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SUMMARY

The purpose of this study was to deiermine which system or systems at
commercial Pressurized Water Reactor (PWR) units could cause or contribute
to any other transients. The other events of concern are those transients
and accidents that have been analyzed in the Final Safety Analysis Report
(FSAR) with the exception of the steam generator overfill and reactor
coolant system overcooling transients and accidents.

A study of the Nuclea: Power Experiences and Licensee Event Reports
for the years of 1980 to 1982 was performed in an attempt to identify all
other events tkat have actually occurred. An independent nonmechanistic
Failure Mode and Effects Analysis (FMEA) was performed on ths majo- contro]
systems utilized at PWRs to aetermine which <ystem failures or normal
operations could result in any of the other events. -

The results of these reviews have indicated a need to perform in-depth
detailed reviews of 37 of the 54 major control systems to determine the
total extent to which they can cause or contribute to any of the other
events. The postulated basic scenarios of system failures or operations
are included in this report to better define why a svstem has bsen selected
for the in-depth reviews The in-depth reviews will determine which
systems will require ~omputer modeling and the specific event scenarios of
concern and will be documented in a later report.
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FOREWORD

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

The U.S. Nuclear Regulatory Commission funded the work under the
authorization B&R 20-19-50-51-5, FIN No. A6477.
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WESTINGHOUSE 3-LOOP OTHER TRANSIENTS FAILURE MODE AND
EFFECTS ANALYSIS AND REJECTED SYSTEMS JUSTIFICATION REPORT

1. INTRODUCTION

EG&G Idaho, Inz., is technically supporting the Nuclear Regulatory
Commission in their efforts to resolve the generic issue on the Safety
Implications of Control System Failures A-47. [he concern of the A-47
study is to determine if any accidents or transients can be initiated or
made more severe than previously analyzed as a result of control system
failures or malfunctions. This report addre:ses the analysis performed to
determine if nonmechanistic system failures have the potential to cause or
contribute to the severity of any other transients. By use of a Failure
Mode and Effects Analysis (FMEA) and postulated scenarios, the systems are
processed and placed in a further review status or rejected from further
review. Systems identified as requiring further review will be subjected
to a detailea study to determine if any mechanistic failure potential
exists to cause the undesired failure. These systems will be evaluated and
if necessary will be conputer modeled. Transients of significant conce~n
will be analyzed and the results evaluated to provide recommendations for
the resolution of Unresolved Safety Issue (USI) A-47, Safety Implications
of Control System Failures.

2. METHOD OF ANALYSIS

A Failure Mode and Effects Analysis was perf(»med to determine which
systems would require more detailed analysis.

The FMEA is a qualitative analysis which identifies possible
nonmechanistic system failure modes ard postulates ine effect of the
failures on plant performance relating to the transients of concern. th2
FMEA tables are contained in Appendix B.



3. ASSUMPTIONS

The following zriteria were established to identify potential prcblems
with system failures or operation that result in tranzients that are mo e
severe than those previously analyzed in the H. B. Robinson Final Safety
Analysic Report. For the preliminary portion of this study, these criteria
have been simplified to include any failures or operations that are
associable to these criteria to ensure all systems of concern are
fgentified. 1In a later phase of this study, the systems identified during
this phase will be computer modeled, the transient scenarios of concern
analyzed and the results documented in a final report.

A complete listing of the A-47 selection criteria is included as
Appendix A for correlation with Appendix B.

1. Any contrel grade system or component failure, either initiating
or aggravating, which results in an undesired increase in reactor
coclant inventory beycnd the bounds of the present Final Safety
Analysis Report (FSAR) analysis will be recommended for further

reyview.

ro

Any contrel grade system or component failure, either initiating
or aggravating. which results in an undesired nuclear system
pressure increase beyond the bounds of the present Final Safety
Analysis Raport (FSAR) analysis results will be reccmmended for
further review.

3.  Any control grade system or component failure, either initiating
or aggravating, which results in an undesired positive reactivity
Tncrease peyond the bounds of the present FSAR analysis results
will be recommended for further review.

4.  Any control grade system or component failure, either initiating
or aggravating, which results in an undesired reactor vessel
inventory decrease beyond the bounds of the present FSAR analysis
results will be recommended for further review.
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5. Any control grade system or component failure, either initiating
or aggrivating, which results in anr undesired reactor core
coolant ‘ow decrease beyond the bounds of the present FSAR

analysis results will be recommended for further review.

6. Any control grade system or component failures which are
projected to cause transients identified as incidents of moderate
frequency to occur at a rate significantly more frequent than
once per year, or failures which are projected to cause
transients identified as infrequent incidents to occur more than
once during the lifetime of a plant, or failures which are
projected to cause limiting faults will be recommended for
further review.

7. Any control grade system or component failures which aaversely
affect any assumed or anticipated operator action during the
course of a particular transient will be recommended for further
raview.

8. Any zontrol grade system or component failures which result in
manuil or automatic actuation of Engineered Safety Features
incliding the Reactor Protection System, will be recommended for
further in-depth review.

9. Any control grade system or component failures which result in
exceeding any Technical Specification Safety limit will be
recommended for further roview.

4. SYSTEM DESCRIPTION

The systems which were evaluated in the FMEA tables were extractad
from the systems as identified in the H. 2. Robinson Final Safety Analysis
Report (FSAR) These systems represent the major control grade (nonsafety)
systems which are used for reactor plant control. Many systems have
sevaral subsystems or support systems associated with them which were not
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specifically listed in the FMEA. However, failures of these systems were
factered into the analysis by considering a support or subsystem failure to
result in a nonmechanistic failure of the major control system. "

5. CONCLUSIONS .

Utilizing the nonmechanistic, qualitative FMEA format, many of the
major control systems indicated a need for further, more detailed review in

conjunction with one or more of the other transient investigations. These
systems, with a brief discussion indicating failure mode of concern, plant
conditions at which the failures would be most limit%ng and the postulated
effects of the failures are listed in Appendix C.

The justifications for system rejection from further review for a
specific transient or transients are contaied in Appendix D.
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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 result: in an undesired increase in steam generator
water leve! beyond the bounds of the present FSAR analysis will be
recommended for further review. For this study, the point of overfill
is defined as that level which, if exceeded, <ould zause carrycver
into the main steam system.

There is no limiting transient identified in the H. B. Robinson FSAR
for the steam generator overfill event.

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

Any control grade system or component failure, either initiating or
aggravating, which results in an undesired reactor coolant system
temperature decrease beyond the bounds of the present FSAR analysis
will be recommended for further review.

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

The design basis accident for this overcoolirg event is also the
"Large steam line break outside of containmert with offsite power

avaiable," even though it meets all of the requirements of a bounding

transient.

Any control grade system or component failure, either initiating or
aggravating, which results in an undesired nuclear system pressure
increase, positive reactivity increase or increase in reactor coolant
inventory beyond the bounds of the present Final Safety Analysis
Report (FSAR) analysis will be recommended for further review.



The limiting transient for a nuclear pressure increase event in the
H. B. Robinson FSAR analysis is the "Instantaneous loss of steam load
turbine trip) without automatic steam dump or reactor trip."

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 for the increase in positive reactivity
ev.nt is a "Rod Control Cluster Assembly (RCCA) eject. n near the end
of core life.

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

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

Any control grade system or component failure, either initiating or
aggravating, which results in an undesired reactor core coolant flow
decrease or reactor vess:l inventory decrease beyond the bounds of the
present FSAR analysis recults will be recommended for further review.

The 1imiting transient for a decrease in reactor coolant flow is a
"Simultaneous loss of power to all reactor coclant pumps at full

power. "

The design basis accident for the decrease in reactor coolant flow is
the "Instantanecus shaft sefzure (locked rotor) of the reactor coolant
pumps."
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The Timiting transient for the decrease in recctor cnolant inventory
is the "Steam generator tube rupture at full power."

The design basis accident ror this event is the "Doubie-Ended cold leg
guillotine (DECLG) pipe break.

Any contro! grade system or comporent failures which are projected to
cause transients identified as incidents of moderate frequency
(Anticipated Operational Occurrences) to occur at a rate significantly
more frequent than once per year, or failures which are projected to
cause transients identified as infrequent incidents to occur more than
once during the lifetime of a plant, or failures which are projected
to cause limiting faults (Design Basis Accidents) will be recommended
for further review.

Any control grade system or component failures which would adversely
affect any assumed or anticipated operator action during the course of
a particular event or result in manual or automatic actuation of
Engineered Safety Features, including the Reactor Protection System or
result in exceediny any Technical Specification Safety limit will be
recommended for further review.
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APPENDIX B. OTHER TRANSIENTS FAILURE MODE AND EFFECTS ANALYSIS

System

System Function

System Fatlure Mode

Reactor (solant
System and Pumps

Pressurizer Over-
pressure
Protection System

High Head Satety
injection System

Residual Heat
Removal System

Provides coolant flow to the
reactor vessel for core cooling.

Provides reactor cuolant system
overpressure protection,

Provides reactor coolant inven-
tory makeup during a small leak,
while system pressure is high,

Provides a long term decay heat
removzl system and a low head
high volume inventory makeup
system for a large reactor
coolant system break,

High €low rate.

Low flow rate,

Inadvertent opening of a power
operated or safety reiief valve,

“atlure of a power operated or
safety relief valve to open
when required,

inadvertent initiation when
not required.
Fatlure to inftiate when

required.

Wi flow or inadvertent
initiation when not required,

Low flow rate,

Effect of Failure

Applicable A-47
Selection Criteria
ix A
(Scenar io Discussion)

Failures of this type nave the potential
to meet or exceed one or more of the
selection criteria established for other
transiects or undesired situations,

Fatlures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transierts or undecired situations.

Failures of this type have the potential
to meet or exceed one or more of the
sele~tion criteria established for other
transients or undesired situations,

Faflures of this type should not have the
potential to meet or exceed any of the
selection criteria established for other
transients or undesired sfituations.

Failures of this type have the potentia!
to meet or exceed one or more of the
selection criteria estahlished for other
transients or uyndesired situations.

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations byt
should not as the system is safety grade
and would require multiple failures which
is beyond the scope of this task.

Failures of this type have the potential
to aeet or exceed ane or more of the
selection criteria established for other
transients or undesired situations.

fFatlures of this type have the potential
to meet or exceed one or more of the
selection criteria ectahlished for other
transients or unde<ired situations,

3,6
(App. C Items C-i
and F-1)

8,56
(App. € Items D-1,
E-1, and F-1)

3,6
(App. C ltems A-1,
B-1, and F-3)

None

3
(App. € ltem 8-2)
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APPENDIX B.

— .

S.

Chemical and
Volume Control
System

Coolanrt Sampling
System

Pressurizer
Pressure Control
System

Accumulatior Tank
System

(continued)

__System Funcitom
Provides a means of maintaining
reactor coolant chemistry ard
normal reactor coolant inventory
mak eup .

Provides a means of sampling the
reactor coolant system for
chemical analysis,

Provides a means of controlling
reactor coolant system pressure
and provides pressurizer
pressure indication.

Provides coolant inventory
makeup to the reactor coolant
system in the event of a large
coolant system pressure
boundar y breach.

e System Failure Mode

High makeup flow rate or low
letdown flow rate.

Low makeup flow rate, or high
letdown flow rate or adding
non-horated water,

High flow rate.

Low flow rate.

Pressire is higher than
indicated or is controlling

nigh.

Pressure is lower than
indicated or is controlling
Tow,

Inadvertent coolant injection.

Failure to inject when
required,

ek _ Effect of Failure
Failures of this type have the pnteatial
to meel or exceed one or more of the
selection criteria established for other
transients or undesired situations.

Fatlures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations,

Fatlures of this type have the potert'al
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations but
the contribution would be insignificant.

Fatlures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations but
the contribution would be insignificant.

Failures of this type have the potential
to meat or exceed one or more of the
selection criteria estab)ished for atuer
transients or undesired situations,

Fatiures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations,

Faiiures of this type have the potential
to meet or exceed one or more of the
selection criteria sstablished for other
transients or undesired situations even
though the system is safety grade.

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations but
<hould not as the system is safety grade
and wouid require myltiple failures which
is beyond the scope of this task.

Applicable A.47
Selection Criter a
Appendix A
{Scenario Discussion)

16
(App. € |tems A2,
B-3, and F.4)

4.6
{App, € ltems (-7,
D-4, and F-a)

None

None



System

oy

'0. Control Rod
Drive System

Sl

11, Pressurizer Level
Control System

9. Reactor Protection Provides protection to the

reactor coslant <ystem and core
to prevent plant parameters
from going outside of design
conditiens,

Provides a meanc of moving the
control rods for gross
reactivity control,

Provides level irdication and
control signals for the
chemical and volume control
system.

Inadvertent reactor trips.

Failure to trip the reactor
when required,

fincontrolled rod withdrawal or

rod ejection,

Inadvertert rod insertion or a
dropped rod.

Level is higher than indicated
or is controiling high,

Level is tower than indicated
or is contro’ling low.

APPENDIX B. (continued)
Applicable A-47
Selection C:it:ru
’
2 System System Function ___ _System Failure Mode Effect of Failure {Scenario Discussion)

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired cituations.

Fatlures of this type should not have the
potential to meet or exceed any of the
selection criteria established for other
transients or undesired situations as

the system is safety grade and would
require multiple failures which is beyond
the scope of this task.

Fatlures of this type have the potential
to mee? or exceed one or more of the
selection criteria established for other
transients or undesirad situations.

Failyres of this type have the potential
to meel or exceed one or more of the
selection criteria establishey for other
transients or undesired situations,

Failures of this tyne have the potential
te meet or exceed one or more of the
election criteria established for other
transients or undesired situations even
though the system is safety grade,

Fatlures of this type have the potential
to meet or exceed one or more of the
selection criteris estahlished for other
transients or undesired situations.

5.6
(App. C Ttem F-7)

None

3,46
(App. C lTtems B-5,
-3, D-6, and F-8)

5,6
(App. € Ttem F-8)

6
App. C ltems A-S
and F-9)

4.6
(Rpp. C ltems D-7
and F-9)



9l

APPENDIX B. (cortinued)

System

12, Engineered Orovides Engineered Safety
Safety fFeature Feature (ESF) actuation of
Actuation System specific systeme or components

to mitigate the consequences
BOTE: Failures of postulated accidents,
are

evaluated

within

individual

systems.,

13. Incore Instru- Provides core power distribution
mentation System and core temperature
indications.

W4, Excore lnstru- Provides reactor power indica-
mentation System  tion and protective trips for
power levels from the source
range to 120% of full rated
power

___System Fatlure Mode

Inadver tent ESF initiation,

Fails to tnitiate ESF when
required,

Provides higher than actual
condition indications.

Provides lower than actua)
condition indications.

Provides higher than actual
condition indications.

