. .

UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTOM, D. C. 20656

OCT 06 109

Mr. James E. Thomas
Chair, EQAG

Duke Power Company

422 South Church Street
P.O. Box 33189
Charlotte, NC 28242

Dear Mr. Thomas:

Subject: NUREG/CR-5404 Vol. 1, "Auxiliary Feeawater System Aging
Study Volume 1. Operating Experience and Current
Monitoring Practices

Enclosed for your review and comment is a draft of the final
Phase I aging report on the auxiliary feedwater system. Any |
comments the EQAG utility review group would like considered ;
should be sent to me by November 17, 1989.

Sincerely,
fvaaagv-/faﬁiaava..
William S. Farmer, Program Manager

Electrical & Mechanical Engr. Branch
Office of Nuclear Regulatory Research

Enclosure: As stated

cc w/encl:

A. Marion, NUMARC
G. Sliter, EPRI
PDR




NUREG/CR-£404
VOLUME 1
ORNL-6566/V1

AUXILIARY FEEDWATER SYSTEM AGING STUDY

VOLUME 1. Operating Experience and Current Monitoring Practices
D. A. Cusada

Work Performed for
U.S. Nuclear Regulatory Commission
Office of Nuclear Regulatory Research
Under DOE Interagency Agreement DOE 1886-8082-8B

DRAFT



TABLE OF CONTENTS

BETIEIE SR OEDRIIIIIE s ot trorn v annans med ad dvue abakod bud s bbeTeesss Sasvbasrsadh thys sessibiins
B S . ORI Lt i vy 40064405 btk ntas HEe SRR EA WRAY N1 CENDS ARNRIAATTAR $4 61 HIA DS VAVRE4S il
ST TR DRI Lo isxisfodininsviiniiison sl biadirseiobviRkun eommtbussss cayul irunat bhe i
T g TR R NN S SR RRRIr BT 50 3 N MR ST RN
CHAPTER 1-INTRODUCTION AND SUMMARY
TR e T i SRR el B RGN SRR R O A TR A T S 1
BUMMRARY 0 MEBEULTE (i oo sissisagsrassssinnissonse sas snsrnstas cossdassaninsd 4
CHAPTER 2-GENERIC AFW SYSTEM DESIGN........cccoccininiinmmnnnnneinises 6
PR T T T R P SR G T i S b RN SO o
2.2 System Boundaries and Interfacing Systems..............ccocviiiiiiiinnnn 6
2.3 AFW System Functional Requirements and Typical Designs.... ... 6
2.3.1 Generic Functional Requirements............ccoovivimiiiiiiiiininiinnn 6
238 DOMEN  CORTABUIRIIONG.. .o o0 0inrnssisortonvinesnesisnoessipsnssbans ssnssuss 7
03 AW DU BURTIIAR o ooviiva csisairivansvmisunsrsesraitosssibiresaribes 11
2.3.4 AFW System Operation..........cccvcvcsiisisisisnesresssnnsnssssensins 11
2.3.5 Example AFW System Requirements for Various Accident
T ey L SR AR A R TN s e PR A 12
CHAPTER 3-REFERENCE PLANT DETAILED DESIGN..........ccocriinminnrmnssonie 25
S SRR DARIIIN 3 056501 40 ad ans v s Tk SR ot e S ERRAA T OB TSk o P Rcts s RaR VD VL Crr 25
3.1 Cowmponent Design Functions, Controls, and Indication.............ccococne 26
3.1.1 Pump Suction Check Valves (SCV): C-3, 4, 5. 26
3.1.2 ESW to Motor Driven Pump Suction Isolation Valves:
BTN SS  B T Wiirasatirinaais ent it s ritys A SR A TAS S AT AT 27
3.1.3 ESW to Turbine Driven Pump Suction Isolation Valves:
ey Tl G A INR I B S R R S B 28
3.1.4 Motor Driven APW PUMPE....c...ciicvireasmimmnissressarvtsivibbadunie 29
S35 WIS DIVVED AT, PRI, . cihisinrsssosbrranesaansiparsasesine s 32
3.1.6 Pump Miniflow Check Valves (MCV): C-6, C-8, C-10.............. 35
3.1.7 Common Miniflow Check Valves (CMCV): C-1, C-2............... 36
3.1.8 Pump Disch~ 7 . - *k Valves (DCV): C-7, C-9, C-11..............36
3.1.9 Motor Driven rui vel Control Valves (MDLCV):
R VARTER " BISA; - DISAT TITR cisvissassissiarincnsassxidisienmniss st sisbussipss 36




3.1.10 Turbine Driven Pump Level Control Valves (TDLCV):

Ty W Tett TR AR AR o A TR SRR, 38
3.1.11 Level Contro! Valve Check Valves (LCVCV):

N MR R T owel bR TR b TR | VR | SRR R e e 39
3.1.12 SG B and C AFW to Main Feed Check Valves (MFCV):

oMU W C Eon | SRR (B R YO el A B 39
3.1.13 Main Feedwater Check Va! .es (FWCV):

om0 Rl T T W 1 AR SR st i ST T SRR R 40
3.1.14 Feedwater Isolation Valves (FWIVs): FWIV-1, 2,3, 4............. 40
3.1.15 SG Blowdown Isolation Valves (BDIVs): BDV-1,2, 3, 4......... 4]
3.1.16 AFW Turbine Steam Supp'y Valves: MOV-11, MOV-12........... 42

3.1.17 AFW Turbine Steam Supply Isolation Valves: MOV-9, MOV-10..43

3.2. Review of Procedures Relating to AFW Components...........cooinins 44
3 2.1 Pump Suction Check Valves (SCV): C-3, 4, 5. 45
3.2.2 ESW to Motor Driven Pump Suction Isolation Valves:

o s Mgl SR REIRTGE R RIS o L s R A e 48
3.2.3 ESW to Turbine Driven Pump Suction Isolation Valves:

g e T R PROREL RO SN SnAT DR S N, 51
RN Moty TINVEN AFW PHIDE. . cisiveisirsistamssissvairssinismonssisisees 54
3.3 Tuthine Driven APW PUBD....cooovivoniisiimivassnmsrarssrvirsasins 59
3.2.6 Pump Miniflow Check Valves (MCV): C-6, C-8, C-10.............. 65
3.2.7 Common Miniflow Check Valves (CMCV): C-1, C-2................ 67
3.2.8 Pump Discharge Check Valves (DCV): C-7, C-9, C-11.............. 68
3.2.9 Motor Driven Pump Level Control Valves (MDLCV):

BNV LTE, TIBA, BB, TR aiossssvirinssorisrantss soagrranisaives sesaniviss 70
3.2.10 Turbine Driven Pump Level Control Valves (TDLCV)

o B YRl e (TRSSURRSUE TR Bl o Pl R ST e SV 74
3.2.11 Level Control Valve Check Valves (LCVCV):

vecs i M b SR ) v | gl b TR L e A | WRSSERET Vs ORI 77
3.2.12 SG B and C AFW to Main Feed Check Valves (MFCV):

L L L B s e i Jiki i ehn e b N VPR S A g b st vl saad e 79
3.2.13 Main Feedwater Check Valves (FWCV):

ot s N T HRE L B P R SRl W AU SN DA 80
3.2.14 Feedwater 1solation Valves (FWIVs): FWIV-1, 2,3, 4............ 81
3.2.15 SG Blowdown Isolation Valves (BDIVs): BDV-1,2,3,4......83



3.2.16 AFW Turbine Steam Supply Valves: MOV-11, MOV-12........... 85
3.2.17 AFW Turbine Steam Supply Isolation Valves: MOV-9, MOV-10..88

3.3 Failure Mndes and Features that are not Detectable by Current

DS EIENEE - WPRIBIREPE. . rs i etk visite srbs ssausstiionc ot rantln cbprhites s Kobesovnivssabhis 90
3.3.1 Pump Suction Check Valves (SCV): C-3, 4, 5......cccovviiinnnnnn, 90
3.3.2 ESW to Motor Driven Pump Suction Isolation Valves:
g B TR TR AR ety A R e s, OIS 0 el 91
3.3.3 ESW 1o Turbine Driven Pump Suction Isolation Valves:
PRIV AR W Wa o W cilinssnss niciniiunstinenons sgbine setsrbunrvisbmibabissmrastinioty 92
3.3.4 Motor Driven AFW Pumips.......... B BTN ER I 93
3.3.5 Turbine Driven AFW Pump.....cvcemsiiassmnsimsnisisannassons 94
3.3.6 Pump Miniflow Check Valves (MCV): C-6, C-8, C-10.............. 95
3.3.7 Common Miniflow Check Valves (CMCV): C-1, C-2............... 95
3.3.8 Pump Discharge Check Valves (DCV): C-7, C-9, C-11.......cc. 95
3.3.9 Motor Driven Pump Level Control Valves (MDLCV):
B WSl FIRI, - B, TV R ccicnivmimsisimivsisinsininsisasiiiainassssams 96
3.3.10 Turbine Driven Pump Level Control Valves (TDLCV):
e S T R el B SO S L AR e TR S DY s 97
3.3.11 Level Control Valve Check Valves (LCVCV):
of b Sk s i VRE G TR T RS 5 A T N | SRR e T S S 08
3.3.12 SG B and C AFW to Main Feed Check Vaives (MFCV):
e Dt R SR PR R S A 0" P S R AT 98
3.3.13 Main Feedwater Check Valves (FWCV):
e ¢ A R T B 4 SRR KR TR S B S S 98
3.3.14 Feedwater Isolation Valves (FWIVs): FWIV-1,2,3,4............ 99
3.3.15 SG Blowdown Isolation Valves (BDIVs). ['D -1, 2,3, 4........ 99
3.3.16 AFW Turbine Steam Supply Valves: MOV-11, MOV-12.......... 100
3.3.17 AFW Turbine Steam Supply Isolation Valves:
s TR D) R e R AP L RN 101
CHAPTER 4-AFW SYSTEM FAILURE DATA REVIEW AND ANALYSIS........... 108
SRR LT O T e S R St A S SR S 108
8.2 ORNL DatEDase POMMBION ...ciivivinicssisoonsssrssivarssmsasssorsssressssssssse 109
i WL U e ) T e e R R e RO e O e 112
B AARNOTEY  BUIMMRTY 7o ihivicisscreshsscvoniorsioeisiintoshisrasessbisnas 112



4.3.2 Method of Detection SUmMmAry..........ccooevevveviininieinseiinns 113

4.3.3 Subsystem Review SUMMATY.........cccooniiiveinmmminnionninsnn 114

4.3.4 Plant Age Review SUMMATY........iciiiiieinsisinissnsassinsssnsorass 115

4.3.5 Component Group Review Summary..........ciiiniennns 115

CHAPTER S5-AFW SYSTEM CONFIGURATIONS..........cccornunsanamssasssneaisineses 129
CHAPTER 6-RESULTS, CONCLUSIONS, AND RECOMMENDATIONS............ 148
6.1 Relative Significance of AFW Components...........ccocvvviivnincniinninns 148

R R A O P SOOI AU Il e TRV T SN 148

10 TRV i3 s 1o v nisatinn ssintubststsbianivas snd runs b insunsabibr sases 148

6.2 Adequacy of Current Monitoring Practices...........cccvvviriiiiniiniiennes 149

B A G LT R O S IR S e B e s A 149

CF kg w T R A S e N e 151

B0 DR BREMENE . v snikasotinsmssdsavsnnniag eibtsn dansher spnance i einversss 152

APPENDIX A-RELEVANT TECHNICAL SPECIFICATIONS

v



LIST OI FIGURES

Figure 2.1 AFW System Tor a Two Loop PlanL.......ccccocieciiimmenniianiniimsinen 17
Figure 2.2 AFW System for a Three Loop Plant............cococviiiiiiiis viniiniiannns 18
Figure 2.1 AFW System for a Four Loop Plant.............. VALY T CF Pl IR 19
Figure 2.4 Typical AFW System Actuation LOGIiC.........ccociiiiiininmninninnicniiinins 20
Figure 2.3 RCS Pressure Response to Loss of Feedwater............ oovvciiiiiiiniinne. 21
Figure 2.6 Steam Generator Pressure Following Loss of Feedwater.................c.o.... 22
Figure 2.7 RCS Pressuic Response to Feed Line Break............cococeeiiiiniiiiinnnn, 23
Figure 2.8 Steam Generator Pressure Following Feed Line Break................cco..... 24
Figure 3.1 Reference Plant Auxiliary Feedwater System..........ccocovviiiiiiiiiinns 102
Figure 3.2 Pump Suction Check Valves Configuration...........cococviiiiiiiiniinnnn. 103
Figure 3.3 Pump Miniflow and Discharge Check Valves Configuration................... 103
Figure 3.4.A AFW Turbine Speed Control Circuit..........ccocevviiiiiiniiiiiniiicinn, 104
Figure 3.4.B Turbine Speed During Startup.............cuurissicinssisisssenmesssisenns 105
Figure 3.5 Turbine Driven Pump Level Control Valve Check Valve Configuration.......106
Figure 3.6 Motor Driven Pump Level Contrel Valve Check Valve Configurations.......106
Figure 3.7 Main Feedwater Check Valve Configuration.........c.ccocoiiiniiniiiiiiiiinnn 106
Figure 3.8 Turbine Steam Supply Transfer Sequence...........cooccviviiiiiiiiiiiinn, 107
Figure 4.1 Failure Count and Relative System Degradation Distributions.................. 112
Figure 4.2 Method of Detection Summary..........ccovviniinniiiniiinmmn, 113
Figure 4.3 Failure by Subsystem Summary...........ceim, 114
NEure 44 Pump DEIVEE SUMMALY .cocoecinsicinmnmnissmsntvstssisssisensdstesarersitonons 116
Pigure 4.5 Sources of Turbine Drive Failures...........coviiivreimmnnininsisssmnenns 117
Figure 4.6 Turbine 1&C/Govemnor Failure Summary by Detection Method................ 117
Figure 4.7 Sources of Pump Motor Drive Failures............cccccoociiiiinniininn 118
Figure 4.8 Valve Operator Failure Summary..........c.cooiiiiiimiinmi, 119
Figure 4.9 Sources of Air Operated Valve Operator Failures................ccooii 120
Figure 4.10 Sources of Motor Operated Valve Operator Failures...........c.cccccovnii 121
Fgure 411 Sources Of POmMD FRUNPEE..coiivircisnrmirisnimninsseismiiviiisansisiiss 122
Figure 4.12 Failure Counts and Operating Experience for

PIRNLS 30 I8 CHRINL DIRUIDBBE. ... ioi0sis0ssrenunscrvnns civeiviansbansvsnsusssrbanssniess 136
Figure 4.13 Sources of Component Related Degradation...............ocoovviiiiiiinnn 137
Figure 4.14 Reported Failure Counts per Year, by Source.........ccccooviviiiiiiiinnn 138



Figure 4.15 Scatter Diagram of the Fraction of Failure Counts Available from
NPRDS Data as a Function of the Average Number of Failure Counts
POr YOur for all DRtabese PIADE.........cvviiiivisrvmimmsennpissssrossrisnssiasanss
Figure 4.16 Relative System Degradation: Component Percentage Contribution for
g e R R R A S SRR R S0 T

vi



LIST OF TABLES

Tabie 2.1 Configuration of Plants in Failure Database........ ....ccccovviiniiiininiinne 16
Toble 4.1 Componsnt CRIBBOMBAION. ... .ccsinisisrnssnissississssaiossersivssssrnnsnor isens 124
Table 4.2 Component Failure Record Summary...........ccociiiiviiiiiiiiniinnnannnes 124
Table 4.3.1 Failure Counts, by Discovery Method............ccooviviininiiiiiiiniinnnns 125
Table 4.3.2 Average Effect, by Discovery Method............cocccininniiinnineiniiinnnnns 125
Table 4.3.3 Relative System Degradation, by Discovery Method.............c.cccoeve. 125
Table 4.4.1 Failure Counts by Subsystem Affected.........c.cocoivviiiiniiiiiiinnnn 126
Table 4.4.2 Average System Effect by Subsystem Affected..............cocoeeiiviinnnnn 126
Table 4.4.3 Relative System Degradation by Subsystem Affected............c............. 126
Table 4.5.1 Failure Counts per Reactor Year, by 5 Year Groups...........cccccoovivnnnn. 127
Table 4.5.2 System Degradation by § Year Groups........cccccccevviininniiinininnnn. o b
Table 4.6 Pump Driver Type Summary Dati.........ccccoiceiiiiiiniiniineiiininieninneenns 127
Table 4.7.1 Turbine Failure Counts by Detection Method................ ccocoooeennnn, 128
Table 4.7.2 Turbine Average Effect by Detection Method............c..ccoooiiviiveinne, 128
Table 4.7.3 Turbine Relative System Degradation by Detection Method...... ........... 128
Table 4.8.1 Pump Motor Failure Counts by Detection Method.............ccovvvennnne, 129
Table 4.8.2 Pump Motor Average Effect by Detection Method..............c.ccocvvnenn, 129
Table 4.8.3 Pump Motor Relative System Degradation by Detection Method.............. 129
Table 4.9.1 Diesel Subcomponent Failure Counts by Detection Method................... 130
Table 4.9.2 Diesel Subcomponent Average Effect by Detection Method... ............... 130
Table 4.9.3 Diesel Subcomponent Relative System Degradation by Detection Method..130
Table 4.10.1 Valve Operator Type Failure Counts..........ccovivviiiiiiniiiiiiciinenn, 131
Table 4.10.2 Valve Operator Type Average Effect...........cccccovviniiiniiiiiiniiennn 131
Table 4.10.3 Valve Operator Type Relative System Degradation.........c...c.cooevenen. 131
Table 4.10.4 Air Operarc ~ Valve Failure Counts.........cccocviiiviieeiniiiniiiieinininne. 132
Table 4.10.5 Air Operated Valve Average Effect...........cccccvivvviviinivniiinininn. 132
Table 4.10.6 Air Operated Valve Relative System Degradation..........c....ccooceevvnen. 132
Table 4.10.7 Motor Qperated Valve Failure Counts..................... C e W 133
Table 4.10.8 Motor Operated Valve Average Effect................ccoceieiiiniiiiinnnn 133
Table 4.10.9 Motor Operated Valve Relative System Degradation.......................... 133
Table 8.11.1 Valve Type Fallure Counts........cccccoiiiiivinniiiiniiassonnrermrnsonssssses 134
J8DIs 8,112 Valve Type Average BHEOL.....ccouiiiniaminsersensinsicasases ) 134

Table 4.11.2 Valve Type Relative System Degradation................cc.ccoocevieinnnnnn, 134




Table 4.12.1 Pump Subcomponent Failure Counts...........c.ccoviiiiniiiniiiiniin 135
Table 4.12.1 Pump Subcomponent Average Effect.............oiiiiiiiinnn. 135
Table 4.12.1 Pump Subcomponent Relative System Degradation...........c.cccoovnin 135
Table S.A Teneral AFW Configurations........cccucinaisisciresinnsinissanisiisisnissnsis 132
Table S.B B&W and Westinghouse Plant Thermal and Pump Design Ratings............ 134
Table 5.C Motor Driven Pump AFW Actuation Signals for Westinghouse and

U gh RS SR SR I it b TR G I SRRy e s 136
Table 5.D Turbine Driven Pump AFW Actuation Signals for Westinghouse and

LB R L TN A e R TR S Rl e B SRR L 138
Table 5.E Numbers of B&W and Westinghouse Plant Valve Operator Types............. 140
Table 5.F Flow Control and Isolation Valve Types, Normal Positions..................... 142
Table 5.G Test Loop and Recirculation Control Types........cccoovviiiiiiiinniiiiiiiinn. 144
Table 5.H Normal Suctior Supply Quantity and Suction Switchover Method............. 146

viil



rv*f’”_"

ACKNOWLEDGMENTS

The guidance and organizational direction piovided by D. M. Eissenberg, W. S. Farmer,
and W. L. Greenstreet is appreciated.

Assistance provided in the acquisition of failure data by G. A. Murphy, W. E. Norris, and
W. P. Pooze 11l was instrumental to the historical failure analysis portion of the study.

The help provided bgaC. P. Stafford in the retrieval of plant configuration information and
the general support that he provided in the conduct of this study is greatly appreciated.

A major portion of this study would not have been possible without the help of a number of
utility employees. The assistance and information provided by R.L. Clark, R. Galante,
and J. R. Wolfgong is gratefully a~knowledged.

Finally, the advice and contributions, both prior to and during this study, of colleagues
who prefer to remain nameless was of immense vaiue. The perspectives gained by
interaction with these fellows is of inestimable worth.



ABSTRACT

This report documents the results of a study of the Auxiliary Feedwater (AFW)
System which has been conducted for the U. S. Nuclear Regulate.y Commission's
Nuclear Plant Agm Research Program. The study reviews historical faiiure data available
from the Nuclear Plant Rehabnlny Data System, Licensee Event Reﬁort Sequence Coding
and Search System, and Nuclear Power Experience databases. The failure histories of
AFW fg'stem components are considered from the perspectives of how the failures were
detected and the significance of the failure. Results of a detailed review of operating an
monitoring practices at a plant owned by a cooperating utility are presented. General
\%sllem configurations and pertinent data are provided for Westinghouse and Babcock and

ilcox units.




CHAPTER 1
INTRODUCTION AND SUMMARY

The Nuclear Plant Aging Research (NPAR) program was established bﬁ the Office of
Nuclear Regulatory Resee:ch of the Nuclear Regulatory Commission (NRC) to identify
sources of degradation, their effects, and available methods of degradation and failure
detection.

Nuclear plant safety related systems are composed of combinations of electrical and
mechanical pieces of equipment which are intended to function in a coordinated manner to
support and/or allow ncrmal plant operation while fulfilling specific roles in the mitigation
of anucipated transients and design basis accidents. The NPAR prog-am has identified a
number of types of components for detailed study. The studies of these individual
components have identified component specific failure modes and causes, associated
stressors, and available monitoring methods.

This review of the Auxiliary Feedwater (AFW) System, used at Pressurized Water Reactor
(PWR) plants, has been conducted under the auspices of the NPAR program. The primary
purposes of ‘he review were:

a) Determ’ ¢ the potential and historical sources and modes of failure within the AFW
System.

b) ldentify currently applied means of detecting known sources and modes of degradation
and failure.

¢) Evaluate the general effectiveness of the current monitoring practices and identify
specific areas where enhancements appear needed.

This study, which was conducted by Oak Ridge National Laboratory (ORNL), consisted of
the following elements:

a) Identfication of general types of AFW System design configurations.

b) Analysis of historical failure data.

¢) Detailed review of a cooperating utility's AFW System design and their current operating
and monitoring practices.

BACKCROUND

The AFW System has historically, and particularly since the Three Mile Island 2 accident,
been recognized as critical to successful mitigation of plant transients and accidents. In
recent years, operating incidents involving failures of AFW System components have heen
among the leading events identified in the "Precursors to Potential Severe Core D' mage
Accidents" reports!, which identify the leading risk significant events for calendar years.
In the years 1984 through 1986, seven of the top ten eveats at PWRs, from a core damage
risk standpoint, involved partial or total failure of the AFW System.

Operational problems with the AFW System have been diverse in nature. There have been
a number of Information Notices and Bu!letins and other mechanisms of information
feedback and regulatory action issued by the NRC which identify operating problems that
have been experienced with AFW Systems. The following are provided as exampl - of
failures involving the AFW System which have resulted in NRC feedback.
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Discussed a number of historical events in which backleakage of hot feedwater into
the AFW System had resulted in overheating of AFW discharge and suction piping
and steam binding of AFW pumps. The bulletin required the establishment of
routine monitoring of AFW piping for backleakage and the development of
procedures to identify backleakage and restore the system to operable condition
should it occur.

This bulletin was issued primarily as a result of the June 9, 1985 loss of Main
Feedwater and AFW at the Davis-Besse plant. AFW was lost because of improper
torque and limit switch settings on AFW Systern motor operated valves. (This
episode was also discussed in Information Notice 85-50).

Luf ion Notice 86-01: Fail  Main Feed sk Wakuas Susi ¢ [
Eeedwater System Integrity and Water-Hammer Damage

This Notice was issued (o provide information feedback on the November 21, 1985
failure of severa! check valves in the Main Feedwater System at San Onofre 1.
Failure of these check valves allowed draining of the steam generators (SGs) and
prevented AFW from reaching the SGs until gate valves were closed by operator
action. Sufficient draining occurred to result in condensation-induced water
hammer whea AFW began to refill the drained Main Feedwater piping.

Wmmmmmmmmwﬂ S

This Notice was issued as a result of a number of failures of stop check valves in
the steam supply piping to the AFW turbines at the Turkey Point Units. The
failures occurred as the result of chattering induced by low flow which resulted
from leakage past motor operated valves in series with the stop check valves.

1

Following the Davis-Besse event in 1985, a review of overspeed events of turbine
driven pumps wac conducted by the NRC Office of Analysis and Evaluation of
Operating Data. This review resulted in the publication of "Operational Experience
Involving Turbine Overspeed Trips”, AEOD/C602, which in turn provided the
basis for this Information Notice. The Notice discussed several types of
overspeeding events that had occurred.

Lo ion Notice 87-53: Auxiliary Feed i Trio | (A B e i
Pressure

Several plants experienced low suction pressure trips of AFW pumps due to suction
pressure fluctuations which resulted from a variety of transient system conditions.

The above identified problems are examples of the diverse types of failures experienced in
the AFW System. There have t ‘en numerous other operating experiences which hive been
fed back to industry through both the NRC and the Institute of Nuclear Power Operations.

In reviewing the roie that aging plays in failures such as these, there are some important
points to be considered. First of all, a combination of factors, including design,
maintenance, operation, aging, and other considerations may be involved. These factors
are not necessarily independent from one another. For example, a poorly designed

(3]



component or system may require that it be operated in a manner that is not necessarily
conducive to extended service of either that component or other components.,

An example of this can be seen in many AFW system designs, in relation to flow paths
available to a p:;ndp. If the only full flow path available for the pump is to the steam

enerators, required monthly or quarterly testing will normally be done under recirculation

ow only. It has become clear that running these pumps at low flow rates is deleterious to
the pump and pump life2. But delivering flow to the steam generators also has undesirable
effects in terms of nozzle thermal stress. The result is that the pumps are run under
recirculation flow only for testing (as well as often being run at low flow rates during
routine plant startup and shutdown) and accumulated wear results. In the event that failure
of the pump ultimately results, it would be difficult to ascribe the failure to a particular
cause such as aging. In reality, the failure may be due to the combination of poor system
design, undesirable operating conditions, insufficient maintenance attention, excessive test
frequency requirements, etc.

This difficulty of determining the extent to which a particular failure is aging related extends
to most component failures. The only failures that can be readily dismissed as not being
aging related are those that occur within a short time after a component is placed in service.
The quantification of "short time" depends upon the particular component and its operating
conditions. For example, through-wall erosion of piping downstream of a control valve
would normally be viewed as an aging related failure. However, a failure of this nature
could occur in a time span ranging from days to decades, depending upon the piping
material and layout, service conditions, and other factors.

A second point relative to aging is pertinent when considering systems. A system, as noted
above, is composed of a group of components, such as pumps, valves, motors, piping,
etc. The system ages only as the individual components age. The types of components
most subject to wear and aging may vary significantly from system to system, however.
Furthermore, even for the same type of system, certain components may experience
substantial service wear at one facilitv and very little at another due to the combination of
design, maintenance, and operating factors involved. Other studies performed under the
NPAR program address important components within the AFW System, and the aging
stressors for these individual components,

A third important factor in determining the ORNL approach was the fact that a study that
was performed by Idaho National Engineering Laboratory (INEL) reviewed historical
failure data from NPRDS (simiiar to the NPRDS data that was reviewed by ORNL in this
study) and made judgments as to whether or not individual failure episodes were aging
related®. The INEL report was based upon some of the same failure data that was used in
this study (the review of failure data is discussed in Chapter 4).

Becuuse of these factors, the ORNL approach to the AFW System study has been to focus
attention on how and to what extent the various AFW System component types fail, how
the failures have been and can be detected, and on the value of existing testing requirements
and practices, rather than attempting to focus on the extent to which aging (versus design or
operating practices, for example) is responsible for failure or degradation.

On the other hand, in the review of a particular plant's design and operating practices, it is
possible to determine, in a relative manncr, the extent to which design and test and
operating requirements can contribute to aging for particular components. For instance,
where a check valve routinely experiences low flow rates as a result of how the system is
operated, and is located just downstream of a flow disturbance, a judgement can be made



that the particular valve will be likely to experience a reiatively high rate of service wear
compared to a similar valve in more optimal conditions. Aging concerns of this nature are
addressed in this study. It must be recognized, however, that individual component
configuration and operating conditions may vary considerably from plant to plant, and even
within the same system.

SUMMARY OF RESULTS

The analysis of historical failure data and the detailed review of a cooperating utility's AFW
System design and monitor’i__r{g ractices provided complementary results. The single
largest source of historical A ystem degradation, based upon the historical failure data
review, is the turbine drive for AFW pumps. It should be noted that the turbine proper has
been a relatively reliable and rugged piece of equipment. However, the turbine auxiliaries,
including the governor control and trip & throttle valve have contributed substantially to the
overall turbine problems.

The failures of motor and air operators for valves combined were found to have resulted in
approximately the same level of degradation of the AFW System as the turbine drives
alone. Purap failures and check valve failures were also significant contributors 1o system
degradaon.

For each of the component types, and for the various sources of component failures, the
methods of failure detection were designated and tabulated. The most notable feature of
this aspect of the study was that Instrumentation and Control (I&C) related failures
dominated the group of failures which were detected during demand conditions (as
opposed to failures detected as the result of periodic monitoring or routine observations
made by operators or other personnel). This finding was corroborated by the detailed
review of the operating plant's monitoring practices, in that many of the potential failure
sources that were found to not be detectable by the current monitoring practices were
related to the I&C portion of the system.

It was also observed that there were a number of conditions related to design basis
demands that are not being periodically verified. Examples of these include pumps not
being verified at design flow/pressure conditions, turbines not being verified to be capable
of delivering required flow at low steam pressures, various control sequences not being
checked, and automatic pump suction transfers not being tested.

Another observation made was that some components, or certain parts or aspects of
components appear to be tested in excess of what failure history indicates to be uppropriate.
On the otiter hand, as can be gathered from comments above, other aspects of certain parts
of AFW Systems are either never tested or receive less than thorough testing. [t appears
that enhanced testing requirements are needed in order to reduce excessive testing while at
the same time ensuring that thorough performance verification is conducted periodically.
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CHAPTER 2
GENERIC AFW SYSTEM DESIGN

21 __Introduction

AFW System designs in U. 8. PWRs vary considerably. This is in part due to the general
evolution of design requirements imposed by the NRC, but largely due to the fact that the
AFW System is generally designed by the plant's Architect-Engineer. As a result, even
two plants with similar NSSS systems which are constructed during the same time frame
may have significant differences in AFW System design. In order to provide some insight
into AFW System designs, and the bases for those designs, both generic and plant specific
discussions are provided. Section 2.3 briefly discusses generic system functional
requirements anc some typical designs, and is provided as an introductory overview of the
AFW System. More specific insight into the design of an individual plant's system is
provided in Chapter 3 in which the specific design details are included.

In order for the AFW System to accomplish its design requirements, proper functioning of
interfacing system components is required. The AFW System interfaces with a number of
systems, including, bat not limited to:

-Main Feedwater System

-Main Steam Supply System

-Steam Generator Blowdown System
-Emergency Service Water System
-Engineered Safety Features Actuation System
-AC/DC Electrical Distribution Systems

The components which comprise the interfuce for the AFW System have been reviewed, in
part, by this study. The detailed review of a specific plant's AFW System (Chapter 3)
included a review of the interfacing components; however, the failure data search (Chapter
4) did not address these interfacing components. The reason that the interfacing
components were not included in the failure data search is that the system affected by the
failure of these components would typically be assigned as the system to which the
components belonged, rather than the AFW System. However, it should be recognized
that a failure of an interfacing system component can degrade the associated AFW train(s)
just as severely as failure of a component designated as an AFW System component.

2.3 AFW Syst Functional Reaui { Typical Desi
2.3.1 Generic Functional Requirements

The AFW System's principal role is to support removal of stored and decay heat from the
Reactor Coolant System. The Steam Generators act as a heat sink during both normal
operation and following reactor trips. During normal operation, the Main Feedwater
system provides feedwater to the SGs, where it is converted to steam and then used to
drive the main turbine and provide process steam for various plant equipment. During
normal power operation, the AFW System is in standby (except when in test). Following



an operating transients or accident, as well as during routine startups and shutdowns® | the

system is used to provide a safety related source of water the Steam Generators. The
water delivered by the AFW System is heated and vaporized in *he Steam Generators.
Steamn thus generated can be released to atmosphere through the safety related Main Steam
Safety Valves or Atmospheric Dump Valves, or to the atmosphere and/or condenser
through non-safety related Steam Dump Valves.

The AFW System must not only support the heat removal, but allow the heat removal to
take place in a controlled manner, even under design basis accident conditions. There are
four general functional requirements of the AFW System:

-Provide tlow to intact SGs following design basis transients/accidents

-Isolate flow to faulted or ruptured SGs

-Maintain a liquid barrier between the Reactor Coolant System and the environment
following design basis accidents to ensure that any primary to secondary tube leakage is
"scrubbed” before release

-Support normal startup and shutdown evolutions

As noted, the AFW System is used, «t most plants, in support of normal plant startup and
shutdown. However, this is not the primary basis for its design. Rather, it is specifically
designed for the mitigation of the consequences of design basis transients and accidents,
including Loss of Main Feedwater, Main Feed Line Break, Main Steam Line Break, Small
and Large Break Loss of Coolant Accidents, Steam Generator Tube Rupture, and others.
In addition, proper functioning of the AFW System is critical to the ability of a plant to deal
with an important accident condition, Station Blackout, whichi has not been historically
treated as a design basis accident.

2.3.2  Design Configurations

There is a broad range of AFW System designs in existence at operating plants. Figures
2.1 through 2.3 provide flow diagrams which are representative of the cross section of
existing PWR AFW Systems. This section discusses some general design configuration
features. Due to the diversity of AFW System designs, it is difficult to adequately depict
AFW Systems in general. A compilation of operating plant pump and driver, valve and
valve operator, and other general configurational information for Westinghouse and B&W
plants is provided in Chapter 5.

2.3.2.1 Pump Suction Sources
Most plants have a dedicated storage tank, commonly designated as the Condensate Storage
Tank (CST) that is used to maintain a reserve inventory of high quality water for the AFW
pumps. The inventory available for the AFW pumps may actually come from multiple
sources, depending upon plant design. For purposes of this discussion, the normal
source(s) of water will be referred to as the CST. Plunts which are under Standard
Technical Specifications have a designated inventory that must be maintained in the CST

during Modes 1-3. The CST is safety grade, seismically qualified at some plants, but not
at others. Mormal system alignment would have the suctioi flow path from the CST to the

* At some plants, non-safety related Startup Feedwater Systems are available and used to
support plant startup and shutdown in lieu of the AFW System.
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AFW pumps open, and in fact, manual valves in the suction flow path may be required to
be locked open.

The majority of plants also include a backup source of water, normally from the plant's
ultimate heat sink system which is commonly called the Emergency Service Water (ESW)
System. Depending upon plant design, the ESW may be the safety grade source of water
(for example, if the CST is non-safety grade). Switchover from the CST or other normal
supply sources to the ESW may be eiti;cr automatic or manual. Low suction pressure is the
normal switchover condition monitored for plants including automatic switchover. Some
plants use suction pressure transmitters to provide AFW pump tripping under low suction
pressure conditions (it should be noted that this trip function has been removed at several
plants, and replaced with an alarm only to avoid spurious tripping). Even for plants which
do not use automatic switchover, low suction pressure instrumentation may furnish main
control board indication and annunciation to provide the operator with an indication of the
need for suction transfer. CST or other normal water source level instrumentation also
provides the operator with suction status. For plants with manual switchover only, some
provide totally remote switchover capability, while others require local valve realignment.

Check valves are normally included in the normal suction supply lines. These valves are
depended upon to prevent flow reversal into the CST in the event that ESW must be used
as the suction source. In some cases, where the normal suction sources are non-safety
grade, the suction check valve forms the boundary between safety and nou-safety grade
portions of the AFW System.

23.2.2  Pumps

All three flow diagrams (Figures 2. through 2.3) indicite two motor driven and one
turbine driven pump per plant. This is the most typical cor figuration; however, there are a
number of pump combinations at operating plants. In add tion to variations in the number
of pumps per unit, the type of drivers vary, There aie various combinations of motor,
turbine, and diesel driven pumps in the AFW pump populi tion. Among Westinghouse and
B&W plants included in the ORNL failure database (discussed in Chapter 4), six different
AFW System pump combinations were identified. A suminary of general pump and steam
generator configuration information for the plants in the failure database is provided in
Ta_l;le 2.15. Plant specific steam generator and pump confi guration information is provided
in Table 5.A.

Motor driven pumps receive their power from emergency busses (there are some plants
which designate one or more non-safety related motor driven pumps as part of the AFW
System; however, these pumps were not included in this stidy). Pump breaker closure not
only starts the associated pump, but auxiliary contacts for the breaker are often used to
provide control signals to other AFW System features.

Sieam for the turbine driven pumps is supplied by one or more (typically two) SGs. There
are a number of steam supply control arrangements. Some plants start the turbine by
opening a normally closed Trip & Throttle (T&T) valve, located immediately adjacent to the
turbine. Other plants leave the T&T valve normally open and start the turbine by opening
one or more upstream isolation valves. Some plants have pressure control valves in the
steam supply line which limit steam pressure available to the turbine, while at other plants,
full steam pressure is available to the turbine (less line and governor losses). Turbine
speed, and therefore pump flow, is controlled by turbine governor valve position, which in
turn receives control signals which are typically based on turbine speed and, for some



controllers, a flow or other differential pressure sensor (such as steam supply to pump
discharge differential pressure).

Some plants include non-safety related pumps that are similar in function to the AFW
pumps. Where available, these pumps are used in support of normal startup/shutdown (in
some cases, they are referred to as Startup Feed Pumps). While these pu.mps have not
been considered in this study, their availability can have a substantial impact upon the
service wear of AFW pumps and other AFW equipment, since the AFW pumps would not
be routinely used for startup/shutdown purposes. The non-safety related pumps can also
substantially enhance the availability of post-accident secondary cooling. As an example,
following the June, 1985 Davis-Besse loss of feedwater and AFW, feed flow to the SGs
was ultimately restored by use of a startup feed pump.

2323 Pump Disct { Recirculation Fi

Pump discharge lines include flow paths to the SGs and minimum recirculation flow paths.
The recirculation flow may be controlled by orifices, line size, control valves, or a
combination of these means. Some plants include both a minimum recirculation flow path
and a full flow test loop, both of which recirculate flow to the CST or other suction source.
Other plants use a common flow path for both, while others do not have a full flow test
loop, but only & mini-flow recirculation path. A tabulation of full flow test loop availability
is provided in Table 5.G.

Recirculation flow paths, both of the full flow and the mini-flow variety, may include
valves which automatically isolate under certain conditions. For instance, plants with full
flow recirculation test loops typically include automatic isolation valves which close in the
event that an automatic start signal occurs. Other plants provide for automatic isolation of
the mini-flow path in the event that the associated pump is the only available pump or if
delivered flow to the SGs is sufficient to provide what has been determined to be adequate
for pump protection.

In a number of plants, the miniflow recirculation flow paths include check valves upstream
of where the individual pump lines join to form a common recirculation line header. The
apparent design function of these valves is to provide train separation, although there are no
such valves in some plants. For those plants which do not include the check valves, the
appaient rationale is that orifices or other flow limiting devices would limit cross train flow,
thereby eliminating the need for train separation offered by check valves. For a sample of
plants for which nominal minimum reci:culation flow rates were specified in the FSAR, the
flow velocities at check valves in the miniflow lines ranged from 1 to 15 ft/sec. While, as
noted, the only apparent function of these valves is to provide train separation, those valves
which routinely experience flow velocities less than that required for full stroking
(estimated to be in the range of roughly 8 to 15 fsec, depending upon the specific check
valve design), may be fairly susceptible to service wear. Inasmuch as testing, if any,
associated with the recirculation check valves is to verify that the required flow rate is
supported, substantial degradation or failure of these valves may not be detectable.

Valving between the pumps and the SGs provides for control of individual pump flow,
flow to specific SGs, and a means of preventing backleakage from the SGs or from Main
Feedwater. The arrangements of valves between the pump discharge and the SGs vary
considerably in terms of numbers, operator types, layout configuration, control signal
sources, and normal standby position.

Some plants use automatic discharge pressure control valves for motor driven pumps to
provide pump runout protection. These valves may be either normally closed or open, and
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receive a control signal following pump start. The valve control signal is normally geared
toward maintaining discharge {mssure or flow at a designated setpoint. The control setting
may or may not be adjustable from the main control room. Other plants o not use
automatic valve fpositioning to regulate individual pump flow/discharge pressure; rather,
non-adjustable, fixed means, such as cavitating venturis, flow restricting orifices, or valves
locked in a throttled position are utilized. Fo' yet other plants, it is not clear, from FSAR
descriptions and other information available, what, if any, pump runout protection, other
than operator action is available.

Most pump discharge lines include discharge check valves. These valves are depended
upon to prevent reverse flow from other pumps as well as to prevent backleakage of main
feedwater. For a sample of plants reviewed, the flow velocities that would be experienced
at design flow rates for the motor driven pumps ranged from 5 to 12 ft/sec. It should be
recognized that when AFW pumps are used during startup/shutdown evolutions, they
would normally be run at substantially less than the design flow rates. For the pumps that
are used for this service, discharge check valves may be subject to accelerated service wear.
Unlike the miniflow check valves, the function performed by these valves is critical to
successful system operation.

2324 Flow Distribus

Pump discharge line configurations normally allow more than one SG to be fed by each
pump (although some two loop plants are arranged such that only one pump normally feeds
one SG). All three loop plants are configured such that all three SGs are fed by all pumps,
while most four loop plants are designed and normally aligned to allow feeding of all four
SGs by a turbine driven pump and feeding of two SGs by each motor driven pump.
Control of flow to individual SGs is provided by a variety of combinations. Motor, air,
electrohydraulic, and solenoid operated valves are used as flow control devices. There are
diverse control designs for the valves. Control vaives at some plants are normally closed
while corresponding valves are normally open at other plants. Those that are normally
closed typically receive an open signal on associated pump start or AFW actuation signal.
At some plants, the flow distribution valves automatically modulate to maintain a preset
flow or SG level, while at other plants, the valves go to a full open or other fixed position
and remain there unless repositioned by an operator.

The flow distribution valves may be used as a part of a faulted SG isolation system, a
system which automatically detects and isolates any SG which is depressurized. This
system supports the functions of both assuring that intact SGs can receive AFW flow as
well as minimizing the adverse impact of feed or steam line breaks on the RCS and
Containment. Other plants rely upon flow limiting devices, such as cavitating venturis, on
a temporary basis following a faulted SG event, and ultimately upon operator action to
detect and then to isolate flow to the faulted SG. Yet other plants depend solely upon
operator recognition and isolation of the faulted SG, with no automatic break detection and
isolation or fixed flow limiting devices available. It is important to note that the valves used
in the AFW System to isolate flow are not normally seat leak tested, even if they are
classified as containment isolation valves.

Some plants have dedicated AFW SG nozzles, while the AFW discharge lines at other
plants connect with Main Feedwater piping upstream of the SGs. Various combinations of
check valves and isolation valves are used to avoid backleakage of hot feedwater or steam
into the AFW System. There are typically several check valves, and in some cases, closed
isolation valves in series between the pumps and the SGs.
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2.3.3 AFW System Starting

AFW Systems are started automatically when monitored plant conditicns provide indication
that operation is warranted. The specific signals monitored, like all other aspects of
the AFW System, vary from plant to plant. There are several sources of automatic starting,
nowever, which are fairly common, including Safety Injection, Low SG Level, Loss of
Offsite Power (typically emergency bus undervoltage), Reacter Coolant Pump trip, and
Main Feed Pump trip. Typically, auiomatic start signals will eitts r start AFW pumps
immediately, or as a part of load sequencing. In either case, the pumps are usually started
within a minute following the start signal initiation.

