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1.0 Were the inputs correctly selected, dincorporated and T
docunented into the calculationt . F Yes v N/A ___
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2.0 Are assumptions necessary to perform the calculation
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L) TS e / Petocsurc D=oe C ot e A v
L 4

3.0  Are the applicable codes, standards and regulatory .
requirements identified and requirements for design

met? i Yes . N/A
Basis: No Croes |, Soaaumatsss cr | EEGOesITe ey
L ocu vyremaeans vt = O WS =t Lo —vx= CAL LN st vy
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## NPSHA lass than NPSHR && Flow Past End of Pump Curve

© . G6-02i995 1132 PROTEEZLO 2.01 by PROTO-POWER COISEORATION Page 1
. ] .0 = Utility - D:\PROTOFLOMIM.PDB - Version
e Plant - System
‘ Combined Summary 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
Pipe: 1.00 ID= 2,067 Flow= 75.00 Vel = 7.172 ’
Turbulent f = 0.0200 Reynold's Number = 3.2281E+05
N1: NODE1 ** Press= 14.84 Elev= 589.43 -~ Flow= 0.00 Temp= 180.00
N2: NODE2 Press= 12.98 Elev= 588.53— Flow=""0.00~._ Temp= 180.00
ol X 2.DAR > A A7 F— WD :
Pipe: 200 ID= 2,067 Flow= 75.00 \Vel 7.172
Turbulent f = 0.0200 Reynold's Number = 32281E-F0
N1: NODE2 Press= 12.98 Elev= 588.53 Flow——-o 00, — Temp= 180.00
N2: NODE3 . ¢ Press= 11.52 Elev= 588. 53/ Flow= 0.00 Temp- 180.00
LA v 2. 57]% (" 3.4% 54 \'\-:,O,
Pipe: 3.00 ID= 2,067 Flow= 75.00 Vel = 772 -
Turbulent f = 0.0200 Reynold’'s Number = 3.2281E+05
N1: NODE3 Press= 11.52 Elev= 588.53 Flow= 0.00 Temp= 180.00
N2: NODE4 Press=_10.14 Elev= 588.53..- Flow=-0.00 Temp= 180.00
L2326 ¢ 2.mRa (- 2.28 Frd.o ) )
Pipe: 400 ID= 2067 Flow= 75.00 NPSHA =5.97—---~NPSHR=5,90
N1: NODE4 Press= 10.14 Elev= 588.53  Flow= 0.00 Temp= 180.00
N2: NODES5S Press= 110.67 Elev= 588.53 Flow= 0.00 Temp= 180.00
Pipe: 500 ID= 2,067 Flow= 75.00 Vel= 7.172
* Turbulent f = 0.0200 Reynold's Number = 3.2281E+05
N1: NODES : Press= 110.67 Elev= 588.53 Flow= 0.00 Temp= 180.00
@ N2: NODES6 . Press= 110.28 Elev= 588.53 Flow= 0.00 Temp= 180.00
Pipe: 10.00 ID= 2.067 Flow= 75.00 Vel = 7.172 .
Turbulent f = 0.0200 Reynold's Number = 3.2281E+05
N1: NODE6 V Press= 110.28 Elev= §88.53 Flow= 0.00 Temp= 180.00
N2: NODE6.5 ** Press= 33.70 Elev= 592,50 Flow= 0.00 Temp= 180.00
"'.t‘.':-w.\._ Aas Lcﬁs
——t s < w‘m——u\
PR e Wy s uﬂ"%
. e
Carcvra~ion No, REsSPO323ASAAS Rav.
' NEe S raca™ Tiown
w PAGE .. 2% 2
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** Fixed Pressure 1! Reverse Flow Thru Check Valve
%% Pressure Below Vapor Pressure ++ Sectlion Was Balanced
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CALC. NO. : NESP032395JJS
REV. 1 -
e SHEET: Z OF \\
. DATE: 6/2/95
COMPANY: I&M
PLANT: DCCNP

SUBJECT: BAT PUMP NPSHR vs BAST LEVEL

* DESCRIPTION

Model the boric acid tank to the boric acid transfer pump using
proto-flo, placing a valve at the end of the model to throttle the
pump to 75 GPM. Then changing the atmospheric pressure at the base
of the tank until the NSPH available is as close as possible to the
NPSH required. This will give the lowest pressure at the base of
the tank before the pumps can no longer be supplied with the boric
acid solution to maintain 75 GPM out of the transfer pumps. The
pressure then can be converted to show the lowest level required to
the pumps and have a 75 GPM out put.

