ENCLOSURE 1

TENNESSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT (BFN)
UNITS 1, 2, AND 3

TECHNICAL SPECIFICATIONS (TS) CHANGES TS-431 AND TS-418 -
EXTENDED POWER UPRATE (EPU) - REPLACEMENT DOCUMENTATION

(TAC NOS. MC3812, MC3743, AND MC3744)

CALCULATION MDQ0999970046, REV. 10,
“NPSH EVALUATION OF BROWNS FERRY RHR AND CS PUMPS”

This enclosure provides TVA Calculation MDQ0999970046, Rev. 10,
"NPSH Evaluation of Browns Ferry RHR and CS Pumps."

The revised calculation corrects the RHR pump flow rate for the
evaluation of ECCS pump NPSH for the Appendix R transient.
Figure 7.6, "RHR (Appendix R) pump curve and system curve,"
shows the corrected curves. This correction is reflected in
the Appendix R results included in the calculation and used as
input to TVA Calculation MDQ099920060011, Rev. 1 in

Enclosure 2. Other refinements were made to the calculation
which did not impact the results.
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FSAR sections 6.4, 6.5 and 6.15 and the Technical Specifications have been reviewed for changes
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1. PURPOSE

The purpose of this revision is to revise the existing Emergency Core Cooling System (ECCS)
suction piping hydraulic analysis to be based on the current accepted TVA method (Ref. 2.5) at
Extended Power Uprate (EPU) conditions. Results of that analysis are then used to compute the Net
Positive Suction Head (NPSH) available for pump and system flows. This revision also includes
evaluation of ECCS pump NPSH for the special events of Anticipated Transient Without Scram
(ATWS), Appendix R, and Station Blackout (SBO) at EPU conditions. NPSH available is
determined for various ECCS pump combinations and rated flow demands on the suction piping at
various suppression pool temperatures. In this revision the appropriate uncontrolled flows for the
short term LOCA and Appendix R will be established.

2. REFERENCES

2.1  Vendor Technical Manual BFN-VTM-B260-0010 for Bingham-Willamette Pumps, Section
0020 (CS Pump Curves).

2.2 Vendor Technical Manual BFN-VTM-B260-0010 for Bingham-Willamette Pumps, Section
0040 (RHR Pump Curves).

2.3  Marks’ Standard Handbook for Mechanical Engineers, 8th Edition.

24  TVA Drawings:
47W403-204, RS
47W403-205, R4
47W403-206, R4
3-47W403-207, RO
47W403-208, R4
2-47W403-203, RO
3-47W403-209, RO
47W403-200, R3
47TW403-201, RS
47W403-202, R3

copmme AN o

2.5 MULTIFLOW- Version 1.21 (S&L Program Number 03.7.749-1.21, Dated 09/25/02).
26 TVA Drawings:

a. 2-47E814-1, R049, “Flow Diagram- Core Spray System”.
b. 3-47E814-1, R033, “Flow Diagram- Core Spray System”.
c. 2-47E811-1, R064, Flow Diagram-Residual Heat Removal System”.
d. 3-47E811-1, R061,"Flow Diagram-Residual Heat Removal System”.
e. 1-47E814-1, R013, “Flow Diagram- Core Spray System”.
f. 1-47E811-1, R02S,"Flow Diagram-Residual Heat Removal System”.
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2.7

2.8

29

2.10
2.11
2.12

2.13

2.14

2.15
2.16

2.17

2.18

2.19

2.20

2.21

222

Additional Drawings:

a. PDM Drawing 2-E20, R004, “TVA Containment Vessel”
b. PDM Drawing 3-E20, R001, “TVA Containment Vessel”
¢. PDM Drawing 1-E20, R000, “TVA Containment Vessel”

TVA Design Criteria No. BFN-50-7074, “Residual Heat Removal System”, Units 2 & 3, Rev.
17, to include DIM-BFN-50-7074-25.

TVA Design Criteria No. BFN-50-7075, *“Core Spray System”, Units 2 & 3, Rev. 6.
TVA Engineering Change Notice L1636.

TV A Engineering Change Notice PO602.

TVA Design Criteria No. BFN-50-715, “Environmental Design”, Rev. 5.

Steam Tables, Combustion Engineering, 15th printing. Values reprinted from 1967 ASME
Steam Tables.

GENE-E12-00148-04, “Net Positive Suction Head (NPSH) Evaluation for Browns Ferry
Nuclear Plant ECCS Strainer Design”, Revision 0, June, 1997.

GENE-E12-00148-01, “ECCS Suction Strainer Hydraulic Sizing Report”, Rev. 0.
GENE-E12-00148-06, “Containment Pressure Report”, Rev. 0.

NRC memo dated Nov 15, 1999, Subject: BFN Units 2 and 3, Completion of Licensing
Actions for Bulletin 96-03, Potential Plugging of Emergency Core Cooling Suction Strainers
By Debris In Boiling Water Reactors, Dated May 6, 1996 (TAC NOS M96135, M96136 and
M96137) L449911230011.

NRC memo dated Sep 3, 1999, Subject: BFN Units 2 and 3, Issuance Of Amendments
Regarding Crediting Of Containment Over-Pressure For Net Positive Suction Head
Calculations For Emergency Cooling Pumps. 144-990913-002.

TVA BFN Unit 2 and 3 EPU Task 0406: ECCS Net Positive Suction Head. GE-NE-A22-
00125-27-01, Rev. 0, May 2002 (W 79 020517 001).

ANSVHI 9.6.1-1998, “American National Standard for Centrifugal and Vertical Pumps for
NPSH Margin”, Hydraulic Institute, 1998.

TVA Correspondence (E-Mail), Subject: “Fw: Pump/Flow Combination Cases for
MULTIFLOW EPU Revision to NPSH Calculation”, 02/16/2006 11:32 AM. (Attachment D)

STMFUNC, Steam Table Function Dynamic Link Library (DLL), Program No. 03.7.598-3.1.
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223

224

2.25

2.26
2.27
2.28
2.29

230

2.31
2.32

233

2.34
235
2.36

237

1-47ER18-1, R024, “Flow Diagram - Condensate Storage and Supply System”.

Safe Shutdown Instruction, 2/3-SSI-16, R13, “Control Building Fire EL. 593 through EL.
617",

Calculation MDQ-0074-880225, R07, “Total RHR System Head VS. Flow Rate for Priority 1
Mode Support”.

Calculation MDQ-0075-870258, R06, “Core Spray Pump Performance”.
Machinery’s Handbook, 26th Edition, Industrial Pres Inc., NewYork, 2000.
Walkdown Request, initiated 07/25/06, collected 07/25/06 (See Attachment E).
3-41N1001, RO, “General Plans and Sections, Sheet 2”.

TVA Correspondence (E-Mail), Subject: “PUMP/FLOW COMBINATIONS FOR REVISION
OF MULTIFLOW NPSH CALCULATION", (7/28/2006 04:47 PM. (Attachment F).

Pre-Operational Test No. GE-5, Residual Heat Removal System. Dated 8-5-1974.
Pre-Operational Test No. GE-12, Core Spray System, Dated 11-26-1973.

TVA Correspondence to NRC, Subject: “Browns Ferry Nuclear Plant Unit 3 - Reportable
Deficiency - Potential for RHR Pump Operation in Excess of Design Runout - IE Control No.
HO1172F2", 05/20/1976.

Technical Support for Severe Accident Management Guidelines (SAMG), R4.

2-47E600-601, RO, “Mechanical Instruments and Control”.

EPU Task Report T0611, “Appendix R Fire Protection”, Rev. 0.

0-47W452-7, R10, “Mechanical Residual Heat Removal System”.

See Appendix 3 for additional references.
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Input data required is derived from references shown above. The pump fluid temperatures are taken
from TVA correspondence (Ref. 2.21 and Ref. 2.30). Case pump flow combinations for Appendix R
and short term LOCA cases are determined from information taken from References 2.25, 2.32, and
2.33. Case pump flow combinations for Long term LOCA, SBO and ATWS cases are taken from

Reference 2.21.

4 ASSUMPTIONS

4.1 No pressure drop is assumed across the strainers for ATWS, SBO, and Appendix R events.
These events do not result in debris entering the suppression pool and the strainers are large
enough to have negligible pressure drop when clean. Check valves with minimal equivalent

DESIGN INPUT DATA

length are included to aid with convergence.

42  For bends with no angle and/or curvature information denoted on drawings, 90° short radius

elbows are conservatively assumed.

43  HPCI and RCIC systems are assumed to not operate in a mode drawing suction from the torus

ring header for all analyzed cases.

44  The effective strainer hydraulic loss is taken at the point of the ECCS piping flange for the

strainer.

None

SPECIAL REQUIREMENTS/LIMITING CONDITIONS
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6 COMPUTATIONS AND ANALYSIS

The multiflow Version 1.21 runs were executed on S&L PC #ZD2958 using Windows NT Operating
System. The following files are located in
D:\ON3015\TVA\WMultiflow files\Multi Flow program

7/24{2006 2:43 PM
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The results presented are based on the conditions specified for each of the analyzed scenario. These
conditions must be met for the results of the applicable scenarios to be valid.

Utilizing Figure 7.7, Core Spray pump flow is established by finding the operating point between the pump
curve and the system curve. Core Spray pump curve (Ref. 2.1) head and flow values are presented in

Table 6.1.

TABLE 6.1 : CS
Pump Curve
Flow Head

(gpm) (f)

0 861
500 848
1000 825
1500 792
2000 749
2500 694
3000 626
3500 538
4070 409
4570 261

Data from Reference 2.26 is used to develop a system curve. The head (584 ft) developed by a core spray
pump at 3125 gpm is used in the following equation to create a curve fit.

Y = AX?+ Static head (ft)

Where:

Y = Head (ft)

A = Constant

X =Flow (gpm)

584 ft (Ref. 2.26) = A (3125gpm) * (Ref. 2.26) + 326.225 ft

A=26396x 107
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Table 6.2 depicts head loss obtained utilizing the above equation.

Static head is equal to the difference between the water level elevation in the condensate storage tank and

the vessel inlet nozzle.

TABLEG6.2:CS
System Curve
Flow Head

0 325
200 326
400 329
600 335
800 342
1000 352
1200 363
1400 377
1600 393
1800 411
2000 431
2200 453
2400 477
2600 504
2800 532
3000 563
3200 596
3400 630

618.625 ft (Ref. 2.32) - 588 ft (Ref. 2.23) = 30.625 fi

Also, the elevation difference between the condensate storage tank (CST) water level and the torus water

level had to be considered in calculating the static head.

588 ft — 536 ft (Ref. 2.32) =52 ft

The differential pressure between the reactor pressure vessel and the suppression chamber is 105 psi (Ref.
2.26) is added to the static head. The LOCA short term condition is based on a temperature of 95°F and

155.4°F (Ref. 2.30).

For LOCA cases, 0 psi is used. By subtracting the 105 psi, the system curve shifts down giving Equation

6.1 and the new operating point is established.

Utilizing the calculated constant, the system curve is developed using the following equation:

Y =2.6396 x 10°X%+ 82.525 ft

(Eq.6.1)
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Table 6.3 depicts the system curve for the analyzed cases.

TABLE6.3:CS
System Curve
Flow Head
0 83
200 84
400 87
600 92
800 100
1000 109
1200 121
1400 134
1600 150
1800 168
2000 188
2200 21
2400 235
2600 261
2800 290
3000 320
3200 353
3400 388
3600 425
3800 464
4000 505
4200 548

The operating point of the system falls between 3800 gpm and 4000 gpm. This flow is less than the flow
used in the model (4125 gpm) and therefore provides conservative results.
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RHR Pump flow for LOCA-short term and Appendix R conditions are identified using the RHR
pump curve (Ref. 2.2) and system head loss curves.

For the Appendix R condition a single pump curve is developed by utilizing points from the
pump curve (Ref. 2.2). Table 6.4 shows points taken from Ref. 2.2 pump curve data. T hese
points are used to develop the pump curve shown in Figure 7.6.

TABLE 6.4 : RHR
Single Pump curve
Flow Head
(gpm) (ft)

0 825
2000 810
3000 800
4000 787
5000 775
6000 755
7000 716
8000 675
9000 625
10000 575
10950 527
12000 475

Reference 2.25 determines the system head loss curve based on a water elevation in the reactor
vessel of 604°-0” (top of jet pump riser). This curve is also based on flow through the jet pumps.
The results of Ref. 2.25 will be modified to develop the system head loss curve for the Appendix
R case.

The system head that must be overcome is calculated by revising the results of Reference 2.25 for
the case being examined using the following equation:

H=H; +H,-P+ Py (Eq. 6.2)

H = Total Head (ft)

H¢= Friction Loss (ft)

H,= Total Static Head (ft)

P; = Jet Pump Pressure (ft) (removed as the recirculation loop discharge valve remains open
during the Appendix R event — Ref. 2.36)

Pr = Reactor Pressure (Ref. 2.24)

The friction loss of 460 ft, determined in Ref. 2.25, is adjusted as shown below, for the multiple
flows in the system used to develop the system head loss curve.

2500
10800

2
H, at 2500gpm = ( ) * 460 = 24.6ft
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5000
10800

2
H, at 5000gpm = ( J *460 = 98.59#t

7500
10800

2
H, at7500gpm = ( ) *460 = 221.8ft

10800
10800

2
H, at10800gpm =( ) *460 = 460ft

For Appendix R, the total static head (H,) is determined based on a reactor water level at the
bottom of the Main Steam Line nozzle, normal torus water level, reactor pressure of 100 psig
(Ref. 2.24), and no losses through the jet pumps since the recirculation loop discharge valve
remains open during the Appendix R event (Ref. 2.36). The reactor pressure is controlled based
on reading PI-3-79 (Ref. 2.36). The reactor pressure of 100 psig is corrected to the bottom of the
MSL from the location of the tap.

Total Static Head (H,) = (632.04’-536°)-(632.04’-628.17°) = 92.17 ft

Water level at Main Steam Line (MSL) = 632.04 ft

Water level in the torus = 536 ft

PI-3-79 elevation = 628.17 ft (Ref. 2.35)

Pressure Indicator elevation is subtracted to account for the 100 psi (Ref. 2.24) reactor pressure
that has to be maintained by the operator to ensure MSRVs continue operation.

Jet Pump Pressure is neglected since the recirculation loop discharge valve remains open during
Appendix R event (Ref. 2.36), which eliminates jet pressure.
Jet pressure = 123 psi at 30,000 gpm, (Ref. 2.25) adjusted to percentage of flow in the system.

P. = 123"‘( 2500
! 30000

2
] = 0.854psi

P, = 123*( 2000
! 30000

2
) =3.417psi

P, =123*( 7500
30000

2
) = 7.688psi
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2
P, =123*(l°8°°) = 16psi
30000

The reactor pressure is required to be 100 psig or greater based on Ref. 2.24. The system
operating point requires adjustment for the reactor vessel pressure. The Appendix R condition is
based on a temperature of 223°F (Ref. 2.30). Utilizing the conversion factor at that temperature,

100 psig is converted to 241.82 feet.

3 a2
H at 2500 gpm = 24.6ft +92.17ft - 0.854psi * (0.0161;[—b *144 —l:%i—) +241.82ft = 356.6ft

Similarly the rest of the flows are calculated in the same manner, Table 6.5 summarizes head at

the corresponding flow:

TABLE 6.5 :
Single pump system
curve
Flow Head
|pm) | (@
2500 356.6
5000 4249
7500 538.2
10800 757.2
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A plot of system head at the corresponding flows is developed using a third degree polynomial
curve fit. The system head loss curve is presented with the pump curve in Fig. 7.6. Table 6.6
depicts the system head loss at various flows.

TABLE 6.6:
Single pump system
curve
Flow Head

(gpm) (fo)

0 334
2000 349
3000 367
4000 392
5000 425
6000 465
7000 512
8000 566
8975 626
9975 695
10950 769
11950 852

Based on Figure 7.6, the system operating point for the RHR pumps for the Appendix R cases is
at 8,975 gpm with a corresponding head of 626 ft. This flow is less than the flow used in the
model (9,100 gpm) and therefore the model provides conservative results.

To determine the required pressure in the reactor pressure vessel to allow Appendix R cases to
run at 7200gpm or less, a new system curve is developed by adding a head loss to the existing
system curve, which shifts the operating point below 7200 gpm (See Table 6.7).

TABLE 6.7 :
Single pump system
curve
Flow Head

m) (ft)
2500 548.7
5000 616.9
7500 730.2
10800 949.2
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A plot of system head loss at corresponding flows is developed using a third degree polynomial curve fit.
The system head loss curve is presented with the pump curve in Fig. 7.6. Table 6.8 depicts the system
head loss at various flows.

TABLE 6.8:
Single Pump system
curve
Flow Head
(gpm) (v
0 526
2000 541
3000 559
4000 584
5000 617
6000 657
7150 712
7500 730
8500 788
9500 854
10950 961
11950 1044

From Figure 7.6 the operating point is found to be 7150 gpm at 183.3 psig reactor pressure. The Appendix
R condition is based on a temperature of 223°F (Ref. 2.30). Utilizing the conversion factor at that
temperature, 192 ft is converted to 83.3 psi.

For the LOCA-short term scenarios, a dual pump curve is obtained by utilizing the data from the single
pump curve and doubling the flow at constant head values (Ref. 2.2), Table 6.9 shows dual pump curve
data.

TABLE 6.9 :

Dual Pumps
Flow Head
(gpm) (L]

0 825
4000 810
6000 800
8000 787
10000 775
12000 755
14000 716
16000 675
18000 625
20000 575
22000 525
24000 475
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As in the Appendix R case, the head loss curve is developed by revising the results of Reference 2.25 for
the case being examined using the following equation:

H = Total Head (ft)

H¢= Friction Loss (ft)

H,= Total Static Head (ft)

P; = Jet Pump Pressure (ft) (removed as this case considers a broken recirculation loop)

Friction Loss = 526 ft (Ref. 2.25), adjusted based on the ratio of flow in the system.

2

H, at 5000gpm =( 3000 )+ 526 = 338
20000
( \2

H, at10000gpm = [100%0} 4 556 ~ 13261
20000,
/15000 Y2

H, at15000gpm = [ 2000} x 526 = 206t
(20000
/ \2

H, at 20000gpm = [ 22000 |« 526 = 52682
(20000,

Total Static Head (H,) = RHR discharge elevation at connection to Recirculation loop (Ref. 2.37) - Water
level in the torus (Ref. 2.25)

RHR discharge elevation at connection to Recirculation loop = 577.17 ft
Water level in the torus = 536 ft

Total Static Head (H,) = (577.17 fi - 536 ) = 41.17 ft

The Jet Pump pressure loss needs to be subtracted out since it was included in Reference 2.25 analyses. In
the analyses in this calculation, the recirculation loop discharge i s broken, the pressure loss for the jet
pump must be removed from the system head loss.

From Reference 2.25, the Jet Pump pressure loss at 30,000 gpm = 123 psi.

As system head will be developed for multiple flows, the losses through the jet pump need to be
determined at those flow rates. The loss at 30,000 gpm is adjusted based on flow consistent with the
methodology in Ref. 2.25:

5000

2
P, =123*( ) =3.42psi
30000

J

P =123,{10000
30000

2
) =13.67psi
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p, —123+[ 15000
30000

2
) =30.75psi

2
P, = 123*(20000) = 54.67psi
30000
ﬁ! inZ
Hat5000gpm =33ft +41.17ft -3.42 psi* (0.016E* 144E—Z—) = 66.3ft

Similarly the rest of the flows are calculated in the same manner. Table 6.10 summarizes head at the
corresponding flow for the system without jet pumps.

TABLE 6.10:
System curve
Flow Head
|_(gpm) (ft)

5000 66.3
10000 141.7
15000 266.3
20000 441.2
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A plot of head at the corresponding flows is developed for the system without jet pumps. A third degree
polynomial curve fit at the corresponding flow is plotted in order to obtain values between points (See Fig.
7.8). Table 6.11 depicts the developed head at the corresponding flow to model the system curve.

TABLE 6.11:
System Curve
without jet
_pumps
Flow Head

_(gpm) | (f0)
0 39
2000 44
4000 57
6000 77
8000 106
10000 142
12000 186
14000 237
16000 297
18000 365
20000 441
22000 525
23500 594
25500 693

Analyzing data in the table above the system operating point is at 22,000 gpm with a corresponding head
of 525 ft (See Figure 7.8). This flow is less than the flow used in the model (23,000 gpm) and therefore

provides conservative results.
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For the LOCA-short term with the unbroken recirculation loop, Table 6.12 summarizes the system head at
the corresponding flow for the system with jet pump losses included taken from Reference 2.25.

TABLE 6.12 :
System Curve
Flow Head
|_(gpm) (ft)
5000 101
10000 200
15000 364
20000 594

A plot of developed head at the corresponding flows is developed for the system with jet pumps. A third
degree polynomial curve fit at the corresponding flow is plotted in order to obtain values between points
(See Fig. 7.8). Table 6.13 depicts the system head loss at the corresponding flows.

TABLE 6.13:
System Curve
with jet pumps
Flow Head

|_{gpm) (fv
0 66
2000 72
4000 89
6000 116

8000 153
10000 200
12000 258
14000 326
16000 405
18000 494
19750 581
21750 690

Analyzing the values from Figure 7.8 the system operating point is 19,750 gpm with a corresponding head
of 581 ft. This flow is less than the flow used in the model (21,000 gpm) and therefore the model provides

conservative results.
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This calculation documents the results of analysis to determine the NPSH available for the pipe routing
and configuration from the ECCS suction strainer to the pump suction for both the RHR and CS piping
systems. The system operating conditions and modes of operations that are considered in this analysis are

listed below.

Table 6.14: Temperature and Flow Rate Combinations

LOCA Pump/Flow Combinations

Suppression Pool Temperature

CS Pumps A/B/C/D - 4125 gpm each
RHR A/C Pumps - 10,500 gpm each
RHR B/D Pumps — 11,500 gpm each

Temperature @ 95°F
Temperature @ 10 minutes EPU (155.4°F)

CS Pumps A/B/C/D - 4125 gpm each
RHR A/C Loop - 11,500 gpm each
RHR B/D Loop - 10,500 gpm each

Temperature @ 95°F
Temperature @ 10 minutes EPU (155.4°F)

CS Pumps A/C - 3125 gpm each, B/D- 0
RHR A/C Pumps — 6500 gpm each, B/D -0

Temperature @ 10 minutes EPU (155.4°F)
Temperature @ 172°F
Temperature @ T, EPU (187.3°F)

CS Pumps B/D - 3125 gpm each, A/C -0
RHR A/C Pumps — 6500 gpm each, B/D-0

Temperature @ 10 minutes EPU (155.4°F)
Temperature @ 172°F
Temperature @ Ty, EPU (187.3°F)

CS Pumps B/D - 3125 gpm each, A/C-0
RHR B/D Pumps - 6500 gpm each, A/C -0

Temperature @ 10 minutes EPU (155.4°F)
Temperature @ 172°F
Temperature @ T, EPU (187.3°F)

CS Pumps A/C - 3125 gpm each, B/D -0
RHR B/D Pumps - 6500 gpm each, A/C - 0

Temperature @ 10 minutes EPU (155.4°F)
Temperature @ 172°F
Temperature @ Ty, EPU (187.3°F)

CS Pumps A/C - 3125 gpm each, B/D -0
RHR A/B/C/D Pumps — 6500 gpm each

Temperature @ 166°F

ATWS Pump/Flow Combinations

RHR A/B/C/D Pumps — 6500 gpm each

Temperature @ 177°F

RHR A/B/C/D Pumps ~ 6500 gpm each

Temperature @ 192°F

RHR A/B/C/D Pumps — 6500 gpm each

Temperature @ 211°F

Appendix R Pump/Flow Combinations

One RHR Pump (non specific) — 7200 gpm

Temperature @ 191°F

One RHR Pump (non specific) — 9100 gpm

Temperature @ 191°F

One RHR Pump (non specific) — 7200 gpm

Temperature @ 223°F

One RHR Pump (non specific) - 9100 gpm

Temperature @ 223°F

SBO Pump/Flow Combinations

Two RHR Pump (A/C) - 6500 gpm, B/D -0
Two RHR Pump (B/D) — 6500 gpm, A/C -0

Temperature @ 157°F

Two RHR Pump (A/C) — 6500 gpm, B/D -0
Two RHR Pump (B/D) - 6500 gpm, A/C -0

Temperature @ 200°F
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Per American Hydraulic Institute standards (Ref. 2.20), the required Net Positive Suction Head
(NPSHr) of a pump is the NPSH that will cause the total head to be reduced by 3%, due to flow
blockage from cavitation vapor in the impeller vanes (Ref. 2.20).

