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5.0

6.0

Purpose

In response to SOER 09-01, Recommendation 9, Minimizing potential for boiling
on loss of Spent Fuel Pool (SFP) cooling during full core off-load; system
capability curves need to be developed to better understand and use the decay heat
removal capabilities of the Unit 3 Backup Spent Fuel Pool Cooling System
(BSFPCS) as requested in CR-IP2-2009-03464 CA #23. As a result, Revision 0 of
this calculation developed two BSFPCS heat removal curves for Spent Fuel Pool
Bulk Temperatures of 150 °F and 190 °F over a wet bulb temperature (WBT)
range of 40 °F to 75 °F.

It is also desired to determine the heat removal capability of the BSFPCS heat
exchanger using a variety of Spent Fuel Pool Bulk temperatures over the same
WBT range of 40 °F to 75 °F. To accomplish this, Revision 1 of this calculation
developed additional heat removal curves for the BSFPCS for Spent Fuel Pool
Bulk Temperatures of 160 °F, 170 °F, 175 °F, and 180 °F over a wet bulb
temperature (WBT) range of 40 °F to 75 °F.

Conclusion
Wet Bulb Secondary Loop Qsip SFP
Temperature [°F] | Inlet Temperature [Btu/hr] Temperature [°F]
[°¥]
40 73.7 27,482,000 150
45 76.1 26,618,000 150
50 78.0 25,933,000 150
55 80.2 25,141,000 150
60 82.2 24,421,000 150
65 84.7 23,520,000 150
70 87.0 22,692,000 150
75 88.8 - 22,044,000 150
40 73.7 31,048,000 160
45 76.1 30,220,000 160
50 78.0 29,535,000 160
55 80.2 28,743,000 160
60 82.2 28,023,000 160
65 84.7 27,122,000 160
70 87.0 26,294,000 160
75 88.8 25,645,000 160
40 73.7 34,650,000 170
45 76.1 33,821,000 170
50 78.0 33,137,000 170
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55 80.2 32,345,000 170
60 82.2 31,624,000 170
_ 65 84.7 30,724,000 170
70 87.0 29,895,000 170
75 88.8 29,247,000 170
40 73.7 36,451,000 175
45 76.1 35,622,000 175
50 78.0 34,938,000 175
55 80.2 34,146,000 175
60 82.2 33,425,000 175
65 84.7 32,525,000 175
70 87.0 31,696,000 175
75 88.8 31,048,000 175
40 73.7 38,252,000 180
45 76.1 37,423,000 180
50 78.0 36,739,000 180
55 80.2 35,946,000 180
60 82.2 35,226,000 180
65 84.7 34,326,000 180
70 87.0 - 33,497,000 180
75 38.8 32,849,000 180
40 73.7 41,889,000 190
45 76.1 41,025,000 . 190
50 78.0 40,341,000 190
55 80.2 39,548,000 190
60 82.2 38,828,000 190
65 84.7 37,927,000 190
70 87.0 37,099,000 190
75 . 888 36,451,000 150

See Attachments for Heat Removal Capability Curves

7.0  Input and Design Criteria

7.1 Cooling Tower

o Flow Rate:
m; = 1,250,000 Ib/hr [Reference 11.1]

7.2  Plate Heat Transfer
e Heat Transfer Area:
A = 686.5 ft* [Reference 11.1]
e Specific Heat Capacity:

Cp = 1.00 Btu/Ib-°F [Reference 11.1]
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8.0

9.0

¢ Flow Rate:

m, =1750,000 Iby/hr [Reference 11.1]
e Heat Transfer Coefficient:

U =859.6 Btu/ft*-h-°F  [Reference 11.1]

Note: The design U value for the plate heat exchanger
is assumed constant for this calculation due to the
single-phase flow of the System [Reference 11.2].

Note: These inputs were obtained from the technical speéiﬁcatioh sheet for the
plate heat exchanger, the cooling tower performance curve and the design basis
document for the Backup Spent Fuel Pool Cooling System (BSFPCS).

e SFP Bulk Temperatures (Primary Side Inlet):

Tpin =150 °F [Reference 11.3]
190 °F
Additional SFP Bulk to be evaluated are 160 °F, 170 °F, 175 °F, and 180 °F.
Assumptions
None
Method of Analysis

9.1 Background

The plate heat exchanger consists of two loops, the Primary (hot) which is
cooled by the Secondary (cold). The heat removal capability of the System
is the amount of heat that is transferred from the primary loop to the
secondary loop of the heat exchanger. The Primary (hot) loop consists of
the SFP, two pumps, the plate heat exchanger, and two filters. The
Secondary (cold) loop consists of two cooling towers, two pumps and the
plate heat exchanger. Both cooling towers are operated simultaneously at
50% flow capacity. This allows for the cooling towers to be analyzed as
one unit. Following confirmation from the vendor, the performance curve
was generated for a flow rate of 2,500 gpm, which is equivalent to the
overall flow rate of the system.

Both loops are in equilibrium. Therefore, an energy balance on both loops
is performed to determine the heat removal capability of the plate heat
exchanger. The heat transfer rate for a steady-flow system is

0 =m x c, x AT [Reference 11.4]. Since the temperature difference of the
loop is unknown, the heat load is also unknown. In order to determine the
temperature difference, a heat load is selected. Then, using the selected
heat load, an energy balance is performed on both loops and verified using
0 = Ux A x AT mrp. This heat rate equation is used to analyze any type
of heat exchanger. The temperature difference between the hot and cold
fluids varies along the heat exchanger; therefore it is necessary to use a log
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9.2

mean temperature difference ATimtp. The log mean temperature
difference is defined as:

=AT1—AT2
ATLMTD In(A_T_;J
AT,

In the case of this plate heat exchanger, AT; = Tpin — Tsour and AT, = Tp our
~Tin [Attachment 1].

Note: The formula above is shown in Section 10.0 with the primary and
secondary terms rearranged in the numerator.

[Reference 11.4]

Methodology

92.1 For a chosen wet bulb temperature, use the cooling tower
performance curve [Reference 11.5, Attachment 12.3] to determine
the secondary water inlet temperature, T .

