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BRUNSWICK STEAM ELECTRIC PLANT (BSEP)
1. INTRODUCTION

This document has been prepared to provide inspection guidance based on review of
the Probabilistic Risk Assessment (PRA), (Reference 1). The guidance should be used to
aid in the selection of areas to inspect and is not intended either to replace current NRC
inspection guidance or 1o constitute an additional set of inspection requirements. The
information contained herein is based almost entirely on the Brunswick PRA performed for
the plant design as of October 1, 1986. Hence, recent system experience, failures, and
modifications should be considered when reviewing these tables. Since plant modifications
are normally an ongoing process it is recommended that relevant changes be catalogued so
that this inspection guidance can be periodically revised as required.

2. DOMINANT ACCIDENT SEQUENCES

The Brunswick PRA has a number of different accident sequences that contribute
significantly to overall core damage frequency (CDF), which is 2.1E-5/year for Unit 2. The
sequences that dominate core damage frequency at Brunswick Unit 2 are grouped below by
their imtiating events.

— Anticipated Transients Without Scram (ATWS)
(44% of core damage frequency)

— Station Blackout

38%)
— Failure of High Pressure Injection and ADS
(13%)
— Failure of Long-Term Decay Heat Removal (4%)
- Other (1%)

Six sequences have frequencies greater than 1.0 E-6/year and contribute 10 83% of
total cose damage frequency (CDF). Six more have frequencies greater than 1.0 E-7/year
and contribute to 14% of tota! CDF. The remaining sixteen dominant sequences contribute

to total CDF.

The sequences are grouped below by their initiating events or their common outcomes
such as loss of long-term decay heat removal, etc.

2.1 Anticipated Transients Without Scram (ATWS) 43.5%)

In the BSEP PRA, ATWS events are divided into two major categories:
(1) Events where the MSIVs remain open and the turbine bypass is initially available.

(2) Events where the MSIVs are closed (isolation events). The success criteria
assumed in the BSEP PRA for the two categories above are shown in Tables 1 and 2.



Of the 28 dom:inant accident sequences, all eight of the ATWS sequences are isolation
event except for one (ATWS without isolation and SLCS failure). The dominant ATWS
sequc -es are as follows:

1. ATWS with isolation (MSIV closure) and:

a) Failure of water level control at high pressure. (13.0%)
b) Failure of water level control at low pressure. (11.7%)
¢) Failure of HPCI with ADS inhibited (5.9%)
d) Failure of SLC (5.3%)

e) Failure of HPCI, failure to inhibit ADS (although this is not actually a failure
because ADS is desired in this case), and failure of water level control at low
pressure. (4.4%)

f) Failure to inhibit ADS and failure of water level control at low prcssure.(O.A%)

g) Failure to depressurize long-term 10 meet heat capacity thermal limit (HCTL).

(~0.1%)
2. ATWS without isolation and failure of Stan by Liquid Control (SLC) (2.7%)

During an ATWS it is necessary 10 provide protection of the core and containment until
such time as subcriticality is achieved. The core requires coolant makeup to match the

wer level. Recirculation pump trip will reduce power 1o a level which can be accommo-
dated by HPCI. Primary system boundary overpressure protection is provided by normal
steam flow to the turbine or turbine bypass or steam discharge through the SRVs to the
suppression pool.

In the event that the turbine bypass is unavailable, all of the heat being generated 1n
the core will be directed to the suppression pool through the SRVs. For some ATWS
events, normal suppression pool cooling will not be sufficient to control containment
pressure and temperature within allowable limits. For those events, it 1s necessary 1o
control water level at the top of the active fuel in order to limit the total heat production. It
may also be necessary to depressurize the reactor long-term into the accident to meet the
HCTLs, whether or not the HPCI system is operational.

For isolation transients, recirculation pump trip and SLCS activation must occur very
early in the sequ.nce 10 limit power to a level that can be accommodated by HPCI and also
to limit suppression pool heatup. Suppression pool cooling by the RHR system has been
determined by calculation not to be a significant factor in pool temperature control. For a
43 gpm SLCS capacity, water level control in the core is necessary 10 limit final
suppression pool temperature. The operator must inhibit ADS and throttle HPCI and RCIC
to accomplish this. If HPCI fails and the operator inhibits ADS, it is assumed to result in
core damage.