The NPSHa is the actual fluid energy delivered to the pump impeller through the piping configuration
and is calculated by the following equation (Ref. 2.3).

NPSH,=h, + h,-h¢- hy, (Eq. 6.3)
where:

h, = Atmospheric head = Suppression Pool airspace pressure converted to feet of water (ft).

h, = Static pressure head = Elevation difference between the centerline of the pump inlet and the
suppression pool water level (ft).

hy= Total friction head loss (ft).

h,, = Vapor pressure of water at system temperature (ft).

The Browns Ferry Plant ECCS configuration includes an ECCS ring header circumscribing the
suppression chamber with connecting piping to four inlet penetrations through the torus wall into the
suppression pool. Inside the suppression pool, each connecting line is fitted with a flanged surface
for mating to the ECCS strainer flanges. The ECCS ring header supplies the suction piping of the
RHR, CS, High Pressure Core Injection (HPCI) and Reactor Core Isolation Cooling (RCIC) systems.

Since the ECCS ring header and the connecting piping to the ECCS strainers is common to the
suction of all of the ECCS pumps, the flow and pressure distribution for the ring header and strainers
is different for varying system demands. Therefore, to determine individual ECCS pump suction
pressures for various plant states, a model of the suction piping configuration was created from TVA
drawings (Ref. 2.4 and 2.6) for analysis with the Multiflow computer program (Ref. 2.5). A
simplified layout of the Multiflow model for the ECCS ring header and suction piping to the RHR
and CS pumps is shown in Figure 7.1 (See Section 7.0). All model link input dimensions and
components were taken from TVA drawings (Ref. 24 and 2.6) which contained systems
configuration and dimensions. Nodal diagrams for Units 1, 2 and 3 ECCS hydraulic models are
shown in Figures 7.2, 7.3 and 7.4, respectively (See Section 7.0).

For piping links in the model, piping lengths included the total piping isometric dimension. When
drawings did not specify whether a piping elbow was short or long radius, the conservative case, €.g.
short radius was chosen. The types of valves used in the models were taken from Reference 2.6. For
all form losses (elbows, valves, etc.), the Multiflow default values of equivalent length, resistance,
etc. were selected. The piping roughness value of 0.00015 ft was selected, which is acceptable for a
condensate quality system and would not be expected to change with the system age.
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In the MultiFlow, model the flow is represented in sgpm, requiring the conversion from gpm. The
conversion is shown below.

Specific Volume of Water at standard Temp. and Pressure

- =Flow(sgpm) (Eq6.4)
Specific Volume of Water at desired Temp. and Pressure

Flow (gpm) *

The standard temperature and pressure used in Multiflow is 60°F at 14.7 psia. All flows are
converted to sgpm at the corresponding temperature for all cases. All sgpm conversions are shown in
Tables 4 and 5.

For the LOCA cases, in the MultiFlow model, 2 pump component is used to model the strainer
pressure drop as a function of the flow rate. Reference 2.15 provides strainer head loss for two
different time periods. For short term (less than 10 minutes), head losses are provided for three flows.
For long term (greater than 10 minutes), head loss is provided for one flow rate. Flows obtained from
Reference 2.15 were converted to flow at standard conditions using Equation 6.4. Values of head loss
at corresponding strainer flow rates, taken from Reference 2.15, are converted to head loss at standard
conditions. A curve was developed and input into MultiFlow representing the head loss at the strainer
addressing the variation in strainer head loss for the two time periods. Based on a review of Reference
2.15, the strainer head loss varies linearly with flow through strainer. The curve developed provides
conservative losses at the strainers in comparison to the head loss values in Reference 2.15. (See Fig.
7.5). Table 6.13 provides the head loss data points used to model the strainers as a function of flow.

Table 6.13: Strainer Loss
Flow (sgpm) Loss (ft)
0 0
4592 -0.230
6000 -0.890
7000 -1.340
8000 -2.410
11000 -3.610
13239 -5.118
13288 -5.201
13514 -5.354
13515 -5.377
13565 -5.403
13624 -5.466
14033 -5.711
15000 -6.440
16000 -7.162




Document: MD-Q0999-970046 Rev.: 10 Plant: BFN Ul, 2&3 | Page: 27

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date

Checked Date____

CALCULATION SHEET

In order to assist analysis convergence in the ATWS, Appendix R and SBO cases, “dummy” check
valves with a minimum equivalent length to model strainer loss were installed in the piping links
from the strainer flanges to the ECCS ring header tees. For these special cases, the strainer pressure
drop is assumed to be zero since there is no debris in the strainer.

Pump static suction head is equal to the available water level above pump suction centerline. In the
Multiflow model, the static head at the strainer flange node is needed for calculation purposes. It is
necessary to establish this value in psig in the Multiflow model at the strainer flanges. From TVA
drawings (Ref. 2.6), the low water level of the suppression pool is 536° 1 3/4” with Ap and 536 3/4”
with zero delta P, which will be considered here.

Pool Leve!
—_—— e o —_—— — — 536° 3/4" (Ref.2.6)

525 4" (Ret.2.4)

Ring Header Figure 6.1

Angle =40° (Ref. 2.7a,band ¢)

h is the vertical distance from point A to the Ring Header centerline.
h=2.283 (Ref.2.7a,band ¢)

Point A is the strainer piping flange.

Point A elevation = 525.333 + 2.283 = 527.616’

and static head of Pt. A = 536.062 - 527.616 = 8.446’

These pressures are valid for cases where water is routed directly to the suppression pool (Appendix
R and ATWS). These values were established at the strainer flange points (nodes 1, 5, 23, and 27) for
the specified temperatures. The densities as a function of temperature in the following equations are
taken from STMFUNC (Ref. 2.22).
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For cases where the water is routed through the drywell (All LOCA and SBO cases), holdup in the
drywell must be taken into account. This will reduce the suppression pool level that can be considered
in NPSH calculations. The volume of water holdup in the drywell is calculated as follows. (See

Figure 6.2)

c |D
vent h=25 1/2"
B +
COrK;tét/e EL 549.92' (Ref. 2.29)
ater Level EL 540.92 {Ret. 2.34)
Figure 6.2

From Figure 6.2 (Ref. 2.28) the volume of the standing water in the drywell beneath the level of the
vent is calculated by finding the volume of two spherical segments, the concrete portion and the
concrete and water portion, and subtracting to obtain the volume of the water:

To find the radii of the water and concrete surfaces, basic geometry is used:

C=335-9=245ft
D=33.5"-9"-2.125 (Ref. 2.28) = 22375 ft

A’=3352.2452=520f

A=22851t

B?=33.52-22.375=621.61 ft

B=24.93 ft

Where A, B, C, and D are segments defined on Figure 6.2.

The volume of the concrete is found by using the equations in Reference 2.27:

Ve=x-h ‘[R -i;i) =x-9? -(33.5—%):7761.3ft3
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The volume of the concrete and water is found by:

he+ w 11.125

VC+W=7['hc+w2°(R— )=7t-11.1252-(33.5— )=11583.63ﬁ3

Therefore, the amount of water holdup in the drywell is

Vw=Vc+w-Vc=11583.63-7761.3 =3822.33 f°
Where:

Vc= Volume of concrete

Vesw = Volume of concrete and water

h. = height of concrete

he+w = height of concrete and water

Vw= Volume of standing water in drywell

Water Level decrease in Torus:

To find the surface area of the water in the torus, equations from Reference 2.27 are used. This
method is accurate for water levels within 1 foot of mid level of torus.

Ar=n(R? —r?)==(71.25 - 40.25?)=10,858 f?

Vw _ 382233R°
At 10858 R°

=0.352ft

where:

Ar= Surface area of water in torus
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R = Quter radius of torus
r = inner radius of torus
AH = Decrease in water level

From TVA drawings (Ref. 2.6), the low water level of the suppression pool is 536’ 1 3/4” with Ap
and 536’ 3/4” with zero delta P, which will be considered here.

The water level in the torus for LOCA and SBO is:

536’ 3/4”- 0.352°= 535.711°

and the static head of Pt. A = 535.711 - 527.616 = 8.049’

The pressure at the strainer flange points (nodes 1, 5, 23, and 27) at the specified temperatures for the

cases where the core spray pumps are running are adjusted to account for the water holdup in the
drywell. The densities as a function of temperature in the following equations are taken from
STMFUNC (Ref. 2.22).

Ib in? .
At 95°F, Hs = 8.094 ft x 62.05 el + 144'ﬁT = 3.488 psig (Eq. 6.52)

. 2
At 155.4°F, Hs = 8.094 fi x 61.09 %1’3-+144%‘2— =3434psig  (Eq.6.5b)

Ib in? .
At 157°F,Hs = 8.094 ft x 61.06 ES— +144? =3.432 psig (Eq. 6.5¢)

s 2
At 166°F, H, = 8.094 fi x 60.88 % +1441§T =3422psig  (Eq.6.5d)

<2
At 172°F, H. = 8.094 ft x 60.75 % + 144‘;:—2 =3.415 psig (Eq. 6.5¢)

s 2
At 177°F, He = 8.446 ft x 60.64;1:7+144:— =3.557 psig (Eq. 6.5)

2

. 2
A 187.3°F, Hs = 8.094 f x 60.42 %‘-} + 144%7 =339psig  (Eq.6.5¢)

e 2
At 191°F, H, = 8.446 fi x 60.33%“44?—2 =3.539 psig (Eq. 6.5h)

b in? . .
At 192°F, H: = 8.446 fi x 60.31-ﬁ—3+144% =3537psig  (Eq.6.5)

Ib in’ . :
At 200°F, Hs =8.094 ft x 60.12 'E; + 144? =3.379 psig (Eq 65])
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a2
At211°F, H; = 8.446 fi x 59'85%“44% =3.510psig  (Eq.6.5k)

s 2
At 223°F, H = 8.446 i x 59.55 % + 144% =3.493psig  (Eq.6.5])

The static elevation pressures at the ECCS piping flange points at corresponding system temperatures
are summarized in Table 6.14.

Table 6.14 : Strainer Pressure
Temperature(°’F) | Pressure (psig)
95.00 3.488
155.4 3.434
157.0 3.432
166.0 3.422
172.0 3.415
177.0 3.557
187.3 3.396
191.0 3.539
192.0 3.537
200.0 3.379
211.0 3.510
223.0 3.493

The Multiflow model calculation accounted for system static head and piping friction losses. To
obtain the NPSH available, it was necessary to subtract fluid vapor pressure h,;, (at the analyzed
suppression pool temperature) and take into account the suppression pool absolute pressure. Utilizing
Equation 6.1, the available NPSH is determined. See Tables 7.1 through 7.40 for calculations of
NPSHa for Unit 1. See Tables 11.1 through 11.40 for calculations of NPSHa for Unit 2. See Tables
14.1 through 14.40 for calculations of NPSHa for Unit 3.
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Flow conditions of the RHR and CS systems analyzed were

1) Maximum flow at a pool temperature of 95°F. (LOCA)

2) Maximum flow combinations at pool temperatures of 155.4°F and 166°F with no operational
reduction. (LOCA)

3) Long term operation at the suppression pool design temperature limit of 187.3°F at design required
system flow. (LOCA)

4) Maximum flow combinations at pool temperature 172°F at the end of overpressure requirement.
(LOCA)

5) Flow conditions of RHR system analyzed at pool temperature of 177°F, 192°F and 211°F (ATWS).

6) Flow conditions of RHR system analyzed at pool temperature of 191°F and 223°F at 7200gpm and
9100 gpm (Appendix R).

7) Flow conditions of RHR system analyzed at pool temperature of 157°F and 200°F (SBO).
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Head Loss (ft)
I

Figure 7.5: Strainer Head Loss Curve
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Figure 7.6 : RHR (Appendix R) pump curve and system curve
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Figure 7.7: Core Spray Pump and System Curves
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Figure 7.8: RHR Pump and System curves
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8 RESULTS AND CONCLUSIONS

Summary values of pump NPSH available are shown in Tables 6, 10 and 13 for Units 1, 2 and 3
respectively. These values are based on zero credit for containment overpressure as indicated in
column five of tables 6, 10, and 13.

Flows used in Multiflow cases are conservatively higher than flows identified in this calculation.

All steps taken to calculate NPSHa are shown in Tables 7.1 through 7.40 for Unit 1, Tables 11.1
through 11.40 for Unit 2, and Tables 14.1 through 14.40 for Unit 3. The pump pressures are obtained
from Multiflow output files. The equations used in these tables are shown in Table 8.

Tables 9, 12 and 15 list the strainer pressure drop and flow rates for Units 1, 2 and 3 respectively.
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Table 4: sapm calculations

Temp(°F) | V(ft'/1b)| Ratio Vs/Vr Flow | Flow
60 0.01603] 1.000000 (gpm)](sgpm)
95 0.01612] 0.995022
172 0.01646f 0974154 95 1554118731 172 | 177 | 192 | 211 191 223 167 200
165.4 (10.01637] 0.979577 4125 ] 4104 | 4041 | 3996 | 4018 | 4011 | 3989 | 3959 | 3991 3939 4039 3977
187.3 10.01655] 0.968770 6500 ] 6468 | 6367 | 6297 | 6332 | 6321 | 6286 | 6238 | 6288 6207 6364 6266
177 0.01649) 0.972434 7200} 7164 | 7053 | 6975 7014 | 7002 | 6963 | 6910 | 6965 6875 7049 6941
192 0.01658} 0.967045 10500] 10448 | 10286] 10172] 10229 10211| 10154{10077| 10158 10026 10280 10122
211 0.01671] 0.959742 11500] 11443 | 11265{11141]|11203] 11183} 11121|11037| 11125] 10981 11259 11086
191 0.01658| 0.967414 9100 | 9055 | 8914 | 8816 | 8865 | 8849 | 8800 | 8734 | 8803 8689 8910 8773
223 0.01679| 0.954866 T
157 0.01638| 0.979074
200 0.01663] 0.964033

Note 1: See Table 5 for steps of conversion of flow from gpm to sgpm.
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CALCULATION SHEET
A B | ¢ o E] F | &6 | H | | J | K L M

1 Table 5: sqnm calculations
2 | Temp(°F) V(ft’/Ib) Ratio Vs/Vr| | Flow | Flow
3 |60 =vitsat_97(60) |1 (gpm)} (sgpm)
4 |95 =vitsat 97(A4) |=Ba/B4
5 |172 =vitsat 97(A5) }=B3/B5 95 1565.4 214.6 172 227 197.3 166 187.3
6 |1654 =vftsat 97(A6) |=B3/B6 3125 |=E6'C4 I[=E6*C6 |=E6*C7 |=E6*C5 |=E6*C8 |=E6*C9 |=E6*C10 |=E6*C11
7 |214.6 =vitsat 97(A7) |=B3/B7 4500 |=E7*C4 |=E7*C6 |=E7*C7 |=E7*C5 |=E7*C8 |=E7*C9 |=E7*C10 |=E7*'C11
8 |227 =vitsat 97(A8) }=B3/B8 6500 ]|=E8*C4 |=E8'C6 |=E8*C7 |=E8*C5 |=E8'C8 |=E8*C9 |=E8*C10 |=E8*C11
9 |197.3 =vitsat 97(A9) [=B3/B9 10500 |=E9*C4 |=E9*C6 |=E9*C7 |=E9*C5 |=E9*C8 |=E9*C9 |=E9*C10 |=E9*C11
10 |166 =vftsat 97(A10) |=B3/B10 11500 |=E10*C4 |=E10"C6 |=E10*C7 [=E10*C5 |=E10*C8 |=E10*C9 [=E10*C10 |=E10*C11
11 }187.3 =vftsatJl 97(A11) |=B3/B11 14700 |=E11*C4 |=E11*C6 |=E11*C7 |=E11*C5 |=E11*C8 |=E11*C9 |[=E11*C10 |=E11*C11
12

This table depicts flow conversion to flow at standard conditions utilizing the ratio of specific volume of water at standard

temperature and pressure (See cell B3) to the specific volume of water at desired temperature and pressure (See cells B4
13 |through B11), the resulting ratios are displayed in cells C3 through C11.

All flows (gpm) (See cells E6 through E11) are multiplied by the ratio Vs/Vr at the desired temperature resulting in flows at
14 standard conditions (See cells F6 through M11) used in Multiflow.

vitsat_97(Temperature) is the specific volume of water at a specific temperature, it is a thermodynamic property of water
15 Jobtained from STMFUNC excel add-in program (Ref. 2.22) (See cell B3 through B11)
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TABLE 6
Unit 1
LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | Pressure
() (psia)
LOCA 1A @95°F RHR/A | 31.04 144
CS Pumps A/B/C/D-4125gpm each RER/B
RHR A/C Pumps -10,500 gpm each 30.03 144
RHR B/D Pumps 11,500 gpm each RHR/C | 29.51 144
RHR/D | 31.76 144
CS/A 28.39 144
CS/B 3221 144
Cs/C 31.84 14.4
CS/D 29.07 144
LOCA 1B @1554°F | RHR/A | 23.46 144
CS Pumps A/B/C/D-4125gpm each RHR/B | 22.45 144
RHR A/C Pumps -10,500 gpm each
RHR B/D Pumps -11,500 gpm each RHR/C | 21.92 144
RHR/D | 24.17 144
CS/A 20.80 144
CS/B 2462 144
Cs/C 24.25 14.4
CS/D 2148 144
. LOCA2A @95°F RHR/A | 30.13 14.4
CS Pumps A/B/C/D-4125gpm each RHRB | 31.29 14.4
RHR A/C Pumps —11,500 gpm each
RHR B/D Pumps —10,500 gpm each RHR/C | 28.30 [ 144
RHR/D | 32.72 144
CS/A 28.37 144
CS/B 32.16 144
Cs/C 31.82 144
CS/D 29.02 144
LOCA 2B @1554°F | RHR/A | 22.55 144
CS Pumps A/B/C/D-4125gpm each RHR/B | 23.70 14.4
RHR A/C Pumps —11,500 gpm each RHR/C | 20.71 144
RHR B/D Pumps -10,500 gpm each RHR/D | 25.14 14.4
CS/A 20.7¢ 14.4
CS/B 24.57 144
CS/C 24.23 14.4
CS/D 21.43 144
LOCA3A @1554°F | RHR/A | 35.57 144
CS Pumps A/C-3125gpm each
B/D-0 gpm each RHR/C | 34.98 14.4
RHR A/C Pumps-6500 gpm each CS/A 31.48 14.4
B/D-0 gpm each CSIC | 33.46 | 144
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LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | Pressure
10)) (psia)
LOCA 3B @172°F RHR/A | 30.88 144
CS Pumps A/C-3125gpm each
B/D-0 gpm each RHR/C | 30.30 144
RHR A/C Pumps-6500 gpm each CS/A 26.80 144
B/D-0 gpm each CS/IC | 2878 | 144
LOCA 3C @187.3°F | RHR/A | 24.94 144
CS Pumps A/C-3125gpm each RHR/C | 24.35 14.4
B/D-0 gpm each
RHR A/C Pumps-6500 gpm each CS/A | 2085 | 144
B/D-0 gpm each CS/C 22.83 144
LOCA 4A @1554°F | RHR/A | 35.58 144
CS Pumps B/D-3125gpm each RHR/C | 34.99 144
A/C-0 gpm each CS/B | 33.34 14.4
RHR A/C Pumps-6500 gpm each CS/D 31,54 14.4
B/D-0 each
LOCA 4B @172°F RHR/A | 30.90 144
CS Pumps B/D-3125gpm each RHR/C | 30.31 14.4
A/C-0 gpm each
RHR A/C Pumps-6500 gpm each CS/B_ | 2867 | 144
B/D-0 gpm each CS/D 26.86 144
LOCA 4C @187.3°F | RHR/A | 24.95 144
CS Pumps B/D-3125gpm each RHR/IC | 24.36 14.4
A/C-0 gpm each
RHR A/C Pumps-6500 gpm each csiB 22.72 144
B/D-0 gpm each CS/D 20.91 144
LOCA SA @1554°F | RHR/B | 35.29 144
CS Pumps B/D-43125gpm each RHRD | 35.84 14.4
By B e each CS/B_| 3332 | 144
RHR mps gpm eac]
A/C-0 gpm each CS/D 31.52 144
LOCA SB @172°F RHR/B | 30.61 14.4
CS Pumps B/D-3125gpm each
A/C-0 gpm each RHR/D | 31.16 144
RHR B/D Pumps-6500 gpm each CS/B 28.64 14.4
A/C-0 gpm each CSD | 26.84 144
LOCA 5C @187.3°F | RHR/B | 24.66 144
CS Pumps B/D-3125gpm each
A/C-0 gpm each RHR/D | 25.21 144
RHR B/D Pumps-6500 gpm each CS/B | 22.69 14.4
A/C-0 gpm each :
CS/D 20.89 144
LOCA 6A @1554°F | RHR/B | 35.27 14.4
CS Pumps A/C-3125gpm each
B/D-0 gpm each RHR/D | 35.82 144
RHR B/D Pumps-6500 gpm each CS/A 144
" AJC-0 gpm each 31.52 .
CS/C 33.50 144
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LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | Pressure
' @ (psia)

LOCA 6B @172°F RHR/B | 30.59 144

B/D-0 gpm each i
RHR B/D Pumps-6500 gpm each CS/A 26.84 144
A/C-0 gpm each cs/C 28.82 144
LOCA 6C @I1871.3°F | RHR/B | 24.64 144
CS Pumps A/C-3125gpm each RHRD | 25.19 14.4

