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Discussion and Purpose

M

T lculation is being revised to correct the error of using gauge instead of absolute terms when calculating
for the centrifugal charging pump taking suction from the volume control tank (VCT) during normal
operation. The format is also updated to current convention and for clarity. Although the original calculation
was in error, the error was in the conservative direction wherein the calculated NPSH available (NPSHa) was
one atmosphere or 34 ft below the actual value. Therefore the actual margin is 34 ft higher than calculated.

Design Inputs and Data Sources

1. Elevation of VCT outlet pipe flange = 611'-0-1/4" = 611.02', per Drawing 1-5441-12, B/8
2. Elevation of pump centerline = 590'-9" = 590.75', per Drawing 1-5443-23, C/5,
3. Elevation of Pump suction nozzle is 20" above the centerline, per Pacific Pump Drawing FC-45605
" H n L1} L1 = 590'_9" + 20" =3 592!_5" = 592.42'
4. Design flow = 150 gpm , per UFSAR Table 9.2-3, however use 204 gpm, per note below
Note; Max normal operating flow is letdown flow of 120 gpm (max) plus 60 gpm miniflow, all per
UFSAR table 9.2-2, plus 24 gpm seal return flow, per assumption 5 below, for a total flow of 204 gpm.
5. Temperature
Normal suction temperature = 115 ° F, per UFSAR table 9.2-3
VCT hi temp alarm QTI-451 set at 134 ° F with +/- 3 deg uncertainty, per ECP 1-CG-16B
Operating procedure limit of 185 ° F, per 01 OHP 4021.003.001, Rev 19
Use 190 ° F as bounding
6. VCT Pressure = 0 to 60 psig, per UFSAR Table 9.2-3; use 0 psig as a conservatism.
7. NPSH required (NPSHr) at 204 gpm = 12 ft, per representative NPSH curve on Pacific test curve 34617 L.

_&m_ces

1. Updated Final Safety Analysis (UFSAR)

2. Hydraulic Institute Standards, 12" Edition, 1969

3. Flow of Fluids, Tech Paper No. 410, 14" printing 1974, Crane Co.

4, Procedures 01-OHP 4021.003.001, Rev 19 and 01-OHP 4022.002.001, Rev 8, C. S. 1
5. AEP Drawings 1-5441-12 and 1-5443-23, (Attachment 3, Sheets 1 & 2)

6. Pacific Pump Co Drawing FC-45605 and Test Curve 34617-1, (Attachments 4 & 5)

Method

The NPSHa is defined as the total suction head in feet of liquid absolute, determined at the suction nozzle and
referred to datum, less the absolute vapor pressure of the liquid in feet of liquid pumped.
Therefore; (1) NPSHa = Ha - Hvpa + Hs, per Hydraulic Institute Standards page 41

Where

Ha = atmospheric pressure in ft absolute (14.7 psi or 34 ft)

Hvpa = vapor pressure of liquid in ft absolute

Hs =total suction head in ft

(2)Hs =Z +Ply-Hf

Where .
Z =elevation of liquid in tank above pump suction nozzle in £t
P/y =tank pressure in psig converted to ft of head by the density factor.
‘ Hf = pipe friction in ft between the tank and the pump suction nozzle. .
Note; the pipe friction computed for the original calculation will be used for this revision.

The friction value for flows other than the 98 gpm used in the original will be calculated
based on the square relationship of flow to friction as shown in the Darcy-Weisbach
equation [Hf = fL/D)(V*/2g), eq 2-8, pg 2-8 Crane, that is;
(3) Hf, = H(Q2/Q1)". SNsMTR071a Fk Keu |
N .o r 1



Acceptance Criteria ,
@able operating conditions exist when the NPSHa exceeds the NPSHTr.

Assumptions

1. Based on review of the values, the friction value used in the original calc is assumed to be correct.

2. The level in the VCT is conservatively assumed to be below the low level alarmand actually out of the tank.
3. The liquid temperature is cor;servatively assumed to be 190 ° F, 5 ° F above the highest procedural limit.

4. It is assumed that the values calculated based on the piping configuration of the unit 1 East pump are
applicable to all 4 pump installations. This assumption is made since the slight differences in the unit 1 West
and both unit 2 pumps are considered insignificant relative to magnitude of the margin of 12 fi.

5. The extremely conservative assumption that the seal leakofF on all 4 RCPs is at the maximum 6 gpm instead
of the nominal 3 gpm. Procedure 01-OHP 4022.002.001, Rev 8, C. S. 1, steps 3 & 15 trips the pump and the
unit if the flow on any one RCP rapidly iricreases to 6 gpm (the max reading on the flow instrument). We are
assuming the unprecedented condition where the flow on all 4 RCPs reach 6 gpm simultaneously..

Calculation

1. Establish the friction (Hf) at 204 gpm based on the original HFLC2 computer calc at 93 gpm.
Hf, = total friction of the four series segments 1 through 4 from the VCT to the pump at 98 gpm
=1.12+0.04 +0.01 +0.05="1.22 ft ’
Hf; = friction of the segments at 204 gpm
= Hf1(Q2/Q1)* [eq 3] = 1.22ft x.(204/98)* = 5.29 ft
2. Calculate total suction head
Hs=Z +P/y-Hf [eq2] = (611.02'-592.42") + 0 - 5.29' = 13.31 ft
3. Calculate NPSHa
NPSHa = Ha - Hvpa + Hs [eql]
vapor pressure of water @ 190 ° F = 9.340 psia per Crane, Pg A-6
weight density of water @ 190 ° F = 60.343 #/f* per Crane, Pg A-6
therefore Hvpa = P/y = 9.340 psia/(60.343 #/ft*/144in2/f*) = 22.29 ft
NPSHa = 34 - 22.29 + 13,31 = 25.02 ft, use 25 ft
4, Margin of NPSHa over NPSHr =25 - 12 =13 ft

Wate the NPSHa at a flow of 204 gpm, at 190 deg F

Summary of Results and Conclusions

Adequate NPSH exists at the extreme worst case bounding conditions reviewed in this revision since the
NPSHa well exceeds the NPSHr with a margin of 13 ft.
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20 98:+44026,575 81,445
30 98,6+4065,565 2,86
40 98,7+981,17,0,6€0

50 98,6.065,8.5,0,139

s SAVE
G.EA DY
OLD HFLC2*
EEADY
RUN .
HFLC2?® 11:29EDT 07/19/72

PIPE FRICTION CALCULATIONS~COLEEROOK EGUATION ‘ '
INPUT DATAFILE?CCPPC

ARE THERE MORE RUNS IN THIS DATAFILE(CYES-NO)?NO .
© Adtachment d_shet]

f e T e e ISR = X7 Py of.15 ..

1

WATER TEMP.(F) = 250.00 |
DENSITY(LBM/CUFT) = 58.48 1
AES.VISCOSITY(LEM/HR/FT) =0.570931E+G0 |
PIPE ABS«ROUGHNESS(FT) = 0.150000E-03
NO« FLOW-GPM ~"DIACIN) VEL(FPS) RE.NO. HEADC(FT) TOT+HD.(FT)

1 9.0 4.0 2.5 0.30553E+06 1.12 1.12

2 - . 98.0 61 1e1 0.20282E+06 0.04 1.16

3 98.0 8.0 0.6 0.15413E+06 0.01 1.17

4 980 61 1.1 0.20282E+06 0.05 1.22 )






,.ﬁymwr

TALS

LDk

(1: .

14143 FL;','&";D&S CALCU LA TION

TEAS ARE Ty vAwags oty .