Failure of the affected components is reflected in the accident sequences described
above.



2.2 Station Blackout (37.3%)

Station blackout (no ac power) sequences, the next most sizable contributors to core
damage frequency are initiated by loss of off-site power. Failure of both Diesel Generators
3 and 4 (DG3 and DG4) represents station blackout. 1f HPCI, RCIC, or ADS and LPCI
(Unit | powered components) succeed, all reactor safety functions are provided for some
time.

In BWR station blackout phenomenology, there are three issues which control accident
sequence progression and timing. The first issue is battery depletion. With no ac power, the
batteries are not being recharged. Depletion can be expected to occur between two and
eight hours after loss of all ac power, depending on the load distribution. For BSEP Unit 2,
depletion was assumed at 4 hours. It is then no longer possible to control HPCI, RCIC or
LPCI because of lack of instrumentation in the reactor 10 measure water level.

HPCI and RCIC generally require room cooling for the turbine instrumentation and
bearing cooling from the pumped fluid stream. LPCI generally requires both pump seal
cooling and room cooling. Loss of cooling in the HPCI and RHR rooms or RCIC and LPCI
rooms will not result in high enough room temperatures within 24 hours to restlt in turbine
failure. Over heating of the HPCI turbine bearing will occur sometime after 6 hours when
suppression pool temperature ranges from 200°F to 240°F. RCIC isolation will occur at
about 6 to 8 hours because of high suppression pool backpressure. Early isolation of HPCI
or RCIC on steam tunnel temperature at about 4 hours is expected to be overridden by the
operators as per the emergency operating procedures. HPCI/RCIC failure will be delayed
antil 6 to 8 hours but battery depletion occurring at 4 hours takes precedence over these
later events.

Finally, it is necessary to maintain the heat capacity thermal limits (HCTL). As station
blackout cuistinues, the suppression pool will continue to heat up reaching the upper HCTL
at about S to 6 hours. The reactor musi then be depressurized to maintain the limit,
ultimately to a level so low that HPCI and RCIC become inoperable. There is then no
further assurance that core damage will not occur. Critical timing for entering this steam
cooling stage is about 8 to 10 hours from initiation of station blackout. However, again
battery depletion would occur beforehand at about 4 hours.

During a station blackout, HPCI, RCIC and LPCI can operate until one of the three
situations described above leads to their failure. In the case of a stuck open SRV, HPCI
unavailability occurs at approximately two hours because of inadequate steam pressure.

The actual loss of off-site power sequences in the BSEP PRA, and their percent
contribution to core damage frequency, are as follows:

Loss of off-site power and:
a) Failure of on-site ac power (DGs) dc battery failure at 4 hours, and failure to

recover off-site power by 5 hours. (36.2%)
b) Failure of Unit 2 DGs 3 and 4, failure of HPCI and RCIC, and failure of LPCI
(components powered by Unit ! DGs). (0.5%)



¢) Subsequent stuck open SRV, failure of Unit 2 DGs 3 and 4, success of LPCI
(components powered by Unit 1 DGs), dc battery failure at 4 hours, and failure
to recover off-site power within 5 hours. (0.3%)
d) Subsequent stuck open SRV, failure of Unit 2 DGS 3 and 4, failure of LPC]
(components powered by Unit 1 DGs), ard failure to recover off-site power by 2

hours. (0.2%)
¢) Failure of Unit 2 DGs 3 and 4, failure of HPCI and RCIC (but success of LPCI),
anG failure to recover off-site power by 5 hours (0.1%)

2.3 Failure of High Pressure Injection (HPI) and Automatic Depressurization
System (ADS) (12.6%)

Several accident sequences lead up to failure of high pressure injection, i.e. HPCI,
RCIC and CRD, with subsequent failure of the ADS. These sequences include:

a) Transient with subsequent stuck cpen SRV, failure of HPCI, and failure of ADS.
(10.2%)

b) Loss of off-site power, failure of HPCI, RCIC and CRD, and failure of ADS.
(1.6%)

¢) Failure of turbine bypass, with eventual MSIV closure, failure of HPCI, RCIC

and CRD, and failure of ADS. (0.4%)
d) Turbine trip, subsequent loss of feedurater, failure of HPCI, RCIC and CRD,

and failure of ADS.

