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PURPOSE: CASE 1) Injection Phase
Determine the Refueling Water Storage Tank (RWST) water level
necessary to supply adequate NPSH for the (A) Containment spray
(CTS) Pumps, (B) Safety Injection (SI) Pumps and (C)Residual Heat
Removal (RHR) Pumps. This calculation is being performed in response
to R.B.Bennett’s memo dated March 6,1995.

CASE 2) Recirculation Phase
Determine the Containment sump water level necessary to supply
adequate NPSH for the CTS (A) and RHR (B) Pumps.

RESULTS: CASE 1) Injection Phase

RWST LEVEL
PUMP PUMP  FLOW  NPSH_ ., ... NPSH_ ., REQUIRED
NO. NAME (GPM) (FEET) (FEET) (ELEVATION)
(A) PP-9 CTS 3200 46.06 9 610.25 FEET,
(B) PP-26 SI 650 31.75 : 22 610.25 FEET,
(¢) PP-35 RHR 4500 45.22 19 | 610.25 FEET,
CASE 2) Recirculation Phase
. CONTAINMENT
PUMP PUMP FLOW  NPSH NPSH SUMP LEVEL
NO. NAME  (GPM) (FEER)® *TFEET) (ELEVATION)
(A) PP-9 CTS 3200 23.39 9 595.5 Feet,
(B) PP-35 RHR 4500 21.89 19 595.5 FEET,

Note: '

Although the NPSH determined by the calculation is adequate, the
calculation does/did not account for vortexing conditions. Caution
should be taken by the operator in severe conditions when the level
approaches the general level of the top of the outlet pipe. Underx
these conditions any unusual fluctuations in pump flow, pressure,
vibration, and/or driver power are indication of vortexing. When
this occurs the pump flow should be throttled until smooth operation
is restored, observing the minimum flow requirements, or operation
should be terminated.

ASSUMPTIONS:
1) RWST water level is at minimum elevation (bottom of pipe)
611.25’ (24" Suction Pipe Center Line) - 1’ (radius of 24" pipe)
= 610.25" (See reference 5A).

2) Temperature of water in the RWST is 100°F (For injection
phase T = 85°F based on RWST temp low alarm (Ref 7) + 15°F
. conservatism). Vapor pressure of water at 100 °F is 2.21 ft =
94925 PSI x 2.323 ft/lb/in’ (conversion factor for water at
100 °F)
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Temperature of water in containment sump is 190°F (for
recirculation phase) based on Unit 2 FSAR figure 14.3.4-4
(containment integrity analysis) vapor pressure_ of water at
190 °F is 22.285 ft = 9.34 PSI x 2.386 ft/lb/in’ (conversion
factor for water at 190 °F). Reference 6’

Pressure on RWST is 0 psig (14.7 PSIA 33.96 Feet)
For the purpose of this calculation (Severe accident analysis)

it is assumed that only one RHR pump is in operation, during the
injection phase, and all other safety pumps are running.

'Pressure,in containment is 0 psig (14.7 PSIA 33.96 feet.

CTS Pump Centerline Elevation = 574’-6"(xref 5C)

SI Pump Centerline Elevation = 589'-2 1/2"(ref SD)

RHR Pump Centexline Elevation = 575'-0"(ref 5E)
Centerline of 24" SI Outlet from RWST = 611’-3" (ref 5A)

Containment sump water elevation 595.5’ (Centerline of 24"
recirc sump suction line) See reference 5B. ’

H, (Head Loss due to Friction in piping and fittings) for the
following cases is taken from reference 4:

CASE 1A - .H, = 21.44 feet
CASE 1B -~ H, = 21.04 feet
CASE 2A - H, = 9.29 feet

H,, (Head Loss due to Friction in piping and fittings) for CASE
CASE 1C and CASE 2B are as follows:

CASE 1C - H,,

CASE 2B - H,,

21.78 feet (Attachment 1)
10.29 feet (Attachment 2)

The H, for these two cases could not be taken from
reference 4 because the assumptions were not the same as
for this calculation.
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CALCULATION:

NPSH=H, - H,, + H, - H,

where:

H, = Absolute pressure (in feet of liquid being pumped) on the
surface of the liquid supply level.

H, = The head in feet corresponding to the vapor pressure of the

pa . . .
liquid at the temperature being pumped. .
"H, = Static head in feet that the liquid supply level is above or
below the pump centerline or impeller eye.

H, = All suction line losses(in feet) including entrance 1osses"
and friction losses through pipe, valves and fittings, etc.
Friction is determined with both trains of SI, RHR, CC and
CTS pumps operating, thus providing worst case (highest)
friction values.

@ CASE 1A :

CTS Pump (Suction source RWST)

Given:

H, = 14.7 PSIA, 33.96 Feet (RWST open to atmosphere)

HVpa = .95 psia, 2.21 Feet (Vapor pressufe of water at 100°F from
Ref.6 see assumption 2 for basis of 100°F temperature)

H, =.610.25 (assumption 1) - 574.5 (input 1)

= 35.75 Feet

H, = 21.44 Feet @ 3200 gpm (input‘G)

NPSH, ;116 = 33.96 - 2.21 + 35.75 - 21.44 Feet

= 46.06 Feet € 3200 gpm

NPSH

REQUIRED

= 9 Feet @ 3200 gpm ( see reference 1)
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CASE 1B
SI Pump (Suction source RWST)

Given:

a

H. = 14.7 PSIA, 33.96 Feet (RWST open to atmosphere)

= ,95 psia, 2.21 Feet (Vapor pressure of water at 100°F from

vee Ref.6 see assumption 2 for basis of 100°F temperature)

H, = 610.25 (assumption 1) - 589.208 (input 2)
= 21.04 Feet

H, = 21.04 Feet @ 650 gpm (input 6)

NPSH = 33.96 - 2.21 + 21.04 - 21.04 Feet

available

= 31.75 Feet @ 650 gpm

NPSH 22 Feet @ 650 gpm ' ( see reference 3)