Fhae

0

Lis

oot . £Y (o DATE PR
gyger =& Prog metat Fie Tes Wt T
FLUD @ CE) 220 7 pwe peL. Rooswess ST pifE SERmOVT NVABRR
Funo Fuws (em) 25 pipe oamEror (W) £ T2 G 2 )
SRAGHT PIPE LERGHTS Fims&s WMRER  “KorYh £ =%
- GATE VALVE v 3 24z
e GLofE VALWE 3Yo
1 ANENE VALVE 14s
-’ - BeTTerEY VAL Yo
v/ Sulier cieCe 135 ey
2.8 90° SO, ELGKW i 30 T
3! %° §.R. Elised 50
nY %" L.8. Elizow 20 ce
TR 90° MiTRE B¢t s1
@‘ 4$°<rD, BLasw 16 2
417 MIE ELGM 15
45°S.R. ELGOW 26
180° CLSE ReTven 50
N LATRAL 4 ouTter l.o
N LATERAL £ INeT 0.s
K SIRAIGHT RuN LATERAL ous
STO, TeE RN : 20 2
STD. TEE BRANCH : &0 i3
™ PiE EnrR PeoT..NWO 078
=< SHARP EDLE 0.50 . §
s SLLEHT Rowd 0,23
3 WELL ROVND 0.04
PE RS EXIT  SHARP Eb4ED 1.0
¢ Subbew cowTRACTION S/ zad 042
> : - X3 033
v oy | oAt .
WOMISe Cuhliy nCRLAAT --15:} |G ’~": 5
M Mige SN EULARGE l
€7’ K] 24 ¢
A‘H’qchwrvﬁbQ\'SAQe'f'l
% " ENSM 720714 Fc Rev






[ 4
¥ (.7,

Fou rp\{‘;(\—-, e EIL. CoetiisTs MFE  SECMENT ANAST ,_,._,,:,__.:_
Fung Fuxs (o) 3 por Dol () it
STRAGET F78 (BRENT CRTINGS SUIELLA R ':':'kcf,:, T %%
H
3 o S =~
- GATE s )
| - GLolE VAVE 4n
LRGUE GRS s
. (furTtsieiy AL R A
p Sthids Gt 135
2
‘i ST, LBk ' s} S
a3’ S ¢ ' £
5 C;?f LG, C&.l‘::f:?.v 20
Go® e Dot 57
; ég"c:" Clhaw {{> .
e Pt Ghlen 1y )
: “”9 £, 8050 P2
(e9° eLe gonved g0
'J\‘ RATTAAL & ourear .0
TRATERAL & tNLe a5
K SIRMEET Lus LATRIAL ous
STO. TEE fus t 25 <
SR 1> N - L e &0
. s G PeoTumigo T - 072
5 SIRP cbeg 0.5
e SLIGLET owsd 225
3 WELL F&enD 0.6
N RS GOIT SHARPEAGED 10
¢ Subbey CowTAscTIon S =03 842 .
. . o 05 %3 - _ ?
by ory | ol
WOMLSe Tuenii) ninsg - ';' G ‘='¥ s
‘D S Rige BINTUY ERLAR (T I
as | 67 1 Ty 7%

SToamng Are " \- 'f vt

R YR

oLy

Athach weens- - Shed—
ENSM 7307148 Fic,

e d ot 15



TALS

i O = 19} ' O 7 . *
PN TEE & L el nsanen T P
RNy a1 R T 1 A 1
‘@33667' 2y g " oaenl L Tieee !¢ T, I
FLUE ORAS B e D588 CF0. FOUEED o emrrommaoe. PHE SHLMBNT WURET ,.,,.,,i_-x..,,
Fung Eesbzany S5 fr ot (00 mi i,
STRAGHT QP8 LensuTs T8 63 uyafsh. et T 2%
‘ " - S NN
o | Gt e T %
' GLEE Ve g i
fediT s {{ily ;
Cortcariy vaL £33 ‘ 1
Sthiels comoe '52-':-,'
Qe st GLfas 30
s 59 S G i s
. G 4.8, G 20 :
[ ' cf’:io PUrAT GLos e
E$75TD, Bran 6
; Fooag®mms eons 3
: 45050 G Wi
_ E 189 L Qe £
> LATTRAL 4 ovTioT Lo
T LATER Al & Nl 0.5
| K Tttt Punl LATERAL 0413
§V0, TEE fuN 20
. e Gasaucy i 60 £
LT WS T P2eTaMu0 0.7¢
= SEAAP cbit . 0.5%
> FACHT Coved 223
' K WELL f3van ' Do
SE D5 EUIT SHARP ERSED )
3¢ gunbEy  CONTRACTISN S = a2 X 3.2
v 0.5 033 _ .
' ey ox PRy
W OMlge Tuenisn IS (l '-'..--‘,.
M Mige WISl ARGl |
! ] o & Fq ‘

T oaTng

ARG Tl oA s oy

Attachmenf & She -
ENSM 074 FIL
[Re2 (0 o 15

ﬁ.et/l



Py
) a»s: ecr

TALS

. ™~ 031 00C2s5¢7
P t ' w5l v;:.:;
PIPE Fellaon calcutaTiol =

3 ¢, Gt | - ot

1- v, L, Cnrd 6\’ |\L DA-‘E'

FLutd e CF) PYE PEL. RUGLNESS , Pife SEemeNT MR 2
Funo Few (Gen) 23 pipe oeamerer, (N) 2t eI A S
STRAGHT PIPE LEAGHTS FITIINGS NVMRER ok =K =%
e GATE VALE ! \3 2
! © GLOGE VAWE 340
o ASE VALVE 1y
) " BNTTE2FLY VAL %o
Suiner euecie 135
Q6° ST, ELRoW W |3 2
%’ §.2. ELBe 50
%° L.R. Eliow 20
90° MiTRE Eteow 51
G 45°arD, vLoow ! 16 -
47" MIE ELMY I
45°S.R. ELGowW 2%
180° cLosE ReTven |50
> LARAL £ ourter Lo
*LATERAL < INeeT 0.S
K STRAEAHT RUN LATERAL ouls
STO. TeE RUN l 20 e
STD. TEE BRANCH 60 ‘
> P1fe TarR. PeoT.iNW o 0.8
e SHARP EDBE 0.§0
> SULEHT Rowsd 5,23
o WELL ROVND o.0%
< PSS EXIT SHARP EDGED 1.0
S Supden  CowTRACTION S¥/d =03 ] 042
e ' 0.5 0,33
e oay o\t
d W MBS Tt NGEiE G-
: ¥ Mise SINTR PHLAMUGE [ -
$.¢ v 139

)]

X omas ARe ylvhag s oLy

A Hachwent— 0 Sheet 5
ENSM Ta0T7I4FK Kev

pnn‘o i D-L- ,(

[.






R B
- - - N
LI A T L T AT |
q CewTEYe PETRPI G 1 " I R L LK | ; ! ™ i
T e e Th s o, [t o% s SV EX 207wyl 3 T3NS LF ] & —— : I |
 BETTECRCr PRSI § £ Y -
>) e ee L P A - |
’ ' 1 3 e yep o g | N
PR | . Y —= , . ‘ | , —
I PN P | - i

Lot s, ! * oy e ! ! N k
{. Wl wol L ren es —,'_'Si; e 2 por | ’

: N et = EB. A

} [(TIRT

p fcruia) ]

