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1.0 PURPOSE

The purpose of this calculation is to determine if the auxiliary
feedwater system can meet additional flow requirements that were not
specified in the previous revision of this calculation.

Supplement ”“B” was performed to determine if the AFW system can meet the
requirements for the following cases:

Feedwater line Break Upstream of check valve
Feedwater line Break Downstream of check valve

' : Station Blackout

. Loss of Main Feedwater
. Pump Runout '
. Water Hammer

This Supplement ”“C” covers the following additional conditions extracted

from Ref.13:

Small Break LOCA

Steam Generator Tube Rupture

Normal Plant Cooldown

Steamline Break - Core Response

Steamline Break - Containment Response

Steamline Break - EQ Outside Containment

ATWS _

Turbine Trip, Loss of Load, Loss of Condenser Vacuum
Appendix ‘R’

For completeness Supplement ‘C’ includes the results of supplement ‘B’
and the margins between the required and expected flows. For specific
cases of supplement "B”, which are superceded by this calc, the changes
are identified in the results section. In addition, this supplement
incorporates actual test results (preliminary issue) from the Permutit
field tests to provide general agreement with expected field results. In
addition, this calculation will form the basis for the test guidelines.
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2.0 RESUL
2.1

2.2

2.3

2.4

2.5

TS/CONCLUSTONS AND RECOMMENDATIONS

The venturies will meet the AFW flow requirements‘specified in
section 4.0 of this supplement.

Table 2.1 compares expected venturi flow rates with the AFW system
flow requirements. It also compares the expected design values to
the system design requirements. The difference expressed as margin
is based on the use of 5532 and 5531 venturies for each design
condition identified in Section 4.0 of this calculation.

The following events were previously evaluated in the calc. DC-2836
Supplement B and used in this Supplement to define the bounding
conditions:

Case 4.1 - Loss of Normal Feed (Supplement ‘B’ Case No. 3)

Case 4.2 - Main Feedwater Line Break Upstream (Supplement ‘B’
Case No. 5)

. Case 4.3 - Main Feedwater Line Break Downstream (Supplement

‘B’ Case No. 2)

Case 4.8 - Station Blackout (Supplement ‘B’ Case No. 4)

Case 4.12 - Waterhammer (Supplement ‘B’ Case No. 1)

Case 4.13 - Pump Run Out (Supplement ‘B’ Case No. 6)

Supplement "B” cases 4.1, 4.2, 4.3, 4.8 are re-evaluated due to the
conservative results. Actual data available from the new venturi
testing was incorporated.

Cases presented in this calculation identify bounding cases only.
A1l other pumps and system configurations produce less limiting
results and therefore, do not control the design.

Case 4.11- Appendix "R”

GIOW pump curve intersects the most restrictive 5532 cavitation
curve at 880 psig & 353 gpm. Since the venturies are cavitating,
the flow rates through them cannot exceed 353 gpm. The margin
associated with this flow rate is < 1%. This value is conservative
because the calculated pressure drops are greater than the actual
test data, thus, additional flow is expected during testing.

In addition, bpening the bypass around the 4” venturi provides more
f}ow margin. There is ample time during the event to open the by-
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pass valve to allow more flow to the steam generators. GIOW pump
curve without 4” venturi is plotted on Fig. 7 and it intersects

. 9532 cavitating venturi curve at 363 gpm & 1010 psig. Additional
margin is available if the bypass around the 3” venturies are also
opened (opening the bypass valves has the potential to expose the
system to water hammer and pump run out conditions. This action
will require a revision to the operating proceedures.

This flow rate increases the margin from < 1% to 3.7%.

2.6 Case 4.7c Steamline Break Outside Containment.
Pump GIOS provides the least flow rate of 315 gpm for this event and
is considered the most limiting case with the margin of 12% . The

margin is based on a preliminary Westinghouse analysis which
| determines that the Steamline Break concerns are satisfied with

| q reduced AFW flow rate.
‘ The results of all the cases are identified in Table 2.1.
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TABLE 2.1
AFW REQUIREMENTS,EXPECTED FLOWS AND MARGINS

