase the temperature of the
saturated water in the pressurizer, which increases the RCS pressure.

During transient increases in reactor coolant volume, set-point values
will be reestablished by processes inverse to those in the paragraph
above . t.n increased pressurizer liquid level results in a decrease in
the net flow rate from the MU&P system, and increased RCS pressure
results in an increase in the flow rate from the reactor inlet (cold
leg) pipe to the pressurizer steam space through the spray line. The
subcooled water sprayed into tha steam volume condenses some of the
steam, resulting in a decreased saturation temperature in the
pressurizer and decreased pressure in the RCS.

Transients causing a pressure increase beyond the control capacity of
pressurizer spray will result in the actuation of one or more of the

three relief valves mounted on the top of the pressurizer (steam space).
The pilot-operated relier valve (PORV) is opened by a control circuit if
the RCS pressure set point is exceeded. If the PORV does not limit the
pressure, the two spring-loaded code safety valves will open through
direct action of the steam pressure on the valve seats (no control
circuit is required).

A.1.2.3 Control Rod Drive Mechanisms. The function of the control rod
drive mechanisms (CRDM) is to position the control rods in the core
during power operation and release the control rods in response to

i

reactor trip signals from the reactor protection system (RPS). The !
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69 CRDMs are divided into 4 safety banks and 4 control banks. The
safety banks are held completely out of the core during pcwer operation
and are released to fall into the core on a reactor trip signal or are
fully inserted into the core to achieve a controlled shutdown. The
control (regulating) banks are inserted or withdrawn sequentially to
decrease or increase reactor core power by the control rod drive control
system (CRDCS) acting on Integrated Control System (ICS) insert or
withdraw signals. Upon an RPS trip signal, the control bank control
rods are released to fall into the core regardless of CRDCS or ICS
control signals.

Control rods are inserted or withdrawn from the core by rotating an
engaged " roller nut" around the threaded control rod lead screw. The
roller nuts are both engaged and rotated in the desired direction by the
application of electric power to external coils. The sequenced
application of power is performed by the CRDCS in response to ICS
signals, and reactor trip is accomplished by deenergizing the CRDCS in
response to RPS signals. This deenergizes each of the CRDM coils,
disengaging the roller nuts and allowing the control rods to fall into
the core.

Three failure modes can be postulated for the CRDM and associated CRDCS:
mispositioning the control rods in the core, failing to release the
control rods on demand, or spuriously releasing the control rods. Of
these, only the last is of interest to overcooling transients (i.e.,
decreasing RCS temperature, pressure, or inventory rollowing reactor
trip). Hispositioning the control rods may, at most, result in a
reactor trip (release of all control rods). Failure to release one
control rod following a reactor trip signal is a design basis condition
analyzed in the Oconee FSAR accident analysis.' Failure to release more
than one control rod has been analyzed in the NRC " Anticipated
Transients Without Scram" Program and is beyond the scope of this study.
A spurious release of one or more control reds may, at most, result in a
reactor trip signal and release of all control rods.

Reactor trip is an expected condition in the context of the transients
considered in this study. Although malfunctions of the CRDM or CRDCS
can produce a reactor trip transient, react 6r trip itself is not a
transient of concern. This being so, detailed analysis of CRDM or CRDCS
malfunctions is not required in the study of overcooling transients.

A.1 3 Regulation Systems

The operation of the RCS and key interfacing systems is controlled by
three major instrumentation systems: CRDCS, Nonnuclear Instrumentation
(NNI) and ICS. The functions of these regulating systems are described
below.

A .1 3.1_ Control Rod Drive Control System. The CRDCS applies power to
the CRDM motors to insert or withdraw the control rods in response to
commands from the control room manual control station or to automatic

i

|

|
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signals from the ICS during power operation. Additional CRDCS design
information is provided in ref. 2. 4 a,

Upon reactor trip, which occurs during any major reactivity transient,
the CRDCS and CRDMa are deenergized ar.d cannot influence the course of

the subsequent transient. Therefore, CRDCS failure modes, associated
with reactor trip are not analyzed in this program. However, failure of
the turbine trip auxiliary contacts located in the CRDCS cabinets is
considered in the evaluation of the turbine controls.

-A.1.3 2 Nonnuclear Instrumentation. The NNI is a collection of process
instrument circuits used to measure, display, and alarm process
variables and provide process signala to the ICS. In addition, NNI
includes control circuits used to control process variables such as RCS
inventory (makeup flow rate control), RCS pressure (pressurizer spray,
heater, and relief valve control), and RC pump seal injection flow rate
control. The NNI is described in detail in refs. 1 and 2, and the NNI
control and measurement circuits are analyzed in detail as part of the
analysis of fluid system-controlled components.

A.I.3.3 Integrated Control System. The principal function of the ICS
is to develop coordinated control signals to regulate inain feedwater
(MFW) flow rate, reactor power, and steam pressure during power
operation. Based on process parameter signals developed in the NNI, the
ICS develops signals to modulate the MFW control, valves, turbine
throttle and turbine bypass valves, and control rod position to meet
existing electric power demand and RCS operating limits.

Following reactor and turbine trip, the ICS continues to modulate the
FW control valves to maintain the SG water level and the turbine bypass
valves to maintain steam line pressure. Either of these functions can
have significant influence on RCS overcooling, and fnr this reason the
ICS control circuits are analyzed in detail as part of the' analysis of
."luid system-controlled . components. }The ICS functions and circuitry are
described in detail in refs. I and 2.

A.1.4 Makeup and Purification System t
,

, >

The functions performed by the Oconee HPI, coolant storage, coolant
treatment, and chemical addition systems are sequ94tial' and

t

complementary. The equipment in these systems has been' grouped into a
general MU&P system.

,

,

The MU&P system consists of the piping and process equipment required to
remove, process, and replace reactor coolant at the flow rates required
to maintain constant RCS coolant volume. The major functions performed
by the MU&P system are as follows:

1. Letdown control: Controlled removal of reactor coolant from the RCS
and reduction of coolant temperature and pressure at a preset flow
rate.
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2. Purification: Removal of impurities from the reactor coolant using
boric acid-saturated ion exchange resins.

3. Coolant processing and chemical addition: Recovery of concentrated
boric acid and demineralized water from letdown reactor coolant;
supply of demineralized (boric acid-free) water and concentrated
boric acid to adjust reactor coolant boric acid concentrations; and
supply of lithium hydroxide to control reactor coolant pH.

4. RC pump seal return: Collection, filtering, and cooling of coolant
flowing past the RC pump shaft face seals.

S. RC pump seal injection: Injection and filtering of processed
letdown coolant to the RC pump shaft seals at a constant flow rate.

6. RC makeup: Injection of processed letdown coolant to the RCS at a

flow rate controlled to maintain constant reactor coolant volume
(coolant pressurizer level).

In addition to the normal functions performed by the MU&P system,
portions of the system are used to provide emergency injection of
coolant following design basis plant accidents.

A.2 POWER CONVERSION SYSTEMS DESCRIPTIONS

The power conversion systems are designed to convert heat produced in
the reactor to electrical energy.

The superheated steam produced by the SGs is expanded through the high
pressure turbine and then reheated in the moisture separator reheaters.
The moisture separator section removes the moisture from the steam, and
the two-stage reheaters superheat the steam before it enters the low

pressure turbines. The steam then expands through the low pressure
turbines and is exhausted into the main condenser, where it is condensed
and returned to the cycle as condensate. The heat rejected in the main
condenser is removed by the condenser circulating water system.

The first-stage reheaters are supplied with steam from the A bleed steam
line, and the condensed steam is cascaded to the B FW heaters. The
second-stage reheaters are supplied with main steam, and the condensed
steam cascades to the A FW heaters. Heat for the FW heating cycle is
supplied by the moisture coparator reheater drains and by steam from the
turbine extraction points.

The hotwell pumps take suction from the condenser hotwell and pump the
condensate through the condensate polishing demineralizers. Downstream
of the polishers, the condensate flows through the condensate coolers,
generator water coolers, hydrogen coolers, condenser steam air ejectors,
and the S.P.E. steam seal condenser to the suction of the condensate
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booster pumps. The condensate booster pumps in turn pump the condensate
through thrce stages of intermediate pressure FW heaters (F E, and D).

~

The flow combines with the D heater drain pump discharge before entering
the C FW beaters and then divides to provido input flow to the suction
of each of the SG FW pumps. The steam turbine-driven MFW pumps deliver
FW through two stages of high pressure FW heaters (B and A) to a single
FW distribution header, from which the FW flow is divided into two lines
to the SGs.

Brief descriptions of the power conversion systems are provided in the
following sections.

A.2.1 Steam Generator

The SG is a vertical, straight tube, tube and shell heat exchanger that
produces superheated steam at constant pressure over the power range.
Reactor coolant flows downward through the tubes and tranarere heat to
generate steam on the shell side. The high pressure (reactor coolant
pressure) parts of the unit are the hemispherical heads, the tube
sheets, and the tubes between the tube sheets. Tube support plates
maintain the tubes in a uniform pattern along their length. The unit is
supported by a skirt attached to the bottom head.

The shell, the exterior surface of the tubes, and the tube sheets form
the boundaries of the steam-producing asetion of the vessel. Within the
shell, the tube bundle is su.' rounded by a cylindrical baffle. Openings
in the baffle at the FW inlet nozzle elevation provide a path for steam
to efford cuntact FW heating. The upper part of the annulus formed by
the baffle plate and the shell is the superheat steam outlet, while the
lower part is the FW inlet heating zone.

FW tu neated to saturation temperature by direct contact heat exchange.
During normal power operation, FW is sprayed into the downcomer annulas
formed by the shell and the cylindrical baffle around the tube bundle.
Steam is drawn by aspiration into the downcomer and heats the FW to
saturation temperature.

The saturated water level in the downcomer provides a static head to
balance the static head in the boiling section of the SG. The downcomer
water level varies with steam flow from 15 to 100% load. A constant
minimum level is held below 155 load.

The saturated water enters the tube bundle just above the lower tube
sheet, and the steam-water mixture flows upward on the outside of the
tubes countercurrent to reactor coolant flow. The vapor content of the
mixture incr(ases almost linearly along the tubes to produce saturated
steam.

Saturated steam is raised to final temperature in the superheater region.
The amount of aze!4c4 acotlable for superheat varies inversely with
load; as load decreases, the superheat region gains surface from the

- __



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

!

!

119

i nucleate and film boiling regions. Mass inventory in the SG increases
with load as the lengths of the heat transfer regions vary. Changes in
temperature, pressure, and load conditions cause an adjustment in the
length of the individual heat transfer regions and result in a change in
inventory requirements. If the inventory is greater than required, the
pressure increases. Inventory is controlled automatically as a function
of load by the FW controls in the ICS.

In the event of MFW pump trip, the emergency feedwater (EFW) system
injects FW into the EFW spray header located near the top of the SG.
MFW flow also may be injected through the EFW header by ~ alvev
realignment. This action enhances natural circulation of reactor
coolant when the reactor coolant pumps are tripped or deenergized.

Figure A.1 is an outline sketch of the thermohydraulic aspects of the
PWR system of the Oconee plant, much of which would apply to any B&W
PWR system. Generally, the lower half of the diagram along with the
secondary sides of the SGs is the FW system. Feed comes from the
condensate, through the FW pumps, into a common header. It is then
split into loop A and loop B flow. Each loop contains a st:rtup valve
and a MFW valve in parallel. A flowmeter in the startup leg is
sensitive to low flows, and downstream beyond where the two legs come
together is a flowmeter reselving the combined flow through both valves.
This meter may be relatively inaccurate at low flows.

A.2.2 Feedwater System

A.2.2.1 Operating Controls. Control of the FW system is provided
through MFW and startup valves and FW pump speed. The following
sensed signals are sent to the ICS and there processed to produce
control signals for the FW system:

1. FW flow measures, both loops
2. Level indicators (startup and operating), both SGs
3 FW temperature, both SGs
4. Temperature difference between cold legs in the primary system
5. Turbine header pressure signal
6. Neutron error signal
7. RC hot-leg temperature
8. RC flow
9. SG outlet pressure

10. RC average temperature error
11. Pressure drops across FW valves

In maintaining total FW flow equal to total FW demand, the FW control
subsystem manipulates two startup valves, two main valves, and two pumps.
The FW control includes the following considerations, each of which will
be discussed in detail (all references to points and blocks are on
Fig. A.2):

.
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Fig. A.2. Schematic diagram of the Oconee-1 steam generator control system.
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normal control mode
FW temperature compensation
high and low cross limits with the reactor power level
Tavg control to FW
correct FW flow ratio between the two SGs for control of inlet

reactor temperatures

total flow control on large reactor coolant flow error
minimum SG superheat limits (degrees)
minimum and maximum SG level limits

Normal control mode: In this mode, FW demand from the integrated master
(Point A) is used for feedback control of the valves and feedforward
control of the pumps. Under balanced system conditions, total FW demand
from the integrated master is split evenly between FW loops A and B
(Point B and Block 1). Measured FW flow to each SG is compared with
individual loop demand; individual FW errors (Blocks 2 and 3) then pass
through proportional plus integral controllers (Blocks 4 and 5) to
establish the control valve positions. Individual loop demands are
summed together (Block 6) and used to generate a feedforward pump speed
demand signal.

Operation of the startup valve and main valve in each loop are sequenced.
Normally, as loco demand varies from 0 to 15%, startup valve gain is
adjusted to cause the startup valve position demand to vary from 0 to
100% (Blocks 7, B, 9, and 10). Then, as the loop demand varies from 15
to 100%, the gain on the main valve and the bias (Blocks 11, 12, 13, and
14) are adjusted to cause the main valve position demand to vary from 0
to 100%. When the startup valve becomes 80% open, a block valve in
series with the main valve is opened; when the start-up valve becomes
50% closed, the blocking valve is closed.

The minimum pressure drop across the control valves is selected
(Block 15) and used to form a feedback signal to the FW pump speed
demand. The minimum pressure drop is compared with a set point, the
resulting error passed through a proportional plus integral controller,
and the feedback demand added to the feedforward pump speed demand
(Blocks 16, 17, and 18). The feedback gain for the valve pressure drop
error varies with the size of the error (Block 19).

FW demands for eacn loop are passed through loop master hand / automatic
(H/A) stations (Blocks 20 and 21) so that the operator has the
capability of establishing a manual FW demand for either or both loops.
Valve position and pump speed demands can be manually specified for all
actuators from H/A stations (Blocks 22 through 27).

Feedwater temperature compensation: A function generator (Block 28) is
used to compute the desired FW temperature based on FW demand and exit
conditions required on the secondary side of the SG. An error signal
based on the difference between the desired FW temperature and the
measured FW temperature (Block 29) is used to modify total FW demand
(Block 30). The purpose of this modification is to reduce the demand on

R

k
/
.

/
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the primary side of the once-through eteam geriefator ( 750) while
maintaining the desired exit conditions. Thus, when FW temperature
var _1ps from that dem.anded by tne function generator, a correction to the
total FW flow demand is ap' lied. The Ocrrection to the total FW demandp

is applied in auch ,a direction as to Gaihtain the outlet SG temperatures
at the values desired, modifying flow demand as a function of FW ,

temperature.
;

Cross limits with reactori Cross limits are useo to Maintain FW flow ;; percentage within a certain ratio of reactor power percuntage (Blocks 31
through 36). Whenever measured neutron power differs more then 55 from
neutron power demand, a correction is made to increase or decrea$e FW ,

i

flow demand accordingly. For instance, if the neutron pcwer error is
-7%, the cross limits will cause FW flow demand to be decreased by.2%

,

'

(Blocks 23 and 34); if the neutron pow 9r error is 65, the cross liinits
will cause FW flow demand to be increased by 11 (Blocks 35 through 35).

T vg control to feedwater: Under certain c'onditichs, the reactor I3

control subsystem cannot control reactor coolant average tempurat:ure .

.(Tavg). One such condition i.e when the reactor H/A otation is in manual.
When the reactor control subsystem cannot control Tavg, T v control isa
transferred to the FW control subsyst.em. When this occurs,gthe T v28error is operated on by a proportional plus integral controller (Point
C), and the resulting feedback demand is summed with the feedforward
total FW demand (Block 37).

Plant conditions that would prevent FW control fro.m accepting the Tavg
control are (1) both SGs meeting level limits, (2) either SG on a Btu'
limit, or (3) both FW H/A master station.s in manual.

Delta-Tn control: To ensure uniform reactor inlet temperature
distribution, the FW control ratios the two FW loop flows to maintain
the temperature of the reactor coolant in cold leg A equal to the

,

'
temperature of the reactor coolant in cold leg B. This may be expressed
as TCA - TCB, or ATc=TCA - TCB - O. Rationing FW flow between the two
SGs to control reactor inlet temperature is referred to as ate

.

control.
Both reactor coolant cold-leg temperature measurements and reactor
coolant flow measurements are used in implementing feedback control of;

AT . A variable gain is modified by the ATc feedback control signalse

and applied to loop A FW demand (Block 48). T.he loop A demand is then '

subtracted from the total demand (Block 1) to create the loop B demand '

modified by AT feedback.e

The ATc set point is normally entered as zero (Block 49). A
proportional gain, a calibrating integral, and high/ low limiters operate
on the cold-leg temperature difference ATc error (Blocks 38 through 43).

;

Both the proportional and calibrating integral actions are blocked if
either FW loop H/A station is in manual or if either SG is on level '

limit. The calibrating integral action only, and not the proportional
action,-will be blocked if the megawatt electric demand is changing
faster than a specified rate or if a reactor coolant flow transient

, - , . _,- - - - ._ . - - ._- . - --
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ex13ts. A ST H/A station (Block 44) may be used to replace the demandc
feedback error with nanual ratioing of FW flow demands.created by ate

There are four reactor coolant pumps, two operating in parallel in each'

leop. If an imbalance in primary flows through the SGs exists, as when
the number of reactor coolant pumps running in each of the two primary

will deviate from zero unless the FW flows areloops is not equal, ate
j raticed properly. To aid in maintaining ATc equal to zero in this

situation, derivative and proportional control actions are used to*

,

oper. ate on the difference between reactcr coolant flows (Blocks 45 and
| a16, $0, and 51). Feedbacks due to ATc error and primary loop flow
i imde?.ance are summed (Block 47) to create the variable gain applied to

loop A FW 4emano (Block 48).

To'a1 flow control: If reactor coolant flow error becomes greater than
.

10% (Point D), the total FW flow error passed through a proportional

; p193 integral ecntroller is used to modify each of the individual loop
demande (Blocks 52 through 55). The effect of this controller is

i a adif.ted by c.onditions in the following manner: If both r? actor coolant
i pumps on one loop are tripped, the controller output is bled to 0% with

a 60-s tir.e constant. If SG A is on low level control and SG B is on
manual control, the output of the total flow controller due to integral
action la hold constant. The same output will occur if the roles of A

| and B ere reversed as well as when both SGs are' on low level control.
1

* Stu 11 nits: To ensure steam with a minimum specified number of degrees
superheat [usually 19.4'C-(35'F)], Btu limit calculations are
implemented. Stu limits are the maximum allowable FW flow demands for'

each loop, A low auctioneer is used in implementing the Btu limits in
each lo'p (Blocks 56 through 57). FW flow demands higher than the Btuo
licit would result in the degrees superheat at the outlet of the SG

i falling below the minimun specified.

Etu limit calculations kre based on measurements of reactor coolant
flow, ' primary coolan; temperature at the reactor outlet, FW temperature,

' and SG outlet pressure (Blocks 58 through 70). These variables are used
to determine the amount of energy available from the SG at the desired

| $ team t>emperature. If the normal FW demands (Points E and F) are
calling for the removal of more energy from the SGs than is available
for the desired steam temperature, the Btu limits override the normal

,

j FW denands

A.2.2,2 Level Limits and Sensors: Lcw and high level limits are
apposed on the operation of the SCs. In high level limit control, a low
huctioneer is used to compare FW flow error against an appropriately
gair.ed operate level er~ror signal, and the minimum error signal is

! Cassed on to the valv.e control (Blocks 71 through 78). In low level
limit control, a high auctioneer is used to compare FW flow error
against an appropriately Sained startup level error signal, and the
naximum error signal is passed on to the valve control (Blocks 79
through 89) .

___ . ._ ,
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Note that this is not level control, that no attempt is made to maintain
a set level; the limits simply give assurance that the level remains
between preselected high and low points. Note further that a low level
error signal, if present, will dominate.

Figure A.3 shows a schematic diagram of the Oconee 1 SG, water level
sensing pressure taps (labeled A-A', B-B', D-D', and E), the MFW and
auxiliary feedwater (AFW) AP cells associated with the A, B, and D taps,
and the valves and pipes that connect the taps to the cells. An
identical set of valves, cells, and pipes is associated with taps A',B', and D'. Referenced from the bottom tube sheet as 0, the tap heights
are A-A ' , 6 in . ; B-B ' , 102 in.; D-D', 394 in.; and E, 606 in.

The operator selects one group of taps, A-B-D or A'-B'-D', which will
have its sensed signals sent to the ICS and the control room display.
This is called the " selected" set.

The path from each pressure tap to the (normally open) blocking valves
is open as shown (Fig. A.3), clear of obstructions or other valves.
When the water level is above a tap it flows into the connecting pipe.
When the water level is below tap D or D' (as it is normally), the pipe
from that tap is filled to tap level by evaporation from the SG and
condensation in the pipe. D (D') is the reference tap, and the water in
it is naintained in this manner at height D-D'.

The failure possibilities are noted below for this arrangement of
sensing equipment. Each of these failures, in addition to sending
misinformation to the control system, would send misinformation to the
control room display. This misinformation would be inconsistent with
other information available in the control room display, and the failure
would be undetected until the operator observes the inconsistency and
deduces its cause.

1. A sufficient leak in the selected A-A' tap or the connecting pipe,
or in the packing of the blocking valves between the tap and the
corresponding AFW or MFW AP cell, can cause an apparent drop in the
sensed low level of the SG and bring on an overriding requirement to
increase FW flow. This misinformation would go to both AFW and MFW
controls.

2. A sufficient leak in the selected B-B' level tap or connecting pipe, |
or packing if the terminating blocking valves will similarly cause
the operating level (or high level) sensing equipment to sense a
lower level than is actually present. This failure can defeat both
high level protection systems--the high level MFW pump trip and the
high level control valve closure.

3 Failure of the selected B-D (B'-D') MFW AP cell so that it reads low
when the level is high will also defeat both high level protection
systems.

-
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ORNL-DWG 8H9467R2
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Fig. A.3 Schematic diagram of steam generator pressure taps and
ap cells.

4. The blocking valve in the selected set (marked V in Fig. A.3), if
failed into a closed position during operation, will isolate the B-D
MFW AP cell from sensing any further pressure changes at the B-level
tap. The other side of the cell " sees" the water column from the
D level. This should remain essentially invariant until the water
level exceeds the D level. At that point the cell should "see" a
relative increase in the D over the B level, or, equivalently, a
decrease in the B under the D level. This should be interpreted as
a falling water level. Hence, this failure also defeats the two
high-level protection systems.:

A.2.2.3 High Level Main Feedwater Pump Trip Circuitry. Figure A.4 is a
schematic diagram of the circuit transmitting SG high level sensed
signals to the high level MFW pump trip and alarm. The following
failures can place this system in an unitetected failed state.

1. For purposes of high level MFW pump trip and high level alarm, the
signals from both B-D and B'-D' are tsed. The signals B-D and B'-D'
from SG A (Fig. A.3) go respectively ',o contacts 2A and 3A
(Fig. A.4); similarly, B-D and B'-D' from SG B go to 2B and 3B.
Note that if either 2A or 3A is in a failed open condition, SG A
cannot cause a high level MFW pump trip. Trips from SG B are
similarly blocked if either 2B or 3B is failed open.

.-- .. - - _ _ .
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Fig. A.4. Main feedwater pump high-level trip -circuit.

2. If the relay FPTX is failed open, all high. level MFW pump trips
from whatever source are blocked.

The circuitry shown in Fig. A.4 is not part of the ICS. Hence, failures
within this circuitry will not fail protective features such as the high
level MFW control valve closure, which are operated from the ICS.

This circuitry is routinely tested during refueling.

A.2.2.4 Further Details of System Description, In order to follow the
scenario descriptions presented, some further understanding of system
detail is necessary.

1. The detectors on the SGs are considered to be level detectors but,
in fact, are not; they are detectors of differential pressure. The
confusion is somewhat compounded because the low-level
instrumentation, at least, is calibrated to read differential
pressure in units of inches of water. The use of differential
pressure as a level indicator is straightforward when the
gravitational term is dominant. In an active flow region like the
SGs, which are two-phase flow devices, the flow terms are not only
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important--they dominate. The relation between level (if, indeed, a
level can be defined) and differential pressure is heavily flow
dependent. Hence, even if a differential pressure detector were
calibrated to some arbitrarily defined equivalent level during
normal operations, the strong flow variations that accompany many

. transients would cause the calibration to be of no value during the
transient or other off-normal condition.

2. Discharge from the high-pressure turbine goes to a moisture
separator. When the liquid level indication in the moisture
separator exceeds a set point, the turbine trips automatically.
This is an approximate trip on low steam quality, although the set
point-quality relationship is probably power dependent.

3 Turbines of the kind that drive the MFW pumps are customarily
supplied by the manufacturer with built-in trips as protection
against excessive thrust or excessive vibration. These undesirable
mechanical conditions can be expected to be brought on by, among
other things, an excessively low steam quality. Hence, they may be
regarded roughly as steam-quality trips.

The kernel of B&W's ICS has three major loops coupling megawatt demand
with turbine, FW, and reactor control plus pressurizer controllers.
Simulation is complicated by feedforward signals, direct cross coupling
of loops, and many rate and magnitude limiters that restrict loop
functions or that reorganize portions of loops under prescribed
conditions. These nonlinearities are typically excited during
off-nominal or upset conditions. Since it is the intent of this study
to investigate such conditions, it was necessary to reproduce the ICS in
considerable detail.

A.2 3 Main Steam and Turbine Bypass System

Main steam is generated in the two SGs by FW absorbing heat from the
RCS. Main steam is conveyed to the turbine inlet valves by two lines,
one from each SG. A pressure equalization and steau distribution header
is connected to each main steam line upstream of the turbine inlet
valves.

Eight spring-loaded safety valves are located on each main steam line (a
total of sixteen) to prevent overpressurization of the main steam system
under transient conditions. The valves, designated MS-1 through MS-16,
are designed to pass 10S$ of the design steam flow at a pressure not
exceeding 110% of the system design pressure (1050 psig).

The turbine bypass system (TBS) is designed to reduce steam line
pressure following large turbine load reductions by dumping main steam

'directly to the main condenser. Two turbine bypass valves ,' MS-19 and
MS-22, release steam from the A steam line; valves MS-28 and MS-31
release steam from the B steam line to the main condenser shells. Steam
supply piping from each turbine bypass header feeds the startup steam
header. Check valves are installed to prevent cross flow between the
main steam lines.
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High pressure steam supply piping provides steam for each MFW pump
turbine following main turbine trip. In addition to an isolation valve
in each line, the steam flow to each turbine is controlled by a governor
and stop valve separate from the governor and stop valves controlling
low pressure bleed steam flow. The high pressure governor and stop
valves are designated MS-41 and 40 and MS-44 and 43 for FW pump turbines
A and B respectively. In addition to the steam supply to FW pump
turbine B, the steam header from main steam line B supplies the three
condenser steam air ejectors.

Separate lines are installed to supply high pressure steam from the two
main steam lines to.the two reheaters. The two main steam lines supply
the EFW pump turbine. Check valves are installed to prevent cross flow
between the main steam lines through the EFW pump turbine header.

Each of the supply headers off the main steam lines can be isolated by
motor-driven isolation valves. Although not described, the branch steam
piping has numerous steam traps in operation to remove condensate and
normally isolated drain lines.

A.2.4 Turbine Generator System

The turbine generator system converts the thermal energy of steam
produced in the SGs into mechanical shaft power and then into electrical
energy. The Oconee turbine generator system normally is operated with
an electrical power output of 866 MW, but may be operated with reduced
power output when required. Each unit's turbine generator consists of a
tandem (single-shaf t) arrangement of a double-flow high-pressure turbine
and three identical double-flow low pressure turbines driving a
direct-coupled generator at 1800 rpm.

Main steam from the SGs is directed to the high pressure turbine through
four parallel stop valves and four parallel control valves. After
expanding through the high pressure turbine, the exhaust steam passes
through external moisture separators and two-stage steam-to-steam shell

: and tube type reheaters. Extraction steam from the high pressure
j . turbine is supplied to the first reheater stage tube bundle in each

reheater, and main steam is supplied to the'second reheater stage tube
bundle in each reheater. Reheated steam is admitted to the three low
pressure turbines and expands through the low pressure turbines to the
main condensers.'

Part of the steam expanding through the turbines is extracted at
' selected points (pressures) to heat the FW pumped to the SGs. The A

(highest pressure), B, and C FW heaters are supplied from the high
pressure turbine (or its exhaust). The A bleed line also supplies the,

first-stage reheater. The D, E, and F FW heaters are supplied from the
~; low pressure turbines. The D bleed lines also supply the MFW pump

turbines during power operation.
;

[

i
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Turbine generator functions are monitored and controlled automatically
by the turbine control system (TCS). The TCS regulates the electric
power production rate of the turbine generator based on power demand
signals from the ICS. The TCS also includes redundant mechanical and
electrical trip devices to prevent excessive overspeed of the turbine
generator. Additional external trips are provided to ensure operation
within conditions that preclude damage to the turbine generator. A
standby manual control system is also provided for use if the automatic
control system is not available.

Based on turbine, generator, or condenser parameters exceeding limits,
or on loss of power to the turbine trip circuits or reactor trip
auxiliary contacts in the CRDCS, the TCS develops trip signals to
deenergize trip solencid valves. These valves depressurize turbine
hydraulic controls and result in closing the four high pressure turbine
stop valves, the four high pressure turbine governor valves, and the six
low pressure turbine intercept valves. In addition, low hydraulic
system pressure signals are sent to the RPS to trip the reactor upon
turbine trip.

A.2.5 Condenser

The condenser is designed to condense turbine exhaust steam for reuse in
the steam cycle. The condenser also serves as a collecting point for
various steam cycle vents and drains to conserve condensate from a
number of sources, all of which is stored in the condenser hotwell. The
condenser also serves as a heat sink for the TBS and is capable of
handling 25% of "ated main steam flow. Rejected heat is removed from
the main conden by the condenser circulating water system.

The condenser consists of three surface type deaerating condenser
shells, with each shell condensing the exhaust steam from one of the
three low pressure turbines. The condenser shells are conventional
shell and tube design, with steam on the shell side and circulating
water in the tubes. A low pressure FW heater is mounted in the neck of
each of the three condenser shells. The combined hotwells of the three
condenser shells have a water storage capability equivalent to
approximately 10 min of full load operation (nominally 142,000 gallons).
The condenser provides for condensing steam, scavenging and removing
noncondensible gases, and deaerating the condensate. Impingement
baffles are provided to protect the tubes from incoming drains and steam
dumps.

The condenser can accept a bypass steam flow of -18% of rated main steam
flow without exceeding the turbine high backpressure trip point with
design inlet circulating water temperature. This bypass steam dump to
the condenser is in addition to the normal duty expected.

The condenser evacuation subsystem is designed to remove noncondensible
gases and air inleakage from the steam space of the three shells of the

_ _ _ . ---
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main condenser. It consists of the condenser steam air ejector
subsystem and the main vacuum subsystem.

The condenser steam air ejector (CSAE) subsystem consists of three CSAEs-

per unit. Normally, each CSAE draws the noncondensible gases and water
vapor mixture from one of the three main condenser shells to the first

'

air ejector stage. The mixture then flows to the intercondenser, where
it is cooled to condense the water vapor and motive steam. The second
air ejector stage draws the uncondensed portion of the cooled mixture
from the intercondenser and compresses it further. The compressed

; mixture then passes through the aftercondenser, where it is cooled and
more water vapor and motive steam are condensed. The intercondenser
drains back to the main condenser, and the aftercondenser drains to the
condensate storage tank.

The main vacuum subsystem consists of three main vacuum pumps connected
to the condenser crossties on the CSAE subsystem to allow the main
vacuum pumps to evacuate the main condenser, the main turbine casing,
and the upper surge tanks during startup. These pumps are used only
during startup; normal operation requires the use of only the CSAE.

A.2.6 Condensate and Feedwater System

The condensate and feedwater system purifies, heats and pumps the
condensate from the condenser hotwells to the two SGs to complete the
steam-FW cycle.

Three hotwell pumps normally are in operation to pump the condensate
from the three condenser shell hotwells to the condensate booster pumps.;

1 From the hotwell pumps , a portion of the condensate normally flows
through four of the five polishing demineralizers. The flow is
controlled by automatically regulating the pressure drop across the
demineralizer bypass valve (C-14). Ammonia and hydrazine are added to
the condensate downstream of the deminerali ^rs to control pH and reduce
oxygen concentration.

The condensate flows through the hydrogen coolers and generator water
coolers in parallel. Flow through the generator water and hydrogen
coolers is controlled automatically by bypass valve C-81 to regulate the
pressure drop across the coolers. The flow through the hydrogen coolers
is controlled independently by control valve C-58 to regulate hydrogen
temperature. The condensate flows through the three condenser steam air
ejector coolers to the suction of the condensate booster pumps.

Two of the three condensate booster pumps normally operate to pump the
condensate through the low pressure FW heaters to the MFW pumps. The

' condensate is heated in four stages of low pressure FW heaters: F, E,
D, and C. Three parallel F heaters heat the condensate by condensing
steam from the three low pressure turbines. The E, D, and C heaters are,

arranged in two parallel flow paths; the E and D heaters condense

_ __ _,_ _ _ _ _ _ __ . . . _
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extraction steam from the low pressure turbine, and the C heaters
condense extraction steam from the high pressure turbine.

From the low-pressure heaters the condensate flows to the two MFW pumps.
The flow rate through the two FW pumps is controlled by the two MFW
control valves based on reactor / turbine demand. To increase the
efficiency of the pumps, the pressure drop across the FW control valves
is limited to 35 psi by regulating the speed of the FW pumps. Under
conditions of low flow demand with the control valves closing, the
increasing pressure drop is measured and the pump spced demand signal
from the ICS is reduced. The resulting lower pump speed results in a
decreased pressure drop across the valves. In addition to the pump
speed and FW flow rate controls, the minimum flow through each pump is
limited to -2500 gpm to protect the pumps. Lower flow rates measured in
the pump suction lines result in automatic opening of the bypass valves
that divert FW from the pump discharge lines to the upper surge tank.

From the FW pumps, the water (which may at this point be termed FW)
flows through the two parallel B high pressure FW heaters and two
parallel A high pressure FW heaters. The FW is heated to its final
temperature in the FW heaters, which condense extraction steam from the
high pressure turbine. Downstream of the common line from the AFW
heaters, the flow divides into two lines that individually feed the two
SGs.

The equipment described above makes up the main flow path from the
condensers to the two MFW lines. However, the main flow rate pumped
from the condenser hotwells (normal flow rate: 6.6 = 10' lbn/h) is
approximately one-half that delivered to the two SGs (normal flow rate:
11 3 x 10' lbm/h) . The balance of the flow is pumped into the
condensate and FW lines by the heater drain system. The extraction
steam condensed in the steam reheaters and the high and low pressure
FW heaters is collected and pumped into the condensate lines at points
of comparable temperature.

The heated FW flows to the two main SGs through the two MFW lines. The
flow rate in each normally is controlled by the FW control valves,
FDW-32 and FDW-41, which are positioned based on FW demand signals
developed in the ICS. At low flow conditions, the MFW control valves
and the MFW block valves, FDW-31 and FDW-40, located in series with the

,

control valves, are closed on automatic control signals from the ICS.
Under these conditions, the FW sources fcr the two SGs bypass the main
control and block valves, and are controlled by the two startup FW
control valves, FDW-35 and FDW-44, which are positioned based on
automatic control signals from the ICS. Downstream of the FW control
valves, the two FW lines penetrate the reactor building and inject the

|
FW into the SGs through the MFW ring headers.

As described above, the FW flow rate is controlled by ICS control

j signals to the main and startup FW control valves. During power
i operation, the FW flow rates to the two SGs are controlled principally

|
|

I
i

!

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



133 !

to maintain constant and equal average reactor coolant temperatures in
the two reactor coolant loops over the range of powcr production rates
from -15 to 100% full power. The control signals are modified as
functions of SG heat balances (Btu limits), the status of key plant
equipment (e.g., turbine trip, RC pump trip) and SG level limits. The
FW control valve demand signals are limited based on high SG level as
measured by pressure drops in the SG. Exceeding the high level control
limit in either SG will result in ICS-generated signals tripping the MFW
pumps.

As reactor pcwer decreases below -15% full power, the FW demand required
to maintain reactor coolant average temperature results in a SG 1evel
less than the minimum level control limit. As a result, FW demand is '

;

controlled to maintain the minimum SG 1evel (-30 in.), allowing the
reactor coolant average temperature to decrease over the reactor power
range from 15 to 0% full power.

As FW demand decreases, the main control valves and then the startup -

control valves will be closing. As the startup valves close to a
position more than 50% closed (based on measured valve positions),
signals will be generated to close the MFW block valves. These valves
are closed to prevent possible leakage through the main control valves
from interfering with control of the startup valves. The block valves
are opened automatically when the startup valves are positioned more
than 80% open.

Following reactor trip, the FW flow rate is controlled to maintain SG
levels of -30 in, with one or more RC pumps in eperation. If all four
RC pumps are tripped, the ICS automatically increases the minimum level
set point to -20 ft to maintain the desired rate of natural (convective)
circulation of reactor coolant through the core.