Provides lower than actua)
condition indications,

Applicable A-47
Selection Criteria
Appendix A

. Effect of Failure {Scenario Discussion)
Failures of this type may have the Noce
potential to meet or exceed the
selection criteria established for other
transients, however, the system was
rejected Lecause normal operation or
fatlure to supply components is covered
during individua’ component system
reviews,

failures of this type have the potential None
to meet or exceed one or more of the

selection criteria established for other

transients or uodes ied siluabions bul

should not as the system is safety grade

and would require multiple failures which

is beyond the scope of this task,

Failures of this type should not have the None
potential to meet or exceed any of the

selection criteria as this system is not

used by the operat’ ~s as an indication

for immediate ope ations or corrective

actions,

Failures of th s type should not have the None
potential to meet or exceed any of the

selection criteria as this system is not

used by the operators as an indication

for immediate operations or corrective

actions,

Failures of this type have the potentia)
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situatons.

6
(App. C Item F-10)

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations,

3
{App. € Item F-10)
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APPENDIX B. (continued)
Applicable A-47
Selectic: Criteria
ix A
_System System F.rction System Faflure Mode Effect of Failure (Scenario Discussion)

15. Reactor Contain-
ment Structure
and Containment
Isolation System

NOTE: Fallures
are
evaluated
within
individual
systems .,

16, Feedwater and
Condensate System

17. Reactor Conlant
System Leak
Detection “ystem

18, Process Computer

Provides reactor core and
reactor coolant isolation from
the environment

Provides feedwater to the
steam generators and collects
and stores the condensate
water for return to the steam
generators as feedwater,

Provides indication of a
reactor coolant to atmosphere
leak within the reactor
containment ,

Monitors and records plant
parameters,

Fails to maintain the required
isolat ion,

Inadvertent containment
isolation when not required,

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

Feedwater /condensate flow fails
Tow .,

Inadvertent leak indication,

Failure to indicate when a leak
exists,

Provides a lower than actual
indication,

Provides a higher than actyal
indication,

Fallures of this type should not have the

potential to meet or exeed any of the
selection criteria established for other
transients or uedesired situations as
the system is sarety grade and would
rengyire multiple failures which is
heyond the scope of this task.

Fallures of this type may have the poten-

tial to meet or exceed the selection
criteria established for other
transients, however , the system was
rejected because normal operation or
faflure to supply components is covered
during individual component system
reviews,

Failures of this type have the potential
to meet or exceed one or mare of the
selection criteria established for other
transients or undesired situations,

Failures of this type have the potential
to meel or exceed one = more of the
telection criteria establishe? for other
transients or undesired situations,

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transtents or undesired situations,

Faitlures of this type have the potential
to meet or exceed one or more of Lhe
seiection criteria established for other
transients or undesired situations.

tailures of this type have the potential
to meet or exceed one oF more of the
selection criteria established for other
transients or undesired situations.

Fatlures of this type have the potential
to mect or exceed one or more of the
selection criteria established for other
transients or undesired situations.

Kone

None

3.6
(App. C ltems C-4
and F-11)

3,6
(App. C Items B-6
and F-11)
6
{App. C Item F-12)

4.6
(App. € ltems D-8
and F-i2)

6
(App. C ltem F-12)

6
{App. C Item F-13)
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APPENDIX B. (continued)
fpplicable A-47
Selection Criteria
Appendix A
. System = System Functior System Failure Mode o e Effect of Falluwee ~ {Scenario Discussion)

19, Steam Generator Provides level indication, and High feedwater flow rate. Failures of this type have the potential 1.6
Water Level feedwater control for each to meet or exceed one or more of the (App. € Items (-6
Controi steam qenerator, selection criteria established for other  and f-14)

transients or undesired situations,

Low feedwater flow rate, Failures of this type have the poteniial 3,6
to meet or exceed nne or more of the (App. C 1tems B.7
selection criteria established for other and F-14)
transients or undesired situations.

20. Steamline Provides main steam system Inadvertent operation of a failures of this type have the potential 3.6
Overpressure averpressure protection, power operated or safety relief to meet or exceed one or more of the (App. C ltems (-6
Protection valve, selection criteria established for other  and F-1%)

System transients or undesired situations,
Failura ¢ calinue prpgoyre Frilures of thic fyne ehantd <ot 6o o None
when required. potential to meet or exceed any of the
selection criteria established for other
transients or undesired situations as
the system is safety grade and would
require myltiple failures which is
beyond the scope of this task,
21. Main Steam Transfers steam from the steam High steam flow rate or Fatlures of this type have the potential 3,6
System generators to the turbine or inadvertent main steam fsolation to meet or exceed one or more of the {App. C Items C.7
steam dump. valve opening, selection criteria established for other and F-16)
transients or undesired situatons,
Low steam flow rate or Failures of this type have the potentia) 3,4.6
inadvertent main steam isolation to meet or exceed one or more of the (App. C Items B-8,
valve closure, selection criteria established for other 0-9, and F-16)
transients or undesired situations,

72. Turbine Electro- Controls steam flow to the Inadvertent opening of a turbine Failures of this type have the potential 3,6
hydraulic Control  turbine. governor valv~ or failure to to meet or exceed one or more of the (App. C Items C.8
System (EWC) trip. selection criteria established for other and F-17)

transients or undesired situations,

Inadvertent closing of a turbine Failures of this type have the potential 3

governor valve. to meet or exceed one or more of the (App. C Items B-9
selection criteria established for other and F-17)
transients or undesired situations,
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APPENDIX B. (continued)
Applicable A-17
Selection Criteria
ix A
System System Function . System Failure Mode ~  fffect of Fallure  [Scenario Discussion)
23, Auxiliary Feed- A safety grade system which High feedwater flow rate or Failures of this type have the potential 3,6
water System provides steam generator inven-  inadvertent operation. to meet or exceed ime or more of the (App. C llems L-9
tory makeup when the main feed- selection criteriy established for other and F-18)
water system is unavailable, transients or undesired situations.
Low feedwater flow rate or Failures of this type should not have the None

24, Stes " Generator

75. Steam Generator
Blowdown System

26. Steam Generator
Sampling System

Provides a mechanical barrier

to separate the reactor coolant

and secondary coolant systems

while permitting thermal energy

transfer between them and thus
producing high quality steam.

Provides a method of removing
unwanted chemicals or contami-
nants from the steam generator
water for chemistry cortrol.

Provides a method of removing

liquid from the steam generator

for chemical analysic,

loss of flow,

Fatlure to keep the systems
separate from each other.

Failure t5 allow heat transfer,

High flow rate or inadvertent
flow.

Low flow rate,

High flow rate or inadv rtent
flow.

Low flow rate,

potential to meet or exceed any of the
selection criteria established for other
transients or undesired situations as
the system is safety grade and would
require multi;le failures which is beyond
the scope of this task.

Fatlures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations,

Failures of thic type have the potential
to meet or exceed one or more of the
selection criteria established for ather
transients or undesired situations,

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations,

Failures of this Lvpe have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations but
the contribution would be insignificant.

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situvations but
the contribution would be insignificant.

Failures of this type have the potential
to meet or exceed one or more of the
~lection criteria established for other
trnsients or undesired situations but
t' e contribution would be insignificant.

4.6
{App. C Ttems 0-10
and F-19)

3,6
(App. C Items B-10
and F-19)

3
(App. C Item C-10)

None

None
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APPENDIX B. (continued)

e Systew ___System Function

27, Turbine Gen~rator
Suppor t Systems

28, Auxiliary
Steam System

29, Main Condenser
and Evacuation
Systems

30. Steam Dump System

Provides the required Yubrica-
tion and cenling for generator
aperation,

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

Provides 3 low pressure collec-
tion point for the unused steam
from power qeneration
operations,

Provides a method for removing
steam from the steam generators
when the turbine generator is
unavallable or a load rejection
has been initiated.

_System Failure Mode

Fatls te provide the vequired
lubrication or cooling.

High steam flow or inadvertent
flow.

Low flow or Yoss of flow,

Failure to maintain a vacuum.

Increase vacuum,

Inadvertent operation when not

required or valves fail open.

Fails tn operate when required.

- Effect of Faitlure o

Failures of this type have the potertial
to meet ar exceed one or more of the
selection criterfa established for other
trarsients or undesired situating,
However . these fallures should <juse the
turhine governor valves to close. This
was analyzed in the ENC evaluation and,
therefore, won't be evaluated again,

Failures of this type have the potential
to meel or exceed one or more of the
selection criteria estab)ished for other
transionls or undetired situatons,

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for nther
transieats or undesired sftuatins,

Failures of this type have the potential
to mest or exceed e or more of the
selection criteria established for other
transients or yndesired situations.

Fatlures of this type have the potential
to meet or exceed one or more of the
selection criteria establithed for gther
transients or undesired situations,

Failures of this type have the potential
to meet or exceed one or mor: of the
selection criteria established for other
transients or undesired situations.

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations.

Applicable A-47
Selection Criteria
Appendix A

(Scenario Discussion)

None

(App. € Items B-11
and F-20)

3,6
(Avp. C Items B-12
and F-21)

3.6
App. C ltems C-12
and F-21)

—

3,6
tems C-13
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APPENDIX B, (continued)

System System Function

31. Sevvice Wate A safely grade systew which
Systom provides cooling water to
components necessary for plant
safety under all conditions.

High flow rate,

Low flow rate,

32. Component A safety grade, intermediate High flow rate,
Cooling Water heat transfer system that
System separates the reactor conlant
system and the service water
system.
Low flow rate.
33, Condenser Provides & heat sink for the High flow rate.
Circelating unused steam from power
Wator System generation operations,
Low flow rate,
34, Primary and Proavides makeup water for High flow rate,
Demineralized the resctor coolant and
Water Makeup secondary coolant system,
System

Low flow rate.

. System Failure Mode

Effect of Failure

Applicable A-47
Selection Criteria
ix A
(Scenario Discussion)

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations,
however | the contribution should be
insigrificant,

Failures of tRis type should not have the
p tential to meet or exceed any of the
selection criteria established for other
transieats or undesired situations.

Fatlures of this type have the potential
to meei or exceed one or more of the
selection criteria establi~ <« for other
transients or undesired situacions,

Fatlures of thic type should not have the
potential to meet or exceed any of the
selection criteria vstablished for cther
transients or undesired situations as the
system is safety grade and would require
myltiple failures which 15 beyond the
scope of this task,

Fatlures of this type have the potential
to meet ar exceed one or more of the
selpction ¢riteria estahlished for other
transients or undesired situations.

Failmes of this type have the potential
to meet or exceed one or more of vhe
selection criteria established for other
transienis or undesired situations.

Failures of this type should not have the
potential to meet or exceed any of the
selection crileria established for other
transienis or undesired situations.

Failures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations.

None

Kane

4.6
(App. £ Items D-11
and F-23)

None

3.6
(App. C Items C-14
and F.21)

3.6

(App. C Items B-12
and F-24)

None

4
(App. € ltem D-12)



APPENDIX B. (continued)

— System

System Function

5. Station and
lertrument Ais
Systems
NOTE: Fatlures

are

evaluated
within
individual
systems.

5, Communications
Systems

37. Fire Protection
System

NOTE: Failures

Provides air for plant use.

¥rovides normal and emergency
inter- and intra-plant
communications,

Protects equipment and persoanel
in the event of a fire,

Provides nitrogen gas for
pressuriz the safety injec-
tion accumulators and is a
backup source to the instrument

air comgressors,

—System Failure Mode

High air header pressure,

Low air header pressure.

Fails to operate when yequired,

Inadvertent system operation.

High nitrogen header pressure.

Low nitrogen header pressure.

___Effect of Failure

Applicable A.47
Selection Criteria
Appendix A

fatlumes of this type may have the poten-
tial to meet or exceed the salection
criteria establiished for other
transicals, however , the System was
rejected hecause normal operation or
fatlure to supply components i< covered
dur ing individual component system
reviews,

Vailures of this type may have the poten-
to meet or exceed the selection

criterfa established for other
transients, however , the system wes
rejected bacyuse normal operation or
fatlure to w.pl{ components §s covered
during individual component system

eV iews

Failures of this type should not hase the
potential to meet or exceed any of Lhe
selection criteria established for other
transients or undesired situations,

Fallures ¢t this type may have the poten-
tial to meel or exceed the selection
criteria establivhed for other
transients, however, the system was
rejected because normal operation or
failure to .uwl{ components is covered
‘\r:n individual component system
reviews,

Failures of this type have the potential
te meet or exceed one or more of the
selection criteria establishes for other
transients ov undesired situations,

Tallures of this type should not have the
potential to meet or exceed any of the
selection ¢ iteria established for other
transients or undesired situations.

{Scenar to Discussion)
None

3,6
(App. € Items A-6
and F.25)
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APPENDIX B. [continued)
Applicable & &7
Selection Criteria
ix A
System - System Function System Failure Mode ___Effect of Fatlure _ {Scenario Discussion)
39. Diesel Gener. Provides emergency ac power to  Fails to provide power when Failure . of this 4 e may have the poten- None
wor and Support selected equipment . required, tial to meet or exceeu selection
Systems c* iteria estavlished for other
transients, however, connected systems
NOTE: Failures were rejected because normal operation
are or fatlure to supply Cﬂml‘ is
evaluated covered during individual component
within system reviews.
individual
systems .
40. Heating, Ven\i- Provifes the plant with the Fails to provide sufficient HEY Failures of this type may have the poten- None
lation and Air neceszary heating ventilating or air conditioning. tial to weet or exceed the selection
Conditioning and air conditioning. criteria estahlished for other
Systems transients, however, the system was
rejected because normal operation or
NOTE: Failures fatlure to supply components is covered
are dur ing indivigual component system
evaluated reviews,
within
inddyidgat
systems
Provides excessive HAV air Failures of tnis type may have the poten- None
conditioning. tial to meet  exceed the selection
criteria estanlished for ather
transients, however, the system was
rejected because normal operation or
failure to sunply components is covered
during individual component system
reviews.,
41, 125 volt DC Provides power to the 125 volt Fails to provide power when Failures of this type may have the poten- None

Busses and
125 Volt
Battery

NOYE: Failures
are
evaluated
within
individual
systems .

dc busses.

required,

tial to meet or exceed the selection
criteria established for other
toansients, however, the syster was
rejected because normal operation or
failure to supply components is covered
dur ing individual comprnent system
reviews,
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APPENDIX B. (continued)

e System
42, 120 Yolt AC
Instrument
System
NOTE: Failures
are
evaluated
within
individual
systems.

43, Lighting System

44, Station Normal
Auxiliary Power

NOTE: Fa‘ wes
wl
evaluated
within
individual
systems .

45. Station Emergency
Auxiliary Power

NOTE: Failures
are
evaluated
within
individual
systems .

46. New Fuel Storage

47, Spent Fuel
Storage

—— . System Function
Provides 120 volt au power to
the general use instrumentation
and control power,

Provides normal and emergenry
1ight ing througnout the plart,

Provides the power for the unit
auxiliaries through various
transformers.