REQUIRED
CASE 1C
RHR Pump (Suction source RWST)

Given:
H, = 14.7 PSIA, 33.96 Feet (RWST open to atmosphere)
Hg, = .95 psia, 2.21 Feet (Vapor pressure of water at 100°F from

Ref.6 see assumption 2 for basis of 100°F temperature)
H, = 610.25 '(assumption 1) - 575 (input 3)

= 35.25 Feet ‘ '
H, = 21.78 Feet & 4500 gpm (input 7)
NPSH . 1m1e = 33.96 - 2.21 + 35.25 - 21.78
= 45,22 Feet @ 4500 gpm

NPSH_; yipep = 19 Feet 8 4500 gpm ( see reference 2)






CASE 2A :
CTS (SUCTION SOURCE CONTAINMENT SUMP)

Given:

H = 14.7 PSIA, 33.96 Feet (assumption 6)

a

H,, = 9.34 psia, 22.285 Feet (assumption 3)

vpa

H, 595.5 Feet (input 5) - 574.5 Feet (Input 1)

= 21 Feet

H, = 9.29 Feet (input 6)
NPSH,  1ap10 = 33.96 - 22,285 + 21 - 9.29 Feet

= 23.39 ft
NPSH . yiep = 9 Feet @ 3200 gpm ( see reference 1)
CASE 2B
RHR (SUCTION SOURCE CONTAINMENT SUMP)
Given:
H, = 14.7 PSIA, 33.96 Feet (assumption 6)
}gm’= 9.34 psia, 22.285 Feet (assumption 4)

H,, 595.5 Feet (assumption 3) - 575 Feet (input 3)

= 20.5 Feet (see assumption 3)

""H, 10.29 Feet' (input 7)
NPSH = 33.96 - 22,285 + 20.5 - 10.29 Feet

available

= 21.89 ft

NPSHREQUIRED = 19 Feet @ 4500 gpm ( see reference 2)

#
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The CALCULATION DATA SHEETS for the above cases 1C and 2B are
included as Attachments 1 and 2) . This data was compiled and
entered into an INPUT file for the HFLC5 software. The INPUT data
is shown on the above’ attachments right before the HFLC5 results.
The input file includes the following:

Line 1: Fluid Temperature (degrees F), Pipe Roughness (ft), 1lst
segment, last segment

Subsequent lines in the input provides the following data for
each of the segments identified in Line 1. .
Design Flow (gpm), Min. Flow, Max. Flow, Flow Increment,
Pipe I.D., Pipe Length (ft), Total K Factors, Total L/D
Factors

The HFLCS5 software calculates the total friction loss in feet of
each pipe segment for the range of flows provided. The output of
the software program for cases 1lC and 2B are shown in Attachment 1
and 2.

1) Byron Jackson Pump performance curve T-32913-1

2) Ingersoll-Rand company Pump performance curve No. N-318’
(typical for unit 1 and 2) in the Residual Heat Removal Pump
(PP-35) instruction manual.

3) Pacific Pump performance curve 34554D (typical for unit 1 and
2) in Safety Injection pump (PP-26) instruction manual.

4) M.J.Treza calculation dated 6/16/72 located in NEMP Nuclear
Safeguards calculation file.

5) Drawings:
’ A) 2-5353-10 24" SI outlet from RWST details.
B) 1-2-5338-7 Containment sump RHR Suction line details.
C) 2-CTS-13 CTS Pump centerline
D) 2-SI-10 (sh. 1 of 2) SI Pump centerline
E) 2-RH-15(sh.l1l of 2) RHR Punp centerline

6) Ingefsoll—Dresser Pumps Cameron Hydraulic Data ,18th
edition.

7) System Description DCC-NEMH104 Rev 7. dated May 14, 1993.

8) HFLC5 Pipe Friction Calculation Software. This software has
preprogrammed resistance factors for piping, various fittings,
and valves other than diaphragm valves. (Souxce: HEP&T File
13.22.2.1 for Software QA Information)
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PIPE g&ICTION CALC - INPUT FILE IS-RHRRWST

@INPUT DATA FOR THE HFLC5 SYS. RES. CALC.
CONSISTS OF THE FOLLOWING DATA: '
T - TEMPERTURE DEG F

E - PIPE ABSOLUTE ROUGHNESS (FT.)

N - FIRST PIPE SEGMENT NUMBER

N1 - LAST PIPE SEGMENT NUMBER °

QDES - DESIGN FLOW THRU PIPE SEGMENT (GPM)
QMIN - MINIMUM FLOW THRU PIPE SEGMENT (GPM)
OMAX - MAXIMUM FLOW THRU PIPE SEGMENT (GPM)
QDELT - FLOW INCREMENT THRU PIPE SEGMENT (GPM)
D - PIPE SEGMENT INTERNAL DIA. (IN.)

L - PIPE SEGMENT LENGTH (FT.)

K - PIPE SEGMENT K FACTORS

L/D - PIPE SEGMENT L/D FACTORS

FOLLOWING IS YOUR INPUT DATA

T E N N1
100.00 .00015 1 8
QDES' QMIN QMAX QDELT D L K L/D
13300.00 13300.00 13300.00 .00 23.250 249.83 .50  205.00
12000.00 12000.00 12000.00 .00 23.250 6.00 .00 .00
12000.00 12000.00 12000.00 .00 23.250 . 16.00 .00 60.00
4500.00 4500.00 4500.00 .00 13.250 2.50 .50 36.00
00.00 4500.00 4500.00 .00 11.938 .00 .94 71.00
éo.oo 4500.00 4500.00 .00 13.124 19.75 .00  140.00
0.00 4500.00 4500.00 .00 13.124 31.11 .00 70.00
4500.00 4500.00 4500.00 .00 13.124 3.33 .00 20.00

FOLLOWING IS HFLCS RESULTS

WATER TEMP. (F)

DENSITY (LBM/CUFT)

ABS VISCOSITY(LBM/SEC/FT)
PIPE ABS ROUGHNESS(FT)