A.3 PROCESS AUXILIARY SYSTEFG

Process auxiliary systems include those systems and subsystems that
support the operation of the nuclear system and the power conversion
systems. The major control systems are:

WO3 - Reactor building component cooling water
WO4.A - Condenser circulating water
WO4.D - Recirculated cooling water

Brief descriptions of these systems are provided in the remainder of
this section.

A.3.1 Reactor Building Component Cooling Water

This system is designed to provide cooling water for various components
in the reactor building including the letdown coolers, reactor coolant
pump cooling jacket and seal coolers, quench tank cooler, and control

>

<-
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rod drive cooling coils. The design cooling requirement for the system
is based on the maximum heat loads from these sources. The system
provides an additional barrier between high pressure reactor coolant and
service. water to prevent an inadvertent release of activity.

Following is a brier functional description of the three major
components of the system.

1. Component Cooler. Each component cooler is designed for the total
system heat load for one reactor unit. Oconee 1 and 2 each have a
single component cooler with a shared common spare; Oconee 3 has two
coolers. The coolers reject the heat load to the low pressure
service water (LPSW) system.

2. Component Cooling Pumps. Each component cooling pump is designed to
deliver the necessary flows to the letdown coolers, reactor coolant
pump cooling jackets and seal coolers, quench tank cooler, and rod
drive cooling coils. Each unit has one operating pump and one
spare.

3 Component Cooling Surge Tank. This tank allows for thermal
expansion and contraction of the water in the closed-loop system.
It also provides the required suction head for the component cooling
pumps.

During operation, one component cooling pump and one component cooler
recirculate and cool water to accommodate the system heat loads for each
reactor unit. The component cooling surge tank accommodates expansion,
contraction, and leakage of coolant into or out of the system. The
surge tank also would provide a reservoir of component cooling water
until a leaking cooling line was isolated. Makeup water and corrosion-
inhibiting chemicals are added to the system in the surge tank.

A.3.2 Condenser Circulating Water (CCW)

The Little River arm of Lake Keowee is the source of water for the CCW
systems. Each unit has four CCW pumps supplying water via two 11-ft
conduits into a common condenser intake header beneath the turbine
building floor. The discharge from the condenser is returned to the
Keowee River arm of Lake Keowee.

The intake of the condenser circulating pumps extends below the maximum
drawdown of the lake. The intake structure is provided with screens
that can be removed manually for periodic cleaning.

The CCW systems are designed to take advantage of the siphon effect so
that the pumps are required only to overcome pipe and condenser friction
loss. The siphon is initiated at startup by plant vacuum pumps and
sustained during operation by continuous priming vacuum pumps.

_ . _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ . - - _ _ - - - -
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The CCW system has a 48-in. emergency discharge line to the Keowee hydro
tailrace. This discharge is connected to each of the three condensers
of each unit. Under a loss-of-power situation, the emergency discharge
line will open automatically and the CCW system will continue to operate
as an unassisted siphon system supplying sufficient water to the
condenser for decay heat removal and emergency cooling requirements.
The vacuum is sustained by steam air ejectors.

A.3 3 Recirculated Cooling Water (RCW)

This system provides inhibited closed-cycle cooling water to various
components outside the reactor building including the following:

RC pump seal return coolers
Spent fuel cooling
Sample coolers
Evaporator systems
Various pumps and coolers in the turbine building
Instrument air compressors.

The RCW system consists of four motor-driven pumps and four RCW heat
exchangers to supply cooling water service to the three Oconee units. A
25,000-gallon surge tank accommodates temperature changes and leakage.
Condenser circulating water is used to cool the RCW heat exchangers.

RCW effluent from the auxiliary building is monitored for radioactivity.
The monitors will detect leakage of radioactive fluids from any of the
coolers in the auxiliary building. Separate monitors are provided on
the return lines from the Oconee 1 and 2 auxiliary building and the
Oconee 3 auxiliary building.

During normal operation of the three Oconee units, three RCW pumps and
three RCW heat exchangers will be in service. One pump and one heat
exchanger are installed as spares common to the three units.

A.4 DESCRIPTION OF THE OCONEE-1 PNEUHATIC SYSTEM

A.4.1 System Purpose and Design Basis

The purpose of the compressed air system is to provide dry, oil-free air
as needed throughout the plant to pneumatic valves and instruments
(instrument air), and to various outlets for tools and miscellaneous

uses (service air).

The air compressors provide air at a pressure of 100 psig, with pressure
reduced as necessary for the various service requirements.

, . . . .
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A.4.2 System Description

The compressed air system at the Oconee Nuclear Station is one large,
integrated system that supplies instrument and service air to all three
units.

The compressed air system can be divided into four components:
instrument air supply, service air supply (which also serves as the
backup system for supplying instrument air), the instrument air
distribution network, and the service air distribution network. The
service air distribution network is of no interest to this study and
will not be considered further.

A.4.2.1 Instrument Air Supply. Figure A.5 shows schematically the
major components of the instrument air (IA) supply. Three Worthington
electric motor-driven compressors provide the normal source of
IA through three air intakes and silencers. Each compressor is powered
from a different 600-V ac motor control center. Compressors A and B
receive electric power from a Unit 1 motor control center, and
compressor C receives power from a Unit 2 motor control center. Each
compressor is rated at 489 sofm at 100 psig.

Each compressor can be placed in BASE, STANDBY No. 1, or STANDBY No. 2
operating mode. In the BASE mode, when pressure decreases to 95 psig a
compressor will turn on; when the pressure reaches 100 psig, the
compressor will turn off. In the STANDBY No. 1 mode, the compressor
starts at 90 psig, again turning off at 100 psig. In STANDBY No. 2, the
set points are 85 and 100 psig. Depending on the amount of air leakage
and the system load, it may be necessary to run two or even all three
compressors in BASE to maintain 100 psig. All three compressors are
cross connected at their discharges and connected by 8-in lines to
aftercoolers. Each compressor can be isolated by manual valves.

The IA system has two air compressor aftercoolers that cool the
compressed air leaving the station air compressors. The aftercoolers
receive cooling water from the LPSW system. .

From the aftercoolers, air passes to three 302-ft' air receivers that
serve as air storage tanks to dampen system pressure variations. Each
receiver is equipped with a safety relief valve that can arrest
excessive pressure increases in the system. The three receivers can be
cross connected or isolated at both their inlets and outlets by manual
valves. Three-inch lines pass from the receivers to the turbine
maintenance area.

After leaving the air receivers, air enters four interconnected air
dryers.that d.*y the air by means of electrically powered chillers. Both
inlet ar.d outlet lines are 3 in., and each dryer can be isolated by
means of manual valves.

The compressors, af tercoolers, air receivers, and dryers described above
constitute the IA supply train. All of these components are located in
the basement of the turbine building between Units 1 and 2.

. . --. -. - - . - - - _ _
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A.4.2.2 Service Air Supply. The service air system provides compressed
air for miscellaneous uses at the station (i.e., tools, cleaning). The
service air supply subsystem also serves as a backup for I/A supply. An.

air-operated valve (No. 1A-2324 in Fig. A.5) automatically connects the
service air system to the air receivers in the IA supply subsystem
whenever the IA pressure drops below 87 psig. Service air is supplied
by two Sullair electric motor-operated compressors, each with a capacity
of -730 scfm at 100 psig. Power for each service air compressor and its
controller is supplied by a different Unit 3 600-v motor control center.
Both Sullair compressors are located in the Unit 3 turoine building.

A third Sullair compressor is available to the service air syatem. This
portable diesel-driven compressor is located outside in the vicinity of
the service air electric compressors. It is battery started and
connects to the service air outlet lines by a flexible hose and manual
valve. It has the same capacity as the other Sullair compressors,
-730 scfm at 100 psig. This compressor must be started, operated, and
connected locally.

A.4.2 3 Instrument Air Distribution Network. After exiting the air
dryers, IA passes through one of two 4-in. lines that supply air to the
three units. Figure A,6 shows schematically the major interconnections
and block valves in the distribution network. This drawing is greatly
simplified, and all dead-end feeder lines have been eliminated since its
purpose here is solely to illustrate the interconnections of IA between
units. This drawing is from the Oconee " Plant Compressed Air
Procedure ."'

A.4.2.4 Alarns and Gauges. Each unit has an alarm for low IA pressure
at the auxiliary building header. The alarms are set at 90 psig
decreasing, and they print out on the alarm typer in addition to the
control room annunciator panel. In addition, Unit I has an alarm for
low IA pressure in the turbine building. This alarm prints on the alarm
typer and is displayed as "IA System Trouble" on the Unit 1 annunciator
panel. This pressure switch is located on Column L-32 in the turbine
building. The alarm is tapped off the outlet of the air receivers at
the same location as the compressor pressure switches and is set at
80 psig decreasing.

Furthermore, there is a turbine bypass control air failure alarm on the
control room annunciator panel. This signal comes from the pressure
switch that closes the turbine bypass valves on loss of air. This
pressure switch is set at 70 psig decreasing. In addition to the alarm
described above, each unit has a control room gauge to monitor auxiliary
building instrument air pressure. This gauge taps off the IA header at
the same location as the IA auxiliary building low air pressure alarm.
Also, Unit 1 has a gauge that measures air pressure at the compressor
air receiver outlet. It shares the tap with the compressor control
pressure switches and the turbine building low air pressure alarm.

|
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A.4.3 Loads That Use Instrument Air

The IA distribution network provides air for operating valves and
instruments throughout the three Oconee units. The loads using
IA include the following (compiled from ref. 5 drawings):

primary coolant letdown system main steam
RC pump seal injection flow condensate
RC pump seal No. I leakoff and recirculating cooling water

bypass RB isolation valve low-pressure service water
pressurizer makeup high pressure service wateF
letdown storage tank auxiliary steam
coolant treatment chemical addition and sampling
coolant storage air-conditioning system
gaseous waste disposal high pressure injection '

demineralizer water high pressure extraction (main
liquid waste disposal turbine)
reactor building purge system steam dump
component cooling heater drain
main feedwater vacuum (main turbine condenser)
emergency feedwater low-pressure extraction (main

turbine)

While all of the above loads use IA for normal, routine plant operation,
most of the systems can be operated satisfactorily in a manual mode
should valves and instruments malfunction as a result of IA failures.
Further, not all of the above systems have a direct input to plant
response and are therefore not necessary for control or mitigation of
plant transients.

A.4.4 Effects of Air System Failures

A.4.4.1 Systems and Instrumentation Required for Transient Mitigation.
The abnormal transient operating guidelines (ATOG) for the Oconee
Nuclear Station * were studied in an attempt to evaluate the effects of
loss of IA on the NSS. The ATOGs were prepared to assist in procedure
preparation and in training Oconee operators to cope with abnormal -

transients (i .e. , those that might jeopardize plant safety). This
review of ATOG has identified the following components and systems
believed to be of prime importance in dealing with abnormal transients:

1. Main feedwater system
2. Emergency feedwater system
3 Steam line components

main steam safety valves+

atmospheric exhaust valves=

turbine bypass valves+
e

4. Emergency core cooling system
makeup+

HPI+

LPI+

,

__
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5. Containment cooling system
building spray+

building coolers+

6. Containment isolation
7. Components for RC pressure control

pressurizer heaters+

pressurizer spraya

The ATOG were also studied to determine the instrumentation required to
permit proper operation of the systems listed above. This study
identified the following minimum required control instrumentation:

1. cold-leg primary temperatures,
2. in-core thermocouples,
3 RC pressure,
4 pressurizer level,
5. SG levels,
6. MFW flow rates,
7. EFW flow rates,
8. HPI flow rates ,

9. LPI flow rates,
10. borated water storage tank level, and
11. condeneate tank level.

A.4.4.2 Effects of Air System Failures on Required Systems. The
systems, components, and instrumentation listed above were surveyed to
determine the extent'of their dependence on IA. Following is a
discussion of the findings of this survey.

A.4.4.2.1. Main feedwater system (P0121 A-1,121B-1') . The MFW,
condensates, and heater drain systems are heavily dependent upon proper
operation of a number of pneumatic valves, instruments, and controllers.
Substantial pressure upsets or loss of adequate IA pressure to all or
any subset of these valves and controllers during power operation can
result in significant condensate and MFW upsets. Depending upon the
IA failure assumed different transients can result. Following is a
brief discussion of two kinds of failures.

1. Total loss of air compressors or failure of the IA supply line
so that IA pressure decreases throughout the entire IA distribution
network: When low instrument air pressure occurs, interactions among
the turbine extraction, FW heater drain, condensate, and MFW systems are
extremely difficult to predict. A low IA pressure transient occurred at
the Oconee Nuclear Station on October- 13, 1983. A brief description of
the resulting nuclear steam supply (NSS) transient was included in the
Duke Power Company information submittal of May 7,1984.* Units 1 and 3
were operating at power when the IA pressure transient began. IA
pressure dropped to below 54 psig, and both Units 1 and 3 condensate and
FW systems experienced perturbations. The Unit 3 reactor tripped af ter
the condensate booster pumps and MFW pumps tripped. Unit 1 avoided
reactor trip, although MFW upsets occurred.
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2. Loss of air to MFW control valves FW-32, 35, 41, and 44: These
~

four valves are fed from a common IA supply line (P0149-A) and could
lose air pressure due to a common failure. If these valves lose air,

they lock up and hold their position. This probably occurs at 70 psig.
When the MFW control valves lock up, and if an NSS trip occurs, an MFW
overfeed transient is possible. If MFW pump trip occurs in conjunction
with low IA pressure to these valves, no overfeed will occur; in fact, a
loss of MFW will result.

From the possibilities described, we can make two observations about the
relationship between the IA system and the MFW system:

1. The MFW system cannot be depended upon for a reliable,
controlled source of SG FW should an IA malfunction occur. This is due
to the complexity of the MFW system and the larEe number of valves in
the HFW system that depend upon IA. Also, the performance of the MFW

system is very closely coupled with the performance of the condensate
and heater drain systems, both of which depend heavily upon IA.

2. Performance of the MFW system following IA malfunctions is
difficult to predict because it is quite dependent upon the particular e

malfunction assumed NSS operating conditions, flow rates in the
secondary plant, operator response, and a host of otner variables. This
was clearly demonstrated by the IA transient at Oconee on
October 13, 1983

A 4.4.2.2. Emergency feedwater system (P0121A-1, 122A-1 7). The
EFW system depends upon IA primarily through the two pneumatic valves
used to modulate EFW flow rates to the two SGs. These two valves,
EFW-315 and EFW-316, have an automatic backup supply of nitrogen for
control purposes should a loss of IA pressure occur (see erclosure one
to EP/0/A/1800/29.' If modulation of the EFW valves cannot be
accomplished following loss of IA pressure in spite of tne nitrogen
supply backup, SG level control can still be accomplished by varying EFW
pump speed or by locally throttling EFW 315 and 316. Steam flow to the
EFW pump turbine is controlled by pneumatic valves MS-93 and MS-87,
wnich fail open on loss cf IA, admitting steam to the EFW pump turbine
stop and governor valves.

Normal EFW operation depends on a continuous supply of air for the EFW
control valves. To ensure that air is always available, Duke Power
Company has provided a backup source of control air using bottled
nitrogen. If both the IA and backup supply fails for any reason,
control of SG level can still be accomplished by varying EFW pump
turbine speed or by locally throttling control valves FCW-315 and 316.

A.4.4.2.3 Steam line components (PO122A-1 5). After turbine trip,

SG pressure is controlled by the combined operation of main steam safety
valves, atmospheric exhaust valves, and turbine bypass valves.

_ _ _ _ _ -
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Mair. steso safety valves are mechanically oper&ted and are independent
of the IA system. The atacophbric exhaust valves have manual actuators
and must to Accallf Cpened and 0]Daed by an operator if they are needed
f or pr6 astm cohtr'ol, There are two atmoophorie exhatJbt valves ant
accompany 1hg block valves, nns cet for eaon SS.

The turbin'e cypats system is composed of four al.r-operated steam valves,
t'wu fop each steam 31cs (MS-19, 22, 18, and 31). These fouP valve?
bypass main steam around the turbine to the condenser. The turbine

'

bypass valves are equipped with an automstic cootrol loop that con be
used by the operator to set bypase Valve petition free the control room

.

or te set a specific steam pressure, When the operator chooses to
speciff eteam pressure, the automatic cont 7 ol loop mooulctes valve
poe ttion to attain the desired Met peict.

Low IA pr*Tsure han no effect upon either main steae safety valvee or
at.aospheric eihaust '.'alvss however, turbine bypass valves fail closid
on io'w IA pressure (-?O psig);. If IA pressure is low 9nd the turbine
bypaa valvec ' all elssed, steam pressure cannot be cor. trolled from thof

* control rv0411 it must be controlled by an operatcr physically Iccated at
t.he atmaapherio exhaust valvee. Of course, the main steam safety valvec
will open in a etaged Techion when steam pressure exceeds -10S0 peig.

A.9.4.2.4 Energency core cooling (PO10 A-f ,1018-1) .

A.4.4.3.4.1. pje g and letdown systen. Loes cf JA pressure
isolates the norr.al HCS let'down and makeup paths because a number of
valves in these paths Teil clased (HP-5, 6, 7, 8, 9, and 13 in the
teldown path and HP 120 in the makeup path are most importattt). Aleo,
RC ptmp , seal injection f'ow increases fron 32 gal / min to 60 gal / min due
to the fail open action of HF-31, the seai injection control valve.

Ugon miscperacion of thrse valves, the operatcr east manually control
RCS inventcry by throttlit.g letdown, nakeup, and seal injection flows if
IA pressure drops below -70 psig. From this orter discussion, note that
normal RCS inventory control ;1epends upon IA cv2ila: oil (ty, and althcugh
backup manual actioni are possible, they are demanding on the operator.

A.4,4.2.4.2. High pres 30re injection (PO101 A+t,1C18-1) The HPI
system does not appear to have a direct dependener upon 11; however, HPI
pumps do require ecoling water ter the pump lubriesttog q11 coolers, and
service water is also required for the pamp's water-lubricated
mechanical seals. In addition, tno makeup pump speed incressers require
cooling water for the heat exchangera that cool the oil used to
lubricate the speed increaser teaPings. IPI pump motors are air cooled.

Thus, the HPI pumps require .a contintods source of both high-pressure
and low-pressure service water for proper operst. inn. The service water
systems were surveyed to determine their dependence on the IA system,
and results indicate that they should be able to operate satisfact)rily
following loss of IA.

_ . _
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A.4.4.2.4.3 Low pressure injection (LPI) (P01018-1 ) . The LPI
systeci dogs not appear to have a direct dependence upon IA; however, as'

was true f or the HFI pumps, service water is required for ol'. cooling
and seal in,jectioh flow. The LPI pump motors are identi. cal to HPJ
motort and are air ccoled.

A 4.5 Containmot Cooling Gyste ns,

A.4.5.1 Reactor Building Scray (Drawing Nos. P0t03A-1, PO102A-1). The
re3ctor building 6pr67 system is deuignsed to provide rGactor building
atmosphere cooling by sIWying barated water inside the reactor building.
The systeia consists of two pumps, tyo epray headers, isolation valves,
and the necessary kif, tog, instrumentation, and controle. t!pon init.ial
actuation of the building spray syntes, di2e to either high building

precsure or operator initiation, the building spray pumps start and take
suction frce the borated water storage tank (BWST) through the
l'nterconnection with the LPI system. If the BWST IcVel drops to a low (

)limit, spray pump suctici cin be transferred to the reactoe building!

sump.

T' e building 6 pray system appears to be capable of nc.raal operation ]o

without IA. Corcponente and systems required for buildlng spray include j

the SWST, the reactor building sump, LPSW for the various coolers j

associated with the system, and nunarous ao and de electrical buses, q
|

A.4.5.2 Du11 ding Coolers (PO 1240). The react.of building cocitng }
system are designard to rem 0ve neat frca the contairgnent atsc3 phi,re j
following an accident that releases energy inside contairaent. Each of 1

Ithe three ecoling units consists of a fan, a tube cooltr,, Ond ductwork.
The fan circulates containm6nt air past the cooling tut'es w! tare heat is !

removec, thus keeping the reactor building cool and preventing I
contain:r.ent pressure from exceeding the design limit.

1

The building cooling units are dependent upon (1) the LpSW systec to j

provide water for the tube cooler and (2) several oc and de blectric
buses. The coolers appear to be capable of autoatitic Start upon receipt
of an actuation signal from the engineered safety features actuation
system (ECFAS) and of euccesaful operation without dependence upOn the
instrument air system.

A.4.6 Pneumatic System Dependence of Containment Isolation

To prevent leakage of radioactive materials to the environment in the
event of high containment radiation, the reactor building isolation

Ssystem (Chap. 5 of the Oconee FSAR ) closes all fluid penetrations not
required for operation of the ESFAS. Building isolation is accomplished
by a large number (-82) of valves of different types (globes, gates,
tilting disk checks, swing checks, stopchecks, butterflies, piston
checks, turbine stops). Each reactor building penetration has one or
more isolation valves, which are fitted with electric motor, pneumatic,

______ ______- - _ -



145

manual, or hydraulic operators or, in the case of' check valves, no
operators. It should be noted that only electric motor-operated or
check valves are used inside the reactor building.

In Chap. 5 of the Oconee FSAR,' Table 5. " Reactor Building Isolation
Va'-' Information," lists the penetrations, valves, and actuators for
iks building isolation system. In all cases, when a pneumatically
actuated valve is used by the ESFAS to affect building isolation, the
vaive fails closed on loss of air. Also, for all pneumatic valves,

actuated by the building isolation system, the closed position is the
post-accide.nt pyi' tion, and each valve f: on");r;) <ith position
; tra ep m a.r. was et %e wre v " Me l@ di agnosis .-

A.4.7 Pneumatic System Dependence of Components far RC Pressure Control
(PO 100 A-1 )

A.R.7.1 Pressurizer Heaters. Pressurizer heaters are used to add heat
to the RCS inventory, thus causing an increase L; the vo_ume of a given
mass of inventory. The increased volume causes compression of the steam
bubble Jr,i 9 preqq.P 3*rF thereby increasing primary pressure.

TNpr gea Lion of the pressurizer % * Mnke # pend 9 anD; engn, the
600=V MCC N v9 w! " r e m W V e.v.4ation; the pressurizer b. eat es
do not depend directly on the instrur,ent air system.

A.4.7.2 Pressurizer Spray. Pressurizer spray at Oconee 1 is
accomplished by opening two electrically operated valves in the spray
line that connects RC pump IBI with the pressurizer spray nozzle.
Proper operation of pressurize spray depends only upon operation of RC
pump IBI, opening of the spray valve and the spray block valve, and
operation of RC pressure instrumentation.

A.4.7.3 Pilot-Operated Relief Valve (PORV). The PORV can be used to
relieve excess RC pressure during certain abnormal transients that
result in insufficient primary-to-secondary heat transfer. The PORV is
electrically actuated and is independent of IA.

A.4.7.4 Reactor Coolant Pumps. The RC pumps (Chap. 4, Oconee FSAR )
are mounted in the cold-leg RCS piping and circulate water to remove
heat from the reactor core. Proper operation of the RC pumps requires
13,800 V ac power, LPSW for motor and pump cooling and for oil cooling,
HPI for seal injection, and various instrumentation and control circuits

as necessary to monitor pump performance; however, the RC pumps do not
appear to depend directly on the IA system.

A.4.8 Conclusions

Based upon the survey of the IA system described above, the following
conclusions were reached:
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The Oconee Nuclear Station has one large, integrated IA system for-

all three units. This interconnection makes it quite possible that
simul 0aneous, quite involved transients could be induced in more than
one Oconee unit by IA malfunctions.

Because of heavy dependence of the MFW, condensate, and heater drain.

systems on pneumatic valves and instrumentation, IA malfunctions are
expected to cause substantial MFW upsets, perhaps culminating in loss
of MFW. Also, malfunction in the IA system conceivably can result in
MFU overfeed. Further, IA malfunctions in the MFW system can render
the system inoperable without substantial operator manual actions.

Normal operation of the EFW system is dependent upon a continuous*

supply of IA. A backup supply has been provided to allow continuous
air in the event of loss of IA; however, the reliability of the

backup scheme is questionable.

Normal operation of the turbine bypass valves to control SG pressure.

after reactor trip is quite dependent upon IA availability. Without
adequate IA pressure, SG pressura must be controlled by an operator
locally throttling the atmospheric exhaust valves.

The drawings associated with the IA system are difficult to follow.-

Study of the information and drawings on the IA system provided by*

Duke Power Company did not reveal any design features in the system
that act to isolate nonessential IA lines on low system pressure.
This implies that a fault anywhere in the IA system could affect
pressure in the entire system.

e
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Table A.1. Oconee nuclear systems (Nxx)

System ID System Name

No1 Reactor Core

N02 Regulation Systems

NO2.A Control Rod Drive Control System

N02.B Integrated Control System

NO2.C Non-Nuclear Instrumentation System

NO3 Incore Monitoring System

N04 Reactor Coolant System (including reactor vessel and
internals)

N04. A Pressurizer

N04.B Steam Genarator

N04. C Reactor Coolant Pumps

N04.D Control Rod Drive System

N05 Makeup and Purification Systr is

N05.A Chemical Addition and Sampling System

N05. B Coolant Storage System

N05.C Coolant Treatment System

N05.D Post- Accident Sampling System

N05. E High Pressure Injection System

N06 Low Pressure Injection System

N07 Reactor Protective System

N08 Nuclear Instrumentation System
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Table A.2. 6conce engineered safeguards systema (Sxx)

System ID Systen Name

.% 1 Engineered $efaguards Protective Syststa
~

302 High Pressure Safety Injectica Systes

303 Low Pressure Safety Injection Systen

' 304 Ccre Flood System

305 Heactor Buildtg Spray System

S06 Recctor Ex11 ding Mrgency Cooling System
\

S07 Reactor Building Peretration Room Vesti2at(en System

308 Reactor Buildina luolation ?fstec

SO9 Control Roon Embitability dysts,e j

S10 Emergency Fescwfater Systest

311 Emergency Feedwater Control System
]

Table A.3, Oconee reactor tautidirg/contairlwnt systen.3 (Cxx)
_

System ID dysten Wcat
_ - - - - -

-- mm -

C01 Reactor Building /Contairment s,nd PetDtrst-ions
,

CO2 Fenctor Buildir4 Eydrog g Ftirge Systeet

C03 EsSctor Buildir.g Yectilatinr. Syst.a

.

1

<

!
. _ _ _ _ _ __ _ . _ . _

____--_- - __.._-____-_-_- __- , - - a
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Table A.4. Oconee electrical systems (Exx)

System ID System Name

Ect Main Power System

E02 Plant AC Distribution Syster.

E02.A Essential Power System

E02.8 Wonassential Power System

EG3 Instrumentation and control Power Systems

E03.A DC Power System
o Vital CC Power Subsystem
e Plant DC Fower Sub:eystes

>

E03 5 Instrument AC Power Systen
o Vital Instrument AC Pcwer Subsystem
o Flent Instrument AC Power Subeynten

E04 Emergency Diesel Generator Power $ystem

EDS Plant Lightning System

,Eo6 Plant Craputer

EC7 .Swit Wiard '

| ' fable A.5. Qconee power conversion systems (Pxx) *

-- - :-

fystes TD Syse,em Nahe
--

_ ;-- -- - w., s

F01 Main Steam and Turbins Iypass Systeg

20.1 Turb1be Generator Systen

P02.A Turbir.e Glend Seal Suboystes

PC3 M3.n Condenser Sye'em

P03.A M11n Ccndenser F.vscuation System

704 Ceadensate and Feetwater System |,

FG4.A Conden.ta?.e Cleanup Synten

PD5 Aarf,liary Sttaa System
.

>

t

a

p

4 . - __-a , . - g $ q r - 4 es. e+-



__________

150

Table A.6. Oconee process auxiliary systems (Wxx)

Systes ID Systen Name

WO1 Radioactive Waste Systes

WO2 Radiation Monitoring Systen

WO3 Reactor Building Component Cooling Water Systen

WO4 Cooling Water Systems

WO4.A Condenser Circulating Water (CCW) System

WO4.B High Pressure Service Water (HPSW) Systen

WO4.C Low Pressure Service Water (LPSW) Systen

WO4.D Recirculated Cooling Water (RCW) Systen

WO5 Fuel Storage and Handling System

WOS.A New Fuel Storage Systen

WOS.B Spent Fuel Storage System

WO5.C Spent Fuel Pool Cooling System

WOS.D Fuel Handling System

WO6 Auxiliary Service Water System

WO7 Compressed Air System

WO7.A Service Air Systen

WOT.B Instrument Air System

WO8 Plant Gas System

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - ..
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Table A.7. Oconee plant auxiliary systems (Xxx)

System ID System Name

X01 Potable and Sanitary Water System

XO2 Fire Protection System

XO3 Communications System

XO4 Security Systes

; X05 Heating, Ventilating, and Air Conditioning Systems

X05.A Turbine Building Ventilation System

X05.B Reactor Building Purge System

X05.C Auxiliary Building Ventilation System

X05.D Spent Fuel Ventilation System

X05.E Reactor Building Cooling System

XO6 Non-Radioactive Waste System

- _ . .-_ , , . - _ _-. - __ - - - .-. . ..
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Table A.8. Oconee SICS systems list

System ID System Name

N02.B Integrated Control Systen

NO2.C Non-Nuclear Instrumentation System

NO3 Incore Monitoring System

N04 Reactor Coolant System (including reactor vessel and
internals)

N04.A Pressucitsr

N04.B Steam Generator

N04 C Reactor Coolant Pumps

N05 Makeup and Purification Systems

NC5.A Chemical Addition and Sampling Systen

N05.B Coolant Storage System

N05. C Coolant Treatment System

C03 Reactor Building Ventilation Systen

P01 Main Steam and Turbine Bypass Systen

P02 Turbine Generator System

P03 Main Condenser Systen

PO4 Condensate and Feedwater Systen

P05 Auxiliar} Steam Systen

WO* Radioactive Waste System

* Radiation Monitoring Systen

WO3 Reactor Building Component Cooling Water Systen

WO4.A Condenser Circulating Water (CCW) System

WO4.D Recirculated Cooling Water (RCW) System

VO S - Fuel Storage and Handling Systen

|
|
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Table A.8. (continued)

System ID System Name

WO6 Auxiliary Service Water Systen

WO7 Compressed Air System

WO8 Plant Gas System

X01 Potable and Sanitary Water System

X02 Fire Protection System

XO3 Communications System

XO4 Security System

X05 Heating, Ventilating, and Air Conditioning Systems

X06 Non-Radioactive Waste System
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Table A.9. First order reactor coolant system interfaces

System ID Ooonee System Name Criteria for Elimination

NO2.C Non-Nuclear Instrumentation Selected for analysis

NO3 Incore Monitoring Signals not used for plant

control

N04 Reactor Coolant System Selected for analysis

NOS Makeup and Purification Selected for analysis

P01 Main Steam and Turbine Bypass Selected for analysis

PO4 Condensate and Feedwater Selected for analysis

WO1 Radioactive Waste System Waste systems isolated
from RCS during plant
operation |

WO3 Reactor Building Component Cooling Selected for analysis

Water

|

_
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Table A.10. Second order reactor coolant system interfaces

First Seoond
Order Order
System System
ID ID System Name Criteria for Elimination

'

NO2.C NO2.B Integrated Control Systes (ICS) Selected for analysis

WO1 Radioactive Waste System System to be analyzed to
the extent failures can
impact the non-nuclear
instrumentation functions

N05 WO1 Radioactive Waste System System to be analyzed to
the extent failures can
impact the makeup and
purification system
functions

WO7.B Instrument Air System Selected for analysis

P01 NO2.B Integrated Control System Selected for analysis

P02 Turbine-Generator System Selected for analysis

P06 Auxiliary Steam System Operates during shutdown
only. Interface with main
steam system considered

WO7.B Instrument Air System Selected for analysis

PO4 NO2.B Integrated Control System Selected for analysis

P03 Main Condenser Selected for analysis

PO4.A Condensate Cleanup System Selected for analysis

WO7.B Instrument Air System Selected for analysis

WO3 WO4.A Condenser Circulating Water To the extent the
condenser circulating
water system interfaces
with the reactor building
component cooling
function, it is a passive
safety system. System to
be analyzed to the extent
failures can impact the
reactor building cooling
water system function
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Table A.11. Oconee 1 systems not selected for analysis

System ID System Name Potential Impact on RCS

NO3 Incore Monitoring Systen Provided for operator information
only. However, high core ten-
perature may induce operator to
trip the reactor and initiate High
Pressure Safety Injection (S02), a
safety system. No other impact on
RCS overcooling is apoarent.

N05. C Coolant Treatment System Processes coolant stored in the
Coolant Storage System producing
desineralized water and boric acid
solution which also is stored in
the Coolant Storage System
( N0 5. B) . No impact on RCS
apparent.

N05. D Post-Accident Sampling System only operates in the post-
System accident, RCS shutdown mode. No

impact on RCS apparent.

N05. F Low Pressure Injection This system is a safety system
System used only to remove core decay

heat in an RCS shutdown mode below
0300 F and 300 psi.

N06 Reactor Protective System System is a safety system used to
initiate reactor trip and has no
impact on post trip response.

N07 Nuclear Instrumentation System provides signals to regu-
System late plant power generation.

Although the system may induce
spurious reactor trip, it has no
impact en post-trip response.

N09 Emergency Feedwater Control System potentially may have a sig-
System nificant impact on RCS but it is a

safety system and beyond the scope
of this study.

S01 Engineered Safeguards Engineered safeguards systems may
Protective System have significant impacts on RCS

but are safety systems and beyond
the scope of this study.

SO2 High Pressure Safety
Injection Systwa

1

1
i
I

y

l
1

1

|
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Table A.11. (continued)

System ID System Name Potential Impact on RCS

S03 Low Pressure Safety
Injection System

SO4 Core Flood System

SOS Reactor Building Spray
System

S06 Reactor Building Emergency
Cooling Systes

307 Reactor Building Penetration
Roon Ventilation System

SOS Reactor Building Isolation
System

SO9 Control Room Habitability
System

C01 Reactor Building / Containment The function of the containment is
and Penetrations to prevent release of radioactivi-

ty to the environment following
accidents. The effects of con-

*

tainment pressure boundary valves
on RCS are considered in the
analysis for the systems selected
for analysis.

CO2 Reactor Building Hydrogen The function of the hydrogen purge
Purge System system is to prevent hydrogen con-

centrations in the containment
from reaching explosive levels.
The effects of hydrogen explosives
are beyond the scope of the study.
No other impacts on RCS apparent.

C03 Reactor Building Ventilation Failure of this system could re-
System sult in high reactor building

temperatures. Adverse environ-
mental conditions could contribute
to components in the reactor
building. However, the specific
impacts of adverse operating
environments are beyond the scope
of this study.

._
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Table A.11. (continued)

System ID System Name Potential Impact on RCS

P02.A Turbine Gland Seal Subsystem The gland seal system is designed
to prevent air in-leakage to the
turbines and condenser. During
power operation, failure of the
system any result in turbine trip.
Following turbine trip, the system
requires steam from the main steam
system via the startup steam
header (see Auxiliary Steam
System, P06). No other potential
impacts on RCS are apparent.

P03.A Main Condenser Evacuation The function of the evacuation
System system is to remove non-condensi-

ble gases from the condenser.
Failure of the system may result
in turbine trip; however, no major
impacts on RCS are apparent.

POS Emergency Feedwater System The emergency feedwater system may
have significant impact on RCS.
However, this system is a safety
system and beyond the scope of
this program.

P06 Auxiliary Steam System During startup and shutdown opera-
tions, the Auxiliary Stena Systes
provides steam to selected compo-
nents from the startup steam
header or the auxiliary boiler.
Failure to provide steam to re-
quired components is addressed in
the analyses of the selected
systems. The interface with the
main stema system (P01) is
addressed in the analysis of the
main steam system. No other
potential impacts on RCS are
apparent.

WO1 Radioactive Waste System The radioactive waste system col-
lects and processes radioactive
saterials prior to reuse or dispo-
sal. Interfaces with the RCS are
isolated during ope.*ation. No
impacts on RCS are apparent.
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Table A.11. (continued)

System ID Systen Name Potential Impact on RCS

WO2 Radiation Monitoring System The radiative monitoring system
detects the release of radio-
activity. No impacts on RCS are
apparent.

WO4.B High Pressure Service The HPSW is a safety systen
Water (PPSW) Systes designed to supress plant fires

and serve as a backup to the LPSW.
No impacts on RCS are apparent.

WO4.C Low Pressure Service The LPSW is required to support
Water (LPSW) System the operation of safety systems.

As a safety system, its analysis
is beyond the scope of this
program.

WOS Fuel Storage and Handling The fuel storage and handling
System system have no interface with the

RCS or RCS support systems except
during refueling shutdown
operations. As such, no impact on
RCS is possible.

WOS.A New Fuel Storage System

WO5.B Spent Fuel Storage System

WOS.C Spent Fuel Pool Cooling
System

WOS.D Fuel Handling System

WO6 Auxiliary Service Water The auxiliary service water system
System is manually placed in operation

following a postulated concurrent
failure of the main and emergency
feedwater systems and the decay
heat removal system. No impacts
on RCS are apparent.

WO7. A Service Air System

WO8 Plant Gas System

|

|

L_
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Table A.11. (continued)

Systes ID Syntes Name Potential Impact on RCS

X01 Potable and Sanitary Water These plant auxiliary systems havo
System no interface with the RCS or RCS

support systems. Potential
effects of severe operating

.

environment on the operation of I

plant equipments are beyond the
scope of this study.

