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ABSTRACT

On May 8, 1980, Westinghouse reported to the NRC/IE per Title 10
CFR Part 21 that one or more centrifugal charging pumps could be
damaged by low flow at certain plants before satisfactory
termination of safety injection after a secondary side high
energy line rupture, The plants of concern had been notified, a
calculational method of evaluation and plant-specific reviewvs
had been recommended, and interim modifications had been
proposed by Westinghouse, The NRC/IE issued IE Bulletin B80-18
on July 24, 1980 because of this potential safety-related
problem, Licensees and near-term licensees of pressurized water
reactors (PWRs) were required to take specific actions and
submit written responses, Utilities with PWRs under
construction were issued the bulletin for information, in
preparation for the licensing process. Evaluation of utility
responses and NRC/Region inspection reports shows that the
bulletin can be closed out per specific criteria for 44 (96%) of
the 46 facilities to which it was issued for action, A followup
item for the remaining dual plant is proposed for use by the NRC
to ensure satisfactory completion of required and corrective
actions,
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CLOSEOUT OF IE BULLETIN 80-18:
MAINTENANCE OF ADEQUATE MINIMUM FLOW THRU
CENTRIFUGAL CHARGING PUMPS FOLLOWING
SECONDARY SIDE HIGH ENERGY LINE RUPTURE

INTRODUCTION

In accordance with the Statement of Work in Task Order 013 under
NRC Contract 05-85-157-02, this report provides documentation
for the closeout status of IF Bulletin 80-18, Documentation is
based on the records obtained from the NRC Document Control
Systenm,

IE Bulletin 80-18 was issued to licensees for action July 24,
1980 because of concern about the potential for damage to
centrifugal charzing pumps in safety injection systems of PWR
facilities., Although only certain plants had been identified by
Westinghouse, the bulletin was issued for action and written
response to all operating PWRs and to non-operating PWRs which
were nearing licensing.

For background information and required actions, IE Bulletin
B0-18 and its enclosed 10 CFR Part 21 Westinghouse letter to the
NRC/IE are included in Appendix A, The letter contains the
recommended calculational method of evaluation, the description
of preferred and alternative interim modifications, and a list
of plants of concern, Evaluatior of utility responses and
NRC/Region inspection reports is documented in Appendix B as the
pasis for bulletin closeout, Facilities to which the bulletir
vas issued for information esre listed in Appendix B, A followup
item is proposed in Appendix C for use by the NRC in assuring
satisfactory completion of corrective action, Utility manhours
expended on the bulletin are tabulated in Appendix D.
Abbreviations used in this report and associated documents are
presented in Appendix F,

SUMMARY
In tte following summary items, and in the closeout criteria on

Page 3, the underlined terms lgggﬁd or unlisted refer to the
listing of plants of concern in the Westinghouse 10 CFR Part 21

letter enclosed with the bulletin (see Appendix A, Page A-8),

1. The bulletin has been closed out for the following listed
facilities per Criterion 1 (see Page 3):

None



The bulletin has been closed out for the
facilities per Criterion 2 (see Page 3):

Beaver Valley 1 North Anna 1,2
Diablo Canyon 1 Salem 1,2
McGuire 1 Sequoyah 1

The bulletin has been closed out for the
unlisted facilities per Criterion 3 :

Arkansas 2 Oconee 1,2,3
Calvert Cliffs 1,2 Palisades

Haddam Neck Foint Beach 1,2
Indian Point 2,3 Prairie Island 1,2
Maine Yankee Robinson 2

The bulletin has been closed out for the
unlisted facilities per Criterion 4 :

Arkansas 1 Rancho Seco 1
Crystal River 3

The bulletin has been closed out for the
per Criterion 5 :

Ginna

The bulletin has been closed out for the
facilities per Criterion 6:

Cook 1,2 Farley 1
Davis~Besse | Fort Calhoun 1

following 11 listed

Surry 1,2
Trojan

following 21

San Onofre 1

St, Lucie 1
Turkey Point 3,4
Yankee-Rowe 1

following four (4)

TMI 1

following facility

following seven (7)

Kewaunee
Millstone 2

The bulletin is called open for the following two (2)

facilities:

Zion 1,2

REMAINING AREAS OF CONCERN

There are none because a followup item is proposed in Appendix C
to ensure satisfactory completion of required and corrective
actions at Zion 1,2,

CRITERIA FOR CLOSEOUT OF BULLETIN

In the following closeout criteria, and in the sumsmary itews on
pages 1 and 2, the underlined terms listed or unlisted refer to
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Weginzhouse Water Reactor AL TerTaon Dveon
Bectrig Corporation ONvislons o ¥

Prv g vewm 10D

May 8, 1580
NS5-TMA-2245

Mr. V. Stallo, Director

Offfce of Inspection and Enforcement
V. S, Nuclear Regulatory Commission
1717 K Strest

Washington, 0. €. 208555

Subject: Centrifuga) Charging Pump Operation Fellewing Secondary Side
High Energy Line Ruplure

Dear Mr. Stello:

This letter {s to confirm the telephone conversation of May 8, 1980 between
Westinghouse and Mr. Ed Blackwood of Divistion of Reactor Operations Inspection,
Offfce of Inspection and Enforcement, regarding notification made pursuant to
Title 10 CFR Part 21,

A review of the Westinghouse Safety Injection (51) Terminztion Criteria
following a secondary side high energy 1Hue rupture (feedline or steawline
rupture at high inftia) power 1!1!11’ has revealed & potential for conse-
quential dumage of one or more centrifuge) charging pumps (CCPs) before

the S) termination critearia are satisfied and CCF operation tarmminated,

Such consecuential damage may adversely fmpact long-ierm recovery aperations
ror the Initfating event and 15 not permitted Ly design criteria. This
concern exists for plants which wtilize the CCPs as Emergency Core Cooling
System (ECCS) pumps, where the CCPs are autoratically started, and where the
CCP miniflow 1eolation valves are avtomatically fsolated wpon safety Injection
fnftiation, Attachment A fdentifies plants potentially subject to this
concern, A sumary of the concern and recomendations follow.,

Fcllowing a secondary side hiih energy 11re rupture and associated reactor

trip, Reactor Coolant System (RCS) pressure and temperature Initfaliy decroase,
Safaty Injection 1s actuated and the CCPs start to Increase RCS faventory,
Rerctor Coolant System pressure and temperalure subsequently Increase due

Lo the loss of secendary inventory, steanline and feedline fsolation, RCS
tnventory addition and reactor core decay heat generativn, The accident
scenario may vary with rupture size and specific plant destgn, but 1t will
Gevelop Into o RCS heatup transient with accompanying fncresse in RCS pressure,
As RCS pressure Increases, the pressurizer powersoperated relfef valves

(PORYS) are desfgned to Vimit RCS prossure to 2350 psfa. Although these

valves are normally avallable, they are net dos'?ned 05 safetysrelated equip-
ment, 1t can be postulated that, due to efiher.loss of offsite power,




Mr, V. Stello w2 May 8, 1980

NS-TMA-2245

ddverie environment insfde contatnment, the pressurfzer PORY {n manua)

rode, or the PORY block valve fn a closed position, due to PORY leakage,

the pressurizer PORYS may not be operatle. At 3 regult ¢f the RIS hatyy

and Inventory fncrease, the R(S pressure could rise to the pressurizer

safity valve setpoint of 2500 psta within approxicately 200 seconds and
reTain 4t that pressure until transtent *turmarevnd.® Transient *turn-
dround®™ ca yccur betwean 1800 and 4200 seconds depending on operater action
and availadle equipment, During the Initia) portion of this transient, the
SI terminatfon criterfa may not be satisfied. Consequently, the RCS pressure
Coan reach Lhe pressurizer safety valve relief pressure before CCP cperation
Is terminated, Ouring this perfod, the minfmum flow required for CCP operd-
tion mutt be satfsfied by flow to the RCS efnce the CCP miniflow 1s0lation
vilves are automatically closed on sofety fnjection Inftfatfon, This requires
Lhat the CCFs be able to deliver thelr minfoum required flow to the RCS at
he safety valve setpoint pressure,

To evaluate this concern, Westinghouse has developt’ a caleulations) method
Ond has revieaed typical CCP head versus flow performance curves and other
recresentative plant parameters, The colculationa) method considers the
effects of safety valve relfef setpoirt accvracy, RCS piping resistance, ECCS
piping resistance, number of CCPs operating, technica) specification allowadle
COP head degradation, and uncertainties associfated with fn-plant verification
testing., The analyses for two CCP operatfon, the best estimate condition, 1s
similar to the aralysis for one CCP operation except that the flowrate used

Lo cetermine LCCS piptng 11ne 1oss must ensure the mintmum flow through each
pumd.  For axample, ot o specific required head, the pump with the higher
developed head may be reguired to deliver greater than the minf=un flow 1n
Créer Lo permit the lower hedd pump to meetl the minimum flow reguirement.