100.00
62.00
.460533E-03 .
.150000E-03

PIPE SEG NO 1 "PIPE DIA(ID-IN) = 23.250

FLOW-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
13300.0 10.05 2.48 .78 3.94 7.20
PIPE SEG NO 2 PIPE DIA(ID-IN) = 23.250
FLOW-GPM VEL(FPS) LHD(FT) KHD(FT) 'LDHD(FT) TOT HD(FT)
12000.0 9.07 .05 .00 .00 .05
PIPE SEG NO 3 PIPE DIA(ID-IN) = 23.250
FLOW-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
12000.0 9.07 .13 .00 .94 1.07
PIPE SEG NO 4 - PIPE DIA(ID-IN) = 13.250
W-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
00.0 10.47 .05 .85 .84 1.74
PIPE SEG NO 5 PIPE DIA(ID-IN) = 11.938

FLOW~GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
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" 4500,9 12.90 .00 2.43 2.53 4.96
PIPE SEG.NO 6 . PIPE DIA(ID-IN) = 13.124 :
- FLOW-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
@)o.o 10.67 .44 .00 .38 3.82
P SEG NO 7 PIPE DIA(ID-IN) =, 13.124
FLOW-GPM ' VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
4500.0 10.67 69+ .00 1169 2.38 -
PIPE SEG NO 8 PIPE DIA(ID-IN) = 13.124
FLOW-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
4500.0 10.67 .07 .00 .48 .56
REYNOLDS NUMBER FRICTION FACTOR TABLE
PIPE SEG  DES. FLOW RE.NO.  F-FACTOR HEAD LOS
1 13300.0 2621750.0 .0122 7.20
2 12000.0 2365488.0 .0123 .05
3 12000.0 2365488.0 .0123 1.07
4 4500.0 1556536. 0 L0136 1.74
5 4500.0 1727601.0 .0138 4.96
6 4500.0 1571480.0 .0136 3.82
7 4500.0 1571480.0 .0136 2.38
8 4500.0 1571480.0 .0136 .56
feex
Towo) Ho= 21,79







SYSTEM :
PIPE SEGMENT TO & FROM

Goipe oy 23.05 PIPEEL: 411-3 TOEL: S€5 -1 %
STRAIGHT PIPE LENGTHS FITTINGS NUMBER  *KORLD x K < LD
/ 1l
*-2 GATE VALVE 13 )
g - % GLOBE VALVE 340
41 & & "€--——|~BUTTERFLY VALVE 40
)L & *“ ] SWING CHECK 135
Y 90° STD. ELBOW 30
2°-9 90° S.R. ELBOW TE: oo
0q'-3 " | 90° LR.ELBOW {11120 82 m
¢ - o | 45 sTD.ELBOW G !
, 45° S.R. ELBOW 26
89 ==, | 180 cLosE RETURN 50
ﬁ 2 -2 STD. TEE RUN 20 -
— | svp.TE=BRANCH ‘160
« MITRE BENDS 1.2 (1-cose)
 LATERALQ OUTLET 1.0
= LATERALS) INLET 0.5
« STRAIGHT RUN LATERAL 0.15
» PIPE ENTR PROJ. INWD. 0.78 _
« " " SHARPEDGE 0.50 .5
« " " WELL ROUND 0.04
« PIPE EXIT SHARP EDGE 1.0
* ORIFICE (G, = .61) 2.69 RF/6
~ SUDDEN CONTRACTION 5(1-69
~ SUDDEN INCREASE  + (1- B2 )
\ « VALVE, MISCELLANEOUS |8914dig, 2
207 - 3¢ 557 poee s 1 )
o 2 auq .83 9 .5 Paos

REF. :
FLUID TEMP (F): 85~
Sesian FLow: 12300 Crnimun FLoW : ﬁﬁf}_@mmmum FLOW : ﬂg_ 0

£ceeg

FIFE FHIC HIUN CALUULA HIUN fer
DATA SHEETS

SHEET _ 2,
PLANT _Coo

ﬁjfUm RM)JT— 4o

e

ST T'ﬂkE-OF‘F :

OF _£O
~S0OoK
BYEQ%‘_ DATE %/ (9

MNCA808D 136

UNIT : 2

9.- 51-53\:\\\.4,-..@7.«} 12-5355  12-535% 12 25385 .- 5?‘/-5'

PIPE ABS. ROUGHNESS (FT):

-TCELY

PIPE SEGMENT NUMBER PR |

FLOWINCREMENT: _O

B-= dD

» [TEMS ARE "K~ VALUES ONLY
RF = RECOVERY FACTOR

+ BASED ON SMALLER PIPE DIAMETER *

i’
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sysTeM: _E CoS. e uNT: L
PIPE SEGMENTTO&FROM 1 Ccom & o7 ThAwg «off 4o Rew ST R&Tvan frae FHKL,
EF.: i"' =L -4 .
FLUID TEMP (°F) : %5~ PIPE ABS.ROUGHNESS (FT):__, 906! 5  pIpE SEGMENT NUMBER :—*_2%_
QDESKGN FLOW: ,I_')._O°_°_ ®MINIMUM FLOW M_ ®MAX1MUM FLOW: _!_3_&_ GELOW INCREMENT: - -
Gupe Lo Ny s 22 . %5 PPEEL: 225~ /7, ToEL: EEEF i ol
STRAIGHT PIPE LENGTHS FITTINGS NUMBER *KORLD K = LD
g /7"
GATE VALVE 13
GLOBE VALVE . 340
- |~ BUTTERFLY VALVE 40
‘ SWING CHECK 135
90° STD. ELBOW ‘ 30
90° S.R. ELBOW 50
90° L.R. ELBOW - ) 20
45° STD. ELBOW | 16
45° S.R. ELBOW 26
180° CLOSE RETURN . 50
G STD. TEE RUN 20 ,
“ STD. TEE BRANCH 60
= MITRE BENDS 1.2 (1-cosg)
* LAT'EaAL@ OUTLET ‘1.0
= LATERALS INLET 0.5
» STRAIGHT RUN LATERAL ° 0.15
« PIPE ENTR PROJ. INWD. - 0.78
« " " SHARP EDGE 0.50
« " " WELLROUND 0.04
« PIPE EXIT SHARP EDGE 1.0 3
« ORIFICE (G, = .61) 2.69 RF/G : ‘
« SUDDEN CONTRACTION + - | 501-89 3
~ SUDDEN INCREASE  + : (1- B2y
+ VALVE, MISCELLANEOUS |8914d1G 2
MISC. ' '
Totas 8 /7 ‘ U > o Y o,
‘ » [TEMS ARE K™ YALUES ONLY < : + BASED ON SMALLER PIPE DIAMETER
B =dD RF = RECOVERY FACTOR
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SYSTEM : oS _UNT: D
‘PIPL SEGMENTTO&FROM :___ Frov oo  iyds—pge-oon ~  -n =6 AT ’_ Lol T
EF.: -}__—-S’ﬁ = é “

