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eemNer 22, 1997

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D.C. 20555

10 CFR 50.54(f)

Gentlemen:

In the Matter of ) 
Tennessee Valley Authority )

Docket Nos.

SEQUOYAH NUCLEAR PLANT (SQN) AND WATTS BAR NUCLEAR PLANT 
(MMN) 90-DAY RESPONSE TO NRC GENERIC LETTER (GL) 97-04, 

'ASSURANCE OF SUFFICIENT NET POSITIVE SUCTION HEAD FOR 
EMERGENCY CORE COOLING AND CONTAINMENT HEAT REMOVAL PUMPS," 
DATED OCTOBER 7, 1997 

This letter provides TVA's 90-day response for SON Units 1 
and 2 and MBN Unit 1 to the subject GL which requested 
information pertaining to the oamount of suction head 
available to certain safety system pumps. In accordance with 
the GL, and TVA's comitment made in our 30-day response, TVA 
has performed the requested actions for SQN and NBN and 
sumarized the results in Enclosures 1 and 2, respectively.  
The response for Browns Ferry Nuclear Plant is being provided 
separately.  

TVA participated in the December 2, 1997, workshop on the GL 
and used the industry guidance in developing this response.  
Our involvement in industry activities and our review of 
design calculations have demonstrated that SQN and NBN have 
aqple margin available.
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U.S. Nuclear Regulatory Comission 
Page 2 
Dbcmber 22, 1997 

If you nave questions regarding this response, please contact 
Everett Whitaker at (423) 751-6369.  

Sincerely, 

Manager 
Nuclear Licensing 

Subscribed and sworn to before me 
this , L S day of j l 

Notary Public I 

My Commission Expires A/ / 

Enclosures 
cc (Enclosures): 

U.S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth Street, SW, Suite 23T85 
Atlanta, Georgia 30303 

Mr. R. N. Mernan, Senior Project Manager 
U.S. Nuclear Regulatory Commission 
One Whito Flint, North 
11555 Rockville Pike 
Rockville, Maryland 20852

cc: Continued on page 3



U.S. Nuclear Regulatory Commission 
Page 3 
Dcember 22, 1997 

cc (Enclosures): 
Mr. R. E. Martin, Senior Project Manager 
U.S. Nuclear Regulatory Commission 
One White Flint, North 
11555 Rockville Pike 
Rockville, Maryland 20852 

NRC Resident Inspector 
Sequoyah Nuclear Plant 
2600 Igou Ferry Road 
Soddy Daisy, Tennessee 37379 

NRC Resident Inspector 
Watts Bar Nuclear Plant 
1260 Nuclear Plant Road 
Spring City, Tennessee 37381
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ENCLOSURE 1

TENNESSEE VALLEY AUTHORITY 
SEQUOYAH NUCLEAR PLANT (SQN) 

RESPONSE TO NRC GENERIC LETTER (GL) 97-04, "ASSURANCE OF 
SUFFICIENT NET POSITIVE SUCTION HEAD FOR EMERGENCY CORE 

COOLING AND CONTAINMENT HEAT REMOVAL PUMPS," 

DATED OCTOBER 7, 1997
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1: Specify the gmmWd bodology ued to calcula th head loss Mociaed with the eaerency core 
cool1i sysem (ECCS) ictmion • s.  

Tkt3 bmic meodology ued for drminin pump net positive sction head (NPSH) involves a cop 
of the d bwee the tot available suction hbead (absolte head me ed at the pump peler eye) 
ad t vapor head (absolute) of the pumped fluid. This ba methodology is reflected in the following 

NPSH-..-h,,+h-.-h 

where: 

. atmospheic heed, absolute pressure (in fet of liquid) on the surface of the 
liquid being pumped.  

., - vapor head, the ead in feet corresponding to the vapor pressure of liquid a the 
tempeure being pumped.  

h- sac , stic bed, heighit ai feet thda te liquid supply level is above the pump 
impellr eye.  

S- frictio he, all suction line loses (in feet) including all sump screen and form 
loMs as well as friction loss through pipin, valves and attings.  

In applyin tis basic relationhip to the Sequoyah ECCS and conaument spray pumps for the sump 
reuculation mode, the following conservative methodologies and assumptions were used to establish each 

h, - Absolute pressure on the surface of the liquid supply level.  