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

Provides for the dry storage of
new fuel until time for its
1oading,

Provides Yor the storage of
::nt fuel until time for

o System Failure Mode
Fallure to provide the
necessary power to the
designated equipment

Fails to provide lighting,

Fatls to provide the required
power .

Falls to provide power when
required,

Fails to store the new fue
safely and effectivel;.

Fai's to store the spent fuel
safely and effectively.

e fff2ct of Faldlure

Fatlures of this type may have the poten-
tial to meel or exceed the selection
criteria established for other
transients, however , the system was
rejected becaute normal operation or
failure to supply components is covered
dur ing individual compenent system
reviews,

Failures of this type should not have the
potential to meet or exceed any of the
selection criteria established for other
transients or undesired situatiors,

Fatlures of this type may have the poten-
tial to meet or exceed the selection
criteria esta.)ishea for other
transients, however, the system was
rejected because normal operation or
failure o supply components is covered
during individual component system
reviews.

Fallures of this type may have the poten-
tia! to meet or oxceed the selection
criteria estab)ished for other
transients, however, the system was
rejected becaute normal operation or
failure to supply components is covered
dur ing individua) component system
reviews

Failures of this type should not have the
potential to meet or exceed any of the
selection criteria established for other
transients or undesired sityations.

Fatlures of this type should nut have the
potential to meet or eaceed any of the
selection criteria established for other
transients or undesired situations.

P e e mewr
Selection Criteria
Appendis A
{Scenarlo Tiscussion)

Naae

fone



62

. . - - . .
APPENDIX B. (continued)
Applicable A-47
Selection Criteria
ix
System System Function . System Failure Mode ___ Effect of Failure (Scenario Discusston)
48. Spent Fuel Pool Provides for cooling and Fails to maintain water Fatlures of this type snouid not have the None
Cooling and cleanup of the spent fuel pool temperature or purity. potential to meet or exceed any of the
Cleanup Systems water, selection criteria established for ather
transients or undesired situatiors.
Provides for the handling of Failwe to provide movement Fallures of this type should not have the None

49, Fue) Handling
System

50. Radioactive

Waste Management
Systems

%1, Radiation
Monitoring System

57. Annunc fator
Sys.em

fuel assemblies dur ‘ng core
Toading and unloading.

Provides for the collecting,
treating. and storage of
radioactive solids, liquids,
and gases.

Provides for citew ue radia-
tion level monitoring.

Provides alarm indication for
out of tolerance parameters.

when required,

Failure to prevent
move went or inadventent
movement ,

Fails to provide safe storage
or disposal of radiocactive
materials,

Indicates higher than actual

ievels.

Indicates lower than actual
levels.

Inadvertent alarms.

Fails to alarm when required.

potential to meet or exceed any of the
selection criteria established for other
transients or unde:ired situations.

Failures of this type have the pitential
ta meet or exceed one or more of the
selection criteria established for other
transients or uyndesired situations.

Failures of this type should not have the
potential to meet or exceed none of the
selection criteria s#stablished for other
transients or undesired situations,

Fatlures of this type have the potential
to meet or exceed one or more of the
sefection criteria established o other
transients or undesired situating,

Failures of this type have the potential
to meet or exceed one or more of the
telection criteria established for other
transients or undesired situations.

Fatlures of this type have the potential
to meet or exceed one or more of the
selection criteria established for other
transients or undesired situations.

Failures of this type have the potential
to meet or exceed ono or wore of the
selection criteria established for other
transients or undesired situations.

1,6

(App. C ltem C-15)
None
6

(App. C ltem F-26)
6

(App. C ltem F-26)
6

(App. C ltem F-27)

t
(App. C Item F-27)
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APPENDIX B. (continued)

Applicable A-47
Selection Criteria
Appendix A

. System _ Systemfunction = Systes Failure Mode e Effect of Fallure ~~~ (Scemario Discussion)
53, Dedicated Provides the capability of Inadvertent reactor shotdowns Failures of this type may have the joten- None
Shutdown System shutting down the rveactor from or oper ation of safe shutdown tial to mect or exceed the selection
locations outside the contro) equipment from remote Jocations., criteria establishid for other
room in the svent the control transients, however, the system was
room is inaczessible, Also refected bocause normal operation or
provides controis and ind: . failure to supply components is covered
cations for equipment necmssary dur ing individual component system
to ensure safe shutdown con- reviews,

ditions are maintained,

Inability to shut down the Failures of this type should not have the None
reactor from remote ‘ocations. potential to meet or exceed any of the

selection criteria established for other

transients or undesired situations as

the system (5 safety grade, redundant,

and would require multiple failures

which i5 beyond ik2 scope of this task,

S4. ETnmt and Provides for the collecting and Fails to provide safe storage Failures of this type should not have the wone
floor Drainage storage of potentially radio- and transfer of drains. potential to meet or sxceed any of the
System active drains for transfer to seleztion criteria established for other
the liquid waste disposal transients or undesired situations.
system.
i
- . - - . -
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APPENDIX
OTHER TRANSIENTS SCENARICS

SECTION A--INCREASE IN REACTOR VESSEL INVENTORY

High Head Safety Injection System:

Failure Mode: Inacdvertent initiation

Plant Conditiors: Any power level

Discussion: Inadvertent initiation of the Hign Head Safety
Injection system will cause an increase in reactor
vessel inventory and if allowed to operate long
enough it could fill the pressurizer and result in
a solid system at high pressure. This condition
may challenge design Timits of the primary coolant
system,

Chemical and Volume Control System:

Failure Mode: High makeup flow or low letdown flow

Plant Conditions: Any power level

Discussion: High makeup flow may cause the inventery of the
primary system to increase, likewise a lower
letdown flow versus makeup flow may cause the
inventory tc increese beyond acceptable limits.

Pressurizer Pressure Control System:

Failure Mode: Actuai pressure lower than ‘ndicateg or
pressurizer is pressure controlling low.

Plant Conditions: Any power level

a4 e e e e e Lo e i i e b e PR p— ot 4pans b oimdak & anms b b meia sl el




Discussion: A low pressurizer pressure cculd result in an
increase makeup rate or the initiation of high
head safety injection which could result in an

increasing inventory transient.

Accumulator Tank System:

Failure Mode: Inadvertent injection
Plant Corditions: Shutdown, depressurized
Jiscussion: If the plant is shutdown, depressurized and the

accumulator tanks are inadvertently injected into
the primary system an inventory increase could
result that may exceed allowable design limits.

Pressurizer Level Control System:

Failure Mode: Level is higher than indicated or is controlling
high.

Plant Conditions: Any power level

Discussion: An increasing reactor coolant inventory with the
pressurizer level high could have an effect on the
rate at which 1imits are reached or exceeded.

Nitrogen Supply System:

Failure Mode: High nitrogen header pressure

Flant (onditions: Any power level

Discussion: If the nitrogen supply system were to fail with

high header pressure, it may be possible to
pressurize the Accumuiator Tanks sufficiently to

30



| cause them to fnject nto the prinary systen when
not required anc cause an inventory increase.
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SECTION B~~INCREASE PRESSURE TRANSIENTS

High Head Safety Injection System:

Feilure Mode:

Plant Conditi

Discussion:

Inadvertert initiation

NS Any power level

Inadvertent initiation of the High Head Safety
Injection system could cause pressure to increase
and if allowed to operate long enough, fill the
pressurizer., Th's may cause a condition more
severe than previously analyzed.

Residual Heat Removal System:

Failure Mode:

Plant Conditi

Discussion:

Chemical and

Failure Mode:

Inadvertent initiation or low flow

ons: Shutdown

Inadvertent initiation of the RHR system when not
required during cold shutdown, could cause an
increase in pressure beyond allowable limits. Low
flow when required for decay heat removal, could
resu’t in a temperature increase and a resultant
pressure increase beyond allcwable limits.

Volume Control System:

High makeup flow or low letdown flow

Plant Conditions: Any power level

Discussion:

If the CVCS system were to have a higher makeup
flow than letdown flow or vice versa, the
pressurizer coula slowly fill and pressure would

32
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increase. This may cause a pressure transient and
result in the allowable pressure limits being
exceeded.

rressurizer Pressure Control System:

Failure Mode:

Plant Conditions:

Discussion:

Pressure is higher than indicated or is
controlling high

Any power ievel

This condition could result in making an increase
pressure transient more severe than previously
analyzed as the transient could be initiated from

a higher pressure,

Control Rod Orive System:

Failure Mode:

Plant Conditiors:

Discussion:

Uncontrolled rod withdrawal or rod ejection

Any power levei

An uncontrolled rod excursion could cause a power
increase. This coupled with a given steam flow
from the S/G may cause the pressure in the primary
system to increase and may exceed design limits.

Feedwater and Condensate Systems:

Failure Mode:

Plant Conditions:

Discussion:

Feedwater/condensate flow fails low
Any power level
A loss of feedwater 7low to the steam generators

whether caused by low feedwater or condensate flow
could result in a loss of heat transfer

33



capabilities at the steam generator. This could
result in a pressure increase in the primary
system.

Steam Generator Water Level Control System: -

Failure Mode:

Plant Conditions:

Discussion:

Main Steam System:

Failure Mode:

Plant Conditions:

Discussion:

Low feedwater flow

Ay power leve!

Low feedwater flow rate due to a malfunction of
the SGWLC system may result in a loss of heat
trarsfer capabilities and an increase in primary

system pressure.

Main steam isolation valve closure

Any power level

Inadvertent main steam isolation valve closure
could result in a lower steam flow, less heat
transfer between the primary and secondary systems
and & pressure increase in the primary system.

Turbine Electrohydraulic Controi System (EKC):

Failure Mode:

Plant Conditions:

Discussion:

Inadvertent closing of a turbine governor or stop
valve

Any power level

Inadvertent closing of the turbine governor or .
stop valve(s) could cause steam flow to dccrease,

34
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11.

12.

Steam Generator:

Failure Mcde:

Plant Conditions:

Ci1. ussion:

heat transfer between the primary and secondary

systems to decrease and the pressure in the

primary system to increase.

Failure to allow heat transfer
Any power level
A reduction or stopping of heat transfer inside of

a steam generator could cause reactor coolant

system pressure to increase.

Auxiliary Steam System:

Failure Mode:

Plant Conditions:

Discussion.

Low flow or loss of flow

Any power level

A Tow flow or loss of flow in the auxiliary steam
system could cause a loss of vacuum and a turbine
trip, which would cause reactor coolant pressure
to increase.

Main Condenser and Evacuation Systems:

Failure Mode:

Plant Cenditions:

Discussion:

Ltoss of Vacuum

Any power Jevel

Loss of condenser vacuum may cause a reduction in
steam flow and subsequent turbine trip. This
could resuit in a loss of heat transfer between
the primary and secondary systems and result in a
primary system pressure increase.

35



13.

Steam Dump System:

Failure Mode: Failure to operate when required
Plant Conditions: Any power level
Discussion: Failure of the steam dump system to operate when

required could result in a loss of heat transfer
between the primary and secondary systems and
resuit in a pressure increase in the primary
system,

Condenser Circulating Water System:

Failure Mode: Low flow

Plant Conditions: Any power level

Discussion: A low flow condition would cause a loss of vacuum

and turbine trip. This results in a reactor
coclant pressure increase.

36




SECTION C--POSITIVE REACTIVITY INCREASES

Reactor Coolant System and Pumps:

Failure Mede: High flow rate

Piant Conditions: Any power level

Discussion: inadvertent startup of an idle reactor coolant
loop could inject cold water into the reacter
vessel and may cause a positive reactivity
increase.

Chemical and Volume Control System:

Failure Mode: Addition of nonborated water

Plant Conditions: Any power level

Discussion: The addition of nonborated water to the primary
system could create a positive reactivity
transient.

Control Rod Drive System:

Failure Mode: Uncontrolled rod withdrawal or ejection

Plant Conditions: Any power level

Discussion: Uncontrolied rod withdrawal or ejection could
cause a positive reactivity increase transient.

This may result in exceeding one or more design
limits.

37
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Feed and Cordensate System:

Failure Mode:

Plant Conditions:

Discussion:

High flow rate or loss of feed water heating
Any power ‘evel
High feedwater flowrate or cold feedwater could

result in a cooldown of the primary coolant system
and subsequent positive reactivity increase.

Steamline Overpressure Protection System:

Failure Mode:

Plant Conditions

Discussion:

Inadvertent operation of a power operated or

safety relief valve(s)

Any power level

Inadvertent operation of a power operated or
safety relief valve(s) could cause a cooldown of
the primary coolant system and a subsequent
positive reactivity increase.

Steam Genarator Water Level Control System:

Failure Mode:

Fiant Coniitions:

Discussion:

Main Steam System:

Failure Mode:

High feedwater flow rate

Any power level

High feedwater f'ow rate caused by the steam
generator water level control cystem, could cause
a cooldown of the primary coolant system and
result in a positive reac*ivity increase transient.

Inadvertent main steam isolation valve opening

38
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Plant Conditions:

Discussion:

Any power level

Inadvertent opening of a main steam isolation
v2alve could cause stea~ flow to increase This
could cause a reduction in primary coolant system
temperature and subsequent positive reactivity

increase.

Turbine Electrohydraulic Control System:

Failure Mode:

Plant Conditions:

Discussion:

Auxiliary Feedwater

Failure Mode:

Plant Conditions:

Discussion:

Inadvertent opening of a governor valve or failure

to trip

Any power level

The inadvertent opening of a governor valve could
cause increased steam flow with a resultant
cooling f the primary coolant <ystem and positive
reactivity increase. The failure to trip when
required could cause a cooldown of the primary
system and be a contributing factor to a positive
reactivity increase transient.

System:

Inadvertent operation

Any power leval

Inadvertent startu> of the auxiliary feedwater
system could introduce cold water to the steam
generators and resuit in a cooldown of the primary

coolant which could recult in a positive
reactivity increase transient.

39
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Steam Generator Blowdown System:

Failure Mode: High flow rate or inadvertent flow
Plant Conditions: Any power level
Discussion: Inadvertent initiation of a steam generator

blowdown or higher flow than required may cause an
increased foacdwater flow. Thi, could cause a
cooling of the primary coolan: system and result
in a positive reactivity increase transient.

Auxiliary Steam System:

Failure Mode: Inadvertent fiow

Plant Conditions: Any power level

Discussion: Inadvertent steam flow to auxiliary equipment may
cause an ncreased heat removal rate from the
primary coolant system and a positive reactivity
increase “ransient.

Main Condenser and Evacuation System:

Failure Mode: Increased vacuum

Plant Conditions: Any power level

Discussion: If the vacuum in the condenser were to increase,
it may cause increased steam flow or more
congensate depression, either of which could

contribute to an increased positive reactivity
transient,

40
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13.

14.