¢) Intermediate LOCA, failure of HPCI, and failure of ADS. (0.2%)
f) Small LOCA, failure of HPCI and RCIC, and failure of ADS. (0.1%)
g) Turbine trp, failure of turbine bypass, failure of HPCI, RCIC and CRD, and

failure of ADS. (0.1%)

It should be noted that the adequacy of HPCI, RCIC or CRD to mitigate the transient is of
course, dependent on the nature of the initiating event, €.g. RCIC is inadequate for
intermediate LOCAs and is therefore its operability is irrelevant in that situation.

2.4 Failure of Long-Term Decay Heat Removal (3.7%)

The final major group of accident sequences 1s one which consists of transients which
ultimately evolve into failure of the long-term decay heat removal function (LTDHR).
LTDHR can be accomplished by RHR suppression pool cooling, suppression pool spray,
shutdown cooling or alternate shutdown cooling. It can also be accomplished with the
Condensate, Feedwater, CRD, LPCI or CS systems together with the Power Conversion
System. These sequences include:

a) Failure of turbine bypass, with eventual MSIV closure, and failure of LTDHR.

(2.7%)
b) Transient with stuck open SRV and loss of LTDHR. (0.5%)
¢) Turbine trip, failure of turbine bypass, and failure of LTDHR. (0.3%)
d) Loss of dc bus 2Al, failure of turbine bypass, and loss of LTDHR. (0.1%)
e) Small LOCA and failure of LTDHR. ' (0.1%)



2.5 Other Dominant Accident Sequences (1.6%)

The remaining dominant accident sequences, which comprise somewhat over 1% of
core damage frequency, are the following, all assumed 1o lead directly to core damage:

a) Reactor vessel rupture. (~1.4%)
b) Steamline oreck outside containment and failure of MSIV closure. (~0.1%)
¢) Interfacing system LOCA. (~0.1%)

The reactor vessel rupture was assumed large enough such that no coolant injection
systems can keep the core covered. The steamline LOCA with MSIV failure bypasses the
containment as does the RHR interfacing system LOCA (the so-called "V sequence”).

TABLE 1
ATWS WITH ISOLATION SUCCESS CRITERIA™
Reactor Coolant Containment Decay Heat
Subcriticality Makeup”’ Protection'”’ Removal
Manual scram HPCI Control water level  Decay heat removal
or throughout transient  is not considered in
RPT and SLCS and the ATWS event
or SLCS uees. ATWS events
2/7 ADS and 1/2 CS and which involve suc-
or Depressurize at HCTL cessful reactor
2/7 ADS and 1/4 subcriticality, coolant
LPCI makeup, and contain-

ment protection but
failure of long-term
decay heat removal
are negligible
(1.0 x 10" /yr).

‘;’Asmmes a 43-gpm SLCS and wo ARI
@vrhe potation m/n denotes m out of n trains (Or components) must be successful in order to fulfill the
function 10 gquestion.



TABLE 2
ATWS (WITHOUT ISOLATION) SUCCESS CRITERIA"

Reacior Coolant Containment Decay Heat
Subcriticality Makeup’ Protection”’ Removal
Manual scram HPCI SLCS Decay heat removal

or or and 1s not considered 1o
RPT and SLCS Feedwaler Depressurize at HCTL the ATWS event
or irees. ATWS events
2/7 ADS and 1/2 CS which involve suc-
or cessful reactor
2/7 ADS ard 1/4 subcriticality, coolant
LPCI makeup, and contain-

ment protection but
failure of long-lterm
decay heat removal
are negligible
(<1.0 x 107 /yn).

";’Assumes a 43.gpm SLCS and no ARI
“rhe notation m/n denotes m oul of o trains (or components) must be successful n order to fulfill the
function in queston.