This generic evaluation Indicates that sufficient flow Lo s5tisfy CCP minimum
flov requirements to avold pump degradation mey not be ensured for @ gecondary
System Aigh energy Yine rupture under the conditions cescribed above.,

Basrd on the generfc evalvation, Westinghouse recommends that eperating plants
perform 4 plant specific evaluation to assess this concern, Attachment B
rovices the mestirghouse coalevlationa] method and o sample celculation which
Can Be wsed In thiy evaluation, Based on Westinghouse generic review, satis-
factpry results mey not be obtained, Should o plant specific concern be
fdentified, the following recomendations nive been developed and can be
tatlored to specific plant applications for the Interim unti] necessary design
pcdificotions ¢on be Implemented, The iInterim modifications consist of systen

slignmant and - (ing p Jcedure changes to provicde Backup to the pressurizer
PoRvs 1n ens. that (¢ nimem flow requirements are satisfied. In conjunce
tion with ¢ alfi; ons, 1t 15 recorendes that plonts, (o) review
the preys, .. 10 maximize the avetlability of these valves

o 1imit ¢ urizer safety valves, and (b) review the

e intenye : fcol specifications for the backup (f.0., thipd)
charging p. % sedilability for long-term recovery from @

secondary s ‘ ¢ recomendations, 1o comdination with the interim




Mr. ¥, Stello May 8, 1580
NS-THA- 2245

podifications described below, are corsidered sufficient to address this cone
cern in the fnteria unti)l necessary design modifications con be implecented,

_]_F_’.P'h Modification 1

This Interim modification 1y preferred and requires that component cooling
witer be supplied to the seal water heat exchanger following safety Injection
{afttation tn order to provide cooling for CCP miniflow.

1. Verify that CCP mintflow return 15 aligned directly to the CCP suction
during normal operation with the alternate return path to the volume
control tank 1solated (lock closed).

Remove the safety {njection Inftiation avtomatic closure sfigna: from
the CCP miniflow fsolation valves.

Modify plant emergency oparating procedures to Instruct the opearator to:

0. Close the CCP miniflow fsolation valves when the actual RCS
pressure drops to the calculated pressure for manval reactor
coolant pump trip.

Recpen the CCP miniflow fs0latfon valves should the wide range
RCS pressure subsequently rise to greater than 2000 psig.

Interim Modification 1}

This scdification fs an alternative for plants in which component cooling
water 18 nol supplied to the sec) water heat exchanger following safety
infection tnftfation, Since miniflow cooling 15 not provided, this alterna-
tive directs miniflow to the volume control tank to permit the CCP mintnum
flow requirements to be satisfied with cool uncirculated water., The volume
control tank acts as o surge tank to collect einiflow following safety
tnfection fnftfation with excess flow directed to » holdup tamk via the
volume contrel tank relfefl valve.

Y. Align the CCP miniflow to the volume contrel tank during norma) opers-
tion with the miniflow return path direct to the CCP suction 1s0lated
(lock closed). Verify that the volume control tank relfef valve and
gischarge Yire capacity exceeds the miniflow requirements of 2%l CCPs
plvs the reactor coolant pump seal return flow,

Same a8 Interim Modification 1, Item 2.