AFW start signals also actuate other equipment which is crucial to AFW System success.
For example, some plants include normally closed discharge valves which must open to
allow flow to reach the SGs. These valves receive an om signal on AFW initiation.
Other equipment which is not specifically a part of the AFW System may also respond
automaticaily on an AFW start signal. For example, SG Blowdown Isolation valves may
receive an automatic closure siénal from the AFW start signal, thereby helping to assure
that the flow delivered to the SGs can be converted to steam (versus draining off without
changing phase).

Manual start capability for all AFW pumps is typically provided at the main controi board
as well as at the remote shutdown panel. Additionally, local stations may be provided for
pump starting and stopping.

A typical logic diagram, showing the origination of AFW start signals and the equipment
actuated as a result is provided in Figure 2.4. A detailed discussion of AFW System
actuation for a specific unit is provided in Chapter 3.

2.3.4 AFW System Operation

Following AFW System starting, whether as the result of automatic or manual starting, the
system responds to both manual and automatic control functions. The sources of the
control signals are diverse. Flow to the SGs is controllable through valves that
open/close/modulate in response to automatic control and/or manual control signals These
signals may be based on flow, level, or pressure. Turbine driven AFW pump speed is
controlled automatica'ly, normally based on flow, differential pressure, speed, and/or other
signals. Turbine speed can also normally be controlled by remote manual action.

Typical AFW System design would initiate flow to the SGs automatically at full flow, and
require operator action to control or isolate flow. However, as noted previously, some
plants do have automatic level controls. Some facilities also have an automatic isolation
feature which detects and isolates faulted (depressurized) SGs. Other plants incorporate
flow limiting venturis or orifices to prevent excessive flow from being delivered to a faulted
SG.

Following a reactor trip, as well as during normal startup and shutdown evolutions in
which the AFW System is actuated, the instantaneous flow to the SGs may vary from zero
to several hundred gallons per minute. Following a reactor trip, while decay heat load is
fairly high, typical practice for a plant with 2 turbine/motor driven pump combination
would be to stop the turbine driven pump following plant stabilization, and then control SG
level using only the motor driven pump(s). Under very low decay heat conditions, for
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example during routine startup and shutdown, SG feed control practices may vary from
plant to plant, and even from operator to operator. For example, if there are no specific
groceduul requirements, and demand is low, one operator may elect to "batch" feed the

Gs by starting and stopping a pump periodically. Another may also "batch" feed, but
leave the pump running in recirculation flow in between batching. A third method would
be to continuously feed at very low flow rates, while also maintaining recirculation flow.
During these low flow periods, the minimum number of pumps possible would be run (the
minimum number depending plant configuration, and specifically how many SGs can
be fed by a particular pump). It should be noted in this context that some plants with non-
safety Startup Feed pumps can avoid running at low flow for protracted periods or repeated
starting and stopping of the AFW pumps.

Operating guidance and ractices for a specific plant are included in Chapter 3,

2.3.5 Example AFW System Requirements for Various Accident
Conditions

The various accident scenarios create somewhat different types of demands upon the AFW
System. In order to provide some insight into these demands, three types of events, Loss
of Main Feedwater, Main Feed Line Break, and Main Steam Line Break will be discussed
in relationship to the AFW System functions. In considering these events, it should be
remembered that the general role of the AFW System is to support stabilization of the plant
at hot standby conditions, and then to support plant cooldown and depressurization to the
point where the Residual Heat Removal System can be placed into service. The discussion
of these events is intended to serve to illustrate both this general role, and supplementary
functions as well.

The following discussions of plant response to various transient/accident conditions are
based on general trends noted in the review of the Accident Analysis sections from a
number of plants' Final Safety Analysis Reports (FSARs). It should be recognized that the
overall response of one plant to an initiating transient may differ substantially from the
response of another plant to the same transient conditions. Fuithermore, the plant
response, as presented in FSAR analyses, is generally overstated (as a result of
conservatism built into licensing based analyses), and is heavily dependent upon modeling
methodology. As an example, no control system operation is assumed in safety analyses,
unless it would be adverse to the analysis results. In reality, operation of control systems,
when available, substantially mitigates overall plant response in most cases.

One aspect worthy of noie in the review of the figures associated with the transients
discussed is the fact that response of the parameters monitored (RCS and SG pressure) is
very sluggish with respect to AFW initiation; that is, starting of an AFW pump does not
creaie an immediately observable effect. In contrast, the c?fccl of the lifting of a Main
Steam Safety Valve (MSSV) can be immediately seen. There are two reasons for this:
relative size and thermodynamic effect. AFW pump capacity is small relative to MSSV
capacity. A typical single MSSV is capable of relieving a mass flow rate of roughly two to
four times the design mass flow rate of a typical AFW pump. Note that there are several
safety valves per SG. Secondly, since the preponderance of heat removal is associated
with the vaporization of SG fluid, and since in safety analyses the SG level never falls to a
point where no fluid exists, there is no observable change associated with delivery of AFW
to the SGs. However, it should be recognized that failure to deliver AFW to the SGs
would have substantial impact on the results of any transient, since the RCS heat sink
would degrade and eventually be lost.
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351 __Loss of Main Feedwater

The Loss of Main Feedwater (LOFW) scenario is an event that can be classified as
expected; that is, it is to be expected that all plants will suffer at least partial LOFW events
several times during plant life. The J.OFW event is a heatup type of event (one in which
the Reactor Coolant System (RCS) temperature, pressure, and Pressurizer (PZR) level
increase in response to the transient), and represents the most general type of demand for
the AFW System, that is, to merely provide flow to the SGs for heat removal when the
normal feedwater supply is not available.

Total or partial LOFW can be initiated by any one of sev=ral circumstances, including Main
Feedwater Pump trip, Main Feedwater Control Valve closure, Main Feedwater Isolation
Valve closure, and a host of other ¢vents. (In tum, these LOFW initiators can occur as the
result of a multitude of causes, such as blown fuses, solenoid valve failure, Main
Feedwater Pump motor or turbine failure, etc.).

Churte showing typical accident analysis trends of RCS and Secondary pressure following
LOFW are presented in Figures 2.5 and 2.6. These parameters are shown because certain
key conditions can be readily seen from their curves. Following LOFW, Steam Generator
(SG) levels drop, and RCS temperature and pressure begin to increase. Reactor trip could
occur on any one of a number of trip signals, such as steam/feed flow mismatch, low SG
level, high pressurizer pressure, eiwc. For total LOFW events, reactor trip would be
expected to occur in short order (less than a minute). Following the reactor trip, RCS
temperature and pressure would initially drop , but then gradually start to increase due to
loss of forced RCS coolant flow (assumed to occur at the time of reactor trip). The AFW
system is neither designed to prevent reactor trip nor to prevent the initial heatup response
that occurs prior to trip; rather, it serves to mitigate the longer term post-trip heatup.

Following the reactor trip and the associated initial cooldown/depressurization, the RCS
gressun: increases to the point where the PZR safeties again lift to limit pressure.
econdary pressure increases to reach Main Steam Safety setpoint pressure. Both hot and
cold leg temperatures increase due to loss of forced flow. Natural circulation flow
develops due to the hot leg/cold leg temperature differential created by the steam generators.
Primary to secondary temperature differential may reach 30-40 degrees F. Ultimately, as
decay heat input decreases, even a single AFW pump is able to deliver adequate flow to
allow heat removal to equal, and then exceed decay heat input. Under the most limiting
conditions, from a safety analysis standpoint, where no credit for control functions or for
operator intervention is taken, and assuming a limiting single failure, it may be in the range
of 10 to 30 minutes following the reactor trip before heat input/heat removal equilibrium is
reached. After this point, the RCS could be maintained at roughly Hot Standby conditions
(although at an elevated temperature due to natural circulation vice forced circulation
conditions), using cnly AFW and the Main Steam Safety valves. Cooldown can be
effected by use of SG Power Operated Relief Valves or Atmospheric Dump Valves.

2352  Main Feed Line Breal

The response of the plant to a Main Feed Line Break (MFLB) can vary considerably,
depending upen a number of variables, and particularly upon the SG design and the
location of the break. If the break occurs upstream of a Main Feedwater Isolation Valve
(MFIV) or Ma.n Feedwater Isolation check valve, and those components function properly,
the plant response will not be considerably different than that for a LOFW event. If the
break occurs downstream of a MFIV, plant response can range from that associated with a
substantial cooldown to the most severe analyzed heatup event.




'f the Main Feedwater nozzle is located in a position such that a break in the linc would
result in the portion of the SG which is above the operating water level being exposed, the
plant response will be a rapid cooldown, and will appear similar to, though not quite as
severe as the response to a Main Steam Line Break (MSLB). On the other hand, if the
nozzle connection is such that the liquid portion of the SG is exposed, the plant response
wi. differ substantially. The latter type event will be discussed here.

Fifxms 2.7 and 2.8 provide an indication of the response of RCS and SG pressure
following a liquid portion feedline break (again, based on FSAR type accident analyses-not
best estimate). Level in the affected SG 15 lost fairly rapidly, resulting in a reactor and
turbine trip. Secondary pressure rises quickly following the turbine trip. At the same time,
the broken feedline is a source of depressurization for all SGs, resulting in a rapid
turnaround of the pressure spike. Pressure in all $Gs continues tc drop rapidly until a
Main Steam Isolation ‘ig‘ml (MS!S) occurs. Following the MSIS, the SGs are decoupled,
and the faulted SG is readily identifiable.

The feedline break sexves to both ﬁrevcm or minimize feedwater flow reaching the SGs as
well as to drain the water from the affected SG, thereby reducing the inventory that is
available for heat removal (although some heat is removed by the water that is blowing out
the break, it is primarily sensible heat, and represents a small fraction of the potential heat
removal associated with the heat of vaporization).

From the perspective of the AFW System, the main feature associated with the MFLB
event that is different from the LOFW event is that one SG is totally depressurized. The
early plant response is somewhat similar to a steam line break (cooldown), but following
the MSIS and the decoupling of the SGs, the event becomes a heatup transient similar to
the loss of feedwater transient, with the exception that one less SG is available for heat
removal. Also, note that unless automatic or manual controi takes action to minimize or
isolate flow to the faulted SG, very little AFW flow may actually reach the intact SGs,
since flow would preferentially go to the low pressure SG.

As a result, various combin. tions of design features and operator actions are employed to
ensure that the intact SGs can be fed following a MFLB. Some plants employ an automatic
isolatioa scheme in which a faulted SG 1s sensed by process instrumentation and
automatically isolated by means of AFW discharge valves. Some other plants rely, at least
in part, upon flow limiting devices, such as cavitating venturis, to prevent an excessive
amount of flow goirg to a faulted line (thereby robbing the intact SGs of feed). Other
plants depend upon operator action to detect and isolate a faulted SG.

2353 Main Sieam Line Breal

Tke Main Steam Line Break (MSLB) is a design basis accident which creates a
substantially different plant response than LOFW or MFLB. The MSLB causes a rapid
cooldown, depressurization, and contraction of the RCS. Using the most limiting
assumptions associated with design basis accident analyses, a MSLB may create a
sufficient cooldown to cause a return to criticality, even after the reactor is tripped (due to a
high negative moderator temperature coefficient). While not required during the early
phases of a MSLB, since the break itself causes a substantial coocldown of the RCS, the
AFW System, for most plant designs, would be automatically initiated by conditions
resulting from the MSLB. Since any flow delivered to the faulted SG would serve to
enhance the cooldown, termination of the flow is necessary. Also, if a MSLB were to
occur inside containment, a substantial increase in containment temperature anc pressure
could occur. Any AFW flow delivered to the faulted SG would serve © magnify the
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te and pressure increase. As in the case of the MFLB, the various combinations
of design features and operator actions are required to terminate flow to the faulted SG,
although in this case, the need to terminate flow is driven more by the need to avoid
excessive cooldown and steam  case to contaiti 2nt than by the need to ensure adequare
flow is delivered to intact $Gs.
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Table 2.1 CONFIGURATION OF PLANTS IN FAILURE DATABASE

NUMBER OF TWO NUMBER OF THREE NUMBER OF FOUR
CONFIGURATION LOOP PLANTS LOOP PLANTS

LOOP PLANTS TOTAL
ONE MDP, ONE TDP 5 i 0 6
TWO MDP, ONE TDP 8* 9 20 37
ONE MD?, ONE DDP 0 G i i
ONE TDP, ONE DDP 0 0 1 I
TWO TDP 1 0 i 2
THREE TDP 0 o 0 2
TOTAL 14 12 23 49
TWO LOGP THREE LOOP FOUR LOOP
PLANTS PLANTS PLANTS TOTAL
TOTAIL/JAVERAGE 17/1.50 19/1.58 41/1.78 T77/1.65
NUMBER MDPS
TOTAL/AVERAGE 15/1.07 13/1.33 23/1.00 51/1.10
NUMBER TDPS

*NOTE: INCLUDES UNITS SHARING ONE OR MORE PUMPS.

15




ANV dOOTOML V HO4d WALSAS MAV I'T 2ANDI4







FIGURE 2.3 AFW SYSTEM FOR A FOUR LOOP PLANT
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FIGURE 2.4 TYPICAL AFW SYSTEM ACTUATION LOGIC . »
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FIGURE 2.5 RCS PRESSURE RESPONSE TO LOSS OF FEEDWATER
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FIGURE 2.6 STEAM GENERATOR PRESSURE FOLLOWING LOSS OF FEEDWATER

1400 —
1200 —
1000 — ‘
AFW FLOW
INITIATED
6 800 — LOSS OF
= FEEDWATER SECONDARY PRESSURE
- REACHES SG SAFETY
3 SETPOINT
=2 600
wn
53]
o
(-
o
TIME
T T T T (SECONDS)
10 100 1000 10000

22




FIGURE 2.7 RCS PRESSURE RESPONSE TO FEED LINE BREAK
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FIGURE 2.8 STEAM GENERATOR PRESSURE FOLLOWING FEED LINE BREAK
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CHAPTER 3
REFERENCE PLANT DETAILED DESIGN

40, INTRODUCTION

A cooperating uti'ity allowed ORNL to review the details of the AFW design at an operating plant,
along with associated operating, surveillance, and - intenance procedures. Further reference to
this plant will be as "Plant A", “T'he design of the Plant A AFW system will be discussed in Section
3.1, Section 3.2 |- uvides additional information on Plant A procedural practices.

A simplified system flow diagram of the Plant A AFW + provided in Figure 3.1. The
design requirements and actual design features of each - wyOr system components will be
discussed in detail. The major configuration and design ic. 5 of the system are:

-Two motor driven pumps, each capable of delivering flow 1o two SGs

-One turbine driven pump, capable of delivering flow to all four SGs

-The AFW discharge lines connect with the Main Feed headers

-Steam can be supplied to the AFW turbine from either SG A or D

-The normal supply of water is the Condensate Storage Tank, with Emergency Service Water
acting as a backup source

There are several AFW automatic start signals. The motor driven pumps (MDP) start on:
-Safety Injection
-Low-Low Level in one SG
-Trip of either Main Feed Pump at 2 80% power
-Trip of both Main Feed Pumps (at any power)
-Station Blackout signal

The turbine driven pump (TDP) starts on the same signals, except that Low-Low Level in two SGs
must exist for TDP start,

In addition to the pumps starting automatically, other AFW System features are automatically
actuated. These will be discussed in detail for each of the specific components.



AL _COMPONENT DESIGN FUNCTIONS, CONTROLS, AND INDICATION

3.1.1

Pump Suction Check Valves (SCV): C.3, 4, §

The SCV opens on pump start 1o allow water from the Condersate Storage Tank (CST)

to reach the pump suction. In the event that the CST is depleted, or for other reason a
low suction pressure condition exists, the motor operated ESW to AFW pump suction
isolation valves open 1o admit water to the pump suction. When this occurs, the pump
SCV closes to prevent backflow of ESW to the &T.

The motor driven pump SCVs are 8-inch swing check valves. The turbine driven pump
SCV is a 10-inch swing check valve.

The general arrangement of the pump suction check valves, including approximate
distances from the nearest upstream elbow, are shown in Figure 3.2. Note that there are
3-4 nominal pige diameters between the elbow and the SCVs for the motor driven
pumps, while there is about | pipe diameter between the elbow and the SCV for the
turbine driven pump.

Under the design basis flow conditions of 465 gpm for the motor driven pumps and 920
gpm for the turbine driven pump, the average approach velocities to the SCVs are
roughly 3 and 4 fuvec, respectively. Under test alignment conditions where the pumps
are on recirculation flow only, the velocities for both type pumps' SCVs are less than
14 f/sec. During startup/shutdown support, when the motor driven pumps are run on a
continuous basis, the motor driven pump SCVs' would see varying flow conditions,
with the bulk of the time on recirculation only, but occasional "batching” flow rates of
165 gpm, which would correspond to a velocity of about 1 ft/sec.

26



3.1.2. Emergency Service Water (ESW) to Motor Driven Pump Suction
Isolation Valves: Ov.l, 2, 3, 4

ESW is m safety grade supply o’ water for the AFW pumps; the Condensate Storage

Tank is the normal supply source, but is non-safety, non-seismic class. The switchover
must occur quickly enough so that the pumps are not damaged or air bound due to loss of
required suction head. At the same time, inadvertent switchovers should be avoided to
prevent the introduction of lake water into the AFW system.

The ESW Supply Valves to the motor driven pumps are nonn(axl)lg closed 8-inch gate
valves with 480 VAC motor operators (LIMITORQU™ SMB-000). The permissives

uired for the valves to open are: a) Low suction pressure sensed by 2/3 pressure
switches in the pump suction header, and b) The associated pump is running. pump
running permissive is provided by pump breaker auxiliary contacts (525/a).

The suction pressure switches for each of the motor driven pumps are ypstream of the
mannal suction isolation valves (locked open valves) and the suction check valve, A main
control board alarm annunciates if any suction pressure switch is "made”. There is no
time delay associated with the alarm. The relays which energize on the 2/3 low suction
pressure logic have a built in 4 second time delay before they provide their part of the
permissive to open the valves.

The open coil for the valve motor is deenergized by limit switch (no torque switch in the
open coil circuit). The close coil circuit includes a torque switch which is bypassed by a
limit switch except for the final 2-3 % of stroke. Thermal overload heaters for the valves
have been removed and replaced with jumpers.

Due to the fact that there are few or no occasions when significant flow is delivered
through the piping sections between the upstream isolation valves and the ESW headers,
the potential for accumulation of Asiatic Clams in the stagnant piping exists. To combat
this potential, the plant provides for chlorination (0.2 to 2.0 ppm) of the piping sections

whenever the intake temperature exceeds 60 °i’. Chlorination on a year round basis is
also required for microbiologically induced corrosion control, provided that chlorine
discharge limits are not cxoe&d.

-Main Control Board handswitches (HS-1/2A and HS-3/4A) with "OPEN", "CLOSE",
and "AUTO" positions (the CLOSE and OPEN positions spring return to AUTO). Note
that MOV-1 and MOV-2 are controlled from a single handswitch, as are MOV-3 and
MOV 4.

-Motor Control Center (MCC) handswitches (HS-1/2C and HS-3/4C) with "OPEN",
"CL%SE". and "AUTO" positions (the CLOSE and OPEN positions spring return to
AUTO).

-Transfer switches at the MCCs with "AUX" and "NOR" Igosmons: (XS8-3/4 and XS-172).
The Main Control Board controls are enabled in “NOR" and the MCC controls are
enabled in "AUX". The automatic transfer circuit is enabled with the transfer switches in
either position.

-Local control panel with "OPEN", "CLOSE", and “"STOP" pushbuttons. These controls
are not affected by the transfer switch position; however, the STOP pushbutton provides
contacts (which are "made” as long as the pushbutton is not depressed) that enable the
valve open and close coil seal-in circuits for Main Control Board or MCC control.
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-Valve position indicating lights at main control board, motor control centers, local control
panel

-Main control board annunciation of low suction pressure condition (1/3 logic). Note that
the alarm that is lit is labeled "PS-3A COND STG TANK HDR TO AUX S PRESS
LOW?". The alarm actually comes in if a low suction pressure condition is sensed by 2/3
instruments for any of the three pumps, including the PS-1, PS-2, or PS-3 set.

-Input to the "TRANSFER SWITCH IN AUX MODE" common annunciator

-Status Monitoring System (a system which provides operators, via control room
monitor, indication of off-normal conditions for a large number of plant components)
inputs: Valve open; No power to valve cperator

ESW to Turbine Driven Pump Suction Isolation Valves: MOV.S, 6,

The ng Supply Valves to the turbine driven 8ump are normally closed 10 inch gate

valves with 480 VAC motor operators (LIMITORQUE SMB-00). The automatic open
permissives are : a) Low suction pressure sensed by 2/3 pressure switches in the pump
suction header. and b) The turbine driven pump is starting.

The pump starting portion of the permissive originates from a T & T valve stem limit
switch which closes when the T & T valve is half open. If a low suction pressure
condition exists after the turbine t=ip and throttle valve has reached the midpoint of its
open stroke, a 5.5 second time delay relay (AAA) energizes. Energization of the AAA
relay, in turn, closes contacts which cause two other relays (BBB and AAB) to energize.
(Note that the AAB relay has another 5.5 second time delay before energization).

The BBB relay causes contacts in the MOV-7 & MOV-§ open coil to close, resulting in
the valves starting to stroke open. If the low suction pressure condition clears in the 5.5
seconds between energization of the BBB relay and the energization of the AAB relay, all
the relays will deenergize, MOV-7 & MOV-8 will continue to open (due to a seal-in for
the open coil), and MOV-5 & MOV-6 will not be affected.

If, however, the low suction pressure condition has not ¢leared within the 5.5 seconds,
the AAB relay will energize, resulting in contact closure which energizes relay CCC,
which in turn causes contacts in the MOV-5 & MOV-6 open coils to close, and the valves
will then stroke open. In addition, the AAB relay closes a contact which energizes rclaz
BBA, which closes contacts in the MOV-7 & MOV-8 glose coil circuit. When the MOV-7
& MOV-8 valves have fully opened, their open coils deenergize, their close coils
energize, and the valves stroke back to the shut position. (A similar auto-closure circuit
does not exist for MOV-5 & MOV-6.)

The intended result of the sequence is that if the low suction pressure condition does not
clear within the 5.5 second period following the start of the opening of MOV-7 & MOV-
8, the MOV-5 & MOV-6 valves will open and the MOV-7 & MOV-8 valves will stroke
back to the shut position, thereby avoiding cross-train connection while providing the
safety grade suction source to the turbine driven pump.

The open coil for each valve motor is deenergized by a limit switch (no torque switch in

the open coil circuit). The close coil circuit includes a torque switch which is bypassed by
a limit switch except for the final 2-3 % of stroke. Thermal overload heaters for the
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valves have been remwoved and replaced with jumpers.

-Main gomrol Board handswitches (HS-7/8A and HS-5/6A) with "OPEN". "CLOSE",
and "AUTO" positions (the CLOSE and OPEN positions spring return to AUTO). Note
%yg)v.s and MOV-6 are controlled from a single handswitch, as are MOV-7 and
-Motor Control Center (MCC) handswitches (HS-7/8C and HS-5/6C) with "OPEN",
"CLOSE", and "AUTO" positions (the CLOSE and OPEN positions spring return to
AUTO).

Transfer switches at the MCCs with "AUX" and "NOR" positions (XS-7/8 and XS-5/6).
The Main Centrol Board controls are enabled in "NOR" and the MCC controls are
enabled in "AUX". The automatic transter circuit is enabled with the transfer switches in
either position.

-Local comm:‘rmi with "OPEN", "CLOSE", and "STOP" pushbuttons. These controls
are not affected by the transfer switch position; however, the STOP pushbutton provides
contacts (which are "made” as long as the pushbutton is not depressed) that enable the
valve open and close coil seal-in circuits for Main Control Board or MCC control.

-Valve position indicating lights at main control board, motor control centers, local contrel
panel

-Main control board annunciation of low suction pressure condition (1/3 logic). Note that
the alarm that is lit is labeled "PS-3A COND STG TANK HDR TO AUX FWPS PRESS
LOW". The alarm actually comes in if & low suction pressure condition is sensed by 2/3
instruments for any of the three ﬁumps. including the PS-1, PS-2, or PS-3 set.

-Input to the "TRANSFER § IN AUX MODE" common annunciator

-Status Monitoring System inputs: Valve open; No power to valve operator

3.1.4. Motor Driven AFW Pumps

»

Each motor driven AFW pump must start in response to automatic or manual start
signals and provide a flow rate of 2 440 gpm to two SGs with the SGs at 1085 psig
(lowest safety valve setpoint pressure plus 2% accumulation). The flow requiement is
based upon accident analysis assumptions.

The motor driven AFW pumps are Ingersoll-Rand nine stage (3HMTA-9) pumps which
are provided with three-phase, 6600 volt, 500 hp motors.

The motor breaker closes on the fodowing signals:

-Safety Injection (SI)

-Low-Low Le ¢l in one SG

-Trip of either Main Feed Pump at > 80% power

-Trip of both Main Feed Pumps (at any power)

-"Station Blackout" (§8)

-Manual (from the main control board, the pump breaker cubicle, or a local panel)
-Anticipated Transient Without Scram Mitigating System Actuation Circuit (AMSAC)

If proper supply bus voltage is available when an automatic start signal occurs, the AFW
pumps will be immediately started. There is a sequencing time delay built into the SB
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start signal, which is actually not initiated by a "Station Blackout" (total loss of on-site

AC power), but rather by a te ry emergency bus undervoltage condition
(commonly referred to as loss of offsite power) In order for the pumps to start, the
undervoltage condition must first exist (for at least five seconds), and then clear (when
the diesel gencrator output breaker is closed). There is a time delay of approximately 30
seconds from underveltage condition initiati n until pump starting in the SB portion of
the AFW pump starting circuit. The 30 seconds consists of about 10 seconds for the
associated emergency diesel-generator to achieve rated speed and reenergize the

emergency bus plus a 20 time delay in the AFW pump breaker closing circuit as
a part of diesel loac sequencing. Should an §1 signal occur during the 20 seconds
associated with the timers, the timin uence will be reinitiated (the other

automatic start signals, such as Low-Low SG level, do not affect load sequencing).

It should be noted that either an SI start signal or an SB signal blocks the signals related
to Low-Low SG level and Main Feed Pump mr. In the event that control has been
switched from the Main Control Board to auxiliary control (6.9 kV switchgear), all
automatic start signals, except for SB, are disabled.

In the event that an AFW pump is running (due to either a manual or automatic start
signal) at the time that an undervoltage condition occurs, the pump 1s tripped, and then
subsequently automatically sequenced on to the emergency bus, as described above.
During the time period while an undervoltage condition exists on the emergency bus,
manual pump start is blocked; however, once the bus is reenergized, manual start
capability is restored.

The pump motors are provided with electrical fault protection by time and instantaneous
overcurrent relays, as well as neutral overcurrent relays.

Minimum flow protection is provided by a recirculation line with a flow restricting
orifice. The design flow through the recirculation line is 25 gpm (per pump). Reference
flows (for pump inservice testing) are 34.2 and 31.5 gpm for the A and B pump,
respectively.

Design runout protection for each pump is provided by a cavitatin% venturi. The venturi
is tized to limit flow through it to 650 gpm (limiting total pump {low to approximately
675 gpm, including recirculation flow).

Based on pump and system head curves (from design calculations), the motor driven
pumps are capable of delivering 462 gpm to the SGs with the SGs at 1085 psig (Noie
that thie 462 gpm to the SGs includes an allowance for 25 gpm recirculation flow).
Thus, the pumps have a 5% nominal design flow margin relative to safety analysis
requirements.

Pump NPSH protection is offered by an automatic switchover from the normal suciion
source, the Condensate Storage Tank, which is a non-safety, non-seismic source, to the
safety grade, seismically qualified Emergency Service Water System. The automatic
transfer scheme requires that a low suction pressure condition (2 psig) be detected by
2/3 pressure switches, and that the associated pump be running (as indicated by the
closure of pump breaker auxiliary contacts 525/a). There is a 4 second time delay built
into the automatic transfer circuit to avoid spurious transfer. The valves that are
automatically opened for the suction transfer are 480 VAC motor operated valves which
are powered off of the same train as the associated pump.

The pump motor includes auxiliary breaker contacts which provide inputs to various
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indication and control functions:

-Each of the associated motor driven pump level control and bypass level control valve
circuits have two sets of contacts that are affected. One set opens on pump start (525/b)
to deenergize the level control valve solenoid, thereby allowing the valve to modulate;
the other set closes on pump start (525/a) to provide a portion of the logic necessary to
accomplish the automatic transfer from level control valve control to bypass level control
valve control (the other portion of the logic is made up by a pressure switch).

-An auxiliary contact (525/b) opens on pump start to provide a closure signal to the SG
blowdown isolation valves

-Each alternate suction supply isolation valve open circuit has a pump motor auxiliary
contact which closes on pump start (525/a) to provide a portion of the logic necessary to
accomplish the automatic opening of the valve (the other portion of the logic is made up
by operation of 2/3 of the associated suction pressure switches).

-An auxiliary contact opens ¢n pump start (525/b) to deenergize a relay (1X) which in
turn blocks a continuing closure signal to the breaker.

-Pump status lights and monitoring system inputs receive inputs from other auxiliary
contacts.

The Main Control Board control switches for the AFW motor driven pumps have the
following positions:

START (With spring return to AUTO)

STU(%%(With spring return to AUTO)

A

PULL TO LOCK

Pump start and stop controls are also provided at the pump motor switchgear cubicle and
at a local control panel. A transfer switch is provided at the switchgear cubicle to allow
transfer from Main Control Board control to auxiliary control. With the transfer switch
in the Normal position, the pump control at the Main Control Board is enabled; in the
Auxiliary position, control at the pump switchgear cubicle is enabled. The local control
panel controls are always enabled, regardless of transfer switch position.

-Motor ammeiers located at Main Control Board and at motor switchgear cubicle
-Overcurrent Annunciator

-Puml;e) motor breaker indicating lights at Main Control Board and motor switchgear
cubicle:

Green: Breaker open (Pump off)

Red: Breaker closed (Pump running)

-White light at Main Control Board to indicate either an overcurrent condition or motor
starting lockout logic failure

-Input to the "TRANSFER SWITCH IN AUX MODE" common annunciator

-Pump discharge pressure

-Individual SG header flow (note that the flow being monitored includes flow from the
turbine driven pump, but is labeled as "MOTOR AFWP FLLOW")

-Status Monitoring System inputs: Pump "RUNNING", Pump handswitch in "PULL
TO LOCK", Pump "PWR OFF" (Indicates no conzrol power to pump breaker or breaker
in racked out position)
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3.1.5. Turbine Driven AFW Pump

The Turbine Driven (TD) AFW pump provides a diverse means of delivering AFW to the
SGs with no reliance on AC power (with the exception of 120 VAC instrument busses
which are energized by DC busses through an inverter). The turbine is started by opening
of the Trip and Throttle (T&T) valve, which occurs in response to several automatic

signals:

-Safety Injection *

-Station Blackout Signal (from two relays on either Train A or Train B)*

-Lo-Lo £*eam Generator Level in 2/4 St2am Generators *

-Trip of beth Main Feed Pumps at any power level

-Trip of either Main Feed Pump at > power

-Anticipated Transient Without Scram Mitigating System Actuation Circuit (AMSAC)

*Safety Related start signals

The turbine driven AFW pump is an Ingersoll-Rand five stage (3HMTA-5) pump which
is driven by a non-condensing turbine (Terry Turbine, type GS-2) at a nominal operating
speed of 3970 RPM. Included as an integral part of the wrbine drive are the motor
operated T&T valve, a hydraulic governor valve and associated governor control
circuitry.

The T&T valve can be used, as its name implies, for both throttling and overspeed
protection purposes. However, it is not normally used for throttling.

The T&T valve automatically closes for the following conditions:

-Electronic Overspeed Trip (4300 RPM)

-Mechanical Overs Trip (4900 RPM)

-Failure of the turbine driven pump to develop 100 psig discharge pressure within 60
seconds after the T&T valve opens. This closure is provided to allow automatic transfer
of the steam supply source from Steam Generator A (normal source) to Steam Generator
D (alternate source).

The overspeed tripping not only protects the turbine itself, but provides inherent pump
runout and discharge piping overpressurization protection as well. Both the electronic
and mechanical overspeed trips arz accomplished by unlatching the T&T valve from its
operator. In the case of the electronic overspeed trip, the motor operator automatically
drives to the closed position following the trip and relatches the valve. If the open signal
is still present, the valve will automatically reopen. For the mechanical overspeed trip, the
valve motor will also automatically drive shut following the trip, but local masnual reset of
the mechanical trip lever is required before the valve can be reopened. Both the electronic
and the mechanical overspeed trips are annunciated in the main control room.

In the event that the turbine driven pump fails to develop 100 psig discharge pressure
within 60 seconds after the T&T valve begins to open, an automatic transfer of steam
supply source occurs. The sequence involves driving the T&T valve shut, closing the
normal steam supply valve (MOV-11), opening the alternaie steam supply valve (MOV-
12), and then reopening the T&T valve. This entire sequence 1s accomplished
automatically. See the discussion for MOV-11 and MOV-12 for further details of the
automatic steam supply iransfer.

The thermal overload switches for the T&T valve motor operator are bypassed if any
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automauc open signal is present (note that the switches are bypassed in both the open and
close direction, as long as one of the automatic open signals is present).

The torque switch in the open direction is bypassed for the full stroke for all automaric
and manual open strokes. The torque switch in the closed direction is bypassed except
for the final 2-3% percent of stroke.

TXT valve stem limit switches ide control and indication inputs to several support
functions associated with the system:

-Enable the ramping function of the governor valve control circuit

-Provide a start signal to the turbine driven pump room ventilation fan

-Start the 60 second timer for the automatic steam supply transfer circuit

-Enable the automatic closure feature for the valve's motor operator in the event of an
ov trip

-Provide close signal Steam Generator Blowdown isolation valves

-Provide a permissive signal to allow opening of the ERCW isolation valves in the event
of low suction

-Local and main control board indication of valve position

Turbine speed is normally controlled by the turbine governor valve (GV). The governor
valve is a 3-inch hydraulically operated plug valve with a Woodward EG governor
(Figure 3.4.A provides a simplified schematic of the governor valve control
configuration). Varying hydraulic pressure is exerted on the governor valve remoie servo
piston by the governor's hydraulic actuator. Oil Fressure for the actuator is developed by
an internal gear driven pump, which is driven off of the turbine shaft (the turbine lube oil
pump, which is also shaft driven, supplies oil to the governor actuator). The oil pressure
delivered by the actuator to the remote servo is controlled by an electrical input signal 1o
the actuator which comes from the governor's electric control box.

During steady state operation of the turbine, there are three summed signals that make up
the net signal delivered to the actuator: 1) a motor operated potentiometer provides a
minimum control setpoint (positive input); 2) a ramp generator/signal converter (RGSC)
provides a positive input signal which is based upon pump discharge flow; and 3) a
negative feedback signal from a turbine speed sensor. The RGSC also provides a
mechanism for contiolled ascension from idle to normal operating speed by varying its
portion of the input. The initial signal output is an idle speed signa! As the T&T valve
opens, a limit switch initiates a ramp signal which gradually increases the RGSC output
over roughly a 15 second period, allowing the turbine speed to increcse accordingly
until it can be controlled by the steady state signa's (see Figure 3.4.B).

The RGSC has an internal low signal selector which results in its output being based
upon the lesser of the ramp signal or the flow signal, which is an input to the RGSC.
Thus, during startup, the ramp signal increases to the point where it exceeds the flow
based signal, and from that point on, the three steady state signals noted above are
controlling. The general process 2s5sociated with turbine startup from standby to normal
operating speed is explained below.

In standby conditions, the GV is normally held in the full open position by springs in
the servo-piston/GV linkage. There is no hydraulic pressure, since the source of
hydraulic pressure originates from the oil pump, which is driven off of the turbine shaft.
When the trip and throttle (T&T) valve begins opening, the turbine begins to roll, and
the shaft driven oil pump is able to develop discharge pressure. Since the governor
valve repositioning from full opex to the control position depends upon the developmeant
of the discharge pressure, there is an associated initial lag in speed control development.
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This can be seen in Figure 3.4.B. Initially turbine speed increases rapidly until the ,'

Lovemor valve actuator develops ure and starts to close the valve in response to the
w positive demand signal associated with the idle speed signal in conjunction with the
npi&? increasing negative feedback from turbine speed (Section "A” of Figure 3.4.B).
As the governor valve closes, the increase is halted and speed is reduced to the
idle speed (Section C). As the T&T valve continues to open, the ramp is initiated by a
stemn actuated limit switch, and the RGSC output signai gradually increases (Section D,
to the point where the steady state speed associated with balanced flow and speed
signals is reached (Section E).

Normally, turbine speed will be controlled automatically, as described above, following
an automatic turbine start. However, turbine speed, and hence total pump flow can be
manually controlled by use of a controller at the Main Control Bo;rJ (MCB). In order
for the controller to be used in manual following an automatic start, the MCB control
switch must initially be transferred to an "Accideat Reset” position, and then pulled to its
manual position. It can then be turned to either increase or decrease the signal being sent
from the fiow controller to the turbine speed control circuit.

An exception 1o the switch to manual control occurs in the case of automatic pump stan
apon the loss of either main feed t{’mp with the plant at greater than 80% power. rn this
case, the turbine driven pump flow control cannot be put in manual (the "Accident
Resut” relay is nulled by an open contact in the controller input). However, the open
contacts reclose once plant power has decreased to less than 75%, restoring the
"Accident Reset” bility. Note that the 80% and 75% puwer relaied actions depend
upon non-safety related equipment (such as non-safety pressure sensors, electrical
contacts, and power supply).

The pump design nominal caﬁcity is 880 gpm, 2600 ft. total developed head with the
turbine operating at 3970 RPM and the steam generators at 1085 psig. As pressure in
the steam generators is reduced, the turbine driven pump capability decreases until the
nominal design capacity is 525 gpm, 325 ft. total developed head with the steam supply
source at 125 psig, with turbine speed at 2200 rpm. The flows cited do not include
minimum recirculation line flow, which is nominally 40 gpm. It should be noted that
manual speed control 1s iequired as steam supply pressure is reduced.

Pump NPSH nrotection is offered by an automatic switchover from the normal suction
source, the Condensate Storage Tank, which is a non-safety, non-seismic source, to the
safety grade, seismically qualified Emergency Service Water System. The automatic
transfer scheme requires that a low suction pressure condition exist (13.9 psig on 2/3
pressure switches), and that the T&T valve has reached at least the half-open point of its
stroke . There is a 5.5 second time delay built into the automatic transfer circuit to avoid
spurious transfer. See the discussion for MOV-S, 6, 7, and 8 for further cetails of the
automatic suction source transfer.

-Main Control Board vaive control handswitch with "CLOSE", "OPEN", and "NOR"
(Normal), with a spring return to "NOR". With the switch in "NOR", this switch has
no impact on the valve automatic functioi..

-Main Control Board valve trip pushbutton with "“TRIP" and "NOR" (Normal)
positions, with spring return to "NOR". Depressing the pushbutton has the same effect
as an electronic overspeed trip.

-Main Control Board Controller for turbine driven purnp speed/flow control with both
Manual and Auto positions (in for Manual, out for Auto). In Manual, turbine speed
(and hence pump flow) can be raised or lowered. Accident Reset positions are provided




1o aliow resumption of manual control following an automatic start of the turbine.
-Transfer switch located at a local control panel with "AUX" and "NOR" positions,
which allows transfer of T&T valve control to local. It should be noted that with the
¢ontrol transferred to local, all of the valve automatic open functions, as well as the
electronic overspeed trip are blocked.

-Pusaburtons at local control panel 1o "OPEN", "CLOSE", and "TRIP" the T&T valve
(these pushbuttons are only enabled if the transfer switch is in the "AUX" position).
-There is another local control pushbutton, labeled "STOP" which can be used 10
interrupt T&T valve stroking at any point in the open or close stroke. When this
Pushbunon is in the normal, released position, it provides contacts which must be
‘made" for any or close strokes to occui,

-Motor Operated tiometer located near the turbine driven pump which allows some
control over turbine speed. This control would normaliy only be used in setting the
governor minimum control setpoint.

3153 Indication/Al

3.1.6.

-T& valve position indicating lights at main coniro! board and local controls
-Annunciator for electronic overspeed trip

-Annunciator for mechanical overspeed trip

-Status Monitoring System signal for: T&T Valve open; No power to T&T Valve; No
power to speed control (this would also indicate no power to automatic suction source
transfer relays)

-Turbine driven pump flow controller MANUAL/AUTO indicating lights at main control
board

-Turbine driven pump flow indication at main control board and at local controls
-Reference minimum contrel speed (from Motor Operated Potentiometer input to turbine
s control circuit) at main control board and at local controls

-Turbine speed indication at main control board and at local cor-rols

-Indicating light at Auxiliary Con ol Room panel for the AMSAC test circuit

Pump Miniflow Check Valves (MCV): C.6, C-8, C-10

The MCVs are l-llz inch swing check valves that open on pump start to allow a portion

of the pump discharge flow to be recirculated to the Condensate Storage Tank. The check
valves provide train separation for the three pump recirculation lines (the recirculation
lines join to form a common recirculation header).

Nominal flow rates for the motor and turbine driven pumps are 25 gpm and 40 gpm,
respectively, with flow being primarily limited by breakdown orifices in each recirculation
line. At these flow rates, the av.rage flow velocities are about 6 ft/sec for C-6 and C-8
and 9 ft/sec for C-10.

It should be ncied that the flow rates provided by the minimum flow lines are
substantially less than the continuous flow currently specified by the pump vendor for the
pumps (for example, the current specified continuous minimum flow rate for the motor
driven pumps is 170 gpm). As is the case for AFW systems at most operating plants, the
minimum flow rates allowed by the recirculation orifices are sufficient to prevent
overheating, but not sufficient to provide protection against pump degradation from low
flow operation.



3.1.7. Common Miniflow Check Valves (CMCV): C-1, C.2

The ccﬁ@v: are 3 inch swing check valves that must open on pump start to allow a

pgéu'lg)n of the pump discharge flow to be recirculated to the Condensate Storage Tanks
( :

Under most AFW test or oz)ecnting conditions, the CMCVs see extremely low flow
rates, with average flow velocities of about 0.6 fusec. Even under the maximurr, test
conditions (associated with “full” stroking of the CMCVs), the flow velocities would be
less than § ft/sec.

3.1.8. Pump Discharge Check Valves (DCV): C.7, C.9, C-11

The DCVs are 6-inch swing check valves which are normally closed in standby

condition. The DCV opens on associated pump start to allow pump discharge flow to
proceed through the flowpaths to the SGs. The DCV for & particular pump, along with
an additional check valve in the pump discharge flowpath (level control valve check
valve), prevents flow reversal from another pamp in the event a pump fails to start. The
DCVs also prevent, along with other check valves and the normally closed ievel control
valves, backleakage from main feedwater during normal operation.

The layout of the discharge check valves is shown in Figure 3.3. At design flow rates

(440 gpm for the motor driven pumps and 880 gpm for the turbine driven pump), the

Evmge velocities at the check valves are about © ftsec for C-7 and C-9 and 11 fusec for
<11,

3.1.9. Motor Driven AFW Pump Level Control Valves (MDLCV): LCV.
1/1A, LCV-3/3A, LCV.5/5A, LCV.77A

*Note: Valves with the "A" suffix to the number will be referred to as "BMDLCV"
(bypass MDLCYV)

The MDECV'S and the BMDLC%'s are normally closed, with contro!s in "AUTO" in

standby condition, and open/modulate following associated pump start. Steam
Generator level of 33% is automatically maintained by the air operated valves,

If a pressure of less than 400 psia downstream of the valves is sensed with the
associated pump running, an automatic transfer from the MDLCV's to the BMDLCV's
is initiated. The purpose of the transfer from the 4-inch MDLCV's to the 2-inch
BMDLCV's is to prevent excessive pressure drop across the 4-inch valves.

In addition to responding automatically to allow flow to intact SG's following an AFW
actuation signal, the operator must be able to regain manual control of the MDLCV's and
BMDLCV's following certain design basis accidents (Feediine or Steamline Breaks).
This is necessary to ensure that intact SG's can be fed as well as limiting the extent of
containment pressurization and Reactor Coolant System Cooldown.