3. SYSTEM PRIORITY LIST

The Brunswick core Jamage prevention systems have been ranked in Table 3 accord-
ing to their importances in preventing core damage. Other plant systems not appearing in
the list are generally of lesser importance than those included here.

There are two criteria that contribute to the risk significance of a system oOr cOmpo-
nent: the probability that it will fail and the amount that risk is increased when it is
inoperable. In planning inspections, it is usually best to consider a combination of these
two criteria so that the items most likely to cause significant risk increases are given the
most attention. The "Inspection Impornance Measure,"* which combines both criteria, has
been used to rank the systems and components in thi. guide. However, some items with
very low failure probabilities can cause very large increases in risk if they do become
inoperable. Consequently, ranking systems solely on the basis of their risk contribution
when inoperable** can result in a substantially different ordering of the plant’s systems.
When a system is known to be inoperable or is experiencing abnormally high failure rates,
it is appropriate to consider the importance of that system's failure independently from the
normal failure rate assumed for it in the PRA. Therefore, Table 3 also includes a second
system list rank ordered by the importance of their failures.

*The Inspection Importance Measure is equivalent to the Fussell-Vesely Imponance Measure for ranking
s. Both measures combine the nsk significance of a system's failure or unavailability with the
probability that the system will fail or be unavalable.
«*The Birnbaum Importance Measure considers only the nsk sigmficance of a system should it fail or be
gnavailable, regardless of the actual probability that it will fail or be unavailable.



TABLE 3
SYSTEM PRIORITY RANKING

By Contribution to By Risk Significance of
Core Damage Frequency' System Being Unavailable’
Emergency Diesel Generators Reactor Protection
High Pressure Coolant Injection Service Water
Automatic Depressurization Automatic Depressurization
Diesel Generator and Switchgear Cell = cmeesesscesessmmsussscsmemsnosssnssasnsamssnmmmne
Ventilation Emergency Diesel Generators

Standby Liquid Coatrol AC Power
Reactor Protection Battery Room Ventilation
Service Wmer Tmessesmemmemmmes cnrassssenesamnassneassoesnan
----------------------------------------------------- Diesel Generator and Switchgear Cell
Residual Heat Removal Ventilatioi
DC Power DC Power
AC Power Residus. Heat Removal
Batiery Room Ventilation Standby Liquid Control
Reactor Core Isolation Cooling High Pressure Coolant Injection
Recctor Waier CIMBNP™ | | aseweseesmsssssessonterlmmmsSEEEEEE T
---------------------------------------- Reactor Water Cleanup”’
Controi Rod Drive Hydraulic ECCS Actuation
ECCS Actuauon Control Rod Drive Hydraulic
Screen Wash" Reactor Core Isolaton Cooling
Low Pressure Coolant Injection’’ Screen Wash™
----------------- sttt Low Pressure Coolant lnjection'”
e B s L PR B L T et mar SR
Reactor Building Closed Cooling water' Core Spray

Reactor Building Closed Cooling Water'*

¥hc ranking 10 column ) is appropriate 10 « - for systems that are functiomng pormally. It 1s based on the
Fussell-Vesely Importance Measure, which s the systems’s contribution 10 the core damage frequency,
assuming that the system .§ operating with normal reliability.

ranking in column 2 is appropniate 0 use for determining the sigoificance of known sysiem
degradation or inoperability. It 1s based on iue Bimbaum Importance Measure, which indicates the
increase in the core damage frequency that results when the system is assumed to be inoperable.
“I'be containment system shown on these lists are ranked with respect 1o ther contributions to core damage
frequency, only. Their importance for accident consequence mitigation was nol considered.
“I'he dashed lines represent significant differences between importances of systems that are adjacent in the
lists. Systems not separated by dashed lines should be assumed to have importances approximately
equivalent to each other, within the precision of the PRA quantification.

Speaific Notes:

“Analyzed in PRA together with SLC.

®included in PRA together with SWS.

“Included with RHR system.

System not appearing among dominant accident sequence cutsets in the PRA. Therefore system
inspection tables could not be developed for thas system.