gl

1 H
<. T =1
@ l .F: I-';ﬁ':.‘.".{‘}- \;\ ‘E?! ' d l I l r(:«-” ). < M
4 [ . — o | w— . o . B
(\ B 1, thnarrocm cce ol ] 3 3 B ." s I - P H : TS T S 1o L N A L LA ’
D I e i ]38 821 K Lq ] Y [ I | I .
Z 3&§ S AN -l ! H | - Q g 0 < - c<~, 3' t r_ll" rz] .L{ e%tt. !..'
. | I..\-unn X s [ o8 T j* = | 'IJ 2 A 1 2 I,l ;‘ \: ._;f ‘ - AV, t’b—}" 3] & 1 ~?° I - 3 3
: = o= gttt . et e ] G A Xl ---—.?: 1 Hien) |7 ' | = ﬂ'};l e s et = : GENERAL_NOT
1 =404 A o - e R ALY o ff sl 1 e, =\;M—"ﬁ———' RliEEe | e . / T I
1 d ( QEEEE S =0 Faie 893 i En) 3 3 23 e 1 3 , L
H =TT g - - . - L ol & L & BA2AAD .
! 2 ) ATSAN N Mz H ? \f“"‘” -g' Ha 5 ] 5|“ ,E_‘ : ‘ertelewo ?« 4 vy M. ! 7 "‘mm’zn: e
: e F 1) & HIRE L =>4 W] M RO e 2 Tk, : oS e
; . ; i ] ) M e R T N ‘Sa rI7] » . Swg s ey, La'en M o! v e 0-5 04, 2 . ,Lr Cime mcm"ﬂ"‘“’*‘ | -
(N . B e e - ¢ = 3 E=D2 W bl ?\:(...m.m E o] o (S 4 k== :;--——— o T . 1408 Spathng o snlaine i
.1 il kalind L_. R T Y - e LY 5 : . ~ - 3 = =22t - N"M,,m ,,...v".:..umt‘:)
« 2 L"-'- ! K 7 W .:t.:"'ll“""—"‘l X roy l-uo-,-& <) ¥ » . Jl ;”.,.’ £33 ._“'.u . .'.:,'_.:,::‘” SttS Peertres ot - .
‘ - —-r-. R // VITIAT 5_( [ [T A el —l : ( _(;:i:,- | S<eea - . PL Se AT VINTS b DRAWE TO 8418 .
B » B STy = - 3 & " * ] Reanenit wae GLRaADTY
g il Crmometts )' L ( ] \& Lt_\;_g;z . 0 . ecLe Av oTCo 3
H i 24 o iy i . * - . M H (LA e
o FART. PLAN 4-2 serie, e S g el N 5 i - R N B . :
i X H . Yorf s o 40 o - :,:47':..:'"4 ] stgaee s MIRTT & “#,‘!;,,',. ‘"LI....‘,,.“. . . s \b ! L D ~ i
o = . ite <, 1
1 o S gl S B & 1A ;T |
H 1 T \ . N i Y Iss, - b: by ) ) > ‘@@ a1\ . - .
N 4 . 1 ' o B 3 '
: { S, b3 - | B 0\' / yuge ] 3 .._LJM - B P> % : “ \ l
-t t $ CJ 1¢1 0t sre e ‘Lasn - ce= oo enian ,9 * \eo :
s 1 . . T TH s ¢ \@ Apoagya \{
3 - D S . 0 -y rr o - Ny
. X 1A l.—,_.:.. ..-.-.q—l .o —1 E % Ga § 467 wfeaees Cabat ) ‘\
- ! T T vt vd G p \\‘e L85 ROl ocnme banis t0)
i - . o= Ny, T - 4 a ;
: 2 : - i ok . :
“ il Wy ! ‘ : {
'S re . -~ ! 3 . .
3 B REFSRENCE DRAWING
2:2o ey 2 “‘E)'.-E l . rOLIAIL CONTAL ar
A g P £ iavre ceres raw - r i TanK ) AL P SIECE CORP | :
| S ) LA f.‘:‘i :.'L‘,'i“',',‘,-‘ ~U . - . : B A T -+ :
{---—— P \" 23 . - . ""‘""“‘ netS mo e’ :
- . J u! e :l;-‘rc we l”. F1d0RIvs rvePaZ Ll Lr9ie” !
€Y Suh) " . R waiw H
‘ M - C—-:') . p( AN ABOV[ [ L.Cl18 0 oy 25" oo @ PLAN EL Ga?‘?‘,o : TELO8 020 300 11V Sacw - 3’4‘-‘:’.‘2‘(‘:«:“-:-'”" ':" I
PARI PLAN eELCOS '0 _-7' ; t‘.":‘ “.w.»':"a’%' / . 7 .:(‘:ﬂ'::‘m“‘.ﬁ'l L) ! P:_“""‘ o0 € p’ ¢ / M .y'"“ ‘.._————'lr-!uo S .
seatt spranot s:-u- ‘l’ SIS raAtTres Lo L veme g SRS . ALY o re0e B3 P 1051 @ L Trern I
’ aparrea e L3 e _C:.. .‘.5 . . ::‘r:.‘r.-;,;::'fn:! e L]
o 33 : ‘ s : -1 4 i TR : .
¢ — " 0" 10_LOWP REMIG - ! 1 =L - MANUSACTURERS DW5'S .
1 . . NG | - M nawe - L _warcx et r""“ ooty |ens r: Lt "' Vet i, . coad - | ]
) . ’ LI ', L ERKB RIS & I TInne 't o Y M‘Jm’ H
b | s g N . » 2l s . ” sraf sxm 20t ComrsTE }{ o varwe CavTaa Taw | Tnoled
" ¢} - (@"—L 3 PR X - Jidw e :’ \- B .
VL w Y06 CONFAOL TAm - R ey ”,”_‘_N.%ﬂfnk..ﬂ.,." \ ATLAS |M1R|Am} t:'(';:z .
-0 . L 3 LM BN #2357 EX24 A
I D i 1 L I ' '
. < . ERY W Lt H Ve rveut pouLr. re obee ond SCETT " A .
i i ég'xﬂ ' v ]ri_n_i_'uk_u_... VTR = e .
. B . . O i " e .
. H | . v Cazain) [ wesiatir o § kOO N @l K - ‘w:l{::) K '
i — I TS rere ves € rom or 4 aatredl i N "W "
H ‘ Yoo wies ros pinms TION 'G : ¢ - i o - L ¢eS3 .o
* . X YA ey A S vy ; SCALE e -—-—'\-f""i = .Z § § 3 ’ 052) / S b ~ -
- o4 ! - . b o .
2 ¢80 N . —6-""‘“ ~ -_—-‘—T ® ():; [.‘ L1 4tho) X
H /Yo \ At 3 Sy g -, Nm' paal s TGS ORLVING LS, BCEN
' t o] grorres PY Gaaliaand by R ,.'_'.{ roy R LRI CONERIED F30m & SUIL
g & kbt g . Lo —— ensnel i '- @ i . foRuil 10.10 16S-SCunEe | 48
. t Yorsns) i - . o fpne |0 n\; QT T e = |Sreastocs ad petrios 17,
. H ¢ i - Y gl e ] JUUEA ‘ "' ey rEvision, v
. l vt : T3 FIFRT T NEAR ena ) R mvﬂw — 1 ficees: st fuset,
W &0 ) i I _1 l T \ 2l 1 LD 208 mucu:‘t \"\ ) ‘”’;_"‘ I‘
- ——f = = ,
T Rfoibaid 3} Id e o] b { wasrry o \‘ Y3 IL J. R} m"m;b’ mm
; iz EZ=re \ sz . Pl ‘l' = ~ | |t
N (LT XA 8 ’é‘;‘vuw&‘ I !__1| .L y o
. i' 3 * :-. -J & (L ::: E: :Mnmﬁ:z e tn ll-q-dm
. T o - reie) o i - ] prleyediteod et Cow. = —o‘:\“n-o
-"1'-'!.2 S o = - -~ Frodiigatatioai-atpiitvar
. s < [ . :"'," Te L 00 Po PAT, 00 V(D 950 AAC
» \ -&D o L.-' p‘ Q— lm“,.."..q...-ul«-n?;‘«.“
: R . ”_:I :N LT T . - aagisge covcw & St A LL 1 Cow
2.mT(3 e NMesy L . ot o™ o v B e X
. * ':!ymw.u 2 s [ ~ e s s
i i1 ".'“g Vi Lt neces) o S TTE b oi- —f ° TIOTIRK FOGG POVIR (ORIt
i g o) o L L =ia Lnnese ——- ) - :le XIS = 5 2 . DONALD C. COOK
H 5] - = o " ant
i ‘ H L coriitiione o, .\-::-rm(nﬂ } Z (7310 el o -J!lLl‘ ) SN . ~ — UL ——
. 2argaam ||: en are szt \ ) M - - Y ‘-{
L ] 1 \ Covem conton » vnou-ut“* K\ B3 12T YWY § AUXILIARY BUILOING .
f G b BTN CRED =2~ YOLUYE CONTROL TK L SEAL
R0
0¢8P 0n RELR U SO S S04 Canrma aaby B J VIR, HEAT EXCH, PIPING
v B13COARGE -n -( vo-31) }g_‘,,,\g, 'y R Ol 518 Dwew (,\ LY .. 9
ekt toa) '-’:!3’ = / D, . l s m:n{ Pt n«:wh ; : B #d: 2 o WNIT Ho. .
» B3 ” - -
b s mssin\  SECTIONB-9" . : SECTION “F39" B . SECTION L7 B " Thds |Eerun '
. esmico ot Ty Y R v N e c uu. i “.,‘.’.a(l‘:ia'm \ wor ] | we ‘ ! R
- . i TCHLT We - 3
) ’ I @D . g . . { DETA\L M-9 22 e Lo SIGATIRE BC020
t : Wt Yo Wt : = s MM“' ." i
l . . . : I T °"':::‘.-°3-‘2‘~'=:- l SEC LICRAR CoPy
' : H wan| 1
- 8010013~ O EaE
1 . . .
]
L * nnw A ! o ]

o 1 (4 P A ] [

ﬁ.r. y I 1 ~
r‘““‘“‘*“““ ""‘i adas ""1 | Apapery b 1, o
Py “ [ 1 Y rewte  tin K L .

e i vm A WA Viman b

XI e
P -




R

e

- ye

PP

L]

=.