The normally closed MDLCV's fail open on loss of air or control signal power. On loss
of solenoid power, the valves modulate, based upon control signal input. Associated
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breaker auxiliary contacts (525/b) open when the pump starts and deenergize the
K«"gfcv solenoids, allowing the valves to modulate.

The normally closed BMDLCV's fzil closed on loss of air or solenoid power. On a loss
of control signal, the BMDLCV's will go full open (if solenoid energized) or full closed
(if solenoid ized). The automatic transfer from the MDLCV's to the BMDLCV's
occurs if a pressure of less than 400 psia downstream of the valves exists (low pressure
condition must exist for 15 seconds to enable the automatic transfer).

Steam Generator level can be manually controlled after any accident signal by taking the
valve's handswitch first to "Accident i{eset and then to "Manual" or "Manual Bypass”.
In "Manual", the MDLCYV position can be manually controlled from the control room.
In "Manual Bypass", the MDLCV's will be closed, but the BMDLCV's will modulate in
response to manual adjustment from the control room.

An exception to the switch to manual control occurs in the case of automatic pump start
upon the loss of either main feed pump with the plant at greater than 80% power. In this
case, the MDLCV's cannot be put in manual (the "Accident Reset” relay is nulled by
open contacts in the controller input);, however, the switch to "Manual Bypass” can be
made with the result of the MDLCV going closed and the BMDLCYV responding to
manual adjustment from the control room. In addition, the open contacts reclose once
plant power has decreased 0 less than 75%, restoring the "Accident Reset" capability.
Note that the 80% and 75% power related actions depend upon non-safety related
equipment (such as non-safety pressure sensors, electrical contacts, and power supply).

-Main Control Board switches for the MDLCV's and BMDLCV's (HS-1A, 3A, 5A,
7A) are dual switch sets. The upper switch has the following positions: "MANUAL",
"MANUAL BYPASS", and "AUTO (DEPRESS FOR ACC RESET)". The switch
depression for accident reset has a spring return to "AUTO".

The lower switch, which is enabled when the upper switch is in "MANUAL" or
"MANUAL BYPASS" only, has "RAMP OPEN" and "RAMP CLOSE" positions, with
Spring retumn to center.

-Transfer switches for each valve set are located at the Auxiliary Control Panel (ACP).
Transferring to the ACP has the same effect on the controller as an accident signal, in
that the controller will switch from manual to automatic level control.

-A Level Indicating Controller (LIC-1, 3, §, 7) is provided for each valve set at the
ACP. It is via thege controllers that the automatic level control setpoint is established.

L Indication/A]
-Valve position indicating lights (for both MDLCV's and BMDLCV's) at main control
hoard

-Valve controller MANUAL or AUTO indicating lights at main control board

-Loop level indication at main control board

-Hign and low SG level alarms at main control board

-Input to the "TRANSFER SWITCH IN AUX MODE" common annunciator

-Status Monitoring System input to indicate that solenoids are deenergized, allowing
MDLCV's to modulate.
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:.1.10. Turbine Driven Pump Level Control Valves (TDLCV): LCV.2, 4, 6,

The TDLCV's, which are normally closed 3-inch globe valves with controls in
"AUTO", open/modulate following pump start. Steam Generator level of 33% is
autoriatically maintained by the air operated valves. Individual TDLCV's automatically
close if a pipe break downstream of the pertinent valve is sensed. During normal
operation, the TDLCV's, along with in-series check valves, prevent backleakage of
main feedwater into the AFW,

The normally closed TDLCV's fail closed on loss of air or contre! signal power. An
accumulator is provided to allow valve modulation in the event of loss of contro! air. On
loss of solenoif‘fwer. the valves modulate, based upon control signal input. The
TDLCYV solenoids are deenergized when turbine driven pum dischnte glressute. as
sensed by pressure switches PS-10 (for LCV-6 and 8) and PS-11 (for LCV-4 and 2),
reaches 100 psig.

In order to pr-vide pipe break protection, two pressure switches are located downstream
of each TDL V (e.g. PS-18 & 19 for LCV-2). If either of the two pressure switches
closes (setpo nt = 100 psia), the associated TDLCV's solenoid will be energized,
resulting in vaive closure. Note that a 30 second time delay, beginning with initial
solenoid deenergization, is built into the auto-closure circuit. If the TDLCV
handswitches are in manual prior to an automatic pump start, the controllers will
automatically transfer from manual to automatic. Steam Generator level can be manually
controlled after any accident signal by taking the valve's handswitch first 1o "Accident
Reset”, and then to "Manual".

An exception to the switch to manual control occurs in the case of automatic pump stan
upon loss of :ither main feed pump with the plant at greater than 80% power. In this
case, the TDLCV's cannot be put in manual (the "Accident Reset” relay is nulled by
open contacts in the controller input). However, once plant power has decreased to less
than 75%, the open contacts reclose, allowing restoration of the "Accident Reset”
function and the subsequent transfer tc manual. Note that the 80% and 75% power
related actions depend upon non-safety related equipment (such as non-safety pressure
sensors, electrical contacts, and power supply).

-Main Control Board switches for the TDLCV's (HS-2A, 4A, 6A, and 8A) are dual
switch sets. The upper switch has the following positions: "MANUAL" and "AUTO
(DEPRESS FOR ACC RESET)". The switch depression for accident reset has a spring
return to "AUTO".

‘1 he lower switch, which is enabled when the upper switch is in "MANUAL" only, has
"RAMP OPEN" and "RAMP CLOSE" positions, with spring return to center.

-Transfer switches for each valve are located at the Auxiliary Control Panel (ACP).
Transferring to the ACP has the same effect on the controlier as an accident signal, in
that the controller will switch from manual to automatc level control.

-Level Indicating Controllers (LIC-2, 4, 6, and 8) are provided for each valve set at a
local control panel, located just outside of the turbine driven pump room. It is via these
controllers that the automatic level control setpoint is established.

3
-Valve position indicating lights at main control board
-Valve controller MANUAL or AUTO indicating lights at main control board
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-Pipe break detection indication at main control board

- level indication at main control board

-High and low SG level alarms at main control board

-Input to the "TRANSFER SWITCH IN AUX MODE" common annunciator

-Input to Status Monitoring System to indicate that solenoids are deenergized, allowing
valves 10 modulate

371:31 l;.evel Control Valve Check Valves (LCVCV): C-12, 13, 14, 15, 16,

The &EEEs are 4-inch swing cgk valves that open to allow pump discharge flow 10

reach the SGs. The LCVCVs , along with pump discharge check valves, prevent flow
reversal from another pump in the event a pump fails to start. The LCVCVs also
g:evem, along with the level control valves and the pump discharge check valves,
ckleakage from hot, pressurized main feedwater during normal operation. The
LCVCVs form a pipe class boundary consistent with the latter function; ngiping
downstream of the LCVCVs has design pressure and temperature ratings of 1085 psig
and 600 degrees F, while piping upstream of the LCVCVs is rated at 1650 psig and 12

degrees F.

Under design basis flow (220 gpm) conditions, the average velocity in the 4-inch piping
at the LCVCYV is approximately 6 fisec. At the "batching” flow rate used in support of
shutdown/startup evolutions of 75 gpm, the velocity is approxima ely 2 f/sec.

The turbine driven pump LCVCVs are located in a run of piping and valves which
would greatly contribute to flow turbulence in the vicinity. A simplified schematic of the
layout (not to scale) is shown in Figure 3.5. As can be seen, the LCVCV is located
immediately downstream of the LCV, and there are 90 degree elbows in close proximity
to isolation valves located just upstream and downstream.

The motor driven LCVCVs are not symmetric in arrangement. The "A" and "B" motor
driven pump LCVCVs are arranged as indicated in Figure 3.6. As can be seen in the
Figure, the "A" pump LCVCVs would be subject to more turbulence due to the elbow
located just (approximately a foot) upstream.

3.1.12. Steam Generator B and C AFW to Main Feed Check Vaives (MFCV):
C-21, C.22, C.24, and C-2§

The MFCVs open 10 allow pump discharge flow to reach the SGs. The MFCVs (along
with the level control valves, level control valve check valves, and the purap discharge
check valves) prevent backleakage from hot, pressurized main reedwater during normal
operation. The MFCVs are located inside containment. There are nc comparable
valves in the AFW 1o SG A and D Main Feed lines (the AFW to Main Feed connection
for these SGs is outside of containment).

The MFCVs are 4-inch swing check valves. Under desigr basis flow (220 gpm)
conditions, the average velocity in the 4-inch piping at the MFCVs is approximately 6
ftsec. At the "batching"” flow rate used in support of shutdown, startup evolutions of 75
ﬂ:m per SG, the velocity is approximately 2 ft/sec. The piping arrangement for the

FCVs is depicted in Figure 3.7. The upstream MFCV is located immediately
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downstream of an elbow, and the second MFCV is located approximately 4 inches '
downstream.

3.1.13. Main Feedwater Check Valves (FWCVY:: C.20, 23, 26, and 27

2 g :
The F\\%es must close in the event of loss of main feedwater flow 10 ensure that

adequate AFW flow is delivered to the steam generators.

The FWCVs are 16-inch swing check valves. The normal, full power flow condition
for each FWCV is almost gpm, with an average velocity of about 18 f/sec. This
velocity should be sufficient to maintain the FWCVs in the fully open position, and
avoid fluttering, as long as the plant is operated at full power conditions.

3.1.14. Feedwater lsolation Valves (FWIVs): FWIV.], 2, 3, 4

The ';%!5:. which are normally 10 allow ‘rassagc of feedwater to the SGs, close
§:

automaticaily in response to the following sign
-An{{‘lsafe(y Injection signal
-Hi-Hi Level (on 2/3 channels) in the serviced SG
-Reactor Trip and Low Tavg (2/4 channels)

From the standpoint of the AFW System, the principal purpose of the FWIVs is, along
with check valves located downstream of the FWIVs, 10 provide an isolation between
the AFW connections to the main feed lines and the non-safety portion of the Main
Feedwater System, thereby assuring that auxiliary feedwater is delivered 1o the SGs.

The FWIVs are 16-inch gate valves with 480 VAC motor operators (LIMITORQUE SB-
4). The thermal overload heaters for the FWIVs have been replaced with jumpers.
Motor deenergization during a close stroke, whether initiated manually or automatically,
1s accomplished by opening of an "ac” limit switch. Motor deenergization during the
open stroke (note that all open strokes are manually initiated) 1s accomplished by
g&e}ning of a "bo" limit switch. There are no torque switches incorporated into the

IV control circuits. There is also no thermal overload protection provided for the
FWIVs, since the thermal overload heaters have been removed and replaced with
jumpers.

It should be noted that the FWIVs do not close automatically for all AFW automatic start
signals (for instance, low-low SG level or blackout). In fact, the automatic closure
signals are oriented toward avoiding excessive cooldown rates or overfilling of the SGs
rather than to support the AFW System functions.

3114 ‘
The main control board switches for the FWIVs have "OPEN", "CLOSE", and "AUTO"

positions. Both the "OPEN" and "CLOSE" positions are spring return to "AUTO".

Transfer and OPEN/CLOSE control switches are also provided at the motor control
centers.
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bdve position indicating lights at main control board and motor control centers.

<Input 10 the "TRAN WITCH IN AUX MODE" common annunciator
-Status Monitoring System inputs: Valve closed; No power to valve operator.

3.1.15. SG Blowdown lIsolation Valves (BDIVs): BDV.1, 2, 3, 4

One BDN 15 located in each sS‘wm\ %enemor (SG) blowdown line, outside of

containment. The BDIVs must close in response to start of any AFW pump in order to

ensure that the AFW flow delivered 1o the SGs can be converted to steam and released
through the Main Steam Safeties or PORVs (instead of being drained off as liquid
;hrou_gh the blowdown lines), thereby accomplishing the intended heat removal
unction.

The BDIVs are 2-inch air operated angie valves which fail closed on loss of air or
solenoid power and close automatically in response to start of AFW pumps. The BDIVs
are train oriented. The BDIVs from SGs A and C close on the start of the B motor
driven or the turbine driven AFW pump, and the BDIVs from SGs B and D close on the
start of the A motor driven or the turbine driven AFW pump. The pump start indications
used by the control circuitry for the BDIVs are:

Motor driven pumps: 525/b pump breaker auxiiiary contacts

Turbine driven pump: T&T valve stem actuated limit switch (be position).

The BDIVs also receive a close signal on a Containment Phase A Isolation (the only
automatic Phase A Isolation comes from a Safety Injection signal). It should be noted
that each BDIV is in series with another blowdown isolation valve (e.g., BDV-1A is in
series with BDV-1, where BDV-1A is located inside of containment and BDV-1 is
outside). The inside containment blowdown isolation valves receive an automatic
closure signal on Phase A Isolation, but not on AFW pump start. In order to provide
for a sing.e failure proof design, from the containment isolation standpoint, the inside
and outside valves receive their closure signals and solenoid power from different trains;
for example, BDV-1 receives its Phase A Isolation signal from the B train of the Solid
State Protection System, while BDV- 1A receives its signal from train A.

There are a couple of noteworthy design features associated with the BDIVs. As noted
above, the BDIVs from SGs A and C close on the start of the B motor driven AFW
pump (or the turbine driven pump). However, the B motor driven pump feeds 5Gs C
and D. Similarly, the BDIVs from SGs B and D close on start of the A motor driven
pump, which feeds SGs A and B. A second notable feature is that while there is valve
redundancy provided in the SG Blowdown Isolation S{stcm. from a Containment Phase
A Isolation standpoint, there is no yalve redundancy from the standpoint of closure on
AFW starting. There is redundancy, from a closure signal standpoint, since each BDIV
receives a closure signal from both the start of a motor driven AFW pump as well as the
turbine driven pump (which in turn receives start signals from both trains).

The control switches for the BDIVs are ganged switches, with a single handswitch
controlling both BDV-1 and BDV-1A. Individual transfer switches are provided for
each valve (including separate switches for the inside containment valves) in the
Auxiliary Control Room. Repositioning the transfer switches from "NOR" (Main
Control Board Control) to "AUX" results in deenergization of the valve solenoid,
thereby closing the valve. There is no other control switch for the BDIVs.
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The BDIVs can be reopened frum the Main Control Board by the operator following
closure in response to an AFW pump start (even if the AFW pump is still running) bﬁ
taking the handswitch to the open position (and holding it in the open position untl fu
open).

M%Wugm at main control board.

-Input to the "“TRAN WITCH IN AUX MODE" common annunciator

3.1.16. AFW Turbine Steam Supply Valves: MCV.11, MOV-12

#; A?-% turbire 1s supplied with a normal steam supply source, SG A, via normaily

open MOV-11. In the event that SG A is unavailable to <upply steam to the turbine (for
example in the event of a feedline break to SG A), an alternate steam supply is
automatically provided from $G D, via normally closed MOV-12.

The steam supply valves (58Vs) are 4-inch gate valves. They are ec};zip'ped with 480 1
VAC motor operators (LIMITORQUE SMB-(00) which are powered off of two separate ‘
safety related busses. ‘

|

In the event that the turbine driven AFW pumip discharge pressure has not reached 100

gsia within 60 seconds after the T&T valve has begun to open, the control circuit for the
SVs is designed to automatically transfer steara supply sources for the turbine (See

Figure 3.8). 'hcn: are three permissives necessary for the transfer to initiate:

1. The T&T valve has started to open (note that this portion of the permissive seals in

until either the required pump discharge pressure is reached or until MOV-12 is full

open)

2. MOV-12 is not full open ("bo" contacts are closed)

?bo'l’he_turbine driven pump discharge pressure, as sensed by PS-10, has not reached

psia.

If these permissives are met for 60 seconds, a relay energizes which causes the 7~ T
valve to reclose and MOV-11 to close. Once MOV-11 is closed, MOV-12 will stars to
open. The T&T valve will start to reopen as soon as it has closed. 1f MOV-12 reaches
full open before the T&T valve, both valves will siay open. However, if the T&T valve
reaches full open before MOV-12, it will cycle closed and open again (and will continue
to cycle closedsopen until MOV-12 is full open).

MOV-11 motor operator rotor actuated limit switches are used for the following
purposes in MOV-12:

-"b¢" contacts grovide the permissive to allow the MOV-12 open coil to energize in
conjunction with the automatic steam supply transfer

-"ac” contacts cause MOV-12 to close if it is opened with MOV-11 not closed

Both valves have seal-in circuits for their upen and close coils.

The SSVs include thermal overload contacts, which are not bypassed, in both the open
and close coil circuits. The open coil for each valve motor is deenergized by a limit
switch (no torque switches are provided in the open coil circuits). The close coil circuit
inchidcs a torque switch which is bypassed by a limit switch except for the final 2-3% of
stroke.




\ ™
-hain gonmol Board valve handswitches (HS-11A and HS-12A) with "CLOSE",
"OPEN", and "AUTO". Both "CLOSE" and "OPEN" are spring return to "AUTO".
-Motor Conrrol Center (MCC) Open/Close switches (HS-11C and HS-12C)
-Transfer switches located at the MCCs, with "NOR" and "AUX" positions (XS-11 and
XS$-12). In "NOR", the Main Control Board controls are enabled, and in "AUX", the
MCC switches are enabled. The automatic functions of the valves are enabled with the
transfer switches in either position.

-Valve position indicating lights at main control board and motor control center -Input to
the "TRANSFER SW]'I&'I N AUX MODE" common annunciator
-Status Monitoring System inputs: Valve closed; No power to valve operator

3.1.17. AFW Turbine Steam Supply lsciation Valves: MOV.9, MOV.1(

3 : .
The steam supply isolation valves (Sgle) provide automatic isolation of the common

steam supply header from the AFW turbine in the event that a high temperature condition
(148°F) is detected in the t.rbine driven pump room.

The SSIVs are 4-inch gate valves. They are e:}uipped with 480 VAC motor ogerators
(LIMITORQUE SMR-00) which are powered off of two separate safety related busses.

When a high temperature condiv.on is sensed , the close coil is energized to drive the
vilve shut. There are two temperature switches which are wired in series that must
sense a high temperature condition in order for a valve to ciose (there are .wo
temnpérature switches dedicated to each valve).

The 351Vs include thermal overload contacts, which are not bypassed, in both the oper.
and close coil circuits. The open coil for each valve motor 1s deenergized by a limit
switch (no torque switches are provided in the open coil circuits). The ¢lose coil circuit
ir}cludis a torque switch which is bypassed by a limit switch except for the final 2-3 %
of stroke.

-Main Control Board and Motor Control Center (MCC) valve handswitches (HS-9 and
HE-10), with "PULL AUTO", "IN-MAN", "CLOSE", and "OPEN" positions (the
CLOSE and OPEN positions are used with the handswitch pushed in for manual valve
operation). The handswitches are spring return to Auto.

-Transfer switches located at the MCCs, with "NOR" and "AUX" positions (X$-9 a d
XS$-10). In "NOR", the Main Control Board controls are enabled, and .n "AUX", the
MCC switches are enabled. The automatic functions of the valves are enabled with the
transfer switches in either position.

-Valve position indicating lights at main control beard and motor control center

«Input to the "TRANSFER SWITCH IN AUX MODE" common annunciator

-Status Monitoring System inputs: Valve closed; No power to valve operator; Main
Control Board valve handswitch not in Auto
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32 REVIEY OF PROCEDURES RELATING 1O AFW COMPONENTS

When plants are originally designed, analyses are performed to verify that safety related systems
such as the AFW System will be able to function in such a way as to effectively mitigate the
consequences of design basis accidents and transients. These analyses are documented in the Final
Safety Analysis Report (typically Chapter 15). Inherent in these safety analyses are assumptions
relative to normal alignments, equipment availability and capability, automatic actions, and other
characteristics. While changes to the plant design and procedures which control plant and system
operation may he made (as long as the constraints dictated in 10 CFR 50.59 are satisfied), i. s
critical that the plant be maintained within the envelope of assumptions made in the safety ana .

As a part of the plant operating license, plants are issued a set of Technical Specifications which
must be met. Tech Specs specify minimum operating condition requirements for systems and
components, referred to as Limiting Conditions for Operation (LCO). The Tech Specs also specify
surveillance requirements that designate, in general terms, the scope and frequency of, as well as
acceptance criteria for, testing that must be performed in order to verify that the LCO is satisfied.
The primary intent of the Tech Specs is to ensure, on a regular “asis, the continuing validity of
assumptions made in conjunction with safety analyses.

While Tech Specs provide the general skeleton or framework for this continuing validation of
safety analysis assumptions, it is the individual plant surveillance procedures, developed
specifically to meet the Tech Spec requirements, which are actually used ro p:rform the validation.

There are several Tech Specs for the Plant A which address aspects of the AFW System. The Tech
Specs which are listed in Appendix A, while plant .pecific, are fairly representative of those for
most operating plants.

A review of procedures related to the monitoring and operation of the AFW System at Plant A was
conducted in order to:
1. Determine the extent to which the various types of failures could be detected by
programm {i¢ rionitoring or routine operating practices, and
2. Estimaie the amount of service associated with testing of the components.

While relevant operating and maintenance procedures were also reviewed, the principal focus of
this review was the set of procedures that are used to satisfy AFW related surveillance
requirements.

Monitoring practices and operating guidelines relative to each of the component types discussed in
the COMPONENT DESIGN FUNCEI'IONS. CONTROLS, AND INDICATION section above are
provided below. The general purpose of each procedu.e, as it relates to the subject component ,
estimates of the service associated with testing, and pertinent comments are provided. It should be
noted that the frequency of testing related operation tables that are provided for each component
may include procedures not discussed for that component.. This is due to the fact that the
component may be actuated by a test that is not used to demonstrate uperability of the component,
but which does cause its operation. An example of this would be where a safety injection (SI)
signal is simulated to verify that a motor driven pump starts in response to the SI signal. The
turbine driven pump would also start (or at least the T&T valve would open) in response to this
signal, but the test may not be used to demonstrate operability of the turbine driven pump.

Based upon the review of the surveillance, operating, and maintenance procedures, a compilation

of failure sources which would not be detectable by the current monitoring practices was
developed. A summary of this compilation is provided in Section 3.3.
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. It should be noted that at the time that the review of the surveillance, maintenance, and operating
practices was being conducted, a number of fairly significant procedural revisions as well as
complete rewrites were in process. In fact, some ﬁ:cviously non-detectable failure sources were
made detectable as a result of changes. In light of the fact that this process was ongoing, it is likely
that some of the observations made relative to failure non-detectability will not be valid at the time
this report is issued. The observations should be recognized for what they are--a picture of the
monitoring/operational practices in place for a specific plant at a particular point in time. It is
believed, however, that these observations are reasonable indicators of AFW System monitoring
practices as a whole.

3.2.%. Pump Suction Check Valves (SCV): C.3, 4, §

2.0 SURVEILLANCE AND MAINTENANCE TESTS/INSPECTIONS

ST-8 and 9 are quarterly tests in which the AFW pumps are run in their recirculation flow
path. These tests are performed to meet ASME Section X1 testing requirements for the
pumps, and are also used to demonstrate partial stroking of the SCVs. The flowrates
through the valves during this testing is about 1/10 of the required design flow.
ST-14 is performed quarterly to verify that the SCVs close under reverse pressure/flow
conditions. The test is performed by pressurizing the piping downstream of the SCV
with demineralized water (using a vent connection on the pump casing) and observing that
a reverse pressure differential of > 3 psid exists across the SCV.

ST-15, which is performed during each entry into Hot Standby conditions, demonstrates
that the pumps are able to deliver design basis flow to the SGs. The test thereby
demonstrates that the SCVs stroke open sufficiently to allow the required flow to pass
through them. The total of flow rates to the SGs must be > 440 gpm for the motor driven
pumps, and > 880 gpm for the turbine driven pump. Note that flow through the check
valves would exceed flow delivered to the SGs by the amouat of flow delivered through
the recirculation fiow path.

ST-28, which is performed on a refueling frequency, calls for the disassembly and
inspection of several check valves. It should be noted that this ST does not meet a
specific Tech Spec Surveillance Requirement, and is not required by the ASME Section
XI program, bu: ;. performed as a consequence of the San Onofre water hammer event
(see NUREG-1190 and IE Notice 86-09). The valves are organized in groups of four.
One valve out of each group is disassembled and inspected each refueling outage, so that
each valve will be inspected about every six years. If a valve fails to meet the acceptance
criteria (see below), all other valves in the group are to be inspected during the same
outage. Only the turbine driven pump SCV is addressed in this procedure.
Acceptance criteria are:

-All internal parts are in place and show no signs of abnormal wear

-All internal locking devices, including tack welds, are in place and in goud condition
-All internal surfaces are in good condition and show no signs of abnormal wear

45



B T T

3.2.1.2. FREQUENCY OF TEST OPERATION SRl
The motor driven pump SCVs are stroked per the following procedures:

NUMBER OF
FULL(F)/PARTIAL(P)
STROKES EREQUENCY

ST-3A 5p R
ST-6 5p R
ST-9 1P Q

ST-15 IF HOT STANDBY (<Q)!
ST-16 1P R
MI-2A & B 1P R?
MI-3A & B 1P R2

1. Tt is assumed that this test is performed twice per year.
2. The MI tests are performed on an alternating basis; that is, one train is tested per
refueling outage

TOTAL ESTIMATED TEST RELATED PARTIAL STROKES PER YEAK: The above
test frequency information would yield about 13 partial strokes per year; however, the
motor dniven pumps are used for protracted periods during startups and shutdowns, with
varying flow rates, with the dominant amount of time spent at relatively low flow rates or
in recirculation flow only. Thus, the valves are partial stroked much more frequently than
indicated by testing.

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: 2 (The only time
the valves would be likely to experience full stroking would be during testing, although
there might be some infrequent operatic~al demands that would result in substantial, if not
design basis flow rates through the valves.)

The turbine driven pump SCV is stroked per the following procedures:

NUMBER OF
FULL(F)/PARTIAL(P)
ST-7 3P R
ST-8 2P Q
ST-15 2F HOT STANDBY (<Q)!
ST-27 2P R

1. It is assumed that this test is performed twice per year

TOTAL ESTIMATED TEST RELATED PARTIAL STROKES PER YEAR: 11. Note
that the turbine driven pump would not normally be used to support startups or
shutdowns.

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: 4. The only
time the valves would be likely to experience full stroking would be during testing,
although there might be some infrequent operational demands that would result in
substantial, if not design basis flow rates through the valves. Note that "full strokes”
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refers to conditions when the flow rate through the valve is at or near the maximum that
oceurs, not necessarily a condition where the check valve is fully open.

3.2.1.3. _REILEVANT OPERATING INSTRUCTIONS

Since the turbine driven AFW pump would seldom be used to support startup/shutdown
gvcolutions. the normal operating procedures primarily affect the motor driven pump
Vs.

OP-1 includes precautions that state:

"AFW Pumps should continue 1o run on recirculation to avoid hanger damage and extend
motor life. AFW LCV's should be maintained in manual to avoid steady-state low flow
conditions that could result in damage to hangers in the Turbine Building, Condensate
Transfer Pump damage, and/or intermittent actuation of AFW pump suction pressure
switches. Just prior to criticality LCV Controller will be placed in A positions."

"While in a low flow condition or Mode 3, AFW should be 'batched’ or 'slugged' at ~
75 gpm to each steam generator to prevent vibration damage and inadvertent ESW
swapover. This flowrate will also ensure that $/G nozzle cracking does not occur.”

GOP-1 ("Unit Heatup trom Cold Shutdown to Hot Standby") and GOP-2 ("Plant Startup
from Hot Standby to Minimum Load") include similar precautionary statements.

d2.14.  COMMENTS

A noteworthy feature of the testing program for the SCVs is the fact that the turbine
driven pump SCV is included in the ecriodic c.sassembly and inspection procedure (ST-
28) while the motor driven pump SCVs are rot. This is difficult to understand in that the
motor driven pump SCVs see considerably more service due to the fact that the motor
driven pumps are used to support plant startup and shutdown. It is also important to note
that the low suction pressure switches for the motor driven pumps are located upstream of
the SCV's; thus, fairure of an SCV to fully open, thereby creating low suction pressure
conditions at the pump suction (but not upstream of the check valves), could occur and
not be detected by the suction pressure switches.

The extremely low velocities that the motor driven pump suction check valves would see,
in conjunction with the fact that the layout geometry is not particularly beneficial for flow
stability (due to the proximity of the upstream elbow) , indicate that the probability of ¢’sc
oscillation related wear would be relauvely high (in comparison to that experienced by the
average check valve in a standby system). While the wear rate, as a furction of hours of
service, would be expected to be relatively high, the wear rate as a function of plant life
should be relatively low (since the system is not in service the vast majority of the time).
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3.2.2. Emergency Service Water Supply Valves MOV-1, 2, 3, 4

ST-6, which is performed every 18 months, is used to satisfy Tech Spec Surveillance
Requirement 4.7.1.2.b for the motor driven pump ESW valves. The testing is performed
on only one of the two in-series valves at a time in order to avoid intrusion of ESW water
(lake water) into the AFW system; therefore, the valves are stroked under low or no flow
conditions (there is some minor flow during the MOV-2 and MOV-4 valve tests due to the
tell-tale drain valves between the two isolation valves being open). The automatic
stroking is initiated by manually closing the associated pump breaker auxiliary contacts to
simulate a pump running condition and by depressurizing all three suction pressure
switches. testing sequence for 2ach pump's valve set 1s to first test each upstream
valve (MOV-1/3) and then test the downstream valve (MOV-2/4). The upstrear.: valve
(MOV-1/3) is stroked after the breaker for the downstream valve's motor operator is
opened. In order to accomplish the testing of the downstream valves (MOV-2/4), the
procedure calls for the "thermal overloads” ("thermal overloads" is procedure
terminology-note that the thermal overloads for these valves have been removed and
replaced by jumpers) to be removed from MOV-1 and MOV-3 after MOV-1 and MOV-3
have been tested. This allows the suction pressure switches to energize the relays that
automatcally open MOV-2 and MOV-4 without causing MOV-1 and MOV-3 10 open (the
low suction pressure relays are located in the motor control centers for MOV-1 and MOV -
3). MOV-1/3 are not restroked after testing the MOV-2/4,

ST-10, 11, and 13 are used to implement the ASME Section XI valve inservice testing
requirements. The testing sequence called for is to first test the "B" valve, and then test
the "A" valve, in order to avoid intrusion of lake water into the AFW system. The tell-tale
drain is closed during the valve siroking, and rcog:ncd following completion of the test.
Stroking is performed by use of the main control board switch. Tte maximum allowable
stroke time for each of the four valve. is 42 seconds.

ST-25 is a Calibration and Functional Test Procedure which satisfies Tech Spec
Surveillance Requirements 4.3.2.1.1.B.6.g (Calibrar >n) and 4.3.2.1.1.C6.¢g
(Functional Test). The Functional Test is required every 31 days and the Calibration is
required every 18 months.
The general testing sequence is as follows:
1. Associated motor driven pump control switch 1s placed in PULL TO LOCK to
prevent inadvertent stroking of either valve (since the pump must be running to
complete the upen permissive).
2. The "B" valve breaker is opened to prevent it from inadvertently opening
3. The "A" pressure switch 1s isolated and depressurized, and the associated main
control board alarm is verified.
4. Using a test rig, the pressure at the switch is varied and the switch setpoint is
checked (and adjusted, if necessary). The test rig is then disconnected, the pressure
switch unisolated, and the alarm is verified to have cleared.
5. Similar checks are performed on the "B" and "D" switches, with the exception that
following the check on the "D" switch, the "D" switch is left isolated and
depressurized. The "B" switch is then isolated and depressurized, and the contacts
which must close to cause the "A" and "B" valves 10 open are verified to be closed.
6. Tlhe switches are then restored to normal configuration and their sensing lines
refilled.
Note that only the B + D pressure switch coincidence is checked.
There is no distinction made in the procedure between the CHANNEL FUNCTIONAL
TEST and the CHANNEL CALIBRATION.

48



MI-4 is a procedure that provides instructions on the testing of motor operated valves
using the MOVATS system, which is used to assess the general mechanical and electrical
control conditions of the valves.

MI-5 is a preventive maintenance procedure for LIMITORQUE actuators which is used to
maintain equipment gualification. It provides for inspection and cleaning of »ectrical
components; cleaning, inspection, and relubrication of the geared li:n't s ich train;
inspection and replacement (if needed) of gaskets; setting of the limit switch positions, per
MI-6A; measurement of resistance from each phase to ground from the supply breaker;
inspection and replacement (if needed) of the operator lubricant; cleaning and 12lubrication
of the valve stem; lubrication of the sleeve top bearing (if a grease fitting is provided),
inspection of the shaft seal for excessive leakage; and inspection of the spring pack for
hardened grease.

MI-6A is a corrective maintenance procedure which is used periodically (as invcked by
MI-5) to adjust motor operated valve limit and torque switzh settings. Limit switch
settings, which can be set based either on valve travel measurement or the nu.aber of
handwheel turns, are set as follows:

limit switch: Limit switch set to open at 95-98% of valve travel
Close limit switch: Limit switch set to open at 97-98% of valve travel

MI-7 is used to verify the time delay relays associated with the autornatic transfer from the
CST to ESW times out at four seconds. The procadure does not actuate any equipment-it
only verifies timing. There is no designated frequency of testing. A commitment to
periodically calibrate the timers was mage in an LER filed by Plaat A,

3222, FREQUENCY OF TEST OPERATION

2

The ESW isolation valves are stroked per the following procedures:

NUMBER OF FULL
‘ STROKES EREQUENCY™
ST-6 1 R
ST-10/13 1 Q
*R-REFUELING
Q-QUARTERLY

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: 5 (all strokes
performed under no flow conditions.

OP-1, which is the AFW system operating procedure, specifies that the ESW isolation
valves are to be "Operable-Closed", and the telltale drain valves "Open”. The Precautions
section states that "If the suction pressure of the motor-driven AFW pumps fall below 2
psig for 4 seconds, the suction will shift from CST to ESW. If suction swaps over,
Assistant Unit Operator (AUN) should close telltale valves on all AFW Pumps.” The
procedure also includes instructions on switching over from the CST to ESW as the
suction source in the event that ".. pump suction drops to 2 psig and auto swap over does
not occur.” Manually switching over to ESW requires shift supervisor approval, and is
accomplished in the following sequence:

-Close telltale drain valve
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<Open the outboard valve (e.g., MOV-1)
-Open the inboard valve (e.g., MOV-2)

It should be noted that the operztor does not have remote indication of suction pressure,
but there is a local suction pressure gauge for each pump.

There is a single low suction pressure alarm which annunciates when any one of the
pressure switches for either of tge motor driven pumps or the turbine driven pump closes
(total of 9 pressure switches).

OP-3 is the annunciator response procedure for AFW related alarms. The annunciator
procedure states that the origin of the annunciator is from PS-1A, 2A, or 3A. (In reality,
the B or D switches for each of the sets will also cause annunciation). It also states that if
2/3 pressure switches for a given pump reach tiieir setpoint, the pump will automatically
switch over to ESW as the suction source. The "Immediate Action” section of OP-3 has
the operator "Verify opening of appropriate ESW suction supply valves".

There are a number of comments relative to the testing of these valves:

1. Since there is no indication of suction pressure in the main control room, when a low
suction pressure alarm is received, the operator cannot know whether multiple switches
on multiple gumps have "made" due to an actual low suction pressure condition, or only a
single switch has closed spuriously. Therefore, the operator cannot know which are the
‘appropriate’ valves (as designated in OP-3). [It has bzen observed at another plant that
when the motor driven AFW pumps are started up with their discharge valves to the SG's
open, a low suction pressure alarm annunciates routinely due to transient pressure
conditions. However, when started up on recirculation flow only, the alarm does not
come in. Note that this plant has suction pressure indication in the main control room for
all AFW pumps, versus no indication for Blam Al

Given the natural reluctance of an operator to switch over to ESW and the availability of
only a single annunciator operated off of multiple switches, along with the operating
procedure requirement to secure shift supervisor permission prior to switching over to
ESW in the operating procedure (OP-1), there is considerable question as to what the
operator response would be to an alarm. It should be noted that there is no time delay
associated with the suction pressure glarm (the time delay is built into the automatic valve
opening circuit).

2. There is no testing conducted which verifies that the opening of these valves in
conjunction with an actual low suction pressure condition and the pumps running will
achieve satisfactory results (where "satisfactory results" would include the requirements
that a) the pump suction switchover takes place quickly enough to prevent loss of required
NPSH for the pumps and b) adequate steady state flow is provided to the pumps to allow
the AFW design flow requirements to be met). In light of the water chemistry problems
associated with the switchover, there is an understandable desire not to test this feature.
However, since ESW is the only safety grade source of water for the pumps, the ability
for the transfer to occur satisfactorily is critical.

3. There are manual isolation valves and check valves between thie pressure switches and
the motor driven pumps. Thus, the pressure switches would not detect and correct for a
stuck closed check valve or an improperly positioned manual isolation valve.

4. Since there is no flow delivered through the valves, the capability of the suction flow
paths to support required AFW flow is not demonstrated.
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5. The A + B and A + D pressure switch logic is not verified to result in valve opening.

6. ST-6 does not verify restoration of operability for MOV-1 and MOV-3 following
replacement of the "thermal overloads” (jumpers) after testing MOV-2 and MOV-4,
Inasmuch as the part of the control circuit that is needed for valve operation is interrupted
for the test, but the valve position indicator lights portion of the control circuit remains
intact, eLI(\ie reestablishment of continuity in the valve operation portion of the circuit is not
provided.

7. The ;re configuration associated with the ESW suction valves is such that there will
be a small amount of lake water intrusion into the AFW system each time the inboard
valve is stroked, as the ESW valves are located in a vertical section of pipe. Since this 1s
normally a relatively stagnant section of piping, the potential for Asiatic Clam buildup
and/or microbiologically induced corrosion exists. However, the procedure which is
implemented to deal with Asiatic Clams (ST-30) opens up bypass treatment lines in the
ESW to AFW pump suction piping to ensure that the lines are treated when environmental
(temperature) conditions warrant action to minimize Asiatic Clam buildup. !t is
noteworthy that ST-6, which is performed every 18 months, includes provision for
flushing out any ESW water left after the "A" (ESW side) valves are stroked by leaving
the drain valves open during the "B" valve stroking. However, this good practice is not
adopted in ST-10, which is performed quarteriy.

8. The section of piping downstream of each motor driven pump's check valve in the
normal suction path from the CST is sarety grade, seismically qualified piping, while the
piping upstream of the check valve is not. The length of piping downstream of the check
valve to the motor driven pump only contains enouﬁh water for a couple of seconds of
pump operation before air would be drawn into the pump casing should the piping
upstream of the check valve fail. It would appear that the time delay before automatic
valve opening was initiated, as well as the fact that the valves are fairly slow stroking
valves, mighi create conditions where the motor driven pumps became at least partially
air-filled before the transfer was completed. Note that this concern is common with the
turbine driven pump

3.2.3. [Emergency Service Water to Turbine Driven Pump Suction Isolation
Valves MOV.5,6, 7 & 8

da

ST-7, which is performed every 18 months, is used to satisfy Tech Spec Surveillance
Requirement 4.7.1.2.b for the turbine driven pump ESW valves. The testing is
ormed on only one of the two in-series valves at a time in order to avoid intrusion of
SW water (lake water) into the AFW system; therefore, the valves are stroked under no
flow conditions. The automatic stroking is initiated by manually opening the T&T valve
(with an upstream steam supply valve closed to prevent a pump start) and by
depressurizing all three suction pressure switches. The testing sequence for each pump
is to first test the upstream valve, and then test the downstream valve to avoid intrusion
of lake water into the AFW system. The test provides evidence that the valve sequencing
(MOV-7/8 valve begins to open, followed by MOV-5/6 valve beginning to open, and then
the MOV-7/8 valve closes) takes place, although the sequence is not imad. It should be
noted that the test, as written, will actually cause the MOV-7/8 valve to stroke open, then
shut, and repeat the cycle until either the T&T valve is opened or until two of the three

suction pressure switches are repressurized.

ST-10, 11, and 13 are used to implement the ASME Section X1 valve inservice testing
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requirements. Stroking is performed by use of the main control board switch. The
maximum allowable stroke time for each of the four valves is 55 seconds. The tell-tale
drain valve is closed during testing and reopened after testing completion.

ST-25 is a Calibration and Functional Test Procedure which satisfies Tech Spec
Surveillance Requicements 4.3.2.1.1.B.6.g (Calibration) and 4.3.2.1.1.C6.g
(Functional Test). The Functional Test is required every 31 days and the Calibration is
required every 18 months.

With the breakers for MOV-7 & MOV-8 and MOV-5 & MOV-6 open (to prevent valve
stroking), the pressure switches (PS-3A, B, and C) are checked, one at a time, to verify
that the switch closes at the proper suction pressure (using a pressure source with the
pressure switch isolated from the suction header). The low suction pressure alarm at the
main coatrol board is verified to come in and then to clear for each switch,

After the pressure switches are checked/calibrated, a portion of the automatic switchover
circuitry is verified as follows:

-Steam supply to turbine isolated by closing MOV-9 and MOV-10

-T&T valve opened (needed to provide permissive)

-Each of the 2/3 pressure switch coincidence logic combinations is checked to verify that
relays BBA, BBB, CCC energize.

There is no distinction made in the procedure between the CHANNEL FUNCTIONAL
TEST and the CHANNEL CALIBRATION,

MI-4 is a procedure that provides instructions on the testing of motor operated valves
using the MOVATS system, which is used to assess the general mechanical and electrical
control conditions of the valves.

MI-5 is a preventive maintenance procedure for LIMITORCUE actuators which is used to
maintain equipment qualification. It provides for inspection and cleaning of electrical
components; cleaning, inspection, and relubrication of the gearec limit switch train;
inspection and replacement (if needed) of gaskets; setting of the limit switch positions, per
MI-6A; measurement of resistance from each phase to ground from the supply breaker;
inspection and replacement (if need=d) of the operater lubricant; cleaning and relubrication
of the valve stem; lubrication of the sleeve top bearing (if a grease fitting is provided),
inspection of the shaft seal for excessive leakage; and inspection of the spring pack for
hardened grease.

MI-6A is a corrective maintenance procedure which is used periodically (as invoked by
MI-5) to adjust motor operated valve limit and torque switch settings. Limit switch
settings, which can be set based either on valve travel measurement or the number of
handwheel tumns, are set as follows:

Open limit switch: Limit switch set to open at 95-98% of valve travel
Close limit switch: Limit switch set to open at 97-98% of valve travel

MI-7 is used to verify the time delay relays associated with the automatic transfer from the
CST to ESW times out at 5.5 seconds. The procedure does not actuate any equipment-it
only verifies timing. There is no designated frequency of testing. A commitment to
periodically calibrate the timers was made in an LER filed by Plant A.



3.2.4. Motor Driven AFW Pumps

ST-3A & B (3A is for "A" train, and 3B is for "B" train), which are performed on an 18
month frequency, are titled "Loss of Offsite Power with SI DG A/2B-B Containment
Isolati~n Test". Note that both trains arc tested every 18 months. The testing for a single
train is discussed below.

There are several AFW pump related functions which are checked in this test:

a. The motor driven AFW pump is verified to be stripped from its bus following
deenergization of the bus (note that diesel-generator start due to bus undervoltage is
inhibited during bus deenergization).

b. With the bus still deenergized, an SI signal is initiated. This causes the diesel to start
and loads (including the associated AFW pump) to sequence on.

¢. After resetting the SB and SI signals, restoring normal power io the bus, and securing
the diesel, another SI signal is generated. Both motor driven AFW pumps ar» verified tc
start on the SI signal.

d. After resetting the SI signal and performing testing that is not directly related to AFW,
the associated AFW pump bus is deenergized, and the automatic diesel-generator start
associated with undervoltage is unblocked, allowing the diesel to start and reenerzize the
bus. The associated AFW pump is verified to start.

Note that the testing sequence in items a and b result in AFW pump start from an SI signal
with a pre-existing Station Blackout signal, the testing sequence in item ¢ results in pump
start from SJ only, and the item d sequence starts the pump from S:ation Blackout only.
Alll starts of the AFW pumps are performed with the system aligned for recirculation flow
only.