Because there is uncertainty in the data and medeling assumptions contained in the
PRA, there is also uncertainty with respect to the risk significance of each system, and
thus, uncertainty in their rank order in Table 3. Adjacent systems oOrn the list should be
considered to have approximately equal contributions to risk, except where they have been
separated by dashed lines to indicate numerically significant differences in their importance
measure values.

4. CUOMMON CAUSE OR DEPENDENT FAILURES

In the BSEP PRA, common cause, of dependent, failures are classified into several
different categories. Common cause initiating event dependencies are divided into internal
and external event classes.

Internal events include general transients such as loss of off-site power, failure of
specific dc busses (special transients), LOCAs and interfacing system LOCAs leading
directly to core damage. External events include physical interaction dependencies such as
those resulting from fire, flood and seismic events. Human interaction dependencies, such
as operator falure to initiate systems, etc. are discussed in Section 5 following.

It should be noted that loss of the Nuclear Service Water System was considered to be
negligible as an initiating event.

From the results of the BSEP PRA, important dependent failures for the systems
affected are as follows:

a) Two or more ADS SRVs fail to open because of o-ring leakage or other
dependent failure mechanisms.
b) Diesel generators 3 and 4 fail to start or fail to run.
¢) RHR system failures:
i) LPCI Mode
1) Loops A and B pumps (C002A,B,C and D) fail to start or run
2) Loops A and B minimum flow MOVs (F007 A and B) fail to open
ii) Suppression Pool Cooling (SPC) Mode
1) Loops A and B heat exchanger bypass MOVs (F048 A and B) fail to open
2) Loops A and B injection MOVs (F028 A and B) fail to open
3) Loaps A and B injection MOVs (F024 A and B, F027 A and B) fail to
open
d) Standby Liquid Control (SLC) pumps A and B fail to start
e¢) Service Water System (SWS)
i) 4 or more pumps fail to run
ii) RHR heat exchanger MOVs (V105 and V101) fail to open

5. IMPORTANT HUMAN ERRORS (Including Recovery Actions)

Human errors can be very significant to overall plant risk. The BSEP PRA has
identified several human errors as particularly important contributors to risk:



5.1 Pre-Accident Errors

These errors consist of failure to restore components to their proper position after
testing, maintenance or calibration activities. The most important errors are:

a) Failure to restore 1&C for valves, FO07 A or B, RHR pump minimum flow

recirculation to suppression pcol isolation MOVs.
b) Miscalibration of flow switch NO21 A or B controlling RHR minimum flow

recirculatior. valves F007 A or B.

5.2 Operator Errors During an Accident

These errors pertain to actions identified in the operating procecures which involve
manual operation or alignment from the Control Room of components which must be
operated manually or have failed to operate automatically. The most important errors are.

1. CRD
a) Failure to fully open CRD flow throttling valve FOO2A

b) Failure to fully open CRD pressure regulating valve F003.

2. HPCI
Operator fails to empty drainpot A. (If drain pot A fails to drain prior to starting the
HPCI turbine, a slug of water could be forced through the turbine and out the
exhaust line, which will cause water hammer damage and probable turbine trip on

high exhaust pressure).

3. ATWS
Failure to inhibit ADS and failure to control RPV water level at low pressure.

4. RHR
Operator fails to correctly initiate suppression pool cooling through Loop A

5. SLC
Operator fails to actuate the SLC system.

5.3 Post_Accident Recovery Actions

This last category of human errors involves mitigating actions taken by the operators
to recover from the effects of an accident. The most important of these are the following:

1. AC Power
Failure to recover oifsite power.
2. Diesel Generator Room Cooling
Failure to open switchgear room doors after HVAC failure.

6. SYSTEM INSPECTION TABLES

Taken together, the systems ranked by their risk importance in the first column of
Table 3 contribute 95% of the core damage frequency for Brunswick Unit 2. For each of
those systems, inspection guidance is provided in the form of a failure mode table, an
abbreviated walkdown checklist, and a simplified system diagram. Each of these is
explained in detail below.