meemsAs

e —————e

——— = &
- e

"o a—

" e s

-

I

LR LY TP CSCipi,

M [4] .
S—— wiS=] womg 1 £ ! F 1 ‘G i 1
H
Q . MR B J ' [, 4 *
(..“ 5 N - O - | , . d L ! "
1 ! \:. . e A, SCe y - - —
X Yreran . aele” r - %ﬁ L3 (XD -?- i * :‘ M g Y ,'-‘f‘,.‘.\'.'_'_._;'L_—_‘ —' I - - ——
3 /&2 [ ’- 2 o BECTICN £y w "E' o 8 S e o 1 ~
14 Ay T virey :] F'n-:.\' ¥, R S T I m WL:“’::‘\ 1 :'\\';‘-.:\' ".“.0“"":::‘“"04‘“-.‘:.' \ : 13y .'“"‘J . "' '3
CETD) 3 -giyés e - j. iy )~ 3
9. €30 3L Y '}‘ - D :}:g:;;\ :’:::_;:-}(‘ 5y ; : it B3P AT = :—/ ?J
- +C1o31 =: .,,..l—'@D f+r '\\7 T"“ Iy -’E(“""-L\ - 'N\.a':"'—“ —~— %
2o m‘&“%—f—l th3sqn ) = Ty, d Rl
Erom srsange ! > l"“ Y ey (o ! oy S —
“mb. P 0 1 km i SECT H-y" “\-'Lu_., f‘" . -~
2 ] H e
QWA 1 \E. 453 'hlm 2% um‘x‘nr"p;. ]
i ° . ~<
: . S : ., . S B Y :
seenele e I H T e ' RN Emsrcv g I
I. '.:’24“ - i oMU (TY2) . NOTE- A . g HA' A DL COOK '
g S b @ e . 4 KoL e { ;"“":“"‘I!‘.I‘thl“ N Ry m::::::tmv:::“: Asanneve § 2 H
hl @ SECTION B.2132 o ¢ i H A Y [NoN ] romteoneea 7oy
+ ﬂ'“‘g ,,m“_.“”' THR T N Rinve ot srerar >3 =< —"-—g '[ ALTIR S~ dtn 1339 *
" " & g N g "E N ATED ! N - «P0R & .
r:? "’l-—’l@ rC“ D) ;.-‘n'ru":-‘:‘n:..“’ 4 '-g““'m X . —— 3 - S -.m'l‘:"‘.}f.‘.'.'{?.‘.’,l‘.".... ’
reake Z: ot DALy # e A AN e Erh PG Y fr Urr LD D ta
e L L T L e BN = L Ry 2 H o e, = = DAL TaL M e .
s ‘ -M.u-«»q' . Ot s ,/f = D3t W S g Y t"’ Rl iy B B | CN ¢ byl U J) Y 2oL ht'v.Annn w"t:.:zo’:: =1, I
N Yom Lont Sut 1 o8 i/ ').l e - O - *€€ %o oA UL Coki COL IR !
:\.ﬁ;muu\ &‘ L st pot m& uld 4 (1L :\. N ( # :2 e $EL D, 128316 : '
T i 0 -“L = Ty e 1] ad X d S siurenss -!._‘—:' - / o V“'“ﬁ“""f‘ Vharg i
=25 g R G : ' g | RS § ot anmAm S
frysialit oy N RSt - ~&} v'l‘ Coreays . . ) Vs oo \ |_dsesnar .Q: m TIMIubne YO vt el H
(o5 el % . of u-m-b\}-k I Q_ RereRence onavwanas 131 |
- . SECT A3 SRS = ey | | | 7 ,f’ = L - 't“'&-"-:“"'*‘::.:‘.' oaf 1
ki BLANC [ . o -}-4?,), m‘z:‘! TR - Lestngs S e L A L ;
~\ v T | R st
p “-’W]
. Jm!lcs 93 | Lo LT 2 or) {;nm o ;
Wb : rq?@) oy MANUTACTURLRS  OWao: { i
—qlufieiykl , "ﬁ?l‘l‘!:‘:::lm "‘) o ot AL 11 4 -u\"'“‘ﬁ":.fl‘:m&-?‘" . 1
- LSS AR 1.] 1 et :t:a-uv- o H
ruu-u“ \ I PP AT RAmC e = P LIS 0 1
p ol ¢ .
- -<«w. eSS STOR M. €O | !
. BIEEEE e v
' —@ NOTEL A vits founs 16 a¢ ! ' ; .
5 Do A ..', ' LJ roncoqr 17 :n..\"‘ Wintatm f—1{ ! H
I hoten 8, . éj ‘_{ REVIATIONS, : H
. [~ ), fYoras ey v l
FOC -L........... ! 3 3 Ehas, i
i e =11 y  AEE i
Jioy 8.8 ' . ‘......~ \ J =3 |
- SECTIO ¥ L s Fioy : .g:ﬁ) S T :‘B E [,
A SN Gm o s N\ il 173 (=i St SRRl |
L T ) It “:}:‘(::')7:; - fa‘ | K /n RS ""““:“““ : Co~
- . 2 l"." ) S I C lR rmwn.:-.u:::% ! H
. ——— o (O ' . ¢ 11
3 . ae - @ (] .« - ~{-t& 4}{ l 1 '-}D ) wars.ane I 'E- ﬂ ‘yx ” :'3:77.‘ ’"{"’:’h:“:.%q = '
R YR ‘b" b—n--;ﬂ ,.“.,"‘ () d "‘I(I\I“\"\- [, 1% POV <X ll hl o roed weo &..‘-‘.2’;; ’F '
e Ve binrorss o | il LI l. SOeNE)or] L AS ENgliElole o g" ,..,:’“*'*‘ O (0 B
- s LA UN 30 20 / o (ternany Qvo lu ! N 2“"’" (1 Zedu, A g-r - 4 [ "..»‘um"‘g 70 H
. B0y a7y 3 i ] - samo R EESY | AnefturesiCard e el | )
. Gy . J r DI yo o Hlomay | e ol
) 75 ) . a .
- f . = (LS J. Min, —; l\uu,“)—“ ] H
7 711 —--—._.1;'\9 - l“l“mnT v U ‘
£ .
- ’ 0 by 2
] st LR | o 9 REPLECE 25811
PLANE-TEL 587'0 —— BT {U G 3 y,| fro vmen Reviag (2]
7 S S xm______ . . / 14,, Mo Carst e .
I 5o ? . l".lll.ng . ' ' ¥ za«t $rALror wat i
(7Y o(H unuo"l A9 fax e} * (910X 20000 ¢rs,
Ny ' [E5T) : J jEst e, % i (A0 s
. 7 + [ SR, » .
_Q.W r}‘.?. a% n ..._r [ e J.:._ I r---__"_:"a‘hq 3' WIS fouscu 2 h ’9 0 Al ruTTn ;\%
- . S HH =03 el J Sy = “.:'_""-w n 5 . oli walte i m:zx:;mwu"n ?
. i ;;: (:' o 3!_'41 r‘“ﬂm ’1' of 10 :l \ €op= ~— '% P8 arg o200 :mm = E
. . - , dapee etumescll T i Gsees EH s Hihwel E ]| [moet it maismans p25 i .
SECTION ¢ AT TT . 2 €' aive e < 1 S~ 1| Puem et iay I
; TR @ Mx CLAN Haga ::‘n'?'il’.‘.{,‘((" .y " i ;-:‘-g;;;a.ﬁ roniia] - :
2Xs dcyavaie - ' “" (sE,: :':. Nome ,§€CTION x-jt'ﬂ;;q Y _--! . il . (31 5 e T ey |
° —(CED ’ }:?":‘n% mv.-—-._ i : '_""'fm-‘, senLic He A | SN e Soysiont .
i SR z.,, A E_ o ‘3,5_.‘;., : Els Tt s T :
e e -..-- ’ "‘r' oReIiiL=E, » AN — -
?—(‘_1!_“"".. L'_ L'_ - . 4 si_la'l"l'lh: ';“:Nbl(ﬂmﬁdl—A i
Auo-tn -(-1-“--3.)q ) 3y atd - & ,ﬁ. " T z.:'.:“““,‘.‘" e o s _":f:"-u‘.\:n
- QL P LJ?; b k":" om agdn “4'.\ +2-5448 '"’:h?:::’::::wn~. s
QTN Sy .3 - -’- [ TN N\. [ U A V. It @ ke AP LIOKE OO,
et ; tieeesind Wev-() | SRNSERS AN :
"F,)I’-l 4—. - LRI -, ' . .
o pHETA DOICA PIOCO PNEL u»\ :
_ e N SF, | 00NALD €. cOOX
P -:" LN ‘:'LR.U-‘ Prryed LN i - Jtsntung.uw .'.'.‘g‘:;‘i:: QL rant -l -
Al: . —t e ,\" “\M“ 3 s tg vy (el WOGY
2 v eoo 3 b ANANIS P T -IZ“ b~ AUXILERY BUILOIM
Yelo rmony \ ,.:',:“';;“ 3 R [-URGING PUPs
I8 OTL ey 141! 96 .pe - ) RI&GLT won 30 SUCTION ! DISCHARGE PIPING
ST wsmiiady, g~ T i BER WAIT o, | :
. Crruy A wvrgy s - e s )
A YR @ ssguon g2 63 "‘ - = 555, B [ 50303
Cicsccarne R T80 : TR [ Ja] Jam] T
h . Sy = i HE g FP Jooe -
SECTION ¢-9 PLANL-9" & : S 2 ]0R SIOATRE rrcons
Twhau— E } ﬁ#{.‘?‘.y 48 0a t AU XS %0 Tee :_::“— H .m'“‘"n
' A ! ° [ c \ i T b I A h“wwunm
[+ SN sy e |,
* s mevemmmmmm— e € ?nl-u. - ) , e . I Plll{] smws-l -
T memes s - ave (q 1 3 A vy . N N
. 6 : T \ s on seermce wow . o " ¢ —h:.;:':....._.z‘ T J (| - T = "J,{,“{,',';‘* .‘&mmwung"
’ B ) ) . . i ! 1y [N ;:,““‘f—‘—hl—fvl-'m:'. N - N .
¢ 8 A N ’ TPt IYY e . ; “n e b RO\, .....'..\’. . )
. \ 13 ‘:1 [N} - . ....-,.._._,______._ J D At -
l . . 1 . v . 8 R e T .-.n._ ‘1 f"“'\_ -
) g\ € b ° ¢ D —————v— - -
- v R : 30 §loc )
) P & e




