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Revision:|: .+ 0 la tl . Record of Revision: .~

Original Issue

Determine equivalent meteorological conditions that UHS can reject the
design basis heat load.

CR 97-0777 documented that the containment heat loads for the UHS did not
contain certain conservative assumptions. The purpose of this calculation
change is to revise the UHS design bases requirements corresponding to
maximum containment heat load rate determined by calculation MN(Q)-9-3.
This is a complete rewrite; therefore no revision bars are used.

Provides justification for use of hot air recirculation values and adds
computation of the ACCW System design temperature in response to the
recommended dispositions of Design Basis Review Open ltems: OI-CCW-
296-C and OI-CCW-297-C. Adds Keywords to Section 3. Replaces
Reference 3.3 and removes references to the FSAR. Corrects typographical
errors. This is a complete rewrite; therefore no revision bars are used.

Modified UHS Design Basis as a result of Total Heat Duty input changes at
3716 MW,. A methodology change was made in section 5.4 to ensure Tech
Spec 3/4.7.4 compliance. Calculation and Attachment changes have been
made accordingly. Added page 2 of 2 to Attachment 7.3 to include the
regression analysis for the DCT. This analysis was referenced in section
6.1.1 of the calculation. Section 6.6.4 was added to address Met tower
conditions from Calculation ECM03-007 (Ref. R22).

The basis for the heat load from emergency diesel generators and the
LPSI/HPSI/CS pumps in circular.  Calculation ECM95-008 references
calculation MNQ9-3 for this heat load and MNQ9-3 references ECM95-008
for the same heat load. ECM95-008 now references Calculation MNQ9-65
which develops the basis for these heat loads.

Added Assumption 4.7 to clarify that containment heat loads were determined
assuming 112°F CCW temperature (ECS01-005).

This revision incorporated all outstanding changes and DRNs. ECS05-013
was changed to the new input for containment heat loading and all
calculations were revised accordingly. CR-WF3-2005-0230 documented that
the CCW flows used in the calc did not bound the As-Built flows determined
during flow testing. The CCW accident flow has been increased to a
bounding 6900 gpm.

Corrected transposition errors in paragraphs 5.3 and 5.4, math operator in
paragraph 6.3.1, and copy and paste error in Attachment 7.1, identified on
CR-WF3-2007-1420. The errors did not affect the results of the calculation.
Therefore, this is an administrative change only.
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1.0 PURPOSE

1.1 The purpose of this calculation is to determine the Uitimate Heat Sink design
basis under LOCA conditions using the worst combination meteorological design

parameters.

1.2 This calculation also determines the ACCW System design temperature.
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2.0 CONCLUSION

21

2.2

23

The UHS is capable of dissipating the LOCA heat duty requirements for both
worst combination meteorological design parameters, 102°F4/78°F., and
98°F4/83°Fw,. The 102°F4/78°F., meteorological condition would aliow less
fouling in the CCW heat exchanger in order to maintain a CCW outlet
temperature of 115°F, therefore is chosen as the UHS design point. The design
conditions for the UHS are given below.

Dry Bulb Temperature (Tqb) - 102°F

Wet Bulb Temperature (Tup) - 78°F

DCT CCW Inlet Temperature - 164.56°F

DCT CCW Outlet/CCWHXx Inlet Temp. -131.11°F

DCT Heat Duty -113.38 x 10° BTU/Hr
WCT ACCW Outlet/ CCWHXx Inlet Temp. - 89.3°F*

CCWHx CCW OQutlet Temperature -115.0°F

CCWHx ACCW OQutlet Temperature -113.77°F*

CCWHx Allowable Fouling Factor - 0.00159*

CCWHx Heat Duty -54.62 x 10° BTU/Hr
WCT ACCW Inlet Temperature -111.79°F*

WCT Heat Duty -59.72 x 10° BTU/Hr
WCT Cooling Range -22.49°F

*As discussed in section 5.4, these values are calculated using an ACCW inlet
temperature to the CCWHXx of 89.3°F in order to maintain the Tech. Spec.
maximum ACCW temperature of 89°F.

As discussed in section 6.6.4, the meteorological condition of 91.3°F4,/84.9°F
from Reference R11 is not more limiting than 102°F4,/78°F,, case above.

Using the limiting historical meteorological parameter, 102°F4/78°F.b, a
relationship (See Attachment 7.3) was developed to provide equivalent dry bulb
temperature/corresponding wet bulb temperature required to maintain overall
UHS design heat duty capacity. The linear relationship demonstrates that for a
dry bulb temperature increase/decrease of 1.0°F, the corresponding wet bulb
temperature can decrease/increase approximately 1.7°F and maintain the UHS
design heat duty capacity. The relationship also demonstrates the UHS can
dissipate its design heat load for any dry bulb temperature below 93°F,
regardless of wet bulb temperature, since wet bulb temperature can not exceed
dry bulb temperature.