Same o8 leterie Modification I, Item 3,




May B, 1980
KS-THA-2245

Bessd on the generic evaluation, Westinghouse has Inftiated efforts to perform
pddisiena) plant specific analyses for non-operating plants and to develop
design medifications tc resclve any fdentiffed concerns. The modifications
will be designed to safety-related standards and will bo compatidle w'th
Westinghouse S1 termination criterfa and stoncardized technical specifications,

If you require further Information, please . call Ray Sero (412-373-4183) of my
staff,

Yery truly ypurs,

;c’:/ ¢ B e -
T. M, Anderson, Manager
Nuclear Safety Departmnt

Attachemnts
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MINIMUM CENTRIFUGAL CHARGING PUMP FLO
DURING TWO PUMP PLRALLEL SAFETY [NJECTION OPERATION

In ordar to ensure that minimum pump flow s maintained during parallel

safety injection operation of two centrifugal charging pumps (CCPs),
Mestinghouse provides below a sample calculation utilizing actual plant
data and determines what actual CCP deve . oped nead at the minifiow flowrats

mst be available.

Individually determine th: developed head of each CCP at ha mini-
flow flowrate of 60 gpm from fleld test data. (two pumps for
100D plants and three pumps for 3-loop plants)

Sample: Maximum developed head pump
2571.4 psid » 5540 ft. @ 60 gpm

Minimum develcoped head pump
2554.1 psid = 5500 f¢. ® 60 gpm

Correct the pump head for tasting error. Add the appropriats
error in datermi‘ning the above measured. developed head, {.e.,
{nstrument error plus reading error, to the maximum developed
head and subiract this error. from the minimum developed head.

Sample: Pressure instrument gccuracy of + 0.5 percent x
spas. of measuring instrument gf 3000 psig = 15 pst
olus 10 psi (43 f2.) reading

The resultant CCP develcoped heads at miniflow which
can be supported are 2 maximum developed Nead of
§998 f¢. for the maximum head pump, and a minimm
developed head of 5842 ft, for the minfoum head pump.




ATTACHMENT B

Cetermine total CCP flow, Construct 2 pump curve for the maxie
mum head pump that fs parallel to the actual “as-built” vendor
PUED Curve and passaes through the above determined developed
head at the miniflow flowrate which is the measured developed
head plus the determined measurvrmnt accuracy. (See attache
ment Figure 1.)

Use this head versus flow curve to detarmine the flow delivered
Oy the maximum head pump (strong pump) at the devaloped head of
the ninfoum head puap (weak pump) at the miniflow flowrate
(f.e., 5842 ft. as detarmined in Stap 1).

Sample: As 11lustrated in Figure 1, the delivered flow of the
strong pump 4t 5842 ft, 1s 150 gpm. Therefore, the
total flow from both CCPs which guarantses that the
weak CCP will be delivering at least 60 gpm 1s 210 gpm

(150 gpm + €) gpm),

Petermine Injection Piping Head Loss. The head loss due to
friction in the safety injection/RCP sea’ injection piping 13
getarmined as follows:

The sh, 1s equal to the strong CCP developed head at runout
flow. This resistance s established during the CLP flow
balance testing which Timits CCP flow to the runout limit.
The Injection piping resistance (k) is equal to the developed
head of the strong CCP at 1t runout flow divided by the
(runoyt f'.c-rul;z.

develored hean 2 e ah, o 1500 f«¢. 2
(runout flowrats) .3‘ (550 spm)

e.9. K.

2

ke 4,96 x 1077 2. /qpm




ATTACHMINT B

The resistance of the {njectfon piping (ah,), ot the tota) CCP flow
required to maintain 60 gpm through the weak CCP 15:

ahg » 107 or ahy = (4,96 x w"u;;*ne) (210 gum)? = 219 ¢,

Determine head loss throvgh the Reactor Coolant Systes,

Consfder that the reactor coolant pumps are operating, therefors,
the pressure drop from the CCP cold Teg Injection nezzles through
the reactor vesse] o the pressurizer surge Tine off the hot log
at full RCS flow are to be Ingluded) Thig precture drop s
approximately 5C psid (116 ft,) for 4-100p plants and 48 psid
(111 ft.) for 3-lcop plants. This pressure drop swst be overcome
by the CCPs 1n order to deliver flow to the RCS ot the Mot leg/
pressurizer pressure.

Determine the elevatfona) head between the RWST and the pressurizer
safety valves,

... RWST elevation 160 ft,
CCP suction elevation 100 ft.
RCS cold Teg injection nozzle elevation 126 ft,
Pressurizer safety valwe elevation 187 ft.

RaST to CCP suction - & 1.
einys CCP suction to RCS (<26 ft.)

einus RCS to pressurizer safety valves
(6) ft. assuming o o)) pressurizer)
corrected for density difference {44 1t.)