X02 Fire Protection Systes

K03 Communications System

XO4 Security System

X05 Heating, ventilating, and
Air Conditioning Systems

X05.A Turbine Building
Ventilation System

X05.B Reactor Building Purge
System

X05.C Auxiliary Building
Ventilation System

X05.D Spent Fuel Ventilation
System

XO6 Non-Radioactive Waste System

i .J
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Table A.12. Miscellaneous non-reactor accidents

FSAR Section Transient

15 10 Waste Gas Tank Rupture Accident

15.11 Fuel Handling Accidents

Table A.13 Accidents terminated by reactor trip

FSAR Section Transient

15 1 Uncompensated Operating Reactivity Changes

15.2 Startup Accidents

15 3 Rod Withdrawal Accidents at Rated Power

15.4 Moderator Dilution Accidents

15.5 Cold Water Accidents

15.6 Control Rod Misalignment Accidents

Table A.14. Accidents exhibiting significant post trip
transient behavior

FSAR Section Transient

15.6 Loss of Coolant Flow Accidents

15.8 Loss of Electric Power Accidents

15 9 Steam Generator Tube Rupture Accidents

15 12 Rod Ejection Accident

15.13 Steam Line Break Accident

15.14 Loss of Coolant Accidents

15.15 Maximus Hypothetical Accident

15.16 Post Accident Hydrogen Control

L
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APPENDIX B

Failure Modes and Effects Analyses (FMEA)

B.1 FMEA OBJECTIVES AND METHODOLOGY

B.1.1 Objectives

The objective of performing FMEAs on the control systems selected in
Sect. 2 is to identify failure modes whose effects have potential safety
implications for Oconee Unit 1. The basis for choosing a FMEA
methodology and the application of this methodology to the Safety
Implications of Control System (SICS) Program is discussed in
Sect. B.1.2.

Once a system's failure modes and their effects are tabulated, the
effects that may contribute to accident sequences of concern can be
identified. These failure modes can then be combined with other
initiating events or other equipment failures to assess their safety
implication in the context of accident sequences. The sequence
development methodology is discussed in Sect. B.1.3

B.1.2 Selection and Application of Methodology

In general, two systems failure analysis methodologies are available to
analyze the relationship of failures and their effects: " top-down"
methods such as fault trees, and " bottom-up" methods such as FMEA. Each
method has its advantages, depending on the analysis objective, and the
reasons for selecting the FMEA methodology are discussed below. It

should be noted that these two analysis methods offer different insights
into system failures and often are used together.

Top-down methods typically are used when a system failure state is known
and the combinations of failed components producing this failed state
are desired (e.g., define the combinations of failed components of a
fluid system resulting in a system flow rate of less tnan 500 gpm).
Since the method yields a complete listing of failures resulting in a
particular failed state, it is particularly useful in assessing the
probability of that failed state.

The FMEA method, in contrast, proceeds from the opposite direction:
given a set of equipment, define the failure modes and evaluate the
effects of each. FMEAs typically are used to find undesirable failure
modes of systems in which the particular failure modes are not known on
some other basis. FMEAs are useful in a analyzing a limited scope of
equipment in detail, but they will not necessarily identify all
combinations of failures leading to any of the effects identified and,
as auch, cannot be used directly to assess the probabilities of effects
unless other methods such as fault trees are used in conjunction with
tnen.

165
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The SICS Program is characterized by an equipment scope limited to
control systems and, beyond being adverse to plant safety, a lack of
specified control system failure modes. As such, the FMEA was chosen as
the principal systems failure analysis method. Fault trees are used in
the SICS Program to evaluate the probabilites of selected system failure
modes of significance once they are identified (see Sect. 3). In

addition, it is recognized that due to federal design requirements for
nuclear power plants and extensive regulatory design review, control
system failure modes with safety significance are expected to be subtle.
The FMEA method is expected to be particularly useful in the
identification of subtle failure modes.

FMEAs are applied to develop a listing of all credible system component
failures and their direct and indirect effects. The analysis begins
with a complete listing of a system major components (i.e., valves,
pumps, transmitters, etc.) and the possible failure modes of each (a
valve can fall completely open, completely closed or in an "as is" or
intermediate position). Three aspects of the failure mode are then
evaluated and listed: possible causes of the failure, its direct and
indirect effects, and possible remedial actions. Failure causes are
useful in evaluating the potential for coupled failures (more than one
failure mode resulting from a single initiating failure). Effects of
the failure mode include both direct and indirect effects. For
instance, the direct effect of a valve closure could be a complete loss
of fluid flow. Indirect effects might include consequential failure of
components in other systems. Remedial actions are evaluated and listed
to aid in the evaluation of consequences. The availability of actions
mitigating the effects of a failure mode generally tend to reduce the
importance of that failure mode. On the other hand, effects that cannot
be mitigated readily are of relatively greater importance.

The compiled list of the failure modes and their effects on the systems
selected for component level FMEA typically is very large, presenting in
detail all failure modes and not only those with potential safety
implications. The tabulated effects of the FMEAs must be screened to
identify the failure modes of potential safety significance.

Four principal criteria were used to identify and separately list those
effects and their failure causes having potential safety implications:

1. potential for the failure mode to initiate or contribute to SG
overfill.

2. potential for the failure mode to initiate or contribute to
in&degaate core cooling (RCS undercooling).

3 potential for the failure mode to initiate or contribute to RCS
overcooling.

4. potential to affect recovery from design basis accidents.
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In addition to the above criteria, the effects were evaluated to
identify potentially significant effects not specifically addressed in
the principal evaluation criteria.

Identifying and listing poter.tially significant failure modes provides a
basis for development and evalaation of possible accident sequences
incorporating the failure modes. The accident sequence development
methodology is discussed in Sect. B.1 3.

B.1 3 Accident Sequence Development Methodology

A particular failure mode leading direcily to an unmitigated accident
would be a significant event. However, in addition to this unexpected
class of events, control system failures would be considered significant
to the extent that they nay contribute to unmitigated accident sequences
in conjunction with other postulated failures.

Evaluation of the safety significance of control system failures
,

required development of accident sequences and incorporation of the
control system failures into these sequences. Significant accident

,

sequences were developed using " event tree" r apresentation of an '

accident-initiating event and the subsequent success or failure ,

operating states of required mitigating systems. An accident sequence
is defined in the event tree as the initiating event and a unique
combination of the operating states of the mitigating systems.

s

The event trees are then evaluated to assess the potential contribution
of control system failures to unsare or undefined plant states. Event
trees involving control system actions with potential safety
implications were selected based on the following criteria:

,

1. The existence of successful control system action required to '

achieve a safe plant state (or control system failures leading to
potentially unsafe or undefined plant states).

:
a

2. The existence of control system failures requiring an operator '

action to achieve a safe plant state.
t

3 The existence or "as designed" control system actions potentially
leading to unsafe conditions for which no safety system mitigation '

is available.

t

'
|

f
L

l
,

|

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



_ _ - - - - - _ _ _ .

-

168
i

B.2. FMEA 0F THE P076R CONVERSI0fi SYSTEMS

Table

D.2.1 FMEA of the :tain steam and turbine bypass system 169. . . .

B.2.2 FMEA of the main turbine generator system . 173.......

B.2.3 FMEA of the main condenser 176...............

B.2.4 FMEA of the condensate and feedwater systen . 177......

a. Condenser to FW pumps . 177...............
b. FW pumps to steam generators 181............

6

t

n

3

i
i

I

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



Table B.2.1, W.EA of the cain steam and turbine bypass system

Component ta11ere mode rotential Causes Eftect en Pleat kenedial Actions

Rain Steas One valve falla Mechanical failufe, Eteam leakage to atm6s;6ere initiate plant shutdown,
satety Valves open valve fails to close - possible effects bounded leolation of feedwater toRS-1 thrcush 16 completely following by a valve failing completely affected steam g.nerator

t urhire trip. open which would result in may be r equi ~ed to prevent
potential overcooling of the exceeding RCS cooldown rate

0RCE and require a forced llett (1G0 F/hr),
plant shutdown.

Dr.e valve f ails Mechanical fai2ure. Rinor increase in peak steam Identify closed valve and
to opec cc Cemar.d pressure fnllowing turbine repair f ollowing shutdown.

trip.,

Turbine sypass One os both Instrumentation f ailure, steam diverted to condenser Identify open valve and _.valven ks-19, 22 valves open end valve falls to close - depending on response of manually close TBV or ch
remain open fol!owing tuccine trip turbine controls and manually close isolation W3

condenser could cause valve RS-17.
automatic turbine and
reactor trip and potential
overcooling of the RC3.

Turbine Bypans One or both 1Aetrumentatico fa11nte, Steam diverted to condenser Identify open valve and
valves M3-29, 31 valves open and valve failm to close - depending en response of nar.ually close TBV or

remain open following turbine trip turbire ecutrols and mancally close isolation
condenser could cause valve RS-26.
autotatic turbine and
reactor trip and potential,

overcooling of the RCS.

Turb1ne Bypase One or sore valves Tr.strumentation or valve Possible challenge to main Identify closed valve,
valve MS-19, 22, fall to cpen on failure, instrument air steen safety valves. manually operate if
28, 3L demsed failure. required and repair

following shutdown.

-- _ ._ - _



Table B.2.1. (continued)

Cespenent rallure pode Potestial Causes Effect on Plant Remedial Actions

.

Tusbine Bypass Valve spuriously Instrumentation failure, No impact during power Identify closed valve and

Isolation valve cicoes maintenance error. operation. Following turbine manually open if possible.
trip, the main steam safety

As-17 or 24 valves on the af fected line
| would be challenged.

|

Diversion of Unknown - Unknoma Sttam diverted from HP Identify steam diversion

Steam to Startup PO-28A-1 not turbine - may cause turbine and close isolation valves
and reactor trip and RS-24 and 33.

steam meader available
potential overcooling of

i the RCS. ,,

| -a
c)!

Startup Reader valve spuriously Instrumentation f ailure, No known impact during power
Isolation valves closes maintenance error. operation. Steam would be

supplied from other steamRS-24 or 33 jline during shutdown.
|

Reheater Steam valve spuriously Instrumentation failure, Inefficiency in turbine Identify closed vaAve and
Supply Isolation closes maintenance error, cycle - ef fects bounded by manually open if possible,
valves NS-76 or 79 turb!ne trip.

Valve fails to Instrumentation, valve small impact, reheaters Identify open valve,

close on demand or electric power remain pressurized. manually close if possible
and repair following

failure. shutdown.

FW Pubp Turbine A valves open Instrumentation or valve Possible PW Pump A trip on Close isolation valve MS-35
Stop and Covernor spuriously operator failure. overspeed and plant runback and repair f ailure,

and/or trip.valves MS-40, 41



Table B.2.1. (continued)
__

Component railure Mode Potential Causes Effect on Plant Remedial Actions

valve falls to Instrumentation or valve FW pump A inoperability Identify closed valve and
open on demand operator f ailure, f ollowing turbine trip. repair following shutdown.

Feedwater supplied by othc?
FW pump.

FW Pump Turbine A Valve fails to Instrumentation, electric Minor inpact, line remains Identify open valve and
Isolation Valve close on demand power or valve failure. pressurized. repair following shutdown.
MS-35

valve spuriously Instrumentation failure, Isolation of high pressure Identify closed valve and
closes maintenance error, steam supply to rw pump manually reopen, if

turbine A. Following turbine possible. An alternate -*

trip, FW pump A will be supply of steam may be []
inoperable, provided from the startup

steam header.
FW Pump Turbine B Valves open Instrumentation or valve Possible FW Pump B trip on Close isolation valve MS-36
stop and Governor spuriously operator failure. overspeed and plant runback and repair f ailure.
Valves MS-43, 44 and/or trip. Provide steam supply to

condenser steam air
ejectors via startup
header.

Valve fails to Instrumentation or valve rw pump B inoperability Identify closed valve and
open on demand operator failure, following turbine trip. repair f ollowing shutdown.

Feedwater supplied by other
FW pump,

rW Pump Turbine B Valve falls to Instrumentation, electric Minor inpact, line remains Identify open valve and
Isolation valve close on demand power or valve failure. pressurized. repair f ollowing shutdown.
MS-36
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i Table B.2.1. (continued)

Component Failure Mode Potential Causes Effect on Plant Remedial Actions
,

Condenser Steam Valve spuriously Instrumentation f ailure, Isolation of steam supply to identif y closed valve and
,| Air Ejector and closes maintenance error. condenser steam air ejectors manually open if possible.

Mrw Pump Turbine B A, B, and C, emergency air An alternate supply of
Steam Supply ejector and high pressure steam may be provided f rom
Isolation valve supply to rw pump turbine B. the startup steam header.
MS-36 Loss of steam air ejectors *

eventually may cause a
turbine trip and subsequently,

t.

loss of Mr Pump B.
'

FW Pusp Turbine valve closes Instrumentation, Trip of rw pump and plant Repair f ailure. 23
! Exhaust Valve 8Puriously maintenance failure, runback and/or trip. hJ

MS-98, 100

Emergency FW Pump ' Valve spuriously Instrumentation failure, Possible isolation of high Identify closed valve and
Turbine Steam closes maintenance error. pressure steam supply to manually reopen.
Supply Isolation emergency PW pump turbine A.
Valve MS-82 Closure of one valve has no
and/or 84 effect on emergency rw pump

turbine operability; closure
of both valves will result
in pump inoperability.

j Condenser Steam Valve closes Instrumentation, Isolation of steam supply to Identify closed valve and
. Air Ejector spuriously maintenance failure. Air Ejectors A, B, and C manually reopen.

Supply Isolation eventually may cause turbine Alter na tively, emergency

valve MS-47 trip. steam air ejectors may be
used or steam supplied from
startup steam header.

Condenser 3 team Valve closes Instrumentation or Loss of one of t ree air Repair failure.

Air Ejector spuriously valve operator f ailure. ejectors not espected to
control Valves result in turbine trip.
MS-50, 59, 68

i

c

.

i

_ __ _ _ __
- - ,s .-
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Table B.2.2. FMEA of the main turbine generator system: turbine to feedwater heaters
and feedwater pump turbines, HP turbines to steam reheaters, reheaters to LD turbines

Component Failure Mode Potential Causes Effect on Plant Remedial Actions

HP Turbine stop One or nose valves Instrumentation, valve Plant runback or trip, pepair f ailure.
or Control valve spuricusly close or valve operator
SV-1, 2, 3, 4, failure.
CV-1, 2, 3, 4

| One ?* scr* stop Multiple instrumentation, Possible turbine-generator Manually initiate closure- valves and one er valve or valve operator overspeed, RCS overcooling. of stop and/or control
more control failure, valves. Verify closure of
valves fail to LP turbine steam controlclose on demand valves or manually close.

LP Turbine ' Steam Valve spuriously Instr umentation om valve Steam supply to one LP Identify closed valve andControl valves closes operator failure, turbine shell isolated. manually reopen and/or -*
CI:v-1, 2, 3, 4, 5, opset to normal turbine cycle repair. [jj 6 expe cted. Whether the

transient will result in
tcrbine trip is not known.

, Valve falls to Instrumentation or val'e Expansion of steam in HP Manually initiate closurev
close on turbirca operator failure. turbine through one LP cf valves and repair.i trip turbine resulting in possible

; overspeed.

rw Pump Turbine Valve spuriously vustrumentation or valve Isolation of low pressure Identif.y closed valve and
Steam Supply closes operator f ailure. steam supply to both FW pump recpen or repair followingIsolation Valve turbines. Possible shut down .LPE-12 inoperability of both FW

pumps and plant runback or
i trip. -High pressure aream

supply may maintain pumps

operability.

,

I

|

|

|
|

|

_ ._
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Table B.2.2. (continued)
!

Component railure Mode Potential Causes Effect on Plant Remedial Actions'

FW Pump Turbine A Valve spuriously Instrumentation or valve Isolation of low pressure Identify closed valve and

Stop and Gov. closes operator f ailure, steam supply to FW pump teopen or repair following

Valves LPE-19, 20 turbine A. Possible shutdown.4

I inogerability of FW pump
and plant runback or trip.
High pressure steam supply

r may maintain pump
!

operability.
:

Gov. valve Instrumentation or valve Increased FW pump speed and Identify open valve and
4

spuriously opens operator f ailure, possible overspeed trip. repair f ollowing shutdown.
rW flowrate controlled by'

-4regulating valves. Trip of ##
FW pump would result in plant
runback or trip.

Stop valve fails Instrumentation or valve Possible rW pump overspeed Manually trip FW pump or

to close on dear.nd operator f ailure, or SG overfill if pump trip isolate steam supply by
signal generated in rasporse closing MS-35.
to high SG 1evel.

FW Pump Turbine B Valve spuriously Instrumentation or valve Isolation of low pressure Identify closed valve and

stop and Gov. closes operator failure, steam supply to rW pump reopen or repair following

valves LPE-22, 23 turbine B. Possible shutdown.v

inoperability of tw pump
and plant runback or trip.
High pressure steam supply
may maintain pump
operability.

1

i
i

4

w



Table B.2.2. (continued)
__ _

Componen t Failure Mode Potential Causes Effect on Plant Remedial Actions
-

Gov. valve Instrumentation or valve Increased FW pbep speed and Identify open valve and
spuriously opens operator f ailure, possible ov irspe,d trip. repair f ollowing shutdown.

FW flowrate controlled by
regulating valves. Trip of
FW pump would resul* in plant
runback or trip.

Stop valve fails Instrumentation or valve Possible FW pump overspeed Manually trip FW pump or
to close on demand operator f ailure. or SG overfill if pump trip isolate steam supply by

signal generated in response closing PS-35.
to high SG level. _.

-4
FW Heaters Valve spuriously Instrumentation, valve Steam supply to "A" FW Identify closed valve and bR
Steam Supply closes operator or maintenance heaters and 1st stage manually reopen and/cr
Isolation valve failure. reheaters isolated. Upset repair.
MPE-5 to normal turbine cycle

ex pected. Whether the
transient will result in
turbine trip is not known.

Other Steam Valve spuriously Instrumentation, valve steam supply to one FW h.ater Identify closed valve and
Supply Isolation closes operator or maintenance isolated, loss of ef ficiency manually reopen and/or
valves (MPE-6, 10, failure. in turbine cycle, repair.
20, 24, 36, LPE-36,
10, MPE-15, 16,
17, 18)

__ _
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Table B.2.3 FMEA of the main condenser system: condenser and upper surge tanks

Component Failure Mode Potential Causes Effect on Plant Remedial Actions

Vacuum Breaker Valve spuriously Instrumentation or Turbine trip, trip of Mrw Identify open valve and
valve V-186 (7) opens maintenance f ailure, pump turbines and interlock manually close.

of turbine bypass valves Reestablish condenser
closed. vacuum.

Condenser Shell Crack resulting Vibration, corrosion. Bounded by turbine trip, Identify failure and
and Miscellaneous in excessive air trip of Mrw pump turbines r e pai r .
Connecting in-leakage and interlock of turbine
Piping bypass valves closed.

Condensate Valve spuriously Instrumentation, valve Botwell recirculation valve Identify open valve and
Makeup valve opens or remains or valve operator C-196 opens resulting in manually close.
C-175, 187 open failure. possibly decreased feedwater -*

flow to steam generators. }(
Plant power level limited.
Effect on condensate booster
or feedwater pumps unknown.

Hetwell valve spuriously Instrumentation, valve condensate makeup valve C-176 Identify open valve and
Recirculation opens or remains or valve operator or 187 opens resulting in manually close,

valve C-196 open failure, possibly decreased feedwater
flow to steam generators.
Plant power level limited.
Effect on condensate booster
or f eedwater pumps unknown.

Condenser Steam Inoperability of Unspecified. Failure of air ejectors may Align and start condenser

Air Ejectors A, one or more air ' result in long term increases vacuum pumps if required.
B or C ejectors in condenser pressure

possibly resulting in turbine
trip.
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Table B.2.4. FMEA of the condensate and feedwater system
| (a. condenser to FW pumps)
i

1 Component Failure Mode Potential Causes Effect on Plant Remedial Actions
i

Rotwell Pump Valve spuriously Instrumentation, Less than 50% reduction in Identify closed valve and
4

i Isolation valves closes maintenance f ailure. condensate flowrate and manually reopen valve orC-1, 2, 4, 5 probable rw pump and reactor reopen failure,
j trip at higher power levels.

Automatic initiation and
control of emergencyi
feedwater. At lower power
levels (<50% power) operation -a

1 espected to continue. j
! notwell Pump One or both pumps Electric power, motor Failure of both pumps and Identify and repairI B, C tripped, failure, loss of Recirc. failure of one pump at higher failure.

inoperable Cooling water flow to power levels result in rw,

bearing coolers. pump, reactor trip and
automatic initiation and
control of emergency
feedwater. At lower power

{ 1evels (<50% power) operation
4

expected to continue
following loss of one pump.

j Condensate Valve spuriously Instrumentation, valve Trip of rw pumps and reactor. Identify closed valve and'

valve C-10 closes operator or. maintenance Automatic initiation and manually reopen or repair,
failure. control of emergency

feedwater.
!

i

,

.

i

! .

I
4

i
, -
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Table B.2.4. (continued)

Componert railure Mode Potential Causes Effect on Plant Remedial Actions

Identify clo.-ed valve andDemineralizer valve spuriously Instrumentation, valve Less than 304 reducticn in :

Bypass valves closes operator or maintenance condensate flowrate and manually rect en or repair.

C-14, 15 failure. probable Fw pump and reactor
trip at higher power levels.
Automatic initiation and
control of emergency
feedwater. At lower power
levels (<50% power) operation
expected to continue,

valve spuriously Instrumentation, valve t%i ielaters bypassed which Identify and repair
opens operator or maintenance eventually will result in failure,

failure. exceeding water quality
specifications and may -a

CDrequire plant shutdown.

Demineralizer Flow path blocked Isolation valve closure, Increased condensate flow Identify and restore

A,B,C,D unspecified demineralize bypassing demineralizers, flowpath,

or resin trip plugging.

Rydrazine or Injection stopped Unspecified. Out of specification Identify and restore

Ammonia reed condensate pH or Og injection.
concentration. May require
plant shutdown.

Generator water valve spuriously Instrumentation or valve Trip of FW pumps and reactor. Identify closed valve and
cooler Bypass closes operator failure. Automatic initiation and repair failure.

valve C-61 control of emergency
feedwater.
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Table B.2.4. (continued)

Component Failure Mode Potential Causes Effect on Plant Remedial Actions

Valve spuriously Instrumentation or valve Increased bypass of Identify open valve andopens operator failure, condensate around generator repair failure,
water cooling and hydrogen
coolers. Whether generator
would eventually trip is
unknown.

Hydrogen Cooler valve spuriously Instrumentation or valve Probable generator and Identify closed valve and
Flow Control closes operator failure. turbine trip. repair f ailure. *
Valve C-59 j

valve spuriously Instrumentation or valve No significant effect Identify open valve and
opens operator failure, expected. repair.

Condensate Booster Valve spuriously Instrumentation, Less than 50% reduction in Identify closed valve and
Pump Isolation closes maintenance failure. condensate flowrate and manually reopen valve or
valves C-77, 80, probable FW pump and reactor reopen f ailure.81, 84 trip at higher power levels.

Automatic initiation and
control of emergency
feedwater. At lower power
levels (<504 power) operation
espected to continue.

%

,

4
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Table B.2.4. (continued)
_ _ _

'_
Compo nent Failure Mode Potential Causes Effect on Plant Remedial Actions

I
:

Condensate Booster One or both pumps Electric power, motor railure of both pumps and Identify and repair
Pumps A, B tripped, failure, loss of Recirc. failure of one pump at higher f ailure.

inoperable cooling water flow to power levels result in PW
,

j bearing coolers, pump, reactor trip and
automatic initiation and

3

control of emergency
feedwater. At lower power
levels (<50% power) operation

,

espected to continue
following loss of one pump.

"F* Low Pressure Valve spuriously Instrumentation or Less than 334 reduction in. Identify closed valve and
FW Heater closes maintenance f ailure, condensate flowtate. manually reopen or repair.
Isolation valves Probable rw pump and reactor

,

C-89, 90, 91 trip at higher power level'

with automatic initiation>

: and control of emergency
, feedwater. 00

C3g

Low Pressure rw Loss of steam See FREA of Main Steam System - Turbines to Feedwater Heaters, Other

j Beaters F1, F2, supply Steam Supply Valves.
F3, D1, D2, Cl,
C2

Low Pressure rw Valve spuriously Instrumentation or Less than 504 production in Identify closed valve and

Beater Isolation closes maintenance f ailure, condensate flowrate. manually reopen or repair.
valves C-103, Probable rw pump and reactor

.
C-104, C-110, trip at higher power levels

j C-111, C-117, with automatic initiation and
- C-118 control of emergency

i f eedwater,

rw Pump valve spuriously Instrumentation or Trip of one of two main PW Identify closed valve and

Isolation valve closes maintenance f ailure. pumps, plant runback and manually reopen or repair.

FDW-1, FDW-6 Possible reactor trip.

j rw Beater Drain Unspecified - Dwg. Unspecified - Dwg. Ef f ects bounded by a trip Identify f ailure and

i System PO-123A not PO-123A not available to the main FW pumps and r e pair.

}
available automatic initiation and

control of emergency
;I feedwater.

.

4

,

4

i

.
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Table B.2.li. FMEA of the_ condensate and feedwater system
(b. FW pumps to steam generators)

Component Failure Mode Potential Causes Effect on Plant Remedial Actions

FW Purps A, B Pump trip Instrumentation f ailure, Trip of one pump will result Identify failure and
pump / turbine failure, in a plant runback and repair.
high steam generator possible reactor trip at
level, loss of Rectre. higher power levels (>50t
cooling water flow to oil power). Trip of both pumps
coolers - see also FMEA results in reactor trip and
of Condensate system and automatic initiation and
Main Steam System. control of emergency

feedwater.
Spurious speed Instrumentation or Increased P across FW Identify f ailure and $increase throttle valve operator control valves, repair. -

failure.

Spurious speed Instrumentation or Possible decrease in feed- Identify failure and
decrease throttle valve operator water flowrate resulting in repair,

failure, plant runback and possible
reactor trip.

fw Pump Isolation Spurious valve Instrumentation, valve Reduction in FW flowrate by Identify closed valves and
valves FN-4, closure operator or maintenance <50%. Plant runback and/or manually reopen or repair
FN -3, TW-9, failure. reactor trip at higher power failure.FN-8 levels.

FW Pump Valve falls to Instrumentation or valve Following substantial Identify f ailure and
Recirculation open on low FW operator failure, feedwater flowrate decrease repair.
Control valve flowrate transients (e.g., reactor
FN-53, 55 trip), failure to maintain

minimum pump flowrate will
result in pump trip or
possible pump damage.



Table B.2.4b. (continued)

Component Failure Mode Potential Causes 2ffect on Plant Reredial Actions

High Pressure Valve spuriously Instrumentation or Reduced FW temperature and Identify mispositioned
FW Heater Bypass bypasses flow paintenance f ailure. inef ficiency in turbine valve and manually
Valve FDW-11, around HP heater cycle. reposition or repair
FDW-16, FDW-26,
FDW-29

High Pressure valve spuriously Instrumentation or Reduction in FW flowrate by ICentify closed valve and
FW Heater closes paintenance f alluce. <50% resulting in possible manually reopen or repair
Isolation valves reactor runback and/or failure.
FDW-14, FDW-19, reactor trip. _.

FDW-21, FDW-29 cm
N

High Pressure Loss of steam See FMEA of Main Steam System - Turbine to Feedwater Heaters, Steam
FW Heaters AI, supply Supply Valve MPE-5
A2, 51, B2

FW Block Valve Valve spuriously Instrumentation or Reduction in FW flowrate by Identify closed valve and
FDW-31, FDW-40 closes maintenance f ailure. <50% results in reactor manually reopen or repair

runback and/or reactor trip. failure.

FW Control Valve One or both Instrumentation or valve Reduction in FW flowrate to Identify failure and

FDW-32, FDW-41 valves spuriously operator failure one or both steam generators r e pai r .
close which may result in plant

runback and/or reactor trip.

____
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Table B.2.4b. (continued)

Component Failure Mode Potential Causes Effect on Plant Penedial Actions

valve (s) open or Loss of instrument air valve (s) opening or remaining Identif y closed valve and
fall to close on pressure, inst r umen ta- in position after reactor manually reopen or repair
demand tion, or valve operator trip may result in a steam failure.

failure. generator overfeed condition.
Transient will be terminated
by automatic trip of main FW
pumps and initiation and
control of emergency
f eedwater under manually
controlled by the operator.

FW Stastup valve valve spuriously Instrumentation or May produce erratic post- Identify closed valve and
Isolatton valve closes maintenance f ailure. reactor trip steam generator manually reopen or repair '

FDW-36, FDW-45 level control, failure, ,
to

FW Startup valve valve (s) Instrumentation or Closure of FW block valve Reestablish feedwater flow
FDW-35, FDW-44 spuriously closes valve operator f ailure, and loss of feedwater to one to isolated steam generator

steam generator resulting in by manual control of
reactor trip. startup and block valves or

manual initiation of
emergency feedwater,

valve (s) open or Loss of instrument air valve (s) remain in position Identify failure and
fail to close on pressurize, following reactor trip which ' manually close startup or
demand instrumentation or valve may result in a steam startup isolation valves,

operator failure. generator overfeed condition.
Transient would be terminated
by automatie trip of main FW
pumps and initiation and
control of emergency
feedwater under manually
controlled by the operator.
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B.3 FMEA 0F THE MAKEUP AND PURIFICATION SYSTEM

Table
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B.3.2 RC pump seal return subsystem . . . . . . . . . 197. . . . .

B.3.3 HPI pump subsystem 202. ..... . . ... . . . . . . . .

B.3.4 RC pump seal injection subsystem 21 0. . . . . .. . . . . .
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Table B.3.1. Letdown subsystem
(Reference: FSAR Figures 9.3-2 and 9-2A)

Poteattal fatture Mode lamediate Effects

Interface At Subsystem Demedial Aetton
Component Mode Invol wd Within Subsystem Interface Utthin Suespetoa

1.8 Letdown Coolers:

e.l. nimeellaneous t. Opened or falle sent or Drain Reduced letdown flow rate; Some letdown flow to Though deteettoa

normally Closed, open due to SC leak diverted to suspe; la diffteelt,

Manuel Valves int ernal f ault hence, reduced letdown eloce or repair

Such as NP-329 flow to 3-way valve when found i

'

(Including Double NP-14 (HP-fl0) and 3C
Isolation valves leak

# Such as NP-32
and HP-359),

4.1.2 Talve HP-1 (NO) 1. Fetta elooed due to -- Letdown flow to Lten Cooler Letdown flow to 3-way Open NP-T13 and

(NF-flal internal fault NP-Cla obstructed valve HP-14 (HP-510) to use Ltda Cooler
terminated NP C10

2. Spuriously elooed Control 32gne! Letdown flow to Lten Cooler Letdown flow to 3-way Open NP-fl4
FP-CIA s,bstructed valve NP-14 (HP-fl0) Se

terminated
Unobetructed letdown flow If NP-CIA hee espertenced Close earles). Falle to close when a--

required due to to Lion Cooler NP-C14. e loss of eocling water, teoletion valve CD
W

internal f ault Lten Cooler HP-CI A cannot then letdemn fluid
be toolated if valve Ier-t temperatare will

( NP-514) t o open increaseg letdown flow
to 3-way valve NP-14
(NF-910) will continue
until sectos isolation
valve NP-3 (NF-T24) or
NP-5 (HP T)) to elooed
to protect IIP-It. If None
Itt-CI A has espertenced

a tube rupture, then en
SC Rest to CC1f system
will ocour

4. Falle to close when Electrie Power Unobstructed letdown flow If NP-C14 hee esportenced Close series

required due to to Lton Cooler NP-Cla, e loss of cooling water, teolation valve

unevettability of Lten Cooler NP-CI A cannot then letdown flute

electric power be Seelsted if valve NP-1 temperature will

(NP-TIA) is open ameresse; letdown flow
to 3-way valve NP-14

(NP-TIO) will continue
until sortes isolation
valve NP-3 (NF-T2A)

' (powered from separate
bus or manually elemed)

or NP-5 (HP-T)) la
closed to protect NP-It.
If NP-CS A has esportenced Santore eleotrie
a tube rupture, then an power
RC leak to CCW system
will occur

|
|

. . . . . . . . . . _ . . _ . .. .

_ . .
.

. -. ,

l
__

.
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Table B.3.1. (continued)

Poteatta! Petture geode immedtete Effects

laterface at Subeystem Beendtal Aettee
Component stade Involved Withle Sutoystem Interface Withia S.eepeten

1.1.) talve NP-2 (WC) 3. Palle open due to - Unobstructed letdown flow Walese ma pa-st ecollag Close RP-4
(NP-Utst taternal f. ult to Lten Cooler NP-CIS water provided to Ltde (NF-T28)

Cooler HP-Cts, letdown
temperature will
Secrease poestbly
reauttlag ta letdown
feelettoa, t.o.,

terstaattom of letdown
flow to 3-way valve

WP-14 (NP-fle)
2. Sportously og,ened Control Signal Unobstreeted letdown flow Waless eosposest ecoltag Cloes NP-2

to Lten Cooler NP-Cl3 water provided to Ltea (NF-TIB), eloce
Cooler NP CIS, letdows NP-4 ( NF-T28)
teoperature will
increase posalbly
resulttag in letdown a

toolation, 8.e., CD
O

teretnation of letdowa
flow to 3-way valve

NP-14 (HP-TIO)
3 f alls to open when - Use of Ltda Cooler MP-CIS May result in leeressed pone (teelete and

required due to presented letdown temperature or repatr)

laternal fault comtlawed letdown
isolation

4. Fatts to open when Electrie Power L.= o' Lten Cooler NP-CID May result in taereased heetore electric

required due to prevented lethus toeperature or power
unavailability of coattaued letdown

electrie power isolation

1.9.4 Operettag Letdown 1. Loss of rooltag water Component lacreased letdowe lacreased letdown fluid Isolete WP CIA
Cooler WP-CI A flow Coollag temperature. Nigh toeperature poselbly and uttlase

(or WP-C18) kater temperature sensed on resulting in autoestle NP-CiB if

System TT-3 resulting to letdown flow seeletloa, ecoling water

automatte closure of 1.e., termination of evellable to

isolettoa salve NP-5 letdown flow to 3-way NP-C I S.

(NP-t}l and Indicated valve NP-14 (HP-fl0) Bostore letdown
in control room flow if it has

been teolated

2. Beduction in heat -- Etressed letdown lacreased letdown flute Isolate WP-CIs,

transfer capablitty temperature. High temperature rtillae M*-CIS

due to foultag temperature sensed on

TT-3 and indteated in
control roce



Table B.3.1. (continued)

Poi..ttet fatter. w . Ime.dtete eft.ete

lat.rfee. At Sumerataa semedtel Sette.Component Plode involved Within Subsystee laterfeoe Withte Suteystee

). Tube rupture Component seduced latdown flow rete seduced letdown flow to Close NP-3
Cooling due to flow dtversion ).way valve NP-14 (NP-flA) and
water (NF-tio). Leae of NP-1 (NP-924),
systee reactor coolant to CCW and spea path

erstem. peoreastag Ltdo throush IBP-CIS
tant level, BCS pressure.
Safety injeettoa alsnel
util not teolate letdown
cooler. Increased CCW
eurge tank level,
discharge of reactor
coolant through CCW
retter valves to to

I.9.5 Standt,y Letdown 9. Tut,e rupture Component toduced letdown flow rate Reduced letdown flow to Close or vertly
Cooler NP-C1B Cooling due to f! w diversion 3-may velve NP-14 elosure of SP-4
(or NP-CtA) Water (NF-fl0). Loss of (NF-F29)I

Systee reeetor ocelent to CCW totdown fleu
system. Deereening Ltda through WP-CIA
tart level, DCS pressure. Se poselble
Safety injeettoe signal omee leek to ~*

,
will toolete letdova toelated q
cooler. lacrossed CCW
aurge tank level,
discharge of reestor
ecolant through CCW
roller valves to 38

1.1.6 talve NP-) (50) 1. Falle closed due to -- Letdown flow through NP-Cl4 Letdown flow to 3-may Close NP-1
(NF-924) internal fault le obstructed velve NP-14 (NP-TIO) Se (NP-flA), open

terelnoted NP-2 (NP-tiB)
to divert
leteams flow
throegh NP-CIB

2. Sportously stomed Control Signal Letdown flow through MP-CIA Letdove flow to 3-may Open NP-)
le obstructed valve Rf-14 (HP-fl0) to (NP T2A)

terminated
). Falls to cla9e when Prevente Isolation of If NP-CI A has esportenced None

required .sien to NP-CIA a tube rupture, IIP-t
internal fault (NP-VIA) has been elemed,

and NP-C1B to to be need,
then an SC leak to the

CCW erstem util occur.
If NP-CI A has espertenced Automatte closure
a lens of coollag meter of NP-5
and HP-t (NP-eta) ese (NF-v));
not be closed, then NP-Cia cannot
letdown fluid temperature be toelated
ut!! tacrease and NP-5 until NP-)
(HP-V)) ulli elone (HP-T24) to
terminating letown flow repaired

to HP-14 (IIP-VIO)



- - . .