LR O

-y s

J o




D A T e

P50 At BALSE 7 i L2 Bt 9, 8.0, P

Fibe S FCAT Juty Vet e { ¢m tr )

3.8 JuL 1ina truy 14° o1t com, {312 0TS Tve)
3o TLRIULR EVIUY JAC BPT Com{ S pOTS T

370 AL SWRCH §/3° 0T [0 e Ot Chwv,[Tve B8 L)

M VLITIACTE S1MD, WIT M ININ)N,

M VITIIMCWE FCTON PR ot $08 3 2000 POLTY, g, HICTIO
(3728 503, MrC3arR- 0N 3 7h Rt iR TR
PR CORRLIN FUIT TTH, 3O T MALAKTD, INKIA L8 S3A0, .

s

23 Covrtim PJT XIXL B W, 3, LI, AR duy, Nt XTI L

]

ALVISIoNY

$CRe T O 10t
YT XUTIITIN Y
447 - 3

2]AINILO B8P PLATE FOR Mbw)

o4
1t3Eayna fanto lludwuu )

47 AVIRLIEP LNE STL ANP.MOVE b 3MIPS KIL ) VITE 2 B2, b Gle
248%  38aL EAIES JuLATT CKL waTte [3LaT V2 orT PR ASYE mOTCA, » - b0 frou, ’ P, 31 vein, "'w“-.'.%“..‘é".“!; ."‘l'”vlﬂl DIYY-IH
SConlCon LCn Km0 ), ILE M9 CveadMd). . . Aeries wius N 2!
O Il CONIN AN ICAS a«-n FCIEL WLD9)-3 2ITV 3° WP L00% viryn u ety |(-q vaolad ~—
o0l MMAL CrAem A JMLANY (OOL vaTIA OVYLS! e Seflmleiit e (uebiba), 113 B, '/
= Pt i R e IR, 3 . [ Savcesrmsnmuviciach vt 1,
Il PTMGATICS BT KB HIETELS 1oUE® DA 2o2 30 2P7 AALYY CINL AT I U P (VAT 3D 6 . iV e te 2
240) 27 9P HALYY LOOL VATIA TORTS T D3 CYbshey, IDM I, . om |t usycoun FI1e ::
ReBT GmOT RUTME SOV, 436 M8 ITF SRNT XS, . . . a . H e
. . 1 Mmoot 80 SIITE, FLS Lo - 2-52 1° PP VALYS COOL NATAA “13* 33 DR CvaAyea) 1) I, . < . -
eibaetins ‘ N 2 1" BIY TALYD COUL WATYA *OVT® 318 DABCYANI) 313 I8, . L3230 L3n1 Rtucareo st
- _“}“n;,':‘,“:.".z,‘" ‘“}.,,"";:'Z - 1o ﬁ“ $ S MLy ML “"““/u ) 44
” . .. - “ U NT
) AL ML OAIN, 3D Salllag, - * ARNIHD F1E RV IITIA DU 30’(01. 17,
- ALNIIAD MITHR PIDR3TA 8
" LI AUPCIA MUIE 127 9IT (O (PORDY)S o . u-n-'n“' /ul. 4
s . 342 Aca3d 19 SILOI BALE | VT 0T Com, - . - * ¢ [ maonawes .
‘. ) - . ) 1217 vaqu
" - XTE 3a Covrilm M) LTI PO FLOAL (L3.p, A »
. (G Yoo | e TR SAArT DHADT OLLAR 7|3;J ".‘u':;munumn a3
. . - VOB COATIAM ard BAME TS FOTOA SLIXYT SovfirlegdaAid: S
I' MAAIMY, 17 §3 WICIIATY 1O FOIITICE I ™~ h o
oy el 1t —ty— - ’H‘rx’u':: !’&‘Jﬂ-‘m uh’ ™
o 3 Y Fim' ¥ bmm-—vunmnnn&anm’liurm i .o
. r ‘l‘ - ( $ITTACE baCve NTYLIA WIS, »
. t L [ {" T He MOWIKAL AL 113etm Ut
o B LA X v ednil c'.al-n
40' . Nl N .M‘ ATt 7. aali€d YT 1,0, L]
3 e, paiea - “w'a e svm
- GB‘.\JJ':‘L!_'_
- FE-TLLE n =1 ot
1Ly enaanars - .Oi, >
r )
. A . -
[Ty j
H - 77|
3 ===} . .
. 1 P -
A\ - b= -3 3 =% T hegeml
3" . 39" 33%° »L brow 321" 2 L‘,'“' - L DL N
L i -
45"
R & M ——
. _.."9’; crre e s aruas measeem— —— K i ey
. P . . . . . -
%) y o3 13 DI S W 13 SSURTRET | VS SO L3 —]s ce § - (O S |
r - R SN D TR a5 0 it l‘l - Al
. — ...'I_ - o
E ! [ T ey
§ _zeasien
§ peeve H i 5:!'3_
- 4 ] i -
PR : . -3 e ' o agnd S e e
. » %] PR, H R * — e r— -
. % N 4 ] e e
' i [ : o
i | ' ]
~ - -
1 . d T DI WOVt [V 72 ]
.
Ni g — " [ 8 e Mwlda (]
. .y - NG
l o !-o?E LS TAL Y HOT D, KT
i s ] == :j PUMR COMPRESSCA
T LT oo - Qresses, a
ek LT e U Vi = T EReT ) GINg Ghoup
b e 4 oy b= a.l:?r.rdwva:_\ 13 1 Ir: v-\ » ce by e bl
t -y t 1 Y PACIFIC PUMPS
LX 3 ztm 'L&-
. . | AN FOUHDATION PLAN
. . Uw PYC.
. 4 . o FC-45605
- hd - CATT Coeve 49
L] . J . ! b 4 4 i ? i Fy ! 1

| et 4 o
E-gjh;[\.av%u}‘%'?lq Fi Qev(

Page 14 of )5

R G A me Ser mmmm— “sn 4 e

ar
”

v

8-3




Vhe




[ Tom,
.
»
—

e 4 t —— -—-se “
-llfdl.ﬂl o .l..l- i ll».tlll
= =t
=y —— e it e——
= trs s

_ Pt e IRIEH {3 e |

— Sy o 20 0 e g o -
b

IR S gippegld Kl |

=

STAGES
1| 26{8y
Smet Eeemprt poa sl YS64-8
.
T
i
1
|
1
il

.

P
i
|
1
|
I

]
i
L
b

i
i
a

» - - . . e
» — — e I R I » = zsxu
-— e e Aassmmas 28 sk per 4 cmemeese
sssbaerrfosommsranmmarene

\3

-~ DATE

R IEI
sfavem armmonms wmr s @
a0 s catbe 1= ¢ .

No9YY, i
i
. i l'
il
- LL!.