Thus, In this example the CCPs wust provide an additiona) 10 ft.
of elevationa) head.




ATTACHMENT B

Step 7: Calculate the pressurizer safety valve relfef pressure,

0.9. relief pressure = safety valve nominal relief pressure
¢ 1% setting tolerance

relfef pressure = 2485 psig « 25 psig = 2510 psig (5768 ft.)

termine the maximum RCS pressurizer pressure at which 60 gpem
minfowm flow 1s maintained through the weak CCP,

Maxiewm RCS pressure = (CCP déveloped head at tota) CCP flowrate)
(Injection piping head Yoss) « (head Yoss through RCS) « (wleva-
tion head loss)

Maximum RCS pressure » SB42 2, « 209 ft, « 116 ft, « 10 ¢, »
§457 ft. = 2380 psig

Comparing this pressure to the pressurizer safety valve relfief
prassure (Step 7) of 2510 psfg,-1t 15 evident that the 60 gpm
flow required for the weak 5P will not be maintained.
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TABLE B.1 (contd)
Facil- Utility Inspection Closeout
ity NRC Response Report Status and
Facility ;1!];1_.ngkgg Status Region NSSS _ Date and Date Criterion
alisades 50-255 oL 111 C-E 06-23-80 B1-02(03-24-81) Closed 3
Point Beach 1 U!PCO 50-266 oL 111 w tE-26-80 80-15(10-15-80) Closed 3
Point Beach 2 WEPCO 50-301 oL I w 0OR-26-80 80-15(10-15-80) Closed 3
Prairie Island 1 NSP 50-282 OL 111 w 08-15-80 80-14(09-19-80) Closed 3
Prairie Island 2  NSP 50-306 OL I1I v 08-15-80 80-15(09-19-80) Closed 3
Rancho Seco 1 SMUD 50-312 OL v BAW 09-11-80 B0-31(12-16-80) Closed 4
10-27-80
Robinson 2 CPAL 50-261 oL 11 w 09-22-80 81-32(12-23-51) Closed 3
12-04-80
#Salem | PSE&G S0-272 oL 1 w 09-23-80 80-32(01-20-81) Closed 2
09-29-80 82-05(04-06-82)
07-14-81
*Salem 2 PSERG 50-311 oL 1 w 09-23-80 80-22(01-20-81) Closed 2
09-29-80 B82-08(04-06-82)
07-14-81
San vmofre 1 SCE 50-206 OL v w 09-18-80 80-30(11-04-80) Closed 3
*Sequoyah | TVA 50-327 OL 11 w 09-22-80 81-32(10-13-81) Closed 2
10-16-80
11-17-80
11-18-80
07-02-81
St. Lucie 1 FPL 50-335 OL 1I C-E 09-22-80 81-02(03-12-81) Closed 3
*Surry 1 VEPCO 50-280 OL 11 w 09-26-80 81-33(01-07-81) Closed 2
12-22-80
*Surry 2 VEPCO  50-281 oL 11 w 99-26-80 81-33(01-07-81) Closed 2
12-22-80
™I 1 Met-Ed 50-289 OL I BAW 16-16-80 B81-24(10-19-81) Closed &
01-21-81
*Trojan PGE 50-344 OL v ¥ 09-24-80 82-24(09-02-82) Closed 2
05-01-81
Turkey Point 3 FPL 50-250 OL 11 ¥ 09-23-80  81-13(06-09-81) Closed 3
Turkey Point & FPL 50-251 oL 11 ¥ 09-23-80 81-13(06-09-81) Closed 3

See notes at end of table.
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TABLE B.2 (comntd)