9.2.2 Select a SFP heat load (Qsg,i)-

9.2.3 Calculate secondary side AT using Qs = ms X ¢p X AT,

9.2.4 Calculate secondary side outlet water temperature (Tso,) based on
AT = Ts,out - Ts,in-

9.2.5 Calculate primary side AT, using Qs = mp X ¢p X ATy

9.2.6 Calculate primary side outlet water temperature (Tpou) based on
AT, = Tpjin — Tpout using a Ty value of 150 °F, 160 °F, 170 °F,
175°F, 180 °F, and 190 °F.

9.2.7 Calculate the LMTD based on the determined temperatures

9.2.8 Compare the value with the LMTD determined from the formula
9.28.1q=Ux Ax LMTD. '

9.2.9 Ifthe two LMTD values are less than &:1% apart, the selected heat
load is acceptable. If not, choose another heat load and perform the
above steps until the LMTD values converge.

9.2.10 Repeat steps for other wet bulb temperatures.

9.2.11 Plot the Results.
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10.6 Calculations

Design Inputs:

Tpin =150 Area:=686.5 U:=859.6 cp =1 mp =750000 mg = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Typt =40 Tgp =737
9.2.2 Selected SFP Heat Load:
Qg =27.48210°
9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation. ‘

Q
dTg = st dTg = 21.986
)
9.2.4 Using the secondary temperature difference {( dTs = Tsout - Tsin) the outlet
temperature can be determined.

Toout =T+ Tgin  Tgout = 95-686
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
dT, = — dT,, = 36.643 .

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpouj the outlet
temperature can be determined.

Tpout = Tpin - dTp Tpout =113.357
9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

ll\l: (Tpin ~ Tsout )il
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, =

LMTD), = 46.602

LMTD, := LMTD, = 46.571

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD,

(LMTD; - LMTD,)
PercentDifference = -100

PercentDifference = 0.068 Seiected Heat Load is Acceptable
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Design Inputs:
Tpin =160 Area :=686,'5 U :=859.6 N =1 my = 750000 mg = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tubt =40 Tgp =737

9.2.2 Selected SFP Heat Load:
Qs =31.04810°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

stp

my-Cp

9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT_ =

s dT, =24.838

Teout =dTg + Tgin Tyt = 98.538

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
dTy = b dT,, = 41.397
Tpe

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpouj the outlet
temperature can be determined.

pin = Ty Tpoyt = 118.603

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

ll‘li(Tpin ~ Tsout )]
(Tpou't - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

Tpout =T

LMTD, = LMTD; = 52.75

LMTD, =

LMTD, = 52.613
U-Area :

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD) — LMTD,)
PercentDifference := -100

LMTD,

PercentDifference = 0.259 Selected Heat Load is Acceptable
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Design Inputs:
Tpin =170 Area:=686.5 U:=859.6 p =1 mp:=750000 m = 1250000

9.2.1 Determination of Secondary Inlet Temperature
TWbt =40 TSil’l =737

9.2.2 Selected SFP Heat Load:
Qg = 34.65 10°

9.2.3 Using the equation Q =m x cp x dT, the secondary side temperature difference is
determlned by rearranging the equation.

Qstp
My-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

de =

dTg =27.72

Tsout =dTg + T Tgoue = 10142
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
dT, = Qs—fp dT =462
p my-c p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

T dr, T

pout = Tpin = dTp  Tpoy = 1238

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin):l

ml:(Tpin = Tsout )i|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperaiture Difference is
calculated:

LMTD := LMTD; = 58.857

LMTD2 =

LMTD, = 58.717

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference = 100

LMTD,

PercentDifference = 0.238 Selected Heat Load is Acceptable
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Design Inputs:
Tpin =175 Area :=686.5 U:=859.6 C =1 my, = 750000 mg := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Typt =40 Tg, =737

9.2.2 Selected SFP Heat Load:
Qsﬁ) = 36.45}106

9.2.3 Using the equation Q@ = m x cp x dT, the secondary side temperature difference is
. determined by rearranging the equation.

X
s

my-Cp

9.2.4 Using the secondary temperature difference (dTs = Tsout - Tsin) the outlet

temperature can be determined.

Toout =dTg + Tgin  Tsout = 102.861
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT = st dT , =48.601
P my-cy p
9.2.6 Using the primary temperature difference {( dTp = Tpin - Tpou) the outlet
temperature can be determined.

dT

dT¢ =29.161

Tpout = Tpin = 4T Tpout = 126:399

9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpout) - (Tsout - Tsin)]

I (Tpin B Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD; = 61.911

stp
U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD, :=

LMTD, = 61.769

LMTD; — LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.23 Selected Heat Load is Acceptable
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Design Inputs:

Tpin =180 Area :=686.5 U:=859.6 Cp = 1 my, = 750000 m := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Topt =40 T, =737
9.2.2 Selected SFP Heat Load:
Q= 3825210
9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

Q
dT = —stp. dT =30.602
mg-Cp ‘
9.2.4 Using the secondary temperature difference (dTs = Tsout - Tsin) the outlet
temperature can be determined.

Teout =0T + Ty T

sou sout = 104.302

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
dT,, = b dT,, = 51.003
Tp'e

9.2.6 Using the primary temperature difference { dTp = Tpin - Tpouj the outlet
temperature can be determined.

dT

Tpout = Tpin = 4Tp  Tpout = 128997

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

I (Tpin - Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated: .

LMTD, := LMTD; = 64.965

LMTD, :=

LMTD, = 64.821

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.222 Selected Heat Load is Acceptable
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Design Inputs:
Tpin =190 Area :=686.5 U:=859.6 °p =1 mp:=750000 mg = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tybt =40 Tgn =737

9.2.2 Selected SFP Heat Load:
Qg =41.88910°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation. '

_ %%

mg-Cp
9.2.4 Using the secondary temperature difference {dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT, :

g dTg =33.511

Teout =dTg + T Teout = 107.211

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT,, = s dT, = 55.852
P my-Cp p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

Tpout = Tpin —9Tp  Tpout = 134.148

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

l‘\{(Tpin ~ Tsout ):l
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

ILMTD; = LMTD; =71.034

LMTD, :=

LMTD, = 70.984
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,) ]
PercentDifference := -100

LMTD,

PercentDifference = 0.07 Selected Heat Load is Acceptable
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Design Inputs: ‘
Tpin =150 Area:=686.5 U:=859.6 Cp = 1 my, = 750000 mg := 1250000
9.2.1 Determination of Secondary Inlet Temperature
Typt =45 T, =76.1
9.2.2 Selected SFP Heat Load:
Qg = 26.61810°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
T = b dT =21.294
L)
9.2.4 Using the secondary temperature difference { dTs = Tsout - Tsin) the outlet
temperature can be determined.
Toout =4Tg + Tgin  Tgout =97.394
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
-Q
dT :=s—fp dT_ =35.491
P my-Cp p
9.2.6 Using the primary temperature difference { dTp = Tpin - Tpou) the outlet
temperature can be determined.