FLUID TEMP (°F):_95____ PIPE ABS. ROUGHNESS (FT) :
O ecian FLOW : £2.ove OMIN!MUM FLOW: s 2.2¢0 @MAmmuu FLOW: 42 9o 0 OrLow INCREMENT:

,o®01 5

=~
PIPE SEGMENT NUMBER - o

0"

Cotpe 10, Ny 2 23, PIPEEL: 5 2f- % toEL: _>251 %
STRAIGHT PIPE LENGTHS FITTINGS NUMBER  *KORLD K x D
/ /
/6—¢ GATE VALVE 13
GLOBE VALVE 340
———|~ BUTTERFLY VALVE 40
SWING CHECK 135
90° STD. ELBOW 30
_ 90° S.R. ELBOW 50
90° L.R. ELBOW 20
45° STD. ELBOW 16
45° S.R. ELBOW 26
180° CLOSE RETURN 50
@ STD. TEZ RUN 20
STD. TEE BRANCH \ leo ¢
« MITRE BENDS 1.2 (1<osg)
« LATERALS OUTLET 1.0
« LATERAL< INLET 0.5
« STRAIGHT RUN LATERAL 0.15
« PIPE ENTR PROJ. INWD. 0.78
|= "~ sHARPEDGE 0.50
|+ =+ weiLrounp 0.04
« PIPE EXIT SHARP EDGE 1.0
* ORIFICE (G, = .61) 2.69 RF/G
~ SUDDEN CONTRACTION 5(1-69)
« SUDDEN INCREASE  + (1- gy
« VALVE, MISCELLANEOUS 8914 d/G, 2
MISC.
TOTALS [© /g_o_'/ Up, 2 pgo

« [TEMS ARE "K™ VALUES ONLY

8 = dD RF =

RECOVERY FACTOR

+ BASED ON SMALLER PIPE DIAMETER

P
b
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L DATA SHEETS e },,,a_ o
JUC T Nent 95<>Jo mw,
S‘;STL':M: il IR UNIT : _ =
PIPE SEGMENT TO & FROM @ Tro s Sewitde ¥ FFZ 24 ."_"/4/,‘( poi a3t =3B 4
ER.: 1= 5H415 . n-.s5%i5

(
FLUID TEMP (°F):_S5% PIPE ABS. RCUGHNESS (FT) ;

» CO0L5

Chesian FLow: 500 CuimimumFLow:_#See

MUM FLOW : ’7‘5 bt @

Z
PIPE SEGMENT NUMBER : el

FLOW INCREMENT:

Q’IPE L.D.(IN) : 13,95 PIPEEL: 255 X4 TOEL: 5= ;, o
STRAIGHT PIPE LENGTHS FITTINGS NUMBER  *"KORLD K = LD
/ /
o=/ GATE VALVE 13
j =& *" | cLoBEVALVE 340
- w—m——|— BUTTERFLY VALVE 40
SWING CHECK 135
90° STD. ELBOW 30
90° S.R. ELBOW 50
90° L.R.ELBOW ) |20 : 2.2
45° STD. ELBOW /|16 €
45° S.R. ELBOW 26
180° CLOSE RETURN 50
‘ STD. TEE RUN 20
STD. TEE BRANCH 60
« MITRE BENDS 1.2 (1<0sg)
= LATERALQ OUTLET 1.0
« LATERALS) INLET 0.5
= STRAIGHT RUN LATERAL 0.15
« PIPE ENTR PROJ. INWD. 0.78
= " " SHARPEDGE }|0.50 L5
«~ " " WELL ROUND 0.04
« PIPE EXIT SHARP EDGE 1.0
* ORIFICE (G, = .61) 2.69 RF/6
= SUDDEN CONTRACTION + 5(1-89)
~ SUDDEN INCREASE  + (1- B2y
« VALVE, MISCELLANEOUS |eota d‘/q, 2
MisC. '
ToTALs [0 9.5 7 v 5 pg &

’ » [TEMS ARE "K" VALUES ONLY .
8 =dD RF = RECOVERY FACTOR

aa s q.--‘
<

+ BASED ON SMALLER PIPE DIAMETER
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SYSTEM : Coacs unm: 2.
PIPE SEGMENTTO & FROM :  Feoin (luw s\ 26 2ii ., =, qef 1= 9 TR e
EF.: - 8= -9 —

FLUD TEMP (°F):_Z5 _ PIPE ABS.ROUGHNESS (FT):__. € ©'5"  pipE SEGMENT NUMBER -~ _
®ossu;n Frow: 250, Crnimum rLow ;2300 Qwomum Frow: # 500 Or owincremenT:___ &
®PIPELD.(IN). 1838 PPEEL: STl - o  ToEL: A% =2