PURPOSE
The result of the calculation will be used in the development of

"N HEW Severe Accident Management Guidelines. In the event that an

accident progresses to core melt, where emergency operating
procedures are rio longer valid, these guidelines would be used.

ASSUMPTION & LIMITATIONS

1) BORIC ACID SOLUTION TEMPERATURE = 180°F

2) BORIC ACID SOLUTION HAS SAME VAPOR PRESSURE AS WATER(=)
3) BORIC ACID SPECIFIC GRAVITY EQUAL TO WATER

4) TANK AT ATMOSPHERIC PRESSURE .

5) BORIC ACID TRANSFER PUMP OPERATING AT 75 GPM

RESULTS

1) NSPH required to supply 75 GPM = 5.90 ft.

2) Pressure at the bottom of tank is 14.84 psia, when converted to
a tank level it equals .3328' or =3 15/16" from the bottom of
the tank.

CONCLUSIONS .
The minimum BAST tank level that is acceptable to operate the BAT
pumps while still having adequate NPSH and supplying 75 GPM is

"3 15/16" of boric acid solution f?Fm the bottom of the tank.
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CALC. NO. : NESP032395JJS

REV. 1 -
SHEET: 3 .OF \7\
DATE: 6/2/95
COMPANY: I&M
PLANT: DCCNP

SUBJECT: BAT PUMP NPSHR vs BAST LEVEL

REFERENCES

1) CAMERON HYDRAULIC DATA: PROPERTIES OF WATER AT VARIOUS TEMP.
(CONVERSION FACTOR FT/LB/IN"2) .

2) AEPSC ISOMETRIC DWG. 0-CS-539L1l.4

3) AEPSC VALVE DWG W-200D42ZG0 FOR 2" DIAPHRAGM VALVE

4) AEPSC FLOW DIAGRAM ED 12-5131

5) PUMP CURVE FOR PP-46

6) PROTO-FLO SOFTWARE FOR WINDOWS VERSION 2.01 (DATE AND TIME OF
RUNS SHOWN ON OUT PUT DATA SHEETS)

7) IBM PERSONAL SYSTEM/2 MODEL 77 486DX2 COMPUTER WITH 0S2 SYSTEM

(PROTO-FLO OPERATES UNDER '0S2 WINDOWS APPLICATION)
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06-02-1995 11:32

PROTO-FLO 2.01 by PROTO-POWER CORPORATION

Utility - D:\PROTOFLOWIM.PDB - Version

Plant - System
Hydraulic Resistance 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

Hydraulic Resistance

ID Flow DZ \Velocity Reynolds Pressure Drop
Pipe From Node To Node (Inches) {(gpm) (feet) (ft/s Number (feet) {psi) (ft/gpm42)  (psi/gpmA2)
“ 1.00 NODE1 NODE2 T 2.067 7500 185 7172 3.2281E+05  5.314 2235 9.4470E-04 3.9739E-04
2.00 NODE2 NODE3 2.067 7500 146 7172 3.2281E+05S  3.476 1.462 6.1800E-04 2.5996E-04
3.00 NODE3 NODE4 2.067 7500 138 7172 3.2281E+05  3.290 1384 5.8494E-04 2.4606E-04 _
5.00 NODES NODE6 2.067 7500 038 7.172 3.2281E+05  0.926 0.389 1.6470E-04 6.9281E-0
10.00 NODES NODE®B.5 2.067 75.00 7658 7.172 3.2281E+05 178.083 74.911 3.1657E-02 1.3317E-02
2f
7 ¢
&
. L
0
1
J —
A

ST SLIZR0 353N - °W *\°0



‘06-02-1‘%95 11:32

»
. .