Toout = Tpin ~4Tp  Tpout = 114:509

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) B (Tsout B Tsin):l

I (Tpin B Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

IMTD; = LMTD| =45.136

LMTD, :=

LMTD, = 45.106
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; — LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.066 Selected Heat Load is Acceptable
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Design Inputs:
Tpin =160 Area =686.5 U:=859.6 Cp = 1 mp = 750000 m = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tyt =45 Tg, =761

9.2.2 Selected SFP Heat Load:
Qfp = 30.22010°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

Qsfp
mg-Cpy

9.2.4 Using the secondary temperature dlfference (dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT, =

o dT =24.176

Teout =dTg + Tgy  Tyoue = 100276

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature differance is
determined by rearranging the equation.

Q
dTp = —Cp dTp =40.293

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

Tpout = Tpin = 4T Tpout = 119.707

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

]

9.2.8 Rearrangmg the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD, = 51.244

LMTD, := ILMTD, = 51.21

Area
9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD{ - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.065 Selected Heat Load is Acceptable



Calculation No. IP-CALC-10-00121 Rev. 1 Page: 17 of 66

Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tp =170 Area =686.5 U:=859.6 °p =1 my =750000 my = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Topt =45 Tgp =761
9.2.2 Selected SFP Heat Load:
Qg = 33.82110°
9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

Q
dTS = —EEP— dTS =27.057
mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

Toout =dTg + T Tgout = 103.157

9.2.5 Using the equatlon Q =m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

. Q
0T = —S2 4T — 45095
p < p

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

Tpout = Tpin = 4Tp  Tpout = 124.905

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin B Tpout) B (Tsout B Tsin)]

| (Tpin B Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

IMTD, = LMTD; = 57.352

LMTD, :=

LMTD, = 57.313
Area

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD; - LMTD,)
PercentDifference := -100

LMTD,
PercentDifference = 0.069 Selected Heat Load is Acceptable



Calculation No. IP-CALC-10-00121 Rev. 1 Page: 18 of 66

Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =175 Area:=686.5 U:=859.6 cp =1 my = 750000 my = 1250000

9.2.1 Determination of Secondary Inlet Temperature
TWbt =45 Tsin =76.1

9.2.2 Selected SFP Heat Load:
Qyf, =35.62210°

9.2.3 Using the equation Q = m x ¢p x dT, the secondary side temperature difference is
determined by rearranging the equation.

Xt
s T
my-Cpy
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT dT =28.498

Toout =dTg + Ty Teout = 104.598

9.2.5 Using the equation Q = m x ¢p x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT = ———S-fp; dT  =47.496
P my-cp P
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

T

pout =T

pin
9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

l“|:(Tpin ~ Tsout )]
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

- dT ¢ = 127504

p TPOU

LMTD; := LMTD, = 60.406

Qsfpy
U-Area ,
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD2 =

LMTD, = 60.364

(LMTD) - LMTD,)
PercentDifference = 100

LMTD,

PercentDifference = 0.069 Selected Heat Load is Acceptable



Calculation No. IP-CALC-10-00121 Rev. 1 Page: 19 of 66

Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =180 Area :=686.5 U:=859.6 cp =1 mp = 750000 mg = 1250000

9.2.1 Determination of Secondary Inlet Terhperature
TWbt =45 Tsin =76.1

9.2.2 Selected SFP Heat Load:
Qfp = 37.42310°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

stp

my-Cp .

9.2.4 Using the secondary temperatUre difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT, =

¥ dT =29.938

Teout =9Tg + Tgin  Teout = 106.038

9.2.5 Using the equation Q =m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT | = —SfPL dT , = 49.897
p my-cp p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

T dr, T

pout = Tpin =~ 4Ty Tpoyt = 130.103

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin B Tpout) B (Tsout B Tsin)]

| (Tpin - Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equatlon Q =U x Ax LMTD, the Log Mean Temperature Difference is
calculated:

ILMTD, := LMTD,,= 63.46

LMTD, :=

LMTD, = 63.416
Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; — LMTD,)
PercentDifference = 100

LMTD,

PercentDifference = 0.069 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =190 Area:=686.5 U:=859.6 °p =1 mp:=750000 my := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Typt =45 Tgip =76.1

9.2.2 Selected SFP Heat Load:
Qg =41.02510°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

QSﬁ)

Mg -Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT = dT = 32.82

Teout =dTg + Ty Tgout = 108.92

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT = pr dT , =54.7
P myc, p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

t:=T

Tpout = Tpin —4Tp  Tpout = 1353

P p poul

9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpout) B (Tsout - Tsin)]

I (Tpin B Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD; = 69.567

stp
U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD, =

LMTD, = 69.52

(LMTD; ~ LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.068 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fue! Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =150 Area:=686.5 1:=859.6 °p =1 mp:=750000 m := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tybt =50 Tgy =78

9.2.2 Selected SFP Heat Load:
Qqpp =25.93310°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

stp

mg-Cp

9.2.4 Using the secondary temperature difference { dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT, =

o dT = 20.746

Toout =dTg + Tgip  Tgoue =98.746

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
dT ., = __s_fp_ dT  =34.577
p my-cp p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

Toout = Tpin ~9Tp  Tpout = 115423

 9.2.7 The L.og Mean Temperature Difference is calculated:
[(Tpin - Tpout) —'(Tsout - Tsin)]

1“I:(Tpin ~ Tsout )]
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD; := LMTD; =43.976

stp
U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD2 =

LMTD, = 43.946

(LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.07 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Coolimg System (BSEFPCS) Heat Removal Capability

Design Inputs:
Tpin =160 Area:=686.5 U:=859.6 °p =1 mp:=750000 m = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tybt =50 Ty, =78

