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ABSTRACT

Recently, concerns dealing with the possibility that certain accidents
or transicnts could be made more severe by control system failures or

malfunctions have been raised. These concerns have been documented under

Unresolved Safety Issue (USI) A-47, Safety Implications of Control
Systems. Specific concerns dealing with steam generator overfill and
reacter coolant system overcooling are included in USI A-47.

,

This EG&G Idaho, Inc., report presents the study performed to evaluate
the effects of postulated control system failures on steam generator

overfill and reactor coolant system overcooling events at the
H. B. Robinson Nuclear Power Plant..
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FOREWORD

This report is supplied as part of the " Safety Implications of Control
System Failures A-47" study being conducted for the U.S. Nuclear Regulatory
Commission, Office of Nuclear Reactor Regulation, Division of Safety
Technology by EG&G Idaho, Inc. , NRC Licensing Support Section, Special
Projects Group.

The U.S. Nuclear Regulatory Commission funded the work under the
authorization B&R 20-19-50-51-5, FIN No. A6477.

.

d

a

e

D

iii



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

.

SUMMARY h

.

The purpose of this study is to determine which system or systems if
any at commercial Pressurized Water Reactor (PWR) units could initiate,
contribute to or aggravate any overfill or overcooling events. These

events have been identified as significant concerns for plant safety by the

Nuclear Regulatory Commission.

lA study of the Nuclear Power Experiences and Licensee Event Reports
for the years of 1980 through 1982 for all 3-loop PWR units was performed '

to identify all events of these types which have occurred. Independent of

this study a non mechanistic Failure Mode and Effects Analysis was
performed for each of these events. The results of these two studies
produced a list of significant systems of concern. These systems were then
processed through a detailed study to determine what mechanism was

.

available to create the failure or operation of concern. These failures -02

were then ranked and a probability of occurrence assigned to each. These
,

rankings were then combined with engineering judgment and postulated worse
case transient scenarios were developed,

f

These postulated transients are considered to be potentially mare
severe than thc3e presented in the Final Safety Analysis Report.

Conclusive documentation that verifies these assumptions requires
completion of computer modeling and analysis of these transients.

.
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REPORT CONCERNING THE EFFECTS OF CONTROL SYSTEM FAILURES ON

STEAM GENERATOR OVERFILL AND REACTOR COOLANT SYSTEM

OVERC00 LING EVENTS AT A TYPICAL WESTINGHOUSE 3-LOOP PLANT,

.

1. INTRODUCTION

EG&G Idaho Inc., is technically supporting the Nuclear Regulatory
Commission in their efforts to resolve the generic issue A-47, Safety
Implications of Control Systems. The concern of the A-47 study is to

determine if any accidents or transients can be initiated or made more

severe than previously analyzed as a result of control system failures or
malfunctions. Specific concerns dealing with steam generator overfill and
reactor coolant system overcooling events are included in the A-47 study.

~

This report addresses the steam generator overfill and reactor coolant
system overcooling events. A later report will cover other events of
cancern.

.

c.- This report addresses the analysis performed to evaluate the effects
of control system (non safety grade) failure or malfunction and their

,

potential for causing or contributing to a steam generator overfill or
reactor coolant system overcooling event.

.
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2. METHOD OF ANALYSIS

The evaluation of control system failures or malfunctions on steam

generator overfill and/or reactor coolant system overcooling events at .

pressurized water reactors (PWR) was performed in two separate phases.
Each of these phases utilized a slightly different methodology. 6

The first phase of this study was to identify all the control grade

systems used for plant control at the pressurized water reactor sites, and
then icentify those systems which could be postulated to cause or
contribute to a steam generator overfill or reactor coolant system
overcooling event. A review of the H. B. Robinson Final Safety Analysis
Report (FSAR) provided a list of 54 systems, both safety grade and control
grade, which are capable of affecting reactor plant cerformance, safety and
control. Safety grade systems were included to ensure that all plant
operations and evolutions were completely analyzed. However, failures of

safety grade systems, other than single failures were not taken into
consideration for this report as it is not the intent of this report to

identify multiple safety grade system failures, although there have oeen -

''"documented cases but rather control grade system failures. The complete

list of systems identified and analyzed is contained in Appendix B. .

The second phase of this study was to develop a set of criteria which

could be used to establish which system failures or operations would have a

significant impact on the various events of concern. The listing of the

criteria developed for the entire A-47 study is contained in Appendix A.

For this report on steam generator overfill and reactor coolant system
overcooling only Criteria 1 and 2 of Appendix A are applicable.

|
In ceder to determine which systems have a potential for affecting or

causing a steam generator overfill or reactor coolant system overcooling
*event two separate aporoaches were utilized. These reviews were performed

separate of each other to preclude as much commonality as practicable. The
first approach entailed a detailed review of the Licensee Event Reports and -

1

the Nuclear Power Experiences ^ for a specific group of PWRs for the

.
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| years 1980 through 1982. The review was focused around any and all events
that were or could be classified as steam generator overfill or reactor

f coolant system overcooling events. This detailed review produced several

]
instances which caused or contributed to a steam generator overfill and/or
reactor coolant system overcooling event. In several cases water level was

'

actually raised high enough to cause ficoding of the main steam lines and
several instances of cooldown rates exceeding 100 F/hr were documented.

i

The second approach utilized was to perform a Failure Mode and Effects
Analysis (FMEA) for each of the events. The FMEA tables are contained in
Appendix B. During the course of producing the FMEA all of the systems

i were subjected to a very broad and liberal interpretation of Criteria -1

and 2 of Appendix A. In utilizing these interpretations, systems which
,

were postulated to be capable of causing or contributing to either of these.
; events were designated as potentially significant systems and placed in a

further detailed review status. The listing of those systems designated as
# potentially significant along with a brief discussion explaining the plant
f, conditions and system failure mode of concern are contained in Appendix C.

|

Systems which were not selected as being potentially significant for;

*
these events were rejected from further review. These systems have been

l identified in Appendix B along with the reason or reasons for rejections.

.
The potentially significant systems were.then subjected to a detailed

!

review to determine if mechanistic failures could be postulated to cause;

i the system failure of- concern. These mechanistic failures were identified
'

and ranked according to the effect of the failure and the relative

likelihood of its occurrence. The detailed review tables are contained in;

! Appendix D.

Transient scenarios were then developed utilizing these tables and.

| engineering evaluations. The postulated scenarios are contained in

|, Appendix E and are considered to be more severe than those presented in the
H. B. Robinson Final. Safety Analysis Report. Included in Appendix.E is a
listing of additional systems that have.the potential to cause or aggravate~

3
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the transient and may be used in additional transient studies based on the

results of the computer simulation and analysis of what appears to be a

worse case at this time.
,

The next phase of this task requires computer modeling and analysis of ,

these worse case transients. These studies could produce additional
transient scenarios of concern as previously mentioned. These additional
transients will be documented in a future amendment to this report or will

be presented in an additional report and, if required, will be computer
modeled and analyzed.

.

O

e

e

4



3. ASSUMPTIONS

The assumptions utilized in each phase of this study are contained in
.

their respective appendices.
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4. SYSTEM DESCRIPTION

The systems w"'-b were evaluated in the FMEA tables were extracted ,

from the systems as identified in the H. 8. Robi son Final Safety Analysis
Report (FSAR). The systems which were evaluated represent the major ,

nonsafety grade control systems which are used for reactor plant control.
Many systems have several subsystems or support systems associated with

them which were not specifically listed in the FMEA. He.ever, failures of

these systems were factored into the analysis by considering a support or
subsystem failure to result in a non-mechanistic failure of the major

system.

.
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5. CONCLUSIONS

Although defining the actual consequences of a steam generator
,

overfill or reactor coolant system overcooling event is considered beyond
the scope of this task, it could be postulated that a steam generator

,

overfill to the point of water entering the main steam lines could cause
main turbine damage and the possibility exists of main steam line damage
due to the static loading of water. Additionally, main steam isolation

valves and safety relief valve (s) could be damaged due to tnermal stresses
or water leadings. Similarly, overcooling concerns dealing with thermal
shock and structural damage have been postulated.

The scenarios postulated in Appendix E identify concerns with control
system failures as they relate to steam generator overfill and reactor
coolant system overcooling transients. It must be recognized however, that
due to the dynamic nature of nuclear power plants and their associated
control systems, definitive conclusions concerning the effects of system
failures cannot be mace without verifying these postulated effects through,

computer simulation.

.

Recognizing these limitations, the postulated overfill scenario
indicates a potential problem with regard to the steam generator overfill
transient resulting frcm the design and operation of the steam generator
feedwater system. No conclusions will be made concerning reactor coolant
system overcooling until the scenarios are analyzed.

These postulated scenarios are consistent with the guidance provided
in Standard Review Plan Section 7.1. Appendix B, Item 3.

Specifically, the steam generator feedwater system is considered a
control system and is not subjected to the requirements established for.

safety related systems. The scenarios in Appendix E postulate single
active failures which can cause or significantly contribute to a steam,

generator overfill.

7



Based on the concerns associated with a steam generator overfill
event, the steam generator feedwater and control system apparently does not
meet the intent of Standard Review Plan Section 7.7, III, 5.

,

Recommendations at this time include:
,

1. A thorough evaluation of the consequences of a steam generator
overfill transient ano defining of the safety significance.

If it is determined that these transients have safety implications, a
cost versus benefit study should be performed to evaluate the following
possible solutions.

1. Evaluaticn of the steam generator overfill transients by the
licensees and proposed modifications to existing systems to
preclude the effects of these transients.

2. Reclassification of the steam generator feedwater system as a
,

" System Important to Safety" as defined in Standard Review Plan

Section 7.1 Appendix A and upgrading the system to meet the
,

applicable criteria.

.

4

| 8



6. REFERENCE

1. Nuclear Power Experiences PWR-2; Nuclear Power Experiences a division
,

of S. M. Stoller Corporation, 1919 14th Street Suite 550,
Boulder, Co. 80302-5386, Phone (303)449-7220.

.

.

O

O

e

9

_ _
- _ - - .



.

.

APPENDIX A ,

SAFETY IMPLICATIONS OF CONTROL SYSTEMS (A-47)
SIGNIFICANT SYSTEMS SELECTION CRilERIA
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APPENDIX A

SAFETY IMPLICATIONS OF CONTROL SYSTEMS (A-47),

SIGNIFICANT SYSTEMS SELECTION CRITERIA

'
1. Any control grade system or component failure, either initiating or

aggravating, which results in an undesired increase in steam generator

; water level beyond the bounds of the present FSAR analysis will oe
recommended for further review. For this study, the point of overfill

is defined as that level which, if exceeded, could cause carryover

into the main steam system.

:

There is no limiting transient identified in the H. B. Robinson FSAR

for the steam generator overfill event.

There is no design basis accident identified in the H. B. Robinson
FSAR for the steam generator overfill event.,

5 -

2. Any control grade system or component failure, either initiating or
i aggravating, which results in an undesired reactor' vessel water?
i o

temperature decrease beyond the bcunds of the present FSAP. analysis
; will be recommended for further review.
!

The bounding transient analysis in the H. B. Robinson FSAR for this
overcooling event.is the "Large steam line break outside of
containment with offsite power available."

i

The design basis accident for this overcooling event is also the
'

"Large steam line break outside of' containment with offsite power
available," even though it meets all of the requirements of a bounding
transient.a

]
.

3. Any control grade system or component failure, either initiating or.

| aggravating, which results in an undesired nuclear system pressure

:
.

| .13-
i
4

'
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i

i i

i

increase, positive reactivity increase or increase in reactor coolant
inventory beyond the bounds of the present Final Safety Analysis
Report (FSAR) analysis will be recommended for further review.

.

4

The limiting transient for a nuclear pressure increase event in the
.

H. B. Robinson FSAR analysis is the " Instantaneous loss of steam load

(turbine trip) without automatic steam dump or reactor trip."
.

1 The design basis accident for the increase in nuclear system pressure
i

event is the " Loss of reactor coolant flow due to reactor coolant pump
shaft seizure (locked rotor).

|
1

; The limiting transient for a positive reactivity increase-is the
" Uncontrolled Rod Control Cluster Assembly (RCCA) bank withdrawal from

full' power with minimum reactivity feedback (80 pcm/s withdrawal rate).
:

!
| The design basis accident fer the increase in positive reactivity

event is a " Rod Control Cluster Assembly (RCCA) ejection near the end .
'

of life of the core.

. .

The limiting transient for an increase in reactor coolant inventory is '

l an " Inadvertent start of a Safety Injection (SI) pump with the plant
! in a cold shutdown condition.

There is no design basis accident identified for the increase reactor
; coolant inventory event.

! 4. Any control grade system or component failure, either initiating or
f aggravating, which results in an undesired reactor core coolant flow

decrease or reactor vessel inventory decrease beyr.id the bounds of the
present FSAR analysis results will be recommended for further review. *

'

| The limiting transient for a decrease in reactor coolant flow is a -

" Simultaneous loss c,f power to all reactor coolant purps at full
power."

14
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The design basis accident for the decrease in reactor coolant flow is

the " Instantaneous shaft eizure (locked rotor) of the reactor coolant
pumps."

,

The limiting transient for the decrease in reactor coolant inventory
,

is the " Steam Generator Tube Ruptcre at full power."

The design basis accident for this event is the " Double-Ended Cold leg
Guillotine (DECLG) pipe break."

5. Any control grade system or component failures which are projected to
cause transients identified as incidents of moderate frequency

(Anticipated Operational Occurrences) to occur at a rate significantly
more frequent than once per year, or failures which are projected to
cause transients identified as infrequent incidents to occur more than

once during the lifetime of a plant, or failures which are projected

to cause limiting faults (Design Basis Accidents) will be recommended
for further review.,

6. Any control grade system or component failures which would adversely .
.

affect any assumed or anticipated operator action during the course of
a particular event or result in manual or automatic actuation of

Engineered Safety Features, including the Reactor Protection System or
result in exceeding ary Technical Specification safety limit will be
recommended for further review.

O

o
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STEAM GENERATOR OVERFILL AND REACTOR COOLANT SYSTEM OVERC00 LING
TRANSIENTS FAILURE MODE Ai40 EFFECTS ANALYSIS
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APPENDIX B. SEC110N I STEAM GENERATOR OVERFILL TRANSIENTS FAILUkE MODE AND EFFECTS ANALYSIS
! -

Applicable A-ai
Selection Criter t.

System System Function System Failure MoJe Lifert of Failure . (Appendia C item al_, ,

1. Reactor Coolant Prnvides coolant flow to the H igh flow rate. These f ailures should not have the poten- none !

System and Pumps reactor vessel for core cooling. tlal to cause or contribute to a steam 1

generator overf tl1 traastent as it he;
no capaht11ty to add inventory to the
steam generator.

tow flow rate. These f ailures should not have the poten. None
tial to cause or contribute to a steam
generator overft11 transient as it has no
.apability to add inventory to the steam
generator.

2. Pressurtzer Over- Provides reactor coolant system Inadvertent opening of a tower These f attures should not b4ve the poten. None
~ pressure overpre.sure protection. operated or safety rettef valve. tial to cause or contribute to a stets
Protection System generator overf t11 transient as it has

no capability to acu inventory to the
steam generator

t

Fatture of a power operatea or lhes. failures snould not have the poten. None
safety relief valve to open 1941 to cause or contrtuu*e to a steam-s

*
.y3 when required. generator overf t11 transtent as it has

no capability to auo inventory to the
stese 3enerator.

3. High Head Safety Provides reacter coolant inven- Inadvertent initiation when These f ailures should not have the poten. Nune ?

Injection System tory makeup during a small leak. not required. tial to cause or contribute to a steam !

- while system pretstre is high. generator overfici transient as it has
no capablitty to adu inventory to the
steam generator.

Failure to initiate when These failures should not have the pcten. none*

required. tial to cause or contribute to a steam
generator overtill transtent as it has
no cspittitty to add inventory to the
steam p*c.teJLor.

4. Residual Heat Provides a long term decay heat High flow or inadvertent these failures should not have the poten- None
Removal System ' removal system and a low head initiation, hen not required. tial to cause or contribute to a steam

high volume inventory makeup generater overftll transtent as it has

system for a large reactor no capability to add taventary to the
coolant system break. steam 9a'erator.

L ow f low r ate. These f ailures should not have the poten. None
1641 to cause or contribute to a steam
generator overftll transient as it ha.
no capabtitty to add inventory to the ;
steam generator. -

i

. t
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APPENDIX B. (continued)

App 1tcable A-47
5 election Criterls

System Systee f unction System Failure Mode f f tect of Failure (Appendt C Item Il _

5. Chemical and Provides a means of maintaining High makeup flow rate or low 1hese failures should not have the None
Volume Control reactor con; ant chemistry and letdown flow rate. potential to cause or contribute to a
System normal reactor coolant inventnry steam generator overfill transient as it

mak eup , has no capability to add inventory (G the
steam gnerator.

Low makeup t ion rate or h 6 h these failures should not have the poten. None9
letdown f low rate, tial to cause or contribute to a steam

gneratur overf tll transtent as it bes
no capability to add inventory to the
steam generator.

6. Coolant Samp1tng Provides a means of sampling the High f low rate. These f allteres should not have the poten- Nvne
System reactor coolant system for tial to cane or contribute to a steam

chemical analysis. generator overfill transient as it has
no capability to add inventory to the
steam gertrator.

Low flow rate. These f allures should not have the poten. None
t tti to cause or contribute to a steamN generator overft11 transient as it has

O no capability to add inventory to the
steam generator.

7. Pressurtrer Provides a means of tontroll'ng Pressure is higher then These failures should not have the poten. None4

Pressure Control reactor coctint syviem pressure indicated or is controtting tial to cause or covitribute to a steam
System and provides pressurtzer high. generator overft11 transient as it has

pressure indication. fio capahttity to add inventory tu th*
steam generator.

Pressure is lower thar lhese fattures should not have the poten. hone
indicated or is controlling tial to cause or contribute to a steam
low. generator ov-rfill transient as it has

no capability to aod inventory to the
steam generator.

8. Accumulator lank Provides coolant inventory inavvertent coolant injection. These fattures should not have the poten- hune
System makeup to the reactor coolant tial to cause et contribute to a steam

system'in the event of a large generator overf til transient as it hav
coolant system pressure no capability to aca inventory to the
boundary breach. Steam generator.

Failure to inject whee lhese, failures should not have the poten- hone
required. tial to cause or contribute to a steam

generator overf!Il transient as it has
no capability to add inventory to the
steam generator.

e e e a e e
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APPENDIX B. (continued)

Applicable A-47
Selection Criteria

System System Func t ton System Failure Mooe t f t cct of F ailure __ JpgendiaCitemXj

9. Keactor Protection Pro. ides protection to the inadvertent reactor tr aps. These f at tures should not have the poten- None
System reactor coolant syst2m and core tial to cause or cor-tribute to a steam

to prevent plant parameters generator overf til f r anstent as it has
from going outside of design no capability to add inventory to the
Conditions, ste9m generator.

Failure tn trip the reactor These failures appear to have tne poten. None
when required, t tal to caese or contribute to a steam

generator o.ceftl1 transient but should
not because the system is safety gre w
and although failures of safety grade
systems have occurred they are outside
the scope of tbts task.

'

10. Control pod Provides a means of moving the Uncortrolled rod withdrawal or These failures appear to have the poten. I
Drive System control rods for gross rod ejection. tial to cause or contrttsute to a steam ( App. C ltem 1)

reactivity control. generator overf til transient.

Inadvertent roa insert ton or a These fattures should not have the poten- None

m droppeo rod. tial to cause or contribute to a steam
generator overf til trarstent as the rodm
insertion would cause a (ooling transient
rather than heating.