STRAIGHT PIPE LENGTHS FITTINGS NUMBER  *KORULD x K = LD

GATE VALVE i : 13
GLOBE VALVE _ 340
 vmewe—|~ BUTTERFLY VALVE | 40
SWING CHECK |1ss
90° STD. ELBOW 30
90° S.R. ELBOW 50
90° L.R. ELBOW 20
45° STD. ELBOW 16
45° S.R. ELBOW | 26
180° CLOSE RETURN 50
@ STD. TEE RUN ‘ 20
STD. TEE BRANCH < 60
« MITRE BENDS 1.2 (1-cosg)
« LATERALQ OUTLET 1.0
= LATERALS) INLET 0.5
« STRAIGHT RUN LATERAL 0.15
« PIPE ENTR PROJ. INWD. 0.78
« " " SHARPEDGE 0.50
: + " " WELLROUND 0.04
« PIPE EXIT SHARP EDGE 1.0
* ORIFICE (G, = .61) 2.69 RF/B*
» SUDDEN CONTRACTION f X w.) 5(1-69) . 09Y
~ SUDDEN INCREASE - + (1- B2y
« VALVE, MISCELLANEOUS |8s1adic,2
B%-LS; 2 -290 / Lp=2 ') . ] 2_\
. £1-1438 /'JOQF;’) z) L/u-)‘i’ / >
Totats U 5 5 U} ,oa% 9 7) o
Q + [TEMS ARE "K™ YALUES ONLY . « . + agsan ON SMALLER P{PE DIAMETER
B =dD RF = RECOVERY FACTOR






CIFS CIUG LIV VAL ULA LIV

DATA SHEETS

R |

UNIT: = 2

. - B

-~ 2 .
bl . PN = 2* s - '
o 134 ey T —

LI Iy 0
SYSTEM : EC s
‘PIPESEGMENTTO&FROM @ Cr o n T2 2 Ce vy T
- D EF.: )~ Sac—-9

FLUID TEMP (*F):_%5 PIPE ABS. ROUGHNESS (FT):_~ -~~~

GDES;GN FLOW : _‘z‘g:i;_@MINIMUM FLOW: 4500 @MAXIMUM FLOW : _ﬁ_{gQ_,@FLOWINCR‘EMENT:' o

PIPE SEGMENT NUMBER : &

oipero. a2 3210 Y ppEEL: 59/ - ToeL: 535" 8%
STRAIGHT PIPE LENGTHS FITTINGS NUMBER *KOR LD x K = L/D
I ' - 7
~ - GATE VALVE 13
a- 7 GLOBE VALVE 340
| L L& |~ BUTTERFLY VALVE 40
SWING CHECK 135
90° STD. ELBOW 30
90° S.R. ELBOW 50
90° L.R.ELBOW | |20 =~
45° STD. ELBOW 16
45° S.R. ELBOW 26
180° CLOSE RETURN 50
G STD. TEE RUN 20 _
STD. TEE BRANCH 1] |60 '~
= MITRE BENDS 1.2 (1-cosg)
» LATERALQ OUTLET 1.0
= LATERALS) INLET 0.5
* STRAIGHT RUN LATERAL 0.15
« PIPE ENTR PROJ. INWD. 0.78
« " " SHARPEDGE 0.50
+ " " WELL ROUND 0.04
« PIPE EXIT SHARP EDGE 1.0
* ORIFICE (G, = .61) 2.69 RF/6
“|« SUDDEN CONTRACTION 5(1-6%)
~ SUDDEN INCREASE  + (1- g2
= VALVE, MISCELLANEOUS . |891.4 cf/q, 2
MISC. '
toras 9 ) ¢ 05 O o0-0 P Jyge

‘ « [TEMS ARE "K” YALUES ONLY
8 =dD RF = RECOVERY FACTOR

=

+ BASED ON SMALLER PIPE DIAMETER

'u,







CIC e T U LI UMb s L 1N

b bsdn b

' DATA SHEETS pikl AT temc
s o IS8 IGE W
SYSTEM ; Foc S . UNIT:
PIP SEGMENT TO & FROM : Cov €8 {RE2 Faw sor o~ e ( LINE Crom Reaioc Suny)
EF.: 202 - )\ WS €, A-suss
35 PIPE ABS. ROUGHNESS (FT): o015 Y7

FLUID TEMP (°F) :
®estan FLow :

PIPE SEGMENT NUMBER :

L 5 O @MINIMUMFLOW: 3ol

®FLOW INCREMENT: __ <

MUM FLOW : _<C.5o0
Coipe LD, Ny : 13 1o PPEEL: Z=5-3H " torL: ST75 "
STRAIGHT PIPE LENGTHS FITTINGS NUMBER  *KORLD K x LD
1/
/:0‘/’7? GATEVALVE (Lro- 270 ) }s’lo /8
7 - o%| eLosEvALVE 340
) o ‘e 5""——- BUTTERFLY VALVE 40
;v SWING CHECK 135
L1 -.6 90° STD. ELBOW 30
90° S.R. ELBOW 50
90° L.R. ELBOW /] |20 #o
45° STD. ELBOW 16
45° S.R. ELBOW 26
180° CLOSE RETURN 50 o
STD. TEE RUN [ |20 ‘
O STD. TEE BRANCH 60
« MITRE BENDS 1.2 (1-cosg)
« LATERALQ OUTLET 1.0
« LATERALS) INLET 0.5
» STRAIGHT RUN LATERAL 0.15
« PIPE ENTR PROJ. INWD. 0.78
~ " " SHARP EDGE 0.50
+ " " WELL ROUND 0.04
« PIPE EXIT SHARP EDGE 1.0
* ORIFICE (G, = .61) 2.69 RF/6!
~ SUDDEN CONTRACTION  + 5(1-07)
« SUDDEN INCREASE  + (1- B2y
» VALVE, MISCELLANEOUS 8914 d /G, 2
‘ MISC.
70
TotaLs (& g0 /57 C.o.0 @W

8 =.dD

AF =

» [TEMS ARE "K™ VALUES ONLY

RECOVERY FACTOR

+ BASED ON SMALLER PIPEDIAMETER  {

g






—

@ 4 m b GAON 4 CNF AN WA NS N Snd R S S H.,(. l one '_E‘,b"

e DATA SHEETS BY_ 0«7 DATE Z7¢/3¢
ST SO ' PEMP IS 0T 0 ISew |
system: _ &0c.s UNM: A&
PIPESEGMENTTO&FROM ;_TC2  T2e. /Line fron Recied\ o 2HE Q0mP of