9.2.2 Selected SFP Heat Load:
Qg = 29.53510°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

2
s
mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT dTg =23.628

Tooye =0Tg + Ty Tgoyt = 101.628

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
AT =—2 4T —3938
p < p

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

Tpout = Tpin = 4Ty Tpoyr = 12062

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin B Tpout) B (Tsou't B Tsin):l

| (Tpin - Tsout)
(T out — Tsin)
Y

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD), = 50.084

LMTD, :=

LMTD, = 50.05
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.069 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Posl Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =170 Area :=686.5 U:=859.6 cp =1 mp = 750000 m = 1250000

9.2.1 Determination of Secondary Inlet Temperature
wat =50 Tsin =78
9.2.2 Selected SFP Heat Load:
Qupp = 33.13710°
9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dTS = sfp
mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT =26.51

Teout =T + Tgn  Teoue = 104.51

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT = st dT  =44.183
p <y P
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

Toout = Tpin = 4Ty Tpout = 125817

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]
I I_(Tpin ~ Tsout ):'
r‘1'(’1‘pout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD; = 56.191

LMTD, :=

LMTD2 = 56.153
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference := -100

LMTD,

PercentDifference = 0.068 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs: .

Tpin =175 Area:=686.5 U :=859.6 cp =1 mp = 750000 mg = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tybt =30 Tgn =78
9.2.2 Selected SFP Heat Load:
QSfi’ = 34.938106
9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

Q
dT = s dTg =27.95
M+Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

Tsout = dTS +Tgn  Tsout = 105.95
9.2.5 Usir.g the equation Q = m x ¢cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
aT = 4T 46584
P my-cp P _
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

T dT,  Tyoy = 128416

Thout =Tpin —dTp  Tpou

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin):l

1'{(Tpin ~ Tsout ):l
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, := LMTD = 59.245

stp
U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD, :=

LMTD, = 59.205

LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.067 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =180 Area:=686.5 U:=859.6 Cp = 1 my, 1= 750000 mg := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tyt =50 Tg, =78
9.2.2 Selected SFP Heat Load:
sfp =36.73910°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

Q
T = e dT =29.391
my-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.
Toout =dTg + Tgin  Tgout = 107.391

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
dT | == —— dTp = 48.985

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

T T dr, T

pin~ %p pout
9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpout) - (Tsout - Tsin):l

1“[(Tpin ~ Tsout )i|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

pout = =131.015

LMTD; :=

LMTD, = 62.299

LMTD, = LMTD, = 62.257

Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD] — LMTD,)] -
PercentDifference := 100

LMTD,

PercentDifference = 0.067 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =190 Area:=686.5 U:=859.6 cp =1 my = 750000 m := 1250000

9.21 Determination.of Secondary Inlet Temperature
Tyt =50 Tgip, =78

9.2.2 Selected SFP Heat Load:
Qg =4034110°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

&6
s
ms-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT dT =32.273

Toout =0T + Tgyn  Teope = 110273

9.2.5 Using the equation Q=mx cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
I dT. = 53.788
p .Cp p

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

dT

Tpout = Tpin = 4Tp  Tpout = 136:212

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

ln[ (Tpin - Tsout ):|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated: '

LMTD, := LMTD; = 68.407

LMTD, =

LMTD2 = 68.361
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD, - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.066 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =150 Area:=686.5 U:=859.6 p =1 my, = 750000 m = IZSOOOQ

9.2.1 Determination of Secondary Inlet Temperature
Typt =55 Tgy, =802

9.2.2 Selected SFP Heat Load:
stp = 25.14}106

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

_ S

my-Cp
9.2.4 Using the secondary temperature difference (dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT, :

¥ dT, =20.113

Toout =dTg + Tgy  Teout = 100313

9.2.5 Using the equation Q = m x ¢p x dT, the primary side temperature difference is
determined by rearranging the equation.
dT, = Qs—fp dT , = 33.521
P my-c p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

T t:=T

pou i — ATy Tpout = 116479

p p poul
9.2.7 The Log Mean Temperature Difference is calculated:

[(Tpin B Tpout) - (Tsout - Tsin)]

ll‘i:(Tpin ~ Tsout )]
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, := LMTD; = 42.632

LMTD, :=

LMTD, = 42.604

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; — LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.067 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS}) Heat Removal Capability

Design Inputs:
Tpin =160 Area:=686.5 U:=859.6 °p =1 my, = 750000 m := 1250000

9.2.1 Determination of Secdndary Inlet Temperature
Tyt =55 Tg, =802

9.2.2 Selected SFP Heat Load:
stp = 28.743106

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

b
s
m5-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.
=dTg + Tgn  Tgoue = 103.194

Tsout soul
9.2.5 Using the equation Q = m.x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

dT dTg =22.994

dT i=—— dTp =38.324

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

Tpout = Tpin — 4Tp  Tpout = 121676

9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin B Tpout) - (Tsout B Tsin)]

ll‘I:(Tpin ~ Tsout ):l
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD, = 48.74

LMTD, :=

LMTD, = 48.707
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.066 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =170 Area:=686.5 U:=859.6 ° =1 mp:=750000 m = 1250000

9.2.1 Determination of Secondary Inlet Temperature
TWbt =55 Tsin =80.2

9.2.2 Selected SFP Heat Load:
Qg =3234510°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

)
s
mg-Cyy
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT dT{ =25.876

Teout =4Tg + Tgn  Tsout = 106.076

sout sou
9.2.5 Using the equation Q = m x ¢cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT :=S—fp dT  =43.127
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

Tpout = Tpin = 4Tp  Tpout = 126873

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin B Tpout) B (Tsout - Tsin)]

]'{(Tpin = Tsout ):l
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD, = 54.847

Qsfpp
U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD, :=

LMTD, = 54.811

(LMTD; - LMTD,)
PercentDifference := -100

LMTD,

PercentDifference = 0.066 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =175 Area :=686.5 U:=859.6 Cp = 1 my = 750000 m := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Typt =55 Tg, =802

9.2.2 Selected SFP Heat Load:
Q= 34.14610°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

Q
dT =—2 4T =27317
Mg-Cpy
9.2.4 Using the secondary temperature difference { dTs = Tsout - Tsin) the outlet
temperature can be determined.