Design Condition ‘ Required Flows Expected Flows Margin Bounding Case Remarks
(GPM) (GPM)
4.1 Loss of Normal Feed >185 G10W=255 37% this Suppl. ‘C’ To 3 S/GS @ 1015 psig
4.2 MFW Line Break Upstream >100 G10W=140 40% this Suppl. ‘C’ To 2 S/GS @ 1015 psig
of Check Valve - :
4.3 MFW Line Break Down- >175 G10S=210 20% Case 2 Suppl. ‘B’ To 2 S/GS @ 15 psia
Stream of Check Valve . G10S Cavitate ,
4.4 Small Break LOCA >185 G10W=255 37% Bound by Case 4.1 To 3 S/GS @1015 psig
' ' : Supplement ‘C’
4.5 S/G Tube Rupture a) >120 Gl10W=312 ~ 160%  this Supp].’C’ To 2 S/GS @ 250-750
psia.Gl0S cavitate @
@319 gpm & 730 psig
. b) >120 G10S=242 101% Ditto Ditto
4.6 Normal Plant a) >185 G10W=295 59% Case 4.6 this calc. To 3 S/GS @ 125-923
Cooldown Suppl. ‘C’ psia
- b) >185 G10S=319 72% G10S controls @
. < 500 psig -
: : N
4.7 Steamline Break a) >150 G10W=255 70% Case 4.1 above To 3 S/GS @ 1015 psig '
Outside &
Containment b) >280 G10W=352 26% this suppl.’C’ To S/GS @ 700 psia g$
c) >280 G10S=319 14% this supll.’C’ To 3 S/GS @ 15-700 <
psia, Gl0S controls* =
A : @ < 500 psig n
d) >215 G10+G10S=393 82% Ditto To 3 S/GS @ 875 psia *» e
- cavitate gﬁ ~
e) >215 G10W=310 44%  Ditto To 3 S/GS @ 875 psia "
: RN
~ _
R

bl sfg > 5

’
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TABLE 2.1

AFW REQUIREMENTS,EXPECTED FLOWS AND MARGINS

Design Condition Required Flows Expected Flows Margin Bounding Case Remarks
(GPM) (GPM)
4.8 Station Blackout >185 G10=300 62% Case 8.6 above To 3 S/GS @ 923 psia
>185 G10W=295 59% Case 8.6 above To 3 S/GS @ 923 psia
4.9 ATWS >185 G10W=255 37% Case 8.1 above To 3 S/GS @ 1015 psig
4.10 Turbine Trip Loss >185 a)Gl0W=295 59% Case 4.6 above To 3 S/GS @ 125-923
of Load, Loss of Suppl. ‘C’ psia. Both pumps
condenser vacuum cavitate as press.
: decreases.
b)G10S=319 72%  Case 4.6 above G10S controls @
< 500 psig
4.11 Appehdix ‘R’ >185 G10W=295 59% This suppl. C To 3 S/GS @ 923 psia
a) 4" venturi- bypass closed >350 G10W=353 <1% Th{s suppl.’C’ To 3 S/Gs @ 15 psia
b) 4" venturi bypass open >350 G10W=363 3.7% Case 4.11 above To 3 S/GS @ 15 psia
c) 3" venturi bypass also open>350 G10W=450 28% this suppl. ‘C’ To 3 S/Gs @ 15 psia
4.12 Water Hammer <450 G10+G10S :
+G10W=397 - This Suppl. 'C’ To 3 S/GS @ 15-1030
‘ cavitate @less than
450 gpm
4.13 Pump Runout <420 G10S=319 - Case 6 Suppl. ‘B’ To 3 S/GS @ 15-1030
psia. Cavitate @ less
than 420 gpm
4.14 Steamline Break <1419 G10W=352 - Case 3 Suppl. ‘B’ To 3 S/GS @ 15 psia

Core Response

o

cavitate @ less than
420 gpm

Ce20Vhl o >

o ddes 9c92- 20
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TABLE 2.1
AFW REQUIREMENTS, EXPECTED FLOWS AND MARGINS

Design Condition Required Flows EXpected Flows Margin Bounding Case : Remarks
(GPM) (GPM) N
4.15 Steamline Break <500 G10W=352 : - Case 3 Suppl. ‘B’ To 3 S/GS @ 15 psia
Inside Containment ' ' cavitate @ less than
500 gpm

*Shown as point in time when G10 not available, however, above S/G pressure at 500 psig Gl0 is available.
Note: Where pressure ranges are shown the highest pressure was used to establish flow & margins.
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3.0 ASSUMPTIONS

Auxiliary Feedwater temperature is 70°F.

Venturi recovery factors will be the same as those reported during
the calibration testing of the new AFW venturi.

Line losses and flow coefficients for the three venturiés are
assumed equal for stating that the flows through each branch are the
same. '

Flow requirements identified in this Supplement are in addition to
the cases identified as limiting in the DC-2836 Supplement B.

Flow around cavitating venturies is assumed zero. The bypass around

the 3” venturies will be closed. For the Appendix ‘R’ Case 4.11b the
bypass around the 4” venturi will be opened when needed.

The pumps system pressure curves at inlet to venturies are based on
the original manufacture curves, which are assumed correct.

Pressure drop in suction piping is negligible.