D EF.: n-57T-% ' _
FLUID TEMP (°F):. /Q_»___b’ PIPE ABS. ROUGHNESS (FT):__. e o 15  PIPE SEGMENT NUMBER : g
@DES,GN FLOW: H57° Chamnmums Frrow 5% Cuasamum FLow:_zic o0 OrLow NcrEMENT: __2

Goipe 1D, Ny : 13,129 PPEEL: £ 7520 " ToEL: 225 %0 "
STRAIGHT PIPE LENGTHS FITTINGS NUMBER  "KORLMD = K = LD
, 9 ‘
o« !'" GATE VALVE ‘ 13
- 3 GLOBE VALVE _ 340
- »———1{—BUTTERFLY VALVE 40
SWING CHECK 135
90° STD. ELBOW 30
90° S.R. ELBOW 50
90° L.R. ELBOW . 20
45° STD. ELBOW 16
45° S.R. ELBOW 26
180° CLOSE RETURN 50
G STD. TEE RUN }]20 S
| STD. TEE BRANCH 60 ,
« MITRE BENDS 1.2 (1-cose)
« LATERALQ OUTLET 10
» LATERALS) INLET 0.5
« STRAIGHT RUN LATERAL 0.15
« PIPE ENTR PROJ. INWD. 0.78
« " " SHARPEDGE 0.50
» " " WELLROUND 0.04
« PIPE EXIT SHARP EDGE 1.0
* ORIFICE (G = .61) 2.69 RF/6
~SUDDEN CONTRACTION + . 5089
~ SUDDEN INCREASE + - l(@- m2p
« VALVE, MISCELLANEOUS |891adig, 2
MISC. ‘ '
ToTALS ¥ 9 3 3 ®0,9 ®f)_°
‘ « [TEMS ARE "K” YALUES ONLY + BASED ON SMALLER PIPE DIAMETER

8 =dD RF = RECOVERY FACTOR






| NEMPAS 05 0 |TEW

’ ...-_\.‘ L ‘ rhrout ﬁ\"k&q_\v\ Mcﬂ'\' L
PIPE FRICTION CALC - INPUT FILE IS-rhrrecir Fkﬁge, \o'g é
« e - . ———

S H/A/84

QQNPUT DATA FOR THE HFLC5 SYS. RES. CALC.
C ISTS OF THE FOLLOWING DATA:

T - TEMPERTURE DEG F ‘
E - PIPE ABSOLUTE ROUGHNESS (FT.)

N - FIRST PIPE SEGMENT NUMBER

N1 - LAST PIPE SEGMENT NUMBER

QDES -~ DESIGN FLOW THRU PIPE SEGMENT (GPM)
OMIN - MINIMUM FLOW THRU PIPE SEGMENT (GPM)
OMAX - MAXIMUM FLOW THRU PIPE SEGMENT (GPM)
QDELT - FLOW INCREMENT THRU PIPE SEGMENT (GPM)
D - PIPE SEGMENT INTERNAL DIA. (IN.)

L - PIPE SEGMENT LENGTH (FT.) : Post-It™ brand fax transmittal memo 7671 | # of pages »
K - PIPE SEGMENT K FACTORS o & - From F<‘
L/D - PIPE SEGMENT L/D FACTORS . A ec(dua = 12 &
‘ o, .
FOLLOWING IS YOUR INPUT DATA Depte Phone #
T E N N1 Fax # bUC“hM ay Fax =
190.00 .00015 1 4 LEU . £ "?U;
QDES QMIN OMAX QDELT D L K L/D
7700.00 7700.00 7700.00 .00 17.124 26.66 .97, 10.00
7700.00 7700.00 7700.00 .00 16.876 26.15 .00 100.00
4500.00 4500.00 4500.00 .00 13.124 42.93 .20 160.00
4500.00 4500.00 4500.00 .00 13.124 3.33 .00 .00

WING IS HFLCS5 RESULTS

WATER TEMP. (F) = 190.00
DENSITY (LBM/CUFT) = 60.32
ABS VISCOSITY(LBM/SEC/FT) = .217609E-03
PIPE ABS ROUGHNESS(FT) = .150000E-03
PIPE SEG NO 1 PIPE DIA(ID-IN) = 17.124
FLOW-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
7700.0 10.73 .42 1.73 .22 2.38
PIPE SEG NO 2 PIPE DIA(ID-IN) = <16.876
FLOW-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
7700.0 11.04 .44 .00 2.38 2.83
PIPE SEG NO 3 PIPE DIA(ID-IN) = 13.124
FLOW-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
4500.0 10.67 .92 .35 3.74 5.01
PIPE SEG NO 4 PIPE DIA(ID-IN) = 13.124
FLOW~-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)
4500.0 10.67 .07 .00 .00 .07
OLDS NUMBER FRICTION FACTOR TABLE
SEG DES. FLOW RE.NO. F-FACTOR HEAD LOSS
1 7700.0 4243402.0 ° .0126 2.38

2 7700.0 * 4305761.0 .0126 2.83
3 4500.0 3235750.0 .0132 5.01






NEMIE QL H5O0EO II¢w
Aﬁbﬁ\\muﬁ‘ i

p‘\? e L& -/
N IH/94

3235750.0 .0132 .07

/o. 29 Feet

ﬁ—\‘c-\ \’k_% st




- faaln ol ‘

sneer__3 __or _ &

.
L) “ny P, 5eny 0 - e a - .
. ".‘Ri:(" YAl NER M s s T a R Liann o il o

.UID FLOX (GPK) 7722

I

Dp1pE 1.0. (IK) //stD 2% I
\.

e gy - . IR

e »~ ULATION .