B/D-0 gpm each

RHR B/D Pumps-6500 gpm each Cs/a 20.69 144
A/C-0 gpm each Cs/C 22.87 14.4
LOCA7 @166°F RHR/A | 30.40 144
CS Pumps A/C-3125gpm each RHR/B | 30.41 14.4
B/D-0 gpm each RHR/C | 29.82 144
RHR A/C/B/D Pumps-6500 gpm each RARD | 30.96 144
CS/A 27.26 144
Cs/C 29.23 144
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ATWS Pump/Flow Combination Pool Temp. | Pump | NPSHa | Pressure
1) (psia)
ATWS @177°F RHR/A | 28.68 144
RHR A/C/B/D Pumps-6500 gpm each RHR/B | 28.73 14.4
CS Pumps A/C/B/D-0 gpm each
RHR/C | 28.10 144
RHR/D | 29.28 144
ATWS @192°F RHR/A | 22.28 14.4
RHR A/C/B/D Pumps-6500 gpm each RHR/B | 22.32 14.4
CS Pumps A/C/B/D-0 gpm each RHR/C | 21.69 144
RHR/D | 22.87 14.4
ATWS @211°F RHR/A | 1114 14.4
RHR A/C/B/D Pumps-6500 gpm each RHR/B 11.19 14.4
CS Pumps A/C/B/D-0 gpm each ! RHR/C | 10.56 144
RHR/D | 11.74 144
Appendix R Pump/Flow Pool Temp. | Pump | NPSHa | Pressure
Combination (ft) (psia)
App-RA @I191°F A 24 .44 144
RHR Pump A-7200 gpm
App-RB @I91I°F B 24.43 144
RHR Pump B-7200 gpm
AppRC @191°F C 24.30 144
RHR Pump C-7200 gpm
App-RD @191°F D 2452 14.4
RHR Pump D-7200 gpm
App-R A @I191°F A 235 144
RHR Pump A-9100 gpm
App-RB @I191°F B 2347 14.4
RHR Pump B-9100 gpm
App-RC @I191°F C 23.27 144
RHR Pump C-9100 gpm
App-RD @I191°F D 23.63 144
RHR Pump D-9100 gpm
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Appendix R Pump/Flow Combination | Pool Temp. | Pump | NPSHa | Pressure
() (psia)
App-RA @223°F A 448 14.75
RHR Pump A-7200 gpm
AppRB @223°F B 4.46 14.75
RHR Pump B-7200 gpm
App-RC @223°F C 4.34 1475
RHR Pump C-7200 gpm
App-RD @223°F D 4.56 14.75
RHR Pump D-7200 gpm
App-RA @223°F A 3.56 14.76
RHR Pump A-9100 gpm
App-RB @223°F B 3.50 14.75
RHR Pump B-9100 gpm
AppRC @223°F C 3.33 14.76
RHR Pump C-9100 gpm
App-RD @223°F D 3.66 14.75
RHR Pump D-9100 gpm
SBO Pump/Flow Combination Pool Temp | Pump | NPSHa | Pressure
£ 4] (psia)
SBO1A/C @157°F A 35.45 144
RHR Pump A/C-6500 gpm each C 32.86 144
SBO2B/D @I57°F B 35.14 14.4
RHR Pump B/D-6500 gpm each D 35.69 144
SBO1A/C @200°F A 18.76 144
RHR Pump A/C-6500 gpm each C 18.18 144
SBO2BD @200°F B 18.46 144
RHR Pump B/D-6500 gpm each ) 19.01 44
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Vapor Pressure | Specific Volume } Conversion Factor
Temp(°F) (psia) V{ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
95 0.616362332 0.016115213 2.320590685 Pool Press. (psia) | 14.4]
RHR Pressure (psig) NPSHa (ft)
1PUMPA -0.2071 31.04
2PUMPB -0.641 30.03
3PUMPC -0.866 29.51
4PUMPD 0.102 31.76
CS Pressure {psig) NPSHa (ft)
1CSPUMPA -1.348 28.39
2CSPUMPB 0.297 32.21
3CSPUMPC 0.137 31.84
4CSPUMPD -1.058 29.07
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CALCULATION SHEET
A ] B | c ] D | E ITF]l 6 1 H | | l J
1 Table 8: Unit 1 NPSH Calculations Case 1A 95F
2 Vapor Pressure | Specific Volume | Conversion Factor
3| Temp(°F) (psia) V(f*nb) psia to feet of head
4 160 =ptsat_97(60) =vitsat_97(Ad) =C4*144
5 195 =ptsat_97(A5) =vftsat 97(A5 =C5*144 Pool Press. (psia) [14.4 |
6
7| RHR | Pressure (psig) NP3SHa (it
8 | 1PUMPA }-0.2071 =(B8-B5+F5)'D5
9 | 2PUMPB |-0.641 =(B9-B5+F5)'D5
10] 3PUMPC {-0.866 =(B10-B5+F5)*D5
11} 4PUMPD 10.102 =(B11-B5+F5)'D5
12 CS Pressure (psig) | NPSHa (ft
13| 1CSPUMPA |-1.348 =(B13-B5+F5)*D5
14 | 2CSPUMPB 0.297 =(B14-B5+F5)*DS
15 | 3CSPUMPC 10.137 =(B15-B5+F5)*D5
16 | ACSPUMPD {-1.058 =(B16-B5+F5)*D5
17
18 | This table depicts the calculation of NPSHa (See cells in column C under NPSHa heading)
9
20 | Al pressures are in psi, which requires the conversion at the desired temperature (Cell D5 ) to obtain NPSHa in feet. The conversion factor (See cell D5) is obtained by
21 |muitiplying specific volume of water at the desired temperature (See cell C5) by 144,
[NPSHa = [ suction pressure (pressure at pump inlet nodes obtained from Muitiflow output files) (See cells in column B under Pressure heading (psig)) ~ vapor pressure (See
23 [cell B5 (psia)) + pool pressure (See cell F5 (psia))] X conversion factor from psia to feet (See D5)
2z
vitsat_97(Temperature) is the specific volume of water at a specific temperature, it is a thermodynamic property of water obtained from STMFUNC excel add-in program (Ref.
_%g_ 2.22) (See cells C4 and C5)
ptsat_97(Temperature) is the vapor pressure of water at a specific temperature, it is a thermodynamic property of water obtained from STMFUNC excel add-in program (Ref.
27 |2.22) (See cells B4 and B5S)
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Table 7.2: Unit 1 NPSH Calculations Case 1B 155.4F
Vapor Pressure | Speclific Volume | Conversion Factor
Temp(°F) (psia) V(ft*Ab) psla to feet of head
60 0.256389624 0.016034992 . 2.309038802 -
155.4 4.249928506 0.016369309 : 2.357180486 Pool Press. (lsla)] 14.4]
~__RHR Pressure (psig) NPSHa (f1)
1PUMPA -0.199 23.46
2PUMPB -0.627 22.45
3PUMPC -0.849 21.92
4PUMPD 0.105 2417
CS " Pressure (psig) NW
1CSPUMPA -1.324 20.80
2CSPUMPB 0.296 24.62
3CSPUMPC 0.138 24.25
4CSPUMPD -1.039 21.48
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Table 7.3: Unit 1 NPSH Calculations Case 2A 85F

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Speclfic Volume | Conversion Factor
Temp(°F) (psia) V(it*Nb) - psla to feet of head
60 0.256389624 0.016034992 2.309038802 -
95 0.816362332 0.016115213 2.320590685 Pool Press. (_psia)] 14.4]
RHR | Pressure (psig) | NPSHa (ft)
1PUMPA 0.599 30.13 _
2PUMPB -0.102 31.29
3PUMPC -1.389 28.30
4PUMPD 0.518 32.72
CS Pressure (pslg) NPSHa (ft)
1CSPUMPA -1.357 28.37
2CSPUMPB 0.276 32.16
3CSPUMPC 0.128 31.82
4CSPUMPD -1.078 29.02
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Table 7.4: Unit 1 NPSH Calculations Case 2B 155.4F
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CALCULATION SHEET

Vapor Pressure | Specific Volume | Conversion Factor
Temp{°F) (psia) V(ft*b) psia to feet of head
60 0.2563689624 0.016034992 2.309038802
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (p_iia)] 14.4
~ RHR Pressure (psig) NPSHa (it) |
1PUMPA -0.585 22.55
2PUMPB -0.097 23.70
_3PUMPC -1.364 20.71_
4PUMPD 0514 25.14
CS " Pressure (psig) NPSHa (ft)
1CSPUMPA -1.332 20.79
2CSPUMPB 0.275 24.57
3CSPUMPC 0.129 24.23
4CSPUMPD -1.059 21.43
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CALCULATION SHEET
Table 7.5: Unit 1 NPSH Calculations Case 3A 155.4F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
155.4 4.249928506 0.016369309 2.357180486 Pool Pressipsla) | 14.4]
RAR | Pressure (psig) NPSHa (i) |
1PUMPA 4.938 35.57
2PUMPB
3PUMPC . 4.689 ' 34.98
4PUMPD
CS " Pressure (psig) NPSHa (ft) |
1CSPUMPA 3.204 31.48
2CSPUMPB
[3CSPUMPC 4.043 33.46
4CSPUMPD
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CALCULATION SHEET

Table 7.6: Unit 1 NPSH Calculations Case 3B 172F

Vapor Pressure  Specific Volume Conversion Factor
Temp(°F) (psia) V(ft’/ib) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _
172 6.281035863 0.016460423 2.370300872 Pool Press. (.‘Ela)] 14.4]
[T RHR [ Pressure (psig) NPSHa (ft) |
1PUMPA 4.911 30.88
3PUMPC 4.664 30.30

RHR Pressure (psig) NPSHa (t)
1CSPUMPA 3.187 26.80

3CSPUMPC 4.021 28.78
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Table 7.7: Unit 1 NPSH Calculations Case 3C 187.3F
Vapor Pressure | Speclfic Volume | Conversion Factor
Temp{°F) (psia) V{ft*1b) psia to feet of head
60 0.256389624 0.016034992 2.309038802
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (_Esla)] 14.4}
RHR Pressure (psig) NPSHa (ft)
1PUMPA 4.884 24.94 -
2PUMPB
3PUMPC 4.638 24.35
| 4PUMPD
CS Pressure (psig) NPSHa (ft)
1CSPUMPA 3.17 20.85
2CSPUMPB
3CSPUMPC 3.999 22.83
4CSPUMPD
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CALCULATION SHEET
Table 7.8: Unit 1 NPSH Calculations Case 4A 155.4F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(f°Ab) pslia to feet of head
60 0.256389624 0.016034992 2.309038802 _
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (_psia)] 14.4]
~ RHR | Pressure (psig) NPSHa (ft) |
1PUMPA 4.944 35.58
2PUMPB
3PUMPC 4.695 34.99
4PUMPD
CS “Pressure (psig) NPSH_a(ﬂ)_'
1CSPUMPA
2CSPUMPB 3.996 33.34
3CSPUMPC
4CSPUMPD 3.231 31.54
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Table 7.9: Unit 1 NPSH Calculations Case 4B 172F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(f°Nb) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _
172 6.281035863 0.016460423 2.370300872 Pool Pres_s_._(_psia)l 14.4]
~ RHR | Pressure (psig) ] _ NPSHa (f)
~1PUMPA 4.917 30.90
2PUMPB
| 3PUMPC 4.669 30.31
|2RUMPD ) I
___QS Pressure (p_s.g) NPSHa (ft)
1CSPUMPA '
2CSPUMPB 3.975 28.67
3CSPUMPC

4CSPUMPD] 3.213 26.86
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CALCULATION SHEET
Table 7.10: Unit 1 NPSH Calculations Case 4C 187.3F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802
187.3 8.822339971 0.01655191 2.383475045 1 Pool Press. (_psiia) | 14.41
RHR Pressure (psig) | NPSHa (ft)
1PUMPA 4.889 24.95
2PUMPB
[ _3PUMPC 4.644 24.36
4PUMPD
CS | Pressure (psig) |  NPSHa (fit)
.1 1CSPUMPA
2CSPUMPB 3.953 22.72
3CSPUMPC

4CSPUMPD 3.196 20.91
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CALCULATION SHEET

Table 7.11: Unit 1 NPSH Calculations Case 5A 155.4F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(f’Ab) | psiato feet of head
60 0.256389624 0.016034992 |  2.309038802 _
155.4 4.249928506 0.016369309 * 2.357180486 Pool Press. U_piia)] 144 |
RHR Pressure (psig) NPSHa () |
1PUMPA ’
2PUMPB 4.822 35.29
SPUMPC
4PUMPD 5.056 35.84
CS | Pressure (psig) NPSHa (ft) |
1CSPUMPA
2CSPUMPB 3.987 33.32
I 3CSPUMPC
4CSPUMPD 3.221 31.52
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CALCULATION SHEET '

Table 7.12: Unit 1 NPSH Calculations Case 5B 172F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*b) psia to feet of head
60 0.256389624 | 0.016034992 2309038802 _
172 6.281035863 0.016460423 2.370300872 Pool Press. Lpsla)] 14.4]
RHR | Pressure (psig) NPSHa (ft) ]
1PUMPA
2PUMPB 4.796 30.61
3PUMPC
4PUMPD 5.028 31.16
CS [ Pressure (psig) NPSHa (ft)
1CSPUMPA "'"'
2CSPUMPB - 3.965 28.64
3CSPUMPC

4CSPUMPD 3.204 26.84
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Table 7.13: Unit 1 NPSH Calculations Case 5C 187.3F
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NPSH Evaluation of Browns Ferry RHR and CS pumps

CALCULATION SHEET

Vapor Pressure | Specific Volume ] Conversion Factor
Temp(°F) (psla) V(ft*Ab) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (_psia)] 14.4]
[ RHR | Pressure (psig) | _ NPSHa (ft)
“1PUMPA o
2PUMPB 4.769 24.66
3PUMPC
4PL_JIMPD 5 25.21
CS “Pressure {psig) NW
1CSPUMPA
2CSPUMPB 3.944 22.69
3CSPUMPC
4CSPUMPD 3.187 20.89
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CALCULATION SHEET
Table 7.14: Unit 1 NPSH Calculations Case 6A 155.4F
Vapor Pressure | Specitic Volume | Converslon Factor
Temp(°F) (psia) V(t°Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802
155.4 4.249928506 0.016369309 2.357180486 Pool Press._(Esla) 114.4)
[—_RHR_| Pressure (psig) |___NPSHa (i)
1PUMPA
2PUMPB 4813 35.27
3PUMPC
| 4PUMPD 5.047 35.82
CS “Pressure {psig) NPSHa (ft)
1CSPUMPA 3.222 31.52
2CSPUMPB .
3CSPUMPC 4.061 33.50

4CSPUMPD
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CALCULATION SHEET

Table 7.15: Unit 1 NPSH Calculations Case 6B 172F

NPSH Evaluation of Browns Ferry RHR and CS pumps

4CSPUMPD

Vapor Pressure | Specific Volume ] Conversion Factor
Temp(°F) (psia) V(ft*fib) psia to feet of head
60 0256389624 | _ 0.016034992 2.309036802 _
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia)[ 14.4]
— RHR__ | Pressure (psig) | NPSHa (1) |
~ 1PUMPA T »
2PUMPB 4.787 30.59
3PUMPC _
4PUMPD 5.019 31.14
CS Pressure (psig) NPSHa (ft)
1CSPUMPA 3.204 26.84
2CSPUMPB
3CSPUMPC 4.039 28.82
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Table 7.16: Unit 1 NPSH Calculations Case 6C 187.3F .
Vapor Pressure | Speclfic Volume | Conversion Factor
Temp(°F) (psia) V(ft"/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (_[L)sla)] 144 |
[ RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB 4.76 24.64
3PUMPC
4PUMPD 4.992 25.19
CS " Pressure (psig) NPSHa (ft)
1CSPUMPA 3.187 20.89
2CSPUMPB
3CSPUMPC 4.017 22.87
4CSPUMPD
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CALCULATION SHEET
Table 7.17: Unit 1 NPSH Calculations Case 7 166F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°A1b) psia to feet of head
60 0.256389624 0.016034992 2.309038802 —
166 5.468938413 0.016426501 2.365416198 Pool Press._(_gsla)l 14.4]
[ RAR Pressure (psig) NPSHa (ft)
1PUMPA 3.922 30.40
2PUMPB 3.926 30.41
3PUMPC 3.674 25.82
|_4PUMPD 4.159 30.96
CS Pressure (psig) NPSHa (ft) |
1CSPUMPA 2.592 27.26
2CSPUMPB
3CSPUMPC 3.428 28.23
4CSPUMPD
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CALCULATION SHEET

Table 7.18: Unit 1 NPSH Calculations ATWS 177F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(f/ib) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _
177 7.033092437 0.016489536 2.374493143 Pool Press. Lpila)] 14.4 |
"RHR | _Pressure (psig) NPSHa (f1)
PUMPA 4713 28.68
PUMPB 4.732 28.73
PUMPC 4.466 28.10

[ PUMPD 4.964 29.28
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CALCULATION SHEET

Table 7.19: Unit 1 NPSH Calculations ATWS 192F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V{it*b) psla to feet of head
60 0.256389624 0.016034982 2.309038802 _
192 9.757027807 0.01658144 2.387727412 Pool Press. (psla)| 14.4 1
RHR | Pressure (psig) NPSHa (ft) |
PUMPA 4.687 22.28
PUMPB 4.706 22.32
PUMPC 4.441 21.69
PUMPD 4.937 22.87
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CALCULATION SHEET

Table 7.20: Unit 1 NPSH Calculations ATWS 211F

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802 .
211 14.42019545 0.016707611 2.405895953 Pool Press. @sla)] 144 |
RHR | Pressure (psig) NPSHa (ft)
PUMPA 4.652 11.14
PUMPB 4.67 11.19
PUMPC 4.408 10.56
PUMPD 4,899 11.74
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Table 7.21: Unit 1 NPSH Calculations App-R A 191F 7200gpm

Vapor Pressure | Specific Volume | Converslon Factor

Temp(°F) (psia) V(ft°/ib) psia to feet of head

60 0.256389624 0.016034992 2.309038802 N

191 9.551535023 0.016575101 2.306814603 Pool Press. (psia)|__14.4_]

~ RHR Pressure (psig) NPSHa (ft)

1PUMPA 5.393 24.44
2PUMPB
3PUMPC

4PUMPD
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CALCULATION SHEET
Table 7.22: Unit 1 NPSH Calculations App-R B 181F 7200gpm
Vapor Pressure |} Specific Volume | Conversion Factor

Temp(F) (psia) V(it"ib) psia to feet of head

60 0.256389624 0.016034992 2.309038802 -

191 9.551535023 0.016575101 2.386814603 Pool Press. (_psla) j14.4]

"RHR | Pressure (psig) (ft)]  NPSHa (ft) |

1PUMPA o
2PUMPB 5.385 24.43
3PUMPC

4PUMPD
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NPSH Evaluation of Browns Ferry RHR and CS pumps

Table 7.23: Unit 1 NPSH Calculations App-R C 191F 7200gpm

Vapor Pressure | Specific Volume | Converslon Factor

Temp(°F) (psia) V(ft°/ib) psla to feet of head

60 0.256369624 0.016034992 2.309038802 _

191 9.551535023 0.016575101 2.386814603 Pool Press.A(_Psla)] 14.4]

RHR | Pressure (psig) NPSHa (ft)

1PUMPA ~
2PUMPB
3PUMPC 5.333 24.30
4PUMPD
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CALCULATION SHEET

Table 7.24: Unit 1 NPSH Calculations App-R D 191F 7200gpm

Vapor Pressure | Speclfic Volume | Conversion Factor

Temp(°F) (psia) V(ft*/1b) psla to feet of head.

60 0.256389624 0.016034992 2.309038802 _

1N 9.5515635023 0.016575101 2.386814603. Pool Press. (_psla) | 144 |

 RHR Pressure (psig) NPSHa (ft)

1PUMPA o
2PUMPB
3PUMPC
4PUMPD 5.426 24.52
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| 4PUMPD
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CALCULATION SHEET
Table 7.25: Unit 1 NPSH Calculations App-R A 223F 7200gpm
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(f*/b) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _
223 18.22056282 0.016792916 2.418179953 Pool Press. (psta)| 14.75 |
[ RHR__T Pressure (psig) NPSHa (ft)
—1PUMPA 5323 4.48
2PUMPB
3PUMPC
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CALCULATION SHEET

Table 7.26: Unit 1 NPSH Calculations App-R B 223F 7200gpm

Vapor Pressure | Speclific Volume | Conversion Factor

Temp('F) (psia) V(ft’Ab) psia to feet of head

60 0.256389624 0.016034992 2.305038802

223 18.22056282 0.016792916 2.418179953 Pool Presﬂgsla) | 14.%'

[T RHR _[Pressure (psig) ()] NPSHa (i)

1PUMPA
2PUMPB 5.315 4.46
3PUMPC

4PUMPD
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Table 7.27: Unit 1 NPSH Calculations App-R C 223F 7200gpm
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NPSH

CALCULATION SHEET

Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
223 18.22056282 0.016792916 2418179953 Poo! Press. Lpsla)] 14.75]
~ RHR Pressure (psig) NPSHa (it)
1PUMPA
2PUMPB
| 3PUMPC 5.264 4.34
4PUMPD
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CALCULATION SHEET
Table 7.28: Unit 1 NPSH Calculations App-R D 223F 7200gpm
Vapor Pressure | Speclfic Volume | Conversion Factor

Temp(°F) (psla) V(ft*/ib) psla to feet of head

60 0.256389624 0.016034992 2.309038802 _

223 18.22056282 0.016792916 2.418179953 . Pool Press. (_psla) | 1475 |
~“RHR | Pressure (psig) NPSHa (ft)
IPUMPA o
2PUMPB
3PUMPC

4PUMPD 5.356 4.56
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CALCULATION SHEET

Table 7.28: Unit 1 NPSH Calculations App-R A 181F 9100gpm

Vapor Pressure | Speclific Volume | Conversion Factor

Temp(°F) (psia) V(f'/ib) psia to feet of head

60 0.256389624 0.016034992 2.309038802 _

191 9.551535023 0.016575101 2.386814603 Pool Press. Lpsla)] 14.4 |

RHR Pressure (psig) NPSHa (ft)

1PUMPA 4.996 23.50
2PUMPB
3PUMPC
4PUMPD
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CALCULATION SHEET

Table 7.30: Unit 1 NPSH Calculations App-R B 181F 8100gpm

Vapor Pressure | Specific Volume | Conversion Factor

Temp(“F) (psia) V(ft°Ab) psia to feet of head

60 0.256389624 0.016034992 2.309038802

191 9.5651535023 0.016575101 2.386814603 Pool Press. ;psla) |14.4]

[ RHR | Pressure (psig) (R)] _ NPSHa () |

1PUMPA o
2PUMPB 4.983 23.47
3PUMPC

“4PUMPD
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CALCULATION SHEET
Table 7.31: Unit 1 NPSH Calculations App-R C 191F 91 00gpm
Vapor Pressure | SpecHiic Volume | Conversion Factor
Temp(°F) (psia) V(f*hb) psia to feet of head
60 0.256389624 0.016034992 2.309038802
191 9.551535023 0.016575101 2.386814603 Pool Press. (psia) | 14.4]
RHR | Pressure (psig) NPSHa (ft)
1PUMPA -
2PUMPB
3PUMPC 4.9 23.27

4PUMPD
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CALCULATION SHEET
Table 7.32: Unit 1 NPSH Calculations App-B D 191F 9100gpm
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°Ab) psla to feet of head
60 0.256389624 0.016034992 2.309038802
191 9.5651535023 0.016575101 2.386814603 Pool Press. (!:sla)] 144 |
RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB
3PUMPC
4PUMPD 5.05 23.63
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CALCULATION SHEET
Table 7.33: Unit 1 NPSH Calculations App-R A 223F 8100gpm
Vapor Pressure | Speclific Volume | Conversion Factor
Temp(°F) (psia) V(ft*Nb) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _

223 18.22056282 0.016792516 2.418179953 Pool Press. (gsia)] 14.76 |

RHR "Pressure (psig) NPSHa (i)
1PUMPA 4.932 3.56
2PUMPB
3PUMPC
4PUMPD

EREE
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CALCULATION SHEET

Table 7.34: Unit 1 NPSH Calculations App-R B 223F 9100gpm

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(ft°’Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802
223 18.22056282 0.016792916 2.418179953 Pool Press. (_psla) | 1433'

[_RHR__ | Pressure (psig) (f)] __NPSHa (i) |
1PUMPA —
2PUMPB 4.919 3.50
3PUMPC

4PUMPD
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CALCULATION SHEET
Table 7.35: Unit 1 NPSH Calculations App-R C 223F 100gpm
Vapor Pressure | Specific Volume | Converslon Factor
Temp(°F) (psia) V(ft*/ib) psla to feet of head
60 0.256389624 0.016034992 2.309038602 _
223 18.22056262 0.016792916 2.418179953 Pool Press. (psia)]| 14.76
[_RHR Pressure (psig) NPSHa (ft)
1PUMPA T
2PUMPB
3PUMPC 4.836 3.33
"4PUMPD
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Table 7.36: Unlt 1 NPSH Calculations App-R D 223F 8100gpm

Page:85

CALCULATION SHEET

Conversion Factor

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume
Temp(°F) (psia) V(ft*/b) psia to feet of head .
60 0.256389624 0.016034932 2.309038802
223 18.22056282 0.016792916 2.418179953 Poo! Press. Lpsla) | 1475 |
RHR | Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB
"3PUMPC -
4PUMPD 4,985 3.66
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CALCULATION SHEET

Table 7.37: Unit 1 NPSH Calculations Case SBO A-C 157F

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(it*/Ib) psia to feet of head

60 0.256389624 0.016034992 2.309038802 _

157 4.417636119 0.016377716 2.358391077 Pool Press. (_psIa) ] 14.41
“RHR | _Pressure (psig) NPSHa (ft) |
1PUMPA 5.048 35.45
2PUMPB
3PUMPC 4.799 34.86
4PUMPD
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CALCULATION SHEET