SCE 26-426 NEW 4/90
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4.0 DESIGN INPUTS

Venturies are sized to meet the following parameters:

4.1

Loss of Normal Feed
AFW Flow >185 GPM to 3 S/Gs @1030 psia.
Bound by Case No. 3 Ref. 1

Main Feedline Break- Upstream of check valve
AFW Flow >100 GPM to 2 S/GS @ 1030 psia.
Bound by Case No. 5 Ref. 1

Main Feedline Break- Downstream of check valve
AFW Flow >175 GPM to 2 S/G @ 15 psia.
Bound by Case No. 2 Ref. 1

Small Break LOCA
AFW Flow >185 GPM to 3 S/GS @ 1030 psia (Ref. 6)

Steam Generator Tube Rupture
AFW >120 GPM to 2 S/GS @ 250-750 psia (Ref. 7)

Normal Plant Cooldown
AFW Flow >185 GPM to 3 S/GS @ 125-923 psia

~ (Ref. UFSAR 9.2 and 6.5)

Steam Line Break Outside Containment (Ref. 9)
GIOW Flow >165 GPM to 3 S/GS @ 1030 psia
G1OW Flow >280 GPM to 3 S/GS @ 700 psia
G1OW Flow >280 GPM to 2 S/GS @ 15 - 700 psia
GIOW Flow >215 GPM to 3 S/GS @ 875 psia

Station Blackout

G1OW Flow >185 GPM to 3 S/GS @ 923 psia (Ref. 8)
G10 Flow >185 GPM to 3 S/GS @ 923 psia (Ref. 8)
Bound by Case No. 4 Ref. 1

ATWS
AFW FLow >185 GPM to 3 S/G @ 1030 psia (Ref. 12)

Turbine Trip, Loss of Load, Loss of Condenser Vacuum

G1OW Flow >185 GPM to 3 S/GS @ 125-923 psia
Bound by Case No. 4 Ref. 1

SCE 26-426 NEW 4/90
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4.11 Appendix ‘R’ ,

AFW Flow >185 GPM to 3 S/GS @ 923 psia Bound by Case No. 3 Ref. 1
AFW Flow> 350 GPM to 3 S/GS @ 15 psia (Ref. 11)

4.12 Water Hammer (Ref. UFSAR 8.5)

AFW Flow <450 GPM (total) to 3 S/GS @ 15-1030 psia
Bound by Case No. 1 Ref. 1

4.13 Pump Runout :

G10S Flow <420 GPM to 3 S/GS @ 15-1030 psia
~Bound by Case No. 6 Ref. 1

4.14 Steamline Break - Core Response (Ref. 11)

AFW Flow <1419 GPM to 3 S/GS @ 15 psia
Bound by Case No. 3 Ref. 1

4.15 Steamline Break Inside Containment

AFW Flow <500 GPM to 3 S/GS @ 15 psia
Bound by Case No. 1 Ref. 1

AFW pump system curves ( based on manufacturers curves and field test )
and permutit venturi curves have been used to determine the margins
available above the system design requirements. (Ref. 1, 2 and 6).
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5.0 METHODOLOGY

Calculate AFW flow rates for each of the design conditions, Section 4.0,
for the new venturies by using the following steps.

5.1 Identify AFW conditions covered by the calculation DC-2836
Supplement B.

5.2 Identify AFW conditions bound by the existing analyses. This is
accomplished by a comparison between the additional AFW flow
requirements and those AFW flows in the Supplement B at the same
steam generator pressures.

5.3 The remaining ednditions are analyzed per the following steps:
5.3.1 Plot pumps G10S and GIOW curves using Ref. 2

5.3.2 Plot cavitating venturi curves using Wyle test results
(attachment B)

5.3.3 Calculate system coefficient (K ) from Ref. 1 & 2.per the
following steps:

5.3.3.1 Calculate the highest line losses from the pump
through the discharge control valve to the steam
generator venturi. (line losses from the pump to
the first branch to other FCV’s are based on the
longest pipe run and full flow)

5.3.3.2 Calculate pressure drop across pump discharge valve
and flow control valve using full flow through pump
discharge valve and third through FCV.( branch
piping downstream of the pump discharge valve to
the FCV’s are assumed to have the same pressure
drop to the steam generators)

5.3.4 Calculate total system pressure drop using the equation
aP = Ppsig + K, .*Q* + Elev. Difference for various flows (Q
values are chosen from pump curves to plot aP).

5.3.5 Plot new system curves using aP above.
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5.3.6 Determine flow rates from intersections of the system curves
with either the bounding pump curve or the cavitating
venturi curve.