S . PIPE FRICTION GALC a9 TS or £
. st .. DATA SHEET oY oave /bt

Co . NEME 9L 650 S TELW
Ysa Fra ™M\ guﬂ'*r;\bwet\'? 'SL\,:(Y\‘D" ~te ':_T_a/l\ go [
XG.REF. . /-9 £3%E~ N1 : ' |
LUID TEXP.( F) L9 - PIPE ABS. ROUGHNESS(FT) _-6¢0o /5 PIPE SEGMEKT KUXBER ___ /

C 2 T
D pireeL. SPS-& ToeL. 5579

RAIGHT PIPE LENGTHS FITTIHGS KUXBER *X OR L/D =X SL/D
O 22% i GATE VALVE )T0/n-30C) }k:/‘ AR ‘o
GLOBE VALVE b=/ 340
90« 1%"7 BUTTERFLY VALVE 1
AL SYIKG CHECK 13
e $0° STD. ELBOY 30
o -9% 3¢ S.R. ELBOX 50
ale % ! 90° L.R. ELBOY 20
45°STD. ELBOX 16
45°S.R. ELBOX \ 26
180° CLOSE RETURK 50
STD. TEE RUK 20
STD. TEE BRAKCH 60
XITRE BEKDS 1.2(1-C056)
LATERAL < OUTLET 1.0
LATERAL < IHLET 0.5
STRAIGHT RUK LATERAL: 015
PIPE ENTR PROJ. IHYD. LR N
« = SHARP EDGE 0.50
, = = YELL ROUND 0.04
PIPE EXIT SHARP EDGED 1.0
- ORIFICE (Cp = 61 269 RF/B4
SUDDEN COKTRACTION t- aux/¢ . | | .51-82)
SUDDEN IHCREASE 4  (22276% 'l"-’l‘b (1-82)2 .14
YALVE, MISCELLAKEOUS 8914 dYc2
KISC
s | 248, 66 ® .99 9 /o
t BASED OK SHALLER PIPE DIAKETER i

* ITEMS ARE “X" VALUES OHLY S
B =d/0 RF = RECOVERY FACTOR °







gt ML
Co'ste 4w ~ m Dales AT -~
S

a . ATION . sweet 4 &
_Ple FRICTION CALCULAT ;4“+- ‘g,_‘-. sweer &“o:
oY DATE W’}J
Nenl I o5 ofSEw

19 %igx 147 168

s e Newpe Sw St ¥ -
g ,,J_I.{yn- -'f.v'r.—-.\ wtereth "m e e e :-,:-o-"u,n';‘.-..
+

> ]

LY. DATA SHEET

Ysg_ F.’am Tope 80b. . to. CTS TAKE (

1%G. REF. 2~87-2, -Sh.l,£2 ey. 2 . n ~4IF~15"
L O0vo #5  PIPE SEGKEKT KUKBER -

LUID TEXP.(F) _j%&  *  PIPE ABS. ROUGHNESS (FT)
LUID FLOX (GPK) __775C  @prpe (0. (IK) {Szﬁ) /4.89% pipe eL.589-8 " 1o €L _57_’3{_)? )
FRAIGHT PIPE LEKGTHS FITTINGS KUKBER *K OR L/D K TL/0
27 a GATE YALYE 13
7¢ GLOBE YALVE 340
2=y BUTTERFLY VALVE 40
N~ éZ” | swikG cHECK 135
90° STD. ELBOY 30
9¢ S.R. ELBOX . 50
90°LR.ELBOY [ 2 to
15°STD. ELBOX 16
45°S.R. ELBOX 26
150° CLOSE RETURK 50
STD. TEE RUK ] 20 :
STD. TEE BRANCH ; |6 _ : &
.| * WITREBENDS - .. 1.2(1-C0S §)
- LATERAL <9 OUTLET : |10
* LATERAL < INLET 0.5
‘ * STRAIGHT RUK LATERAL: 0.15
* PIPE ENTR PROJ. INXD. 0.78
« « = SHARP EDGE 0.50
. « « » YELLROUND : 0.04 ..
* PIPE EXIT SHARP EDGED 1.0
. A * ORIFICE (Cy = 1) 269 RF/3*
* SUDDEK COKTRACTION ¢ W“ 51-82) JAE .
* SUDDEK IHCREASE § t 692 :
* VALYE, HISCELLAHEOUS 8314 44,2
HISC .
SZAdY
s (@ Lé-/5 & (93] |® /oo
* ITEXS ARE *K* VALUES OHLY S t BASED OH SHALLER PIPE DIAKETER o

B =4d/0 RF = RECOVERY FACTOR






" h
- LI Jl_\(-..h-._ o antet -.-«..'.'-.. 2 3o Smner

e

PIPE ABS. ROUGHKESS (FT)

,.;ootb"

 LUID TEXP.( F) /‘20 .

LUID FLOY (GPN) _FFoo

PIPE SEGKEKT KUKBER

€. arva . . ’ ‘f R
e €7 PIPE FR!CTION CALCULATIOH Pt q4 :-‘:.ii?r uoc:{ K‘
IR -':"-: . DATA SHEET ‘ " sy QO_L_ oate Z/4/%6
ne QfOo"a(oéo)
YSQ F(o/ﬁ 1€ /G' Ss-'\"ﬁr\f:—t‘:?:) * o. /r-”” /-f"”’*""'\ o £ /&W@ /)f 2L -/9 2 x.-. Ve
— F T % 2CRHZ 11~ -F Lo
1XG. REF. ST =M ket ez Potn RLsT 2. 2 iR led
3