In using these tables, however it is essential to remember that other systems and
components are also important If. through nattention the failure }‘v!u'nx’v:!t!w\- of other
systems were allowed to increase significantly, theu contributions to risk might equal or

exceed that of the systems in the following tables Consequently, a bal

anced nspection
program 18 essential to ensuring that the licensee 18 minumizing plant sk I'he following
tables allow an 'I!‘;V'\“.l\'! to concentrate on Systems and \Hll‘.i‘\’vll(‘lll\ that are mosl
significant 10 risk. In so doing, howevel cognizance ol the status of systems pertorming

other essential safety functions must De maintained
APPENDIX A
lable A.X-1 = System Failure Modes

For each system X, a table A.X-1 of sysiem failure modes is provided. The introduc-

tion to these tables prov ides a brief description ol the system and the success criena usec

for the system in the PRA. (Note that the PRA success criiena imay be different from the

succe criteria containg the FSAR
lhe entries in these tables are the dominant events (component failures, operatos
errors. etc.) contributing to sysiem failure, provided in rank order according to their risk
ignificance. Since most sysiems are designed with redundant trains, it will 1.'»‘!10!.(1‘.‘ taKe
more than one 01 thesc gvents fail the entire sysien No effort has been made 10 l1st ail
i the mbinatior f the events that are sufficient to produce = tem failure because that
usually apparent from the system description in the intl duction. Where single evenis arc
ufficient to fau the entue svstem. that is noted in the ef discussior f the event. For
certain events that are imponant primarily because of the circumsiance {f a parucular
accident sequence hat intormation | also noted
Inspection focussed on the items in the table will address approximately 05% ot the
risk for that system. Because PRAs do not contain the detail necessar) to attribute the listed
failures to the most probable specilic coot causes, it is necessary for the inspector to draw

from his experience, plant operating history ASME Codes, NRC Bulletins and Informaton
Notices. INPO SOEFR.s, vendor notices nd similar sources to determine how 10 actually
conduct his inspections of the listed items. Where appropriate, codes have been included
following each event description 10 indicate which licensee programs/activitie provide

l!\\}\(\‘.\x?\‘lt' aspects of the risk. These codes are as follow:

PC — Periodic calibration actuviuies procedures and training

Pl Periodic testing activites, proc edures and tramning

M1 Preventive o1 unscheduled mamntenance activities, procedures and training
OP Normal and emergency operatng pro edures. chec) -off lists, tramning, €ic
TS — Technical speciications

1S1 In-service inspection




Table A.X-2 = Modified System Walkdown

As above, for each system X, a table A.X-2 is included which provides an abbreviated
version of the licensee’s system checklist, where available, but includes only those items
which are related to the dominant failure modes. It is generally much less than the normal
checklist. It can be used to rapidly review the line up of important system components on a
routine basis. Caution should be observed when using the checklists, since they are based
on certain versions of the licensee’s system operating instructions. Valve numbers used are
those identified in the licensee system checklists, or P&ID’s.

Figure A.X - Simplified System Diugram

A simplified line diagram is provided for each system treated. These are intended to
aid in visualizing the system configuration and the location of the components discussed n
the two tables. The drawing is merely a simplified schematic of the actual P&ID’s in effect
at the time that the PRA was prepared. It is neither a complete representation of the P&ID’s
nor is it a controlled document. It was utilized in the preparation of the PRA and any
significant differences between this drawing and actual plant conditions may affect the
information provided in Tables A.X-1 and A X-2 and should be reported to the appropriate
NRC personnel.

APPENDIX B
Table B1 - Plant Operations Inspection Guidance

This table is a collection of all of the risk significant operator actions listed in the
preceding system tables. It is provided as a cross reference for use in observing operator
actions and training.

Table B2 - Surveillance and Calibration Inspection Guidance

This table is a collection of all of the risk significant components listed in the
preceding system tables that are considered to be significantly influenced by surveillance
and calibration activities. It is provided as a Cross reference to assist in selecting risk
important activities for observation during inspections of the licensee's surveillance and
calibration programs.