11. Pressurtzer tevel Provides level indication and Level is higher than indicated These f at tures should not have the poten. hone
Control System control signals f or Chemical or is controlling high. tial to cause or contribute to a steam

and Volume Control System generator overf til transient as it has

(CVCS). no capability to add inventory to the
steam generatcr.

Level is Icwer than indicated These f ailures should not have the poten. None
or is controlling low. tial to cause or contribute to a steam

generator oserftll transient as it has
no capablitty to add inventory to the
steam generator.

12. Engineered Provides engineered safety inaevertent ESF tnttiation. These failures appear to have the poten- I
Saf ety Feature feature (ESF) actuation of t tal to cause or contribute to a steam ( App. C ltem ?)
Actuation System spectf tc systems and tempenents generator overf til transtent.

to mitigate the consequences
of postulated accidents.

Falls to initiate ESF when These f attures should not have the poten- hone
required. tial to cause or contribute to a steam

generatoe overf tl1 transtent as the
system is safety grade and multiple
f at tures of safety grade systems is
t>eyor$ the scope of this task.

$
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APPENDIX B. (continuea)
__. ,_ _ _ _ _ _ _ _ _ . .

Appilcable A-47
Selection Criteria

System System Function System f at ture Mode E f fett of Fallure (Appendix C ltem XJ

13. Incore Instru- Provides core power distribut ton Provides higher than actual ihese f atlures should not have the poten- None
mentation System and core temperature 11dication. condition indications. tial to cause or contribute to a steam

generator overf tll transiert as it has
no capability to add inventory to the
steam generator. ,

Provides lower than actual lhese fStlures should not have the poten. None
sondition * nd ic a t ions . 1141 to cause or contribute to a steam

generator everf til transient as it has
no capet. titty to add inventory to the .

steam generator,

1a. Encore Instru- Provtues reactor power indt(a. Provides higher than actual lhese failures should not have the poten. None
mentation System tion and protection trips for condition indications. t tal to cause or contribute to a steam

power levels f rom the source generator overftli transient as it has
range to 120% of f ull rated no cawsollity to aad inventory to the
power. steam generator.

Provides lower than actual These failures should not have the poten. None
condition Indications. tial to cause or contribute to a steampg3

generator overf tll tranteint as it has
NO no capability to add mventory to the

ste.= generator.

15. Reactor Contain- Provides reactor core and Falls to maintain the required These failures should not have the poten. Nonc
ment Structure reactor coolant isolation from isolation, tial to cause or contribute to a steam
and Containment the environment. generator overftll transtent as it has
Iso?ation System no capability to add invectory to the

steam generator.

Inadvertent containment These f ailures should not have the poten. N'ne
isolation when not required. tial to cause or contribute to a steam

generator overft11 transtent as it has
no capsSility to add inventory to the
4 team generator.

16. Feedwater and Provides the feedwater to the Feeowater/ condensate flow f alls These failures appear to h)<e the potec- 1

Loncensate System steam generators and collects high. tial to cause or contribute to a steam ( App. C ltem 3)
and stores the condensate for generator overftll transtent.
return to the steam generators
as f eedwater. Feeewater/ condensate flow f alls These failures should not have the poten- hone

low. Llal to cause or contrthute to a steem
generator over f tll transient as lower

flow rates woulo cause lower level.

e , a . . .
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APPENDIX B. (continued)
_ _

Appilcable A-41
Selection triterta

System System rv.ctton__ _ _5f em F allure Mooe I tied of F ailure JAypenots L ltem X,t

ii. desctof Coolant Provides an indication of a inadvertent Irak ind ic a t ion . These f ailures should not have the poten- none
System teak reactor coolant system to tis 1 to (ause or (untribute to a steam
Detection System atmosphere leak within the generator uverf tl1 trer. stent as it has

reactor containment. no capability to add inventory to the
steam generator.

Failure to indicate when a leak These f ailures shoulo not have the poten- None
entsts. tial to cause or contribute to a sten

generator overfill transtent as it has
no capability to sed inventury to the
steam generator

18. Process Computer Monitors and records plant Frovides a higher than actual These fattures should not have the poten. None
paramet** s. indication. (tal to cause or contribute to a steam

v nerator overfill tr*nstent as it has
no capability to add inventory to the
steam generatov.

Provides a lower than actual TPese f ailures af, pear the have the poten- I
indication, tial to cause or sontrit,ute to a steam ( App. C ltem 4)

generator overftll transfeet.

19. Steam Generator Provides level indication and High feedwater flow rate. These fatture appear the have the poten- 1

Water Level feedwater control for each tial to ca'ese or contribute to a steam ( App. C l tem $)
Control System steam generator. generator overftil transient.

Low f eedwater flow rate. These f ailurf s should not have the poten- None
tial to cause or contribute to a steam
generator overftil transient as lower
teccflow ratts woulo cause lower levels.

20. Steam Line Provides main stream system Inidvertent operation of a These fattures appear to have the poten- i
Overpressure overpressure protection. power operated or safety reitef 1941 to cause or contrnbute to a steam ( App. L ltem 6)
Protection valve. generator overftil transient.
System

Failure to relieve pressure These failures should not have the poten- krme
when required, tial to cause or contribute to a steam

genera;or overfin t transteilt as the
increased pressure would tend to cause
vn64 collapse and level shrink.
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APPENDIX B. (continuea)
*

_ __

t.pplicable A.47
Seler,tton Criteria

System System Function _ystem Failure Mode
,

Ef fect of Failure (Agencis C item X)

21. Main 5 team Transfers steam f rom the steam High steam flow rate or these fattures appear to have the poten- 1
. System generators to the turbine or inadvertent main steam isolation ital to cause or contribute to a steam (App. C ltem 7)
' the steam dump. valve opening. generator overf tll transient.

Low steam flow rate or these f ailures should not have the poten- hone
inadvertent main steam isolation tial to cause or contribute to a steam
valve closure. generator overftll transient as loss of

steam flow would increase pressure and
collapse votds thereby causing level
shfink.4

22. Turbine Electrv- Controls steam flow to the Inaavertent opening of a f9rbine Mese fattures appear to have the poten- 1
i ' hydraulic Control turbine. r vernor valve or failure to s tal to cause or e.ontribute to a steam ( App. C Item 8)

System (FHC) teip. generator overfill trengtent, ,

1

Inadvertent closing of a turbine these f ailures shoulo not have the poten- None
governor valve. Llal to cause or contribute to a steam

generator overf t11 transtent a$ loss of
stear flow would increase pressure and

N collapse votos thereby C4using level
shrink.>

23. Aux!11ery Feeo- A safetit grade system which High f eedwater flow rate or These f ailures appear to have the poten- a
water System provtoes steam generator inven- inadvertent operat w.. tial to cause or contribute to a steam ( App. C ltem g)

tory makeup when the main feeds generator overftil transtant.
water system is unavailable. 8

Low feedwater flow rate or These failures should not have the poten- None
loss of flow. tial to cause or contribute to a stese '

,

generator overf tll transient as lower
feedlow rates would cause loss of level.

24. Steam Generator Provides a mechanical barrier Failure to keep the systems These f ailures aprear the have the poten. None
to separate the reactor coolant separate f rom %ch other. tial to cause or contribute to a steam
and secondary coolant systems generator overft11 transient but steam
while permitting thermal energy generator f ailure was not considered as
transfer between them and thus an initiator or agravator for this
generating high quality steam. report. Jt will be covered in a later

report.
,

6

Failure to allow heat transf er. These f ailures should not have the poten. None
ttal to cause or contribute to a steam
ger.erator overftl1 transient as lower
heat transf er rates would teno to cause
votd collapse and level shrink.

L

|

I'
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APPENDIX B. (continued)
----

_

Applicable n-47
Selection CritertaSystem System Funct ion system Failure Mode Ef f ect of Failure (Appenois C item as

25. Steam Generator Provides a methoo of removing High flow rate or inadverteet lhese f ailures shoulc' not have the poten. None
Blowdown System unmanted chemicals or contami- flow, tial tr cause or contribute to a stece

nants f rom the steam gener ator generator verfil' transient as these
water for chemistry control. would te*t to resu(e levels.-

Low f low rate. These f ailures appear to heae the poten- I
tial ta cause or contribute to a steam (App. C ltem 10)
gener.cor overf a ll trans tent.

76. Steam Generator Provides a methcd of removing High f low rate or inadvertent These f ailures should not have the poten- None
Sampling System Itquid from the steam generator flow. (tal tc cause or contribute to a steam

for chemical enalysts, generator overf t11 transtant as this
would lower level.

Low flow rate. These f ailures should not have the poten- hune
tial to cause or contribute to a steam
generator overftll transtent as the
sampling rate is insignificant for
conteen.

M
' , 27. Turbine Generator Provides the required lubrica- Fails to provide the required These failures appear to have the pug:n- 1

Support Systems tion and ceoling f or generator lubrication or cooling. tipi to cause or contribute to a steam ( App. C ltem 11)
operatton. generator overft11 transient.

20. Auxiliary Provides low presture steam for High steem flow or inadvertent These f attures appear to have the poten- I
Steam System air ejectors, turbine gland flow. tial to cause or cont, tbute to a steam (App. C ltem 12)

seals and other auntliary geeerator overfill transient.
systems.

Low flow or loss of flow. These f at tures should not have the poten- None
tial to cause or contribute to a steam
'*nerator overf til transtent.

29. Main Condenser Provides a lo= pressure collect- Failure to ratntain a va sum. These failures appear to have the puten- I
and Evacuation tion point for the unused steam tial to cause or contribute to a steam t app. C I t em 13)
Systems from power generatton generator overf 611 transient.

,

operat ions,

increase vacuum. Toese f atlures appear to have the poten. N ene
tial to caa e or contribute to a steam
generator overt ill translerit but are
insignificant for this study as the
increase steam flow Cause by the vacuum
increase =111 be mino'.
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APPENDIX B. (continued)!

; .

Applicable A-47
Selection Criteria

System System Function 5 stem fatture Mode Ef fect of Fallure (Appendia C ltem XI1
|' 30. Steam Dump System provides a method of removing inadvertent operetton when not These failures appear to have the poten. 1 |steam from the steam generators required or valves f all open. ttet to cause or contribute to a steam (App. C item 14)
'; when the turbine generator is ge trator overfill transient.

unavallable or a load rejection
has been initiated.

, falls to operate whtn required. These failures should not have the poten- None
i tial to cause or corurtbute to a steam

generator overfill transtent as the loss
4 of steam flow causes a pressure increase

transtent which tends to collapse volds,

and thrtd lesel.
,

31. Service Water A safety grade system which High flow rate. These fattures should not have the poten. None
; System provides cooling water to tial to cause or contribute to a steam
'j components necessary for plant generator overft11 transtent as the *

saf ety under all conditions. system has na capability to add inventory
to the steam generator.

Low flow rate. These f ailures should not have the poten. None *

tial to cause or contribute to a steam

i
-NI generator overtill transtcnt as the* system has no Capability to aod inventory

to the steam generator.

32. Component A saf 4ty gr .de intermediate High flow rate. These f ailures should not have the poten. None,

Cooling Water heat transfer system that tial to cause or contribute to a steam
System separates the reactor coolant generator overftil transient as the ,'- synte and the service water system has no Capability to add inventory

system. to the steam generator. r

i Low flow rate. 1%ese fattures should not 14ve the poten. None
'

tial to cause or contribute to a steam
generator overfill transient as the
system has no capability to add inventory;

.| to the steam generator.

33. Condenser provides a heat sink for the . High flow rate. These fattures appear to have the poter. None
Circulating unused steam f rom power tial to cause or contribute to a steam

. Water System generation operat tees. generator overft11 transient but are
instgnificant for this study as the
increased vacuum would be minor and the
subseq:,est steam flow Increase would be
minor.

,

Low flow rate. These f atlures should not have the poten. None
tial to cause or contribute to a steam
generator overfill transient as the system
has no capability to add inventory to the

.

!

steam generator.

a >

L

* e * * * *

-- , - -



. . . . . .

&
,

.

L

,

1 +s -

'(continued)APPENDIX B.
5

Applicable A-47
y t i

Selection Lr steria
,g ,

System F ailure Mode f f fect of f ailure {Appdis C ltem X) '

System Sys tem l unc t ion
:

-j 4

>

y ~

/ t 34. Primary and Provides makeup water for # High flow rate. These fatlures should not have the p0 ten- hone

Deminenliced the reactor coolant and tial to cause or contribute to a steam
Waten Wkeup - secondary coolant system. genarator overftl1 transtent as the system

(

i '.5ystem ( \ has no capability ta add inventory to the
f

ste e generator.
f ..

tow f low rate. These failures should not have the poten- hone! '

? ) t tal to cause or contribute tu a steam
;

- generator overfill transtent as the system
,. ' I hat no capability to ado inventory to the

I t ''" 9'"'' ' t ' *
, ,r

)~ d
35. Station and Provides air for plant use. High air header pressure. These f ailures appear to have the poten- ilone

. .

- Instrument Air t tal to cause or (ontripute to a steam
g

Systems generator overfill transient however, the
system was rejected because normal opera-

NOTE: Failures &., tion or f atlure to supply con,ponents is

covered during the individual cogonentare
I# l evaluated system revtew.

,

fs> within the#

individual Low air header pressure,
y

systems.e, e

t/

36. Communications Provides normal and emergency Falls to operate when required. These tailures should not have the poten- None

Systems inter and intraplant tial to cause or ccntribute to a steam +

consnunications, gerierator overftl1 transient as the system
has no capabiltty to add inventory to the

steam generator.

37. F tee Protection Protects equipment and personnel inadvertent system operation. These fattures appear to have the poten- hune

Systems in the event of a fire. tial to cause or contribute to a steam
generator overf all transtent but are

NOTE: Failures covered te. the taoividual system rewtems.
are
evaluated Failure to operate when These f at tures should not have the poten- None

ta l to cause or contribute to a steamwithin regatre#, a

individual generator overftll transient 45 the

systems. system has no capattitty to and inventory
to the steam generator.

_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ __



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

APPENDlX B. (continued)

Applisaole A-47
Selec.tton Criteria

System System Function
_

System Failure Mode _ (f f ect of Failure jppendia C atem O
38. Nitrogen Supply Provides nitrogen gas f or High nitrogen header pressure. These f atic*es should not have the pots. D' 3

System pressurit ng the safety injec- teal to cause or contribute to a steami
tion accumulators and a backup generator cuerf tl1 transtent as the
source to the instrument air system nas no capabiltty to aod inventory
c ompresnr s. to the steam generator.

Low nitrogen header Sressure. These faltures should not have the poten. l.one
tial to cause or contribute to a steam
generator overftll transtent as the
system has no capablitty to add inventory
to the steam generator.

39. Diesel Gener. Proi tJe5 emergency AC power to Falls to provide pn=er when Failures of this type have the potential hone *

ator and Suoport selected equipment. required. to cause or contribute to a steam genwr.
Systems ator overftil transtent, however, the

system was rejected because nors'al opera-
NOTE: Failures tion or f atigre to supply components is

are Covered during the individual CoWponent
evaluated system reviews.
within

'individualO systems.

40. Heating. Vent t. Provides the plant ut?h the falls to provide sufficient These f at tures appear to have the pcten. hone
lation and f.ir necessary heating ventilating H&V or air conditionteg. tial to cause or contribute to a steam
Condittoning and air conditiontng, generator overfill transient, however,
Systems the system was rejected because normal

operst tons or f a 61ure to supply components
NOTE: Failures Provides excessive H&V or air is covered durtng the individual component

are conditioning. Sittem revtews.
evaluated
within
individual
systems.

41.125 Volt DL Provides power to the f ?5 volt Fat h to provide power when These 'atture: appear to have the poten. hone
Susses. 125 volt DC busses. requi co. tial to cause or contribute to a steam
Battery and generator overftl1 traestent, howeve.,
Battery Chargers the system was rejected because normal

operetton er f ailure to supply conpon.
NOTE: Failures eats is c6vered during the individual

cu ponent system rev tews.are m

evaluated
within
the
individual '

'systems.

s e e e v e
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APPENDlX B. (continued)
_

Applicable A-41
5 election triteria

System System function
_

System F a t 1_ure Mode If f ec t of F ailure A pendte C ltem g)

42.120 Volt AC Provides 120 volts AC power to Failure to provide the lhese f ailures appear to have the p' den- Isone

Instrument the genertl use tostrumentation necessiry pc.er to the tial to cause or cor?ctbute to a steam

System and control power, cestgaated equipment. generator overf til treasient, ho=*ver,
tht syst.m was rejected t,ecause normal

h0TE: Failures operat en or f ailure to supply compon-
are erit h is (overed during the individual
evaluated component system rewtews.
wit 6 'n the
individual
systems.

43. Ligiting System Provides normal and emergency Falls to provide lighting. These f atlures should not have the pote - none
Itghting throughout the plant. taal to cause or (ontribute to a steam

generator overfill transtent as the
system has no capability to sod inverewy
to the steam gereerator.

44. Station Normal Provides the power for the unit Falls to provide the required These f attures appear to have the poten. None
Austilary Power austitertes th-ough various power. tial to cause or conte!bute to a steas

tr ansf Grier s, generator overf ill tr anstent, however,N N0'E: Failures the system was rejected because normale operation or f at ture to supply coeven-are
evaluated ents is Covered during the individual

within the component system reviews.
Individual
systems.

45. Station Emergene, Provides the power to the Falls to provide power when Thesr> f attures appear to have the poten- es neu

Austliary Power station ausillaries in the required, tial to cause or contribute is a steza
event normal sources f all. generator overf tll transtent, however.

NOTE: Fallures the system .as rejected because normal
are operation er f at ture to supply compon-
evaluated ents is covered durtng the snaividual
within the Component system revlems,
individual
systems.

46. hew Fuel Storage Provides f or the dry storage of Falls to store the ne= f uel these f ailures should not have the poten- none
new fuel until time for its safely ena ef fectively. tial to cause or cortribute to a steos
loading, generator overftl1 transient as the ,

system has no capability to aco teven-
tory to the steam generator.

41. Spent Fuel Provides for the storage of falls te. Store the spent fuel Thase failures should not have the poten- fece

Storage spent f uel unti time f or s af ely a*>J e fectively. tlal to cause or contribute to a steam
shipment. generator overftll transtent as the

system has no capability to 404 inven-
tory to the steam generator.

.
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APPENDIX B. (continued)
._

Applicable A-47
Selec tioa Lriteria

System System Function System Failure | ode Ef fect of Failure (Appendie C lt em X )M

48. Spent Fuel Pool Provides For cooling and F alls to maletain water lhese fa;1ures should not have the poten- none
Cooling and cleanup of the spent f uel pool temperature or purity. tsal to cause or contribute to a steam
Cleanup Systems water. Senerator overf t11 transtent as the

system has no capahtitty to add inven-
tury to the steam generator.

49. Fuel Handling Provides for the handling of Failure to orovide movement these f ailures should not have the poten. None
System f uel assemblies during core when required. t tal to cause or contrioute to a steam

loading and unloading. generator overftll transient as the
syster has no capahtlity to asd inven-
tory to the steam gene.ator.

Failure te prevent These f attures shceld not have the poten. home
movement or in.dven'ent tial to cause or contribute to a steam
mou rae nt . generator overfill transtent as the

system has no capablitty to add inven-
tory to the steam generator.

50. Aadioactive Provides for the collecting Fatis to provide safe storage These failures shoula not have the poten- none
Wasta Management treating, and storage of disposal of rad 60 active E f al to cause or contribute to a steamgg
Systems radtoactive solids. Itquids materials. generator overfill transtent as thec) and gases. system has no capablltty to and inven-

tory to the steam generator.

