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1.0 PURPOSE

The purpose of this calculation is to determine if sufficient Net Positive Suction Head (NPSH) is
available to the Dresden LPCI and Core Spray (CS) pumps following a DBA-LOCA. This
calculation examines NPSH conditions under long-term (> 600 seconds) conditions following the
accident. The results of this calculation will be used to support a Dresden License Amendment
request. Upon approval of this request, this calculation will represent a Design Basis Document.

2.0 METHODOLOGY AND ACCEPTANCE CRITERIA

The minimum suppression pool pressure required to meet LPCI/CS pump NPSH requirements
will be determined under long-term post-LOCA conditions: The minimum pool pressure required
will then be compared to the suppression pool pressure available post-LOCA (Ref. 1). If the
pressure available is greater than the pressure required, then adequate NPSH exists and pump
protection is ensured. If the available pressure is less than the pressure required, then the potential
exists for the pumps to cavitate. In these situations, LPCI pump flows will be reduced to below-
nominal values and new cases will be run to establish the ability of the operator to throttle the
pumps to an acceptable condition. This acceptable condition is defined by the following criteria:

‘ - o 1) Adequate NPSH to the pumps - minimum suppression pool pressure available is
greater than minimum pressure required for the LPCI and CS pumps.

" °2) Adequate containment cooling - the minimum containment’ cooling ﬂdw
analyzed is 5000 gpm total LPCI flow through a single LPCI heat exchanger.

Various LPCI/CS pump combinations will be explored to determine the bounding NPSH case for
the LPCI and Core Spray pumps. It will be shown that the 4 LPCL/2 CS pump combination is the
bounding NPSH case. This calculation is bounding for. NPSH due to use of the following
conservanve inputs: -

o ‘Maxiinum suppression pool temperature response - Reference | determines
maximum suppressnon pool temperatures post-LOCA, thus max1mlzm5 the vapor
pressure and minimizing NPSH margin. :

e Minimum suppression pool, pressure response - Reference 1 utilizes inputs that
minimize suppression pool pressures post-LOCA, thus minimizing overpressure
credit and minimizing NPSH margin.

e Technical Specifications minimum suppression pool level including drawdown,
minimizing elevation head and minimizing NPSH margin

e increased clean, commercial steel suction piping friction losses by 15% to account
. for potential aging effects. thus maximizing suction losses
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3.0 ASSUMPTIONS

1.

It is assumed that at 10 minutes into the accident, operator action will be taken to ensure that
the LPCI and CS pumps have been throttied to their rated flows of 5000 and 4500 gpm
respectlvely This condition will be referred to as the * ‘nominal flow” condition.

. LPCI/CS pump suction piping friction losses (excluding strainer losses) were developed for a

single flow case using a FLO-SERIES model of the Dresden ECCS ring header and pump
suction piping (Ref. 4). This model was then run at the various LPCI/CS pump combinations
and flows as required- to support the cases evaluated in this calculation (Attachment A). The -
model that was developed uses clean, commercial steel pipe. In order to compensate for the
increased loss due to the potential effects of aging, the resulting friction losses from the model
were increased by 15%. This is consistent with discussions provided in References 14 and 15.

. To account for strainer plugging, one of the four torus strainers is assumed 100% blocked, .
while the remaining three strainers are assumed clean. While the torus strainers-are not

included in the FLO-SERIES model discussed in Assumption 2, blocking a strainer translates
to blocking a torus-to-ring header entrance leg. This is accomplished in the model by closing
one of the torus legs (Torus 1-4). Based on previous sensitivity analyses, Torus-4 was chosen
for maximum effect on both LPCI and Core Spray suction losses for all pump combinations.

The calculations in Reference 1 have been performed to minimize the extent of overpressure

-that would exist post-LOCA, and support the conclusion that overpressure would be available

and can be employed to demonstrate adequate LPCU/CS NPSH performance. These
calculations are more appropriate with respect to the prediction of minimum containment

. pressure than are the original design basis calculations. While different decay heat standards

and -heat exchanger performance predlctlons are applied in these calculations, the peak.

* containment temperatures being predicted are consistent with the original design basis

temperature predictions. The pressure response is not a function of decay heat models, but is
primarily only affected by the pool temperature and heat exchanger performance. The new
calculations incorporate analysis assumptions to minimize overpressure that are consistent with
NRC Information Notice 96-55. The use of the Reference 1 data is thus conservative with
respect to overpressure and minimizes NPSH margin.

. NPSH Requiréd (NPSHR) curves are provided for the LPCI and Core Spray pum;; on the.

respective vendor pump curves (Refs. 12, 13). The NPSHR curves are provided from 3000

_gpm to 6000 gpm pump flow. It is assumed that the NPSHR at 2500 gpm is the same as the

- NPSHR given at 3000 gpm. While it is recogmzed that the NPSHR may rise slightly at lower

flows, 2500 gpm represents a mid-range flow point for this pump and the NPSHR is expected
to remain constant in this flow region.
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4.0 DESIGN INPUTS

1.

Initial suppression pool temperature is 95°F (Ref. 3). This is the maximum allowable

- suppression pool temperature under normal operating conditions. This value is used as the

initial pool temperature in Reference 1 to maximize suppression pool peak temperature, and is
used as a minimum temperature during the LOCA in Reference 4 to maximize piping friction
losses (maximum viscosity). :

- Numerous long-term suppression pool temperature and pressure responses were generated in

Reference 1 based on a containment model developed by GE. The intent of these cases was to
determine the maximum pool temperatures expected post-LOCA, and to vary the inputs in -
such a way as to produce a coupled minimum pool pressure response. In this manner, the
temperature-pressure combination that is bounding for NPSH was determined to be Case 2Al-

" 20% mixing. A tabular representation of the suppression pool temperature/pressure responses

8.

9.

for this case is provided in Reference 2 and is summarized in Tables 1 and 2 of this calculation.