ST-6, which is performed on an 18 month frequency, is titled "Motor-Driven Auxiliary
Feedwater Pump and Valve Automatic Actuation". The following test sequences are
included in ST-6:

a. An SI signal is simulated by manually pushing the SI Slave Relay, and the motor
driven AFW pumps are verified to start.

b. A Low-Low SG Level in one SG is simulated by tripping 2/3 level bistables for a
single SG and the motor driven pumps are verified to start.

c. A trip of the "A" Main Feed Pump in coincidence with simulated plant power at > 80%
is verified to start both motor driven AFW pumps.

d. A wip of the ' B" Main Feed Pump in coincidence with simulated plant power at > 80%
is verified to start both mo.or driven AFW pumps.

¢. A trip of both Mzin Feed Pumps is verified to start both motor driven AFW pumps.

The pumps are not verified to start on an SB signal, as the procedure takes credit for the
SB starts in ST-3A & R Al 57.G siarts of the AFW pumps are performed with the
system aligned for recirculation flow only.

ST-9, which is a quarterly test, is titled "Motor Driven Auxiliary Feedwater Pumps".
Each paump is started and run with the system aligned for recirculation flow only. The
conditions monitored are flow, suction and discharge pressure, and vibration, per ASME
Section XI (wiich is invoked by Tech Spec 4.0.5) requirements. Flow through the pump
miniflow line is measured using temporary ultrasonic flowmeters. Pump suction and
discharge pressure are also monitored using test pressure gauges. Vertical and horizontal
vibration of the pump inboard bearing is also monitored. Acceptance criteria are:
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Motor Driven Pump "A"

Acceptable Required
Suction Pressure, psig 211 NA <1l
Pump Delta-P, psid 1524 10 1661.5  (no low range) <1524
and
1661.5 10 1677.8 >1677.8
Flow Rate, gpm 2941041 26010294 <26.0
and and
45.11047.2 >47.2
Horizontal Vibration, mils Ot 1.0 10t 1.5 >1.5
Vertical Vibration, mils Ow10 100 1.5 >1.5
Motor Driven Pump "B"
Acceptable Required
 Pamameter Range Alert Range
Suction Pressure, psig 211 NA <ll
Pump Delia-P, psid 1464 10 15654  (no low range) <1464
and
1565.4 10 1580.7 >1580.7
Flow Rate, gpm 27.1 10 41.6 23910 27.1 <239
and and
41610435 >43.5
Horizontal Vibration, mils Ot 1.0 10t 1.5 >1.5
Vertical Vibration, mils 0010 10t0 1.5 »1.5

ST-i5, which is performed for each entry into Mode 3 (but not to exceed quarterly), is
titled "AFW Check Valve Opening Test During Hot Standby and Hot Shutdown". While
the purpose of the test is to demonstiate stroking of check valves in the lines between the
pump discharge and the SGs, it is also the only test that demonstrates anything other than
recirculation flow from the pumps. The acceptance criteria for the test are that each pump
is able to deliver 2 220 gpm simultaneously to each of the SGs serviced by the pump.
Other than specifying that the testing is to be conducted in Mode 3 or 4, there are no
prerequisites relatve to system conditions (such as SG pressure).

ST-19, which is performed on an 18 month frequency, is titled "Automatic Load
Sequence Timer Functional Test". The test verifies that the AFW motor driven pump
sequencing timer time delays are set at 20 seconds nominal (19 to 21 seconds 1s the
acceptable range).

ST-20, which is performed on an 18 month frequency, is titled "Response Time Test of
Auxiliary Feedwater System Auto-Start Relays". It is performed in conjunction with ST-
6, and in fact only specifies response time test points to be monitored during the
performance of ST-6. The only AFW Pump related response times measured a' 2 those
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associated with trip of the Main Feed Pumps. The times measured are from trip of the’
Main Feed Pumps until energization of relays which cause the AFW Pumps to start. The
timas are used in ST-22 to determine system response time.

ST-22, which is performed on an 18 month frequency, is titled "Engineered Safety
Feature Response Tin:e Verification". No equipment is actuated by the test; rather, the
test compiles response time measurements ‘rom several other Surveillance Instructions,
including ST-20 and ST-21, as well as from several response time tests for portions of
channels performed in several MI tests.

For each of the automatic AFW Actuation signals, total channel response time is
calculated. Four response times are calculated for each start signal:

Turbine driven pump response time
Turbine driven pump LCV response time
Motor drives pump respoiise time

Motor driver. pump LCV response time

The greatest time of these four is taken as the total actuation response time.

Each of the four response times is calculated by adding several components which
together make up (or simu.te) the time from process change until the actuated equipment
has reached its safety function condition (pumps have developed required discharge
pressure or valves have reached the full open position). The maximum allowable
response time specified in the procedure is 59.1 seconds (1.5 % iess than the Tech Spec
value of 60 seconds to provide for recorder chart speed accuracy).

Since the motor driven pumps, under SB conditions, would not be sequentially loaded
onto the diesel until about 30 seconds after an undervoltage condition occurred, the motor
driven pumps or the motor driven pump LCVs response times should be greater than the
turbine driven pump and turbine driven pump LCVs response times. Note that the turbine
driven pump and the level control valves are not dependent upon diesel starting, since
their power and control circuits are dependent upon 125 VDC and 120 VAC Vital power.

The SB response time inputs to ST-22 from MI-3A & B are based upon a combined
SI/SB signal, and the response times measured are from the diesel start signal (instead of
the undervoltage condition, which must exist for ! 5 seconds before the diesel start signal
is generated) until the motor driven pumps have reached full discharge pressure. Note
that fixed "Response Time Factors" are added to the time inputs from MI-3A & B (as well
as those from MI-2A & B) to account for the difference in pressure development time for
recirculation conditions, under which the test is conducted, and full flow conditions. The
response time factors are variable, and range from 3.32 seconds ("A" pump factor in MI-
2A) to 4.96 seconds ("B" pump factor in MI-3B).

It should also be noted that the response times calculated for the motor driven pumps do
not include any time associated with the automatic realignment of pump suction from the
non-safety related source (CST) to the safety related ESW source. A low suction
pressure condition must exist for 4 seconds after pump start to initiate the automatic
suction source transfer. The motor cperated valves which open to provide the alternate
suction source have maximum allowable stroke times of 42 seconds specified in the ST-
10, 11, 12, and 13 series of tests.
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3242, FREQUENCY OF TEST OPERATION

The motor driven pumps are operated per the following test procedures:

NUMBER OF
PROCEDURE PUMP STARTS? EREQUENCY*
ST-3 S R
ST-6 h R
ST-9 1 Q
ST-15 1 HOT STANDBY (<Q)!
ST-16 1 R
MI-2A & B 1 2R2
MI-3A & B 1 2R?
*R-REFUELING
Q-QUARTERLY
M-MONTHLY

1. It is assumed that this test is performed twice per year.

2. The MI tesis are performed on an alternating basis; that is, one train is tested per
refueling outage.

3. It should be noted that all of the above starts, with the exception of ST-15, are
performed under recirculatior: flow only, and even in ST-15, the flow rate to the SGs is
manually changed from a relatively low flow to » 220 gpm per SG by manual control.

TOTAL ESTIMATED TEST RELATED STARTS PER YEAR: The above test frequency
information would yield about 14 pump starts per year for testing purposes. Most of the
testing would involve a brief time of pump operation (few minutes). If the average pump
run duration per test was 15 minutes, the average annual run time would be about 3!/,
hours. However, the motor driven pumps would be used for protracted periods during
startups and shutdowns at varying flow rates, with the dominant amount of time spent at
relatively low flow rates or in recirculation flow only. Occasional pump stants could be
expected in conjunction with reactor trips or other unplanned events. Thus, while the
number of test related starts may exceed the number of unplanned and non-test starts, the
amount of time spent running for test purposes is expected to be small, relative to the
amount of run time in support of normal plant evolutions.

A%
OP-1 is the AFW system operating procedure. There are several procedural requirements
affecting motor driven pump operation included in the OP:

-A precaution states that the AFW Pumps should be run on recirculation flow (as opposed
to stopping and starting the pumps) during conditions when SG demand is low in order to
avoid hanger damage and extend motor life. Another precaution stipulates that AFW
should be batched at ~ 75 gpm (under manual LCV control) to each SG to prevent
vibration damage and inadvertent swapover from the CST to ESW suction as well as to
prevent SG nozzle cracking.

-If time permits, the level control valves are taken under manual control and closed prior
to starting a motor driven pump.

-Following pump start, the pumps are inspected locally (no specific direction provided for

57



the inspection)

-For purposes of placing the AFW system in its standby condition, the motor driven
pump control switches are specified to be in AUTO.

-Precautions that the pumg&cclischarge lines should be < 125°F. This precaution is
included to ensure against backleakage binding of the pumps. It should be noted that
Plant A is probably less susceptible to backleakage than many other plants since its level
control valves are ~ormally closed (some plants have only check valves between the
pumps and the SGs or main feed lines).

-The procedure recommends that operation of the motor driven pumps at flow rates in
excess of 525 gpm be avoided when the steam generator pressure is between 385 psig
and approximately 865 psig. The stated purpose is to avoid high levels of vibration
around the cavitating venturi when the flow rate is high enough to result in cavitation.
(Below 385 psig the bypass level control valves should provide sufficient backpressure to
prevent cavitation),

GOP-1 (Plant Startup from Cold Shutdown to Hot Standby), GOP-2 (Plant Startup from
Hot Siandby to Minimum Load), and GOP-3 (Plant Shutdown from Minimum Load to
Cold Shutdown) include some of the same precautions relative to operation of the motor
driven pumps. GOP-2 specifies that the AFW pumps be used to maintain SG level until
the main feed pumps are maintaining SG level. GOP-2 specifies that the main feed
pumps should be started at about 1% reactor power,

While not part of ¢ formal procedure (rather based on an operations group instruction
letter), auxiliary operators check the temperatures of the pump discharge lines once per
shift for evidence of backleakage of main feedwater. This monitoring is performed in
response to [E Bulletin 85-01 and Generic Letter 88-03.

3244 COMMENTS

The flow testing cf ine motor driven pumps is performed under recirculation flow
(roughly 25 gpm) conditions. This testing is done to satisfy Tech Spec 4.7.1.2 as well as
ASME Section XI testing requirements. While the testing satisfies regulatory
requirements, it does little in the way of demonstrating pump ca_?ability. In fact, the best
evidence of pump capability provided by any testing is from ST-15, which verifies that
each motor driven pump is capable of delivering at least 440 gpm to the two SGs served,
although pressure conditions are not specified.

The operating procedures include precautions to minimize adverse effects upon the pump
motors, piping hangers and other system equipment. However, the actions taken to
accomplish those ends are deleterious to the pumps. The pumps, during startup and
shutdown periods when relatively low flow rates are required, are run continuously in
recirculation. As discussed in NUREG/CR-4557, "Aging and Service Wear of Auxiliary
Feedwater Pumps for PWR Nuclear Plants”, operating pumps for long periods of time at
low flow conditions can result in acceierated pump degradation. [E Bulletin 88-04
discussed this problem and required utility response. It does not appear, based upon the
operating guidance offered by Plant A procedures, that this issue has been thoroughly
addressed.

All of the automatic start signals for the motor driven AFW pumps are adequately verified
by testing to result in pump starting. The pumps are also verified to be stripped from their
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buses in the event that an undervoltage condition occurs with the pumps already running.
All automatic start signal testing is done with the pumps aligned for recirculation flow
only. One of the tests in which automatic loading 1s verified is ST-3A & B. This test is
principally oriented toward demonstrating diesel operability, including verification that the
automatically connected diesel loads do not exceed its 2000 hour rating. It should be
noted that, as conducted, the test doesn't accurately simulate demand condition loads,
since the AFW pumps (as well as other pumps) are operating under recirculation flow
only, and the power demanded under recirculation would be substantially less than that at
full flow (roughly half).

The ability for the pumps to successfully negotiate the transition from their normal source
of water (CST) to their safety related source (ESW) is not demonstrated. Actual delivery
of lake water into the AFW system is clearly not desirable, from a chemisty perspective.
However, the time requirement for sensing a low suction pressure condition, timing out
of the time delay relay, and opening of the ESW valves sufficiently to meet pump flow
requirements appears to be marginal from the standpoint of ensuring that a pump would
not become vapor bound.

The pump auxiliary contacts, which provide control signals to the level control valves, the
alternate suction source valves, and steam generator blowdown valves are not verified to
function properly.

The response times measured for the motor driven pumps include an allowance for the
time required to reach the required flow rate (as an adder to the time required to reach
steady state pressure in the recirculation condition), but do not {aclude an allowance for
the time that would be required for the automatic transfer of the suction source from the
CST to ESW. If the motor driven pump response time were defined to include the
maximum allowable stroke time for the altemate suction source valves, the pumps would
not be ahle to satisfy the 60 second response time identified in Tech Specs. The 60
seconds 1s a somewhat arbitrary, generic Tech Spec time. Some accident/transient
analyses do take credit for AFW start at 1 minute (for instance Loss of Normal
Fcecflwatcr). However, the relatively small amount of time for transfer to the safety
related ESW as the suction source, provided the transfer occurs satisfactorily, should
have minimal or no observable impact upon the results. [i should be noted that the
analysis for a feedline break does not assume flow initiation until 10 minutes (due to the
fact that operator action must be relied upon to isolate the faulted SG).

3.2.5. Turbine Driven AFW Pump

N

ST-7, which 1s conducted on an 18 month frequency, verifies that the T&T valve opens,
with steam supply isolated by an upstream valve, in response to each automatic open
signal (with the exception that the blackout signal is tested on only one train). The turbine
is also actually started (steam supply is unisolated) three times by ST-7, with the pump
discharge lined up for recirculation flow only. The three starts are for trip of the A Main
Feed pump, trip of the B Main Feed pump, and trip of both Main Feed pumps.

ST-8 is a quarterly test of the AFW turbine driven pump. The test is conducted with the
pump discharge lined up for recirculation flow only. This test is conducted to fulfill the
requirements of Tech Spec Surveillance Requirements 4.0.5 and 4.7.1.2.a.2. Temporary
ultrasonic flow meters are used to measure flow through the pump miniflow line (there is
no permanent n.iniflow line flow instrumentation). The T&T valve is opened to start the
turbine by operation of the valve's control switch at the Main Control Board, and the
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pump is run with only its recirculation flowpath available. Pump speed for the test is thc
normal cperating speed of 3970 rpm. The established pump related acceptance criteria for
this test are:

Required
; ' Ammnx: Action Range

Suction Pressure, psia 211 <1l

Pump Delta-P, psid 11946 10 1310.2 118310 1194.6 <1183
and and

1310.2 10 1323.0 >1323

Flow Rate, gpm 47.1 10 62.3 39310471 <39.3
and and

62.3 10 66.2 >66.2

Horizontal Vibration, mils Ot01.44 1.44 10 2.16 2216
Vertical Vibration, mils Owl 1.0t 1.5 213

ST-10, 11, and 13 are surveillance procedures which implement valve stroke time and
remote position indication requiiements of the ASME Section X1 Pump and Valve IT]
program. Valve stroke time for the T&T valve, based on remote (main control board)
indication, is measured quarterly. The test is conducted with steam isolated (MOV-9
closed). Stroke time is measured from closed to open by holding the valve handswitch to
OPEN. The maximum allowable stroke time for the T&T valve is 19 seconds.

ST-15 is conducted at shutdown, as a part of the Pump and Valve ISI program. Its intent
is to full stroke several check valves, including turbine driven pump discharge check
valves and steam supply check valves. Full stroking is demonstrated by verifving 2 220
GPM to each steam generator with the turbine driven pump only running. This also
provides an indication of turbine driven pump performance, since the procedure requires
delivery of > 220 GPM to each steam generator simultaneously, but total pump flow and
developed head are not recorded. SG pressure is not recorded, but the procedure
specifies that the turbine driven pump related check valves be stroked with steam pressure
greater than 842 psig.

ST-21 is an Engineered Safety Features Response Time test in which the response times
for the turbine driven pump following Main Feed Pump trip signals (performed in ST-7)
are tabulated. A reference response umc from signal initiation until the T&T valve begins
to open (valve stem limit switch "ac" contacts close) is also determined.

ST-27 is an Engineered Safety Features Response Time test in which response times
determined from numerous supporting tests are compiled and compared to allowable
valuzs. The response times for starting the turbine driven pump following a Safety
Injection signal, Low-Low Steam Generator Level signal, Station Blackout signal, and
the Main Feed Pump Trip signals are tabulated. The time interval measured is the time
from start signal generation until the pump discharge pressure stabilizes.

It should be noted that the turbine driven pump is actually started, for response time
measurement purposes, only in response to the Main Feed Pump Trip signals (see
discussion under ST-7 and ST-21). Response times for various portions of the automatic
initiation circuits are recorded in procedures MI-2 and 3 and ST-21, and are coordinated
in §1-22 to determine total channel response times. It should also be noted that the T&T
valve is not opened, nor verified to open for the Low-Low Steam Generator and Station
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Blackout ¢ ignals.

ST-27 is a calibration procedure for the AFW turbine controls, and is conducted on a
refueling frequency. The test performs the foilowing T&T valve related checks:

-The mechanical trip is manuaily actuated using the local trip lever. The open coil
circuit of the valve is verified to be interrupted. The 1aechanical trip is manually
reset, and restoration of the open coil circuit is verified.

-The stem actuated limit switch which provides initiation of the governor control
ramping function is verified to close when the valve is 1/8 to 1/4 open. Total stroke
length is also verified.

-A calibration of the speed sensor which is used for indication and for the electronic
overspeed trigeis performed. A signal generator is used in order to allow the
calibration to be performed without the turbine operating. The electronic overspeed
trip point is verified (using the signal generator).

The test also performs a number of checks related to the governor and governor control
circuit, including the following:

-Resistance of the electromagnetic speed pickups for the turbine are checked
-A full governor control loop calibcation is performed. This calibration includes the
control speed sensor, ramp generator/signal converter, and the speed setiing
potentiometer. Most aspects of the calibration are performe.J with the turbine idle.
-An actual start of the turbine is conducted to verify that the turbine coines up to 2200
m with the minimal flow demand signal, and then controls at 3970 rpm at the full
ow demand signal. It should be noted that the speed feedback portion of the
circuitry is deleted for this portion of the test. With the turbine operating, the turbine
is manually tripped using the mechanical trip lever.
-Following resetting of the turbine trip device and reconnecting of the lifted speed
feedback leads, the turbine is verified to "quick start” and come up to normal
operating speed (3970 rpm) in 15 +2/-1 seconds.

It should be noted that the starts of the turbine for ST-27 are done with caly the miniflow
recirculation flow path available.

MI-2 and 3 are a series of Instrument Maintenance Instruction procedures which
determine response times for most Reactor Protection and Engineered Safety Features
circuits, including portions of the turbine driven pump actuation circuits. The various
portions of the Engineered Safety Features (ESF) response time for the T&T valve are
determined. The times are compiled in ST-22.

MI-4 is a procedure which provides instructiors on the testing of motor operated valves
using the MOVATS system, which 1s used to assess the general mechanical and electrical
control conditions of the valves.

MI-5 is a preventive muintenance procedure for LIMITORQUE actuators which is used to
maintain equipment qualification. It provides for inspection and cleaning of electrical
components; cleaning, inspection, and relubrication of the geared limit switch train;
inspection and replacement (if needed) of gaskets; setting of the limit switch positions, per
the MI-11.2 series; measurement of resistance to ground from the supply breaker;
inspection and replacement (if needed) of the operator lubricant; cleaning and relubrication
of the valve stem; lubrication of the sleeve top bearing (if a grease fitting is provided);
inspection of the shart seal for excessive leakage; and inspection of the spring pack for
hardened grease.
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MI-6 is a corrective maintenance procedure which is used periodically (as invoked by MI-
5) to adjust moto: operated valve limit and torque switch settings. Limit switch settings,
which can be set based either on valve travel measurement or the number of handwheel
turns, are set as fo'lows:

Oper limit swiich: Set to allow valve to open to within 98-99% of full travel (the open
limit switch is initially set at approximately 90% of full travel, then the valve is stroked
electrically and valve travel measured, and the open limit switch setting is modified as
necessary to achieve the 98-99% travel)

Close limi: switch: Set to allow valve to close to within 99-100% of full travel (but with
the limit switch set to open at no greater than 98% of full travel)

3.2.5.2. FREQUENCY OF TEST OPERATION

The T&T valve is stroked per the following test procedures. Note tha: the turbine is not
started by all tests since upstream steam supply valves are closed prior to stroking the

T&T valve.
NUMBER OF T&T
PROCEDURE EULL STROKES/PUMP STARTS EREQUENCY*
ST-3 43/0 R
ST-6 10 R
ST-7 113 K
ST-8 2R Q
ST-11/13 1/0 Q
ST-15 2R HOT STANDBY (<Q)2
ST-25 10 M
ST-27 an R
MI-2A & B 10 R!
MI-3A & B 10 R!
*R-REFUELING
Q-QUARTERLY
M-MONTHLY

1. The MI tests are performed on an alternating basis; that is, one train is tested per
refueling outage

2. It 1, assumed that this test is performecd twice per year.

3. Estimated,; the procedure does not identify any stroking, but multiple signals which
cause valve opening are created.

TOTAL ESTIMA TEST RELATED T&T FULL STROKES PER YEAR: 43

TOTAL ESTIMATED TEST RELATED TURBINE STARTS PER YEAR: 15

3253, RELEVANT OPERATING INSTRUCTIONS
OP-1 is the AFW System operating procedure. It includes the following guidance:
-A precaution states that the AFW Pumps should be run on recirculation flow (as opposed
to stopping and starting the pumps) during cenditions when SG demand is low in order to
avoid hanger damage and exten. motor life. Another precaution stipulates that AFW

should be batched at ~ 75 gpm (under manual LCV control) to each SG to prevent
vibration damag= and inadvertent swapover from the CST to ESW Luction as well as to
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prevent SG nozzle crucking.

-Following pump start, the pump is inspected locally (no specific direction provided for
the inspection)

-Precautions not to operate the wurbine driven pump at less than 2200 RPM (the turbine
idles speed). Although not specified in the procedure, the rationale behind this limitation
is to prevent the rotational speed from approaching the turbine driven pump'’s first critical
speed, calculated by the vendor to be 1900 RPM.

-Precautions that the pumgagischargc lines should be < 125°F. This g'ecaution is
included to ensure against backleakage binding of the pumps. It should be noied that
Flant A is probably less susceptible to backleakage than many other plants siace its level
control valves are normally closed (some plants have only check valves between the
pumps and the SGs or main feed lines).

-Precautions that when admitting steam to a colu line, the steam supply valve should be
cracked manually to warm the line slowly to prevent hammering the line.

OP-1 also provides valve and breaker lineup and control information for system
operations. The valve checklist specifies that the T&T valve is to be "Closed and
Operable”, wud that it is latched and the mechanical overspeed trip is reset. The procedure
provides directions on starting up the turbine driven pump frem the main control room
and locally. It includes notes that the turbine speed can be controlled by manually
operating the T&T valve, and specifies that it should be positioned to maintain discharge
pressure 100 psi greater than SG pressure if so operated.

The procedure includes a note that an auxiliary power supply to the T&T valve is
available, but does not inciude directions on how to place it into service, nor does it
include normal porition for the manual transfer switch

The flow controller for the governor valve control circuit is specified to be in "AUTO",
with its setpoint at 100% (provides a flow demand signal to the governor Ramp
Geneiator/Signal Converter tha: is equivalent to 880 gpm).

OP-1 includes a section on starting and operating the turbine driven pump locally, and
notes that the governor valve will fail open on loss of control power. It advises that the
turbine speed can be controlled by manually operating the T&T valve and maintaining
discharge pressure at 100 psi greater than steam supply pressure.

Another section of the OP advises that if the turbine trips on overspeed because of the
flow controller failing to control flow automatically, that the controller should be placed in
manual and the output set at 20% before restarting.

GOP-1 (Plant Startup from Cold Shutdown to Hot Standby), GOP-2 (Plant Startup from
Hot Standby to Minimum Load), and GOP-3 (Plant Shutdown from Minimum Load to
Cold Shutdown) include some of the same precautions relative to operation of the turbine
driven pump.

While not part of a formal procedure (rather based on an operations group instruction
letter), auxiliary operators check the teraperatures of the pump discharge lines once per
shift for evidence of backleakage of main feedwater. This monitoring is performed in
response to IE Bulletin 85-01 and Generic Letter 88-03.
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1). There are several accident demand conditions, as well as support functions associated
with the T&T valve which are not ve:ified by periodic testing:

a). Bypassing of the valve thermal overload switches (the system design causes the
thermal overload switches for the T&T valve to be bypassed by contacts which are
actuated by all safety related starts of the turbine driven pump) is not verified.

b). The automatic steam supply transfer, which is built into the design in order to aliow
the turbine to operate in the event that its normal steam supply source is unavailable, is
not verificd by testing. This automatic transfer includes an auto-closure and a
subsequent auto-open of the T&T valve. There are several tests in which the automatic
steam supply transfer should occur (althcugh steam is isolated from the T&T valve by
MOV-9 and MOV-10 during the tests), for example, ST-3A & B and ST-7. However,
there is no note or precaution in the procedures that the automatic transfer will occur,
nor is there verification that the transter does, in fact, occur. There are several potential
sources of failure that are not checked in conjunction with the steam supply tracsfer. In
addition, some components that are checked, for instance the T&T valve motor, are
more seriously challenged by the back-to-back stroking that is required.

¢). Proper setting and functioning of the following stem position limit switches are not
verified by surveillance testing:
1) the switch which results in automatic closure of Steam Generator blowdown
isolation valves and provides the permissive to allow automatic transfer to the
alternate steam supply source (also note that there are several relays which must
energize to cause these functions to ouvcur which are likewise not checked)
2) te ,witch which causes the turbine driven pump room ventilation fan to start
3) the switch which causes the T&T valve operator to automatically drive to the
shut position following an electronic overspeed trip

2). The T&T valve is not included in the Tech Spec list of vaives for which verification of
thermal overload protection operability is required (and therefore the settings of its thermal
overload heaters/switches are not checked by a Surveillance Test). Note that, per Comment
la, the bypassing of the therma! overload switches is also not venfied for the T&T valve.

If the bypassing of the thermal overload switches was verified, the thermal overioad setting
wouid be of less significance.

3). Automatic operation of the T&T valve closing coil io drive the motor to shut, thereby
relatching the motor to the valve (and allowing the valve to automatically reopen, if the
open signal is still present), following an electronic overspeed trip is not verified.

4). The electronic overspeed trip setpoint is tested under non-operating conditions (turbine
not running). While the ability to trip the turbine using the mechanical trip lever is
performed in ST-27, the mechanical trip setpoint is not tested periodically. Therefore, there
15 no test which verifies that the electronic overspeed trip will precede, and thereby avoid,
the mechanical overspeed trip. (Note that an electronic overspeed trip is preferred, from an
operational standpoint, since the mechanical overspeed trip requires local resetting.)

5). Only one train of the Blackout Signal is verified to cause opening of the T&T valve in
ST-7. The test that is conducted is performed by jumpering contacts, as opposed to
simulating the signal (for example, by deenergizing both se’s of initiating relays). The train
to be tested is left to operator discretion. Although both trains of Station Blackout relays
(the relays which cause closure of the contacts noted to be jumpered above) are tested as a
part of response time testing for the motor driven AFW pumps (in ST-3A & B), the T&T
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valve is not verified to open.

6). With the exception of the testing of discharge check valves which is performed in ST-
15, the test related runs of the turbine driven pump are performed with only the miniflow
recirculation flow path available. There is no monitoring of the pump/turbing capability
other than with minimum flow, plus the incomplete (only flow is recorded) indication
provided by ST-15.

7). The tests for the turbine driven pump, as allowed by Tech Specs, are not rec]uimd
unless the steam supply pressure is greater than 842 psig (see Tech Spec Surveillance
Requirement 4.7.1.2.a.2). However, as indicated in the Basis section for Tech Spec
3/4.7.1.2, the AFW System is depended upon to provide flow to the SGs until the Reactor
Coolant System (RCS) reaches 350°F. Assuming no temperature differential between the
RCS and the secondary side of the SGs, the corresponding saturation steam pressure
would be about 120 psig. There is no testing of the turbine driven pump’s ability to
operate properly at reduced stean supply pressures.

3.2.6. Pump Miniflow Check Valves (MCV): C-8 , C-6 , C-10
3.2.6.1.  SURVEILLANCE AND MAINTENANCE TESTS/INSPECTIONS

ST-8 and 9 are quarterly tests in which the AFW pumps are run in recirculation only. The
MCVs are deemed to be operable in these procedures if recirculation flow, as measured
by the use of a strap-on ultrasonic flowmeter, is at least 47 (minimum of the acceptable
range) gpm for the turbine driven pump and 29/27 gpm for Motor Driven Pumps A/B.

3.2.6.2. FREQUENCY OF TEST OPERATION
The motor driven pump MCVs are stroked per the following procedures:
NUMBER OF
EULL STROKES FREQUENCY™*
ST-3A & B 5 R
ST-6 S R
ST-9 1 Q
ST-15 1 HOT STANDBY (<Q)!
ST-16 1 R
MI-2A & B 1 2R?
MI-3A & B 1 2R?
*R-REFUELING
Q-QUARTERLY
M-MONTHLY

1. It is assumed that this test is performed twice per year. ! :
2. The RT tests are performed on an alternating basis; that is, one train is tested per
refueling outage.

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: The above test
frequency information would yield about 14 full strokes per year; however, the motor
driven pumps are used for protracted periods during startups and shutdowns, with
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varying flow rates, with the dominant amount of time spent at relatively low flow rates or
in recirculation flow only. Thus, the valves are stroked much more frequently than
indicated by testing. Note that "full strokes" refers 1o conditions when the flow rate
through the valves is at or near the maximum that occurs, not necessarily a condition
where the check valve is fully open.

The turbine driven pump MCYV is stroked per the following procedures:

NUMBER OF
EULL STROKES EREQUENCY

ST-7 3 R

ST-8 2 Q

ST-15 2 HOT STANDBY (<Q)!

ST-27 2 R
*R-REFUELING
Q-QUARTERLY
M-MONTHLY

1. It is assumed that this test is performed twice per year. Also note that the turbine
driven pump is not assumed to already be operating when ST-15 is performed, as are the
motor driven pumps.

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: 15. The only
time the valves would be likely to experience full stroking would be during testing,
although there might be some infrequent operational demands that would result in
substantial, if not design basis flow rates through the valves. Note that "full strokes"
refers to conditions when the flow rate through the valve is at or near the maximum that
occurs, not necessarily a condition where the check valve 1s fully open.

1263,  COMMENTS

The flow rates through the minimum flow lines are substantially less than current vendor
recommended minimum flow for both the motor and turbine driven pumps. At the
minimum acceptable flow rates through the miniflow lines of 29/27 gpm for the motor
driven pumps and 47 gpm for the turbine driven pump, the line velocities are 6 and 11
fUsec, respectively. Under these conditions, and particularly in light of the fact that the
minifiow orifice is immediately upstream of the MCVs, disc oscillation would be
expected.

The measurement of flow through the lines is by a strap-on ultrasonic flow meter. The
test procedures do not specify exactly where to place the flow meter. The repeatability
and accuracy of the ultrasonic flow meter indication, in light of the lack of specification of
location as well as inherent instrumentation inaccuracy, would be expected to be relatively
poor.
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3.2.7. Common Miniflow Check Valves (CMCV): C-1, C-2

ST-9 is a quarterly test in which the motor driven AFW pumps are run in recirculation
only. The CMC{ls are deemed to have been partially stroked in this procedure if
recirculation flow, as measured by the use of a strap-on ultrasonic flowmeter, is at least
27 (Motor Driven Pump B)gpm.

ST-16 is performed once every two years for the specific purpose of demonstrating
operability of the CMCVs. The test is performed by operating both motor driven pumps
and the turbine driven pump with only the recirculation flow path to one CST available.
Flow rates are not recorded.

32 2. FREQUENCY OF TEST OPERATION

The CMCVs are stroked per the following procedures:

NUMBER OF
PROCEGURE FREQUENCY*
ST-3A & B 10P R
ST-6 10P R
ST-7 3p R
ST-8 2P Q
ST-9 2P Q
ST-15 3P HOT STANDBY (<Q)!
ST-16 IF R
ST-27 2P R
MI-2A & B 1P 2R2
MI-3A & B 1P 2R?
*R-REFUELING
Q-QUARTERLY
M-MONTHLY

1. This test is assumed to be performed twice per year.
2. The MI tests are performed on an alternating basis; that is, one train is tested per
refueling outage.

TOTAL ESTIMATED TEST RELATED STROKES PER YEAR: The above test
frequency information would yield about 39 partial strokes and | full stroke per year,
however, the motor driven pumps are used for protracted periods during startups and
shutdowns, with varying flow rates, with the dominant amount of time spent at
relatively low flow rates or in recirculation flow only. Thus, the valves are partial
stroked much more frequently than indicated by testing. Note that "full strokes” refers
to conditions when the flow rate through the valve is at or near the maximum that
occurs, not necessarily a condition where the check valve is fully open.
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3223, _RELEVANT OPERATING INSTRUCTIONS
OP-1 includes precautions that state:

"AFW Pumps should continue to run on recirculation to avoid hanger damage and
extend motor life. AFW LCV's should be maintained in manual 10 avoid steady-state
low flow conditions that could result in damage to hangers in the Turbine Building,
Condensate Transfer Pump damage, end/or intermittent actuaton of AFW pump suction
pressure switches. Just prior to criticality LCV Controller will be placed in AUTO
positions."

"While in a low flow condition or Mode 3, AFW should be ‘batched’ or 'slugged’ at ~
75 gpm to each steam generator to prevent vibration damage and inadvertent ESW
swapover. This flowrate will also ensure that S/G nozzle cracking does not occur.”

GOP-1 ("Unit Heatup from Cold Shutdown to Hot Standby") and GOP-2 ("Plant
Startup from Hot Standby to Minimum Load") include similar precautionary statements.

3274, COMMENTS

Running a number of pumps in recirculation simultaneously, as is done in ST-16, does
not provide a reliable indication of operability of the check valves, since flow is not
measured. In order to demonstrate required operability, the aciwual flow of each pump
(or at a minimum, the combined flow through the CMCV¢) should be measured.

It should also be noted that the flow velocities through the CMCVs are extremely low,
even under conditions where all three AFW pumps are running simultaneously. An
estimate of velocity through only one CMCV and through both of the parallel CMCVs
for various nominal flow rates are provided below:

FLOW, NUMBER OF VELOCITY (FT/SEC) VELGCITY (FT/SEC)
GPM PUMPS RUNNING BOTH CMCVs OPEN
25 ONE (MD) PUMP | 0.6
40 TD PUMP 2 1
90 ALL PUMPS 4 2

The fact that the conditions under which these valves would be stroked from shut to
open would normally be at very low velocities (including the ST-16 test, in which
"full", or maximum expected flow is passed through the valves) suggests that the valve
wear rate, as a function of service hours, would be fairly high.

3.2.8. Pump Discharge Check Valves (DCV): C-7, 9, 11

ST-15, which is performed during each entry into Hot Standby conditions,
demonstrates that the pumps are able to deliver design basis flow to the SGs. The test
thereby demonstrates that the DCVs stioke open sufficiently to allow the required flow
to pass through them. The total of flow rates to the SGs must be > 440 gpm for the
motor driven pumps, and > 880 gpm for the turbine driven pump.

ST-28, which is performed on a refueling frequency, calls for the disassembly and
inspection of several check valves. It should be noted that this ST does not meet a
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;.&eaﬁc Tech Spec Surveillance Requirement, and is not required by the ASME Section
N&mm. but is performed as a consequence of the San Onofre water hammer eveat
REG-1190 and IE Notice 86-09). The valves are organized in groups of four.
One valve out of each group is disassembled and inspected each refueling outage, so that
each valve will be inspected about every six years. If a valve fails to meet the acceptance
criteria (see below), all other valves in the goup are to be inspected during the same
outage. The DCVs, along with .ae turbine driven pump suction check valve, make up
one group of valves to be disassembled and inspected in ST-28.

Acceptance criteria are:

-All internal parts are in place and show no signs of abnormal wear

-All internal locking devices, includi:‘ﬁ tack welds, are in place and in good condition
-All internal surfaces are in good condition and show no signs of abnormal wear

The motor driven pump DCVs are stroked per the following procedures:

MBE&QF.EULLSIRQKES EREQUENCY
ST-15 HOT STANDBY (<Q)!

1. It is assumed that this test is performed twice per year.

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: 2. The only
time the valves would be likely to experience full stroking would be during testing,
although there might be some operational demands, such as total or partial loss of
feedwater that would result in substantial, if not design basis flow rates through the
valves. It should be noted that since the motor driven pumps are used during startup
and shutdown periods, their DCVs would be partially stroked frequently as the pumps
are used to maintain SG level.

"The turbine driven pump DCV is stroked per the following procedures:

MLM.B.ER.QEﬂlLL_S.IRQKES EREQUENCY
ST-15 HOT STANDBY (<Q)!

1. It is assumed that this test is performed twice per year

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: 4. The only
time the valves would be likely to experience full stroking would be during testing,
although there might be some infrequent operational demands that would result in
substantial, if not design basis flow rates through the valves.

3.2.83. RELEVANT OPERATING INSTRUCTIONS

Since the turbine driven AFW pump would seldom be used to support startup/shutdown
evolutions, the normal operating procedures primarily affect the motor driven pump
DCVs.

OP-1 includes precautions that state:
"AFW Pumps should continue to run on recirculation to avoid hanger damage and

extend motor life. AFW LCV's should be maintained in manual to avoid steady-state
low flow conditions that could result in damage to hangers in the Turbine Building,
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Condensate Transfer Pump damage, and/or intermittent actuation of AFW pump suction
pressure switches. Just prior to criticality LCV Controller will be placed in AUTO
positions."

"While in a low flow condition or Mode 3, AFW should be 'batched’ or 'slugged’ at ~
75 gpm to each steam generator to prevent vibration damege and inadvertent ESW
swaBover. This flowrate will also ensure that S/G nozzle cracking does not occur.”

GOP-1 ("Unit Heatup from Cold Shutdewn to Hot Standby") and GOP-2 ("Plant
Startup from Hot Standby to Minimum Load") include similar precautionary statements,

While not part of a formal grocedurc (rather based on an operations group instruction
letter), auxiliary operstors check the temperatures of the pump discharge lines once per
shift for evidence of backleakage of main feedwater. This monitcring is performed in
response to [E Bulletin 85-01 and Generic Letter 88-03.

3284,  COMMENTS

The function of preventing reverse flow from either a paralle]l AFW pump or from main
feedwater is accomplished by several valves, including the DCVs. The disassembly and
inspection performed, as well as the full flow testing that is performed, help ensure that
the valve strokes open freely. The disassembly and inspection also provides some level
of assurance that the valve will not allow an extreme amount of reverse flow. There is
no testing which attempts to verify that each specific valve keeps reverse flow to less
than some acceptable value. However, as long as the series of valves, including, for
example, a closed level control valve and its downstream check valve as well as the
DCV, are demonstrated to prevent reverse flow, it is not viewed as particularly critical
that the leak tightness of a specific valve be known.

At the maximum flow required for test conditions (220 gpm per SG in ST-15), the
velocity through the motor driven pump DCVs is approximately 6 ft/sec. At the flow
rate associated with "batching" the SGs during shutdown periods (75 gpm per SG, or
150 gpm total, per OP-1 and GOP-1 and -2), the velocity is approximately 2 ft/sec.
These velocities are very low, especially considering the location of the DCVs (see
Figure 3.3), and disc osciilation would be expected.

3.2.9. Motor Driven AFW Pump Level Control Valves (MDLCV): LCV-
1/1A, LCV-3/3A, LCV-5/5A, LCV-7/7A

ST-4, which is conducted on an 18 month frequency, is a channel calibration procedure.
The procedure performs a loop calibration on the SG level instrument loops, from the
level transmitters all the way through to the valves themselves. The procedure verifies
valve position as a function of demand throughout the demand range. It verifies that the
air supply pressures for the valve operators and the valve I/P converters are correct. It
also verifies that the setpoints for the pressure switches which cause the coutrol to transfer
from the MDLCV's to the BMDLCV'S (PS-1, 3, 5, and 7) are proper. The check of the
pressure switch setpoints is redundant to a check performed in ST-18.

ST-6, which is performed every 18 months, verifies that the MDLCV and BMDLCV
controllers switch from marual to automatic, and that the automatic controllers cause the
valves to open/close in response to steam generator level below/above setpoint, in
rusponse to simulation of each automatic AFW actuation signal. The test is performed
with valves downstream of the level control valves closed, thereby preventing delivery of
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flow to the steam generators. The portion of the test which simulates a station blackout
does so by jumpering two sets of contacts (operated by the two undervoltage relays)
which are normally open, but go closed when the associated 6.9 KV bus experiences an
undervoltage condition. (Note that the relays which deenergize to cause the contacts to
close are verified 1) cause the motor driven AFW purnps to start in MI-3; but the specific
contacts which affect the MDLCV's and BMDLCV's are not verified to operate when the
relays deenergize.)

ST's-10, 11, and 13 are surveillance procedures which implement valve stroke time and
remote position indication requirements of the AboME Section XI Pump and Valve 18]
program. Valve stroke times for the MDLCV's and the BMDLCV's are checked, using
remote (main control board) position indication, on a quarterly basis. Valve stroke times,
based on local observation of valve stem movement, are checked every two years and
compared to stroke times recorded remotely. Local position is verified ' ) agree with
remote position indication every two years. The maximum allowab, stroke times
identified for the MDLCV's and the BMDLCV's are:

MAXIMUM MAXIMUM
MCLCY. STROKE TIME BMCLCY STROKE TIME
LCV-1 14.4 SECONDS LCV-1A 25.2 SECONDS
LCV-3 11.2 SECONDS LCV-3A 25.3 SECONDS
LCV-5 15.6 SECONDS LCV-5A 14.0 SECONDS
LCV-7 10.2 SECONDS LCV-7A 15.6 SECONDS

The stroke times of an MDLCV is checked by first putting the valve handswitch in
MANUAL BYPASS, and ramping the BMDLCYV to full open (under these conditions, the
MDLCYV solenoid is energized, keeping it closed, while its controller, which is used for
both the MDLCYV and the BMDLCV, provides a maximum open signal). The handswitch
is then placed to the MANUAL position, which deenergizes the MDLCV solenoid,
causing the MCLCYV to open. Stroke time is measured during this open stroke. A similar
sequence is us.-d for stroke time tesiing the BMDLCV's, except the handswitch is
transferred froa MANU.AL to MANUAL BYPASS to initiate the stroke.

ST-20 is 2 (es\ in which the response times of various portions of the AFW actuation
circuitry ‘s checked. This test measures the times in conjunction with actual equipment
operaticns which occur when ST-6 is conducted. The times which are applicabie to the
MDLCV's and BMDLCV's are the times from main feed pump trip until energization of
relays which result in the transfer of the valve controllers from manual to automatic.

ST-22 is an Engineered Safety Features (ESF) Response Time test in which the response
times for the MDLCV's are measured. The times are measured from a simulated low
level signal input to the level controller from level transmitter (note that this is not the
same as the Lo-Lo SG level signal which causes AFW actuations to occur) until the
MDLCV's are full open. The times are actually measured in MI-2, and in ST-22, the
valve stroke response times from MI-2 are added to the relay response times and to other
portions of the channel response time (logic and master relay response time) to calculate
the total response time of the MDLCV's. The total response times for each of the
MDLCV's, as well as the TDLCV's, the motor driven pumps and the turbine driven
pump are compareq, and the maximum time associated with any of these components is
designated as the ESF " 2sponse Time for Auxiliary Feedwater.

ST-24, which is performed ever 31 days, verifies that the controllers for the MDLCV's

and BMDLCV's respond appropriately to level deviation signals. i{ the test is performed
during a time when the applicable pump is being used to maintain SG level (during
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shutdown), the test will use both velve position change and observed flow to verify-

stroking. If the applicable pump is not in service to maintain 3G level, the pumps are

simulated to be running, and valve gﬂ'embility is based upon indicated position charge in
el

response 10 leve! deviation signals. atter (pump not 1n service for level maintenaice)
will be the normal test condition.