Toout =0Tg + Tgy  Tsout = 107517

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

stp
dTp = ——-—;—— dTp =45.528

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

Tpout = Tpin ~ 4Ty Tpout = 129472

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) B (Tsout - Tsin)]

l"|:(Tpin ~ Tsout ):|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated:

IMTD; = LMTD; = 57.901

LMTD, :=

LMTD, = 57.863
Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; — LMTD,)
PercentDifference := 100

LMTD,

PercentDifference = 0.065 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pcol Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =180 Area:=6865 U:=859.6 p =1 mp:=750000 m := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tyt =55 Tg, =802

9.2.2 Selected SFP Heat Load:
stp =35 .946106

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

Qsfp
mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT, =

¥ dT =28.757

Teout =dTg + gy Tgout = 108.957

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
dT, = s dT, =47.928
My-Cp

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpouj the outlet
temperature can be determined.

Thout = Tpin — 4T 132.072

pou pin p  Tpout =
9.2.7 The Log Mean Temperature Difference is caiculated:
I:(Tpin - Tpout) - (Tsout - Tsin)]

1“|:(Tpin ~ Tsout )]
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD; = 60.956

LMTD, :=

LMTD2 =60.914
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference := -100

LMTD,

PercentDifference = 0.07 Selected Heat Load is Acceptable
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Indian Point Unit 3 _
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =190 Area:=686.5 U:=859.6 °p =1 mp:=750000 my = 1250000

9.2.1 Determination of Secondary inlet Temperature
TWbt =55 Tsin =802

9.2.2 Selected SFP Heat Load:
Qqpy =39.54810°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

_ %

mg-Cpy
9.2.4 Using the secondary temperature difference {dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT, :

S dT =31.638

Toout =dTg + Tgy  Tgoyr = 111.838

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT,, = —if;p—— dT,, =52.731
p my-cp P
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

T t5iT

pout = Tpin =Ty Tyt = 137269

P p pou

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout B Tsin)]

1'{(Tpin B Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

IMTD; = LMTD; = 67.064

LMTD, :=

LMTD, = 67.017
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.069 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =150 Area :=686.5 U:=859.6 Cp = 1 my = 750000 m = 1250000
9.2.1 Determination of Secondary inlet Temperature

Typt =60 T, =822
9.2.2 Selected SFP Heat Load:

Qg =2442110°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

b
s
mg-Cp
9.2.4 Using the secondary temperature difference (dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT dT  =19.537

Teout =T + Tgn  Teout = 101.737

9.2.5 Using the equation Q = m x ¢p x dT, the primary side temperature difference is
determined by rearranging the equation.

0
dT, = st dT,, = 32.561
"hCp

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

pin ~ ATy Tpout = 117439

9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpout) B (Tsout - Tsin):l

l“|:(Tpin ~ Tsout )]
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

Tpout =T

IMTD; = LMTD; = 4141

LMTD, :=

LMTD, = 41.383
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; — LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.064 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pocl Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =160 Area :=686.5 U:=859.6 °p =1 mp:=750000 m := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Typt =60 T, =822
9.2.2 Selected SFP Heat Load:

6
Qg = 2802310

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
T := =P dT =22.418
mg-Cp
9.2.4 Using the secondary temperature difference { dTs = Tsout - Tsin) the outlet
temperature can be determined.

Toout =dTg + Tgy  Tsout = 104.618

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
dT = Eﬂ dT, =37.364
P mc p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

Toout =T 122.636

pou in—dTp T

p p pout ~

9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpout) - (Tsout - Tsin)]

1.‘l:(Tpin ~ Tsout ):l
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD; = LMTD, =47.518

LMTD, :=

LMTD, = 47.487
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.064 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Hezt Removal Capability

Design Inputs:
Tpin =170 Area:=686.5 U:=859.6 cp =1 mp:=750000 m := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tyt =60 Tsin =822

9.2.2 Selected SFP Heat Load:
Qgfp = 31.62410°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

&b
s
mg-Cp
9.2.4 Using the secondary temperature difference (dTs = Tsout - Tsin) the outlet
temperature can be determined.

Toout =4Tg + Tgn  Tgout = 107.499

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
dT :=—-Q—£E— dT =42.165
p my-c P
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpouj the outlet
temperature can be determined.

dT dTy =25.299

Tpout = Tpin = 4T Tpoyt = 127.835

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin):l

l“l:(Tpin ~ Tsout ):|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

IMTD, = LMTD; = 53.626

LMTD, :=

LMTD, = 53.59
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.069 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =175 Area:=686.5 U:=859.6 cp =1 mp = 750000 my = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Typt =60 Ty, =822
9.2.2 Selected SFP Heat Load:
Qsﬁ) = 33.425106
9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dT = st dT =26.74
mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

Toout =dTg + Tgin  Tgout = 108.94

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT := sk dT , = 44.567
p my-Cp P
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

T T dT

pin = 4Ty Tpoue = 130433

pout, =
9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpout) - (Tsout - Tsin)]

l“|:(Tpin ~ Tsout ):|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD; = 56.68

LMTD, :=

LMTD, = 56.641

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD, - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.068 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fue! Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =180 Area:=686.5 U:=859.6 °p =1 mp:=750000 m = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tyopt =60 T, =822

9.2.2 Selected SFP Heat Load:
Qqpy = 35.22610°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

stp

mg-Cpy

9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT, =

g' dTg =28.181

Toout =94Ts + Tgin  Tsout = 110.381

9.2.5 Using the equation Q m x cp x dT, the primary side temperature difference is
determined by rearranging the equation. :

Q .
dT | = ——— dTp =46.968
p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

Tpout = Tpin = 4Tp  Tpoyt = 133.032

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) B (Tsout B Tsin):|

1‘{(Tpin ~ Tsout ):l
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD, = 59.734

LMTD, :=

LMTD, = 59.693
Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD, - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.068 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =190 Area =686.5 U:=859.6 Cp =1 mp =750000 m = 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tyt =60 T, =822
9.2.2 Selected SFP Heat Load:

6
Qgfp, =38.82810

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dT = s dT = 31.062
Wy +Cpy
9.2.4 Using the secondary temperature difference (dTs = Tsout - Tsin) the outlet
temperature can be determined.