. LPCI and CS pump suction piping friction losses (excluding strainer losses) from the torus

strainers to the pumps were developed in Reference 4 using a FLO-SERIES model of the
ECCS ring header and' suction. piping. This piping model was then utilized for the various
LPCI/CS pump combinations and flows as required to support the cases evaluated in this
calculation (Attachment A).

: The'mi_nimum torus level elevation with a maximum drawdown of 2.1 ft. is 491'5", or 491 4 ft.
(Ref. 5). At the time of peak suppression pool temperature, a recovery of 1.1 ft. occurs,

resulting in a net drawdown of | ﬁ.(R_ef. 6). This represents a torus level elevation of 492.5".

. The torus strainers have a head loss of 5.8 ft. @ 10,000 gpm clean (Ref. 7).

LPCI ztnd Core Spray pump centerline elevation is 478' I ft. (Refs. 8, -9) 3

. NPSH Available (NPSHA) IS calculated usmg the following equatlon

NPSHA 144 V (P, - P,) +Z - hy, - hynain (based on Ref. 10, p 2 216)

where: P, = suppression pool pressure in psia
P. = saturation pressure in psia’
V = specific volume in ft'/Ib
h;, = suction friction losses in feet

hasin = head loss across strainer in feet
' Z . = static head of water above pump inlet in'feet

Saturation pressures and specific volumes at various temperatures are taken from Reference 11
and are included in Tables 1 and 2.

LPCI pump NPSHR is 30 ft. at 5000 gpm, 25 ft. at 2500 gpm (Ref. 12, Assumption 5.

10. Core Spray pump NPSHR is 27 ft. at 4500 gpm (Ref. 13).
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6.0 CALCULATIONS

The equation presented in Design Input 7 can be rewritten to solve for the minimum suppression
pool pressure required to meet pump NPSH requirements by setting the NPSHA equal to the

NPSHR as follows:
Pimn = (NPSHR - Z + h) + P, S

144 V - '

where hew = friction (hy) + strainer (hstain) loss  (Attachment A)

hasin = 5.8 ft. @ 10,000 gpm clean (Design Input 5)
Z = 49258 -478.1ft.= 144ft. - (Design Inputs 4, 6)

NPSHR =. 30 ft. @ 5000 gpm for LPCI ~  (Design Input 9)

' 27 ft. @ 4500 gpm for CS - (Design Input 10)

Solving Equation 1, the minimum suppression pool pressure required to meet LPCI and CSA pump
NPSH requirements under a spectrum of pump combinations is calculated and the results
presented in Tables 1 and 2. These results are plotted in Figures | and 2 along with the-available
‘ : suppression pool pressure (Ref. 2). All the combinations evaluated involve-2 CS pumps. Thesc
cases bound the respective single CS pump scenarios due to the higher ring header/strainer losses
of the 2-pump cases and no pool temperature benefit (cooling) from the added Core Spray pump.

It can be seen that' adequate NPSH is available to meet CS pump requirements post-LOCA for all
pump combinations (Figure 2). However, the potential exists for the LPCI pumps to cavitate in
the 4/2 and 3/2 pump nominal flow scenarios (Figure 1). For these latter cases, throttling of the
LPCI pumps may be required to ensure NPSH requirements are met. Additional cases are
provided to establish.the ability of the operator to throttle the LPCI pumps to an acceptable
condition as defined in Section 2.0 (Table 2).- These results, plotted in Figures 3 (LPCI) and 4
(CS), indicate that for all pump combinations, the LPCI pumps can be throttled to ensure pump,
'protectlon and adequate contamment cooling.

7.0 SUMMARY AND CONCLUSIONS

An NPSH analysis was performed for the LPCI/CS pumps under long-term post- LOCA
conditions as outlined in Reference 1. Selecting inputs to minimize NPSH margin, it was
determined that adequate NPSH exists to meet CS pump requirements for all pump combinations.
However, the potential exists for the LPCI pumps to cavitate in the 4/2 and 3/2 pump scenarios.
For these cases, throttling of the LPCI pumps may be required to ensure NPSH requirements are
met. Specific cases involving throttled LPCI pumps were evaluated to establish the ability of the
. operator to throttle the pumps to an acceptable condition. Under all post-LOCA pump

combinations, positive NPSH margin could be obtained by throttling the available LPCI pumps.
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4/2-- Nominal Pump Flows