© Cale NolNESPORZZBASANS
Reu. \
Oy S\r\ec.\ s- O": \—\

PROTO;;::???O 2.01 by PROTO-POWER COR%RATION Page 1

Utility - D\PROTOFLOWJIM.PDB - Version
Plant - System

Pump Status Report

veomon

Pump Name: 1-PP-46-1 Manufacturer: Model:
Drawings:
Pump Status: BAST .
Speed (RPM): 3,500 Flow (gpm): 75.00 Head (ft): 239.00
Hydraulic Horsepower: 4.40
Pump Impeller Elevation (ft): Inlet Node Elevation (ft): 588.53
Pump Suction Temperature (°F) 180.00 '
NPSH Curve: BAST NPSH
NPSH Available: 5.97 NPSH Required: 5.90

Pump Name: 1-PP-46-2 Manufacturer: Model:
Drawings:
Pump Status: OFF
Speed (RPM): 3,500 Flow (gpm): Head (ft):
Hydraulic Horsepower:
Pump Impeller Elevation (ft): Inlet Node Elevation (ft): 588.53

Pump Suction Temperature (°F)
NPSH Curve: BAST NPSH
NPSH Available: NPSH Required:
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) 06-02:1995 11:32 PROTCA7LO 2.01 by PROTO-POWER CO REORATION ~ Pagei

Utility - D:\PROTOFLOWIM.PDB - Version
Plant - System

A

1

@ ‘ Boundary Condition Report
Node Name Boundary Type ; Boundary Parameters
NODE1 Pressure Suction Pressure 14.84 psia
- Elevation 589.43 ft
Specified Temperature 180.00 °F
NODE10 Pressure Discharge Pressure 33.70 psia
Elevation 592.50 ft
Specified Temperature 180.00 °F
NODE6.5 Pressure Discharge Pressure 33,70 psia
~ Elevation §92.50 ft
Specified Temperature 180.00 °F

14.949 eswa- 14704 ¥ 2.3 = vzl ® 2 o
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PROT@LO 2.01 by PROTO POWER CO RATION

Cole No ¢ NESPOZILDA5ND
Red. \
Shee's 1 % V1

' 06-02-1995 11:32 Page 1
) ae Utility - D:\PROTOFLOMIM.PDB - Versmn
Plant - System
Combined Summary 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
Pipe: 1.00 D= 2,067 Flow= 75.00 Vel= 7172
Turbulent f = 0.0200 Reynold's Number = 3.2281E+05
N1: NODE1 *  Press= 14.84 Elev= 589.43 Flow= 0.00 Temp= 180,00
N2: NODE2 Press= 12.98 Elev= 588.53 Flow= 0.00 Temp= 180.00
Pipe: 200 [D= 2,067 Flow= 75.00 Vel= 7.172
Turbulent f = 0.0200 Reynold’s Number = 3.2281E+05 .
N1: NODE2 Press= 12.98 Elev= 588.53 Flow= 0.00 Temp= 180.00
N2: NODE3 Press= 11.52 Elev= 588.53 Flow= 0.00 Temp= 180.00
Pipe: 3.00 ID= 2.067 Flow= 75.00 Vel = 7.172
Turbulent f = 0.0200 Reynold's Number = 3.2281E+05
N1: NODE3 Press= 11.52 Elev= 588.53 Flow= 0.00 Temp= 180.00
N2: NODE4 Press= 10.14 Elev= 588.53 Flow= .0.00 Temp= 180.00
Pipe: 4.00 [ID= 2.067 Flow= 75.00 NPSHA =5.97 NPSHR =5.90
N1: NODE4 Press= 10.14 Elev= 588.53 Flow= 0.00 Temp= 180.00
N2: NODES Press= 110.67 Elev= 588.53 Flow= 0.00 Temp= 180.00
Pipe: 500 ID= 2.067 Flow= 75.00 "Vel= 7.172
Turbulent f = 0.0200 Reynold’'s Number = 3.2281E+05
N1: NODES Press= 110.67 Elev= 588.53 Flow= 0.00 Temp= 180.00
N2: NODE6 Press= 110,28 Elev= 588.53 Flow= 0.00 Temp= 180.00
Pipe: 10.00 ID= 2.067 Flow= 75.00 Vel= 7,172
Turbulent f = 0.0200 Reynold's Number = 3.2281E+05
N1: NODE6 Press= 110.28 Elev= 588.53 Flow= 0.00 Temp= 180.00
N2: NODEB6.5 ** Press= 33.70 Elev= 592.50 Flow= 0.00 Temp= 180.00

