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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 overcocling are includad 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 Contrel
System Failures A-47" study being conducted for the U.S. Nuclear Regulatory
Commission, Office of Nuclear Reactor Reguiation, Division of Safety
Technology by EG&G ldaho, Inc., NRC Licensing Support Section, Special

Projects Group.

The U.S. Nuclear Regulatory Comnission funded the work under the
authorization B&R 20-19-50-51-5, FIN No. A6477.
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REPORT CONCERNING THE EFFECTS OF CONTROL SYSTEM FAILURES ON
STEAM GENERATOR OVERFILL AND REACTOR COOLANT SYSTEM
OVERCOOLING EVENTS AT A TYPICAL WESTINGHCUSE 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
malfuncctions. Specific concerns dealing with steam generator overfill and
reactor coclant 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

concern.

Thi: 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.



2. METHOD OF ANALYSIS

The evaluation of control system failures or malfunctions on steam
generatur 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.

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 identify those systems which could be postulated to cause or
contribute to a steam gene-ator 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, wnich are capable of affecting reactor plant performance, safety and
control. Safety grade systems were included to ensure that all plant
operaticns and evolutions were completely analyzed. However, failures of
safety grade systems, other than single failures were not taen into
consideration for this report as it is not the intent of this report to
identify multiple safety grade system failures, although there have been
documented cases, but rather control grade system failures. The complete

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

Trhe 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 af 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 crder 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
the Nuclear Power Experiencesl for a specific group of PWRs for the



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
coolant system overcooling evernts. 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
actua’ly raised high enough to cause flcoding of the main steam lines and
several instances of cooldown rates exceeding 100°F/hr were documented.

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
Appenaix B. During the course of producing the FMEA all of the systems
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 desigrnated as potentially significant svstems 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

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
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
the system failure of concern. These mechan'stic 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 ‘e 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
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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 &

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 ~omputer
modeled and analyzed.
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3. ASSUMPTIONS

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




4. SYSTEM DESCRIPTION

The systems »" ~h were evaluated in the FMEA tables were extracted
from the systems as identified in the H. B. Rob. son Final Safety Analysis
Report (FSAR). The systems which were evaluated represent the major N
nonsafety grade conirol systems which are used for reactor plant control.

Many system: have several subsystems or support systems associated with
them which were not specifically listed in the FMEA. Hewever, 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,



S.  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
over7:11 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 damaaed due to inermal stresses
or water leadings. Similarly, overcooling concerns dealing with thermal

shock and struciural damage have been postulated.

The scenarios postulated in Appendix E identify concerns with contral
system failures as they relate to steam generator nverfill 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 mage without verifying these postulated effects through

computer simulation.

Recognizing these limitatiens, the postulated overfill scenario
indicates a potential problem with regard to the steam generator overfill
transient resulting frem 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 considere~ a
control system and is not subjected to the requirements estahlished for
safety related systems. The scenarios in Appendix E postulate single
active failures which can cause or significantly contribute to a steam

genierator overfill.



Based on the concerns associated with a sieam 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 anc defining of the safety significance.

If it is cetermined 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 generatur 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.
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APPENDIX A

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

Any control grade system or component failure, either initiating or
aggravating, which resu’ts in an undesired increase in steam generator
water 'evel beyond the bounds of the present FSAR analysis will pe
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 i: 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 generatcr overfill event.

Any control grade system or component failure, either initiating or
aggravating, which results in an undesired reactor vessel water
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
cuntainment with offsite power avzilabie."

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.

Any control grade system or component failure, either initiating or
agg-avating, which results in an undesired nuclear system pressure

13



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

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 r2actor trip."

The design basis accident for the increase in nuclear system pressure
event is the "Loss of reactor coolant flow due to reactor coolant pump

shaft seizure (locked rotor).

The Timiting 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 fur the increase in positive reactivity
event is a "Rod Control Cluster Assembly (RCCA) ejection near the end 5

of 1ife of the core.

The Timiting transient for an increase in reactor coolant inventory is
an "Inadvertent start of a Saiety Injection (SI) pump with the plant

in a cold shutdown condition.

There 1s no design basis accident identified for the increase reactor

coolant inventory event.

Any control grade system or component failure, either initiating or
aggravating, which results in an undesirer reactor core coolant flow
decredse or reactor vessel inventory decrease beyr :d 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 o

"Simultaneous loss ¢! power to ail reactor coolant purps at fuil

power "

14



The design basis accident for the decrease in reactor coolant flow is
the "Instantaneous shaft <eizure (lockad rotor) of the reactor coolant

pumps."

The Timiting transient for the decrease in reactor coolant inventory
is the "Steam Generator Tube Rupture at full power."

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

Any control grade system or component failures which are preojected to
cause transients identified as inc'dents 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 lTimiting faults (Design Basis Accidents) will be recommended
for further review.

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, inciuding the Reactor Protection System or
result in exceeding ary Technizal Specification safety limit will Le
recommended for further review.
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APPENDIX B. SECTION 1 STEAM GENEKATOR OVERFILL TRANSIENTS FAILUKE MODE AND EFFECTS ANALYSIS

Applicable A-a/
Selection Criteri.

_ System System Function ~  SystemFailoreMode =~ Effect of Farlure (Appendix C Ltem x;

1. HNeactor Coclant Provides coolant flow to the High flow rate. ihese failures should not have Lhe poten none
System and Pumps reactor vessal for core cooling. tial to cause or contribute Lo a steam
genecator gverfill trasiient as it he,
no capability to add inventory Lo the
steam generator.

Low tlow rate. These failures should not have the poten- None
tial to cause or contribute to a steam
generator gverfill transient as 1t has no
Lapahility to add inventory to the sceam
generator .

2. Pressurizer Over- Provides reactor coolant system Inadvertent opening of a power These failures should not have the poten- None
pressure overpre.sure protection, oper ated or safety relief valve, tial te cause or contributs to 3 sterm
Protection System generator averfill transient as it has
no capability tc adu inventory to the
steam generator

Fartiure ot a power operatea or thes  fallures snould not have the poten- None
safety relief valve to open tial to cause or contrivute to a sieam
when required. generator overfill transient as it has

no capability to aue inventory ‘u the

steam jenerator.

3. High Head Safety  Provides reactur coolant inven-  Inadvertent initiation when These failures should not have the poten- Nune
Injection System  tory makeup during a smail leak, not required, tial to cause or contribute to a steam
while system procsure 15 high. generator gverfii. (ransient as it has
no capabiiitly to 3du inyentory to the
steam generator,

Faitlure to initiate when These failures should not have the peten- none
required. tial to cause or contribute to a steam

generator overtsll transient as it has

no Capebility to ada inventory to the

steam ..o, stor,

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 when not required. tial to cause or contribute to a2 steam
nigh volume inventory makeup genvrator overfill transient as it has
system for & large reactor no capahility to add inventory to the
coolant system break. cteam nonerator.

Low flow rate. These fatlures should not have the poten- Nune
tial to cause or contribute to a steam
generator overfill transient as 1t has
no capabtlily to add inventory to the
steam gene~ator .
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APPENDIX B. (continued)

System

Systes -unction

System Failure Mode

S$. Chemical and
Volume Control
System

6. Coolant Sampling
System

7. Pressurizer
Pressure Contro)
System

8. Accumulator lank
System

Provides a means of maintaining
reactor coolant chemistry and
normal reactor coolant inventory
makeup .

Provides a means of sampling the
reactor coolant system for
chamical analysis.

Provides a means of .ontroli'ng
reactor coc . int sysiem pressure
and provides pressurizer
pressure indication,

Provides coolant inventory
makeup to the reactor coolant
system in the event of a larye
coolant system pressure
boundary breach.

High makeup flow rate or low
letdown flow rate.

Low makeup ' low rate or high
Tetdown flow rate

High tlow rate.

Low [low rate,

Pressure is higher then
indicated or is control’ing

high.

Pressure is luwer thar
indicated or is controlling
low,

Inacvertent coolant injection.

Failure .0 inject whee
required.

e Eftect of Failure
These fallyres should not have the
potential to cause or contribute to a
steam generator averfill tronsient as it
has no capability to add iuventory to the
steam gnergtor,

These farlures should nut have the puten-
tinl Lo coause or contribute to & steam
grerator overtill Lransient as it hes

no capability to add inventory to Lhe
steam generator.

These failures should not have the poten-
tial to cause or contribute to & steam
generator overfill Lransient as it has
ro capability to add inventory to the
Sieam generator.

These failures should not have the poten-
tic' to cause or contribute tu a steam
generator overfill transient as it has
no capability to add inventory to the
steam generglor.

These failures should not have the poten-
tial to cause or contribute to a steam
generator averfill transient as it has
no capabi'ity to add fnventory tu the
steam generator.

These failures should not have the poten-
tial to cause or contribute to a steam
generator owmrfill transient as 1t has
no capability to aad inventory to the
steam generator .,

These fatlures should not have the poten-
tial to cause o countridute to 8 steam
generator overfill transient as 1t has
no capability to adgu inventory to Lhe
steam generator.

ihese failyres should not have the polen-
tial to cause or contribute Lo a steam
generator overf '] transient as it has
no capability to add inventory to the
steam generator.

Applicable A-a7
Jelection Criteria

_{Appendix € Item x|

None

Nune

Nune

None

None



APPENDIX B. (continued)

System

System Function

9. HKeactor Protection

System

10. Control Rod
Drive System

L2

1), Pressurizer Level
Contro) System

12. Engineered
Safety Feature
Actuation System

Pro. ides protection to the
reactor coolant systom and core
to prevent plant parameters
from gotng outiide of design
conditions.

Provides a means of moving the
control rods for ?rou
reactivity control.

Provices leve! indication and
control signals for Chemical
and Volume Control System
(CVES) .

Provides ineered safety
featurc (ESF) actuation of
specific systems and Tompocents
to mitigate the consequences
of postulated accidents.

System Failure Mooe

Inadvertent reactor trips.

Farlure o trip the reactor
when required,

tincontrolled rod withdrawa! or
rod ejection.

Inadgvertent rog inser’ion or a
droppec rod.

Level 1s nigher than indicated
or 15 controlling high,

Level 15 luwer than indicated
or is controlling low.

Inacvertent £5F initiation,

Fails to inftiate FSF when
reguired.

Applicable n-47
Selection Criteria
AAppendix C Item X;

Nane

e tifect of Fallure

These farlures should not have Lhe poten-
tial to cause or costribute to a steam
generator overfill (cansient as it has
no capability to add inventory tg the
stewn generator.

These faillures appear to have tne poten-
tial to cavse or contribute to a steam
generator o.erfil] transient but should
not because the system is safely grauw
and although failures of safety grade
systems have occurred they are outside
the scope of this task.

Hone

These failures appear to have the poten- i

tial to cause or contribute te 2 steam (App. € item 1)
generator overfil) transient,

These failures <hould nut have the poten-
tial to cause or lontribute Lo A stepn
generator overfill trarsient as the rod
insertion would cause a cooling transient
rather than heating.

None

These failures should not have the poten-
tial to cause or contridute to a steam
generator overfill transient as 1t has
no capability to add inventory to the
steam generatoer.

These failures should not have the polLen-
tial to cavse or contribute to a steam
generator ceerfill transient as it has
no capabliity to add inventory to the
steam generator.

These failures appear to have the poten- I
tial to cause or contribute to a steam (App. € Item 2)
generator overfill transient,

These failures should not have the poten-
tial to cause or contribute to a2 stesm
generator gverfill transient as the
system is safety grade and myltiple
farlures of safely qrade systems 15
bheyord the scope of this task.
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APPENDIX B. (continuea)

System

System Funcuion

13. Incore Instru-
wentation System

8. Excore Instru-
mentat ion System

15. Reactor Contain-
ment Structure
and Containment
i1so*ation System

16. Feeawater and
Longensate System

Provides core power distribution
and core temperature indication.

Provides reactor power indica-
tion and protection trips for
power levels from the source
range to 120% of full rated
power .

Provides reactor core and
reactor coolant isolation from
the environment .

Provides the feedwater to the
steam generators ang collects
and stores the condensale for
return to the steam generators
as feedwater.

_System failure Mode

Provides higher than actuval
condition indications,

Provices lTower than actual
vondition ‘ndications.

Provides higher than actual
condit fon indications.

Provides lower than actual
condition indications.

Fails to maintain the required
fsolatfon.

Inadvertent containment
isolation when not required.

Feeawater/condensate flow fails
high.

Feeowaler/condensate flow fails
low.

— Effect of Fatlwre

ihese farlures should not have the poten-
tial to cause or contribute to a steam
generator overfill transies? as it has
no capability Lo aud inventory to Lhe
steam generalol .

These frilures should not have the poten-
tial to cause or contribute to & steam
generator averfill trangient as it has
no capatility to add toventory to the
steam generalor.

These fatlures should not have Lhe poten-
t1al to cause or comtribute to a steam
generator overfill transient as 1t nas
no capability to aod inventory to tne
steam generator.

These failures should not have the poten-
tial to cause or contribute to a steam
generator overfill tranieint as it has
no capability ty add ~ws.tory to the
stean generator.

Taese failures should not have the poten-
tial to cause or contribuie to a steam
generator overfill transient 25 it has
no capability to aud invertory tn the
steam generator.

These fatlures should nol have the poten-
tial to cause or contribute to a steam
generator overfill transient as it has
no capshility to add ioventory teo the
Steam generator.

These failures appear Lo have the poten-
tial to cause or contribute ‘o 2 steam
generator overfill transient,

These fatlures should not have the poten-
tial tn cause or contrihule Lo & sleam
generator overfill transient as lower
flow rates woulo cause lower level.

Applicable A-47
Selection Criteria

(Appendix C_Item X)
None

None

Nune

None

{App. € ltem §)

None
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~PPENDIX B.

(continued)

System

System unction

17. deactor Coolant
System Leak
Detection System

18. Process Computer

19. Steam Generator
Water Level
Control System

2C. Steam L ine
Overpressure
Protection
Lystem

Provides an indication of a
reactor coclant system to
atmosphere leak within the
reactor containment .

Monitors and records plant
parameto: s,

Provides level ingication and
feeawater contro! for each
steam generator.

Provides main stveam system
overpressurs protection,

e dystem Fatlure Muae

Inadvertent leak indication,

Failure to wdicate when 4 leak
exists,

Frovides & higher than actual
indication.

Provides a lower than actusl
indication.

High feedwater flow rate.

Low feedwater flow rate,

Inadvertent operation of a
power operated or safety relief
valve,

Failure to relieve pressure
when required.

Applicable A-47
Selection Lriteria

AAppendix € ltem X,

None

frtech of Farlae
Ihese fatlures shoylc not have the puten-
t13] Lo cause or cuntribule tg 3 steam
qenecator ueerfrll transtent as it has
no capability to aud inventory to the
steam generator.

These fatlures sheula not have the poten-
tial to cause or contribulé ta a steam
generator overfill transient as it has
no capability to gcd inventory to the
steam generator

Nowe

These fatiures should not haye the poten-
tial to cause or contribute to a steam

(- nerator overfill transient as it has
no capatilily to add inventory to the
steam generator .

None

These failures sppear the have the poten- i
tial to cause or .ontribute to a steam (Apy [ [tem 4)
generator overfil! transgient,

These failure appear the have the poten- I

tial to cause or contribute Lo a steam (App. C item 5)
generator overfill transient.

These failures should not have the poten-
tial to cause or contribute to a sieam
generator overfill transient as lower
teeaf low rates woula cause lower levels.

Yone

These fatlures appear Lo have the poten-
tial to ceuse or cuntribute to a steam
generator overfill transient,

i
(App. L item 6)

These failures should not have the poten-
tial to cause or contribule to a steam
genera.or overfiyl transient as the
increased pressure would tend to cause
vaid collapse anad level shrink.

None
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APPENDIX B. (continued)

System System Function
21. Main Steam Transfers steam from the steam
System generators to the turbine or

22. Turbine £ lectry.
hydraulic Control
System (FHC)

23. Aux’iiary Feea-
water System

24. Steam Generator

the steam dump.

Controls steam flow to the
turbine.

A safets grade system which
provides uteam generator inven-
tory makeup when the main feed-
water system is unavailable.

Provides a mechanical barrier
to separate the reactor ceolant
and secondary coolant systems
while permitting thermal energy
transfer between them and thus
generating high quality steam.

e oystem Failure Mode

fpp

licanle A-4)

Selection Criteria

Effect of failure

High steam flow rate or
tnadvertent matn steam isolation
valve opening.

Low steam flow rate or
tnadvertent main steam isclation
valve closure.

Inadvertent opening of & *urbine
raverngr valve or failure to
tiip.