15

Steam Dump System:

Failure Mode:

Plant Conditions:

Discussion:

Inadvertent operation or valve(s) fail open

Any power level

Inadvertent operation or salve(s) failing open
during cperation, could cause an increased heat
removal rate from the primary coolant system and
result in a positive reactivity increase transient.

Condenser Circulating Water System:

Failure Mode:

Plant Corditions:

Discussion:

High flow rate

Any power ievel

This type of failure could cause an increase in
condenser vacuum and may cause increased steam
flow or more condensate depression either of which
could contribute to an increased positive
reactivity transient.

Fuel Handling Syster:

Failure Mode:

Plant Conditions:

Discussion:

Failure to restrict fuel hardling mcvements

Shutdown

Failures of the fuel handling system to prevent
fuei movements could contribute to & positive
reactivity transient by ailowing for improper
Tozding of fuel or inadvertent withdrawal of
control rod assembiies.

a1



SECTION D=-=INVENTORY DECREASE TRANSIENTS

Reactor Coolant System and Pumps:

Failure Mode: Low flow rate

Plant Conditions: Any power level

Discussion: A decrease in flow will cause RCS pressure to
increase. The increase pressure could cause a
reduction in the makeup rate and a relief valve to
open, both of which are contributors to a
decreasing inventory transient.

Pressurter Overpressure Protection System:

Failure Mcde: Inadvertent opening of a power operated or sarety
relief valve

Plant Conditions: Any power level

Discussion: The inadvertent opening of a power uperated or
safety re'ief valve could result in a loss of
inventory to the primary coolant system.

Rasidual Heat Removal System:

Failure Mode: Low fiow or loss of flow

Plant Conditions: Any power level; shutdown

Discussion: The RHR is used to supply high volume makeup to
the primary coolant system during a large break,

loss of coolant accident, loss of this flow could
be a contributor to a loss of inventory
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transient. Failures within the system during
decay heat removal operations when shutdown may
result in a loss of inventory transient.

Chemical and Volume Control System:

Failure Mode: Low makeup or high letdown flow

"lant Conditions: Any power level

Discussion: If the CVCS allows lower makeup than letdown or
nigher letdcwn than makeup, it may be contributirg
to an inventory decrease transient.

Pressurizer Pressure Control System

Falure Mode: Prassure is higher than indicated or is
controlling high.

Plant Conditions: Any power level

Discussion: If the pressure is high during a decreasing
inventory transient, the inventory could be lost
at a faster rate.

Control Rod Drive System:

Failure Mode: Control rod ejection

Plant Conditions: Any power leve)

Discussion: An ejection of a contrel rod may cause a oreech of

the primary coolant system boundary and a
subsequent primary coolant inventory decrease.
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Pressurizer Level Contrul System:

Failure Mode: Pressurizer leve! is controlling low

Plant Conditicns: Any power level

Discussion: If the pressurizer level control system is
maintaining the level lower than it should be, the
'ow level could be a contributing factor during a
Toss of inventory transient.

Reactor Coolant System Leak Detection System:

Failure Mode: Failure to indicate when a leak exists

Plant Conditions: Any power level

Discussion: Failure to indicate a leak when it exists could
result in this system contributing significantly
to 2n inventory decrease transient.

Main Steam System:

Failur: Mode: Main steam isolation valve closure

Plant Conditions: Any power level

Discussion: Inacdvertent closure of a main steam isolation
valve could cause a primary coolant system relief
valve to open and result in 2 decrease in reactor
coolant inventory. This could be a significant
contribution te this transient.

Steam Generator:

Fatlure Mode: Tube rupture
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Plant Conditions:

Discussion:
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Any power level

Rupture of a steam generator tube may result in a
significant decrease in reactor coolant system
inventory and exceeding orz or mure nlant design
limits,

Component Cooling Water System:

Failure Mode:

Plant Conditions:

Discussion:

Heat exchanger tube rupture :
Any power level
Loss of fluid separation in the heat exchanger may

result in a loss of inventory from the primary
coolant system which could be significant. L

Primary and Demineralized Water Makeup System:

Failure Mode:

Plant Conditions:

Discussion:

Low fiow or loss of flow .
Any power level L
A loss of demineralired makeup water could be a !

contributing factor to a loss of inventory
transient. |
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SECTION E--PRIMARY COOLANT FLOW DECREASE TRANSIENTS
Reactor Coclant System and Puaps
Faiiurs Mode: Low flow
Plant Conditions: Any power levsl

Discussion: Less of flow by the reactor coolant pumps may be
' the major contributor to a flow decrease.

2. Residual Hea Removal System:

é Failure Jode: Low flow or loss of flow

‘ Plant Conditions:  Shutdown

Discussion: Low flow or loss of flow through the RHR system
during decay heat removal, may be a significant
contributor to a flow decrease transient.
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Chemical and Volume Coentrol System:

Failure Mode:

Plant Conditions:

Discussion:

High or low makcup or letdown flow rates
Any power level
Improper flow rates for the operation in progress

may result in Engineered Safety Features
actuations.

Pressur-zer Pressure Control S.stem:

Failure Mode:

Plant Conditions:

Discussion:

Maintaining higher or lower than required pressure
Any power level
Incorrect maintenance of pressurizer pressure for

the operations in progress may result in actuation
of one or more Engineered Safety Features.

Accumulator Tank System:

Ffailure Mode:

Plant Conditions:

Discussion:

Inadvertent initiation

Any power level

Inagvertent initiation of the accumulator tank
system is an tnginesred Safety Features actuation
and may result in actuations of additicnal
Engireered Safety Features.

Reactor Protection System:

Failure Mode:

Plant Conditions:

Inadvertent reactor trips

Any power level

ag
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Discussion: Inadvertent reactor trips could result in
actuation of Engineered Safety Features. This
type of failure appears to occur frequently.

Control Rod Drive System:

Failure Mode: Inadvertent insertions or withdrawals

Plant Conlitions: Any power level

Discussion: Inadvertent rod insertions may cause the operator
to perform incorrect actions as well as cause
actuation of Engineered Safety features.
Inadvertent rod withdrawals could also cause
actuation of Engineered Safety Features.

Pressurizer Leve! Control System:

Failure Mode: Level is indicating or controlling higher or lower
than required

Plant Conditions: Any power level

Discussion: Incorrect level indication could cause the
operator to perform incorrect actions, and
incorrect level control may result in actuation of
one or more Engineered Safety Features.

Excore Instrumentation Systems

Failure Mode: Prevides higher or lower than actual condition
outputs

Plant {.-4itions: Any power level
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Discussion: By providing higher or lower than actual condition
outputs this system may cause the operators to
perform incorrect actions and it may also result
in Engineered Safety Features actuations.

11. Feedwater and Condensate Systems:

Failure Mode: High or low feedwater/condensate flow or loss of
feedwater heating

Plant Conditions: Any power level

Discussion: Failures of this type could result in actuation of
one or more Enagineered Safety Features and may be
a cumulative type transient,

12. Reactor Coolant System Leak Detection System:

Failure Mode: False leak indication or failure to indicate a leak

Plant Conditions: Any power level

Discussion: Either of these failures may caJuse the operator to
perform or fail to perform actions necessary to
maintain the plant in a safe condition. This type
of failure may also result in actuation of an
Engineered Safety Features system.

13. Process Compute- System:

Failure Mode: Prevides highe. *nan actual condition
outputs '

Plant Conditions: Any power level

50

e - i ye— - = — S



Ay

14,

39,

16.

Discussion:

Provided the operator uses the process computer to
maintain plant variables the potential exists to
perform incorvect actions based on erroneous
information being supplied by the process computer.

Steam Generator Water Level Control System:

Faiiure Mode:

Plant Conditions:

Discussion:

High or low feedwater flow rate

Any power level

These failures may result in the actuatien of one
or more Engineered Safety Features systems,

Steamiine Overpressure Protection S,stem:

Failure Mode:

#lant Conditions:

Discussion:

Main Steam System:

Failure Mode:

Pilant Conditions:

Discussion:

Incdvertent opening of a power onerated or safety
relief valve

Any power level
Inadvertent opening of a relief valve may result

1n actuation of other Encineered Safeity Features
systems and could become cumulative.

Inadvertent main steam line isolation valve
opening or closing

Any power level
Trese failure: may result in the aztuation of one

or more Engineered Safety Features systems and
could become cumulative.
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17.

18.

19.

TurGine Electrchydra: lic Control System (EKI):

Failure Mode:

Plant Conditions:

Oiscussion:

Auxiliary Feedwater

Failure Mode:

Plant Conditions:

Discussion:

Steam Generators.

Failure Mode:

Plant Conditions:

Discussion;

Inadvertent opening or rlasina of turbine governor )

or stop valves.

Any power level

Spurious opening or closing of turbine governor or
stop valves may result in actuation of one or more
Engineered Safety Features systems and could

become cumulative.

System:

Inadvertent actuation

Any power level

Inadvertent coperation of the auxiliary feedwater
system is an Engineered Safety Features system

actuation and may result in additional actuations
of Engineercd Safety Features.

Tube rupture or loss of heat transfer ability.

Any power level

Steam generator tube rupture may result in
actuation of Engineered Safety Features systems,
violation of Technical Specification Safety
Limits, and cause an operator to take erroneous
actions. =



20.

21.

22.

Failure of the steam generator to maintain heat
transfer capabilities may resu't in actuation of
one or more Engineered Safety Faatures systems and

may become cumulative.

Auxiliary Steam System:

Failure Mode:

Plant Conditions:

Discussion:

High or low steam flow
Any power level
Failures of this type may cause actuation of one

or more Engineered Safety Features systems and

could become cumulative.

Main Condenser and Evacuation System:

Failure Mode:

Plant Conditions:

Discussion:

Steam Dump System:

Failure Mode:

Plant Conditions:

Discussion:

Loss or increase of condenser vacuum
Any power level
Failures of this tyoe may cause actuation of cne

or more Engineered Safety Features systems and
could become cumulative.

Inadvertent operation or failure to operate
Ary power level
Failures of this type may result in actuation of

one or more Engineered Safety Features systems and
could become cumulative.
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23.

2¢.

23,

26.

Componen: Cooling Water System:

Failure Mode: Heat exchanger tube rupture
Plant Conditions: Any power leve)
Discussion: Failures of this type may cause actuation of one

or more Engineered Safety Features and could

become cumulative.

Condanser Circulating Water System:

Failure Mode: High or low flow rates
Plant Conditions: Any power level
Discussion: Failures of this type may cause actuation of one

or more Engineered Safety Features systems and
could become cumulats

Nitrogen Supply System:

Failure Mode: High header pressure
Plant Conditions: Any power level
Oiscussion: Excessive header pressure may cause actuation of

one or more of the Engineered Safety Features and
could become cumuylative.

Radiation Monitoring System:

Failure Made: Proviies higher or lower than actual coenditions

Plant Conditions: Any power level
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Discussion: Failure to provide correct indications to the
operators may result in erronecus operator actions

¥ and actuation of cne or more Engineered Sifety

I Features systems.

i 27. Annunciator System:

i

i Failure Mode: Inadvertent alarms or loss of alarms

, Plant Conditions: Any power leyel

Discussion: Failures of this type may cause incorrect operator

i actions and may result in actuation of one or more
| of the Engineerea Safety Features systems,
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APPENDIX D

H. B. ROBINSON OTHER TRANSIENTS
' STUDY REJECTED SYSTEMS JUSTIFTCATION
. 1. INTRODUCTION

R R RO R R R ISR =SS

During this phase a study of the Nuclear Fower Experiences and
Licensee Event Reports for the years of 1980 to 1982 was performed on the
Westinghouse 3 loop plants in an attempt to identify all other transients
that hav? actually occurred. An independent nonmechanistic Failure Mode
and Effects Analysis (FMEA) was performed during an earlier phase on the
major control systems utilized at PWRs to determine snich system failures
or normal operations could result in any of the other transients. The LERs
and NPEs reviewad produced several cases of other transients of concern.
The FMEA also identified the same systems as well as other systems as
potential problems. The remaining systems were subsequently rejected from
this study and the reason or reasons are documented within this section of
this report.

2. ASSUMPTICNS

The following assumptions were usea to assist in justifying system
. reiection from further review.

2.1 Noncapable System
Any system which through normal operation or failure has no apparent

capability to cause or contributs to any of the cther transients was
rejectesd.

¢.2 Safety Grade System
Any safety grade system which woul!d require muliiple fai ' ures o cause

. or contribute to any of the other trarsients was reiected as multiple
failures of safety systems is beyond the scope of this task.
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2.3 Insignificant Contribution System

Any system which through normal operation or failure cculd contribute
an insignificant amount to any of the other transients was rejected from
that transient review.

3. SYSTEM DISCUSSIONS

3.1 Reactor Coolant System and Pumps

Failures causing a high reactor coolant flow rate were rejected from
further review for the following transients and reasons:

o Increase in reactor coolant inventory: This type of failure

should not affect RCS pressure or makeup flow rate, therefore,
should have a negligible effect on an increasing inventory

transient.

0 Increase in reactor coolant system pressure: This type of

tailure should not affect RCS pressure, as pressure is not
atfected by an increased flow rate in a closed system.

o Decrease in reactor coolant flow: This type of failure and

transiert are complemeris of each other, therefore, cannot exist

at the same time.

o Decrease in reactor coolant inventory: This type of failure

should not affect RCS pressure or makeup flow rate, therefore,
have a negligible effect on a decreasing inventory transient.

o Frequently occurring transients: This type of failure is

unlikely at power operation as it would requirc a decrease in
system differential pressure. While the plant is in cold
shutdown, there are ‘nteriocks and administrative measures
initiated which have been designed its prevent to occurrence.
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Failures adversely affecting operator actions: This type of
failure should not be indicated to the operator con one instrument

or type of instrument such that an erroneous action is initiated.

Failures causing a low reactor coolant flow rate were rejecteu from

further review for the following transients and reasons:

Increase in reactor coolant inventory: This type of failure

should result in a reactor coolant system (RCS) pressure increase
from the reduced heat transfer rate. As the RCS pressure
increases, makeup flow rate could decrease and possibly a relief
valve open, both of which decrease inventory making the failure
results opposite to the transient.

Increase in reactor coolant system pressure: This type of
failure was analyzed in the design basis accident (DBA). In the
DBA, it was found that the worst case accident is when a reactor

coclant pump experiences a locked rotor. This type of failure
could not be exceeded, therefore, this failure was rejected from
the analysis.

Increase in positive reactivity: This type of failure should

cause an increase in reactor coolant nerature as the heat
transfer is reduced. When the temperat. 3 increases, negative
reactivity is added which is opposite to he transient.

Frequantly occurring transients: This type of failure did not
appear in the LER's or NPE's at a freguen-y in excess of the
allowed rate as identified in the selection critera for transient
frequencies.