CASE 2A1 - 20% MIXING
' 5000 gpm/LPCI - 4500 gpm/CS

4/2 - Throttled Pump Flows
2500 gpm/LPCI - 4500 gpm/CS

Time Pool Pool Specific Pv Static] LPCI LPCI LPCI LPCI CSs ‘CS’ Cs

9.29

o Ccs LPCI LPCI LPCI LPCI Cs cs CS CSNPSH
(sec) Press Temp Volume (psia) Head [NPSHR Total Preqd- NPSH NPSHR Total Preqd NPSH |[NPSHR Total Preqd NPSH NPSHR Total Preqd Margin
(psig) (F) (ft3/1b) (feet) | - (feet)’ Loss ' (psig) Margin (feet) Loss (psig) Margin | (feet) Loss (psig) Margin (feet) Loss (psig) (feet)
: E (feet) (feety - - (feet) (feet) ) (feet) | (feet) . (feet)
699 4.03 1499 0016342 3709 144 30 1609 248 37 .27 1333 003 94 25 571 -406 19.0 27 769 -237 15.1
991 248 1524 0016355  3.945 144 30 1609 270 05 27 1333 026 8.2 25 571 -383 149 27 769 -214 10.9
1858 2.70 1565 0016376 4.359 144 30 1609 310 09 27 1333 065 4.8 25 . 571 342 144 27 769 -1.74 10.5
3056 247 1605 0.016398 4.798 144 | 30 1609 352 25 27 1333 108 33 25 571 -289 129 27 769 -1.31 8.9
4010 234 1629 0016411 5079 144 30 1609 379 34 27 1333 135 23 25 571 -272 120 27 769 -1.04 8.0
5026 243 1646 0016421 5286 14.4 30 1609 399 3.7 27 1333 155 2.1 25 571 -252 1.7 27 769 -0.83 1.7
9989 2.78 169.8 0.016450 5965 14.4 30 1609 464 44 27 1333 224 1.3 25 571 -185 110 27 769 -017 7.0
11994 285 1710 0016457 6132 144 30 1609 480 46 27 1333 237 11 25 571 -169 107 27 769 -0.01 6.8
15020 295 1719 0016462 6259 144 | 30 1609 493 47 27 1333 250 11 25 571 -156 107 27 769 012 6.7
18813 294 1721 0016463 6288 144 30 16.09 496 -48 27 1333 253 10 25 571 -1583° 106 27 - 769 0.15 6.6
25129 289 1712 0.016458 6.160 14.4 30 1609 483 46 27 1333 240 12 25 571 -166 108 27 769 0.02 6.8
28174 285 1705 0016454 6062 144 30 16.09 474 45 27 1333 231 13 25 571 175 109 27 769 -0.07 6.9
3/2 - Nominal Pump Flows o 3/2 - Throttled Pump Flows
5000 gpm/LPCI - 4500 gpm/CS 2500 gpm/LPCI (5000 gpm for single LPCI)
Time Pool Pool " Specific Pv Static] LPCI LPCI LPCI LPCI CS cs Cs cs LPCI LPCI LPCI LPCI CS CS CS CSNPSH
(sec) Press Temp Volume (psia) Head [NPSHR Total- Preqd NPSH NPSHR Total Preqd NPSH {NPSHR Total Preqd NPSH NPSHR Total Preqd Margin
(psig) (F) (ft3/1b) (feet) | (feet) Loss (psig) Margin (feet) Loss (psig) Margin | (feet) Loss (psig) Margin (feet) Loss (psig) (feet)
: (feet) - . - (feet) (feet) (feet) (feet) (feet) (feet)
699 403 1499 0.016342 3709 144} 30 1302 117 6.7 27 1014 -133 126 30 929 -041 106 27 769 -237 16.1
991 248 1524 0.016355 3945 144 30 1302 140 25. 27 1014 110 84 30 929 -019 63 27 769 -214 10.9
1858 2.70 1565 0.016376 4.359 14.4 30 1302 180 2.1 27 - 1014 070 8.0 30 929 021 6.9 27 769 -174 10.5
3056 247 160.5 0.016398 4798 144 )] 30 1302 222 0.6 27 1014 -027 6.6 30 929 064 43 27 769 -131 89
4010 234 1629 0:.016411 5079 144 30 1302 249 04 27 1014 000 55 30 929 091 34 27. 769 -1.04 8.0
5026 243 164.6 0.016421 5286 144 30 13.02 -269 0.6 27 1014 020 53 30 929 1.11 31 27 769 -083 1.7
9989 278 169.8 . 0.016450 5965 144] 30 1302 335 -13 27 1014 086 4.5 30 - 929 177 24 27 769 -0.17 7.0
11984 285 171.0 0.016457 6.132 144 30 13.02 351 -1.6 27 1014 103 43 30 929 193 22 27 769 -0.01 6.8
15020 295 1719 0.016462 6259 144 30 13,02 363 -16 27 1014 115 43 30 929 206 2.1 27 769 012 6.7
18813 294 1721 0.016463 6288 144 30 1302 366 -17 27 1014 118 4.2 30 929 209 20 27 769 0.15 6.6
25129 289 1712 0.016458 6.160 14.4 30 1302 354 15 27 1014 1.06 43 30 929 196 22 27 769 0.02 6.8
4.5 30 187 23 27 769 -007 6.9

28174 285 1705 0016454 6062 144 30, 1302 34 14 27 1014 096

TABLE1
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CASE 2A1 - 20% MIXING 2/2 - Nominal Pump Flows 2/2 - Throttled Pump Flows
‘ - {5000 gpm/LPCI - 4500 gpm/CS 2500 gpm/LPCI - 4500 gpm/CS

Time Pool Pool Specific Pv  Static| LPCI LPCI LPCI LPCI Cs CsS ° CS cs LPCl] LPCI LPCI LPCi cs cs cs Cs’
(sec) Press Temp - Volume (psia) Head [INPSHR Total Preqd NPSH NPSHR Total Preqd NPSH|NPSHR Total Preqd NPSH NPSHR Total Preqd NPSH
(psig) (F) (ft3/ib) (feet) | (feet) Loss (psig) Margin (feet) ~ Loss  (psig) Margin] (feet) Loss (psig) Margin (feet) Loss (psig) Margin

s : (feet) (feet) {feet) “(feet) |- (feet) (feet) (feet) (feet)

699 403 1499 0016342 3709 144 30 1064 016 . 9.1 27 755 243 152 25 385 -485 209 27 572 321 17.0
991 248 1524 0016355 3945 144} 30 1064 0.39 49 27 785 -220 110 | 25 385 -462 167 27 572 -298 129
1858 270 1565 0.016376 4.359 144 30 1064 079 45 27 755 -180 106 25 385 -422 163 . 27 572 257 124
3056 247 1605 0.016398 4.798 144 30 1064 1.21 3.0 27 755 137 91 25 385 -378 148 27 5§72 -215 10.9
4010 234 1629 0016411 5.079 144 30 1064 148 20 27 755 -103 8.1 25 385 -351 138 27 572 -1.87 10.0
5026 243 1646 0016421 5286 144| 30 1064 1.68 18 27 756 089 79 25 385 -330 13.6 27 572 167 8.7
9989 278 169.8 0.016450- 5965 14.4 30 1064 234 1.0- 27 755 023 74 25 385 -264 128 27 572 -1.00 9.0
11994 285 171.0 0.016457 6.132 144 30 1064 250 0.8 27 755 -007 6.9 25 385 -247 126 27 572 -084 8.7
15020 295 1719 0.016462 6.259 144 30 1064 263 08 27 7585 006 6.9 25 385 -235 126 27 572 -0 8.7
18813 294 1721 0.016463 6288 144 30 1064 266 0.7 27 755 0.09 68 } 25 385 -232 125 27 572 -069 8.6
25129 289 1712 0016458 6.160 144 30 1064 253 0.8 27 755 -004 69 25 385 -245 126 27 572 081 8.8
28174 285 1705 0.016454 6.062 144 30 1064 244 1.0 27 755 -043 7.1 25 385 -254° 128 27 572 -091 8.9