Inadvertent closing of a turbine
governor valve,

High feedwater flow +ate or
inadvertent operation.

Low feedwater flow rate or
loss of flow.
Failure to keep the systems

separate from ~ ch other,

Fatlure to allow heat transfer,

{Appenaix C item X)

Ihese fallures appear to have the polen-
Lial to cause or contribute to & <team (App
generator overfill transient.

These fait,ures should not have the poten-
ti1al to cause or contribute to & steam
generator overfill transient as loss of
steam flow would increase pressure and
collapse voids thereby causing level

she ink

Tiese fatlures appear to have the poten-

t1al 10 cause or contribute to 4 steam (App.

generator overfil® lransient,

These failures shoula not have the poten-
tial to cause or contribute to a stesm
aenerator overfill transient as loss of
steaw flow would inCrease preswure and
collapse voigs thereby causing l‘evel
shrink .

These failures appear to have the poten-
tial to cause or contribute to a steam {Apo
generator overfill transisnt,

These failures should not nave the poten-
tial to cause or contribute to a steam
generator overfill transient as lower
feedt low rates would cause loss of level.

These failures aprear the have the poten-
tial to cause or contribute to a steam
generator overfill transient but steam
generator failure was not comsidered as
an nitiator or agGravator for this
report. (t will be covered in a later
report .

These fallures should not have the poten-
tial to ceuse or contribute to a steam
generator overfill transient as lower
heat transter rates would teno to cause
vold collapse and level shrink.

i
. Cltem 7)

hone

|
L item 8)

None

C ltem 9)

None



APPENDIX B. (continued)

System

System Fynction

25. Steam Generator
Blowdown System

“6. Steam Generator
Sampiing System

27. Turbine Generator
t Systems

20, Auxiliary
Steam System

29. Main Condenser
and Evacuation
“ystems

Provides a methog of removing
unwanted chemicals or contami-
nants from the steam geoerator
water for chnemistry control,

Provides a method of removing
liquid from the steam generator
for chemical 2nalysis.

Provides the required lubrica-
tion and cooling for generator
operation.

Provides low pressure steam for
air ejectors, turbine gland
seals and other auxtliary
systems .

Provides a low pressure collect-
tion point for the unused <team
from power generation
operationt

___System Failure Mode

High flow rate or inadvertent
flow.

Low flow rate,

High flow -ate or inagvertent
flow.

Low flow rate.

Fails to provide the required
lubrication or cooling.

High steam flow or inadvertent
flow.

Low flow or loss of flow.

Fatlure to maintain a va sum,

Increase vacuum,

Applicable -4/
Selection (riteria

. Eltect of Failure

Agpenoix ¢ item k)

These fatlures should not have the poten-
tial to cause or contribute to a steam
generatar  werfil tramsient as these
would te 7 to reduce levels,

These failures appear Lo ha s the poten-

tial '~ cause or cootribute L0 & steam (App.

generc.or overfill transient .

These “atlures should not have the poten-
tisl (L cause or contribute Lo a steam
generator overfill transient as this
would lower level.

These failures should not have the poten-
tial to cause or contribute o a steam
generator gverfill transient as the
sampling rate is insignificant for
concern.

These failures appear o have the pyc =

tia! to cause or contribute to a steam (App.

generator gvertill transient .

These failures appear to have the poten-

tial to cause or cant: ibute to a steam (App.

jenerator overfiil transient.

These failures should not have the poten-
tial to cause or contribute to a steam
“eneralor overfill transient.

These failures appear to have the puten-

tial te cause or contribute Lo a steam LApP.

generator overfill transtent

These failures appear to have the poten-
tial to cause or contribute to a steam
generator overtill transient but are
insignificant for this study as the
increase steam flow cause by the vacuum
increase will be mino .

None

i
C item 10)

None

Nune

i
C Item 11)

!
C ltem 12)

None

i
C ltem 13

None
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APPENDIX B. (continued)

System System Function

30. Steam Dump System Provides a method of remoying
steam from the steam generators
when the turbine generator is
unavailable or a load rejection

has been initiated.

3). Service Water A safety grade system which
System provides cooling water to
component s necessary for plant
satety under all conditions.

32. Lomponent 4 52’ ty gr de intermediate
Cooling Water heat transfer system that
System separites the reactor coolant

sy Lem and (he service water
syitem,

33. Condenser Provides a heat sink for the
Circulating unysed steam from power
Water System generat ion operat ifns.

, L

System Failure Mode

Inadvertent cperatior when not
required or valves fail open,

Falls to operate when required.

High flow rate.

Low flow rate,

High flow rate.

Low flow rate.

High flow rate,

Low flow rate,

Appifcable A-47
Selection Criteria

oo AMppendix C item X,

These failures appear to have the poten-
tial 10 cause or contribute (n & steam
genecator overfill transient.

. Effect of Failure

!
(App. C ltem 14)

These failyres should not have the poten- None
f1al to cause or concribule to a steam

generator averfil) transient as the loss

of steam flow causes a pressure increase

transient which tends to collapse voids

and shrink le.el.

These failures should not have the poter- une
tial to cause or contribute Lo a steam

generator overfill transient as the

system has no capability to ado inventory

to the steam generator.

These fatlures shoulo not have the polen- None
tial to cause or contribute to a steam

generatur overt i1l Lransient as the

system has no capability to sod inventory

to the steam generator.

These tailures should not have the poten- Nune
tial to cause or contribute to a steam

generator overfill transient as the

system has no capability to add inventor:

to the steam generator.

These failures should not save the poten- None
tial tn cause or contribule to a steam

generalor overfill transient as the

system has no ~apability (o add inventory

to the steam generator.

These failures appear to have the poter. None
tial to cause or contribute to a steam

generator overfill transient but are

insignificant ior this study as the

increased vacuum would be minor and the

subsegu ot steam flow increase would be

minor .

These failures should not have the poten- None
tial to cause or contribute tev 2 steam

generator overfil) transient as the system

has no capability to add inventory to the

stean generator.
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APPENDIX B. (continued)

—

System System junction

34, Prmary and
Deminer 1 icea
water Fikeup
Systes

%

Provides makeup water for
the reactor coolant and
secondary coolant system.

®

Siation and
Instrument Air
Systeme

NOTE: Failures
are
evaluated
wiltnin the
individual

systems .

Provides air for plant use,

36. Communicetions
Systems

Provides normal and emergency
inter and intraplant
commun icat fons.

37. Fire Protection
Systems

NOTE: Failures

are
evaluated
within
ingividual
systems.

Protects equipment and personnel
in the event of a fire,

High flow rate,

Low tlow rate.

High air header pressure.

Low air header pressure.

Fails to operate when required,

inadvertent system operation.

Failure to operate when
reguires.

_ System Failure Mode

Applicable a-47
Selection Lriteria

{Appendix € Item Xj

These fatlures should not have the poten- None
tial to cause or contribute to & steam

generator overfill transient as the system

has no capabirlily to 3049 inventory Lo the

steam generator,

__Effect of fatlure

These failures should not have Lhe poten- None
tial to ceuse or contribute tu a steam

generator overfill transient as the systew

has no capability 1o ade inventory to the

steam generator .

These fatlures appear %o have lhe poten- None
tia) to cause ov ‘ontripute Lo 3 steam

generator overfill transient however, the

Systom was rejected because normal opera-

tion or fairlure to supply conponents 1s

coverey duving the individual component

system review,

These 1:.lures should not have the poten- None
tial to cause or contribute to a steam

generator ovarfil] transient as the system

has no capability to add inventory to the

steam generator.

These failures appear to have the poten. None
tial te cause or contribute 1o & steam

generator overtili transient but are

covered ir the individual system reviews.

These failures should not have the poten- None
tial to cause or coutr thute Lo a steam

generator overfill transient as the

system has no capadility to a.a iaventory

to the steam generator.
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APPENDIX B. (continued)

System System Function
38. Nitrogen Supply Provides nitrogen gas for
System pressuri; ‘ng the satety injec-

39. Diesel Gener-
ator and Support
Systems

NOTE: Failures
are
evaluated
within
individual
Systems,

40. Heating, Venti-
tation ané Air
Conditioning
Svstems

NOTE: Faitlures
are
evaluated
within
individual
systems .

41, 125 volt DL
Busses, 125 volt
Battery and
Battery Chargers

NOTE: Failures
are
evaluateo
within

ihe
individual
systems .

tion accumulators and a backup
source to the instrument air
comprescars.

Provides emergency AC power to
selected equipment .

Provides the plant wi*h the
necessary heating ventilating
and atr conditioning.

Provides power to the 75 volt
OC busses.

_._System Failure Made

High nitrogen header pressure,

Low nitrogen header aressure.

Fatls to provide power when
required.

rails to provide sufficient
HLY or air conditioning.

Provides excessive HEV or air
conditioning.

Faiis to provide power when
requi ‘ea.

(ftect of Failure

Appiteanle A-47
Selection Lriteria

_|Appendix ( Ltem &)

These fatlures should not have the polon-
tial to cause or contribute to a steam
generator overfill transient as the
System nas ro capability to sod inventory
1o the sleam generator.

These fallures should not have the poten-
tial to couse o- contribute to a steam
generalor overfill transient ay the
system has no capability to add inventory
to the steam generator.

Fatlures of this type have the potential
to cause or conlr ibute 10 a steam gener-
ator ower®il] transient, however, the
System was rejecled because normal opera-
tion or failure to supply components 1s
covered during the individual component
Systles reviews.

These failures appeer L6 have the puten-
tial to cause or conlribute to a steam
gqenerator overfill transient, however,

the system was rejected because normal
operations or failure Lo supply components
15 covered during the individual component
Syttem reviews.

These fatluyre: apyear to have the poten-
tial to cause or contribute to a steam
generator overfill transient, howeyer,
he system was rejected because normal
operation or fatlure to supply compon-
ents is cuvered during the individual
cumponent system reviews.
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APPENDIX B.

(continuecd’

system £atlure Mode

System System Function o
42. 120 volt AC Provides 120 volts AL power to

instrument the generz! use instrumentation
Systen and control power.
NOTE: Failures

are

evaluated

witi n the

ingividual

systems .

43, Lighting System

44. Station Kormal
Auxiliary Power

NOTE: Failures
are
evaluated
within the

ingividual
systems .

45, Station Emergenc
Auxiliary Power

NOTE: Farlures
e
evaluates
within the

ingividual
systems.

46. New Fuel Storage

47. Spent Fye!l

Provides normal ang emergency
lighting t™roughout the plant.

Proviges the power for the unit
suxiliories theough various
transfirvers.

Provides Lhe power to the
station auxiliaries in the
event normal scurces fail.

Provides for the dry storage of
new fuel until time for its
loading.

Provides for the storage of
spent fuel unti time for
shipment .

Fatlgre to provide the
necessiry power 10 the
designated equioment,

Fails to provide Yighting.

Fails ta provide the required
poweT .

Fails to provide poser when
required,

Fails to slore the new fyel

safely sna etfeclively.

Fails tr. store the spent fuel
safely and = fectizely.

Effect of FTailure

Rppitcable A-4/
Selection Criterta

These fatiures appear to have the puien-
tial to cause or con'-ibute 10 2 stess
generator overfill transient, however,
the syslow was rejected because normal
operation or failure to supply compon-
ents, s covered during the individual
comporent System reviews.

These failures should not have Ihe polen-
tial to cause or contribule Lo & Steam
generator gverfill trassient as the
system has no capability to 3048 inven ony
to the stoam gonerator,

These failures appear Lo have the poten-
tial 0 cause or contribute to 3 stesn
raev‘aur overfill transient, however,
he system was rejected becayse normal
operation or fatlure to supply compon-
ents IS covered during the individua!l
component system reviews.

These failures appear 1o have the poten-
tial to cause or contribute f0 a steae
generator overfill transient, however,
the system was rejected because normal
operation or failure to supply cumpon-
ents 15 C(overed during the ingividusl
component System reviews.

These failures should nut have the poten-
tial to cause or cortribute to & steam
generator overfill transiest g5 the
Sysiem has no capability to aog ‘neen-
tory to the steam generator.

These failures should not have the poten-
tial to cause or contribute to a steam
generator overfill transient o5 the
system has no cepability to sad inven.
tory to the steam generator,

_(Appendix C ltem x)

None

e
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APPENDIX B.

(continued)

System System Function
48. Spent Fuel Pool Provides for cooling and
Cooling and

Cleanup Sys®ems

49. Fuel Handling
System

50. Ragioactive
Waste Management
Systems

51, Radration
Monitoring System

52. Annunciator
System

cleanup of the spent fuel pool
water,

Provides for the handling of
fuel assemb]ies during core
loading and unloading.

Provides for the 3llecting
treating, and storage of
radioactive solids, liguids
and gases.

Provides for site wide radia-
tion leve! mon.ioring.

Provides alarm indication for
out of tolerance parameters.

.. System Fatlure Mnde

Fails to maintain water
Ltemperature or purily.

Failure to orovide movement
when required.

Failure te prevent
movement or inadventent
movenent

fFatls to provide safe storage
daisposal of radioactive
materials.

Indicates higher than actual
Tevels.

Indicates lower than actual
Tevels,

Inaavertent alarms.

Fails to alarm when reguired.

Applicabile A-47
Selection Lriteria

— Alppendin C MteR R)

These fa.lures should not have the poten- none
tial to cause or contribute to a steam

generator overfill transient as the

system has no capability 1o add nven-

tury to Lhe steam generator.

Effect of Farlure

These farlures should not have the poten. None
tial to cause or contribyte to 3 steam

generator overfill transient 45 the

systes has no capahility to sod 1oven-

tory to the steam genes ator,

These failures sheold not have the poten- None
tial to cause or contribule to a steam

generator overfill transient as the

system has no capability te add inven-

tory to the steam generator.

These fatlures shoula nol have the poten- None
L1al to cause ar contribule 'o 2 steam

generator overfill transient as the

system has no capabiliity to 200 inven-

tory to the steam generator.

Tnese farlures should not have the poten- None
tial to ceuse or conlribute to & steam

generator overtil) transient as the

system has no capability to 230G inven-

tory to the steam generator.

These failures shou'd not have the poten- None
tial to cause or contribute to 3 steam

generator overfill transient as the

systes has no capability to add inven-

tory to the steem generator,

These failures sppear Lo have the poten- None
tial te caute or contribute to 3 steam

generator averfill Lransient, howeivr,

tue system was rejected from this report

as it will be covered under “olther”

transients.
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APPENDIX B.

(continued)

Applicable A-47
Selection Criteria

System System Function System Failure Mode . Effect of Fatlure _ _Ahppendix C jtem 1)
33. Backup Control Provides the capahility of Inadvertent reactor shutdowns These fatlures should not have the poten. None
System shutting down the reactor from from remote locat fons . tial ta rause or contribute to a steam

S4. Equipment ang
F loor Urainage
System

1acations outside the control
room in the event the control
room is evacuated.

Proviges for the collecting and
sturage of potentially raoie-
active drains for tramnsfer to
liquiad waste disposal system,

Inability to shutdown the

reactor from ;emole locations.

Fails to provide safe stcvage
and transfer of Jrains.

generstor ouerfisl transient as Lhe
system has no capability to add inven-
tory to the steam generator.

These failures should not have the poten- None
tial ta cause ur contribute to & steam

generator overfill transient as tne

system has no capabiliity to add inven-

tory to the steam generator.

These failures should not have Lhe potesn- L
tial to ceuse or contribule Lo & steam

generator overfill transient as the

cyttem has no capability 1o soe

inventory to the steam generator.
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APPENDIX B. SECTION 11 REACTOR COOLANT SYSTEM OVERCOM.ING TRANSIENTS FAILURE MODE AND EFFECTS ANALYSIS

System

System Function

System Failyre Aode

1.

S.

Resctor Coolant
Systen and Pumps

Pressurizer
Overpressure
Protection System

High Head Safety
Injection System

Residual Heat
Renoval Sysien

Chemical and
volume Control
System

Provides coolant flow Lo the
reactor vessel for core conling.

Provides reactor cuc’ant system
overpressure protection,

Provides reactor coolant
inventory makeup during 2
small leak, while system
pressure is high.

Provides a long term gecay heat
remova. system and a low head
high volume inventory makeup
system for a large reactor
coolant system pipe break.

Provides a means of maintaining
reottor coolant < hemistry and
normal reactor coolant inventory
makeup .

High flow rate,

Low flow rate.

inadvertent opening of a power
operated or safety reltef valve.

Fatlure of a power operated
or safety relief valve to open
when reauired.

inadvertent initiation when
required.

Fatlure to initiate when
renyired.