" e L e e ————_— trame s o wve b neina comme g
S p—— P B L5 £ 0 M @ ety § Tt @ ¢ e e & bons = S 5 4858 e —— e
. ’e e L =3

L'llllhlll O St - S— S——— e

O ST Gt e B S 1 80 St O mm e B b a {0 & 8 »
- Gt @ s s b2t W EE BRSO BSmE e B

T
1
i
|
H

*s v ooamunsmba

e m ew

o - — - csme 8
-

R e e e I T T

F AL

2h' eC pvee
T

TEST PERIONMANCE CURVE NO. 2V ¥ 3. <.
PERFOHMANCE ALSO APPLIES TO PURP
ll

PUMP NUMBENR
]

SIZE
nerm
NUMUBER___.

"
it

eebafed

, CAL@IA

N 1
Lt p

..‘-r:-‘f‘i 1
N EETN HEH

el

- o
Uy

2N,
T

X

HUNTINGTON PARK

Fi< Rﬁt//

T
H ]

NASY -ostyl-

MESH LA OOIE
Trovman § Miaesd Taaes

sef ik, o0
H M

P.O
M-I
'y

X My

R T R

* Gn Sern bnd e Enn—— - S—— "
2 Gt . g 2 dan &

1S of~/85

( JACIFG PUMPS

TRACTOR

AV

A#&cku:wvn# 5
EN M TA07(04

pou{ <

IMPELLER PATTERN
MAXIMUM OIAMETERN

CUSTOMER
MINIMUM O!

ITEM NO.

PAC 2402

=t N3 H PN NN AR ANALA QU U AIVINS M N s BT e inn s s







M 227200-$T6~5400-02
REV. 1
PAGE 13 OF 13

6 sx—msg . DONALD C. COOK NUCLEAR PLANT
. ¢ 1/,9 ?) * ’ LI LS
. ENSM Eunetionaidares
VERIFICATION CHECKLIST - CALCULATIONS
Calculation Number F~a¥r7 72.CTNh9 F¥ Rev. _{
AR A s
Signature of Verifier J Date
1.0 Were the inputsi/data:sources correctly selected, incorporated
and documented into the calculation? Yes _> N/A ___
Basis: _.Tv:0urs WEEy  ConrdssLayrte A\ 1% waed e Con b}775f\-a el

Chpwitume imp  NPSH  \HiLg  ePeesmve o 77e  Cles/ At 2
GHAne  Copacity,

2.0 Are assumptions necessary to perform the calculation
adequately described and reasonable? Yes X N/A ___
Basis: J,stwml-vio/cs Hade  Erepl IDSELTEES . AN SasTifcprend

wWae  TabdED S 2 Wy Ear st dmind  gs  Covserande

G foe  THis  NPSH  cptculamadd’

3.0 Are the applicable codes, standards and regulatory
requirements 1dent1fied and requirements for design
met? Yes > N/A ___

Basis: _ DEm6n  RERuIRED NOSH pomesBie 7o CalseT>  plie AFS#H REGuCes,
Sosn  UNDER  WyRsT Cpss  Assuwmdmns,.  [IE Sins By THis ColCulHTind
Syegfom DISILN  ConTring  Fpduerd iy TC  Ems5.28 ADEune NISH

4.0 Was an appropriate design method used? Yes K, N/A
Basis: __ APSH Qs CALEWATED  d A Mered  CoasisTenit b4
Az Meiped  DESCUBRED o 74 Hyderubie TNSTIMnE  STARLARDS
\ 2 Edivier, ZHhs __srEpios tlas adt  Brgs Cllasisas By Sui3sEq.ser
Ebrricris. ] .
5.0 " Is the output reasonable compared to input? Yes X_ N/A __
Basis: _ VYHE LT onT _ sA5  JERLF & yHRLwed Ao DrreENsE

Oa."_ml_/i-mb‘, wihe b JegeSiey 77 tatour v Be  (DR2ECT.

6.0 Are the results numerically correct? . Yes X . N/A ___
Basis: __Ant AUTERNATE Calenlarie Hns  Besn  Peeflmen usa
A TREVousty A pprsved Pavro- S ComPuqee  NEDEL., THe Phbec
‘ 1648 Daevitnsly  LsED ,n  Cralealazron)  #snr-33k—cu 78 fe
) gEnsm QlIVAI3AE Revi..

. ﬂgﬁg‘ljﬁ oF THe MTERNATE  CACHLATION QWFIRMED  7He Resulrs of 77k
calculamea T8 BT CobRET.

Attachment 5



ENSM 720719FK Rev.1 Alternate Calculation Verification

INPUTS

1. Proto-Flo Version 3.04 Model for CVCS Normal charging flow path developed
for approved Calculation # ENSM961213AF Rev.1, Approval Date 5/28/97.

2. Model inputs Specific to Charging Pump NPSH Calculation # ENSM 720719FK
Rev.1 under worst case normal operating conditions.

o Suction Temperature 190 ° F
e VCT Pressure 14.7 psia
o ' Seal water injection flow 44 gpm
o Charging header flow 100 gpm
e CCP mini-flow in service (model calculated flow at 57.24 gpm vs the 60
gpm assumed by calculation initiator)
Discussion

Charging Pump NPSH calculation was verified using a previously approved Proto-flo
model of the CVCS system under calculation ENSM 961213AF Rev. 1. Model inputs
were revised slightly to reflect inputs used by calculation ENSM 720719FK Rev. 1.
The revised inputs are stated under item #2 of the inputs listed.

The revised Proto-flo model was run 7/6/98 on a Dell computer model # GXMT5133,
AEP specific PC # 6738. Results of this alternate calculation along with a CVCS System
Nodal Model Drawing have been attached with the Verification Check List. The Proto-
flo model automatically calculates NPSHa and compares the value against the NPSHr
curve which was input as part of the model design. The verification calculation
confirms within one ft the results obtained under ENSM 720719FK Rev.1
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Cook Plant - ECCS/CCP System
Pump Status Report

Pump Name: PP50W Manufacturer: Model:
Drawings:
Pump Status: OFF
Speed (RPM): Flow (gpm): Head (ft):
Hydraulic Horsepower: .
Pump Impeller Datum (ft) Inlet Node Elevation (ft): 597.00
Pump Suction Temperature (°F 190.00
NPSH Curve: PP50 NPSH
NPSH Available: NPSH Required:

Pump Name: PPS0E Manufacturer: Model:
Drawings:
Pump Status: PP50
Speed (RPM): Flow (gpm). 201.25 Head (ft): 5.494.61
Hydraulic Horsepower: 270.37

Pump Impeller Datum (ft) Inlet Node Elevation (ft): 5¢6.33
Pump Suction Temperature (°F 190.00 ‘

NPSH Curve: -50-NQSH
NPSH Availabley” 24.21 NPSH Required: 11.02
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PROTO-FLO 3.04 by Proto-Power Corporation - Serial #000

1&M - C:\PROTOFLO\CVCSLP,QB -
Cook Plant - ECCS/CCP System
Combined Output Report

Page 1

g Convergence: Pressure=1,0E-5 Sum Q=1,0E-2 Friction=1.0E-6 FCV=1.0E-4 PCV=1.0E-3 Temperature=5.0E-3 - Balancing Parameters Used