Table B3 - Maintenance Inspection Guidance

This table is a collection of the risk significant components listed in the preceding
system tables that are considered to be significantly influenced by maintenance activities. It
is provided as a cross reference 10 assist the inspector in selecting risk impoitant activities
for observation during inspections of the licensee's maintenance program. Important factors
include the frequency and duration of maintenance as well as errors that degrade the
component or render it inoperable when it is returned to service.
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APPENDIX C
Table C1 = Containment and Drywell Walkdown Table

Because they are normally inaccessible during operation, a separaie walkdown check-
list is provided for those components listed in the preceding system tables that are located
inside the containment or dryweli. This is intended for efficient inspection of those items
when the opportunity arises.

APPENDIX D
Table D1 = Frontline-Support System Dependencies

In a matrix format, the dependencies of the frontline systems are correlated to their
associated support systems. This illustrates the impact faiures or outages of support
systems have on the various frontline systems.

Table D2 - Support-Support System Dependencies

As in Table D1, in a matrix format, the dependencies of the support Systems are
correlated to other support systems which they interface with. This illustrates the impact
failures or outages of support systems have on other support systems.

7. REFERENCES

1. Brunswick Steam Electric Plant Probabilistic Risk Assessment. Raleigh, North
Carolina. Carolina Power and Light Company, Apnl 1988

2. B. Wooten and P. Lobner (Editor), "Nuclear Power Plant System Sourcebook-

Brunswick 1 & 2, 50-325 and 50-324." Science Applications Intemational Corp.,
Report No. SAIC 89/1011, January 1989.
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BRUNSWICK STEAM ELECTRIC PLANT—UNIT 2
RISK-BASED INSPECTION GUIDE

Emergency Diesel Generator (EDS) System

Table A.1-1. Importance Basis and Failure Mode Identification

CONDITIONS THAT CAN LEAD TO FAILURE

Mission Success Criteria

Four DG sets are located in the Diesel Generator Building (DGB) east of the plant.
Unit 1 is generally served by DGs 1 and 2 through emergency buses El and E2 while Unit
2 is generally served by DGs 3 and 4 through emergency buses E3 and E4. Tie breakers
allow interconnection of the emergency buses; however, they are left in the OPEN
RACKED-OUT position to prevent paralleling of opposite division emergency power
sources. Two of the Unit 2 RHR pumps and both LPCI injection valves are powered by
Unit 1 emergency buses.

Each DG set consists of a General Electric generator driven by a Nordberg diesel
engine, with a Woodward load-sensing type governor 1o maintain engine and generator
speed. Auxiliary systems and components for each DG are also located in e DGB, except
as noted. The DG systems for BSEP Units 1 and 2 are identical. The auxiliary systems for
each DG are:

diesel engine air intake and exhaust system,
diesel engine fuel oil system,

diesel engine starting a.r system,

diesel engine cooling system,

diesel engine lube oil system

diesel generator jacket water system,
governor, and

generator.

NN BEWRE

The success criteria in the PRA for the DGs is to start on demand and provide
electrical power for a six-hour mission time. DGs 3 and 4 can provide emergency ac power
to buses E3 and E4. Only one of these DGs is required to provide emergency power. The
six-hour mission time was determined based on considerations of off-si'e power recovery.

1. Diesel Generators 1,23 or 4 Fail to Start or Run

Under loss of offsite power conditions, failure of the diesels to sian or run causes
loss of all AC power (PT, MT)

A-l
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BRUNSWICK STEAM ELECTRIC PLANT—UNIT 2
RISK-BASED INSPECTION GUIDE

Emergency Diesel Generator (EDG) System

TABLE A.1-2 MODIFIED SYSTEM WALKDOWN

Desired | Actual Pow. Sup. Reyuired Actual
Description [D No. | Location | Position | Position Breaker # Location Position | Position

Diesel Gen. 1 Diesel Gener- Neutral
Circuit Breaker ator Bldg.~
Control Switch Gen. Control

Panel DG.

Cell 1
4160V System Diesel Gener- | Neutral
Circuit Breaker ator Bldg.~
Control Switch Gen. Control

Panel DG.

Cell 1
Diesel Gen. 2 Diesel Gener- Neutral
Circuit Breaker ator Bldg .~
Contro! Switch Gen. Control

Panel DG.