5.3.7 Determine the lowest flow from step 5.3.7 above. Calculate

' the AFW flow margins by comparing calculated and required
flows for a venturi 5531 or 5532.(Wyle numbers)

5.3.9 Enter AFW flow rates and margins in Table 2-1.

‘ 5.3.10 Based on engineering judgement, determine if the margin is
acceptable for this system.
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6.0 REFERENCES

Calculation DC-2836 Supplement ‘B’ dated 5/9/90.
Calculation DC-2836 Supplement ‘A’ dated 3/22/90.

Westinghouse Feedline break reanalysis with reduced auxiliary feed
flow dated 5/9/90 (SCE-90-578).

UFSAR chapters 6, 15 and 16 are used to identify additional AFW flow
requirements.

Impell calc. THI "Dedicated Safe Shutdown System” Job No. 0310-007-
1372. Dated 4/22/85.

SONGS 1 Small Break LOCA WCAP-9600, W NSSS Small Break Report
6/1979.

Letter to NRC Emergency Procedure Upgrade, May 20, 1982.
Station Blackout, SCE Doc. 90050 Rev. 1.
Steamline Break Outside Containment WCAP.11294.

Appendix ‘R’ Letter to NRC, Fire Protection Program, dated May 21,
1985. -

Steamline Break Core Response UFSAR 6.2.

ATWS, Letter to NRC, ATWS Mitigation System, July 1990.
Design Calculation DC-3414 Rev. 0 "AFW Flow Requirements”
Preliminary Engineering Package 1-3587.01SM

DC-2836 Rev 5.

Crane Technical baper 410.
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7.0 NOMENCLATURE
GPM - Gallons Per Minute
K. - System Pressure Loss Coefficient

o

sys

K, - Pressure Loss Coefficient for Venturi (Non cavitating)

PD - Pump Discharge Pressure psig

P sa - Static Pressure psig Steam Generator

S/G - Steam Generator -

AP - Pressure Drop for System

Q - Flow (GPM)

Ps - Pump suction pressure (psig)

P_ - Piping pressure loss (psi)

additional nomenclature is identified in the in the body of the
calculation.

_ Pscrage - Pump discharge bressure (psig)
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8.0 COMPUTATIONS

The pump and system curves used in the previous:revisions of this
calculation are further corrected for the actual venturi test data
from Wyle labs. The reference point of the pump and system curves
is moved to the venturi inlet to provide direct reading of the
cavitation curves.

To reference the pump curves at the venturi inlet, the pressure
drops due to the elevation changes and line losses between the pump
discharge and the venturi inlet have to be subtracted from the
discharge pressure for the design flow rates.

Calculate the pressure drop AP due to elevation changes:

Pipe e1evation at venturi 23.17 Ft @ FE 3066 (highest venturi)
Discharge pump elevation 16.83 Ft @ G10s (Towest pump)
AH= 6.34 Ft (Maximum height)

Convert A H to psi, AP = 6.34 Ft * 0.4328 psi/Ft = 2.74 psi

Calculate 1inerlosses,to the venturi

Cohpare calculated line losses to the field data from the éyc]e 10
return the service testing.

The field.test data indicated a pressure drop of;
26 psi @ 325 gpm ( from pump discharge to control valves)
Compare the above field data to calculate line losses by determining

the line losses from control valves to venturies. Use the below
simplified sketch for calculating AP from one pump to one of the

-venturies. The Pump G-10 flow path the Steam Generator B was

selected because it has the highest resistance (The calc will be
conservative for cases sensitive to lTower pump curves).
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Calculate AP from pump discharge to the control valve inlets at
325 gpm. 325 gpm was selected to provide a direct comparison
with the test data.

Convert C, values of the motor opefated and control valves to K
values: : ’

Koo e = 891 d%/C2 (Ref. 16) Eq. 1
where C, = 28.8 ( Ref.15 page 11) and d= 3”

Keortrot vave = 87

Kuow = 8.72 , where C, = 91 (Ref. 15 page 11)

Convert line losses to K values:

K=f L/D (Ref.16) Eq. 2 , where f=0.018, D=0.25 Ft
L= 221 Ft, K= 16 and, ' 4 ‘

L= 327 Ft, K= 23.5

Determine total K: _

Kow = Kina + Kpoy = 16 + 8.72 = 24.72

Kow = Keowotvae + Kinetovernn =23.5 + 87 = 110.5

Calculate AP = pump to control valve inlet (K control valve not
included based on Ref. 16).