- ** Fixed Pressure

%% Pressure Below Vapor Pressure
## NPSHA less than NPSHR

-

|l Reverse Flow Thru Check Valve
++ Section Was Balanced
&& Flow Past End of Pump Curve
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‘ 6/2/9511:36:05AM - PROTEE?LO 2.01 by PROTO-POWER COREDRATION Pipe 1.00
y - Utility - DAPROTOFLOWIM.PDB - Version
Plant - System
@ - System Pipe Section Data Sheet -
From: NODE1 Elev: 589.43 To: NODE2 . Elev: 588.53
Description:
Drawings:
Fluid: Fresh Water
Material Roughness: 0.000150 Carbon Steel
2.000 inch Schedule: STD 40 - Inside Diameter: 2.067
Length: 16.58 Misc L/D: Misc K Fixed:
Valves: 1-CS-437N/ /
Pipe Flow Summary Title:
Tees: 1 Ruh; Branch Only; Branch
@ Elbows: Welded - , 2 90s, 45s; Threaded - 90s, 45s
Bends: with angle = ,vid =
with angle = ,rd=
Entrances: 1 Abrupt Reductions fromd =
Exits: Abrupt Expansions to d=
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PROT(@%LO 2.01 by PROTO-POWER COI#ORATION
Utility - D:\PROTOFLOMIM.PDB - Version

Pipe 2.00

Plant - System
System Pipe Section Data Sheet -
From: NODE2 Elev: 588.53 To: NODE3 Elev: 588.53
Description:
Drawings:
Fluid: Fresh Water
Material Roughness: 0.000150 Carbon Steel
' 2.000 inch Schedule: STD 40 - Inside Diameter: 2.067
Length: 4.00 Misc L/D: Misc K Fixed:
Vaives: 1-CS410/ /
Pipe Flow Summary Title:
Tees: Run; 1 Branch Only; Branch
Elbows: Welded - 90s, 45s; Threaded - 90s, 45s
Bends: with angle = ,rid=
with angle = , Hld =
Entrances: Abrupt Reductions from d =
E>‘(its: Abrupt Expansions to d=
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| 6i05113605AM  PROTG#LO 2.01 by PROTO-POWER CORSORATION Pipe 3.00
- (O o ’ Utility - D:\PROTOFLOWIM.PDB - Version
Plant - System
@ System Pipe Section Data Sheet -
From: NODE3 - Elev: 588.53 To: NODE4 Elev: 588.53
Description:
Drawings:
Fiuid: Fresh Water
Material Roughness: 0.000150 Carbon Steel
2.000 inch Schedule: STD 40 - Inside Diameter: 2.067
Length: 3.63 Misc L/D: Misc K Fixed:
Valves: 1-CS-412-17 |/
Pipe Flow Summary Title:
Tees: 1 Run; Branch Only; Branch
@ . Elbows: Welded - 90s, 45s; Threaded - 90s, 45s
" Bends: with angle = ,rid =
with angle = ,rd=
Entrances: Abrupt Reductior;s fromd=
Exits: Abrupt Expansions to d=
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" emses11:36:05AM  PROTGSALO 2.01 by PROTO-POWER COREORATION Pipe 4.00 {
R Utility - D:\PROTOFLOWIM.PDB - Version |
Plant - System }
\
@ System Pipe Section Data Sheet - |
i
From: NODE4 Elev: 588.53 To: NODES Elev: 588.53
Description:
Drawings:
Fluid: Fresh Water
Material Roughness: 0.000150 Carbon Steel
2.000 inch Schedule: STD 40 - Inside Diameter: 2.067 }
Length: 0.00 Misc L/D: Misc K Fixed: 1
Pump: 1-PP-46-1 :
Pipe Flow Summary Title: |
Tees: Run; " Branch Only; Branch
@ Eibows: Welded - 90s, | 45s; Threaded - 90s, 45s
Bends: with angle = . ,rHd=
with angle = ,rd =
Entrances: Abrupt Reductions from d =
Exits: Abrupt Expansions to d=
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.t epsed11:3605AM  PROTEELO 2.01 by PROTO-POWER CORFORATION Pipe 5.00