Failures adversely affecting operator actions: This type of

faiiure should not be indicated to the operator on one ‘nstrument
or type of instrument such that an erroneous action is initiated.
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3.2 Prossurizer Overpressure Protection System

I

‘ Failures causing an inadvertent opening of a pressurizer power 2
cperated or safety relief valve were rejected from further review for the

following transients «nd reasoens: :

> Increase in reactor coolant inventory: This type of failure

shot1d cause a loss of investory through the open valve.

0 Increase in reactor coolant system pressure: This type of

failure shou d cause a decrease in RCS pressure as the pressurizer
| steam bubble is vented to the drain tank.

o Increase in po:itive reactivity: This type of failure should be
an insignificant contributor to an increasing pesitive reactivity
; trarsient as the reactivity change associated with pressure change
is minimal.

o Decrz2ase in reactor coolant Tlow: This type of failure could
Caus: a decrease in reactor coolant pump NPSH thus decreasing
flow, however, the contribution would be minimal compared to the
overall effects of a decreasing flow transient.

o Freguently occurring transients: This type of failure did not

l appear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criterion fur transient
freguencies.

Failures causing & power operated on safety relief valve to fail to
open when regu red, were rejected from further review for the following

transients and reasons:

o All transients categorized as "other transients": This type of

failure shou'd n.t occur as this system is safety grade and, ~
therefore, hes sufficient redundancy that a single failure should
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have negligible effect. It is acknowledged that multiple failures
of a safety grade systems are possible, however, multiple failures
of safety grade systems are outside the scope of this task.

3.3 High read Safety Injection System

Failures causing an inadvertent initiation of the high head safety
injection system were rejected from further review for the fo!liowina
transients and reasons:

o Increase positive reactivity: This type of failure would cause

én increase in negative reactivity as borated water is injected.

o Decrease in reactor coolant inventory: This type ¢f failure

would cause inventory increase from injection flow.

o Decrease in reactor coolant flow: This type of failure could

cause an increase in reacior coolant pump NPSH which may cause an
increase in flow.

o Frequently occurring transients: This type of failure did not

appear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified .n the criteria for tran:zient frequencies.

o Faflures adversely affecting operators actions: This type of

failure should noct be indicated to the operztor on c:ne instrumert
or type of instrument cuch that an erroneous action is initiated.

Failures causing the high read safety injection system to fail to
operate when required, were rejected from further review for the fallawing
transients and reasons:

o All transients categorized as "other transients": This type of
failure should not happen as this system is safety grade and,
therefore, has sufficient redundancy that a single failure should
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residual heat removal, in which case it is recirculating coolant
through the RCS and RHR flow rate would be reactor coolant t!ow.

Frequently occurring transierits: This type of failure did not

appear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria for transient
frequencies.

Failures adversely affecting operator action: This type of

failure should not be indicated to the operator on one instrument
or type of instrument such that on erroneous action is initiated.

Failures causing a Tow flow rate in the RHR system were rejected from

further review for the following transient and reasons:

Increase ir reactor coolant inventory: This type of failure

should have a negligible effect on an increasing inventory
transient. When RCS pressure i; greater than 600 psig, RHR cannot
contribute as it will be unable to overcome RCS pressure. When
FCS pressure is less than 600 ps;ig, the RHR system is lined up “or
residual heat removal, where it is used for veactor coolant
recirculation and becomes part of the RCS. When RHR is used for
residual heat removal, the RCS is filled 1iquid full in which cese
a low flow cannot contribute to a high inventory transient as the
RCS is already full.

Increase in positive reactivity transients: This type of failue
would cause or conw.ribute to an increasing resctor coolant system
temperatu~e which “nserts negative reactivity.

rrequently occurring transients: This type of failure did not
appear in the NPEs or LERs at a frequency in excess of the alloved
rate as identified in the selecticn criteria for transient

frequencies.
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0 Failures adversely atfecting operator actions: This type of

failure should not be indicated to the operator on one instrument
or tyose of instrument such that an erroneous action is initiated.

3.5 Chemical and Volume Control System

Failures ~ausing a high makeup or a low letdown flow rate in the

chemical and volume rcintrol system were rejected from further review for

the foilowing transients and reasons:

the addition cf non-borated water in the chemical and volume control system

o Increise in positive reactivity: This type of failure should

cause a negative reactivity addition from the borated coolant
added

0 Decre.se in reactor coolant inventory: This type of failure

resul .s in more inventory being added to the RCS than is being
remov :d, therefore, results in an increase in inventory.

o Decreise in reactor coolant flow: This type of failure should

cause an increase in reactor coolant inventory which increases
reactor coclant pump NPSH. As NPSH increases, flow could also
increase.

0o Frequantly occurring transients: This failure did not appear in

the LZRs or NPEs at a frequency in excess of the allowed rate
identified in the selection criteria for transient frequencies.

o Failures adversely affecting operator actions: This type of

failure should not be indicated to the operator on one instrument
or type of instrument such that an erroneous action is initiated.

Failures causing a iow makeup fiow rate, a high letdown flow rate, or

were rejected from further review for the following transients and reasons:

o e & e
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o Increase in reactor coolant inventory: This type of failure
should cause a decreasing inventory as more coolant would be
. removed from the RCS than added.

o Increase in reactor coolant pressure: This type of failure couid

cause a decrease in RCS pressure from the decrease in inventory.

o Decrease in reactor coolant system flow: This type of failure

has the potential of contributing to a decreasing flow transient

; as 1 decrease in inventory will reduce reactor coolant pump NPSH.
| A reduction in NPSH could decrease flow, however the contribution
| should be minimal.

o Frequently occurring transients: This type of failure did not
appear in the LERs or NPEs at a frequency in excess of the alloved
rate as identified in the selection criteria for transient
frequencies.

o Failures adversely affecting cperator actions: This type of
. failure should not be indicated to the operator on one instrumert
| or ty e of instrument such that an erroneous action is initiatec.

3.6 Coolant Sampling Svstem

Failures causing a high flow rate in the coolant sampling system were
rejected from further review for the following transierts cnd reasons:

' o All transients categorized as "other transients". This tyoe of
failure should not have a significant contribution to any of the
trans:ients of concern as this sys om is small in comparison %o the
overall reactor coolant system.

Failures causing a iow flow rate in the coolant sampling system were
. rejected from further review for the following transients and reasons:
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0 All transients categorized as "other transients": This type of

failure should not have a significant contribution to any of the
transients of concern as this system is small in comparison to the
overall reactor coolant cystem.

3.7 Pressu~izer Pressure Control System
Failures causing a lower than actual pressure indication or

pressurizer pressure to control high were rejected from further review for

the following transients and reasons:

Incresse in reactor coolant inventory: This type of failure
should cause a decrease in reactor coolant inventory as the higher
pressure could reduce the makeup rate and cause a relief valve to
open, either of which would result in an inventory decrease.

Increase in positive reactivity: This type of failure should
have a minimal effect on positive reactivity as a pressure change

does not cause a significant change in reactivity.

Decrease in reactor coolant flow: This type of failure has the

potential of contributing to a decreasing flow transien: as it
could result in a reduction of reaztor coolant NPFSH from the
decreased inventory. However, the contribution would be
insignificant to the overall transient

Frequently occurring transients: This type of failure 4id not
appear in the LERs, or NPEs at a frequency in excess of the
ailowed rate as indentified in the selection criteria for

transient freguencies.

Failures adversely affecting operator actions: This type of

failure should not be indicated to the operator on one instrument
or one type of instrument such that an erroneous action is *
initiated.
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Failures causing a higher than actual pressure indication or
pressurizer pressure to control low were rejected from further review for

the following transients and reasons:

o Increase in reactor coolant system pressure: This type of

failure would result in a decreasing pressure iransient.

o Increase in positive reactivity: This type of failure should

have a minimal effec. on reactivity as the change in reactivity
associated with pressure changes 1s insignificant.

0o Decrease in reactor coolant inventory: This type of failure

should minimize a decreasing inventory transient as the inventory
loss rate would be slower and the makeup rate would be higher.

o Decrease in reactor coolant flow: This type of failure should
have a minimal effect on flow as a decrease i» pressure should not
affect reactor coolant pump NPSH in a closed system.

o Freguently occurring transients: This type of failure did not
appear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria for transient
frequencies.

o Failures adversely affectine operator actions: This type of

failure should not be indicated to the operator on cne instrument
or type of instrument such that ar erroneous action is initiated.

3.8 Accumulator Tank System

Failures causing inadvertent coolant injection were rejected from
further review for the foliowing transients and reasons:

0 Increase in reactor coolant system pressure: This tyvpe of
failure should not have the capability of contributisg to an
fncrease pressure transfent. Since the accumulators are a low
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head -tatic system, they can not operaze while RCS pressure is
above approximately 800 psig. When RCS5 pressure is below
injec.ion pressure, administrative acticns are initiated to

prevent its operation.

ity: This type of failure would

Increase in pasitive reacti
ity addition as the injected fluid is

cause & negative reactiv
highly torated.

Decrease in reactor coolant invertory: This type of fa‘lure

would add coclant inventory.

Decrease in reactor coolant flow: This type of failure should
have a minimal effect on reactor coolant pump NPSH, therefore,
have an insignificant effect on flow.

Freguently occurring transients: This type of failure did not
appear in the LER's or NPE's at a frequeniy in excess of the
allowed rate as identified in the selection ¢riteria for transient

frequencies.

Failures adversely affecting operator actions: This type of

failure should not be indicated to the operator on one instrument
or type of instrument such that an erroneous action is initiated.

Failures causing the accumulator tank system to fail to inject when

required, were rejected from further review for the following transients

and reasons:

A1l transfents categorized as "other transients": This type of

failure snould not happen as tnis system is safety grade and,
therefore, has sufficient redundancy that a single failure should
have negligiole effect. It is acknowledged that multiple failures
of a safety grade syctems are possible, however, multiple failures
of safety grade systems are outside the scope of this task.
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3.9 Roactor Protection System

AR Failures causing inadvertent reactor trips were rejected from further

review for the foliowing transients and reascns:

o Increase in reactor coclant inventory: This type of failure has
| the potential of contriLuting to an increasing inventory transient
as it can reduce RCS pressure, however, the contribution should be
minimized as the pressurizer will counteract the reduction.

o Increase in reactor coolant system pressure: This type of

failure should cause a decrease in RCS pressure as the heat

transfer rate is cdocreased..

o Increc = in positive reactivity: This type of failure should

result in control rod insertion which adds negative reactivity.

l o Decrease in reactor coolant inventory: This type of failure
} should cause a pressure decrease which would result in a slower
;

inventory loss rate and a minimal affect on this transient.

l -

o Decrease in reactor coolant flow: This type of failure should

not have a significant effec’' on reactor coolant pump NPSH in a
closed system.

o Failures adversely affecting operater actions: This type of

failure should not be indicated to the operator on one instrument
or type of instrument such that in errorecus actien is initiated.

Failures causing the reactor to not trip when required were rejected
from further review for the following transients and reasons:

o All transients categorized as "cther transients": This type of

o failure should not happen as this system is safety grade and,
therefore, has sufficient redundancy that a single failure should
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have negligible effect. It is acknowledged that multiple failures
of safety grade systems are possible, however, multiple failures
of satety grade systams are outside the scope of this task.

3.10 Control Rod Drive System

Failures :ausing an uncentroiled rod witharawal or a rod ejection were
rejected from further review for the following transients and reasons:

o Increase in reactor coolant inventory: This type of failure

could cause a pressure increase from the increased heat
production. The increased pressure should cause a decrease in
makeup flow rate and possibly a relief valve to open both of which
tend to reduce inventory.

o Decrease in reactor coolant flow: This type of failure does not
have the potential of affecting reactor coolant flow.

o Frequently occurring transient: This type of failure did not
appear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria for transient

frequencies.

Failures causing an inadvertent rod insertion or a dropped rod were
rejected from “urther review for the following transients and reasons:

o Increise in reactor coclant inventory: This type of faflure
would have an insignificant contribution to an increasing

inventory transient.

o Increizse in reactor coolant system pressure: This type of

failure would tend to cause a decrease in pressure,

o Increase in positive reactivity: This tyne of failure would

cause a negative reactivity addition from the rod insertion.
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o Decrease in reactor coolant inventory: This type of failure
would have an insignificant contribution to a decreasing inventory

transient.

o Decrease in reactor coolant flow: This type of failure should

not significantly affect reactor coolant pump flow.

o Fregquently occurring transients: This type of failure did not

appear in the LERs or NPEs at a freguency in excess of the allowed
rate as identified in the selection criteria for transient
frequencies.

3.11 Pressurizer Level Control System

Failures causing actual pressurizer level to be higher than indicated
or level to be controlling high were rcjected from further review for the
foliowing transfents and reasons:

0 Increase in reactor coolant system pressure: This type of

failure should not contribute to an increasing RCS pressure as the
oressure is regulated by the pressurizer steam bubble not the
level,

o Increase in positive reactivity: This type cof failure should not

have the capability of adding reactivity as reactivity is not
affected by pressurizer level.

o Decrease in reactor coolant inventory: This type of failure

woulu not cause a dezreasing inventory transient.

0 Decrease in reactor coolant flow: This type of failure should

cause an increase in reactor coolant pump head which would tend to
increase flow.
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Frequently occurring transients: This type of failure did not
avpear in the LERs or NPEs at a frequency in excess of the allawed
rate as identifisd in the selection criteria for transient
frequencies,

Failures causing actual pressurizer level to be lower than indicated
or pressurizer level to be cuntrolling low were rejected from further
review for the following transients and reasons:

o Increase in reactor coolant inventory: This type of failure
should decrease the effects of an increasing inventory transient.

o Incresse in reactor coclant system pressure: This type of
faiiure should not have the capability of affecting pressure as
the pressure is controlled by the steam bubble in the pressurizer

and not the water level,.

o Increase in positive reactivity: This type of failure should not
have the capability of adding reactivity as reactivity is not
aifectec by pressurizer level.

o Decrease in reactor coolant flow: This tvpe of failure appears
to have the capability of being a contributor to a decreasing
reactor coolant flow transient by decreasing reactor coolant pump
NPSH, however, the contribution made by this failure would be
insignificant,

o Freguently occurrinc transients: This type of failure did not
appear in the LERs or NPEs at a freguency in excess f the allowad
rate as identified in the selection criteria for transient
frequencies.
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3.12 Engineered Safety Feature Actuation System

Failures causing inadvertent initiation of any or all Engineered
Sarety Feature systems were rejected from further review for the following
transients and reasons:

o 211 transients categorized 4s "other transients": This type of

failure has the potential of contributing to one or more of the
selection criteria for "other transients," however, failures of
this type will cause a component system failure and will be
evaluated during ‘ndividual system reviews.

Faiiures causing the Engineered Saf:ty Features to not initiate when

required were rejected from review for the following transients and reasons:

o All transients categorized as "other transients": This type of
failure should not happen as this system is safety grade and,

thereiore, has sufficient redurdancy that a single failure should

have nagligible effect.
of safety grade systems
of safety grade systems

3.13 Incore

It is acknowledged that multiple failures
are possible, however, multiple failures
are outside the scope of this task.