Table 7.38: Unit 1 NPSH Calculations Case SBO B-D 157F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*Nb) psla to feet of head
60 0.256389624 0.016034992 2.309038802
157 4.417636119 0.016377716 2.358391077 Pool Press. (psla) 14.4]
~ RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB 4.918 35.14
3PUMPC

4PUMPD 5.152 35.69
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CALCULATION SHEET

Table 7.39: Unit 1 NPSH Calculations Case SBO A-C 200F

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(ft*N1b) psla to feet of head

60 0.256389624 0.016034992 2.309038802 _
200 11.53763273 0.016633238 2.395186284 Pool Press. (_psia)] 14.4}
™ RHR Pressure (psig) NPSHa (ft)

1PUMPA 4.971 18.76 -

2PUMPB

3PUMPC 4.726 18.18

4PUMPD
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CALCULATION SHEET
Table 7.40: Unit 1 NPSH Calculations Case SBO B-D 200F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°/b) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _
200 11.537632733 0.016633238 2.395186284 Pool Press. (psia) _14.4 |
RHR Pressure (pslg) NPSHa (1t)
1PUMPA
2PUMPB 4.843 18.46
3PUMPC

(4PUMPD 5.073 19.01
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps

Prepared Date

Checked Date
CALCULATION SHEET
TABLE 9
Unit 1
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
LOCA 1A @95°F Strainer 1 15713.7 3.04
CS Pumps A/B/C/D-4125gpm each :
RHR A/C P s 10,500 gpm cach Strainer 23 14682.4 2.645
RHR B/D Pumps -11,500 gpm each Strainer 27 15042.5 2.83
Strainer 5 14759.5 2.688
LOCA 1B @155.4°F Strainer 1 154703 2.993
CS Pumps A/B/C/D-4125gpm each Strainer 23 a4 06
RHR A/C Pumps —10,500 gpm each fner 14455.5 26
RHR B/D Pumps -11,500 gpm each Strainer 27 14808.3 2.787
Strainer § 14531.9 2,648
LOCAZA @95°F Strainer 1 15969.4 3.036
CS P‘X‘/‘gs A/B’C’?-l“;gggpm °a°*1*1 Strainer 23 147016 | 2.656
RHR Pumps —11,500 gpm eac -
Strainer § 14736.8 2.675
LOCA 2B @155.4°F Strainer 1 15452.5 2.989
CS Pumps A/B/C/D-4125gpm each Strainer 23 14474.8 2.616
RHR A/C Pumps -11,500 gpm each Strainer 27 14829.5 2.796
RHR B/D Pumps -10,500 gpm each Strainer 5 14509.2 2.635
LOCA 3A @155.4°F Strainer 1 4923 85 0.177
CS Pumps A/C-3125gpm each -
B/D-0 gpm each Strainer 23 4536.97 0.104
RHR A/C Pumps-6500 gpm each Strainer 27 4621.3 0.119
B/D-0 gpm each Strainer 5 477388 | 0.147
LOCA 3B @172°F Strainer 1 4896.25 0.176
CS Pumps A/C-3125gpm each Stainer23 | 451232 | 0.104
B/D-0 gpm each
RHR A/C Pumps-6500 gpm each Strainer 27 4596.07 0.119
B/D-0 gpm each Strainer 5 474736 | 0.146
LOCA3C @187.3°F Strainer 1 4868.75 0.175
cs lel;% l_’~0/C-312525m each Strainer 23 4487.58 0.103
gpm eac -
RER A/C 5-6500 gpm each Stranfwr 27 4570.78 0.118
B/D-0 ;@m cach Strainer 5 472089 | 0.146
LOCA4A @155.4°F Strainer 1 4861.33 0.164
CS Pumps B/D-3125gpm each Strainer 23 4616.42 0.118
A/C-0 gpm cach Strainer 27 4695.98 0.133
RHR A/C Pumps-6500 gpm each Strainer 5 4682.26 0.130
B/D-0 each
LOCA 4B @172°F Strainer 1 4834.22 0.163
cs Puﬂ;sz 1.30/9-31258? cach Strainer 23 459107 | 0.118
gpm eac -
RHR A/C Pumps-6500 gpm each Strainer 27 4670.16 0.132
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
LOCA 4C @187.3°F Strainer 1 4807.19 0.162
cs P“?}*‘C?O’D‘“”gim each Strainer 23 4565.69 0.117
gpm eac -
R}m A’C Pumps_ssoo gpm caCh Stramcr 27 4644.3] 0.131
B/D-0 gpm each Strainer 5 4630.81 0.129
LOCA SA @1554°F Strainer 1 4669.87 0.128
cs Punzsc BO/D-3125g£m each Strainer 23 4757.96 0.144
-V gpm eac Strainer 27 4868.9 0.166
RHR B/D Pumps-6500 gpm each Strainer 5 455926 | 0.108
A/C-0 gpm each
LOCASB @172°F Strainer 1 4644 .41 0.127
CS Pumps B/D-3125gpm each Strainer 23 473146 | 0.143
A/C-0 gpm each -
RHR B/D Pumps-6500 gpm each Strainer 27 4841.57 0.165
A/C-0 gpm each Strainer 5 4534.56 0.108
LOCA SC @187.3°F Strainer 1 4618.88 0.127
CS Pumps B/D-3125gpm each . : -
A/C _0 gpm each Slramer 23 4705.02 O. 143
RHR B/D Pumps-6500 gpm each Strainer 27 4814.34 0.164
A/C-0 gpm each
Strainer 5 4509.75 0.107
LOCA 6A @155.4°F Strainer 1 474394 0.142
CS Pumps A/C-3125gpm each -
B/D-0 gpm each Strainer 23 4665.05 | 0.127
RHR B/D Pumps-6500 gpm each Strainer 27 479596 | 0.151
A/C-0 gpm each
Strainer 5 4651.04 0.124
LOCA 6B @172°F Strainer 1 47179 0.141
CS Pumps A/C-3125gpm each Strainer 23 4639.35 0.126
B/D-0 gpm each -
RHR B/D Pumps-6500 gpm each Strainer 27 4769.18 0.151
A/C-0 gpm each Strainer 5 4625.57 0.124
LOCA 6C @187.3°F Strainer 1 4691.82 0.140
& Puﬂ};?/; 3/0-3 12535111 each Strainer 23 4613.64 0.126
gpm eac -
RHR B/D Pumps-6500 gpm each Stralfler 27 4742 .47 0.149
AJC-0 gpm each Strainer 5 4600.06 0.123
LOCA7 @166°F Strainer 1 8339.61 0.890
cs Purrép/;féc-ﬂﬁgpm each Strainer 23 7506.83 0.698
gpm cach Strainer 27 784945 | 0.771
RHR A/C/B/D Pumps-6500 gpm each Strainer 5 7786.11 | 0.757
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CALCULATION SHEET
ATWS Pump/Flow Combination | Pool Temp. Strainer Flow Pressure
{sgpm) Drop
(psid)
ATWS @177°F Strainer 1 9045.39 0.186
RHR A/C/B/D Pumps-6500 gpm each Strainer 23 416886 | 0.039
CS Pumps A/C/B/D-0 gpm each
Strainer 27 7155.71 0.116
Strainer 5 4914.04 0.055
ATWS @192°F Strainer | 8994.24 0.185
RHR A/C/B/D Pumps-6500 gpm each :
CS Pumps A/C/B/D-0 gpm each Strainer 23 41472 0.039
Strainer 27 7114.06 0.116
Strainer 5 4888.49 0.055
ATWS @211°F Strainer 1 8924.42 0.183
RHR A/C/B/D Pumps-6500 gpm each -
CS Pumps A/C/B/D-0 gpm each Strainer 23 4117.08 0.039
Strainer 27 7057.55 0.115
Strainer 5 4852.95 0.054
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @I91°F Strainer 1 2646.06 0.016
RHR Pump A-7200 gpm Strainer 23 1121.85 | 0.003
Strainer 27 1845.71 0.008
Strainer § 1351.38 0.004
App-RB @I191°F Strainer 1 2096.07 0.010
RHR Pump B-7200 gpm
Strainer 23 1351.34 0.004
Strainer 27 2369.33 0.013
Strainer § 1148.26 0.003
App-RC @I191°F Strainer 1 2646.06 0.016
RHR Pump C-7200 gpm Strainer 23 1121.85 0.003
Strainer 27 1845.71 0.008
Strainer 5 1351.38 0.004
App-RD @I191°F Strainer 1 2096.07 0.010
RHR Pump D-7200 gom Strainer 23 135134 | 0.004
Strainer 27 2369.33 0.013
Strainer 5 1148.26 0.003
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CALCULATION SHEET

Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @223°F Strainer 1 2609.76 0.016
RHR Pump A-7200 gpm Strainer 23 1108.86 | _ 0.003
Strainer 27 1821.18 0.008
Strainer 5 1335.21 0.004
App-RB @223°F Strainer 1 2068.99 0.009

RHR Pump B-7200 gpm

Strainer 23 1335.48 0.004
Strainer 27 2335.73 0.013
Strainer 5 1134.8 0.003
App-RC @223°F Strainer 1 2609.76 0.016
RHR Pump C-7200 gpm Strainer 23 1108.86 0.003
Strainer 27 1821.18 0.008
Strainer 5 1335.21 0.004
App-RD @223°F Strainer 1 2068.99 0.009
RHR Pump D-7200 gpm Strainer 23 | 133548 |  0.004
Strainer 27 2335.73 0.013
Strainer 5 1134.8 0.003
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CALCULATION SHEET
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @I191°F Strainer 1 3340.85 0.0255
RHR Pump A-9100 gpm Strainer 23 142038 | 0.0046
Strainer 27 2331.64 0.0124
Strainer 5 1710.13 0.0067
App-RB @191°F Strainer 1 2649.2 0.016
RHR Pump B-9100 gpm
Strainer 23 171059 0.0067
Strainer 27 2989.65 0.0204
Strainer § 1453.56 0.0048
App-RC @191°F Strainer 1 3340.85 0.0255
RHR Pump C-9100 gpm Strainer 23 142038 |  0.0046
Strainer 27 2331.64 0.0124
Strainer 5 1710.13 0.0067
App-RD @191°F Strainer 1 2649.2 0.016
RHR Pump D-9100 gpm Strainer 23 171059 | 0.0067
Strainer 27 2989.65 0.0204
Strainer 5 1453.56 0.0048
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @223°F Strainer 1 3259.2 0.0251
RHR Pummp A-9100 gpm Strainer 23 1403.71 | 0.0046
Strainer 27 2300.63 0.0122
Strainer 5 1689.46 0.0066
App-RB @223°F Strainer 1 2614.85 0.0158
RHR Pump B-9100 gpm
Strainer 23 1690.27 0.0066
Strainer 27 2947.57 0.0201
Strainer 5 1436.32 0.0048
App-RC @223°F Strainer 1 32952 0.0251
RHR Pump C-9100 gpm Strainer 23 1403.71 0.0046
Strainer 27 2300.63 0.0122
Strainer 5 1689.46 0.0066
App-RD @223°F Strainer 1 2614.85 0.0158
RHR Pump D-9100 gpm Strainer 23 1690.27 | 0.0066
Strainer 27 2947.57 0.0201
Strainer 5 1436.32 0.0048
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Checked Date
CALCULATION SHEET

SBO Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
SBO1A/C @157°F Strainer 1 4827.87 0.053
RHR Pump A/C-6500 gpm each Strainer 23 205554 | 0.009
Strainer 27 337038 0.026
Strainer 5 247421 0.014
SBO2B/D @157°F Strainer 1 3830.36 0.003
RHR Pump B/D-6300 gpm each Strainer 23 247526 | 0014
Strainer 27 4319.02 0.042
Strainer 5 2103.36 0.010
SBO1A/C @200°F Strainer 1 4748.62 0.052
RHR Punp A/C-6500 gpm each Strainer 23 202747 | 0.009
Strainer 27 3316.74 0.025
Strainer 5 2439.17 0.014
SBO 2 BD @200°F Strainer 1 3771.2 0.033
RHR Pump B/D-6300 gpm each Straimer23 | 244095 | 0.014
Strainer 27 4245.61 0.041
Strainer 5 2074.25 0.009
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Subject: NPSH Evaluation of Bx;owns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
TABLE 10
Unit 2
LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | Pressure
(ft) {psia)
LOCA 1A @95°F RHR/A | 31.11 14.4
CS Pumps A/B/C/D-4125gpm each RHR/B | 30.08 14.4
RHR A/C Pumps 10,500 gpm each RHR/C | 29.68 14.4
RHR B/D Pumps 11,500 gpm each RHR/D | 31.78 | 144
CS/A 28.39 14.4
CS/B 3217 144
Cs/C 31.84 144
CS/D 29.02 14.4
_ LOCA 1B @155.4°F RHR/A | 23.53 14.4
CS Pumps A/B/C/D-4125gpm each REHR/B 4
RHR A/C Pumps -10,500 gpm each 2249 144
RHR B/D Pumps 11,500 gpm each RHR/C | 22.09 14.4
RHR/D | 2420 144
CS/A 20.80 14.4
CS/B 24.58 14.4
Cs/C 2425 14.4
CS/D 21.43 14.4
LOCA2A @95°F RHR/A | 30.22 144
CS Pumps A/B/C/D-4125gpm each RHR/B | 31.33 14.4
RHR A/C Pumps —11,500 gpm each RERG 28 134
RHR B/D Purmps ~10,500 gpm each C | 2850 :
RHR/D | 32.75 14.4
CS/A 28.38 14.4
CS/B 32.16 14.4
CS/C 31.83 144
CS/D 29.02 144
LOCA 2B @1554°F | RHR/A | 2264 14.4
CS Pumps A/B/C/D-4125gpm each RHR/B | 23.75 14.4
RHR A/C Pumps —-11,500 gpm each RHR/C | 20.91 14.4
RHR B/D Pumps —10,500 gpm each RHR/D | 25.17 14.4
CS/A 20.80 14.4
CS/B 24.58 14.4
CS/C 24.24 14.4
CS/D 21.43 14.4
LOCA 3A @1554°F | RHR/A | 35.58 144
CS Pumps A/C-3125gpm each
B/D-0 gpm each RHR/C | 35.03 144
RHR A/C Pumps-6500 gpm each CS/A 31.48 144
B/D-0 gpm each CS/C | 3346 | 144




Document: MD-Q0999-970046

Rev.: 10

Plant: BFN Ul, 2&3 | Page: 97

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps

Prepared Date

Checked Date
CALCULATION SHEET
LOCA Pump/Flow Cembination Pool Temp | Pump | NPSHa | Pressure
(f©) (psia)
LOCA3B @172°F RHR/A | 30.90 144
CS Pumps A/C-3125gpm each :
B/D-0 gpm each RHR/C | 30.35 14.4
RHR A/C Pumps-6500 gpm each CS/A 26.80 144
B/D-0 gpm each CSic | 2878 | 144
LOCA3C @187.3°F | RHR/A | 2495 14.4
CS Pumps A/C-3125gpm each, RHR/C | 24.40 14.4
B/D-0 gpm each
RHR A/C Pumps-6500 gpm each CS/A | 2085 | 144
B/D-0 gpm each Cs/C 2283 144
LOCA4A @1554°F RHR/A | 35.59 14.4
CS Pumps B/D-3125gpm each RHR/C | 35.04 144
A/C-0 gpm each CS/B | 33.35 14.4
RHR A/C Pumps-6500 gpm each CS/D 3154 14.4
B/D-0 each
LOCA 4B @172°F RHR/A | 3091 14.4
CS Pumps B/D-3125gpm each RHR/C | 30.36 14.4
A/C-0 gpm each
RHR A/C Pumps-6500 gpm each CS/B 28.67 14.4
B/D-0 gpm each CsD 26.86 144
LOCA 4C @1873°F | RHR/A | 24.96 144
CS Pumps B/D-3125gpm each RHR/C | 24.41 14.4
A/C-0 gpm each
RHR A/C Pumps-6500 gpm each CS/B | 2272 | 144
B/D-0 gpm each CS/D | 20.92 14.4
LOCA 5A @1554°F | RHR/B | 35.30 14.4
CS Pumps B/D-3125gpm each RHR/D | 35.85 144
RHR B ,3’153'0 81"25%3;1‘ . CS/B | 3333 | 144
'umps- gpm eac
A/C-0 gpm each CS/D 31.52 144
LOCASB @172°F RHR/B | 30.62 14.4
CS Pumps B/D-3125gpm each RHRD | 31.16 144
A/C-0 gpm each
RHR B/D Pumps-6500 gpm each CsB 28.65 144
A/C-0 gpm each CS/D 26.84 144
LOCA 5C @1873°F | RHR/B | 24.67 14.4
CS Pumps B/D-3125gpm ecach
A/C-0 gpm each RHR/D | 25.22 14.4
RHR B/D Pumps-6500 gpm each CS/B 22.70 14.4
A/C-0 gpm each
Cs/b 20.89 144
LOCA 6A @1554°F | RHR/B | 35.28 14.4
CS Pumps A/C-3125gpm each
B/D-0 gpm each RHR/D | 3582 144
RHR B/D Pumps-6500 gpm each CS/A 3152 14.4
A/C-0 gpm each
CS/C 33.50 144
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CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp { Pump | NPSHa | Pressure
(ft) (psia)
LOCA 6B @172°F RHR/B | 30.60 14.4
B/D-0 gpm each ,
RHR B/D Pumps-6500 gpm each CS/A 26.84 144
A/C-0 gpm each CSs/C 28.82 144
LOCA 6C @187.3°F | RHR/B | 24.65 14.4
CS Pumps A/C-3125gpm each RHR/D | 25.19 144
B/D-0 gpm each
RHR B/D Pumps-6500 gpm each CS/A 20.89 144
A/C-0 gpm each CS/C 22.87 144
LOCA7 @166°F RHR/A | 30.45 144
CS Pumps A/C-3125gpm each RHR/B | 3045 14.4
B/D-0 gpm each RHR/C 1 14.4
RHR A/C/B/D Pumps-6500 gpm each RERD ?1)'30 q 4' 2
CS/A 27.26 144
Ccs/C 2924 144
ATWS Pump/Flow Combination Pool Temp. | Pump | NPSHa | Pressure
(ft) (psia)
ATWS @177°F RHR/A | 28.75 14.4
RHR A/C/B/D Pumps-6500 gpm each RHR/B | 28.77 14.4
CS Pumps A/C/B/D-0 gpm each
RHR/C | 28.20 144
RHR/D | 29.32 144
ATWS @192°F RHR/A | 2235 14.4
RHR A/C/B/D Pumps-6500 gpm each RHR/B a4
CS Pumps A/C/B/D-0 gpm each 22371 1.
RHR/C | 21.80 144
RHR/D | 2291 14.4
ATWS @211°F RHR/A | 11.21 14.4
RHR A/C/B/D Pumps-6500 gpm each
RHR/C | 10.66 144
RHR/D | 11.77 14.4
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CALCULATION SHEET
Appendix R Pump/Flow Pool Temp. | Pump | NPSHa | Pressure
Combination (ft) (psia)

App-RA @I91°F A 2445 144
RHR Pump A-7200 gpm

AppRB @191°F B 24.43 144
RHR Pump B-7200 gpm

App-RC @191°F C 2436 14.4
RHR Pump C-7200 gpm

App-RD @I191°F D 2452 144
RHR Pump D-7200 gpm

App-R A @I191°F A 23.51 14.4
RHR Pump A-9100gpm

App-RB @I191°F B 23.47 144
RHR Pump B-9100gpm

App-RC @191°F C 23.36 144
RHR Pump C-9100 gpm

App-RD @191°F D 23.62 144
RHR Pump D-9100 gpm

App-RA @223°F A 4.49 14.75
RHR Pump A-7200 gpm

App-RB @223°F B 4.46 14.75
RHR Pump B-7200 gpm

AppRC @223°F C 4.39 14.75
RHR Pump C-7200 gpm

App-RD @223°F D 4.55 14.75
RHR Pump D-7200 gpm

App-RA @223°F A 3.55 14.75
RHR Pump A-9100 gpm

App-RB @223°F B 3.51 14.75
RHR Pump B-9100 gpm

App-RC @223°F C 3.39 14.75
RHR Pump C-9100 gpm A

App-RD @223°F D 3.65 14.75
RHR Pump D-9100 gpm
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps -

Prepared :
Checked Date

Date -

CALCULATION SHEET

'SBO Pump/Flow Combination | Pool Temp |

NPSHa
(ft)

SBOTAIC
RHR Pump A/C-6500 gpm each

| 35.46

i

3491 -

3515 |-
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CALCULATION SHEET
Table 11.1: Unit 2 NPSH Calculations Case 1A 95F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _
95 0.816362332 0.016115213 2.320590685 Pool Press_.(_psia)l 14.4]
Rl-ﬁ Pressure (psig) ~NPSHa (ft)
1PUMPA -0.1760 31,19
2PUMPB -0.6210 30.08
3PUMPC -0.7950 29.68
4PUMPD 0.1120 ___31.78
| CS Pressure (psig) NPSHa (ft)
1CSPUMPA -1.3510 28.39
2CSPUMPB . 0.2780 32.17
3CSPUMPC 0.1350 31.84
4CSPUMPD -1.0770 29.02
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CALCULATION SHEET

Table 11.2: Unit 2 NPSH Calculations Case 1B 155.4F

NPSH evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/b) psia to feet of head
60 0.256369624 0.016034992 2.309038802
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia)| 14.4]
RHR Pressure (psig) NPSHa (ft)
1PUMPA -0.1690 23.53
2PUMPB -0.6070 22.49
| 3PUMPC -0.7790 22.09
4PUMPD |  0.1150 24.20
CS Pressure (psig) NPSHa (ft)
1CSPUMPA -1.3270 20.80
2CSPUMPB 0.2770 24.58
3CSPUMPC 0.1360 24.25
4CSPUMPD -1.0580 21.43
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CALCULATION SHEET
Table 11.3: Unit 2 NPSH Calculations Case 2A 95F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°/ib) psla to feet of head
60 0.256389624 0.016034992 2.309038802
95 0.816362332 0.016115213 2.320590685 Pool Press. (psia)] 14.4]
RHR Pressure (psig) NPSHa (ft)
1PUMPA -0.5590 30.02
2PUMPB -0.0810 31.33
3PUMPC -1.3020 28.50
4PUMPD 0.5290 32.75
CS Pressure (psig) NPSHa (ft)
1CSPUMPA -1.3520 28.38
2CSPUMPB 0.2760 32.16
3CSPUMPC 0.1340 31.83
4CSPUMPD -1.0780 29.02
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CALCULATION SHEET
Table 11.4: Unit 2 NPSH Calculations Case 2B 155.4F
Vapor Pressure § Speclific Volume | Conversion Factor
Temp(°F) (psia) V(i*ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
1554 4.249928506 0.016369309 2.357180486 Pool Press. (lea)] 1441
"RHR Pressure (psig) NPSHa (ft)
1PUMPA -0.5470 22.64
2PUMPB -0.0760 23.75
| 3PUMPC -1.2780 20.91
4PUMPD 0.5260 25.17
CS Pressure (psig) NPSHa (ft)
1CSPUMPA -1.3280 20.80
2CSPUMPB 0.2760 24.58
3CSPUMPC 0.1350 24.24
4CSPUMPD -1.0590 21.43
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Table 11.5: Unit 2 NPSH Calculations Case 3A 155.4F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
155.4 4,249928506 0.016369309 2.357180486 Pool Press.(Jp_sia) [14.4]
RHR Pressure (pslg) NPSHa (ft)
1PUMPA 4.9240 35.58
2PUMPB
3PUMPC 4.7100 35.03
4PUMPD
CS ™ Pressure (psig) NPSHa (ft)
1CSPUMPA 3.2040 31.48
2CSPUMPB
3CSPUMPC 4.0430 33.46
4CSPUMPD
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Table 11.6: Unit 2 NPSH Calculations Case 3B 172F
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Vapor Pressure | Specific Volume | Conversion Factor
Temp{°F) (psia) V(#t*ib) psla to feet of head
60 0.256389624 0.016034992 2.309038802
172 6.281035863 0.016460423 2.370300872 Poo! Press.ﬁ(psia)] 14.41
RHR Pressure (psig) NPSHa (ft)
1PUMPA 4.9170 30.90
2PUMPB
3PUMPC 4.6840 30.35
4PUMPD
" CS " Pressure (psig) Nm')-—-
1CSPUMPA 3.1870 26.80
2CSPUMPB '
3CSPUMPC 4.0210 28.78
4CSPUMPD