Cell 2
4160V System Diesel Gener- | Neutral
Circuit Breaker ator Bldg.~
Control Swatch Gen. Control

Panel DG.

Cell 2
Diesel Gen. 3 Diesel Gener- | Neutral
Circuit Breaker ator Bldg.-
Control Switch Gen. Control

Panel DG.

Cell 3
4160V System Diesel Gener- | Neutral
Circuit Breaker ator Bldyg -~
Control Switch Gen. Control

Panel DG.

Cell 3




BRUNSWICK STEAM ELECTRIC PLANT—UNIT 2
RISK-BASED INSPECTION GUIDE

Emergency Diesel Generator (EDG) System

TABLE A.1.2 MODIFIED SYSTEM WALKDOWN (Cont’d)

Desired | Actual | Pow. Sup. Required | Actual

4160V System
Circuit Breaker
Control Switch

Descnption D No. | Location | Position Position | Breaker # Location Posinon | Position
Diesel Gen. 4 — Diesel Gener- | Neutral
Circuit Breaker ator Bldg.~
Control Swich Gen. Cont.ol
Panel DG.
Cell 4

—_ Diesel Gener- Neutral
ator Bldg.~
Gen. Control
Panel DG.
Cell 4

General Actua-
tion Signal

1.2.3&4 (DG .
Rooms

|

*Check luntr surveillance test 10 assure that any unsatisfactory items

have been corected.

A-d



TARLE A.1.2 (Coat’d)

REFERENCE DOCUMENTS

" Systems Procedures:

DATE

Diesel Generator Operating Procedure

9/22/88

System Description:

Brunswick PRA Volume 1

Section M.3.4.10

"Emergency Diesel Generators”

P&ID's No.:

Brunswick PRA Volume |

Fig. M.3.4-20

"DG Simplified Diagram”
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BRUNSWICK STEAM ELECTRIC PLANT—UNIT 2
RISK-BASED INSPECTION GUIDE

Emergency Diesel Generator (EDG) System

Table A.1-3. Proposed Inspection Plan for Diesel Generators at Nuclear Plants

A. Objective

To review and evaluate Diesel Generator design operation, and maintenance at NPPs
to ensure that the DGs will be available when needed (o power safety systems.

B. Details

1.

The inspection of the following items shouid focus on DG auxiliary systems as
follows: Fuel Injection System, Turbocharger, Starting System, Speed/Load Con-
trol, Cooling Water, Lube 0il. Fuel Oil, Control and Monitoring Systems, and
Generator.

Using the LER, 50.55e, and Part 21 systeins computer printout and select 3 recent
failures (within 2 years) for followup at the NPP. When at the plant seiect an
additional 2 failures from the internal systems. Evaluate the licensee’s response 10
these failures for proper failure analysis, corrective action, notification of vendor,
Part 21 evaluation and documentation.

 Maintenance: Refer to IE LP.s 62700 and 62702, as they apply to DG mainte-

nance. Additionally, does the NPP have, and have they implemented the DG
vendors’' maintenance recommendations (especially those recommendations
unique to nuclear service DGs such as Colt’s described in NSAC-79)? Are
maintenance personnel specially trained on DGs? Is failure information fed back
into maintenance program? Has the NPP implemented recommendations of var-
ous studies referenced in Section 4 above.

Design Change Control: Select two DG modifications and verify proper imple-
mentation. Utilizing information from DG vendor inspection on modifications
recommended, verify that NPP is receiving all pertinent information in this area
from the vendor. (Reference IE LP. 37700).

Spare Parts and Procurement: Review how spare parts and services are purchased
and parts stored, both from DG vendor and direct from subvendor. Venfy
adequate Part 21 and QA., particularly when vendors are only supplying commer-
cial grade parts and services (e.g., Woodward Govemnor and Stewart and
Stevenson). Verify ASME code specified where appropriate. Tour spare pars
storage area. (Reference IE 1.P. 38701B).

. Training: Ensure appropriate DG specific training given 1o maintenance, opera-

tions, QA, and management personnel. Are there adequate doc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>