It should be noted that this test verifies that the conwoller responds to transfer of the MCB
switches from MANUAL to AUTO (with a pre-establisiied level deviation), and also

verifies controller response to adjustment of the automatic control setpoint at the ACP.

MI-2 is a response time procedure, performed once per refueling outage (one train is
performed each outage) in which the time required for eachi MDLCYV 1o stroke from closed
to open in response to a simulated low SG level signal input to the valve controller is
measured. The time is used in ST-22 to determine total AFW actuation response time.
MI-2 also checks the response time for relays which result in the transfer of the valve
controllers from manual to automatic.

MI-7 is useu to verify the time delay relay associated with the automatic transfer from the
MDLCV's to the BMDLCV's times o' at fifteen seconds. The procedure does not
actuate any equipment-it only verifies r ..y timing. There is no designated frequency of
testing.

3.2.9.2.  FREQUENCY OF TEST OPFRATION

The MDLCV's are stroked per the following procedures:

NUMBER OF FULL STROKES EREQUENCY
ST-4 ] R
ST-6 6 R
ST-10/13 1 Q
ST-15 114 HOT STANDBY (< Q)2
ST-24 1 M
MI-2A & B (! RX23

1. Only the MDLCV's are stroked (the BMDLCV's are not).
2. It is assumed that this test is performed twice per year.

3. Each MDLCV is stroked once every other refueling outage.
4. This is the only test in which the valves open to allow flow.

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: The above test
frec‘lucncy information would yield about 23 full strokes per year *or the MDLCV's and
21 for the BMDLCV's; however, botn the MDLCV's and the BMD CV's would be used
rou..nely to support normnal plant operation during startup and shutdown periods. Multiple
partial or full strokes would occur during these evolutions.

G INSTRUCTIONS
OP-1 is the AFW system operating instruction. The procedure specifies that (as a
Condition for Operation) the level controllers at the ACP be set for 33%.

The procedure also includes the following practices or requirements related to the
MDLCV's and BMDLCV's,
- For start up of a motor driven pump, the procedure advises the operator to close all



%'& if time permits, and 10 control $/35 level by manually throttling the associated
's

- For MDLCV manual local operation, the procedure provides directions as to the physical
location of the valves, cautions the operator 1¢ maintain flow from a motor driven pump to
less than 200 gpm in mode 5 or 6, and has the operator maintain level by throtding either
the upstream or downstream isolation (gate) valves. A note is provided advising the
zlnu that the MDLCV:s fail open and the BMDLCVs fail closed on loss of power or

-A precaution stipulates that AFW should be batched at = 75 gpm (under :1anual LCV
control) to each SG to prevent vibration damage and inadvertent swapover from the CST
to ESW suction as well as to prevent SG nozzle cracking.

3294, COMMENTS

All testing is performed with the MDLCV control switches in MANUAL/MANUAL
BYPASS. normal, standby switch position is AUTO. With the switches in
MANUAL, the LCV solenoids will be continuously deenergized, and therefore valve
ton will be controlled by the controller only. In normal system configuration, the
solenoids are energized (and the LCV's are therefore closed), and deenergize when
the associated pump starts, thereby allowing the LCV's to modulate. The circuit change
which cai:ises the soienoids to transfer from the energized to the deenergized state
(opening of pump breaker auxiliary contacts 528/b) is not demonstrated.

The simulation of blackout signal to verify responses of the MDLCV's and BMDLCV's is
done by jumpering the blackout contacts which are normally open, but close in response
10 loss of bus voltage conditions. The contacts which are jumpered are the contacts which
cause the turbine driven pump (0 start as well as enabling the TDLCV's, MDLCV's, and
BMDLCV's to perform their required automatic level control control functions. Although
the blackout relays are verified to deenergize to cause other contact operations (associated
with the start of the motor driven pumps) in other Rrocedurcs. the contacts which are
jumpered for testing simulation purposes are nu. verified to operate properly (close when
the relays deenergize).

The automatic transfer from MDLCYV to BMDLCV control is not demonstrated. The
ressuic switches which initiate the transfer are verified to close at the correct setpoint (in
T-4), but the pump breaker contacts (525/a) which provide another portion of the auto

transfer permussive, as well as tne relay and associated contacts which effect the transfer,

are not verifivd 1o operate. The principal sipnificance of not tesiing these componeuts is
that in h» cvert of a Zaulted SG, failure of tie faviied SG's MDLCV 1o transfer oves ¢

BMDLCY wouid result in contintang flow ‘hraugh the arger valve o the faultad 5G

The shifity of the ACTIDENT RESET swatch position to trenisfer the controdler back
man! 2onwrol in the prosence of an accident signal is not demonstraced. Aithough the
AL CIDENT RESET swich nos'aon is used seve al times in the ST's, the simulated
asCigeid signal is wiways removed tirst, theesby rendering the transfer to ACTIDENT
RESET meanirgless. The primery impot izace of heing eble 1o transfer to manual zonarol
is (¢ provide the oneratar with the capabilicy o1 dealing with either a sitvaton wheie the
controller(s) malfunctions in AUTO, o, « lere a faulted SG condition exisis, and flow ‘o
the faulted SG nieeds to be isolated (which would not sccur automaiicaily, since 2 low SG
level condition would exist). Note that automatic transfer from MDLCV to BMDLCV
con.rol should occur when the downstream pressure is less than 400 psig, however, this
is also not demonstrated to occur.

In addition to the fact that the ACCIDENT RESET switch 1s not demonstrated, there
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exists a design condition for which neither the MDLCV's nor the TDLCV's can be reset
to manual control. When the plant has been operating at > 80% load, a main feed pump
trip will result in automatic start of the AFW pumps. Even for automatic starts of the
AFW pumps from other sources (such as Safety Injection) which occur first, the feed
pump trip start siyeal would also be ted. is a single contact, operated by a
non-safety gracw piressure switch which senses HP turbine impulse pressure, which, in

the event that it sticks closed (it is set to open at < 75% power), 'vould prevent transfer of
any of the MDLCV or TDLCV controllers from automatic to manual without additional
operator intervention (such as the lifting of leads). The ability to reset the controls to
manual and isolate a faulted SG within 10 minutes is taken it for in the feedline and
steamline accident analyses.

None of the surveillance tests which officially demonstrate the OPERABILITY of the
MDLCV's put any flow through the valves; however, ST-15, which i used to
demonstrate full stroking of various check valves, does demonstrate that the valves can be
opened (using the manual controls) to allow 2 220 GPM 1o each SG.

3.2.10, Turbine Driven Pump Level Control Valves (TDLCV): LCV.2, LCV.
4, LCV.6, LCV.8

gT-d. which is conducted on an 18 month frequer:cy, 1s a channel calibration procedure.

The procedure performs a loop calibration on the SG level instrument loops, from the
level transmitters all the way through to the valves themselves. The procedure verifies
valve position as a function of demand throughout the demand range. It also verifies
that the air supply pressures for the valve operators and the valve I/P converters are
correct.

ST-7, which is conducted on an 18 month frequency, verifies that the TDLCV's
controllers switch from manual to automatic and then open/close the valves in response
to level below/above control settoim. in response 10 each automatic turbine driven pump
start signal (except that the blackout signal 1s tested on only one train). There is no flow
delivered in this test, since downstream isolation valves are closed. All tests are
conducted with the valve switches in "MANUAL" (the normal posinon is "TAUTO")

ST-10, 11, and 13 are used tc implement the ASME Section X1 valve incervice testing
requirements. The TDLCV's are stroked once per quarter under these procedures for
remote stroke time meaturement Every two years, the valve are sioked for verification
ol ponsistency between local and remote stroke time measurement and position
indication. There is a0 flow delivered ic the SG's in this test. The nuximum allowable
stroke times for the TDLCV's, as identified in 57710, are:

LCV-2: 102.6 SECONDS
LCV-4. 132.0 SECONDS
LCV<6: 1260 SECONDS
LCV-R: 112.0 SECONDS

The valves are stroked, pe: ST-10, by placing the valve handswitch in MANUAL and
then ramping open the valve using the maiva! contiol:.

ST-22 is an Engineered Safety Features (ESF) Response Time test in which the

response times for the TDLCV's are measured. The times are measured from a
simulated low level signal input to the level controller from level transmitter (note that
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this is not the same as the Lo-Lo SG level signal which causes AFW' actuations to oceur)
until the TDLCV's are full open. (The times are actually measured in MI-2). In §T-22,
the response times for the TLI.CV's, as well as those for the MDLCV's, the TDP, and
the MDP's are compiled. The maximum time associated with any of these components
is designated as the ESF Response Time.

S$T-24 is a monthly test 3{ which the proper responses of the automatic controller to
above/below setpoint deviation signals ere verified. It should be noted that this test
verifies that the controller responds to transfer of the MCB switches from MANUAL 1o
AUTO (with a pre-established level deviation), and also verifies controller response 10
adjustment of the automatic control setpoirt at the ACP.

MI-2 and 3 are a series of procedures which determine response times for most Reactor
Protection and Engineered Safety Features circuits, including portions of the turbine
driven pump actuation circuits, varioms portions of the Engineered Safety Features
gEzSF) response time ror the TDLCV's ar¢ determined. The times are compiled in ST-

's are stroked per the following procedures:

NUMBER OF
'
g; 4 1 R
ST- 7 R
ST-10/13 x Q
ST-15 23 HOT STANDBY (<Q)'
ST-24 1 M
MI-2A & B 1 R2
*R-REFUELING
Q-QUARTERLY
M-MONTHLY

1. It is assumed that this test is performed twice per year

2. The RT tests are performed on an alternating basis; that is, one train is tested per
refueling outage.

3. This 1s the only teet in which flow through the TDLCV s is exhibited (the TDLCV's
are gg;ned after the turbine driven pump is staiied, and 2 220 GPM 10 each SG i3
verified).

TOTAL ESTIMATED S EST REL ATED FULL STRCKES PER YEAR: 26

24493 _RELEVANT OFERATING INSTEUCTIONS
Sze the discussion {or the moior driven pump ‘eve’ control valves (MDLCV's) under
item G above. The comments also apply 1o the TDL("v's.

3.2.10.4. COMMEN(S

A check valve is provided in the control air line upstream of the accumulator cennection,




The function of the check valve is 10 ensure that in the event of control air loss, the air in
the accumulator will be available for valve stroking. This check valve is not tested, nor
is the ability of the accumulator (in the absence of continuing control air supply) to
stroke the demonstrated peniodically.

The maximum allowable stroke times for the TDLCV's established in ST-10 a 10
be very high, and inconsistent with the allowable ESF Response Time for AFW (60
seconds). Also, the response time for the TDLCV's is measured under no flow
conditions. Since these are fail closed valves, stroke times under flow conditions
(versus no flow) would be expected to increase.

The automatic pipe break detection function, which isolates the TDLCV to a faulted SG,
is not tested. Two sets of pressure switches (turbine driven pum ssure switches
PS-10 and 11 and the pressure switches downstream of the TDLCV's: PS-14 and 15,
PS-16 and 17, PS-18 and 19, and PS-12 and 13), along with relays and contacts which
must change state in response to pressure switch closure are required to operate properly
in order for the automatic isolation to occur. Although both sets of pressure switches
are checked to verify that the switches close at the proper pressure, the relays and
associated contacts that actually cause isolation are not verified. It should be noted that
even though the TDLCV's close by design, this is not a Tech Spec required function for
Plant A (faulted SG isolation is a Tech Spec requirement for some other plants).

The ability of the ACCIDENT RESET switch position to transfer the TDLCV controller
back to manual control in the presence of an accident signal i1s not demonstrated.
Although ihe ACCIDENT RESET switch position is used several imes is the ST's, the
simulated accident signal is always removed first, thereby rendering the transfer 1o
ACCIDENT RESET meanir.gless. The primary importance of being able to transfer 1o
manual control is to provide the operator with the cepability of dealing with either a
situation where the controller(s) malfunctions in AUTO, or where a faulted SG
condition exists, and flow to the faulted SG is not automatically isolated (note that the
automatic isolation feature is not verified).

In addition to the fact that the ACCIDENT RESET switch is not demonstrated, there
exists a design condition for which neither the MDLCV's nor the TDLCV's can be reset
to manual control. When the plant has been operating at > 80% load, a main feed pump
trim'ill result in auton.atic start of the AFW pumps. Even for automatic stants of the
AFW pumps from other sources (such as Safety Injection) which occur first, the feed
pump tnip start signal wouid also be generated. There is a single contact, operated by &
non-safety grade pressure switch which senses HP turbine impulse pressure, which, in
the event \kar it sticks closed (it is 2t (0 open at < 75% power), wou'd prevent transfer
of any of the MDLCYV or TDLCV contoilers from autometic to manual without unusual
add:tional operator intervention (siuch as the lifting of control wiring leads). The ability
to reset the contre’s 10 manual and isolate a fauli=d SG within 10 minuies is laken credit
for in the feedline and steamline accident analyses.

There is no testing conductzd in which the TDLCV's are verified to oven/elese
automa. saily with their control swiches in AUTO, which is the normal condinion. All
tesdng in which the vaives are siroked, whether manually, or by the automatic
conirolier, is dore with the valve control switch in MANL AL The contacts which
would open o deenergize the valves' solenoids with the switches in AUTO are therefore
never demonstrated. (Note that the relays which operate the contacts are also not
verified to operate)

None of the surveillance tests which officially demonstrate the OPERABILITY of the

76



TDLCV's put any flow through the valves; however ST-15, which is used to
demonstrate full stroking of various check valves, does demonstrate that the valves can
be opened (using the manual controls) to allow 2 220 GPM 1o each SG.

352':3" l;.cvel Control Valve Check Valves (LCVCV): C-12, 13, 14, 15, 16,
l s L]

#l? which is ﬁmned during mE entry into Eot Standby conditions, demonstrates

that the pumps are able to deliver design basis flow 10 the SGs. The test thereby
demonstrates that the LCVCVs stroke open sufficiently to allow the required flow to pass
through them. The total of flow rates to the SGs must be > 440 gpm for the motor driven
pumps, and 2 880 gpm for the turbine driven pump.

ST-28, which is performed on a refueling frequency, calls for the cisassembly and
inspection of several check valves. It should be noted that this ST coes not meet o
specific Tech Spec Surveillance Requirement, and is not required by the ASME Section

I pro , but is performed as a consequence of the San Onofre water hammer event
(see NUREG-1190 and IE Notice 86-09). The valves are organized in groups of four.
One valve out of each group is disassembled and in:}awed each refueling outage, so that
cach valve will be inspoclex about every six years. If a valve fails to meet the acceptance
criteria (see below), all other valves in the group are to be inspected during the same
outage. The motor driven pump LCVCVs (C-13, C-15, C-17, C-19) *nake up one group
and the turbine driven pump LCVCVs (C-12, C-14, C-16, C-18) makz up another group
of valves which are disassembled and inspected in ST-28.

Acceptance criteria are:

-All internal parts are in place and show no signs of abnormal wear

-All internal locking devices, including tack welds, are in place and in good condition
-All internal surfaces are in good conciidon and show no signs ol abnormal wear

42412, FREQUENCY OF TEST OPERATION

The motor driven pump LCVCVs are stroked per the following procedures:

NUMBER OF
EREQUENCY
ST-15 ! HOT STANDBY (<Q)!

1. It is assumed that this test is performed twice per year.

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: 2 The orly
time the valves would be likely 10 experience full stroking would be durng wesvag,
although there might be scia2 operational demaads, such as total o~ partia! 'oss of
feedwater that would reselt in substantial, if rot design tasis flow rates throagh the
vaives. 1t should be roted that sitce th. moror dniven pumos are used during startup ind
snuidown penods, their LCVU'V ¢ would be partially stroked (ia maaua') frequently as the
pumps are used v raainain SG level. Note that “full strekes” refers 1o conditions when
the {low rate through the valves is at or near the maximum that . “curs, 1.0t necessarily a
condition where the check valve is fully open.
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The turbine driven pump LCVCVs are stroked per the following proc «dures: 'y

NUMBER OF
E@U&E B.HJJ%BQKES EREQUENCY
18 HOT STANDBY (<)}

1. It is assumed that this test is performed twice per year

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: 4. The only
time the valves would be likely to o::reriencc full stroking would be during testing,
although there might be some occasi demands, such as total or partial loss
of normal feedwater, that would result in substantial, if not design basis flow rates
through the valves. Note that "full strokes” refers to conditions when the flow rate
through the valves is at or near the maximum that occurs, not necessarily a condition
where the check valve is fully open.

ginoe the turbine driven ﬂ pump would seldom be used to support startup/shutdown

evolutions, the normal operating procedures primarily affect the motor driven pump
LCVCVs.

OP-1 includes precautions that state:

"AFW Pumps should continue to run on recirculetion to avoid hanger damage and extend
motor life. AFW LCV's should be maintained in manua! to avoid steady-state low flow
conditions that could result in damage to hangers in the Turbine "3uilding, Condensate
Trarsfer Pump damage, and/or intermittent actuation of AFW pump suction pressure
switches. Just prior to criticality LCV Controller will be placed in AUTO positions.”

"While in a low flow condition or Mode 3, AFW should be ‘batched’ or 'slugged’ at ~
75 gpm to each steam generator to prevent vibration damage and inadvertent ESW
swapover. This flowrate will also ensure that S/G nozzle cracking does not occur.”

GOP-1 ("Unit Heatugdfrom Cold Shutdown to Hot Standby") und GOP-2 ("Plant Startup
from Hot Standby to Minimum Load") include similar precautionary statements.

2114, COMMENTS

The batch flow rate whicii is specified by the operating procedures for tiie AFW lines to
the SGs during startup/shutdown (75 gpm) corresponds to a flow velocity of 2 fi/sec.
This low flow rate (ané complicated by the piping configuration for the "A" pump lines-
see Figure 3.6) weuld be expected to contribute to disc oscillation and wear.

The function ot preventing reverse flow from either a parallel AFW pump or from main
feedwater is accomplished by several valves, including the LCVCVs. The disassembly
and inspection performed. as well as the full fluw testing that is performed, help snsure
that the valve strokes open froely  The disassernbly and inspection also pruvides some
level of essurance that the vaive will not aliow an extreme ariousnt of reverse flow. Thure
1s no testing which attemipts to verify thac each specific valve keeps reverse ffow to less
than som.¢ acceptable value. However, as long as the sgries of valves, including, for
example, the combination of a closed level control valve, the associated LCVCV and the
pump discharge check valve, are demonstrated to prevent reverse flow, it is not
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particularly critical that the leak tightness of a specific valve be known.

The requirement 1o i the turhine driven pump LCVCVs at the same frequency as the
motor driven pump LCVCVs does not appear supportable from the standpoint of
susceptibility to operationally induced wear. It would appear that less emphasis on the
turbine driven pump LCVCVs would be reasonable (perhaps only disassemble and
inspect one valve every other refueling outage).

3.2.12. Steam Generator B and C AFW to Main Feed Check Valves (MFCV):
C-21, C.22, C-24, and C.25

ST-I?. which 1s performed during each entrv into Hot Standby conditions, demonstrates

that the pumps are able to deliver design basis flow to the SGs. The test thereby
demonstrates that the MFCVs stroke open sufficiently to allow the required flow to pass
through them. The total of flow rates to the SGs must be 2 440 gpm for the motor driven
pumps, and 2 880 gpm for the turbine driven pump.

ST-28, which is performed on a refueling frequency, calls for the disassembly and
inspection of several check valves. It should be noted that this ST does not meet a
;Feciﬁc Tech Spec Surveillance Requirement, and is not required by the ASME Section

| prﬁg'mx, but is performed as a consequence of the San Onofre wate: haramer event
(see NUREG-1190 and IE Notice 86-09). The valves are organized in groups of four.
One valve out of each group is disassembled and inspected each refueling outage, so that
each valve will be inspected about every six years. If a valve fails to meet the acceptance
criteria (see below), all other valves in the group are to be inspected during the same
outage. The MFCVs make up one group of valves which are disassembled ard inspected

in ST-28.
Acceptance criteria are:
-All internal are in place and show no signs of abnormal wear

-All internal locking devices, including tack welds, are in place and in good condition
-All imernal surfaces are in good condition and show no signs of abnormal wear

3.2.12.2. FREQUENCY OF TEST OPERATION
The MFCVs are stroked per the following procedures:

NUMBER OF
FULL STROKES EREQUENCY
ST-1§ 3 HOT STANDBY (<Q)!

1. It is assumed that this test is perforined twice per year.

TOVAL ESTIMA (ED TEST RELATED FULL STROKES PER YEAR: 6 (The only time
the valver would be likely to experience fuli stroking would be during testing, although
there might be some operational demands, such as totai or partizl loss of feedwater thet
would result in substantial, if not design basis flow rates through the valves.) It should
be noted that since the motor driven pumps are used during startup and shatdown
periods, the MFCYs would be partially stroked frequently as the pumps are used to
maintain SG level.
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32123, RELEVANT OPERATING INSTRUCTIONS
OP-1 includes precautions that state:

"AFW Pumps should continue to run on recirculation 1o uvoid hanger damage and extend
motor life. AFW LCV's should be maintained in manual to avoid steady-state low flow
conditions that could result in damage to hangers in the Turbine Building, Condensate
Transfer Pump damage, and/or intermittent actuation of AFW pump suction pressure
switches. Jusi prior to criticality LCV Controller will be placed in A positions.”

"While in a low flow condition or Mode 3, AFW should be ‘batched o: ‘slugged’ at ~75
g:n to each steam tor to prevent vibration damage and inadvertent ESW swapover.
is flowrate will ensure that $/G nozzle cracking does not occur.”

GOP-1 (“Unit Heatup from Cold Shutdown to Hot Standbv") and GOP-2 (“Plant Startup
from Hot Standby to Minimum Load") include similar precautionary statements.
The MFCVs therefore would be most frequently exposed to flow rates of about 75 gpm.

32424, COMMENTS
The veloci?' at the MFCVs during the "batching"” of AFW to the SGs at 75 g’;:dm would be
about 2.4 ftsec, which is less than that required to fuily open the the MFCVs. In
addition, as noted previously, disc oscillation due to turbulence would be expected in light
of the piping configuration. However, the combination of disassembly and inspection

and flow monitoring appear to provide a reasonable assurance that degradation of these
valves would be detected and corrected.

3.2.13. Main Feedwater Check Valves (FWCV): C.20, 23, 26, 27
3.2.13. 1. SURVEILLANCE AND MAINTENANCE TESTS/ANSPECTIONS

ST-29, which is performea during cold shutdown with the SGs depressurized, verifies
closure of the FWCVs by monitoring the extent of backleakage of water from the SGs.
The test acceptance criteria allow a leak rate of about 16 gpm.

ET-28, which is performed on a refueling frequency, calls for the disassembly and
inspection of several check valves. It should be noted that this ST does not meet a
specific Tech Spec Surveillance Requirement, and is not required by the ASME Section

I P‘;’g’“" but is performed as a consequence of the San Onofre water hammer event
(see NUREG-1190 and IE Notice 86-09). The valves are organized in groups of four.
One valve out of each group is disassembled and inspected each refueling outage, so that
each valve will be inspected about every six years. If a valve fails to mect the acceptance
criteria (see below), all other valves in the group are to be inspected during the same
rsx_xrtazgc. The FWCVs make up one group of valves to be disassembled and inspected in

.28,

Acceptance criteria are:

-All internal parts are in place and show no signs of abnormal we«r

-All internal locking devices, including tack welds, are in place and in good condition
-All internal surfaces are in good condition and show no signs of abnormal wear
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’l'% ﬁ%& are not stroked go: test p s. The normally open valves would close

when normal feedwater flow to the SGs is terminated, either during routine plant
shutdown or following certzin transients, such as loss of feedwater or or feedwater
isolation.

As noted above, the test which checks for backlcakage (ST-29) allows up to about 16
m seat leakage under depressurized conditions where the only driving force is the
elevation head associated with the water level in the SGs.
Assuming that a) the reverse flow rate through the check valve is proportional 1o the
square root of the pressure drop and that b) the valve disk/seat geometry is not affected by
the difference between test and demand pressure and temperature conditions, the 16 gpm
allowable backleakage under depressurized conditions would correspond to about 130
gpin per SG at the pressure of the lowest SG safety valve. This would appear to be
unacceptable.

3.2.14. Feedwater Isolation Valves (FWIVs): FWIV.L, 2, 3, 4

ST-10, 11, and 13 are surveillance procedures which implement valve stroke time and
remoie position indication requirements of the ASME Section X1 Pump and Valve 151
program. Valve stroke times for the FWIVs, based on remote (main control board)
indication, are measured quarterly. Stroke time is measured by turning the handswitch
to closed and measuring the time until the valve open indicating light is off and the
close:d indicating light is on. The maximum allowable stroke time for the FWIVs is 7.5
seconds.

MI-4 is a procedure which provides instructions on the testing of motor operated valves
using the MOVATS system, which is used to assess the general mechanical and
electrical control conditions of the valves.

MI-§ is a preventive maintenance procedure for LIMITORQUE actuators which is used
to maintain equipment qualification. It provides for inspection and cleaning of electrical
components; cleaning, inspection, and relubrication of the geared Limit switch train;
inspection and replacement (if needed) of gaskets; setting of the limit switch positions,
g:‘r MI-6B; measurement of resistance from each phase to ground from the supply

aker; inspection and replacement (if needed) of the operator lubricant; cleaning and
relubrication of the valve stem; lubrication of the sleeve top bearing (if a grease fitting is
provided); inspection of the shaft seal for excessive leakage; and inspection of the
spring pack for hardened grease.

MI-6B is a corrective maintenance procedure which is used peniodically (as invoked by
MI-5) to adjust motor operated valve iimit and torque switch settings. Limit switch
settings, which can be set besed either on velve travel measurement or the number of
handwheel tumns, are set as follows:

Open limit switch: Set such that the valve will open to within 98-99% of full travel,
where "full travel" is the distance from valve to seat contact (closed) to backsez: contact
(open)

Close limit switch: Set such that the valve will close to within 99-100% of full travel.

81



# wist are stroked per the following procedures:

NUMBER OF '
EULL STROKES EREQUENCY
AA&B 4 P
ST-10/13 | COLD SHUTDOWN !
ST-29 | COLD SHUTDOWN !

1. Assumed to occur once ear (in addition to refueling outages).
TOTAL ESTIMATED I{ELATED FULL STROKES PER YEAR: §

2,143, RELEV/NT OPERATING INSTRUCTIONS

From an AFW perspective, the operating procedures of importance are the emergency
ting procedures. Emergency pvocogutes require early venfication of closure of the
FIV's. The emergency procedurs which is initially used for normal post trip
ses, EOP-1, "Reactor Trip or Safety Injection”, has the operator verify that the
Vs (and upstream Main Feed Reg Valves) are closed as one of the early actions
(Step 7). Main Feed lIsolation is also verified in step 3 of EOP-2, "Reactor Trip
Response”. EOP-2 would be transitioned into from EOP-1 following a reactor trip
without safety injecuon being required. While the checks in these two procedures are
the primary means by which the operator is instructed to ensure that the FWIVs are
closed, Main Feed [solation is also verified in other procedures that may be transitioned
ilntcl) as conditions dictate (for example step 2 of E-2, "Faulted Steam Generator
solation").

32,144, COMMENTS

The power supplies for the motor operated FWIVs at Plant A are not strongly tied to the
AFW System. For instance, the FWIV to SG B is operated by a motor powered off of a
"B" train bus, while SG B is fed by motor driven AFW pump A, which is powered
from an "A" train bus. A similar circumstance exists for the SG C FWIV (powered
from "A" train) and the AFW pump used to feed SG C ("B" pump). Also, as at most
pl‘?:s'}"ta?l {};nals that automatically start the AFW pumps do not provide a close signal
to the 5.

From a feedline break perspective, the function of these valves is fairly imponant. The
San Onofre event is a good example of the importance that these valves have in assuring
that AFW is actually delivered to the SGs. The FWIVs are not leak-rate checked;
however, the fact that they are gate valve should minimize the probability of excessive
seat leakage.



3.2.15. SG Blowdown lsolation Valves (BDIVs): BDV-I, 2, 3, 4

ST-1§. 11, and lg are surveillance procedures which implement valve stroke time and

remote position indication requirements of the ASME Section X1 Pump and Valve 151
progiam. Valve stroke times for the BDIVs, based on remote (main control board)
indication, are measured quarterly. Stroke time is measured by turning the handswitch to
closed and measuring the time until the valve open indicating light is off and the closed
indicating light is on. It is noteworthy that the test instructions do not advise the operator
to maintain the switch in the "Open” position when reopening the valve (or initially
opening it for stroke time measurement), since the BDIV's do not have a seal-in circuit,
and require that the operator hold the switch to "Open” until the valve is fully open. (The
reason that this is noteworthy is that the stroking procedures for other valves which have
the seal-in circuit, such as FéV-l- 17 and 18, do advise the operator to hold the switches

during stroking).

The maximum allowable Inservice Test stroke times for the BDIVs are:
BDV-1: 7.2 seconds

BDV-2: 10.0 seconds *

BDV-2: 7.4 seconds

BDV-4: 10.0 seconds *

*Based upon Tech Spec limitations.

ST-3A & B are tests which verify automatic operation of plant equipment in response to
various simuiated conditions, including Safety Injection, Loss of Offsite Power, and
Phase A Containment Isolation. These tests are performed on an 18 month frequency,
during mode 5 (Cold Shutdown). The BDIVs are verified to close during the Phase A
Isolation signal portion of the test. The test does not specifically call for the BDIVs to be
reopened following the Phase A sequence. Subsequent test sequences, such as the Safety
Injection sequence, result in the generation of a closure signal to the BDIVs (due to the
fact that the AFW pumps start on an SI signal as well as the fact that an SI signal causes a
Phase A Isolation signal). However, closure is not verified in the test, and in fact it is
probable that the BDIVs would not be reopened after the Phase A Isolation test.

4.2.15.2. FREQUENCY OF TEST OPERATION

The BDIV's are stroked per the following procedures:

NUMBER OF

EROCLDURE EULL STROKES?

ST-3A & B
ST-7
ST-8
ST-9

ST-10/13

ST-15
ST-25
ST-27

d

HOT STANDBY (<Q)!
M

OCOWNE

i 3 |

R

1. It is assumed that this test is performed twice per yaar.
2. Stroking of the valves is only called for in ST-10/13 and ST-3A & B: however, valve
stroking should occur automatically in the other procedures due to the fact that the AFW
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pm‘ are started. Note that there are other tests conducted during refueling shutdowrns
which cavse AFW pumps to start, and thus cause closure signals 1o be sent 10 the BDIVs;
however, since SG Blowdown would normally be secured during this time, there is no
stroking assumed.

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: The above test
frequency information would yield about 29 full strokes per year; however, the BDIVs
would also be stroked open and ciosed during plant startup and shutdown.

P-2 is the SG Blowdown ting procedure. It specifies a maximum blowdown flow
rate of 75 gpm per SG. Per OP-2, the BDIVs are closed whenever blowdown is secured.
However, the procedure specifically instructs that the BDIVs are not to be used to secure
blowdown, rather that they are to be closed after blowdown is secured (flow is isolated
by a common downstream regulating valve). The procedure also specifies that the BDIVs
nct be used to place blowdown in service. Blowdown is placed in service by initially
opening one SGs' BDIV (and inside isolation valve) to pressurize the piping upstream of
the common line isolation valve, then opening the BDIVs from the other SGs, and finally
opening the common regulating valve. (One of the intents of this sequence is to minimize
water hammer 2ssociated with either securing biowdown or placing it in service).

GOP-1, which is the general operating instruction for taking the plant from Cold
Shutdown to Hot Standby, sFeciﬁes that blowdown is to be placed into service when the
RCS is around 200 degrees F.

GOP-3, which is the general operating instruction for taking the plant from Minimum
Load to Cold Shutdown, specifies that blowdown is to be secured when the RCS is less
than 200 degrees F.

The emergency procedures, which are based on generic Westinghouse guidelines,
frequently associate the SG blowdown valves with AFW. For example, in EOP-0
(Reactor Trip or Safety Injection Emergency Procedure), the procedural instructions
which "Verify AFW Status” include the following conditions for verification:

"AFW Pumps-RUNNING

AFW level control valves in AUTO

If SG level < 33%, then verify AFW flow
SG blowdown valves-CLOSED"

The BDIVs are not verified to close in response to start of the AFW pumps. There is not
a specific Tech Spec requirenient that specifies that the BDIVs must close in response to
an AFW pump start, since the BDIVs are not "in the flow path”. However, failure of the
BDIVs to close would substantially diminish the effective flow delivery capability of the
AFW pamps. The impact that blowdown has on AFW is implicitly confirmed by the
inclusion of blowdown isolation verification under the heading of "AFW Status” in the
emergency procedures. The impact of unisolated blowdown can, in part, be gathered
from the 1985 water hammer event at San Onofre (See NUREG-1190).

The fact that verification of blowdown isolation is included in the emergency procedures
under "AFW Status”, which is checked at an early point in the procedures, provides some
assurance that the valves will be closed following a transient induced reactor trip (whether
as a direct result of the AFW pumps starting or as a result of operator action).
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The stroke testing of the BDIVs which is done as a part of the ASME Section XI pregram
strokes the valves manually, and does so by use of the ganged switch which controls not
only the BDIV but the inside containment isolation valve as well. The flow conditions
under which the BDIVs are stroked are not specified. The ability of the BDIVs to close,
and the speed with which they would close depends, in part, on the extant flow and
pressure condiions. The worst case conditions under which the valves wou'd have to
close would be at high pressure and flow, and without the assistance provided by the
simultancous closure of the inside containment isolation valves (since these valves only
close on a Phase A Isolation, which in turn, only occurs automatically as the result of a
Safety Injection. Note that design basis demand conditions for the BDIVs, and the AFW
system, correspond to heat-up conditiors which would not necessarily cause a Safety
Injection). The testing which demonstrates operability of the BDIVs causes both the
BDIVs and the inside containment isolation valves to close, and is performed under
nominal pressure/flow conditions.

3.2.16. AFW Turbine Steam Supply Valves (SSVs): MOV-11, MOV-.12

ST-10, 11, and 13 are surveillance procedures which implement valve stroke time and

remote position indication requirements of the ASME Section X1 Pump and Valve 1Sl

gram. Valve stroke times for MOV-11 and MOV- 12, based on remote (main control

ard) indication, are measured quarterly. MOV-11 is stroke time tested from open to
closed by turning the valve handswitch to the CLOSE position, and holding the switch
in CLOSE until the valve open indicating light is off and the closed indicating light is on.
MOV-12 testing is similar, except that it is stroke timed from closed to open. It is
noteworthy that by keeping the valve handswitches in the CLOSE or OPEN position
until valve travel is complete, the seal-in features of the valve open and close coils are
not demonstrated. Valve stroke times, based on local observation of valve stem
movement, are checked every two years and compared to stroke times recorded
remotely. Local position is verified to agree with remote position indication every two
years.

The maximum allowable stroke times for the SSV's is:
MOV-11: 159 SECCNDS
MOV-12: 20.0 SECONDS

ST-23, which is performed every 18 montns, verifies that the thermal overload heaters
are operating properly. The thermal overloaa trip time at rated full load curreat is
demonstrated to be greater than twice the maximum allowabie stroke time, and the trip
time at locked rotor current is demonstrated (& be between 10 and 15 seconds.

MI-4 is a procedure which provides instructions on the testing of mator operated valves
using the MOVATS system, whick is used to assess the general mechanical and
electrical control conditions of the valves.

MI-5 is a preveative maintenance procedure for LIMITORQUE actuators which 1s used
to maintain equipment qualification. !t provides for inspection and cleaning of electrical
components; cleaning, inspection, and relubrication of the geared limit switch train;
inspection and replacement (if needed) of gaskets; sctting of the limit switch positions,
g:r MI-6A; measurement of resistance from each phase to ground from the supply

eaker, inspection and replacement (if needed) of the operator lubricant; cleaning and
relubrication of the valve stem; lubrication of the sleeve top bearing (if a grease fitung is
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provided); inspection of the shafi seal for excessive leakage, and inspection of thé-

spring pack for hardened grease.
MI-6A is a corrective maintenance which is used periodically (as invoked b{
MI-5) to adjust motor operated valve limit and torque switch settings. Limit swite

settings, which can be set based either on valve travel measurement or the number of
handwheel tumns, are set as follows:

8&1&!&: switch: Limit switch set 1o open at 95-98% of valve travel
limit switch: Limit switch set to open at 97-98% of valve travel

MI-8 is used to verify the time delay relay associated with the automatic steam supply
transfer times out at sixty seconds. The procedure does not actuate any equipment-it
only verifies timing. There is no designated frequency of testing. A commitment to
periadically calibrate the timers was made in an LER filed by Plant A,

The SEV: are stroked per the following procedures:

NUMBER OF
PROCEDURE FULL STROKES? EREQUENCY

ST-6 ] N
ST-7 1 R
ST-8 | Q
ST-10/13 ] Q

ST-15 1 HOT STANDBY (<Q)!
ST-25 | M
ST-27 | R
MI-2A & B 1 R
MI-3A & B 1 R

1. It is assumed that this test is performed twice per year.

2. Stroking of the valves is only cailed for in ST-10/13 and MI-2A & B; however, valve
stroking should occur automatically in the other procedures due to the fact that the T&T
valve will open, put the turbine won't roll,

TOTAL. ESTIMATED TEST RELATED FULL STROKES PER YEAR: 25

3

KN DATING INSTRUCTIONS

OP-1 s the AFW opcmin'g procedure. In the valve checklist portion of the procedure,
the "Required Position” for MOV-11 and MOV-12 is iisted as "Operable", with a
footnote that states: "If steam supply is aligned from $/G A, MOV-11 will be open and
MOV-12 will be closed. If stcam supply is aligned from S/G D, MOV-12 will be open

and MOV-11 will be closed.”

The procedure does not provide direction for ihe steam supply transfer sequence. The
knowledge that boih steam supply valves cannot be open simultancously mayv be
considered "ukill of the craft", however, it would appear prudent to either include
provision for accomplishing the transfer in the procedure or a precaution noting the
existence of the interlock.
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i2.164. COMMENTS

The normal AFW operating rrocedure (OP-1) allows for a normal standby condition
where SG D is the steam supply source to the AFW turbine. If the plant were operated
in this condition, it would be susceptible to credible accident conditions outside of the
anzlyzed bounds*. Fore le:

-Feedline break in SG D with a single failure of loss of "A" train AC (or loss of DC,
which would also cause loss of AC) .

This would result in only the "B" pump available for service, and with only one
intact $G (SG C) serviced by the "B" Yump The loss of AC power would prevent the
"A" pump from operating and would also prevent remote switchover from SG D to SG
A as the siecam supply for the turbine driven pump (steam supply valves are powered
from the "A" train).

*This problem was indepcndenﬂ& identified by utility personnel after the completion of
ORNL's review of ures. OP-1 now specifies that an LCO must be entered if the
?F\;e Sy::,eim alignment is configured with SG D as the available steam supply source
or the turbine.

There is no testing which demonstrates the automatic steam supply transfer function. As
a result, there are three relays and numerous contacts associated with the automatic
transfer function that are not verified to operate properly. The apparent basis for not
testing the automatic transfer is that it is assumed that operator action switches over to
the alternate supply source. However, there are no specific steps in any normal,
abnormal, or emerient:’cy procedure to so direct. It could possibly be argued that this is
"skill of the craft" knowledge. In light of the fact that the interlock that preveats both
valves from being open simultaneously is not mentioned in any operating procedure, as
well as the fact that the automatic transfer is not even mentioned in the FSAR, this
would appear to be a somewhat debatable proposition.

Although not used tn demonstrate operability of MOV-11 and MOV-12, S§T-15
demonstrates that each steam supply line ides sufficient steam to the turbine to allow
the turbine driven Kump to deliver 2 220 gpm to each SG (the test is run to prove full-
open stroking of check valves C-28 and C-29). It should be noted ihat *he procedure
includes the following directives relative to transferring the turbing steam supply source
from SG A to SG D:

<"Manually zlose T&T using HE-T&T located on M-3
-Close MOV-11 and verifs MOV-12 automaticaily opens”

The closure of the T&T valve will most likely prevent the automatic transfer from
occurring (depending upon the relationship of discharge pressure and T&T valve
position--if the T&T valve "be" contacts close before discharge pressure drops below
100 psia, the automatic transfer will not occur: aliematively, if discharge pressure drops
below 100 psia before the T&T valve "be" contacts close, then the automatic transfer
shouid occur).

It should be noted tha* the Plant A FSAR does not discuss the automatic steam supply
transfer design. The FSAR does take credit for operator action, in a general sense, such
that following a feedline break with the following comment:

“....auxiliary feedwater is assumed to be initiated 10 minutes after the trip with the feed
rate of 440 gpm.."

The specific operator actions that are required are not identified.
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As a general comment on the design configuration, it is noted that this is not & normal
m«um for AFW turbine steam supply systems. At most plants, either both valves

be normally open, and the T&T valve shut, or the T&T valve would be open and
both steam supply valves shut. In the latter case, the normal design would call for both
steam sumy valves to open on an automatic start signal. There are advantages to each
design. Plant A design provides protection against blowing down two SG's in the
event of a secondary system pipe or valve failure by ensuring that both AFW turbine
steam supply valves are not open simultaneously. r designs depend solely upon the
check valves that are in series with the isolation valves to provide automatic protection
against the pouibitit{’o.' blowing down two $G's. On the other hand, the Plant A
delien effectively lacks redundancy of steam supply sources, since the ability 10 open
MOV-12 is dependent upon MOV-11 being closed.

’sz)\! 71.0 AFW Turbine Steam Supply Isolation Valves (SSIVs): MOV.9,

g’r- 10, 11, and 1% are surveillance procedures which implement valve stroke time and

remote position indication fe?niremems of the ASME Section XI Pump and Vaive 1S1
gram. Valve stroke times for MOV-9 and MOV-10), based on remote (main control
) indication, are measured each time the plant is put in cold shutdown. The valves
are stroke time tested from open to closed by turning the valve handswitch to the
CLOSE position, and kolding the switch in CLOSE until the valve open indicating light
is off and the clesed indicating light is on. It is noteworthy that by keeping the valve
handswitches ir the CLOSE position until valve travel is compiete, the seal-in features
of the valve close coils are not demonstrated. Valve stroke times, based on local
observation of valve stem movement, are checked every two years and compared to
stroke times recorded remotely. Local position is verified to agree with temote position
indication every two years.

The maximum allowable stroke times for the SSIVs is 10 seconds (based on design
criteria)

ST-23, which is performed every 18 months, verifies tha’ the thermal overload heaters
are operating properly. The thermal overload trip tir.¢ at rated full ioad current is
demonstrated to be greater than twice the maximum a'sowable stroke time, and the trip
time at locked rotor Surrent is demonstrated 1o be ber ween 10 und 15 seconcs.

MI-9 is the calibradon procedure by which the @mperature <switches are caiibrated. Each
switch is calibrated once per refueliag cycle. The calibration only verifies proper
setpoints for the swiiches (automatic valve ciosure is not verified).

M1-4 is a procedure which provides instrucnons on the testing of motor operated valves
using the MOVATS system., which is used to assess the general mechanical and
electrical contro! conditions of the valves.

MI-5 is a preventive maintenance procedure for LIMITORQUE actuators which is used
to maintain equipment qualification. It provides for inspection and cleaming of electrical
components; cleaning, inspection, and relubrication of the geared limit switch train;
inspection and replacement (if needed) of gaskets; setting of the limit switch positions,
per MI-6A; measurement of resistance from each phase to ground from the supply
breaker; inspection and replacement (if needed) of the operator lubricant; cleaning and
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relubrication of the valve stem; lubrication of the sleeve top bearing (if & grease fitting is
provided); inspection of the shaft seal for excessive leakage, and inspection of the
spring pack for hardened grease.

MI-6A 15 a corrective maintenance ure which is used periodically (as invoked b{
MI-5) to adjust motor operated valve limit and torque switch settings. Limit switc
settings, which can be set based either on valve travel measurement or the number of
handwheel turns, are set as follows:

Open limit switch: Set to allow valve to open to within 98-99% of full travel (the open
limit switch is initially set at approximately 90% of full travel, then the valve is stroked
electrically and valve travel measured, and the open limit switch setting is modified as
necessary to achieve the 98-99% travel)

Close limit switch: Set to allow valve to close to within 99-100% of full travel (but with
the limit switch set to open at no greater than 98% of full travel)

32122, FREQUENCY OF OPERATION
The SSIVs are stroked per the following procedures:
NUMBER OF
%ﬁ B.ILL.S;,BQ'.’.ES EBEQ%E.NCX
ST-6 1 R
ST-7 12 R
ST-§ 1 Q
ST-10/13 1 COLD SHUTDOWN!
ST-10/13 FUR T&T VALVE 13 Q
ST-14 1 Q
ST-25 1 M

1. It is assumed that this test is performed twice per year.
2. Only one of the two valves is designatec to be stroked
3. Only MC'V-¢ is designated to be stroked.