High flow or inadvertent
initiation when not required.

Low flow rate.

High makeup flow rate or low
letdown flow rate.

Low makeup flow rate or high
letdown flow rate.

- Etfect of Fallure

These failures appear the have Lhe poten-
t1al Lo cause or cont~ibule to an over-
cooling transient.

These failures should not heve Lhe palen-
tial %< cause or contribute Lo an over-
cooling transient as low ‘low causes
heatup .

These failyres appear the have the poten-
tial to cause or contribute to an gver-
ceoling trangient

These failyres should not nave the poten-
tial to cause or contribute Lo an over-
cooling transient as high pressure tends
Lo increase heating.

These failures appear to have the poten-
tial to cause or contribute to an over-
cooling transient,

These failures shoald not have the poten-
tral to cuause or contributc to an over-
co0iing transient as it would not result
in a reactor shuldown end couling.

These failures appear to have the poten-
tial to cause gr contribyte tu an yver-
cooling transtent,

These fatlures should not have Lhe poten-
tial to cause or contribute to an over-
cooling transient as low flow would cause
a heatup.

These fatlures appear to have the paten-
tial to cause or contribute to an cver-
cooling transient byt the contribution
appears to be insignificant for this
study.

These failures should ant have the poten-
tia! to cause or contribute to on ower-
cooling transtent as the lower coolant
volume woulo result in a heacup.

Applicable #-47

Selecticn Cr teria

_{Appencix € Ltem X)

'3
(Apy. € Item 15)

None

2
(App. € Ltem lo)

Noae

Z
(Apy. C ltem 17)

¢
{App. ¢ ltem 18)

None
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APPENDIX B. (continued)

System System Function

e System Fatlure Mode

6. Coolant Sampling  Provides a means of samplin
System the reactor coolant system for

chemical analysis,

-

8. Accumulator Tank Provides coolant inventory make-
System up to the reactor coolant 5

in the event of a large coolant

system pressure boundary breach.

9. Reactor Protection Provides protection to the
System reactor coolar® system and core
to prevent plant pzrameters from
going cutside of design

congitions.

High flow rate.

Low flow rate.

Pressurizer Provides a means of controlling

Pressure Contros reactor coclant system pressure

System ang provides preusurizer
pressure 1nGication.

Pressure 15 higher than
indicated or s controlling

Pressure is lower than
indicated or pressure is
is centrolling low.

Inadvertent coolant

Fnh:ﬂ to inject when
Inadvertent reactor tripc,

Tatlure to trip Lhe reactor
when required.

el B e —

_Effect of Fatlure =
These fallures should not have the poten-
tial to cause or contribute to an over-
cooling transient as the flow rates
tnvolyed are Insignificant ¢capared to the
volume of the reactor coolanmy sysfem,

These failures should not have the “oten-
tial to cause or contribute to an over-
cooling transient as the flow ratec
involved are ingignificant compared to the
volume of the reactor coolant system.

These tailures should notl heve the poten-
tal to cause or contribute o an pver.
cooling transient as (- essures tend to
cause fnsignificant teuperature changes.

These failures shouls not have the poten-
tial to cause or conlribute 10 an over-
cooling transient as pressures tend to
cause insignificant temperature changes.

These fatlures should not have the poten-
tial to cause or contribute o an over-
cooling trarsient as it 15 a low pressure
system that cennol inject unless the
system is already shutdown and cooling.

These failures should not have the poten.
tial 10 cause or contribute Y0 an pver-
cooling transient as lack of inject ion
could not create a cooldown event.

These fatlures aspeear to have the poten-
tial to cause or contribule to an over-

conling transient even Lhough the system
Is safety grade anc redundant.

These fariures shouid not heve the poten-
tial to cause or contribute to an over-
corling transient a5 reactor operation
would cause heatup.

Applicable A-4/
Selection Criteria

SAAppendix C Item k)
None

é
App. € ltem 19)
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APPENDIX B. (continued)

System Failure Mode

System System Function N
10. Control Red Provides a means of moving the
Drive System control rods for gross

11. Pressurizer
Leve! Control
Sy<tem

12. Engineered
Safety Feature
Actuation System
NOTE: Failures

are

evyluateo
within the
ndividual

systems .

13. incore [nstrumen-
tation System

reactivity control.

Provides level indication and

contrg) signals for the chemica)l

and volume control system.

Provides inee~ed safety
feature (ESF) actuation of
specific systems or components

to mitinate the consequences cf

postulated accident.

Frovides core power distribution

and core temperature
indications,

Effect of Failure

Applicanle A4,
Selection Criteria

PR (Appendix C ltem X)

Uncontrolled rog withdrawal o/
rod rejection,

Inagvertent rod wnsertion or
a dropped rod.

Level is higher than indicated
or is controliing high.

Level is lower than indicated
or is controlling low.

luadvertent ESF initiation.

Fails to initiate ESF when
required.

Provides higher than actual
condition indications,

Provides lower than actual
condition indications.

Inese fatlures should not have the poten-
tial Lo cause or contribute Lo an over-
cocling transient as this would result in
3 power incredse and a heztup v . e cool-
down

These fatlures appesr tu have the poten-
tial to Cause or contritrife Lo an over-
cooling transient

These failures should not have the potun-
tial to cause or contribute 1o an over-
cooling transient as ‘t has mo capabiiity
to contrel or affect reactor coolant tem-
perature.

These fatlures should not have the poten-
tial to cause or contribute to an over-
cooling transient as 1t has no capability
to control or affect reactor coolant tem-
perature.

These failures appear to have tne poten-
ti1al Yo cause or contribute tu an over-
cooling transient, however, the system

was rejected because m‘ operation or
failure to supply components 15 covered

in the incivicdual component System reviews.

These failures shoula not nave the puten-
ti1al to < ause ar contribute to an
over-cooling transient as it has no
capability to control Gr affect reactor
coolant system temperature.

These failures should not have the poten-
tial to ceuse or contribute to an
ower-cooling transient as 't has ro
capability (o control or atfect reactor
coolant system temperature.

hone

Z
(App. € llem 20)

None

None

None
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APPENDIX B. (continued,

i e S o i

14, Excore Instrumen-
tation System

15. Reactur Contain-
ment Structurs
and Contarnment
Isclation System

16. Feedwater and
Congentate System

17. Reactor Coolant
System Leak
Detection System

e System Function

Provides reactor power
ingication and protection trips
fur power levels from the
source rasge to 120% of full
rated power .

Provides reactor core and
reactor coolant isolation from
the enwironment.

Provides the fecuwater to the
steam generators and collects
and stores *re condensate waler
for return to the steam
generators as feedwater.

Provides an indication of a
reactor coolant to atmosphere
leak within the reactor
containmen® .

. System Failure Muce

Provides higher than actual
condition indications.

Provides lower (han actual
congition indications.

Fails to maint2in the required
isolation.

Inadvertent containment
1s0lation when not required.

Feedwater/condensate flow
fails high or condensate/
feedwater heating fails low.

Feedwater/condensate flow
fails low.

inadvertent leak indication,

Fatlure to ingicate when a
leak exists,

e E2fect Of Failure

These fallures should not have Lhe poten-
tial to cause or contribute to an
over-conling transient as 1L hat no
capabiiity to control or affect resctyr
coolant system temperature.

These fatlures should not have the soten.
visl to cause or contribute to an
over-cooling transient as it has no
capabiiit; to control or affect reactor
coolant system temperature.

Thees farlures should not have ‘he poten-
tial to cause or coniribule to an
over-cooling transient as 1t has no
capability to control or atrect reaclor
coolant system Lemperature,

These failures should not have the poten-
tial to cause or contribute to an
over-couling transient as it has oo
capebility to contro) or affect reactor
coolant system temperature.

These failires appear Lo beve the poten-
tial to cause or contribulre to an over-
cooling transient,

Thess failures should not have the yotan-
tial to cause or contribute o an over-
cooling transient as low flows tend to
cause “eatup events.

These fallures should not have the poten-
tial to cause or contribute *s an
over-conling transient as it has no
capability to control or affect reactor
coolat temperature.

These fatlures should not have the poten-
tial o cavse or contribute to an

ove -tooling transient as it has no
cipability to control or affec! reacte~
coolant emperature.

Applicable ~-87
Selectiun {riteria

Ahppenats ( item %)

Hone

hone

None

None

2
iApp C Item 21,



9¢

APPEND!X B. (continued)

System

18. Process Computer

19. Steam Generator
Water Level
Control

20. Steamline
Overpressurc
Protection System

21, Main Steam System

22. Turbine
:l‘ttnhgtnmc
Control System
(EWC )

L) .

System Fynction

System Failyre Mode

Monitors and records plant
parameters.

Proviues level indication, and
feedwater control for each
steam generator.

Provides main steam system
overpressure protection,

Transfers steam from the sieam
generators to the turbine or
the steam dump.

Controls steam flow to the
turb

Provides a lower than actual
indication,

Provides a higher than actual
indication.

Migh feeawater /low rate,

Low feedwater flow rate.

Inadvertent operation of »
power operated or safety
reliet valve.

Failure to relieve pressure
when required.

High steam *low or inadvertent
main steam i1solation valve

opening.

low steam flow or inadvertent
main steam isoiation valve
¢ losure.

inadvertent opening of a
turbine governor valve or
fatlyre to trip.

Inagvertent closing of a
turbine gov.rnor valve.

e Effect of Faflure
These fatiures should not heve Lhe poten-
tis] to casse or contrinute Lo an oyer-
cooling transient as 1L has no capabiiitly
to conlra! or effect reactor voclant
tengerature.

Tnese faiiuves appear Lo have the poten-
t1al to cause or contribute to an over-
cooling transient but will be covereo
during the “other" event report.

These failures appear to have the poten-
tial to cause or contribute Lo an over-
canl ing transient,

Tnese fai'ures should not have the poten-
tial to cause or contribute to an ower-
conting transient as low flow rates would
cause 8 heatup.

These failures appear to have the poten-
tial 1o cause or coriribute Lo an gver-
cooling transisnt,

These Yailures should not have Lhe poten-
tial to cause or contribute Lo an over-
cooling transient as the resser flow
rates should not cause an overcooling
event.

These fatlures appear to have the poten-
tial to cause or contrit:te Lo an ower-
conling transient,

inese farlures should not have the poten-
cial tC cause or costribute Lo an over-
cooling transient gs the low steam flow
would resu't in a heatup.

These fatlures sppear Lo have the poten-
tial to cause or contribute to an over-
cooling transtent.

Taese farlures should not have the poten-
tial to cause or contribute o an over-
“soling transient as fL would cause a
stean flow reduction and subsequent
heatup.

Applicatle A-8)
Selection Lriteria

Jpendiz € Mo,

None

Nane

é
{hpp C ltew 22)

hore

2
(App. T 1tem 23)

None

’
(App C item 2¢;

Nore

é
(App., € Item 25



T

PR p— - GNNSa——. .

e e e

LE

APPENDIX B.

(continued)

System

System Functior

System Fa.'ure Mode

23. Auxiliary
Feedwater System

24, Steam Gener ator

25. Steam Conera.or
6 lowdown System

¢&. Steam Generator
Sampling System

27. Turbine Generator
Support Systems

A safely grade system which
provides steam generator inven-
tory makeup when the main
feedwater system is unavaiiable.

Provides a mechanical barrier to
seperate the reactor coolant and
sacondary coolant systems vhile
permitting thermal energy trans-
fer between them and thus
progucing high quality steam.

Provides a method of removing
unwanted chemicals or
contaminants from the stecs
generator water for chemistry
control.

Provides a method of removing
liquid from the steam generator
for chemical analysis.

Provides the required
Tubrication and cooling for
generator operation.

High feedwater flow rate or
inadvertent operation,

Low feedwater flow rate o loss

of flow.

Failure to keep 've systems
separate from each other

Fatlure to allow heat transfer,
High flow rate or inadvertent
flow.

Low flow rate.

High flow rate or inadvertent
flow,

Low flow rate.

Fails to provide the required
lubrication and cooling.

. Effect of Farlwe

These fallures appear Lo have Lhe
tial to cause or contribute Lo an over-

conling transtent,

These “arlures should notl have the poten-
tial to cause or contributle Lo an over-
tooling transient as the low feedf low

would cause a heatup.

These failures should not have the poten.
tial to cause or contribute te an over-
cooling transient as 1t would raguire

4 tube repture and that event it peing

reporied or in another report.

Inese failures huuic not have the poten-
t1al to cause or contribute t an over-
conling transient, a5 Joss of heat
transfer would resuit in 3 heatuy.

These failures appear to have the poten-
tial to ceuse or contribute 1O an gwwr-

cooling transient.

These failures should not have the poten-
tial to cause or contribute to an over-
cooling transiont, as the low flow would

cause heatup events.

These failyres appear to have the poten-
1141 to cause or contribute to an gver-

4

These failures should not have the poten-
tial to cause or contribute to an over-

couling transient, but are insi
due 1o volume comparisons, for

Applicable A-4/
Selection Lriteria

_{Appenaia C ltem x;

é
{(Ppp. C Lrem 26)

¢
(App. € ltem 27,

is study.

tooling transient as low flow carses heatup

events .

These failures should not have the puten-
tial to cause or contribute to an gever-
cooling transient a5 loss cof the turbine

woulg rause reacior weatup.
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APPENDIX B. (continued)

System

_System Functton

28. Auxiliary Steam
System

29. Main Condenser
and Evacuation
Systams

30. Steam Dump System

31. Service Water
System

Provides low pressure sieam for
air ejectors, turbine gland
seals and other auxiliary
systems .

Provides a low pressure <ollec-
%ion point for the unused steam

from power generation
operat fons.

Provides a method of removing
stesam from the stesm generators
when the turbine generator 15
unavailable or a load rejection
has been inftiated.

A safety grade system which
provides Looling water to com-
ponents necessary for plant
safety under all conditions.

. System Fallure Mode

High steam flow or inagvertent
flow,

Low flow or loss of flow.

Fa iure to maintain a vacuum,

Increase vacuum.

Inadvertent operation when not
required or valves fail open.

Fails to operate wnen required.

High flow rate.

Low flow rate.

e EAfect Of Fatlore

These failures appesr 1o have the pouten-
tall to cause or contribute to an over.
cooling trenstent.

These fatleres should nut have Lhe poten-
tial Lo cause or cuntribule to an Over-
cooling transiont as low flow tends to
cause heatup.

These fatlures should not have the potern
t1al to cause or cuntribute to an geer-
cooling transient as they would recuit
in decrease steam flow woich resylits in
4 heatup .

These failures appear "o have the polen.
tial to cause or countribute to 2n over-
cooling transient, But are insignificant
as the vacuum increase would result in
minor steam flow increase.

These failyres appear to have the poter.
tial to cause or contribute to an over-
cooling transient

These failures should not have the poten-
tial tc cause or contribute to an over-
cooling transient as !ow or loss of flow
tends to cause heatups.

These failures should not have the poten-
tial !0 cause or contribute tu an pver-
ceolins transient as the system has no
capability to aftect reactor coolant
temperature.

These fatlures shoula not have Lhe poten-
tial to cause or contribute tu an over-
coohng transient 45 the system nes no
capabi. ity to affect reactor coolant
temperature .

App 'icable A-4/
Sefection (riteria

JAbppendin € Iten ¥}
2
App. C Item 28)

nwone

hune

(Apy. C ;In 29)

None

None



APPENDIX B. (continued)

Appiicable a-47
Selection Lraiteriz

Syster. " System function — . SystemFailure Mode = Effect of Fetlere  (Appemaix C Item x)
32. Component Cooling A safety grade, interm diate High flow rate. These farlures snould not “ave Lhe polen- None
Water System heat transfer system that sepa- tial to cause or contribute to an over-
rates the reactor coolant system cooling transient, as the 5, lem
and the service water system. normally operates st rated [ low anc
there {s anuther system be ween this
system and the ~eactor coolant system.
Low flow rate. These failures should not niy® the poten- None
tial to cause or contrivute to sa Over-
cooling trantient as low fiows cause
heatups .
33. Condenser Provides a heat sink for the High flow rate, These farlures should mot have the poten- None
Lirculating Water unuses steam from power genera- tial to cause or contribute to an over-
System ation operations. cogling transient as increase flow would
result in only minor vacuum and steam
flow Increases,
Low flow rate. These failures should not have the poten- None
w tial to cause or contribute Lo an over-
O cooling transient as this would resul”
in steam flow decreases.
34, Primary and Provides makeup water for the High flow rate. These fatlures shoulc not have the poten- None
Demineralized reactor coolant and secongary tisl to cause or contribute LG an over-
Water Makeup coolant systems. coo'ing transient as tnis system has
System no capability to affect resctor

coolant temperature.