Toout =0Tg + Tgy  Tsoue = 113262

sout sou
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT :=S—fp dT, =51.771
P my-cp p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

Toout = Tpin = 4Tp  Tpout = 138.229

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin B Tpout) B (Tsout - Tsin)]

l'{ (Tpin ~ Tsout ):l
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

IMTD, = LMTD; = 65.842

Qsfp
U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

IMTD, =

LMTD, = 65.797

(LMTD; - LMTD,)
PercentDifference = 100

LMTD,

PercentDifference = 0.067 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design inputs:

Tpin =150 Area:=686.5 U:=859.6 Cp = 1 mp = 750000 mg = 1250000
9.2.1 Determination of Secondary Inlet Temperature

Topt =65 Tgp =847
9.2.2 Selected SFP Heat Load:

Qg =23.5210°

9.2.3 Using the eguation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

_ b

Mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT, :

¥ dT, = 18.816

Toout =dTg + Tgin  Tgout = 103.516
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT :=s—ﬁ) dT,=31.36
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

T T — AT, Toou = 118.64

pout = ‘pin ~%'p  pou

9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpout) - (Tsout - Tsin)]

1‘\[(Tpin ~ Tsout ):'
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD; = LMTD; = 39.884

sti)
U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD, =

LMTD, = 39.857

(LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.068 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Poel Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =160 Area:=686.5 U:=859.6 Cp = 1 my, = 750000 m := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tybt =65 Tgip =847
9.2.2 Selected SFP Heat Load:

6
stp :=27.12210

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dTS = ﬂ dTS =21.698
mg-Cpy
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.
Toout = 4T + Tgin  Tgout = 106.398
9.2.5 Using the equation Q = m x ¢p x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT :=—Sf2— dT  =36.163
p my-c P
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

T dT,  T,out = 123.837

Tpin %'y pou

pout =

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

L{(Tpin - Tsout ):|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, := LMTD, = 45.991

stp
U- Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD, =

LMTD, = 45.961

(LMTD; — LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.067 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =170 Area:=6865 U:= 859.6 cp =1 mp =750000 mg = 1250000

9.2.1 Determination of Secondary inlet Temperature
Tobt =65 Tgip =84.7

9.2.2 Selected SFP Heat Load:
Qup = 30.72410°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dT = b dT¢ =24.579

My-Cp
9.2.4 Using the secondary temperature difference { dTs = Tsout - Tsin) the outlet
temperature can be determined.

=dTg + T, Tyt = 109-279

T
. sou
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation. '

sout

Q
dTp = m dTp = 40.965
9.2.6 Using the primary temperature difference { dTp = Tpin - Tpou) the outlet
temperature can be determined.

T T dT,  Tpyout = 129.035

pout = ‘pin ~%'p ‘pou

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

1“|:(Tpin ~ Tsout ):I
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated: '

LMTD, = LMTD; = 52.099

LMTD, :=

LMTD, = 52.064

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.066 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =175 Area:=686.5 U :=859.6 p =1 mp:=750000 m, := 1250000

9.2.1 Determihation of Secondary Inlet Temperature
Tybt =65 Ty, =847

9.2.2 Selected SFP Heat Load:
Qpp = 32.52510°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

o
s
my-Cp
9.2.4 Using the secondary temperature difference { dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT

dT =26.02

Teout =9Tg + Tgn  Teout = 11072

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
dTp = _Cp dTp =43.367
9.2.6 Using the primary temperature difference { dTp = Tpin - Tpou} the outlet
temperature can be determined.

T, ., — dT ¢ = 131,633

Toout = Tpin = 4Tp  Tpoy

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin):l

I (Tpin - Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

IMTD, = LMTD, = 55.153

LMTD, =

LMTD, = 55.116
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; — LMTD,)
PercentDifference := -100

LMTD,

PercentDifference = 0.066 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =180 Area:=686.5 U:=859.6 cp =1 mp = 750000 mg = 1250000

9.2.1 Determination of Secondary Inlet Temperature
TWbt =65 TSil’l =84.7
9.2.2 Selected SFP Heat Load:

; 6
stp =34.32610

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
T := =t dT =27.461
mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.
Toout =dTg + Tgn  Tgout = 112.161
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
dTp = E dTp =45.768
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

dT, T =134.232

Tpin “%'p pout ~

Thout =
9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpout) - (Tsout B Tsin):l

l"|:(Tpin ~ Tsout ):|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated:

LMTD :=

LMTD) = 58.207

LMTD, := LMTD, = 58.168

U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

‘ LMTD] — LMTD,)
PercentDifference := -100

LMTD,

PercentDifference = 0.066  Selected Heat Load is Acceptable



Calculation No. IP-CALC-10-80121 Rev. 1 Page: 44 of 66

Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design inputs:
Tpin =190 Area :=686.5 U:=859.6 ° =1 mp:=750000 my := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Typt =65 Tgp =847

9.2.2 Selected SFP Heat Load:
Qsy = 37.92210°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

_ &t
s
mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT

dTg = 30.342

Toout =4Tg + Tgin  Tgout = 115.042
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

_ Q

dT, = b dT = 50.569

p my-Cp p

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

Toout = Tpin — 4T Tpout = 139431

pout * p ‘pou

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin B Tpout) B (Tsout B Tsin)]

1'{(Tpin ~ Tsout )]
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

IMTD,; = LMTD, = 64.315

LMTD, = LMTD, = 64.27

U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.07 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =150 Area:=686.5 U:=859.6 Cp = 1 my, = 750000 mg :=1250000

9.2.1 Determination of Secondary Inlet Temperature
Topt =70 Tgp =87

9.2.2 Selected SFP Heat Load:
Qgfyy =22.692 10°

9.2.3 Using the equation Q =m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dTg = st dT¢ = 18.154
mg-Cp
9.2.4 Using the secondary temperature difference (dTs = Tsout - Tsin) the outlet
temperature can be determined.
Teout =4Tg + Tgn  Tsout = 105-154
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT = —S-fp— dT  =30.256
p my-cp p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

T dT

pin —4Tp  Tpoyt = 119744

Thout =

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout B Tsin)]

i (Tpin - Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD; = 38.479

LMTD, :=

'LMTD, = 38.453
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.065 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =160 Area:=686.5 U:=859.6 cp =1 mp = 750000 mg = 1250000

9.2.1 Determination of Secondary !niet Temperature
TWbt =70 Tsin =87
9.2.2 Selected SFP Heat Load:

6
stp =26.29410

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation. ‘
Q
T = o dTg =21.035
ms'cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

Toout =T + Ty Teout = 108.035

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
dT = Qs—fp dT, =35.059
P mc p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

T

pin — AT 124.941

Tpout = p  Tpout =

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin):]

lnli(Tpin B Tsout ):I
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated: '