TOTAL ESTIMATED TEST RELATED FULL STROKES PER YEAR: The atinve test
frequency irfurmation would yield about 25 fuil strokes per year for MOV 10 and 29
fuli strokes per vear for MOV-9: however, these valves would likely be stioked more
frequently, since tacy would be probabl: caucidates to isolate sieam from the AFW
turbine “or ¢’ > unve purposes.

32,125 RELFYANT OPLRATING INSTRUCTIONS

OF-~, 6 (toth procedures srecify valve and breaker positions’

12.12.4. COMMENTS
-~ 2

The auomatic isolation feature associated with these valves is not demonstrated.
Although not used to demonstrate operability of MOV-9 and MOV-10, ST-15

demonstrates that the steam supply line provides sufficient steam to the turbine to allow
the turbine driven pump to deliver 2 220 gpm to each SG.

89




3.3 FAILURE MODES AND FEATURES THAT ARE NOT DETECTABLE BY
CURRENT MONITORING PRACTICES

3.3.1 Pump ~ctios check valves (STV): C-4 (A motor driven pump), C-3 (B motor driven pump), C-5

(Turbime driven pump)

EAILURE MODE
1. The SCV fails closed, preventing flow
from the CST reacting the puwnp suction.

2. The SCV fails 10 open sufficienily 1,
allow required fiow to the prmp suction.

3. The SCV fails to clcse whep the 1:SW

suction valves open 1o provide ibw o0 i

pump suctioe.

NON-DETECTABILITY
None  Failure 1o open would be observed duning any of the turbine or motor
driven pump starts.

This should be observed, 10 an extent, duning the full flow testing of the AFW
pumps. It should be noted, however, that degradation could occur without
observation, since neither pump flow nor delta-p, which would be rough
ndicators of the general flow path conditions are not momitored. Rather, the only
parameters monitored are flows to the SGs, and even that is not quantified, except
that flow to each SG s > 220 gpm.

The motor driven pump SCVs are not included i the peniodic disassembly and
mspection program (ST-2K), mwmmummmmm
the turbie driven pump SCV (which is incladed in ST-28"  In this context, it
should also be noted that farlure of a motor dniven pump SCV 10 open sufficiently
1o allow required flow would result in degraded suction pressure condinions at the
pump which would not be detected by the suction pressure switches, which are
located upstream of the SCVs for the motor driven pumps.

Failure 10 close would be noted during the quarterly testing which demonstrates
closure. However, gradual degradation of the motor driven pump SCV's might not

be noticed, since they are not included n the periodic disassembly and mspection
program (ST-28).
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3.3.2 Emergency Servire Water ESW) to Motor Driven Pumps Supply Valves MOV-1, 2, 3 4

FALLURE MOLKE
1. Valve operator fails to open n response
to a low pressure condition 2¢ the purp
suction.

2. With the ESW valves opened,
msuﬂ'u:ncm flow 1s availabie.

3. The opening sequence and resporsc tims
results i pump damage and/or turhune
overspeed ripping.

NON-DETECTABILITY
It appears that only one of three possible logic coincidences 1s verified to result in
an open signal. Also, not all condiions which cause low suction pressure (such as
mmproperly positoned or broken manual valves and stuck clesed suchon check
vaives) are detectable by the existing design. It is doubtful that operator
mtervennon would be rapid enough to avond pump cavitanon and/or binding, and
the potennial associated damage. given the existence of only a single annunciator
and no other control room indicanon.

Also, as noted in the discussion for the SCVs (Section 3.3.1), a low pressure
condinon could exist at a motor dnven pump suction without being detected by the

suction pressure switches if, for example, the SCV failed to open sufficiently or of
the manual suction 1solaton valve were improperly posinoned.

22 sisonid also be noted that the upsirea= valves (MOV-: and-3) are not restroked
afie. reconnecting the control circunt leads following tesung of MOV-2 and-4 in
ST-6, thereby creating the potential for improper reconnection going undetected
until the next test.

There is no test which venifies flow, which would be a direct indicanon of
adequate valve opening. as well as an indication that the piping 1s sufficiently clear
1 allow the required flow (which is of some concern due 1o the fact that ESW
water 1s lake water, and the piping is ther=fore subject 10 Asiatic Clam buildup or
the collection of other foreign matenial). The valve stroking that is done under the
ASME Section X1 program does check stioke time from closed 1o open quarterly,
and venfies tha: remote position indication is consistent with local posinon
Iwihcation every two years.

Since a switchover to ESW is never actually tested (with good reason), the abality
of the switchover 1o occur smoothly is not demonstrated. While this 1s probably
more a design concern than aging concem, it would appear to be a substantial
system challenge to compiete the transfer under the most severe, credible
crommstances (sersmic event) without at least temporary pump loss.
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3.3.3 Emergency Service Watei (¥5% 0 Turbine Driven Pump Suction Isolation Valves: MOV.5, 6, 7. 8

FAILURE MODE
1. Valve operator fazls 10 open i response
to a low pressure condinon at *he pump
sucton.

2. With the ESW valves opened,
msufficient flow 15 availabie.

3. MOV-7 & MOV -8 fail 10 close in
response 1o an automatic close signal.

4. The opeming sequence and response ime
results in pump damage and/or tarbic2
overspezd tripping.

NON-DETECTABILITY

There 1s no test which venifies flow, which would be a direct indication of
adequate valve opeming, as well as an indhcation that the piping 1s sufficiently ciear
to 2llow e reguared flow (which i1s of some concern due 1o the fact that ESW
water is lane water, and the piping 1s ther=fore subject to Asianc Clam buiidup or
the collection of other foreign matenial). The valve stroking that 1s done under the
ASME Section X1 program does check stroke time from closed 10 open quanerly,
and veniwy that remote position indication is consistent with local position
ndication every two years.

Automatic closure of these valves 1s not included as an acceptance cntenion in any
test { ST-7 does include a note that the valves wall close after opening, however, it
iS NOL an ACCEPLance CrHer m).

Since 3 switchover 10 ESW is never 7 »ily tested (with good reason), the abality
of the switchover 1o occur smoothly 1s 10t demonstrated. Whale this 15 probably
more a design concem than aging conce n, it would appear 1o be a substantial
system challenge to complete the transfer under the most severe, credibie
crcumstances (seismic event) without at least temporary pump loss.
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3.3.4 Motor Driven AFW Pumps

FAILURE MODE
1. Pump fails to start upon demand.

2. Pump fails to continue 10 rus zfier
starting.
3. Pump fails 1o load shed v»pon acinand

4. Pump fails 1o deliver requmcg fiow 1, e
SGs.

5 Pump auxihary contacs fail to provide
required control mputs to other
automatically actuated ~quipment.

NON-DETECTABILITY
None noted.

Toe abilny of the pumps 1o continue to operate satisfactonly duning and following
taansfer of the sucton source to ESW is not demonstrated by surveillance testing.

None noted

There 1s apparently ne testing which verifies that a motor driven pump can deliver
the wyaired flow 10 iis two SGs at the required pressure conditions. ST-15 does
venfy that each motor dniven pump can deliver > 440 gpm total flow to two SGs,
b does not menitor actual flow, SG pressure, or developed pump head.

It should also be noted that operating procedure gindance appears to require that
ihe operators leave the motor dnven pumps running on recirculation flow when noat

batching the SGs. This practice wouid result in accumulated pump wear due to the
tow flow operation which would not necessanly be detected by the ST-15 testing
dre to the fact that only flow 1s monstored.

Auxiiiary contacts used to provide control signals to the motor driven pump level

control valves, the alternate suction source valves, and SG blowdown valves are
cpparenily not venified to function properly.
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3.3.5 Turbine Driven AFW bump

1. T&T valve operator fils 1 oner o
response 1o an automatic AFW turbine
start signal. (Turbine fads to start o,
demand)

2. T&T valve operator fails to complere
the close-open strokes in response to ihe
automatic sicam supply transfer signai
(1., fails to close or fails to reopens.

3. Valve electronic overspeee: 1 p
function fails to mp the valve before the
mechamcal overspeed wrip occurs,
thereby requimng local resetting (and
preventing antomatic restart).

4. Pump fails 10 develop reguired Ruw

5. Valve stem operated switches fasi to

provide input signals t¢ other At ¥
related equipment or functions.

NON-DETECTABILITY

z) The thermal overload switch bypassing, which is designed 10 occur on all safety
relatod stans, does not appear 1o be venfied.

1 vhe mermal overload settings are apparently not venfied.

¢} it 15 mot clear that the station blackout signal generated start of the urbine driven
purap is verificd. The extent of tesung 1s to venfy that the T&T valve will open when

conizcts from one, undesignated, tramn are jumpered (as opposed to closing
saionancaily).

2} The circunt which enables the automatic ransfer of steam supply sources does not
appear to be tested at all.
H) See tems a and b under Failure Mode 1 above.

a} The electromc overspeed tnp is tested under simulated, rather than actual operating
fisi

b} The automatic operation of the T&T vaive closing coil to drive the motor 1o shut,
Screby celatching the motor 1o the valve, following an electronic overspeed tinp does
net appear 1o be venfied.

¢} The mechanical overspeed tnp setpomt is apparently not venfied under simulated or
actust condinons.

a\ Full flow developed duning ST-15. However, pump condition is not fuily
ironstored {procedure venfies flow to each SG to be greater than 220 gpm, but does
not omitor ocher pump parameters)

b) ihere 1s no testing performed in which the ability of the turbine driven pump 10
deliver required flow at steam supply pressures less than 842 psig is venfied. In fact,
Tech Specs require testing to be performed with steam pressure > 842 pag.

M:'Wmmmammdkmm
a) Swiich which results in automatc closure of SG Blowdown i1solation valves and
mvks&mmbﬁm&emmmmnm

95 Switch which causes the T&T valve operator to drive the operator 10 the shut

pu 1t following an electronic overspeed mp.
¢) Swach which stans the turbine dniven pump room ventilation fan.
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3.3.6 Pump Miniflow Check Valves (MUV: C-¢, 8, 10 0 s
FAILURE MODE NON-DETECTABILITY

1. The MCV fails closed, or fails i open The ouanterly pump testing, using vitrasonic flow instrumentation, provides an

sufficiently to allow required recwrcuianon indicanon that the mimiflow check valve is stroking open adequately 1o aliow the

flow. designated maimimum flow. However, the flow rate is so low that the valves would
not be fully sttoked. Also, it is guestionable as 10 whether the flow rates are
adcqumwmﬂemmnon

3.3.7 Common Miniflow Check Vaives (CHMCV): C-1, 2

FAILURE MODE NON-DETECTABILITY

1. A CMCV fails closed, or fails 1o open ‘the nerformance testing does not demonstrate that each check valve allows at least

sufficiently to allow reguired recircuiaron agmﬂmmofﬂowsoplss.rahcr that several pumps can operate

flow. sieauitenuous! . Venficanon that the valves open sufficiently to prevent pump
)w-lm:mgcmonlybedunmsumadbymgﬂow

NOTE: If flow were monitored ir: ST-14, some assurance of preper valve functioning would be provided; however, in light of

the low flow conditions normaily expenenced by these valves, it would appear that peniodic disassembly and inspection or other
monitonng would also be approorate.

3.3.8 Pump Discharge Check Valves MV €-7, 9, 11

FAILURE MODE NON-DETECTABILITY
1. The DCYV fails closed, or fails io oncn Ire all probability, this would be observed dunir - the ST-15 testing. However, as
sufficiently to allow adequate flow toresch  noted pr-viously, only flow is monitored during :he testing. Thus, a DCV could
the SGs. open sufficently 1o allow the required flow at test conditions, but limit flow 1o less
thar reer ed under different pressure conditions.
2. The DCV fails 1o close 10 prevent There is upparently no testing which demonstrates that the DCV keeps reverse flow
reverse flow. below some acceptable value. However, reverse flow protection offered by the

oanbnmmofvzlvesmthcdnsclwgeﬂowp&sva:ﬁeddumgmnl
operation (by observation of pump casing and discharge piping temperarre).
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3.3.9 Motor Driven AFW Pump Levet Control Valves (MDLCV):LCV-VIA, 3/3A, 5/5A, 7/7A

FAILURE MODE
I. MDLCYV controller fails 1o
automatically control SG level in
response to an AFW motor drniven

pump start signal.

2. Valve operator does not open oi stay
open in response to a demand from the
controller.

3. Vaive fails to open sufficiently 10
allow adequate flow.

4. Valves fail to close sufficicnly 1o
prevent excessive flow to a faolted SG
or to prevent feedwater backleakage.

5. Valve cannot be placed in manuzi
control following an AFW actuation:
signal.

NON-DETECTABILITY
a) The deenergization of the AFW blackout relays 1s not demonstrated to result in the
energization. of relays which must function properly to enable various actions in the
MDLCV voatred cacants, including transfer of the controllers from manual 1o automatic.
This is nnt judged 1o be a significant concern, since the valve switches are normally
mamntamed 1 AJTO.
b) The transfer trom MDIL.CV to BMDLCV control, including the accompanying closure of
ihe MDLCV'< is appavently not verified by testing. This is pnmanily a concern from the
standnomt of runmmzing flow to a faulted SG unul the flow can be 1solated altogether by
manual actions (Note that the ability to transfer from automatic control 1o manual control
n the presence i an accident signal 1s not demonstrated, per item 5 below). Failure of
this transfer to occrr should be noted, however, when the motor dnven pumps are used to
ma:ntain S0 anventory duning plant shutdown and startup conditions.

a; The deenerg:zation of the MDL.CV solenoids (which allows the valves to open/modulate
automancaliy) due to an automatic pump start does not appear to be demonstrated. Al
testiug = performed with the valve switches in MANUAL (which uself deenergizes the
valve solcnod ;)

in all probability, this would be observed duning the ST-15 testing. However, as noted
previously, only flow is monitored duning the testing. Thus, a MDLCV could open
sufficiently 1o allow the required flow at test conditions, but limit flow 1o less than required
under different pressure conditions.

There is apparenily no testing which 1s specifically onented toward detecting seat icakage.
Reverse tflow protection offered by the combination of check valves plus the level control
valves s observable duning normal operation. It is possible that excessive MDLCV or
BMDLCYV seat '=akage might be observed during startup and shutdown evolutions, or
posstbly durng routine pump testing (in recirculation).

The zhrlity to trensfer the control of the MDLCV's from automatic to manual in the
nicsence of an AFW actuation signal does not appear to be demonstrated. Inability to
transfer 1> manual control would prevent the operators from isolating flow to a faulted SG
cxcept by addinonal operator intervention or by stopping the associated pump. The
mability 10 ranster o manual control could also aggravate recovery efforts in the event that
there was o3 automatic controller fatiure.
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3.3.10 Turbine Driven Pump Level Covtres Yslves (TDLCV): LCV-2, 4, 6, 8

FAILURE MODE
1. Vaive controller fails 1o auworatically Nore noted

open/close to control SG level i
response to an AFW wrbine dnves

pump start signal.

2. Valve operator does not open o siay
open in response to a demand from -
controller.

3. Valve operator does not drive the
valve closed to prevent excessive flow
to a fanited SG.

4. Valve does not close sufficiently 1o
prevent excessive flow to a faulied SG
or o prevent feedwater backleakage.

5. Valve fails to open sufficiently 10
allow adequate flow.

6. Valve cannot be placed in manual
control following an AFW actuation
signal.

NON-DETECTABILITY

a) The abihity of the accumulator to stroke the valve, and the proper seating of the control
air check valve for the accamulator are apparently not demonstrated.

¥ The desnesgization of the valve solenoids, which allows the TDLCV's to
openfmoduiate, »< cot demonstrated with the control switches in AUTO. The solcnoids are
also deenergized by placing the control switches in MANUAL, and all test reiated
deencrgizanion of the solenoids 1s demonstrated with the control switches in MANUAL.

There is appareatly no testing which demonstrates that the valves are driven shut in
response to & fanlic 5G condition. In addition, the ability to transfer from AUTO back 10
MANUAL *n the pm=sence of an accident signal does not appear o be demonstrated (this
ability ailows the operator to deal with a faulted SG remotely).

“here is appareniiy ro testing which is specifically oriented toward detecting seat leakage.
“everse flow proveciion offered by the combination of check valves plus the level contml
valves is observabie duning normal operation. Excessive TDLCV seat leakage might be
obscrved dunrg startup and shutdown evolutions, or possibly during routine pump testing
tin recircalanion) .

sn alf probability, tt.s would be observed during the ST-15 testing. However, as noted
previously, oaly flo. - is monitored during the testing. Thus, a TDLCV could open
sefficiently 1 aliow e required flow at test conditions, but limit flow to less than required
under differont pisssure conditions.

The ability to wransfer the control of the TDLCV's from automatic to manual in the
presence of an AFW actuzzion signal does not appear to be demonstrated. Inability to
transfer 10 manual conirol would prevent the operators from remotely 1solating flow 10 a
faulied SG except by stopping the turbine driven pump. The inability to transfer to manual
~ontrol couid also aggravate recovery efforts in the event that there was an automatic
corwoller fahme.
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3.3.11 Level Control Vilve Thresk Valves (LCVCV): C-12, 13, 14, 15, 16, 17, 18, 19

FAILURE MODE NON-DETECTABILITY

1. The LCVCYV fails closed, or fails o oper:  In afi probabihiy, this would be observed during the ST-15 testing. However, as

sufficiently 1o allow adequate flow to reach  noted previcuslv, only flow i1s monitored dunng the testing. Thus, a LCVCV could

the SGs. open sufficiently to allow the required flow at test conditions, but limit flow 1o less
than required under different pressure conditions.

2. The LCVCV fails to close to prevent Thore *s no t2aing which demonstrates that the LCVCV keeps reverse fiow below
reverse flow. some. . cpaable value. Reverse flow protection offered by the combination of check
vaives plus the level control valves is observable duning normai operation.

3.3.12 Steam Generator B and € AFW to Mzin ¥eed Check Valves (MFCV): C-21, 22, 24, 25
FAILURE MODE NON-DETECTABILITY

1. The MFCYV fails clc ed, or fails o open Degradation of thesc valves should be observed during the neriodic inspection

sufficiently to allow adeguate flow to reach  performed per S5T-28. Also, in all probability, this would be observed during the ST-

the SGs. 15 testing However, as noted previously, only flow is monitored during the testing.
Tims, 2 MV could open sufficiently to allow the required flow at test conditions,
buit limat f1ow to less than required under different pressure conditions.

3.3.13 Main Feedwater Check Valves (FW{ V): (.20, 23, 26, 27

FA M NON-DETECTABILITY

I. The FWCYV fails to close sufficently to The penodic disassembly and inspection of these valves provides reasonable

ensure that adequate AFW flow 1s defivered  as-urance that the valve internals are in proper operating condition.

to the SG. The leak rate testing, however, allows for leakage which may be substantially in
excess of that which can be tolerated while still meeting the system design
TeQUITCTICS,
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3.3.14 Feedwater Isolatior Va'ves (FWIVs): FWIV-L, 2, 3, 4

FAILURE MODE NON-DETECTABILITY
1. FWIV fails to close in response to an None .oted. Since manual closure is depended upon, from an AFW system
automatic or manual closure demand perspective, manual closure performed in conjunctior: with valve inservice testing
signal. adesratesy sumalates the control aspect of closure.

2. FWIV fails 1o close sufficiently to
prevent excessive backleakage from the
SG and/or AFW.

There is Lpparently no resting which checks for FWIV seat leakage. Since the
upst=zn 4 ree valves and the downstream check valves provide some redundancy,
anc the FW Vs are gate valves, this is not viewed as being a sigrificant concemn.

3.3.15 Steam Generator Blowdown Isolation “aive< (BDIVs): BDV-L, 2, 3, 4

FAILURE MOUE

1. The BDIVs fail to close in response to
an automanc closure signal associated with
start of an AFW pump.

2. The BDIVs fail to close sufficiently 1o
1solate blowdown flow.

NON-DETECTABILITY

There d-23 not appear 1o be any testing which venfies that the BDIVs close in
response 10 any AFW pump start.

The sman indication of the wrbine dnven pump comes from a T&T valve stem mounted
i 1 switch, which slso provides a start indication for the automatic steam supply
wamier. Proper operation (or operation at ali) of these himit switch contacts does not
appear to be uocted.

The start indications of the motor driven pumps come from 525/b contacts. These
CONtacts 3re s =rly not verified to operate properly

The BDIVS aig verivied o close in response to a Containment Phase A I<olation signai,
as well as w: rernosise @ the control board switch. The only electrical circuit features
not verified by th's testing are the relay and contact operations associated with pump
stawts. It should be noted that the test conditions are substantially different than design
basis aemand condiiicns, in that the flow rae is relatively low, and an upstream valve
i s. neltaneously closing to isolate flow.

Ther= is apparensly no testing which checks the extent 1© which blowdown flow is

:soiated by the BUIVs. Note that blowdown is normally secured using downstream,
non-sa’ety reicied valves.
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3.3.16 AFW Turbine Steam Sup~iy Vaives (55V,. MOV-11, 12

FAILURE MODE
1. The automanic transfer sensing circust fais to
mitiate an automatic steam supply transfer.

2. MOV-11 fails 10 close on demand (from
either the automanc traasfer circont or from the
mamn control board switch).

3. MOV-12 fai's 1o open on demand {from
erther the amtomanc transfer circunt or from the
main contro! board switch).

4. MOV-11 motor operator contacts fail to
provide proper permassive to MOV-12.

5. MOV-12 motor operator contats fail o
provide steam supply transfer permassive

6. SSVs fail 10 open sufficizntly to allow
required steam flow.

NON DETECTABILITY
Othyes o venifying the setpont of the wrbine driven pump discharge pressure
MWmdum-ﬁerm(nd@dngmm
and cont. - 1s tested.

Energizatix. of ihe close coil by the astomanc transfer logic does not appear to he
vertfied by te.are. However, the ability 1o close the valve using the control switch
v demonstrated periodically.

tnergizatw: of the open cotl by the automatic transtfer logic is apparently not
venified by tesunz. However, the ability 10 open the valve using the control switch
15 Gevoasuwted by vanous penodic testing,

The ability of MOV-12 o be opened (and stay open) in various tests demonstrates
thar the M3V j 1 "ac” comtacts (which are open when MOV-11 is shut) are not
crvsing sutomanc closure of the valve. Manm&m
why H&WMdos-cof&e\K_‘V 11 "ac” contacts causes MOV-12 1o
close. The MOV-11 "bc” contact (closed when the valve is shut) pormon of the
avtomatic opci circut also does not appear 10 be demonstrated by any testing, since
=M naosfers are made manually.

This is appareaily not demonstrated since there is no testing which verifies the
astomatic transfer sequence.

The ability of each steam supply valve to provide the required stear flow is
reasvnably well deronstrated in ST-15. However, since steam flow 1s parnally
drtwdhymmm-ldodymﬂu-(uddu-p)mm
the stean: “iew dermanded dunng testing may be somewhat less than thar .oguired
dunng a demand event.  Also, there is no testing at low steam suppls pressures.

It shouid alsc be noted that the periodic stroking of the SSV- « performed by
holding the switches in the CLOSE/OPEN positions ur*’. the stroke is completed,
thus not demovstrating that the seal-in portion of the MOV -12 opening carcunt 1s

i 00



3.3.17 AFW Turbine Steam Supply Isolation Valves (SSIV): MOV-9, MOV-10

FAILURE MODE
i. SSIV closes during a turbine driven

pump demand condition without a pipe
break exasting.

2. SS1V fails to close upon demand.

3. SSIV fails to open sufficiently to allow
the required steam flow.

4. SSIV fails to close sufficiently 1o isolate
a leak/break.

NON-DETECTABILITY

There appears to be no testing which reguires an extended run period for the
turbine driven pump. Since the avtomatic isolation is based on ambient
temperature, it is not clear that stable ambient conditions would be rcached n the
short time required for pump testing.

There is apparently no testing to verify that automatic closure will occur. Although
the temperature switches are individually calibrated, neither the automatic closure
of the isolation valves nor even contiruity in the amiomatic closure circuit is
verified. It should be noted that failure to close would not constitute an AFW
System failure, but could adversely impact other equipment in the vicinty.

The ability of the SSIVs to aliow the required steam flow is reasonably well
demonstrated in ST-15. However, since steam flow is partially dictated by pump
power demands, and oily pump flow (not dehta-p) is me. ued,dncsunﬂow
demanded durning testing may be somewhat less than that required duning a demand
event. Also, there is no testing at low steam supply pressures.

There is apparently no testing to verify the extent to which the SSTVs isolate steam

flow. However, d\eSSlewwldhcused!msolmstwnforcmmdwcst
purposes, and excessive leakage should be detected at that time.
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Figure 3.2 Pump Suction Check Valves Configuration
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TIME AFTER T&T VALVE BEGINS TO OPEN

A. INITIAL ACCELERATION AS T&T VALVE ADMITS STEAM

I TURBINE GOVERNOR OIL PRESSURE BUILDS UP AND IS ABLE TO
DRIVE GOVERNOR VALVE IN CLOSED DIRECTION

C. TURBINE AT "IDLE" SPEED

D. TURBINE SPEED ACCELEEATING IN CONJUNCTION WITH RAMP SIGNAL

E. TURBINE ACHIEVES NORMAL OPERATING SPEED

FIGURE 3.4.B TURBINE SPEED DURING STARTUP
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Controi valve immediately upstream of check valve

\

FIGURE 3.5 Turbine Driven Pump Level Control Valve Check Valve Configuration

~1 foot from elbow to valve Considerable length of straight pipe

\ ups:r}am of check vaive

"A" Motor Driven Pump "B" Motor Driven Pump

FIGURE 3.6 Motor Driven Pump Level Control Valve Check Valve Configurations

~4 inches between valves

To SG 273

FIGURE 3.7 Main Feedwaier Check Valve Configuration
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CHAPTER 4
AFW SYSTEM FAILURE DATA REVIEW AND ANALYSIS

4.1, INTRODUCTION

In order to gain some insights into the importance of various AFW System components
from an historical failure perspective, reviews of failure aata through 1986 for
Westinghouse and Babcock & Wilcox plants from INPO's Nuclear Plant Reliability Data
System (NPRDS™), the Nuclear Operations Analysis Center's Licensee Event Report
(LER), and S. M. Stoller's Nuclear Power Experience (NPE) databases were conducted.
The initial intent of reviewing all three databases was to provide an indication of the validity
of relying on only the NPRDS data, since it should theoretically be the most comprehensive
set of data, and in fact, all failures that would be reported in LERs should also be reported
in NPRDS, while NPRDS should also include many failures not reported in LERs.
However, it became clear during the initial review of failure data from these databases that a
significant fraction of the failure records found in the NPE and LER databases were no:
found in NPRDS. As a result, each record from all three databases was reviewed and
combined to form a single CRNL database, thereby avoiding redundant entries whi'e
establishing a more thorough set of failure records.

It was also determined that in order for meaningful results to be gathered from the data
review, a single, consistent assignment of several parameters for each failure record was
required. This determination was based largely upon the fact that the NPRDS failure
records, in particular, assigned the failures to incorrect types of components (for exam:le,
a turbine speed control problem that resulted in tripping of the turbine driven AFW pump
being designated as a pump failure instead of a turbine/governor failure), attributed single
faiiures to multiple components (for example, where a turbine speec control resulted in
tripping of the turbine, a failure record was entered for both the turbine and the turbine
driver. pump), and inconsistently ascribed various characteristics to the failures.

A third reason for establishing the ORNL database was to assign the failure records to a
level that was meaningful, from a system perspective. This was due to the fact that the
component assignment of failure was not structured in such a way to facilitate a system
review. This was especially found to be the case relative to instrumentation and control
(1&C) components. The importance of a particular type of 1&C failure, from a system
perspective, depends upon what other components are affected, and therefore it was
necessary to assign such failures to the component(s) ultimately affected. An example of
such a situation would be where a pressure transmitter fails. Depending upon the
transmitter function, the result of the transmitter loss might range from simple loss of
indication to loss of speed control for the turbine driven pump.

While the ORNL database is based upon a iecreated, more consistent set of failure records,
it is extremely important to realize that any conclusions drawn must be made with great
care. One feature of the failure records that is particularly noteworthy is that of the change
in reporting requirements and practices that occurred in the 1983-1984 time frame. It was
during that time that the LER reporting requirements were changed, substantially reducing

* Plant specific information from the NPRDS database is proprietary. Although much of
the failure data compilation and evaluation depended upon plant and component
identification, the results of the study are presented without identification of individual
plants.
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the number of failures that were reportable to the NRC in LERs. At the same time, utility
NPRDS reporting practices began to improve (in part due to the fact that improved
voluntary failure reporting to the NPRDS was used as justification of the relaxation of LER
reporting requirements). As a result, the total failure data available from NPRDS is
dominated by the data from 1984 and later. Almost three-quarters of the NPRDS failure
records for the AFW Sysiem comes from the years 1984-1986, and about one-half of the
total failure record data (from all three sources) can be found in the NPRDS data for these
three years alone. As a result, information such as faiiure rate as a function of plant age for
a particular plant, or even for industry as a whole, can be extremely misleading. Because
this and other complicating factors, any attempt to use the failure record data results or
findings included in this report for any purpose other than those which are specifically
discussed within the report is strongly discouraged without consultation with the author,

Another aspect of the failure database which should be pointed out is that very few, if any,
of the failures are associated with design basis challenges of the AFW System. While there
are failures classified as demaid related failures, these are primarily failures that occurred
when an automatic or manual start of the AFW System occurred during testing or following
a "normal” reactor trip (not, for example, following a design basis event such as a
feedwater line break) It must be recognized that the challenges presented to various
components may be more severe under design basis conditions, and therefore, certain types
of failure more likely. Thus, it would be inappropriate to directly extrapolate the failure
data associated with the normal AFW System and general plant conditions to those that
would exist following design basis events.

A limitation of the failure data that must be discussed relates to the completeness of the
data. While there ar= a significant number of failure records in the ORNL failure database
(1767 total), the database clearly does not include a large fraction of known historical
failures, based on a review of some plant specific failure data which was available for
comparison. However, the three sources of data used to form the ORNL database are
reasonably accessible and usable, in contrast to plant specific data (available only from
maintenance work requests which normally contain considerably less information than is
available from the NPRDS, LER, or NPE databases).

A final observation about the failure data is that even plants that are very thorough in their
reporting practices can only report failures when they are krown to exist. As discussed in
Chapter 3, there are a number of failure types which would not be identifiable by current
monitoring practices. For example, the disk for a check valve may have separated and be
laying in the bottom of the valve body. If there are no reverse flow closure challenges to
the valve, either from testing or from operational circumstances, the failure may go
undetected, and hence, unreported for a considerable time. Thus, even full reporting of
known failure data would not necessarily be a perfect representation of the distribution of
areas of concern.

4.2. ORNL DATABASE FORMATION

Computerized searches of the NPE, LER, and NPRDS databases were conducted Since
the failure data available from the NPRDS included failure records from Westinghouse and
B&W plaunts through most of 1986, the NPE and LER database search records for the same
time periods were included. The initial review process consisted of sorting each of the
databases by plant, failure date, and component. It was at this time that the ORNL
component assignments were made. The three sources of data were then combined to form
a single database. This single database was then processed to eliminate multiple entries for
the same failure event. The single set of failure records was then reviewed again in order to
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evaluate and record the method of discovery, the impact upon the AFW System, and other
pertinent information.

For each component type, the numbers of failure counts in the database and the effect upon
the system as a whole were tallied. Some explanation of the component categorization and
other aspects and limitations of the data presented are necessary:

1. There are a total of five component types designated. The failures ascribed to
ganicular component types include not only failures of the component proper, but
ailures of auxiliary components or parts which affected the component. As an
example, the failure of a contact in the AFW turbine control circuitry which resulted in
overspeed tripping of the turbine driven pump would be included under the Pump
Driver category. Table 4.1 provides cescriptions of the component types and their
scc;i)c. The more important component types were divided into subgroups for further
evaluation. The subgroups will be discussed later.

2. Three parameters are provided for most sortings of the failure database. These are:

a. Failure Counts - The number of failure records associated with the described
arameter.

E. Average Sysiem Effect - The average fraction of the system degraded per
failu-e.

¢. Relative System Degradation - A measure of the overall historical system
degra dation associated with the described parameter.

3. The Avcrage System Effect was determined for each failure record, based upon the
particular plant design and the extent to which the system was affected “v the
component failure. The effect was measured on a scale from 0 & 1, with |
representing total system failure and O represer.ting no, or insignificant impact upon the
system. As an example, if one motor driven pump in 2 three pump system wou'd not
sturt due to a faulty circuit breaker, a system effect of (.33 would be assigned for that
failure (note that this failure would be included in the Pump Driver category).

4. The Relative System Degradation is a normalized measure of the overall contribution
of a component type to total system degradation, taking into account both the number of
failures and the significance of each event. The method used to determine the Relative
System Degradation is as follows:

RSD=FC{*ASE; / Z(FC{*ASE))

RSD=Relative System Degradation for a component type
ASE=Average Sysiam Effect fc: a component type
FC=Failure Counts for a component type

i=individual failure record

This method of assigning the Relative System Degradation (RSD) allows the different
sources of AFW System degradation to be compared on an equivalent basis. Where the
Relative System Degradation is used in this report, it must be kept in mind that the
values cited are in the context of the level of rev.. w. To illustrate, Pump Drivers were
found to be responsible for 37% of the Relative System Degradation for the AFW
System, as a whole (see Table 4.2). Of the three types of pump drivers, the turbine
drive was found to be responsibl: for 73% of the Relative System Degradation
associated with Pump Drivers “see Table 4.6). Thus, faiiures associated with turbine




drives were responsible for 0.73*0.37=0.27, or 27% of the overall AFW Relative
System Degradation.

5. The Average System Effect and Relative System Degradation measures cited above
do not include an accounting for recoverability; that is, the ability to recover the failed
piece of equipment within a short time interval. This is primarily due to the difficulty in
ascertaining the extent to which operator action would be able to offset many failures
experienced. Thus, two failures of the same component may be given identical
cc:(ri\sequencc ratings, when in fact, one of the failures could be overcome in fairly short
order.

6. Each failure record in the database is based upon information from one or more of
the information sources (NPE, LER, and NPRDS). Each "failure" record is not
necessarily a failure that disables the component. For instance, the valve "failure"
records range from packing leaks to broken valve stems. The system effect for these
two failure would clearly differ, but each would contribute one failure count. Itis
important, fore, to realize that the failure count information can be particularly
misleading in terms of relative significance.

A total of 517 Reactor Years of operating experience for the plants is included in the ORNL
failure record database. The plants included were Westinghouse and B&W units which
started in or before 1986. These plants have a total of 130 safety related AFW pumps,
including 77 motor driven, 51 turbine driven and 2 diese! driven pumps. The accumulated
pump operating experience for the time period covered by the database was 808 motor
driven pump train-years, 604 turbine driven pump train-years, and 13 diesel driven pump
train-years.

111



4.3.1. GENERAL SUMMARY

A total of 1767 Failure Counts , many of which were reported in more than one of the three
database sources were reviewed. As can be seen from Figure 4.1 and Table 4.2, Valve
Operator (including air, motor, electrohydraulic, and solencid valve operators) problems
resulted in the largest number of Failure Counts, contributing 30% of the total (534 /
1767). Valves and Pump Drivers provided 24% and 23% of the total Failure Counts,
respectively.

Failure Counts Relative System Degradation

0.37

0.28

O puMP DRIVERS [ VALVE OPERATORS
VALVES &1 PUMPS [ OTHER

FIGURE 4.! Fzilure Count and Relative System Degradation Distributions

The average effects of failures associated with Pump Drivers and Pumps were found to be
0.36 and G.33, respectively (i.e., the average fraction of system degraded per failure). In
contrast, the average effects associated with the Valve Operator and Valve categories were
0.20 and 0.16, respectively. The reason that the average effect of a pump or pump driver
failure is greater than a valve or valve operator failure is that a single failure of a pump or
pump driver causes the loss of an entire train, while a valve or valve operator failure
normally results in only partial loss of a train.

As noted previously, failure count comparisons alone can be misleading. In order to gain a
better perspective as to the overall degradation asso~iated with failures of particular
components, the Relative System Degradation for each was determined. Even though there
were fewer associated Failure Counts for Pump Drivers than for Valve Operators or
Valves, Pump Drivers wers found to be the leading contributor to AFW Relative System
Degradation, accounting for about 37% of the total, while Valve Operators and Valve
failures acccunted for 28% and 18%, respectively. Pump failures were found to contribute
about 12% of the historical Relative System Degradation. The reason that both the Pump
Driver and Pump categories were found to cause a higher fraction of Relative System
Degradation than the associated fraction of Failure Counts would suggest is that, as noted
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above, the average effect of a Pump or Pump Driver failure was substantially greater than
that for a failure of a Valve or Valve Operator.

4.3.2. METHOD OF DETECTION SUMMARY

The method of discovery of each failure record was designated during the review process.
The Failure Counts, Average Effact, and Relative System Degradation associated with the
component types by the method of deiection are reported in Tables 4.3.1,4.3.2, and 4.3.3
and summarized in Figure 4.2, Three methods of detection were ascribed:

A. Those failures found by programmatic monitoring methods, such as Technical
Specification Surveillance testing. This would include failures detected during testing,
even if the component that was found to be failed was not specifically being checked by the
test.

B. Those failures found during routine equipment observation, such as by noting valve
stem leakage or by unusual indication or alarm ar the main control board.

C. Those failurec which were only found during an operational demand, such as failure of
a pumnp to automatically start following a reactor trip with a legitimate start signal present.

Failure Counts Average Effect Relative System
0.30 Degradation

B Programmatic E3 Routine & Demand
Monitoring Observation

Figure 4.2 Method of Detection Summary

Note that the total Failure Counts included in the hree categories is slightly less than the
total Failure Counts identified in Table 4.2 (and in some other Tables) due to the fact that
some failure detection means were either not clear or did not fit any of the categories.

Ovarall, 230 of the 1767 (13%) of the Failure Counts, and 18% of the Relative System

Degradation were due to failures detected during demand events. There are several features
of Figure 4.2 and Tables 4.3.1 through 4.3.3 that are particularly noteworthy:
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1. Over one-fourth of the Pump Driver Failuie Counts and Pump Driver relaied Relative
System De tion were associated with on demand failure.

2. Those failures detected during demand were, in general, more severe than those detected
otherwise. As an example, the Average Effect of all demand failures was 0.30 compared to
0.22 and 0.19 for all failures detected by Programmatic Monitoring and Routine
Observation, respectively.

2, Over one-half of the Relative System Degradation associated with demand failures was
due to Pump Driver failures.

4.3.3. SUBSYSTEM REVIEW SUMMARY

One of the designator applied to each failure record was the subsystem affected. Four
types of subsysiems were designated. Three of the types are related to the type of pump
driver, i.e., turbine driven pump (TDP), motor driven pump (MDP), and diesel driven
pump (DDP). For those failures associated with components common to two or more
trains with different types of pump drivers, the subsystem was designated as "Common".
An example of a Common Subsystem component would be a flow control or isolation
valve located downstream of the junction of turbine driven pump and motor driven pump
discha:ge lines. Where the affected subsystem was indeterminate, "Unknown" was
assigned.

Failure Counts Relative System Degradation

(@ e

3 Mmpp

] COMMON
& DDP

\D UNKNOWN o

50%

Figure 4.3 Failure by Subsystem Summary

Figure 4.3 and Tables 4.4.1 through 4.4.3 provide failure data sorted by affected
subsystemn. Failures within the TDP Subsystem were found to have contributed almost
half of the total failure counts, and over half (58%) of the Relative System Degradation.
MDP Subsystem failures were found to account for about 30% of the Failure Counts and
Relative System Degradation. The significance of the TDP Subsystem failure records is
amplified by the fact that there are more motor driven pumps than turbine driven pumps (77
motor driven pump subsystems vs. 51 turbine driven pump subsystems, with 808 and 604
Pump- Years cumulative service, respectively, for the units and operating periods included
in the ORNL database).
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4.3.4. PLANT AGE REVIEW SUMMARY

Failure records were sorted by the age of the plant at the time of component failure, and
then divided into 5 year age groups. Because of the diversity of plant ages, normalizaiion
of the data was necessary to account for the fact that there have been more reactor years of
operation in the lower age groups. The results of the the age-related sorting of the data are
presented in Tables 4.5.1 and 4.5.2.

There are some cautions relative to this particular data sort that are extremely important.
First, aging trends that may appear to be extant based on Tabies E.1 and E.2 may in fact
not be present at all. These tables are based upon failure records and reactor years of
operation for the life of all plants inclvded in the database. However, the failure record
database, as mentioned previously, is heavily influenced by failures reported from 1984
1986 due to improvements in reporting practices (particularly the case for NPRDS) during
this time period. For those plants which have operated for some time, therefore, a built in
bias toward more apparent failures with age exists. Secondly, the age of the component
whose failure is recorded may or may not be the same as the age of the plant. For example,
a particular valve's operator may have been replaced or substantially refurbished several
times prior to occurrence of a failure which is recorded in the database. Thirdly, reporting
practices vary considerably from plant to plant. The reporting practices of older plants in
particular can have a substantial impact upon the results of sorting of this nature. As a
result, *he aging relationship tables (Tables 4.5.1 and 4.5.2) should be viewed as
informational data with a great deal of uncertainty.

4.3.5. COMPONENT GROUP REVIEW SUMMARY

A more detailed review and characterization of failure records for the components which
were found to be major contributors to AFW Relative System Degradation was performed.

The component categories reviewed in more detail were Pump Drivers (specifically turbines
and motors), Valve &mtors. Valves, and Pumps.

4.3.5.1. Pump Drivers

Figure 4.4 and Table 4.6. provide a summary of Pump Driver failure record information
from the ORNL database. Turbines accumulated the largest number of Failure Counts of
any individual component type (290), and over one-fourth of gverall Relative System
Degradation was due to turbine related failures. Almost three-fourths of both the Faiiure
Counts and the Relative System Degradation for Pump Drivers was associated with turbine
drives. The recorded failure count rate for the turbine drives was more than four times that
of the motor drives. Although there are only two diesel driven pumps (out of the total of
130 pumps in the database), failures associated with the diesels contributed 9% of the
Pump Driver Relative System Degradation. This is due, in part, to the fact that the average
effect at plants with the diesel driven pumps is high (each unit using diesel driven pumps
has only two AFW pumps, and therefore a failure of one pump causes a 50% degradation
in the system). However, it also appears, based upon the fairly small experience base for
the diesel driven pumps (13 diesel driven pump-years) that the diesel driver failure rate may
be higher than for the other type drivers.
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Relative System Degradation Failure Counts per Pump Drive Year
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Figure 4.4 Pump Driver Summary

A more detailed review and assignment of the failure sources was undertaken for the pump
drivers. Figure 4.5 and Tables 4.7.1, 4.7.2, and 4.7.3 present analysis results for the
turbir: drives, sorted by subcomponent groupings, and method of discovery. The six
subcomponents or failure sources designated for the turbine drives, and the associated
scope were as follows:

A. Instrumentation and Control (I1&C) / Governor Control

This includes the external control circuitry which would provide start signals to the turbine
driven pump (does not include failures of instrumentation used to provide input to
safeguards logic circuitry, such as steam generator level instrumentation), as well as the
governor speed control circuit.

B. Trip & Throttle (T&T) Valve

Failures of the T&T valve, such as tripping due to worn linkage, or failure to open due to a
damaged operator were included in this category. It should be noted that T&T valve and
valve operator failures are included here, and not in the Valve or Valve Operator component
groups because the T&T valve is typically a part of the turbine package, and is integral with
turbine starting and operation.

C. Governor Valve
Failures of the governor valve, such as the valve plug sticking and external leakage, are
included in this category.