This term is defined as the product of the containment pressure and the specific volume of the liquid 
being pumped. The Sequoyah calculations assume that the containment pressure is atmospheric 
(14.1 pa). This assumption is consistent with NkC Regulatory Guide 1.1 which staes that no 
credit is to be taken for post-accident containment pressuriion. The specific volume of the sump 
fluid is conservatively assumed to be hat of wier at 190F. e assumed 190F water temperature 
represents the maximum post-accident uunp fluid temperature.  

h - Vapor pressure of liquid a the temperature being pumped.  

his tm is defined as the product of the sauration pressure for the mperature of the liquid being 
pumped ad the specific volume of the liquid athat temperature. The Sequoyah calculations 
conservatively assume th the saturatio pressure and specific volume of the sump fluid is that of 
waer at IO0F. Te assumed I90F war temperature represents the maximum post-accident sump 
fluid tempriure.  

h - Saic height of the pumped fluid above the pump impeller eye.  

Tis trm s defined as he elevational difference beween the surface level of the flu being 
pu*ped ad tde ceter of ie pump impeller eye. The Sequoyab calculaions use the difference
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bctW td c•rlrMlbd caion l sump level durin recircultion ad the ECCS ad amimmans 
spray pump sctio elevation for the sttic bead. Conaiment sump levels are aumed to be 
cmmvrm el*y low for bor lar brea (LBU CA) and mal break (SBLOCA) mls-of-coolnt 
aCelins. CakutioM which me miedodologkie ad m..muptio which Bmini e sump levl have 
bene pMfrms d fo bob aUccilde so confl.m thu the aummed comauimumns mp evels e les 
thbn th calcul-- ld malb u amp levels.  

S* Frictio ad lose (in ft) in the uction line icading frictio loes rouh piping, 
valve ad fittip a well as smqp scree ad form lohes.  

'i term is defined aM the had loh due to flow resis cenoumered by te pumped fluid in the 
pump Mction line. 1he Sequoyh calcultions maximie the frictio bead lo by the coservativ 
caldulin muad ummMion of the following pmeter: 

1. Samp creen ad form losses whic• addres bead losses a m the sump inlt creen 
to de residual he removal mad connmmet spray pump uction pipin. This value wa 
mpiricaly establisbed for Sequoyah based on cale model testing performed prior to pln 

operat. w testing mmeasur presure head k•es for the actual sump confiuratin 
ad esablished a correpondig lo coefficiet for *e sump configuratim. The loss 
coefficient u lte actual sump scree, fon ad uction pipin encrace bead loases o t 
fluid velocity in the pump suction pipin. These loes wre calculaed fr conservatively 
hibg pump flow rtes. (These calculated loes assume tht the ump screen is fe from 
blockae. Sump cree blockage ha been evaluted separately a deribed in the 
mpone to Item 2.) 

2. Sucion line friction loses which coauns the pipig length, si (scheduai relati 
roughness. fiking resistace (i.e, piping elbows, reducers, te connections ge vales ad 
check valves) and fluid vlocity. The Sequoyab calculatiu establish a equivalent pipe 
leaug for the actual lenai of straight pipe and all aacled fitings and valves in the 
ECCS and cotaumnct spray pump suction piping. The maximum established equivalent 
pipin lengh is combined with conservaively high pump flow raes, actual pipe iside 
diaeters mad an empirically determined fricton factor to etablish bounding suctio lin 

iction losses.
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NIC aB-r

2. IdM b required NPSH and the availble NPSH.  

T1e followi is a so ry of the availble NPSH ad the requied NPSH for te Sequoyah ECCS pumps 

EPn Avilabe NPSH Reuired NPSH Exces NPSH 

Residual Hea Removal (LBLOCA) 33.96 ft 24.70 ft 9.26 ft 

Coantaimnt Spray (LBLCA) 26.04 ft 14. Ift 11.93 ft 

Residual Het Rmoval (SBLOCA) 39.79 ft 14.00 25.79 ft 
(No Containmnt Mray) 

Residual He Removal (SBLOCA) 31.93 ft 14.00 ft 17.93 ft 
(Wih Conainment Spray) 

Contaim ent Spry (SBLOCA) 19.35 14.11ft 5.24 ft 

Safety njection (LOCA) 5532 ft 27.00 ft 2.32 f 
(Hot Leg Recirculation) 

Safety Injection (LOCA) 61.10ft 270 • 34.10ft 
(Cold Leg eciculation) 

Cerifagal Charging (LOCA) 55 10ft 23.00 t 32.10 ft 
(Hot Leg Recirculation) 