1/2 - Nominal Pump Flows : ~ |1/2 - Throttled Pump Flows

5000 gpm/LPCI - 4500 gpm/CS

Time Pool Pool Specific Pv Static] LPCi LPCI LPCI LPCI CS cs cs cs For the single LPCI| pump case, LPCI flow cannot be
(sec) Press Temp Volume (psia) Head [NPSHR Total Preqd NPSH NPSHR Total Preqd NPSH] throtiled below 5000 gpm. Therefore, the nominal and
(psig) (F)  (ft3/b) (feet) | (feet) Loss (psig) Margin (feet) Loss (psig) Margin} throttied pump cases for the 1/2 scenario are identical
o (feet) {feet) (feet) (feet)
699 4.03 1499 0016342 3.709 144 30 743 -120 123 27 5.72 321 170
991" 248 1524 0.016355 3945 144 30 743 088 8.1 27 672 -298 128
1858 270 1565 0.016376 4.359 144 30 743 -057 1.7 27 5727 -257 124
3056 247 1605 0016398 4.798 144 30 743 -015 6.2 27 572 -214 109
4010 234 1629 0.016411 5079 144 30 743 -0.12 5.2 27 5.72 -187 99
5026 243 164.6 0016421 5286 144 30 743 033 5.0 27 572 167 97
9989 2.78 1698 0.016450° 5965 144 30 743 099 42 27 §72 -1.00 9.0
11984 285 1710 0.016457 6.132 144 30 743 145 4.0 27 5§72 084 87
15020 295 1719 0.016462 6.258 14.4 30 743 127 4.0 27 §72 -0 8.7
18813 294 1721 0.016463 6288 144 30 743 130 39 27 572 068 86 .
25129 289 171.2 0.016458 6.160 144 30 743 118 4.1 27 5§72 081 88
28174 285 1705 0016454 6062 144 30 743 108 4.2 27 572 -0.91 8.9 |

TABLE2 . .
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Long Term Post-LOCA LPCI Pump Pressure Requirements - Throttled Flows
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ATTACHMENT A

LPCI/Core Spray Suction Friction Losses
' FLO-SERIES Model

Dresden LPCI/Core Spray pump suction friction losses were developed using a FLO-SERIES
model of the Dresden ECCS ring header and pump suction piping (Ref. 4). The nodal diagram of
the piping model is included.as Figure Al. This model was run at the various LPCI and Core
Spray pump cbmbinations and flows listed below as required to support the cases evaluated in this
calculation. The FLO-SERIES runs are included in this Attachment. '

‘ : LPCI | Total CS | Total
LPCI/CS | Strainer | LPCI Loss | LPCl CS Loss CS
Flowper | Loss’ | Friction | +15% | Loss* | Friction | +15% | Loss* FLO-SERIES .

LPCI cs Pump Datrain Loss hy hews | Loss hy ot Linc-up
Pumps‘j Pumps | (gpm) - -| () (fy | (ft) (R | (D (ft) Filcnamc
4 2 5000/4500 | 5.42 9.28 | 10.67 [ 16.09 | 6.87 7.91 | 13.33 {4L502C45.PLU

2500/4500 | 2.33 295 | 339 | 571 | 467 | 537 | 7.69 |aL252C45.pPLU
5000/4500 [ 371 | 809 | 930 |13.02] 559 | 643 | 10.13 |3L302C45.PLU.
var/4500 | 233 | 606 | 696 | 929 | 467 | 537 | 7.69 |3L_50_25PLU
5000/4500 | 2.33 723 | 832 |10.64| 455 | 523 | 7.55 |2L502C45PLU
2500/4500 | 1.26 235 | 259 | 385 | 388 | 446 | 572 |2L352C45.PLU

1 2 5000/4500 | 1.26 536 1 6.16 | 7.43 3.88. 446 | S5.72 | 1L502C45.PLU

 Strainer Loss = (Flow per strainer/10,000 gpm)” x SBf.
* Total Loss = (Loss +15%) + Strainer Loss

N N W W &
NN NN

Table A-1
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TO LPCI SUGTION 3C/D
p

“TOLPCI SUCTION 14
R —TJo

"TO CORE SPRAV SUCTION 3A

v-s
- LPCI SUCTION 18

Figure A1: ECCS Suction Nodal Diagram including the Ring Header



Company: cCOlied

YOV v v

Project: 02/07/97
by: palas
LINEUP REPORT rev: 02/07/97
LINELIST: .RING DEVIATION: 0.0157 3

dated:. 01/08/97 after: 5 iterations

4 LPCI @5000 and 2 CS @4500 Injecting. Nearest torus leg blocked.

Volumetric flow rates require constant fluid properties in all pipelines.

Fluid properties in the first specification were used.

NODE

DEMAND NODE DEMAND
gpm gpm
N >>> 4500 0 >>> 0.0001
p >>> 10000 R >>> 5000
S >>> 5000 >>> 4500
FLOWS IN: 0 gpm
. FLOWS OUT: 29000 . gpm
NET FLOWS OUT: 29000 gpm
PIPELINE FLOW - PRESSURE " SET
gpm SOURCE ©, psig
Torus-1 <<< . 9433 . <<< A
Torus-2 <<< 9552 <<< B
Torus-3 <<< 10015 <<< 0
FLOWS IN: 29000 ~gpm
FLOWS OUT: 0 gpm
NET FLOWS IN: 29000 gpm

