Calculation No. NED-M-MSD-43
Dresden LPCI Pumps NPSHA Evaluation- Post DBA-LOCA

Total | Single Torus Specfic | Vapor | Suction

Fiow Pump Torus |Pressure| Static | Volume |Pressure| Piping |NPSHAINPSHR|Margin
Case| (gpm) | Flow (gpm)| Temp (F)| (psia) Head (ft)] (h34b) | (psia) |Losses ()| (f) (f) ()
3 |10000 5000 168 18.7 13.32 | 0.01644 | 57223 472 39.32 | 30.00 832
3A | 8916 | 44S8 171 191 | 1332 (0.016457| 6.1318 | 375 | 40.30 | 26.90 | 13.40
4 | 5000| 5000 180 199 | 13.32 | 6.01651 | 7.511 377 | 3900 | 3000 | 9.00
4A | 38B1 3881 186 206 13.32 |0.016547| B.568 227 38.72 | 2570 | 1402
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Calculation No. NED-M~MED-43

Dresden LPCI Pumps NPSEA Evaluation - Post DBA~LOCA

Purpose/Objective:

Calculate the Net Positive Suction Head Available (NPSHA)
for the LPCI pumps at Dresden Station under post-accident
conditions as outlined in Reference 2, and compare with NPSH
required (NPSHR) to ensure pump protection.

Assumptions/Inputs:

The NPSHA is calculated for each of the four cases analyzed
by General Electric in Reference 2. Inputs to this calculation
were taken from Tables 3, 4 and B.2 of Reference 2 and are
summarized in Table 1 below:

Reduced

LPCI Total Maximum Suppression
Pumps| Flow Suppression | Chamber

Case| /Locop!| (gpm) Pool Temp(F)| Pressure(psia)

3 2 100600 168 18.7

3A 2 8916 171 19.1

4 : | 5000 180 1.9

4A 1 3881 186 20.6
Table 1

These calculations include the following assumptions:

1)

<)

3)

An even split of flow is assumed between two pumps
operating in parallel.

Suction piping losses based on calculations in
References 1 and 5.

NPSHR values taken from Reference 1 (Table 2 - no
temperature correction). For cases 3A and 4A, NPSHR
values were obtained through linear interpolation.

References:

1)

2)

2)

4)
5)

R. Kolflat letter report titled "Alternate Shutdown

Cooling Core Spray and LPCI pumps", Chron #841425 dated
April 23, 1984

General Electric Report No. GENE-770-26-1092 "Dresden
Nuclear Power Station Units 2 & 3 LPCI/Containment
Cooling System Evaluation," November, 1992

S. Eldridge letter to C. Schroeder titled "Submergence
of LPCI Discharge Line Post LOCA Dresden Units 2 and 3"
dated September 29, 1992, chron# 0115332

ASME Steanr Tables, 1967

Alternate Shutdown Cocling Core Spray and LPCI Eump notes
and back-up calculations for Reference 1, R. Ko flat,
circa 4/89



Calculation No. NED=M~MED=-43
Dresden LPCI Pumps NPSHA Evaluation - Post DBA-LOCA

Eguations:
B Net Pusitive Suction Head Available (NPSHA) is determined
using the following equation (Reference 1):

NPSHA = Torus Static Vapor Suction (1)
(ft) Pressure + Head - Pressure - Losses

where: Torus Pressure = given in Table 1 (psia); converted
to feet using specific velune

Static Head = the minimum water elevation expected
above the LPCI pump suction as
calculated below:

Minimum Torus water level elevation 491.5"
(including maximum post-LOCA draw
down as discussed in Reference 3)

LPCI pump suction elevation - 478.13"

Static Head 13

Vapor Pressure = from Reference 4, in psia; converted
to feet using specific volunme

Suction Losses = piping losses in feet
= K * Q“ K calculated at Q = 5000 gpnm
using suction losses from References
1 and 5. (Tables 2 and 3)

LPCI NPEHA Calculations:

Using Equation 1 and the inputs provided above, the NPSHA is
calculated for each of the four cases (Table 4). The reguired

NPSH is also provided and the difference between the twec is
calculated.