Instrumentation System

Failures causing higher than actual parameter indication in the core
were rejected from further review for the following transients and -easons:

o Al) transients categorized as "otner transients": This type of
failure should have a minimal efiact cn any of the "other

transients" as this system is used for core power distribution
indication and not for an indication to initiate immediate
operations or corrective actions.

Failures causing lower than actual parameter indication in the core
were rejected from further review for the following transients and reasons:
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All transients categorized as "other traisients": This type of
SR S LA MR AN L LA iR .

failure should have a minimal effect on any of the "other
trancients" as this system is used for core power distribution
indication a'd not for an indication to initiate immediate

opera.ions or corrective actions.

3 14

Failures causing a higher than actual core power indication are

rejected from further review for the following transients and reasons:

Increise in reactor coolant inventory: This type of failure does

not have the capabiiity to affect RCS inventor; and was rejected.

0 Increase in reactor coolant system pressure: This type of

failu-e would not have the capability to affect RCS pressure and
was rejected.

ncrease in positive reactivity: This type of failure could have

l
the capability of affecting reactivity, however, it should have an
insignificant contribution and was rejected.

o Oecrease in reactor coolant inventory: This type of failure
should rot have the capability to affect RCS coolant inventary and

was rejectaed.

o Decrease in reactor coolant flow: This type of failure should
not have the capability t« affect reactor coolant pump flow and
was rejected.

0 Freauently occurring transients: This type of failure did not

appear in the LERs or NPEs at a fraquency in excess of the allowed r
rate as identified in the selection criteria for transient

frequencies "
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Failures causing a lower than actual core power ind‘cation were
rejected from further review for the following transients and reasons:

o Increase in reactor coolant inventory: This type of failure
shouid not have the capability to affect RCS inventory and was

rejected.

o Increase in reactor coolant system pressure: This type of

failure should not have the capability to affect RCS pressur2 and
was rejected.

¢ Increase in positive reactivity: This type of failire could have

the capability to affect reactivity, however, it should have an
insignificant contribution and was rejec‘ed.

0 Decrease in reactor coolant inventory: This type of failure
should not have the capability to affect RCS coolant inventory and

was rejected.

0 Decrease in reactor coolant flow: This type of fai ure should

not have the capability to affect reactor coolant pump flow and
was rejected.

o Frequently occurring transients: This type of failure did not

aprear in the LERs or NPEs at a frequency in excess of the allowad
rate ¢s indentified in the selection criteria for transient
frequencies.

3.15 Reactor Containment Structure and Containment isolation System

Failures causing the reactor containment to fail to maintain a
required isolation are rejected from further review for the foliowing
transients and reasons:

o Al transients categorized as "other transients": This type of
feilure should not happen as tnis system is safety grade and,
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therefore, has sufficient redundancy that a single failure should
have tegligible effect. It is acknowledged that multiple failures
of sz’ety grade systems are possible, however, multiple failures
of sa ety grace systems are outside the scope of this task.

Failures causing containment isolation when not required were rejected

from further review for the following transients and reasons:

o All transients categorized as "other transients": This type of

failure has the potential of contributing to one or more of the
selection criteria for "other transients," however, failures of
this type will cause a component system failure anc will be

evaluated during individual system reviews.

3.16 Feedwater and Condensate System

Failures causing feedwater and condensate systems to have a high flow
rate or feadwoter heating to have a low flow rate were rejected from
further review for the following transients and reasons:

o Increase in reactor coclant inventory: This type of failure

should not have the capability of adding or removing RCS coolant
inventory and was rejected.

0 Increase in reactor coolant system pressure: This type of

faflure should cause a RCS pressure decrease from an increased
heat transfer rate,

o Decreass in reactor coulant inventory: This type of failure
should not have the capability of adding or removing RCS coolant

and was rajected.

0 Decrease in reactor coolant flow: This type of failure should

not affect reactor coolant flow.
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Frequently occurring transients: This type of failure did not
appear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria for transient
frequencies.

Failures adversely affecting operater actions: This type of

failure should not be indicated to the operator on ore 1nstrument
or type of instrument such that an erroneous action s initiated.

Failures causing a low feefwater or condensate flow rate were rejected
further review fuor the following transients and reasons:

Increase in reactor coolant inventory: This typs of failure

could not cause an increase in RCS inventory and was rejected.

Increase in positive reactivity: This type of failure should

cause a negative reactivity addition as it would cause reactor
cyolant temperature to increase.

Dacrease in reactor coolant inventory: This type of failure

stould not cause a reactor coo’ant decrease inventory transient.

Dacrease in reactor coclant flow: This type of failure does not

hive the potential of contributing to a derreasing flow transient
and was rejezted.

Frequently occurring transients: Tnis type of failure did not
aspear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria for transient
f-equencies.

Fiailures aaversely affecting operator actions: This type of

fiilure should not be indicated to the operatcr on tne instrument
or type of instrument such that an erroneous actica is initiated.
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3.17 Reactor Coolant Leak Detection System

Failures causing an inadvemtent reactor coolant lezk iadication were .
rejected from fusther revie for the following transients and reasons:

o Increase in reacror coolant inventory: Inis type of failure
should not heve the capability of directly adding reactor coolant
and was rejedted.

o Increase in reactor coolant system pressure: This type of
failure should not have the capability of changing RCS pressure.

© Increase reactivity transient: This *ype of failure should not
have the capability of adding positive reactivity and was rejected.

o Decrease in reactor coolant flow: This type of failure should
not have the capability of changing reaztor coolant pump flow.

0 Frequently occurring transients: This type of failure did rot
appear in the LERs or NPEs at a frequency in excess of the allowed
rate as ident'fied in the selection criteria for transient
frequencies.

Faflures causing the reactor coolant leak derection system to fail to
indicate when a leak exists were rejected from further review for the
following transienis ard reasons:

o Increase in reactor coolant frvantory transient: This type of
faiiure snhould not nave the capability of adding reactor coclant

anc was rejec.ed.

o Increase in reactor ccelant system pressu-g: This type of i

fatlure should not have the capability of changing RCS pressure
and wis viéjected. .
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have the capability of adding reactivity and was refected.

o Decrease in reactor coolant inventory: Tnis type of failure
N should not have the capability of removina coolant inventory and
wa: rejected,
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o Increase reactivity transient:This type of failure should not
o Decrease in reactor coolant flow: Thi. type of failure snould
| not have the capabiiity of changing reactor coo'ant pump flow and
: was rejected. ;
1
o Frequently occurring transients: This type of failure did not
appear in the LERs or NPEs at a frequency in evcess of the allowed
rate as identified in the selection criteria for transient
frequencies.

3.18 Process Comiuter System
Failures that cause the process computer to indicate plant parameters

lower than actual were rejected from further review for the following 1
transients and reasons:

o Increase in reactor coolant inventory: This type of failure
should not have the capability of directly adding rractor coolant :
and was rejected.

o Increase in reactor coo’ant system pressure: This type of
failure should not have tre capab’ ity of changing PCS pressure
and was rejected.

o Increase in positive reactivity: This type of failure should not
nave the ability of adding reactivity and was rejected.

o Decrease in reactor coolant inventory: This type of failure
should not have the capability of airectly removing zoolant
fnventory and was rejected

!
i
|
'i
|
|
|
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0 Decrease in reactor coolant flow: This type of failure should
not have the capability of changing reactor coolant pump flow.

| 0 Frequentiy occurring transients: This type of failure did not
aprea* in the LERs or NPEs at a frejquency in »xcess of the allowed
rate 1s ‘cantified in the seiection ¢criteria for transient
frequencies.

higher than actual wera rejected from further review for the following
transients and reasons:

¢ Increase in reactor coolant inventory: This type of failure
should not have the capability of directly adding coolant
inventory and was rejected.

I
I
|
! Failures causing the process computer to indicate plant parameters
I
I
|
|
I

© Incresse in reactor coolart system pressure: This type of
failure should not have tte capability of changing RCS pressure.

o Increces in posftive reactivity: This type of failure should not
have the capability of adding reactivity.

0 Decrecse in reactor ccolant inventory: This type of failure
should not have the capability of directly removing coolant
inventory.

Necresce in reactor coolant flow: This type of failure should
not huve the capability of changirg reactor coolant pump flow.

L=

0 Frequent’y occurring transients: This type of failure did not
apuear in the LERs or NPEs at a frequency in excess of the allowad
rate &s identified in the selection criteria for transient
frequencies.
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3.19 Steam Generator Water Level Control System

Failures in the steam gencrator water level control system causing a

high feedwater flow rate were rejected from further review for ihe

following transients and reasons:

U]

Increase in reactor coolant inventory: This type of failure

should not have the capabiiity of addiang RCS coolant inventory.

Increase in reactor coolant system pressure: Th!s type of
failur - should cause a RCS pressure decrease.

Decrease in reactor coolant inventory: This type of failure
should not have the capability of removing RCS coolant inventory.

Decrease in reactor coolant flow: This type of iailure should
not affect reactor coolant pump flow.

Frequently occurring transients: This type of failure did not
appear in the LERs or NPEs &t a frequency in excess of the allowed
rate as fdentified in the selection criteria for transient
frequencies,

Failures adversely affecting operator actions: This type of
faiture chould not be indicated to the operator on one instrument
or type of instrument such that an erroneous actifon is inftiated.

Failures causing the steam generator water level control system to
infttate a low feedwater flow rate were rejected from further review for
the following transients and reasons:

0

Increase 1n reactor coolant inventory: This type of failure

should not cause a direct increase in RCS inventory.




o Increase in positive reactivity: This type of failure should
cause a negative reactivity a‘‘dition as it would cause reactor
coolant temperature to ircrease. )

o Decreise in reactor cooiant inventory: This type of failure .
shou'd not have the potential of contributing to @ decreasing

| invertory transient,

4 o Decreise in reactor coolant flow: This type of failure should
1 not hive the potential of contributing to a decreasing “low
| transient.

o Frequently occurring transients: This type of failure did not
appea~ in tha LERs or NPEs at a frequency in excess of the allowed
rate as fdentified in the selection criteria for transient

i frequancies.

o Failu-es adversely affecting operator actions: This type of
faflu-e should not be indicated to the operator on one instrument
or tyre of inctrument such that an erroneous action is initiated.

.20 Steamline Overpressure Protection System

f

|

|

! Failures vausing inadvertent operation of a power operated or safety

| relief valve in the main steam system were rejected from further review for

| the following *ransients and reasons:

H

o Incre.se in reactor coolant inventory: This type of failure
shoulc not have the capability of adding reactor coolant inventory
and w. s rejected,

|

|

1 0 Increcse in reactor coolant system pressure: This type of A |
; failure should cause a KIS pressure decrease from an increased ;
I heat .ransfer rate. .

|'

| f
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¢ Decrease in reactor coolant inventory: This type of failure
should not have the capabi'ity of removing reactor coolant and was
rejected.

o Decrease fn reactor coolant flow: This type of failure should
not affect reactor coolant flow.

o Frequently occurring transients: This type of failure did not

appear in the LERs or NPEs at a frequency in excess of the rate as
identified in the se’ection criteria for transient frequencies.

o Failures adversely affecting operator actions: This type of
failure should not be indicated to the operator on one instrument
or type of instirument such that an erroneous action is initiated.

Failures causing the steamline overpressure protection system to fail
to operate when required were rejected from further review for the
following transients and reasons:

o All transients categorized as "other transients": This type of
tailure should not happen as this system is safety grade and,
therefore. has sufficient redundancy that a single failure should
have negligible effect. It is acknowledged that multiple failures
of safety grade systoms are possible, however, multiple failures

of safety grade systems are outside the scope of thic task,
3.21 Main Steam System
Failures causing & high flow rate or an inadvervent opening of a main
steam isoiation valve were rejected from further review for the following
transients and reasons:
o Increase in res.sor coolant inventory: This type of failure

should not have the capability of directly adding reactor coolant
inventory and was rejected.
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o Increase in reactor coolant system pressure: This type of

failure should cause a RCS pressure decrease from an increased
heat transfer raze. "

0 Decreise in reactor coo:ant inventory: This type of failure .
should not hive the cipability of removing reactor coolant

inventory ani was rejected.

0 Decrease in reactor coclant flow: This type of failure should
not affect reactor coolant flow.

o Frequently occurrizg transients: This type of failure did not
appear in the LERs or NPEs at a frequency in excess of the rate as

identified in the selection criteria for transient frequencies.

o Ffailures adversely affecting operator actions: This type of

failure should not be indicated to the operator on one instrument
o type of instrument such that an erroneous acticn is initiated.

Failures causing a low main steam flow rate or an inadvertent main
steam isolation valve closure were rejected from further review fcr the
following transients and ressons:

o Increise in reactor coolant inventory: This type of failure
should not have the capability of adding reactor ceolant inventory
directly and was rejected.

0 Increise in positive reactivity: This type of failure shoula
cause a negative reactivity addition as it would cause RLS :
tempe~ature to increase.

o Decreise in reactnr coolant fiow: This type of failure should o
not hive the potential of contributing to a decreasing flow ;
transient and was rejected. .

i
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Failures in the EHC causing the turbine control o= governor valves to
inadvertently :lose were rejected from further review for the following
transients and reasons:

0

Increise in reactor coelant inventory: This type of failure
should not have the capability to directly cauie an increase in
RCS 1wentory and was rejected.

Increise in positive reactivity: This type of failure should
cause a negative reactivity additicn as it would cause reactor
coola it temperature to increase.

Decrecse in reactor coolant inventory: This type of failure
should not have the potertial of directly contributing to a
decre sing RCS inventory and was rejected.

Decre se in reactor coolant flow: This type of failure should
not h.ve the potential of contributing to a decreasing flow
trans ent.

Frequ ntly occurring transients: This type of failure did not
appea in the LERs or NPEs at a frequency in excess of the allowed
rate . s identified in the selection criteria for transient

frequi ncies,

Failuves adversely affecting operator actions: This type of

failure should not be indicated to the operator on one instrument
or tyre of instrument such that an erroneous action is initiated.

3.23 Auwiliary Feedwater System

Failures causing ar inadvertent operation or a high flow rate in the
auxiliary feedvater system were rejected from further review for the
following tran:ients and reasons:
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o

Increase in reactcr coolant inventory: This type of failure
should not have the capability to directly add reactor coclant
inventory and was rejected.

In_ wase in reactor coolant system pressure; This type of
fatlure would result in a reactor coolant system pressure decrease
due to the increased heat transfer,

Decrease in reactor coolant inventury: This type of failure
should not have the capability to directly remove reacter coolant
inventory and was rejected,

Decrease in reactor coolant flow: This type of failure should
not have the potential to cause or contribute to a decreasing
reactor coolant flow and was rejected,

Frequently occurring transients: This type of failure did not
appear in the LERs or NPEs at & frequency in excess of the allowed
rate as identified in the selection criteria for transient

frequencies.