51. Radtation Provides for site utde radte- Indicates higher than actual these f ailures should not have the puten. None
Monitoring System tion level monitoring. levels. tial to cause or contribute to a steen

generater overt til transient as the
system has no capability to aod inven-
tory to the steam generator.

Indicates lowtr than actual These f ailures shou'd not have the poten- hone
levels, tial to cause or contribute to a steam

generator overfill transtent as tr.e
system has no capability to add inven-
tory to the steam generator.

52. Annunctater Provides alare 19dication for Inaevertent alarms. These f attures 99 pear to have the poten. None
System out of tolerance parameters. tial to cause or contribute to a steam

Falls to alarm when requir ed. generator overf ill trans te?t. however,
toe system was rejected f rom this report
as it will be covered under "other-
transients.

!
I

i

1
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APPENDIX B. (continued)

Applicable A-47
Selection criteria

System System Function _ J stem Fat 1ure Mode Ef f ect of Failure . (Arpendis c item I;

33. Backup Control Provides the capablitty of Inadvertent reactor shutd6wns these f atlures should not have the poten- hone
System shutting down the reactor from f rom remote 1 orations. tial to cause er contribute to a steae

locations out side the control generator overfill transient as the
room in the event the control system has no capability to add inven-
room is evacuated. tory to the steam generator.

Inablitty to shutdown the These fattures should not have the poten- hcne
reactor f rom remote locations. taal tn cause or contribute to a steam

generatcr overf til transient as tne
system has no capability to add inven-
tory to the steam generator.

54. Equipment and Provtoes for the collecting and Falls to provide safe stc=49e These failures shoJ1d not have the poten. hor.e
F loor Drainage stcrage of potentielly raato- and transf er of erains. t aal to c.use or contribute to a steam
System active drains for transfer to generator overf t|1 transtent as the

liquid waste disposal system. ?y' tem has no capability to aod
inventory to the steam generator.

(.n)
w



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

APPENDIX B. SECTION 11 REACTOR COOLANT SYSTEM OVERC001.ING TRANSIENTS FAILURE MODE AND EFFECTS ANALYSIS
_

Applicable #-41
Select ton (r .teria

System System Functton System F ailure Mode Etfect of Fatlure (Appendis C Item X) ,

| 1. Reactor Coolant Provides coolant flow to the High flow rate, lhese f ailures appear the have the poten. 2

Systci and Pumps reactor vessel for core cooling. tial to cause or cont-tbute to an over- (Ap.,. C item f5)
cooling transient.

Low f low rate. These failures should not have the paten- hone
ital tc cause or contribute to an over-
cooling transient as low flow causes
heatup.

2. Pressurt2er Provides reactor coo' ant system leadvertent opening of a power These failures appear the have the poten. 2

Overpressure overpressure protection. operated or safety rettef valve. tial to cause or contribute to an over- ( App. C Item to)
Protection System c u ling transtent.

Failure of a power operated These f ailures should not nave the poten- h onie

or safety reitef valve to open tial to cause or contribute to an over-
when required. cooling transient as high pressure tends

to increase heating.

3. High Head Safety Provides reactor coolant Inadvertent initiation when These f at tures appear to have the poten. 2

injection System inventory makeup during a required. tial to cause ce contribute to en over- ( App. C ltem IT)
g small leak, while system cooling transient.
N pressure is high.

Failure to initiate when these f ailures shoJ10 not have the poten- None
reputred. tial to ceuse or contribute to an over-

coosing transient as it would not result
in a reactor shutdoen and cooling.

4. Residual tiest Provides a long term decay heat High flow or inadvertent These f ailures appear to have the poten- 2

Removal Sysks removal system and a low head initiation when not required. tial to cause or contribute tu en uver. ( App. t. Item 18)
high volume inventory makeup cooling transtent.
system for a large reactor
coolant system pipe treak.

Low f low rate. 1hese f ailures should not have the poten. hone
tial to cause or contribute to an over-
cooling transtent as low flow would cause
a heatup.

5. Chemical and Provides a means of matntaining High makeup flow rate or low These f ailures appear to have the paten- hone

dolume Control reottor roolant themistry and letdown flow rate. tial to cause or contribute to an ever-
System normal reactor coolant inventory cooling transtent but the contribution

mak eup. appears to be insignificant fcr this
study.

Low makeup flow rate or high These f ailures should hot have the poten- None

letdown f low rate. tial to cause or contrtDute to rn over-
cooling transient as the lower coolant
volume would result in a heatup.

**.,.
9 0 9 9 9 9
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APPENDIX B. (continued)

Appitcable A-41
Selection Criterla

System System Fur:ct ton System f yllure Me Ef fect of Failure A pendia C Itm N)
6. Coolant Sampling Provides a means of sampling High f low rate. Thest f ailures should not have the poten. None

System the reactor coolant system for tial to cause or contribute to an over-
chemical analysts. cooling trwnsient as the flow rates

involved are Ins tqnif te ent reepared to the
volume of the raattor coolans sys'.em.

Low f low rate. These f ailures should not have the 'oten. None
tial to cause or contribute to an over-
cooling transient as the flow rate!-
involved are insignificant compared to the
volume of the reactor coolant system.

7. Pressurizer Provides a means of controlling Pressure is higher than lhese f ailures should not have the poten. None
Pressure Contros reactor coolant system pressure indicated or ts controlling f ial to cause or contribute to an over,

System and provides pressurtzer high, coolina transtent as p essures tend to
pressure indication. cause thstgnificant tegerature chan,es.

Pressure is lower than These f at tures should not have the puten- hone
indicated or pressure is t aal to cause or contribute to an over-
is controlling low. cooling transtent as pressures tend tog

cause insignificant tegerature changes.

8. Accumulator Tank Provides coolant inventory make- Inadvertent coolant These fatlurei should not have the poten- Nune
System up to the reactor coolant system injection. tial to cause or contribute to an over-

in the event of a large coolant cooling traestent as it is a low pressure
system pressure bouncary breath, system that confiot inject unless the

system is already shutdown and Cooling.

Failure to inject when These failures should not have the poten. None
required, t tal to cause or contribute to an over-

cooling transient at lack of injecitat
could not create a cooldown event.

9. Reactor Protection Provides protection to the Inadvertent reactor trips. These f ailures avear to have the poten- 2
System reactor coolar,1 system and core tial to cause or contribute to an over. ( App. C ltem 19)

to prevent plant parameters from cooling transient even though the system
going outside of design is safety grade anc redundafit.
Cond1tiori3.

Failure to trip the reactor These f ailures should not have the poten- hope
when required. tlal to cause or contribute to an over.

conting transtent as reactor operetton
would cause heatup.
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APPENDIX B. (continued)

Appitcable A-4s
Selection Criteria

System
_

System Function System Failure Mode Ef fect of Fatture (Appendia C ltem I)

10. Control Re1 Provides a means of moving the Lincontrolled rod withdra.al i,r Inese f attures should not have the poten- hone
Drive System control rods for gross rod rejection. tial to cause or contribute to an over-

reactivity control. coc!!ng transient as this would result in
a p0=cr increase and a heatup v 5.e cool-
down.

Inaavertent rod insertton or These failures appear to have the poten- 2

a dropped rod. tial to tause or contrib:ste to an over- ( App. C Item 20)
cooling transient.

II. Pressur trer Provides level indication and tevel is hig%er than indicated These failures should not have the pottn. hone

Level Control contro) signals f or the chemical or is controlling high. (tal to cause or contribute to an over-
System and volume control sjstem. cooling transient as it has no capability

to control or af fect reactor coolant tem-
peraturir.

tevel is Icwer than indicated These f ailures should not have the poten- hone
er is controlling low. tial to cause or contribute to an over-

cooling transtent as it has no capability
to control or af fect reactor coolant tem-

y perature.
3

12. Engineered Provides enginee ed safety Isadvertent ESF initiation. These failures appear to have tne paten- None

Saf ety F eature f eature (ESF) actuatton of tial to cause or contribute to an over-

Actuation System spectfit systems or couponents cooling transtent, however, the system
to mittpate the consequences cf ses rejected because normal operation or

ft0TE: Failures postulated accident. f ailure to supply coepnnents is covered
in t he inotutchel cong>onent system reviews.are

eriluateo F alls to initiate E5F when
within the r equ ired.

individual
systems.

13. incore Instrumen- Provides core power distribution Provides higher than actual Thes,e f ailures should not have the poten- none

tation System and core temperature condition indicattons. taal to c ause nr contritrite to an
indicat ions. over-cooling transient as it has no

capability to tontrol of affect reactor
coolant system temperature.

These failures i ould not have the poten- honeProvides Icwer than actual h

condition indications. tial to cause or contribute to an
o ur-cooling transient as it has no
capability u control or af f ect reactor

coolant system temperature.

. . . . .

-
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APPENDIX B. (continued;

Applicable a-47

5 election Criteria
System System f unction System Fallure Mooe t tfec t of Fat ture (Appenot. r item x J

14. Escore Instrumen. Provides reactor power Provides higher than actual These f ailures should not have tiie poten- hone
tation System indication and protection trips condition indications. t141 to cause or cuntribute to an

for powee levels from the over-cooling transtent as et has no
source rasge to 120% of full capablitty to control or ef f ect reactor
rated power, coolant system temperature.

Provides lower than actual These failures should not have the ootan- kone
conditton indications. tial to cause or contribute to en

over-coollny transtent as it has no
capability to control or af f ect reactor

coolant system toeverature.

15. Reacter Contain- Provides reactor core and Fatis to maintain the required the== fattures should not have the poten- None
ment Structure reactor coolant isolation from isolation. 1941 to cause or cor trioute to an
and Cor.tainment the environeent. over-coolteg transient as 11 has no
isolation System capabtitty to control or attect reactur

coolant system temperature.

Inadvertent contalement These f ailures should not have the poten- hane
g, isolation when not required, t eal to cause or contribute to an

over-cooling transient as it has no
LI'

capability to control or af f ect reactor
coolant system temperature.

16. Feedwater and Provides the feeswater to the Feedwater/ condensate flow These fall res appear to >+=e the poten- 2
Condensate System steam generators ar4 collects f alls high or condensate / tial to cause or contribute to an over- (App C ltem 211

and stores tae condensate water feedwater heating fails low. cooling tr ansient.
for retuin to the steam
generators as f eedwater. Feedwater/ condensate flow These f ailures should not have the poten- here

falls low. tial to cause or contribute to an over-
cooling treastent as low flows tend to
cause bestup events.

17. Reactor Coolant Provides an Indication of a inadvertent leak indication. These fattures should not have the poten- Mone
System Leak reactor coolant to atmosphere tial to cause or contribute ?s an
Detection System test within the reactor over-cooltag transient as it has no

containmen'. capability to control or af fect reactor
coolatt troperature.

Failure to indicate when a These failures should not have the poten- Mone
leak entsts. tial to casse or contribute to en

ovve-cooltag transtent as 61 has no
c3paht11ty to control or af f ect reacter
coolant *eagerature.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ -_ _ _ _ _
_

APPENDIX B. (continued)

Applicable A.41
Selet.tton Criterta

System System Function System Failure Mode Ef fect of Failure (Appendia C ltem Ri

18. Process Co.nputer Monitors and records plant Provides a lower than actual These fatlures should not habe the poten. None
parameters. Indication. tial to cane or contrinete to an over-

cooling transtent as it has no capability
to conteel or af fect reactor coolant
teeperature.

Provides a higher than actual These f allutes appear to have the poten- Nwe
indication. tlal to cause or contrtbute to an over.

cool 6ng transient but will t,e covered
during the *other* event report.

19. Steam Generator Provtues lent indication, and tilgh feedwater flow rate. These failures appear to have the poten- 2

Water Level f eedwater Control for each t ial to cause or contribute to an over- ( App C liu 22;
Control steam generator. tealing transtent.

Low feedwater flow rate. Tr.ese f ar'.ures should not have the poten- hor e
ital to cause or contribute to an over-
cooltog transtent as low flow rates would
cause a heatup.

14
20. Steam 1tne Provides main stesm system Inadvertent operation of a these fattures appear to have the poten. 2m Overpressure overpressure protection. pcwer operated or safety tial to cause or cutribute to an over. ( App, C ltem 23)

|Protectton System rettet valve. cooling transtent.

1

Fallure to retteve pressure lhese failures should'not have the poten- hone j
when reoutred. tlal to cause or contribute to an over- I

cooling transtent as the resser flow |
rates should not caute an overcooling '

event.

21. Main Steas System Transfers steam from th4' steam High steam flow or inadvertent These f ailures appear to have the pcten- t
generators to the turbine or main steam isolation valve taal to Cause or contrite.t.e to an over- (App C ltem 24)
the steam dusp. opening. cooling transient.

I ou steam flow or inadvertent shese failures should not have the poten- hore
main steam isolation valve (tal t( cause or contribute to en over-
Closure. cooling transtent as the low steam f low

would result in a heatup.

22. Turbine Controls steam flow to the Inadvertent opening of a 1%ese f ailures appear to have the poten- t
E lec trohydraulic turbtne. turbine governor valve or tial to cause or contribute to an over- ( App. C ltem 25)
Control System fativre to trip. cooling transtent.
(fHC)

Inadvertent closing of a hese fattures should not have the poten- hone
turbine govtrnor valve. tial to cause or contribute ta an over-

cvoltog transtent as it would cause a
ste p flow refection and subsequent
heatup.

I

,

a $ 6 y e 3
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APPENDIX B. (continued)

Applicable A-41
Selection Criteria

System System f unctioe System F a;'ure Mode E f fect of Fastge R enots C ltte as
23. Aux 111ary A safety grade system which High f eedwater flow rata or These f allates appear to have the potesi. 2

Feedwater System provides steam generator invea. Inadvertent coeration. tial to cause or contribute to an over. (7pp. C item 26)
tory makeup when the main cooling transient.
feedwater system is unavailable.

Low f eedwater flow rate or loss lhese *ailures should not have the poten. hone ,

of flow, tial to cause or contribute to an over.
cooling transtent as the low fecoflow
would cause a heatup.

24. Steam Gener ator Prcvides a mechanical barrier to Fallure to keep t*e systems These failures should not have the poten. hone
seperate the reactor coolant and separate f rom each other., t aal ta cause or contribute te en over.
Secondary coolant systems wille cooling transient as it would requirea

permitting thermal energy trans. a tube repture and that event it being
fer between them and thus reported or 1:1 another report.

producing high quality steam.
F ailure to allow heat transf er. Ihese f attures shoulo not have the poten. hone

ital to cause or contribute to an over.
cooling transient, ac loss of heat
transfer would result in a heatup.

G3
25. Steam Genereur Provides a method of removing High flow rate or inadvertent These f atbres appear to have the poten. ty

slowdown System unwanted chemicals or f loav. ttal to cause or contribute to an ov-r. ( App. C ltem 21J
contaminants from the steLa cooling transient.
generator water f or chemistry
control.

Low flow rate. Tnese f ailures should not hare the poten- hune
tial to cause or contribute to an over.
cooleng transint, as the low flow would
cause heatup events.

M . Steam Generator Provides a method of removing High flow rate or inadvertent These f ailures appear to have the poten. hone
Sampling System 11guid from the steam generator flow. tial to cause or contribute to an over.

for chemical analysis, cooling transient, but are insignificant,
due to volume comparisons, for 1545 study.

Low flow rate. These failures shovId not have the poten. hone
t f al to cause or contribute to an over.
Cooling treasient as low flow Carses heatup
events.

27. Turbine Generator PrSvides the required Fails to provide the required these failures should not have the poten. hone
Support Systems lubrication and cooling for lubrication and cooling. t tal to cause or ceWrit,ute to an over.

generator operation. cooling transient 43 loss cf the turbine
would cause reactor heatup.
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APPENDIX B. (continued)
- __

App!! cable A-44
$ election Cetteria

System System Function System failure Mode E f f ect of Failure _iAppendia C Item II,_

28. Auxillary Steam Provides low pressure steam for High steam flow or inaovertent ihase f ailures appear to have the poten- 2
System air ejectors. turbine gland flow. tat t to cause or contribute to en over- iApp. C Item 28)

seals and other auntltary c ooling transtent.
systems.

Low flow or loss of flow. These f at tures ghould not have the poten- n one
ttal to cause or contribute to an over-
cooltng transtant as lo= ficw tenas tu
cause heatup.

29. Main Condenser Provides a low pressure collec- Fat #ure to maintain a vacuum. These f atlures should not have the pcter.- Msne

and Evacuation tion point for the unustd steam 1941 to cause or cuntribute to an user-
$ystems from power generatton cooltog transtent as they woulo result

operations. tn decrease steam flow .nich results in
a heatup.

Increase vacuum. These f ailures appear to have the poten. None
t aal to cause or contribute to an cuer-
cooling transient, but are insigntitcant
as the vacuum increase would result in
minor steem flow increase.og

00 30. Steam Dump System Provides a eethod of removing inadvertent operation when not These failures appear to have the potec. 2
steam f rom the steam generatcrs required or valves f all open. tlal to cause or contribute to ar over. ( Apg. C t tem 29)
when the turbine generator is cooling transtent,
unavailable or a load rejection
has been initiated. Falls to operate unen required. These f ailures should not have the poten- None

tial tc cause or contribute to an over-
cooltog transtant as low or loss of flow
tends to cause heatups.

31. Service Water A safety grade system which High flow rate. These failures should not have the poten- hone
System provides tooling water to ccm- tial to cause or contribute to en over-

ponents necessary for plant ce91to$ transtent as the system has no
safety under all conditions. capabtitty to af f ect reactor coctant

temperature.

Low flow rate. These failures shoulo not have the poten- None
t tal to cause or coetribute tu en over-
cooling transtent as the system nos no
capabt.ity to af f ect reactor coolant
t empe r a ture .

. e e e e e
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APPENDlX B. (continued)

Appil(able A-47
5 election tr ateria

Systen
._.

Systre f unction System Failure Mode if f ect of F a tlure p y r. din C ltem X)

32. Component Cooling A safety grade, interm 1 tate High f low rate. These f ailures snould not *ive the poten- hone
Water System heat transfer system that sepa- tial to Cause or contrioute to en over-

rates tte reactor toolant system cooling transient, as the 5, item
and the service water system. normally operates at rated flow anu

there is another system be; ween this
system and the reestor coolant system.

Low flow rate. These f ailures should riot ha e the poten- None
tial to cause or contriuuta to ed over-
cooling trans tent as low f lows cause
heahtps.

33. Condenser Provides a heat sink for the High flow rate. These f ailures should not have the poten- None
Circulating Water unuses steam f rom power genera- tial to cause or contribi.te to an over.
System ation operations. cooling transient as increase flow would

result in only minor vacuum and steam
flow increases.

Low flow rate. Inese failures should not have the poten- hone
y tial to cause or contribute to an over-
e cooling treasient as this would result

in steam flow decreases.

34. Primary and Provides makeup water for the High flow rate. These f aiIures shoul0 not have the poten- None
Demineralized reactor coolant and seconaary tt41 to cause or contribute to an over-
Water Makeup coolant systems. coo'ing transient as this system has
System no capability to af fect re.ctor

Coolant temperature.

Low flow rate. These ft lures should not have the poten- hone
tial to cause or contribute to an over-
cooling transient as this system has
no direct capability to af f ect reactor
coolant temperature.
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APPENDIX B. (continued) !
, t

!