Centrifual Charging (LOCA) 1.10 ft 23.00 ft 35.10ft 
(Cold Leg Recirculation) 

During the containment sump recirculation mode of operatio the Sequoyah residual beat removal pumps 
and conainment spray pumps take suctio from the containment sump. The safety injection pumps ad the 
high preure centrifuga! charging pumps take suction frm the residual bet renoval pump dicre. As 
indicated above, available NPSH has been evaluated for the residual beat removal pumps and the 
containment spray pumps when aligned to the containment sump. The available NPSH has also been 
evaluatd for the safely Wection and high pressure cenrifugal caring pumps when aligned to the residual 
heat removal pump discharge. No other Sequoyah ECCS pumps take sucion from the containment sump or 
are supplied by pumps which take suction from the cntainment sump during the sump recircultion mode of 
opration.  

Since ther e are signicant differences between ECCS pump functional requirements and contaiment sump 
levels for the L8LOCA id SBLOCA rcirculation mode of operation, de available NPSH has been 
evaluated for both ccident conditions for the pumps directly aligned to de containment sup. Additionally.  
sinc the sime and location of a SBLOCA will determine if the contaiment spray system will be activated an 
evalution of the availab SBLOCA recirculation mode NPSH has ben performed with and without 
actuation of the containment spry system for the pumps which take sction directly from the containment 
sOmp.  

The safety inection pumps ad high preure cenaifugal charging puns have similar flow requirments for 
both the large brk and mall bek lo -of-coolant accidents. A sigle evaluation has been performed fo 
both accidents when the pump ae operating aligned to the residul heat removal pump dischare piping.  
Simn there ar slight differeaes in the safety ijection and cetrifagal charging pump flow distributions 
between recor coolat system cold leg injection ad hot lg injection, the available NPSH for the safty
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imedona t ad ari d cl arg• g p umps hu bs mevauated for jjection • bodb th reacor coola 
syae hot lep ad cold ks.  

The aviable NPSH value for the residual It removal ad catapen my pumps we established 
ulg the msaodology described in the re pone to Iem I. The available NPSH values for tde safety 
hiotlian ad celbrfal chrSing pumps were cctd i a simila mimer with output fom a hydraulic 
model ofthe Sequor ECCS which conservatively estarblishe the pump sction p u based upon 
operation of a single esidual bea removal pump.  

le required NPSH for each pump M etalished from the equipment maufac 's performance t 
curve for the required low a. The d rce between the residual he remova pump rquired NPSH for 
LBALCA and SBLOCA conditions i baed upon the differet pump perforance requimes. For 
LB CA, the ractor coolant sysem pressure decreases below te pump toffhed ad a conservatively 
large residual heat removl piump flow is asned. For a SBLOCA, the reactor coolnt system prse 
remain above the pump huoffhead and no ot leg or cold leg injection flw is provided by e idual 
heat removal pumps.  

The available NPSH values lisled above assme tht the sump screen i free from pot-acident debris 
blockae. A eparate evaluion of hed losses associaed wih sup scren bloc s been performed.  

Sevaluation uses an empirical relatonship which establishes ump scn ed lss a a functin of fid 
velocity, sump reeaesh size and empirical dichar coefficent established for rectagula esh 
creen. This relationship was benchmarked for the Sequoyah sump confiurtioan by comparison of 

predicted head losses to actual head losses measured during scale model testing for clea sump screas (ao 
blockage) ad 50% screen blockage. 11e evaluatioa stblshed that wih boh rains of residual h 
removal ad containment spry pump in operion a conservatively high flow rates, inrease in ump 
scree head lss from 0 screen blocka to 90% screen blockage would be 2.40 ft for a LBLOCA and 
1.16 f for a SBLOCA. Given the excess NPSH vues listed above and the results of a containment debris 
raMnport study which confims tha less thn 90% screen blockage will occur under accidet coditio 

adequate NPSH is availble to ddres worst case ump screen blockage.  

3. Specify whether the current design-basis NPSH analysis differs from the most recent analysis reviewed 
and approved by the NRC for which a safety evauation was issud.  