Calculation No. DRE97-0010

Revision 0

Page A3



1y

LINEUP NOUEY YL U2y

02/07/97
NODE ~ ELEVATION DEMAND PRESSURE H GRADE
ft gpm psi g ‘ ft
A 0 )s!
B 0 P
o 0 P 0
E 0 + -1.403 -3.258
F 0o + -1.439 -3.341
G 0 + -1.582 -3.672
H 0 * -1.669 - -3.874
I 0 * -1.444 -3.351.
J 0 + -1.596 - . -3.705
X 0 + -1.591 -3.693
L 0 * -1.684 -3.909
M 0. v -1.662 . -3.858
N 0 > 4500 + -1.694 - - -3,933
0 0 > 0.0001 + -1.591 -3.693
P 0 > 10000 + -1.948 ' -4.523
Q- © 0 + -2.208  -5.125
R 0 > 5000 « -2.75 .. -6.384
s 0 >. 5000 * -3.996 . -9.276
T 0 ’ v -1.918 ~4.451
u. 0 9

> 4500 + -2.961 -6.874

Calculation No. DRE97-0010
Revision 0 - Page A4
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PIPELINE

S-3A

. Cs3B-16

Cs3B-18
HPCI
LPCI3A
LPCI3A/B .
LPCI3B
LPCI3C/D
Ring-1
Ring-2

" Ring-3

Ring-4
Ring-5
Ring-6
Ring-7
Ring-8

A Ring-9

Torus-1
Torus-2
Torus-3

Torus-4

o0 B P M X D OO X M MMmME OGO R X A H

FROM

TO

T a0 M mZE LB R GG HHM™M®NO®XWO 3Gz

FLOW
gpm
4500
4500
4500
0
5000
10000

. 5000
10000
2609
1891
7661
2339
2339
7676
2324

2324

6824

9433
9552
. 10015

closed .

LINEUY PLFLLINYY

VEL
ft/sec
6.274
7.911
6.274
0
11.64
7.563

.11.64
7.563

.973

.43

.794

.769

.769

.805

.758

.758

.161

11.42

11.57

12.12

0

T I N I

-

O - H - O 0O O 0O 0O 0O 0O 0 0 O +H O 0 O o + O

dp

psi g
.251
.044
.255

.543
.612

.264
. 040
.004
.157
.005
.009

.015
.007
.259
.403
.439
.582

.789

.102.

Y .

02/07/97

H1
ft
0.582
.423
.593

.259
.42
.152
.614
.093
.010
.365
.012
.021
‘,237
7035
.015
.601
.258
341
.672

O O O O O O s P B O O N

O W W w o o o o
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Company: comed

YhZo2ewy
Project: 02/07/917
by: palas
LINEUP REPORT rev: 12/21/96
LINELIST: RING : ) DEVIATION: 0.0111 3%
dated: 12/18/96 after: 6 iterations

4 LPCI @2500 and 2 CS @4500 Injecting. Nearest torus leg blocked.

Volumetric flow rates require constant fluid properties in all pipelines.
Fluid properties in the first specification were used.

NODE DEMAND . NODE ' DEMAND
gpm - : gpm

N >>> 4500 o >>> 0.0001

p >>> 5000 R >>> 2500

S >>> 2500 U >>> 4500

FLOWS 1IN: O gpm .
FLOWS OUT: 19000 gpm

NET FLOWS-OUT: 19000 gpm’

PIPELINE . FLOW . PRESSURE SET .
gpm . © - SOURCE psig
Torus-1 <<< 6218 <<< A 0
Torus=2 <<< 6302 <<< B S 0
Torus-3 . ' <<< 6480 <<< ¢ - 0
- | FLOWS IN: 19000 gpm

FLOWS OUT: 0 gpm
NET FLOWS. IN: 19000 gpm

Calculation No. DRE97-0010
~ Revision 0 - Page A&



LINEUP NODES YLV vy

02/07/97
NODE ELEVATION DEMAND PRESSURE H GRADE
: ft . gpm psi g ) ft
a 0 p 0
B 0 p
of 0 p 0
E 0 *+ -0.610 -1.416
F 0 * -0.626 -1.454
G 0 * -0.662 -1.538
H 0 * -0.712 , -1.652
I 0 + -0.634 -1.472
J 0 * -0.666 -1.547
K 0 * -0.665 ' -1.544
L 0 + -0.711 -1.651
M 0 . S+ -0.712 -1.652
N 0 > 4500 © + -0.885 4 -2.054
o 0 > 0.0001 * -0.665 -1.544
P 0 > 5000 o+ -0.778 " -1.805
-3 0 ' + -0.820 -1.903
R 0 > 2500 * -0.956 -2.219
s 0 > 2500 o+ -1.269 : -2.945
T 0. | +-0.967 -2.245
v 0

> 4500 - + -2.011 -4.668

1

Caicuilation No;i.DREQ7-Ov010 '
Revision0 Page A7



LINEUP PIPELINES Wy Lo v

02/07/97
PIPELINE FROM TO - FLOW ~ VEL dp H1
o gpm - ft/sec psi g ft
‘—3A I N 4500 '6.274  0.251 0.582
Cs3B-16 T U 4500 7.911 1.044 2.423
CS3B-18 M T 4500 6.274  0.255 0.593
HPCI K o 0 0 0 0.
LPCI3A Q R 2500 5.822 0.136 0.315
LPCI3A/B J Q 5000 3.781 0.154 0.357
LPCI3B Q S 2500 5.822  0.449 1.041
LPCI3C/D L P 5000 3.781 0.066 0.154
Ring-1 E I 1999 1.512  0.024 0.056
Ring-2 F I 2501 1.892  0.008 0.018
Ring-3 F J 3800 2.874 0.040 0.093
Ring-4 K J 1200 0.907 0.001 0.003
Ring-5 G K 1200 10.907  0.002 0.006
Ring-6 G L 5280 . '3.993 . 0.049  0.113
Ring-7 L - <=>H 280.3 0.212 0 0
Ring-8 H M 280.3 0.212 0 - 0
Ring-9 E M 4220 3.191  0.102° 0.236
Torus-1 A E 6218 7.529  0.610 1.416
' Torus-2. ‘B F 6302 7.629 0.626 1.454°
.Torus-3 c G 6480 7.845 .0.662 - 1.538
o Torus-4 D H ) 0 ‘ 0 0

closed.