Table B.3.1. (continued)

Peteettal retter. nw. se.edlet. arr.ete

1.t.rface at sumerete= ne=edtel settee
cw --at nwe ras.tv.d . vttht. sumeret.e Interfees uttale sueersten

4 P.tle t. etese electrie Pe e Pree..te testatte. er If mP-Cia hee espers.eeed me.e
retutred due to NP-C18 a tube rupture NP-3
emenetteettity of (ItP-TI A) hoe been elemed,
power se bue 1EIS23 and NP-CtB to to be need,

them om BC leet to the CCW
system will socer. If Autemette sleeure
BP-CI A hee supertanced a of BP-5
lose of coettag water sad (BP-T)); RP-Cl4
hP-1 (NP-Tla) esamet to esamet to
elese1, thee letdeue toelsted mett!
flate temperature ett! power is

will enerosse and NP-5 restored en tus
(HP-T)) util elese 1E1321
terstaattag letdown flew
to NP-14 (MP-fl0)

5. Palle to elese when tagineered Prevente teeletten of If NP-C14 hee espertenced Rome
required due to Safeguards NP-C14 e tube ruptore, leP-1

fatture of E3 Protective (NP-TIS) hee been eteeed,
algas! System and NP-CIS le to be used. -.a

( E3PS) thea em BC leek to the CCy CD
*spetoe will occur. If Aetemette eleewre

ItP-CI A hee espertanced a of NP-$
lose of ceallas water (NF-T))! NP-CI A
med NP-1 (WP.TI A) eemaet esmeet be
be cleaed, then letdeus teolated until
flute toeperature util 33 stsaan to
incrosse and NP-5 (Ier-T)) restored
mill elese terstanting
letdown flow to NP-14
( HP- TIO)

1.I.7 Talve WP-4 (mo) 8. Fatis cleaed due to -- some some Close NP-2
( HP-TIS) te-ete.at lault (NF-ftt) to

divert letoowni

flow through
NP-Cia

2. 58,ur s eusly e t..wd Centrol Stane! None some Open NP-4
(NP-T20)

3 Felle to cle e when -- Prevente teetetten of If NP-CIS has espertenced Hwe; NP-CIS
required due to N P-C l 3 e twee rupture, them en commet be
laternal f ault DC le.k to the CCW 3eelsted untt!

eystem ut!! cecur NP-4 (ter-T23)
to repaired

4. Falle to claw mewn Electrte Power Prevent e testatten of If MP-CIS mee espertenced seme; NP-CIS
re getred d e to HP-C I B e tube rupture, then sa commet be

unasettetaltty of BC teak to the CCW toolated matt!

gen.or en tw. I 6 I*.7 8 eyates w113 occur power ie
restered om bue I

tels:1

____ _ _ _



lable B.3.1. (continued)

Pet.atlel retture siode immediate aff.ete

laterface et Suberates
|

Nemedte
Natht. .l settesC _ at d. .... . Nithta su.e,et lat., fees .Le.

,

5. Fet!e to close when Eastasered Prevente inotettem of If NP-CIN hee espe Seeeed Nome; NP-Cth
regelres due to Safeguards N P-C I N e tube rupture. * ben se esamet be
fatture of E3 Proteettee NC leek to the CL18 Seelsted ustti
engsel Systee systee util secur SS etgaat te

(ESPS) restored

1.2 Niech Ortflee:

1.2.5 telece!!ameene 9. Opened er felle open Tent er Dreta Beduced letdown flow rate Neduced letdown flow to Though deteetten
soreally Cleoed dae to laternet 3-may valve NP-14 Se diffleult,
Manuel Velves fault (NP-Wie) etese er repaar
Sectb es NP-36 when found
er NP-))2

f.2.2 valve NP-5 tuo) 9. Teils elesed due to - Lethm flow torstmetod Let h m tlow to 3-may Close NP-](EP-9)! tatoreal feelt selve NP-14 (NF-VIO) ( NP-T28), NP-4d -4

to terstaeted (NP-920), and O
NP-6 ( NF-94)

8 and resear
, 2. Spurtemely etened Centro! $$ goal Letdome flow teretseted Letdown flow to 3-may Open NP-5 (NP-T))
1

volve NP-14 (IIP-Wl0)
d

to tereinsted
). Falle to elese when -- Nigh temperature letdoma Nigh temperature letdeve Close NP-6

required due to flow to purificetton flow poselbly eeustag | NP-T4 ) . Iff saternal fault doeteeraliser le flow blookage If resta purtfleettee
unobstructed. Imeressed beads in NP-Il melt reatne damages.
Ietdown fluid temperature see steadby
esy result la settlag the destneraliser
realm boede la NP-Il and
thus blacklag flow

4- Spurtously lastrument Air Letdown flow terstaeted let h a flow to 3-may Noetore
closed due to valve NP-84 (HP-910) lastrument str.
unaveslettItty of to teretmoted opea NP-5
8 met rument eir ( gir-t))

(sesemed)
5 falle to etow when Plant Imatro- Nash temperature letacus Nigh temperature letdown close NP-6

required d=e to seatetson flow to purtracettom flow possibly cemetag ( NF-94 ) and
unavettability of deelsereltser le flow blockage if resta restore
letdown toeperature umebetreeted. Imeressed beads in NP-Il melt temperature
laterlock letdown flute temperature latertoet. If

may result In molting the purifteettom
resta boede la NP-Il and reatmo desaged,
thus blecklag flow une atendby

desteeraliser
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Table B.3.1. (continued)

rot.attel Pettere sind. Remedtete affeets

Ieterface at Seteystem Dunedtel Settee
Ceeposest stodo leesteed within Subegates laterfeee 111this Sumeputes

6. Felle to elese when Engineered Pollare of one of two name, If nP-6 (EP-M) Claes GP-6
regutred due to Safeguerde redundant eestatsomet oncessefully sleses. (SP-94) and
uneest!attitty of Proteet tee Seelettee selves, attgh Otherulee, high restere 5
E3 esgul Systee temperatore Seteaue flew temperature loteams flaw signol. If

(ESPS) to portftcettee penethly coasteg flem purtfteetten

desteereitser to Stochese if reste boede restes duenced,

moetetreeted. leereened to NP-Il melt see steadby
lateewe flate temperature desteeraliser

any result to moltifg the
reste boede le WP-34 and
thus bleeslag flew

1.2.) telee WP-6 (30) 1. felle cleaed due to - Letdown flow to purtftcottes Letdows flew to 3-eay Wolve 5ttlise WP-7

(WP-943 1 sternal feelt desteereltzer is NP-14 (IIP-910) la (NF-M) for
ekstreeted maless NP-42 or tersteeted meteos NP-47 letdame
WP-F ( RP-M) to spee er BP-f (IIP-M) le apes throttllag

2. ypertemely clar ed Centrol Stemet Letdows flew to portfleetles Letdown flow to 3-mer sette Opes IIP-6 (IBP-tel
desteereltzer to NP-It (NP-fle) to er WP-7 (IIP-M)

**ebetreeted unless WP.42 er teraleeted maless IIP-42
BP-T (IIP-M) to epee er nr.T (IIP-M) le apes $

). fatte to close when -. Letdene flew to block If Nf-S (ht-93) has felles Close NP-8
regelred des to artftco to unetstreeted to elese and the Seteewe (IIP-VT) to
teternet feelt flew has met been esoled, preteet

them toeperature of portfleettee

letdows flew to WP-14 desteereltser

(MP-tIO) =188 eastieue hP-31
to Encrease end reste
heads to WP-31 may salt
causteg flew blechase

4. falls to clese emee lastresset atr Letec=a flew to blech if BP-S (RP-93) hea failed Close WP-8
reewsred due to artisce la emeestructed to elene end the letdeus (NF-97) to
messettshttsty of flew has not been eeeled, protect

testrueest etr thee teos,erature of partiteettee

(eseused) letdown flew to WP-14 deetmorettser
thf-910) mill coettese pr.31; restore

to Secrease and reste Smetruseet air
teeds am NP-II esy melt
esosteg flew tieckage

8.2.s Stoch Ortflee 1. Feste pl eded .. leteams ft.se te portfiestsee Letdove flow to }-wer telee Dttlise MP-7
doeteeeeltzer is NP- I t ( DP- 510 ) to ( SIP-M) far
etstructed If WP-42 sad tersteated If eP-47 and letdown flew

WP-7 (HP-M) are eleted MP-7 (eP-M) are elemed thrott!seg

3.2.5 Plew freesettter 1. Internet f ewit Paset I sot rie- sene Recorrect leforsetten Isolete and

PT-29 results to erot et t ee sen'. to ptset edes atore repe e r

tecerrect stomat
2. Falls due to Electric Power some Incorrect lefessattee Destere electrie

seat to plant et<ersters power
lose of puser



Table B.3 1. (continued)
__

__

Pe4* metal Petture stode tunedtete Effects

laterface et Satsystee tenedtel SetteeCongeneet stodo leesleed tithte Sub*yotes laterface titthia Sweerstee

3.2.6 telee mP-39 (ao) 3. Fette elooed due to - Letdows flew to purtfleetten Letdown flew to j-way vetoe Open ter-T (ur-M)
seternel fe it deetnereltzer to RP-14 (NP-fic) to

etstrweted if NP-42 and terstaeted if NP-42 and
WP-7 (NF-es) are elesed NP-T (nP-95) are elesed

1.2.7 Walee BP-e2 tac) 1 Felle open d.e to - Weebetructed letdown flew Imereesad tetoews flew to teolate bleebtaternet fault threwst ertflee bypees to 3-way velve IIP-84 ortftee to
twelftcettee deelsere!!aer (NF-Viel reduce letdow4

flow

t.2.0 gelse RP-48 (90) 9. f elle elesed due to -- t oteown flow to NP-7 (WP-95) Bone, if NP-7 (IIP-95) (BC)
saternet fe.it to obstreeted is elesed. Otherulee, Open leP-42,if

reduced letdown flew to re4stred
1-way valve WP-84

(NF-910)

1.2.9 telee mP-7 lac) 9. fails epes dee te -- Bloce artitee hypessed, laeressed letdown flow to Close RP-40 and/( SP- M) laternal feelt sacreened letdown flew 3-way volve WP-84 er IIP-49 and
(HP-VIO), med poteattelly repair
taeressed letdown -*

toeperatures
2. Spwrtessly etened Control 33gnal Slect erifice typassed, Imeressed letdown flow to Close RP-7

taereased letdown flow 3-way valve IIP-It (It-V5)
(mP-ste)

), falls to open whee -- Addittenen letdava flow adottlemal letdown flow open IIP-42 ST
requtred due to met provided met provided required, elese
toternal fealt

WP-40 and MP-48
med repair

4. 9 a t t s t o agen ween lastrueemt air a d.18 t t ee4 B letdown TIcw Adottional letdown flow 5ttlise NP-42,
req =tred h to not provided not provided if re4 mired;
wassettabiltty of restore
Instrueemt etr tastrument air
(assumed)

1.2.10 Walee WP-43 (mo) 9. Palts elesed due te -- Obstructs letdown flow to Seduced letdeva flow to Ottlise RP-42 If
lateveel f eelt purtflcatten deelaereltzer 3-way vetoe NP-14 required

if NP-7 (NF-US) is opea (NP WIO) If RP-7
( NP-TS) 3a open

t.2.38 Sedtettee 1 Dereelly elesed Ittga settetty Cleerstem of letdome flow Beduced letdows f!cu loolate Leop;
Insatter Leep aanwel dreta value Weste Tash, when redtat tua mons tert >g to 3-way velve NP-14 elene selve er

speeed, f alls open. Mtseellaneous leep used (NF-fle); flow diverted repatr when
er met elesed haste Tent to Miscellemoows Maste feuad; seaplaag
ef ter eate* mance, faat er Righ actietty evelleble et
er retter valve Weste Tank other potato la
s6er8owsIy egens subsyaton

2. Loop becemes pl w ed -- 9edeced letdeus flew; S*duced letdown flew Unplug when
raJaatsen monitoring to 3-way valve WP-84 found; seepItag
greeented 6 *tr- flo) avallette et

other pelate la
subsy stes
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$ Table B.3.1. (continued)
i
<

rotestsel rettere modo temodlet. aff ts

lat.cre.e at sum.,.tes seemdsel settee
ces ,eeese nede zee.Is.4 witate sumereces laterfees witnse sneerstem,

I

f 3.2.12 Deres poeter Leo, s. Berently elesed Nigh Settetty Steerstem of letdows flem W totdoes glow te Seelste Leop;

emeest drete vetoe DS Teek, when tores enter loop }-way selve WP-14 elese volve er
eposed, felle spee. 8ttecelleenous used (It-Tle); fleu elverted ressar eben
er set etened after Weste Teek te Etch Settetty 98 found; semptleg

estatemenee, er Test er niecellemeous mostlette et

tellef selve Weste Teek other potete la

spurieseIy opese embayetem

Seduced letdove flow; heres bedeced letdown flew to Waptug whee2. Leop becease plagged --

i eesteet aseeurement 3-mer selve NF-14 foundg sempttog
proteated ( NF-fle) avallable et

other potete le
1 embeyotes

3.) Purtfleottee Desteereltser:
i -*Letdown flew to purtfleetten Letdcue flow to 3-mer selve1 3.1 Flow Dessle to fell plugded ==

dealeerentzer as RP-14 (WP-5103 S e reduced
obstructed er tereteeted

1

j 9.3.2 flev Trementsters 1. laternal fault Fleet last re. sene pose 9ttllae FT-29 te

FT-4. FT-er, and resulte la moet et t ee deterstee
g

FT-ea lacorrect esseel letdown flow
i

4 (reguaree NP-7
! (pr-es) and

I air-42 he emut),

repetr
treassit ters;

}I
restore
electrie power

j 2. Centrol power fatture Electrse Pcwer Bose some

resulto la

-|! tacerrect eigeel

!

j t.).3 Fressure Cause 1 laternet fault Fleet Beatre- some mese Repelr when
detected

PG-73 resents to esetettee

socorrect

!,
erosurement

i

i
5

4

;

i

4

}

5

-- _ . _ _ _ - - . .-- . .-
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Table B.3.1. (continued)
_ _ _ _ _

Peteet tot f ea ture stade Innedsete Effects

Int er f ace at Setsystes beendte! 4etteeCeepeneet thse involved htthta subsystee Int erf ees Withte Subeystes

t ).e yeegeratore 1. Internet fault Plant Imatru- if a spurtcuely k8gh Letoowa flow to 3-may velve Opes NP-$Trementiter TT.) results to mentatten seesersture esgeel to nP-14 (uP-It0) te thP-33) afterascerrect signal tressettted, WP-S (NF-9)) terstaeted seseestag
to setomettently etened, failure; repetr
ekstreettag letdown flew treneettter
to purtraeatise
dealmereltzer

If a spurtowely low W1st temperature letoown Cleme BP-6
toeperature algaal to flow poselbly eeustag ( NP-94 )!
traeaestted, hP-S (SP-93) flow t,leckage if resta repatr
would met be evtometteetly boede la NP-Il eelt transmitter
elesed if 'equired,

f acesstre letdown
temperatures would result
la purtfleettom
deelnerettaer heattag, er
realm bead settlag and
flow blockade

2. C=etret power tiectric Power If a spurseusly high Letdown flow to ).way valve Open WP-5 $f ellure results toeperature esseel le WP-14 (RP-WIO) Se (RP-93) after t.d
to sneerrect signal transet tted NP-S (NP-9)) tere 1 meted sessestag

to autooetteelly etened, failure;
ebetruettag leteown flow restore
to purificettaa electrie power
deelmerallser

If a spurtously low Nigh temperature letdown Close NP-4
temperature engaat to flow possibly enestag ( 31P-94);
tresseitted, hP-$ (NF-93) flow bleekage If resta restore
would met be autometteally beads la NP-Il eelt electrie power
closed if requiree,
facesolve lataown
temperatures would result
la purtsteettom
deelmerettser heattag, er
resta bead melttag and
flow bieckage

3 3.5 Maecellemeems 1. Detlef selve Liquid Waste DC leat Reduced letdows flow to lealete
Detlef tanees sporteusly epees Drela 3-way valve NP-14
Like 35-52 (NP-43) (NF-fl0)! DC leek
and mores!Iy 2. sc eanuel valve Seepitag Systm BC leek Beduced letdows flow to some (IsoleteClosed, Mammal falls epen due 3-way valve NP-84 and repatr)
Wolves Late WP-te to laternet fault (NF-fl0) if esople flow

entsts; SC leak

3.3.6 Walee WP-195 (a0) 1. Fests etened due to .. Letdown flow to purtricattom Letdown flew to 3-way valve some (teolate
laternal f ault dealmerallmer is NP-14 ( hP-vl0) to and repetr)

obstructed teralmated
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Table B.3.1. (continued)

Peteettet Petture Itod. Saeedtete Effects

Interface et Subsystem Sammetal Aetten

Comeensat made lavolved W1thtm Subsystee laterface Withla Suseystem

t.).7 Wales WP-396 (sc) 3. Falle spea due to Outlet of Bedeced letdous flew to Beduced Setooma flow to Claes HP-57

1 sternal fealt Leteaue portfleotten.doeteoretiser 3-may sette BP-14
Pltter BP-FIA ( IIP-910) . (Letdous

flou typasses gr-It and

NP-14 ( SP-910 3 )

9.).S Talve SP-197 (SC) 1. Falls open due to Inlet of Sedeced Setsous flow to Seduced totdown flow to Close hP-57

tateramt fault Lettoue portftcattom deoteerattser 3-may sette WP-14

filter WP-PI A (87-910). (Letdeus
flem bypsomes BP-It med
RF-14 ( AP-9103)

9.).9 Talve BP-1) (DC) 9. Patte spea due to - Letdown flow typasses Letdome flow cheatstry Bone

( NF-M ) laternal f ault the purtfteettee ettered
deelserettserg Seteous
flow cheetatry altered

2. Sportemely opened Centret 51gaat Letdema flow typesees Letdeva flew cheatstry Close NP-8)
the purtfleettee ettered (IIP-M )
deetmorettsort toteema $flow cheelstry altered

). Fetts to open unea -- Purificattaa easinerettser Leteaum flow to 3-may estes Open WP-9 Sr

requtred due to WP-It typass unevettaD!e NP.lt ( ht-fl0) te (1NP-M) and

laternet fault if regelred terstaeted if DP-Il le WP-ti (INP-99)
plugged and use NP-I2

If evettable

4 Peteettet fattare to tastrument Str Furtftcottee desimeretteer Letdown flow to 3-may velve Beatore

epee due te hP-It bypass unevettette HP-It (HP-f t0) te lastrument etr!
saavatnettlity of tf required terateeted if NP-It la spee WP-9

plugged (int-M) and
imetrument air WP.I1 ( t MP-99)
(easueed ) and use WP-32

Sf avellable

1 3 10 velve WP-8 (to) 1. Fatts etomed due to -- Letdown flow through Letdous flow to 3-may entre Open NP-9

(57-973 taternet faelt portftcaltem desteerattser NP-84 ( MP-W10) is (tMP- M ) sad
NP-Il is e&structed terstaated NP-I t ( S NP- 99)

and util1se
purifteetten
eestneraliser
MP-32 ff act
beied used ty
Walt 2

2- Spuriously etssed Centret K3gmet Letduum fIce Itueugh Letdous flew to 3-may velve Open ItP-9
yertftratten doeteeraltser HP-14 ( NP-fl0) te (1MP-58) and
ut-Il is oest ructed terstaated HP-II (INP-59)

and utttise
purtrication
deelserettser
NP-12 If not j

betag used by
Umst 2

s ..

- - - _ _ _ _ _
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Table B.3 1. (continued)

Pot entini ret s.r. mi. l dlate sfreets

lat erf ace at Subeystee Semedlet aettonCoopeneet hse involved Withia Subsystee laterface Within Suteyetoe

). Falle to close when - Purtfleottom deelnerettser Coattaued letdown flow to Close NP-47required due to NP-II t oelettes to 3-way volve NP-14
internal fault emerataehle ( for- fl0)

4 Fette to close when Isotrueest Air Purtricetten deatnerentser Continued letdown flow to Close NP-tilrequired due to NP- I I tooletten la 3-way volve NP-14 restore
unevettability of unevettette (NF-W10) taetrument etr
tastrument air
( s eemed)

1.3.51 Purtricetica 1. Fett plugded - Letdown flow to tisched la Letdown flow to 3-way valve lealete NP-Il
Destneraisser purtfacetton deelnerettser NP-14 ( NP- 5103 t o metag NP-8
NP-It NP-II terminated (NF-TT) and use

NP-12 If
evettetle or
bypese by
opostag NP-1)

(NF-TS)
( reduese
et lete, 3

,, control) m
1.3.'2 Step Check selve 1. Fette p!weged - Letdown flow through Lateown flow te velve teetate IeP-Il

NP-47 purificetton deelnerettsar NP-84 (NF-fl0) le metag ser-8
NP-It is obstructed terminated (NF-TT) and use

IRP-12 If
evettable or
bypene by
opentag NP-1)

{ NP-EE )
(reduced
cheetatry

control)
t.).Ij volve NP-9 (ec) 8. Fatla opea due to - If purtfleet8on Increened or reduced Benedsel settoo

I lhP- 58 ) laternal fault deelserettser HP-32 to letdown flow to 3-may dependent ce
betag used by Walt 2, then volve NP-te (NP-fle) Nat t 2
the letdown fleus of the operating
two units any be staed requiremonte
depending on the pressure
difference between the two
letdown f!cus

2. SPweseusly opened Control 33snel If purifteetton increened or reduced Close NP-9
dessaereltzer NP-I? to letdawn f!cw to 3-way ( INP-tS )
being used ty matt 2, then valve NP-14 (NF-fl0)
the letdown flows of the
two unite any be staed
depending on the pressure
difference between the two
letdown flows



- - _ . - -. ._ . _
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Table B.3.1. (continued)

Petentsat rouvre nede see.dtet. Ifr.ete

laterface at 3=toyotes Semedial setton
Cceposent node Invetoed Within Subsystee laterface Withis Sumeystee

3- f at to to opes when Presente see of opere Potenttet redwettee la Centlaue to mes
j required due to purtfleatton deelneraliser ementstry centret HP-It if

laternet feast WP-I? by matt 1 esettette er
spee WP-1)

thP- 4 ) med,

bypees RF-It'

4 Peteettet fatture Imatrument Air Prevents see of spare Poteattet reduction to Centtaue to use
to opee due to partsteetton doeteerattner cheetstry contron 89-11 If

unavattatt11ty of BP-I2 ty wast I ovatlebte er

3metrueest eir opea IIP-1)

(assumed) (NF-96) and
bypsee WP-Its
restare

i isetrisent eir

1.).14 Walee RP-tI (ec) 1. Fett s opea due to -- if portftestton Imeressed totdown flow to Close HP-10

( lWP-99) laternet feelt doesmore1taer RF-32 to 3-may setoe WP-14 (2BP-95) and $
betag used by malt 2 thee (MP-510) RP-12 (2HP-Tj) m
the tetouwe facu er unit 2 deponetag ee

i

! ulli leek lato the toteous Watt 2

flow of unit 1 Sf unit 2 operettag

totdows pressure to requiremente
j

greater them unit I
letec=a pressure

4 Spurtoesty opened Centrol Signal If pwritteetten Increened noteown flow to Clem WP-11
deelnerattser WP-32 to 1-may est re NP-It ( I N P- T9 )

be3mg used by mett 2, them ( hP-T10)
the letdown flow of unit 2
will teak late the letdome
flew of wett 1 If east 2
letdows pressere to'

greater them unit 1
letdowe pressure

3 falls to opea enen -- Prevente see of opere Potentles reduetton la Continue se use

required due to purif teattom doeturettser cheststry control MP-Il if

laternet fault RF-32 by unit 1 esettable or
opea NP-13
( NP- 96 ) and
typese HP-Il

e. Poteettet fatture lastrupeat Sir Prevent e use of apare Pet eat t at reduettoa s a Coattnee to use

to open dee to gertistetten deelaeraltrer reest stry contret hP-It af

umaestlebtitty of WP-32 ty unit 1 avettable or
open NP-13

la st rument air
( NP-V6 ) and6asaused1
typass NP-II;
r e st ore
lastrueemt etr

--



Table B.3.2. RC pump seal water return
(Reference: FSAR Figure 9.3-2, sheets 1 and 4)

retent s.1 a.liwr. nwe immedt.t. rffeets

Int erface St 3=bsystee Demodset Actles
go g.nent Nde Invol ved Wit hin Subsystem Interface katate Subsystes

2.9 Seal Leek-off Line(s) i t Total,1/ eCP):

2.3.9 Pressure S. Instrueent conneetton -- Small loss of remeter lacorrect pressure alsnel If seeeeelble,

Transeatterist leek ecolant to IAC systee and repair

I PT-19. IPT ,1, control rose componeet

IPT-29, IPT-22 2. Transeatter fattere -- no effect Incorrect pressere algaal If oceesetble,

due to las ernal to I&C systee and repelr
foul t a centrol reos component

I. Inceerect output R&C System, so effect tacorrect pressure sagnet Sestore power
due to Ross Electrie to 14C erstem and supply
of gewer Power Supply control room

2.3.2 Ntor t4er.ted 9 Closes om opwetous !&C System Flow sto66ed in stadle Seal leek-off flow from a attempt to open

Isolet tom telve(s) signal leak-off line single Rt; pump blocked, fatted valve
NP-229 (tMP-tejal, control room eiere er open seal

NP-232 (IMP-It)R). byrese valve

WP-226 4 INP-94)C), (N2-275)
WP-250 ( thP-telD) 2. Inadvertently -- Flom stopped sn eingle Seal leak-off flow free a Boopen velve I

j-*elesed leek-off line stagle DC pump bleched,

|
e.nt ,.1 roo. . .r. s

3 Fe t t s e lesed due t o -- Flow stopped in single Seat leak-off flow frce e Open seat bypass

internal fault test-off itne eingle DC peep blocked, valve (HP-275)
control room elare

e. valve fette to &&C Systee Flow not sootsted Subsystee not isolated Close local
elese when required from 9C3 valves on

due to control effected line
signal rettere

S. Selve fasts to Electrie Power Flow not Isolated Subsystem not isolated Sostore power,

close om demand Supply free BCS elose local
velves en
effected line

6- Talve fatts te -- Flow not teolated Subsystem not toelated Close leest

close on demand free BCS valves om
due to internal effected line

fault

2.t.) Manuel isolation 9. Talve falled elooed - Flow stops +d in eingle Seal leek-off flow free a Open bypass selve

Velves (2/Isnel (plugging. damaged, leek-off Inne single RC pump blocked, around failed

MP-205, HP-207, etc.) control room eless volve (local
'P-212. NP-214, setton)4
9P-28 9, MP-221,

NP-259, MP-26 8

2.1.4 Plow freesettter(s) 8. Instrument conneet top -- Small loss of reactor incorrect flow signal If accesalble,

19T-19, Iff-20, leak ecolant to ISC erstee and sectate leaking

17T-21, 1f7-22, control room t rememit ter( s),
IFT-It), 177-184, flow bypese

IFT-stS IFT-ft6 avellebte
(local action
just outside of
secondary

shieldinal

_ _ _ _ _ _
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Table B.3 2. (continued)

Foteattal Fellure Ibde immedtete Effects

!

Interface at Subarstes Benedial Settee
Component Mude leveleod utthtm Subsystes laterface kathie Sebeyotes

2.l.4 Flow Tressettter(e) 2. Incorrect output due Electria Power se effect incorrect flew signal postore puser

- IFT-19. tFT-20, to Isso of power Supply. !&C to I&C system and supply
' IFT-28. IFT-22 Systee centrol race

IFT-ll). 1F7-114, 3 Treasettter fatture -- so effect incorrect flow missat If aeooestble.'

IFT-it$. tFT-It6 due te laternal to I4C systee and utilise typeso,

(eest*d) fault control room t oelate
ecepensat and

i
repair (locet
eetten just

$
i outside of

secondary,

I shielding)

2.2 Seal typese Line(s) (moreally Closed. Open Waen it Sean-Leahoff Gate is Too Low) (4 Total. 1/BCF):
1

2.2.1 Feessure 3. Instrument conaeetten -- Small tes, er reeeter Incorrect pressere signet If seeeestate,

q fremsettler(e) leet ecotest tressettled to I4C and repear y
eentrol roce component CD

t
IFT-19, IPT-20

'

IFT-21, IFT-22 2. Ineerrect output due Flectria Powe- No effect Incorrect pressure signal Bastore power
1

to less of power Supply I&C transettted to I4C and espply

Systee central race

,
). Treasettter fatture -- he effect Incorrect pressure signet If accesettle,

j due to laterral transmitted to ISC and repair

control room eosponent
fault

)' .

j 2.2.2 Chect Walve(s) 1. Talve fatted elesed -- Flow in e eingle bypass Seat bypass flow path If secessible.I

|
NP-26 ), MP-266 (plugded, damaged, itse sto$ pet blocked free e stagne repair

|
NF-269, NP-272 etc.) DC pump eceponent

2. Talve falls te -- no effect during steady No effect durir.g steady Sepair eosponent

proveet backflow state state at shutdown

2.2.) Manual Isoletton 1. Talve faits closed -- Flow to e sInste tropass Seat typass flow 6eth If accessible,

talves (2/Ilme) (plugged damaged, Ilne stopped bisabed from a elegt e repair

NP-26 4. NP-26 5, etc.) RC pump component

MP-267. NP-269,
" MP.270, HP-271

MP-275. HP-274

2.2.4 Flow Transettlerts) 1. Inst e ueent conneet t on - Small loss or reactor lacorract flow signal If seceostele,

IFT-101, IFT Ito, test coetant transettted to ISC repelr

and contret room component
ifT-Itt, IFT-It2

2. Transettler failure -- no effect t acoe rect flow signal If acceselble,

transellted to ISC repair
dwe to laternet

and evetrol room component ,

1
feest t '

i ). Incorrect output Electrte Power ao effect Incurrett flow signal pestore power

J
dee to toss of Supply. IEC treasettled to 15C supply |

and cont r ol roomp.=er System

1 1

I

i
_ _ _ _ _ _ _ _ _ _ __



Table B.3.2. (continued)

Potent tal Pallure Mode immediate Effects

laterface at Subsystee tenedtal setteeComponent stode involved Withka Subsystem Interface Withia Subeystem

2.) Seal Dypese Return Mender:

2.).1 Motor Operate 4 1. Velve falle to open R&C Systea Seal return bypeso flow Seal retura bypeso fice sone
Isolation Valve when required due blocked path unevellable to all

'

HP-275 (MP-V46) to control signal BC pumpe,

fa!!ure or closes
on spurious signal

2. Valve falt a to opea Electrie Power Seal return bypass flow Seal return bypass flow Beetore power
oar demand or eleses Supply blocked path usavailable to all
on op.clous signal RC pumps

3 Valve falla to open -- Seal return bypass flow Seat return t,ypass flow Depair aa-pament
on demand due to blocked path unavailable to all af accessible
Internal f ault RC pumps

4. Valve f alla open or 14C System, no effect no effect 9epair component
falla to eloce Electrie lf teeeselble
when required Power Supply,

e lat ernal

232 Motor Operated I. Valve falls open -- Stand pape fill lines opea Potential Rosa of vent on mone
Isolation Valve due to internal to seat return flow BCP vent seal -a
to Stand P!pe Fill fault @

$ end Makeup MP-216 2. Velve opens on 14C System Stand pipe fill lines open Poteattel loss of vent ce Bone
IMP-V49) spurious esgaal to seat return flow RCP vent seal

2.4 Seal Water Cooler talet Mender

2.4.1 Motor Operated 1. Valve falls closed Seal aeturn flow stopped Seal re'.ern flow from all Repelr component4.

Isolation dalve due to internal RC g.umpe stoppet
MP-20 ( HP-Vl2) fault

2. Valve closes on I AC System, ES Seal return flow str.pped Seat return flow free o!! None
spurious signal RC pumpe etoppse

3 Valve inadvertantly -- Seat return flow stopped Seat return flow form all Boopen valve
closed RC pumps etapped

4. Valve f a!!s to close Electri. Pouer Se.etor building isolation Seal return flow couttaues sectore power
on demand Supply degraded to letdown storage teak

5. Valve fatta to close ES Deector bu1F eing isolation No effect provided, none
when required degraded redundant selve closee

6. Valve falla to close 14C Syales Reactor buttding isolation Seat return flow continuee Utlitse valve
when required defraded, seal return flow to letdown storage tank RP-21

eat laulated free e_olore
7. Valve falls to close -- Seactor bulleing ** atton Seal return flow coattneres utllise valve

on demand due to degraded, seal i en f!cu to letdown storage tank IP-21
Internal fault not isolated free cootere

2.4.2 Pneumatie Operated I. Valve falls closed Instrument Air Seal return flow 'stopperd Seal return flow free all attempt to opes
!aolation valve lessumina valve is BC pumps stopped valve locally
H P-2 9 ( HP- V l } ) air-to-open)

2. Valve closes on 14C System Seal retura flow stopped Seal retura flow from all Attempt to open
spursous signal RC pumps stopped velve locally

3. Value closee ce ES Seal return flow stopped Seat return flow free API Attempt to open
er.ortows signal RC pumps stopped valve locallyi

1



Table B.3.2. (continued)

Pos.ettet r.tler. Mod. i .adlet. aff.ete

Interface At Subsystem tenedial f.etten

Component Made love!ved Withia Subsystee lat erfeoe Withia Subagetes

4. Velve falle elooed - Seal return flow stopped Seat return flow from all Depair aceposent
*

due to laternal SC pumpe stopped
fault

5. Talve rette to close - Beector buildsms tooletion Seal return flow eestimmes stilise valve

on doesad due to degraded, seat reture flow to letdoue stocage tank NP-20
internal fault not teoisted from seaa

return oosters
6. Talve fatte to close E3 Sesetor butteitag teolation no effect provided Nees

when required degraded redundant valve closee

7. Talve fatte to elone I&C Systee peactor butIdtna toelation Seat return flee coettaues Ottttse volve
when required degraded, meet reture flow to letdove storage tank RP-20

mot teolated from ecolore

2.4.3 Seal seturn t. Talve fatted closed - Seal reture flow reeuced or Seen return flow free all Bepair component

Filter Throttle (plugaed. damaged, stopped DC prope redveed or

Talve NP-277 ete.) stopped

( NP- V50)

2.4.4 Sea! 4eturn 1. valve failed closed -- Seal return ' Iou reduced or Seat retuca flow from all open bypees

Filter Isolation (plugged. deneged, stopped AC pumpe reduced or selve (sP-200) y
talve(6) NP-218, etc.) stopped around filter o

(leest setten) O
NP-279

2.4.5 Seal Deturn 1. Filter plugged -- Seel return flow reduced or Seal return flow free all Opes b posei

Filter stopped RC pumpe reduced ee valve (DP-2001
stopped high l' erousel f t. Iter
tr6meestted on IPf-ttt (leeal sette6$

.

2.5 Seel Setura Cooler (e):

2.5.3 Menval Isolation 1. Valve feste closed - Seel retura flow reduced or Seal mater flow free o!! AC tstre 18 neare
Talve(s) MP-72, (plugging, damaged, stopped I,uspe reduced or stopped ge<'ar (toest

set toolMP-74. NP-75, stuck closed,

MP if etc.)

2.5.2 Operating RC Seal 1. Heat enchanger -- 2eal return flow reduced er Seal water flow frw all Rf Walve in opere

Saturn Cooler tubes blocked stopped pumps reJuced or stopped cooler ( Lucal
settool endWP-C13 (or repelr blocked

space NP Ctel
ecolor

2. Tute -Tallure RCW System Loss of reactor coolant to pesetor coolant leakage to Valve in apare

BCW eystem DCW system, reduced seat cooler ( tocet

unter return to letdown settos) or
storage tank teolate seat

retura header
free control
race if
required and
take
appropriate
precauttame
for stopping

seal return

.

- - .- - - - . _ _ - - - - -_ - , - e , - -
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Table B.3.2. (continu6d)
, -- _ _ . _ _

_ _ _

_,

Poteettel fetinre sk=de lamedtetes stfeste
_ __ . _ _

_

interface h Subegatet easedtel Settee-rongeoment stode ineo)*ed W(th&e Subeystee let'ef fese 4&th3h Sybetekee&
m

__

). t.ome of bfw SCW Sye~eet Lass et eget reture ecoling Wign temPweture discharte tetra 'de eteres

(4fg% eccler esse %erge te %eteawa eterage Senk. ese*er if Af1f'
t atsper et ante) higth 4eepwcktwo reesing te ege%2eb!c fe' k

om TT-t% er 71- 4 13 (Beesl
estese)4 s,oss of heat. treester -- Loss of seat reteen eeoling #134 t empeent urt 9t echer 3s Je61ste krfected

espGb't184y due te (htgh cooler d14 charge te latdeve eleceps les&, ecoter and
internal senege toeperature) bt s's tseyerstare esedf 4 velew Je eser's n

ce TT-t$ er TT-46 (local setteet% Veper 1,eek se eeoler Beauettee le seen retus Migh temper,etere ste.eerse leelete afieeted
..

ecot ing es pee t t y t h3 gh. to letdeve storede test. emeter and
cooler discharge high inoperature reedthe eelte is opere

,

t oeperature) on TT-45 or TT-4 (13eet eetton) >

A.e } Coat er 'pt oc ber:4e 1. felee retin eleseda Seat return ficar redweed ora.

Seat reture FIce te S.etetase
Repete scopenent,,c.de, o..e. ,eite ,piesd n.. .se ed. .to ,,e.i ge..,oge to ,w e dr*

NP-1M ele.) stopped, seat reture fleu
.

free all BC pumpe reduced /
or etepped

2. Vales d'atte to Seel Water No effect oursag eteady so effect derlag eteady to sesedliste
PrGeemt becaflos Cc95 ee 's , otste etnce pressuren et state storie pressereo et, eatice

letdown outlet teterfences are tuttet interferes are neeeeeery,
storage Tank. tower thee easter ther tbse eeeler t opolr
Wateep diechirge time pressure diecherge Itne pressuce esopoment*

E 8 ster { t)
tascheree

'
2A Spetse Irdet Flows!