Low flow rate. These 5:lures should nut have the poten- None
tial to cause or contribute to an over-
cooling transient as this system has
no direct capability to affect reactor
cooiant temperature.
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APFENDIX B. (continued)

Applicable A-4,
Selection Criteria

System System Function . SystemFailureMode Effect of Failure . {Appendix C ltem X)
35. Station and Provides air for plant use, High air header pressure, These failures may have the potential None
Instrument Air Lo cause or contribute to an overcooling
Systems Low air header pressure. transient | however the system was
rejectec because normal operation or
NOTE: Fatlures Yarlure to supply cooponents Vs covered
are during the individual conponent system
evaluated ey IS,
within
individual
systems .
36. Communications Provides rormal and emergency Fails to operate when required, Tuese failures Shuuld not have Lhe poten- hone
Systems inter- and intra-plant tial to cause or contribute to an cver-
commun icat fons . cooling transient &% this system has
no girect capabiiity Lo affect reactor
coolant temperature.
37. Fire Protection Protects equipment and personnel [nadvertent system operatio These failures appear to have the poten- hone
System in the event of a iire. or failure to operate. Lial to caus® or contribute to an over-
cooling transient, however the syctem was
NOTE: Failures rejected because normal operation or
are farlure to supply components is covered
evaluated dur ing the individual component system
within reviews.
individua!
systems.
38. Nitrogen Provides ritrogen gas for High nitrogen header pressure. These tailyres should not have the poten- Lo
Supply System pressurizing the safsty injec- tial to cause or contribute«to an over-
tion accumulators and is & back- cooling transient as tais system nas
up source to the instrument air no direct capability to affect reactor
compressors. coolant temperature,
Low nitrogen header pressure. These failures should not have the poten- None
tial to cause or contribute to an over-
cooling transient 25 this System has
no direct capaubtlity to affect reactor
coolant temgeratuyre.
35. Diesel Generator Provides emergency ac power to Fails to provide power when These failures should not have the poten- Nove
and Support selecteo equipment. required. tial to cause or contribute Lo an over-
Systems CO0iing transient, however Lhe system was
rejectec pecause normal operation or
NOTE: Failures faitlure to supply componenls is coverie
are during the irdividual component system
evaluated reviews .
within
individual
sSystems
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APPENDIX B. (continued)

_System

System Function

40. Heating,
ventilation and
Ayr Conaitioning

Systems

NOTE: Fariures
are
evaluated
within
individual
Systems.

41, 125 Volt

DC Busses;

125 Volt Battery

and Battery

Chargers

NOTE: Ffailures
are
evalua’ e
within
ingividual
systems .

42. 120 volt AC
Instrument System

NOTE: Failures
are
evaluated
within
individual
systems.

43. Lighting System

Providges the plant with Lhe
necessa y heating ventilating
and air conditioning.

Provides power to the 125 volt
DC busses.

Provides 120 volt ac power to
the general use instrumentation
and control power.

Proviges normal and emergency
Iight ing throughout the plant.

. System failure Mode

Fatls to provide sufficient
HEV or air conditiceing,

Provides excessive HAY air
conditioning,

Fail: to provide power when
required,

Farlure to provide the
Aecessary power Lo the
des ignated equipment.

Fails to provide 1ighting.

Applicable A-4/
Selection Criteris

i EFtect of Farlure (Appendix € ltem X

These failures gppear Lo have tne puten nitie
tial 10 cause o~ contribule to an Over-

cooling transient, however, the syitem was

re)ected because normal operation or

failure to supply components 15 coverey

during *he i‘ndividual component system

reviews.

these failures appear to have the polen- None
tial to cause or contribute *o an Over-

ctooling transient, howewer, the system was

rejected because normal operation or

farlure ta supply components 1S covereo

during the individual component system

reviens.

Tuese fairlures appear Lo have the poten- hune
tial to cause or contribute to an ogver-

cooling transient, however, Lue system was

rejectec because normal operation or

failure to supply components 15 covered

dur iag the individual component system

reviess.,

These fatlures should not have the poten- None
tial to cause or contribute to an over-

cocliag transient as this system has

no direct capability to affect reactor

coolant tamperature.
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APPENDIX B. (coatinued)

System

System Function

4. Station Normal
Auxiliary Power

NOTE : Failures
are
evaluated
within
indivioual
systems .

45. Station imergency
Ruxiliary Power

NOTE: Failures
are
evaluateo
within
individual
systems.

46. New Fuel Storage

47 Spent Fuel Storage

48, Spent Fuel Poo!
Cooling and
Cleanup Hystems

49, Fuel Mandling
System

Provides the power for the unit
auxiliaries through various
transformers,

Provides safety grade power to
the station auxiliaries in the
event normal sources fail.

Proviges for the ary siorage of
niew fuel until time for its
loading.

Provides for the storage of
spent fue) until time for
siipment .

Provides for cooling and
cleanup of the spent fuel pool
water .

Provides for the handiing Of
fue! assemb!ies during core
loading ana unloading.

Fails to pr ‘de the reguired
power .

Fails to provide power when
required.

Fails to store the new fu=l

safely and ~ffectively.

Fails to store the spent fuel
safely and e‘fectively.

Faiis to maintain water
temperature or purity.

Fatlure ta provide movement
when required.

Failure to prevent movement
or insdvertient movement .

System Fatlure Wode

Applicabic A-47
Selection Criteria

{Appendin C ltem X)

ihese fallures should not have the poten- None
tial to cause or contribute to an over-

cooting transient, however, the ,ystem wil

rejected hecause normal operation or

fariure to supply components is covered

during the individual component system

reviews.

— Effectof Fatlure

These failures should not have Lhe polen- None
tial to cause or contribute Lo an uver-

cooling transient, however, the sysiem was

rejected because normal operation or

failure to supply components s covered

dur ing the individual component system

reviens.

There farlures should not have the poten- None
113l to cause or contribute Lo an over-

cooling transient as tnts system has

no Girect capabilicy to affect reactor

coolant system temperatu-®.

These failures should not have the poten- None
tial to cause or contsibute to an gver-

coonling transient as this system has

no direct capability to affect reactor

coolant temperature.

These failures should not havr the poten- None
t1al to cause or contribute to an over.

tooling transient as this system has

no direct capabiiity to affect reactor

coolant temperatyre.

These failures should nol have the poten- None
ti1al tu cause or contribute to an over-

cooling transient as this system has

no direct capability Lo atfect resctor

conlant temperatyre.

These failures shoule nct have the poten- None
tial to ceuse or contribule Lo on Ower-

conling transient as this system has

no direct capability to affact reactor

roolant temperasture.
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APPENDIX B. (continued)
System System Functior

50. Radigactive Waste Provides for the collecting,
Management Systems treating, and storage of
radtoactive solios, liguids,
and gases.

Provides for site wide
radiation level monitoring.

51, Radiation
Monitoring System

52. Annurciator System Provides zlarm indication Tor
out of tolerance parameters.

$3. Backup Ceatrol Proviges the capability of
System shutting down the reactor from
locations ¢ tsige the control

NOTE: Faiiures room in the event the comtrol

are room 15 evacuated.

evaluated

within

ingividual

system

reviews.

o SystemFailyre Wode

Fails to provice safe storage
or aisposal of radioactive
materiais,

Indicates higher than actual
leveis.

Indicates lower than actual
levels,

Inadvertent alarms.

Fails to alarm when required.

Inagvertent reactor shutdowns
from remute locations.

Inability to shul down Lhe
reactor from remote locations.

. _Eftect of Fatlure

These fatlures should not have the puten.
t1al o cause vr conlridute to on over-
cocling transient as this g slem has

no direcl capabtliity to aftect reactor
coolant tesperature.

Thege failures shouwly not have Lhe potes.
tial ta cause or contribule Lo an over-
cooling transient as this system has

a0 direct capabiiity to affect reactor
conlant temperature.

These tailures should not have the poten.
tial to cause or conlribule to an over-
cooling transient as tals system has

no direct capability to affect reactor
conlant tesperature.

These fatlures appear to nave the poten-
tial to cause or contribute to an gver-
cooling transient but will not be address
during this phase of this task as 1t
affects operator action which will be
evaluated during the “other® eventls
regort .

These ‘ailures appear tn have the poten-
tial to cause or cofteitute Lo an over-
cooling transient but wiil not be agiress
during tats phase of this task as it
affecls operator action which will be
evaluated guring the "other® events
report.

These faiiures appesr Lo have the poten-
tia) (0 cause or contripute 10 an over-
cooling {rantienl, however, the tyslem was
rejecled vecause normal operation or
farlure to suoply components 15 Covered
during the individual component system
reviows .

These failures should not kase the poten-
tiel. 1o cause or contribute Lo an gver-
corling transient a5 failare to

shutdown would result in a2 Seatup
situatinn,

Appiccanle A-#7
Selection Crtieria

{Appendia € Item ¥) _

None

L
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APPENUIX B. (contvnued\
Applicable A-47
Selection Criteria
System System Function . _System Failure Mode Effect of Farlure _ _iAppendix C ltem x;
58. Equipment and rmms for the collecting and Fails to provide safe storage These failures should ol have the poten- None
Floor Drainage torage of potentially and transfer of arains, tial to cause or coml-‘bute to ar over-
System rdh.tin drains for transfer cooling transient as this system has ao

to the liquid waste disposal
system,

direct capabtlity to #ffect reactor
coolant system temperature.
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APPENDIX C

STEAM GENERATOR OVERFILL AND/OR REACTOR COOLANT SYSTEM OVERCOOLING
POTENTIALLY SIGNIFICANT SYSTEMS LIST AND DISCUSSIONS







oy

Discussion:

Frocess Cemputer .

Failure Mode:

Plant Conditions

Discussion:

If the feedwater or condensate sys<tems fail in a
higher than normzl ficw mode, the potential exists
to cause or contribute to a steam generator
overfill transient.

Gives a lower than actual indication.

High steam generator level; any power level.

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
the steam generator by trying to compensate for

the erronecous indication.

Steam Generator Water Level Contro)l System:

Failure Mode:

Plant conditions:

Discussion:

Higher than required feedwater flow rate

High steam generator level; any power level

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

Steam Line Overpressure Protection System:

Failure Mode:

Plant Conaitions:

Inadvertent operation of a power operated or
safety relief valve. -

High steam generator level; any power level.

48



Discussion:

Main Steam 3System:

Failure Mode:

Plant Conditions:

Discussion:

It 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
Tevel could be severe enough to cause an overfilil

condition.

High <team flow rate or inadvertenti main steem

isolation valve opening.

High steam generator level, any power level.

If the .team generator level is high and there is
2 sharp increase in steam flow, the resultant
pressure drcp wouid cause an increase in void
formation and a rise in steam generator level.

The Tevel swell could be severe enough to cause an
overfill condition.

Turbine Electrohydraulic Control System (EHC):

Failure Mode:

Plant Conditions:

Discussion:

Inadvertent opening of the turbine governor
valve(s), improper control or failure to trip when
required.

High steam generator level; any power level.

While at a given power level and a high steam
generator level, if the turbine governor valve(s)
fail(s) open or fails tc respond to contre)
signal(s) or fails to trip the resultant pressure
drop could cause an increase in steam generator

49



10.

11

Auxiliary Feecdwater

Failure Mode:

Plant Conditions:

Discussion:

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

System:

High feedwater flow rate or inadvertent operation.
High steam generator level; any power level.
Inadvertent operation of the auxiliary feedwater

system could cause or contribute to 2 steam

generator overfill transient,

Steam Generator Blowdown System:

Failure Mode(s):

Plant Conditions:

Discussien:

Low blowdown flow rate.

High steam generator level. any power level.

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.

Turtbine Generator Support Systems:

Failure Mode:

Plant Conditions:

Discussion:

Turbine trip from loss of lubrication or cooling.
High steam generator level; high power level.
With a high steam generator level anc high power
level, if the turbine trips while the feedwater

control system is in MANUAL it may be possible to
overfill the steam generator.

50



12.

13

14.

Auxiliary Steam System:

Failure Mode:

Plant Conditions:

Discussion:

High steam flow rate.

High steam generator level; any power level.

A sudden flow rate increase, caused by a failure

Jdn the auxiliary steam header pressure regulator,

wouid cause a decrease in steam to the turbine
thereby tending to cause a drop in generator
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.

Main Condenser and Evacuation Systems:

Failure Mode:

Plant Conditions:

Discussion:

Steam Dump System:

Failure Mode:

Plant Conditions:

Discussion:

Failure to maintain a vacuum.

Any steam generator level; high power level.

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.

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

High steam generator level; any power level.

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

51



level. With the steam gencrator at a high level,
an overfill condition could result.

REACTOR COOLANT SYSTEM OVERCOOLING TRANSTENT SCENARIOS

15. Reactor Coolant System and Pumps:

Failure Mode: High flow rate
Plant Conditions: Ary power level
Discission: Inadvertent startup of an idle reactor coolant

pump could cause excessive heat transfer from the
reactor coolant, which could lead to an
overceo-ling 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 vy relatively cold makeup fluid.
17. Safety Injection System:

Failure Mode: Inadvertent initiation

Plant Conditions:  Any power level

52



15.

19.

20.

Discussion:

Inadvertent initiation of the safety injection
system would cause a4 decrease in reactor coolant
temperature from the cooler injection water and

could result in an overcooling transient.

Residual Heat Removal System:

railure Mode:

Plant Conditions:

Discussion:

High flow or inadvertent initiation

Shutdawn

Inadvertent initiation or hiyh flow rate could
cause the reactor coolant temperature to be
lowered at a rate in excess cf the allowable
rate. This overcooling transient could be in
excess of the previously analyzed transient.

Reactor Protection System:

Failure Mode:

Plant Conditions:

Discussion:

Reactor Contro! Rod

Failure Mode:

lant Condition:

Discussion:

Inadvertent reactor trip

Any power level

Inadvertent trips could contribute to a cooldown
event in excess of allowable cooldown rates.

Drive System:

Inadvertent insertion or rod drop

Any power level

Inadvertent insertion of the control rods or

several dropped rods would cause a reactor trip
and core power to decrease. This will cause the
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temperature of the primary coolant to decrease and
result in an overcooling transient.

Feedwater and Concensate System:

Failure Mode:

Plant Conditions:

Discussion:

Feedwater/condensate flow fails high or
feedwater/condensate heating fails low

Any power level

Failures that cou'd cause the feed or condensate
system flow to increase above normal would cause
excessive cooi 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,

Steam Generator Water Level Control System:

Failure Mode:

Plant Conditions:

Discussion.

Higher than requirea feedwater flow rate
Any power level

If the feedwater cortrol valve fails open or fails
to properly respond either from control signal
failure or a control valve failure, an increased
feedwater flow ard an overcooling transient to the
reactor coolant system could result.
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Steam Line Overpressure Protection System:

Failure Mode:

Plant Tonditions:

Discussion:

Main Steam System:

Failure Mode:

Plant Conditions:

Discussion:

Inadvertent operation of a power ooerated or
safery relief valve

Any power level

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
water, a reactor coolant overcooling transient

could be initiated.

High steam flow rate or inadvertent main steam

isolation valve opening
Any power level
Increased steam flow will cause reactor coolant

system temperature to dacrease and may cause an
overcooling transient.

Turbine Electrohydraulic Control system (EHC):

Failure Mode:

Plant Conditions:

Discussion:

Inadvertent opening of the turbine governor
valve(s), failure to properly respond or failure
to trip when required

Any power level
Failure of the EHC to trip the turbine when

required or to increase the turbine governor valve
cpening or for the govenor valves to fail to
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respond could cause an overcooling transient to

the reactor coolant system.

Auxiliary Feedwater System:

Failure Mode: High fsedwater flow rate or inadvertent operation
f1ant Conditions: Any power level
Discussion: Inadvertent initiation of auxiliary feedwater

would cause a cunling of the steam generator water
which could cause an overcooling transient on the

reactior svstem.

Steam Generator Blowdown Systen:

Faiture Mode: High blowdown flow rate

Plant Conditions. Any power leyel

Discussion: An excessive blowdown flow would cause an
increaced feedwater flow which would ccol the
steam generator water and thus the reactor coolant
fa<ter than the core is adding heat. This could

cause or contribute to an overcooling transient.