NPSH evaluation of Browns Ferry RHR and CS pumps
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Table 11.7: Unit 2 NPSH Calculations Case 3C 187.3F
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Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V({it’Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (Bsia)] 14.4]
RHR Pressure (psig) NPSHa (ft)
1PUMPA 4.8890 24.95
2PUMPB
|_3PUMPC 4.6580 24.40
4PUMPD
CS | Pressure (psig) NPSHa (f1)
1CSPUMPA 3.1690 20.85
2CSPUMPB
3CSPUMPC 3.9990 22.83
4CSPUMPD
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Table 11.8: Unit 2 NPSH Calculations Case 4A 155.4F

NPSH evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure Specific Volume | Conversion Factor
Temp{°F) (psia) V(ft°Nb) psla to feet of head
60 0.256389624 0.016034992 2.309038802
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia)] 14.4]
[_RHR__|_Pressure (psig) NPSHa (1)
1PUMPA 4.9500 35.59
2PUMPB
3PUMPC 4.7170 35.04
4PUMPD
CS Pressure (psig) NPSHa (ft)
1CSPUMPA —
2CSPUMPB 3.2980 33.35
3CSPUMPC
4CSPUMPD 3.232 31.54
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CALCULATION SHEET
Table 11.9: Unit 2 NPSH Calculations Case 4B 172F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft’nb) psla to feet of head
60 0.256389624 0.016034992 2.309038802
172 6.281035863 0.016460423 2.370300872___| Pool Press. (psia)] 14.4]
RHR | Pressure (psig) NPSHa (ft)
1PUMPA 4.9230 30.91
2PUMPB
3PUMPC 4.6900 30.36
4PUMPD
CcS " Pressure (psig) NPSHa (ft) |
1CSPUMPA —
2CSPUMPB - 3.9770 28.67
3CSPUMPC

4CSPUMPD 3.215 26.86
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Table 11.10: Unit 2 NPSH Calculations Case 4C 187.3F

NPSH evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V({t*ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (Esia)l 14.41
RHR Pressure (psig) NPSHa (ft)
1PUMPA 4.8960 24.96
2PUMPB
3PUMPC 4.6650 24.41
4PUMPD
(o] | Pressure (psig) NPSHa (ft)
1CSPUMPA .
2CSPUMPB 3.9550 22.72
3CSPUMPC
4CSPUMPD 3.198 20.92
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CALCULATION SHEET

Table 11.11: Unit 2 NPSH Calculations Case §A 155.4F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(t*/1b) psia to feet of head
60 0.256389624 0.016034992 2.309038802
15564 | 4.249928506 0.016369309 2.357180486 Pool Press. (psia)] 14.4]
RHR Pressure (psig) NPSHa (ft)
1PUMPA -
2PUMPB 4.8270 35.30
3PUMPC
4PUMPD 5.0570 35.85
- CS Pressure (psig) NPSHa (tt)
1CSPUMPA
2CSPUMPB 3.9880 33.33
| 3SCSPUMPC
4CSPUMPD 3.223 31.52




MD-Q0999-970046, Rev. 10

Table 11.12: Unit 2 NPSH Calculations Case 5B 172F
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NPSH evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(f*Ab) psla to feet of head
60 0.256389624 0.016034992 2.308038802
172 6.281035863 0.016460423 2.370300872 Pool Press.ﬁ(.psia) j14.4]
~ RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB 4.8000 30.62
3PUMPC
4PUMPD 5.0290 31.16
CS Pressure (psig) NPSHa (ft)
1CSPUMPA —
2CSPUMPB 3.9670 28.65
3CSPUMPC
4CSPUMPD 3.206 26.84
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Table 11.13: Unit 2 NPSH Calculations Case 5C 187.3F
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NPSH evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (psia)] 144 |}
CS Pressure (pslg) NPSHa (ft)
1PUMPA o
2PUMPB 4.7740 24.67
_3PUMPC_
4PUMPD |  5.0020 25.22
CS Pressure (psig) NPSHa (ft)
1CSPUMPA
2CSPUMPB 3.9460 22.70
3CSPUMPC
4CSPUMPD 3.188 2089



MD-Q0999-970046, Rev. 10 Page:114 NPSH evaluation of Browns Ferry RHR and CS pumps
CALCULATION SHEET
Table 11.14: Unit 2 NPSH Calculations Case 6A 155.4F
Vapor Pressure | Specific Volume | Converslon Factor
Temp(°F) (psia) V(it*/b) psia to feet of head
60 0.256389624 0.016034992 2.309038802
155.4 4.249928506 0.016369309 2.357180486 ool Press. (psia 14.4
RHR | Pressure (psig) NPSHa (ft)
1PUMPA T
2PUMPB 4.8170 35.28
3PUMPC _
4PUMPD ___5.0480 35.82
CS Pressure (psig) NPSHa (ft) |
[ 1CSPUMPA 3.2220 31.52
2CSPUMPB
3CSPUMPC 4.0620 33.50
4CSPUMPD




MD-Q0999-970046, Rev. 10

Page:115

CALCULATION SHEET

Table 11.15: Unit 2 NPSH Calculations Case 6B 172F

NPSH evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Speclfic Volume | Conversion Factor
Temp{(°F) (psia) V(t°b) psla to feet of head
60 0.256389624 0.016034992 2.309038802
172 6.281035863 0.016460423 2.370300872 Pool Press. (_psia)] 14.4}
RHR Pressure (psig) NPSHa (f1) |
1PUMPA '
2PUMPB 4.7910 30.60
| 3PUMPC
4PUMPD 5.0200 31.14
CS Pressure (psig) NPSHa (ft)
1CSPUMPA 3.205 26.84
2CSPUMPB
3CSPUMPC 4.04 28.82
4CSPUMPD
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Table 11.16: Unit 2 NPSH Calculations Case 6C 187.3F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (psia) 14.4]
RHR Pressure (psi NPSHa (ft)
1PUMPA
2PUMPB 4.7650 24.65
3PUMPC
4PUMPD 4.9930 25.19
(3 Pressure (psig) NPSHa (ft)
1CSPUMPA 3.1880 20.89
2CSPUMPB
3CSPUMPGC 4.0180 22.87
4CSPUMPD
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Table 11.17: Unit 2 NPSH Calculations Case 7 166F

Vapor Pressure

Specitic Volume

Conversion Factor

NPSH evaluation of Browns Ferry RHR and CS pumps

4CSPUMPD

Temp(°F) (psia) V(ft*/Ib) psla to feet of head
60 0.256389624 0.016034992 2.309038802
166 5.468938413 0.016426501 2.365416198 Pool Press. (_psia)] 14.4|
RHR Pressure (psig) NPSHa (ft)
it | FPressure (psig)
1PUMPA 3.9440 30.45
2PUMPRB 3.9430 30.45
3PUMPC 3.7120 29.91
4PUMPD 41730 31.00
CS Pressure (psig) NPSHa (it)
1CSPUMPA 2.5940 27.26
2CSPUMPB
3CSPUMPC 3.4310 29.24
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CALCULATION SHEET
Table 11.18: Unit 2 NPSH Calculations ATWS 177F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
177 7.033092437 0.016489536 2.374493143 Pool Press. (psia)] 144 |
RHR Pressure (psig) NPSHa (ft)
PUMPA 4.7420 28.75
PUMPB 4.7500 28.77
PUMPC 4.5100 28.20

" PUMPD 4.9790 20.32
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Table 11.19: Unit 2 NPSH Calculations ATWS 192F

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(tt*/ib) psla to feet of head

60 0.256389624 0.016034992 2.309038802

192 9.757027807 0.01658144 2.387727412 Pool Press. (psia)] 144 |

RHR Pressure (psig) NPSHa (ft)
PUMPA 4.7160 22.35
PUMPB 4.7240 22.37
PUMPC 4.4850 21.80

PUMPD 4.9510 22.9
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Table 11.20: Unit 2 NPSH Calculations ATWS 211F

Vapor Pressure [ Speciiic Volume | Conversion Factor
Temp(°F) (psia) V(it’Nb) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _
211 14.42019545 0.016707611 2.405895953 Pool Press._(_Psia)] 144 |
 RHR Pressure (psig) NPSHa (1)
PUMPA 4.6810 11.21
PUMPB 4.6880 11.23
PUMPC 4.4520 10.66

PUMPD 4.9140 11.77
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CALCULATION SHEET

Table 11.21: Unit 2 NPSH Calculations App-R A 191F 7200gpm

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(#t*/ib) psla to feet of head
60 0.256389624 0.016034992 2.309038802
191 9.551535023 0.016575101 2.386614603 Pool Press. (psia)] __14.4 ]
RHR Pressure (psig) NPSHa (ft) |
1PUMPA 5.397 24.45
2PUMPB
3PUMPC
4PUMPD
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Table 11.22: Unit 2 NPSH Calculations App-R B 191F 7200gpm

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(it*Nb) psia to feet of head
60 0.256389624 0.016034992 2.309038802
191 9.551535023 0.016575101 2.386814603 Pool Press. (psia) 14.4|
"~ RHR Pressure (psig) | NPSHa(f) | -
1PUMPA o ’
2PUMPB 5.386 24.43
3PUMPC
“4PUMPD
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Table 11.23: Unit 2 NPSH Calculations App-R C 191F 7200gpm
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802
191 9.551535023 0.016575101 2.386814603 Pool Press. (psia) 14.4]
RHR Pressure (psig) NPSHa (ft)
1PUMPA o
2PUMPB
3PUMPC 5.356 24.36

4PUMPD
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CALCULATION SHEET
Table 11.24: Unit 2 NPSH Calculations App-R D 191F 7200gpm
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802
191 9.5651535023 0.016575101 2.386814603 Pool Press. (psia) 14.4]
RHR | Pressure (psig) NPSHa (ft)
1PUMPA 4
2PUMPB
3PUMPC
4PUMPD 5.424 24.52
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Table 11.25: Unit 2 NPSH Calculations App-R A 223F 720%pm

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(i*Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia)]  14.75 |
RHR Pressure (psig) NPSHa (ft)
" 1PUMPA 5327 4.49
2PUMPB
3PUMPC

4PUMPD
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Table 11.26: Unit 2 NPSH Calculations App-R B 223F 7200gpm ’

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(f°/1b) psia to feet of head
60 0.256389624 0.016034992 2.309038802
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75]
__RHB Pressure {(psig) NPSHa (ft)
1PUMPA ~
2PUMPB 5.316 4.46
3PUMPC

"4PUMPD
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CALCULATION SHEET
Table 11.27: Unit 2 NPSH Calculations App-R C 223F 7200gpm
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V{it’Nb) psia to feet of head
60 0.256389624 0.016034992 2.309036802
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75}
RHR | Pressure (psig) NPSHa (ft) |
1PUMPA
2PUMPB
3PUMPC 5.286 4.39

4PUMPD
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Table 11.28: Unit 2 NPSH Calculations App-R D 223F 7200gpm

Vapor Pressure | Specific Volume } Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 -
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75}]
RHR Pressure (psig) NPSHa (ft)
1PUMPA —
2PUMPB
| 3SPUMPC
4PUMPD 5.354 4.55
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Table 11.29: Unit 2 NPSH Calculations App-R A 191F 9100gpm
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Vapor Pressure

Specific Volume

Conversion Factor

4PUMPD

Temp(°F) (psia) V(t*Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802
191 9.5651535023 0.016575101 2.386814603 Pool Press. (psia) | 144 |
RHR Pressure (psig) NPSHa (ft)
1PUMPA 5.003 23.51
2PUMPB
| 3PUMPC
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Table 11.30: Unit 2 NPSH Calculations App-R B 191F 8100gpm

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(it*'/ib) psla to feet of head

60 0.256389624 0.016034992 2.309038802

191 9.5651535023 0.016575101 2.386814603 Pool Press. (psia) 14.4]

RHR Pressure (psig) NPSHa (ft)

1PUMPA
2PUMPB 4.985 23.47
3PUMPC

4PUMPD
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Table 11.31: Unit 2 NPSH Calculations App-R C 191F 9100gpm

: Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(ft°/ib) psia to feet of head
€0 0.256388624 0.016034992 2.309038802
191 9.651535023 0.016575101 2.386814603 Pool Press. (psia) 14.4]
RHR | Pressure (psig) NPSHa (ft)

1PUMPA

2PUMPB

3PUMPC 4.937 23.36

4PUMPD
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Table 11.32: Unit 2 NPSH Calculations App-R D 181F 9100gpm

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(it*Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
191 9.551535023 0.016575101 2.386814603 Pool Press. (psia) 14.4]

[ RBR Pressure (psig) NPSHa (f)

1PUMPA
2PUMPB
3PUMPC
4PUMPD 5.046 23.62
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Table 11.33: Unit 2 NPSH Calculations App-R A 223F 9100gpm

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*b) psla to feet of head
60 0.256389624 0.016034992 2.309038802

223 18.22056282 0.016792916 2.416179953___| Pool Press. (psia)] _14.75_]

RHR ‘Pressure (psig) NPSHa (1)
1PUMPA 4.938 3.65
2PUMPB
3PUMPC
4PUMPD
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CALCULATION SHEET
Table 11.34: Unit 2 NPSH Calculations App-R B 223F 8100gpm
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft’/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
223 18.22056282 0.016792916 2418179953 Pool Press. (psia) 14.75)
RHR Pressure (psig) NPSHa (ft)
1PUMPA R
2PUMPB 4.921 3.51
3PUMPC

4PUMPD
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Table 11.35: Unit 2 NPSH Calculations App-R C 223F 8100gpm

Vapor Pressure | Speclfic Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75]
:RHR Pressure (psig) NPSHa (ft)
1PUMPA —
2PUMPB j
| 3PUMPC 4.872 3.32
4PUMPD
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Table 11.36: Unit 2 NPSH Calculations App-R D 223F 9100gpm
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*Nb) psla to feet of head
60 0.256389624 0.016034992 2.309038802
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75]
~ RHR | Pressure (psig) NPSHa (ft) |
1PUMPA T
2PUMPB
3PUMPC
4PUMPD 4.981 3.65
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Table 11.37: Unit 2 NPSH Calculations SBO A-C 157F

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(f*/ib) psla to feet of head

60 0.256389624 0.016034992 2.309038802

157 4.417636119 0.016377716 2.358391077 Pool Press. (psia)_14.4]
_RHR Pressure (psig) NPSHa (ft)
1PUMPA 5.055 35.46
2PUMPB
3PUMPC 4,821 34.91

4PUMPD
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Table 11.38: Unlt 2 NPSH Calculations SBO B-D 157F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V({i*Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802
167 4.417636119 0.016377716 2.358391077 Pool Press. (psia) 14.4}
RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB 4.921 35.15
| 3PUMPC

4PUMPD 5.152 35.68
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Table 11.39: Unit 2 NPSH Calculations SBO A-C 200F

Vapor Pressure

Specific Volume

Conversion Factor

4PUMPD

Temp(°F) (psia) V(ft*Nb) psia to feet of head
60 0.256389624 0.016034992 2.309038802
200 1153763273 0.016633238 2.395186284 Pool Press. (psia)_14.4]
~ RHR Pressure (psig) NPSHa (ft)
1PUMPA 4.977 18.78
2PUMPB
3PUMPC 4.747 18.23
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Table 11.40: Unit 2 NPSH Calculations SBO B-D 200F
Vapor Pressure | Specific Volume |} Conversion Factor
Temp(°F) (psia) V(f*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
200 11.53763273 0.016633238 2.395186284 Pool Press. (psia) 14.4]
RHR | Pressure (psig) | NPSHa (ft)
1PUMPA '
2PUMPB 4.846 18.46
3PUMPC
4PUMPD 5.073 19.01
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked ___ Date
CALCULATION SHEET
TABLE 12
Unit 2
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
LOCA 1A @95°F Strainer 1 15634.5 3.022
CS Pumps A/B/C/D-4125gpm each :
RHR A/C P s —10,500 gpm each Strainer 23 14713.8 2.663
RHR B/D Pumps —11,500 gpm each Strainer 27 15123 2.864
Strainer 5 14726.7 2.670
c LOCA 1B @1554°F Strainer 1 15392 2975
S Pumps A/B/C/D-4125gpm each :
RHR A/CP s —10,500 gpm each Stra.mcr 23 14486.6 2.623
RHR B/D Pumps -11,500 gpm each Strainer 27 14888 2.820
Strainer 5 14499 .4 2.630
LOCA2A @95°F Strainer 1 15646.1 3.024
CS Pumps A/B/C/D~4125gpm cach Strainer 23 14710.7 2,661
RHR A/C Pumps —11,500 gpm each —— il R 0. ——
RHR B/D Pumps 10,500 gpm each trainer 5114.8 -
Strainer 5 14726.5 2.669
LOCA2B : @I1554°F Strainer 1 15403.2 2.978
CS Pumps A/B/C/D-4125gpm each Strainer 23 14483.7 2.621
RHR A/C Pumps —11,500 gpm each Strainer 27 14880 2.817
RHR B/D Pumps -10,500 gpm each Strainer 5 14499.1 2.630
LOCA 3A @155.4°F Strainer 1 4906.49 0.173
CS Pumps A/C-3125gpm each -
B/D-0 gpm each Strainer 23 4554.8 0.107
RHR A/C Pumps-6500 gpm each Strainer 27 4642.08 0.123
B/D-0 gpm cach Stamer S| 4752.64 | 0.143
LOCA3B @172°F Strainer 1 4878.95 0.172
CS Pumps A/C-3125gpm each :
B/D-0 gpm each Strainer 23 4530.07 0.107
RHR A/C Pumps-6500 gpm each Strainer 27 4616.77 0.122
B/D-0 gpm each Stamer5 | 472621 | 0.142
LOCA3C @187.3°F Strainer 1 4851.52 0.171
cs P““};P,;_ %10-312585111 cach Strainer 23 | 450526 |  0.106
gpm eac -
RHR A/C 5-6500 gpm each Stralflcr 27 4591.39 0.122
B/D-0 EP! meach Strainer 5 469983 | 0.142
LOCA 4A @1554°F Strainer 1 4834.86 0.159
cs PWE:;/D-”ﬁsgm each Strainer 23 | 4649.62 |  0.124
gpm eac -
RHR A/C Pumps-6500 gpm each Stralfler 27 47309 0.139
B/D-0 each Strainer 5 4640.62 0.123
LOCA 4B @172°F Strainer 1 4807.85 0.158
cs P““BE?O’D-””SEIH each Strainer23 | 4624.13 |  0.124
gpmeac Straimer 27 | 470494 | 0.138
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked _____ Date___
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
RHR A/C Pumps-6500 gpm each Strainer § 4615.09 0.122
B/D-0 gpm each
LOCA 4C @187.3°F Strainer 1 4780.92 0.157
cs P““z}% 1’0'31258?1 each Strainer 23 45986 | 0.123
gpm eac -
RI'IR A./C Pumps-6500 gpm each Strainer 27 4678.94 0-138
B/D-0 gpm each Strainer 5 4589.54 0.121
LOCA SA @155.4°F Strainer 1 4641.86 0.123
cs lezz lj)/D-3 lZSgﬁm each Strainer 23 47854 0.149
gpm cac Strainer 27 4901.46 0.172
RHR B/D Pumps-6500 gpm each :
A/C-0 gpm each Strainer § 4527.29 0.103
LOCA SB @172°F Strainer 1 4616.51 0.122
CS Pumps B/D-3125gpm cach Strainer23 | 475878 | 0.149
A/C-0 gpm each -
RHR B/D Pumps-6500 gpm each Strainer 27 4873.98 0.171
A/C-0 gpm each Strainer § 4502.73 0.102
LOCA 5C @187.3°F Strainer 1 4591.11 0.122
CS Pumps B/D-3125gpm each -
RHR B/D Pumps-6500 gpm each Strainer 27 4846.6 0.170
' A/C-0 gpm each
Strainer 5 4478.08 0.102
LOCA 6A @155.4°F Strainer 1 4723.27 0.138
CS Pumps A/C-3125gpm each
un]lgp/])_o gpm ea§§ ¢ Strainer 23 4678.05 0.129
RHR B/D Pumps-6500 gpm each Strainer27 | 482348 | 0.157
A/C-0 gpm each
Strainer 5 4631.2 0.121
LOCA 6B @172°F Strainer 1 4697.33 0.137
CS Pumps A/C-3125gpm each Strainer 23 | 465229 | 0.129
B/D-0 gpm each _
RHR B/D Pumps-6500 gpm each Strainer 27 4796.54 0.156
A/C-0 gpm each Strainer § 4605.83 0.120
LOCA 6C @187.3°F Strainer 1 4671.37 0.136
cs Punl;p,;)folc-mSzﬁm each Strainer 23 4626.52 0.128
gpm eac -
RHR B/D P 6500 gpm each Stnlflcr 27 4769.68 0.155
LOCA 7 @166°F Strainer 1 828133 0.875
Cs Pung:/;):)/c-B lZSggm each Strainer 23 7547.79 0.706
gpm eac Strainer 27 7931.33 0.789
RHR A/C/B/D Pumps-6500 gpm cach Strainer S 772155 | 0.743
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
ATWS Pump/Flow Combination Pool Temp. Strainer Flow Pressure
(sgpm) Drop
(psid)
ATWS @177°F Strainer 1 8872.92 0.179
RHR A/C/B/D Pumps-6500 gpm each Strainer 23 4108.5 0.038
CS Pumps A/C/B/D-0 gpm each bl : :
Strainer 27 7463.75 0.127
Strainer 5 483883 0.053
ATWS @192°F Strainer 1 8822.57 0.178
RHR A/C/B/D Pumps-6500 gpm each -
CS Pumps A/C/B/D-0 gpm each Strainer 23 4087.11 0.038
Strainer 27 7420.69 0.126
Strainer 5 4813.63 0.053
ATWS @211°F Strainer 1 8753.88 0.176
RHR A/C/B/D Pumps-6500 gpm each :
CS Pumps A/C/B/D-0 gpm each Strainer 23 4057.37 0.038
Strainer 27 7362.16 0.125
Strainer 5 4778.59 0.053
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
AppRA @191°F Strainer 1 2622.36 0.016
RHR Pump A-7200 gpm Straimner 23| 110632 | _ 0.003
Strainer 27 1901.84 0.008
Strainer § 1334.48 0.004
App-RB @I191°F Strainer 1 2044.51 0.009
RHR Pump B-7200 gpm
Strainer 23 1323.98 0.004
Strainer 27 247233 0.014
Strainer 5 1124.17 0.003
AppRC @191°F Strainer 1 2622.36 0.016
RER Pump C-7200 gpm Stamer23 | 110632 | 0.003
Strainer 27 1901.84 0.008
Strainer 5 1334.48 0.004
App-RD @191°F Strainer 1 2044.51 0.009
RHR Pump D-7200 gpm Strainer23 | 132398 | 0.004
Strainer 27 247233 0.014
Strainer 5 1124.17 0.003




Dacument: MD-Q0999-97¢046

Rev.: 10 Plant: BFN Ul, 2&3

Page: 144

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure

Combination (sgpm) Drop
(psid)
App-RA @223°F Strainer 1 2586.27 0.016

RHR Pump A-7200 gpm
Strainer 23 1093.46 0.003
Strainer 27 1876.84 0.008
Strainer § 1318.44 0.004
App-RB @223°F Strainer 1 2017.98 0.009

RHR Pump B-7200 gpm
&P Strainer 23 1308.36 0.004
Strainer 27 2437.7 0.014
Strainer 5 1110.96 0.003
App-RC @223°F Strainer 1 2586.27 0.016

RHR C-7200 gpm
Pump Ep Strainer 23 1093.46 0.003
Strainer 27 1876.84 0.008
Strainer 5 1318.44 0.004
App-RD @223°F Strainer 1 2017.98 0.009