2.6. f Sees lejectlen n. 1.4,ss br flow Seal lejeettoo Seat retwen flees froe NCS Slightly better diethetto 'sene
Floer (Sunspotse bettee t'han noreek seel TIow te letduwe eteroge6

4 sal, CIC ret me n tant
Fuere

2.4.2 88P1 tune f, . Iess ef flMr NPI F=eps Reduced. C t ow* threagit meet Beduced flew 'ead eamenhet None
Beetronettee (Mbeyst ce ret.us n coolere- cooler deactierge then

1.0) eseest 'te leadows eterage
tent

2.7 Spetes Pipingt

P.T.1 Trete. Dreif.e, l. Syst~em !**ke -- Less of reeeter eccleht Lose et reactor ecole #4, teolate leeks and
71pteg, lettraeant entg%tip re.duced flow repe4r es
Comeeettoms, etc. Le Ietdove ste(ege tamh .needed

L

t

k
'

.- . _. .. ._. ___ __ _. __ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table B.3.3, HPI pump subsyste:s
(letdown storage tank (LST), inlet filters and HPI pmps);

(Reference: FSAR Figure 9.3-2, Sheet 1)

eeteetten ratture node tenedtete effecte

1. tert.ee at Sumerstam namodtel Setten
Component Mode involved Withis Sibeystee Interfees Withtm Suearotee

3.9 Letdown (Makeup) F11ters (2):

3 1.1 Pneumatte Operated to talve fatte elesed lastrument. air Lose of flow to LST free Bedvetten and eventeel Ottisse opere

latet f alve(s) (esevoed valve to lateown, cheetent lose of eve!!able filter, opeo

NP.sf (NP-t298), s t r-t o-open) eddition, end nyatee makeup la LST velve teently,

MP.10 (pr-T298) eekeup bypeso to L37,
or owntet to
BUST tr LST
level se
umaeosplebly
lov

2. Talve fatte closed -- Loss of flow to LST from Bedsettaa and evestme! 5ttline opere

due to internal letdown, cheeteel lose of evettable filter, typeso

fault additloe, and eyetes makeup pm LST to LST, or

enkeup evite> to BWST
if LST level to
uneooeptably y
low m

3 Vaive closee en I&C Systee Loss of flow to LST from Beduettoe and eventual Ott!!ss opere

spurtous signal letcowa, eheetcal lose of evallable filter, spee

addition, and system sekeup in LST velve looelly,

makeup bypass to LST
or evitah to
SUST Sf LST
level to
maseoettably

low

4. Velve seedvertently -- Loss of flow to LST free Reduetton and eventual Boopen valve

closed letdowu, chesteel lose of evallable
addition, and system makeup la LST
makeup

5. Talve fette to elose IEC, Electrio Cannot teolate filter f or no effect sepair oceponent

when required Power Supply, metatenance
Internal

3.1.2 Makeup Filter r 1. Tranaattler fat two -- Fotenttet fer undetected lacorrect pressure drop sonettor pressure

Transettter IPT-55 due to internal filter plusging signal to I&C and drop with local

fault eer. trol race sage

2. Incorrect output Electrie Power Potential for undetected Incorrect prosaure drop Moattor pressure
signal ' e 1&C and drop with locattdue to toes of Supply, I&C filter plugstag
control room gageg=ower

3 Instrument connection -- Small lose of reactor Incorrect pressure drop Bepair leek

leak ecolant and small signal to R&C and

reduetton in flow to LST control race

).I.) Filter (s) 1. Filter plugged -- Letdown, chesteel addition, Deduced inventory la LST Uttlise opere

HP-Fla, MP-FID and system makeup flow and high pressure drop filter or

reduced or stopped signal to I&C from IPT.15 bypese filters
via MP-19

_ ___



Table B.3.3 (continued)

Potential Failure Mode Ismediate Effects

laterface At Subsystem Demedial ActionComponent Mode involved Within Subsysten laterface littble Sumeretoe

3.l.4 Manual Filter 1. Valve failed elooed -- Loss of flow to LST free Redsetten and eventual Utilise apare
Discharge Block (plugging, deneged, letdown, cheeleal addition, Rose of evallable filter path or
valve (s) HP-ST, etc.) and system makeup eekeup in LST bypses filtere
Mr 58 via NP-tg

32 Letdown Storage Tank:

3.2.1 Inlet Check Valve 1. Valve failed closed Subsysten 2.0 Loss of all flow to LST, peduction and eventual Monitor L3T
HP-T8 potential lose of NPSH loss of evallable level, eutteh

to HP1 pumps if LST makeup in LST, flow to bb3T tr LST
love! la too low blocked free seat return level te

(Subsystem 2.0) unacceptably
low

2. Velve falls to subsystem 2.0 None during steady state None since check valve Repair ecaponene
erevent backflow (Seal peturn) HP-t8 in Subsystem 2.0

le a backup

IV
).2.2 Tank 6ent Globe 1. Valve fatted closed Cheetcal Loss of normal LST vent Potential recaction of M Monitor LST O

2Velve HP-80 (plugged, damaged. Addition path, buttdup of concentrat ion in resetor pressure and
etc.) (Subayatee noncondensible gases in coolant and reduettoa in level and

6.0) LST, potential reduction 0, ecogensing capabtitty repair
in M mese transfer rate componenty
into reactor coolant

3.2.3 Hanual H /N 1. Valve failed closed H Bulk Loss of M addition to LST Redvetion in H 'P*II ***P'"*"Iy y y y 2
Supply /loolation ( plugged, d.seaged, Storage, concentration in resetor
valve H-Itt etc.) N coolant and reduction in

Ofenketing O acavenging espabilityy
Sy st en

e
3.2.4 Level Transmittere 1. Transettter failure -- If selected transaltter Loss of w incorrect LST Monitor with

ILT-3 5Pl . ILT-3]P2 due to internal indleates low flow free level indicotton, redundant
fault 3-way valve outcoatically incorrect alsnel to transettter

transfere letdown flow 3-way valve laterlock
to LST and operator may etreutt and potential for
increase LST level with reduced H

hconcentrattombleed holdup. Potential in RCS, rator response
for LST tank overftlling, may also result in
M addition blockage, and decreamed letdown ficey
lower H, concentration in
SC3. li transmitter
indicates high, otrarat or
may decrease letdown flow
and potentially reduce
NPSH on HPt pumps



. Table B.3.3 (continued)

tot..tsel reilure Mod. I di.t. aff.ete

Interface at Suhayaten Beametal settee
Component Mode favolved Within Setsystem Interfees Nithte Suberates

2. Incorrect output due Electete Power If selected transmitter Loss of or tacerreet LST Boetere poves-
to lose of power Supply, I4C tadlesten low flow from level Indicottom, repply ec
to transeitter System 3-wer vales autoestteetly tacorrect signet to esatter with

trenerere letdove flow to }-wey estve toterloet redundant
LST and operator mer streult and potential for treneettter if
teeresse LST level with reduced N

heoacentrattee
en a different

blood heldup. Poteattet in SCS. rstor power eeuree
for LST tank overftlling, response any eleo result
m addittee bleekogo, la doereened letdows flowy
and lower M2 concestratton
in RCS. If tresseitter
indleates high, operator
may deerosse letdown flow
and potentially reduce
DPSH on NFl pumps

,

3 Instrument connection - Small lose of LST inventory. Loss of or Snoorrect LST Depair component

leek Both tresseltters level indtoetten,

effected. If selected taeorrect signal to
transettter indlestes low }-way velve interlock
flow free 3-way valve etrewit med poteattel
entometteetly trenafers for reduced IL 2
letdown flow to LST and concentrattom la BCS. y
operator any increase LST Operator response may
level with bleed holdup. also result la deereened
Poteattel for LST tank letdown flow
overf t!!!ng, fly addittom
blockage, and lower 2
concentrattoa la RCS.2 if
transettler indientes
high, operator may
decrease letdown flew and
potentially reduce NFSal ona.r
NPI pumpe

3.2.5 Pressure 1. Incorrect output Electric Power No effect Loss of or incorrect LST Seetore power

Treasettter IPT-10 due to loss of Supply, 14C pressure indteetion supply
power Systee

2. Transettler fatture - No effect Loss of or incorrect t57 Sepeir ocoponent
pressure indseettoa

3 Instrument connection -- Small loss of LST taventory Loss of or incorreet LST Depair oceponent

leek pressure indscettoa

33 HPI rump Suetion fleaders:

331 Motor Operated 1. valve falls closed -- flow to HPl pumps stopped. Ionedtate loss of flow to allan suppl.e from

Isolation talte loss of NPSM to Hff pump RC sakeup and AC pump PWST wie motor

HP-2) (HP-t>t ) resulting possitale in scels operated valves

pump desage and altaa
alternate Hff

% wt. Puep if
required

,

t

,

. .,



__- _ _ _ _ - _

Table B.3.3 (continued)

rot.ntsai rattur. Mode ime.dtet. arr.cte

Interfees At Subsystee Benedial AetionComponent Mode Involved Withtm Subsystem laterface Withtm Sweepeten

2. Valve closes on I AC System flow to NPI pumpe stopped, Immediate loss of flow to Manually open
spurious signal loss of NPSM to MPI pump RC makeup and DC pump velve or etten

resulting possible In seele supply free
Pump damage puST vie motor

operated velvee

,,,, ,,, and align
alternate MPI
Puup if
required

3 Valve inadvertently -- Flow to NPI pumps stopped, Immediate loss of flow to Boopen valve,
closed loss of NPSM to HP1 pump SC makeup and AC pump allge alternate

resulting Possible la seale NPI pump if
pump damage requi red

4. Valve falls to IAC System, LST discharge not isolated No effect Otllise local
close when required Electrie valves for

Power Supply, toolation
Inter nal
Fault

3.3.2 Check Valve 1. Valve falls closed .. Flow to HPI pump stopped, Immediate Rosa of flow to Allga supply free hJHP-97 loss of NPSH to MPI pump RC makeup and RC pump BUST via motor c)
resulting in possible seals operated wolves Ln
pump damage and align

alternate HPI
pump if
required

2. Valve falls to .. No effect during steady No effect during steady Monitor pressure
prevent backflow state operation state operetton and level in

LST. leolate
LST if DWST
flow la entaned

3.3.) Mot or Operated 1. Valve fatto closed -- Flow to HPI pump t a stopped, if HP-P1 A in use, lose of Trip NPI pump 14
Isolation Valve if sn use pump I A may be flow to RC makeup and and use pump 18
HP-98 (HP-V28 4) damaged seal Injection. If

HP PIB in use, no effect
2. Velve inadvertant ly .. flow to HPI pump I A stopped, if HP-PI A in use, loss of Trip MPI pump 14

closed if in use pump la may be flow to AC makeup and and use pump 18
damaged seal injection. If

HP-PIB in use, no effect
). Valve closes on I AC Systen Flow to HPI pump 14 stopt.ed, If MP-PI A in use, loss of Trip HPI pump 18

spurious signal if in use pump 14 may be flow to RC makeup and and use pump 18
damaged seal injection. If

HP-PIB in use, no effect
4 Valve falls to -- Ca nnot remotely isolate No effect Isolete Pump

close on demanj pump HP-Ptn for HP-Pla with
mai nt enance manual valves.

If desired,
uttilse one of
2 remaining MPI
pumps



Table B.3.3 (continued)
_

rot.nttai rallur. Mod. see.c ate effecte

Interface at Subsystee Desedtel Action

Component Mode Involved Within subsystem Interface Within Suseyetee

5 valve feste to 1&C System Cannot remotely isolete No effect feelste pump

close when pump HP-PI A for NP-F14 with
required maintenance assual volves.

It desired,

utilise one of

2 remoteles NPI
pumpe

6. Talve falls to Electrie Power Cannot remotely isolete to effect Isolete pump

close when Supply pump HP-Pl4 for NP-P18 with
required malatenance manual ealves.

If desired,

utilise one of
2 reestning MPI
pumpe

).).4 Manual Isolation 1. Valve fatto closed -- Suetion to standby pump If pump MP-FIC in use. Utillse alternate

Velves hP-99 (plussing, damaged, HP-PIC blocked. If pump loss of flow to SC MP1 pump

(HP-V288) HP-100 etc.) is started, pump may be makeup and seat
( HP-T28C), HP-lit desaged injeettoa. If other N

( H P-T26C) pump in use, no effect

335 Manual Isolation 1. Velve falls closed -- Suction to standby pump If Puep HP-PIB in use, Otilise alternate

valve HP-101 ( plugging, daeased, HP-F10 blocked. If pump loss of flow to BC NPI pump

( HP-V26 8) etc.) to started, pump may be makeup and seal

desaged injectice. If other
pump to use, no effect

3.).6 Manuel Isolation 1. Talve falls closed -- flow to operating pump If pump MP-Pt s in use. Trip NPI pump la

Valve HP-10] (plugging, damaged, HP-Pla blocked. Unless tons of flow to RC and utilise

( HP-V26 8 ) etc.) pump t o t ripped, pump enheup and seal pump 88
damage could occur injection. If other

pump in use, no effect

34 MPI Pumps and Discharge Manifolds

No discharge flow free No flow to RC makeup or Utilise alternate
3.4.1 Operating HPI Pump 1. Mechanteel failure --

MP-FIA to operate fatted puey DC pump seale MPI pump

2. Pump f alls due to Electric Puwer No discharge flow from No flow to RC makeup or Restore power or

loss of power Supply failed pump #C pump seats utilise en
alternete NPI
pump on another
power source

3 4.2 Spare HPI Pues,s 1. rupp f alls to start ISC ?pstem No discharge flow from if pump is demanded Utiltre alternate

HP- P19. MP- PIC due t o sl y n.nl pump demanded because of f ailure with NPT pump,

fatture operating pump, no flow repair circuit

to 8C makeup ur RC pump
seats. If pumps are

just being aut tched, no
effect

_ ___



_ _ _ _

Table B.3.3 (continued)
_ __

Potentint Failure stode Immediate Effects
. - - . - -

Interface at Subsystem beesdtal actiseComponent Mode involved Within Subsystem Interface Withis Subsystem

2. Pump fat ta to start -- No discharge flow from If pump la demanded t!t!!!se alternatedue to inter nal pump demanded because of failure with NPI pump,
lault

operating pump, so flow repair pump
to RC makeup or BC pump
seals. If pumps are
just being outtched, no
effect

3.4.) Discharge Ch+ek 1. Valve in operating -- No discharge fluw through No flow free operatlag HPI Utilise alternateValve (s) HP-105, pump discharge falls failed valve pump to RC makeup or RC NPI pumpHP-tot closed (plugging, pump sesta
damaged, etc.)

2. Valve in standby pump -- Backflow through a Be6ced flow to seal Isolate failed
discharge f alls monoperating spare pump to injection and/or makeup check valveto prevent backflow suction of operating pump (locat setton).(potential MPI pump Monitor ydesage) erttical flowe O

-43.4.4 Sectreulation 1. L3ne blockage due Seal poture Potential damage to HPI pump Potential loss of RC makeup Utllige alternateLine(s) Associated to pluggad block Cooler Inlet via pump deadheading if and seal injectice NP1 pump (other
With Pumps: valve cr ortften (Sul.sy s tem pump discharge to makeup eetionHP- Pl a, HP-PI B, 2.0) and seat injection la not evallable fromHP-F1C $ * enough for pump operation outalde the

sutayates)

3.4.5 Discharge Block 1. Valve in operating RCP Seals, No diacParge flow through ho discharge flow from Utilise alternateValve (s) HP-106 pump discharge 8eactor Inlet failed valse operating HPI pump to MPI pump
(HP-V)4 4) HF-110 falle closed Line Loops AC pumpe seale or BC
( HP- V 34 8) , MP-114 (plugged, daeased, e, B and makeup
( HP-V 34 Cl etc.) Crossovers

A and B

3.4.6 Hotor Operated 1. valve closes on 14C mystem If pump HP-PIA operating, If pump HP-F18 operating, If operating pump
Isolation Valve spurious signal flow to seat injection le flow to seat lajection to to NP-FIA,
HP-115 (HP-V)S61 stopped. If pump HP-PIB stopped. If pump HP-F18 start pump

to operating, flow to le operating, flow to MP-F13. If
normal RC makeup to normal RC makeup to operating pump
stopped stopped to NP-F13,

start MP-FI A or

(for
unthrottled
enkaup) open
valve HP-118 to
reactor talet
LOOP B

-. -



- _ _ _ _ _ . . - _ _ _ _____ _- . - .

Table B.3.3 (continued)

Poteattal Fellure stode Immedtete Effecte

laterfees At Saboystes '4eemetal Settee
Component Mode levolved Within Subsystem Interface utthas Subeystes

2. Telve falle closed -- If pump NP-Pla operating, If pump RP-Pla operettag. If operating pump

due to laternal flow to seen tsjeetton to flow to see! sojoettom to la WP-Pla,

fault stopped. If pump kP-F13 stopped. If pump WP-PIB start pump
to operating, flow to se operating, flow to NP- Pi t. If

normal DC makeup to normal BC makeup to operettag pump

stopped stopped to WP Plt,
etart lar-Pt4 or

(for 4

enthrottled
makeup) open
valve NP-118 to
reactor EAlet
LOOP 3

3 Telve inadvertantly -- If pump ItP P1A operating, If pump FP-P1A operating, peopen valve

closed flow to seal injection is flow to seal injeettoe to

stopped. If pump RP-PIB etopped. If peep NP-P18
to operating, flow to is operating, flow to
normal RC makeup to morest RC enheup to

stopped stopped

.. ..iv. faus io ciose sac 3,ei... i.iend.. isoi.u -t .o ofrect o. et 4, state .u n.. ice.i g
when required Electrae effected operettoa toolation m

Power Supply, selves
or Internal
Fault

34.7 Isolation valve 1. Talve felle open -- Loss of separetton between No effect during norse! Utilise NP-ttf

MP-118 (HP-9358) (desaged, ete l HPI $ ejection paths & operetton einee tejection for isoletton

and 8 path B to normally closed

3.4.8 Isolation talve 1. Velve fatto closed -- Loss of ability to use Loos of ability to use Depair component

NP-117 (PP-V)SC) (plugging, damaged, MP-PIB as opere for safety MP-PIB es spare for eefety

etc.) Injection to cold leg B injection to cold les 9

35 Systee Inlet Flower

3.5.1 pesctor Coolant 4. t. ass of flow Subsystem 1.0 Reduction and eventual toes Loss of letdown flow to leonttor LST level

Letdown Inlet flow of evallable makeup in subsy st em and utilise

LST, loss of letdown flow supply from
SW5T bleedto subsystem
holdup tank, or
boric acid tank

3.5.2 BC Bleed lenkeup 4. Loss of flow Sut. system 6.0 If sa letdown / bleed and Loss of batch inputs to testore letdown

feed Inlet flow feed operatang sude, LST free RC bleed flow to LST
reduction in LST level makeup

3.5.3 BCP Seal Return I. Loss of flow Swt. system 2.0 fartiet less of flow to Potential long-tere loss eaunstor LST

Inlet fyew LST, luso of itPI peep of LST level and level, ultitte

rec t r es.lat ion requirement to switch WC bleed makeup

to BWST suction or BW3T tf
required

_ _ _ . _ _ . _ _ _



NO@

s y
ne
et lpf
t o ,ps
t y k u
ee asT
&o e Sd

u l ewe
lS sB ra ei i

ia t l mu
di aioq
eh l t re
nt ouf r
ei o
BW t

, m
t ont t
a h pt
t gee
oiee
cl kj
essn

m as
e rr
t e ooat
sc t fl e
ya e e
sf ml nm
b r eao. ue rsi r
St t t on f nc
tI oeuwe A t d o

t soel
c sprf
e o
f L
f
E

e
t
a
t ,

d t f
e no

) n a
e l s

d t oss
m oope e cl mu t u
s rrpn y oo

i s t fI
b c P

t u atMn S eers oo n t t
i f nc h oeN o( t t $
i eorW s pb

o.
. t

3
.

3

B
e

e cd
ae

l f v
b rl -e eo -a d t vo nnT M II

e
r
u
t
t

a
F
t

s
i s
t en se e e
t d lo o
P M m

e
t
s
y
S

.
1

t ,n
eo
mt
uo,ra

a
lnt ,ss

anan l ot

sp ,t

rn D i
e
n t gc
o F ,ne
p s i n
m m t pn
o e n ioeC t PCs V

y
S

1

6 6
3 3

_

_

.

_
.

.

_

.
,

t!!



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

Table B.3.4 RC pump seal rettn n subsystem

(Reference: FSAR Figure 9.3-2, Sheets 1 and 4)

Potestsel Fellwre sende immediate Effsete

Interface at Seboystem bemedtel &ettee
Component geode Involved Withis Subsystee 1sterface Within Subeyetoe

4.1 AC Pumpe Seal Injoetten needer:

4.1.1 Seel Injectica 1. Talve felle elooed - Seal injection flow stopped Seal injeetten flow to DC Sepair - at

needer Haaval (plugged, damaged, pumpe stopped

Isolation Talve etc.)

MP-126 (NP-T270)

4.1.2 Seal Injection 1. Incorrect output due IAC Systee, so effect Imeerrect pressure signal Depair component

fleeder Pressure to lose of power Electrie

Trenamitter IPT-18 Power Supply
2. Instrument connection -- Small loss of reactor Incorrect prosaure signal Depair component

leek ecolant

3 Tronomitter f atture -- no effect Incorrect preneure signal Depair or$gonent

due to laternal
fault

4.2 DC Pump Seal Filteres to

4.2.1 Operettes Filter 1. Valve fatto closed - Flow through filter stopped Seal injection flou to Telve na apare O
Manual Isolation (plugged, damaged. SC pumpe stopped filter path, or

Talves NP-29, ete.1 bypene both
mata andMP-112. MP-13), stendby filters

HP-134 (local action)

4.2.2 Operating Seal 1. Filter plugged -. Flow through filter stopped Seal injection flow to fatte is opere

BC pumpe stopped filter path, er
Filter HP-F-18 typese both(MP-F-14 Standby)

asin and
standby filters

(local action)

4.2.] Manuel tooletion I. Talve fatte to -- No effect de.rtng normal No effect during normal If one of these

talves for Standby open on desond opes <tton. Loss of spare operation whos opere or backups has

Filter or Bypese or bypaso espeetty bypaso le not demanded failed, utilits
the resetning

NP-28 MP-135 one it required

4.2.4 Standby Filter 1. Valve falla closed -- Flow through standby filter reo effect Talve la filter

Manual leolation (plugged, daseged, preventert bypass if
required (local

valves MP-l?9, ete.? oction)
MP-130, HP-3 )1

4.] Seal Injection Flow Controls

4.).I Flow Orifice 1. Orsfice plupaed -- Seal injection flow reduced Seal injection flow to sc popair component

or stopped and contrcl pumps stopped
signal to throttle valve

incorrect



Table B.3.4. (continued)

Potentist Failure Mode lamediate Effecte

Interface At Subsystem Desedtel AettonComposent Mode lavolved W1thta Subsystee laterface With!m Subayetes

4.3 2 Flow Controller / 1. Transettter rotture tiectric Power tacorrect signal to f!cu Begligtble offset for high lloatter med
Transettler 1PT-75 Supply, control valve, poteattally flow essee flow le sentrol flow

14C Systee, resulting to too much or throttled downstrees. Om from todtvleuel
Internal too little flow. Iow flow, redvoed seat seat lejeettos
yount injeetton flow to ac lines af

pumpe. Incorrect alsnel reestred
to !&C system

4.3.) Flow Control valve 1. Valve fatte oren Instrument Air Full MPI pump discharge Negitgeblo effect on seal Manually oomtrol
HP-31 ( HP-V42) (valve assumed flow to infividual seal Injection supply seat flow ulth

ai r- t o-close) injection lines NP-140 or with
individual seen
tajeettom line

throttle volves
(loost sotton)2. Velve falls open Control Signal Full MPI pump discharge megllsable effect on seat flanually oomtrol

from IFT-75. flow to individual seat snjeetton supply meal flow utth 3Electric Injection lines itP-140 or utth .
Power Supply Individual seal

injection line
throttle valves

(local action)
3 Talve falls open -- Full HPI pump discharge Negligeble effect on osal Meaually control

due to Internal flow to individual seat injection supply seat flow with
damage lajeetton lines NP-140 or utth

iadividua1 sea 1
injeettom line
throttle volves
(local setton)

4. Velve fatto closed Control Signal Seal injection flow reduced Seal snjection flow to AC Talve la bypeso
from IFT-75, or stopped pumpe stopped and manually
Electrio control seal
Power Supply flow from

header (NF-140)
or free
individual seat
lajection lines

(local setton)
5. Valve falle closed -- seal injection flow reduced Seal injection fIce to DC Talve la bypees

due to internal or stopped peeps stopped and manually
damage or plugging, control seat
etc. flow from

header (HP-140)
or from
individual seal
injection lines

(local setson)



Table B.3.4. (continued)

Potential Failure tende Immediate Effects

laterfeos it Suberstem Deend141 Settee
Component Mode , Involved Withia Suberstem Interfaee Withis Sedbeyotes

4.3.4 teanual Isolattoe 1. talve fatte elosed - Seal injeettom flow atopped Seal injeettom flow to BC Talve te hypese

talve(s) NP-f }8, (plugged, damaged, pumpe stepped and menestly
NP-13 g etc.) eestret oest

flew free
heeder (RP-140)
er from
godtvidual oest

lejeettom lines

(teost settes)

4.4 Individual BC Pump Seal Injection Lines (4 Total,1/DC Pump):

4.4.1 Flow Transettter(s) 1. Incorrect output due I!C System. No effect Incorrect flow signal testore power

IFT IOS, IFT-102, to lose of power flectrie to control room

1FT-10), IFT-104 Power Supply

2. Instrument connection - Small loss of resetor Incorrect flow signal Repelr . at

leak ecolant to control room If accessible

3 Transettter fattere -- so effect Incorrect flow signal hopetr esoposeat

due to laternet to control roce if secessible N

fault N

4.4.2 Manuel Throttle 1. Valve felle closed - Seal tejeettom flow to Seal injeet ton flow to one sepair componset

Talve(s) HP-64, (plugged, damaged, effected line stopped BC pump stopped if oceeeettle

HP-65 HP-66, eto.)

MP-67 2. Talve fatte open -- Flow in effected Itae Seal injection flow to a Sepetr component,

unthrottled single AC puep higher ettline stop

than setpetat eheek valves la
!tne on short
ters beste for
flow throttling

if retutred
(Iceal setton)

4.4 3 Check Talves 1. Talve falle closed -- Flow to affected seal Seal injeetton flow to a Sepelr aceponent

(2/line)
injeetton line stopped single RC pump stopped if ooecestble

HP-144, HP-145, 2. falso fatte to -- No effect since there are 2 No effect since there are Bepear component

HP-146, HP-147, prevent backflow check volves per line 2 check valves per line et shutdows

MP-283, HP-284, (one inside and one
outside AR)HP-286, MP-393

4.4.4 Manual Ivolettoa 1. Valve falla closed -- Flow in effected Seal Seal injection flow to a sepair component
injection line stopped single RC pump stopped if eccessible

talveo On Line to
RC Pump HP-394
MP-285

4.5 System Inlet Flows:

4.5.1 Seal Injection 1. 1.use of flow Subsystem 3 0 No flow t.oes of Seal Injection mone

to PC pumps
Flow Free
HPI Pumps

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- -
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Table B.3.5. Reactor coolant makeup subsystem

(Reference: FSAR Figure 9.3-2, sheets 1 and 11)

Potentlet Fatture Mode lamediate Effects

Interface at Subsystee Seeselet Action
Component Mode Involved Within Subeystee Interface Withie Subeyotee

5.8 seeetor Inlet Line Loop & Header:

5.1.1 seenual Isolettos 1. Valve fatte elooed -- peakeup flow stopped Loss or normal makeup flow sepair eenpeaset,

Velve HP-118 (plugstag, daanged, if researed
( Mp-V27 &) ete.) prov1de askeup

flow via Loop B
tsjeettoa path
(opee looel

MP-10 and
throttle with
remote NP-21)

5.1.2 Flow Transeatter 1. Transettter fatture -- No effect Incorrect flow signal om sepair ecaponent

1FT-7, 74 and 78 due to internal one transettter

fault
2. Incorrect output due IRC Systee, No effect Incorrect flod signet free 2* * ve power

to signal fallure Electric all ) transmittore supply

Power Supply

). Instrument connection -- Small loss of reactor Incorrect flow etsnele Depair component ]
leak coctent free all 3 transeittore g

5.1 3 Motor Operated 1. valse opens on 15C System Makeup flow to not Increased makeup flow, Manually close

,

Velve ItP-26 spurious stanal throttled secreased pressurtser valve (loce!

( HP-V24 8 ) level, drop Sn L37 level, action)
1

potentte! less of MPI
pump NPSN

2. Valve e, pens on F.3 Makeup flow to not lacreased makeup flow, seenwelly close

spurious signal t hr ot t led increased pressertser valve (local
level, drop in LST level, eetion)
potential loss of MPI
pump aPSN

3 Valve Inadvertently -- Nkeup flow to not Increased makeup flow, Close value
opened throttled increased pressurtser

level, drop in L3T level,
potenttal loss of MPI
pump WPSN

4 Valee falls open -- m boup ficw is not Increased makeup flow, teolate with

due to internal throttled snereened pressurtser DIP-118 (local
fault level, drop in LST level, action) (will

potential loss of HPI stop makeup

pump NP$N flow)

( Modes involving f ailure to open are par t of emergency MP3 and not sneluded here)

5.2 Minimus Plow Bypass Loops:

5.2.5 Manuel Isolation 1. Velve falle closed -- No flow through stateue No cooling fluw to Sepair coerenent

Valve HP-2}4 (plugging, damaged, flow loop pressurtser spray line

etc.) or cold les talet
norries, no effect on
makeup capacity

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



Table B.3,s. (continued)

roi.nttel reilure mud. 1.m. diet. eff.ete

Int.rface at Sunes. tee semediei sett.e
Component Msde Involved Within Subsystem Int er f ace Withia Subeysten

5.2.2 Flow Transmitters 1. Instrueest connection -- Small loss of coolant incorrect flow elsmal Depair at
IFT-Iti, 177-110 leak to control room

2. Incorrect output duo Electric Power um effect Imeorrect flow signal Beetore power
to lose of power Supply, 14C to control roce supply

System
3 Transmitter fatture -- No effect Incorrect flow etsnel, Depair eoeponent

due to laternal to control room
fault

5.2 5 Manual Throttle 1. Valve falla closed -- Minimi.e fluw path blocked No cooling f!ow to one Depair component

valve HP-248 is Sgslag, deenged, to one of two reactor cold leg intet nossle

etc.) ecid leg Snlet nossles

2. Valve falls open -- Minteue flow path Escess flow (full HFI pump If required valve
unthrottled to one of two discharge to manteue HP-234
reactor cold leg inlet flow loop) to one resetor evettable to
nossles, automatic cold leg intet mostle, block flow isto
reduct.on in flow through potential drop in LST loop (local
normal makeup valve level sattual, repair

component

5.2.4 Manuel Throttle 1. Valve falle closed -- Manseus flow path blocked No effect on resetor Repair component N
-"*

Talve HP-235 (plugging, daeoged, to preneurtser spray line makeup, but no cooling *
etc.) and one of two reactor flow to pressuriser oprey

cold leg talet nogales Itan or to one cold leg
talet nossle

2. Valve falls open -- Manteum flow path Escess flow to Close valve
unthrottled to presourtser pressuriser oprey line HP-234, or
sprey 11% e J one of two and to one reactor eeld valves NP-340
reactor cold logo, les inlet nossle, and NP.)S6 in
automatie reduction in potential drop in 1.37 remotor
flow through normal level butiding
makeup talte (local action)

5 . 2. 's Manual leolation 1. Valve falls closed -- Mintous flow path blocked No bypass flow to Depair component

valve HP-)to ( plugginr., damage, to pressursser spray line pressuriser sprey line

etc.)

5.2.6 Manual Isolation 1. valve falla closed -- Minimum flow path blocked No bypass cooling flow to Depair component

Valve HP-l'36 (pluggler, damage, to oe+ of two reactor one of two reactor cold

etc.) cold lega leg anlet nossles (no
effect on normal makeup)

5.) Normal Makeup Flow Coatrol Loop:

531 Flow Transmitter 1. Inatrument u.nnection -- Small loss or coolant incorrect flow signal Monitor flow with
IFT-10, 10s, top leak free all t ranneittere FT-7, repair

component

2. Inc orrect uit put dua I:les tric Power No effect Incorrect flow signal ftonttor flow with

due to loan of Supply, I&C from all transe!Llers FT-7 restore
power ?:ystem powere supply

3 Transmitter fallus e - Nune Incorrect flow alsnal Monttor flow with

from fatted transettter FT-7, repetr
ecepo snt

i



Table B.3.5. (continued)

Pot.ettet r.ilure n.d. l ods.t. Effects

laterface at Suberstem Demodtal Settee
Component Mode levolved 51 thia Subsystes Interface Withle Subey6 tem

532 Flow Control Telve 1. Talve fatto closed lastrusset Air Boreal flow to reactor Bypesa flow continues. If required,

NP-120 (WP-V23) (aeometas valve talete stopped, flow Overall significant manually
is str-to-open) through statsue flow loop redwetloa in enheup flow eestre! with

contimmes bypees velve
HP-M

2. Talve fatte closed - Normal flow to reactor Bypees flow coattauea. If regelred,

due to Internal inleta stopped, flow Overall significant manually
fault through statsum flow loop reduction in sekeup flow somtrol with

continuas bypees valve

NP-M -
3 Valve oloses down 14C System Normal flow to reactor Bypass (Inw coattauen. If required,

due to incorrect talete reduced, flow Overall significant meneally

control alsnaf through alateus flow loop reduction la makeup flow control utth

continues typese valve
WP-M

4. Talve falle open -- MPI flow not throttled. Escess makeup flow to BCS, Isolete valve

due to laternal Emessa makeup flow to temposary decressed NP-120 and
fault DC3 bypass flow to manually

pressurtser aprey line, control flev
potential drop la LST with bypens TV

holdup, potential lose valve NP-46
of WPSN to NPI pump

5. Talve opens up due I&C Systee NPI flow not throttled. Eseems makeup flow to DCS, teolate valve
to incorrect Escess makeup flow to temporary decreased HP-120 and
control signal RCS bypass flow to manually

pressuriser spray line, control flow
poteattel drop in LST with bypese

holdup, potential loss valve IqP-26

of NPSet to NPI pump

533 geanual Isoletion 1. Valve felle elooed -- Normal makeup flow to RCS Sypass flow coattaues. loelate valve

Velvas NP-119, (plugglog, desage, stopped, bypeso flow Overall signif teent NP-320 and

NP-128 etc.) through statsue flow loop rediaction in makeup flow manually
continues control flow

with eypass
salve NP-26

5 3.4 Check valve s. valve falta closed -- Woreal makeup flow to aCS sypass flou continues If regusred,

NP-994 (plussing, doenge, stopped, typeos flow Overall significant provide makeup

etc.) through minious flow loop reduction in makeup flow flow via Loop B

continues injection path
{open local

NP-118 and
throttle with
remote MP-27)

2. Valve falls to -- No effect during steady No effect during steady pepair component

prevent backflow state opeistion state operation at shutdown

5.3.5 Inlet tsne 1. o. lflee s.t..rrrd -- Normal flow to oce of two plov tabalance between sepair cont +nent

Oriftees cold legs stopped or the two reactor cold

reduced, increased fiev legs

to the other cold les

I

l
__

--



Table B.3.5. (continued)

Poteettet Failure Mode Imendiate Effecte

Interface At Subsystee Gemedial AettonCoopor.ent Mode levolved ht han Subeyotes Interface Withis Subeysten.