Auxiliary Steam System:

Failure Mode: High steam flow rate.
Plant Conditions: Any power leuvel.
Discussion: An increased steam flow through the auxiliary

steam system could cause an overcooling transient
to the reactor coolant system.
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Steam Dump System:

Failure Mode:

Plant Conditions:

Discussien:

Inadvertent steam cdump operation or steam dump
valve(s) fail(s) open

Any power level
Inadvertent operation of the steam dump system

could create an overcooling transient to the

reactor coolant systef.
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APPENDIX C

DETAILED REVIEW TABLES FOR STEAM GENERATOR OVERFILL ANU
REACTOR COOLANT SYSEM OVERCOOLING TRANSIENTS
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APPENDIX D

DETAILED REVIEW TABLES FOR STEAM GENERATOR OVERFILL AND
REACTOR COOLANT SYSTEM OVERCOOLING TRANSIENTS

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 irnterfaces 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 whather the failure results in adverse effects in two or more
systems of concern, one system of concern, or a negligibie effect on any of
the systems of concern respectively. The values assigned to the failure
orobability 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 c¢n 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

At (for At s 0.1) x

A

Repairable Events

ol e o+ 1/1)t

o e [1-e ]
AT

< i‘*—xr (fOY' t 2 2‘[)

IN

At (for Xt < 0.1 and t 2 2 1)

The symbols are as follows: & is unavailability, A is the total
cutsets or combinations of unavailabilities, ) is the failure rate, t is
the mission time (usually taken as the time to mitigate the transient),
and 1 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
valve (no bypass around the valve) mav be normally open in an operational
system. If this valve should remain open given a transient has already
occurred, then the component is nonrepairable over the transient mission
time and the unavailability is given by the equation for nonrepairable
events. Associated with this valve may be some control logic. For the
valve to close, two contacts must open. The 'ogic is tested once per month
per the Technical Specification at which time a faulty contact would be ’
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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, “he failed
contact can be repaired once it has been detected. The contact

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

The rspairable 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 operational, the nonrepairable
unavailability equation is generally used (except where there is
redundancy) to determine the probability of failure to operaie over the

mission time.

The probability categories assigned were 1 for failures considered
"likely" with a calculated unavailability between 1 and 1 x 10-6 failures
considered "unlikely"” with a calculated unavailability between 10.6 anc
10-8 were assigned a 2, and failures whicr are considered "extremely
unlikely" with a calculated unavailability of less than 1 x 10“8 were
assigned a 3. A transient category of 1 is a steam generator overfill

transient and 2 is a reactor coolant system overcooling transient.
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2. ASSUMPTIONS

The following assumptionrs were utilized in performing the mechanistic

failure mode analysis:

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
Jjudgments were used as a generic substitute in making the

evaluation.

g Inly the systems identified in the general postulated scenarios
davelopec from the FMEA and the mode of failure for each system
as described in those scenarios were evaluated for mechanistic

failure modes.

3 There woulC be no corrective action taken by the operator during
the first ten mirutes following the postulated failure.

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

o Inacceptable transient freguency, adverse effects on operator
actions, challenges to the ESF, and Technical Specifications
safety Timit 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.
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APPENDIX D. ROBINSON A-47 TERC ANALYSIS

SYSTEM Cantrol Kod Orive System

FAILURE MODE  Inadvertent rod withdrawal

Event Initiator Praducing the Failure Mode

One or more rod cluster comirol assemblies ave
1nadvertently withdrawn from the core due to
one of the following system faiiures:

a. A failyre of one or more of the control
rod actuators which results in a
withgrawal signal to the drive mechanisms

b. Failure in a manual rod control switch
which results in & withdrawal signal te
the control rod actuators.

¢. Failure n the sequential rod control
unit and/or the associaied permissive
circuits which results in a withdrawal
sianal to the control rod actuators.

There appears to be a possible common mode
farlure mechanism between this system and other
systems through failures in the electrical
power and ire protection systems,

* Tnere are other input circuits feeding the
sequential rod control unit whose failure
could result in an erroneous demand for rod
withdrawa). Wowever, due Lo the circuit
design ana the protective interlocks,
multiple failures have to occur teo resuit in
any inadvertent rod withorawal.

a. From Appendix D, Table D-1.

Faitlures in Other
2 System Caused by
Fatlure Rate’ This Event Initiator

Vox 1078 nr Nane
(short or open in
a relay corl)

1V x 1073 he/switen None

(short across switch

ciatacts)

1 x 1076 None

(short or open in

relay .oit)

None assigned for Not determined for
th s report this report; will be

evaluated following
the computer model
s nulations.

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

c. TBD--To be determ ned.

[ffect of Fatlure
In Other System(s)

None

None

Kone

TBODC

Fault
Etfect
Des tgnat 1on

TBD

Probabtiity
JLategory

TBO

Trans jent®
Lategory
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APPENDIX D. ROBINSON A-47 IE&L ANALYSIS (continued)

SYSTEM Foeowater anc Longensate Syslem

FAILURE MODE Feedwater and/or consensate high flowrate

Event Initiator Producing the “a)iure Mode

failure Rate®

1. The fiedwater lating valve 15 open
further than callea for by the Steam
Generator water Level Control System
because of:

a. Faillure of the valve operating
mechanism,

b. Valve mechanical failure causes it te
stick open,

c. Control air pressure to the feedwater
requlating valve fa'ls high.

d. Failure of the solenoid operated vent
or control valve so that the control
air 15 not vented from the regulating
valve actuator.

€. Block of *he vent path used o veil

control air from the reguiating valve
actuator.

1 x 10" Y4
{fatlure to operate)

1 x 0z
{fatiure to operate)

1 x 1075 /he/switch
{premature open)

12 10 Y4

3« 1084
(failure to remain
open-plugged)

Fatlures in Utner
System Causea by
This Event Initiator

None

None

All systems
utilizing control
afr from the same
regulator would
exper ience high
pressure. This will
be further agoresseo
when common mode
failures are
evaluated.

None

None

Effect of Farlure
In Other System(s)

feactor coolant
systen tempersture
will decrease and
pressure will
decrease.

Reactor coolant
syslem Lemperature
will decrease and
pressure will
gecrease.

Reactor coolant
system temperature
will gecrease ang
pressure will
aecrease.

Reactor coolant
System temperature
will decrease ang
pressure will
gecrease,

Peactor coolant
system temperature
will decrease and
pressure will
decrease.

irensient”

Lategory

1.2



APPENDIX D. ROBINSON A-47 1E&C ANALYSIS (continued)
SYSTEM Feedwater and Londensate System

FAILURE MODE Feedwater and/or coasensate high flowrate (continued)

Fatlures in Otner Fault

System Cauysed by Effect of Fatlure Effect Probabiiity Transient”

L9

Event Initiator Producing the Fatlure Mode _,___..“"HL!_'_‘.!!‘. . Inis Event Initiator In Otn r System(s) _Lategory
2. The main feedwater regulating valve Bypass
valve 15 open further than necessary while
controlling feeowater flow because of:
a. Failure of the valve operating i\ x 10730 None Reactor coolant 1,2
mechan ism, (farlure to operate) system temperature
will gecrease and
pressure will
decrease.
. Valve mechavnical failure causes it to 1 x w03 None Reactor coolant 1,2
stick open. (failure to operate) system temperature
wil) decrease and
pressure will
decrease.
¢. Contro) air pressure to the feedwater |« 10"5/hr/switch All Systems Reactor cociant 1,2
regulating valve fails high. (premature open) utilizing control system temperature
air from the same will decrease and
reguiator woula pressure will
experience high decrease.
pressure, This will
be further addressed
when common mode
failures are
evaluated.
d. Failure of the solenoid opeiated vent 1 x w034 None Reactor coolant 1.2
or control valve so that the contrel syster temperature
air 1s not vented from the regulating will decrease ang
valve actuator. pressure will
decrease.
e. Blockage of the vent path used to vent 3 x 10°%/4 Nune "eactor coolant 1.2
cuntrgl air from the regulating valve (failure to remain system temperature
actuator. open-p lugged) will decrease ang

pressure will
decrease.



APPENDIX D. ROBINSON A-47 IE&C ANALYSIS {continued)

-

SYSTEM Feedwater and Londensate System

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

Faillures in Other Fault 5
> System Caused by Effect of Fatlure Effect Probability  Transiest
Event Initiator Producing the Failure Mode Fatlure Rate This Event Initiator in Other System(s) Uesignstion  Lategory _Lategory
3. A main feedwater pump starts or fails to
shut off aguring a plant shutdown due to:
8. Breaker failure. 2 x 107 /hr/motor Nune tone B 2 1,2
(motor starter all
modes )
b. Control switch failure. 1% 1078 hr/switen None None 8 3 1.2
(short across
contacts)
c. Contro) i-terlock failure. 3 x W0 Shr None Nons 8 i 1,2
(instrumentat ion
shift in
calibration)
o A conuensate pump starts or fails to shut of*
= during a plant shutdown due to:
a. Oreaker failuyre. 2 x 1077 /nr/motor None Neoe [ 2 1,2
(motor starter, all
modes )
' b. Control switch failure. 1 x 1078/hr/switch None None B 3 1,2
(short across
contacts)
c. Control interlock failure. 3 % 107 5/hr None None 8 1 1,2
(instrumentation
shift in
calibration)
There appears to be 3 possible common None assigned for Not determined for this TBO 180 180 V¢
mode failure mechanism between this this report report; will be
system and other systems through failures evaluated following
in the electrical power, instrument and the computer mode)
control air and fire protection sys! ms, simylationg

a. From Appendix 0, Table D-1i.
b. l--steam generator overfill transient, 2--reactor coolant system overcoo)ing transient.

¢. TBD--lc be determined.
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APPENDIX D.

S151EM  steam Generalor Water Level Lontrol System

FAILURE MODE

High Feeowater Flowrate

Event Initiator Producing the Failure Mode

Failure Rate”

The Steam Generator Water Level Control! System

erroneously sends an open signal to the
feedwater regulating valve becaure of:

Fatlure of a steam flow instrument

channel producirg a false high steam flow

signal to the controller.

Failure of a feedwater flow instrument

channel producing a false low feedwater

flow signal to the controller.

Failure in the steam generator level

channel result ng
generator level signal to the controller.

Failure of the level controller Circuitry.

Failure of power to the level controller

tn a false low steam

due to a fuse, breaker, or AB]

malfunction

Controller manual control element
maifunctions (short circ. ts, opens,
shorts to ground, or Switch

failure).

2 x 10°%hr
(taken 3 times)

7 x 1078 /ne
\taken i times)

1 x 10-6/nr
{taken 3 times)

3 x 105/
(shift in
calibration)

1% 10°5/hr
(premature hreaker
transfer)

I x K)"’Ihr
(fatlure of
contacts given

no switch operation)

ROBINSON A-47 TE&C ANALYSIS (continued)

Fatlures in Giher
System (aused by
This Event Initiator

None

Naone

Nore

None

wone

Effect of Failure
In Other Systemis)

1¥ other instru-
ment fatlures
occur while these
channe'!s are

farvi g, 1t could
result tn an WSIV
closure, steam
gump valve opening
ena/r reactor
trip.

Naone

None

None

None

Kone

Prubability
Category

Trans lenlo
Lategory

1.2
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APPENDIX D. ROBINSON A-47 1E&C ANALYSIS (continued)

SYSTEM Steam Generator Water Level Contral System

FAILURE MODE High Feeuwater Flowrate (continuec)

T R ——

Fatlures in Other Fault
_ 3 System (aused by iffect gt Fal.ure Effect Probability

Event Initiator Producing the Failure Moge Favlure Rate Ihis Event initistor  in Other System(s) Uesignalion Lalegory
¢ There mo be a possible common mooe  None assigned for Hot determined for Tauc 18D 180

failure this system and other this eport this report, will be

s1sm through failures within the evaluated following

electrical power, control and service air, computer movel

heating, ventilation ang air condilioning simglations.

and fire protection systems,

a. From Appendix D, Table D-1.
b. J--steam generator overfill transient, ?--reactor coolant system overiooling transient.
c. TBD--Te be determined.

Transent”

Lategory

), ¢

-

TR e
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APPENDIX D.

SYSIEM  Steam L ine Overpressure Protection

FAILURT MODE  Inadvertent operation of a power operated or safety relief valve

ROBINSON A-47 JERC ANALYSIS (continued)

Event initiator Producing the Failur. Mode

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

4. Manual contre) switch failure results in
an open signal to the valve.

b. Automatic pressure relief circuit failure
resulls in the valve opening when the
pressure is below the set point.

c. Power operated valve fails npen due to
valve mechanical failure.

6. Pressure instrument supplying the
automat ic system fails high.

A main steam safety valve opens due to one of
the following reasons:

2. The lift setpoint drifted to a lower
value.

b. The valve experiences a mechanical
fatlure.

There appears 'o be a possible common mode
fatlure mechanism between this system and other
systems through failures in the electrical
power and instrument and control air syctems.

a. From Appendix D, Table D-1.

___Fatlure Rate”

3 x 10°8/nr/switens
{short across
contacts)

9 x 107 9/hr
(shift in
calibration)

1 x 10°%/nr/valve
(premature open)

3 x 10 %nr
( instrument
farlure

to operate)

1 x l(rslhrlvi!ve
(premature open)

1 x 175/hr/valve
(premature open)

one assigned for
this report

Failures in Other
System Caused by

Tnis Event initistor

None

Kone

None

None

None

Kot determined for

Lthis report; will be
evaluated following

computer mode ]
simulat fons.

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

¢. TBD--To pe determined.

Eftect of Failure
In Other System(s)

None

None

None

None

None

None

180

Fault
Effect
Designation

Probability
Lategory

180

180

Trans) -ntb
Category
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APPENDIX D. ROCBINSON A-47 [ERC ANALYSIS (continued)
SYSTEM Miin Steam System

FAILURE MODE High steam flowrate or inadvertent main steam isolation valve opening

Fatlures in Other Fault
2 System [ aused by fffect of Tarlure Effect Probavility
Event Inttiator Producing ine Fatlure Mode = Failyre Kate” _ This Event Inittator In Other Syster{s) Uesignatior  Cavegory
A main steam system piping failure occurs which | x l(}'"’/hr/n«_ttnm None Ma or effects on A 3
Causes a high steam flowrate. many syslems,
Under conditions where 1t is intended to
remsin closed, a main steam isolation valve
fails open cue Lo
a. Control switch fai’ure resulting in an V x 1078 hr/switch None None B é
open signal to the MSIV. (stort across
contacts)
. Control solenoid valve failure that 3 x 16 8nr None None B 2
results in opening of the MSIV. (rupture)
c. Failure in the solenoid control circuitry 1 x 10°5/hr/device None None . 2
that results in an open signal to the {solid state device
MSIV. failure)
Under conditions where it 15 intended to
remain closed, an MSIV bypass valve opens due
to:
a. Control switch failure resulting in an 1 x 1078 ur/switch None None 8 2
open signal to the MSIV bypass valve. (short across
contacts)
b. Mechanical valve failure. 3% 10 %nr None None it 2
(rupture)
There appears to be a possible common mogs None assignea for Not determineq for 180" 180 180
failure mechanisns between this system ang gther  this report this report; will pe
systems through failures in the electrical evaluates following
power, instrument and control air, end fire computer mocel
protection systems. stmulat ions .

a. From Appendix D, Table D-1.
b. l--steam generator overfill transient, ?--reactor coolant system overcooling transient.
c. TBD--To be determined.

Transient”
Lategory

1,2
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APPENDIX D. ROBINSON A-47 1EAC ANALYSIS (continued)

SYSTEM Turbine Electro-Hydraulic Control System (EM()

FAILURE MODE Inadvertent gpening of the govenor and/or irtercept valves

Failures in Other Fault ®
2 System Caused by Effect of Fairlure Effect Probability  Transient
Event Initiator Producing the Faslure Mode Failure %ate”  This Event Initiator In Other System(s) DOesignation  Category Category
The turbine govenor and/or intercept valves open
excessively, causing an incresse in the
steam flowrate due to:
a. Failure of the turbine speed sensor 3 x 107 he None None B | 1,2
system causing a low speed signal to the (shift 1n
electro-hydraulic controller. calibration)
b. Faiiure of the turbine impulse pressure 3 x 10°5/hr None N s 8 1 1,2
instrument resulting in a low pressure (shift in
signal to the electro-hydraulic calibration)
controller.
¢. Fatlure of the electro-hydraulic control 1 x 10°8/nr None Kone ] 1 1,2
system's electronic controller which (solig state
results in a erroneous output signal. device faiis
to function)
a. Switch failure (short to power or T x 10-8nr None none ¢ 3 1,2
mechanical failure) in the contro) panel
causing an erroneocus load increase signal
tc the controller.
e. Mechanics) failure of the governor/ ' x 10730/ valve None None - ] 32
intercept valve causes it to go fully (failure to operate
open. open o¢ close)
There appears to be a possible common mode Aone assigned for Not determined for 180¢ 80 T80 1,2
failure mechanism between this system and this repart this report; will be
other systems through failures tn the evaluated following
electrical power, instrument and control air computer mode)
ang fire protection systems. simu'at ions.

a. From Appendix D, Table D-1,
b. 1--steam generator overfill transient, 2--reactor rnclant system avercooling transiens

c. TBD--To be determined.
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APPENDIX D. ROBINSON A-47 IERC ANALYSIS (continued)

SYSTEM Auxiliiary Feedwater System

FAILUKE MODE High feedwater flowrate or inaduertent operation

Event Initiator Producing the Failure Mode

Failure Rate®

The auxiliary feedwater flowrate is higher than
necessary due to:

a. A control switch fatlure resulting in
startup of a standby auxiltary feeowater
pump .