RHR Pump D-7200 gpm
& Stamcr23 | 130836 | 0.004
Strainer 27 24377 0.014
Strainer 5 111096 0.003
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
RHR App-RA @191°F Strainer 1 3310.73 0.025
Pump A-9100
g Strainer 23 140064 | 0.0045
Strainer 27 2403 0.0132
Strainer 5 1688.63 0.0065
App-RB @I191°F Strainer 1 2583.85 0.0152
RHR Pump B-9100 gpm
Strainer 23 1675.82 0.0064
Strainer 27 312033 0.0222
Strainer 5 1423.01 0.0046
App-RC @I191°F Strainer 1 3310.73 0.025
RHR Pump C-9100 gpm Strainer 23 1400.64 | 0.0045
Strainer 27 2403 0.0132
Strainer 5 1688.63 0.0065
App-RD @191°F Strainer 1 2583.85 0.0152
- RHRP -910
ump D-5100 gpm Strainer 23 167582 | 0.0064
Strainer 27 312033 0.0222
Strainer 5 1423.01 0.0046
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @223°F Strainer 1 3265.36 0.0247
RHR Pump A-910
0 gpm Strainer 23 1384.15 | 0.0044
Strainer 27 2371.35 0.013
Strainer § 1668.13 0.0064
App-RB @223°F Strainer 1 2550.21 0.015
RHR Pump B-9100 gpm
Strainer 23 1655.82 0.0063
Strainer 27 3076.9 0.0219
Strainer 5 1406.08 0.0046
App-RC @223°F Strainer 1 3265.36 0.0247
RHR Pump C-9100 gpm Strainer 23 1384.15 0.0044
Strainer 27 2371.35 0.013
Strainer 5 1668.13 0.0064
App-RD @223°F Strainer 1 2550.21 0.015
RHRP D-91
ump D-5100 gpm Strainer 23 165582 | 0.0063
Strainer 27 30769 0.0219
Strainer 5 1406.08 0.0046
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared ___ Date_
, Checked __ Date_
CALCULATION SHEET

SBO Pump/Flow Combination Pool Temp Strainer Flow Pressure
{sgpm) Drop
(psid)
SBO1A/C @I157°F Strainer 1 47842 0.052
RHR Pump A/C-6500 gpm each Stamer23 | 202692 | 0.009
Strainer 27 3473.87 0.027
Strainer § 244302 0.014
SBO 2B/D @157T°F Strainer 1 3735.72 0.032
RHR Pump B/D-6500 gpm each Stamer23 | 242485 | 0013
Strainer 27 4508.33 0.046
Strainer 5 2059.1 0.009
SBO1A/C @200°F Strainer 1 4705.39 0.051
RHR Pump A/C-6500 gpm cach Stamer23 | 1999.14 | 0.009
Strainer 27 3419.22 0.027
Strainer 5 2408.25 0.013
SBO2B/D ‘ @200°F Strainer 1 3677.74 0.031
RHR Pump B/D-6500 gpm cach Strainer 23 239104 | 0.013
Strainer 27 443271 0.045
Strainer 5 2030.51 0.009




Document: MD-Q0999-970046 Rev.: 10 Plant: BFN Ul, 2&3 | Page: 147
Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
TABLE 13
Unit 3
LOCA Pump/Flow Combination Pool Temp. | Pump | NPSHa | Pressure
(ft) (psia)
LOCA 1A @95°F RHR/A | 31.07 14.4
CS Pumps A/B/C/D-4125gpm each RHR/B | 30.05 144
RHR A/C Pumps -10,500 gpm each RHR/C 29.52 14.4
RHR B/D Pumps -11,500 gpm each RHR/D 31.75 14.4
CS/A 28.42 14.4
CS/B 32.18 14.4
CS/C 31.87 14.4
CS/D 29.04 14.4
LOCA 1B @155.4°F RHR/A | 2349 144
CS Pumps A/B/C/D-4125gpm each RHR/B 22.46 14.4
RHR A/C Pumps -10,500 gpm each RHR/C 21.94 14.4
RHR B/D Pumps -11,500 gpm each RHR/D 24.17 14.4
CS/A 20.83 144
CS/B 24.59 144
CS/C 24.28 144
CS/D 21.45 144
LOCA2A @95°F RHR/A | 30.18 144
CS Pumps A/B/C/D-4125gpm each RHR/B 31.30 14.4
RHR B/D Pumps -10,500 gpm each RER/D 3272 124
CS/A 28.42 14.4
CS/B 32.18 144
Cs/C 31.86 14.4
CS/D 29.03 144
LOCA 2B @155.4°F RHR/A | 22.59 14.4
CS Pumps A/B/C/D-4125gpm each RHR/B 23.72 144
RHR A/C Pumps —-11,500 gpm each RHR/C 20.73 14.4
RHR B/D Pumps -10,500 gpm each RHR/D 25.14 14.4
CS/A 20.83 144
CS/B 24.59 14.4
Cs/C 24.27 144
CS/D 2144 144
LOCA3A @155.4°F RHR/A | 35.57 144
CS Pumps A/C-3125gpm each RHR/C | 34.98 14.4
B/D-0 gpm each
RHR A/C Pumps-6500 gpm each CS/A 3149 144
B/D-0 gpm each Cs/C 3346 144
LOCA 3B @172°F RHR/A | 30.89 144
CS Pumps A/C-3 125gpm each RHR/C 30.30 14.4
B/D-0 gpm each
RHR A/C Pumps-6500 gpm each CS/A 26.81 144
B/D-0 gpm each CS/C 28.78 144
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp. | Pump | NPSHa | Pressure
(ft) (psia)
LOCA3C @187.3°F RHR/A | 2494 144
B/D-0 gpm cach CS/A | 2086 | 144
RHR A/C Pumps-6500 gpm each . :
B/D-0 gpm each CSs/C 22.84 14.4
LOCA 4A @1554°F RHR/A | 35.59 14.4
CS Pumps B/D-3125gpm each RHR/C 35.00 14.4
A/C-0 gpm each
RHR A/C Pumps-6500 gpm each CS/B 33.34 144
B/D-0 gpm each CSD 31.54 144
LOCA 4B @172°F RHR/A | 30.91 144
CS Pumps B/D-3125gpm each RHR/C | 30.32 14.4
A/C-0 gpm each
RHR A/C Pumps-6500 gpm each cs/B 28.67 144
B/D-0 gpm cach CS/D 26.86 144
LOCA 4C @187.3°F RHR/A | 24.96 144
CS Pumps B/D-3125gpm each
A/C-0 gpm each RHR/C | 24.37 14.4
RHR A/C Pumps-6500 gpm each Cs/B 22.72 14.4
B/D-0 gpm each CSD 20.91 14.4
LOCA 5A @155.4°F RHR/B 35.30 144
A/C-0 gpm each
RHR B/D Pumps-6500 gpm each Cs/B 33.33 14.4
A/C-0 gpm each Cs/D 31.52 14.4
LOCASB @172°F RHR/B 30.61 144
CS Pumps B/D-3125gpm each
A/C-0 gpm each RHR/D | 31.16 144
RHR B/D Pumps-6500 gpm each CS/B 28.65 144
A/C-0 gpm each CSD | 2684 | 144
LOCASC @187.3°F RHR/B | 24.67 144
CS Pumps B/D-3125gpm each
A/C-0 gpm each RHR/D | 2521 144
RHR B/D Pumps-6500 gpm each CS/B 22.70 14.4
A/C-0 gpm each CSD | 2089 | 144
LOCA 6A @155.4°F RHR/B | 35.28 14.4
CS Pumps A/C-3125gpm each
B/D-0 gpm each RHRD | 35.82 14.4
RHR B/D Pumps-6500 gpm each CS/A 31.53 144
A/C-0 gpm each csIC | 3351 | 144
LOCA 6B @172°F RHR/B 30.59 144
CS Pumps A/C-3125gpm each
B/D-0 gpm each RHR/D | 31.14 144
RHR B/D Pumps-6500 gpm each CS/A 26.85 144
A/C-0 gpm each CSs/C 28.83 144
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp. | Pump | NPSHa | Pressure
v (ft) (psia)
LOCA 6C @187.3°F RHR/B 2464 144
B/D-0 gpm each
RHR B/D Pumps-6500 gpm each CS/A 20.90 14.4
AJ/C-0 gpm each CS/C 22.88 14.4
LOCA7 @166°F RHR/A | 30.42 144
CS Pumps A/C-3125gpm each RHR/B 30.43 144
B/D-0 gpm each
RHR/C 29.83 144
RHR A/C/B/D Pumps-6500 gpm each 30.07 Y
CS/A 27.28 144
CSs/C 29.26 14.4
ATWS Pump/Flow Combination Pool Temp | Pump | NPSHa | Pressure
(ft) (psia)

ATWS @177°F RHR/A | 28.72 144

RHR A/C/B/D Pumps-6500 gpm each
CS Punps A/C/B/D-0 gpm each RHR/B | 28.75 144
| RHR/C | 28.13 144
RHR/D | 29.29 144
ATWS @192°F RHR/A | 22.32 144

RHR A/C/B/D Pumps-6500 gpm each
CS Pumps A/C/B/D-0 gpm each RHR/B | 22.34 14.4
RHR/C | 21.72 144
RHR/D | 22.89 144
ATWS @211°F RHR/A | 11.18 144

RHR A/C/B/D Pumps-6500 gpm each
CS Pumps A/C/B/D-0 gpm each RHR/B | 11.21 144
RHR/C | 10.59 144
RHR/D | 11.75 144
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
Appendix R Pump/Flow Pool Temp | Pump | NPSHa | Pressure
Combination (ft) (psia)

App-RA @191°F A 24.45 14.4
RHR Pump A-7200 gpm

App-RB @I191°F B 24.41 14.4
RHR Pump B-7200 gpm

App-RC @191°F C 24.30 14.4
RHR Pump C-7200 gpm

App-RD @191°F D 24.50 144
RHR Pump D-7200 gpm

App-RA @191°F A 23.51 14.4
RHR Pump A-9100 gpm

App-RB @I191°F B 23.45 14.4
RHR Pump B-9100 gpm

App-RC @I191°F C 23.27 144
RHR Pump C-9100 gpm

App-RD @191°F D 23.59 14.4
RHR Pump D-9100 gpm

App-RA @223°F A 4.49 14.75
RHR Punp A-7200 gpm

AppRB @223°F B 445 14.75
RHR Pump B-7200 gpm

App-RC @223°F C 4.34 14.75
RHR Pump C-7200 gpm

App-RD @223°F D 4.54 14.75
RHR Pump D-7200 gpm

App-RA @223°F A 3.55 14.75
RHR Pump A-9100 gpm

App-RB @223°F B 3.48 14.75
'RHR Pump B-9100 gpm

App-RC @223°F C 3.30 14.75
RHR Pump C-9100 gpm

App-RD @223°F D 3.63 14.75
RHR Pump D-9100 gpm




Document: MD-Q0999-970046 Rev.: 10 Plant: BFN Ul, 2&3 | Page: 151

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
SBO Pump/Flow Combination Pool Temp | Pump | NPSHa | Pressure
(ft) (psia)
SBO1A/C @157°F A 35.46 144
RHR Pump A/C-6500 gpm each
C 34.86 144
SBO2B/D @157°F B 35.10 144
RHR Pump B/D-6500 gpm each
D 35.65 144
SBO1A/C @200°F A 18.77 14.4
RHR Pump A/C-6500 gpm each
C 18.18 144
SBO2B/D @200°F B 18.42 14.4
RHR Pump B/D-6500 gpm each
D 18.96 14.4




MD-Q0999-970046, Rev. 10

Table 14.1: Unit 3 NPSH Calculations Case 1A 95F

Page: 152

CALCULATION SHEET

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) “psla to feet of head
60 0.256389624 0.016034992 2.309038802
95 0.816362332 0.016115213 2.320590685 Pool Press. (psia)] 14.4]
___RHR Pressure (pslg) NPSHa (ft)
1PUMPA -0.194 31.07
2PUMPB -0.635 30.05
3PUMPC -0.861 29.52
4PUMPD 0.0983 31.75
CS Pressure (psig) NPSHa (f1)
1CSPUMPA -1.338 28.42
2CSPUMPB 0.2827 32.18
3CSPUMPC 0.1479 31.87
4CSPUMPD -1.0716 29.04
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MD-Q0999-970046, Rev. 10
CALCULATION SHEET

Table 14.2: Unit 3 NPSH Calculations Case 1B 155.4F

Vapor Pressure | Specitic Volume | Conversion Factor
Temp(°F) | (psla) V(#t*b) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia)| 14.4 |
RHR Pressure (ps__!g) NPSHa (ft)
1PUMPA -0.1866 23.49
2PUMPB -0.6197 22.46
3PUMPC -0.8437 21.94
4PUMPD 0.1031 24.17
CS — Pressure (psig) NPSHa (ft)
1CSPUMPA -1.3136 20.83
2CSPUMPB 0.2827 24.59
‘1 3CSPUMPC 0.1494 24.28
4CSPUMPD -1.052 21.45
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CALCULATION SHEET

MD-Q0999-970046, Rev. 10

Table 14.3: Unit 3 NPSH Calculations Case 2A 95F

: Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
95 0.816362332 0.016115213 2.320590685 Pool Press. Lps!a) 14.4}
RHR “Pressure (psig) NPSHa (it)
1PUMPA -0.5788 30.18
2PUMPB -0.0943 31.30
3PUMPC -1.3787 28.32
4PUMPD 0.5166 3272
CS " Pressure (psig) NPSHa (ft) |
[ 1CSPUMPA 1,338 28.42
2CSPUMPB 0.2823 32.18
3CSPUMPC 0.1476 31.86
4CSPUMPD -1.072 29.03



MD-Q0999-970046, Rev. 10
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CALCULATION SHEET

Table 14.4: Unit 3 NPSH Calculations Case 2B 155.4F

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V({*N1b) psia to feet of head
60 0.256389624 0.016034992 2.309038802
165.4 4.249928506 0.016369309 2.357180486 Pool Press. (psla) 14.40]
RHR | Pressure (psig) NPSHa (ft)
1PUMPA -0.5654 22.59
2PUMPB -0.0892 23.72
| 3PUMPC -1.3536 20.73
4PUMPD 0.5133 25.14
CS Pressure (psig) NPSHa (ft)
1CSPUMPA -1.3148 20.83
2CSPUMPB 0.2815 24.59
3CSPUMPC 0.1482 24.27
4CSPUMPD -1.053 21.44
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CALCULATION SHEET
Table 14.5: Unit 3 NPSH Calculations Case 3A 155.4F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°b) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia) 14.4
RHR Pressure (psig) 'NPSHa (ft)
1PUMPA 4,942 35.57
2PUMPB
|_3PUMPC 4.6908 34.98
4PUMPD
CS ~ Pressure (psig) NPSHa (ft)
1CSPUMPA 3.2072 31.49
2CSPUMPB
| 3CSPUMPC 4.0468 33.46
4CSPUMPD
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Table 14.6: Unit 3 NPSH Calculations Case 3B 172F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°/1b) psia to feet of head
60 0.256389624 0.016034992 2.309038802 »
172 6.281035863 0.016460423 2.370300872 Pool Press. Eia) 14.4]
“RHR Pressure (psig) NPSHa (ft) |
1PUMPA 4.9151 30.89
2PUMPB
3PUMPC 4.665 30.30
4PUMPD
“CS " Pressure (psig) NPSHa (ft)
1CSPUMPA 319 26.81
2CSPUMPB
3CSPUMPC 4.0249 28.78
4CSPUMPD
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Table 14.7: Unit 3 NPSH Calculations Case 3C 187.3F
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CALCULATION SHEET

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°*Ab) psia to feet of head
60 0.256369624 0.016034992 2.309038802 _
187.3 8.822338971 0.01655191 2.383475045 Pool Press. (_@a) 14.4
RHR Pressure (psig) | _ NPSHa (1)
1PUMPA 4.888 24.94
2PUMPB
3PUMPC 4.6392 24.35
4PUMPD
CS Pressure (psig) NPSHa (ft)
1CSPUMPA 3.173 20.86
2CSPUMPB :
3CSPUMPC 4.003 22.84
4CSPUMPD
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Table 14.8: Unit 3 NPSH Calculations Case 4A 155.4F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia) 14.4]
RHR | Pressure (psig) NPSHa (ft)
1PUMPA 4.948 35.59
2PUMPB
3PUMPC 4,697 35.00
4PUMPD
CcS Pressure (psig) NPSHa (ff) |
1CSPUMPA
2CSPUMPB 3.996 33.34
3CSPUMPC
4CSPUMPD 3.231 31.54
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Table 14.9: Unit 3 NPSH Calculations Case 4B 172F
Vapor Pressure } Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
172 6.281035863 0.016460423 2.370300872 Pool Press.ﬁ(psla) 14.4]
RHR Pressure (psig) NPSHa (ft)
1PUMPA 4.921 30.91
2PUMPB
] 3PUMPC 4.671 30.32
—4PUMPD
CS " Pressure (psig) |  NPSHa (ft) |
1CSPUMPA
2CSPUMPB - 3.9748 28.67
| 3CSPUMPC
4CSPUMPD 3.2133 26.86
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Table 14.10: Unit 3 NPSH Calculations Case 4C 187.3F
Vapor Pressure | Speclific Volume ] Conversion Factor
Temp(°F) (psia) V(it°/b) psia to feet of head
60 0.256389624 0.016034992 2.309038802 o
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (psia) 14.4}
"RHR Pressure (psig) NPSHa (ft)
1PUMPA " 4.8%4 24.96
2PUMPB
|_SPUMPC 4.645 24.37
4PUMPD
CS Pressure (psig) NPSHa (f1)
1CSPUMPA T
2CSPUMPB 3.953 22.72
3CSPUMPC
4CSPUMPD 3.196 20.91
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Vapor Pressure

Specific Volume

Conversion Factor

Temp(°F) (psia) V(ft°Ab) psla to feet of head
60 0.256389624 0.016034992 2.309038802 .
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia) 14.4}
| RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB 4.824 35.30
3PUMPC
4P_L1MPD 5.055 35.84
CS " Pressure (psig) NPSHa (ft)
1CSPUMPA
2CSPUMPB 3.988 33.33
3CSPUMPC
4CSPUMPD 3.222 31.52
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T e .

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia) 14.4]
|__RHR_ Pressure (psig) NPSHa (ft)
1PUMPA :
2PUMPB 4.797 30.61
3PUMPC
4PUMPD 5.027 31.16
(3 |_Pressure (psig) NPSHa (ft)
1CSPUMPA
2CSPUMPB 3.966 28.65
3CSPUMPC
4CSPUMPD 3.205 26.84
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Table 14.13: Unit 3 NPSH Calculations Case 5C 187.3F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 -
187.3 8.822339971 0.01655191 2.383475045 FPool Presﬂpsla) 14.4]
RHR Pressure (psig) NPSHa (ft) |
1PUMPA
2PUMPB 4.771 24.67
{_3PUMPC
4PUMPD 4.999 25.21
CS Pressure (psig) NPSHa (ft)
1CSPUMPA
2CSPUMPB - 3.945 22.70
3CSPUMPC
4CSPUMPD 3.188 20.89
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Table 14.14: Unit 3 NPSH Calculations Case 6A 155.4F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(it°/ib) psia to feet of head
60 0.256389624 0.016034992 2.308038802
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (_psla) 14.4 |
"RHR Pressure (psig) NPSHa (1)
1PUMPA -
2PUMPB 4.8149 35.28
3PUMPC
4PUMPD 5.0455 35.82
CcS Pressure (psig) NPSHa (ft)
1CSPUMPA 3.2265 —_31.53
2CSPUMPB
13CSPUMPC 4.066 33.51

4CSPUMPD
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Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*nb) psia to feet of head
60 0.256389624 0.016034992 2.309038802 g
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia) 14.4]
RHR Pressure (psig) NPSHa (1)
1PUMPA
2PUMPB 4.788 30.59
3PUMPC
4PUMPD 5.0178 31.14
" CS Pressure (psig) NPSHa (ff) |
1CSPUMPA 3.208 26.85
2CSPUMPB »
3CSPUMPC 4.044 28.83
4CSPUMPD
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CALCULATION SHEET

Table 14.16: Unit 3 NPSH Calculations Case 6C 187.3F

NPSH Evaluation of Browns Ferry RHR and CS pumps

4CSPUMPD

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (psia) 14.4]
RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB 4.762 24.64
3PUMPC
4PUMPD 4.99 25.19
CS Pressure (psig) NPSHa (ft) |
iCSPUMPA]____ 3.1919 20.90
2CSPUMPB
3CSPUMPC 4.022 22.88



MD-Q0999-970046, Rev. 10 Page: 168 NPSH Evaluation of Browns Ferry RHR and CS pumps

CALCULATION SHEET
Table 14.17: Unit 3 NPSH Calculations Case 7 166F
Vapor Pressure | Specific Volume ] Conversion Factor
Temp(°F) (psia) V({t'hb) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
166 5.468938413 0.016426501 . 2.365416198 Pool Press. (psia) 14.4])
I RHR Pressure (psig) "NPSHa (ft)
1PUMPA 3.9313__ 30.42
2PUMPB 3.933 30.43
3PUMPC 3.6805 29.83
4PUMPD 4.1637 30.97
CS Pressure (psig) NPSHa (ft)
1CSPUMPA 2.6012 27.28
2CSPUMPB
3CSPUMPC 3.438 29.26
4CSPUMPD
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Table 14.18: Unit 3 NPSH Calculations Case ATWS 177F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(fi*ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
177 7.033092437 0.016489536 2.374493143 Pool Press. (psla)_14.4]
RHR | Pressure (psig) NPSHa (ft)
[~ PUMPA 4.7293 28.72
PUMPB 4.7405 28.75
PUMPC 4.4794 28.13

PUMPD 4.9695 29.29
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Table 14.19: Unit 3 NPSH Calculations Case ATWS 192F

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(§*/b) psia to feet of head

60 0.256389624 0.016034992 2.309038802

192 9.767027807 0.01658144 2.387727412 Poo! Press. (psia) 14.4]

~ RHR Pressure (psig) NPSHa (ft)

PUMPA 4.703 22.32
PUMPB 4.714 22.34
PUMPC 4.4544 21.72

PUMPD 4.942 22.89
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Table 14.20: Unit 3 NPSH Calculations Case ATWS 211F

Vapor Pressure [ Specific Volume | Conversion Factor
Temp{°F) (psia) V(ft*/ib) psia to feet of head
60 0256389624 0.016034992 2.309038802 _
211 14.42019545 0.016707611 2.405895953 Pool Press. (psia)_14.4]
RHR | Pressure (psig) NPSHa (f1)
_PUMPA [ 4,667 11.18
PUMPB 4,678 11.21
| PUMPC 4.42 10.59
PUMPD 4.905 11.75
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Table 14.21: Unit 3 NPSH Calculations Case App-R A 191F 7200gpm __

Vapor Pressure | Speclific Volume | Conversion Factor

Temp(°F) (psia) V(ft*Ab) psia to feet of head

60 0.256389624 0.016034992 2.309038802 _

19 9.56515635023 0.016575101 2.386814603 Pool Press. (psia) 1441

r__BHR Pressure (_&Ig) NPSHa (ft)

1PUMPA 5.3966 24.45
2PUMPB
3PUMPC

4PUMPD
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Table 14.22: Unit 3 NPSH Calculations Case App-R B 191F 7200gpm

Vapor Pressure | Specific Volume.] Conversion Factor
Temp(°F) (psia) V(ft*ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _

191 9.651535023 0.016575101 - 2.386814603 Pool Press. (rpsla) 14.4}

RHR Pressure (psig) NPSHa (ft)
1PUMPA o
2PUMPB 5.38 24.41
3PUMPC

4PUMPD
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Table 14.23: Unit 3 NPSH Calculations Case App-R C 181F 7200gpm _

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psla to feet of head
60 0.256389624 0.016034992 2.309038802 _
191 9.651535023 0.016575101 2.386814603 Pool Press. (psia) 14.4]
RHR Pressure (psig) NPSHa (ft)
1PUMPA —
2PUMPB ’
3PUMPC 5.333 24.30

2PUMPD
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Table 14.24: Unit 3 NPSH Calculations Case App-R D 191F 7200gpm

Vapor Pressure | Specific Volume ] Conversion Factor

Temp(°F) (psia) V(f*1b) psia to feet of head

60 0.256389624 0.016034992 -2.309038802

19 9.551535023 0.016575101 2.386814603 Pool Press;(gsla) 1441
~ RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB
3PUMPC

4PUMPD 5.418 24.50
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Table 14.25: Unit 3 NPSH Calculations Case App-R A 223F 7200gpm
Vapor Pressure | Speclfic Volume | Conversion Factor
Temp(°F) {psia) V(i°Nb) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75}
RHR Pressure J(rpsig) NPSHa (ft)
1PUMPA 5.327 4.49
2PUMPB | -
3PUMPC
4PUMPD
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Table 14.26: Unit 3 NPSH Calculations Case App-R B 223F 7200gpm _

Vapor Pressure | Specific Volume ] Conversion Factor
Temp(°F) (psia) V(fib) - | psiato feet of head
€0 0.256389624 0.016034992 | 2.309038802 _
223 18.22056262 0.016792916 2.418179953 Pool Press. (psia) 14.75]
RHR | Pressure (psig) NPSHa (f1)
1PUMPA .
2PUMPB 5.311 4.45
| 3PUMPC

4PUMPD
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Table 14.27: Unit 3 NPSH Calculations Case App-R C 223F 7200gpm

Vapor Pressure | Specific Volume } Conversion Factor

Temp(°F) (psia) V(ft'ib) psia to feet of head

60 0.256389624 0.016034992 2.309038802 _
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75])
_RHR Pressure (psig) NPSHa (ft)

1PUMPA

2PUMPB

3PUMPC 5.264 4.34

| 4aPUMPD




MD-Q0999-970046, Rev. 10 Page: 179 NPSH Evaluation of Browns Ferry RHR and CS pumps
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Table 14.28: Unit 3 NPSH Calculations Case App-R D 223F 7200gpm__
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*Aib) psia to feet of head
60 0.2563689624 0.016034992 2.309036802
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75]

~ RHR Pressure (psig) NPSHa (1)
TPUMPA .