App 1tcable A-4/
Selection Criterta k

System System Funttion System Failure Mode
_ _ _ _

Ef fect of Failure (Appendts C ltem X)

35. Station and Provides air for plant use. High air hea1er pressure. These f attures may have the potential None
: Instrupent Air to cause or contribute to an overcooling
; Systems low air header pressure. transtent, however the system was a

rejected because normal operation or
NOTE : Failures f ailure to supply conponents is covered

are during the individual component system
evaluated rev11ws,

i

within
t

. individual '

systems.,

>

36.' Communications Provides eormal and energency Falls to operate when required. Tnese f ail.res shuuld not have the poten- hone ISystems inter- and intra-plant tial to cause or contribute to an over-
c ommunic ations, cooling transient as this system has i

,

,

no direct capaolitty to af f ect reactor t

coolant temperature.
,

1 37. F tre Protection Protects equfpment and personnel Inadvertent system operattoa lhese failures appear to have the poten- hune
System in the event of a fire. or f ailure to operate, taal to cause or contribute to an over-

| 43 cooling traustent, however the syttem was
NOTE: Failures rejected because normal operation cec) are f ailure to supply components is covered

evaluated dueing the individual component system
within reviews,'

individual '

systems.

38. Nitrogen Provides nitrogen gas for High nitrogen header pressure. These f attures should not have the poten- 4cee
Supply System pressurtaing the safety injec- tial to cause or contribute.to en over. -

,

tion accumulators and is a back- cooling transient as tais system has
up source to the instrument air no direct capability to af f ect reactor

!

i

c ompressors. Coolant temperature.

Low nitrogen header pressure. These f attures should not have the poten- None +

tial to caose or contribute to an over-
cooling transtent as this system has

d no direct capact19ty to af fect reactor
coolant tercerature.

39. Otesel Generator Provides emergency ac power to Falls to provide power when These fattures should not have the poten- hone,

'
and Support selected equipment. r equired. tsal tu cause or contribute to an over-
Systems cooling transtent, however the system was

i
rejectec because normal operation or i

NOTE: Failures f ailure to supply compnnents is covertu >

are during the anJividual cumponent system
evaluated reviews.
within
individual

. systems

4 .

F

4

.

0
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APPENDIX B. (continued)
Appitsable A-4/

Selection Crnterla
System System Function System F ailure Mode E f f ec t of F ailure _1Appendia C item X J

40. Ne sting. Provides the plant with the Falls to provide suf f tttent These' f ailures opgear to have the puten- none
Ventilation and necessae y heating ventilating H&V or air conditioning. t eal to cause ov contribute to an over-
Air Conditioning and air conditioning, cooling transtent, however, the system was
Systems Provides excessive H&v air rejected because normal operation or

c ond it t on ing . f at ture to supply compos ee.ts is covereu
N01E: Fallures during *te f ndividual comp >nent system

are reviews.
evaluated
within
individual
systems .,

al. 125 Volt Provides power to the 125 volt F atis to provide power when these f at tures appear to have the peten- none
DC Busses! DC busses. required. ttal to cause or contribute to an over.
125 volt Battery cooling transient, however, the system was
and Battery rejected because normal operation or
Chargers f ailure to supply (omponents is covereo

during the individual component system
NOTE: tatlures reviews.

A are
evalus' ed--s

within
individual
systens.

42.120 voit AC provides 120 volt ac power ta Failure to provide the inese f at tures appear to have the poten- hune
Instrument System the general use lostrumentation accessary power to the tial to cause or contribute to an over-

and control power. oesignated equipment. cooltag trenstent, however, tne system was
NOTE: Failures rejected because normal operetton or

are f ailure to supply compnnents 15 covered
evaluated dur }qq the individual component system
within reviews.
individual
systems.

43. Lighting System Prowndes normal and emergency Falls to provide li ht$ng, lhese f ailures should not have the poten- homev
lighting throughout the plant. tial to cause or contribute to an over-

cooltag transient as this system has
no direct capability to af f ect reactor
coolant t?wyerature.

- - _ _ - _ _ _ _ _ _ _ _
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APPENDlx B. (continued)
_

Applicabic A-47
Selection Criteria

System
_

System Function System Failure Mode Ef f ect of Failu e (Appent:s C ltem A #r

44. Station Normal Provides the power for the unit Fatis to pr Vade the required these failures should not have the poten. None

Aust11ary Poerr auntilaries througn various power. tlal to cause or contribute to an over.

transformers. tooling trans tent, however, the kystem e ab
NOTE: Failures rejat ted because normal operat 6on or

are f a t ture to supply components is covered
evaluated during the individual cnmpone-nt system
within reviews.

Indivioual
systems.

45. Station Emergency Provides safety grade power to Falls to provide power when These f ailures should not have the poten- hone

Auntilary Power the station ausiliaries in the required. tial to cause or contribute to an uver.
event normal sources f all. cooling transtent, however, the system was

NOTE: Failures rejected because normal operetton or
f atture to supply components is coveredare

evaluated duc tag the Individual component system
within revne.s.
Individual
systems,

rN) 46. New Fuel Storage Provides f or the cry storage of Fails to store the new f uel these f ailures should not have the poten. hoat
n#v fuel until time for its saf ely and +f f eit tvely. tial to cause or contribute to en over.

loading, cooling transtent as tnts system has
no direct capability to af fect reactor
coolant system temperatu"*.

47. Spent Fuel Storage Provides for the storage of Falls to store the spent f uel These f ailures should not have the poten. None

spent f uel unt t i time f or safely and e*fectively. tial to cause or contrioute to an over.
shipment. cooltag transtent as this system has

no direct capability to af fect reactor
coolant temperature.

49. Spent Fuel Pool Provides for cooling and Falls to maintain water These f attures should not have the poten- hece

Cooling and cleanup of the spent fuel pool temperature or purity. tial to cause or contribute to an over-
Cleanup Systems water. Cooling transient as this system has

no direct capability to af fect reactor
coolant tamperature.

49. Fuel Handling Provides for the handitng of Failure to provide movement These f ailures should not have the poten- mon.

System f uel assemblies during core when required. tial tu cause or contribute to an over-
loading and unloading. cooling transtent as this system has

no direct capability to af f ect reactor
coolant temperature.

Failure to prevent movement these f ailures shoulo nGt have the poten. bone
or inedvertent movement. 1941 to cause or contribute to en ova r-

cooling transient as this system has
no direct capantlity to ef f ett reactor
coolant temperature.

. e e e e .
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APPEh0lx B. (continued)

Apphc able A e *
Selec tion Crt4r sa

System , System runctior System F allure Mode i f r ac t of F a t tore JAppendia C lten ss,

50. Radtoactive Waste Provides for th? collecting, F alls to provice safe storage These f ailures should not have the poten- None
Management Systems treating, and storage of or disposal of rad 60 active ital to cause er contr bute to an over-

radtoact twe solin, ligulds, materials, coollny trans t-nt as this sistem has
and gases. no civ M t c apabil tty to af f Mt rea(tur

coolant teesnerature.

51. Radiation Provides f or site wide Ir.dtcates higher than actual lhese f ailures shoulG r.ot have the pote% home
Monitoring System radt9t ton level monitoring, levels. t tal to Cause or contribute to an over-

c:H3) lng transtent 45 this system has
no direct capebtitty to af f ect reactor
coolant temperature.

Inlicates lower than actual These tallures should not have the poten- gone
levels. tial to cause or contribute to an over-

cooltag transient as tats system has
no direct capab61 tty to af fect reactor
coolant tegerature.

52. Annurttator System Provides alarm indication for inadvertent alarms. lhese failures appear to wave the poten- home

A out of tolerance parameters. tial to cause or contribute to an over-
w cooling transient but will not te address

during this phase cf this task as tt
af fects operator action which will be

evaluated during the "other" events
report.

Falls to alarm wtan required. These f ailures appear to have the poten. None
t tal to cause or costettute to an over-
Cooling transiert tut will not be aMress
during tnis pnase of tnis ta% as it
af fects operator action wnnie will be
evaluateo curing the *other* events
report.

$3. Backup Cc strol Provices the capability of Inadvertent reactor shutdowns These fattures appear to have the poten- None
from rem te locations. t til to cause or contrioute to an over-System shutting down the reactor from u

locations c3.tside the control coolinq transignt, however, the system was
rejected ' ecause normal operetton orh0TE: Failures room in the event the (twitrol v

are room is evacuated. f at ture to supply conconents 15 covered
evaluated during the individual coNcnee* system
within reviews.
individual
system Inability to shut down the These f at tures should not h aee the poten- None
reviews. reactor f rom remote locations. tiablo cause or contribute to an over-

co31tng transteet 45 f at1 re toJ
shutdown would result in a heatup
situatine.
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APPENDIX B. (continued)
..

Applicable A-47
Selection Criteria

System System Function _.jstem F ailure Mode [ffcct of Failure JAppendia C ltem 1 A

54. Egetpment and provides for the collecting and Fails to provide safe storage These failures should w:4 have the poten- None
ficar Drainage storage of potentially and transfer of orains. tial to cause or cont"tute to av over.-

System radioactive drains f or transf er- cooling transiert as this system has no
to the liquid waste disposal direct capat ility to af fect reactor

system. Coolant system temperature.

>

b

.

9 0 0 0 9 9

_ __



.

4

|

APPENDIX C

STEAM GENERATOR OVERFILL AND/0R REACTOR COOLANT SYSTEM OVERC00 LING
POTENTIALLY SIGNIFICANT SYSTEMS LIST AND DISCUSSIONS

.

.

O

9

s
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APPENDIX C

STEAM GENERATOR OVERFILL TRANSIENT SCENARIOS,

.

1. Control Rod Drive System

Failure Mode: Inadvertent rod withdrawal or rod ejection.

Plant Conditions: High steam generator level; any power level.

Discussion: If the steam generator water level is high and an
inadvertent rod withdrawal or rod rejection
occurs, the rapid heat input to the steam

generator could cause the water level to swell

enough to cause an overfill situation.

2. Engineered Safety Feature Actuation System:,

Failure Mode: Inadvertent actuations.
.

Plant Conditions: Any steam generator level; any power level.

Discussion: Inadvertent actuations could contribute or cause a
steam generatcr overfill transient and are being
evaluated within the individual systems.

3. Feedwater and Condensate System

Failure Mode: Feedwater/ condensate flow fails high.
.

Plant Conditions: High stean generator level; any power level.
.

47
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Discussion: If the feedwater or condensate sy!,tems fail in a

higher than normal ficw mode, the potential exists
to cause or contribute to a steam generator

,

overfill transient.

.

4. Frocess Computer.

Failure Mode: Gives a lower than actual indication.

Plant Condition *. High steam generator level; any power level.

Discussion: If the operator is using the computer output as an
indication for maintaining steam generator level
and steam generator level is higher than
indicated, it appears to be possible to overfill

thc steam generator by trying to compensate for
the erroneous indication.

.

.

5. Steam Generator Vater Level Control System:

.

Failure Mode: Higher than required feedwater flow rate

Plant conditions: High stean generator level; any power level

Discussion: If the feedwater control valve fails open or fails
to control properly, from either a control signal
failure or a control valve failure, a steam
generator overfill could result.

6. Steam Line Overpressure Protection System:

.

Failure Mode: Inadvertent operation of a power operated or
safety relief valve.

.

Plant Conaitions: High steam generator level; any power level.

48
|
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Discussion: If the steam generator level is high and one or
more power operated or safety relief valves open,
the resultant pressure drop would cause an'

.

increase in void formation and a rise in steam
generator level. The swell in steam generator

, ,

level could be severe enough to cause an overfill,

| condition.
|
!

7. Main Steam System:
,

,

1

Failure Mode: High steam flow rate or inadvertent main steem
| isolation valve opening.
:

. Plant Conditions: High steam generator level; any power level,

i ,

Discussion: If the ; team generator level is high.and there is !

a sharp increase in-steam flow, the resultant
; pressure drop would cause an increase in void.

formation and a rise in steam generator level.
The level swell could be severe enough to cause an,

overfill condition. *

i

i

8. Turbine Electrohydraulic Control System (EHC):
.

Failure Mode: Inadvertent opening of the turbine governor
valve (s), improper control or failure to trip when

'

required.

Plant Conditions: High steam generator level; any power level.

Discussion: While at a given power level and a high steamo

generator level, if ~the turbine governor' valve (s)-
fail (s) open or fcils to respond to' control.

signal (s) or fails to. trip the resultant pressure
drop could cause an increase in steam generator

!
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level severe enough to cause an overfill condition
if the steam generator level was high at the onset.

.

9. Auxiliary Feedwater System:

.

Failure Mode: High feedwater flow rate or inadvertent operation.

Plant Conditions: High steam generator level; any power level.

Discussion: Inadvertent operation of the auxiliary feedwater

system could cause or contribute to a steam

generator overfill transient.

10. Steam Generator Blowdown System:

Failure Mode (s): Low blowdown flow rate.

Plant Conditions: High steam generator level; any pcwer level. .

Discussion: If the steam generator level is high and the
,

feedwater control system is in manual, it may be
possible to cause or contribute to a steam .

generator overfill transient if the blowdown rate

decreases below the feed and bleed rate.

11. Turbine Generator Support Systems:

Failure Mode: Turbine trip from loss of lubrication or cooling.

Plant Conditions: High steam generator level; high power level.
.

Discussion: With a high steam generator level and high power
level, if the turbine trips while the feedwater .

control system is in MANUAL it may be possible to
overfill the steam generator.
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12. Auxiliary Steam System:

Failure Mode: High steam flow rate.
,

Plant Conditions: High steam generator level; any power level.
.

Discussion: A sudden flow rate increase, caused by a failure
,in the auxiliary steam header pressure regulator,
would cause a decrease in steam to the turbine
thereby tending to cause a drop in generator

i load. To counteract this tendency the EHC system
would open the turbine governor valves, the main
steam header pressure would decrease and thereby
cause swell in the steam generator level and an
overfill condition could result.

13. Main Condenser and Evacuation Systems:

.

Failure Mode: Failure to maintain a vacuum.

.

Plant Conditions: Any steam generator level; high power level.

Discussion: If the condenser vacuum drops the turbine trips
and if the feedwater control system is in MANUAL ,

it could be possible to overfill the steam

generator.

14. Steam Dump System:

Failure Mode: Inadvertent steam dump valve operation or steam
dump valve (s) fail (s) cpen..

Plant Conditions: High steam generator level; any power level.,
,

Discussion: If the steam dump valve (s) fail (s) open, the
resultant pressure drop would cause increased void

| formation and a swell in the steam generator
I
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level. With the steam generator at a high level,
an overfill condition could result.

.

REACTOR COOLANT SYSTEM OVERC00 LING TRANSIENT SCENARIOS

.

15. Reactor Coolant System and Pumps:

Failure Mode: High flow rate

Plant Conditions: Any power level

Di sc ission: Inadvertent startup of an idle reactor coolant

pump could cause excessive heat transfer from the

reactor coolant, which could lead to an

overcccling transient.

16. Pressurizer Overpressure Protection System:

.

Failure Mode: Inadvertent opening of a relief or safety valve

.

Plant Conditions: Any power level

Discussion: Inadvertent opening of pressurizer power operated
relief or safety valve could result in an

.

overcooling transient as the discharged fluid is

| replaced by relatively cold makeup fluid.
!

17. Safety Injection System:

|

Failure Mode: Inadvertent initiatior.
.

Plant Conditions: Any power level
|

.
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Discussion: Inadvertent initiation of the safety injection

system would cause a decrease in reactor coolant

temperature from the cooler injection water and
,

could result in an overcooling transient.

.

18. Residual Heat Removal System:

Tailure Mode: High flow or inadvertent initiation

Plant Conditions: Shutdown

Discussion: Inadvertent initiation or high flow rate could

cause the reactor coolant temperature to be
lowered at a rate in excess of the allowable
rate. This overcooling transient could be in
excess of the previously analyzed transient.

19. Reactor Protection System-
,

Failure Mode:
.

Inadvertent reactor trip

Plant Conditions: Any power level

Discussion: Inadvertent trips could contribute to a cooldown

event in excess of allowable cooldown rates.

20. Reactor Control Rod Drive System:

Failure Mode: Inadvertent insertion or rod drop

,

Plant Condition: Any power level.

Discussion: Inadvertent insertion of the control rods or |
,

several dropped rods would cause a reactor trip |
and core power to decrease. This will cause the

53



temperature of the primary coolant to decrease and
result in an overcooling transient.

.

21. Feedwater and Condensate System:

.

Failure Mode: Feedwater/ condensate flow fails high or
feedwater/ condensate heating fails low

Plant Conditions: Any power level

Discussion: Failures that could cause the feed or condensate
system flow to increase above normal would cause

excessive cool water to be placed in the system
generators, which could cause an overcooling
transient on the reactor coolant system.

Loss of feedwater/condensat. steam heating could
result in introduction of cooler feedwater to the .

steam generator and may result in an overcooling
transient.

.

22. Steam Generator Water Level Control System:

Failure Mode: Higher than required feedwater flow rate
.

Plant Conditions: Any power level

Discussion; If the feedwater control valve fails open or fails
to properly respond either from control signal
failure or a control valve failure, an increased

! feedwater flow and an overcooling transient to the "

l

! reactor coolant system could result.

.
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23. Steam Line Overpressure Protection System:
,

IFailure Mode: Inadvertent operation of a power operated or; .

safety relief valve
!
r -

{ Plant Conditions: Any power level

'

Discussion: An inadvertent opening of a relief or safety valve
would cause increased steam flow. This in turn

would cause a cooling of the steam generator

j water; a reactor coolant overcooling transient -

{ could be initiated.

!
t 24 Main Steam System:

Failure Mode: High steam flow rate or inadvertent main steam

; isolation valve opening
.

Plant Conditions: Any power-level |
1

i Discussion: Increased steam flow will- cause reactor coolant.
system temperature to decrease and may cause an

,

overcooling transient.

25. Turbine Electrohydraulic Control system (EPC):

Failure Mode: Inadvertent opening of the turbine governor,

j valve (s), failure to properly respond or. failure
j to trip when required

'

Plant Conditions: Any power level-

,

I

Discussion: Failure of the EHC to trip the turbine when;-

required or to increase the turbine governor valve
opening or for the govenor valves.to fail to
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respond could caus~e an oversooling transient to
, the reactor coolant system.

s,- . . , , ,
'

'
.
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26. Auxiliary Feedwater-$hstem: s*
'

. . ..q
,

.

Failure Mode: High feedwater,, flow rate or inadvertent operation. <

'
. m

'

Plant Conditions: Any power level-
1 _

Discussion: Iriadverteryt-in'Itta_ tion of auxiliary feedwater
j would cause a'ch ling of the steam generator water'

i - which could cause:an overcooling transient on the-

,

reac' tor sys' tem.-

,

,
~ ,.

.
.

! 27. Steain Genera, tor Blowdown Syston' ^
e

% -
.

-

.
.

Failure Mode: -(Hlghblowdownflowrate
, .

<

4-

-~ ,

Plant Conditions.' .Any power level
.

.

. ,
s -

Discussion: An excessive blowdown flow would cause an
-

, -
..

s

increased feedwater flow which would cool the
'

.

steam gen rator water and thus the reactor coolant

,. faster than the core is adding heat. This could.
.

. - ~ cause-or contribute to an overcooling transient,
j e

- ,. ,
,

28. Auxiliary Steam Sy tem:;

i s
'

Failure Mode: 'High steam flow rate.
+

| ..

Plant Chnditions':- Any~ power level.. -

, ,.
_

Discussion: An increased steam flow through the auxiliary .

. 1 steam system could cause an overcooling transient.

' ~ [ to theireactor coolant system.
. / ,1z,

* i
*

-

.m ''
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29. Steam Dump System:

Failure Mode: Inadvertent steam dump operation or steam dump.

valve (s) fail (s) open

.