The original NRC approval of the available NPSH calculations for Sequoyah ECCS opertion is documeted 
in the initial plant safety evaluation report (Section 6.3.3 of NUREG-0011 I, including Suplements I and 2).  
Since the issuance of the initial plant safety evaluation report, the design-basis NPSH calculations have been 
upgraded as part of the 196-1917 Design Calculatio Program performed in accordaa with the Sequoyah 
Nuclear Performace Plan. Under the calculation upgrade program, the original calculatons were given a 
general revisn n to include a clear purpose, verifiable input asumptions, uniform meshodologies anJ clear 
cceptance criteria. The evised calculations were classified as "essential and were subjectd to an 
ndependent review to establish technical adequacy. While the Design Calculation Proram was evalu d by 

NRC and found to be accepata. in the Sequoyah Nuclear Perfonnce Plan safety evaluaion report (Section 
2.3 of NUREG-1232 Volume 2), the revised NPSH calculations produced under the program wee not 
pcfically addressd by NRC.  

Te techical changes made to de available NPSH calculatios during he calculatio upgrade progrm 
involved the addition of conservatism to the assumed ECCS flow aes, the addition of conservaism to the 
assmed containment sump bulk fluid temperature the refineme of the containment sump level 
caliculim to reflect revised contaimment spray flow padu between upper and lower con men ad the 
evaluation of conauiment sump screen blockage.
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Tlb c ps made to add coneratism to dew assumed ECCS flow ra and conainment aump bulk 
maperama e r nsamist wih de NRC evaluation in Section 633 ofNUREG-l I. Supplement 1. The 

bulk coauimm et mp temperu was increased from 160F to 190*F to reflect the maximunm expected 
empaure. The otaiment spray flow re assumed i the analysis was icresed to contain a level of 

ervatm smilar to wthat rded for the residual he removl pump (i.e, a conservtive flow rt above 
expected pup nmou conditions).  

The changs made to the sump level calculat for coanment pry dinage were made to be consistt 
with dte resol of e "ECCS Water Los Outside Crane WlAir Return Fa Opera y" issu 
described i Section 3.9 of NUREG-:232, Volume 2. The centainment sump level calculations wa revised 
to reflect plt modifltions perfrmed in 198-1989 desiged to drain contmim nt spray invewry 
diverted fhm dhe active sump back to he active sump.  

The evaluatio of sump screen block was perfoned i2 accordce ith the resoluio of te 
"Cotaim t Coaing" issue describd n Sectio 3.7 of NUREG-1232, Volume 2. The evaluation is 
descrbed in a r mponse to Item 2. The evaluation confins tha adequat ECCS pump NPSH is available 
for the maximum expect• cotainmet sump screen blocke under accidet condiions.  

Sice the completo of t calculatio uprade program, the avilable NPSH calculations have een ied 
to reflect a 1991 modification to the cooainment spray system. The assumed coatinmet spray flow re 
was conervatively inreaed fro ,700 gpm to 6,211 gpm as prt of a desip cbn which evaluaed 
system operon with a higher head containment spray pump roating eleaet.  

n suammy, te current desip-bis NPSH anlysis differ from e analysis reviewed nd pproved by d 
NRC pt of the original plt safety evaluation. The mjority of de changes made to te analysis were 
performed as pM of the Sequoyah Nuclear Pformnce Plan to ddress issues evaluated by the NRC safety 
evaluation contained in NUREG-1232, Volume 2. The balance of the changes were perfmd to suppo a 
plant modificaton which vs evaluated under 10 CFV 50.59 criteria. The current desig-bais analysis 
continues to meet the requirements ofNRC Regulatory Guide 1.1 for consideration of sump bulk 
temperature and containment pressure.  

NRC Reauest 

4. Specy whether containment overpressure (i.e., conainment pressure above the vapor pressur of the 
sump or suppression pool fluid) was cedited in the calculation of available NPSH. Specify the amount 
of overpressure needed and the minimum overpressure available.  

Rspon 

The ECCS and containment heat removal systems at Sequoyah ae designed such that adequate NPSH is 
provided asuwnin the maximum expected sump fluid temperature (190F) and no increase in he assumed 
containment pressure (atmospheric or 14.7 psia) subsequent to a postulatd loss-of-coolant accident No 
credit is taken for containment overpressure in the calculation of available NPSH.  

NRC RBegt 

. When containment overpressure is credited in the calculation of available NPSH, confirm that a 
appropriate containment pressure anlysis was done to establish the nm 'imum containment pressure.  

Sime containment overpresure is not credited in the calculation of available NPSH, this question is not 
applicable to Sequoyah.
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s followg documems wa reviewed to support the deveopment of the Sequoya rspome to NRC 
Oenric LaItr 97-04: 

1. cCalcu•nK SQN(-SQS4-00 R4, "NPSH Calcu••tio fr the RHR and CSS Pumps Operatig in he 
Recirculatio Mode for a Large Break Lo-of-Coolant Accident, (BS7 911120 012).  