;0 i Utility - D:\PROTOFLOWIM.PDB - Version
‘ Plant - System
@ k Systerp f’ipe Section Data Sheet -
From: NODES Elev: 588.53 To: NODE6 Elev: 588.53
Description:
Drawings:
Fluid: Fresh Water )
Material'Roughness: 0.000150 Carbon Steel -
2.000 inch Schedule: STD 40 - Inside Diameter: 2.067
Length: 1.0.00 Misc L/D: Misc K Fixed:
Pipe Flow Summary Title:
Tees: Run; ‘ Branch Only; Branch
@ Elbows: Welded - 90s, 45s; Threaded - 90s, 455
' Bends: with angle = ,rid=
with angle = y rid =
Entrances: Abrupt Reductions from d =
Exits: Abrupt Expansions to d=
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' 6/20511:36:05AM  PROTCSFLO 2.01 by PROTO-POWER COR#ORATION Pipe 6.00
o Utility - D:\PROTOFLOWIM.PDB - Version
Plant - System

@ . System Pipe Section Data Sheet -

From: NODE2 Elev: 588.53 - To: NODE?7 Elev: 588.53

Description:

Drawings:

Fluid: Fresh Water
Material Roughness: 0.000150 Carbon Steel
2.000 inch Schedule: STD 40 - Inside Diameter: 2.067

Length: 3.63 Misc L/D: Misc K Fixed:

Valves: 1-CS-412-2/ /

Pipe Flow Summary Title:

Tees: 1 Run; Branch Only; 1 Branch

@ Elbows: Welded- 90s, 45s; Threaded - 90s, 45s ‘
Bends: with angle = ,d =
with angle = ) ,rd=
Entrances: Abrupt Reductions from d =
Exits: . Abrupt Expansions to d=
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Utility - D\PROTOFLOMIM.PDB - Version
Plant - System

Cole No ¢ NESPOBTRASING

B Seroxd oF \1

" 612095 11:36:05 AM PROT@LO 2.01 by PROTO-POWER COIRFORATION

@ L - System Pipe Section Data Sheet -
From: NODE7 Elev: 588,53 To: NODES Elev: 588.53
Description:
Drawings:
Fluid: Fresh Water
Material Roughness: 0.000150  Carbon Steel
2.000 inch Schedule: STD 40 - Inside Diameter: 2.067
Length: 0.00 Misc L/D: Misc K Fixed:

Pump: 1-PP-46-2

Pipe Flow Summary Title:

! Tees: Run; Branch Only; Branch

Elbows: Welded - 90s, 45s; Threaded - . 30s,
Bends: with angle = ,rd=

with angle = - ,rid =
Entrances: Abrupt Reductions from d =
Exits: Abrupt Expansions to d=

45s
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' 6r951136:05AM  PROTEEZLO 2.01 by PROTO-POWER CORBORATION Pipe 8.00
w® * Utility - D:\PROTOFLOMIM.PDB - Version
Plant - System
Q System Pipe Section'Data Sheet .-
From: NODES Elev: 588.53 To: NODES Elev: 588.53
Description:
Drawings:
Fluid: Fresh Water
Material Roughness: 0.000150 Carbon Steel
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Pipe Flow Summary Title:
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DESIGN VERIFICATION CHECKLIST - CALCULATIONS

Calculatton Number mo=r o= z=saS Rev. o
i /"
&1«7/4 _;/-go’:vg_' 3&7/})
Signature of Verifier . , Date
1.0  Here the inputs correctly selected, incorporated and /
documented into the calculation? Yes _ & N/A

Basis: JRE PEGuiremesT} 7> Oplew bite  MPSH  vs. 7 Sere!
/)A" ,@uq-c 441:64\,00\'1' 4»-/4—4/14] &H)af LY ot § /A/cq/;mwﬁ?.ﬂ

2.0 Are assumptions necessary to perform the calculation
adequately described and reasozb]e? Yes _. N/A
o,

Basis: A’// é’ffc.h;gh\wf Cw are c /Lcj A—-pA-;&r;fl 7\(_¢an,}4/
/‘AO‘I\/‘-(J’/S // JPALJ"\/'{ O 7z,

3.0 Are the applicable codes, stapdards and regulatory .
requirements identified and requirements for design

met? ‘ 7 . Yes ___ NA <&
Basis: AMd <cwupaj /~<s3 J
4.0 Was an appropriate design method used?' | Yes ;/ N/A
Basis: = mM MPsH ol o ladhd s,
5.0 Is the ou;put reasonable compared to input? _ Yes _'_/N/A -
Basis: _ 3 -</ AéAD Qv A dumy L7 PV &Pr1rS

[‘“MleA’(//e.
6.0 Are th; ‘resu'lts numerically correct? Yes _l/N/A -
/95’ /\Jtl~1,(;<l7' e U e

Basis:
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