AP = 0.00001799 * K * B * @ /d* Eq. 3

AP pump to branch: |

Solve the above equation for the following;
B = 62.35 1b/ft> , Q = 325 gpm, d = 37
K, =24.72
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AP = 36.15 psi

AP branch to Control Valve inlet:

B =62.35 1b/ft*, Q = 108.33 gpm, d = 3”
K =23.5

AP = 3.8 psi

Therefore; the pressure drop from the pump discharge to the
inlet to the venturies at 325 gpm is;

36.15 psi
+ 3.8 psi

39.95 psi.
Comparing the field data to the calculated values;
(39.95/25) = 59.8% difference
This difference indicates that the calculation will be
conservative for the cases sensitive to lower pump curves.
Cases that are not conservative will be identified and
corrected for higher expected pressures. It can be expected
that the test results will be 15 psi higher at the inlet to the
control valve for this flow rate.

The AP for the control valve is calculated to determine the
pressure venturi inlet.

AP = 14.14 from eq. 2

where B= 62.35 1b/ft* , Q= (325/3)=108 gpm, d=3", K=87
Therefore, line losses to the venturi inlet are;

AP= 39.95 + 14.14 = 54 psi @ 325 gpm.

Create a pressure loss table, 8-1, as a function of pump flow:
Based on the above formula, : : ‘
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Line Loss Table 8-1

Pump Flow AP pump AP Total Loss
(gpm) to branch branch to Venturi

50 0.86 0.42 1.3
100 3.4 1.7 5.1
150 7.7 3.82 11.5
200 o 13.7 6.8 20.5
250 21.4 10.6 - 32
300 30.8 15. 46.1
350 41.9 20.82 62.7
400 54.8 27.82 82
450 69.3 34.4 . 103.7
500 » 85.6 42.5 128.1

Based on the above values in table 8-1 revise the pump curves to
show the venturi as a function of pump flow.

The table is created by reducing the pressure at the pump discharge
by the values in the table 8-1.

The revised system pressure curves at inlet to venturi are shown on:

Table 8-2 - G10W
‘Table 8-3 G10S
Table 8-4 G10

G10 + G10S curves were generated graphically by adding the resultant
pump curves.of G10 and G10S.
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GIOW system pressure curve at inlet to venturi: Table 8-2

System Flow Disch.Press. Line Loss aelev pump Pump press.

(gpm) (psig)* to Venturi to venturi @ venturi
(psig)

0 1315 - 2.7 1312.3

50 1310 1.3 2.7 1306

100 1290 1.3 2.7 1286

150 1260 11.5 2.7 1246

200 1200 20.5 2.7 1177

250 1130 32 2.7 1095

300 1050 46.1 2.7 1001

350 590 62.7 2.7 885

400 . 830 82 2.7 745

450 705 103.7 2.7 599

G10S system pressure curve at inlet to venturi Table 8-3

System Flow

Disch.Press. Line Loss

* Discharge pressure were extracted from Fig.9 Page 57 of Reference 2.

aelev pump Pump press.

(gpm) (psig)** to Venturi to venturi @ venturi
: (psig)
0 1225 - 2.7 1222.3
50 1205 1.3 2.7 1201
100 1170 5.1 2.7 1162.2
150 1110 11.5 2.7 1095.8
200 1010 20.5 2.7 986.8
250 300 32 2.7 865.3
300 780 46.1 2.7 . 771.2
350 640 62.7 2.7 574.6
400 480 82 2.7 395.3
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** Discharge pressures were extracted from Fig.3 Page 51 of Reference 2.

G10 system pressure curve at inlet to venturi Table 8-4

System Flow Disch.Press. Line Loss aelev pump Pump press.
(gpm) (psig)* ~to Venturi to venturi @ venturi
(psig)
0 1305 - . 2.7 1302.3
50 1280 1.3 2.7 1276.4
100 1245 5.1 2.7 1237.2 -
150 1210 11.5 2.7 1195.8
200 1170 20.5 2.7 1146.8
250 1130 32 2.7 1095.3
300 1070 46.1 2.7 1021.2
350 1000 62.7 2.7 935
400 930 82 2.7 845.3

* Discharge pressure were extracfed from Fig. 3 page 51 of Ref. 2.

GI0 + G10S system pressure curve at inlet to venturi Table 8-5

Line Loss

Venturi piping.

o

System Flow Disch.Press. aelev pump Pump press.

(gpm) (psig)** to Venturi to venturi @ ventur1
(psig)

200 1210 6.8 2.7 1200

300 1175 15.3 2.7 1152

400 1120 27.8 2.7 1089

** Discharge pressure were extracted from Fig. 3 page 51 of Ref. 2.

Line losses were based on 1/2 the flow through the branch and 1/3 through the

Sheet No.
REV ORIGINATOR DATE RE | DATE REV ORIGINATOR DATE IRE DATE «
5 o
0 S L b/ 28/63 O 254k 23 |
8 fre a |
2z
/\ i
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. Calculate the elevation change from 3” venturi to the steam

generators.