0. A control switch fatlure resulting in the
pump dgischarge valve opening.

c. The turbine driven auxiliary feedwater
pump speed increases due to a circuilry
failure in the speed controller.

d. The turbine driven auxiliary feedwater
pumg's speed is too high due Lo the speed
governor suffering a mechanical failure.

e. When given a control sigial to reduce
speed, the turbine driven pump speed
remains constant due to a stuck governor
valve.

Auxtlia y feedwater flow is initiated
in.dvertently due to:

a. A manua) control switch fatlure resulting
in a start signal (short ‘o power,
mechanical failure, ground).

b. A spurious safety ‘njection or blac'out
signal causes the motor driven auxiliary
feedwater pumps to start.

¢. A failure in the auxiliary feedwater pump
start up control circuitry results in a
pump start signal.

1 x 10" 8/nr/switeh
(srorl across
contacts)

V ox 1078 nr/switen
(shert across

1w 0% hr
(fatls to
function)

1 x W0 e
(fatlure to
operate)

Tox 107 3me
(failure to
operate)

| lO'a/hr
(short across
contacts)

5 x 10 5he
(shift in
calibration)

2 x IU')/hr
(motor starter
all modes)

Fatlures in Other
System (aused by
This Event Initiator

None

None

None

None

None

None

None

Effect of Fatlure
In Other System(s)

None

None

contacts)

None

None

None

None

None

Nune

Fault
Effect
Des ignat ion

Orobability
Lategory

Transient .
Lategory
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; APPENDIX D. ROBINSON A-47 IZ&C AN~LYSIS (continuea)

! SYSTEM Auxilltary Feecwater System

‘ FAILURE MODE High feedwater flowrate or inadvertent operation (continued)

Fartures in Other
. System Caused by
Event Initiator Proguc ng the ¥ailure Mode Failure Rate This Event imitiator

1

I There appears to be a possitle common mode None assigned for Not determined foar this
failure mechanism between this system and othsr  this report regort, will he
systems through failures in the electrics! evaluated following
power, instrument and control air, and fire computer mode |
protection systems. stmulat tons .

I v

a. From Appendix D, Table D-1.
¥ b. l--tteam generator overfill transient, 2-.reactor coolant system overcooling transient.
c. TBD--To be determined.

Ettect of Fatlure
In Other System(s)
§:1

Fault
Erfect

Des ignat jon
180

Probability
Category

180

‘rany \lmlu
L‘.l?ﬂg'_‘!
e
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APPENDIX D.

SYSTEM  Steam Generator Blowdown Systen

FALLUKE MODE  Low b lowa flowrate

Event initiator Producing the Failure Mode

The steam generator tlowdown flowrate is
reduced due tc one of the following failures:

a. Failure of the tlow signal to the flow
controller.

b. Failure of the flow controller resulting
in an output signal to the flow control
valve to decrease flow.

c. Failyre of tontrol air to the controlier.

d. Blockage of the air line to the control
valve.

e. Rupture or sheared air 'ine to the
control valve.

f. Flow contro! valve mechanical failure
shut. (Either one of the two series
valves in each blowdown line closing
would stop blowdown flow for that 5.6.).

There appears to be a possible common mode
failure mechanism between this system and other
<ystems through failures in the electrical
power, instrument and control a‘s, heating and
ventilation, and fire protection systems.

a. From Appendix D, Table D-1.

__Fatlure Rate®

I W 5/m
(shift in
caltbration)

Vox W08 nr
(salia <tate
gevice farls
to function)

4 x 10°%/hr/unit
(compressor
failure)

8 x 1077 /ne
{air filter
fariure)

1 x W0 e
6 x 1077 hr/s.6.

(failure to
remain open)

None assigned for
this report

ROBINSON A-47 [ERC ANALYSIS (continued)

Failures in (Other

System Caused by
This Event Initiator

None

None

None

None

Not determined for

this repor’, will

evaluated following

computer mode |
simulations.

G. l--steam generator overfill transient, 7--reactor coolant system uvercooling transient.

€. TBD -To be determined.

fFault

Effect of Failure Etfect Probability
In Other System(s) Designation Lategory

NGane B |

wone B I

Nune B '

None 8 2

None B 3

None B 2

Tepc T80 180

Transient”

Lategory




L1

APPENDIX D. ROBINSON A-47 IE&C ANALYSIS {continued)

S1.0EM  Turbine Generator Support System

FAILURE MODE Turbine trip due Lo a fatlure in support systems

Failures in Dther
System (aused by

Event Initiator Producing the Failure Mode ~  Failure Rate” Inis Event initiator

The turbine trips due to a failure in one ot
the following input channels to the turbine
generator trip circuit.

a. Tursine overspeed. 3% 10 She None
(shift in
calibration)

b. Thrust bearing failure. 3 0 5/nr None
(shift in
calibration)

c. Turbine bearing low oil pressure. x 1075/nr None

shift in
calibration)

0. Low condenser vacuum. 3w 10 S/nr The steam dump
(skift in system pecome:
calibration) inoperabie if same

instrument channel
s used.
e. Manua) Lrip mechanism. 1ox 1078 None
f. 2 out of 3 low steam ator water 2.7 x WY nr e
level channels taken 3 times. Lshift in
calibration
(3 x 10°5/heV?
times 3]

Effect of Fariure
In Otier System(s)

Upen steam dump
valves and
atmospheric relief
valves, reactor
trip.

Reactor trip and
the steam dump

and atmospher ic
relief valves open.

Feactor trip;
steam dump and
atmospheric reltef
velves open,

Reactor trip;
atmospheric relief
valves open.

Heactor trip;
steam ousp and
atmospheric relief
valves open.

Puxiliary feed-
water pumps start.
steam ator
water level
control gets
erroneous level
signal-opens
requlat ing valve,

Fault
Etfect

Des 1gnat 1on

Probabtlity
Lategory

Transient"

Lategory

1,2

1,2
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APFENDIX D.

SYSTEM Turbine Generator Support System

FAILURE MODZ

Event inttiator Produciig the Failure Mude

g

Reactor trip signai (two seperate
channels).

Switcn farlure for manyal trip at the
control board.

Main feedwater ?uw breakers open (2 out
of 2 trip signals).

Circulatin

water pump breakers open
(3 out of

trip signals).

£ lectro-hydraulic governor DC power
mon itor .,

Loss of genmerator fiela.

Negative sequence on generator.
Unit aifferential current.

OCB 52-8 monitoring circuit failure.

0CB 52-9 monitoring circuit failure.

___Failure Rate®

2 » W/ne
(solia state
device failure)

1 x 0 8nr
(short acrous
contacts)

Vw1072 e
{272 s0lia state
aevices fail)

1 x 10 V8
3/3 solig state
devices fail)

3 x VG- 5/nr
(shift in
calibvation)

3 10 5/hr
(shift in
calibration)

3 x 10°5/hr
(shift in
calibration)

3 x 10°5/0r
fshift in
calibration)

1 x 10 8/nr
(coil open or
short)

1 x Wwb/nr
(coil open or
short)

ROBINSON A-47 JE&C ANALYSIS (continued)

furbine trip due to a failure in support systems (continued)

Fatlures in Other
System Caused Ly
This Event Tnitiator

Reactor Trips

None

None

None

None

None

Effect of Fatlure
In Otoer System(s)

Reactor trip
and associated
interlock actions,

desctor trip
and Ass50¢ 1ated
interlock actions.

Keactor trip
and associated
inter lock actions.

Reactor trig
end assoc fated
inter lock actions.

Keactor trip
and associated
interlock actions.

Peactor trip
a0 assor iated
interiock actions.

Reactor trip
and associated
interlock actions.

Reactor trip
and asscoiates
interlock actions.

Reactor trip
and assoc iated
interlock actions,

Keactor trip
and associated
interlock actions.

Fault
ftfect
Designat ion

A

Frobability
Category
1

Transient®
Leiegory
1,2



APPERDIX U.

ROBINSON A-47 IE&C ANALYSIS (continued)

SYSTEM Turbine Generator Support System

FAILURE MODE Turbine trip due to a faflure in support systems (continued)

Failures in Uther Fault

6!

s System Caused by Effect of Fatlure Ftfect Probauility  Transient”
Event Initiator Progucing the Failure Mode __Failure Rate This Event inttiator In Otner System{s) Designation  Lategory  Lategory
4 Unit auxiliary transformer-faulty 3o« W0 nr Lone Reactor trip i i 1,2
pressure. (shift in and as50c 1ated
¢ calibration) interlock actions.
r. Unmit auxilrary transformer differential 3 x 105 hr None Keactor trip A 1 3,2
current . {shift in and associated
calibration) interlock actions.
s. Exhaust hood temperature high. 3 x 10 9hr Hone Reactor trip A ) 1.2
(shift in and associated
calibration) interlock actions.
t. Main transformer-faulty pressure. 3 x 10°5/hr None Heactor trip A 1 1,2
(shift in and associated
calibration) inter lock actions,
u. Generator ground monitoring circuit 1 x 10-6/he None Reactor trip A 2 1,2
fatlure. (cotl open or and associated
short) inter lock actions.
v. Voltage controllea overcurrent relay. 1 x 10 6/nr None Reactor trip A 2 1,2
(coil upen or and assoc iated
short) interlock actions.
w. Generator gifferential current. 2 x 105/ None Reactor trip A ! i 2
(shift in and associated
calibration) inter luck actions.
The turbine trip due to a fatlure in the 1 x lo"/hr None Keactor trip " ¢ 1,2
turbine generator trip logic circuit, (solid state and associated
device fails) interlock actions,
There appears to be a possibie common mode None assigned for Not determined for 180¢ 180 180 1,¢

failure mechanism between this system and other  this report
systems theough failures 'n the electrical

power, instrument and control air, heating and

ventilation, and fire protection systems.

this report; will be
evaluated following
computer model
simulations.

a. from Appendix D, Table D-1.
b. !--steam generator overfill transient, 2--reactor coolant system overconling transiest,

c. TBD--To be determined.
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APPENDIX D. ROUBINSUN A-47 JE&C ANALYSIS (continued)
SYSTEM Auxiliary Steam System
FAILURE MODE High steam flowrate

Failures in Dther Fault B
a System Caused by Effect of Fatlure Fffect Probability Transient
Event Initiator Producing the Failure Mode Failure Rate”  This Event [nitiator In Otner System{s] Designation Category Lategary
The extraction steam flowrate becomes 3
abnormally high due to one of the following i
failures in the system:
a. An extraction cteam valye fatls apen. I IO"/hrlvﬂve None High and lTow B 2 1
(failure of valve pressure heaters
ta remain open) will YTose full
neating capabitiity.
b. An extraction steam valve suffers 2 1« 10 8hr/vaive None High and low # 3 1
rupture. (rupture) pressure heaters

will lose full
heating capability.

€. An auxiliary steam pipe rupture. 1 ox 107 10/ne None High and low b 3 |
(per sectien) pressure heaters
will lose full
heating capability.

a. From Appendix D, T4ble D-1.

b. l--steam generator overfill transient, 2--reactor conlant system overcooling transient.
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APPENDIX D.

SYSTEM Steam Dumy System
FAILURE MODE High steam flowrate

RUBINSON A-47 [E&C ANALYSIS (continued)

Event Initiator Procucing the Faitlure Mode

One or more steam dump valve/s open/s or
increases the amount ‘hat it/they are open due
to one of the following failures:

Manual control switch failere.

The turbine loac signal to the average
temperatui e programmer faiis low causing
a low T.a¢ output.

The averace temperature programmer
circuitry fatls causing an erronecusly
low T.o¢ outpul.

One or more of the temperature signals to
the average temperature unit fails high
causing an erroneously high Taye signal
to the steam dump controller.

Averaging unit failure resuiting in an
erronegusly hig Tayg signal to the
steam dump controller,

Steam durn controller fails resulting in
W open signal to the valves.

The steam oump cutout permissive Circuit
farls resulting in a spurious signal to
the valves.

The steam dump positiuner fails and sends
an open signal to the valves.

Control solenoid valve fails allowing the
steam dump valve to be fully opened.

Failures in Other
System Cauteq by

___Failure Rate’ Ty Event Initiater
! x lO'ﬂ/M’ Non~

(short across

contacts)

1 x 10°6/hr None

{solid state
device fails)

1 x 10-6/hr None
(solid state
device fails)

1 x 10-6/pr None
{instrumentation-
falis to operate)

1 x 10°8/nr wone
{solid state
device fails)

1 ox 107 6/nr None
(solid state
dev.ce fails)

1 x 10" %/nhr None
{s0)lid state
device fails)

1 x ur‘nw None
(instrumentation-
fails to operate)

1 ox 107 8ne None
(rupture)

tfiect of Failure
in Other System(s)

None

None

None

None

None

None

None

None

Fault
Effect
Des iynat ion

.

Protability
Category

Transient”
Laregory

1,2



APPENDIX D. ROEIRSON A-47 1E&L ANALYSIS (continued)

SYSTEM  Steam Oump System
FAILURE FODE Wigh steam flowrate (continusd)

Farlures in Uther Fauit b
" Syvtem Caused hy Effect of Failure Effect Probability Transient
Event Initiator Producing the Fallure Mode Failure Rate This Event Initiator  In Other Syitem(s) uesignatien  Category  Cateqory
There appears Lo e & possible common mode Nome assigned for Not determined for this 180¢ T80 180 1,2
fatlure mechanism between this system and other  this report repurt; will be
systems through failures in the electrical evaluated following
power and fire protection systems. Lomputer mode!
simulations.

e e L e e e N e e e T T e e e T R R — A € e e T 4
)
.
|
g
'
N
|
!
|
|
|
1

a. From Append‘x 0, Table D-1.
b. 1. steam generator overfill transient, >--reactor coolant system overconling transient.

c. T1BD--To be determined.

238
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APPENDIX D. ROBINSON A-47 IERC ANALYSIS (continued)

SYSTEM Reactor Coolant System
FATLURE MODE #igh coolant flowrate

Event Initiator Producing the fFailure Mode

An 1gle reactor coolant pump inadvertently
starts due Lo one of the folluwing failures:

a Switch contacts fail open or closed
without any switch operation.

b. Short occurs in pump control Circuit
wiring.

¢. Inagvertert closure of the circuit
breaker due to a breaker failure.

Note: The plant Technical Specifications do
not permit N-1 loop operation at power.
Therefore, all three reactor coolant
pumps shouid be running during power
uperation and an inadvertent start
should rot be possible.

There appears to be a possible common mode
failure mechanism between this system and other
systems through failures in the fire protection
systems.

2. From Appendix D, Table D-1.

__Failure Rate”

3% 107 b
per switch

1 x 16780
per pump

2 x 10 e

None assignea fur
this report

fFarlures in Other
Syste” Lauseo by
This Event Initictur

None

hone

None

Not determined ‘or
this report; will he
evaluated following
computer model
simylat tons.,

b. l--steam generator overfill transient, 7--reactor coolant system overcooling transient,

¢. TBO--Tr be determirea.

Effoct of Failure
in Other_Systes(s)

None

None

None

180°

Fault
Effect
Des ignation

180

Prohabi )ity

180

b
Transient

Lategory
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APPENDIX D', ROBINSON A-47 |E&C ANALYSIS (continueq)

SYSTEM Pressur izer Overpressure Protection System

FAILURE MO0t Premature opening of a relief or safety valve

farlures in Qtner
System Caused by
This Event In‘tiator

Event 'niliator Producing the Failure Mode Failure Rate’

A pressy-izer power operated redief valve opens
prematurely due to one of the following

failures:
A. With the PORV selector switch in "auto”, 3 x 10~ 5/m None
theassoc tated pressur izer instrument per POEY
fatls.
b. With the PORY selector switch in “Auto®, 3 x W 9/hr None
the pressure switen fails and actuates per PORY
premeturely. conta~ts)
C. The PORV selecter switch fail, resulting 3 x 10r7/hr Hone
tn a manual oper signal to the logic per PORY
circuitry.
d. A control circuit logic gate suffers a 2 x 1078 /nr None
fatiure resulting in an upen signal to per PORV
the PORY.
A pressurizer safety valve apens premature due
to one of the following fatlures:
a. Premature open due tc setpoint drifi. 1 x 107 S/hr None

per safety valye

b. Mechanical valve failure--rupture. 1 x 10°8/nr None

per safety valve
A pressurizer PORV or safety valve does not 2 x 1r?e None
close after it has opened due to a valve per vaive

failure.