Calculation No. DRE97-0010 .
Revision 0 Page A%
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Company: comed A yAavradh A4

Project: 02/07/97
by: palas

LINEUP REPORT rev: 12/21/96

LINELIST: RING DEVIATION: 1.37 3%
dated: 12/18/96 after: 3 iterations
3 LPCI @5000 and 2 CS Q4500 Injecting. Nearest torus blocked.

Volumetric flow rates require constant fluid properties in all pipelines.
Fluid properties. in the first specification were used.

NODE DEMAND . - NODE DEMAND
gpm gpm

N T >>> 4500 ' P >>> 5000

R © >>> 5000 - >>> 5000

U >>> 4500

-FLOWS IN: 0 gpm
FLOWS. OUT: . 24000 gpm

NET FLOWS OUT: 24000 gpm °

‘PIPELINE FLOW PRESSURE SET
gpm : SOURCE psig
Torus-1 E <<< 7825 <<< A ' -0
Torus-2. - << 17891 - .<<< B 0
Torus-3 <<< 8284 <<< ' C : - 0

‘ FLOWS IN: 24000 gpm
i FLOWS OUT: 0 gpm

" NET FLOWS IN: 24000 gpm

 Calculation No. DRES7-0010
. Revision 0 Page A9



LINEUP NODES SiYoresy

02/07/97
NODE ELEVATION DEMAND PRESSURE H GRADE
ft . gpm psi g ' ft
A 0 p 0
B -0 p
ol 0 p O 0
E 0 * -0.966 | -2.242
F 0 + -0.982 - -2.28
G 0 * -1.082 -2.513
H 0 * -1.109 - -2.574
I 0 *+ -1.012 -2.349
J 0o + -1.086 -2.52
K 0 + -1.106 -2.568
L 0o * -1.118 . -2.595
M 0 A o+ 21.108 -2.573
N 0 > 4500 o -1.263 -2.931
P 0 > 5000 * -1.184 -2.748
Q 0 | + -1.697 -3.939
R 0 - > 5000 - + -2.24 . -5.199.
s 0 > 5000 ¥ -3.486 -8.091
T 0 | + -1.364 | -3.166
U 0 > 4500 * -2.408 - -5.589

Calculation No. DRE97-0010
Revision 0 Page A10
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PIPELINE

®..

CS3B-16
CS3B-18
HPCI
LPCI3A
LPCI3A/B
LPCI3B
LPCI3C/D
Ring-1
Ring;z
Ring-3
Ring-4
Ring-5 .
Ring-6
Ring-7
Ring-8
Ring-9
Torus-1
Torus-2
Torus-3

Torusf4_

U N o M2 T O RM™MMEEOqQO R 3 H

FRCOM

T O M MmzBT OnoC YR GG HH MW O 0O 3 g Z

LINEUP PIPELINES

FLOW
gpm -
4500
4500 -
4500 -
closed
5000
10000
5000
5000
2801
1699
6192
3808
3808

" 4476

523.9.
§23.9

5024

7825
7891
8284

closed

O Y W WO O WNN S &

VEL
ft/sec
6.274
7.911
6.274,
0
11.64
7.563
11.64
3.781
2.119
.285
. 683
.88"
.88

. 385
. 396
.396
.8
.474
.553 -
0.03

‘O - O O O O 0O O 0O 0O 0O 0O O O Kk O 0O O o ¢+ o

dp

psi q>

.251
.044
.255

.543
.612
.789
.066
.046

.014
.024
.035

.143
. 966
.982
.082

.004
.103

oo

02/07/917

H1
£t
.582
.423
.593

.259
.42
.152
.154
.107
.008
.240
.032
056
.082
.002

-331
.242
.28
.513°

O N N N O O O O & 0O O O O 0 & K +H O ON O

Calculation No. DRE97-6010 |
Revision 0 J
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Company:

Project:

LINELIST: RING

by: palas

comed

LINEUP REPORT

dated: 12/18/96

rev:

12/21/96

$SL_ov_zd
02/07/97

DEVIATION: 0.0106 3%

after: 6 iterations

2 LPCI @2500, 1 LPCI @5000 and 2 CS @4500 Injecting. Nearest torus
blocked.

Volumetric flow rates require constant fluid properties in all pipelines.
Fluid properties in the first specification were used.

NODE

PIPELINE

Torus-1
Torus-2

Torus-3

DEMAND
gpm

>>> 4500
>>> 5000

FLOW

gpm

<<«
<<<

<<<

6218
6302
6480

NCD

NET

<<<
<<<L

<<<

NET

E

>>>

>>>

*FLOWS 1IN:
FLOWS OUT:

FLOWS OUT:

PRESSURE
SOURCE

A

B

c

FLOWS IN:
FLOWS OUT:

FLOWS IN:

DEMAN
gpm
5000
4500
0 gpm
19000
19000

19000
0 gpm
19000

D
gpm
gpm

SET

psig

0

0

0

" gpm

Calculation No. DRE97-0010
Revision 0 |

Page A2
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LINEUP NODES ¥ oo wv

B v WO WV Z R EBXG M OB O E W

02/07/97 ~

NODE ELEVATION DEMAND PRESSURE H GRADE
‘ , ft ' gpm psi g ' ft

0 P 0

0 P

0 P

0 * -0.610 -1.416

0 * -0.626 -1.454

0 * -0.662 -1.538

0 * -0.712 -1.652

0 * -0.634 S -1.472

0 *+ -0.666 ‘ -1.547

0 * -0.665. . -1.544

0 + -0.711 ~ -1.651

0 5 + -0.712 -1.652

0 > 4500 « -0.885 -2.054

0 > 5000 * -0.778 = .. -1.805

0 | * -0.820 . -1.903

0 v+ -0.820 -1.903 -

0 > 5000 + -2.609 -6.055

0 ' + -0.967 -2.245

0 > 4500 v -2.011 -4.668

Calculation No. DRE97-0010
Re.vision 0 - Page A/



PIPELINE

S3B-16

Cs3B-18
HPCI
LPCI3A
LPCI3A/B
LPCI3B
LPCI3C/D

Ring-1
Ring-2
Ring-3
Ring-4
Ring-5'
Ring-6
Ring—7.
Ring-8"
Ring-9
Torus-1
: Torus-2
4 .l‘orus—}