The elevation of the steam generator = 41.37 Ft

Elevation of the lowest venturi(FE 3076) = 21.67 Ft
AH = 19.7 Ft

Convert to psi = 19.7 ft * 0.4329 psi/ft = 8.53

steam generator:
L = 174.5 Elev. to steam generator B
convert L to K:

K=fL/D, where f = 0.018 and D = 0.25 Ft

K= 12.56

| N.. . Calculate AP for pump flow of 325 gpm from Eq.3:

AP = 2.04 per single flow branch
where B = 62.35 1b/ft®, Q = 325/3 = 108 gpm, D = 3”

0. . Calculate the AP for the venturies.

M. . Determine the pressure drop from the venturi outlet to the

Refine the venturi test data and determine the K, values for

each venturi.

K, = AP/Q°
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From the test data (see attachment A):

Table 8-6
AP Qe - K, Venturi
86.9 106.8 ' 7.62E-3 5530
55.6 84.2 7.84E-3
32.2 61.4 8.54E-3
27.3 55  9.03E-3
K _.=8.26E-3
100.1 101.5 9.7E-3 5531
‘ 67.3 82.3 9.94E-3
39.4 62.4 1.01E-2
29.9 54.4 . 1.01E-2
| K_=9.96E-3
73.6 105.1 . 6.67E-3 5532
47 84.7  6.55E-3
29 62.9 7.33E-3
21.5 54.5 7.24E-3
K _=6.95E-3

P. . Based on the above K, values create a system loss table for the
maximum and minimum loss from the venturi outlet to the steam
generator.

Convert K,, to AP using K, = AP/Q? solving for AP;
AP =K, *

AP = AP, + AP
K, = 9.96 * 10° (5531)

q | K, = 6.95 * 10° (5532)
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_ System Loss Table 8-7
Flow Single Venturi AP line Max.AP Min.AP

Pump

rate(gpm) Flow(gpm) Loss(psi) (psi) (psi)
50 16.6 0.043 2.7 1.9
100 33.3 0.19 11 7.72
150 50 0.43 24.75 17.37
200 66.6 0.77 44 30.88
250 83.7 1.2 68.75 48.26
300 100 1.7 99 69.5
350 116 2.4 134.75 94.59
400 133.33 3.1 176 123.5
450 150 3.9 222.7 156.37
8.1 Case 4.1. Loss of Normal Feed ( @ S/G pressure of 1030 psia)

This case is identified in the calc. DC-2835 Supplement ”B” as.case
number 3. (Ref. 1).

Calculate the system losses as a function of flow.

Calculated pp fop the system curves have to be adjusted for
elevation changes from the venturies to steam generators.

Loss due to elevation = 8.5 psid

AP Max. and Min. venturi (Table 8-5)
P = Pgye + AP + Elev. Loss

P =1015.3 + 8.5 + AP =1023.8 + AP

System Curves Based on Figure 2

@

Qcurve Ppsig GIOW _ % Margin
Max. Min. :
150 1052 1044 252-265 , 39%
250 1097 1077
350 1164 = 1123
450 1254 1187
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Ppsig = System pressure based on (Qcurve/3) per steam generator

Psig = Ps/g + AP + Elev. loss

9 Margin = % calculated based on the ratio of the minimum
flow rate requirements and the Qcalc. .

PS/G = 1030 psia = 1015.3 psig
% margins of 36% is based on pump GlOW.

8.2 Case 4.2 Main Feedwater Line Break Upstream.

‘ ' At the time of break flow out of the broken line increases
until it reaches cavitation flow rate. By using attachment ”A”

cavitating K, can be determined as follow:

Q® =K * AP

AP= 1168.5 psid, Q= 136.3 gpm, K= 15.9

Using Ref. 1 method obtain the following:

Q= 2* Quuatoceds/a + Q troughout the boa

Q= 2#Q, + Q, -

Q= 2% Kz * (Po - Pg- APo)"? + Kowmamow *(Po+(14.7-P)'2
Kiz= 1/(K,.)"? =9.8, where K_,= K, + Ky wihout ventur

K. =1/(5.12E-4 + .9.96E-3)”’V= 9.8 , K,, = 5.12E-4

@
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Venturi aP(psid) Qlgpm)  Kigiaion
5530 1168.5 136.3 3.99
5531 1175.7 139.7 4.07
5532 1178.2 136.5 3.98
Use K. =4

cavitation

Keavraton = (KV)U2 =4, where K= 15.9

AP 2% Q, Q2 QT

1200 259 139 398
1190 250 139 389
1180 243 v 138 381
1170 235 - 138 373

1160 227 137 364
1140 209 136 345
1100 168.5 133.5 302
1050 96.5 130.5 227
1026 0 129 129

Plot above aP and Q,

This curve intersects with pump GIOW at 270 gpm @ 1075 psig.
Extending this point to the 5532 venturi curve at 390 gpm & 1075
psig. One third (out the break) of this value subtracted from 270
equals to 140 gpm (to 2 S/Gs). Therefore AFW flow to 2 S/Gs is 140
gpm with a margin of 40%.