5.),6 Islet Line 5. Valve failed elooed -- Narmel flow to one of two , Flow labelaeos betwoom Sepetr componeet
Cteck Velves (plugging, damage, reactor cold legs stopped the two resetor cold
HP-126 MP-127 etc.) or reduced, teeressed flow lege

to the other cold leg

5.4 Subsystem Input:

5.4.1 Flow Free 1. Loss of flow Subsystem 3.0 Loss of makeup flow and Loss of askeup flow and Bone
MP1 Fumps flow to presourtser sprey typeso (Iow to

line pressertser oprey !!ae
2. Reduced flow Subsystem 3.0 Reduced makeup flow and Reduced eekeup TIow and Bone

reduced flow to typees reduced flow to
pressuriser spray line preneurtser spray line

5.5 Systee Piping:

N
5.5.1 Vent e, Dratne, 1. System leaks -- Loss of reactor coolant Loss of reactor coolant, Isolete leeks and ]Piping, Instrument potential for reduction repelr as

Connections, etc. in resetor coolant enkeup needed
rete

-



Table Be3.6. Chemical procrasing subsystem
(References: FSAR Figures 9.3-1. Sheet 1; 9.3-2, Sheet 3; 9.3-5, Sheet 1, 3, and 4)

Potential Fatture leode tenedtate Effects

Interrhee at Suberstee ' Nemedial settee
Component sende Involved N1thtm Subsystem laterface Nittle Subeyotem

6.1 Cheetcal 4dJttion:

Possible Wy g backflow; se No NyNg available to Close controlN6.1.1 Manual Control 1. N blanket system m N!ankety y
Velve (N-83) falls Wy blanket in W Hg drum makeup filters volve N-8)2

2 blanket in Ny g drue; Probably pone2. Velve f atto closed - to D N

possible emplosive stature

Ny e backflow; poestble No N Ng evallable to close controlN
6. l.2 Cheek Valve 1. falls to prevent -

(N-84) backflow emplosive stature eup filters selve N-8)

Possible esplosive stature; Eventest loss af W Ng Isolate dre and
6.1.) Nydrazine Drue 1. Drue leaks y--

eventual less of suction available to makeup replace

pressure to pump filters

11o N Ng available to Isolete drum and2. Drue emptied - 150 N Ng 7y
samoup filters replace

6.1.4 Manual loolattua 1. Valves fall closed - No N Hg No N pj g available to Noney
sabeup fil ters

Velves iCA-88,

CA-45) g

N Ng Wone if alternate flou Open CA-46; CD
6.1.5 Manual Isoletton I. Walves fall closed - 30 0 y

path available creasever to
Valves (CA-57, pump CA-P)
CA-54)

6.1.6 Itydrastne Pump 1. Electric power Electe to Power Pump stops; no N Ng None if alternate flou Open CA-46;
y

(CA-P4) nupply fa!!s path available crossover to
pump CA-P)

None if alternate flow Open CA-46;
7. Pump falls -- No M Myg

path available crossover to
pimp CA-P)

6.l.7 Check Valve 1. falls to prevent - Possible backflow to drue No N Rg available to Close CA-54

(CA-56) backflow if pump is not running odeup filters

6.1.8 Manual Isolation 1. De etneralised unter Deelneralized No dretneraltted water No L1014 available to None

Valve (DW-121) supply falls Water to tank makeup siltees

7. Valve f alls a losest - No deelneralised water No L1006 or incorrect Lifel Concentration

to Las.k concentration available checked via

to makeup filters sampling

). Valve falls open - Otlutes LluH in tant Incoerect Lital Concentration

concentration available checked via

to eskeup f31ters samptIng

6.4.9 Lt(st Me n Tank 1. Tae4 leaks -- t.ventual loss of nuction Eventuas loss of i1(si None

p.s-ensure to temp avallalle to makeup
(CA-Tf) ilitern

7. Tank empt f e,s -- No I. tiff ho Lifel avallat>le tu Nohe

makeup ff! Lees

6.9.10 T>ampl i ng , Waste 1 Linen fall e. pen -- furer e 1 18 0H twsuwd 18066 avallat.le None

to makcup 8 iI te r .a

1.1 se n

_ _ . . _ _ _ _ ____ _



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

Table B.3.6. (continued)

Potential fatture Mooe Immediate Effeata

Interface At Subsystee gemedial Aetton
' Component Phee Involved Within Subsystem Interface withtm Setsystem

6.3.33 Manual isolation 1. Val ve falls closed -- No Lt0It Ito L10H available to Nome
Valve (CA-44) make.sp filters

6.1.52 Manual Isolation 1. Talves f all closed - 100 LION None if alternate flow Open CA-463
Valve (CA-47, path available creasover to
CA-491 per CA-P4

6.1.1) Lt0H Pump (C A-P31 1. Electric pt=*r Electric Power Pump stops; sao L1019 None if alternate flow Open CA- M;
supply falla 8,ath available oroaaover to

p op CA-P4
2. Pump falls -- Rise L10H None if alternate flow Open CA- %;

path available crosecuer to
pe p CA-P4

6.1.14 Check Valve 1. falls to prevent - Possible backflow to tank No L10H available to Close CA-49
(CA-51) backflow if pump la not running makeup faltara

6.3.15 Hanual Isolation 1. Deelnerallred water tweineralized no deelnerettaed water to ho caustle or incorrect Concentration
%alve (tw 120) supply falls Water tank; no caustic or caustle concentration chected sta m

incorrect caustic available to LPI p apa sampling -*

concentration available @
to boron recovery

2. Valve f alls closed - No deelneralized water No caustle or incorrect Concentrattaa
to tank; no caustle caustle concentratton cheched via
or incorrect caustic available to Lft pumps sempting
concentration avallebte
to borum recevery

3 Valve falls open -- tillutes casette la tank; Incorrect caustle Concentration
incorrect caustle concentratton avalleblo checked via
concentration available to LPI pumps asepling
to baron recovery

6.1.16 Caustle Nis Tank t. Tank teaks -- Eventual loss of suction Eventual loss of caustle mona

| (CA-TI) pressure to peep available to LPI pumpa

| 2. Tank empties -- No camptic available to No caustle available to leone
teron recovery LPI pumpn

, 6.9.17 Manual Isolatton 1. Valves fall closed -- No caustle available to 160 caustle available to None

j Valves (C A-14 teron recovery LPI pumps
j CA-15, CA-37)
4

{
6.1.18 Caustle Pump 1. Electrie power Electrie Power Pump ntors; no caustle No cau*tte available None

(CA-PI) supply faits available to t.oron to LPI pumps
recovery

2. Pues* falln -- No caustle available to Nu opuetle available Nonee

teron recovery to 1.Pl pumpa

6.t.19 Sampling, I. Ileem fall ot+n -- Ikcreased caus.lle available Decreased caustle available None
Waste Lines to burun recovery to LPI peeps



Table B.3.6. (continued)

Poteattal Fetture 190de lamedtete Effecte

laterface at Subsystem teametal &ctlee
Component Mode levolved Withtm Subsystem Interface Witbte Subelsten

6.2 Borte acid Addittom:

6.7.1 Manual Isolation 1. Deelnerettaed water Deelneralised No deelneralised water to pone if concentrated Concentraties
Valve (DW-ilS) supply fatte Water tank; no borte acid or borte acid evallebte ebecked wie

incorreet borte eeld frce borom recovery or samp!!ng
concentration available adequate concentrated
to concentrated borte borte acto storage tank
acid storage tanks invastory to evallette

2. Talve fella closed - No deelneralised water to mone af concentrated Concentrattom
tank; no borte eeld or borte acid evellebte ebected sta
incorrect borte acid free borom recovery or aespitas
concentrattom ovellable to adequate comeemtreted
concentrated borte acid borte acid storage tank
storage tanks teventory to evettable

1 Talve fa!!a open - Dilutes borte acid; Wome if concentrated Concestrattom
incorrect borte acid borte acid avellette eboeted via
concentrattom to concem- from borom recovery or sempitag
trated borte acid storage adequate concentrated

tanks borte seld storage tank
inventory to avettable

IV

6.2.2 Borte acid 1. Electric pe=er Electric Power Heater falle; borte acte none if concentrated Seplace beater; $
Man Tank supply fatta may crystalltme; small borte acte avellette unplus lines

(CA-T?) potential for plugging free borom recovery or

and lose of flou to adequate concentrated
storage tanha borte acid storage tank

leventory to evallette

7. Heater falls -- Porte acid say crystallite; None if concentrated Seplace beater;

small potential for borte acid evallable unplug lines

plugging and loss of flow free boron recovery or

to storage tanks adequate concentrated
borte acid storage tank
inventory la available

3 Tank teak -- Eventual loss of section none if concentrated moe.e

preneure to pumps burte eeld available
free boron recovery er
adequate concentsated
borte acid storage tank
inventory le available

b. Tank espile s -- No ba tr acte flow to mone if concentrated pone

concentr.ted torte burir acid evallable
atId storage tanks free boren recovery or

a.tequate concent rated

t,orir acid stor efe tank

a nvent or y is avellat.le

6.2.) 1.evel Trannaltter I. Electrie loser flet t ric Preser No local level Indicallon to level trwltration to hone

surkly falls s&r spatre

7. (canection leaks fe ne-esa Straial incorrect signal to ho level lowltcation to pone

is ansa t t ler f ar system

1. Ir.is.meltter fella ~ Ma local levet inllcaltou kn levet indf rat ton to None

48C ry wt em



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

Table B.3.6. (continued)

Putential Fatture Mode Ismediate Effects

Interface at Sutisystem Remedial Action
f<etene n t NJe lavolved N1 thin Subsystee Interface Ntthtm Subsystee

6.7.4 Temperat ure I. Electr e e t==cr Electric Power No local temperature None None
Transettter supply f.ols indication

F. Connection leaks Process Stanal incorrect afsnal to None None
transettler

3. Transeltter fatIs -- No local troperature None None
indleation

6.7.5 Manual Ise lation 1. Valve falls closed -- No terte meld to None if concentrated home
Valve (CA-4) atorage tanks borte acts available

free boron recovery or
adequate concentrated
borto acte storage tank
inventory to evellable

6.2.6 Miscellaneous 1. LIcetrie tc=rr Electric Fouer Borte ocid say crystallise; None if concentrated Deatore trace
Piptrg supply to trace small potential for borto acid available heating; unplug

heating falls pluggleg and loss of flow free boron recovery or lines
to concentrated borte acid adequate concentrated
etorage tanks borte acid storage tank

inventory is available N
?. Taace heating fetis -- Borte acid say crystallise; None if concentrated Deatore trace N

esal t potential for borte acid available heating unplus "

plugging and loss of f! m free baron recovery or lines
to concentrated borte acid adequate concentrated
storage tanks borte seld storete tant

inventory la available
i

6.7.7 Manual Isolation 1. Valve falls closed - No borte acid to concen- None Alternate flow
Valve (CA t) trated boric storage path through3

tanha; alternate flow CA-P2B
1ath available evallet le

6.2.8 iP livrie Actd 1. Electrie pc=er Flectrie Fouer Psep stops; no borte acid None Alternate flow
Ptep (C A-P? A) supply falls to concentrated st orage path through

tae.hs; alternate flow CA-P28
[

path available available
2. Pump falls -- No borte acid to concen- None Alternate flow

trated borte acid storage path through
tanks; alternate flow CA-P2B
path available available

6.2.9 m nual Isolatton 1 Valve fall:= ,Irecet -- No bort e acid to concen- None Alternate flow
Valve (CA-7) trated boric acid storage path through

tanks; alternate flow CA-P2B
path available available

6.2.10 Check Valve (ra-15) 1. Falls to s e e vent -- Possible t>ack fl<ne to ela None Close teclation
t, ec k e l sen tank if pump t o not valve CA-7;

runnlag; alternate fine alternate fle=

3.ath avalleable path through *

CA-P28
available

- - -



. . _ . _ . . _ _ . _ _ . _ . _ .. ,_

Table B.3.6. (continued)

Potential Failure teode Immediate Effects
-

Interface at Subsystem Benedial Aattaa
Componest mee favolved within Subsystem Interface uttate Subeyetem

6.2.11 teanuel Isolation 1. Talves fati closed -- No borte seld to conces- Nome if concentrated None

Talves (ICA-16 trated tierte acid borte acte available
ICA-1). ICS-18, storade tanks from borom recovery or

e t e. ) adequate concentrated
borte acid storage tank
inventory la avellable

6.2.12 Pressere I. Electric power Electric Power No local pressure indleation No pressure indication to Nome

Transaltter supply fails I&C systen

2. Connection leaks Process Slgaal Incorrect signal to No pressure indication to none
transettter IAC systee

). Transmitter fatta -- Na local pressure indication no pressure indication to none
IAC system

6.2.3) CD.eck Valve 1. Falls to prevent -- Possible backftcu if pump None if concentrated borte Close ICA-16
(CA-85) backflow to not running acid available from ICA-18

concentrated borte acid
transfer pumps

N
6.2.14 Manuel laolation 1. Talve falls closed -- No borte acid No boric seid available None N

N
valve (C A-25) to core flood tanks

'

6.2.45 MP Borte Acad I. Electrae power Electric Power rump stope; no boric acid 110 borte sets available None

!
Pump (CA.r5) s pply f eis to core flood tank

4 2. Fump ratis -- No borte acid Nu borte acid available None

to core flood tank

6.2.06 Manual Isolation 1. Valves f all to open. -- No lerte acid No borte acid available None

valves (1C4-26 fatt closed to core flood tank

j 1C4 28)

! 6.2.17 Manual control 1. valve falls closed -- No horte acid to concen- No borte ocid available Alternate flou

Valve (CS-62) trated borte acto atorace to makeup filters. SWST path available

tanks

6.2.18 Concentrated porte 1. M 4lanket My Planket rosslbte torte acid None Close control
y

Acid Storage Tank system falls backflom valve CS-62

( 1WD-T22) 2. Electrie tw er Electric Feuer Burte acid coystallisest No borte acid swallable Alternate flou
i

! P pply to trace potenttal p!ugging and to makeup filters. 9WST path available

h-ating falls luas 44 flow
,

3 Trase heattee falls -- Bnrle acid crystallitest No terte meld available Alternate flow

potential plugging ard to makeup fil t ers. Bust path avallet.le

}
Inss of tjou

4. Int o t t<.r t e .v t et Borte Acid Nu teoric acid Nonc ente sa cosuentrated Alternate flow

tlam fall free Min ta rle acid storage tants patt. available

Tana/DC Bleed are empty

Evaporator
toneentrate
faerler

i

i

1

|
4 6



Table B.3.6. (continued
_ ......._ _ .

Potent ial Fat t ure Mode lamediate Effects
_ ... .. _ _ .. .. - ~ _

laterface At Subsysten Benedlal settonCoerenemt Mode Involved Within Subsystee Interface Withtm Subsystem

S. Tank leaho foontble flooding; fuentual lose of borte alternate f!cv
--

eventual less of scid evaltable to makeup path evallebte
euction pressure to fatters, BWST
pump

6. Tank empties No borte acid No terte acid evaltable Alternate flew
-

to makeup f alters, hfST path eestle>1e
7. Tank went, relief - Cover gas release to verit mene None

valves fall open header

8. prain, sample linee Decreased borte acid Decreased borte acid alternate firm
-.

fall open available to makeup path avalleble
filters BWST

6.2.19 Level Transet tter 1. flectric pewer t.lectrie rouer no local level Indication No level indicotton to None
supply 14C system

2. Connection leahe Procese $ signal Incorrect signal to go level indleattee to None
tr a nselt t e r 14C systee

3 Tranneitter falls -- ' No loce! level indication No leve! $ndleation to pone
14C system

N
6.2.20 Manual Isol a t ion, I. Velves f all closed -. No borte acid No twate ocid evalleble Alternate flow

Cor. trol Valves to makeup filters, BWST path swallable
(CS 6), C3 64,

CS-67)

6.2.28 Concentrated porte 1. Electric pouer Electric Pouer rump stops; no boric acid No twwlc acid evallable Alternate f!rw
seld Transfer Pump supply falls to makeup filters BWST path avestable
( tWD.F22) 2. Pump falls -. Na borte acid No f orte acid available Alternate flow

to makeup filtere SWST path available

6.2.?? Manual I sol e t t osa 1. Valve fatts closed .. No toete acid No b wle seld available Alternate flow
Valve (CS-681 to makeup filtere BWST path availab3e

6.2.2) Manual luolation 1. Valvas fall rioned .. No boric acid No t< rte acid avellable Alternate flow
Valves (CS.72, to evellable to makeup path available
C5 791 fil ter s, BWST

6.2.24 Check Valve 1 Falls to pre vent .. Fosalt,le backflow if pump Wor.e af concentrated Close C3 72
(CS.7 tl t.ack fl e= la not running borte acid available

froe LP torte acid pump
6.) DC Bleed tioldup Tank s and Ts an f es INans s:

6.).I Marsual (s.oteol 4. er sleed Ilas fatta RC Bleed flow RC ble.d holdup tank could Ncne .f alternate ficer Alternate bleed
Valve (CL411 empt y ; ns. Sepas.t sinc e passe evallable flow available

rest of subsystes
operates only on demand

2. Valve fatin cim.cil .. 90 bleed holdup tank ca.utd Noew- ur alternate flow Bleed flow can be
empty; no lepact sisece pat 4 wallable diverted to
rest er subsystte 2WI.-T?la
operates osity on de mand

L



- _ - -

Table B.3.6. (continued)

poteottal fatture pende Immediate Effects

laterface at Subsystem Semedlel &etion
Component feode Inselwed Within Subsystes laterface Withte Soberstaa

_

6.3.2 BC Bleed aloidup 1. N blanket 52 2 Blanket Tank eennot be purged; no None if alternate flow Nome
Tank (IWD.7214) systee falls sepact stace rest of path available

subsystee operates only
om deeand

2. Tank leaks -- Fossible flooding; eventual Mone if alternate flow Alternate blood
loss of suction pressure path evettable flow available
to pump; no tapact einee
rest of subsystem operates
only es demand

3. Tank empties -- No flow; no tapact etace mone if alternate flow Alternate bleed
rest of subsystee operates path evallable flow avstlabte
only on demand

4. Tank went, rettef -- Cover gas release to vent None None
valves fall opea header

6. 3. ) Level Transmitter 1. Electric power Electric Power No local level indleation No level indication to None
supply falle IAC system

2. Conneettaa leek Process Signal Incorrect signal to No level indlestion to None
transmitter I&C opetse N

3 Transmitter fat ture - No local level indleation No level indleation to None N
#BAC systee

6.3.4 Miscellaneous 1. EJeetrie power Electrie Power Borte acid may crystallise; None if alternate flow testore trace
riping supply to trace small poteattal for path avellable heating; weptug

,
heating fatte g' lugging and loss of flow; lines; alter-

no sepact etace rest of note bleed flow
subsystee operates only en avellable
demand

2. Trace heating falle -- Dorte actd may crystaill e; None if alternate flow Restore trace
small poteattel for path available heattag; unplus
plugging and loss of flow; lines; etter-
me impact since rest of nate bleed flow
subsystee operates only evelleble
on demand

6.3.5 Weste Drotn, 1. Lines fall open -- Decreased flow; no sepact none if al ternate flow alternate bleed
Smgle Lines etnce rest of nubsystes path available flow evallable

operates only on demand

6.3.6 flanual Isolation 1. Valves fall closed -- No flw to pump; no tes act None if alternate flow Alternate biced

valves (CS-42 since rest of subsystem path available flew avallatte

CS-148, CS-44) operates only on demand

6.3.7 BC Bleed Transfer 1. Elet-tric pr.wer flectric Power Pump stops; no flow to None if alternate fl w Alternate bleed

Pump (IWD-P218) pupply falls teron recevrry path available fl ow available

2. Pump falls -- No flow to boron recovery None if alternate flw 11 ternate bleed
path available flow avallat,le

6. ).O Thee k Velve 8. F a als to serve-nt -- Posstl.le backflow if pump mone if al t e na t e flw Close contre I

(CS-45) b.et-b f t w is not running path available valve CS-46



Table B.3.6. (continued)
_

Potential Failure N de Immediate Effecta
-_

Interface at Suhaystem Nemedial aattonComponent pode Involved Nithia Sut,ayates Intesface utt&ta Suberates

6.3.9 Flow Ortflee 1. Orsftce plwas -- No flow to boren recovery None af altecaste flow Alternate bleed
path available flow available

6.3.10 Flow Trannettter 1. Electric power Electrie Power No local rim indication No f!nw andloation to Nonesupply falls I&C systee
2. Connection leak Process Signal Incorrect signal to No flow indicattom to None

transultter 14C system
3 Transettter fatture -- No local flow indication No flow indicatloa to Ilone

!&C ayates

6.3.11 Manual Control 1. valve f alla closed -- No flow to boron recovery None if al ternate flnw Alternate bleedVa.lve (C3-46) path available f!cv available
6.3 12 Manual Isolation 1. Valves f all cloped -- 3

i No flow to boron recovery None af alterrate f!cu Alternate bleeds

valves (C3-80,$

path avellacle flow availableC5-172. CT-1) -s

6.3.13 Manual Isolation 1. Destnerallred water Deelnereltsed Demineralised water holdup No danimodaltted eater AlternateValve (CT-88) supply fatts Water tank could empty to sueup filtera dentperalised

water flow path
available2. valve falls et osed -- Deatnerallred water holdup No dentnerallaed water Al ternate N

g

tank could empty to makeup filtera desteeralized VI
water flow path
available

6.3 14 NC Deelnerallred 1. Ny blanket aystem W planket Tank cannot be purged No deelnerallaed water Al terna t ey
Water Honoup f all s and is unavailable to makeup filters deelnerat tsed
Tonk ( 1WD-T218)

water flow path
avellable

2. Tank leaks -- Possible flooding; Eventual loss of Alterna te
ever.tual loss of deelneralized water deelnerellaed
section pressure to makeup filters water flow path
to pump available

3. Tank empttec -- No deelnerallred water No deelnerallred water Al ternate
to makeup filters deelnereltsed

water flow path
avail abl e

4 Tank went, ret ter -- Cover gas release to vent None None
valves f ati open header

6.3.15 Level Tran sit ee r I. flectric power Electrie P%er No local level Sudt-ation No level indication to None
nups*!y falam ISC system

2. Connection leak Process Signal Incorrect pIgnal to No level Indication to None
transeltter 14C system

3. Toansmitter fatture -- Na local level indication No level indication to pone

I&C eystem

6.3.16 Waste Drain, 1. Lines fall open -- Peereased destocrallred Decreased deelneralized Al t erna t e
Sample Lines water water to makeup (38 tera deelnerall ed

water ficw path
av ail able

]

-



Table B.3.6. (continued)

Poteettal failure Itode lamediate Effects

Interface et Sebeystee Benedtal aettee

Component Itode Involved Within Subsystem Interface Withis Swheretes

6.3.17 Istocellaneous 1. Electrie power Electrie Power Serie acid say cryote!!!sel Do deelnereltsed water Bestere trace

Piping swpply to trace small poteettal for te makeup filters meettnal
heating falla plugging and loss of flow unplug !!asel

alternate
deelneralised
water flew petat

evallable

2. Trace heating felle - Sorte acid ear crystal!$sel No domineralized water Seatore trace

small potential for to makeup filters heatingt

plugging and lose of flow unplus lineel
alternate
deelneralized
water flow path
avellebte

6.3.18 fanavel Isolattom 9. Vatwes fell closed -- No deetneralised water No dewineralised water Alternate
Valves (CS-52, to pump to sahatry filtura doelparentsed

water flow path
CS-149, CS-54) y. van a.ie

Ch

6.3.19 BC Bleed Trenafer 1. Electric power Electrie Power Pump stops; no No deelneralised water alternate

Pump (1WD-P218) segely falle deelneraissed water to makeup (!!(ere dealeeralised
water flew path
6tsilable

2. Pump falls - No domineralised water No deelneralised water Al t erna te
to makeup filtere deelneralited

water flow path
evallable

6.l.20 flow Orsface f. Orlflee plug:: - Decreased desineralised Decreased deelneraissed alternate

water water to makeup filtere deelneralised
water flow path
evallable

6.).21 Itanual Control 1. Valve falls closed - No deelneralised water No deelneralised water Al t er na t e
to makeup filtere deelneralised

Valve (CS-56) water flow path
available

6.3.22 Flow Transettter 1. Flectrie sanser Flectric Power No local flow sndication No finw indicalton to None
14C syst em

supply faits

2. Connection leak Process Signal Incorrect algnal to No flow indication to None

transettler ISC erstee

3 Transeltter failun -- No local flow indicotton No flw indication to None
,

I1&C system
|

6.).2) Check Valve 1. Falls to pr e vent - Poselble backflow if pump No demineralised water Close control l

(CS 55) t,arb fl ow is not running to makeup filters valve CS-56
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Table B.3.6. (continued)

Potential fat! we Mode lamediate Effecte
-

Interface at Subsystem tonedtel Settee

Component Mode levolved Within Subsystes laterface Withis Suteyetem

3 Transultter fatte -- Incorrect signal to f!cw to flow Indicataos to gene
control volve (see 6.3.26) 14C system

6.3.37 Control Velve 1. Control atfnel falls control Signal Isos of flow to leo deelnereltsed moter tiene
(HP-16) to open valve free 3-Way makeup filters to esteup filtere

Valwe
2. Control espnat f att e Coetrol $13eal Loss of flow control to increase to deelneralised Cleen seemet

to elone valve psee 3-Way makeup filtern water to makeup filters !aolettoa

Talve valve 61
eless NP-192

3 Instrument air Instrument Air Loss of flow to No doetmoret tsed water mone

supply falls makeup filter's to makeup filters

4. Electrie power Electric Power t.osa saf flow to No deelneret taed water lione

supply felle meteup filtere to wateep filters

5. Spurious etsnel to contret Sssnal Lose of fles control to increase le desteerallied close eenval
open volve free 3-Way mat =GP filters water to esteep filtere teolettom

talve velvest
close IIP-192

6. Spurious elanal to Control Signal tese of face to 150 deelnerei tted wetst tone g
Io mateve f44 tere Nclose valve Fece 3-Weg easeup filters t

Wal es co
4aen of flow te ao deatheralited mater moesT. Internet valve -.

failure o deup filters to maasep (11 tere

6.4 Boron Secovery:

6.4.1 Manuel leotation 1. AC bleed flow #C pleed Flow Wu fitw ta fe64 t a'nk. 'f a r.4 acee if few'4 tLA to felt g!tereste flw

Valves (CT-3. falla From Holdup b s 4 4cer espetttyt M oe path.svettable

CT-5) Tescis reesvery will contlewe

tantil tant le setts

2. talves felt e4caed -- so flas to seestreralisert hant if e.lternate flew Alteenste fleu
5 no efieet einee second i'ath evettat>Ie yeth eveale6te

d'steeselster evellt%14e

6.4.7 BC pleed 1. Resta fill falla Rasin fill pa d+elmerettatsg e6paetty! A ne af alternate fios alterette flou

no effect since accond path eventable past evallebte
Evaporator
()eetnereltrer deelnerallrer ovellabio

tierressed flow; no effect sc.no af al'sercate fisw altetente flow
F. Tant leaks +-

tince second deelnes elleer poln.eestlatte peth 6 satiable

evallabla
ferreened fires; no ef f wt mene t f al t er na t e 13e.- al ternene flow

3 Tar.6 weet satts --

stuce second scens.-ral1:es- 14t4 ovalketric pott evallaH eopen
eva4&able

6.4.) Manual Isolet tee t. Valves Kall closes -- ate fim; no eff ett cl#ee pr+rr is et terNt e flee Aft 1Praete flew

Velves ICT-e. CT-6) e,cond desteerallace am maallet le pape o.alleble

evallatte

6.4.4 Manuel Isetettoh 4. V Al we l' ell 9 e iO*e J -- Eco fffw ta fsed tahk. Tank Mune if fee 4 isa6 to full f e tat-l(%

Velve (CT-t4) e.as 9-hour capeett:1 tor-en re(4rro'tation

f!rer fe cee *+every intil coetinue
untll tant in espe y 'ev agnv etor

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
- - - - - - - - - _---
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ToDie B.3.6. (Continued
- __ e . - - - a

_ <

fo getla!. fatture lerede Ismediate Effectsr

_---_ m .a - _ - _ _ ~ - - nm - -

laterface at itsterstaa Seemetal tettoonCompotect hee Intelved Within A.heyste@ latertece MISta tuntereb
_

_

--
_

_ -

_-_
__

6.e.5 'st ecell aneoup 1. Liectrie gwer- recetris Po*er porte acts eay tryartoftlae; moeie unfdes conces'ested east ce treme.

)Piptng espply festt emel! wtontlel for tarie sets eters64 lente, - thes'ateg; eiset=qptugging asd 1)ees c(17)ge, e ,empti tImeoP. f>ect besting felts - pseta eef d any crystetitieg some estehe ocacentret*4 Doetete krece-
emell pcientist fer torte eel 6 eterage tents ta=M44 kmplup.
einggint. eaJ less of flee ers esop67 time.

4.4.L 9taneet teolation I. Fttetrator respureter No (1sw 3e'(eed tone. 7:nt- son tf feed test to fu*t Setet11,ev.Ives (CT-It. deelner.JsIer peatneralitbr noe 6-hur especttgt boren W ireA ottieCT-19. CA-44 flew feale; FTu t6 Firw re*overy esti nestf%ue (see, few
CT-4 9. CT- 36 ) fa tin camert scetit teen re es'at, enspecoter

t. Coustle flew rsitsJ Canette Fle ar Cheotcal Sobelence in beron Cheelcel Serirre$aneg la Inoce
CA.84 falta e&os&J reectory ejettes bor14 etid to sekeup

,

ft4Rees. Sef37). Distillete flow felle; Otstillate De f ata, te ff ~nd 48=5. Tonk Jeone if feed Lane 'je f ull t>tabilet6 -49 falle cle N d Cooler tse 9-Eber especity; ecree fsetteu% tite
7

face escoverf 'st?l ce*tirase flee, irge
3

until eerk to empftf eesporattir
4 Cc.seestrate flow 'terwe rit ra t e Ca>ncestrated tordt seld look, mesese coneettreted *:&ere CT-58 toteek W feetett.a) Flow returned to 196J tant; se Arte seid eternes teeks for6e yCT % f alle Ctem twee rocseery are etecty eencastrate 70

flew 4e '.O
esase6trate
cooler j5. Of te CT-19 fetas we floe to iece ta.en, teale pone #5 fee 4 tant to reelt sets &Itet--

close4 - ham 3-ter eJpeeltyn teen teetreutettaa
recevery will emellows flren fr's
einf 18 tatt is salpty evereretee

6,3.T theek Veteva 9. fall to rrevente raestble beectflow to Wane etnicas coecentrated Eless t ootetteo--

! (CT-14. CT.U , butflow e<e.e. arete samp, serie seid stores = tense valves or.14
C1-17) evescret er desinerat taer are certy dad CT49

6.4.8 hs' Bleed 1. Tent tenke Deeressed f'tew; eeeettual mane if feet teah te ('ut! Jease--

Evapore*ce feed 90s* of 6 cilen ere3e e 6
ier.R (WD-tt2) ta TAmep, fan' kan 8 linert

cuecity* 6cron recovery
wfl! eer.linee emLil tank
89 esety

.* ho f1w feron res'oesy home entras concentrated tone7. Mmk vaptiet s

oteps untti LAbb reftaled herte eeld sVerege t' ente
era sekty

3 Teve went, relief Deereeeed' flow. Tank has stone if feet tant te full menes.

selvea fell cren S-besar cagerity; boree j
eeenvery util ce4tinue
entf( tank to capty

6.4.9 (_esca Trearettler 1. Electric deer Electric Prneer to local leve& tafneetts.n mone sens
! wwtply f.itti

2. Ceesu tires teet Pe cass 36fnal gen rrect osamal to suce wone
ktraanosstee

3 Yeareef t tes raalere -- So local 1*=el Inditet!om hre mane

.

_ _ _ _ _ _ _ . - - _ _ _ . . . - . .
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Table B.3.6. (continued)

$oteattal Fatture Neo temodsste ET(eets
-

laterface at Subeystem Reedial aettee

Component somse 1svelved utthin Subey stes laterface Utthia Sute} sten

4.4.16 pesemal leolatton 1. Talves fall closed - no (Icas to evaporator feed Bone maless eeeeentrated totabilah

Valves (CT.22, pamap. Sectreutettom flow terse acte storage tenke rectreutettee

CT.23) path can te estabitehed ere empty flow free
through etaperator but evaporator

teron recovery stope

6.4.39 aC Sleed 1. Electrie power Eteet?ac Power Pump stope; se flow to pone untens esseentrated Estabilah

Eveparator feed supply fatte evaporater. Sectreulation boric mete storage tames reetrostation

Pump (WP46) flou path ese be are empty flow freus
estabitehed through eveperator

eveparator but borea
recovery stope

2. Pump falle - Nw flou to evaporater. None sniesa comeestrated Establish
Sectrestation Tlou path borte ocid storage tanks rectreutetton'

can be estabitehed through are empty flow frem
evaporator but beron evaporoeter

recovery stops y
O

6.4.12 Pressure 1. Electrie power f.lectria Power No local pressere ladscation pone some
.

Tranaattler Falle espply fatts

2. Connection leak Process Signal Incorrect signal to pone tone

transmitter

3 Transmitter fatte -- so local pressure indication pone mone

6.4.13 ptanual Isolation 1. Valve fasts closed -- No flow to evaporator. None unless concentrated Establish

valve (CT-24) Sectreulation flow path borte acid storage teeke reetreutettom
can be estahliched through are empty flow fr<m
evaporator but boroa evaporator

recovery stope

6.4.14 Control valve 1. Coestrol alrnal control Signal I.cas of flou control to pone unless concentrated Estabitch

(CT-24) faits to open/ From evaporator. Could flood borte acto storage tante reetreulation

valve clone foaporator evaposator or allow are empty flow to feed
level dryout. Sectreulation tank or

flou paths to feed tank evaporator

or evaporater een be
established. Scoon
recovery stops

2. Instrement air Instrument Air Loss of flou control to None unless concentrated Estabilah

supply f gla evageratur. Could flood borte acid atcrase tanks rectreulattoa

evaporator or ellow arr empty flow to feed
dry out . Reelreulation tant er

flow palha to feed tank evaporator

or evaposator can te
established. Boron
recovery stops



. -

Table B.3.6. (continued)

Potenttet Failure Mode lamedsate Effects

Interface at Subsystee Remedial aotton
Component Mr,de Invol ved Within Subsystee Interface utthtm Subeystes

3 Spurious signal Control Signal Loss of flow control to None unless concentrated Establish
to open/ valve Free evaporator. Could flood borte acid storage tanka rectreutetton
close Evaporator evaporator or allow are empty flow to feed

Level dryout. Beetreulation teak or
flow paths to feed tank evaporator
or evaporator can be
established. Boron
recovery stops

4. Internal valve -- Loss of flow control to boce unless concentrated Establish
fatture evaporator. Could flood borte acid storage tanks rectrostation

evaporator or allow are empty riou to feed
dryout. Reetreulation tank or
flow paths to feed tank evaporator
or evaporator can te
established. Boron
recovery stops

6.4.15 Check valve 1. Falle to prevent -. Posalble t.ackflow if pump None unless reneentrated Close control
(CT-29) backflow is not running borte acid storage tanks selve CT-28 y

are empty 14
a

6.4.16 Weste. Drain. 1. Lines fatt open -- Decreased flow to None unless concentration Establish
Sample Lipes evaporator. Sectreulation borte acid storage tanks rectreulation

flow path ces be are empty flow to
established through evaporator if
evaporator but baron required
recovery stope

6.4.37 aC Bleed 1. up blanket system N Blanket Possible esplosive etsture None poney
Evaporator falls forma
(WD- EV I) 2. Steme supply falle Steam Evaporator floods. No None unless concentrated Establish

borna recovery borte acid storage tanks rectroulation
are empty path to feed

tank
3 Blocked tubes -- Decreased heat transfer; None unless concentrated Establish

decrease 1:e boron borte acid storage tanks rectrowlation
recovery are empty path to feed

tank
4. Tube ruptm. -- Steam released to None untens concentrated Establish

evaporator vapor epacel boric acid storage tanke reetrowlation
decrease in boron are capty path to feed
recovery tank

5. Lor s of hea s t s ausfer -- Evaporator floods. No None unless concentrated Estabitsh
c.npabil i t y boren recovery borte acid storage tanks rectreulation

are empty path to feed
tank

6. f lec t ric twe r flee e s te roue r Concentrate beater falls; None untens concentrated Destore heaterg

reurply f:.ll a potential plugging and boric acid storage tanks unplug lines

tons or flow are earty
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Table B.3.6. (continued)
.. _

rotantl.1 failure node to .dt.te arreet.