2. Cacultion SQN-OS07-008, R4, "Contanment Sump Minimum Lcvel at me of Switcover to 
Rieulation Mode for a Lare Bwk Loss-of-Coolant Accident", (B45 880707 429).  

3. Calulation SQN-72-DOS3 EPM-STM-06038, R4, "Containment Spray Pump Maximum Flow i the 
Rcirculation Mode, Unit I", (87 970912 005).  

4. Calculatin SQN.72-DO53 EPM-DLB-060587, R2, "Containment Spray Pump Maximum Flow in 
the Rckculation Mod•, Unit 2", (B87 970213 015).  

5. Calcuation SQN-SQS4-0108. R3, "NPSH Calculation for the RIlR and CSS Pumps Operating in he 
Recirculation Mode for a Small Break Loss-of-Coolant Accident", (887 911113 014).  

6. Calclation SQN-SQS4-0104 R3. "Deteraination of Minimum Level in Containment Sump at Tune 
of Switchover to ecirculation Mode for a Small Break Loss-of-Coolent Accident", (B45 880726 426) 

7. Norri Lboratory Report No. WM28-1-45-102, RO, "Model Study of the Sequoya Residual Heat 
Removal Sump", dated October 1978 (45 870622 251).  

8. Westingouse Topical Report No. WCAP-1 1534. RO, "Evaluation of Containment Costin", 
dated September 1987 (B38 930503 801).  

9. Westinhouse Leaer TVA-97-133, "Available NPSH for the Sequoyah Safety Injection and Centrifugal 
Charging Pump During Loss-of-Coolant Accident Recirculation Mode of Operation", dated December 
1997 (B38 971211 802).  

10. NRC NUREG-001 I "Safety Evaluation Report for the Sequoyah Nuclear Plant Units I and 2", 
Page 629.  

II. NRC NUREG-001 I, Supplement I. "Safety Evaluation Report for the Sequoyah Nuclear Plant 
Units I anJ 2", Pages 6-7 nd 6-8.  

12. NRC NUREG-001 , Supplement 2, "Safety Evaluation Report for the Sequoyah Nuclear Plant 
Units I and 2". Paes 6-5 throuh 6-7.  

13. NRC NUREG-1232, Volume 2, "Safety Evaluation Report for the Sequoyah Unit 2 Nuclear 
Performance Plan", Pages 2-10 throu 2-13 Pages 3-62 through 3-64 and Pages 3-67 through 369.  

14. NRC NUREG-1232, Volume 2, Supplement I, "Safety Evaluation Report for the Sequoyah Unit I 
Nuclear Performance Plan", Pages 2-6 and 2-7 and Pages 3-14 anl 3-1S.
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ENCLOSURE 2

TENNESSEE VALLEY AUTHORITY 
WATTS BAR NUCLEAR PLANT (WBN) 

Unit 1 

RESPONSE TO NRC GENERIC LETTER (GL) 97-04, "ASSURANCE OF 
SUFFICIENT NET POSITIVE SUCTION HEAD FOR EMERGENCY CORE 

COOLING AND CONTAINMENT HEAT.REMOVAL PUMPS," 
DATED OCTOBER 7, 1997
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SSpeciy the general methodology used to calcla the head loss masociated with the emergency core 
c asystem (ECCS) sueom iners.  

The basic medodology used for determining pump et positive ction head (NPSH) involves a par 
of the diference between the total available suction head (absolute head measured at the pump impeller eye) 
and the vapor bead (absoluse) of the pumped fluid. This basic methodology i reflected in the following 

NPSH- h,.- +h ,-h 

where: 

h, - atmospheric bead, absolute pressure (in feet of liquid) on the surface of the liquid 
being pumped.  

h, vapor bead, the bhead in feet corresponding to the vapor pressure of liquid at the 
temperature being pumped.  

h, - static head, static eight in feet that the liquid supply level is above the pump 
impeller eye.  

h - friction ead, all suction line losses (in feet) including all sump screen ad form 
loues as well as friction losses through piping, valves and fittings.  

In applying this basic relationship to the Wats Bar ECCS and containment spray pumps for the sump 
recirculation mode, the following conservative methodologies and assumptions were used to establish each 
term: 

h, - Abolute pressure on the surface of the liquid supply level.  