Failures adversely affecting operator actions: This type of
failure thould not be indicatec to the operator on one instrument
or type of instrument such that an erroneous action {15 initiated.

Failures causing a 1ow flow rate or a loss of flow from the auxiliary
feedwater system were rejected from further review for the following
transients and reasons:

All transients categorized as "other transients": This type of
failure should not happen as this system is safety grade and,
therefore, has sufficient redundancy that a single failure should
have negligibie effect, It fs acknowledged that multiple failures
of safety grade systems are possible, however, multiple failures
of satety grade systems are outside the scope of this task,
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3.24 steam Generator

Failures in the steam gensrater allowing mixing of the reactor coolant
and secondary coolant are rejected from further review for the following
tran.ients and reasons:

o Incrogse in reactor coolint fnventory: This type of faiiure
would cause a decrease ir in entory as the reactor coolant
prescure is higher than ctecondary pressure and reactor coolant
will leak in.o the seconcary coolant.

o Increase in “eactor coolent system pressure: This type of

failure would cause a pressure decrease as reactor coolant is lost.

0 Increase in positive reactivity: This type of failure should not
have a significant affect on reactivity as the reactivity change
associated with pressurs is minimal.

potentic] of affecting reactor coolant pump NPSH, however, the

affect would be insignificant to the overall transient and was
rejected.

o Decrease in reactor coolint flow: This type of failure has the

o Frequently occurring transients: This type of failure did not
appear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria for transient
freguencies,

Failures causing the steam generator to f&il to allow heat transfer
were rejectel from further review for the following transients and reasons:

o Increase in reactor zoolant inventory: Tnis type of failure

should nct have the capability to directly add reactor coolant
inventory and was rejected.
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Decrease in positive reactivity: This type of failure could
cause a negative reactivit: addit’on as the RCS temperature should
increase from reduced heat transfer rate.

Decrease in reactor coolant inventory: Tnis type o® failure

should not have the capability to directly remove reactor coolant
inventory and was rejected.

Decrease in reactor coclant flow: This type of failure should
not cause a change in the reactor coolant pump flow.

Frequently occurring transients: This type of failure did not

appear in the LERs or NPEs at a freguency in excess of the allowed
rate as identified in the seleciion criteria for transient
frequencies,

Failures adversely affecting operator acticns: This type of

failure should not be indicated to the operator on one instrument
or type of instrument such that an erronecu action is initiated.

3.25 Steam Generator Elowdown Sy tem

Failures causing a high flow rate or inadvertent operation of the

steam generator blowdown system were rejected from furiher review for the

following transients and reasons:

Increase in reactor coolant inventorv: This type of failure
should not have the capability of directly «dding reactor coolant
inventory and was wejected,

Increase in reactor coolant system pressure. This type of

failure should cause a RCS pressure decrease from an increased
heat transfer rate.
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o Decre se in reactor coolant inventory: This type of failure
should not have the cayability of directly removing reactor
coolet inventory and was rejected.

o Decre se in reactor coolant flow: This type of failure should
net a fect reactor coolant flow,

o Frequ ntly occurring trarsients: This type of failure did not
appea in the LERs or NPEs at a frequency in excess of the rate as
ident fied in the selection criteria for transient frequencies.

o Failures adversely affecting operator actions: This type of

failue shou'd not be indizated to the operator on one instrument
or tyce of instrument such that an erroneous action is initiated.

Failures causing a low flow rate in the steam generatoyr blowdown
system were re’ected from further review for the following transients and
reasons:

0 All t ansients categorized as "other transients": This type of
failu e has the potential of contributing to one or more of the
trans ents, however, ths cortribution should be insignificant to
the o.erall transient effects. Thereiore, this type of failure
was r Jjected,

3.26 Steam Gen:rator Sampling System
Fatlures -ausing a high flow -ate or inadvertent operation of the
steam generato - sampling system were rejected from further review for the

following tran fents ¢nd reasons:

o All transients categorized as "other transients": This type of

failure has ‘he potential of contributing to one or more of the
transients, nowever, the system is small enough that the
contribution should be insignificant.
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Failures causing a low flow rate in the steam generator samplirg
system were rejected from further review for the following transients and
reasons:

¢ All transients categorized as "other transients": This type of
failure has the potential of contributing to one or more of the
transients, however, the system is snall enough that the
contribution should be insignificant.

3.27 Turbine Generator Support Systems

Failure in the turbine generator support systems causing the required
cooling or lubrication to not be provided were rejected from further review
for the following trarsients and reasons:

o All transients categorized as "other transients": This type of
failure has the potential of contributing to one or more
transients, however, these failures should cause th» turbine
control or governor valves to trip and this type of failure will
be evaluated in the Turbine Electrohydraulic Control system.

3.28 Auxiliary Steam System

Failures causing a high steam flow rate or an inadvertent flow in the
auxiliary steam system were rejected from further review for the following
transients and reasons:

© Increase in reactor coolant inventory: This type of failure
should not have the capability of directly adding reactor coclant
inventory and was rejected,

o Increase in reactor coolant system pressure: This type of

failure should cause a RCS prescure decrease from an increased
heat transfer rate.
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Decrease in reactor coolant inventory: This type of failure
should not have the capability of directly removing reactor
coolant inventevy and was rejected.

Decroise in reactor coolant flow: This type of failure should
not a‘fect reactor coolant flow.

Frequently occurring transients: This type of failure did not
appea in the LERs or NPEs at a frequency in excess of "he rate as

fdent fied in the selection criteria for transient frequencies.

Failures adversely affecting operator actions: This type of

failure should not be indicated to the operator on one instrument
or type of instrument such that an erronecus action is initiated.

Fatlures causing a low steam flow rate or a loss of flow in the
auxiliary steam system were rejected from further review for “he following
transients and reasons;

Increcse in reactor coolant inventory: This type of failure
shoulc not have the capability to direztly add reactor coolant
inventory and was rejected.

Increase in positive reactivity: This type of failure would
cause an increase in negative reactivity as a result of the
reduction in heat transfer rate.

Jecrease in reactor coolant inventory: This type of failure
should not have the capability to directly remove reactor coolant

inventory ani was rejected.

Decrease in reactor coolant fiow: This type of failure should
ned contribute to decreating flow transient and was rejected.
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¢ Frequently occurring transients: This type of failure did not

appear in the LERs or NPEs at a frequency in excess of the rate as
. identified in the selection criteria for transient frequencies.

: o Faflures adversely affecting operator actions: This type of
failure should nct be indicated to the operator on one instrument
or type of instrument such that an erroneous actien is initiated.

3.29 Main Condenser and Evacuation Systems

Failures in the main condenser or evacuation syst-ms resulting in a
loss of vacuum were rejected from further review for <he following

transients and reasons:
o Increase in reactor coolant inventory: This type of failure
should not have the capability to directly add reactor coolant

inventory and was rejected.

o Increase in positive reactivity: This type of failure would

cause an increase in negative reactivity as 4 result of tne
reduction in heat transfer rate.

o Decrease in reactor coolant inventory: This type of failure

should not have the capability of directly removing reactor
coolant inventory and was rejected.

o Decrease in reactor coolant flow: This type of failure should
not contribute to decreasing flow transient und was rejected.

o Frequently occurring transients: This type of faiiure did not
appear in the LERs c» NPEs at a frequency in excess of the rate as
identified in the seiection criteria for transient “regquencies.

. o Faflures adversely affecting operator action:: Thi: type of
failure should not be indicated to the opera‘or on vne instrument
or type of instrument such that an erroneous action is initiated.
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Failures causing an increase in vacuum in the main condenser were
rejected from further review for the following transients and reasons:

0 Increase in reactor coolant inve:ntory: This type of failure
shou d not Fave the capability to directly add reactor coclant .
invertory ard was reject.d,

o Increase in positive reactivity: This type of failure could
cause an increase in negative reactivity as a result of the
reduction in heat transfer rate.

0 Decrease in reactor coolant inventory: This type of failure
should not have the caparility to directly remove reactor coclant
inventor; and was rejectd. '

0 Decrease in reactor coolint flow: This type of failure could not
contribute to decreasing flow transient.

0 Frequantly occurring trarsients: This type of failure did not
appea~ in tha LERs or NPi's at a frequency in excess of the rate as
identified in the selection criteria for transient frequencies.

o Failu-es advarsely affecting operator actions: This type of
failu“e should not be incicated to the operator on one instrument
or tyre of instrument such that an erroneous action is inftiated.

! 3.30 Steam Dutp System

Failures -ausing ar inadvertent cperation or the steam dump valves to
fail open were rejected from further rev ew for the following transients
and reasons:

o Increise in reactor coolent inventory: This type of failure

I should not have the capability of directly adding reactor coolant .
inventory ani was rejected.
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o Increase in reactor coolant system pressure: This type of

failure should cause a RCS presiure decrease from an increased
N heat transfer rate.

: o Decrease in reactor coolant inventory: This type of failure
shoul? not have the capability of directly removing reactor

cealant inventory and was rejected.

o Decrease in reactor coolant flow: Tnis type of failure should

not affect reactor coolant flow.

o Fregquently occuring transients: This type of failure did not

appear in the LERs or NPEs at a frequency in excess of the rate as
identified in the selection criteria for transient frequencies.

. failure should not be indicated to the operator on one instrument
or type of instrument such that an erroneous action is initiated.

Fatlures causing the steam dump system valves to fail to operate when
required, were rejected from further review for the following transients
and reasens:

|
'.
| o Failures adversely affecting operator actfons: This type of
!
I

l o Increase in reactor coolant inventory: This type of failure
' should not have the capability to directlyv add reactor coolant
inventory and was rejected.

o Increase in positive reactivity This type of failure snould :
cause a negative reactivity addition as it would cause RCS
temperature to increase.

o Decrease in reactor coolant inventory: This type of failure

should not have the capability to direztly remove reactor coolant
. inventory and was rejected.
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o Decrease in reactor coolant flow: This type of failure does not
have tra2 potential of contributing to a decreasing flow transient.

0 Frecuently ozcuring transients: This type of failure did not
appear n th: LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria for transient

frecuencies.

0 Failures adv rsely affecting operator actions: This type of

failure shou'd not be indicated to the operator on one instrument
or type of instrument such that an erroneous action is initiated.

3.31 Service Water System

Failures causing a high flow rate in the service water system were
rejected from further review for the following transients and reasons:

0 All transients categorized as "other transients": This type of

failure has the potential of contributing to one or more of the
transients ir "other transients", however the contribution should
be insignificant to the overall transient and was rejected.

Faflures causing a low flow rate in the service water system were
rejected from further review for the following transients and reasons:

© All transients categorized as "other transients": This type of

failure should not happen as this system is safety grade and,
therefore, has cufficient redundancy that a single failure should
have a negligible effect. It is acknowledged that multiple
failures of safety grade systems are possible, however, multiple
failures of safety agrade systems are outside the scope of this
task.
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3.32 Component Cooling Water System

Failures causing a high flow rate or a failure to maintain an
fsolation betusen the RCS and component cooling water system were rejected
from further review for the following transients and reasons:

Increase in reactor coolant ‘nventory: A failure causing a leak
between systems should cause a decrease in reacior coolant
fnventory as the RCS pressure 15 greater and coolant would leak
fnto the component cooling water system, The failure that causes
a high flow rate in the component cooling water <ystem was
rejected as 1t should not have the capability of aduing reactor
coolant inventory

Increase 1n reactor coolant system pressure: A fallure causing a
leak between systems should cause a decrease in RCS pressure from
the inventory loss. A high flow rate failure was refected as it
should not have the capability of changing RCS pressure.

Incraase in positive reactivity: A fatlure causing a leak
between systems should not have a significant contribution as the
reactivity change associated with pressure change fs minfmal,

Decrease fn reactor coolant flow: A failure causing a leak
between systems has the potential of contributing to & dacreasing
flow transient as 1t will decrease reactor coclant pump NPSH,
however, the contributfon should be irsfgnificant to the overall
transient and was rejected. A high flow rate fallure was rejected
as 1t should not have the capability of chanc ing reactor coolant
pump NPSH or flow and was rejected.

Frequently occuring transients: This type of faflure did not
appear in the LERs or NPEs at a “recuency in excess of the rate as
fdentiffed in the selection criteria for transient freq encies,




|
h

o Faflures adversely affecting operator actions: This type of
faillure should not be indicated to the operator on one instrument
or type of instrument such that an erroneous action is initiated.

Failurzs causing a low flow rate in the component cooling water system
werg rejected from further review for the following transients and reasons:

o A1l transients categorized as "other transients": This type of
failure should not happen as this system is safety grade and,
therefore, has sufficient redundancy that a single failure should
have negliginle effect., It is acknowledged that multiple fafilures
of safety grade systems are possible, however, multiple failures
of safety grade systems are outside the scope of this task.

3.33 Condensor Circulating Water System

Failures causing a high flow rate in the condensor circulating water
system were rejected from further review for the following transtents and
reasons.

o Increise in reactor coolant inventory: This type of failure
shoull not have the capability of directly adding reactor coolant
inven.ory and was rejected.

o Increase in reactor coolant system pressure: This type of
failu~e should cause a RCS pressure decrease from an increased
hezt transfer rate.

o Decrease in reactor ccolant 1g!gp§g:!: This type of failure
should not have the capability of directly removing reactor

coolant inventory and was rejected.

o Decrease in reactor coolait flow: Tnis type of faflure should
not affect reactor coolant flow.
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Frequently occuring transients: This type of failure did not
appear in the LERs or WPEs at a frequency in excess of the rate cs
identified in the selection criteria for transient frequencies,

Failures adversely affecting operator actions: This type of
failure should not be indicated to the operator on one instrument
or type of instrument such that an errcgneous action is initiztaed.

Failures causing a Tow flow rate in tne condensor circulating water
system were rejected from further review for the following trensients and

reasons:

Increase in reactor coolant inventory: This type of failure
should not have the capability to directly add reactcr coonlant
inventory and was reje:ted.

This type of failure should
cause a negative reactivity addition as it would cause RCS
temperature to increase.

Decrease ir reactor coolant inventory This type of failure
should not have the capability of directly removing reactor
coolant inventory and was rejected.

Decrease in reactor coolant flow: This type of failure should
not have the potential of contributing to a cecreasing flow
transient and was rejected.

Frequently occuring transients: This type o1 failure did not
appear in the LERs or NPEs at & frequency in excess of the allowed
rate as identified in the selection criteria for transient
frequencies.

Failures adversely affecting operator action:<: This type of
failure should not be indicated to the operator on one instrument

or type of instrument such that an erroneous action is initiated.
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3.34 Prinavy and Demineraiized Water Makeup System

Failures causing a high flow rate in the primary and demineralized .
makeup water system were rejected from further review for the following
transients and resson .: "

0 All transien.s categorized as "other transients": This type of
failure shou'd ot have the capability of contributing to any of
th2 "other t-ansients," and was rejected.