Summary/Conclugsions:

Post DBA-LOCA torus conditions were determined in Reference
2 and were used to calculate the available NPSH for the LPCI
pumps at Dresden Station. The results in Table 4 indicate that
the available NPSH is greater than the NPSH required (with
margin) for all four cases, and therefore adequate to protect the
pump under these conditions.
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COMMONWEALTH EDISON COMPANY
REVISION SUMMARY

" CALCULATION NO:  NED-M-MSD-43 REV 1 | PAGE 3 OF 13

DESCRIPTION OF REVISIONS/REASON FOR CHANGE

calculation revised to eliminate non-QA references and inputs
and to incorporate the calculation of these inputs into this
document. 1n addition, Core Spray added to scope and 2
sensitivity analysis on NPSH is included.

AFFECTED PAGES

PAGES REV. DESCRIPTION

; 1 1 Changed Title and Equipment Nos./System to include
; Core Spray
; 2 i Added Table of Contents
| 4 1 Changed Purpose/Objective to include Core Spray
‘ 4,5 1 Added assumptions regarding hydraulic loss
g calculations and addition of Core Spray pps to scope
|
; 5 1 Removed two R. Kolflat references; added references
] for hydraulic loss calculations and Core Spray
! 6 1 Added equation for hydraulic loss calculations
oy 1 Added calculations for hydraulic losses
5 9 1 Included discussion of NPSHR reduction due to
i increased temperature
; 10 1 Added sensitivity analysis to NPSHA calculations
I
| 10 1 Added Core Spray to Summary/Conclusions
|
| 11 1 Added Table 2 - NPSHR values
i Updated Table 3 for new suction loss values
| 12 1 Added Figure 1 - NPSHR reduction vs. temperature
A.1-A.3 1 New NPSH sensitivity analysis

B.1 1 New calculation of resistance coefficient for a

24 % 14 reducer

QE-51.D
EXHIBIT D
REV.3
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calculation No. NED=-M-MSED-43 Rev 1
Dresden LPCI/Core Epray Pumps KNPSHA Evaluation - Post DBA-LOCA

Purpose/Objective:

calculate the Net Positive Suction Head Available (NPSHA)
for the LPCI and Core Spray pumps at Dresden Station under post-
accident conditions as outlined in Reference 2, and compare with
NPSH required (NPSHR) to ensure pump protection.

Assuaptions/Inputs:

The NPSHA is calculated for each of the four cases analyzed
by General Electric in Reference 2. Inputs to this calculation
for the LPCI pumps were taken from Tables 3, 4 and B.2 of
Reference 2 and are summarized in Table 1 below:

LPCI Total Maximum Reduced
Pumps| Flow Suppression Torus ]
Case| /Loop| (gpm)} Pool Temp(F)| Pressure(psia)
3 2 10000 168 18.7
3A 2 8916 171 19.1
< 1 %00 180 19.9
LA 1 ‘ ;881 186 20.6
Table 1

In addition to the assumptions made in Reference 2, the
following assumptions are also made in this calculation:

1) An even split of flow is assumed between two pumps
operating in parallel; frictional losses to each pump
assumed similar.

2) Suction piping losses determined at 90 deg F, 5000 gpm
(one pump) and 10000 gpm (two pumps). Assumed lower
temperature than Table 1 for higher kinematic viscosity
and conservatively higher suction leosses.

3) Strainer losses assumed to be 0.8 ft € 5000 gpm and
entrance losses assumed 0.6 ft € 5000 gpm, 1.8 ft
€ 10000 gpm (Used Reference 11 as basis; extrapolated
values provided for 5750 and 11620 gpn to 5000 and 10000
gpm respectively using guadratic re ationship between
flow and friction losses).