D. Oil/Bearing
Turbine bearing failures and miscellaneous bearing oil related problems are included.

E. Turbine
Failures of the turbine itself, such as blade failure, are included.

F. Other/Unknown
Includes all other miscellaneous failures and those whose source could not be determined.
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Relative System Degradation
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Figure 4.5 Sources of Turbine Drive Failures

Problenis associated with 1&C/Governor Control circuits were the dominant source of
turbine degradation, comprising about half the total turbine related Failure Counts and
Relative System Degradation. Trip and Throttle valve problems were responsible for about

I/5 of the Relative System Degradation.

One particularly noteworthy finding was that almost /3 of the 1&C/Goverror Control
failures were detected during demand (see Figure 4.6). The 1&C/Governor Control
failures were responsible for about 70% of the total turbine related demand failures.

Relative System Degradaiion

r. PROGRAMMATIC\

MONITORING

F3 ROUTINE
OBSERVATION

DEMAND
¥ o )

Figure 4.6 Turbine I&C/Governor Failure Summary by Detection Method

Tables 4.8.1, 4.8.2, and 4.8.3 provide information for motor drives. Four pump motor
subcornponent failure sources were designated:

A. Instrumentation & Control (1&C)

Includes the controls which are used for automatic and manual starting of motor driven
pumps (does not include failures of instrumentation used to provide input to safeguards
logic circuitry, such as stearn generator level instrumentation:).
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B. Breaker
Includes the breaker itself and breaker auxiliaries.

C. Motor
Inciudes all motor parts, ecept for the motor bearings.

D. Motor bzarings

Self explanatory.
Relative System Degradation
///-.:.\ B 1&C
% BREAKER
%, -
W £3 MOTOR
279 ¥ 57% 3 MOTOR

BEARINGS

Fig. 17 Sources of Pump Motor Drive Failures

As was the case for the turbine drives, I&C related problems were the

grincipal source of motor drive degradation, contributing over 50% of the total motor drive
ailure Counts and Relative System Degradation. About one-third of the 1&C problems for

motor drives were detected during demand conditions. The I&C failures were responsible

for about 80% of the total motor drive related demand failures.

Tables 4.9.1, 49.2, and 4.9.3 provide failure database information for diesel drives.
Three diesel subcomponent failure sources were designated:

A. Instrumentation & Control (1&C)
This includes the external control circuitry which would provide start signals to the diesel
driven pump (does not include failures of instrumentation used to provide input to
safeguards logic circuitry, such as steam generator level instrumentation), as well as the
diese! governor speed control circuit.

B. Mechanical/Support
Includes the diesel itse!f ana ron-control diesel supporting auxiliaries, such as fuel oil

piping.

C. Other
Self explanatory

As was the case for the turbine and motor drivers, 1&C problems were found to be the
principal source of diesel drive degradation, with about 80% of the Failure Counts and
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Relative System Degradation resulting from 1&C failures. One-half of the 1&C failures
recorded, comprising 40% of the total diesel failure records, occurred on demand.

4.3.8.2.  Yalve Operators

The Valve Operator group, which was found to have the highest number of Failure
Counts, 534, was found responsible for 28% of the overall Relative System Degradation
(see Tables 4.3.1 and 4.3.3 and Figure 4.1). Tables 4.10.1, 4.10.2, and 4.10.3 provide a
breakdown of failure statistics of the valve operator types, including Air Operators (AOV),
Motor Operators (MOV), and Electrohydraulic Operators (EHOV). Figure 4.8 indicates the
relative proportions of system degradation attributable to the valve operator types. AOV's
and MOV's were found to be rough'y equal, in terms of both numbers of failures and
Relative System Degradation. Current monitoring practices appear to be better able to
detect dcgmdation and failure of valve operators than pump drivers in that about 13% of the
Relative System Degradation associated with the Valve Operator group was found during
demand conditions (Table 4.10.3), compared to over 25% of the.pump driver Relative
System Degradation being found during demand.

Relative System Degradation
4%

49%
47%

Figure 4.8 Valve Operator Failure Summary

43521, AirOperated Valves (AQVs) Operators

Tables 4.10.4, 4.10.5, and 4.10.6 provide more detailed information concerning the types
of failure sources for AOVs. Figure 4.9 summarizes the results. Five subcomponents or
failure sources were designated:

A. Instrumentation and Control (1&C)
Includes the valve controller circuit, as well as relays, contacus, etc. that are external to the
controller circuit, but which provide signals to the valve controller cirouit.

B. Mechanical
This applies to the valve operator itself, including positioner, lim.: switches, diaphragm,
connections, linkage, etc.

C. Instrument Air

Includes failures in which (ither instrument air supply comporents, such as pressure
regulators were involved, or w. ere poor instrument air quality was clearly the cause of
fatlure. It should be noted that some other failures, such as some solenoid failures (below)




may have resulted from poor quality air, but these were not ascribed to instrument air
unless the failure record description so stated.

D. Solenoids
Includes failures of the solenoid plunger or coil.
E. Unknown/Other
Self explanatory
Relative System Degradation
% @ ic B
F3 MECHANICAL
[0 INSTARR
"% B3 SOLENOID
UNKNOWN/OTHER
e A

Figure 4.9 Sources of Air Operated Valve Operator Failures

Of the five failure sources for AOVs, 1&C problems were the single largest

contributor, both in terms of Failure Counts (131 of 289) and AOV related Relative System
Degradation. About 12% of the AOV Relative System Degradation was detected during
demand conditions. One half of the demand related AOV Relative System Degradation was
associated with 1&C failures.

4.3.5.2.1. Motor Operated Valves (MOVs) Operators
Tables 4.10.7, 4.10.8, and 4.10.9 provide more detailed information concerning the types

of fulure sources for MOVs. Figure 4.10 summarizes the results. Three subcomponents
or failure sources were designated:

A. Motor, Switches
This category includes the motor operator itself and all local appurtenances, including the
mator, torque and limit switches, gearing, etc.

B. Instrumentation and Control (1&C)

This category includes all remote controls, such as fuses, control relays and contacts that
operate to control power to the operator motor (primarily located at the motor control
center).

C. Other/Unknown
Self explanatory
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Figure 4.10 Sources of Motor Operated Vzlve Operator Failures

Failures associated with the operater motor and switches were responsible

for almost half of the MOV E?a‘}lure Counts and Relative System Degradation (limit and
torque switch problems were the principal sources of failure within this subgroup). Over
15% of the MOV Failure Counts and Relative System Degradution was associated with
demand situations.

4353, Valves

Tables 4.11.1,4.11.2, and 4.11.3 provide more detailed information concerning the types
of failure sources for the Valve group. Valve related failures included all valve problems
that were not included in the Valve Operator group. No distinction was made as to whether
valves had power or manual only operators. Failures ranged from internal (seat; and
external (packing or bonnet) leakage to separation of the disc from stem. The Valve group
was broken down into the following types:

A. Control Valves
Includes all valves in either the pump suction or discharge piping, excluding check and
relief valves.

B. Steam Supply Valves
Includes all valves in the steam supply lines, excluding check and relief valves.

C. Relief Valves
Includes all relief valves in either the steam supply or pump suction/discharge piping. This
does not include the main steam safety or atmospheric dump va!ves.

D. Check Valves - Suction/Discharge
Includes all check valves located in either the pump suction or discharge lines.

E. Check Valves - Steam Supply
Includes all check valves between the steam supply connections to the main steam lines and
the wrbine.

There were more failures associated with the pump suction/discharge control and check
valves than steam supply valves, as would be expected, due to the relative populations.
The only particularly notable feature from the Valve group failure data is that less than 10%
of the Failure Counts and Relative System Degradation were associated with demand
failures, the smallest fraction of any of the major groups




43,54, Pumnps
Tables 4.12.1,4.12.2, and 4.12.3 provide more detailed information concerning the lyge ’
of failure sources for the Pump group. Figure 4.11 summarizes the results. Six
failure/degradation sources were designated as follows:

A. Pump Internals
Includes failures nf any mechanical parts of the pump, with the exception of pump packing
and bearings.

B. Pump Oil/Bearing
Pump bearing failures and miscellaneous pump bearing oil related problems are included.
Note that this does not include pump driver bearing probleras.

C. Pump Overpressure
Includes events in which the pump casing and/or discharge piping became overpressurized.

D. Pump Packing
Includes failures of pump packing which resulted in either excessive leakage or in packing
overheating.

E. Pump Suction Problems

This category covers a number of types of problems related to the pump suction, including
clogged suction strainers, foreign material in the suction piping, loss of adequate suction
head, and suction pressure instrumentation problems.

F. Pump Vapor Binding
This category addresses failures in which the pump became vapor bound, usually due to
backleakage from main feedwater or the steam generators.

Relative Systern Degradation
n% ___ 10%

(. PUMP INTERNALS -
) PUMP OIL/BEARING

] PUMP OVERPRESSURE
B3 PUMP PACKING

[ PUMP SUCTION PROBLEMS
15% ) PUMP VAPOR BINDING
. \ )

19%

Figure 4.11 Sources of Pump Failures

The single largest source of Pump Failure Counts (54 out of 142) and

Relative System Degradation (42%) was from pump bearing and oil problems. Pump
suction problems were the second largest contributor to the pump related Relative System
Degradation (19%). Of the 18% of Relative System Degradation associated with demand
failures, 13% came from pump suction related problems.



4.3.6. REVIEW BY PLANT

A comparative review of the reported failures from individual plants was made. This
review was conducted for the purposes of identifying the significance of outliers to the
general failure data trends.

Figure 4.12 provides the results of a check of the total pumber of failures reported for the
plants in the ORNL database. As noted, more than half the total reported failures came
from less than 25% of the plants. At the other extreme, Jess than 10% of the reported
failures came from over of the plants.

To provide a better focus, the distribution of the historical syster degradation associated
with reported failures for the component types was reviewed. The results, which are
provided in Figure 4.13, are even more pronounced than the results from the check of total
number of failures. More than 50% of the system degradation assuciated with each of the
designated ¢ nent ps came from less than 20% of the plants, while less than 10%
of the associated degradation came from almost 50% of the plants.

There are two possible observations relative to the cause of these results that can be made.
The first is that the reporting practices vary considerably from plant to plant. The second is
that some piants have expenenced more degradation or failure of certain components than
others. In reality, there is some validity to both conclusions, and the results represent the
combination of both causes.

Figures 4.14 and 4.15 provide perspectives on the failure reporting practices of the ORNL
database plants, based upon analysis of the available failure data. From these Figures it can
be seen that a consistent pattern in terms of failure reporting to NPRDS is not evident from
a comparison of total failure counts in the ORNL database to failure counts for which there
was an NPRDS entry.

Figure 4.16 provides a comparison of the relative contributions of pump drivers, valve
operators, valves, and pumps to overall system degradation at the five plants for which the
greatest extent of AFW System degradation was reported. The range of percentages of
total degradation for the component types among these five plants are listed below. Itis
evident that there is substantial diversity, in terms of the relative significance of component
types to overall AFW System degradation, among the five plants,

RANGE OF RELATIVE
: N
Pump Drivers 19 to 89%
Valve Operators 710 72%
Valves 1to 35%
Pumps 3to0 14%
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Table 4.1 COMPONENT CATEGORIZATION

SCOPE OF EQUIPMENT

Components included in the Pump Driver scope are:

a) the pump driver itself, whether turbine, diesel, or motor, including mechanical and
electrical parts of the driver,

b) the control circuitry for the driver, including breakers, contacts, relays, etc.. that are
required to operate properly to start and/or control the pump driver,

¢) auxihiary components whose function is integral with the pump driver. For example, the
turbinz governor valve is included, since it is used to control wrbine speed.

Includes the valve operator itself (for example, the motor), any portion of the operator
controls, including switches, contacts, controllers, etc. Does not include failures of the valve
or valve stem. Valve operators for AFW pump suction, discharge, and turbine steam supply
valves are included.

This category includes failures of all types of valves, including check, gate, globe, butterfly,
etc. Note that the turbine governor and trip & throttle valves are specificaily not included.
External leakage, seat leakage, and stem failures are examples cf failures included.

Pumps only, regardless of drive type, are addressed by this category. Bearing failures, pump
lube o1l problems, air or vapor binding of the pumps, pump suction problems, and pump
overpressurization problems are included.

Includes all components not addressed by the above categories, including pipes, pipe
supports, and non-control insttumentation (i.¢. instruments used for indication only)

Table 4.2 COMPONENT FAILURE RECORD SUMMARY

RELATIVE SYSTEM

|
E
E

0.36 0.37

534 0.20 0.28
418 0.16 0.18
144 0.33 0.12

269 0.06 0.04
1767 0.22 1.00
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Table 4.3.1 FAILURE COUNTS, BY DISCOVERY METHOD

COMPONENT  PROGRAMMATIC ROUTINE
TYPE MONITORING OBSERVATION DEMAND

PUMP DRIVERS 180 126 95 402
VALVE OPERATORS 236 223 73 524
VALVES 124 269 23 418
PUMPS 47 71 26 144
OTHER 144 108 13 269
TOTAL 731 797 230 1767

Table 4.3.2 AVERAGE EFFECT, BY DISCOVERY METHOD

COMPONENT  PROGRAMMATIC ROUTINE
> MONITORING OBSERVATION DEMAND
PUMP DRIVERS 0.35 0.33 0.39 0.36
VALVE OPERATORS 0.20 0.20 0.20 0.20
VALVES 0.20 0.14 0.27 0.16
PUMPS 0.37 0.30 0.33 0.33
OTHER 0.06 0.04 0.18 0.06
TOTAL 0.22 0.19 0.30 0.22
Table 4.3.3 RELATIVE SYSTEM DEGRADATION, BY DISCOVERY METHOD
COMPONENT  PROGRAMMATIC ROUTINE
TYPE MONITORING OBSERVATION DEMAND
PUMP DRIVERS 0.17 0.11 0.10 0.37
VALVE OPERATORS 0.12 0.12 0.04 0.28
VALVES 0.06 0.10 0.02 0.18
PUMPS 0.05 0.06 0.02 0.12
OTHER 0.02 0.01 0.01 0.04
TOTAL 0.42 0.39 0.18 1.00
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Table 4.4.1 FAILURE COUNTS BY SUBSYSTEM AFFECTED

COMPONENT SUBSYSTEM AFFECTED
IYPE IDE MDP  COMMON  DDP  UNKNOWN  TOTAL

PUMP DRIVERS 290 87 0 25 0 402
VALVE OPERATORS 258 209 51 2 14 534
VALVES 210 129 59 1 19 418
PUMPS 60 23 0 0 I 144
OTHER 62 30 112 2 63 269
TOTAL 880 558 222 30 97 1767

Table 4.4.2 AVERAGE SYSTEM EFFECT BY SUBSYSTEM AFFECTED

COMPONENT SUBSYSTEM AFFECTED
TYPE 1P MDP  COMMON  DDP  UMKNOWN  TOTAL

PUMP DRIVERS 0.36 0.31 N/A 0.49 NA 0.35
VALVE OPERATORS 0.22 0.19 0.20 0.25 0.19 0.20
VALVES 0.16 0.17 0.17 0.25 0.10 0.16
PUMPS 0.34 0.32 N/A N/A 0.50 0.33
OTHER 0.09 0.03 0.05 0.00 0.07 0.06
TOTAL 0.25 0.21 0.11 0.43 0.10 0.22

Table 4.4.3 RELATIVE SYSTEM DEGRADATION BY SUBSYSTEM AFFECTED

COMPONENT SUBSYSTEM AFFECTED
IYPE Ipp Mbpp LQMMQN DDP  UNKNOWN

PUMP DRIVERS 0.27 0.07 0.03 0.00 0.37
VALVE OPERATORS 0.15 0.10 0 03 0.00 0.01 0.28
VALVES 0.09 0.06 0.03 0.00 0.01 0.18
PUMPS 0.05 0.07 0 00 0.00 9.00 0.12
OTHER 0.01 0.00 0.01 0.00 0.01 0.04
TOTAL 0.58 0.30 0.07 0.03 0.02 1.00



Table 4.5.1 FAILURE COUNTS PER REACTOR YEAR, BY 5 YR GROUPS

COMPONENT
TYPE YEARS 1-5  YEARS 6-10 YEARS i1-15 YEARS 16-20 YEARS 1-20

PUMP DRIVERS 0.75 0.78 0.84 0.95 0.79
VALVE OPERATORS 1.06 0.95 1.17 1.00 1.04
VALVES 0.66 0.87 1.07 0.77 0.82
PUMPS 0.27 .23 0.44 0.09 0.28
OTHER 0.48 0.58 0.46 0.68 0.52
TOTAL 3.21 3.42 3.98 3.50 3.44

Table 4.5.2 SYSTEM DEGRADATION, BY 5 YR GROUPS

(NORMALIZED FOR NUMBERS OF REACTOR YEARS OPERATION)

COMPONENT
PUMP DRIVERS 0.09 0.09 0.08 0.12 0.37
VALVE OPERATORS 0.07 0.06 0.08 0.08 0.28
VALVES 0.04 0.04 0.06 0.04 0.18
PUMPS 0.03 0.03 0.05 0.01 0.12
OTHER 0.01 0.01 0.01 0.02 0.04
TOTAL 0.23 0.23 0.28 0.27 1.00
Table 4.6 PUMP DRIVER TYPE SUMMARY DATA
PUMP DRIVER FAILURE FAILURE COUNTS AVERAGE RELATIVE SYSTEM
IYPE CQ.UEIS PER PUMP-YEAR EFFECT DEGRADATION
TURBINE 0.48 0.36 0.73
MOTOR 87 0.11 0.31 0.19
DIESEL 25 1.92 0.49 0.09
TOTAL 40 0.28 0.36 1.00




Table 4.7.1 TURBINE FAILURE COUNTS BY DETECTION METHOD

PROGRAMMATIC ROUTINE

FAILURE SOURCE  MONITORING OBSERVATION DEMAND
1&0/GOV. CONTROL 82 24 43 149
T&T 23 29 1 n1
GOVERNOR VALVE 15 13 2 30
OIL/BEARING 9 10 2 21
TURBINE 1 4 0 5
OTHER/UNKNOWN 1 7 3 21
TOTAL 141 87 61 290

Table 4.7.2 TURBINE AVERAGE EFFECT BY DETECTION METHOD

PROGRAMMATIC ROUTINE
1&C/GOV. CONTROL 0.36 0.34 0.37
T&T 0.32 0.32 o 38 0.33
GOVERNOR VALVE 0.37 0.29 0.42 0.34
OIL/BEARING 0.46 0.39 0.42 0.42
TURBINE 0.17 0.23 N/A 0.22
OTHER/UNKNOWN 0.41 0.33 0.33 0.37
TOTAL 0.36 0.33 0.39 0.36

Table 4.7.3 TURBINE RELATIVE SYSTEM DEGRADATION BY DETECTION METHOD

PROGRAMMATIC ROUTINE
1&C/GOV. CONTROL 0.28 0. 08 0.17 0.53
T&T 0.07 0.09 0.04 0.20
GOVERNOR VALVE 0.05 0.04 0.01 0.10
OIL/BEARING 0.04 0.04 0.01 0.09
TURBINE 0.00 0.01 0.00 0.01
OTHER/UNKNOWN 04 0.02 0.01 0.08
TOTAL G.eY 0.27 0.23 1.00
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Table 4.8.1 PUMP MOTOR rFAILURE COUNTS BY DETECTION METHOD

PROGRAMMATIC ROUTINE
FA'LURE SOURCE  MONITORING OBSERVATION DEMAND TOTAL
21 14 1 52
BREAKER 10 8 4 2
MOTOR 4 6 0 10
MOTOR BEARINGS 0 3 0 3
TOTAL 35 31 21 87
Table 4.8.2 PUMP MOTOR AVERAGE EFFFCT BY DETECTION METHOD
PROGRAMMATIC ROUTINE
FAILURE MONITORING OBSERVATION DEMAND TOTAL
SOURCE
1&C 0.29 0.26 030 0.29
BREAKER 0.31 0.37 0.29 0.33
MOTOR 0.33 0.33 N/A 0.33
MOTOR BEARINGS N/A 0.33 N/A 0.33
TOTAL 0.30 0.31 0.30 030

Table 4.8.3 PUMP MOTOR RELATIVE SYSTEM DEGRADATION BY DETECTION METHOD

PROGRAMMATIC ROUTINE
FAILURE MONITORING OBSERVATION DEMAND TOTAL
SOURCE

1&C 0.23 0.14 0.1% 0.57
BREAKER .12 0.11 0.04 0.27
MOTOR .08 0.07 0.00 0.12
MOTOR BEARINGS 0.00 0.04 0.00 0.04
TOTAL 0 40 0.36 0.24 1.00
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Table 4.9.1 DIESEL SUBCOMPONENT FAILURE COUNTS BY DETECTION METHOD
PROGRAMMATIC ROUTINE

MONITORING mummu nmmn TOTAL
1&C 4 20
MECHANICAL/SUPPORT 0 2 | 3
OTHER 0 0 2 2
TOTAL 1 X 13 25

Table 4.9.2 DIESEL SUBCOMPONENT AVERAGE EFFECT BY DETECTION METHOD
PROGRAMMATIC ROUTINE

FAILURE SOURCE MONITORING  OBSERVATION DEMAND TOTAL
1&C 0.50 0.50 0.50 0.50
MECHANICAL/SUPPORT N/A 0.38 0.50 0.42
OTHER N/A N/A 0.50 0 50
TOTAL 0.50 0.47 0.50 0.49

Table 4.9.3 DIESEL SUBCOMPONENT RELATIVE SYSTEM DEGRADATION BY DETECTION METHOD
PROGRAMMATIC ROUTINE

. MONITORING  OBSERVATION DEMAND TOTAL
1&C 0.16 0.24 0.41 0.82
MECHANICAL/SUFPORT 0.00 0.06 0.04 0.10
OTHER 0.00 0.00 0.08 0.08
TOTAL 0.16 0.31 0.53 1.00
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Table 4.10.1 VALVE OPERATOR TYPE FAILURE COUNTS
PROGRAMMATIC ROUTINE

OPERATOR TYPE MONITORING QISEI!AIJQE DEMAND TOTAL
AOV 124 34 289
MOV 100 84 36 230
EHOV 3 9 3 15
TCTAL 236 223 73 534

Table 4.10.2 VALVE OPERATOR TYPE AVERAGE EFFECT
PROGRAMMATIC ROUTINE

Q!:EBAMM MONITORING  OBSERVATION DEMAND TOTAL
0.17 0.19 0.18 0.18
Mov 0.23 0.21 021 0.22
FHOV 0.33 0.31 028 0.31
TOTAL 0.20 0.20 0.20 0.20

Table 4.10.3 VALVE OPERATOR TYPE RELATIVE SYSTEM DEGRADATION
PROGRAMMATIC ROUTINE

QI:LBAIQK_IXEE MONITORING ~ OBSERVATION IZEMAM! TOTAL
0.20 0.23 0.49
M()V 0.23 0.17 o m 0.47
EHOV 0.01 0.03 0.01 0.04

TOTAL 044 0.42 0.13 1.00
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Table 4.10.4 AIR OPERATED VALVE FAILURE COUNTS

PROGRAMMATIC ROUTINE
FAILURE SOURCE MONITORING  OBSERVATION DEMAND TOTAL
1&C 55 60 16 131
MECHANICAL 24 27 4 56
INSTRUMENT AIR 26 16 5 47
SOLENOID 7 12 0 19
UNKNOWN/OTHER 12 15 9 36
TOTAL 124 130 34 289
Table 4.10.5 AIR OPERATED VALVE AVERAGE EFFECT
PROGRAMMATIC ROUTINE
mmz_mnu MONITORING  OBSERVATION m;mun TOTAL
0.16 0.18 0.17
MECHAN!CAL 0.19 0.20 o.n 0.19
INSTRUMENT AIR 0.19 0.22 0.20 .20
SOLENOID 0.19 0.8 N/A 0.18
UNKNOWN/OTHER 0.20 06.19 0.17 0.19
TOTAL 0.17 0.19 0.2 0.18
Table 4.10.6 AIR OPERATED VALVE RELATIVE SYSTEM DEGRADATION
PROGRAMMATIC ROUTINE
: MONITORING  OBSERVATION nmm TOTAL
1&C 0.16 0.21 0.43
MECHANICAL 0.69 0.10 o m 0.20
INSTRUMENT AIR 0.09 0.07 0.02 0.18
SOLENOID 0.03 0.04 6.00 0.07
UNKNOWN/OTHER 0.04 0.95 0.03 0.13
TOTAL 0.41 0.47 0.12 1.00




Table 4.10.7 MOTOR OPERATED VALVE FAILURE COUNTS
PROGRAMMATIC ROUTINE

FAILURE SOURCE MQEHQ&IME Q!&ﬂ!AIlQB nﬁmn
MOTOR, SWITCHES 109
1&C 25 24 |4 64
UNKNOWN/OTHER 25 23 9 57
TOTAI 109 &4 36 230

Table 4.10.8 MOTOR OPERATED VALVE AVERAGE EFFECT

PROGRAMMATIC ROUTINE
EAILURE SOURCE MONITORING mmmm DEMAND TOTAL
MOTGR, SWITCHES 0.23 0.22 0.22
1&C 0.22 0 23 0.20 0.22
UNKNOWN/OTHER 0.24 0.22 0.20 0.22
TOTAL 0.23 0.21 0.21 0.22
Table 4.10.9 MOTOR OPERATED VALVE RELATIVE SYSTEM DEGRADATION
PROGRAMMATIC ROUTINE
FAILURE SOURCE MONITORING  OBSERVATION m TOTAL
MOTOR, SWITCHES 0.27 0.15 0.47
1&C 0.11 0.11 o.oo 0.27
UNKNOWN/OTHER 0.12 0.10 004 0.25
TOTAL 0.50 0.36 0.15 1.00



Table 4.11.1 VALVE TYPE FAILURE COUNTS

PROGCRAMMA KOUTINE
YALVE TYPE mmm OBSERVATION  DREMAND TOTAL
CONTROL VALVES 39 85 14 138
STEAM SUPPLY VALVES 16 53 2 i
RELIEF VALVE 15 10 1 26
CHECK VALVES-SUCT/DISCH 33 97 5 135
CHECK VALVES-STEAM SUPPLY 21 24 i 46
TOTAL 124 269 23 416
Table 4.11.2 VALVE TYPE AVERAGE EFFECT
PROGRAMMATIC  ROUTINE
YALVE TY"E MONITORING OBSERVATION  DEMAND ICTAL
CONTROL V/ 7ES 0.17 0.14 0.27 0.16
STEAM SUPPLY VALVES 0.22 0.11 0.25 0.14
RELIEF VALVE 0.18 0.03 0.33 0.13
CHECK VALVES-SUCT/DISCH 0.23 0.16 0.27 0.18
CHECK VALVES-STEAM SUPPLY 0.18 0.14 0.33 216
TOTAL 0.20 0.14 0.27 0.16

Table 4.11.3 VALVE TYPE RELATIVE SYSTEM DEGRADATION
PROGRAMMATIC ROUTINE

YALVE TYZE MONITORING OBSERVATION m;mn
CONTROL VALVES 0.10 0.17 0.33
STEAM SUPPLY VALVES 0.05 0.09 o.m 0.15
RELIEF VALVE 0.64 0.0 0.00 0.05
CHECK VALVES-SUCT/DISCH 0.11 0.23 0.02 0.37
CHECK VALVES-STEAM SUPPLY 0.06 0.05 0.00 0.11
TOTAL 0.36 0.55 0.09 100
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Table 4 12.1 PUMP SUBCOMPONENT FAILURE CC

PUMP DEGRAPATION  PROGRAMMATIC ROUTINE
SOURCE mummmﬁ Q!SEB!AIIQ& DEMAND TOTAL
PUMP INTERNALS 3 12
PTIMP OIL/BEARING 23 29 2 54
PUMP OVERPRESSURE 1 5 0 o
PUMP PACKING 7 21 1 29
PUMP SUCTION PROBLEMS 7 i 19 27
PUMP VAPOR BINDING I 12 1 14
TOTAL 45 7 26 142
Table 4.12.2 PUMP SUBCOMPONENT AVERAGE EFFECT
PUMP DEGRADATION  PROGRAMMATIC ROUTINE
. MONITORING Q!SEK!AT_IQE DEMAND TOTAL
PUMP INTERNALS 0.42 0.33 0.39
PUMP OIL/BEARING 0.39 0 35 0.42 0.37
PUMP OVERPRESSURE 0.33 0.17 N/A 0.20
PUMP PACKING 0.31 0.22 0.17 0.24
PUMP SUCTION PROBLEMS 0.38 0.33 0.32 0.34
PUMP VAPOR BINDING 0.33 0.36 0.33 0.35
TOTAL 038 0.30 0.33 0.33

Table 4.12.3 PUMP SUBCOMPONENT RELATIVE SYSTEM EFFECT

PUMP DEGRADATION  PROGRAMMATIC ROUTINE
SOURCE MONITORING mwmm DEMAND TOTAL

PUMP INTERNALS 0.05 0.02 0.10
PUMP OIL/BEARING 0.19 o 2 0.02 0.42
PUMP OVFRPRESSURE 0.01 0.02 0.00 0.03
PUMP PACKING 0.05 0.10 0.00 0.15
PUMP SUCTION PROBLEMS 0.06 0.01 0.13 0.19
PUMP VAPOR BINDING 0.01 0.09 0.01 0.11

TOTAL 0.36 0.46 0.18 1.00




FRACTION OF FAILURES,
OPERATING EXPERIENCE

Figure 4.12 FAILURE COUNTS AND OPERATING
EXPERIENCE FOR PLANTS IN THE ORNL DATABASE
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Figure 4.73 SOURCES OF COMPONENT RELATED DEGRADATION
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FAILURE COUNTS

Figure 4.14 REPORTED FAILURE COUNTS PER YEAR, BY SOURCE
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have been substantially different.
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Figure 4.i5 SCATTER DIAGRAM OF THE FRACTION OF FAILURE COUNTS AVAILABLE FROM NPRDS DATA
AS A FUNCTION OF THE AVERAGE NUMBER OF FAILURE COUNTS PER YEAR FOR ALL DATABASE PLANTS
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Figure 4.16 RELATIVE SYSTEM DFGRADATION: COMPONENT PERCENTAGE CONTRIBUTION FOR TOP FIVE mm-.-
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CHAPTER §
AFW SYSTEM CONFIGURATIONS

A review of AFW System configurations was conducted for sixty-one B&W and
Westmghou(:)enrlmts which are either currently operating or are scheduled for near term
B&W and Westinghouse plants were included because the failure data
ulod in constmcnng the ORNL failure data (Chapter 4) was only available for these
mplmu (note that not all sixty-one plants are included in the failure database). Thirty-
of the plants are four loop, fourteen are three loop, and fourteen are two loop units.
There are one hundred-three motor driven, sixty-three turbine driven, and five diese! driven
safety related AFW pumps at these plants.

Table SA provides feneul steam generator/AFW pump configuration information for these
plants. In general, for two and three loop plants, each available pump can feed each steam
generator (SG). For four loop plants, motor driven pumps discharge lines are normally
aligned to allow each pump to feed two SGs, while turbine and diesel driven pump
discharge lines are normally aligned to feed all four SGs.

Reactor thermal power and AFW pump design values are listed in Table SB. It can be seen
that, in general, motor driven pump capacities are typically one-half that of turbine driven
pumps at the same plant.

Actuation signals for both mo*or driven and turbine driven pumps are provided in Tables
5C and 5D. Explanations of the designated actuation signals follow.

Loss of Feedwater (FW) The methods of detecting loss of normal feedwater
vary. Signals based on low main feedwater pump
discharge pressure, main feed pump breaker open,
or main feed pump turbine tripped are typical.

Loss of Emergency or Reactor These signals are typically based on low bus
Coolant Pump (RCP) Bus voltage, although some plants use Reactor Coolant
Pump tripping as a signal source.

Low Level in one Steam Generator This signal source is fairly str~ightforward. It is
(SG) typically based on low leve’ uetected by 2/3 or 2/4
level channels for a si-.gie SG.

Low Level in two SGs Same as low level for one SG, except that the 2/3
or 2/4 logic exists for two SGs.

Safety Injection AFW start signal from any Safety Injection signal

Other Includes various other sources of automatic pump
starting.

AFW start signals are based upon detection of conditions that, at least in most cases,
indicate extant or imminent degradation of the ability of the SGs to remove heat from the
Reactor Coolant System.

Both B&W and Westinghouse plants use the loss of normal feedwater as a common start
source, particularly for motor driven pumps. It should be noted that this is a non-safety
related start signal, owing to the fact that the normal feedwater pumps and associated
instrumentation are not safety related. AFW pump starting from loss of normal feedwater
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1§ an anticipatory start in recognition of the fact that loss of feedwater would rapidly lead 1o
other automatic starting, such as from low SG level.

Starting of AFW pumps due to emergency bus or RCP bus loss or RCP tripping is the
single most common source of pump starting, considering both motor and turbine driven
pumps. Since emerg:ncy bus undervoltage start signals necessitate that the bus providing
power 10 the motor driven p\;:fs be reenergized prior to breaker closure, the motor driven
pumps are normally sequenced on, along with other safety related loads, in conjunction
with and following emergency Ciesel generator starting. Since turbine driven pumps are

ically started by opening valves that are not dependent ugon AC power (other than vital
AC busses pow off of the siziion batteries through inverters), they are started

independently of emergency bus revae gization.

Steam generator low level starting ot AFW pumps is a safety related start signal that is
relied upon for both motor and turbine driven pump starting. Turbine driven pump starting
lnm'mn.dle )i gequiu;(l;ow level in two SGs, wkile motor driven pumps typically only require
ow level in one SG.

Depending upon individual plant design, safety injection signals originate from several
different sources, such as low Reactor Coolant System (RCS) pressure, low Pressurizer
level, and high Containment pressure. Signals such as these could originate, in turn, from
multiple causes, such as excessive cooldown/depressurization of the RCS due 10 excessive
steam flow, SG tube rupture in which the loss of RCS inventory exceeds makeup capacity,
or a loss of coolant accident.

Table SE lists the numbers of, and types of valve operators in the AFW System at B&W
and Westinghouse plants. Some valves with power operators, as wel! as the AFW pumps,
have automatic actions to perform in conjunction with AFW System starting. All turbine
driven pumps depend upon at one or more steam supply valves, or the turbine's trip and
throttle valve, to open to start the turbine. Depending upon individual plant design,
discharge valves (including those in the recircuiation or other alternative flow paths) may be
required to automatically open, control pressure or flow, or close on automatic AFW
System actuation. Discharge valves may also be required, for certain conditions at some
pﬁ'mts. such as on detection of a faulted gG. to isolate flow. Pump suction valves at some
plants are required to automatically reposition on detection of low suction pressure in order
to ensure the availability of a source of water for the pumps.

As can be seen from Table SE, the total numbers of air operated valves (AOVs) and motor
oremed valves (MOVs) in both steam supply and %um&dischargc piping applications are
almost equal at Westinghouse plants, while the B&W plants incorporate more motor
operated vaives than air operated valves. It should be noted that neither trip and throttle
valves (normally DC motor operated) nor governor valves (normally with hydraulic
actuators) are included in this list. There are a few solenoid operated valves (SOVs) and
electrohydraulic operated valves (EH(OVs) in both types of applications, Pump suction
valves with power operators are predom nately motor operated.

It should be noted that not all valves with power operators have automatic functions, but
rather may depend upon remote operator action. On the other hand, some valves, such as
pump discharge pressure control valves, may have an automatic control function, with no
provision for remote operator control.

Table SF provides a breakdown of the operator types and normal standby positions for

discharge flow control valves and discharge isolation valves. Note that some plants do not
have power operated isolation valves other than the flow control valves.
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Table 5G includes a designation of the of minimum flow restriction device used and
identification of the bvuluhluy of a full ("full flow" mumnhAsxgn flow) test loop.
Determination of both characteristics was made based upon R flow diagrams. It
should be noted that some plants for which a full flow test loop is available may not use the
full flow test locp for routine pump wmf?afl Furthermore, some plants without full flow
test loops may run their AFW pumps at full flow periodically (ty’lely ot each cold
shutdown) in conjunction with their Pump and Valve Inservice Test program.

The minimum flow restriction devices are normally orifices and/or control valves. At some
plants, the control valves in the minimum flow lines automatically isolate or open based on
control signals, while at others, the valves are set at fixed positions.

Table SH identifies the required inventory of condensate supply and the type of switchover

to the alternate suction source that is provided. Where automatic switchover is provided,
the means of initiation is normally by low pump suction pressu.e switches.
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Table S.A. GENERAL AFW CONFIGURATIONS
NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER

UNIT SGS MD¥P SG'S / MDP TP SG'S / TDP Dbp SG'S / DDP
ANO 1 2 I 2 | 2 0 N/A
CRYSTAL RIVER 2 I 2 1 2 0 N/A
DAVIS-BESSE 2 0 N/A 2 2 0 N/A
OCONEE 1 2 2 e 1 2 0 N/A
OCONEE 2 2 2 et 1 2 0 N/A
OCONEE 3 2 2 e I 2 0 N/A
RANCHO SECO 2 i 2 1 2 0 N/A
THREE MILE ISLAND 1 2 2 2 I 2 0 N/A
BEAVER VALLEY 1 3 2 3 I 3 0 N/A
BEAVER VALLEY 2 3 2 3 1 3 0 N/A
BRAIDWOOD 1 1 I 4 0 N/A 1 4
BRAIDWOOD 2 R} 1 4 0 N/A i 4
BYRON 1 4 1 4 0 N/A I 1
BYRON 2 1 1 4 0 N/A i 1
CALLAWAY 1 2 e 1 K 0 N/A
CATAWBA 1 1 2 " I 3 0 N/A
CATAWBA 2 4 2 = 1 R 0 N/A
COMANCHE PEAK 1 1 2 > 1 1 0 N/A
COMANCHE PEAK 2 R} 2 2 I 1 0 N/A
DCCOOK 1 R 2 2 1 1 0 N/A
DC COOK 2 1 2 2 1 1 0 N/A
DIABLO CANYON 1 R 2 % i R 0 N/A
DIABLO CANYON 2 1 2 el 1 1 0 TYA
FARLEY i1 3 2 3 i 3 0 N/A
FARLEY 2 3 2 3 i 3 0 N/A
GINNA 2 2 2 1 2 0 N/A
HADDAM NECK 4 0 N/A 2 R 0 N/A
HARRIS 1 3 2 3 I 3 0 N/A
INDIAN POINT 2 R} 2 2 1 1 0 N/A
INDIAN POINT 3 4 2 2 i 1 0 N/A
KEWAUNEE 2 2 2 1 2 0 N/A
MCGU'RE 1 1 2 e I R 0 N/A g
MCGUIRE 2 1 2 o I R 0 N/A . ®




Table 5.A. GENERAL AFW CONFIGURATIONS
NUMBER NUMBER

UNIT SGS

MILLSTONE 3
NORTH ANNA 1
NORTH ANNA 2

POINT BEACH 1 *
POINT BEACH 2 *
PRARIE ISLAND 1 *
PRARIE ISLAND 2 *
ROBINSON 2
SALEM 1
SALEM 2
SAN ONOFRE 1

SEABROOK 1

SEQUOYAH !