This term is defined as the product of the containment pressure and the specific volume of the liquid 
being pumped. The Wat Bar calculations asume that the continment pressure is atmospheric.  
This asumption is consistent with NRC Regulatory Guide I.I which states tha no credit is to be 
takn for post-accident containment pressurization. The specific volume of the sump fluid is 
conservatively assumed to be that of water at 190F. The asunmed 19I0F water temperature 
represents the maximum post-accident sump fluid temperature.  

h, Vapor pressure of liquid at th themperature being pumped.  

This term is defined as the product of the aturation pressure for de temperature of the liquid being 
pumped ad the specific volume f the liquid a that temperature. The Watts Bar calculations 
conservatively assume that the sauration pressure and specific volume of the sump fluid is tht of 
water at 19F. The assumed 190F water temperature represents the aximum post-accident sump 
fluid temperature.  

h, - Staic height of the pumped fluid above the pump impeller eye.  

This term is defined as the elevatioal diference between the surface level of the fluid being 
pumped ad the Mcer of he pump impeller eye. The Wals Bar clculations use the difference 
bewen the floor elevation of lower containment and the FCCS pump suction elevation for the
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Shick ad. No cnd is b o fhr collection of war thi would reenk in coaltinsenta p leve 
bove tb lower -- floor levaa.. This conservaie methodology aBowed the Wa 

Mr MSH, ccaldos o cmnidir mly ste l rge break leof-ocoolt accident (LBLOCA) cae 
ad modlatd mwr NPSCH culatio m. w• r otqired to b prI d mfor h smal brak 
lom ofeookr accidet (SBLOCA) bwecaMe do m aimiuze flowrates d an mim i omp mleel 

ued a inp for the LBUOCA case velope tie SBLOCA cae.  

h * Frctio head laes (in fa) in ab sction lie iMnhding frcton mes through piping 
valves amd fa l as weu a simp scowv lom 

This e is dinhd tmhe b lo de tlo flow uesistMce ocou ed by the pumped fid in de 
pump sction lie. M Was Br c tculaions arimix tbe ction head lom by the conservaive 
calcoluia cad .mati of. he foowing peruamers: 

I. Sum trbr scre bad I s am the inl eto th ECCS uIman Minim. The Wats Bar 
coalmim n smp is lockaed withi a foot high psslewa y under the rfuein caal. Th 
portion ocomine is- a ope, oae lrve m with o dnris used to roue wor to the 

uamp. The wuM hiam a LOCA simply fil the fko aree ad covew the smp ea nace. 1 
annuler shape of the cotainment e allowsr water o approach the smp inlet fm two 
directionsUIly, passing i bodt cuaes tbug vrtcal screened tranhrcks at t 
entraces to th passagway. The tbrndacks which we the ouer smp boMduries, exted 
approximately 16ft a reseor hield wall to tb divider walld ad proximaftly I a 
ham b flGoor to be cdaling with o at each aenrceo toh pasmagway. The sap inlet is 
located in de floor itwMeeo two screend tmhndas. Two ECCS en ce pipes which 
com be operatd independently, exist a the lower elevation of the up. A sceen is also 
located in fcat of dte two eae •m 1e pre mie los ooefficiut for hbe craen is 
~ompute as a ction of permat blocked using mtods cota d in Ithe klooa iAme rican 
lastitute of Chmical Eaimee, Vo. 14, May 96M ad a thr investigated by te 
Tennesse Valley Authority's Norris Labortay. The r king presu lom coefficients re 
then used to compute d head ImM acros de rshrack aMd erce pipe screens m fiaction 
of percent blockd. The desip bais trasport analysis or unqualified contame coti 
is bed on 90% trashrnck creen blockae. Tb internal screen a the ECCS entrance pipes 
can mm be biocked sice it hm tI s sceen sim athe outer trabucks ad all th 
unqualifted coo inside the rhracr re on the floor and will be prvm d ho reaching 
the sump at by the 6 inch i b th suouw it. he bad loss for 90% blockage of 
bothe rashrack creens ad the ECCS erce pip screen is conservatively used as input 
to the RHR pump NPSH cakuldos. Te head lossm value used a input to the containment 
spray pump NPSH calculatio xceed te sum of t head loss for 90% blocka of .b 
rlnack sremas aid 0% blockage ofthe internal ECCS aance pip screen. Noete tht vea 
50% blockae ofthe interal ECCS screen would res in less than I inch reduction in the 
available NPSH for the containment pry pumps. The roe losses were calculted fobr 
conservatively igh rsiue Ie removal ad contment spry pump flow ries.  