Pipe: 1,00 ID= 4260 Flow= 144.01 - Vel= 3242
Turbulent f= 0.0177 Reynold's Number = 3.2017E+05
N1: CS1 ** Press= 14.70 Elev= 611.02 Flow= 0.00 Temp= 190.00
N2: CS2 Press= 14,71 Elev= 610.42 Flow= 0.00 Temp= 190.00
Pipe: 200 [ID= 4260 Flow= 20125 Vel= 4.530 100.00% Vel
Turbulent f= 0.0173 Reynold's Number = 4,.4742E+05
N1: CS2 Press= 14.71 Elev= 610.42 Flow= 0.00 Temp= 190.00
N2: CS3 Press= 19.39 Elev= 597.00 Flow= 0.00 Temp= 190.00
Pipe: 4.00 D= 6.357 Flow= 201.25 Vel= 2.034 -
Turbulent f= 0.0169 Reynold's Number = 2,.9983E+05
N1: CS3 Press= 19,39 Elev= 597.00 Flow= 0.00 . Temp= 190.00
« N2: CS5 Press= 19.61 Elev= 586.33 Flow= 0.00 Temp= 190.00
Pipe: 500 ID= 8329 Flow= 201.25 Vel= 1.185 -
Turbulent f= 0.0169 Reynold’'s Number = 2.2884E+05
N1: CS5 Press= 19.61 Elev= 596.33 Flow= 0.00 Temp= 190.00
N2: CS6 Press= 19.60 Elev= 596.33 Flow= 0.00 Temp= 190.00
Pipe: 6.00 ID= 6.357 Flow= 201.25 NPSHA=2421  NPSHR= 11.02
N1: CS6 Press= 19.60 Elev= 596.33 Flow= 0.00 Temp= 190.00
N2: CS7 Press= 2,324.70 Elev= 590.75 Flow= 0.00 Temp= 190,00
Pipe: 8.00 ID= 3.626 Flow= 201.25 " Vel= 6.253
Turbulent f = 0.0176 Reynold's Number = 5.2565E+05
N1: CS7 Press= 2,324.70 Elev= 590.75 Flow= 0.00 Temp= 190.00
N2: CS9 Press= 2,323.84 Elev= 592.00 Flow= 0.00 Temp= 190.00
Pipe: 10.00 ID= 1.689 Flow= 57.24 Vel= 8,197 100.00% Vel
Turbulent f = 0.0208 Reynold’'s Number = 3.2095E+05
N1: CS9 Press= 2,323.84 Elev= 592.00 Flow=.0.00 Temp= 190.00
N2: CS10 Press= 24.26 Elev= 592.00 Flow= 0.00 Temp= 190.00
Pipe: 11.00 ID= 2.067 Flow= 57.24 Vel= 5,473
. Turbulent f = 0.0202 Reynold's Number = 2.6226E+05
N1: CS10 Press= 24,26 Elev= 5§92.00 Flow= 0.00 Temp= 190.00
N2: CS11 Press= 17.21 _Elev= 605.58 Flow= 0.00 Temp= 190.00
Pipe: 12.00 ID= 4260 Flow= 57.24 Vel= 1,288
Turbulent f = 0.0194 Reynold's Number = 1.2725E+05
N1: CS11 Press= 17.21 Elev= 605.58 Flow= 0.00 Temp= 190.00
N2: CS12 Press= 16.89 Elev= 606.33 Flow= 0.00 Temp= 190.00

“! Reverse Flow Thru Check Valve

++ Section Was Balanced

** Fixed Pressure

%% Pressure Below Vapor Pressure

7?7 Temperature Qutside Fluid Property Range
#4# NPSHA less than NPSHR

&& Flow Past End of Pump Curve
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1&M - C:\PROTOFLO\CVCS1.PDB -
Cook Plant - ECCS/CCP System
@ Combined Output Report
Convergence: Pressure=1,0E-5 Sum Q=1.0E-2 Friction=1.0E-6 FCV=1,0E-4 PCV=1.0E-3 Temperature=5.0E-3 - Balancing Parameters Used
Pipe: 13.00 ID= 4.260 Flow= 57.24 Vel= 1,288
Turbulent f= 0.0194 Reynold's Number = 1.2725E+05
N1: CS12 Press= 16.89 Elev= 606.33 Flow= 0.00 Temp= 180.00
N2: CS2 Press= 14.71 Elev= 610.42 Flow= 0.00 Temp= 190.00
Pipe: 17.00 ID= 3.626 Flow= 144.01 Vel= 4475 - 100.00% Vel
Turbulent f= 0,0179 Reynold's Number = 3.7615E+05 ’
N1: CS9 Press= 2,323.84 Elev= 592.00 Flow= 0.00 Temp= 190,00
N2: CS16 Press= 2,324.86 Elev= 588.50 Flow= 0.00 Temp= 120.00
Pipe: 18.00 ID= 3.626 Flow= 144.01 Vel = 4.475
Turbulent f= 0.0179 Reynold's Number = 3.7615€+05
N1: CS16 Press= 2,324.86 Elev= 588.50 Flow= 0.00 Temp= 120.00
N2: CS15 ’ Press= 2,321.33 Elev= 596.17 Flow= 0.00 Temp= 190.00
Pipe: 19.00 ID= 2.626 Flow= 144.01 Vel = 8.531
Turbulent f= 0.0187 Reynold's Number = 5.1939E+05 .
N1: CS15 Press= 2,321.33 Elev= 596.17 Flow= 0.00 Temp= 190.00
N2: CS17 Press= 2,283.15 Elev= 594.58 Flow= 0.00 Temp= 1980.00
Pipe: 20.00 ID= 2626 Flow= 144.01 Vel = 8.531
Turbulent f= 0.0187 Reynold's Number = 5.1939E+05
N1: CS17 Press= 2,283.15 Elev= 594.58 Flow= 0.00 Temp= 190.00
" N2: CS18 Press= 2,279.61 Elev= 596.08 Flow= 0.00 Temp= 120.00
Pipe: 21.00 ID= 2.626 Flow= 100.01 Vel= 5.925 ) o -
Turbulent f= 0.0190 Reynold's Number = 3.6069E+05
N1: CS18 Press= 2,279.61 Elev= 596.08 Flow= 0.00 Temp= 190.00
N2: CS19 Press= 2,282.08 Elev= 588.50 Flow= 0.00 Temp= 180.00
Pipe: 22.00 ID= 2,626 Flow= 100.01 Vel = 5,925
Turbulent f= 0.0190 Reynold's Number = 3.6069E+05
N1: CS19 . Press= 2,282.08 Elev= 588.50 Flow= 0.00 Temp= 190.00
N2: CS19A Press= 2,281.67 Elev= 588.50 Flow= 0.00 Temp= 190.00
Pipe: 23.00 ID= 2626 Flow= 100.01 ++ Vel= 5,925
Turbulent f= 0.0190 Reynold's Number = 3.6069E+05
N1: CS19A Press= 2,281.67 Elev= 588.50 Flow= 0.00 Temp= 190.00
N2: CS19B , Press= 2,161.75 Elev= 594.50 Flow= 0.00 Temp= 180.00
Pipe: 24.00 ID= 2626 Flow= 100.01 Vel= 5925 100.00% Vel
Turbulent f= 0.0180 Reynold's Number = 3.6069E+05
N1: CS198B Press= 2,161.75 Elev= 594.50 -Flow= 0.00 Temp= 190.00

N2: CS19C . Press= 2,087.86 Elev= 613.75 Flow= 0.00 Temp= 190.00

‘i Reverse Flow Thru Check Valve

++ Section Was Balanced

** Fixed Pressure

%% Pressure Below Vapor Pressure

?? Temperature Outside Fluid Property Range
## NPSHA less than NPSHR

&& Flow Past End of Pump Curve
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Combined Output Report
Convergence: Pressure=1.0E-5 Sum Q=1.0E-2 Friction=1,0E-6 FCV=1,0E-4 PCV=1,0E-3 Temperature=5.0E-3 - Balancing Parameters Used

Pipe: 2500 ID= 2.626 Flow= 54,02 Vel= 3,200 100.00% Vel
Turbulent f= 0.0198 . Reynold's Number = 1.9484E+05
N1: CS18C . Press= 2,087.86 Elev= 613.75 Flow= 0.00 Temp= 190.00
N2: CS20 ** Press= 2,085.00 Elev= 615.75 Flow= 0.00 Temp= 190.00
Pipe: 26.00 ID= 2.626 Flow= 45,99 Vel= 2724 100.00% Vel
Turbulent f = 0.0200 Reynold's Number = 1.6585E+05
N1: CS18C Press= 2,087.86 Elev= 613.75 Flow= 0.00 Temp= 190.00
N2: CS21 - ** Press= 2,085.00 Elev= 615.75 Flow= 0.00 Temp= 190.00
Pipe: 3500 ID= 2,626 Flow= 44.00 Vel= 2607
Turbulent f = 0.0201 Reynold's Number = 1.5870E+05
N1: CS18 . Press= 2,279.61 Elev= 596.08 Flow= 0.00 Temp= 190.00
N2: CS30 Press= 2,277.04 Elev= 601.81 Flow= 0.00 Temp= 190.00
Pipe: 36.00 ID= 2.626 Flow= 44.00 Vel= 2607
Turbulent f = 0.0201 Reynold’s Number = 1.5870E+05
N1: CS30 Press= 2,277.04 Elev= 601.81 Flow=. 0.00 Temp= 190.00
N2: CS31 Press= 2,280.91 Elev= 591.75 Flow= 0.00 Temp= 190.00
Pipe: 37.00 ID= 2.626 Flow= 44,00 Vel= 2607
' Turbulent f = 0.0201 .Reynold's Number = 1.5870E+05 ‘
N1: CS31 Press= 2,280.91 Elev= 591.75 Flow= 0.00 Temp= 120.00
N2: CS32 Press= 2,280.86 Elev= 591.75 Flow= 0.00 Temp= 190.00
Plpe: 38.00 ID= 1.689 Flow= 44.00 Vel = 6.301
Turbulent f = 0.0211 Reynold’'s Number = 2.4674E+05
N1: CS32 , Press= 2,280.86 Elev= 591.75 Flow= 0.00 Temp= 190.00
N2: CS33 Press= 2,279.64 Elev= 587.84 Flow= 0.00 Temp= 190.00
Pipe: 43.00 ID= 2,626 Flow= 44.00 Vel= 2,607
Turbulent f = 0.0201 Reynold's Number = 1.5870E+05
N1: CS33 Press= 2,279.64 Elev= 587.84 Flow= 0.00 Temp= 180.00
N2: CS37 Press= 2,279.55 Elev= 587.84 Flow= 0.00 Temp= 190.00
Pipe: 4400 ID= 2.626 Flow= 44.00 Vel= 2.607
Turbulent f = 0.0201 Reynold's Number = 1.5870E+05
N1: CS37 Press= 2,279.55 Elev= 587.84 Flow= 0.00 Temp= 190.00
N2: CS38 Press= 2,279.49 Elev= 587.84 Flow= 0.00 Temp= 190.00
Pipe: 4500 ID= 2,626 Flow= 44.00 Vel= 2.607
Turbulent f= 0.0201 Reynold's Number = 1,5870E+05
N1: CS38 Press= 2,279.49 Elev= 587.84 Flow= 0.00 Temp= 190.00
N2: CS39 Press= 2,276.66 Elev= 594.00 Flow= 0.00, Temp= 190.00