Fault
iffect of Fatlure Effect Vrobabtiity Transient”

in Other Systew(s) Oes:guation  Category =~ Cotegory

Keactsr coolant L} ! 2
system has & loss
ot cuolant.

Reactor coolant ° I 2
system has a loss
of coulant.

keactur cooiant B ' 2
syrtem has a Yass
ot coolant.

Heactor coolant B ) 2
system has a loss
of coolant,

Reactor coolant ] 1 2
system has ¢ loss
of coolant.

Feactor coolant B 1 z
system has a loss
of coolant.

Reactor coolant B 1 2
system has a i0%s
of coulant.
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APPENDIX D. ROBINSON A-47 TE£&C ANALYSIS (continued)

SYSTEM Prossurizer Overpressure Protection System

FAILURE MODE Premature opening of a relief or safety valve (continued)

. Fatlures in Other Fauit b
A - System (aused by Effect of Failure Effect Probabitity  Transient
' Event Initiator Producing the Failure Mode Failure Rate”  1his Event Initiatar  In Other System(s) Designation  Categov, Lategory
: There appears to be a possible common mode None assigned for fiot determined for this THDC 180D 180 V¢
fatluyre mechanism between this system and other  this report report; will ne
systems through failures in the electrical evaluated following
| power, instrument and control air and fire computer mooel
; protection systems. simulations.

a. From Appendix D, Table D-1.
1 b. l--steam generator overfill transient, Z--reactor coolant «ystem overcooling transient .
: c. TBD--To be determined.

WP P p—
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APPENDIX D.

SYSTEM  Safety Injection System

FAILUKE MODE  Inadvertent inftiation

Event initiator Producing the Failure Mode

Failure _R}Let-___

The Safety Injection System is inadvertently

taitiated gue to ume of the following failures:

a.

Fatlure of 2 out of 3 pressurizer
pressure instruments or a shift in
calibration,

fatlure of 2 out of 3 containment
pressure instruments resulling in a
shift in calibration or erroueous high
indication.

Failure of 2 out of 3 steam )ine
aifferential pressure instruments
re<ulting in a shift in calibration or
erroneous high indication.

Manual pushbutton failure by sherting to
power .

2.7 % 16 Yne

2.7 % W0 %%ne

2.7 x 10 %ne
per steam line

1 x 10 8/ne
per each of 2 buttons

ROBINSON A-47 1E&C ANALYS!S (continued)

Failures in Other
System Caused by
This Event Infirator

None

Kone

Faui:
Effect of Fatlure Effect Pravabiiity
In Other Systemis) Designatton  Lategory

The safety injec- “ 3
tion signal would
Cause 3 reactor
trip and if
pressure is low
would
inject borated
water .,

The safety ir’ec- A 3
Lion signal would

couse 8 reactor

trip and f

pressure is low

enough wou ld

inject borated

waler.

The safety in- A 3
Jection signal

would cause &

reactor trip and

if the primary

pressure is low

Tre safety in- A 3
Jection signal
woula cause a
reactor trip and
if the primary
pressure is low
borateo
water would be
injected.

Trany tent”

Lotegory

P
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APPENDIX D. KOBINSON A-47 [ERC ANALYSIS {continued)

SYSTEM Safety injection Systee

FAILURE MODE Inadvertent finitiation (comiinvea)

Event Initiator Producing the Failure Moge

Fatlure h!c'

fFailures in Other
System Lausen by
This Event initiater

e. Failyre in the folloming instryment
channels to result in high steam Tine
flow (1 & of 7 instrument) in 2 out
of 3 steaw lines along with either 7 oyt
of 3 low Tgayg or 2 out of 3 low siesm
tine pressure.

f. Failure in 2 logic gate in Lne safety

injection system actuation Circuitry.

g. Faiiure of control relay in safety
injection pump circuitry.

i

appears to be 3 possitle common moce
mechanism between this system and other
through failures in the electrical

and fire protection systems.

i

a

i

a. From Appendix 0, Table D-1.

3 2 10" S/hriper
nit. ch 1--
5.8 = 10"V inr

Vox W08 e
per steam |ine

7 Wr%me
per steam line

None assigned for
this report

The main steam line
Isoiation vaives
would clicse.

Not determinec for
this repert, will te
evalusted folloming
omputer mude!l
simulations.

b. l--steam generator cverfill trantient, “--reactor coolant system overcooling transient.

¢. 18D--To be determined.

Fault
Effect of Fatlure Effect Probatiility

In Other System{s] Designation  Category

Tne safety in- A ]
jection sigual

woyld Cause @

reactor trip ang

1 the primary

pregiure is Jow

encugh borated

waler woula be

injected.

he satetly n- A 2
J=ction signal

would cause 2

reactor trip and

f the primary

pressure is low

encugh borated

witer would be

injected.

1f pramary 8 3
pressure is below

the shut-off head

of the S1 pumps,

tner barated water

w11 be injected

into the PCS.

120° T&D T80

Transien z"
Lategory
2
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APPENDIX D. ROBINSON A-47 IE&C ANALYSIS (continued)

SYSTEM Residual Meat Removal System

FAILURE MODE  High RNR flowrate or inadvertent fmitiation of GHR flow

Vvailyres 1n Other Fault
5 System (aused by Effeci of Fallure Fefect Probabiiity
Event Initiator Proguc ing the Failure Mode Failure Rate This Fvent Initiator In Other Systes(s) Designation  (stegory
The RHR flow contro) valve fails open during
the cooling mode due to one of the following
fatlures:
a. Valve suffers a mechanical failure and 1 ox 10 8ne wone None “ 3
opens further than necessary for the
existing conditions.
b. Coatrol solenotd valve fails resulting in 1 x 107 Z/nr Nene None w 3
the flow control valve opening.
¢. Control circuitry failure results in a 12 107 % None None 8 3
open signal tc the flow control vaive. {short to ground)
d. Switch failure results in a open signal Va0 % ne None None - 3
to the flow control valve. (short acros«
contact)
The standby RHR pump 1s inadvertentiy started
due to one of the following failures: (51
‘initiation covered seperately)
8. Failure of a relay in the mstur contro) 1 x 107 8/hr/relay None none 8 P
circyit.
b. Manua) start switch fails resulting 1. a 1 x 1078 /ne/switen None None - 2
start signal to the pump motor.
There appears to be a possible commor mode None assigned for Not determined for this 18D T80 180

fatlure mechanism bHotween this system and other
systems through failures in the electrical
power and fire protection tystems.

8. From Appendix D, Table D-1.

this report

report; will be
evaluated following
computer mode |
simulations .

L. l--steam generator overfill transien’, 7--reactor coolant system overcooling transient.

. TBD--To be determined.

Transient”

Lategory
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APPENDIX u. ROBINSON A-47 [ERLC ANALYSIS (continuea)

SYSTEM  Reactor Control Rod Urive Syatem

FAILURE MODE  Inadvertent insertion or red drop

Event Initiator Producing the 7 ailure Mode

Contro! rogs are inadvertently inserted inte
the core due to one of the following failures:

3. A failure of v..e or more of the contro!
rod actualors which results in an
insertion signal to the drive mechanisms.

b, Fatlure in manual red control switch
which results in an insertion signal to
the control rod actuators.

€. railure in the sequential rod control
unit and/ur the permissive chituits
resulting 'n an 1nsertion signal to
actuators.

Control roos are inadvertently dropped into the
core due to one of the following failures:

a. Loss of power from the solid state power
cahinet due to 3 hlown fuse, tripped
breaker, or open wire.

h. Electrical failure of statioviry or
moveab le gripper ¢ofls in a control rod
drive mechanism,

__Failore Rate®

Vo W Ehe
{shert or open
relay covl)

Vo 1B fewiten
(short across
contacts)

e 1w
{short or open
relay coil)

1% 105
{breaker prematyre
transfer)

15 WS mescrom
(-0 short or open)

Faltures in Ulter
Syiten Caued %y
Ih_t_s.: venl ,‘,‘1" iator

Kone

Nono

None

Faull
Eftect of Fatlure Ettert Probabr 11ty

In Other Gystem{s) UDesignation  Category

Necrease in L} ?
primary

temperatures,

automatic contreal

woulet try to

coreagt

Decrease o o 3
primary

Lemper atures,

Jutomatic congrol

nould try to

correct .

Decrease in B 2
Ermery

tenperatyres,

sutomat - control

woula try to

correct .

initiate 2 turbine B ]
leag cuthack by

Erl system and

Wwhit T ron

withdrawal .

Imatiate a turbine L] 1
1nad cutback by

EMC system any

intuit rod

withgranal .

Trans iont"
Lategqury.

~

sl B B



APPENDIX D. ROBINSON A-47 [E&C ANALYSLIS (continued)
SYSTEM Reactor Control Wod Drive System

FALLURE MODE [madvertent insertion or rod drop {cont tnued)

Failures tn (ther

Fault '
|
I
|
-

4 System Laused by Effect of Failure Fifect Probabifity  Tran ast”
Lvent Initiator Provucing the Failure Mode _Fatlure Rate” _  Ihis fumt Initiator Qe Dtver System{s) Uesignation  Category Lategury
€, Mechanism fatlyre of contral rod drive Iox W8 nesckos Biow [ritiate a Lurbine B 1 P
mechanism jalch assembly, {clutch prematurs Inau cutback by
dreengagenent ) M syslem ang
inhabit rod
withirawal,
There appears to b2 a possible common moge None assigned for Mot determineg for thig TFQS 180 160 e
{ailure mechanism between this system and other  this report report; =i il be
systems through fatlures in the slectrical evaluzted following
power and {ire protection systess. computer meel
simulat ions .
3. From Appendix U, Table D-1.
b. l--steam generator overfill trancient, Z-.reactor coolant system avercooling transicnt.
c. TBD--To be de'ermined.
ul " % - * . .
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APPENDIX D, ROBINSON A-47 [t

SYSILM Feedwater and Londensate Systes
FAILURE MODE Fatlure of the feedwater/condens

R — P~ e
. | - - |

&C ANALYSIS (continued)

——

ate_neat ing

Event Initiator Producing the Failyre Moge

Farlures in (tner Fault 5
System Taused by Etfect of Failure Lifect Probativisty  lransient -

__ Failure Rate® tnis Event initiater  [n Otier Sgstem(s) Oesignation  Category = Category |

Steam flow 5 lost to the h

ang low pressure

heaters due to one of the following failures:

2. The extraction steam regulating valve/s
closes due o mecranical failure/c.

¢. Failure of the heater drain Lank purp/s
results in tank overfill thereby
restricting steam flow to the heaters,

G.

ailure of the heater drain tank control
system which results tn overfilling the
ank .

-

12 10 Tihesvaive
{failure to
remain open)

32 1077 hejvatve
“air operated valve
fails to remasn open)

1 WS ne/meter
{motor fails ta rua)

In 1 Siee
{instrument syctom
shift in calivration)

hone

Decrense in
teadwuater
temperatures will
LRUAS BeCTeaLe n
colg Yoo tempers-
ture wtiich will
200 positive
re3ctie ity tn
the reactor,

Uecresie in
feetuater
terperatyres atll
L3uNE GeCrease in
el leg tempera-
ture wnich will
407 pOS It
reattivity to

the rapcior.

Letrease tn
feenaater
tesperaty-es will
£4%¢ neCreace in
cnld teg temperp-
Lar® which wi 1]
#9¢ pastlive
reactivity o

the réacine.

beceeass in
frenwater
tergeratyres wiil
Cause Pecryeace In
tals Teg temgera-
Ture whick w11l
ada preitiee
reattivity Yo

the veartne,



APPENDIX O.

SYSTEM Feedwater and Condensate System

FAILURE MODE Faflure of the feedwater/condensate heating [cont inusd!

ROBINSON A-47 1ERC ANALYSIS (centinued)

Fatlues in Othes Fauit
a3 Swetem Caused iy Eifect of Failure Eftect Probability Transient”
Event Initfator Produc ing the Failure Mode Failure Rate”  This Eveat [nifiator in Other System(s) Designation  Catec.ry Category
Feedwater or condensate flow bypasses the jow
pressure neaters due to the follewing failure:
. UOne ur more of the thegs-way bypass 3 x W ikrsvalve wune vecrease in ¥ < i
valves fatls in the bypass position. (failure to rematn fertwgter
OREN an A operated temperature, wtll
valves) Cause gecrease in
colo ley tempera-
ture which will
a0a positive
reactivity to
the reactor.
There appears to be a possible common mode fone assignea for Not aetermireq for ot T80 18D bod
1 fatlure mechanism between this system and other  this report this report; w' 11 be
systems th-ough failures in the electrical evaluated follim g
(v power, ingtrument and control air and fire computer mode |
~N protection systems. simylatinns,
a. From Appendix O, Table O-1.
1 6. l--steam generator overfill transient, 2.-reactor coolant syitem overcooling transient.
¢. T80--To be determined.
. bl . - -
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TABLE D-1. (continued)

Component and failurc Mode

Valves (continued)

d.

Check valves (continued):
Rupture

Manual valves:

Failure to operate (open or
close)

Rupture

Code safety valves:

Fail to open

Premature open

Fail to reclose (given valve
open)

Relief valves:
Faillure to open
Premature opern

Fatlure to close, given open

Fatlure Error

___Rate Facior Remarks

1E£-87hr *0 From WASH-1400--Reference 2.

1£-4/0 3 Fallure to operate is dominated by human
error; rate is based on one actuation per

1€-3 /a7 10 month.

1E-B/nr 18 Based on WASH-1400--Reference 2.

1E-574 3

. 3/hr 3 From WASH-1400--Reference 2.

1t-2/74 1

1E-4/¢ 10

IE-5/hr 3 From WASH-1400--Reference 2.

2k -2/4d 3



TABLE D-1. (continued)

tallure Error
- Component and Failure Mode __Rate Factor B Kemarks
2. Valves (continued)
h. Test valves, flow meters,
orifices:
Fail to remain open (plug) 3t -4/4 3
Rupture 1€ -8/hr 10
i. Stop check valves:
Fallure to open 1¢ -4/4d 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 1e-4/4 3
b. Torque:
Fallure to operate Tt -4/4d 3
c. Pressure:
Fallure to operate 16-5/7d 3

d. Manual:

Fail to transfer it -4/d 10
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TABLE D-1. (continued)

Component and Faliure Mode

4. Switch Contacts:

Fatlure of NO contacts to close,
given switch operation

Failure of NC contacts by opening,
given no switch operation

Short across NO/NC contact
5. Circuit Breakers:
Faillure to transfaer (open or close)
Premature transfer
6. Fuse:
Fatlure to open
Premature open
7. Bus:
Fatlure

8. Transformer:

Failure (open ckt or short)

Failure

__Rate

3i-1/hr

1E-71/hr

1E-8/hr

1£-3/d

1E-5/hr

1E-5/74

VE-6/hr

1€ -8/hr

1£-6/nhe

trror
factor

16

10

10

Remarks

From WASH-1400--Reference 2.

Includes all components of the circuit
bredker mounted on drawout frame. From
Reference 1.

For sizes 4kV and smaller.

from WASH-1400

From proposed NREP data base--Reference
From proposed NREP data base--Reference
All modes

From proposed NREP data base--Reference

A1l modes



TABLE D-1.

{continued)

Component and faliure Mode

10.

86

",

12.

13.

Emergency Uiesel (complete plant):
Fallure to start

fallure te run (emergency
conditions, given start)

Relays:
Fail to energize

Fatlure to transfer (open or
close’

Short across NO/NC contact
Coll (open or shrort)
Battery Power System (wet cell):
Fails to provide proper output
Battery Charger:
Failure to operate
DC-Motor -Generator:

Fallure to operate

Failure

Rate

3t -2/4d

1€ -3/7hr

1t -4/d

1£-4/0

1E-8/hr

1E-&/hr

1t-b/hr

1E-6/hr

1E-6/hr

Error
factor

10

(W)

10

10
10

16

Remarks

Engine frame anrd associated moving parts,
generator coupling, governor, static
exciter, output breaker, lube oil system,
fuel o011, suction and exhaust air, starting
system; excludes starting air comprescor
and accumulator, fuel storage, load
sequencers, and synchronizers. From
Reference 1.