-

Facil- Utiliey
ity NRC Response Inspection Report
gsgiggig tility Docket Status FRegion NSSS _Date ___and Date oy
uth Texas 1 !ﬂ:‘i‘;‘ %""-49"'3"“'(:’?‘ i W %‘1-32?’1‘11"1' 2-81)
South Texas 2 HL&P 50-499 cp Iv w 81-32(11-12-81)
St. Lucie 2 FPL 50-389 OL 11 C-E 83-11(03-17-83)
Summer 1 SCEAC 50-395 oL II w 01-22-82 83-24(08-31-83)
04-29-87
™I 2 Met-Ed4 50-320 SDY I BEW 10-07-80
Vogtle 1 GPC S0-424 cr 11 - 81-15(01-28-82)
Vogtle 2 GPC 50-425 cpP 11 W 81-15(01-28-82)
wNP 1 WPPSS  50-460 CP Y PEw
WNP 3 wWPPSS S0-508 cP v C-E 82-25(01-14-83)
Waterford 3 LPEL 50-382 OL Iv C-E
Watts Bar 1 TVA 50-390 cp - - 85-08(03-28-85)
Watts Bar 2 TVA 50-391 cP II v 85-08(03-28-85)
Wolf Creek 1 KG&E 50-482 oL v g 09-15-80 B4-01(02-14-84)

Notes for Table B.2:

1.
2.

Facility status is based on references 1, 2 and 3, Page B-6.

The following sbbrevistions apply to facility status:
P, Construction Permit; UL, Operating License;
DI, Shut Down Indefinitely.






APPENDIX C

Proposed Followup Itenms

Region IIT
Zion 1,2

These are !oar-loo; plants of potential concern as listed by
Westinghouse (see Page A-8),

Inspection report 84-03/84-03 leaves the bulletin open
pending the Westinghouse permanent solution,



APPENDIX D

Utility Manhours Expended on IEB 80-18

"""cvtoi—I' Torrective

Hﬁ‘-‘.‘%‘hr--r—‘”‘i%“‘-“ﬂ”—”ﬂ"--ﬁ&%i‘i‘““-

Calvert Cltl!o 1,2

Cook 1,2 200
Dnvtl-lotlo 1 NR*
Diablo Canyon 1,2 70
Fort Calhoun 1 NR
Ginna 3
Indian Point 3 NR
Kewaunee 10
Maine Yankee 15
McGuire 1,2 52
North Anna 1,2 120
Poit Beach 1,2 8
Rancho Seco 1 200
Robinsen 2 5S
Sequoyah 1 55
St, Lucie 1 4
™I 1) 75
Tro jan NR
Turkey Point 3,4 AR
Zion 1,2 35-50

Total Hours Reported

®NXR signifies "not reported"

= =

=
OQOWOOOO I OOWO®™I O

w

—

NR

NR
Several
Thousand

200
136
78
b

3
30
10
15
52
170
8
200
55
70
4
78
320
5
3

Tloseout Status

Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Open

1554 to 1569

WS WD W VNN LIALLIDO W






Met-Ed Metropolitan Edison Company

MYAPCO Maine Yankee Atomic Power Company
NNECO Northeast Nuclear Energy Company
NRC/1E Nuclear Regulatory Commission/

Office c, Inspection & Enforcement
NSP Northern States Power Company
NU Northeast Utilities
NYPA New York Power Authority
oL Operating License
OPPD Omaha Public Power District
PASNY Power Authority of the State of Nevw York
PCT Peak Clad Temperature
PGE Portland General Electric Company
PC&E Pacific Gas and Electric Company
PORV Power~Operated Relief Valve
PSEAG Public Service Electric and Gas Company
PSNH Public Service Company of New Hampshire
PWR Pressurized Water Reactor
R Region (NRC)
RAS Recirculation Actuation Signal
RCP Reactor Coolant Pump
RCS Reactor Coolant Systenm
RGAE Rochester Gas and Electric Corporetion
RWST Refueling Water Storage Tank
SCE Southern California Edison Company
SCEAG South Carolina Flectric and Gas Company
S1 Safety Injection
SIAS Safety In _sction Actuation Signal
SMUD Sacramento Municipal Utility District
SNUPPS Standardized Nuclear Unit Pover Plant Systems
TECO Toledo Edison Companv
™I Three Mile Island
TUGCO Texas Utilities Generating Company
TVA Tennessee Valley Authority
UHI Upper Head Injection
VCT Volume Control Tank
UVE Union Electric Company
VEPCO Virginia Flectric and Pover Company
¥ Westinghouse Electric Corporation
VEPCO Wisconsin Electric Power 5..,.»,
WNP Washington Nuclear Project
WPPSS Washington Public Power Supply Systes
Wps Wisconsin Public Service Corporation
YAECO Yankee Atomic Electric Company

E-2
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