4) NPSHR values (Taple 2) are developed based on the NPSHR
curves for the LPCI and Core Spray pumps (References 5
and 6). NPSHR not reduced for higher temperatures.

5) Minimum torus level (including maximum drawdown) assumed
as provided in Reference 3.



calculation No. NED-M-MSD-43 Rev 1

presden LPCI/Cere Spray Pumps NPSHA Evaluation - Post DBA-LOCA

¢) Assumed roughness factor, e, for clean commercial steel
pipe (e = 0.00015).

7) Assumed turbulent flow through fittings.

8) Core Spray and LPCI pump suction losses similar. Also,
Unit 3 LPCI/Core Spray suction losses assumed similar.

5) Core Spray case bounded by LPCI case due to similar
suction losses, similar NPSHR curves, and identical pump
centerline elevations; also, Core Spray runs at a lower
flow than LPCI, therefore operating at a lower NPSHR
condition than LPCI.

10) Assumed all gate valves to be fully open.
References:

1) "Flow of Fluids Through valves, Fittings, and Pipe",
crane Technical Paper No. 410, 24th Printing, 1588

2) General Electric Report No. GENE-770-26-1092 *Dresden
Nuclear Power Station Units 2 & 3 LPCI/Containment
Cocling System Evaluation,™ November, 1992

3) S. Eldridge letter to C. Schroeder titled "Submergence
of LPCI Discharge Line Post LOCA Dresden Units 2 and 3"
dated September 29, 1992, chron# 0115532

4) ASME Steam Tables, 1567

$) Bingham Pump Curve No. 25355 for 12x14x14.5 CVDS, Dresden
Station LPCI Pump

6) Bingham Pump Curve No. 25231 for 12x16x14.5 CVDS, Dresden
Station Core Spray Pump

7) Sargent & Lundy drawing M-547, LPCI pump suction

g) Sargent & Lundy drawing M-548, Core Spray pump suction

g) “Cameron Hydraulic pata," Ingersoll-Rand Co., 16th
Edition, 2nd Printing, 1984

10) "“Dresden LPCI/Containment Cooling System," GE Nuclear
Energy letter from S. Mintz to T. L. Chapman dated
January 27, 1993

11) "Dresden Station Units 2 and 3, Quad-Cities Station Units
1 and 2, NRC Docket Nos. 50-237, 50-24%, 50-254, and 50-
265," letter from G. J. Pliml to D. L. Ziemann dated
September 27, 1976

12) "“Centrifugal Pump Cclinic," Karassik, Igor J., second

edition, Marcel Dekker, Inc., New York, 1989

)



calculation No. NED-M-MSD-43 Rev 1
presden LPCI/Core Epray Pumps NPSHA Evaluation - Post DBA-LOCA

Equations:
Suction losses

sStraight piping and fitting losses are determined using the
following eguation (Reference 1, page 3-4):

0.00259 * K * Q°
d‘

(1)

hL =

where: hL = frictional losses (ft)

= resistance coefficient

= flow (gpm)

4 = inner diameter of pipe (in)

The resistance coefficient, K, is the sum of the resistance
coefficient for the fittings, Xf, and the resistance coefficient
for the straight pipe, Kp. Kf can be cbtained directly from
applicable tables (Reference 9). For straight pipe, Kp is

defined as:

L
Kp = £ ==
D

(2)
where: f = friction factor
L = length of pipe (ft)
D = inner diameter of pipe (ft)

The friction factor, f, is dependent upon the pipe diameter,
Reynold's number, and pipe roughness, and can be determined using
the Moody diagram (Reference 1). Reynold's number, Re, is
determined using the following eguation (Reference 1, page 3-2):

SO.G*Q*f
d*r

where:.P = density, lb/ft3

(3)