-

“%!ﬁverse Flow Thru Check Valve

++ Section Was Balanced

** Fixed Pressure

%% Pressure Below Vapor Pressure

?? Temperature Qutside Fiuid Property Range
## NPSHA less than NPSHR

&4& Flow Past End of Pump Curve
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. aonvergence: Pressure=1.0E-5 Sum Q=1.0E-2 Friction=1,0E-6 FCV=1,0E-4 PCV=1.0E-3 Temperature=5.0E-3 - Balancing Parameters Used

Pipe: 46.00 ID= 1.689 Flow= 11.00 ++ Vel= 1.575 100.00% Vel
Turbulent f= 0.0236 Reynold’'s Number = 6.1685E+04
N1: CS39 Press= 2,276.66 Elev= 594.00 Flow= 0.00 Temp= 190.00
N2: CS40 Press= 2,085.38 Elev= 616.50 Flow= 0.00 Temp= 190.00
Pipe: 47.00 ID= 1.689 Flow= 11.00 Vel= 1.575 100.00% Vel
Turbulent f = 0.0236 Reynold's Number = 6.1685E+04 C
N1: CS40 Press= 2,085.38 Elev= 616.50 Flow= 0.00 Temp= 190.00
N2: CS41 Press= 2,085.30 Elev= 616,50 Flow= 0.00 Temp= 190.00
Pipe: 48.00 ID= 1.338 Flow= 11.00 Vel= 2510
Turbulent f = 0.0238 Reynold’'s Number = 7.7867E+04
N1: CS41 Press= 2,085.30 Elev= 616.50 Flow= 0.00 Temp= 190.00
N2: CS42 ** Press= 2,085.00 Elev= 616.94 Flow= 0.00 Temp= 190.00
Pipe: 49.00 [ID= 2.626 Flow= 33.00 Vel = 1.955
Turbulent f = 0.0207 Reynold's Number = 1.1902E+05 x
N1: CS39 Press= 2,276.66 Elev= 594.00 Flow= 0.00 Temp= 190.00
N2: CS43 Press= 2,276.32 Elev= §94.75 Flow= 0.00 Temp= 190.00
Pipe: 50.00 ID= 1.689 Flow= 11.00 ++ Vel= 1,575 100.00% Vel
@q Turbulent f= 0.0236 Reynold's Number = 6.1685E+04
1: CS43 Press= 2,276.32 Elev= 594.75 Flow= 0.00 Temp= 190.00
N2: CS44 Press= 2,085.13 Elev= 616.94 Flow= 0.00 Temp= 190.00
Pipe: 51.00 ID= 1.689 Flow= 11.00 Vel= 1.575 100.00% Vel
Turbulent f = 0.0236 Reynold's Number = 6.1685E+04
N1: CS44 Press= 2,085.13 Elev= 616,94 Flow= (.00 Temp= 190.00
N2: CS45 Press= 2,085.09 Elev= 616.94 Flow= 0.00 Temp= 190.00
Pipe: 52.00 ID= 1.338 Flow= 11.00 Vel= 2510
Turbulent f = 0.0238 Reynold's Number = 7.7867E+04
N1: CS45 Press= 2,085.09 Elev= 616,94 Flow= 0.00 Temp= 190.00
N2: CS46 ** Press= 2,085.00 Elev= 616.94 Flow= 0.00 Temp= 190.00
Pipe: 53.00 ID= 2.626 Flow= 22.00 Vel= 1.303
Turbulent f = 0.0217 Reynold's Number = 7.9350E+04
N1: CS43 . Press= 2,276.32 Elev= 594.75 Flow= 0,00 Temp= 190.00
N2: CS547 Press= 2,276.00 * Elev= 595.50 Flow= 0.00 Temp= 180.00
Pipe: 54.00 ID= 2.626 Flow= 11.00 ++ Vel= 0.652 100.00% Vel
Turbulent f = 0.0240 Reynold's Number = 3.9675E+04
N1: CS47 Press= 2,276.00 Elev= 595.50 Flow= 0.00 Temp= 190.00
N2: CS48 Press= 2,084.23 Elev= 619.00 Flow= Temp= 190.00

0.00

‘Reverse Flow Thru Check Valve

++ Section Was Balanced

** Fixed Pressure

%% Pressure Below Vapor Pressure

?? Temperature Qutside Fluid Property Range
## NPSHA less than NPSHR

&& Flow Past End of Pump Curve
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- Combined Output Report
onvergence: Pressure=1,0E-5 Sum Q=1.0E-2 Friction=1,0E-6 FCV=1.0E-4 PCV=1.0E-3 Temperature=5.0E-3 - - Balancing Parameters Used
Pipe: 55.00 ID= 2.626 Flow= 11.00 Vel = 0.652 100.00% Vel
Turbulent f = 0.0240 Reynold's Number = 3.9675E+04
N1: CS48 Press= 2,084.23 Elev= 619.00 Flow= 0.00 Temp= 190.00
N2: CS49 Press= 2,085.63 Elev= 615.58 Flow= 0.00 Temp= 190.00
Pipe: 56.00 ID= 1.338 Flow= 11.00 Vel= 2510
Turbulent f= 0.0238 Reynold's Number = 7.7867E+04
N1: CS49 Press= 2,085.63 Elev= 615.58 Flow= 0.00 Temp= 190.00
N2: CS50 ** Press= 2.085.00 Elev= 616.94 Flow= 0.00 Temp= 120.00
Pipe: 57.00 ID= 2626 Flow= 11.00 Vel= 0.652
Turbulent f = 0.0240 Reynold's Number = 3.9675E+04
N1: CS47 Press= 2,276.00 Elev= 585.50 Flow= 0.00 Temp= 180.00
N2: CS61 Press= 2,275.68 Elev= 596.25 Flow= 0.00 Temp= 190.00
Pipe: 58.00 ID= 2.626 Flow= 11.00 ++ Vel = 0.652 100.00% Vel
Turbulent f= 0.0240 Reynold's Number = 3.9675E+04
N1: CS51 Press= 2,275.68 Elev= 596.25 Flow= 0.00 Temp= 190.00
N2: CS52 Press= 2,085.33 Elev= 616.50 Flow= 0.00 Temp= 120.00
Pipe: §9.00 ID= 2.626 Flow= 11.00 Vel= 0.652 100.00% Vel
Turbulent f = 0.0240 Reynold's Number = 3.9675E+04
: CS52 Press= 2,085.33 Elev= 616.50 Flow= 0.00 Temp= 120.00
N2: CS53 Press= 2,085.30 Elev= 616,50 Flow= 0.00 Temp= 120.00
Pipe: 60.00 ID= 1.338 Flow= 11.00 Vel= 2510 -
Turbulent f= 0.0238 Reynold's Number = 7.7867E+04
N1: CS53 Press= 2,085.30 Elev= 616.50 Flow= 0.00 Temp= 120.00
N2: CS54 ** Press= 2,085.00 Elev= 616.94 Flow= 0.00 Temp= 190.00

ﬁReverse Flow Thru Check Valve

++ Section Was Balanced

** Fixed Pressure

%% Pressure Below Vapor Pressure

7?7 Temperature Outside Fluid Property Range .
#4 NPSHA less than NPSHR

&& Flow Past-End of Pump Curve
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