Torus-4..

o SRR

O QWP MmIT Q00X ™mMM®BE OG0 R XA

FROM

LINEUY PIPELL|EY

02/05757 -
TO FLOW | VEL dp H1
gpm , ft/sec psi g ft
N - 4500 6.274 0.251 0.582
U 4500 7.911  1.044 2.423
T 4500 6.274  0.255 0.593
e closed 0 0 0
R 0 0 0 0
Q 5000 3.781 0.154 0.357
S ‘5000 11.64 1.789 4.152
P 5000 . 3.781 0.066 0.154
I 1999 1.512 0.024 0.056
I 2501 1.892 0.008 0.018
J 3800 2.874 0.040  0.093
J 1200 0.907 0.001" 0.003
K 1200 0.907 0.002 0.006
'L 5280 3.993  0.049 0.113
H 280.3 0.212 0 0o
M 280.3 0.212 0 0
M 4220 3.191 -'0.102 0.236
E . 6218 7.529  0.610 1.416"
F 6302 7.629 - 0.626 1.454
G 6480 7.845 '0.662 1.538
H ciosed 0 0 0

Calculation No. DRE97-0010 -
'Revision 0 - Page A4



LUV ATTY «» L UTITCRE WY vy

Project: - 7 02/07/97
by: palas
LINEUP REPORT rev: 12/21/96
LINELIST: RING DEVIATION: 1.47 3%

dated: 12/18/96

after: 4 iterations

2 LPCI @5000 and 2 CS Q4500 Injecting. Nearest torus leg blocked.

Volumetric flow rates require constant fluid properties in all pipelines.’
Fluid properties in the first specification were used.

NODE

DEMAND NODE DEMAND
gpm : gpm
>>> 4500 R >>> 5000
S . >>> 5000 U >>> 4500
FLOWS .IN: 0 gpm
FLOWS OUT: 19000 gpm
NET FLOWS OUT: 19000  gpim
PIPELINE FLOW PRESSURE SET
gpm SOURCE psig
Torus-1 <<< 6169 <<< 0
. " Torus-2 <<< 6419 <<< B 0
' Torus-3 - <<< 6412 <<< 0
. FLOWS IN: 19000 . gpm
: , FLOWS OUT: 0 gpm
NET FLOWS ~IN: 19000

gpm

Caiculation No. DRE97-0010
Revision 0 Page Ai5



LINECY NODES L A= AR AR 4

c H WO Z X2 EXR G HITOMMBAQD P

02/07/97
NODE ELEVATION DEMAND  PRESSURE H GRADE
ft gpm psi g ‘ ft
0 p O
0 p 0
Y P
0 + -0.600, -1.394
0 + -0.650 -1.509
0 * -0.649 . -1.506
0 * -0.657 -1.525
0 + -0.653 : -1.515
0 + -0.716 -1.662
0. * -0.691 -1.604
0 * -0.652 -1.513
0 | * -0.659 -1.53
0 > 4500 + -0.904 ‘ -2.097
0 ' * -1.327 -3.081
0 > 5000 « -1.87 . -4.34
0 > 5000 * -3.116 -7.233
0 | .+ -0.915 . -2.123
0 > 4500 . * -1.958  -4.546

Calculation No. DRE97-0010
. : Revision 0 Page Al6
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PIPELINE

; S-3A
CS3B-18
HPCI
LPCI3A
LPCI3A/B
LPCI3B
LPCI3C/D
Ring-1
Ring-2
Ring-3
Ring-{
Ring—S‘
Ring-6
Ring-7

' Ring-8
“Ring-9
Torus-1
Torus-2

.‘orus-3

Torus-4 -

TINDGOT WL ooyl WS v

02/07/97
FROM TO FLOW VEL  dP H1
: gpm ft/sec psi g ft
I ‘N 4500 6.274  0.251 0.582
T U 4500 7.911  1.044 2.423
M T 4500 6.274  0.255 0.593
K 0 closed .0 0 0
Q R 5000 “11.64  0.543 1.259
J Q 10000  7.563  0.612 1.42
Q s 5000 © 11.64  1.789 4.152
L P closed 0 » 0 0
E I 2991 2.262  0.052 0.121
F I 1509 1.141  0.003 0.007
F J 4910 3.714 0.066 0.153
K J 5090 - 3.849 0.025 0.057
G K 5090 3.849 0.042  0.098
G L 1322 1.000 0.003 ° 0.008,
L <-> H 1322 1.000  0.005 10.012
H M 1322 1.000 . 0.002 0.005
E M 3178 2.403  0.059 0.136
A E 6169 7.469  0.600 1.394 -
B F - 6419 7.772 . 0.650 1.509
c G 6412 7.763.  0.649 1.506
D H cldsed 0 0 0

Calculation No. DRE97-0010
Revision 0 Page A7



Company: comed ZLLI2Y Y

Project: 02/07/97
by: palas ‘
LINEUP REPORT  rev: 02/04/97
. LINELIST: RING , ' - DEVIATION: 0.019 3%
dated: 01/08/97 after: 5 iterations

2 LPCI @2500 and 2 CS @4500 Injecting. Nearest torus leg blocked.

Volumetric flow rates require constant fluid properties in all pipelines.
Fluid properties in the first specification were used.

NODE DEMAND NODE DEMAND
gpm gpm
>>> 4500 R >>> 2500
S >>> 2500 U >>> 4500

FLOWS IN: 0 gpm ,
FLOWS OUT: 14000 gpm

NET FLOWS OUT: 14000 gpm

PIPELINE - FLOW PRESSURE SET

gpm SOURCE . psig
Torus-1 : | <<< 4592 <<< A . 0
Torus-2 . <<< ;4719 <<< B L : 0

Torus-3 =~ _<<<' 4690 << C 0.