Plant Conditions: Any power level

Discussion: Inadvertent operation of the steam dump system
could create an overcooling transient to the

reactor coolant syste:r..

.

e

S

e

.
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DETAILED REVIEW TABLES FOR STEAM GENERATOR OVERFILL AND
REACTOR COOLANT SYSEM OVERC00 LING TRANSIENTS

.
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APPENDIX D

!

DETAILED REVIEW TABLES FOR STEAM GENERATOR OVERFILL AND

REACTOR COOLANT SYSTEM OVERC00 LING 1RANSIENTS

.

1. INTRODUCTION

This report section addresses the mechanistic analysis of the
transients identified in the Failure Mode and Effects Analysis (FMEA) for
steam generator overfill and reactor coolant system overcooling transients
from Appendix B. It determines the mechanistic means by which failures of
the identified systems occur. Control logic, instrumentation, electrical

power and pneumatic and hydraulic ir.terfaces for each system identified by
the FMEA as requiring further review have been analyzed.

The results of these analysis were tabulated and assigned system
impact and probability of occurrence values based on the criteria for
ranking control system failures. Fault effect designations are A, B or C,

depending on whether the failure results in adverse effects in two or more

.
systems of concern, one system of concern, or a negligible effect on any of
the systems of concern respectively. The values assigned to the failure
probability category (ie) 1, 2, or 3 were assigned dependent upon the
failure rate probabilities identified in Table D-1 of Appendix D.

The following presents the calculations performed to support the
probability category assignment en the IE&C Analysis Tables. The concept
analyzed was, given some transient has already occurred, then what is the
probability that an additional fault would occur to potentially make the
transient more severe. This concept requires the calculation of the
unavailability and the following equations were used to calculate the basic

. event unavailability as appropriate.

.
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Nonrepairable Events

i=1-e~ '

:

s it (for it s 0.1) -

'
,

,

1

. Repairable Events|
,

3 = 1 + lt [1 e (1 + 1/t)t)lt -

4
l

yf'y (for t 2 21)5

!

' s it (for it s 0.1 and t 2 2 t)
1

4

The symbols are as follows: i is unavailability, E is the total
.

cutsets or combinations of unavailabilities,1. is the failure rate, t is'

the mission time (usually taken~ as the time to mitigate the transient),
~

and i is the fault duration. The fault duration is defined as one-nalf
'

the time to detect the fault plus the repair time.

A component may be in operation or in standby. For example, a single
1 ; valve (no bypass around the valve) may be normally open in an operational
- 1

system. If this valve should temain open given a transient has already'

] occurred, then the component is nonrepairable over the transient mission
I time and the unavailability is given by the equation for.nonrepairable

events. Associated with this valve may be some control logic. For the
i valve to close, two contacts must open. The logic is tested once per month

per the Technical Specification at which time a faulty contact would be .

;

a

i
i
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discovered. One contact could open but the valve will not close until the

second contact opens and since the contacts are redundant, the failed
contact can be repaired once it has been detected. The contact,

unavailability is then given by the equation for a repairable event.

.

The repairable unavailability equation is also used for a standby
system to determine the probability of failure at demand. Once a standby
system is demanded and becomes operat'onal, the nonrepairable
unavailability equation is generally used (except where there is
redundancy) to determine the probability of failure to operate over the
mission time.

The probability categories assigned were 1 for failures considered
-6"likely" with a calculated unavailability between 1 and 1 x 10 failures

-6considered "unlikely" with a calculated unavailability between 10 and
-8

10 were assigned a 2, and failures whicn are considered " extremely
-8unlikely" with a calculated unavailability of less than 1 x 10 were

assigned a 3. A transient category of 1 is a steam generator overfill,

transient and 2 is a reactor coolant system overcooling transient.

.

O

e

|

63
|

|
|



. . - . _ _ - - _ _ - . - . - . _ - - ~ _ _ - - - - - - = - - - . _ - . -- - .

!

i

|

i

!

! 2. ASSUMPTIONS

The following assumptions were utilized in performing the mechanistic .

failure mode analysis:,

1

!

1. Current drawings, Final Safety Analysis Report (FSAR), Technical

). Specifications, and other pertinent H. B. Robinson documents were
used to the extent of their availability. Where these documents

|
were not available, best engineering assumptions based on
experience, knowledge of other PWR plants and engineering
judgments were used as a generic substitute in making thei

evaluation.;

!

2. Only the systems identified in the general postulated scenarios

! ' developed from the FMEA and the mode of failure for each system

as described in those scenarios were evaluated for mechanistic
failure modes.

i -

.

3. There would be no corrective action taken by the operator during
! the first ten minutes following the pastulated failure.

,

,

; 4. The potential for human error as an initiating event was not
considered in these analyses.

,
.

;

| 5. Unacceptable transient frequency, adverse effects on operator
actions, challenges to the ESF, and Technical Specifications
safety limit violations will be evaluated against LERs, NPEs,1' ,

NTOLs and other studies, on those systems, identified by the

computer transient analyses to be significant, and which were not
included in this mechanistic analysis.

'

!

1

.
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS
SY STEM Control Rod Drive System

F AILURE MODE Inadvertent rod withdrawal.

Failures in Other Fault
U

Systam Caused by If f ect of F ailure Effect Probability Iransient
Event Initiator Prnducing the Failure Mode f ailure Rate, This Event initialnr InOtherSystemM Designation y mrn pgg

One or more rod cluster coretrol assemblies a e
inadvertently withdrawn from tlee core due to
one of the following system failures:

a. A f ailure of one or more of the (ontrol 1a 10-6/hr None None B t I
rod actuators which results in a (short or open in

witharawal signal to the drive spechanisms a relay coll)

b. Failure in a manual rod control switch I x 10*8/hr/ switch None home b 3 I
which results in a withdrawal signal to (short across sultch
the control rod actuators. ccatacts)

c. Failure in the sequential rod control 1 x 10-6 None hone 8 2 1

unit and/or the associated permissive (short or open in

circuits which results in a withdrawal relay cott)

sinal to the control rod actuators.
Cn
t.n There appears to be a possible comon mode None assigned for Not determined for TBDC TBD TBD 1.2

f ailure mechanism betwean this system and other this report this report; will be

systems t* rough f ailures in the electrical evaluated following
power and fire protection systems, the computer model

s'mulations.

There are other input circuits feeding the* ,

sequential rod control unit whose f ailure
could result in an erroneous demand for rod
withdrawal. However, due to the circuit
design and the protective interlocks,
multiple f ailures have to occur to result in
any inadvertent rod withorawal,

a. From Appenois D. Table 0-1.

h. I--steam generator overfill transient. 2--reactor coolant system overcooling tra, stent.

c. TBD--to be detere'ned.

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ m _m.__ _ _m
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
5? 5it M M aster and Concensate System

F AILURE MODE Feedwater and/or consensate high f lowrate

F ativres in Other F ault
System C m eo by Ef f ect of Fat ture E f f ec t Probability Ironstent"

Event Initiator Producing the_f ailure Mode F ailure Pete*_ This Event inttiator in Other System {s) Design 4 @ Category tatego s

1. The 'tedwater regulating valve is open
f urther than called f or by the $ team
Generator Water Level Control System
because of:

a F ailure of the valve operating 1x 10-3/d None Reactor coolant B 1 1.7
mechanism. (failure to operate) system temperature

will cecrease and
pressure will
decrease.

b. Valve mechanical f ailure Causes it to 12 'Q-3/d None Reactor coolant B 1 ;,2

stick open. (f alsure to operate) system temperature
will decrease and
pressure will

decrease.

CD
c. Control air pressure to the f eedwater 1x 10-5/hr/ switch All systems Reactor coolant A I 1.2cn re*,ulating valve f atis high. (premature open) uttitaing control system tewiperature

air f rom the same will cecrease and
regulator would pressure will

emperience high oecrease,

pressure. This will
be f urther adoressed
when consnon mode
f ailures are
evaluated.

d. Failure of the solenoid operated vent I a 10-3/d None Reactor coola".t B I 1,2
or control valve so that the control system tegerature
air 15 not vented from the regulating =111 decrease and
valve actuator. pressure will

,

cecrease.

e. Blockage of the vent path used 'o verit 3x 10 8/d None P* actor coolant B 1 1,2
control air from the regulating valve (failure to remain system temperature
actuator. open-plugged) will decrease and

pressure will
detrease.

. . *e . . .
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SYSTEM Feedwater and Condensate System

FAILURE MODE Fegdwater and/or consensate high flowrate (continued)
-

Failures in Other Fault
System Caused by Ef fect of Failure E f f ec t Probability Iransient"

Event Initiator producing the Failure Mode Failure Rate, lhts Event Initiator In Otn r System (s) Dest nat M M'2ory_ Catego 2i

2. The main feedwater regulating valve Bypass
valve is open further than necessarj while
controlling feedwater flow because of:

a. Fallure of the valve operating 1 a 10- 3/d h orie Reactor coolant B 4 1,2
mechanism. (failure to operate) system temperature

will decrease and
pressure will
decrease.

b. Valve mechseical f ailure causes it to 1x IU-3/d hone Reactor coolant B 1 1.2
stick open. (f ailure to operate) system temperature

will decrease and
pressure will

decrease.

c. Control air pressure to the feedwater I a 10r5/hr/ switch All Systems Reactor cociant A 1 1.2
Ch
'*$ regulating valve falls high. (premature open) uttltatng control system temperature

a ir f rom the s ame will decrease and
regulator would pressure will
empertence high decrease.
pressure. This util
be f urther addressed
when common made
failures are
evaluated.

d. Failure of the solenoid operated vent 1 x 10-3/d hone Reactor coolant B 1 1.2
or control valve so that the control systee temperature
a tr 15 not vented f rom the regulating util decrease and
valve actuator. pressure will

decresse.

e. 81cchage of the vent path used to vent 3x 10-4/d hone "eactor coolant B I 1.2
control air f rom the regulating valve (f ailure to remain system tercerature
actuator. open-p lugged) will decrease and

pressure will

decrease.
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APPEhDIX 0. ROBINSON A-47 IE&C ANALYSIS (continued)
5YSTEM Feedwater and Condensate System

FAILUGE MODE Feedwater and/or consensate high flowrate (continued)

F allures in Other Fault
System Caused by Ef fect of f ailure E f f ec t Probabiltty Transteat'

Event Inittator Producing the Failure Mode Failure Rate * This E vent inttiator in nther S n tem (s) Designction (. a t egory gtepry
3. A main feedwater pump starts or f alls to

shut off curing a plant shutdown due to:

a. Breaker f ailure. 2x 10-I/hr/ motor None hone B 2 1,2
(motor starter all
modes)

b. Control s=ttch f ailure. 1 10-8/hr/ switch None None B 3 1,2
(short across
contacts)

c. Control 1--terlock f ailure. 3x 10-5/hr None Noe* 8 1 1,2
( instrunentat ion
shift in
calibration)

A concensate pump starts or falls to shut of#
O during a plait shutdown due to:
OJ

a. Sreaker failure. 2x 104/hr/ motor None Nt*e B 2 1,2
(motor starter, all

modes)

b. Control switch f ailure. I s 10-8/hr/ switch None None 5 J 1,2
(snort across
Cont ac t s)

c. Control interlock f ailure. 3 x 10-5/hr None None 8 1 1,2
(instrumentation
shift in
calibration)

There appears to be a possible connon None assigned for Not determined for this 180' 18D ISD 1,t
mode f ailure mechanism between this this report report; will be
system and other systems through f ailures evaluated follo=ing
in the electrical power, instrument and the computer model
control air and f tre protection syst ems, simulations-

a. From Appendix 0, Table 0-1.

b. 1--steam generator overfill transient, 2--reactor coolant system overcooling transtent.

c. T80--lo be determined.

9
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued) ,

*

Sr 51LM Steam Generabr Water Level Control System

F AILURE MODE High Feedwater Flowcate

F ailures in 0ther Fault-
System Caused by Ef fect of Failure E f fec t Probability Transient"

Event Initiator Producing the Failure Moda Failure pate, Tht Event Initiator In Cther *gt3sj Designation At_ejory Category,

The Steam Generator Water Level Control System
erroneously sends an open signal to the
feedwater regulating valve because of:

a. Failure of a steam flow instrument 2a 10-6/hr None IF ether instru- B I 1,2
channel producif:1 a f alse high steam flow (taken 3 times) nent f ativres
signal to the controller. occur while these

channels are
f at hd it could
result in a. N51V
closure, steam
aump valve opening
end/or reactor
trip.

b. Failure of a f eedwater flow instrument 7x 10-6/hr None hone B I ).2
m channel producing a false low feedwater ttaken 3 times)
@ f low signal to the controller.

c. Failure in the steam generator level 1 a 10-6/hr Nore None B y 1,7
channel result.ng to a false low steam (taken 3 times)
generator level signal to the controller.

a. Failure of the level controller circuitry. 3 x 10-5/hr None None 8 1 1,2

(shift in
calibration)

e. Failure of power to the level controller 1 a 10-5/hr voore Mone B 1 1,7
due to a fuse. breaker, or ABT (premature breaker
malfunction. transfer)

f. Controller manual control element 1 x 10*I/hr None hone B 2 1,7
malfunctions (short circuits, opens. (failure of
shorts to grond or switch contacts given
failure), no switch operation)

,
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APPENDlX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SVSTEM Steam Generator Water Level Control System

FAILURE MODE High FeeGaater Flowrate (centinuec)

Fallures in Other Fault
uSystem Caused by Effect of Fateure E l f ec t Probability TransientEvent Initiator Prooucing the Failure Mooe F ailure Rate, lhts Event Initiator in Other j stem (s) Designation tategor n L ategory

There appears to be a possible comon mode None assigned for .1ot determined for 1BbC IBD 180 1,4
*

f ailure betmeen this system and other this r eport this report; will be
systems through failures within the evaluated following
electrical power. control and service air, computer mocel
heating, ventilation and air coniittoning simulations,
and fire protection systems.

.

a. From Appendia D. Table D-1.

b. 1--steam generator overfill transient. 2--reactor coolant system overtoo11ng transient.

c. T8D--To be determined.

,

'

O

a
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued);
' SYSTEM Steam Line Overpressure Protection

F AILURE MODE . Inadvertent operation of a power operated or safety reitet valve

n

Failures in Other Fault
System Caused by Ef f ect of Failure E f f ec t Probabiltty Transl+nt

Event initiator Producing the Failury Mode F ailure Rate, This [ vent initiator in Other System (s) Dest; nation lategory Category

A power operated relief valve opens iue to one
of the following malfunctiors:

a. Manual control switch f ailure results in 3a 10-8/ hr/ switch None None 8 2 1,7
an open signal to the valve. (short across

contacts)

!' b. Automatic pressure relief circuit f ailure 9 x 10-b/hr None None B | 1,2 I

results in the valve opening when the (shif t in
pressure is below the set point. calibration) ,

c. Power operated valve f alls open due to 1 x 10-5/hr/ valva None None u 1 1,2
4 - valve mechanical failure. (premature open)

o. Pressure instrument supplying the 3a IQ*0/hr None Nona B 1 1,2
automatic system falls high. (instrument

N f ailure-- " - to operate)

. A main steam safety valve oper:s due to one of
i the following reasons:

a. The lif t setpoint drif ted to a lower 1 = 10-5/hr/ valve None None R 1 1.2value. (premature open)
.

b. ' The valve experiences a mechanical ' I a 10-5/hr/ valve None None B 1 1.2
failure. (premature open)

k ' There appears to be a possible cosmon mode Tsone assigned for . hot determined for 1800 IBD 180 1,2
' f ailure mechanism between this system and other this report . this report; will be

systems through failures in the electrical . evaluated following,

1 power and instrument and control air systems. conputer model j
simulattons.

a. From Appendix D. Table D-1. !

b. 1--steam generator overf tll transient, 2--reactor coolant system overcooling transient.

c. 180--10 be ' determined.
!

,

a

P
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SYSTEM M +tn steam 3 tem

F Alt.URE MODE _H3h steam flowrate or inadvertent main steam isolation valve opentng

Failures in Other F au lt
USystem Caused by Effect of latlure E f fec t Prob 4011 tty Transient

Event Initiator Producing tne F at ture Mode F ailure Rate" This Event Initiator in Other Syster,(s) Designa t iu Category Latejortr

A main steam system ptping f ailure occurs which Ix 10-10/ hr/ sec t ion None Major ef f ects on A J l.2Causes a high steam flowrate, many systems.

Under conditions where it is intended to
remain closed, a main steam isolation valve
f alls open oue to:

a. Control switch f at8vre resulting in an Ia 10-8/hr/ switch None None B 2 1,2
open signal to the h51V. (short across

contacts)

b. Control solenoid valve f ailure that 3A 10.~ 0/br Ncme None B 2 1,2
results in opening of the M51V. (ruptur e)

c. Failure in the solenoid control circuitry 1 x 10-6/hr/ device N3ne None 8 2 1,2
that results in an open signal to the (solid state device

y M51V. f ailu-e)
fu

Under conditions where it is intended to
remain closed, an MSIV bypass valve opens due
to:

a. Control switch f ailure resulting in an I a 10-U/pr/ switch None None B 2 1.2open signal to the M51V bypass valve. (short across
contacts)

b. Mechanical valve f ailure. 3s 10-8/hr None None a 2 1,I
(rupture)

There appears to be a possible Comon mod? None assigned for Not determinea for I B( C TBD 180 1,e
f atture mechanism between this system and other this report this report; will be
systems through f ailures in the electrical evaluateG following
power, instrument and control air, and fire computer model
protection systems. simulat6ons.

a. From Appendia D. Table 0-1.

b. 1--steam generator overfill transient, 2--reactor coolant system overcooling transient.

c. 180 -To be determined.

. . . . . .
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SYSTEM lurbine Electro-Hydraulic Control System (EHC)

,

F AlltRE MODE Inadvertent opening of theyvenor and/or ktercept valves
L

Failures in Other F ault i
U

System Caused by Ef fect of Failure Effect Probabilit y Transient
Event Initiator producing the f ailure Mode Failure R ate, ihts Event Initiator jn Other System (s) Designation Category Category

The tarbine govenor and/or intercept valves open '
excessively, causing an increase in the
steam flowrate due to

a. Failure of the turbine speed sensor 3a 10*S/hr hone hone B i 1,2 f
system causing a low speed signal to the (shift in ta

electro-hydraulic controller. calibration)

b. Failure of the turbine impulse pressure ' 3a 10-5/hr hone n e. 8 1 1,2
y

instrument resulting in a low pressure (shif t in
signal to the electro-hydraulic c alibration)

;

controller..

f c. Failure of the electro-hydraullC Control 1 a 10-6/hr None hone B 1 1,2
system's electronic controller which (50110 state
results in a erroneous output signal. device f ails

to f unction)

t c. Switch f ailure (short to power or 1 x 10-8/hr None hone B 3 1,2
mechanical f atture) in the control panel
causing an erroneous load increase signal
to the controller.

.

I e. Mechanical f ailure of the governor / 1 a 10-3/d/ valve None None 8 1 g,2
.

. intercept valve causes it to go fully (failure to operate
t open. open or close)

There appears to be a possible common mode ione assigned for Not determined for TBDc TBD TBD 1,2
f ailure mechanism between this system and this report this report; will be

other systems through failures in the evaluated following
4

electrical power, instrument and control air computer model
and fire protection systems. simulations.

a. From Appendia D. Table 0-1.
'

4

b. 1--Steam generator overfill transient, 2--reactor entlant system overcooling transient.

c. 180--10 be determined.
,

?

4

4

.

y -
__ __ ____



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

,

!