LMTD; = LMTD, = 44.586

LMTD, =

LMTD, = 44.557

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.064 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =170 Area :=6865 U:=859.6 cp =1 my, = 750000 mg := 1250000
9.2.1 Determination of Secoridary Inlet Temperature

Tybt =70 Ty, =87
9.2.2 Selected SFP Heat Load:

stp = 29.895106

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dTg = st dT{ =23.916
mg-cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.
Teout =dTg + Tgin  Teout = 110.916
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Qsfp
dT) = — dT ), =39.86
9.2.6 Using the prim-éry temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

T

pout =T

dT, T

pin = 4Ty Tpout = 130.14

9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin B Tpout) - (Tsout - Tsin)]

l.{(Tpin ~ Tsout ):I
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD; = 50.695

LMTD, :=

LMTD, = 50.66
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference := -100

LMTD,

PercentDifference = 0.07 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =175 Area =686.5 U:=859.6 cp
9.2.1 Determination of Secondary Inlet Temperature
Tyt =70 Tgp =87
9.2.2 Selected SFP Heat Load:
Qg =31 69610°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

X
s
mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

=1 my, = 750000 mg := 1250000

dT dT =25357

Teout =4Tg + Tgn  Tsout = 112357

9.2.5 Using the equation Q =m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT, = s_fp dT , =42.261
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

t:=T

Tpou in— ATy Tyoy = 132.739

p p poul

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

I (Tpin - Tsout)
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD; = LMTD; = 53.749

LMTD, =

LMTD, = 53.712
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.069 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design inputs:
Tpin =180 Area :=686.5 U:=859.6 < =1 my, = 750000 m, := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Typt =70 Ty, =87
- 9.2.2 Selected SFP Heat Load:
Q= 33.49710°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

20
s
my-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT dT = 26.798

Toout =T + Ty Toout = 113.798

sout sou
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

dT | i==—— dTp =44.663

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

T T dT ¢ = 135337

pout = Tpin = 4Ty Tpoy

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin B Tpout) B (Tsout B Tsin)]

I“IZ(Tpin ~ Tsout )}
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated:

LMTD := LMTD = 56.802

LMTD, =

LMTD, = 56.763
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.069 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =190 Area :=686.5 U:=859.6 cp =1 mp =750000 my = 1250000

9.2.1 Determination of Secondary Inlet Temperature
'wat =70 Tg, =87
9.2.2 Selected SFP Heat Load:
Qg =37.09910°
9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

Q
dT = st dT =29.679
ms-Cp
9.2.4 Using the secondary temperature difference (dTs = Tsout - Tsin) the outlet
temperature can be determined.

Teout =dTg + Ty Teout = 116.679

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT = _sfp_ dT ., =49.465
P myc, p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

T

pout =T

pin — 4Ty Tpoyy = 140.535

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

1“|:(Tpin = Tsout )}
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated: ;

LMTD := LMTD, = 62.91

LMTD, :=

®_ - 1MD, = 62867
a

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; — LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.068 Selected Heat Load is Acceptable
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Indian Point Unit 3 )
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =150 Area:=686.5 U:=859.6 Cp =1 mp:=750000 my := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tabt =75 Tgi =88.8

9.2.2 Selected SFP Heat Load:
Qypy =22.044 10°

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.

Q
dT = sfp
Ms-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

dT = 17.635

Toout =dTg + Tgin  Tgour = 106.435
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT, = —stp dT., =29.392
P my-cp p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

Tpout = Tp

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin - Tpout) - (Tsout - Tsin)]

I “I: (Tpin ~ Tyout ):|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

in— ATy Tpout = 120608

IMTD; = LMTD, =37.379

LMTDy, :=

LMTD, = 37.355

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.062 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spexnt Fuel Pool Coolirg System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =160 Area:=686.5 U:=859.6 Cp = 1 my = 750000 mg := 1250000
9.2.1 Determination of Secondary Inle* Temperature

Typt =75 Tgin =88.8
9.2.2 Selected SFP Heat Load:

Qs =25.64510°

9.2.3 Using the equation Q = m x ¢p x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dT =—2 4T =20516
my-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.
Toout =dTg + Tgn  Tsout = 109316
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

- Q
dTp = E dTp =34.193
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpouj the outlet
temperature can be determined. ‘

¢ =T 125.807

Tpou in — dT

p p Tpout =

9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin B Tpout) - (Tsout B Tsin)]

m[(Tpin = Tsout ):]
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, = LMTD, = 43.487

LMTD, :=

LMTD, = 43.458
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD, - LMTDZ)jl. o0

PercentDifference :=
LMTD,

PercentDifference = 0.069 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =170 Area:=686.5 U:=859.6 Cp = 1 my = 750000 mg :=1250000

9.2.1 Determination of Secondary Inlet Temperature
Tybt =75 Tgip, =88.8
9.2.2 Selected SFP Heat Load:

6
stp =29.24710

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dT := . dT =23.398
my-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.
Toout =9Tg + Tgin  Toout = 112.198
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

Q
=P g1 —38996
P myc, p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

pin—4Tp  Tpout = 131.004

dT

T T

pout =
9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpout) - (Tsout - Tsin)]

l'll:(Tpin ~ Tsout ):|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

LMTD, := LMTD; = 49.595

LMTD, :=

LMTD, = 49.561
U-Area

9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD; — LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.068 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:

Tpin =175 Area:=686.5 U:=859.6 Cp = 1 my = 750000 mg = 1250000
9.2.1 Determination of Secondary Inlet Temperature

Tubt =75 Tgip =888
9.2.2 Selected SFP Heat Load:

stp = 31.048106

9.2.3 Using the equation Q = m x cp x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dT = st dTg =24.838
Mg-Cpy
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.

T =dTg + Ty, Tgoue = 113638

v sout sou :
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT, = s_fp dT., =41.397
p my-Cp p
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou) the outlet
temperature can be determined.