Interface at Suberatam Benedial Settee
Camponent Hude Invelved . Within Subsystem laterface Withia Subsystem

7. Inlet flow free -- so borom recovery pone unless concentrated Estabiteh
feed pump fatte borte seid storage tasks reetreulettee

are empty flow path until

feed flom
restered

8. Evaporator leake -- Eventual loss of suction pone unless concentrated gone
pressure to pump borte acte storage tanks

are empty

9. Evaporator empties -- Possible damage to pone unlesa concentrated Shut off steam
evaporator; no boron borte acid storage tanks flow
recovery are empty

10. Evaporator vent. -- Cover gas release to vent mone sono
reller valves header
fall open

6.4.18 Evaporator Level 1. Doctric power Electric Pouar Incorsect signal to None unless concentrated Wome

Transmitter supply falls evaporator feed pump borte acte storage tenke

discharge flow control are empty

velve (see 6.4.14)
U2. Connectson leaks Process signal Jueorrect signal to pone unless concentrated bone

evaporator feed psep borte acid storage tanks to
discharge flow control are empty ,
valve (see 6.4.14)

Incorroet signal to pone unless concentrated mone
3 Transmitter falle -

evaporator feed pump borte acid storage tanks

discharge stou control are empty

valve (see 6.4.14)

6.4.19 Temperature 1. Electrie power D eetric Power Incorrect signal to see 6.4.26 None

Transeitter supply falls transellter and
concentrate cooler
discharge flow control

(see 6.4.26)
2. Connection leaks Process Signal Incorrect signal to See 6.4.26 Mone

transeitter and
concentrate cooler
discharge flow control

(see 6.4.26)
3 Transellter fatture -- Incorrect signal to See 6.4.26 mone

transettler and
concentrate cooler
discharge facu control
(see 6.4.?6); no local
temperature indication

6.4.20 Distillate Conner t. Coollac unter Coolang Water Mirh t roperatue e dist illas e none Estabitsh rectr-

(WD-C9) eupply f Its ecturned to teed tank culatloa path
to feed tank

2. tiocked tube -- T>ecreased heat transfer; None Estat'llah rectr~

high temperature culation path

distillate returned to to feed tant

freit tank



Table B.3.6. (continued)

Pot ent i al f a t t ure leade leanedtate Effects
_ _ . . _ . - -

Inte face at Subsystem Bemedial settonComponent lede involved within Subsystem Interface Withis setsystem

3. Tube rupture -- Cooltag water released to None Satablish rectr-
distillate; dilutes feed estation path
tank concentrattoa to feed taak4 t.oss of heat transfer -- Decreased heat transferg None gatabilot reetr-

capebility high temperature eulation path
distillate returned to to feed tank
feed tank

5. Cooler leaks -- Decreased distillete flow Decreaped distillate Estabitam reetr-
avallebte to condon- eulattom path
sete test tanks to feed tank
(deetmareltsed meter)6. Irlet flow fatis fraporator No distillate flow No distillate available None

Diett!! ate to condensate test tanks
(deelneralized water)

6.4.21 Concentrate 1. Electric power Electric Power rump stope; no concentrate None unless concentrated Ilona(tectre.) Pump supply falls flow borte acid storage tanks
are empty

(WD-P4) 2. Puep fatts -- No concentrate flow None unless concentrated None
borte seld storage tanks ]are empty w

6.4.22 Check Valve 1. Falls to prevent -- Poselble backflow if pump None unless concentrated Close CT-38,
(CT-35) backflow to ant running borte acid storage tanks CT-40

are empty

6.4.2) Pressure 1. Electr'te sw er Electric Power No local pre. pure indicotton None NoneTransmitter supply falle
2. Connection leaks Process Signal Incorrect sta,nal to pone None

transmitter
3 Transmitter falls -- Na local pressure indication mone None

6.4.24 Hanual isolation 1. Velve falls open -- Concentrate flow None unless concentrated Open CT-40 to
Valve (CT-38) reeleculated to borte acid storage tanks divert flow

evaporator. No boron are empty through
recovery; possible concentrate
e,aposator flooding cooler

2. valve f alls elused -- fosettile flooding of hone Flow een be
concentrate cooler; lors diverted
of temperature control in through CT-36
evaporator back to

fe*$ tank

6.4.25 Concentrate Cooler 1. Cooling water supfly Coollag Water tilgh temperature boric seld None Close control
(WD-7) falls returned to concentrated valve CT-40

borle acid storare tanks
2. Blocked tube -- Cecseased heat transfer; None Close control

high tempesature borte valve CT-40
acid returned to concen-
trated borte aclJ aturage
tanke



Table B.3.6. (continued)

rote isal ratture node s.swtate affecte

laterface at Subsystem Demodial Settee
Component Mode involved Within Subsystee laterface Withis kheyeten

3 Tut.e rupture -- Cooling water released to mone Concentrattee esa
concentrate 3 dilutes be adjusted

borte seid concentratlon from borte acid
als teak

4 Loss of heat. transfer - High temperature borto acid none Close control
capability returned to concentrated valve CT-40

boric acid storage tants

5. Cooler leans -- Decreased concentrate flow mona unless concentrated mone
borto acid eterage tanka

era empty

6. Inlet flow falls Evaporator No concentrate flow Hone unless concentrated Close control
Concentrate borte acte str. case tanka valve CT-40

are empty

7 Cooling water control Control Signal go concentrate flow mone unless concentrated Close oomtrol
=alve falls from Conoem- borte meld storage tanka valve CT-40

trate Cooler are empty g
Discharge w
Temperature r

6.4.76 Temperature 1. Electrie power ElectrSe Power No signal to cooling water No signal to cooling See 6.4.24

Tranaattler supply falla control valve water control valves
see 6.4.24

2. Connection leaks Process Signal so signal to transettter No signal to cooling See 6.4.24
water control valve;

see 6.4.24
3 Transnitter falls -- No signal to cooling water No algnal to cooltag See 6.4.24

control valve water control valveg

nee 6.4.24

6.4.77 Control Valve 8. lastrument air instriment Air 1.oss of concentrate flow None unless concenIrated Close cooling

(CT-40) nupply falls control borte acid storage tanks water centrol

are empty valve; divert
concentrate
flow boek to
evaporator
through CT-38
or to feed tank
through CT-36

7. Control signal falla Control Signat Loss of concentrate flow None unless concentrated Close cooling

to open/close From cont r ol torie acid storage tanks water control

valve Evaporator are empty valve; divert
concentrate1emperature
flow bach toTransmitter
evaporator
through 07-38
or to feed tank
through CT-%



Table B.3.6. (continued)
--.

Potential fatture pende lameJlate Effecta
-

Interface at Suberstam Benodlal setteeComponent Peode invol ved Within Subsystem Interface Withia Subegetem

3 Spurious stanal to control Signal Loss of concentrate flow Bone unlesa concentrated Close cooltagopen/close valve free control borte actd storage tenha water eostre!
Evaporator are empty valvel d! vertTemperature

concentrate
Transmitter flow book to

ev aporator

through CT-38

or to feed tank
throup CT-35

4 Internal v lve -- Loss of concentrate flow None unless borte acid Close cooltag
failure control storage tanks are empty water control

valvel divert
concentrate
flow back to
evaporator
through CT-38
or to feed tank
through CT-36

6.5 Deborating Deelneraliser:
f0
LAJ

6.5.1 Manual Control 1. AC Bleed flew falls BC Bleed flow No flow to deborating No flow to makeup filters floaa
Valve deetneral1:er

2. Valve f alla closed -- No flow to deterating None af alternate facu alternate flow
deetneraliser path avellable path evallable

6.5.7 Manual lactation 1. Valve falls riesed -- No fl<ne to deborstlng None if alternate flow Alternate flowValve dentneralizer path avellable path available

6.5 3 Deborattng 1. Tank leak -- Decreased bleed flow Bone if alternate flow Alternate flow
Dea t neral t s er pata available path available

2. Tank emptia s -- No bleed flow None if alternate flow Alternate flow
path evallable patJa evetlable

3 Tank went, s etlef -- Decreased bleed flow stone If alternate flow alternate flow
valves f..tk open path available path avellable

4 Re?in satue nt es -- No boron removal from Isone if alternate flow alternate flow
bleed flow path available path available

5. Caustir flee falls Cauatic No demineralizer Ilone if al ternate flow Alternate flow
regeneratton path avall.ble path evallable

6.5.4 Miscell a neous 1. tiectric g==er Electete Power Boelc acid may crystallisel Ilone if alternate fim Seetore trace
Pi p t sig mus g.ly to tsace omall potential for path available heatlagt ungitug

heatseg intle plugging and loss of flow lines
2. fr 4e heating falls -- f.orte seid say crystallisel None if alternate flow Seetore trace

small potent ial for path available heatingt unplug
plurfing and loss of FIm !!nea

6.5.5 Waste. Drain, l. I lpes f all op.n -- Decreared fleed flow Isone af altrrnate flow Alternate flow
Sample Lines g,ath avellable path evettable

6.5.6 11anual Isolation 1. Values fall closed -- Iso Isleevs flees feone If alterrute (Iow alternate flow
Valves path available path available
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B.4. FMEA 0F THE PRESSURIZER AND ASSOCIATED CONTROL SYSTEM
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Table B.4.1. Failures of the pressurizer pressure boundary

_

rallute Possible Causes I;f f ects kcwidial Act son

1. Pr essie r i z e s c Pressurizer Material defects, Sesall to large hat leg LOCA t'mergency Proccoures

Susge I.ine Failuse tiiermal stsess f or IACA's must be
f011 owed.

3. Tt.e r mowe l l railuse Matesial failure HCS Leak. Indicated water Emergency Procedures
tensp. may Ise 1.igh. Ind, for RCS leaks must tee
level may t>e liigh (small followed. Othes t ee.p.

effect) element may be selected
i for ludication based on
I

a comparison to Leic
s.aturatiosi tempesatuse U

| at Llie indicated op
'

prescure.

3. Ileal e s Monnting rallure Material defect, uncovered Small to large hot leg LOCA Emergency Procedures

heat ers energized and f or IAsCA's must tse
fo!! owed.subwluent ly sliocked

4. I.evel Sensing I.ine Material defects RCS 1.eak. Affected Emergency Proceouses
i nst r ue.ent recponce for PCS leaks must be

railnse (St eam Sgssce)
high or unknown. followed. One of L aie
PressusAzer may 1,e filled. two operable level

measurements may be
selected for indication
I,aaed on a coagusison
of the three
l eidi ca t i ono .

. _ _ _ _ _
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!| Table B.14.1. (continued) .!

j 't
ra!Iure Pa.ssible Causec Fffects Hemedial Act sos1

I

S. I.evel Sensing 1.leic Pt.iterial defects itCS beak. Affected Emergency Psoceouses
s

railuse iWater Space) i sist , r ess.o ine f or itCS leaks subt I,e
[

,

} lou or unknown followed. Oise of t ree
i
i two operable level

1

I meassisements may be !
a selected for indication '

based on a comparit.on,
;
y of tlac tier ce
; indications,
y l

I'& 6. Spr ay I.isia ralluse Mate ial defects, Small I.OCA. Psea,surizer Emergency Procedures
t Llies e.at st r ess. filled during HCS for small I.uCA's munt +

de ger e s.su r i z a t i on. t,e followed. ] r

ej 'J . liigh Pr essus e Saf ety or Material defect, Small I.OCA. Paessusizer Emergency Proceduses ;
i Hellei Valve 3.inic tallure, siecleassical st r ess t i l l eil dur i ng HCS f or small IJWA's must t
i Safety valve rastume depressurization, t,e followed. [
|
, 8. POttV rails Open Spullous siqual maintaine Sanal l I.OCA. Pa rases t i zer I;mergency Psoccouses '

| valve epen, 1oftv failuse filled during stCS for Small WCA's muct
t to close aftes opening depsescualzatis,n. tie followed. Open PORV ;
, (See ralluac of Input s to may be identified t>y

"

! Psessusizer System) PokV accoustic musiltur
j (details unavailaistel
{ and/or disclearge pipe

langh temp. i nclica t l on.i

) I.OCA may tse terminated
i by clouure of the l'OftV
j illock Valve, ItC- V4 . [
i

i
I

,

<

I

i

i :
. _ _ _
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Table B.!I.2. Failure of pressurizer system equipment or outputs

l'aiEure l'ossible Caisses. E'tfecta Hemedial Action

i
. l. Failure of Selected Ts asism! Ll e r failure E.ow prescustzer level Operator can compase'

f I.evel Ts.ssismi t t er I.ow signal. Makeup valve the three level
j opens. Psessualzer fills measusements ttirough

resulting 1:e a protiable tie computer and selectr

i higli pr essur e t rip, one or tne two operable
f.etdown storage tank tsansmittess for
empties. Heater tsanks 2, indication and/or
3 and 4 fail off due to control. Masiua l
indicated low level. control of makeup valve

possible. Opesator
must transfer makeup
pump suction to Hedst 7
prior to drainsng o
makeup tank.

A.C. Power failure See Table 6, Failure
of Pressurtzer Inputa

2. Failuse of Selected Tsansmitter failure Maximum pressustzen level Oleratos can compase
7 t.evel Tsanumittes Isigle signal. Makeup valve the three level

closes res.u! Ling in slow measustments ticough
!

decscase in pressuriser the computer and selece
level. kc pump seal one of the two opesable
iseject ion cont inues, transmitters fos

indication and/or
cont:01. Manual
cont rol of makeup valve

I.ossitale.

I

.

-

;

|'

: i

i
i

__



Table B.4.2. (continued)

Failure Possit,le Causes Effects itenedial Actioni

3. Failure of Selected t;tement opesas or shorts Indicated liigher or lower Operator can campareTem 6vsat ure t;ltmeset
level. Makeup control time two indscatedseigle og Low valve modulates to achieve tempesatures insough
higher or lower setpoint the camputer to the
level. saturation temperatuse

at t hea indicated RCS
pr esa;us e and selecs. t ese
operable taansmittes.

4. Failus e of Relief /Saf ety T/C opens I.ow ludicated temperature. Failure may lie sletectedValve hinchasge I.ane
This failure would lee ley a comparition og t seeThesmoccuple conf ussing t o the operator three T/C scadisiga and
if the associated sellef conissmed 1,y test.
valve developed a leak. N

35 Failuse of Non-Selected I.evel tsansmitter or Element failuse Ho immediate effects unless Computer indication /Tarscatttes og Temperatute operato switches to f at tets alarm avallatele tot.lcmeant High et Luw output Isee Failure of opesatos los
Selected Trancmitter). identification os

failed tsansmitter.

6. Failuse of Spsay Valve closed railuse of valve or solenoid I.oss of power ogeration Shutdown sequired fos
pressume seduction control. sepair. Operatos
May ses. ult iss seactor trip. contsol of POHV

s equir ed f or
depr esseus l aat ion to
cold shusdown.

7 Failuse of St.r y Valve Ogun r.ailuse of valve Slow depressur izat ion of Shutdown requised fos
RCS. t.nergizing et aepsia. Opeeatur may
pa ct sus s zer he.at e a sa, cont r ol deps ecuur iaa-

tson t,y closing Spray
plot.k Valve.



Table B.4.2. (continued)

Falluse t>ussible Causes t:1fccts Rese11al Action

S. Failure of ISRV Closest Failure of valve or solt-noid PORV unavailable f or higli St utdown required f or

(For Failuse of leukV ps essure transiesits. r e:pa i r . May be

open, see Tal,le 4, lacreased safety valve difficult to detect.

Failure et Itessusizer actuattuna. Nu low
Paessure Bounatary) pressure relief available

dusing shutdown.

9. Failure of PottV or Spray Valve failures Valves unavailatste for May be difficult to

tilock Valves open isolatis.g IORV or spray detect. An unisulated,
valve if either failed open PORV transient is(For Failure ut valves

Closed, See Tatele 6, open. controlled by Emergency m
Procedures for a small e

railures of Pressus izer N
I.OCA. An unisolateel,

t opant s! open spaay valve
recluires careful
control of itCS
temperature to reach
cold shutdemp.

10. Pr essur izer tie.at er Element Cossosion, r.lior t circuit Small s caluction in f. eater steater failure may tse

cal'acity. May not 1,e identified by a circuit
ratis noticed. bscaker opening.

Replacement during
sefu(ling sleutdown
required.

.

. . _ _ . . . _ _ _ _ _ _ _ _ _ _

- - - - "
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Table B.4.3 Failures of inputs to the pressurizer system

Failure Possible Causes Eficcts Remedial Action

1. Power to Selected Level Dreaker opens deenergizing I.ow pressurizer sevel Other transmitters mayTransmitter falls (LT1 or I.721 El Laergt:secy $1 or Emergency signal. Makeup valve be selected, Manual
82 teeders opens. Pressurizer tills control or Makeue valve

resulting in prot.able high required prior to
pressure trip. Makeup helection ut operable
atorage tank emptice. t anseltter. See
Heater tanks 2, 3 and 4 Failure or Pressurizer
deepergized. Total effects Equi eient, Item I,lJ

of loss of KI "Fmergency Failure et Selectedi I!* or " Emergency $2" Tr as.Jani t t er Low.
feeders unevaluated.

| Ilus El fails Loss of Power to ICS. Emergency Procedure for
lleat er s, PORV, Sgiray Valve Loss or ICS Power must'

are off or closed. Main f.e followed. Manual
Feedwater tripped. Makeup control of POHV, spray
Control valve tranciers to valve, heaters and m"h.and control." Slow makeup vaive availabic r
decrease in pressurizer due to auton.atic W
level and prensure occura t anafer or selected
prior to og+ ar or loads t o Bus NU.
Int e r vent lon. Emergency fcedwater

autsmatically actuated.
2. Power to Selected Level Breaker Opens deenergizing I.ow pressurizer level Other transeatters mayTransmitter t.T l EU teeder for transmitter signal. Makeup valve be selected. Seeidetails unavailable). opens. Pressurizar fills Failure or Pressurazer;

j resulting in prot.able high Equipment, iten I,
- pressure trip. Makeup Failure or Selected
I storage tank empties. Transmitter Low.

licater banks 2, 3 and 4
) deenergized. Effects of

loss of Ku transmitter
power supply unevaluated.

,

j nus EU fails Low pressurizer level Other Transmatters mays

|
signal. Makeup valve lee selected. Operator
opens. Pressurizer fi11a can compare transattter
resulting in probable I!gh outputs t>y alternately
pressure trip. Makeup selecting the tairec
storage tank empties. transaltter outputs for
Heater banks 2, 3 and 4 for inaication and
deenergized. f.oss of plant control.i

computer. Ettects of loss
of Itu not fully evaluated.

;

1
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Table B.4.3 (continued)

Failure Possible Causes Effects Remedial Actson

3. Power to Selected Fuse opens deenergizing Low pressurizer water Othes temperature
Temperatute Element Falls temperature ettment temperature signal. Makeup element may 12e selected

valve will open to maintain based on comparison of
higher actpoint. the temperature signals
Temperature cortcopunding Llarough the computer to
to 0 MV signal from bridge the saturation tempesa-
circuit unknown, ture at tne inoicated

pressure.

II ss III fails Loss of power to ICS. Emergency Procedure for
llea t e r s , POttV, Epray valve Loss or ICS Power must
are off or closed. Main be followed. Manual
feedwater tripped. Makeup Control of H)RV, spray
control valve transfers to valve, heaters, and m
"h.ind cont r ol . " Slow makeup valve available e

#decrease in pressurizer due to automatic
level and pressure occurs transfet.or selected
prior to operator loads to Sua EU.
Antervention. Emergency feedwater

automatically actuated.

4. Pressusizer lleates Power
Falls Off

a) Single Ileater Bank Power feeder failure I.eas than 500 kW of 1500 kW Repair during power
(Dreaker opens), prenesure capacity deesiesgized. Power operation possible.
switcle failure operation may continue.

tel Single 600 VAC pus Failure Dreaker opens, bus failure Apgesominately 500 kW Repair during power
( Xil, XI, XJ, IK, X5, X6, X7) of 1500 kW capacity operation possible,

deenergized. Power
opesetton may continue.

j

1<

i

_ . _ . _ _ _ _ _
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Table B.4 3 (continued)

Failure Fossible Causes Etfects peecdial Actaon

el Mingle 4160 VAc Rus sus failure Approsisately 500 kW stepair during powerreilure I TC, Tis, TE) of 1500 kW capacity operation possible.
deepergized. Pouer
operation may contissue.

d) Spurious f.evel Selected level Heater Croups 3 and 4 off, See Failure ofIntes l e,ck transmitter falls low, iteater Group 1 operable. Pressurizer Outputs,
Misc. mmlules fall le w Heater Croup 2 controllable Item I, Fa!!ure of

from ASP. Pressurizer Selected Level
Lo-l.o level alarmed. Transmitter Low.
See Failure of Pressurizer
Outputs. Item 1 Failure $
of Selected Level m
Transmitter.

e) Spurious Hi9e Failure of Selected narrow range POftV and spray valve open Tlie operator cant
Psessuse Signal precuure transmitter creating small LOCA. compare the I Wicated

ciscuit falls liigla. Heaters deepergized. pressure sigral to Llac
See Fa!!ure of itPS na r r ow r ange
Pressurizer Pressure pressure signals to
poundary, Item 8, it)RV identify tne failure.
Fclls Open. PORV asid spray valve

may be manually
controlled. Tsansfer
to an NPS pressuse
signal for contsol or
repair f ul s ow s ng t see
reactor trip la
required.
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! Table B.4.3 (continued)

Failure Possible Causes Effects Hemedial Action

5. escater Power Fails on
i

f al Single ficater Isank Pressure switch, controller Probable high pressure Specitic control room
! fall on reactor trip. PuRV and indication of energized

s;ps ay valve act uat ion. heates unknown. Iseates

.

grouple) may be
i manually deenergized.

t) Multiple Eleater flanks Selected narrow range Polev and spray valve The operator can
pressure tsansmitter circuit close. Iteaters energized. compase tue indicated
tails low, liigh pressure reactor psessure signals to the $

trip. Operation os Code kPS narrow range cn
Safety valvec possible, psessure signals to 4

! identity tne failure,
steater groups. POav and
spray valves may be

.

manually contsolled.

|
Transfer to an RPS ;

i
pressure signal for
cont:ol or repals
following seactor tsip

<

geguised,
r

}

I
.I

Y
* t

s

i

!

. - . . _.
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Table B.4.3 (continued)

Fa!Iure Pussibte Causes Etiects Remedial Actlon

6. Power to Spray Valve Facucure switch failure, Spray valve closes. Loss Ksev operable it
solenoid fails ett conteolles failuse of power ope ation required, Manual

pressure reduction control, control ot spray valve
may result in reactor trip. may be possible.

Repair followsng
seactor shutdown or
trip required.

Selected narrow range Spray valve and PORV close. The operator case
pressure transmitter lleaters energized. 111 9 s compare the indicated1
ciscuit falls low, pressure reactor trip. pressure signals to ti.e

DPS narrow range
pressure signals to
identify the failure, g
Heater gsoups. PopV and a
spray valves may be N

manually controlled.
Transfer to an SPS
pressure signal for
control or repair
following reactor trip
required.

Faiiure of Bus EI Loss of Powea to ICS. Esergency procedure ior
Spray valve, PONV, heaters, I.oss or ICS Power must
are off or closed, main be followed. Manual
feedwater trilped, nakeup control et PORV, spray.
valve taansfers to " hand valve, heaters and
coatsol." Slow decrease Makeup valve available
in pressuriser level and due to automatic
pressure occurs prior to transfer or selected
ogerator intervention. loads t o sus su.

Emesgency feedwater
automatically actuated.
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Table B.4.3 (continued)i

Failuse Possible causcs Effects -Nemedial Action

7. Power to Spray Valve Preaisure switch, controller Spray valve opens. Slow Spray valve may be
. Solenoid falls on fails on delaressurizatiosi of RCS. manually closed or
1 Energizing of pressustzer isolated. See Failure

heaters. of Pressuriser
! Equigeent, liew 7

j Fa!!urs of Spsey valve
open.

i

Selected narsow range pressure PORV and spray valves open The operatcr can
I tsansmittes circuit falls high, creating small LOCA. compare tese indicated

Heates u deesiergized. See pressure signals to the
Failure of Pressuriser RPS narrow range g

:
Pressure Soundary, Item 8, pressure signals to,

e
! PONV Fallas Opces, identify the failure. CD

1
PORV and spray valve
may be manually

j controlled. Transfer;

to an RPS pressure
i signal ior conttol or

repair follovsag tne
reactos trip is

j gequired.
j

,

I S. Power to Spray Block Contsoller failiare Valve closes isolating PORV may be manually
i Valve falls on spray and spray bypass controlled to avoad

flow. Loss of power reactor trip or will te
!

operation prcosure automatically
reduction contsol. Spray cont:olIed to Iimit RCS
pozzle may be thermally pressure following
stsessed. reactor trip. Contsol

soon inesication et

l telock valve closure
i unknown,

i
$

1

1

:
_ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _
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''' Table B.4.3 (continued),,

~ ~ '
.

9. Power to spray Block constroller or bus failure No immediate effects. If if identified, repairvalve fails ott the spray valve fa!!s open, of bus or controller
it cannut be isolated. during pweer operation

may be possible. See
Failures et Pressurazer
Equigaent, Item 9,
Failure or PONV or
Spray Block valves.

10. Power to ICHV hlock controller or tous f ailure No immediate effects. If If identified, repair
Valve fails off 1600 VAC XP1 ICHV fails open, it cannot of bus or cuntroller su

be isolated. during power operation *
*may be possible. See

Failures of Pressuslaer
Fquipseset, item 9,
railure of POHV or
Spray Block Valves.

II. Power to POHV plock Controller failure Block valve closes. Indication of block
Valse fails on Possible safety valve valve closure ur.known,

actuation on bigh pressure If identitled, repair
transients. during power operation

may be imssible.



- .- . __ _- .

!

Table B.4.3 (continued)

Failure Possible Caisses Effects Remedial Action

12. Power to PomV Solenoid Pressure switch fa!Iure, POctv closes. Possible If identified, repair

fails raff controller failure, failure safety valve actuation on during power operation
of tsus blB high pressure transients may be possible.

,

Selected narrow range Spray valve and PORV close, The operator can
i pressure transmitter circuit hesters energized. Higin compare Lane indicated

fails low, pressure reactor trip. pressure signals to the
kPS hareow range
pressure signals to
identify tree f ailure.2

Heater groups, Pokv and
1

i cpray valves may be m
5 manually controlled. g

Transfer to an MPE
pressure signal fur'

control or r epai r
following reactor trip,

required.'

i

Failure of Dus III Loss of power to ICS. Emergency procedste for'

Spray Valve, POHv, l. eaters Loss or ICS Powec must
are off or closed. Main be followed. suoual

| feedwater tripped. stakeup control or POav, spray
valve trana.fers to " hand valve, heaters and

i control." Slow decrease Makeup valve ats11able
t in pressurizer level and due to automat + c

i
pressure occurs prior to tranr.fer or se ected

i operator intervention. loads to pus p;s.
F.aier gency iees -vat er
aut omatically actuated.

\

Q

i

!

y
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Table B.4.3 (continued)

ratture Possilele causes Effects Remedial Action

13. Power to FOpv Soleenoid Pressure switch or Poav opens creating small See Failure or
fails on controller failure LOCA. Pressurizer fills. Pressuriser Pressure

Boundary, Item 8, IOmv
Falls Q on.

Selected narrow range Ptsv and spray valve open Tlie operator can
pr essure transmitter circuit creating small LOCA. compare ene Indicated
fails high. Pr essur i zer tills. Heaters pressure algnals to the

deenergized. See Failure DPS narrow range
of Pressurizer l'ressure pressure signals to
Duundary, item 8, FONV identify the failure.
Falls Open. PORV and dpray Valve

may Ise sa sually
controllel. Transfer m
to an RPE pressure g
signal fcr control or
repair fulsowsng the
reactor trip la
required.
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B.5 CONTROL SYSTEM FAILURES THAT CONTRIBUTE TO STEAM GENERATOR OVERFILL

The Oconee 1 MFW control system has an overriding requirement to fecd
the SG as long as the differential pressure (" water level") is sensed
below low level, [25 in, on the selected A-D (A'-D') sensor - see
Fig. A.3]. Between 25 in, and 344 in., control is not based on level
during normal operations. A complex of demand-related signals is met by
the control system, and, within the specified operating range, most
simple hberrations that might occur in a component are compensated by
action of the ICS. When the sensed level exceeds 344 in., the ICS sends
a signal to close the MFW control valve. If despite this the
differential pressure level rises to 359 in., a signal is sent by
circuitry outside the ICS (see Fig. A.4) to trip the MFW pumps. Note
that this signal will cause actuation of the trip only if signals are
sent from both the B-D and the B'-D' sensor sets. (See A.2.2.2 and
A.2.2 3).

It is apparent, therefore, that the MFW cannot overfill a SG (above the
359-in. level) unless both high level protection features are defeated
and an overreed mechanism is initiated that is not controlled by cross
limits or by any of the other compensatory features of the ICS. We have
accordingly classified possible failures as they may cause one or
another of these malfunctions (B.S.1).

Note that a number of SG overfeeds would reduce steam quality to the
point where water enters the steam line even though the differential
pressure on A-D did not cause either high level control or high level
pump trip. However, significant accumulation requires defeat of both
high level protection devices.

The AFW system is not subject to the high level protection features.
Therefore, once the system is on AFW, less control system failure is
required to bring on SG overfill. Two things should be borne in mind
(1) there must have been a prior failure or unusual circumstance to
bring on the AFW, and (2) the AFW pumps water much more slowly than the
MFW with a full open or nearly full open control valve. Hence, in the
AFW case, there is more time for intervention and less potentially
damaging momentum carried by the water.

B.S.1 Classification or Failures Leading to SG Overfill

Type As Failures that place both the high level MFW pump trip and the
high level control valve closure in a failed state. Since both of these
systema depend on the same level detection equipment, a failure there
would affect both equivalently. The following Type A failures are
possibles

a. A sufficient leak in selected pressure tap B (B') or the connecting
pipe from it, or in the packing of either blocking valve on which
the connecting pipe terminates (A.2.2.2.2).

b. Failure of valve V (Fig. A.3) of the selected set in the closed
position during operation ( A.2.2.2 3).

,

1

|
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Any failure of the selected B-D (B'-D') MFW AP cell--mechanical,c.

hydraulic, or electrical--which causes the cell to read a low level
when the level is actually high (A.2.2.2.4).

Further description of Type A failures appears in App. A.2.2.2. As
observed there, since these are failures of level indications of the
selected set, the indications brought to the control room display are
inconsistent with other level indications displayed there. The failure
should be detected when the operator notices and understands the
inconsistency.

Type B: Failures that place the high level MFW pump trip in an
undetected failed state. As noted before, the MFW pump trip circuitry
is independent of the ICS, which controls the high level control valve
closure. Further, the pump trip requires a confirming signal from the
nonselected B-D (B'-D') set.

a. Any failure causing relay 2A or 3A (Fig. A.4) to fall with contacts
open places SG A pump trip in an undetected failed state.
Analogously, 2B and 3B for SG B ( A.2.2 3.1) .

b. Any failure causing relay FPTX (Fig. A.4) to fail with contacts open
will put trip signals of both SGs in undetected failed state
(A.2.2.3.2).

c. A sufficient leak in nonsolected pressure tap B (B') or its
connecting sense line, or in the packing of either blocking valve on
which the, connecting line terminates (A.2.2.2.2).

d. Failure of valve V (Fig. A.2.3) of the nonselected set in the closed
position during operation (A.2.2.2.3).

Any failure of the nonselected B-D (B'-D') MFW AP cell--mechanical,e.

hydraulic, or electrical--that causes the cell to read a low level
when the level is actually high (A.2.2.2.4).

Failures a and b are undetected by their nature. Failures c, d, and
e are undetected because they are failures of the nonsolected set,
which is not displayed in the control room.

Type C: Failures that block the high level MFW control valve closure
and also initiate SG overfeed.

a. Selected low level signal fails low (B.5.2.r and A.2.2.2.1).

b. Hard limiter on turbine header pressure error signal fails, or the
summer immediately downstream of the limiter produces a false signal.
Either may have the effect of calling for increased flow.

/

c. Failure high of the low level set point (B.S.2.w).

Type D Failures that may initiate faat overfeed by MFW. Simulations
indicate that these failurea are adequately controlled by the ICS.

.
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a. AP measurenent on FW control valve fails at 0 (B.S.2.a).

b. FW temperature measurement in one loop fails high (B.S.2.c).

c. MFW flow signal fails, showing no flow (B.S.2.d),

d. Hot-leg temperature m'easurement fails high (B.5.2.g).

e. AT signal fails either way (B.S.2.1).c

f. Tavg determination fails high (B.S.2.j).

h. Neutron flux measurement fails high (B.S.2.k).

1. MFW blocking valve position indicator fails in closed position

(B.S.2.m).

1. RC flew measurement fails low (B.S.2.u).

J. Main steam line safety, atmospheric, or turbine bypass valve fails
open (B.S.2.v).

k. MFW control valve fails open, or valve control signal fails
demanding valve opening (B.S.2.o).

Type E Failures that would cause MFW overfeed at a relatively low rate.
Simulations indicate that the ICS adequately deals with these failures,

a. AP signal across MFW control fails between zero and set point

(B.5.2.b).

b. MFW flow measurement falls at low value greater than zero

(B.5.2.e).

c. Reactor inlet temperature geasurement in one loop fails low

(B.S.2.h).

d. Startup FW control valve position indicator fails with valve less
than 50% open (B.S.2.1).

e. MFW pump speed governor fails (B.S.2.n).

f. MFW startup valve fails open (B.S.2.p).

g. MW(e) de.aand f ails high (B.S.2.s).

Type F: Single failure causing relatively slow overfill of SG. I

a. A sufficient leak in selected pressure tap A ( A') (see Fig. A.3) or
the connecting pipe from that tap or in the packing of the blocking
valves on which the connecting pipe terminates. (B.S.2.r and
A.2.2.2.1).
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The foregoing classification'is useful in the further analysis of the
consequences of the failures, either singly or in combination.

T' pe C failures, taken arche, sha'uld cause rapid filling of the SG to/

the 3$9-in. level followed 'by MFW pump, reactor, and turbine trip and
initiation of AFW.

Type D and E failures, taken alone, may be controlled by the ICS. In
some cases they will 1,ead to system trips. Type D failures are expected
to lead to greater and more rapid SG overfeeds than Type E failures.

Type A and B failures do not cause SG overfeed but block some or all of
the high level protection. Type A failures, which bring inconsistent
information to the control room display, are expected to be detected
sooner than Type a failures, which do not.

The one Type F failure is 3.cin,gle failure that causes rapid filling of
the SG to the 359-in. point and relatively slow continued overfilling
thereafter. -

Any Type A' failure or any Type B failure followed by any Type C failure
(coming before the detection and correction of the Type A or B failure)
will cause rapid overfill of the SG with the MFW pumps operating at high

,
speed.

No; operator inter.vention (ameliorative or otherwise) has been assumed in,

.the above discussion'.

B.S.2 Detailed Descriptions of Failure Sequences

j The component parts of the FW system, its controls and control signals,
constitute a functional group in which failures could initiate a SG
overfeed. This functional group was examined to find failures that can
lead to overfill of the SG at Oconee, and it was found that all except
one of the overfeed sequences identified would be terminated by
successful action of the high level trip of the FW pumps. The exception
is sequence r below, in which'overfoed comes also from the AFW pump
which does not have a high level trip.

The following event' sets have been identified as having the potential to
cause SG overfeed. In 'each case the initiating event appears to lead to
an increase in the SG water level. The sequence of events suggested in
each scenario beyond the initiating events is not intended to be taken
as predictive; event sequences can depend upon many things, and<

surprising'results often ensue. These scenarios are constructed and,
'

presented as guides for modelers and simulators to highlight features
that may have special signifiednce. Those indicated were analyzed on a
system simulator in the next phase of this study: the augmented failure
modes and effects analysis.

A most helpful source, which suggested a number of these sequences, was
the Midland FMEA on the ICS.3

, _ -

.%



256

a. The AP signal across the FW control valves in loop A fails at its
lowest value. The FW pumps go to high speed stop in an attempt to
control the failed AP signal back to its set point. Excessive
FW flow results from the increased pump speed. Throttle pressure

will increase Tavg will begin to fall, and the FW flow error will
cause the FW valves to begin to close. Megawatts generated will
begin to increase as the throttle valves move to control pressure
back to its set point. The controla rods will pull, in;reasing

reactor power, to bring Tavg back up to its set point.

However, as long as the tracking mode is not activated, the FW
control valves should control the FW flow back to the original set
point. Hence, the plant should return to its original condition,
except that the high pump speed would result in a higher pressure
drop across the FW control valves. Also, with the higher control
valve pressure drop, the flow control would be more sensitive and

,

would not be as smooth as normal. The FW valve flow control should
be rapid enough to prevent a high level in the SGs. However, the
high level pump trip protection is available if the FW control
valves fails to act rapidly enough. |

'

b. The AP signal across the FW control valve fails at some point below
'

the set point. Qualitatively, the effects are the same as in (a).
However, (a) appears to be the bounding case; the effects in this

'

case should be less severe. A failure of the AP signal above the
set-point value should not lead to SG overfeed,

c. The FW temperature measurement in loop A fails high at 5006F. FW
temperature compensation will cause the total FW flow demand to
increase, resulting in overfeeding both SGs and overcooling the core.

}

Tavg will begin to drop, causing control rods to pull and reactor
power to increase. Steam pressure will increase, causing the ,

i turbine valves to open and megawatt electric generation to increase.
Because of negative megawatt electric error, the megawatt electric *

calibrating integral will cause the feed forward control demands to
the reactor and FW to decrease. If the megawatt electric '

'

calibrating integral does not reach a low limit, the unit will
,

settle out at its original condition. If the megawatt electric
i calibrating integral goes out onto its low limit (generally set at

,

-5%), the plant will settle out at a higher power level than its
,

original condition. If the FW temperature measurement failure
,

occurs at a low load level, a higher probability of reactor trip due
to low RC pressure exists than at a high load level. This is
because at the low load level the FW temperature is lower than at:

t the high load level. Hence, a greater percentage increase in FW r

flow will occur at the low load level. Further, at low load levels
Btu limits are less restrictive. .

,

d. The MFW flow signal in loop A fails, showing zero flow. The loop A
FW control valve will open fully in an attempt to return FW flow to
its set point. The AP across the loop AFW control valve will
decrease below its set point, and the FW pumps will speed up to

I

_ . _ _ _ _ _ _ __m.. _ , _ . . .
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bring AP back to set point. SG A is overred because control valve A
opens fully and the pumps speed up. SG B is initially underfed when
control valve A opens fully. It probably is overfed for a short
period of time when the pumps speed up, but eventually FW control
valve D should return Icop B FW flow to its set point.

Tavg will fall and the control rods will pull to increase reactor
power. The FW flow imbalance between loops A and B will cause a
neg3tive 6Te error. The ATc control ~will start to decrease FW
demand in loop A and increase FW demand in loop B. This transient
may result in a reactor trip caused by low BC pressure, or trip of
the FW pumps caused by a high level in 30 A.

e. The MFW flow signal fails at a level between Zero and demand.
Transient proceeds as in (d) but is less severe.

f. This transient is initiated by tPc startup level signal in loop A
failing low. As a result of this, the loop A FW valve opens fully
and the FW pumps speed up in an attempt to restore the level in SG A.
In order to control loop B flow, the loop B FW valve closes.
Neither cross limits nor Btu limits are expected during this initial
portion of the transient. Because of excessive FW flow, the primary
system may be rapidly overcooled. A reactor trip may occur,
probably due to low RC pressure. Also, a high SG level FW pump trip
may occur to prevent SG overfill (expected to occur in SG A). A
turbine trip would immediately follow the reactor trip. Because of
excessive FW flow. steam pressure should be running high, and
operation of steam relief as well as turbine bypass is expected to
occur at moderate to high power levels. If the reactor trip occurs
before the high SG 1evel is reached, there is potential for
continued overcooling of the primary due to the open relief valves
and the failed level measurement causing the continuing supply of
FW to SG A. Popping of the relief valves would cause rapid loss of
steam pressure and high flows to be drawn from the SGs. A possible
loss of pressurizer inventory along with initiation of HPI may occur.
Following the turbine trip, the steam source for the FW pump
turbines switches from the low pressure to the high pressure steam
supply. Without the high trip, SG A should overfill.

g. This transient is initiated when one of the reactor hot-leg
temperature measurements fails high. Let

Tavg = reactor average temperature measurement,

Thi = hot-leg temperature measurement, i = A,B,

Tci = cold-leg temperature measurement, i = A,B.