L !
.. .

s

;

APPENDlX D. ROBINSON A-47 IE&C ANALYSIS (continued)
?(' . SY5 TEM Aunilliary Feedwater System

FAILUEE MODE . High feedwater flowrate or inadver tent operation4

!

F ailures in Other fault
D

| System Caused by Effect of Failure Ef fect probability Transient

! Event Initiator Producing the Failure Mode F at1ure Rate, This Event initiator in Other System (s) Designation C a teyiry Category

The auxiliary feedwater flowrate is higher than
,

necessary due to:

a. A control switch f ailure resulting in 1 x 10~ 8/hr/ switch None hone 8 t 1,2
startup of a standby aualliary feedwater (srort across
pump. contac ts)

b. A control switch f ailure resulting in the 1 a 10-8/hr/ switch Nune None 8 2 1,2
pump discharge valve opening. (short across'

contacts)

i c. The turbine driven availlary feedwater 1a 10-6/hr hone None 8 2 1,2

.
pump speed increases due to a circuttry (fails to

j f ailure in the speed controller. function)

d. The turbine driven cua111ary feedwater I a 10-3/hr Nane Ilone 8 1 1,2
N pump's speed is too hlqh due to the speed (fallure to
A- governor suf fering a mechanical f ailure. operate)

h, 'e. When given 4' Control signal to reduce 1 10*3/hr None hone 8 1 1,2
speed, the turbine driven pump speed . (f ailure to
remains constant due to a stuck governor operate) ,

{ valve.
. . .

j Austita> y f eedwater flow is initiated
inadvertently due to:4

Amanualcontrolsw[tthfailureresulting 1 a 10-8/hr None None 8 3 1,2-a.
in a start signal (short to power. '(short across
mechanical failure, ground). contacts)

b. A spurious safety injection or blac$out bu 10* b/hr None None 8 1 1,2
signal causes the rotor driven aualltery -(shift in
f eedwater pun 9s to start. C alibr ation)

c. A f ailure in the aualliary f eedwater pump 2a 10"I/hr ~ None hone 8 2 1,2
start up control circuitry results in a (motor starter
pump start sign 41. all modes)

.

+

e a 4 , o e
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (contineea)
SY STEM Aun tiltary Feev=ater System

FALLURE MODE Hign f eed=ater f lowrate or tnedvertentoperation(continuej

Failures in Other fault
System Caused by Ef f ect of F ailure ' E t f ec t Probabtitty transtant"

, Event initiator Produc'aq the Failure Mode , Failure Rate, lhts Fuent initiator In Other System (s) Designation Category tetegag

There appears to be a possible common mode hope assigned for Not determined fnr this IBCC TBD 18D 1,i'
f ailure mechanism between thil system and other this report t egort; will lie

, systems through failures in the electrical evaluated following
1 power, instrument and control air, and fire computer model

protection systems. simulattons,

a. From Appendia D. Table 0-1.

a b. 1--steam generator overfill transient. 2--reactor coolant system overcooling transient.

c. T8D--To be determined.

N
(.Tl
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SYSTEM Steam Generator Blowdown Systen

F Altukt MODE Low blowdown f Swrate

Failures in Other Fault bSystem Caused by Ef fect of Failure E f f ec t Probability Transient
Event Initiator Producing the Fallarc Mode F ailure Rate, This E vent Init iator in Other $p tem (s) Designation Category C ategor y_

The steam generator t, lowdown flowrate is
reduced due te one of the f ollowing f ailures:

a. Failure of the flow signal to the flow 3a 10*5/hr None hone 8 1 1

controller. (shift in
calibration)

b. Failure of the flow controller resulting 1a 10-6/hr hone hone B 1 1

in an output signal to the flow control (5011a s tate
valve to decrease flow. cevice f ails

to function)
.

c. Failure of control air to the controller. 4x 10-6/ hr/ unit None None B i I
(compressor
failure)

N d. Blockage of the air Itne to the control 8a 10*7/hr hone None B 2 1

m valve. (air filter
fallure)

e. Rupture or sheared air line to the 1a 10-9/hr hone hone 8 3 1

control valve.

f. Flow control valve mechanical f ailure 6m 10-7|hr/S.G. None None 8 2 )
shut. (E tther one of the two series (f ailure to
valves in each blowdown line closing remain open)
would stop blowdown flow for that S.G.).

There appears to be a possible conson mode None assigned for Not determined for TBOC TBD TBD 1.2
f ailure mechanism between this system and other this report this repor't; will be

systems through f ailures in the electrical evaluated following
power, instrument and ccntrol air, heating and computer model
ventilation, and fire protection systems, simulations.

a. Fram Appendix D. Table D-1

b. l.-steam generator overfill transient. 2.. reactor coolant system overcooling transient.

c. IBD--To be determined.

. , e . . .
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
StaiLM Turbine Generator Support System

F AILURE MODE Turbine trip due to a failure in support systems
_ __

F ailures in Other F ault
System C aused by Ef fect of Failure Effect Probability Iransient"

,
Event Initiator Producing the Failure Mode Failure Rate This Event initiator In utner System (s) Des!2 nation Category __ t a t e3rgry.

The turbine trips due to a failure in one of
the f ollowing input channels to the turbine
generator trtp circuit.

a. Turbine overspeed. 3a 10-5/hr hone Open steam damp A I 1,2
(shift in valves and
c al ibra t ion) atmospheric relief

valves; reactor
trip,

b. Thrust bearing failure. 1a 10-5/hr hone Reactor trip and A 1 1,2
(shift in the steam dump
c alibration) and atmospheric

relief valves open.

c. Turbine bearing low oil pressure. 3x 10-5/hr None peactor trip; A 1 1,2
'4 (shift in steam dump and
'%8 calibration) atmospheric relief

valves open.

c. tow condenser vacuum. 3 m ID-5/hr lhe steem du p Reactor trip; A I 1,2r

(shift in system becore' atmospheric relief

calibration) inoperable if same valves open.
instrument channel
is used.

e. Manual trip mechanism. I a 10-8/hr pone Reactor trip; A 3 1,2 .

steam cus, and
atmospheric relief
valves open.

f. 2 out of 3 low steam generator water 2.7 x 10-9/hr home Availlary feed. A 3 1.2
level channels taken 3 times. (shift in water pumps start.

on steam generator
c alibratg/hr)2(3 x 10- water level
times 3] control gets

erroneous level
signal-opens
regulattr,9 valve.
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SY STE M Torbine Generator Sepport System

F AILtJRE PODE f urbine trip due to a f ailure in support systems (continued)

Failures in Othar Fault bSystem Caused t,y E f f ect of Failure E f f ec t Frobability Transient
E vent Inu lator Produc t g the F ailure Fcie F ailure Rate, This (vent Initiatur la Otaer System (s) Destynatinn Cate20'L ( * ''9'2'1
g. Reactor trip signal (two seperate 2x 104/hr Reac tor Tr .M Practor trip A 1 1,2i

channels). (solid state a<id assoc iated
device failure) interlock actions.

h. Switct. f ailure for manual trip at the 1 x 10-8/hr hone Jeactor trip A 3 1.2
control board. (short acroM and assoc iated

contacts) interlock ac t tons.

i. Main feedwater pump breakers opei (2 cut 1 = 10-12/hr None keactor trip A 3 i,2

of 2 trip signals). (2/2 solid state and associated
devices f ail) interlock actions.

J. Circulattng water pune breakers open 1a 10-18/hr hone Deactor trip A 3 1,4
(3 out of 3 trip signals). (3/3 solid state ena associated

devices f ail) Interlock actions.

k. tiectro-hydraulic governor DC power 3x 10-5/hr hone Reactor trip A 1 1,2sJ
monitor. (shif t in and associated

c allb ation) Interlock actions.

1. Loss of generator field. 3a 10-5/hr hone Reactor trip A I t.2
(shift in .ad associated
calibration) interlock actions,

m. hegative sequence on generator. 3 a 10-5/hr hone Reactor trip A i 1,2
(shift in and associated
calibration) interlot.k actions.

n. Unit dif f erential current. 3 a 10-5 r hone Reactor trip A 1 1,2/t
{ shift in and associated
r.alibration) interlock actions.

v. 008 $2-8 monitoring circuit f ailure. I m 10-6/hr None Deactor trip A 2 1.2
(coil open or and associated
short) interlock actions,

p. OCB $2-9 monitoring circuit f ailure. I a Ity6/hr Mone Reactor trip A 2 l.2
(coil open or and associated
short) interlock actions.

. . . . . .
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[ APPENDIX 0. ROBINSON A-47 IE&C ANALYSIS (continued) !
5YSTEM . Turbine Generator Support System' *

; F AILURE MODE Turbine trip due to a failure in support systems (continued]

:
failures in Other fault
System Caused by Effect of Failure E f f ec t Probaollity Transtent*

Event initiator proaucing the Failure Mode Failure Rate, This Event initiator in Other System (s) Designation Lategory lategory

,g, Unit auntliary transformer-faulty 3 w 104/hr feone Reactor trip A i 1,2
pressure. (shift in and assoc 6ated'

calibration) interlock actions..

r. Unit aualitary transformer differential 3x 10-5/hr None Reactor trip A 1 1,2
current. (shift in and associated

calitiration) interlock actions.4

5. Enhaust hood temperature high. 3 x 10-5/hr None Reactor trip A 1 1,2 ,

(shift in and associated '

calibration) interlock actions.

t. Main transformer-faulty pressure. 3 a 10-5/hr None iteactor trip A i 1,2
'

{$hift in and associated
calibration) Interlock actions.

~N u. Generator ground monitoring circuit I a 10-6/hr mone Reactor trip A 2 1,2
to - failure. (coil open or and associated

short) interlock actions.

v. Voltage controlled overcurrent relay. I x 10-6/hr hone Reactor trip A 2 1,2
(coll apen or and associated

,

i

short) interlock actions.
Iw. Generator differential current. 3 10-5/hr None Reactor trip A 1 1,2
'

(shift in and associated
calibration) interlock actions.

The turbine trip due to a f ailure in the 1 x 10-6/hr hone Reactor trip a 2 1,2
turbine generator trip loi e circuit. (solid state and associatedt

device f alls) interlock actions.

There appears to be a possible conson mode None assigned for Not determined for IBDC TBD 180 1,4f ailure mechantse between this system and other - this report- this report; will be
systems through f ailures in the electrical evaluated followirg
power, instrument and control air, heating and computer model
ventilation, and fire protection systems. simulations.,

.

1 !
a. From Appendia D. Table 0-1.

< b. 1--steam generator overfill transient, 2--reactor coolant systen overr.onling transtent.

c. TBD--To be determined. i

!

. . . - - - , - ~ _
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SYSTEM Auxiliary steam System

FAILURE MODE High steam flowrate

Failures in Other F ault
bSystem Caused by Ef f ect of Failure E f f ec t Probability Transtent3Event initiator Producing the Failure Mode f atture R Ate This Event Initiator in Otner SysteJmJ Designation Category C ategory

The estraction steam flowrate becomes ,
abnormally high due to one of the f ollowing
f ailures in the system;

a. An estraction * team valve f atis open. 1 10-I/hr/ valve hnne H igh and low B 2 1

(f ailure of valve pressure hesters
to remain open) will lose full

heating capabtlity.

b. An entraction steam valve suf f ers a 1 a 10-8/hr/ valve hone High and Icw 6 3 1

rupture. (rupture) pressure heaters
= tli lose f ull

heating capabtitty.

c. An auxiliary steam pipe rupture. I a 10-10/hr None High and luw b 3 1

(per secticq) pressure heaters

g will lose f ull
heating capability.O

4. From Appendia D, Table D-1.

b. 1--steam generator overfill transient. 2.. reactor coolant system overcooling transient.

, e e e ..
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SYSTEM Steam Du v System

\FAILURE MODE High steam flowrote

t

Failures in Other Fault
System Caused t y Ef f ect of Failure Effect Probability Transtent"

Event initiator Producing the f ailure Mode Failure Rate, This Event initiater_ in Other System (s) Designation Category C ategory

One or more steam dump valve /s open/s er
increases the amount that it/they are open oue i
to one of the following fattures: "

1

a. Manual control settch f ai1*:re. ' 1 x 10-8/hr Nona hone u 3 1,2

(short across
contacts) .

b. The turbine load signal to the average 1 x 10-6/hr Mone None B 2 1,2 i

temperature programmier f atis low causing (solid state
.a low Tref output. device falls)

!,

a

c. The average temperature progransner 1 x 10-6 hr None None B 2 1,2
/; circuitry falls causing an erroneously (solid state

? Iow Tref output. device falls)
,

,

j - CC d. One or more of the temperature signals to 1 x 10-6 hr None None 8 4 4,2 {3
.

/ i

the average temperature unit f alls high '(instrumentation.' w
causing an erroneously high Tays signal f atis to operate)*

,

to the steam dump controller.
4

} a. Averaging unit failure resulting in an 1 x 10-6/hr none None B 2 t ,2
,

4 erroneously hip Tays sigmal to the (solid state
j . stem dump controller, device falls)
i'
; f. Steam dury controller f atis resulting in 1 a 10-6/hr * None None e 2 1.2

in open signal to the valves. (solid state '

,

dev.ce fails)

g. The steam oump cutout permissive circutt I ' m 10-6/hr hone None o ,7 3,2

i falls resulting in a spurtous signal to (solid state
the valves. device f alls) ,

h. ' The steam dump posittuner f atis and sends I a 10-6/hr None None 8 2 1,2

;an open signal to the valves. (instrumentation-
f atis to operate)

l '. Control solenoid valve f alls allowir.g the I u 10-8/hr None None 8 3 1,2

steam dump valve to be fully opened. (rupture)
1

.

5

,

a

*
,, , . v , - - - _____ _____
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APPENDIX D. ROBlh30N A-47 IE&C ANALYSIS (continueo)
SYSTEM Steam Dunp System

F AILUWE F.0DE High steam flowrate (continued)

_

f allures in Uther F ault
bSetem Caused by 5.f f ect of Failure Effect Probahtlity Transient

Event Initiator Producing the Fatlure Mode F ailure Rate, This Event initiator in Other System (s) vesignatten Category Category

There appears to 've a possible comon mode hone assigned f or hot determined for this TBDC TBD 1B0 1,2
f ailure mechanism between this system and other this report repurt; will be
systems through f ailures in the electrical evaluated following
power and fire protection systems. (omputer model

simulations.

a. From Appendf x D. Table D-1.

b. 1.-steam generator overftll transient. '--reactor coolant system overcooling transtent,

c. IBD--To te determined.
_ _ .

ru

e e e a e e
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SY STEM Reactor Coolant System

F ARURE MODE gh coolant flowrate
_ - _ _

Failures in Other F au lt
DSyste' Caused by Ef f %t of Failure Effect Probability Transient

Event initiator Producing the Failure Mode F ailure Rate, This Event inttt:tur inOtherSystem(sj Designation C a tepry Mgog
An tale reactor coolant pump inadvertently
starts due to one of toe f ollowing f ailures:

a Switch contacts f all open or closed 3a 10-7/br hone None a c
without any switch operation. per switch

,

b. Short occurs in pump control circuit 1 10-8/hr hone hone B 2
wiring, per pump

c. Inadvertent closure of the circuit 2a 10-7/hr hone None B g

breaker due to a breaker f ailure.

Note: The plant Technical Specifications do
not permit N-1 loop operation at pc=er.
Therefore, all three reactor coolant
pumps should be running during power

CD operation and an inadvertent start

y should not be possible.

There appears to be a possible comon mode None ass 1ge*d for Not determined for TBDC TBD 180 1,2
f ailure mechanism between this system and other this report this report; will be

systems through failures in the fire protection evaluated following
systems. computer model

simulations.

e. From Appendia D. Table D-1.

b. 1--steam generator overf111 transient, 2--reactor coola6L syst*m overcooling transient.

c. TBO--Te be determiceo.

#

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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APPENDIX 0.
ROBINSON A-47 IE&C ANALYSIS (continued)

'

SYSTEM Pressurizer OQrpresture Protection System

FAILURE MOOL Premature opening of a relief or saf ety valve

F allures in Otner F aul t
System Caused by Ef fect of Failure E f f ec t Probability Transtent'Event 'nitiator Producing the Failure Mode Failure Rate' This bent in*t tatnr In Other Systenfd Dest mation . Category Categort

A pressu~trer power operated relief valve opens
prematurely due to one of the f ollowing
failures:

a. hith the PORV selectar switch in " auto", 3a 10* f/h None React >r coolant B 1 2
theessociated pressurizer instrument per 90cv system has a loss
falls. of cvolant.

'

b. With the PORV selecter suitch in " Auto". 3a IU- 5/hr None Reactor coolant 6 l 2
the pressure switch fails and actuates per PORV system has a loss
prematurely. c ont a-t s ) of coulant.

' c. The P03V selector switch f all; resulting 3 x 10- 7/hr None liesttur cooipnt B 1 2-

' in a manust oren signal to the logic
c irc u it ry. ~

per PORV sy* tem has a foss
of coolant.

C0 , d. A control circuit logic gate suffers a 2x 10-6/hr hone Weactor coolant 8 1 2
3 failere resulting in an open signal to per PURV system has a loss

the PORV. of coolant.

A pressurizer safety valve opens premature due
" to one of the f ollowing f ailures:

a. Premature open due to setpoint drift. Ia 10-5/hr hone Reactor coolant 8 1 2
per safety valve system has i loss

of coolant.

b. Mechanical walve f ailure--rupture. Ia 10-8/hr hone Reactor Coolant B 1 2
per safety valve system has a loss

of coolant.
2A pressurizer PORV or safety valve does not 2 x W /d None Reactor coolant 8 1 2

close after it has opened due to a valve per valve system has a ioss
failure. of coolant.

. v e . . .



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

. . . . . .

APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SYSTEM Pressurizer Overpressure Protection System

FAlluRE MODE Premature opening of a relief or safety valve (conthdj
__ _

F ailures in Other Fault
hSystem Caused by Ef fect of Failure E f fec t Probability Transient

Event initiator Producing the F ailure Mode F ailure Rate, this Ev ent initiator in Other J s M sj Designation Catego3 _ tatepry

There appears to be a possible common mode Nnne assigned f or hot determined for this 1bDc 180 IBD 1,4
f ailure mechanism between this system and other this report report; will be
systems through f ailures in the electrical evaluated following
power, instrument and control air and fire computer mocel
protection systems, simulations.

a. From Appendia D. Table D-1.

b. 1--steam generator overfill transient. 2--reactor coolant system overcooling transient.

c. IBO--To be determined.
-

(.r1
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SYSTIM Safety injection Syster -

F AILukE N00E Inadvertent initiation

fatlures in Other Fault
System Caused by Ef f ect of Failure Effect Prot ability Iransteet"aEvent Initiator Producing the Failure Mode F atture Rate This Event Inttiator in other Systestsj 0 % 1gnation Lategory Categort

The Safety injection System is inadvertently
initiated oue to tne of the f ollowing f ailures:

a. Failure of 2 out of 3 pressurtter 2.7 a 10'9/hr hone The safety injec- A 3 2
pressure instruments or a shif t in tton signal wnuld
calibration, cause a reactor

trip and if
pressure is low
enough would
inject borated
water.

b. Failure of 2 out of 3 containment 2.7 a 10"9/hr None The safety trjec- A 3 2pressure instruments resulting in a tion signal would
shif t in Calibration or erroucous high cause a reactor
indication. trip and if

(n pressure is low

m enough would
inject borated

=4ter.

c. Failure of 2 out of 3 steam line 2.7 a 10-9/hr None The safety in. A 3 2
offferential pressure instruments per steam line jection signal
retutting in a shif t in calibratton or would cause a
erroneous high indication. reactor trip an<t

if the pr Wary
pressure is low
enough borated
water woulu be
injected.

d. Manual pushbutton f ailure by sh eting to 1 x 10-8/hr hone TLe safety in- A 3 2
power. per each of 2 buttons jection signal

woule cause a
reactor trip and
tf the peleary
pressure is low
enough borated
water would be
injected.