2PUMPB
3PUMPC
4PUMPD 5.348 454
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Table 14.29: Unit 3 NPSH Calculations Case App-R A 191F 9100gpm

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°Ab) psia to feet of head
60 0.256389624 0.016034992 2.308038802 _
191 9.551535023 0.016575101 2.386814603 Pool Press. (psia) 14.4}
RHR Pressure (psig) NPSHa (f1)
1PUMPA 5.002 23.51
2PUMPB
| SPUMPC
4PUMPD
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Table 14.30: Unit 3 NPSH Calculations Case App-R B 191F 8100gpm _

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(it*b) psla to feet of head
60 0.256389624 0.016034992 2.309038802
191 9.551535023 0.016575101 2.386814603 Pool Press. (psia) 1441
RHR | Pressure (psig) NFé-l'-l?(-f-t.)_
[TPUMPA ~
2PUMPB 4.976 23.45
3PUMPC

4PUMPD
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CALCULATION SHEET
Table 14.31: Unit 3 NPSH Calculations Case App-R C 191F 9100gpm
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/b) psia to feet of head
60 0.256389624 0.016034992 2.309038802
191 9.551535023 0.016575101 2.386814603 Pool Press. (psia) 14.4]
L _RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB
3PUMPC 4.9 23.27
%UMFD '
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Table 14.32: Unit 3 NPSH Calculations Case App-R D 191F 9100gpm

Vapor Pressure | Specific Volume | Converslon Factor

Temp(°F) (psia) V(ft*/b) psia to feet of head

60 0.256389624 0.016034992 2.309038802

191 9.551535023 0.016575101 2.386814603 Pool Press. (psia) 14.4|
__RHR_|_Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB
3PUMPC

4PUMPD 5.037 23.59
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Table 14.33: Unit 3 NPSH Calculations Case App-R A 223F 9100gpm _

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*Ab) psia to feet of head
60 0.256389624 0.016034092 2.309038802
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75)
RHR Pressure (psig) NPSHa (ft)
1PUMPA 4.937 ' 3.55
2PUMPB
3PUMPC
4PUMPD
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CALCULATION SHEET

Table 14.34: Unit 3 NPSH Calculations Case App-R B 223F 9100apm

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*ib) psla to feet of head
60 0.256389624 0.016034992 2.302038802

223 18.22056282 0.016782916 2.418179953 Pool Press. (psia) 14.75]

RHR Pressure (psig) NPSHa (f1)
1PUMPA r
2PUMPB 4.911 3.48
3PUMPC

"4PUMPD
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Yable 14.35: Unit 3 NPSH Calculations Case App-R C 223F 91 00gpm

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802 —
223 18.22056282 0.016792916 2.418179953 Pool Press. (psia) 14.75]
RHR Pressure (psig) NPSHa (11)
1PUMPA
2PUMPB
3PUMPC 4.837 3.30

4PUMPD
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Table 14.36: Unit 3 NPSH Calculations Case App-R D 223F 9100gpm _
Vapor Pressure ] Specific Volume | Conversion Factor
Temp(°F) (psia) V{ft*Ab) psia to feet of head
60 0.256389624 0.016034992 2.309038802

223 18.22056282 0.016792916 2.418179953 Pool Press. (psla) 14.75]

RHR Pressure (psig) NPSHa (#t)
1PUMPA }
2PUMPB
3PUMPC

4PUMPD 4.971 363




4PUMPD
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Table 14.37: Unit 3 NPSH Calculations SBO A-C 157F
Vapor Pressure | Speclific Volume | Conversion Factor
Temp(°F) (psia) V(ft°/ib) psia to feet of head
60 0.256389624 0.016034892 2.309038802 _
157 4.417636119 0.016377716 2.358391077 Pool Press‘.Lpsla) 14.4]
RHR Pressure (psig) NPSHa (ft)
“1PUMPA 5052 35.46
2PUMPB
3PUMPC 4.8 34.86
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Table 14.38: Unit 3 NPSH Calculations SBO B-D 157F

Vapor Pressure | Specific Volume | Conversion Factor

Temp{°F) (psia) V({it*Ab) psia to feet of head

60 0.256389624 0.016034992 2.309038802 _

157 4.417636119 0.016377716 2.358391077 Pool Press. (psia)| 14.4]

RHR Pressure (psig) NPSHa (ft)
1PUMPA
2PUMPB 4.902 35.10
3PUMPC

4PUMPD 5.132 35.65
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Table 14.39: Unit 3 NPSH Calculations SBO A-C 200F

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(f*/Ib) psia to feet of head
€0 0.256389624 0.016034992 2.309038802
200 11.53763273 0.016633238 2.395186284 Pool Press. (psia) 14.4}
RHR Pressure (psig) NPSHa (ft) |
1PUMPA 4.975 18.77
2PUMPB
|_3PUMPC 4.727 18.18
4PUMPD
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CALCULATION SHEET

Table 14.40: Unit 3 NPSH Calculations SBO B-D 200F

Vapor Pressure

Specific Volume

Conversion Factor

Temp(°F) (psia) V(ft’/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
200 11.53763273 0.016633238 2.395186284 Pool Press. (psia)| 14.4]
__iHR Pressure (psig) NPSHa (it)
1PUMPA T
2PUMPB 4.827 18.42
3PUMPC
4PUMPD 5.054 18.96
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CALCULATION SHEET
TABLE 15
Unit 3
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
c LOCA 1A @95°F Strainer 1 15628.6 3.022
S Pumps A/B/C/D-4125gpm each :
RHR A/CP s —10,500 gpm each Strainer 23 14681.1 2.645
RHR B/D Pumps -11,500 gpm each Strainer 27 15176.1 2.884
Strainer 5 14712.2 2.662
cs LOCA1B @155.4°F Strainer 1 15390.6 2975
Pumps A/B/C/D-4125gpm each :
RHR A/C $ 10,500 gpm cach S@ner 23 144533 2.604
RHR B/D pump“ s -11,500 gpm cach Strainer 27 14938.4 2.839
Strainer 5 14483.6 2.621
cs LOCA2A @95°F Strainer 1 15646.5 3.025
Pumps A/B/C/D-4125gpm each Strainer 23 14677 2,642
RHR A/C Pumps -11,500 gpm each Strai = = 633 2'880
RHR B/D Pumps -10,500 gpm each trainer 2 15163. :
Strainer 5 14711 2.661
LOCA 2B @155.4°F Strainer } 15403.4 2.978
CS Pumps A/B/C/D-4125gpm each Strainer 23 14450.6 2.603
RHR A/C Pumps -11,500 gpm each Strainer 27 14928 2.835
RHR B/D Pumps -10,500 gpm each Strainer 5 144839 2.621
LOCA3A @155.4°F Strainer 1 4905.66 0.173
CS Pumps A/C-3125gpm each :
B/D-0 gpm each Strainer 23 4551.66 0.107
RHR A/C Pumps-6500 gpm each Strainer 27 4648.25 0.124
B/D-0 gpm cach Strainer 5 475043 | 0.143
c LOCA 3B @172°F Strainer 1 4878.12 0.172
S Pumps A/C-3125gpm each -
B/D-0 gpm cach Strainer 23 4526.95 0.106
RHR A/C Pumps-6500 gpm each Strainer 27 462291 0.123
B/D-0 gpm cach Strainer 5 4724.01 0.142
LOCA3C @187.3°F Strainer 1 4850.69 0.171
CS Punlaap/ls) .j\O/C-3 lZSggm cach Strainer 23 4502.16 0.106
gpm eac) -
RHR A/C Pumps-6500 gpm cach Stm?cr 27 4597.51 0.123
B/D-0 gpm each Strainer 5 4697.64 0.141
LOCA4A @1554°F Strainer 1 4835.65 0.159
CS Pumps B/D-3125gpm each Strainer 23 4647.75 0.124
A/C-0 gpm cach Strainer 27 4731.51 0.139
RHR A/C Pumps-6500 gpm each Strainer 5 4641.08 0.123
B/D-0 each
LOCA4B @172°F Strainer 1 4808.63 0.158
CSP““EE B/D-3125gpm each Strainer 23 | 462227 | 0.123
-0 gpm eac -
RHR A/C Pumps-6500 gpm each Strainer 27 4705.55 0.139
B/D-0 gpm each Strainer 5 4615.54 0.122
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked __ Date
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
LOCA 4C @187.3°F Strainer 1 4781.69 0.157
CS Pumps B/D-3125gpm each Strainer 23 4596.76 0.123
A/C-0 gpm each -
RHR A/C Pumps-6500 gpm each Strainer 27 4679.56 0.138
B/D-0 gpm each Strainer 5 4589.99 0.121
LOCA 5A @1554°F Strainer 1 4642.35 0.123
Cspu?}sc 1_30/D-3125g§m cach Strainer 23 477343 0.147
gpm cac Strainer 27 4913.97 0.175
RHR B/D Pumps-6500 gpm each Strainer 5 452625 0.102
A/C-0 gpm each
LOCASB @172°F Strainer 1 4617 0.122
CS Pumps B/D-3125gpm each Strainer 23 474688 0.146
A/C-0 gpm each -
RHR B/D Pumps-6500 gpm each Strainer 27 4886.42 0.174
A/C-0 gpm each Strainer 5 4501.7 0.102
LOCA SC @187.3°F Strainer 1 4591.6 0.122
CS Pumps B/D-3125gpm each -
A/C-0 gpm each Strainer 23 4720.38 0.146
RHR B/D Pumps-6500 gpm each Strainer 27 485897 0.173
A/C-0 gpm each
Strainer 5 4477.05 0.102
LOCA 6A @155.4°F Strainer 1 4720.96 0.137
CS Pumps A/C-3125 h
BD.0 gom each Staimer23 | 466124 | 0.126
RHR B/D Pumps-6500 gpm each Strainer 27 4846.9 0.161
A/C-0 gpm each
Strainer 5 4626.89 0.120
LOCA 6B @172°F Strainer 1 4695.03 0.137
CS Pumps A/C-3125gpm each Straimer 23 4635.59 0.126
B/D-0 gpm each -
RHR B/D Pumps-6500 gpm each Strainer 27 4819.83 0.160
A/C-0 gpm each Strainer § 4601.55 0.119
LOCA 6C @187.3°F Strainer 1 4669.07 0.136
Cs Put;p/ls} %10-3125?;!11 each Strainer 23 4609.93 0.125
gpm eac] -
RHR B/D Pumps-6500 gpm each Strax?cr 27 4792.84 0.159
A/C-0 gpm each Strainer 5 4576.16 0.119
LOCA7 @166°F Strainer 1 - 8289.24 0.877
& Pur;p/;) 1_\010-31253pl;m each Strainer 23 7500.75 0.696
gpm cac Strainer 27 7988.88 0.803
RHR A/C/B/D Pumps-6500 gpm cach Strainer 5 7703.14 0.739
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
ATWS Pump/Flow Combination Pool Temp. Strainer Flow Pressure
(sgpm) Drop
(psid)
ATWS @177°F Strainer 1 8930.1 0.181
RHR A/C/B/D Pumps-6500 gpm each Strainer 23 3896.18 0.035
CS Pumps A/C/B/D-0 gpm each -
Strainer 27 7805.12 0.138
Strainer 5 4652.6 0.049
ATWS @192°F Strainer 1 8879.5 0.180
RHR A/C/B/D Pumps-6500 gpm each
Strainer 27 7760.5 0.138
Strainer 5 4628.14 0.049
ATWS @211°F Strainer 1 8810.45 0.179
RHR A/C/B/D Pumps-6500 gpm each -
CS Pumps A/C/B/D-0 gpm each Strainer 23 3847.63 0.034
Strainer 27 7699.73 0.136
Strainer 5 45942 0.049
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @191°F Strainer 1 2627.57 0.016
RHR Pump A-7200 gpm Strainer 23 105149 | 0.003
Strainer 27 1987.05 0.009
Strainer 5 1298.89 0.004
App-RB @191°F Strainer 1 1919.34 0.015
RHR Pump B-7200 gpm
Strainer 23 1407.03 0.008
Strainer 27 2348.25 0.022
Strainer 5 1290.38 0.007
App-RC @191°F Strainer 1 2627.57 0.016
RHR Pump C-7200 gpm Strainer 23 1051.49 0.003
Strainer 27 1987.05 0.009
Strainer 5 1298.89 0.004
App-RD @I191°F Strainer 1 1919.34 0.015
RHR Pump D-7200 gpm Strainer 23 1407.03 0.008
Strainer 27 2348.25 0.022
Strainer 5 1290.38 0.007
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps

Prepared Date

Checked _ Date
CALCULATION SHEET
Appendix R Pump/Flow Combination | Pool Temp. Strainer Flow Pressure Drop
(sgpm) (psid)
APp-RA @223°F | Stramer1 | 259143 0.016
RHR Pump A-7200 gpm Strainer 23 | 1039.21 0.003
Strainer 27 | 1961.32 0.009
Strainer 5 | 1283.05 0.004
App-RB @223°F | Staimer 1 | 1894.42 0.015
RHR Pump B-7200 gpm Strainer 23 | 1389.94 0.008
Strainer 27 | 2315.96 0.022
Strainer 5 | 1274.67 0.007
AppRC @223°F | Strainer1 | 259143 0.016
RHR Pump C-7200 gpm Strainer 23 | 1039.21 0.003
Strainer 27 | 1961.32 0.009
Strainer 5 | 1283.05 0.004
AppRD @223°F | Strainer1 | 1894.42 0.015
RHR Pump D-7200 gpm Strainer 23 | 1389.94 0.008
Strainer 27 | 2315.96 0.022
Strainer 5 | 1274.64 0.007
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Page: 196

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps

Prepared ___ Date_

Checked Date
CALCULATION SHEET
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @191°F Strainer 1 331734 0.0251
RHR P -
ump A-9100 gpm Strainer 23 1331.14 | 0.004
Strainer 27 2511.32 0.0144
Strainer 5 1643.21 0.0062
AppRB @I91°F Strainer 1 242564 | 0.0235
RHR Pump B-9100 gpm
Strainer 23 1780.14 0.0127
Strainer 27 2964.72 0.0351
Strainer 5 1632.5 0.0106
App-RC @191°F Strainer 1 3317.34 0.0251
RHR Pump C-9100 gpm Strainer 23 1331.14 0.004
Strainer 27 2511.32 0.0144
Strainer 5 1643.21 0.0062
AppRD @I9I°F Strainer 1 242564 | 0.0235
RHR D-
Pump D-9100 gpm Strainer 23 1780.14 | 00127
Strainer 27 2964.72 0.0351
Strainer 5 1632.5 0.0106
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
{psid)
AppR A @223°F Strainer 1 3271.89 | 0.0248
RHR Pump A-9100 gpm Strainer 23 131541 | 0.004
Strainer 27 2478.7 0.0142
Strainer 5 1623 0.0061
App-RB @223°F Strainer 1 2394.05 0.0232
RHR Pump B-9100 gpm
Strainer 23 1758.32 0.0125
Strainer 27 2924.15 0.0346
Strainer 5 1612.47 0.0105
AppRC @223°F Strainer 1 3271.89 | 0.0248
RHR Pump C-9100 gpm Strainer 23 1315.41 0.004
Strainer 27 2478.7 0.0142
Strainer 5 1623 0.0061
AppRD @223°F Strainer 1 239405 | 0.0232
RHR D-
Pump D-9100 gpm Strainer 23 175832 | 00125
Strainer 27 2924.15 0.0346
Strainer 5 1612.47 0.0105
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared __ Date_
Checked _ Date_
CALCULATION SHEET

SBO Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
SBO1A/C @157°F Strainer 1 4793.76 0.052
RHR Pump A/C-6500 gpm each Stamer23 | 192627 | 0.008
Strainer 27 3630.94 0.029
Strainer 5 2377.02 0.013
SBO2B/D @I157°F Strainer 1 3506.98 0.049
RHR Pump B/D-6500 gpm each Stainer 23 | 2575.18 | 0.026
Strainer 27 4284.26 0.072
Strainer 5 2361.58 0.022
SBO 1 A/C @200°F Strainer 1 4714.82 0.051
RHR Pump A/C-6500 gpm each Strainer 23 1899.77 |  0.008
Strainer 27 3574.78 0.029
Strainer 5 2342.63 0.013
SBO2B/D @200°F Strainer 1 3452.57 0.048
RHR Pump B/D-6500 gpm each Stainer23 | 25381 | 0026
Strainer 27 4213.84 0.071
Strainer 5 2327.49 0.022
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Appendix 3

Evaluation of the ECCS Strainer to Ingest a Steam Plume/Bubble

This appendix determines the vertical and barizontal distances berween the MSRV T-guenchers and various points an the
ECCS suction strainers. The horizontal distance is compared to the MSRV T-Quencher to ECCS separation critexia
contained i the Brookhaven National Laboratory sttached to the NRC Safety Evaluation Repart for NEDO- 30832-A,
“Elimination of Limit en BWR. Suppression Poo! Temperature Limit for SRV Discharge with Quenchers™

Assumptions:
Nape

References: _ 4

). Drawing 2/3-E20, “TVA Containment Vessel", Pitsbacgh-Des Maines Steel Co.
2. Drawing 2/3-47W401-5, “Mcchanical Main Steam Relief Vatve Vext Piping”.
3. General Electric Drawing 105E2202 Rev 1, “Soction Strainer™

Design yput Data:

1. Distance from ring header centerline to weld on pepetration X-204A-D = 1* 10" (Ref, 1)

1kaﬁmwdampm=ﬁonx-2m-bwmuimasuppmdmcmmba:&ﬂ=w(basedonﬁeld
measurement)

3. Distance from exterior of sappression chamber shell to strafner flange = 0° 11 5N6" RL 1)

4. Length of suction strainer > 49.8" (Scaled from Ref. 3)

" 5. Bydroulic Diameter of suction strainer = 45" (Ref. 3)

6. Angle of soction sirines 1o borizontal = 40° 08" 36" = 40.14° (Ref. 1)

7. Distance from centextine of ring beader to centerline of suppression chagber = 13° 107 (Ref. 1)
t.msanm&omcemuﬁneafmpprusimchmba'wwmﬁneaﬂ&VT-Quend:u- 15" (ReL 2)
9. Diameter of MSRV T-Quencher = 127 (Ref. 2) '

10. Edevation of xing header = 525" 4™ Ref. 1)

11. Elevation of MSRV T-Quencher = 526* 6 (Ref. 2)

Computations and Resulis:
d’l;fonowing lcalation is based on the sketch shown in Figare A3-1. The figure is based on the above design input

X = Q" 10° + 8.5 + 11 5/16™ + 45.8") * COSINE 40.14° = 700
X3 =225 ¢ SINE 40.14°= 14.50"



Calculation MD-Q0999-970046 Page A3-2 of 3

Appendix 3 (Cont’d)

Evaluation of the ECCS Strainer to Ingest a Steam Plurue/Bubble

Borizantal Scparation = Sg= 13" 107 « X, - Xo + 157 = 67 = 13" 107 - 70.0” - 14.50" + 15" ~ 6" = 90.5™ = 7.54 foet
=23 meters

Zy=(1' 10"+ 8.5+ 11 516" +49.87) ¢ SINE 40.14° = 55.1"
Z;=22.5* COSINE 40.14 = 172"
E=S9.1" - 172" m 419" ~ 42"
Elevation of tip &m-maﬁgmw-mwﬂrs.ﬂs’ 10°
Vertical Separation = Elevarion of tip of strainer » Elevation of MSRV T-Quencher
=528" 10" - 526" 6*=2"¢"
The horizontal separation distance from the Brockhaven repart s 1.5 metars. Since the BFN separation (2.3 meters)

exceeds the Brookhaven criteria, it is not expected that the steam/(hermal plame from so MSRV would be ingested by an
ECCS suction strainer. '
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Problem: - :

The purpose of this calculstion is 1o determine that the Residual Heat Removal (RHR) pump end the Core Spray (CS)
pump Net Positivg Suction Head (NPSH) is sdequate end that margin is availsble for the Emergency Core Cooling -
System (ECCS) replacement strainer desipn. _

Abstroct:

Revislon § hes determined that the velugs caleulated In Revision 4 of the main calculation for Unks 2 end 8 operations ot
Extended Power Uprate (EPU) conditions is siso spplicable to Unit 1 operations &t EPU conditions.

This mvlsiu‘zmakesﬂ)ecalcmaﬁmappﬁcablelowm 1.2and 8.

T —

MICROFICHE/AFICHE Yes [J] No [ FICHE NUMBER(S)
LOAD INTO EDSMS AND DESTROY . y
b%wmoewsmonmmwmnwmcmxnm ADDRESS:

RARY,
o LOAD INTO EDMS AND RETURN CALEULATION

TVA 40522 (07-2001] : Page tof2 NEDP-2-8 {07-05-2001]




Axtacnmens ™\
Face A-
TVAN CALCULATION COVERSHEET/CCRIS !.IPDATE

: Pa
cacm [TYPE | ORG | PLANT | BRANCH NULBER REY o 2
cN | nue BFN MEB MDQOSSS570046 005
RN AL ENJIFICA
ELDG BOOM | ELEY | COORDAZM FIRM EitRepori ves L]
0 NA NIA N/A Bechis!
CATEGORIES :
KEY NOUNS (A-add, D-delcts)
ACTION § KEY NOUN . AD | KEY NOUN
A
A LOCA
: CROSS-REFERENCES (A-2dd, Cchangs, D-delete)
ACTION XFEF XREF XREF XREF XREF XREF
o ] cooe | Tyeg | PLANY | _NUMPER REV
A d N BFN NTB | NDO19ge20020018
A p ow BEN MEB 147EB11
A P ow BFM MEB 2-47EB11-1
A P ow BFN MEB 347EBYS-Y
A P ow BFN MEB | 14788141
A P ow BEN uED 04754521
A p oW BFN MEB 24TW24529
A P ow BFN MER DATWASE2
A P ow BFN MEB 1-47W458-8
A P ow BFN MEB 2-4TWa58-3
A 4 oW BFN MEB DATWAEEA -
A P ow BFN MEB 24TVWASES
A [ ow BFN MED STWADLS
s P vp BFN MEB 103 ANIT 1)
A P vO BFN MEB 103 (UNIT )
A P vD erN MEB E19
A P VO BFN MER 2E19
A P D BFN MEB 3E19
“A P ON BFN MEB | DCNT-40210A
A P oN BFN MEB DCN T40211A
%’%}Q&mm ng sre teovired only when making keyword/cross reference CCRIS updates snd page § of form NEDP-2-1 Is not included:
PREPARER SIGNATURE DATE CHECKER SIGNATURE DATE
PREPARER PHONE NO. ) EOMS ACCESSION NO.