,
Dprpg 1.0. (m)(/ ‘/a )/ I3, 2y TD PIPE EL.5 8¢ - -‘7/70 EL. S725- 2

FRAIGHT PIPE LENGTHS FITTINGS KUKBER K OR L/OD =K L/o
2 5" GATE VALVE 2 ri=rovi) whe o | B 7° /0
[k gy e
. . ¥ | GLOBE VALVE 0l 340
6 -N3B
BUTTERFLY VALVE 40
] & ' ) '
J¥ -5 SYIKG CHECK 135
/r < -
4L 90° STD. ELBOY 30
] , «» | 9¢s.R ELBOY 50
L( —é . ° . } LO
7 . 90° L.R. ELBOX | ~ei| 20 :
o -/¢ 45°STD. ELBOY 16
b4 o
[ Lz 45°S.R. ELBOX 26
T 180° CLOSE RETURK 50
L -t . 2 o
4 | STO. TEE RUH [ |20 -
STD. TEE BRAKCH €0
* KITRE BEKDS 1.2(1-COS &)
* LATERAL <9 OUTLET L0 -
* LATERAL < IHLET 0.5
* STRAIGHT RUN LATERAL: 0.15
* PIPE EHTR PROJ. I¥D. 0.78
« « « SHARP EDGE 0.50
. « = = WELLROUHD 0.04 .
* PIPE EXIT SHARP EOGED 1.0
o * ORIFICE (Cy = 1) V| ze9rF/B 4
* SUDDEN CONTRACTION t, 3% (n;" i | sy e .
* SUDDEN INCREASE t 1-8%)2
* YALVE, XISCELLAKEOUS e31.4dYc,2.
HISC '
P J
| , 170
s (@ 42,93 ® 7 |9 /60
1 BASED OH SHALLER PIPE DIAKETER
. FK-3-1-72

~ ITEMS ARE “K" VALUES OHLY

B =4d/0 RF = RECOVERY FACTOR
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¥ I mey s
v
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. .
We, az3 !

> . ‘,”,?‘.\'."('v:‘.rn—-_' Wosrete m # e w

" PIPE FRICTION CALCULATION

frik

LA A eenmem gt

SHEET or
rLAKT _Cow K

( .

DATE _ZZQ[H

aY
r~ ﬂ(?{-&fo/a-eb)
RHZ Py 2«

LUID FLOYX (GPN) _H£500

":; w6 1AT
| S DATA SHEET
-Ysa F( o 1z /‘5»., o RusT d 2 :7/'/,\):—51-‘“'}> 4~ a
1¥G. REF. -7 A stz
Luip TeERP.( F) {22 PIPE ABS. ROUGHKESS (FT) _22°° /1%

PIPE SEGXKENT KUKBER ol

« P . - ’ . .
@p1pE 1.0. (m)/ /¥s0) (5724 TD pipeeL. 5052 ToeL. 595

‘,
Sl

* ITEXS ARE *X* VA
= 4/0

RF = RECOVERY FACTOR

‘RAIGHT PIPE LENGTHS FITTIHGS *KOR L/D =K SL/0
) GATE YALVE 13
l‘{- o' , " GLOBE VALVE 340
g ~/€ BUTTERFLY VALVE 10 -
SYING CHECK 135
90° STD. ELBOY 30
9% S.R. ELBOX 50
‘ -90° L_R. ELBOY 20
45°STD. ELBOX 16
15°S.R. ELBOY 26
180° CLOSE RETURN 50
STD. TEE RUK 20
STD. TEE BRAKCH 60
* MITRE BEHDS 1.2(1-C0S6)
* LATERAL 9 OUTLET 1.0
- ~ LATERAL < IHLET 0.5
* STRAIGHT RUK LATERAL: 0.15
* PIPE ENTR PROJ. INYD. 0.78
+ « = SHARP EDGE 0.50
, * = » XELLROUKD 0.04
* PIPE EXIT SHARP EDGED 1.0 '
- * ORIFICE (Cy = .51) 263RF/B4
* SUDDEN COHTRACTION ¢ - S5(-82)
* SUDDEN IHCREASE { (1-82)2
* VALVE, MISCELLAKEOUS 8914 dYc,2.
KISC
©_ 3,33 . _ @ v.0o 96,0
LUES OHLY t BASED OK SMALLER PIPE DIAKETER et



NE-015 DONALD C._ COOK NUCLEAR PLANT

(02/95)
Section
DESIGN VERIFICATION CHECKLIST -~ CALCULATIONS

Calculation Number k”:'lU\P Qﬂ'\O@/\/E/(/ Rev. _Q

\/ Q anZdj J /bl &

S1g|(réture of Ver{fier ’ / Date
1.0 Were the inputs correctly selected, incorporated and ! L
documented into the calculation? Yes N/A

"Basis: _J s W17 awwe cowg /47{Phﬁ5 w h T A5}/C&’ﬂ ”/:‘C

? L

RUalvefs o d Lo TUis g fev o

2.0 Are assumptions necessary to perform the calculation !/
adequately described and reasonable? Yes N/A

Basis: 7 h¥ a‘quw,ﬂ f/dui Izl a/VpV‘a/ﬂtf/OI%o e 4 -_%;V%j/c

Tb(‘v busts 1S w*ﬂ‘( c’g._[kwef Mcw Ma;sa 07/.

3.0 Are the applicable codes, standards and regulatory

requirements identified and requirements for design
q q na & i

met? Yes

Basis: T“-\’M avy ) cw)e?, S'ﬁudkrclg 0t~ WﬂU/gl’(dw\..v

RGOyt e u s Qﬂ/)/}rgﬁé& fy  Fhis  calculaXlol

4.0 Was an appropriate design method used? Yes N/A _&

L/

Basis: 731‘% \IS‘ Uat~ a_ dc 5‘1‘7/01 /Ok—ar‘—ef‘s,

5.0 Is the output reasonable compared to input? Yes _(_/N/A -

Basis: __ [\ o n/‘f\;n obs  ave eSO T ot i e

}u\‘nu‘f‘ﬁ‘

6.0 Are the resulits numerically correct? Yes

Basis: _Clocle. ol  cpleols Koy am‘ﬂ%‘ﬂ‘& ‘whae,

i

o/ /)l/‘dﬂvl q/\{" Ovﬁ(’fﬁ“‘i G'L' -rl\" Dot o A 03 sey (\l l)P!/l [ d (O\‘V\.’nl)%""-/

Dl/tr?db(/d\ﬂ" HiELes aw aCQMtL g é, Cd&—gff(/

Page 1 of 1