.

e g a e e e
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APPEtiDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SYSTEM Safety injectton Systee

F AILURE P*JPE Inadvertent tattistion (coatic.ve,1}
- _

Failures ic Oteer Fault
Systee Causec by Ef f ect of Fatture E f f e'. t Prooattitty Transient

Event Initiator ProCucing the Faifu e " ode F a t f ure Pate* This f uent initiater In Other System (s) Des ignat ion C atep1r g ey g>r

e. Failure in the folloomg f estrumeet 3a 10-5/hriper Tha mata stese Inne Tne safety in- A 1 2
(hannels te result in high steam line inst.chagel-- tsolation valves jection signal

flow (1 ci .. of 2 instrument) in 2 out 5.6 a 10- /hr would c1cse. . ovid cease a
of 3 steam Ifnes alor:9 with either 2 cat reactor trip and

if the priea yof 3 lo= inve, or 2 out of 31o. steam
16r.e pressure. pressure is low

enough borated
mater woule be
injected.

f. Failure in a logic gate in the safety Ia 10-6/hr hune the safety in- A 2 2
injection system actuation Circuitry, per steam Itne jaction signal

=vuld cause a
reactor trip and
;f the prtmary
pressure is low

CD eccugh borated
=ater would bey
tnjectec.

g. Failure of control relay in safety 7 a 10-9 hr mm If primary B 3 2/

injection pump circuitry. per stese Itae t,ressure is below

tne smut-off bead
of the SI puws,
twe= t, orated water

mill be injected
teto the PC5.

There appears to be a possible coeurr)n moce hone assigned for Not deterets.o f or Y20< TBD TB3 1.2
f ailure mechanism between this system aad other this report this repcet; et11 te

systems through f ailures in the electrical evaluated follootng
power and fire protection systems. coguter mocel

simulations.

a. From Appendia D. Table D-1.

b. 1--steam generator overfill transient. 2--reactor celant system owercooling transteet.

c. 180--10 be determined.
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; APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SY$1EN Restdual Heat Removat System

F AILURE MODE High RHR flowrate or insdvertent initiation of RHR flow

!

f ailurcs in Other F ault
System Caused by Ef fect of f at ture f f ree.t probab 611tr transtent"

Event initiator prooucing the Failure Mode F a t t ure R ate" This Fuent intttater in Other 51ste=4sj Design.tto. Categor,_ tategory

The RNR flow control valve f alls open durtng I

.i the cooling mode due to one of the following
failures: ,L

4 a. Valve suf fers a mechanical f atture and Ia 10*8/hr hone None 8 3 g I
i opens further than necessary for the
| entsting conditions.
.

b. Control solenoid valve f alls resulting in 1 10-3/hr None None 8 3 2 j
the flow control valve opening.

t

Ic. Control circuitry f ailure results in a 1 x 10*8/hr None hone B 3 2open signal to the flow Control valve. (short to ground)

d. Switch failure results in a epen signal 1 s 10-8/hr None None 8 3 2 <I
to the flow tontrol valve. (short acrost [

CD contact),

The standby RHR pump is inadvertently started'

due to one of the following f attures; ($1
inttistion covered seperately)

a. Failure of a relay in the m6tur control 1 a 10-6/hr/ relay None None 8 2 2
circuit.

b. Manual Start switch fatis resulting tes a 1 a 10-8/hr/ switch None None B 2 2
start signal to the pump motor.

There appears to be a possible common mode None assigned for Not determined for this IBDc TSO 180 1,2,

f allure mechanism tetween this system and other this report reportt will bei-

systems through failures in the electrical evaluated following
power and fire protection systems. computer moel

simulations.
r

a. From Appendix D. Table D-1.

b. 1.-steam generatar overfill transten*, ?--reactor coolant system overcooling transient.
t
'

1 c. TOD--to be determined.

!

k

&

i

I
i
b
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APPENDIX U. ROBINSON A-47 IE&C ANALYSIS (continueo)
I $151LM Reactor Control Rod Dr tve $sst em ;

F AILURE HoDE Inad.ertent insertion er red drop

_ - . ~ _- _ _ _ _

F al'v'es in 6th-r F ault +

Systea Cau:ec S, Ef f ect of F at tore E f f ec t Probabtitty traniseet"
' Event initiator Producing the F ailure Pode F ailure Rate * This t v ct 8..itiator In O ther_'yst em(s) Des ignat ion f ateyr;ry,, ( a t ey3ry,e

_

Control rods are inadvertently inserted into
the core due to cne cf the following f ailures:

a. A f ailure of u:.e or more of the contre ! l 10-6/br tonna Decrease la. 8 ? ?

rod actuators =%ich resalts in an (shert or open peleary
insertion signal to the drive mechanisms. relay Coll) t emper a t ure s,

autDeatic control
mould tsy to
worrett.

b. F allure in manual rt3 Control switch In 10.R/hr/$ witch None D*tresse in b 3 .

whtCh results in 3m insertion signal to (short across C+ tmar y
the control rod actuators, contacts) t emper a t ur es,

aut'.*at tC rentro l
neuld try to

Cctrett.g

,
C. t ellure in the sequential rod toetrol I a 10r6/hr hunc Decrease in b 2 2MO

unit and/or the permissive Chru6ts (short or open grimary4

resulting in an insertion signal to relay Coil) temperatures.

actuators. automat tc Control*

=ould try to
LGrrett.

' Control rods are inadvertently dropped into the
core due to one of the following f ailures:

a. Loss of power from the solid state power 1 s 10-5/hr None Initiate a turbine 8 8 7
cabinet due to a blown fuse, tripped (breaker prematura leac cuthe.k by
breaker, or open wire. transfer) E*C system and

in%ib':t too
withdramal.

h. Electrical f ailure of stationary or 1 s 10-6/hr/CRDN N ore Initiste a turbine B 1 2
moveable gripper toils in a control red (:011 s% ort or oran) Ioad cutback by
drive mechanism. (h( system and

innintt rod
withcra=at.

i

l

,

_ . _ . _ _ . _ . _ _ . _ _ . _ _ . - . _ _ _ _ _ _ _ +- e- .a.
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)
SY5f tM Reactor . Control Hod Dr tve 5ntem

FAlltM N0tX Inadvertent insert ten or rod drop (Minued}
_ _ _ _ .-

F allures in Othar F au lt
System Laused by lifert of failure E f f e( t Probability frantiant"dEvent initiator Proutcing the Failure Mode F alture Rate th is t weit in6teator la Otmer System (sj besignativn C a teyg 3at. pry

c. Mechanism f ailure of control roft dr twe Is 10-6/ hr/OtM h o,= tritiate a turbine B 1 /d mechanism |+*ch assembly. (clutch premature l''au c utback by.

d tsengagement j !PC sistem and
inhtbit rod
.ithora.al.

There appears to be a possible cmn mode teone assigned for hot determ*n.o for this iFDC 180 150 1.cf ailure mechanism between this system and other this report report; will be
systems through f at tures in the electr tr,al evaluated followin1
power and fire protection system. Computer er set

simulatsens.

a. From Appendt D. Table 0-1.

b. 1--steam generator overf t11 transtant, 2--reactor coolant s3 stem overcooling transicet.
@

c. TBD--To be dr' ermined.O
-

* e e e * *
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APPENDIX D. ROBINSON A-47 IE&C ANALYSl$ (continued)
SYillM Feedwater and Condensate System

F AILURE Pt(( Failure of the feedwater/Condentate heatpfg '

.

F allures in Otner 6ault
System Caused ty E f f ect cf Failu e li f er.t Probabtitty Iransient'r

Event Initiator Producing the Failore Moce Failure Rate * lhts { tent inittator !c O tse. ! g s t,**is l Destgaation Cate2nry ( 4 t eg sr y,

5 team flow is lost to the high and low pressure
heaters due to one of the following f ailures:

a. The estraction steam reculating velve/s 3m 10~ 7/hr/ valve hone D*tresse la B ? ?

closes due to mechanical f ailure/s. (feilure to feso.ater

remain oran) te teratures =t11
n.asse cecrease in
celd 1*? tempera-
twre =n ich = t t i
ado posttive

rear.tivity to
,

the reacter.

b. Une or more of the non-return valves 3a 10-7/hr/vt ve None betres,e in Bi 6 ,

ciose due to a f ailure in the Coctrol '4ir operated valve fece.eter
system. f alls to remain open) teeperatures atll

44) ca.se accrease in
colo lag tempera-- - *
ture =nn.n allt
ac1 posittee

ree tteIty to
the f 4 9C107

C. Failure of the heater drain tank pirrp/s 1 s 19-6/ hr/metcr Nene Letrtete in 0 5 2
results in tank overfill th*reby (motor f ails to run) f**catter
restricting steam flow to the heaters. terf ar ttu ps mill

C4'ase CeCreate in
(C i d 1*g t **ptra-
t ar e w% lt h en11
4'fd CSsttive
r*Sittskty to

tee reactor.

d. Failure of the heater Crain tank Control 3a 10* %/hr h one Deceegsa in B I /

System which results in overfilling the (Instrument system fe*0 mater
t ank . shif t in calloration) tercerat u*es = wil

Clust r*tr*ase in
(510 1*g tertrea-
ture m5tch stil
411 FGsitise
reactivtty to
**t entr.tne

_ _ _ _ _ _ _ _ . _ _ _ _ _ _
- - _
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APPEfiDIX D. ROBINSON A-47 IE&C ANALYSIS (centinued)
5751EM F eed.ater and Condansate Systre

F AILUDE MODE Failure cf the f eedwater/condensata heatingcentingey
__ _ _ _ _ _ _ _ _ _ _

F allu. es in Othee F aia lt

a '

aused i.y (if ect nf F ailure E f f ec t Prot >ab 61 t ty Iransient"System r
~

f uent Initiator Produc ing the F ailure Mode f ollure Rate This ivent In tt sator in Other Sys g (s) Des ignal ton fste'gry Megg

Feedwater or condensate flow bypasses the low
pressure neaters due to the f ollewing f ailure:

a. One or mere of the three-way bypass 3a 10- 7/hr/ valve aune vectrise in o i 2
valves falls en the bypass gesition. (f ailure to remain feedwater

opEn on air operated temperature, will

valves) cause cecrease in
colo leg tenvera-
ture which will
add pasit6ve

reactivity to
the reactor.

There appears to be a possible cosmon mode leone assigned for Not cetpemiced for 180' 160 IbD I,a
f ailure mechanism between this system and other this report this repcrt; w'll be

systers through failures in the electrical evaluated foll a ag

e power. Instrument and control air and fire C twouter mcde l
protection systems. s tes14 t ims .g

a. From Appendia D. T able 0-1.

'
O. 1--steam generator overf tll transient. ?--reactor coolant sy-; tem overcooling tr ansient.

c. 180--70 be determined.

e e e e e e

-
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TABLE 0-1. STATISTICAL ANALYSIS TABLE
_.

Failure Error
Component and failure Mode Hate Factor Remarks

1. Pumps: From proposed NREP data base--Reference 1.

a. Motor: Pump and motor; excludes control circuits.

Failure to start on demand 1E-3/d 10

Failure to run, given start 1E-5/hr 10

b. Turbine: Pump, turbine, steam and throttle valves,
and governor.

Failure to start on demand 1E-2/d 10

Failure to run, given start IE-5/hr 3
o
"'

c. Diesel: Pump, diesel, lube oil system, fuel oil,
suction and exhaust air, and starting

failure to start 1E-3/d 3 system.

Failure to operate lE-4/hr 30

2. Valves: Catastrophic leakage valves assigned by
engineering judgement; catastrophic

a. Motor operated: leakage assumes the valve to be in a
closed state, then the valve fails.

Failure to remain open lE-7/hr 3 from Reference 1 except as noted.

|

_ _ _ - - _ - _ _ _ - - - - - - _ _ _ _ ..
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TABLE D-1. (continued)

Failure Error
Component and Failure Mode Rate Factor Remarks

2. Valves (continued)

Failure to open/close 1E-3/d 10

Rupture 1E-8/hr 10 from WASH-1400--Reference 2.

b. Solenoid operated:

Failure to operate (open or 1E-3/d 3

close)

Rupture li-8/br 10 Based on WASH-1400--Reference 2.

2 c. Air / fluid operated valves:
L

failure to operate (open or IE-3/d 10

close)

Failure to remain open 3E-7/hr 100 From IEEE-500--Reference 3.

Rupture IE-6/hr 10 From WASH-1400--Reference 2.

)
d. Check valves:

Failure to open 1E-4/d 3
lE-7/hr 10

Failure to close 1E-3/d 3
IE-6/hr 10

Internal leakage |

(catastrophic) 1E-8/hr 100

t

* *, .. ,

. . . ~ . . . _ - - - . - _ . . _ . . _
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~ TABLE D-1. '(continued),

l

Fa' lure Error4

___
Component and Failurc Mode Rate Factor Remarks

2. Valves (continued)

d. Check valves (continued):

Rupture lE-8/hr 10 From WASH-1400--Reference 2.

e. Manual valves:,

Failure to operate (open or lE-4/a 3 Failure to operate is dominated by human
close) error; rate is based on one actuation per

1E-7/hr 10 month. '
<

,

Rupture lE-8/hr 10 Based on WASH-1400--Reference 2.
'O
"'

j f. Code safety valves:

Fa11'to open lE-5/d 3

'

Premature open it->/hr 3 From WASH-1400--Reference 2.
'

fail to reclose (given valve lE-2/d '10,

; open)

g. Relief valves: !

Failure to open lE-4/d 10

Premature open lE-5/hr 3 From WASH-1400--Reference 2.

Failure to close, given open 2E-2/d 3 :
,

l

|
,

'
. _ _ _. __. . . . . _
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TABLE 0-1. (continued)
;

:

Failure F.rror
Component and Failure Mode Rgte Factor _ Remarks

2. Valves (continued)

h. Test valves, flow meters,
orifices: +

Fail to remain open (plug) 3E-4/d 3
,

Rupture lE-8/hr 10

1. Stop check valves:

Failure to open IE-4/d 3

$ 3. Switches: Where torque / limit switches are used as
,

parts of pumps / valves, switch failure rate
a. Limit: included in pump / valve failure rate. From

Reference 1
Failure to operate lE-4/d 3

b. Torque:

Failure to operate li.-4/d 3
|

c. Pressure:

Failure to operate lE-5/d 3

d. Manual:
,

Fail to transfer lE-4/d 10

. . . . *, ,

. .
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TABLE D-1. (continued)
_

Y

Failure Error
Component and failure Mode Rate Factor Remarks

4. Switch Contacts: From WASH-1490--Reference 2. i

| Failure of N0 contacts to close, 3I-7/hr 3
given switch operation

,

failure of.NC contacts by opening, 1E-7/hr 3
~

given no switch operation
i

Short across N0/NC contact 1E-8/hr 10 i

5. Circuit Breakers: Includes all components of the circuit
breaker mounted on drawout frame. From

3 Failure to transfer (open or close) 1E-3/d 10 Reference 1.
Ot

Premature transfer lE-5/hr 10 For sizes 4kV and smaller.

6. Fuse: -

Failure to open 1E-5/d 3 from WASH-1400

' Premature open 1E-6/hr 10 From proposed NREP data base--Reference 1. '

7. Bus: .From proposed NREP data base--Reference 1.

Failure 1E-8/hr 3 All modes
.

8. Transformer: From proposed NREP data base--Reference 1.
!

Failure (open ckt or short) lf-6/hr 3 All modes

,

e e -
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TABLE D-1. (continued)
a

failure Error
Component and Failure Mode

Rat _e __ Factor Remarks
-

9. Emergency Diesel (complete plant): Engine frame and associated moving parts,
generator coupling, governor, static

Failure to start 3E-2/d 3 exciter, output breaker, lube oil system,
fuel oil, suction and exhaust air, starting

Failure to run (emergency lE-3/hr 10 system; excludes starting air compressor
conditions, given start) and accumulator, fuel storage, load

sequencers, and synchronizers. From
Reference 1.

10. Relays:

; fail to energize lt-4/d 3 from WASH-1400--Reference 2.

Failure to transfer (open or lE-4/o 10 From Reference 1.,
oo Close)

Short across N0/NC contact lE-8/hr 10 From WASH-1400--Reference 2.

Coil (open or short) lE-6/hr 10 From Reference 1.

11. Battery Power System (wet cell): Assumes out-of-spec cell replacement.
From Reference 1.

Fails to provide proper output lE-6/hr 3

12. Battery Charger: From proposed NREP data base--Reference 1.

Failure to operate 1E-6/hr 3

13. DC-Motor-Generator: From proposed NREP data base--Reference 1.

Failure ~to operate lf-6/hr 10,

. . . . . .
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' TABLE D-1. (continued)

Fai*ure Error
Component and Failure Mode Rate factor Remarks

14. Wires: Consistent with IEEE-500 dats for 1000
;

circuit feet. From Reference 1 except
Open circuit 1E-6/hr 10 as noted.

4

Short to ground 1E-7/hr 10

Short to power (control circuit) 1E-8/hr 10

Short to power (power circuit--

line to line) 1E-5/hr 3 From IEEE-500--Reference 3.
f

15. Solid State Devices High Power for more detailed information, see
Applications: MIL-HDBK-217C. From Reference 1.

,

e
"'

fails to function 1E-6/hr 10

; - 16. Solid State Devices Low rower See MIL-HDBK-217C. From Reference 1.
Application,

Fails to function 1E-6/hr 10

'
17. Terminal Boards: Values given are per terminal. From

Reference 1.
Opei onnection 1E-7/hr 10

Short to adjacent circuit 1E-7/hr 10 [
|

18. Damper: From Reference 1. |
|

Failure to operate 1E-3/d 10

i

:

:
4

0

w 4 = ...
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TABLE D-1. (coatinued)

; Failure Error
Component and Failure Mode Rate Factor Remarks.

19. Motor: From WASH-1400--Reference 2. Electric

Failure to start 3E 4/d 3

Failure to run IE-S/hr 3

20. Motor Starter:
3

All modes 2E-7/hr 10 Spurious operation, fails to open/close,
'

fails to interrupt on opening. From
IEEE-500--Reference 3.

.

.

21. Pipe-(per section): Per 12-ft section. From
WASH-1400-Reference 2.

'

-

8 Rupture
.

<3-in. rupture 1E-9/hr 30

>3-in.' rupture 1E-10/hr 30;

22. Heat Exchanger: From proposed NREP data base--Reference 1.

Tube leak if-9/hr 10 Per tube.

Shell leak 1E-6/hr 10

Plugged 1E-6/hr 10 From IREP/ Browns Ferry--Reference 4.

23. Strainer / Filter (liquid): For clear fluids; contaminated fluids or
fluids with a heavy chemical burden should

Plugged !E-5/hr 10 De considered on a plant-specific basis.
Reference 1.

. . . . . .

. v ,
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! TABLE D-1. (continued)
'

.--

Failure Error
Component and Failure Mode Rate Factor Remarks

i

24. Clutch: From WASH-1400--Reference 2.

Mechanical failure to operate 3E-4/d 10 :

Electrical failure to operate 3E-4/d 3
,

Premature disengagement 1E-6/hr 10 '

25. Instruraentation General--(includes: Frora proposed NREP data base--Reference 1. I
transmitters,_ amplifiers, and

i output devices):

Failure to operate IE -6/br 10

{j Shift in calibration 3E-5/itt 10

26. Compressors:

All modes 4.17E- 30 From IEEE-500--Reference 3. ;
6/hr

27. Chiller:

'
Fails to operate 8E-6/hr 10 F.om Reference 5.