TVA 40532 [07-2001) Pspe 2002 NEDP-2-1 {07-05-2001)




Ax=pecan~ent A
Faocse AT
TVAN CALCULATION COVERSHEET/CCRIS UPDATE

Page _2B
catem [TveE R PLANT |_PRANCH NUMBER REY
ey | sue BFN MEB MDQODDEGI004E 005
ALTERNATE CALCULATION IDENTIFICATION
ELDG ROOM ELEY COORD/AZIM EIRM BrintReport  Yes [
01 NIA NA NA Sechtel
CATEGORIES
KEY NOUNS ({A-8¢d, D-delets)
ACTION | KEY NOUN AR | KEYNOUN
%)
0SS-REFERENCES {A-add, C-change, D-delete) .
ACTION XREF XREF XREF XREF XREF XREF
| wvemy | cope- | TveE PLANT BRANCH NUMBER REV
A P N BFN MEB DCNE1200
T A P vD BFN MEB | GENE-0000-00026716SE
0 P oW BFN NTB | 4arwetet
) P ow BFN NTB ATW4S8S
-] P oW BFN MEB 347WADLS
CCRIS ONLY UPDATES:
Folowing are sequired only when making keyword/cross reference CCRIS updates snd page 9 of form NEDP-2-1 ks not inchuded:
____ PREPARER SIGNATURE OATE CHECKER SIGNATURE _ DATE
| PREPARER PHONE NO. EDMS ACCESSION NO, _
TVA 40532 67-200%) Fage20(2 NEOP-2-1 {07-05-2007}




. 9&,00‘6 ATTACRMENT A PAGE A-8 { ORIGIAL

TVAN CALCULATION COVERSHEET/CCRIS UPDATE

ooy

Page 1

EDMSTYPE: | EDMS ACCESSION NO (WA for REV. 0)

Cekc Tite: NPSH Evaluation of Browns Fenry RHR and CS Pumps

RuseItiens . cacusionsiucie) | W78 0380 924 01@g

FREPARER SIGNATURE
pxarac] _J ° )ég\ S -\t.03

CHECKER SIGNAT!

wese B SYstt

CALCD | IYPE ] QRG | ELANT | BRANCH NUMBER CURREY | NEW REY
curreNt | o8 | wmc | esn MER | MDQO999570048 005 %
Entrecaic
NEW eN | nuc 006 | getected puges L}
. No CCRIS Changes ﬁ
ACTION | NEW D joeere D |sveersebe O | cocrisuepATEoNY( ﬁ:‘eﬂcmld:;o':ms ’
REVISION E RENAME [0 |DurLCAaTE O NﬂuAppWSlgrmnsM Required) ccmsw o) Gy
UNTIS SYSTEMS 1.1 o] :
001,002,003 | 064 074 o075 - NA
APPLICABLE DESIGN DOCUMENT(S) LLASSIFICATION
DCN 51200 : A - E
QUALITY SAFETY UNVERIFIED € 1SN SAR/IS AFFECTED.
_Eéﬂil?.’i“ ERATED? X ] ATTACHMENT?
Yesfd No My, QReyes) | Yes[J No Yeald No YO Nl | Yoo O N0 B
vl Wil '
PREPARERID . PREPARER PHONE PREPARING ORG (BRANCH) (4 N NEW METHOD OF ANALYSIS
DIKAROL NO 8012286720 MEGHNUC DESIGN REVIEW Ove &8

VERIFIER SIGNATURE DATE
Lr2-02

WDCROUC

Problem:

System (ECCS) replacement strainer design.
. .
This revision adds the Unit 1 meipin to the calculation.

APPROVAL SIGNATURE

The purpose of this calcuation is to detérrn!ne that the Reslduz! Heat Removal (RHR) pump snd the Core Spray (CS)
pump Net Poshtive Suction Head (NPSH) Is adequate and that margin Is available for the Emergency Core Cooling

MICROFICHE/EFICHE __ Yas L) No FICHE NUMBERS)

LOAD INTO EDMS AND DESTROY
LOAD INTO EDMS AND RETURN CALCULATION TO CALCULATION

’ LIBRARY,
3 __LOAD INTO EDMS AND RETURN CALCULATION TC:

TVA 40532 [07-2001) Pagetof2

NEDP-2-1 [07-09-2001}




ATTACRMENT A PAGE A-9

TVAN CALCULATION COVERSHEET/CCRIS UPDATE

Page 2
CACID | TYPE R PLANT | PBRANCH NUMBER REV
CN NUC BFN MER MDQ0SS9970046 008
ALTERNATE CALCULATION IDENTIFICATION
BDS | Eood | BEL | CooRDAzH T Exifee Yo O
1] NA NA NA_ Bechts! —
CATEGORIES . . .
KEY NOUNS (A-add, D-delete) -
ACTION | xEYNOLN &0 | kYo
{80
CROSS-REFERENCES {A-add, C-change, D-delete) -
ACTION XREF JREF XREF XREF - XREF | XREF
e CODE It BLANT BRANCH MMBER REV

CCRIS ONLY UPDATES;
Following ere tequired only when making keywerdicross reference CCRIS updat

PREPARER SIGNATURE DATE
PREPARER PHONE NO. EDMS ACCESSION NO.*
TVA 40532 [07-2001) Pagezol2




ATTACHMENT A PAGE A-10 e ]
QA Rseord N 4 LRIy |

TVAN CALCULATION COVERSHEET/CCRIS UPDATE "~ e s samcmn S

Page %
Y O EOMS S 1. EOMSTYPE: | EDMS ACCESSION NO (WA for REY, 0)
R14581118108 , sscuetonsinucient) | w8 0 4¢219 O OT
Calc Title: NPSH Evaluation ot Browns Ferry RHR and CS Pumps
cuc | Ivee | ore | mant | prANCH NUMBER CURREY | NEW REY
corrent | on | wuc BFN MEB | MDOO9S9570048 006 w“‘ﬁm
NEW e | muc o7 53‘.';.?‘ pages = 0
No CCRIS Changes 15
ACTIOR | NEW DELETE D i SUPERSEDE [ { cCRis UPDATE ONLY D] oo rekened 414 70
REVISION RENAME D | OURLICATE [ | (Verilier Approve! Signatures Not Required) CCRIS changss required
s SYSTEMS Anpe
001, 002, 003 064 074 078 NA = =
DCHEDCIVA ZPELCADLE DESIGN DOCURENTIS) A CLASSIEICATION
o  f aceu 1"
OUALTTY | SALELYAELATEDT | LUAVEREED SPECIAl REQUIREMENTS | DESIGNGUIPY] | SARE AFFECIED
N [T
yERATED o 7 Yes [ No Ye: D hol®
PREPAKER 1D YERIFICATION METHOR | NEW METHOD OF ANALYSIS
Dvese EnNo
[, pATE
1iv]od
DATE
z/ /e

Problem:

ThmdliuabhlmlelodemmheMMWM!W(RHHJWM&MWQCS)WMNMSWM
(NPSH)b.uequatemhlmmhbmmkbrumwcmm&smﬁcmwswdssign.

Abstact: Lo . . . ,

This revieion edds Appendix § 10 quantity, and 10 document the bases for, the numerical values of aveliabie NPSH and NPSH megine for U1 that are
MbhmhmhMGMW(GUWﬂl“NﬂCB*ﬁ)M.

MICROFICHE/EFICHE __ Yes [J NoBJ____ FICHE NUMGERS)

LOAD INTO EDMS AND DESTROY

LOAD INTO EDIMS AND RETURN CALCULATION TO CALCULATION LERARY.  ADORESS:
LD __10AD INTO EDMS AND RETURN CALCULATION 70: -

TVA 40832 J07-2001] Fage10i2 NEDP-2-1 07-08-2001)




ATTACHMENT A PAGE A-lI

TVAN CALCULATION COVERSHEET/CCRIS UPDATE

Page 1
MS/RIM EDMS TYPE: EDMS ACCESSION NO (N/A for REV. 0)
R14581118108 . calculaions{nudiear)
Calc Title: NPSH Evaluation of Browns Ferry RHR and CS pumps
CALCID IYPE | QRG | PLANT | BRANCH NUMBER CUR REV | NEW REV
CURRENT | o | Nuc | een MEE | MDQ0S99970046 007 008 Em?&% |
Entire cekc 3
NEW CN NUC Selected pages [
. No CCRIS Changes [J
ACTION | NEW [ {0ELETE [0 | SUPERSEDE [d | CCRIS UPDATE ONLY [ (For caic revision, CCRIS
REVISION [ |RENAME [J | DUPLICATE [J | (Verifier Approval Signatures Not been reviewed and no
) : Required) . CCRIS changes required)
UNITS SYSTEMS UNIDS
001, 002, 003 064 074 075 NA
DCN.EDCN/A APPLICABLE DESIGN DOCUMENT(S) N/A IFICA
NA E
QUALITY SAFEYY UNVERIFIED_ SPECIAL REQUIREMENTS ~ | DESIGN OUTPUT | SARS and/or ISESI
RELATED? (If yes. METI /OR LIMITI NDITI ACH AFFE
Yes Noi ] QR = yes) Yes [ No% Yes No Yes No . -
YesBd No[J Yes B No
PREPARERID - PREPARER PHONE PREPARING ORG (BRANCH) | VERIFICATION !
Fady Gaied NO . MEB METHOD Oves ENo v
1-312-269-6382 DESIGN REVIEW QM) !

PREPARER SIGNATY) = CHECKER SIGNATURE DATE

”W p}-o?—aﬁl ChrtsRennels w D20P ~2e0df, l
VERIFIER s:;;m:ru I OVAL stsNATURe DATE ’
Chvs Rennels (’P’Eﬁ M 93-0?-2006 W

Problem: ’

The purpose of this calculation is to determine that the Residua! Heat Remova! {RHR) purp and the Core Spray (CS) pump Net Positive Suction Head
{NPSH) is adeguate and that margin is available for the Emergency Core Cooling System (ECCS) replacement strainer design.

Abstract: |
This revision updates the calculation utiizing Muttifiow an¢ updated fiow and temperatures for EPU, ATWS, Appendix R, end SBO congditions.

MICROFICHE/EFICHE Yes B4 No O FICHE NUMBER(S) TVA-F-U001744, TVA-F-U00174S, TVA-F-U001746

[0 LOAD INTO EDMS AND DESTROY
X LOAD INTO EDMS AND RETURN CALCULATION TO CALCULATION ADDRESS:POB-1A-BFN
LIBRARY.,
[0 LOAD INTO EDMS AND RETURN CALCULATION TO:
TVA 40532 [07-2005] Page 10f2 NEDP-2-1 {07-08-2005]



AT ACHAENT A page AL

TVAN TVAN CALCULATION COVERSHEET/CCRIS UPDATE

Page 1
\'4 MS/RIM EDMS TYPE: DM ION NO {N/A for REV
R14981115108 calculations(nuclear)
Calc Title: NPSH Evaluation of Browns Ferry RHR and CS pumps
CACID |I¥YPE| QRG | PLANT | BRANCH NUMBER CURREV | NEWREV
REVISION
CURRENT CN NUC BFN MEB MDQ0S99970046 008 009 APPLICABILITY
Entire calc [
NEW CN NUC Selected pages (]
No CCRIS Changes [
ACTION | NEW DELETE [J | SUPERSEDE [J | CCRIS UPDATE ONLY ] (For calc revision, CCRIS
REVISION [ | RENAME [J | DUPLICATE [ | (Verifier Approval Signatures Not been reviewed and no
Required) CCRIS changes required)
UNITS SYSTEMS UNIDS
001, 002, 003 084 074 075 N/A
DCN.EDC.N/A APPLICABLE DESIGN DOCUMENT(S) N/A MSI_FIEﬁILOJ!
N/A —_—
UALI AFETY RELATED? UNVERIFIED IAL REQUIREMEN DESIGN O T | SAR/TS andior ISFS
RELATED? (If yes, QR = yes) SUMPTION ND/OR LIMITING CONDITION ATTACHMENT? AR/CoC AFFECTED
YesBd No[J YesBd No[d YesOD No[® Yes(O No(® Yes[J No X
Yes & No[l]
PREPARER ID PREPARER PHONE PREPARI RG (BRANCH) | VERIFICATION METH F ANALYSI
Fady Gaied NO MEB METHOD OYes XNo
1-312-269-6382 _DESIGN REVIEW
PREPARER SIGN . B DATE CHECKER SIGNA RE DATE
Fady Galed 5/3/06 || chris Rennets [,/4’ g/; /oé
VERIFIER S DATE APPROVAL SIGNATURE " DATE
Chris Renne! V;A/ 8/32/o¢ .

The purpose of this calculalion is to determine the Net Positive Suction Head (NPSH) available at various poinlts for the Residua! Heat Removal (RHR) pump
and the Core Spray (CS) pumps.

Abstract:

This revision establishes and evaluates uncontrolled flows for Short-Term LOCA and Appendix R cases. This revision also determines the impact on the water
level in the suppression poot due to drywell hold-up volume.

Yes X No

FICHE NUMBER(S)

TVA-F-U001823, TVA-F-U001824, TVA-F-UD01825

LOAD INTO EDMS AND DESTROY
LOAD INTO EDMS AND RETURN CALCULATION TO CALCULATION

LOAD INTO EDMS AND RETURN CALCULATION TO:

ADDRESS:POB-1A-BFN

MICROFICHE/EFICHE
]
X
LIBRARY.
0
TVA 40532 [07-2005)

Page 1 of 2

NEOP-2-1 [07-08-2005]
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‘;o: Those Listed . Gos By i
From: Thomes Newion, BFN EPU Project
Subject: ECCS NPSH Calculation Revision Differences from EPU Task Report T0406
Date: 7/16/02

BFN Calcvlztion MD-Q0999-970046 was revised at Revision 3 to incorporate the spproved
license value of contzinment overpressure credit. This meant 2dding 1 psi to the shost term

results for RHR snd subtraciing 1 psi from the long term results for CS in Tebles 1 and 2 since the
calculation already considesed 2 psi in its original determibistic results, Revision 3 modified the
caleolation results per the NRC SER of spproved overpressure for NPSH. The conversion factor
for } psi used in performing this ealeulation was 231 fifpsi. The original results of the calculition
utilized the conversion factor corresponding to the Suppxesston poo! tempemute as Listed in Table
3 of tbe c3lculxion,

In Br:ended Pcwer Uprate analysis, Genua! Electric made the followuu staternent in Final Task -
Report T0406, “ECCS Net Poshive Suction Head”, Section 3.3.2, hem 2, primary bulletd,
"CLTP NPSH  margins from pmhou: NPSH calculation (MD-Q0999-570046) were cbtained.

s ipciide containmedt dvu;xusm credits; NPSH-masging swithoutthe cmdiu

(ﬁ I"h’ . v&n'al e ‘:!‘h*’isu‘kﬂ'-ﬁ'og uies :fne&unvmhﬂadwomt '1 ot

'ﬁb P S tﬁ:‘éd‘?n\@iﬁ:Qb 995 o convc:fp:i tofretolwater. The
:,l%a'in ?ﬁ?snfﬁkuhﬂm usestoqycg »{attonn!culned bg:dm'habewam toe
1uﬁp:h\m§." : .

Tberefctt. GE's ma!ysu used a conversion fector of 2.3) fifpsito establish the baseline NPSH
mergin from the TVA calculation and then used a vapor head conversion factor eorwmlybasaﬂ
on the suppression pool weier'wemperstore for the additive cﬂ’ect of increased suppressaon poal
temperature (and vapor pressure) on NPSH margin. ;
GE ullized a spreadsbeet and usble (um:hed with merked changes per the TVA calculation) to
suppont or report Task Report T0406 resuhs which refiecied the deterministic attributes above, If
one viizes conversion factors bastd on soppression pool temperature, the values for NPSR
margin tn Task Report T0406, Seqiion 3.3.1.1, are shightly different. Revision 4 of MD-Qob94-
970046 was performed using conwersion fa:tors based on the suppression pool water temyenm
and a containment overpressyre of 3 paj . Results sre reDected in Case 1 (NPSH margin
the worst-case RHR pump), Gase 2. (NPSH maggio for the worst case CS pump), end Table4 and
some v;!ues tre sﬁswy different from the content of Task Report TO406 per this cxp!anam

s T.Taylor
" de gt
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MDAREAaaa7 00 &6 Fel/ -00&
DONALD L To FADY S GAIED/Sargentiundy@Sargent!
MCQUEEN/Sargentiundy - e1ge rgentiundy
021672006 11:32 AM
: bee
Subject Fw: Pump/Flow Combination Ceses for MULTIFLOW EPU
Revision to NPSH Calcutation :

—~- Forwarded by DONALD L MCQUEEN/Sargentlundy on 02/16/2006 11:32 AM ——

"Newton, Thomes F .* : .
<tinewlon@tve .gov> To <donald.L.mequeen@sargentiundy.com>
01/23/2006 10:38 AM e “Housley, Denzet A." <dshousley@tve.gov>, “Jones, Henvy

L.* <hljones@tva.gov>, “Walcott, J. D.” <jdwoicott@tve.gov>
Subject  Pump/Flow Combination Cases for MULTIFLOW EPU
Revision to NPSH Celcutation

Don,

The attached is a listing of the cases we have sgreed upon. The number of cases s very similar to that of
the existing calculation. It doesn't take long to modify the input and run each case - the largest effect is
formatting and presenting the results, | am leaving the office for the day, but will be here most of the day
tomorrow. | will call you when | get in so that we can discuss any questions on the cases listed.

Tom Newton

LOCA Cases for MULTIFLOW Revision to NPSH Caiculation doc



MD-B0%99 -9 7004 € | AHochment E
: Rev. - 009

LIMITED WALKDOWN REQUEST AND DATA COLLECTING FORM

Requesting Organization Sargent & Lundy LLC Date 07/26/06

inltiating Document  ECCS

Walkdown Location (Unit/Bldg/Elev/Room/Column Lines)
Unit 1/ Reactor Bufiding Orywell

Scope
Walkdown:

Piease identify the elsvation of point A see detal D-D on the attached drawing or the vertical
between Point A end Point C. .

Name Fady S. Galed smamf%l/ Date 07/25/6

/7
TVA 40565 [01-2005] Pageicf2 NEDP-11-4 {01-31-2005]
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Pumg/ﬂow Combina!ions for MULTIFLOW Revision to NPSH Calculation

Note I - All cases 10 be run at O conteinrnent overpressure conditions
Note 2 - LOCA strainer resistance 10 be developed as a function of strainer flow and

input as a resistance element in MULTIFLOW model, special event strainer resistance

taken as zero.
Note 3 - All cases at EPU conditions only

Note 4 — Cases at which NPSH, = NPSH, will require iteration on pool temperature to

determine final poo! temperature

LOCA Pump/Flow Combinations

Suppression Pool Temperature

CS Pumps A/B/C/D - 3)25 gpm each
RHR A/C Pumps - 10,000 gpm each
RHR B/D Pumps - 11,000 gpm each

| Temperature @ 95°F

Temperature @ 10 minutes EPU

CS Pumps A/B/C/D - 3125 gpm each
RHR A/C Loop - 11,000 gpm each
RHR B/D Loop ~ 10,000 gpm each

Same as above

CS Pumps A/C - 3125 gpm each, B/D -0
RHR A/C Pumps ~ 6500 gpm each, B/D - 0

| Temperature @ 10 minutes EPU (155.4°F)

Temperature where NPSH, = NPSH;
Tempererure @ Ty, EPU (187.3°F)

.CS Pumps B/D - 3125 gpm each, A/IC-0
RHR A/C Pumps - 6500 gpm cach, B/D -0

Temperature @ 10 minutes EPU (155.4°F)
Temperature where NPSH, = NPSH,
Temperature @ Ty EPU (187.3°F)

CS Pumps B/D - 3125 gpm cach, AJC- 0
RHR B/D Pumps - 6500 gpm each, A/C - 0

Temperature @ 10 minutes EPU (155.4°F)
Temperature where NPSH, = NPSH,
Temperature @ Ty, EPU (187.3°F)

CS Pumps A/C - 3125 gpm each, B/D -0
RHR B/D Pumps - 6500 gpm each, A/C - 0

Temperature @ 10 minutes EPU (155.4°F) -
Temperature where NPSH, = NPSH;
Temperature @ Trax EPU (187.3°F)

CS Pumps A/C - 3125 gpm each, B/D -0
RHR A/B/C/D Pumps ~ 6500 gpm each

Temperature @ 166°F

ATWS Pump/Flow Combinations

HPC] Pump Flow - 4500 gpm
RHR A/B/C/D Pumps - 6500 gpm cach

Temperature @ 214.6°F(EPU Task Report
T0902)

Appendix R Pump/Flow Combinations

One RHR Pump (non specific) - 6500 gpm

Temperature @ 227°F (EPU Task Report
T0611)

SBO Pump/Flow Combinations

One RHR Pump (non specific) - 6500 gpm

Temperature @ 197.3°F (EPU Task Report
T0903)
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bee
Subject PUMP/FLOW COMBINATIONS FOR REVISION OF
MULTIFLOW NPSH CALCULATION

Don,

Attached is a table specifying the revised enalysis case conditions which we need to be addressed in your
revision of calculation MDQ0999970046.

Bill Eberly, PE

Program Manager, Heat Cycle & BOP
TVAN E&TS Staff

423-751-8222

Pager 40796
H

S Revised Pump Flow Cases.doc
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Pump/Flow Combinations for Revision to NPSH (MultiFlow) Calculation

Note I - All cases to be run at 0 containment overpressure condition

LOCA Pump/Flow Combination Pool Event/Basis
Temperature
LOCA-ST
CS Pumps A/B/C/D-4125gpm each o . oy .
RHR A/C Pumps —10,500 gpm each 15955 4}:’F ?gﬁmls?nﬁm
RHR B/D Pumps —11,500 gpm each i P
CS Pumps A/B/C/D-4125gpm each 95°F initial pool condition
RHR A/C Pumps —11,300 gpm each 1554°F | 10 minute ST peak
RHR B/D Pumps —10,500 gpm each ‘
LOCA-LT
Analyze the Same Pump/Flow o .
Combinations as Previous Revision 155'4°F 10 minute ST peak, start LT
CS Pumps - 3125 gpm each 187.3°F peak pool temperature .
RHR Pumps - 6500 gpm each 172°F end of overpressure requirement
ATWS Pump/Flow Combination ,
HPCI P Flow - 4500 gpm ?;;oll: pegk ;;.ool temperature, no DW ;:lrs
RHR A/B/C/D Pumps - 6500 gpm enc 01 OVETpressure requiremnen
177°F peak with DW clrs & TRACG
Appendix R Pump/Flow Combination
RHR Pump A-7200 gpm 223°F peak pool temperature, with DW clrs
, 191°F end of overpressure requirement
RHR Pump B-7200 gpm 223°F peak pool temperature, with DW clrs
191°F end of overpressure requirement
RHR Pump C-7200 gpm 223°F peak pool temperature, with DW clrs
191°F end of overpressure requirement
RHR Pump D-7200 gpm 223°F peak pool temperature, with DW clrs
191°F end of overpressure requirement
SBO Pump/Flow Combination
One RHR Pump (non-specific) - 6500 gpm 200°F peak pool temperature
157°F overpressure is approximately 0 psig |