2. Su'doa I f icato boe which cosiidir ier ani"a a. sima (dmhdt rIlaive 

Ed d hiiaelo Ths Wats BI r calculbtics eablh a aivalet pipe leait fr tw 
actual lnth oright pipe ad all flatings ad ge valves i h reshdual ha mreovl ad 
coInime- t spray sectio pipi (TIm e so a flow check valves in the resideal hea 
rmovl or come spray pmp up sction lines) 1The quivalent pipig legl is 
combined wih conseridvdiy high pump flow res actual pipe inside dimeer ad a 
mpiriclly determined fiction h to establish bounding ctio Uas riction es.
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2. Mmdivy qur d NH and the avable NPSH.

I-~-

h followrg is a s ry ofthe available NPSH ad the requird NPSH for the W s Bar ECCS ad 
C~i.i s Spraymp 

P Available Required Excess NPSH* Excess NPSH* 
H MR (noPSde hd adont"d (sitId hd ed)* 

eidl HH Ramoval (LBLOCA) 22.7 ft 21.0f 1.7 a 10.21 
(wi conainmen spray) 

CntitaMl Spray (LBLOCA) 16.9 f 13.2 t 3.7f 122 ft 
(wih ECCS) 

When consideri the specified ce NPSH, it should be noted that the design bais NPSH cculations 
of red conmc rv vely asumed • o cret• for containment pressue above atmospheric, took no cr 
for taic mu Akr abow the conminmtefoor lk and used the maximum reator building fluid 

mpewan. Thb for, excess NPSH values ae also provided with th minimum LBLOCA ower 
coauaiment wa leveIl included to dmo. le the actual excess vailble.  

TIw tbular result provided abov for the RHR and Containment Spray pumps are for the train having the 
lo excem NPSH. During the containment ump recirculation mode of operation, the Was Bar residual 
hb removal pumps and th coonaimmet spray pumps take suction fom the containment sump. The afety 
inection pump (SIP) and the high presm cerifioal charging pumps (CCPs) take suction m the 
residual bet removal pump discharge during the ump recirculation mode. Due to the significant suctio 
boost provided to the SIPl ad the CCn during recirculation "piyba" operation, NPSH is not a concem 
during his mode. Alhough NPSH dat is t tabulated for pifgybck operatioa ofthe SIPs aad CCPs, 
NPSH analyses which have been performed for these puImp durin the ijectioa mode from the RWST ar 
boundin for the piggyback mode. and they demonstrates tht fdly adequate NPSH is available. In addition, 
the rsults of the Sequoyah NPSH analyses performed for the recirculation mode ae comparable to that 
which would exst for Watts Br due to similarities in ECCS system operion, pump desin, and pipe simes 
ad configurtion. The tabulated Sequoyah results ther demonstral that Slly adequate NPSH is available 
for the Wmas Bar SIPs and CCPs during the sump recirculation mode.  

Te available NPSH for eh case listed above was calculated using the methodology described in the 
reponse to Item I, consdr the effects of tr ack scren blocke at the maximum design value of 
90% The preseted results ae based on TVA pepard calculaions for the contaiment spray pumps and 
Wetinbou prepared calculations for th ECCS pumps. As stated n the respo to question I, NPSH 
calcdulaon are ot rquird to be performd for the SBLOCA because the maximiad flowrs and 
mimini4d srup level sed a input for the LBLOCA c envelope the SBLOCA cam.
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3. Specify weer e crar desig-bi NPSH aalysi diff from te mot rect anlysis reviewed 
ad approved by be NRC for which a safety evaluation was isued 