Failuras causing a low flow rate from the primary and demineralized {
makeup wate~ system wore rejected from further review for the fullowing
transients and reasons:

o Increase in -eactor cool:nt inventory: This type of failure
should not hive the capability of directly adding reactor coolant
inventory ani was rejected.

o Increase in -eactor coolant system pressure: This type of

failure shou d not have the ability of changing RCS pressure and
was rejected

o Increase in vositive reactivity: This type of failure should not
have the capability of adding reactivity and was rejected.

o Decrease in reactor coolant flow: This type of failure should
not have tne capability of changing reactor coolant pump flow and
was rejected.

0 Frequently occuring transients: This type of failure did not
appear in the LERs or NPEs at a frequency in excess of the allowed

rate as identified in the selection criteria for transient :
frequencies.
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0o Fallures adversely affecting operato- actions: inis type of
fallure should not be indicated to the operator on one instrument
or type of instrument such that an erroneous action fs fnftiated,

5.35 Station and Instrument Afr System

Fatlures causing a high air header pressure were rejected from further
review for the following transfents a=d reasuns:

0 All transients categorized as “other transfents": This type of
fatlure could cause or coniribute to one or more transients
identified !» the "other transients," however, the failures
involved would cause failures in components in sy.tems serviced by
the station or instrument air system and w. 11 be evaluated during
the individual system reviews.

Fallures causing a low alr header pressure were rejected from further
review for the following transients and reasons:

0 All trantients categorized as “other transfents": This type of
fallure could cause or contribute to one or more *ransients
tdentified in the "other transients,” however, the faflures
fnvolved would cause failures in systems seryviced by the station
or fnstrument air system and will be evaluated durine the
fndividual system reviews.

3,36 Communications Systems

Fatlures causing the communications system to fail to operate when
required, were rejected from further review for the following
transtents and reasons:

o All transients categorized as "other iransients": This type of
fatlure should not have the capabiiity of contributing to any of

the "other transients" as this system is used for convenfencs and
not for control,
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3.37 Fire Protection Systems
Failures causing an inadvertent operation of the fire protection
system were rejected ‘rom further review for the following transients and

reasons:

o All transients categorized as "other transients": This type of

failure could cause or contribute to one or more transients
identified in the "other transients,” however, the failures
irvolved would cause failures in components in systems serviced by
the fire prctection system and will be evaluated during the

individual cystem reviews.

Failures causinc the fire protection system to fail to cperate when
required were rejected from further review for the following transients and
reasons:

o All transierts categorized as "other transients": This type of
failure cou'd cause or contribute to one or more transients
identified in the "other transients," however, the failures

involved would cause failures in components in systems serviced by
the fire protection system and will be evaluated during the
individual system reviews.

3.38 Nitrogen Supply System

Failures causing a high nitrogen header pressure were rejected from
further review for the following transients and reasons:

0 Increase in reactor coolant system pressure: This failure has
the potential of contributing to an increasing pressure transient
when reactor coolant pressure is low if the accumulators are

unisolated, however, it should not as administrative measures are
initiated which have been designed to prevent this from occurring.
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o Increase positive reactivity: This type of failure would not
have the capability of contributing to an increasing positive
* reactivity transient, since an irjection of borated water adds
negative reactivity.

- o Decrease in reactor coolant fnventory: This type of failure
would not contribute to a decreasing inventory transient. The
interaction between the reactor coolant and nitrogen system is the
pressurizing of the accumulat~, tank system which would inject at
a higher pressure thar required, and decrease the severity of the

transient,

o Decrease in reactor coolart flow: This type of failure should
not contribute to a decreasing flow transient.

o Frequentiy occuring transients: This type of failure did not
appear in the LtRs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria established for
transient frequencies.

o Failures adversely affecting operator actions: This type of

failure should not be indicated to the operator on one instrumesnt
or type of instrument such that an erronecus action is initiatled.

Failures causing a low nitrogen system pressure were rejacted from
further review for the following reasons and transients:

R —

o All transients categorized as "other transients": This type of
faiiure has the potential of contributing to on: or more of the
transients in “other transients," however, 1: not Tikely as it
would require multiple failures of safety gride equipment or
deliberate actions. The cnly interconnecticy Detween the reactor
coolant and the nitrogen system is the pressirizing of the
accumulator tank system. During normal oper.tions, nitrogen is
isolated from the accumulators and only cpencd when the
accumulators need to be repressurized.

B B e
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3.39 Diesel Generator and Support Systems

Failures in the diesel genera.or or support systems causing the =
generator to not delfver pover whe required, were reiected from further
review for the following transients; and reasons: ’

o All transients categorized as "other transients": This type of
faiiure in the suppori sy tems wil!l be reviewed during the
individual system reviews. A failure in the diesel generators is
rejected as th's system i; safety grade and, therefore, would
require multiple failures of safety grade components to fail to

produce power. Mulliple failures are beyond the scope of this
task.

3.40 Heating, Ventilation, and Air Conditioning Systems

Failures causing the H&V or air conditioning to have an insufficient
amount of flow were rajected from rurther review for the following
transients and reasons:

o0 All transients categorized as "other transients": This type of
failure could contribute .o one or more transients fn the “other
transients", however, the failures involved would cause failures
in systems serviced by H&V or air conditioning systems and will be
evaluated durirns the individua) sysiem reviews.

Fatlures causing excassive flow in the HEV or air conditioning systems
were rejected from further review for the following transients and reasons: |

¢ All trarsients categorized as "other transients": This type of |
failure could contribute to one cr more transients in the "other |

trans ents", however, the failures invoived would cause failures it
fn systems seryiced by M8V or air cenditioning systems and will be
evaluated during the inaividual system reviews. :

106



3.41 125 Volt DC Bussés and 125 Volt Battery

) Failures causing the 125 volt busses to not deliver power when
required were rejected from further review for the following transients and
. reasons:

0 All transicnts categorized as "other transients": This type of
faflure could contribute to one o more transients in the "other
transients", however, the failures involved would cause failures
in systems serviced by the 125 volt DC system and will be
evaluated during the individual system reviews.

3.42 120 Volt AC Instrument System
i Failures causing 120 volt power to not be delivered to designated

rojected

equipment were rejected from further review for the following transients
and reasons:

All transients categorized as "other transients": This type of
failure could contribute to one or more transients in the “other
transients", however, the failures involved would cause failures
in systems serviced by the 125 volt AC system and will be
evaluated during the individual system reviews,

3.43 Lighting Svstem

Failures causing lighting to net he provided when required were

from furthcr review for the following transionts and reasons:

A1) transients categorized as "other trassients®: This typs of
failure should not have the capabil’ty of contributing to any of

the "other transfent<" as thit system {s used for convenience and
not controls,
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3.44 Station Normal Auxiliary Power

Failures causing station normz) auxiliary power to not be provided to
cesignated equipment were rejected from further review for the following
transients and reasons:

o All transients categorized as "other transients”: This type of

faflure could contribute to one or more transients in the “other
transients", however, the failures involved would cause failures
in systems serviced by tne station normal auxilia~y power system
and will be evaluated during the individual system reviews.

3.45 Station Emergency Auxiliary Power

Failures causing station emergency auxiliary power to not be provided
to the designated equipment were rejected from further review for the
following transients and reasons:

o All transients categorized as "other transients": This type of
failure could contribute to one or more transients in the “other
transients", however, the failures involved would cause failures
in systems serviced by the station normal auxiliary power system

ard will be eva wated during the infividus! system reviews.
3.46 New Fuel Storage

Failures causing th: tew fuel to be stored stfely 31d effectively were
rejectec from further review for the followi»g trensienis and reasons:

0 A1 transisnts categorized as “"other transients": This type of
failure s%ouig not happen as this system is satety grade and,
:herefbre, f+s suffizient redundancy that a single failure should
have regligitle effecy. It s acknowledgeévthan muitipie failures
of safety grace svitems are possible, however, hu\tip!e;failures
of safely grade systems are outside toe <cr e of this task.
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3.47 Spent Fuel Storage

. Failures preventing the spent fuel from being stored .ifely and
! effectively were rejected from further review for the following transients
L 7 and reasons:

o All transfents categorized as "other transients: This type of
failure should not happen as this system is safety grade and,
therefore, has sufficient redundancy that a single faiiure should
have negligible effect., It is acknowledged that multiple failures
of safety grade systems are possitle, however, multiple failures

of safety grade systems are outside the scop2 of this task.
3.43 Spent Fuel Pool Cooling and Cleanup Systems

Failures causing a heat up of or impure water in the spent fuel pool
were rejected from further review for the following transients and reasons:

o All transients categorized as "other transients": This type of

failure should not happen as this system is satety grade and,
therefore, has sufficient redundancy that a single failure should
have negligible effect. It is acknowledged that multiple failures
of safety grade systems are possible, however, multiple failures
nf safety grade systems are outside the scope of this task.

3.49 Fuel Handling Svstem

Failures causing the fuel handling system to fail to provide movement
when required was rejected from further review for the following transients
and reasons:

o All trans‘erts categorized as "other transierts": This type of
failure should not happen as this system is safety grade and,
therefore, has sufficient redundancy that & zingle failure should
have a negligible effect. It is acknowledoed that multiple
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failures of safety grade systems are possible, however, multiple
failures of safety grade systems are outside the scope of this

|
l

task. .

Failures in the fuel handling system causing an inadvertent movement t
or failing to prevent movement wher reguired were rejected from further

]
|
| reviaw for the following transients and reasons:
!

o Increase in ~eactor coolant inventory: This type of fafilure
should not have the capability of addinc reactor coolant inventory
ard was rejected.

| o Increase in reactor coolant system pressure: This type of
[ failure should not have the capability of changing RCS pressure
| and was rejected.

0 Uecrease in reactor coolant inventory: This type of fa iure

; shouisd not have the capability of removing reactor coolant
| inventory and was rejected.

o Decrease in reactor coolant fluw: This type of failure should
not have the capability of changing reactor coolant pump flow and
was rejected.

o Frequently o curing transients: This type of failure did not
appear in th: LERs cr NPEs at a frequency in excess of the allowed
rate as iden.ified in the selection criteria for transient
frequencies.

o Faflures advirsely affecting operator actions: This type of

failure shou d not be indicated to the operator on one instrument
or type of instrument such that an erruneous action is initiated. a
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3.50 Radicactive Waste Management System

Failures in one or more of the radicaciive waste management systems
resulting in unsafe storage or disposal of radioactive material was
rejected from further review for the following transients and reasons:

o Ail transients catogorized as “other tranzients": This type of
failure should not have the capability of contributirg to any
transients in "other transients", therefore, they were rejected.

3.51 Radiation Monitoring System

Failures causing the radiation monitoring system to indicate a higher
radiation level than actual were rejected from further review for the
following transients and reasons:

0 Increase in reactor coolant inventorv: This type of failure
should not have the capability of adding reactor coolant inventory
and wis rejected.

0 Increase in reactor coolant system pressure: This type of
failure should not have the capability of changing RCS pressure
and was rejected.

o Increase in positive reactivitv: This type of failure should not
have the capability of adding reactivity and was rejected.

o0 Decrease in reactor coolant inventory: This type of failure
should not have the capability of removing reactor coolant
inventory and was rejected.

¢ Decrease in reactor coolant flow: This type of failure should
not have the capability of changing reactor :zoulant pump flow and
was rejected
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0 Frequently occuring transients: This type of failure did not
appear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria for transient »
frequencies,

Failures causing the radiation monitoring system to indicate a lower
radiation level than actual were rejected from further review for the
following transients and reasons:

|

| o Increase in reactor coolant inventory: This type of failure

' should not have the capability of adding reactor coolant inventory
and was rejected.

o Increase in reactor coolant system pressure: This type of
failure should not have the capavility of changing RCS pressure
and was rejected.

o Increase in positive reactivity: This type of failure should not
have the capability of adding reactivity and was rejected.

|

|

i o Decrease in reactor coolant inventory: This type of failure

I should not have the capability of removing reactor coolant
inventory and was rejected.

;

|

[ o Decrease in reactor coolant flow: This type of failure should
not have the capability of changing reactor coolant pump flow and

was rejected

I

|

|

o Freguently occuring transients: This type of failure did not
apozar in the LERs or NPEs at a frequency in excess &t the allowed

rate as fdentified in tne selection criteria for transient
frequencies, -
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3.52 Annunciator System

. Failures causing the annunciator system to give inadvertent alarms
were rejected from further review for the following transients and reasons:

o lIrcrease in reactor coolant fnventory: This type of failure

| should not have the capability of adding reactor coolant inventory
and was rejected,

o Increase in reactor coolant system pressure: This type of
failure should not have the capability of changing RCS pressure
and was rejected,

e e B

o Increase in positive reactivity: This type of failure should not
have the capability of adding reactivity and was rejected.

0 Decrease in reactor coolant inventory: This type of failure
should not have the capability of removing reactor coolant
inventory and was rejected.

0 Decrease in reactor coolant flow: This type of failure should

not have the capability of changing reactor coolant pump “low and
was rejected

o Frequently occuring transients: This type of failure did not
appear in the LERs or NPEs at a frequerzy in excess of the allowed
rate as identified in the selection criteria for transient
frequencies.

Failures causing the annunciator system to fail to give alarms when

required, were rejected from further review for the fecllowing transients
. and reasons:

o Increase in reactor coolant inventory: This type of failure

should not have the capability of addinj reactor coolant inventory
and was rejected.

J

i
L----.--.“.-_. YR E———— RTINS, e e e it e e el i R b e e e



o Increase ir reactor coolant system pressure: This type of
tailure should not have the capability of changing RCS pressure

and was rejaited. -

0 Increase in positive reactivity: This type of failure should not .

have the capability of adding reactivity and was rejected.

0 Decrease i reactor coo’ant inventory: This type of failure
should not have the capability of removing reactor coolant

inventory and was rejected.

o Decrease in reactor coclant flow: This type of failure should

not have the capability of changing reactor coolant pump flow and
was rejected

o Frequently occuring transients: This type of failure did not
appear in the LERs or NPEs at a frequency in excess of the allowed
rate as identified in the selection criteria for transient
frequencies,

3.53 Dedicated Shutdown System

Failures causing the dedicated shutdown system to inadvertently
initiate reactor trips or cause operation of the designated equipment were
rejectec from further review for the following transients and reasons:

o All transients categorized as "other transients": This type of

failure has the potential of contributing to one or more of the

"other transients", however, the failures involved would cause

failures in individual systems contrc’led by this system,

Therefore, these failures will be evaluated during the individuai

iystem reviews. -

Failures causing the dedicated shutdown system to fail to allow remote ¢
shutdown of the reactor when required were rejected from further review for .
the following reasons and transients: :
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