There are three methods of determining Tavg, namely,

__ _
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ThA + ThB + TcA + TcB
1. Tavg " 4

ThA + TcA
2. Tavg " 2

ThB + TcB
3 Tavg - 2

For a failure of ThA high, method 3 above will give the least error
in the calculation of Tavg, and method 2 will give the greatest
error.

Two cases will be considered. The first case will consider complete
automatic operation of the ICS. In the second case, the reactor
H/A station is in manual, with all other H/A stations in automatic.

In both cases, a failure of ThA will cause Tavg to be computed
erroneously high. Hence, the Tavg error in the ICS, given by

Error (Tavg) - Set point - Tavg

will be negative.

With the ICS in complete automatic, the Tayg signal modifies reactor
demand. A negative Tavg will cause the control rods to insert. If

Tavg is large enough, it can cause FW flow demand to be modified
through the cross limits from neutron error to FW control. A
sufficiently negative T vg will cause the FW demand to be increased.a
Hence, with the power generation of the reactor decreasing and the
FW flow increasing, this transient is in the direction of a SG

overfill.

With the reactor H/A station in manual and all other H/A stations in
i automatic, the Tavg error signal modifies the total FW demand
| through a proportional / integral controller. A step increase in the
! Tavg signal, such as would be caused by ThA failing high, has the
| potential for driving this control loop to an unstable state. The
i negative Tavg signal would initially cause the FW demand to increase

rapidly while the reactor demand remains constant. Again, this
| transient is in the direction of a SG overfill.'

h. This transient is initiated by the reactor inlet temperature
;

j measurement in loop A failing low. Proportional control action in
the AT control will immediately cause the flow demand in loop A toc
decrease and the flow demand in loop B to increase. This

; proportional control action is limited to 5%. Integral action in

i

!
I

i

l'
!

. _
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the ATc control will eventually cause the variable gain multiplier
in the flow ratioing circuit to be decreased by an additional 205.
Hence, because of AT control, the flow demand for loop A flowc
equals (1005 - 55 - 20%) times the total flow demand. The flow
demand for loop B flow then equals 200% - (1005 - 5% - 20%) times
the total flow demand. Therefore, the flow demand in loop A is
reduced by 25% and the flow demand in loop B is increased by 25% by
AT control. The low failure of the reactor inlet temperaturec
signal in loop A will also cause an error in the calculation of Tavg*
As noted in sequence g, there are three methods of determining Tavg-
(see Eqs.1-3 above) .

For a failure of TcA low, method 3 will result in no error and
method 2 will result in the greatest error in the calculation of
T It will be assumed that method 1 or 2 is being used toavg.

calculate Tavg. For TcA failing low, Tavg will be calculated low.
This will cause reactor power to be increased. Also, low Tavg Wille
through the reactor cross limits to the FW system, cause total FW
demand to be lowered. Hence, the reactor power increases; the Tavg
control causes FW flow to SG B to decrease, and AT control cause FWc
flow to SG B to increase. Whether or not SG B will have excessive
FW flow is not clear.

i. The reactor inlet temperature locp A-B difference ATc fails high. A
high failure of AT conveys the false information that on thec
primary side the temperature of cold leg A is higher than cold leg B.
The AT error is apportioned equally in magnitude but opposite inc
sign to the loop A and loop B flow demands. However, the change in
demand in each loop is limited to 25% of total flow demand.

If the initial unit load is high enough, Btu limits will be
activated and limit the increase in FW flow in loop A. This will

cause a net reduction of the total FW flow and an increase in Tayg-
The control rods will insert, reducing reactor power, to try to
return Tavg to its set point. A reactor trip on high RC pressure is
possible. If the plant is not at high load so that the Btu limits

are not activated, the unit will probably settle out at a new steady
state with a cold-leg temperature imbalance. Hence, for a high
failure of ATc, SG A will be overted and SG B will be underfed.

J. The reactor average temperature measurement, Tavg, fails high. The
high failure is assumed to be due to one of the following three
failures:

1. Failure of the hot-leg temperature measurement in primary side
loop A (i.e., ThA)-

|
' 2. Failure of the cold-leg temperature measurement in primary side

loop A (i.e., TcA)-

3 A high failure of Tavg for some reason other than (1) or (2).
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Each of the three failures will be considered separately. Also, it

is assumed that Tavg is calculated by (see scenario g):

*
hA cA

*
'avg 2

for this results in the largest error in Tavg for the assumed
failures. If T fails high because ThA fails high, scenario gavg
appl ies . In this case, the high ThA (assuming ThA is the outlet
temperature selected by the operator) will increase the allowable
maximum FW flow demands calculated by the Btu limits. If Tavg is
determined to be too high for some other reason, there should be no
effect on the Btu limits.

If Tavg fails high as a result of TcA failing high, scenario g must
be modified to account for the effects of the AT control loop.c
With AT control coming into play, SG overfeed will not be symmetricc
as considered in scenario g. Instead, because ATc control ratios
the FW flows, overfeed of SG A will be greater than of SG B. Hence,
with a high failure of TcA, the overfeed of SG A should be worse
than that considered in scenario g.

If a high failure of Tavg occurs for some reason other than a Tavg
high failure of ThA 0F TcA, scenario g will again apply except for
the above-mentioned effect on Btu limits.

With all three failure modes resulting in high failure of Tavg, the
SGs are overfed. In every case there is the possibility that the
reactor may trip on low RC pressure or the FW pumps may be tripped
on high SG 1evel.

k. The neutron flux density reading fails high. The control rods will
begin to insert continuously, trying to reduce the neutron flux
density reading. The lower the unit load, the larger the neutron
error will be. Through the cross limits, the large neutron error
calls for an increase in the FW flow. Both SGs are overfed, and the
primary is overcooled. The Btu limits will probably be activated
and will limit maximum FW flow demands. The cross limits will cause
the unit to go into track mode, and because of the increased FW flow
and steam pressure, the unit megawatt electric demand will track up.
A reactor trip on low pressure is highly probable. Following
reactor trip, the turbine will trip and megawatt electric generation
will go to zero. The unit is still in the track mode at this time,
and FW demand from the integrated master goes to zero. However,
following reactor trip, the cross limits from reactor control to
FW control increase, calling for FW flow close to 100%. Hence, the
Btu limits, and not the feed forward signal from the integrated
master, must be relied upon to run back the FW system.

- _ _ -.
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1. When the loop A startup FW control valve becomes less than 50% open,
the loop A startup FW control valve position signal fails to
indicate that the valve is less than 50% open. Hence, the MFW
blocking valve in loop A does not receive a signal to close. The
leakage through the loop A MFW control valve, if excessive, may
cause SG A to be overred. Also, since the MFW blocking valve in
loop A does not close, the flow measurement used in FW control is
not switched from the MFW flow measurement, which is highly
inaccurate at such low flows, to the startup FW flow measurement.
Thus, control will not be as smooth as normal. If the leakage
through the MFW control valve is large enough, the startup FW valve
may close completely while SG A continues to be overred from the
leakage. This condition would probably result in a SG high level
trip of the FW pumps.

m. The MFW blocking valve in loop A is open, bLt its position indicator
fails in closed position. This causes the ISS to take FW flow
measurements from the sensor in the startup line. If reactor is at
high power, a flow demand signal is sent causing a flow increase in
both loops. Cross limits cause rod insertion signals. Btu limit
may be actuated. SGs are overred. Reactor may trip on low
pressure,

n. The speed governor on FW pump A fails high. This will cause FW pump
A to go to its high-speed stop, and FW flow to the SGs to increase.

Flow control will cause the FW control valves to close to return the
FW flows to their set point. As the control valves close, AP
control will cause the speed of FW pump B to decrease. Concerning
the operation of pump B during this transient, three conditions may
occur: the plant may settle out with pump B at reduced speed with
both pumps supplying flow to the SGs; the plant may settle out with
the check valve in series with pump B closed and pump B supplying no
flow to the SGs; or pump B may begin to operate in an oscillatory
mode, with the check valve cycling open and closed. In any event,
pump A will be at its high-speed stop. Also, a AP higher than the
set point may exist across the control valves following the
transient. Some overfeed of the SGs will occur, but a reactor trip
is not anticipated,

o. The MFW control valve in loop A fails open. (This transient will be
more serious if it is initiated well below full power--say at 25%).
The flow in A increases with the valve full open. The low AP signal
across control valve A leads to increased pump speed. The ATc error
will attempt to reduce flow in A and increase flow in B, and the
total flow demand error will attempt to reduce flow in both A and B.
Because of the valve failure, loop A is not affected by these
signals. Because of the substantial increase in total flow
(resulting from the loop A failure), the total flow demand error
should dominate the ATc error signal in loop B, either immediately
or very quickly, and continue to do so. SG A therefore fills while
SG B empties. If the SG B level drops to low level indication
before high level pump trip occurs in SG A, the low level signals in
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SG B will override and prevent the level from falling further.
Hence, the low level signal in B, together with the total flow
demand error signal, should keep the level in SG B at about the low
level indicator until the pumps are tripped.

The MFW pumos should trip on a high level signal in SG A.i

I p. The loop A FW startup valve fails open. There would be no effect
during operation at power, and probably the failure would not be
detected. However, during plant shutdown the excessive flow in'

loop A would prevent the SGs from going on low level control.
Appropriate manual control actions could be used to shut down the
plant safely.

Following a reactor trip, this failure would result in overfeed of
SG A if proper manual control actions are not taken. When the
reactor trips, the turbine also trips; the steam system goes on
bypass control; FW flow demand runs back to low value; and the SGs
are supposed to go on low level control. With the startup valve in
loop A failed wide open, SG A will be overfed. Without manual
control intervention, FW pump trip on high level in SG A is likely.
Simulation of this failure was required to determine the
quantitative results, which are discussed in Sect. 4.

q. The control system summer that sums the startup level and turbine
header pressure signal fails, giving low indication. This failure'

is equivalent to the corresponding f ailure in ar.y of the component
signals and causes increased flow to tne SG. The high level FW pump
trip occurs at high level indication.

r. A sufficient leak in selected SG pressure tap A (A') or in the pipe
connecting it to blocking valves, or in the packing of either
blocking valve at which the pipe terminates, will cause a low level
signal and an overriding demand for FW. The SG will fill to the
high level pump trip level, 394 in., and cause trip of the MFW pumps.
The AFW will come on, and (with the low level signal still present
and no high level constraints) the AFW will continue the overfeed,
causing SG overfill. (Consult A.2.2.2. )

s. Failure of the MW(c) demand signal high will lead to demand for more
FW flow and more reactor power. The FW demand response is much
faster than the core power demand response. However, cross limits
would be activated and limit the rate of increase of FW flow.
Hence, the FW system response would be approximately coordinated j
with that of the reactor. That is, if the system energy balance is

'

taken into account, the FW system should run just slightly ahead of
the reactor. The cross limits should hold the FW system back. Some
SG overfeed should result, but it should not be severe.

t. Under normal conditions, the turbine header pressure error signal
-compensates the startup level measurement. It is first put through
a hard limiter to limit its effect on the level indication to not

.- - - -. _ .- -- -
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more than 8 in. However, a failure of the hard limiter signal could
negate the limiting effect. This error is then potentially
equivalent to sequence f.,

u. Both hign and low failures of RC flow measurement in loop A will be
considered. Consider first a high failure. The reactor coolant
flow imbalance FW ratioing circuit will immediately reratio the
FW flows. The FW flow in loop A will be increased, and the FW flow
in loop B will be decreased, leading to overfeed of SG A and
underfeed of SG B. After a short time lag, the ate control will
decrease FW flow in loop A and increase FW flow in loop B, thus ,

providing some compensation for the original failure. Whether or
not a reactor trip will occur during the course of events is
uncertain.

Next consider the RC flow measurement in loop A falsely indicating
zero flow. The low failure has a much larger effect than the high
failure, because there is more room on the low side than on the high
side of the RC flow measurement range. A front-end runback to a
lower load level will be implemented immediately in the unit load
demand load limit circuitry. Again, the reactor coolant flow
imbalance FW ratioing circuit will immediately reratio FW loop flows.
In this case, however, reratioing will be in the opposite direction
and much larger. The FW flow in loop A should be decreased to the

'
point that SG A goes on low level control. In loop B, the Btu
limits should be activated and thus restrain the increase in FW flow.
Hence, in this case, overfeed of SG B and underfeed of SG A occur.

When loop B goes on Btu limits, cross limits to the reactor will
reduce reactor power, and the unit will also go into the track mode.
During the initial phase of this transient, there is a net reduction
in FW flow when SG B goes on Btu limits, and a reactor trip on high
RC pressure is probable,

v. Failure in the open position of the atmospheric dump, turbine
bypass, or any safety valve in the main steam line will cause an
increase in the pressure drop across the SG and an initial increase
in the feed of the SG. This event is bounded by the small break in
the main steam line.

w. The low level set point fails, giving a reading at its highest level.
| This failure is functionally equivalent to r.
I
i
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APPENDIX C

Details of Hybrid Simulation Model Validation and Results

C.1 MODEL VALIDATION DETAILS

As noted in Sect. 4.3 of this report, model validation activities
included comparisons of results with both data from B&W plants and
calculations from other codes.

Figure C.1 shows SG water level measured in a B&W plant similar to
Oconee 1; the level indication is obtained from the pressure difference
between taps and is the sum of static and dynamic heads. Simulation of
this measurement as a function of load is see7 to be in agreement with
plant data.

Figure C.2 shows the primary and secondary temperature profiles in the
Oconee-type once-through generator, and Fig C.3 indicates the heat
transfer surface utilization, that is, the fraction of tube length in
the boiling mode as a function of load. The measured values were taken

from standard B&W design reports, and the model tracks closely.

Figure C.4 shows the measured and calculated FW temperature as a
function of feed flow after turbine trip and reactor runback in a plant
very similar to Oconee 1 in design and operation. Feed flow was a
boundary condition in this test of the balance-of-plant portion of the
model. Because the measurements were made near the input to the SG
and the calculations are upstream of this point by ~20 s, there is a
small delay before the measured values begin to decline.

Figure C.5 compares the core flood tank simulation with an Electric
Power Research Institute analysis of a transient at Three Mile Island
Unit 2.' The right scale is coolant injection as a function of primary
pressure. The left side is the nitrogen over-volume during tank
evacuation.

In March 1980 a turbine trip at Oconee 3, sister plant to Oconee 1, was
accompanied by an ICS malfunction that resulted in overreed of the SGs.
(see Table C.1). Overfilling continued for -112 s until the high level
trip in SG A caused feed-pump trip. Data from the first 180 s of the
transient were available for model testing. No design data for Oconee 3
were available, and the Oconee 1 design was assumed. Secondary side
information included FW flow and pressure and water levels for both SGs.
Primary side data included power level, pressurizer water level,
pressure, and hot- and cold-leg temperatures of both loops. The hybrid
model is compared with these in Figs. C.6 through C.14. In general, the
model tracked closely, with the exception of the SG B water level which
fell below the measured value after the first minute.

267
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As part of the Pressurized Thermal Shock (PTS) Program, this overfill
transient was also run on both the TRAC PF1 and RELAP5 codes. The TRAC

Table C.1. Oconee 3 overfeed transient of March 1980

Event Time (s)

Reactor and turbine tripped 0
Steam block valves closed 0.5
Steam bypass valves opened 2
Feed train heater drains closed 5

Feed flow to SG A zerced by steam pressure buildup 20
Feed flow to SG B minimized by steam pressure builduo 2-30
High pressure injection initiated on low primary pressure 30
Feedwater to SG A increased to -8% flow 40

FW to SG B increased to -26% flow 40
Pressurizer water level and pressure bottomed, began to rise 60
Feed pumps tripped on high SG A water level 112

results' are included in Figs. C.6 through C.14. The RELAPS results,8
together with the hybrid model results, are given in Figs. C.15 through
C.22. TRAC and RELAPS show good agreement with the plant data except
for the SG B water level which fell below the measured value after the
first minute, as was found with the hybrid model. The PTS study
speculated that the EFW system may have been running, though this is not
detectable in the available information, possibly explaining the higher
measured water level in SG B. The hybrid model shows the same degree of
agreement with the Oconee 3 data as TRAC and RELAPS, and concequently
compares well with these validated production codes.

The hybrid model was used to calculate guillotine-type main steam line
breaks (MSLB), compounded by SG tube rupture of varying degrees (see
Sect. 4.8). The PTS program also explored several steam line break
sequences with the TRAC and RELAP codes. Although tube rupture was not
part of the PTS scenarios, the first minutes (particularly the blowdown
phase) of the PTS scenario labeled MSL86' were similar to the hybrid
MSLB in other major characteristics. (After the first 5 min, the PTS
and hybrid scenarios purposely followed different paths.) Comparison of
important variables during blowdown is shown in Table C.2. Both models
calculated SG dryout in -20 s. Minimum primary pressures were 1500 psia
in the PTS case and 1535 psia for the hybrid model. The maximum
temperature drop during blowdown was 45'F in the PTS calculation and



. _ _ _ _ _ _ _ _ _ _ .

272

ORNL-OWG 8417758

1750 y i ; , y , y i

1500t ME ASURED LOOP A -

----- ME ASURE D LOOP B
0 HYBRID MODEL WP A

1250
y 0 HYBRID MODEL LOOP S

_

$ I
, 10uo -; -

9 o

h 750 -

5
500 0 0 0 _

0

:
250 0 ~

,- .-.o.., o,%'b o.
'A * ' I '' ^ * # *

O C- -

O 40 80 120 160 200

TIME hl

Fig. C.6. Main feedwater flow
rate. Feedwater flew and tempera-
ture treated as boundary conditions
in TRAC calculation.

|



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

273

QRNL DWG 8417799 ORNL DWG S4-17780

2'10 0 i ; i ; I | | g i ' I ' I ' I ' ' ' -25 -

. 2200 , o HY8R10 MODEL
o HYBRID MODEL

RAC
20 - TRAC _; MEASURED.----

---- ME ASURED
- 21 % + - =

i e

3'
a

T 15 - -2000
E * *

o 5 .'

g . . . . - - -
. -

g
~

's, 0,*
~

h 10 - ', -, o , ,

= . ,

o o o os .,

's*.......=*..*'* -- ',', O Oi- I800 -- '

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

i 5 -

' I I I ' l ' I 'i i i i e ! i l i 0isou
40 80 120 ;60 200 0 40 80 120 160 200

TIME is) TIME ist

Fig. C.7. Primary pressure. Fig. C.8. Pressurizer water level,

r

ORNL-DWG $4-17781R ORNL-M S417762R
620' 620, , , , , , , y , i , , ; , y , y .i

..~ MEASURED HOT LEG TEMPER ATURE
--- ME ASURED HOT-LEG TEMPERATURE - MEASURED COLD LEG TEMPERATURE

600 -- MEASURED COLD LEG TEMPERATURE 600' o HYBRID MOD 2L HOT-LEG TEMPERATURE -

7_
O HY8 RID MODEL HOT-LEG TEMPER ATURE

,

' T HYBRID MODEL COLD-LEG TEMPERATUREg ,

A HY8RIO MODEL COLD LEG TEMPERATURE t ( - TRAC HOT LEG TEMPERATURE' ,

[ - TRAC HOT LEG TEMPERATURE*
*

$ 580 - \ -= TRAC COLD LEG TEMPER ATURE -

y . -- TR AC COLD-LEG TEMPERATURE

3 580
- 1, -

~
-' < .<

e '.^'
! .

!!
'

* $60 4 - 560 -
-- \mT

Q g %-~.,....,n;..- ~a
% 4 xn

,

Q. ...%,

. .p w ~==. ,,e ~~.-.=-=.:-----==-.
- *=--.-- -

,

540 ~ 540 - -

t I i l ! I t | I i l i I i i t I t

0 40 80 120 160 -200 0 40 80 120 160 200
TIME W TIME lil

Fig. C.9. Hot- and cold-leg tem- Fig. C.10. Hot- and cold-leg
peratures, Loop A. coolant temperatures, Loop B.

t

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



_ _ - - _ _ _ _ _ _ - - _ _

274

0 ANL-ov G S417763 ORNL-OWG S4-17764

' 4 3 1
3 i 3 I 5 i | 4 | 1 | 3 | I

1110 - - 1110 - -

a O HYBRIOMODEL 4 o HYBRID MODEL
TRAC - 1080 -p, TAAC -

1080
8 - - MEASURED I ---- ME ASUREDe

y| -|. -* 10501050 t ~

A
') i a *

1020h> -

1020|.
- -

3 ;

w
* *

g
,,,

_ g ,,0 |
_

.?,
..

O.s o O , o,'
.,' '

. . , ,' .. ,..- -- .. ,, -
t

960 - - 960 -
-

4

9M - 9M ,

' I ' l ' I ' I '
i l i ! i l i | , goo

,
0 40 80 120 160 200 0 40 80 120 160 m

TIME (s)
TIME (si

Fig. C.11. Steam generator A Fig. C.12. Steam generator B

secondary pressure. secondary pressure.

ORNL-DWG S417M
ORNL-DWG S417MS

i { I | 1 | I | I i j i | I | 1 | 4

30 -

O HYBRIOMODEL
- 30 .-

0 HYBRIO MODEL
. -

TRAC TRAC

MEASURED - 25 - ---- ME ASURED -----
25 .

,

- :
tE

g 20 - o'-
............

> o' O ~
d 20 ~ -

-

>
* 3*y

- $ is -

,****,,,..............
-

e is -

v-
Q O 4 9
R #

- 10 #*
10 .o' _ ,' -

,
,

_--

~

5 _ _ s - o -

,
o o oo ,

' ' ' ' ' ' ' I 9
i t i i i 't i i , 0

,
0 40 M 120 m M

0 40 80 120 160 200
' I'I

TIME (s)

Fig. C.13 Water level in SG A. Fig. C.14. Water level in SG B.

.

1

1

1
.

,_ - _ - __ _ _ . _ _



275

_ _ , . . . . Oa-a-o i"=a

''j i 6 I I i i

3'00 - 0 MvtaiD MODE L - 20 .... s O MyaniD MODEL -

g

~~~ MEasvaED 5,

_ ngtaeg- #E t aal
... ggasynED

_

E
-

.
_. i$

} ia - - :

5 iO - o -
.

',*

.o O O On e .o = O0 0,
; in __ i ,,.o.'' ,

-..... ***.........e s -
s,

_....
', *'* o .
' e */ 0 - ~

'
, 0

'

i -

, ..... _../ -

i i i i
! ! s

.W 0 60 iOO ISO 200- so o 50 im 150 200
i,ME ua

TsME w

Fig. C.15. Primary pressure. * * * ~

omg-peg ee IHee
ca%-DeG ee IH4

'2'
~

| i 1 | 1 I l I

O Myt AiO MODEL ~ I
600 - - A E L AFS - |} O MysRIDMODEL;

t ... MEASURED l - AELAPS
* '; g - - ME aSURED,

. ; to
{ s.O _ \.

_.

Q \
5 62 - -*a .

r *

-], . \ o
1

4'.p - *. \ O
5 \ **

.

660 - 's
sso -

% 0 0 0 -'* o s. o o
' - . . . . .?. . ..*. . . .o . ..t .. 9 s ' s.~...-wI | 1 I640

60 0 50 100 150 200 l i l l
TIME hl .W 0 50 100 ISO 200

TIMS in

Fig. C.17. Hot-leg coolant tem-
perature, Loop A. Fig. C.18. Cold-leg coolant

temperatures, Loop A.

_



_ _ _ _ _ _ _ _ _ _ _

276

*---"m
. . o . ,, ,i

*
i I I I i i i I

o aveaioMocEL o . usa.o MooEL
- RtLAPS

_ , i, _

p. - a g g Apg
_, ,oo _ 3

g ~ ~ * MEA 3upfD t --- ME A5uAf D
~' I

.

t
, io.o - l- - , oso _.

|

_

o i5 )
A .N., - ) ion - a,-o,..,o -

* * *E
| ~-4 * * * o o o o o

j iam - .,-/
- , ,.~ - ,,,. ,

...
~

~! !

m -
- ,so _

_

< <

- _ _. 4. - - -

suo -
- soo -

-

I ! I i
1 I i f *

- to o to too iso am nu o e im iso 200

TIME toTIME tu

Fig. c.19. Steam generator A Fig. C.20. Steam generator B

secondary pressure. secondary pressure.

Caset oso te irrrie C#% O*G 84 tP7M#

] | | \ I I I I

o Mv8aaD MODEL
20 - _ pfLAP5

~

,--...# .

/ - *- - ME asuRE D lo , i20 -

t -

* '' ~ s~--.- ~

,!
e it

-
= -,

-

lo = to -

} *
/ -

, !g /e
tt

t -w ! t - . -
o / o hven'O MODEL p

IS - RE LAPS o
/ --- Me asun t o - 5 -

-

,o - ( a,.
* *

o *
o o

y I | | ' '
0

-lo 0 to 100 150 200 -50 0 50 100 150 200

f tME fel TIME se

Fig. C .21. Water level in SG A. Fig. C.22. Water level in SG B.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



277

.

56*F in the hybrid calculation. The comparisons indicated that the
hybrid model, particularly the SG submodel, performed appropriately
during the relatively severe blowdown process.

Table C.2. Comparison of TRAC /RELAP and hybrid model calculations
of the blowdown phase of a main steam line break event

Steam Generator Maximum Downcomer Minimum Primary
Dryout Time (s) Temperature Drop Pressure (psia)

(*F)

MSLB6 Hybrid MSLB6 Hybrid MLSB6 Hybrid

20 21 45 56 1500 1535

.C.2 DETAILS OF HYBRID SIMULATION RESULTS

The results of the four groups of events considered in the augmented
FMFAs are described in Sect. 4 of the report as follows: SG overfill
transients (4.5); Secondary side depressurizacion transients (4.6);
Overheating transients (4.7); and SG tube rupture transient (4.8).
Backup information for these descriptions are included in Figs. C.23
through C.93 References to the respective sections of the report, as
well as descriptions of the events simulated, are included in the figure
captions.
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APPENDIX D

Review of Draft Report by Duke Power Company

A draf t version of this report was sent to the licensee, Duke Power
Company, for their comments. We found their response very useful, and a
number of misconceptions were corrected. We are grateful for the
obviously substantial effort expended by the licensee and have made use
of the material supplied.

This report has been revised substantially since the early draf t was
reviewed by the licensee. The revisions have been so extensive that it
is not always possible to make a section-by-section correspondence
between the revised draft and the review comments. A number of comments
in the review have been rendered moot by the revision. In keeping with
current NRC policy, we reproduce here those parts of the licensee's
response that resulted in revisions to the report.

Other licensee comments which were noted but not incorporated in the
report include matters where more than one judgment is possible,
situations with multiple possible outcomes dependent upon initial
conditions, references to calculations or. data not available to us, and
comments on the proper limits of the study.

.

Specific comments referenced by page and paragraph follow.
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Review of draft report by Duke Power Company

Draf t Report

Page/ Paragraph Duke Power Comments Alterations to This Report

Executive Summary Various objections to choices of language. The executive summary has been entirely
rewritten, rendering moot the sugges-
tions made as to phraseology.

Executive Summary Technical issues as detailed below. The rewrite attempted to avoid any
technical errors pointed out in Duke
Power comments. See below.

p. XS-3 Overf111 events which have occurred and caused extensive Text did not intend to imply that the

damage to the affected steam system should be identified events occurred at Oconee or at any

and substantiated instead of alluded to. None of these other domestic B&W plants. New refer-

events have happened at domestic B&W reactors. ence is more specific. (Page viii)

p. XS-5, 2.3 The letdown stcrage tank (LDST) is well instrumented and The latter modification has been
alarmed to alert the operators to low levels. In initiated since publication of the

addition, there is a nuclear station modification in draf t report. Its pending existence is

progress which will automatically provide a suction acknowledged in the body of the new jj
source for the HPI pumps if the LDST empties, re port , c)

Introduction

p. 1-9, 1.5.3 "ESPS" is probably meant to be ESFAS. ESFAS is a preferable term. Time may
not permit hunting down and changing
all the instances of "ESPS," which we
originally adopted because it is the
term used in Oconee's FSAR.

Again, the pressurizer spray valve failing open and steam In the rewrite of this section, we have

generator tube rupture events are not overcooling dropped this particular scenario. The

transients. Specifically, a stuck open spray valve is a 100*F was a PTS consideration.
depressurization transient which will be mitigated by
operator action or Engineered Safeguards actuation. What
was the basis for selecting a temperature drop of 100*F
or more as a criterium for an overcooling event?

p. 1-10, 1.5.4 Tnere is an automatic actuation of the emergency feed- In general, we restrict this listing to

water upon detection of a low MFWP discharge pressure. comments that led to (or were
(<750 psig on both pumps.) coincident with) changes in our report.

In this case, although no change was

Therefore, if the MFW flow would cease without tripping made, we believe an explanation is in
tne MFWPs, the EFW woula still be automatically started, order. Although everything in the

comment is true, our simulation did not
bring us even close to the 750 psig
tri p point .
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Section 2

p. 2-28 The post-trip setpoint for the SG 1evel is 25= not 30". Accounted for where pertinent.

p. 2-30 Post-trip RCS temperature is 555'F not 547'F, and is Accounted for where pertinent.
determined by the post-trip secondary steam pressure of
1010 psig.

p. 2-34 The discussion of PTS relating to small break LOCAs Included,
should include mention of the mitigating effect of the
reactor vessel vent valves.

p. 2-34 The statement is made in the last paragraph that a low Lower temperatures do occur. However,
(also 3-96) vessel downeocer temperature will occur in the initial no PTS conditions were threatened; the

phase of a f ailed open PORV transient. This statement remark does not appear in the new
has no basis in fact. The A-49 work does not support edition,
this remark,

p. 2-59 Atmospheric exhaust valves at Oconee are manually Corrected.
operated and are normally always closed. i .e. , they are
not used for steam generator pressure control af ter

I_$
turbine trip.

p. 2-62 RC pumps require 6900 VAC, not 13800 VAC. Corrected.

p. 3-21 The turbine bypass valves do have block isolation valves. Noted.

Atmospheric vent valves are not part of the ICS. True. Removed from ICS outputs,

p. 3-45 Emergency feeddater is automatically actuated by only Corrected.
two signals: both MFW pwnps tripped or low MFW pump
discharge pressure.

As we have repeatedly told Oak Ridge, the EFW pumps are Corrected,
not used during a startup.

EFW is actuated by a safety grade 2/4 logic system. The Correcticns made.
EFW control system controls 25 inches level, but does not
start the EFW pumps.

Low level is not an EFW actuation signal .

Loss of both MFWP also starts all EFW pumps.

_ _ _ _ _ _ _



p. 3-59 Setpoints for LPI actuations are: 550 psig RC pressure Corrections made.
or 3 psig RB pressure.

RB spray actuates on 10 psig RB pressure (not 4 psig).
4

LPI actuates at RCS pressure less than 500 psig or
reactor building pressure g-eater than 4 psig. However,
the shutoff head for the pumps is 150 psig.4

p. 3-67 The headline 3.2.7.3 " Failure Mode and Effects Analysis... Fixed in final version.I

Sprays System" is followed by no f urther text. Its

meaning is not obvious. Same applies to the previous
systems (HPI, LPI...) and to the Paragraph 3.2.8 (should
this be 3.2.8.3?).

p. 3-82 The minimum level controlled by the main feedwater as correction made.

well as AFW is presently 25 inches, not 30 inches.

p. 3-82, 3.2.9 The MrW low level limit is 25 inches, not 30 inches. Correction made,

p. 3-86 No information was given concerning the initial conditions St=ulations were run with altered
through assumed for the simulation runs. If 35'F superneat was conditions. Discussed in Section 4.9. I5

DJ
3-94 assumed (based on BTU limit conditions) then this is a

gross underestimaticn of the actual superheat obtained
at Oconee. Between 15-1005 load Oconee's superheat
consistently runs between 48-63*F. Starting with these

; superheat conditions could drastically change the simula-
tion run results and thus the major conclusions of the

re port ,

p. 3-10a, The first sentence of this section cites "... insufficient Slip of the pen. Fixed.

3.2.10.1.3 heat transfer rate across the steam generator tubes..."

i
as an overcooling mechanism. Obviously this is wrong.
Overeooling is a result of too much SG heat transfer,

p. 3-169 Appendix C was not found. The material originally intended for
Appendix C instead went into the bodyi

of the draf t report. Appendices have
been restructured,

p. 3-170 Tnere is no steam quality trip at cconee. We originally got contradictory stories
regarding quality trip. We take these

(also p. 5-2)
Oconee has no steam quality turbine trip. comments as the final answer.

Figure 4.2.1, 4.2.2 etc. , should be a.5.1, 4.5.2, etc. Figure numbers have been fixed.

a

!

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



Chapter 4 There are significant problems with the hybrid simulation We saw no cases in our simulation of
mcdel. The first problem is that no slip between the the generally phase-separated once-
vapor and 11guld phases is modeled in the steam generator through steam generator in which treatment
secondary side. Realistically the steam will move f aster of slip would have been significant to
than 11guld water. Furthermore, the initial conditions our results. The question of these new
are inconsistent with the Oconee-1 plant. Fig. 4.3.2 initial conditions, however, was taken
shows superheat beginning at more than 70% up the tube very seriously. We revised the model
bundle. SG outlet temperature is only 570*F. Manufac- and made some additional runs. See
turers information, borne cut by plant data, indicates Section 4.9 of the revised report.
that superheat begins at about 555 up the tube bundle.
The actual steam outlet temperature is about 595*F. The
effect cf these modeling deficiencies is to underpredict
the steam outlet quality and therefore overpredict the
amount of water in the steam lines during the transient
simulations. Therefore, any conclusions based on the
amount cf water predicted to carry over into the steam
lines ty the hybrid model are not well grounded.

p. 4-4 I. Core: It is not obvious from this description which Additional explanation added.
metnod was selected f or the simulation of the core,

p. 4-5 More details on the SG simulation are desirable. The Additional information provided. I$
statement that B&W design characteristics were used for 'd

the initial model implies that a change is foreseen.
What will be used in later models?

p. 4-8 Was tr.e plant data from a " clean" steam generator? Data used were those provided by Duke
Operational experience shows that a significant increase Power Company. They were for a typical
in SG P can result due to deposits in the steam generator operating steam generator,
tube support plates, without significantly influencing
other plant varjaoles,

p. L-13 It would be highly desirable to provide the comparison of Comparison made to turbine trip.
the model with the cited Oconee-3 data.

The model should be benchmarked against some typical Duke Power responded negatively to our
O conee-1 transients, for which sufficient data base requests for these data.
exists.

_ _



p. 4-15 Does the model predict that the high level MFWP trip Nothing was done in response to this

setpoint cannot be reached? This is not in agreement question, but as a point of informa-

with Oconee data. tion, saying MFWP trip set point cannot
be reached is to strong a statement.
The response depends on the specific
transient. In the runs we made, trip-
point was closely approached but never
reached.

p. 4-33 The scale on the Y-axis seems to be in error by a factor Yes. This has been corrected.
of 10.

p. 5-12 "ES AS" is an unknown aeronym. "ESFAS" is probably the Cnanged.

correct term.

p. B-6 The top sentence fragment makes no sense. True. This has all been changed,

p. B-20 Tnere is no automatic termination of MFW on low RCS Right. We have removed that statement,
pressure at Oconee.

4

General Comment The co-- .ts contained in K. S. Canady's letter of All of Mr. Canady's comments which have to

12/5/84 to R. S. Stone apply to the Executive Summary, resulted in changes are covered in the C}
which is essentially the same as the paper. page-specific remarks above.

The recommended actions have not been analyzed for their True. Our recommendations are now less
potential negative effects, which could ultimately specific than in the original draf t.

.

outweigh the positive.

ADDITIONAL COMMENTS

Ceneral Comment There are many typos and missing words and/or phrases. True. We hope the final edition is

The report needs a good editing. improved in this regard.

Section 2 The attreviation for instrument air is 1 A in Sect. 2.5.3 Fixed.

(Pneumatic System.) Why not IA which is the Oconee
desi gnation?

Seettons 5.1 The fault trees (FT's) contain several event names that Within space limitations we have tried,

t hru 5.4 use abbreviations whose meanings are not clear, e.g., to improve readability.

i
"BAL (?) PMP (?) TRIP INST," "EITHER SC OR RG (?) LEVEL
TRANS FAILS." EITHER MULT (?) MOD (?) FAILS " or
"BAL (?) HI LEV. INT. (?) INST FAILED," or "ICS III (?)
FW DEMAND." There should be a table included in this

1

- _ _ .-
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4

: Sections 5.1 section of the report that defines the basic and
I

tbru 5.4 undereloped event names and provides an appropriate level
(continued) of detailed information for each event. The amount of

detail provided should be guided by the condition that a
r eader, knowledgeable of fault trees (FT's) and the ICS,
being able to reconstruct the FT logic using only the
information contained in the FT's and the suggested table.

The development of the values used in the quantification More information provided,
of the FT's needs to be supported by the specifics
concerning the calculational methods used, assumptions
made, and data sources consulted. Suggest that an appendix
be included in the report to address the above need for
specifi s. The values used in the quantification of the
FT's are very important in providing the perspective in
wnich the safety concern raised by this report is viewed
in context of overall plant safety. Therefore, these
values deserve a high level of scrutability and
traceability.

Section 5.4 It is not appropriate for a report of this stature to We agree. We have pointed out some
g

make such an off-handed comment like "both (a) and (b) possible problems; specific remedies c)
would, of course, increase the likelihood of spurious should be the responsibility of the 'A

pum p t ri ps ." concerned utility.

The purpose of the report was to evaluate such acn-safety
related control effects on plant safety. However,
appearing in the report is a final recommendation to make
unevaluated circuit changes. These changes may create
more safety implications than the present design.

|
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