FLOWS IN: 14001 gpm -
FLOWS OUT:. 0 gpm

NET FLOWS- IN: 14001 gpm

Calculation No. DRE97-0010
Revision 0  Page A/g
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02/07/97
NODE ELEVATION DEMAND PRESSURE H GRADE
ft gpm psi g : ft

|‘II’ A 0 p O

B 0 b 0

o 0 - p O
E 0 * -0.333 -0.772
F 0 + -0.351 -0.816
G 0 * -0.347 -0.806
H 0 * -0.365 -0.848
I 0 *+ -0.359 -0.833
J 0 + -0.366 -0.850
K 0 * -0.359 -0.834
L 0 + -0.354 -0.822
M 0 * -0.370 " -0.860
N 0 > 4500 * -0.610 S -1.415
Q S0 o * -0.520 -1.207
"R 0 > 2500 + -0.656 - ©-1.522
s 0o > 2500 + -0.969 . -2.248
T 0 o .+ -0.626 -1.452
u 0 > 4500 * -1.669 - =3.875

3

 Calculation No. DRES7-0010 -
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PIPELINE

aaCS-3A

‘538—16
CsS3B-18
HPCI
LPCI3A
LPCI3A/B
LPCI3B
LPCI3C/D
Ring-1
Ring-2 .
Ring-3
Ring-4

"Ring-S

Ring-6
Riqgj7>
Ring-8
Ring-9
Torus-1

Torus-2

‘orus‘—,B
orus-4

PIFE-FLO rewv 4.11

D A M T HQOXMmMMEEO GO X X 3 H

FROM.

02/07/97

TO FLOW VEL dp H1
gpm ft/sec psi g ft

N 4500 6.274 0.251 0.582
U 4500 7.911  1.044 2.423
T 4500 6.274  0.255 0.593
o] closed 0] 0 0
R 2500 5.822 0.136  0.315
Q 5000 3.781  0.154 0.357 ~

s 2500 5.822  0.449 1.041
P closed -0 0 _ 0

I 2074 1.569 0.026 ° 0.060
I 2426 1.835 0.007 0.017
J 2293 1.734 0.015 0.035
J 2707 - 2.047  0.007 0.016
K 2707 . 2.047 0.012 0.028
L 1983 1.499  0.007 0.017
H 1983 1.499  0.011 0.026
M 1983 1.499 0.005 0.011

M 2517 - 1.904 . 0.038 0.087

- E 14592 - 5.559  0.333 0.772
F 4719 5.713  0.351 0.816
G 4690 . 5.678  0.347°  0.806
H closed o . 0 0

Calculation No. DRES7-0010
Revision 0 ‘ Page A20
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-
Project: 02/07/97

- by: palas
LINEUP REPORT rev: 12/21/96
v LINELIST: RING ’ DEVIATION: 0.0179 %
‘ dated: 12/18/_96 after: S iterations

1 LPCI @5000 and 2 CS @4500 Injecting. Nearest torus leg blocked.

Volumetric flow rates requlre constant fluid properties in all plpellnes
Fluid properties in the first specification were used.

"NODE - DEMAND NODE DEMAND
gpm , gpm

N '>>> 4500 S . >>> 5000

U >>> 4500

FLOWS 1IN: 0 gpm
FLOWS OUT: 14000 gpm

NET FLOWS OUT: 14000  gpm

PIPELINE  FLOW PRESSURE . SET
: gpm - SOURCE psig
Torus-1 <<< 4592 <<< A 0
Torus-2 . . K<< 4719 << B Y
. Torus-3 - <<< 4690 <<< C 0 :‘
‘ 3 ' o R FLOWS IN: 14001  gpm

FLOWS OUT: 0 gpm
. NET FLOWS IN: 14001 gpm

0

Calculation No. DRES7-0010
L Revision0 Page A 2|
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02/0;/57
'NODE ELEVATION DEMAND - PRESSURE H GRADE
ft gpm ’ psi g 4 ft
‘ A 0 p O

B 0 P

c 0. P

E 0 * -0.333 -0.772

F 0 + -0.351 -0.816
G 0 * ~0.347 -0.806

H 0 *+ -0.365 -0.848

I 0 * -0.359  -0.833

J 0 * -0.366 -0.850

K 0 *+ -0.359 -0.834

L 0 * -0.354 - -0.822

M 0 *+ -0.370 . -0.860
N 0 > 4500 * -0.610 -  -1:415

Q 0 o * -0.520 ~1.207

s 0 > 5000 * -2.309 -5.359

T 0 + -0.626 -1.452
U 0 > 4500 % -1.669 - -3.875

Calculation No. DRE37-0010
Revision0- - Page A72-
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LINEUY PIPELINEY i tukahaid

02/07/97
PIPELINE ~ FROM TO FLOW VEL dp H1
: gpm ft/sec ' psi g ft

‘CS—3A I N 4500 6.274  0.251 0.582
CS3B-16 T U 4500 7.911  1.044 2.423
CS3B-18 M T 4500 6.274  0.255 0.593
HPCI K o] closed 0 0 0
LPCI3A Q R . closed 0 0 0
LPCI3A/B 3 Q. 5000 3.781  0.154 0.357
LPCI3B . Q s 5000 11.64 1.789  4.152
L?CI3C/D  L P closed 0 0] 0
Ring-1 E 1 2074 1.569 0.026 0.060
Ring-2 F I 2426 1.835  0.007 0.017
Ring-3 F g 2293 '1.73¢  0.015 . 0.035
Ring-4 K g 2707 2.047 0.007  0.016
Ring-5 G K 2707 2.047 0.012 0.028
Ring-6 G L 1983 1.499. 0.007 0.017
Ring-7 L <-> H 1983 1.499 0.011 0.026
Ring-8 H - M 1983 1.499  0.005 0.011
Ring-9 E M 2517 1.904 0.038 0.087
Torus-1 A E 4592 5.559  0.333 0.772
“Torus-2 B F 4719 5.713  0.351  0.816

. Torus-3 c G 14690 5.678: 0.347 0.806

' Torus-4 D. H _ closed 0 ‘ 0 0

Calculation No. DRE97-0010
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