Re =

)A = dynamic viscosity {centipoise)
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calculation No. NED-M-MSD-43 Rev i
presden LPCI/Core Bpray Pumps NPSHA Evaluation - Post DBA-LOCA

! Lt ) ; 3
Net Positive Suction Head Available (NPSHA) is determined
using the following equation:

NPSHA = 144 * - + 2 - hlL (4)
where: Pt = Torus Pressure given in Table 1 (psia)

pPv = Vapor Pressure from Reference 4 (psia)

72 = Static Head, the minimum water elevation
expected above the LPCI/Core Spray pump
suction as calculated below:

Minimum Torus water level elevation 491.42"
(including maximum post-LOCA draw
down as discussed in Reference 3)
LPCI/CS pump suction elevation - 478.13"
Static Head 13.29"

hL = suction losses in feet

Calculations:
Suction losses - One Pump

The suction piping for LPCI pump 2A is shown in Reference 7

and is made up of the following components:

Line Component No. xe® L/D |Loss(ft)
\2-1502-24" Entrance loss - - 0.6
50 deg elbow (LR)P 1 0.19
ID= 23.25" 45 deg elbow 1 0.19
gate valve 1 0.10
reducing tee (thru) 1 0.24
16' straight pipe - 8.26

T

Total 0.72 8.26 0.6
2-1502A-14" reducer, 24x14 0.07¢

1
90 deg elbow 2 0.78
ID= 13.25" 45 deg elbow 1 0.21
gate valve 1 0.10
strainer a 1 - 0.8
4' straight pipe - 3.62
Total 1.16 3.62 0.8
& from Reference 9 @ rotal straight fipe length determined
b from Reference 11 as the sum of all straight pipe lengths

¢ see Appendix B minus the length of all fittings



Calculation No. NED-M-MSD-43 Rev 1
Dresden LPCI/Core Spray Pumps NPSHA Evaluation - Post DBA-LOCA

The Reynold's number for each piping run is determined using
Equation 3 (@ 90 deg F):

50.6 * (5000) * (62.116)
Rey, = = 9.0 x 10°
(23.25) * (0.75)

50.6 * (5000) * (62.116)
Reqy; = = 1.6 x 108
(13.25) * (0.75)

The friction factor for each piping run can then be
determined using the Moody diagram for clean commercial steel
pipe (Reference 1l: A-25):

£, = 0.0132

The resistance coefficient, K, is now be determined for each
piping run utilizing Equation 2 for the straight pipe portion:

K24 = Kf + Kp
0.72 + (0.0132)*(B.26)
0.83

Kyg = 1.16 + (0.0134)%(3.62)
1.21

Using Equation 1, the friction loss for each piping run and
total suction friction losses can be determined as follows:

0.00259 x 0.83 x (5000)%
hLlo s .6 +

(23.25)%
.78 feet

0.00259 x 1.21 x (5000)2
hL14 +B8* +

(13.25)%
.34 feet

n = 0.78 + 3.34
“eot T U° 12 feet € 5000 gpm

To determine frictional losses at any flow, the guadratic
relationship between hL and Q establishes the following:

hL2 = hL1l x (Q2/Q1)% (5)
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Calculation Ko. NED-M~MED-43 Rev 1
Dresden LPCI/Core Spray Pumps NPSHA Evaluation - Post DBA~LOCA

Suction Losses - Two Pumps

For two pump operation, most of the 24" line (assume all)
sees full flow (10000 gpm), while each of the 14" lines that
branch off of it see one-half full flow (5000 gpm). Since the
14" line was previously analyzed at 5000 gpm, only the 24" line
at 10000 gpm needs tc be analyzed.