From WASH-1400--Reference 2.

From Reference 1.

From WASH-1400--Reference 2.
From Reference 1.

Assumes out-of-spec cell repiacement.
From Reference 1.

From proposed NREP data base--Reference 1.

From proposed NREP data base--Reference 1.
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TABLE D-1.

{continued)

Component and Failure Mode

4.

15.

16.

17.

18.

Wires:

Open circuit

Short to ground

Short to power {control circuit)

Short to power (power circuit--
line to line)

Solid State Devices High Power
Applications:

Fails to function

Solid State Devices Low ' ower
Applicatiun

Fatls to function
Terminal Boards:

Ope. onnection

Short to adjacent circuit
Demper :

Failure to operate

Fai.

R

e

e =

r
3

1£-6/hr
1E-7/hr

1E-8/hr

1E-&/nr

1t -6/nr

1L-6/hr

1E-T1/hr

1€-2/hr

1€-3/d

trror
Factor

10
‘0
10

10

10

10
10

Remarks

Consistent with IEEE-500 daté fer 1000
circuit feet. From Reference 1 except
ds noted.

From IEEE-500--Reference J.

For more detailed information, see
MIL-HDBK-217C. From Reference 1.

See MIL-HDBK-217C. From Reference 1.

Values given are per terminal. From
keference 1.

from Reference 1.
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TABLE D-1. (continued)

Component and Failure Mode

19.

20.

21.

e2.

23.

Motor:

Failure to start
Failure to run
Motor Starter:

A1l modes

Pipe (per section):

Rupture

<3-in. rupture

>3-in. rupture
Heat Exchanger:
lube leak

Shell leak

Plugged

Strainer/Filter {1liquid):

Plugged

Fatiure

Rate

3t -4/d

1€-5/hr

ct-lrsnr

iE-9/hr

1E-19/hr

1£ -9/hr

16 -6/hr

1E-6/hr

E.5/h

trror
Factor

1o

19
30

10

i0

10

10

Remarks

From WASH-1400--Reference 2. FElectric
motor.

Spur ious cperation, falls to open/close,
fails to Interrupt on opening. From
TEEE-S50C--Reference 3.

Per 12-ft section. From
WASH-1400-Reference 2.

From proposed NREP data base--Reference 1.

Per tube.

From IREP/Browns Ferry--Reference 4.

For clear fluids; contaminated fluids or
fluids with a heavy chemical burden should
be considered on a plant-specific basis.
Reference 1.
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TARLE D-1. (continued)

Failure
Component and Failure Mode Rate

24. Clutch:

Mechanical fatlure fo operate 3t -4/d

Electrical failure to operate 3 -4/d

Premature disengagement E-6/hr
25. Instrumentation General--(includes.

transmitters, amplifiers, and

output devices):

Fallure to operate £ -&/hr

Shift ir calibration JE-5/hr
26. Compressors:

A1l modes 4.178-

b/hr

27. Chiller:

Falls to operate BE -t/hr
28. Fans (Cocling Tower):

All modes 1.24(-8/h7

10

30

10

Remarks

From WASH-1400--Reference 2.

Froix proposed NREP data base--Reference 1.

From IEEE-500--Reference 3.

F-rom Reference 5.

From Reference 3.
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TABLE D-1. (continued)

“allure trror
Component and Faltlure Mode __Rate  tactor - Pemarks
29. Fans (HVAC)
A1l modes 2.228-8/br 3 From Reference 3.
30. CIS Valves Values derived from Reference 6. A PWR
plant was chosen with the largest numoer
a. Air operated of CIS valve leakage tallures. Fallure
rates are based on number of failures,
Leakage 4.2E-%/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/h7 1C program.
31. Filters (air):
Failure 8.0b-1/hr 30 From Reference 8.
32 . Power
Loss of offsite power (LOSP) ©L.0E-5/hr From Reference 7.
Loss of Unit Av-iliary 3.0 -3/hr Faliure rate is the square root of the LOSP
Transformer (UAT) faillure rate.
Loss of Reserve Auxiliary 3.CE-3/hr Failure rate is the square root of the LOSP
Transformer (RAT) fallure rate
33. Flanges
Rupture/Leak 3.08-7/hr 30 From Reference 2.
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APPENDIX E
STEAM GENERATOR OVERFILL AND REACTOR COOLANT SYSTEM

L . OVERCOOLING POSTULATED TRANSIENT SCENARIOS
1. INTRODUCTiON

This phase of the steam generator overfill and reactor coolant system
overcooling report was performed to identify trancient and acrident
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
i A single safety grade component failure may be assumed.
v Multiple control grade fariurcs may be assumed.

3 A single occurrence whicr results in multiple failures is considered

to be a singie failure,
d. SEQUENCE OF EVENTS FOR STEAM GENERATOR OVERFIL: ACCIDENT

3.1 H. B. Robinson Licensing (FSAR) Acciden* Analysis

The H. B. Robinson FSAR does not recognize or analyze any accidents
associated with a steam generator overfill event.

4. POUSTULATED ACCIDENT

Through the course of this study there have been no failures of
control grade systems or components icentified that could create a =team
- gererator overfill design basis accident.




5. SEQUENCE OF EVENTS FOR STEAM GENERATOR OVERFILL TRANSIENT

5.1 H. B. Robinson Licensing (FSAR) Transient Anaiysis
The H. B. Robinson FSAR does not recognize or analyze any transients

associfated with the stears gensrator overfill event.
6. POSTULATED TRANSIENT

The followiry initial conditions will be assumed. Hot zero power,
feedwater system in manual on the pypass valves with auxiliary feedwater
still operating, the feedwater regulating valve fails full cpen. As an
aggravating failure, wnen the steam generator level reaches the high level
trip, the feedwater pump breaker fails to trip.

fhe initrating event is fuilure of cre stear yenerator feed flow
regqulating vaive full open. This failure 1s assumed to result in an
irceease in fesd flow rate to 100% or greater for the affected steam

generator.

The result of this inftiacing avenl is assumed to D2 a steam gencrator
water level increace of approximately 3.0 inches/sec or greiter. With an
agyravating failure of tre feedpump breaker faiiing 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
3 seconds water will reach the main steam line nozzle and begin to enter
the steam line. (Assumed initial level of 39% of narrow range indization.)
€.1 Sequence of Events
Initial conditions: hot zero power, reactor feedwater system in

E manual, norme! steam generator vessel water level (39% of indicated narrow
[ rance),
l
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1

V Time
| o Event o (second)
i E Hot zern operation (0-5% power) 0
| Feedflow regulating valve for one 10
- steam generator fails fuil open

‘ and feedflow goes to 100% or

| greater

|

| High leve)l trip setpoint reached, 15
f feedwater pump breaker trip fails

: to actuate

f Water reaches main steam !ine 42

| nozzle.

I

|

| 6.2 Discussion

I

‘I

;.

| In applying the normal assumptions used for licensing reviews *his is

censidered tc be a valid scenarioc of concern. An initiating event was
éssumad aid ar additional active failure was assumed.

; Since trese feedwater pump trip circuits are net zonsidered safety

| velated or designed to safety grade stardards it could furtter be assumed
ﬁ that on 2 generic basic a single event such as & saismic evert could zeuse
failure of tso or more trip circuits. :

L Additional faiiures which were identified as potential initiators or
aggrava.ors were considered tc 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 medel simulation results.
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TABLE £=1. STEAM GENERATOR OVERFILL POSTULATED AGGRAVATING FAILUKES

System kanking . Postulated Effects
Control rod drive system B3 Rod withdrawal--increase in
(rod withdrawal) reactor power
*(C.M.F. 1,8)
Main steam system ¥4 Could cause level swell and
(main steam isolation valve slightly faster level rise
opens)
*(C.M.F. 1,2)
Steam line overpressure B1 Couid cause leve! swell and
protection system (relief slightly faster level rise
or safety opens)
*(C.M.F, 1,2)
Turbine EiC svstem Bl Could cause level swell and
(power increase) slightly faster level rise
“(C.M.F. 1,2.8)
Steam dunp system B2 Could cauvse level swell and
{ inadvertent open) siightly faster leva] rise
“(C.M.F. 1,4)
Steam generator water level Bl Could cause faster level rise
control system or zould cause adiitional
*(C.M.F,1,2,3,4) failures in other steam

gererator levels.

Feedwater and condensate Bl 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
Seryice Air (low or loss of air pressure), 3--Heating, Ventilation and Air
Conditioning (loss of HVAC), 4--Fire Protection (actuation).

6.3 Conclusions

Altnough defining the actual consequences of a steam generator
ove~fill 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 oe
disabled or damaged by water loading are ccncerns. For example, main -team
isolation valves 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.ually isolating the feedwater system from the
steam generator. However, based on the time frame involved (less than

1 minute) operator action is ndot considered.

6.4 Additional Analysis Required

The consequences of this jostulated scenario cannot be predicted at
this time. In a later phase of this study computer simulat:uns will be
performed to determine the control system response and to calculate nuclear
and thermal tiydraulic responses to this scemario. Additional aggravating
failures can te postulated at that time te verify suspected minimal
effects. Systems which are suspected of being susceptible to common mode
failures will be modeled and the effects of the faiiures wil! be analyzed.
Common =oda 3. lures will Le analyzed for a loss of power, low or loss of
@ir pressure, overneating and fire protection actuation. Insight gained
from the computer simuiation 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
previcusly z2nalyzed will then be evaluated to determine if the specific
scenarios are applicable on a generic basis.

7. SEQUENCE OF EVENTS FOR REACTOR COOLANT SYSTEM OVERCOOLING 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
cffsite power available.
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8. POSTULATED MORE SEVERE ACCIDENT

The design basis accident for an overcocling event also meets all of
the reguiremenis necessary to classify it as a transient. Therefore, the
postulatec more severe trans:ent scenario will also qualify as the more
severe accident scenaric and is documented in Section 10 of this Appendix.

9. SEQUENCE OF EVENTS FOR REACTOR COOLANT SYSTEM OVERCOOLING TRANSIENT

9.1 H. B. Robinsen Licensing (FSAR) Transient Analysis

Events that result directly in a reactor vessel water temperature
decrease are those that efther increase the flow of cold water to the
reactor vessel or increase the rate of heat removal from the reactor
coo'ant system through the steam generator. The event that results in the
most severe transient 1r this category is the main steam iine break outside
of containment with offsite power available.

A ruoture of a steam pipe is assumed to include any accident which
results in an urcontrolied steam release from a steam generator. The
release c&n occur due to a break in a pipe line or due to a valve
malfunction. The steam release arising from a rupture of a main steam pipe
would result in an initial increase in steam flow, with a decrease during
the accident as the steam pressure falls. The energy removal! from the RCS
would cause a reaguction 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 reactive contrel 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
channe’ factors which mav 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 intazt so as not to impair
etfective cooling of the core and no consequential damage to the

primary system occurs.

L. With no stuck rod ard all equipment operating at design capacity,

insignificant cladding rupture occurs.

Although DNB following a steam pipe rupture is not necessarily
unacceptable, the following analysis snows that, in fact, no DNB occurs for
any rupture, assuming the most reactive rod stuck in its fully withdrawn

position.

The following Tunctions provide the necessary protection against a
steam pipe rupture:

1. SI System actuation from any of the foliowing:*

a. Two out of three pressurizer low pressure signals,

b. Two out of three high differential pressure signals between
any steam line and the ma.n 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

d. Two out of three high containment pressure sianals.
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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ad

Redundant isclation of the main feedwater lines. Sustained high
feedwater flow would cause additional cooldown; thus, in addition
to the normal control action which will close the main feedwater
valves, any S1 signal will rapidly close all feedwater contrel
valves trip the main feedwater pumps, and close the feedwater

pump discharge valves.

frip of the fast acting steam line stop valves (designed to close

£

in iess 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 tempersture (two out of three) or Tow steam line

pressure (two out of three).

o

Two, 2/3 high~high containment pressure signals.

fach steanm line has a fast ciosing 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 hreak Jupstream of ire stop valve in one line, closure of either the check
valve in that Tine cr the stop velves in the other lines will prevent
blowdown of the other steam generators. In particular, the arrangemerit
precludes blowdown of more ihan 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 smalle: in
diameter than the mainsteam pipes (16.5 in. ID vs. a pipe diameter of
;3 B in. 1D), are located inside the containment near the steam generators,
and also serve to 1imit the maximum steam flow for any break further
downstream. In particular, the nozzles limit the flow for all breaks

outside the containment.
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9.2. Sequence of Events

Initial conditions: hot 2ero power

Time
o FEvent . (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

the power increase.

Steam line break transients were performed with PTS=PWF/MOD0O02 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,
ihree-dimensicnal, reactor simulation code established the hot channel
factors around the stuck rod, and predicted the corresponding minimum DNB

ratio.

The PTS-PWR/MOD002 segment of this 3nalysis 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.

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.
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The analysis utilizes two codes:

1. PTS~-PWR/MOD002, which determines the system transient response,
anc

(]

XTG, which performs the space-dependent calculations and predicts
the DNB ratio using the thermal-hydraulic conditions as predicted
by PTS-PWR/M0O0ODD02.

The worst steam line break was found to be a large break cutside the
containment with outside power available. The core returns to power at
14 s. Borcn reaches the core at 38.0 s, terminating the power increase.
Heat flux peaks soon afterward at 45% of rated value of

184,000 BTU/hr ft2.

Input concitions 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
predictead 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 valuec occur at the end of the cycle (EOC). The nnly change in
EQC coefficients is the moderator pressure coefficient, which changes
from=0.05 pem/psi to +0.0 pem/psi; this tends to reduce the possibility of
the care returning to criticality. Therefore, this event has not been
reanalyzed with a positive MTC.

10. POSTULATED MORE SEVERE TRANSIENT

The same initial conditions will be assumed.

Hot zero 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
d Event . (Seconds)

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 agaravated 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 tailures, when considered singularly, appear to be of no consequence
to this type of transient. However, when they are considered in
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conjunction with other faiiures, a serious overcooling transient could
result.  The actual consequences attributable to this transiont in torms of
excessive thermal shock to primary compenents or possible damage due to

thermal limits being exceeded are beyond the scope of this task.

Additional system or component failures which have a petential to
dggravate or contribute to an overcocling transient but were considered to
be bounded by the postuiated scenario are summarized Table E-2.

10.3 Conciusions

The ability to factually state that any of these failures either
singulariy or in combinations wi'l actually cause an overcculing transient
more severe than previously analyred 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 Additional Analysis Required

The consequences of this postulared scenario cannot be predicted at
this time. In a later pnase of this study computer simulations will Le
performed %o determine the control system response and to calculate nuclear
and thermal hydrauiic responses to this scenario. Additional aggravating
failures can be postulated at that time to verify suspected minimal
effects. Systems wnich 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 evaiuated to determine if the specific

scenarios are applicable on a generic basis.
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TABLE E-2.
FAILURES

Failure
__System/Component

Feedwater and
Consensate System
*(C.M.E,L 1,2.4)

Primary Overpressure
Protection System
*C.M.F. 1.2)

Electro-Hydraulic
Contro)l System (EHC)
*(C.M.F. i.,4)

Residual Heat
kemova! System (RHR)
*(C.M.F. 1,4)

Residual Heat
Removal Service
Water System
2C. M F.-1.8)

Failure to shutdown
automatically

Inadvertent opening
of a reiiaf or
safety valve

Inadvertent opening
of turbine governor
or bypass valve(s)

Excessive heat
removal rate due to
high flow rate

Excessive heat
removal rate due to
increase flow rates

_Failure Mode

REACTOR COOLANT SYSTEM OVERCOOLING POSTULATED AGGRAVATING

B-1

B-3

_Postulated Effect
Continued flow of
relatively cold
water to the steam
generator causing
continued excessive
cooldown rate.

Causes steam flow
from the pressurizer
and additional
cooldewn of the
primary water.

This would cause
increased steam flow
and subsequent cool-
down as heat is
being extracted at a
rate faster than it
is being added.

During shutdown the
pctential exists to
create an over=

cooling transient if
RHR flow fails high.

Inadvertent startup
of idle pump: or
flow control valve
failures could cause
the RHR system to be
cooled beyond
allowable limits and
therefore the
primary system
could be overcooled.

*  Common Mode Failure (C.M.F) 1--Electrical (loss of power), 2--Control
and Service Air (loss of air), 3--Heating, Ventilation and Air Conditioning
(loss of HVAC), 4--Fire Protection (actuation).
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