T T dar, T

pin— Ty Tpoyt = 133.603

pout =

9.2.7 The Log Mean Temperature Difference is calculated:
[:(Tpin - Tpout) - (Tsout - Tsin):l

l“{(Tpin ~ Tsout ):l
(Tpout - Tsin) :

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated: :

IMTD, = IMTD; = 52.649

LMTD, :=

LMTD, = 52.613

9.2.9 The values are compared and the percent difference of the two values is determined:

(LMTD; - LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.067 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Poel Cooling System (BSFPCS) Heat Removal Capability

Dasign Inputs:
Tpin =180 Area:=686.5 U:=859.6 °p =1 my = 750000 m := 1250000

9.2.1 Determination of Secondary Inlet Temperature
Tybt =75 Tgip = 88.8

9.2.2 Selected SFP Heat Load:
Qs = 32.84910°

9.2.3 Using the equation Q = m x ¢p x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
dTS = pr de =26.279
mg-Cp
9.2.4 Using the secondary temperature difference ( dTs = Tsout - Tsin) the outlet
temperature can be determined.
Toout =dTg + T Tgout = 115.079
9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.
Q
dT,, = st dT  =43.799
p mpy-cp P
9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpou} the outlet
temperature can be determined.

T T dT, T,oyt = 136.201

pout = 'pin " %p ‘pou

9.2.7 The Log Mean Temperature Difference is calculated:
[(Tpin B Tpout) - (Tsout - Tsin):l

| (Tpin - Tsout)
(T out Téin)
p

9.2.8 Rearranging the equation Q = U x A x LMTD, the Log Mean Temperature Difference is
calculated:

IMTD; = LMTD; = 55.703

Qsfpy
U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD2 =

LMTD, = 55.665

(LMTD; — LMTD,)
PercentDifference = -100

LMTD,

PercentDifference = 0.067 Selected Heat Load is Acceptable
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Design Inputs:
Tpin =190 Area:=686.5 U:.=859.6 Cp = 1 m, = 750000 mg :=1250000
9.2.1 Determination of Secondary Inlet Temperature
Typt =75 T =888
9.2.2 Selected SFP Heat Load:

6
Qg =36.45110

9.2.3 Using the equation Q = m x ¢p x dT, the secondary side temperature difference is
determined by rearranging the equation.
Q
T = P dT =29.161
mg-Cp
9.2.4 Using the secondary temperature difference { dTs = Tsout - Tsin) the outlet
temperature can be determined.

Teout =T + Ty Toout = 117.961

9.2.5 Using the equation Q = m x cp x dT, the primary side temperature difference is
determined by rearranging the equation.

dT | = ——— dTp = 48.601

9.2.6 Using the primary temperature difference ( dTp = Tpin - Tpouj the outlet
temperature can be determined.

dT

Tpout = Tpin —4Tp  Tpour = 141399

9.2.7 The Log Mean Temperature Difference is calculated:
I:(Tpin - Tpou‘c) - (Tsout B Tsin):]

I“l:(Tpin = Tsout ):|
(Tpout - Tsin)

9.2.8 Rearranging the equation Q = U x Ax LMTD, the Log Mean Temperature Difference is
calculated:

IMTD, = LMTD, = 61.81

Qsﬁ)
U-Area
9.2.9 The values are compared and the percent difference of the two values is determined:

LMTD, =

LMTD, = 61.769

LMTD; - LMTD,)
PercentDifference := -100

LMTD,

PercentDifference = 0.066 Selected Heat Load is Acceptabie
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

11.0 References

11.1
11.2

11.3
11.4
11.5

APV Plate Heat Exchanger Data Sheet E2449

Wang, L., Bengt Sunden, and R.M. Manglik. Plate Heat Exchangers:
Design, Applications, and Performance.

IP3-DBD-308, Attachment A

Cengel, Yunus A. Heat and Mass Transfer: A Practical Approach. 3rd ed.
EVAPCO AT 12-724B Performance Curve
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Indian Point Unit 3 :
Title: Backup Spetit Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

12.0 Attachments

12.1 LMTD Method (1 Page)

The temperature difference between the two streams will vary widely. This is why the log-mean
temperature difference is used. Here is how the log-mean temperature difference works:

TP,iN fug

Tp,out

Temp

Average Temp.
Difference

Tsin |[G¥e¥ ¥ 4

Ts,out

Q, Heat Movement

So, for a heat exchanger as described above, we calculate the LMTD as follows:

Ts,in _ : Tp,in
Secondary o Primary

(Cold) Inlet I {(Hot) Inlet

Tp,out Ts,out
Primary y Secondary
(Hot) Qutlet {Cold) Outlet

AT\ -AT
AT vm=="7F :
AT,
Where,
AT1=Tp,in_Ts,out

AT2=Tp,out_Ts,ir;
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Indian Point Unit3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

12.2 APV Plate Heat Exchanger Data Sheet E2449 (1 Page)
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

12.3 EVAPCO AT 12-724B Performance Curve (1 Page)

o I‘Dersign Conditions?
=71 118.8 degF Hot Wates
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

12.4 Heat Removal Capability vs. Wet Bulb Tempefature for SFP Bulk Temperature of 150 °F (1 Page)

Heat Removal Capability vs. Wet Bulb Temperature
' — Linear (SFP Bulk Temp of 150 F)
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Indian Point Unit 3

Page: 62 of 66

Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

Heat Rate [Btu/hr]

12.5

Heat Removal Capability vs. Wet Bulb Temperature

Heat Removal Capability vs. Wet Bulb Temperature for SFP Bulk Temperature of 160 °F (1 Page)

— Linear (SFP Bulk Temp of 160 F)
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

12.6 Heat Removal Capability vs. Wet Bulb Temperature for SFP Bulk Temperature of 170 °F (1 Page)

Heat Removal Capability vs. Wet Bulb Temperature
— Linear (SFP Bulk Temp of 170 F)
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

12.7 Heat Removal Capability vs. Wet Bulb Temperature for SFP Bulk Temperature of 175 °F (1 Page)

Heat Removal Capability vs. Wet Bulb Temperature
— Linear (SFP Bulk Temp of 175 F)
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Indian Point Unit 3
Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

12.8 Heat Removal Capability vs. Wet Bulb Temperature for SFP Bulk Temperature of 180 °F (1 Page)

Heat Removal Capability vs. Wet Bulb Temperature
'~ ——Linear (SFP Bulk Temp of 180 F)
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Indian Point Unit 3
- Title: Backup Spent Fuel Pool Cooling System (BSFPCS) Heat Removal Capability

12.9 Heat Removal Capability vs. Wet Bulb Temperature for SFP Bulk Temperature of 190 °F (1 Page)

Heat Removal Capability vs. Wet Bulb Temperature
i — Linear (SFP Bulk Temp of 190 F)
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