SEQUOYAH 2
SOUTH TEXAS i1
SOUTH TEXAS 2

SUMMER
SURRY 1
SUR™.Y 2
TO;AN
TURKEY POINT 3 *
TURKEY POINT 4 *
VOGTLE |
VOGTLE 2

WOLF CREEK

YANKEE ROWE
ZION 1
ZION 2

SLLEBMABAVWNEWWWERLRBALAWEGBWNIMNNNWWTD
NNRONNNNODOONNNWWRNN = NN === NNNN

* UUNITS SHARE ONE OR MORE AFW PUMPS

NUMBER NUMBER NUMBER NUMBER NUMBER
MDP SG'S / MDP TDP SGS/TDP  DDP SG'S / DDP

o
-

v B B B m e D W

—
SN e

l.‘

N/A
N/A
N/A

20'
2.‘
2“

M et ) L) e e e e et e e e e e e e e et e e e e e —

BB LB NNONNN S ILBAWEAWNNNNWWS

LR

CODOOOOO=~OCOOOOTOoTOOOCCOOOEeSS

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
4
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

TOTAL OF 2 MOTOR, 2 TURBINE DRIVEN PUMPS AT BOTH POINT BEACH AND PRARIE ISLAND PLANTS

TOTAL OF 3 TURBINE DRIVEN PUMPS AT TURKEY POINT PLANT
**NORMAL ALIGNMENT. PUMP DISCHARGE LINES CAN 8E REALIGNED TO FEED ALL SG'S
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Table 5.B. B&W AND WESTINGHOUSE PLANT THERMAL AND PUMP DESIGN RATINGS

MDP TOP Dbp
MWTH MDPGPM  DESIGN TDP GPM DESIGN  DDPGPM  DESIGN

UNIT RATING (DESIGN) TDH, PSID (DESIGN) TDH, PSID (DESIGN) TDH, PSID
ANO | 2568 640 1224 770 1223 N/A N/A
CRYSTAL RIVER 2542 740 1300 740 1300 N/A N/A
DAVIS-RESSE 2772 N/A N/A 1050 1050 N/A N/A
OCONEE 1 2568 N/A N/A
OCONEE 2 2568 N/A N/A
OCONEE 3 2568 N/A N/A
RANCHO SECO 2772 840 1150 * R40 1150 * N/A N/A
THREE MILE '>{.ANDI 2568 460 1170 920 1170 NA N/A
BEAVER VALLEY 1 2660 150 1168 700 1168 N/A N/A
BEAVER VALLEY 2 2652 375 1196 750 1196 N/A N/A
BRAIDWOOD 1 3an 990 1452 N/A NA 990 1452
BRAIDWOOD 2 M1 990 1452 N/A NA 990 1452
BYRON 1 3411 990 1452 N/A NA 990 1452
BYRON 2 3an 990 1452 N/A NA 990 1452
CAZLAWAY 3425 575 1387 1145 1495 N/A N/A
CATAWSBA | 341 50¢ 1391 1000 1394 N/A N/A
CATAWBA 2 3411 500 1391 1000 1394 N/A N/A
COMANCHE PEAK 1 3425 490 1430 985S 1452 N/A N/A
COMANCHE PEAK 2 3425 490 1430 98S 1452 N/A N/A
DCCOOK 1 3250 450 1176 900 1176 N/A N/A
DC COOK 2 3250 450 1176 900 1176 N/A N/A
DIABLO CANYON | 3338 490 1300 930 1300 N/A N/A
DIABLO CANYON 2 3411 490 1300 930 1300 N/A N/A
FARLEY 1 2652 350 1233 700 1229 N/A N/A
FARLEY 2 2652 350 1233 700 1229 N/A N/A
GINNA 1520 200 1235 400 1300 N/A N/A
HADDAM NETK 1825 N/A N/A 450 1075 N/A N/A
HARRIS 1 2775 450 1265 900 1265 N/A N/A
INDIAN POINT 2 2758 400 1352 940 1352 N/A N/A
INDIAN POINT 3 3025 400 1352 940 1352 N/A N/A
KEWAUNEE 1650 240 1235 240 1235 N/A N/A
MCGUIRE 1 3411 450 1387 900 1387 NA N/A



Tabile 5.B. B&W AND WESTINGHOUSE PLANT THERMAL AND PUMP DESIGN RATINGS L R

MDP TDP DD
MWTH MDPGPM  DESIGN TDP GPM DESIGN DDPGPM  DESIGN

UNIT RATING (DESIGN) TDH, PSID (DFSIGN) TDH, PSID (DESIGN) TDY, PSID
MCGUIRE 2 34an 450 1387 900 1387 N/A N/A
MILLSTONE 3 341 575 1289 1150 1289 N/A N/A
NORTH ANNA 1 2775 340 1250 310 1430 N/A N/A
NORTH ANNA 2 2775 340 1250 340 1430 N/A N/A
POINT BEACH 1 1518 200 400 N/A N/A
POINT BEACH 2 1518 200 400 N/A N/A
PRARIE ISLAND 1 1721 220 1285 220 1285 NA N/A
PRARIE ISLAND 2 1721 220 1285 220 1285 N/A N/A
ROBINSON 2 2300 300 1300 600 1300 N/A N/A
SALEM | 3338 110 1300 980 1550 N/A N/A
SALEM 2 3411 110 1300 980 1550 N/A N/A
SAN ONOFRE 1 1347 235 1035 300 1088 N/A N/A
SEABROOK 1 31 710 1520 75 1320 N/A N/A
SEQUOYAH 1 3411 110 1257 K80 1127 N/A N/A
SEQUOYAH 2 341 140 1257 880 1127 N/A N/A
SOUTH TEXAS | 3800 N/A N/A
SOUTH TEXAS 2 3800 N/A N/A
SUMMER 2775 400 1430 900 1473 N/A N/A
SURRY 1 2546 350 1183 700 1183 N/A N/A
SURRY 2 2546 350 1183 700 1ig3 N/A N/A
TROJAN 3423 N/A NA 960 1473 960 1473
TURKEY POINT 3 2200 N/A N/A 600 1203 N/A N/A
TURKEY POINT 4 2200 N/A N/A 606G 1203 N/A N/A
VOGTLE ] 342 630 1517 1175 1517 N/A N/A
VOGTLE2 3425 630 1517 1175 1517 NA N/A
WOLF CREEK 34n 575 1387 1145 1495 N/A N/A
YANKEE RGWE 600 N/A N/A
ZION 1 3391 495 1343 990 1343 N/A N/A
ZION 2 3391 495 1343 990 1343 N/A N/A

*VALUE CITED IS DESIGN DISCHARGE PRESSURE, NOT TOTAL DEVELOPED HEAD
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Table 5.C. MOTOR DRIVEN PUMP
AFW ACTUATION SIGNALS FOR WESTINGHOUSE AND B&W PLANTS

LOSS OF LOW LOW
EMERGENCY LEVEL LEVEL SAFETY
UNIT LOSS OF FW  OR RCP RUS ONE SG TWO SG'S INJECTION OTHER
B&W PLANTS
ANO-1 YES YEs NO YES YES
CRYSTAL RIVER YES YES NO YES YES
DAVIS-BESSE N/A N/A NA N/A N/A N/A
OCONEE 1 YES NO NO NO NO YES
OCONEE 2 YES NO NO NO NO YES
OCONEE 3 YES NO NO NO NO Ye$S
RANCHO SECO YES YES NO NO YES NO
™I YES YES NO NO NO NO
B&W TOTAL 7 4 2 0 3 S
WESTINGHOUSE PILANTS

BEAVER VALLEY 1 YES YES NO YES YES YES
BEAVER VALLEY 2 YES YES NO YES YES YES
BRAIDWOOD 1 NO YES YES NO YES NO
BRAIDWOOD 2 NO YES YES NO YES NO
BYRON 1 NO YES YES NO YES NO
BYRON 2 NO YES YES NO YES NO
CALLAWAY YES YES YES NO YES NO
CATAWBA 1 YES YES YES NO YES NO
CATAWRBA 2 YES YES YES NO YES NO
COMANCHE PEAK 1 YES YES YES NO YES NO
COMANCHE PEAK 2 YES YES YES NO YES NO
DC COOK 1 YES YES YES NO YES NO
DC COOK 2 YES YES YES NO YES NO
DIABLOCANYON 1 YES YES YES NO YES NO
DIABLO CANYON 2 YES YES YES NO YES NO
FARLEY 1 YES YES YES NO YES NO
FARLEY 2 YES YES YES NO YES NG
GINNA YES YES YES NO YES NO
HADDAM NECK N/A N/A N/A N/A N/A N/A
HARRIS i YES YES YES NO YES NO
INDIAN POINT 2 YES YES YES NO YES NO
INDIAN POINT 3 YES YES YES NO YES NO
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UNIT

KEWAUNEE
MCGUIRE 1
MCGUIRE 2

NORTH ANNA i
NORTH ANNA 2
POINT BEACH 1
POINT BEACH 2
PRARIE ISLAND 1
PRARIE ISLAND 2
ROBINSON 2
SALEM 1
SALEM 2
SAN ONOFRE 1
SEABROOK 1
SEQUOYAH 1
SEQUOYAH 2
SOUTH TEXAS 1
SOUTH TEXAS 2
SUMMER
SURRY 1
SURRY 2
TROJAN
TURKEY POINT 3
TURKEY POINT 4
VOGTLE 1
VOGTLE 2
WOLF CREEK
YANKEE ROWE
ZION 1
ZION2

WESTINGHOUSE
TOTAL

Table 5.C. MOTOR DRIVEN PUMP

LOSS OF
EMERGENCY

LOSS OF FW  OR RCP BUS
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LEVEL
ONE SG

LOW
LEVEL
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UNIT

ANO 1
CRYSTAL RIVER
DAVIS-BESSE
OCONEE 1

BEAVER VALLEY 1
BEAVER VALLEY 2
BRAIDWOOD 1
BRAIDWOOD 2
BYRON 1
BYRON 2
CALLAWAY
CATAWBA 1
CATAWBA 2
COMANCHE PEAK 1
COMANCHE PEAK Z
DCCOOK 1
DC COOK 2
DIABLOCANYON 1
DIABLOCANYON 2
FARLEY 1
FARLEY 2
GINNA
HADDAM NECK
HARRIS 1
INDIAN POINT 2
INDIAN POINT 3

LOSS OF LOW
EMERGENCY LEVEL
LOSS OF FW  OR RCP BUS ONE SG
B&W PLANTS
YES YES
YES YES
YES YES
NO NO
NO NO
NO NO
YES NO
NO
6

- jadaddaa

PR EEEELE

Table 5.D. TURRBINE DRIVEN PUMP
AFW ACTUATION SIGNALS FOR WESTINGHOUSE ANP B&W PLANTS

> 3

WESTINGHOUSE PLANTS

YES

CEEEEEEPPEEEEEPPELELD
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NO NO

&

5835555858888 88885833

.
~a

835885858 55883888358833



UNIT

KEWAUNEE

MCGUIRE 2
MILLSTONE 3
NORTH ANNA |
NORTH ANNA Z
POINT BEACH 1
POINT BEACH 2
PR/ARIE ISLAND 1
PRAKRIE ISLAND 2
ROBINSON 2
SALEM 1
SALEM 2
SAN ONOFRE 1
SEABROOK 1
SEQUOYAH 1
SEQUOYAH 2
SOUTH TEXAS 1
SOUTH TEXAS 2

SURRY 1
SURRY 2

TURKEY POINT 3
TURKEY POINT 4

WESTINGHOUSE
TOTAL

LOSS OF FW  OR RCP BUS ONE SG

=%% BEEGGA88885 88583888538

Table S.D. TURBINE DRIVEN PUMP
AFW ACTUATION SIGNALS FOR WESTINGHOUSE AND B&W PLANTS

LOSS OF

EMERGENCY

LOW
LEVEL

LOW
LEVEL
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WESTINGHOUSE PLANTS (CONTINUED)
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VALVES

SUCTION VALVES STEAM SUPPLY
AOV MOV SOV EHOV ADV MOV AOV MOV SOV EHOV

DISCHARGE VALVES
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SUCTION VALVES STEAM SUPPLY VALVES

DISCHARGE VALVES
AOV MOV SOV EHOV

AOV MOV SOV EHOV

AOV MOV

UNIT

coocCoCOoOOOCOCNCOOCOOOOOOOROCOOON
coccoococoOCOCO~~000000C0CRCRCCOO S
CHrOSHNANNNMOSCOSS YT == NOO=mmamoonaR

NEANNSS == ==NOOSOoe =N ON~CC R
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cnOCcOCOOOOmMMOOOOOOCRDOCOOOCOCOOOCOROEOR

cocooocComOocoCOoCOOCROROCOCOCORORERY
efleccovococococococooooooocceocoeel

X N
84444466800200088066800!14388N

v
H25533000wm448844900066004488N

McGUIRE 2
MILLSTONE 3
NORTH ANNA 1
POINT BEACH 1
POINT BEACH 2
PRAIRE ISLAND 1
PRAIRE ISLAND 2
ROBINSON 2

SALEM 1|

SALEM 2
SAN ONOFRE 1
SEABROOK 1
SEQUOYAH 1
SEQUOYAH 2

NORTH ANNA 2
SOUTH TEXAS 1
SOUTH TEXAS 2
SUMMER
SURRY 1
SURRY 2
TROJAN
TURKEY POINT 3
TURKEY POINT 4
VOGTLE |
VOGTLE 2
WOLF CREEK
YANKEE ROWE
ZION 1
ZION 2
WESTINGHOUSE
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Table 5.F. FLOW CONTROL AND ISOLATION VALVE TYPES, NORMAL POSITIONS

POINT BEACH 1
POINT BEACH 2
PRARIE ISLAND 1
PRARIE ISLAND 2
ROBINSON 2
SALEM 1
SALEM 2
SAN ONOFRE 1
SEABROOK 1
SEQUOYAH 1
SEQUOYAH 2
SOUTH TEXAS 1
SOUTH TEXAS 2
SUMMER
SURRY 1
SURRY 2
TROJAN
TURKEY POINT 3
TURKEY POINT 4
VOGTLE 1
YOGTLE 2
WOLF CREEK
YANKEE ROWE
ZION 1
ZION 2

FCV-FLOW CONTROL VALVE

AOV-AIR OPERATED VALVE

EHOV -ELECTROHNYDRAULIC OPERATED VALVE
MOV-MOTOR OPERATED VALVE
SOV-SOLENOID OPERATED VALVE
NO-NORMALLY OPEN
NC-NORMALLY CLOSED

FCV OPERATOR

LRI LU

55aaaassaaaaaazxaaaazaaaa? g
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FCV NORMAL OTHER ISOLATION VALVE
OPERATOR TYPE

N/A
N/A
MOV
MOV
MOV
N/A
N/A
N/A
N/A
N/A
N/A
MOV
MOV
AOV
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
MOV
MOV

ISOLATION VALVE
NORMAL POSITION e

N/A
N/A
NO
NO
NC
WA
N/A
N/A
N/A
N/A
N/A
NC
NC
NO
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
NO
NO



Table 5.G. TEST LOOP AND RECIRCULATION CONTROL TYPES

FULL FLOW MINIFLOW FLOW
UNIT TEST LOOP AVAILABLE? RESTRICTION TYPE
ANO 1 YES ORIFICE
CRYSTAL RIVER NO LINE SIZE
DAVIS-BESSE YES ORIFICE
OCONEE | TDP ONLY ORIFICE/CV
OCONEE 2 TDP ONLY ORIFICE/CV
OCONEE 3 TDP ONLY ORIFICE/CV
RANCHO SECO YES ORIFICE
THREE MILE ISLAND 1 NO ORIFICE/LINE SIZE
BEAVER VALLEY 1 PARTIAL ORIFICE/CV
BEAVER VALLEY 2 NO ORIFICE
BRAIDWOOD 1 NO ORIFICE
BRAIDWOOD 2 NO ORIFICE
BYRON 1 NO ORIFICE
BYRON 2 NO ORIFICE
CALLAWAY NG ORIFICE
CATAWBA 1 YES cv
CATAWBA 2 YES cv
COMANCHE PEAK 1 YES ORIFICE
COMANCHE PEAK 2 YES ORIFICE
DC COOK 1 YES cv
DC COOK 2 YES cv
DIABLO CANYON 1 NO ORIFICE
DIABLO CANYON 2 NO ORIFICE
FARLEY 1 YES ORIFICE/CV
FARLEY 2 YES ORIFICE/CV
GINNA NO ORIFICE/CV
HADDAM NECK NO ORIFICES
HARRIS 1 NO ORIFICE/CV
INDIAN POINT 2 YES ORIFICE/CV
INDIAN POINT 3 YES ORIFICE/CV
KEWAUNEE NO
MCGUIRE 1 YES cv
MCOGUIRE 2 YES cv e
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Table 5.G. TEST LOOP AND RECIRCULATIG:« CONTROL TYPES

UNIT

MILLSTONE 3
NORTH ANNA 1
NORTH ANNA 2
POINT BEACH 1
POINT BEACH 2

PRARIE ISLAND 1
PRARIE ISLAND 2
ROBINSON 2
SALEM 1
SALEM 2
SAN ONOFRE 1

SEABROOK 1

SEQUOYAH 1

SEQUOYAH 2
SOUTH TEXAS 1
SOUITH TEXAS 2

SUMMER
SURRY 1
SURRY 2
TROJAN
TURKEY POINT 3
TURKEY POINT 4
VOGTLE 1
VOGTLE 2

WOLF CREEK

YANKEE ROWE
ZION 1
ZION 2

FULL FLOW
TEST LOOP AVAIL :"LE?

8% 333333838825 j355828838858383833

157

MINIFLOW FLOW
RESTRICTION TYPE

ORIFICE
ORIFICE
ORIFICE
ORIFICE/CY
ORIFICE/CV
ORIFICE
ORIFICE
ORIFICE
ORIFICE/CV
ORIFICE/CV
ORIFICE
ORIFICE

ORIFICE

ORIFICE

ORIFICE
ORIFICE




Table S H. NORMAL SUCTION SUPPLY QUANTITY AND SUCTION SWITCHOVER METHOD

TECH SPEC REQUIRED AUTO OR MANUAL
UNIT SUPPLY, KGAL. SUCTION SWITCHOVER
ANO 1 197 MANUAL
CRYSTAL RIVER 150 MANUAL
DAVIS-BESSE 250 AUTG
OCONEE 1 72 MANUAL
OCONEE 2 72 MANUAL
OCONEE 3 72 MANUAL
P ANCHO SECO 250 MANUAL
THREE MILE ISLAND 1 150 MANUAL
BEAVER VALLEY 1 140* MANUAL
BEAVER VALLEY 2 127 MANUAL
BRAIDWOOD 1 200 AUTO
BRAIDWOOD 2 200 AUTO
BYRON 1 200 AUTO
BYRON 2 200 AUTO
CALLAWAY 281 AUTO
CATAWBA | 225 AUTO
CATAWBA 2 225 AUTO
COMANCHE PEAK 1 276* MANUAL
COMANCHE PEAK 2 276* MANUAL
DC COOK 1 MANUAL
DC COOK 2 MANUAL
DIABLO CANYON 1 178 MANUAL
DIABLO CANYON 2 178 MANUAL
FARLEY 1 150 MANUAL
FARLEY 2 150 MANUAL
GINNA 22.5 MANUAL
HADDAM NECK 130 MANUAL
HARRIS 1 240 MANUAL
INDIAN POINT 2 360 MANUAL
INDIAN POINT 3 390 MANUAL
KEWAUNEE 20 MANUAL
MCCUIRE 1 297.5 MAX * AUTO

MCGUIRE 2 297.5 MAX * AUTO
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Table 5.H. NORMAL SUCTION SUPPLY QUANTITY AND SUCTION SWITCHOVER METHOD

TECH SPEC REQUIRED AUTO OR MANUAL
UNIT SUPPLY., KGAL, SUCTION SWITCHOVER
MILLSTONE 3 334 MANUAL
NORTH ANNA | 110 MANUAL
NORTH ANNA 2 110 MANUAL
POINT BEACH 1 %0 MANUAL
POINT BEACH 2 90 MANUAL
PRARIE ISLAND | 100 MANUAL
PRARIE ISLAND 2 100 MANUAL
ROBINSON 2 35 MANUAL
SALEM 1 200 MANUAL
SALEM 2 206 MANUAL
SAN ONOFRE 1 190 MANUAL
SEABROOK 1 212 MANUAL
SEQUOYAH 1 190 AUTO
SEQUOYAH 2 190 AUTO
SOUTH TEXAS 1 518 MANUAL
SOUTH TEXAS 2 518 MANUAL
SUMMER 173 AUTO
SURRY 1 96 MANUAL
SURRY 2 9 MANUAL
TROJAN 450* MANUAL
TURKEY POINT 3 i85 MANUAL
TURKEY POINT 4 185 MANUAL
VOGTLE | 340 MANUAL
VOGTLE 2 340 MANUAL
WOLF CREEK 281 AUTO
YANKEE ROWE
ZION 1 170 MANUAL
ZION 2 170 MANUAL

* VALUE CITED IS FROM UNIT FSAR
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CHAPTER 6
RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

The Phase I study of the AFW System consisted of three primary parts:

a) A detailed review of the AFW System design and operating/monitoring practices
of a Reference Plant owned by a cooperating utility was conducted.

b) Operational failure events for AFW System components from three failure
database sources were reviewed and anal‘)'zed.

¢) A summary review and tabuiation of AFW Sy:iem configurations and design
information available from individual plant Final Safety Analysis Reports and
Technical Specifications was completed.

The detailed results of these three parts are provided in Chapters 3, 4, and 5. The
combined results of parts a and b above (part ¢ was performed primarily for general
information and to support the studies of parts a and b) provide the basis for the following
observations and recommendatiors.

§J_RELATIVE SIGNIFICANCE OF AFW COMPONENTS

In order to gain some perspective as to the more significant contributors to AFW System
degradation, the historical failure data was heavily relied upon. While the failure data
available has substantial limitations, even with the uniformity of characterization afforded
by the ORNL compi'ation, it is useful as a rough indicator of relative trends.

6.1.1 RESULTS

The review of the failure data indicated that a few types of AFW System components were
responsible for a large fraction of system degradation. Turbine drivers (which includes the
turbine, its trip & throttle valve, governor valve, and associated control circuitry), valve air
operators, and valve motor operators accounted for over one-half of the system
degradation. Problems with the turbine drivers alone accounted for 27% of the system
degradation. Valve air operators, motor operators, pumps, aiid check valves were
responsible for 14%, 13%, 12%, and 9% of system degradation, respectively.

The AFW System degradation associaied with turbine drivers is particularly noteworthy in
that there is a total of population of only 51 turhine drivers at the plants in the failure
database, compared to 77 motor drivers, 315 air operated valves, and 438 motor operated
valves. Of the turbine failures, only a very small portion (less than 10%) involved failures
or degradation of the turbine itself. The majority of the failures involved problems with
turbine auxiliaries (primarily 1&C/governor control and trip and throttle valve problems).
On demand failures of turbines were responsible for almost one-fourth of all turbine related
degradation, and for over one-third of all on demand failure degradation.

6.1.2 CONCLUSIONS

The turbine drive is the single component type that stands out in the failure data as the most
significant source of AFW System degradation. It is also, by far, the single largest source
of system degradation associated with on-demand failures. More specifically, problems
associated with the governor and controls for turbine driven pumps have been significant
sources of degradation.
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The other significant AFW System component “ypes, including putnps, check valves, and
air and motor operators have been, or are being reviewed in detail as a part of the NPAR
prograin. In light of the significance of the turbine to histcical AFW System c::gmdnu‘on.
as well as the fact that the turbines used on AFW pumps are similar to those used on some
safety related pumps in Boiling Water Reactor plants, further review of turbine drives in
general, and more specifically the turbine controls, appears warranted.

6.2 ADEQUACY OF CURRENT MONITORING PRACTICES

In keeping with the goals of the NPAR program, one of the driving forces behind the
reviews was an attempt to ascertain the adequacy of current monitoring practices. The
extent to which failure sources could be detected by the surveillance and operating practices
at an individual plant was determined as a part of the Reference Plant review. The extent 1o
which actual failure events have been detected by programmatic monitoring practices,
routine observation, and during demand events was ascertained during the review of
historical failure data . The results from the combined reviews provide important insights

into what types of failures have occurred, how those failures have been detected
historically, and how well failures could be detected by existing monitoring methods.

In conjunction with the review of the Reference Plant procedures, the frequency of test
related actuation of AFW System components was estimated. The reason that the numbers
of test actuations was tabulated was to give an indication of a) the likelihood of degradation
or failure of a component being identified, whether that particular component was being
verified operable or not, and b) the extent of service wear that may be associated with
testing.

The results available from the reviews of: a) reference Plant failure source dztectability, b)
historical failure records, and ¢) the frequency of test related actuation provide a
combiration of information that is useful for making a general assessment of monitoring
requirements and implementing program efficiency. By comparing the relative significance
of a particular component, from both an historical failure and identified failure non-
detectability perspective, to the relative attention given the component by the Reference
Plant monitoring program, a summary indication of the extent of monitoring optimization
can be gathered.

6.2.1 RESULTS
6.2.L1 DETECTABILITY OF FAILURE / DEGRADATION

The types of failure sources or conditions that were found to not be detectable by
current monitcring or routine operating practices at the Reference Plant largely fall into
two categories. The categories, and examples of each are:

A) A component or group of components is unable to perform as required under
design basis accident or off-normal conditions, even though the general
ormance is demonstrated under more normal conditions.

Failure Condition: A motor driven pump is degraded and unable to deliver required
flow with the associated steam generators at maximum post accident/transient
ressure.
on-Detectability: The motor driven pumps are verified to be operable by testing
under recirculation flow only (at approximately 10% of design flow).. Although
discharge check valves are verified operable by delivery of the required flow to the
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steam generators, there is no requirement for, nor monitoring of steam generator,
pump suction, and pump discharge pressure.

B). A component or group of components is unable to perform as required due to
failures of related Instrumentation and Controls (1&C) which are not observed
during routine testing or operation.

Failure Condition: The steam generator blowdown isolation valves fail to close
following turbine driven pump start due 10 faiiure of contacts associated with 1 stem
ﬁ)emed limit switch for the turbine trip and throttle valve.

on-Detectability: SG blowdown isolation valves are not verified to close in
tesponse to starting of the turbine driven pump by any testing.

It should be noted that some of the noted non-detectable failure conditions actually apply to
both categories; that is, failures in 1&C circuitry that would only be challenged under
design basis accident or off-normal conditions. As an example, there is no verification that
the Steam Srpply Valves can complete the automatic steam supply transfer in the event that
the normal steam suprly source (Steam Generator A) is not available to drive the turbine
driven pump (as would be the case following an event in which SG A was depressurized,
such as a feedwater line break). There are a number of 1&C components (relays, contacts)
which must operate properly to accomplish the transfer that are not tested.

-

6.2.1.2 FAILU

The review of ,torical failure data provided a broader, but less detailec perspective of the
ability of current monitoring programs and routine observations to detect
degradation/failure of AFW System components. By virtue of the fact that cesign basis
challcr:jges of most components are extremely rare, the historical failure data, even for
demand related failures, is not a good indicator of the ability of components to perform
under design basis conditions. It is therefore not particularly useful as a means of
confirming the observations made in the Reference Plant review relative to the ability of
components to perform as required under design basis/off-normal conditions (see
discussion under section 6.2.1.1, category "A", above). The different perspective offered
by the failure data review does, however, complement the observations made as a part of
the Reference Plant review in that about one-half of the degrudation detected during demand
events was due to I&C reluted failures, while, as noted in category "B" of section 6.2.1.1,
i:;‘agy olf th; non-detectable failure conditions that could exist at the Reference Plant were

related.

The failure data review found that about one-fifth of overall AFW System degradation was
detected during demand events. This finding is also complementary to the results of the
Reference Plant review, in which a significant number of failure conditions were found
which would not be detectable by programmatic monitoring or by routine observations.

Table 6.1 provides a summary of estimated test related actuation frequency for various
AFW System components at the Reference Plant. Some components were found to be
actuated, for testing purposes, about an order of magnitude more frequently than others.

It should be noted that the numbers of actuations cited in the table include actuations which
result from two sources: 1) those that are required in support of testing that demonstrates
operability of the individual component and 2) actuations which occur in conjunction with
testing other components or systems . For the components tested least frequently, the
majority or all of the actuations come from the former, while for many of those components
most frequently actuated, the majority of the actuations come about as a result of the latter,
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6.2.2 CONCLUSIONS

The fraction of AFW System degradation that has historically been found during demand
events, as well as the number and types of failure and degradation sources that were found
to not be detectable by the monitoring methods in place at the Reference Plant, indicate the
need for improvements in certain aspects of the current monitoring practices. While there
are no guidelines to establish what is an acceptable level of fraction of failures detected
during demand, the rate indicated by the failure data review (about 18% of ali system
degradation was detected during demand conditions) appears excessive. This is
particularly the case for certain component types and parts (for example, the Pump Driver
Group and Turbine Driven Pump 1&C/Governor Controls).

it was also found, in the Reference Plant review, that the ability of some components to
function as required under desigbrl basis or off-normal conditions is not verified
periodically. is was found to be the case particularly where multiple component
interaction is involved. There are decidedly adverse effects that could result from routine
testing of some of these currently non-tested areas (such as checking the ability of the AFW
umps to successfully negotiate the suction transfer from the Condensate Storage Tank to
mergency Service Water), while other areas could be fairly easily checked with little
additional effort and no adverse consequences (such as verification of pump capability by
monitoring additional parameters during the full stroking of discharge check valves).

When the test frequency, and the information that can be gathered from the various test
related actuations of System components are considered in light of historical failure
expenence and areas of non-detectability identified by the review of the Reference Plant's
monitoring program, it is apparent that both the test requirements and the actual
implementation of those requirements are not optimized. While an attempt to tabulate areas
of non-optimization has not been made, the following example is indicative of the lack of
test optimization.

The historical failure data showed that over half of the system degradation
assoc‘ated with turbine failures was due to 1&C and governor control related
problei.'s (It should be remembered that turbine related failures were the single most
significant source of system degradation.). Yet there is no Tech Spec specific
requirement for the calibration of the govemor control system. At the Reference
Plant, the governor is calibrated, per ST-27, on a refueling frequency. However,
the procedure notes, in the "Scope” section that "This instruction does not satisfy
any Technical Specification surveillance requirements.”, and "This instruction is
intended to be performed during each refueling outage but may be performed in
whole or in part as needed.” In the ORNL compilation of non-detectable failure
sources, it was assumed that this procedure was conducted in full each refueling
outage. Since there is no requirsment to conduct this testing, it is possible that the
testing would not be conducted (o an indefinite period. It should be noted that
some plants do not ever designate the governor calibration procedure as a
"Surveillance Procedure". In fact, since Tech Specs do not require the calibration,
it is to be expected that governor calibration procedures would normally not be
designated as such. As noted in the discussion for the turbine driven pump for the
Reference Plant, there are also a number of turbine related 1&C failure sources
(ignoring governor related areas) that are not detectable by the existing monitoring
program.
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Thus, the single largest source of turbine related problems is monitored directly on a
refueling frequency (roughly every 12 to 18 months) gt best.

On the other hand, the Trip & Throttle (T&T) valve, which was found to be a less
significant source of turbine related problems, is estimated to be stroked over 40 times a
year in support of testing at the Reference Plant. Ironically, worn linkage was identified as
the source of many of the T&T valve problems in the failure data. Inasmuch as a
substantial portion of T&T valve operation occurs from testing, testing itse!f may be a
significant source of T&T valve problems.

In light of these observations, it appears that enhancements in current monitoring
requirements and practices are warranted. Enhancements should focus on:

1) optimizing the testing requirements / programs to reduce testing of components
which have historically not been major contributors to system degradation and for
which the current testing provides little useful i.formation, while at the same time
focusing more attention on those components and functional areas that have been
more significant historically,

2) specifically improving the monitoring of 1&C portions of the AFW System, and

3) better verifying the ability of components to function under design basis / off-
normal conditions.

63 RECOMMENDATIONS

1. Conduct a Phase II study of the AFW System. The Phase II study should include the
following:

a) the detailed identification of areas of current monitoring / operating practices and
requirements which are not optimal for maintaining the availability and
demonstrating the operability of the AFW System. The areas which appear to be
inadequately monitored (for example, governor controls/I&C for the turbine) as
well as areas in which the level of testing appears excessive (for example, stroking
of the T&T vaive), based upon the results of the Phase I st.dy should be
specifically addressed.

b) the development of recommended changes, based upon the results of item a, to
monitoring / operating practices and requirements in order to ensure that appropriate
attention is provided to historically significant sources of AFW System degradation,
while minimizing unnecessary testing (and the accompanying test-related wear).

2. Conduct a Phase I study of the AFW turbine drive. In light of the similarity of the AFW
turbines to safety related turbines used in Boiling Water Reactor (BWR) systems, a review
of safety related turbine drives in general should be considered.

3. Because of the significance of turbine governor and 1&C related problems found in both
the failure data and the Reference Plant reviews, consideration should be given to the
conduct of a Phase I study of governors and their controls. Governors used on AFW
turbines, as well as BWR safety related pump turbines, emergency diesels and diesel
driven pumps should be considered for inclusion in this study.
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Table 6.1 ESTIMATED TEST FREQUENCY FOR
REFERENCE PLANT AFW SYSTEM COMPONENTS

COMPONENT
Motor Driven Pump (MDP) Suction Check Valves C-3, 4,

Turbine Driven Pump (TDP) Suction Check Valve C-5
Emergency Service Water Supply Valves MOV-1, 2,3, 4
Emergency Service Water Supply Valves MOV-S§, 6, 7, 8

Motor Driven Pumps
Turbine Driven Pump
Trip & Throttle Valve
MDP Miniflow Check Valves C-6,C-8
TDP Miniflow Check Valve C-10
Common Miniflow Check Valves C-1, C-2
MDP Discharge Check Valves -7, C-9
TDP Discharge Check Valve C-11
MDP Level Control Valves LCV-1,3,5,7
MDP Bypass Level Control Valves LCV-1A, 3A, 5A, 7A
TDP Level Control Valves LCV-2, 4,6, 8
MDP Level Control Valve Check Valves C-13, 15,17, 19
TDP Level Control Valve Check Valves C-12, 14, 16, 18
Check Valves C-21, 22, 24, 25
Main Feedwater Check Valves C-20, 23, 26, 27
Feedwater Isolation Valves FWIV-1,2, 3,4
SG Blowdown Isoiation Valves BDV-1, 2, 3,4
Turbine Steam Supply Valves MOV-11, MOV-12
Turbine Steam Supply Isolation Valves MOV-9 / MOV-10

NUMBER OF

TEST ACTUATIONS

PER YEAR
13 Partial, 2 Full

11 Partial, 4 Full
5 Full
S Full
12 Recirc / 2 Full Flow
11 Recirc / 4 Full Flow
43 Full
14 Fyll
15 Full
39 Partal, 1 Full
2 Full
4 Full
23 Full
21 Full
26 Full
2 Full
4 Full
6 Full
0 Full
S Full
29 Full
25 Full
29 /25 Full

All test actuation frequencies are estimated based upon assumed 18 month fuel cycle length.
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APPENDIX A
RELEVANT TECHNICAL SPECIFICATIONS



AUXILIARY FEEDWATER SYSTEM

LIMITING CONDITION FOR OPERATION

3.7.1.2 At least taree independent steam generator auxiliary feedwater pumps and
associated flow paths shall be OPERABLE with:

a. Two motor-driven auxiliary feedwater pumps, each capable of being powered
from separate shutdown boards, and

b. One turbine-driven auxiliary feedwater pump capable of being powered from an
OPERABLE steam supply system.

APPLICABILITY: MODES 1, 2, and 3.

ACTION:

a. With one auxiliary feedwater émmp inoperable, restore the required auxiliary
feedwater pumps to OPERABLE status within 72 hours or bein at least HOT
STANDBY within the next 6 hours and in HOT SHUTDOWN within the following

6 hours.

b. With two auxiliary feedwater ume\slri;\opcrablc. be in at least HOT STANDBY
within 6 hours and in HOT SH within the following 6 hours.

¢. With three auxiliary feedwater pumps inoperable, immediately initiate corrective
action to restore at least one auxiliary feedwater pump to OPERABLE status as
soon as possible.

SURVEILLANCE REQUIREMENTS

4.7.1.2 In addition to the requirements of Specification 4.0.5 cach auxiliary feedwater
pump shall be demonstrated OPERABLE by:

a. Verifying that :

1. each motor-driven pump develops a differential pressure of greater than
or equal to 1397 psid on recirculation flow.

2. the steam-turbine driven pump develops a differential pressure of greater
than or equal to 1183 psid on recirculation flow when the secondary steam
sugply pressure is 7reater than 842 psig. The provisions of Specification
4.0.4 are not applicable for entry into MODE 3.

3. each automatic control valve in the flow path is OPERABLE whencver
the auxiliary feedwater system is placed in automatic control or when above
10% of RATED THERMAL POWER.



b. At least once per 18 months during shutdown* by:

1. Verifying that each automatic valve in the flow paii actuates to its correct
rosition upoa receipt of an auxiliary feedw == ac*_gtion test signal and a
ow auxiliary feedwater pump suction pres. * 1w . gnal.

2. Verifying that each auxiliary feedwater pump starts as designed
automatically upon receipt of each auxiliary feedwater actuation test signal.

¢. At least once per 7 daﬁs by verifying that each non-automatic valve in the
auxiliary feedwater system flowpath is n its correct position.

*The provisions of Specification 4.0.4 are not applicable for entry into MODE 3 for the
turbine-driven Auxiliary Feedwater Pump

BASIS

The OPERABILITY of the auxiliary feedwater system ensures that the Reactor Coolant
System can be cocled down to less than 350°F from normal operating conditions in the
event of a total loss of off-site power.

The steam driven auxiliary feedwater pump is capable of delivering 880 gpm (total
feedwater flow) and each of the electric driven auxiliary feedwater pumps are capable of
delivering 440 gpm (total feedwater flow) to the entrance of the steam generators 1t steam
generator pressures less than 1133 psia. At 1133 psia the open steam fcncrator safety
valve(s) are capable of relieving at least 11% nominal steam flow. A total feedwater flow
of 440 gpm at pressures less than 1133 psia is sufficient to ensure that adequate feedwater
flow is available to remove decay heat and reduce the Reactor Coolant System temperature
to less than 350°F where the Residual Heat Removal System may be placed into operation.
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4.0.4 Entry into an OPERATION MODE or other specified condit »n shall not be made
unless the Surveillance Requirement(s) associated with the Limiting Condition for
Operation have been performed within the specified surveillance inerval or as otherwise

specified.

4.0.5 Surveillance Requirements for inservice inspection and testing of ASME Code Cluss
1, 2, and 3 coinponents shal' be applicable as follows:

a. Inservice inspection of ASME Code Class 1, 2, ana 3 components and

inservice testing of ASME Code Class 1, 2, mddgwmps and valves shail be
performed in accordance with Section XI of the ASME Boiler and Pressure Vessel
Code and applicable Addenda as required by 10 CFR 54, Section 50.55a (g),
except where specific written relief has been granted by the Commission pursuant
to 10 CFR 50, Section 50.55(g)(€)(i).

b. Surveillance intervals specified in Section XI of the ASME Boiler

and Pressure Vessel Code and applicatie Addenda for the inservice insrectior. and
testing activities required by the ASME Boiler and Pressure Vessel Code and
applicable Addenda snall be applicable as follows in these Technical Specifications:

ASME Boiler and Pressure Vessel Code Required frequencies for
and applicable Addenda terminology for performing inservice inspection
. pvens : { jous & { 1ousi SR
Weekly At least once per 7 days
Monthly At least once per 31 days
Quarterly or every 3 months At least once per 92 days
Semiannually or every 6 months At ieast once per 184 days
Every 9 months At least once per 276 days
Yearly or annually At least once per 366 days

¢. The provisions of Specification 4.0.2 are applicable to the above required
frequencies for performing inservice inspection and testing activities.

d. Performance of the above inservice inspection and testing activities shall be in
addition to other specified Surveillance Requirements.

e. Nothing in the ASME Boiler and Pressure Vessel Code shall be
construed to supersede the requirements of any Technical Specification.



LIMITING CONDITION FOR OPERATION

3.3.2 The Engineered Safety Feature Actuation System (ESFAS) instrumentation channels
and interlocks shown in Table 3.3-3 shall bc OPERABLE with their trip setpoints set
consistent with the values shown in the Trip Setpoint column of Table 3.3-4 and with
RESPONSE TIMES as shown in Table 3.3-5

APPLICABILITY: As shown in Table 3.3-3
ACTION:

a. With an ESFAS instrumentation channel or interlock trip setpoint less
conservative than the value shown in the Allowable Values column of Table 3.3-4,
declare the channel inoperabic and apply the applicable ACTION requirement of
Table 3.3-3 until the channel is restored to OPERABLE status with the trip setpoint
adjusted consistent with the Trip Setpoint value.

b. With an ESFAS instrumentation channel or interlock inoperable, take the
ACTION shown in Table 3.3-3.

SURVEILLANCE REQUIREMENTS

4.3.2.1.1 Each ESFAS instrumentation channel and interlock shall be demonstrated
OPERABLE by the performance of the CHANNEL CHECK, CHANNEL
CALIBRATION, and CHANNEL FUNCTIONAL TEST operations for the MODES and
at the frequencies shown in Table 4.3-2.

4.3.2.1.2 The logic for the interlocks shall be demonstrated OPERABLE during the
automatic actuation logic test. The total interlock function shall be demonstrated
OPERABLE at least once per 18 months during CHANNEL CALIBRATION testing of
each channe! affceted by interlock operation.

4.3.2.1.3 The ENGINEERED SAFETY FEATURES RESPONSE TIME of each ESFAS
function shall be demonstrated to be within the limit at least once per 18 months. Each test
shall include at least one logic train such that both logic trains are tested at least once per 36
months and one channel per function such that all channels are tested at least once per N
times 18 months where N is the total number of redundant channels in a specific ESFAS
function as shown in the "Total No. of Channels" Column of Table 3.3-3.



TECH SPEC TABLE 3.3-3 ENGINEERED SAFETY FEATURE ACTUATION SYSTEM

INSTRUMENTATION (AFW RELATED PORTION ONLY)

FUNCTIONAL UNIT

AUXILIARY FEEDWATER
a. Manual Initation

b. Automatic Actuation Logic

¢. Main Stm Gen Water Level
Low-Low
i. Start Motor Driven Pumps

i1. Start Turbine Driven Pump

d. S.1. Stant Motor Driven
Pumps and Turbine Driven
Pump

. Station Blackout Start Motor
Driven Pump associated with
the shutdown board anc
Turbine Driven Pomp

f. Trip of Main Feedwater

Pumps Start Motor Driven
Pumps 2nd Turbine Driven
Pump

g. Auxiliary Feedwater Suctior:
Pressure-Low

TOTAL NO.
OF CHANNELS

3/stm. gen.

3/stm. gen.

(References the Safety Injection channel operability requirements®

2/shutdown board

1/pump

3/pump

CHANNELS
TOTRIP

2/stm. gen. any
stm. gen.

2/stm. gen. any 2
stm. gen.

1/shutdown borrd  2/shatdown board

1/purap

2/pump

MINIMUM
CHANNELS
OPERABLE

2/stm. gen.

2/stm. gen.

1/pump

2/pump

APPLICABLE
MODES

L&D

43

1,23
w

lv

1

2.3

1,2

2,3




TECH SPEC TABLE 3.3-4

ENGINEERED SAFETY FEATURE ACTUATION SYSTEM

INSTRUMENTATION TRIP SETPOINTS (AFW RELATED PORTION ONLY)

‘UN NAL UN

AUXILIARY FEEDWATER

a. Manual

b. Automatic Actuation Logic

c. Main Stm Gen Water
Level Low-Low

d. S.L

¢. Station Blackout

f. Tnip of Main Feedwater
Pumps

g. Auxiliary Feedwater
Suction Pressure-Low

TRIP SETPOINT

Not Applicable

Not Applicable

> 18% of narrow range instrument spca

each SG

ALLOWABLE VALUES

Not Applicable

Not Applicabie

(References the Safety Injection Setpoints requirements)

0 volts with a 5.0 second time delay

Not Applicable

> 2 psig (motor driven pump)
> 13.9 psig (turbine driven pump)

0 volts with a 5.0+ 1.0 second time delay

Not Applicable

> 1 psig (motor driven pump)
> 12 psig (turbine driven pump)



TECH SPEC TABLE 3.3-5§ ENGINEERED SAFETY FEATURES
RESPONSE TIMES (AFW RELATED PORTIONS ONLY)

INITIATING SIGNAL AND FUNCTION

1. Manuali
Auxiliary Feedwater Pumps

2. Containment Pressure-High
Auxiliary Feedwater Pumps

3. Pressurizer Pressure-Low
Auxiliary Feedwater Pumps

4. Differential Pressure Between Steam
Lines-High
Auxiliary Feedwater Pumps

5. Steam Flow in Two Steam Lines - High
Coincident with Tyyg - Low-Low
Auxiliary Feedwater Pumps

6. Steain Flow in Two Steam Lines - High
Coincident with Steam Line Pressure-Low
Auxiliary Feedwater Pumps

7. Main Steam Generator Water Level -
Low-Low

a. Motor driven Auxiliary Feedwater
Pumps(!)

b. Turbine driven Auxiliary Feedwater
Pump(@)

8. Station Blackout
Auxiliary Feedwater Pumps

9. Trip of Main Feedwater Pumps
Auxiliary Feedwater Pumps

(1) On 2/3 any Steam Generator
) On 2/3 in 2/4 Steam Generator

RESPONSE TIME IN SECONDS

Not Applicable

< 60

< 60
<60

< 60

< 60



TECH SPEC TABLE 4.3-2 ENGINEERED SAFETY FEATURE ACTUATION SYSTEM
INSTRUMENTATION SURVEILLANCE REQUIREMENTS {(AFW RELATED PORTION ONLY)

CHANNEL MOL _, FOR WICH
CHANNEL CHANNEL FUNCTIONAL SURVEILLANCE IS
FUNCTIONAL UNIT CHECK CALIBRATION TEST REQUIRED
AUXILIARY FEEDWATER
a. Manual N.A. N.A. R LIS
b. Automatic Actuation N.A. N.A. M(1) 1,2,3
Logic
¢. Main Steam Generator S R Q 1,2,3
Water Level Low-Low
d S.L (References the Safety Injection instrumentation surveillance requirenents)
e. Station Blackout N. A. R N. A 2.3
f. Trnip of Main Feedwater N. A N. A. R 1,2
Pumps
g. Auxihary Feedwater N. A R M 1,2,3

Suction




PERTINENT TECH SPEC DEFINITIONS
CUANNEL CALIBRATION

A CHANNEL CALIBRATION shall be the adjustment, as necessary, of the channel cutput
such that it responds with the necessary range and accuracy to known values of the
parameter which the channel monitors. The CHANNEL CALIBRATION shall encompass
the entire channel including the sensor and alarm and/or trip functions, and shall include the
CHANNEL FUNCTIONAL TEST. The CHANNEL CALIBRATION may be performed
bzl a.:z‘ :lries of sequential, overlapping or total channel steps such that the entire channel is
cali X

CHANNEL CHECK

A CHANNEL CHECK shall be the qualitative assessment of channel behavior during
operation by observation. This determination shall include, where possible, comparison of
the channel indication and/or status with other indications and/or status derived from
independent instrument channels ineasuring the same parameter.

CHANNEL FUNCTIONAL TEST
A CHANNEL FUNCTIONAL JEST shall be:

a. Analog channels - the injection of a simulated signal into the channel a« close to
the sensor as practicable to verify OPERABILITY including alarm and/or trip
functions.

b. Bistable channels - the injection of a simulated signal into the sensor to verify
OPERABILITY including alarm and/or trip functions.

ENGINEERED SAFETY FEATURE RESPONSE TIME

The ENGINEERED SAFETY FEATURE RESPONSE TIME shall be that time interval
from when the monitored parameter exceeds its ESF actuation setpoint at the channel
sensor until the ESF equipment is capable of performing its safety function (i.e., the valves
travel to the s required positions, pump discharge pressures reach their required values,
etc.). Times shall include diesel generator starting and sequence loading delays where
applicable.

QPERABLE - OPERABILITY

A system, subsystem, train, component, or device shall be OPERABLE or have
OPERABILITY when it is capable of performing its specified function(s), and when all
necessary attendant instrumentation, controls, electrical power, cooling or seal water,
lubrication or other auxiliary equipment that are required for the system, subsystem, train,
component, or device to perform its function(s) are also capable of performing their related
support function(s).



OPERATIONAL MODES

MODE
1. POWER OPERATION
2. STARTUP
3. HOT STANDBY
4. HOT SHUTDOWN
5. COLD SHUTDOWN
6. REFUELING

REACTIVITY
CONDITION,
Km
20.99
>0.99
<0.99
<0.99
<0.99
<0.95

%RATED AVERAGE
THERMAL COOLANT
POWER® TEMPERATURE

>5% 2 350°F
<5% 2 350°F
0 2 350°F

0 3500F>T avg>200°F
0 <140°F
0 <140°F

FREQUENCY NOTATION

NOTATION

FREQUENCY
At least once per 12 hours
Al least once per 31 days
Al least once per 92 days
At least once per 18 months
Not applicable