- 8.3 Case 4.3 MFW Break Downstream

This case is identified in the calc. DC-2835 Supplement ‘B’ as Case
No. 2 (Ref. 1). | :
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8.3

Venturi AP(psid) ~ Q(gpm) K. avitation
5530 1168.5 136.3 3.99
5531 1175.7 139.7 4.07
5532 1178.2 136.5 3.98

Use K mmion =4

Keamanon = (K,)'? =4, where K= 15.9

AP 2* qQ, - Q Q
1200 259 139 398
1190 250 139 389
1180 243 138 381
1170 235 138 373
1160 227 137 364
1140 209 136 345
1100 - 168.5 133.5 302
1050 96.5 130.5 227
1026 0 ' 129 129
. Plot above AP and Q,

This curve intersects with pump G1OW at 267 gpm.
G10+G10S cavitate at 393 gpm .
Margin for this case for GIOW is 167%.

Case 4.3 MFW Break Downstream

This case is identified in the calc. DC-2835 Supplement ‘B’ as Case

No. 2 (Ref. 1).
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8.4

8.5

By inspection of Fig.1l, it is evident that pump G10S is the limiting
pump at steam generator pressure of 15 psia. The maximum flow
expected can be determined from the intersection of G10S reduced
pump curve and the 5532 venturi cavitation curve. Total flow of 315
gpm or 210 gpm to 2 steam generators with a margin of 20%. Adding
more pressure to the pump curve will allow more flow to pass through
the break and less flow is available to the steam generators.
However, this change is very small not calculated.

Case 4.4 Small Break LOCA

This case is in addition to the cases identified in the Supplement B
of calc. DC-2836 (Ref. 1).

The AFW flow requirement for this case is bound by the case number
4.1 of this Supplement ‘C’ with AFW flow rate of 255 gpm with a
margin of 37%.

Case 4.5 Steam Generator Tube Rupture

Afw flow is manually terminated to one steam generators because of a
postulated failure.

For this case, the Max. K for one path to the steam generator is

K =9.9E-3.

Eeterﬂlne the system curve when 1/2 of the flow goes through the
ranc

From the Table 8-7 create AP + line losses column based on the 1/2
of the pump flow. S
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pump flow flow each AP Max. 4 line Total S/G
gpm gpm psi psi psi press.
100 80 24.75 0.43 25.2 768.7
200 100 99 1.7 100.7 844.2
300 150 222.7 3.9 226.6 970.1
400 200 396 6.8 402.8 1146.3

System curve is plotted based on the above data and it intersects GI1OW
and G10S at 312 gpm and 255 gpm respectively. These correspond to 160%
and 101% margins.
8.6 Case 4.6 Normal Plant Cooldown
This case is bound by the AFW flow rate assumed tin the LONF at an
AFW flow rate of 185 GPM. Pump Gl1OW expected flow is calculated
below:
P =Py + aP + elev. Toss = 923-14.7 + 8.5 + 4P
Ps/g = 923 psia
P =916.8 + aP from Table 8-7

* G10S controls @ < 500 psig

Qcurve Ppsig Glow G10S* Margins
Max. Min. : '
150 945 938 305-295 319 59%-72%
250 990 970
350 1058 1017
450 1148 1080

Ppsig = System pressure based on (Qcurve/3) per steam generator
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Psig = Ps/g + Kﬂm*churve + Elev. loss
% Margin = % calculated based on the ratio between the minimum
flow rate requirements and Qcalc. o
PS/G = 923 psia = 908 psig
% margins of 72% & 59% are used for pumps G10S and Gl1OW
respectively.
8.7 Case 4.7 Steamline Break Outside Containment .
The AFW flow rate for this case at steam generator pressure of 1030
psia is bound by the ex1st1ng LONF analysis (Case No. 4.1 of this
. Suppl. C) except AFW minimum flow is 150 gpm with expected GlOW flow
of 255 gpm with 70% marg1n)
The minimum AFW flow rate for th1s case at steam generator pressure
of 685 psig is 280 gpm per Ref. 14 Section 2. The pump GlOW
expected flow is as follow: (Ref. 1 Case 2)
DATA: . P = Ps/g + aP + Elev. loss, P = 685 + aP, aP from Table 8-5
P =693.5 + aP
System Curve From Figure 6
Qcurve Ppsig GlowW G10S - Margin
Max. Min. .
150 718 710.8 352 319 - 12%-26%
250 762 742
350 - 828 788
450 916 850
* G10S controls @ < 500 psig
G10 + G10S and GIOW pumps cavitate @ this pressure range.
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Ppsig = System pressure based on (Qcurve/3) per steam generator
Psig = Ps/g + K, * Q%urve + Elev. Toss

% Margin = % calculated based on the difference between the minimum
flow rate requirements and Qcalc.