28. Fans (Coc11ng Tower):
.

All modes 1.24C-6/hr 30 From Reference 3.

,

_ _ _ _ _ _ _ _ _ _ _
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TABLE D-1. (continued)

Tailure Error
Component and Failure Mode __ Rate tactor Remarks

29. Fans (HVAC)

All modes 2.22E-5/br 3 from Reference 3.

30. CIS Valves Values derived from Reference 6. A PWR
plant was chosen with the largest number

a. Air operated of CIS valve leakage tailures. Failure
rates are based on number of failures,

Leakage 4.2E-6/br 10 calendar hours from date of initial
criticality for the time period of
January 1, 1976 to December 31, 1978, and

b. Check Valve valve population which was obtained from
the specific plant's inservice testing

Leakage 3.8E-5/hr 10 program.
-
a

'

31. Filters (air):

Failure 8.0E-7/hr 30 from Reference 8.

32. Power

Loss of offsite power (LOSP) 1.0E-S/hr from Reference 7.

Loss of Unit AL,tillary 3.0E -3/hr failure rate is the square root of the LOSP

Transformer (UAT) failure rate.

Loss of Reserve Auxiliary 3.0E-3/hr Failure rate is the square root of the LOSP

Transforner (RAT) failure rate

33. Flanges

Rupture / Leak 3.CE-7/hr 30 from Reference 2.

4

4
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STEAM GENERATOR OVERFILL AND REACTOR COOLANT SYSTEM
OVERC00 LING POSTULATED TRANSIENT SCENARIOS
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APPENDIX E i

STEAM GENERATOR OVERFILL AND REACTOR COOLANT SYSTEM
OVERC00 LING POSTULATED TRANSIENT SCENARIOS,

1. INTRODUCTION.

This phase of the steam generator overfill and reactor coolant system
overcooling report was performed to identify transient and accident
scenarios which have the potential to produce results which would be more
limiting than those presented in the H. B. Robinson Final Safety Analysis
Report.

2. ASSUMPTIONS

1. A single safety grade component failure may be assumed.

'

2. Multiple control grado fatiurcs may be assumed.
.

s

3 A single occurrence which results in multiple failures is considered
to be a single failure.

,

3. SEQUENCE OF E'!FhTS FOR STEAM GENERATOR OVERFIL: ACCIDENT

3.1 H. B. Robinson Licensing (FSARl_ Accident Analysis

The H. B. Robinson FSAR does not recognize or analyze any accidents
associated with a steam generator overfill event.

4. POSTULATED ACCIDENT

* Through the course of this study there have been no failures of
control grade systems or components identified that could create a steam
generator overfill design basis accident.-
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5. SEQUENCE OF EVENTS FOR STEAM GENERATOR OVERFILL TRANSIENT

5.1 H. B. Robinson Licensing [FSAR) Transient Analysis .

The H. B. Robinson FSAR does not recognize or analyze any transients
associated with the stean generator overfill event.

6. POSTULATED TRANSIENT

The following initial conditions will be assumed. Hot zero power,
feedwater system in manual on the cypass valves with auxiliary feedwater
still operating, the feedwater regulating valve fails full epen. As an

aggravating failure, wnen the steam generator level reaches the high level
trip, the feedwater cump breaker fails to trip.

The initiating event is f ailure of er.e stcae generator feed flow
regaliting vaive full open. This failure is assumed to result in a1
irc-ease in feed flow rate to 100% or greater for the affected steam .

generator.

.

lhe result of this initiating svent is assuTed to os a staam gentrctor
water level increa<,e of approxiestely 3.0 inches /sec or gretter. With an
dgjraVating failure of the feedpump breaker failing to open upon demand it
is postulated that water will enter the main steam line in approximately
32 s.

Based on these assumptions it can be postulated that in approximately
32 seconds water will reach the main steam line nozzle and begin to enter
the steam line. (Assumed initial level of 39% of narrow range indication.)

6.1 Sequence of Events *

Initial conditions: hot zero power, reactor feedwater system in -

| manual, normel steam generator vessel water level (39% of indicated narrow
range).
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Time
Event (second)

Hot zero operation (0-5* powcr) 0,

Feedflow regulating valve for one 10
steam generator fails full open

,

and feedflow goes to 100% or
greater

High level trip setpoint reached, 15
feedwater pump breaker trip fails
to actu3te

Water reaches main steam line 42
nozzle.

6.2 Discussion

In applying the normal assumptions used for licensing reviews this is
considered to be a valid scenario of concern. An initiating event was
assumed aad ar. additional active f ailure was asst,med.

.

,

Since tnese feedwater pump trip circuits are net considered safety
*

related er designed to safety grade star.dards it could furtter be assumed
that on a generic basir a single event such as c seismic eveet could cause

failure of two or more trip circuits.

Additional f ailures which were identified as potential initiators or
aggravators were considered to be bounded by the postulated transient
scenario. See Table E-1 for a complete listing of additional failures that
mey be used as aggravating failures in later postulated scenarios based on
computer model simulation results.

O

e

:
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TABLE E-1. STEAM GENERATOR OVERFILL POSTULATED AGGRAVATING FAILURES
_

System kanking
_

Postulqted Effects .

Control rod drive system B3 Rod withdrawal--increase in
(rod withdrawal) reactor power ,

*(C.M.F. 1,4)

Main steam system B2 Could cause level swell and
(main steam isolation valve slightly faster level rise

opens)
*(C.M.F. 1,2)

Steam line overpressure 81 Could cause level swell and
protection system (relief slightly faster level rise

or safety opens)
*(C.M.F. 1,2)

Turbine EliC system B1 Could cause level swell and
(power increase) slightly faster level rise
*(C.M.F. 1,2,4)

Steam den.p system B2 Could cause level swell and
(inadvertent open) slightly faster level rise

*(C.M.F. 1,1)
.

Steam generator water level B1 Could cause faster level rise
control system or could cause additional
*(C.M.F. 1,2,3,4) failures in other steam -

generator levels.

Feedwater and condensate B1 Could cause faster level rise
system (high flowrate) due tc failure of valves to
*(C.M.F. 1,2,4) respond to signals.

Common Mode Failure (C.M.F) 1--Electrical (loss of power), 2--Control and*

Service Air (low or loss of air pressure), 3--Heating, Ventilation and Air
Conditioning (loss of HVAC), 4--Fire Protection (actuation).

_ __

i

1
'

6.3 Conclusions
.

Although defining the actual consequences of a steam generator
i overfill transient is considered beyona the scope of this task, it could be

,

postulated that main turbine damage could be caused by this scenario and
the possibility of main steam line damage due to the static loading of
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water is also possible. Additionally, thermal stresses and the possibility
that safety systems which are connected to the main steam system could be
disabled or damaged by water loading are concerns. For example, main steam,

isolation valyes or safety relief valve (s) could be damaged due to thermal
stresses and/or water loadings.

,

Operator action might be postulated to terminate the transient or
limit the consequences by me.iually isolating the feedwater system from the
steam generator. However, based on the time frame involved (less than
1 minute) operator action is nat considered.

6.4 Additional Analysis Required

The consequences of this postulated scenario cannot be predicted at
this time. In a later phase of this study computer simulations will be
performed to determine the control system response and to calculate nuclear
and thermal hydraulic responses to this scenario. Additional aggravating
faileres can be oostulated at that time to verify suspected minimal,

effects. Systems which are suspected of being susceptible to common mode

failures will be modeled and the effects of the failures will be analyzed.
.

Common ode f ailures will be analyzed for a loss of power, Icw or loss of
air pressure, overneating and fire protection actuation. Insight gained
from the computer simulation will be used to postulate other potentially
significant scenarios and to determine which systems have a negligible
effect. System failures whicn produce scenarios more severe than

previously 2nalyzed will then be evaluated to determine if the specific
scenarios are applicable on a generic basis.

7. SEQUENCE OF EVENTS FOR REACTOR COOLANT SYSTEM OVERC00 LING ACCIDENT

* 7.1 H. B. Robinson Licensing (FSAR) Accident Analysis

The identified design basis accident for the overcooling event in the.

H. B. Robinson FSAR is the main steam line break outside containment with
offsite power available.
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1

8. POSTULATED MORE SEVERE ACCIDENT
r

:

j The design basis accident for an overcooling event also meets all of ,

the requirements necessary to classify it as a transient. Therefore, the

4 postulated more severe transient scenario will also qualify as the more
.

;

j severe accident scenario and is documented in Section 10 of this Appendix.
1
!

9. SEQUENCE OF EVENTS FOR REACTOR COOLANT SYSTEM OVERC00 LING TRANSIENT

r

i |

9.1 H. B. Robinsen Licensing __(_FSAR)_ Transient Analysis
|

! Events that result directly in a reactor vessel water temperature
,

1
>

decrease are those that either increase the flow of cold water to the
reactor vessel or increase the rate of heat removal from the reactor

i coolant system through the steam generator. The event that results in the f
most severe transient in this category is the main steam line break outside

.

of containment with offsite power available.
!

. <

A ructure of a steam pipe is assumed to include any accident which
j results in an uncontrolled steam release from a steam generator. The

,

release can occur due to a bre3k in a pipe line or due to a valve
malfunction. The steam release arising from a rupture of a main steam pipe

j would result in an initial increase in steam flow, vith a decrease during
the accident as the steam pressure falls. The energy removal from the RCS

would cause a reduction of coolant' temperature and pressure. With a
negative moderator temperature coefficient, the cooldown would result in a

| reduction of core shutdown margin. If the most rcactive control rod
! assembly is assumed stuck in its fully withdrawn position, there is a
;

possibility that the core will become critical and return to power even
with the remaining control rods inserted.- A return to power following a
steam pipe rupture is a potential problem only because of the high hot *

channel factors.which may exist when the most reactive rod is assumed stuck

; in its fully withdrawn position. Assuming the most pessimistic combination -

of circumstances which could lead to power generation following a steam
line break, the core is ultimately shut down by the boric acid in the SI
System.
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The analysis of a steam pipe rupture is performed to demonstrate that:

1. With a stuck rod cluster control assembly (RCCA), with or without,

offsite power, and with minimum engineered safety features, the
core remains in place and essentially intact so as not to impair

,

effective cooling of the core and no consequential damage to the
primary system occurs.

2. With no stuck rod and all equipment operating at design capacity,
insignificant cladding rupture occurs.

Although DNB following a steam pipe rupture is not necessarily
unacceptable, the following analysis shows that, in fact, no DNB occurs for
any rupture, assuming the most reactive rod stuck in its fully withdrawn
position.

The following functions provide the necessary protection against a
steam pipe ruoture:,

,
1. SI System actuation from any of the following:*

a. Two out of three pressurizer low pressure signals,

b. Two out of three high differential pressure signals between

any steam line and the main steam header,

c. High steam flow in two out of three lines (one out of two

per line) in coincidence with either low RCS average
temperature (two out of three) or low steam line pressure
(two out of three), and

o

d. Two out of three high containment pressure signals.
.

2. The overpower reactor trips (nuclear flux and AT) and the
reactor trip occurring in conjunction with receipt of the SI

signal.
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.
;

.

l
! 3. Redundant isolation of the main feedwater lines. Sustained high

! feedwater flow would cause additional cocidown; thus, in addition

to the normal control action which will close the main feedwater ,

f valves, any SI' signal will rapidly close all feedwater control
j valves, trip the main feedwater pumps, and close the feedwater

,

i pump discharge-valves.
;

4. Trip of the fast acting steam line stop valves (designed to close ;

in less than 5 s with no flow) on:

a. High steam flow in two out of three main steam lines (one
out of two per line) in coincidence with either low RCS
average temperature (two out of three) or low steam line
pressure (two out of three).

|

b. Two, 2/3 high-high containment pressure signals. L

Each steam line has a fast closing stop valve with downstream check ,.

valve. These six valves prevent blowdown of more than one steam generator
for any break location even if one valve' fails to close. For example, for

.

a break austream of the stop valve in one line, closure of either the check

valve in that line er the stop valves in the'other lines will prevent

blowdown of the other steam generators. In particular, the arrangement
precludes blowdown af more than one steam generator inside the containment
and tnus prevents structural damage to the containment.

Steam flow is measured by monitoring the dynamic head in the nozzles
inside the steam pipes. The nozzles, which are considerably smaller in

diameter than the mainsteam pipes (16.5 in. ID vs. a pipe diameter of
7.3.8 in. ID), are located inside the containment near the steam generators,

.

, . e
'

and also serve to limit the maximum steam flow for any break further <-

i - downstream. In particular. the nozzles limit the flow for all breaks

! outside the containment. .

1
i _ ,
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9.2. Sequence of Events

Initial conditions: hot zero power.

Time
,

,

Event (Seconds)
.

0*, operation (Hot Zero Power) 0

: Main steam line circumferentially 10

severes.

Core returns to power. 24

Boron reaches the core to terminate 48
*

tne power increase.

Steam line break transients were performed with PTS-PWR/ MOD 002 to

establish reactor conditions at the times of expected minimum DNB ratios
(peak heat fluxes). These conditions (pressure, inlet temperature, core
average density, etc.) were input to the XTG code. This two group,

,

three-dimensional, reactor simulation code established the hot channel*

factors around the stuck rod, and predicted the corresponding minimum DNB
ratio.-

j The PTS-PWR/ MOD 002 segment of this analysis was initiated from hot'

zero power conditions, assuming the most reactive rod to be withdrawn from

! the core. A shutdown reactivity of 1.77% was assumed. Initial

temperatures and pressure were such that the primary and secondary systems
were in equilibrium.

.

I As a worst case, the steam line break is assumed to occur at hot zero
power conditions. At that time, the steam generator secondary side water

; inventory is at a maximum, prolonging the duration and increasing the
,

magnitude of the primary system cooldown. For conservatism, the most

reactive control rod is assumed to be stuck out of the core _when evaluating
.

the shutdown capability of the control rods.

H 115-
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|

I The analysis utilizes two codes:

1. PTS-PWR/ MOD 002, which determines the system transient response, .

and
,
t

!
..

' - 2. XTG, which performs the space-dependent calculations and predicts
the DNB ratio using the thermal-hydraulic conditions-as predicted .

,

| by PTS-PWR/M000002 -

;

The worst steam line break was found to be a large break outside the
i containment with outside power available. The core returns to power at

14 s. Boron reaches the core at 38.0 s, terminating the power increase.
i Heat flux peaks soon af terward at 45% of rated value of

184,000 BTU /hr ft -

,

i

5

Input conditions for the XTG portion of the analysis were taken at the
time of peak heat flux (42 s). Based on these conCitions, the XTG analysis.

; predicted an MDNBR of 1.33, based on an-overall hot channel factor of 13.7. .

,

'
'

This transient is a cooldown evert for which the enveloping core
,

! parameter values occur at the en'd of the cycle (EOC). The only change in
EOC coefficients is the moderator pressure coefficient, which changes

i from-0.05 pcm/ psi to +0.0 pcm/ psi; this-tends to reduce the possibility of-
the core returning' to criticality. Therefo're, this event has not been

! reanalyzed with a positive'MTC. - '
'

_

:

! 10. POSTULATED MORE SEVERE TRANSIENT
.

The same initial conditions wiil be assumed.

^

Hot ze.ro power. *

.

%

-
,

'

.,
; .

._

|
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The initiating event for this transient will be circumferential break

of a main steam line outside of containment. This is further aggravated by

failure of the MSIV for the affected loop to close on demand. The.

assumption that the most reactive control rod cluster remains stuck in the

full withdrawn position will be deleted as it appears to be,

non-conservative for an overcooling transient. It will require additional

time for the core to return to power, if it does, and violation of the

10 CFR 50 Appendix G curve will be more severe in intensity and duration.

10.1 Sequence of Events

Initial Conditions: 0*. design power.

Time
Event (5econds)

Hot zero operation 0

Main steam line circumferentially 10
ruptures outside of containment.,

Main steam isolation valves for 16
non-affected loops close.

,

High concentration boron reaches the 48
core and shutdowns or maintains the
reactor shutdown,

10.2 Discussion

In utilizing normal licensing review assumptions this scenario is
considered valid and appears to be of concern. An initiating event was

assumed and then was aggravated by failure of a safety related system.
During the course of this study there have been several system failures
identified that have the potential to contribute to an overcooling event.,

These failures, when considered singularly, appear to be of no consequence
to this type of transier,t. However, when they are considered in,

!

1

| |
'

| 117

,

I



- +

conjunction with other failures, a serious overcooling transient could

result, lhe actual consequences attributable to this transient in iorms oi

excessive thermal shock to primary components or possible damage due to ,

thermal limits being exceeded are beyond the scope of this task.

.

Additional system or component failures which have a potential to
aggravate or contribute to an overcooling transient but were considered to

be bounded oy the postulated scenario are summarized Table E-2.

10.3 C_o_ncl u s i on s

The ability to factually state that any of these failures either

singularly or in combinations will actually cause an overcooling transient
more severe than previously analyzed or create a thermal shock possibility
is beyond our capabilities for this portion of this task and will require

computer analysis to affect final determinations.

10.4 Additi_onal Analysi_s _ Required ,

The consequences of this postula'ed scenario cannot be predicted at
,

this time. In a later phase of this study computer simulations will be
performed t.o determine the control system response and to calculate nuclear

and thermal hydraulic responses to this scenario. Additional aggravating
failures can be postulated at that time to verify suspected minimal
effects. Systems which are suspected of being susceptible to common mode

failures will be modeled and the effects of the failures will be analyzed.
Common mode failures will be analyzed for a loss of power, low or loss of
air pressure, overheating and fire protection actuation. Insight gained
from the computer simulation will be used to postulate other potentially

significant scenarios and to determine which systems have a negligible
effect. System failures which produce scenarios rore severe than *

| previously analyzed will then be evaluated to determine if the specific
! scenarios are applicable on a generic basis. -
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! TABLE E-2. REACTOR COOLANT SYSTEM OVERC00 LING POSTULATED AGGRAVAllNG

FAILURES
,

' .

failure'

System / Component Failure Mode Ranking Postulated Effect

i Feedwater and Failure to shutdown B-1 ' Continued flow of
Consensate System automatically relatively cold

.

*(C.M.F. 1,2,4) water to the steam
generator causing
continued excessive
cooldown rate.i

Primary Overpressure Inadvertent opening B-1 Causes steam flow
Protection System of a relief or from the pressurizer

*( C . M . F. 1,2 ) safety valve and additional
cooldown of the;
primary water.

,

; Electro-Hydraulic Inadvertent opening B-1 This would cause
Control System (EHC) of turbine governor increased steam flow
*(C.M.F. I,4) or bypass valve (s) and subsequent cool-

down as heat is
being extracted at a
rate faster than it

4 ,

i is being added,
i

| Residual Heat Excessive heat B-3 During shutdown the
! Removal System (RHR) removal rate due to potential exists to*

*(C.M.F. 1,4) high flow rate create an over-
cooling transient if

,
~ RHR flow fails high.

Residual Heat Excessive heat B-3 Inadvertent startup'

Removal Service removal rate due to of idle pumps or

Water System increase flow rates flow control valve
*(C.M.F. 1,4) failures could cause

1

the RHR system to be'

cooled beyond'

allowable limits ar.d
therefore the

. primary system
i could be overcooled.

*

Common Mode Failure (C.M.F) 1--Electrical (loss of power), 2--Control q*

and Service Air (loss of air), 3--Heating, Ventilation and Air Conditioning !
~ (loss of HVAC),;4--Fire Protection (actuation).

!

t
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