The Reynold's number and friction factoer for the 24" line at
10000 gpm are:

50.6 x 10000 x 62.116 6
Rez4 = = 1.8 x 10
23.25 x 0.75

fz‘ Ld 0.0125%5

The resistance coefficient and frictional losses for the 24"
pipe at 10000 gpm are then calculated as:

Kz‘ = Kf + Kp
= 0.72 + (0.0125)%(8.26)
= 0,82

0.00259 x 0.82 x (10000)2
hL,, = 1.8' +

(23.25)%
= 2.53 feet

‘The suction friction losses for each pump with two pumps
running is:

hlLyne = 2.53 + 3.34
= 5.87 feet € 10000 gpm total flow

NPSHA Calculations:

Using Equation 4 and the inputs previded in Table 1 and
Equation 5, the NPSHA is calculated for each of the four cases
(Table 3). The required NPSH is also provided and the difference
between the two is calculated. The NPSHR provided is for cold
water and is not adjusted for the increased temperatures expected
in the torus. This adjustment would have taken the form of a
NPSHR reduction and resulted in a greater margin for NPSHA over
NPSHR. From Figure 1 (Ref. 12), the reduction at 170 deg F
(Cases 3 and 3A) would be about 0.3 feet, and at 180 deg F (Cases
4 and 4A) would be about 0.4 feet.
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Dresden LPCI/Coure SBpray Pumps NPSHA Evaluation - Post DBA-LOCA

The margin between available and required NPSH in Table 3 is
given in feet. In order to better understand the significance of
this margin, a sensitivity analysis was performed (Appendix A)
based on each of the following:

Al) torus temperature increase (Cases 3 and 4)
A2) torus pressure decrease (Cases 3 and 4)
A3) CCSW initiation time increase (All cases)

In preparing this sensitivity analysis, the following
conservative assumptions were made:

Al) As torus temperature increases, torus pressure remains
constant.

A2) Torus temperature remains unchanged for lower torus
pressures.

A3) Higher temperatures produced by 4elaying the initiation
of CCSW will not be accompanied by higher prrssures.

Summary/Conclusions:

Post DBA-LOCA torus conditions were determined in Reference
2 and were used to calculate the available NPSH for the LPCI and
Core Spray pumps at Dresden Station. The results in Table 3
indicate that the available NPSH is greater than the required
KPSH (with margin) for all four cases, and therefore adeguate to
protect the pumps under these conditions. While the calculations
performed were for the LPCI 2A pump, the results bound the
remaining LPCI pumps as well as the Core Spray pumps for both
Units based on similar suction losses, reguired NPSH and pump

elevations.




Calculation No. New-M-MSD-43 Rev 1
Dresden LPCHCore Spray Pumns NPSHA Evaluation - Post DBA LOCA

Flow NPSHR Flow NPSYHR
(gpm) (f) (gpm) {f)
3500 250 5500 350
3800 255 5600 361
4000 26 .0 5700 37.2
4500 27.0 HB00 3R .4
5000 30.0 5900 395
5300 33.0 6000 40.6
Table 2
Total Single Torus Torus Specific Vapor | Suction
Flow Pump Temp | Pressure Static Volume | Pressure | Losses | NPSHA | NPSHR | Margin
Case | (gpm)} | Flow (gpm) {F) (psia) Head (ft) {ft3b) {psia) {ft) {ft) {tt) {f1)
3 (10000 5000 168 18.7 13.29 0.01644 5.722 587 38.14 30.00 8.14
3A | 8918 4458 m 19.1 13.29 {0.016457] $.132 467 39.35% 26.90 12.4%
4 5000 5000 180 199 13.29 0.01651 7.51 412 3862 30.00 B.62
4A 3881 3881 186 20.6 13.29 0.016547 8 568 2.48 39.48 25.70 13.78
Table 3

.%}
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g 0 17, 15 THE PROGRAM VERSION AND IT°S REVISION
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THE DESIGN INPUTS?
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Table A-1

* Incraasad Valuas of Torus Temperature from Refergnce 10
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Appendix A

NPSH Margin Temperature Sensitivity
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Appendix A

NPSH Margin Pressure Sensitivity
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APPENDIX B
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