PS/G = 700 psia = 685 psig

% margins of 72% & 26% are used for pumps G10S and GlOW
respectively.

. AFW flow >215 GPM to 3 S/GS @ 875 psia
P =Pss + Elev. loss + aP, aP from Table 8-5

| P=2875-14.7 + aP + 8.5
3 P = 868.6 + 4P
Qcurve Ppsig G10W ’ G10 + GlOS , Margin
Max. Min. *
150 833 886 310-323 393 44%-82%
250 937 917
350 1003 963
450 1091 1025

Value is taken from G10 +G10S pump curve with the 5532 cavitating venturi
curve. » _

Ppsig = System pressure based on (Qcurve/3) per steam generator
Psig = Ps/g + K,, * Q%curve + Elev. loss

% Margin = % calculated based on the difference between the minimum
flow rate requirements and Qcalc.
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PS/G = 875 psia = 860 psig

% margins of 44% and 82% are used for pumps G10S + G10 and GlOW
respectively.

8.8 Case 4.8 Station Blackout

This case is similar to case'8.6,'except that flows are adjusted for
the steam generator pressure of 923 psia and determined by
intersection of the new system curve with G10 pump curve. Gl1OW flow
rate is 295 gpm and G10 flow rate is 300 gpm with margins of 59% -
62% respectively.

. 8.9 Case 4.9 ATWS | .

Th1s case is bound by the case 4.1 of this Supp]ement ‘C’. The
expected G10W flow rate is 255 with a 37% margin.

8.10 Case 4.10 - Turbine Trip, Loss of Load and Loss of Condenser Vacuum
This case is covered by case 4.6 in Section 8.6.
The G1OW flow rate is 295 gpm with a margin of 59%. Pump G10S flow
rate is 205 gpm with a 10% margin.

8.11 Case 4.11 Appendix ‘R’

. Flow rate of >185 GPM to 3 S/Gs @ 923 psia is bound by Case 4.6 of

this Supplement 'C’. The AFW flow rate expected from GIOW is 295
gpm with a margin of 59%.

Flow rate of >350 GPM to S/GS @ 15 psia.

: .
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8.12

8.13

8.14

®

Flow rate of >350 GPM to S/GS @ 15 psia.

Steam generators are used as once through heat exchangers in the
Appendix ‘R’ analysis. For this scenario the required AFW is 350
GPM.  (G1OW powered from DSS diesel Ref. 5).

W new analysis requires a minimum of 350 GPM to achieve a cold
shutdown at the steam generator pressures of 15 psia (Ref. 11).

G1OW pump curve intersects the 5532 cavitation curve at the pump
discharge pressure of 870 psig and flow rate of 367 gpm. The margin
associated with this flow rate is < 1%.

With the AFW venturi bypass valves open this margin will be
increased from < 1% to 8.6 %. (See Fig 7 for the intersection of the
5532 cavitating venturi and the G1OW pump curve without venturi, @
AFW flow rate of 380 GPM) :

Case 4.12 waterhammer (G10 + G10S + G1OW) to 3 steam generators
(GIOW partial flow of <57 GPM). : '

This case is identified as a case number 1 in calc, DC-2836
Supplement ‘B’ (Ref. 1).

By definition (Ref. 1) AFW venturies were designed to deliver flows

not to exceed 140 + 0/-5 GPM per steam generator. However, pumps G10
+ G10S are expected to cavitate @ 402 gpm Max. which would be below

420 gpm Max.

Case 4.13 Pump Runout

This case is identified as a case number 6 in calc. DC-2836
Supplement ‘B’ Figure 2-1. (Ref. 1)

The expected AFW pump G10S cavitating flow rate is 315 GPM for the
5532 venturi and 321 gpm for the 5531 venturi.

Cases 4.14 & 4.15 Steamline Break - Core Response and Steamline
Break - Inside Containment.
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The AFW flow requirements for steamline break core response are
bound by those assumed in the feedline break events as discusse
the PEP 1-3587.01SM Safety Evaluation (Ref. 14). '

Steamline break analysis assumes an AFW flow rate of 500 GPM
initiated at time zero to maximize of secondary side inventory
is released. The AFW flow rate is then reduced at 10 minutes t
GPM by operator action. Therefore, a reduction in AFW flow rat
to resized venturies are bound by the LONF event. The 500 GPM
is bound by the 450 GPM water hammer limit (Ref. 1).
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