Te origil NRC approvl ofthe available NPSH cau• iom for Wat Br ECCSoperatio a docmmened 
in te lil plant saety evaitia report (Sectio 6.3. ofNURE•I). Since the issunc of the initial 
plat aty evaluation report, the desia-b s NPSH calcuations hav been reperf ed accordance with 
tie 1991-1993 Desin Calculatio Prom .. The Design Calculation Progra was iucded within the 
Dsip Balie and Verification Pror CAP of the Wats Bar Nuclear erformance Pla. Under the 
calculatin upgrade progam, the containment spray pump NPSH calculations were give a garal revision 
by TVA to incud a clar purpoe, verifiable input asumptions, uniform methodologies and cler 
acceptance itr. The revised calculation were classified as "essentil" and were subcted to a 
independent review to estblish technical adequacy. lhe ECCS NPSH calculations were performed by 
Wetigouse in support of the Design Calculation Progam in conjunction with analyses for related ECCS 
pforance issues. The Westinghouse ECCS NPSH calculations weprepad to similar standrds as the 
TVA prepared containment spray NPSH calculations While the Design Calculation Program was evluated 
by NRC and found to be acceptable in the Wat Bar Nuclear Performance Plan safety evaluation report 
(Section 3.2.3 of NUREG-1232, Volume 4), the revised ECCS and containment spray NPSH calculations 
produced under the proma were not specifically addressed by the NRC. The results of the calculations are 
described in the Was Bar Safety Analysis Report NRC has documented their SAR reviews and approvals 
(though Amendment 91) i the Safety Evaluation Report and SER Supplements I through 20.  

The primary technical differences between the available ECCS and containment spray NPSH calculations 
approvd in the original SER and the current calculations involve the adjustment of pump flow rates to 
maximum desig values (as confirmed by preoperational testing), the elimination of credit for containment 
sump level above the lowr containment floor, and the adjustment oftrashrack scren losses to correspond to 
the design basis blockage of 90% 

In summary, ae current design-basis NPSH analysis differs from the analysis reviewed and approved by the 
NRC a part of the original plant safety evaluation. 1he changes nude to the analysis were performed as part 
of the Wats Bar Performance Plan to address issues evalu. .ed by NRC in NUREG-1232, Volume 4. No 
changes have been made to the NPSH calculations and no system chages have been made that could impact 
the NPSH calculations since receipt of the operating license. The current design-basis analysis continues to 
meet the requirements of NRC Regulatory Guide I. I for consideration of sump bulk temperature and 
containment pressure.  

NRC Rauot 

4. Specify whether containment overpressure (i.e., containment pressure above the vapor pressure of the 
sump or suppression pool fluid) was credited in the calculation of available NPSH. Specify the amount 
of overpresure needed and the minimum overpressure available.  

The ECCS and containment heat removal system at Wats Bar are designed such that dequte NPSH is 
provided assuming the maximum expected sump fluid temperature (190F) and no increase in the assumed 
contaament pressure above atmospheric subsequent to a postulated loss-of-coolant accident. No credit is 
taken for containment overpressure in the calculation of available NPSH.
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5. Whrbm e oIverpr Oemas iM sc credis the t ciar of avdile•NPSH, c tht a 

Si4. Weso i a sov peI e I WAT-D.9898, "RHR Pump NPH of alat NPSH, (i q ni33s95 6 
-appllli Was Ber.  

S. Weatl .,ses r WAT-D-I0t07, "C Repost (T60 970913 867) 

T6. Nolrwr ad m wRep N. vie1wd tosupport01, R "odelt S of dt W t Bar RH Sum"o NRC 
OMuriLauhLr 979-04: 

1. Carcurm n EPM*RCP- 120291, RP , o "Ove im e Sray Pump N Potive Sucdon Head (NPSH 
Cadculiny 1 (B26 950405 331) 

2. CalculRion WBN-4OS647" , Rvlua port Analyris for Co ucleart Cot nts(26 I 60 294) 

4. Weinbouse La WAT-D-9, "RHR Pup NPSH Calcultioo" (T33 950106 1) 6 

5. Westingbouse Letr WAT-D. 10107, "ECCS Report" (T60 970913 67) 

6. Norris Labrory Report No. WM28 -I5-101., RO, "Model Study of the Wat Bar RHR Sump", dated 
Mrch 1979 (845 6013 252).  

7. Norris Laboraory Report No. WM28-t2-85-131, RO, "Effects of Blocked RHR Sump Screms on 
Trabhrm Hados, Net Positive Suction Hed, and Vortexing Propensity a W Bar Nuclear Plat", 
dfd July 1919 (B26 191017 205).  

8. NRC NUREGOt847."Safety Evaluation Report for the Waft Br Nuclear Plant Units I and 2", 
Pa 6-15. ad PaI 6-25 trough 6-34.  

9. TVA Ler to the NRC daed February 12, 192 (A27 120212 016) 

10. NRC NUREG-1232, Vol. 4. "Safey Evaluation Report for te Wart Bar Nuclear Perfomance Plan", 
Section 3.2.3
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