ACCW System design temperature is 125°F.
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3.0 INPUT CRITERIA

3.1

3.2

3.3

Peak UHS Heat Duty Requirements

Containment Heat Duty’ = 158 x 10° BTU/hr (Ref. R8)

Essential Chiller Heat Duty =5.1 X 10° BTU/hr
(Ref. R3)

Auxiliary Heat Duty? = 10.0x 10° BTU/hr (Ref. R10)
Total Heat Duty = 173.1x10° BTU/hr
CCWS Heat Duty = 168.0 x 10° BTU/hr

Notes: 1. Containment heat duty has been conservatively rounded up from
157.69 x 10° BTU/Hr given in Ref. R8.
2. Includes Diesel Generator and HPSI, LPSI and Containment Spray
pumps

Maximum One Hour Ambient Conditions

Drybulb Temperature

Ref. C1 contains a table which shows the maximum drybulb and concurrent
wetbulb for the New Orleans area is 102 and 77°F respectively. One degree is
added to the wetbulb temperature for conservatism bringing the maximum 1
hour drybulb/corresponding wetbulb temperatures to 102/78°F.

Wetbulb Temperature o
Ref. C1 discusses that 83°F is the maximum wetbulb temperature of record at

Moisant Field for the period between 1946 and 1977. The reference discusses
that 83°F is an acceptable design value and satisfies the requirements of Reg.
Guide 1.27. A table attached to the reference provides maximum wetbulb and
corresponding drybulb temperatures however, 83°F is not an entry in the table.
An entry is provided for 83°F in the table for maximum drybulb and
corresponding wetbulb temperatures. Based on this evaluation, at 83°F
wetbulb temperature, the corresponding drybulb temperature is 98°F.

The site Met Tower data was evaluated in calculation Reference R11 over a
period from 1997 to 2001. This review indicates that the maximum one hour
wetbulb temperature exceeded 83°F at 84.9°F with an associated drybulb
temperature of 91.27°F. This calculation will determine if the 84.9°F,,,/91.3°Fg,
met condition is more limiting for the highest T,,, and coincident T4, case.

Maintain a CCW outlet temperature of 115°F to the plant auxiliaries.  (Ref. R4)

ENGINEERING Page 3 of 24
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3.4 Accident Flow Rates

CCW Flow Rate — (Ref. R5)
CFC (1400 gpmea.) = 2800 gpm
Emergency Diesel Gen. = 950 gpm
Shutdown Cooling Hx. = 3100 gpm
Safeguard Pumps = 50 gpm
Total = 6900 gpm
ACCW Flow Rate — (Ref. R6)
CCWHx = 4500 gpm
Chiller = 850 gpm
Total = 5350 gpm

3.5 Hudson Products DCT Performance Curves - Heat Duty vs. Outlet Temperature
as a function of Dry Bulb Temperature. (Ref. R1)

3.6 Zurn Industries WCT Performance Curves - Outlet Temperature vs. Wet Bulb
Temperature as a function of Cooling Range. (Ref. R12)

3.7 Hot Air Recirculation Effect
Dry Bulb Temperature - 1.9°F (Ref. 7.4)
Wet Bulb Temperature - 1.0°F (Ref. 7.4)
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4.0 ASSUMPTIONS

4.1

4.2

43

4.4

4.5

4.6

4.7

100% tube capacity on the DCT.
95% tube capacity on the CCWHXx.

Linear interpolation between the flow rates of 6500 gpm and 7500 gpm will be
used to determine the DCT performance at the accident CCW flow rate of 6900
gpm at 115°F CCW temperature.

Linear interpolation between the flow rates of 5000 gpm and 5750 gpm will be
used to determine the WCT performance at the accident ACCW flow rate of
5350 gpm.

The uncertainty associated with the CCW temperature control given in
Reference R7 does have to be accounted for in this analysis. Valves ACC-
127A(B), located downstream of the CCW temperature control valves ACC-
126A(B), will be throttled to ensure the design flow to the essential chiller is
maintained. Therefore, should ACC-126A(B) respond by increasing ACCW flow
through the CCW heat exchanger to maintain CCW temperature at 112.6°F
(115°F less 2.4°F maximum uncertainty), CCW temperature will rise to a
maximum of 115°F since ACC-127A(B) will prevent ACCW flow from exceeding
a value where design flow the essential chiller is not maintained. By design, the
UHS will then self-correct and CCW temperature will rise to a maximum of 115°F
until ambient conditions become more favorable or when the accident heat load
is reduced.

This analysis assumes the Post Accident Sampling (PAS) system is secured.
The impact is negligible since the operation of the PAS system is intermittent,
and the PAS system heat load and cooling water flow are negligible. In addition,
PAS is required to be placed in service after 3 hours post-accident, after peak
accident heat load has occurred. (Ref. R2)

Containment heat loads were determined assuming a 112°F CCW temperature
because this maximizes the heat input into the Ultimate Heat Sink. This
calculation will use these maximum heat loads assuming 115°F CCW
temperature to determine the heat removal contribution from the Dry Cooling
tower, Wet Cooling Tower and the CCW Heat Exchangers. This is acceptable
because if CCW temperature were being controlled at 115°F, the heat load into
the Ultimate heat Sink would be less. (Ref. R8)
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5.0 METHODS OF ANALYSIS

5.1

5.2

5.3

54

55

5.6

Linear equations can be derived to describe the DCT and WCT performance

since their performance curves assume a linear relationship (y = mx +b). Using

the “Regression” Tool in Microsoft Excel, the slope and intercept of the DCT and
WCT performance curves are calculated. These results will provide an equation

to describe the DCT performance as a function of dry bulb temperature and

CCW flow and a WCT performance as a function of cooling range and wet bulb

temperature.

The DCT heat duty and associated CCW outlet temperatures at dry bulb
temperatures of 98° and 102°F are calculated using the equations derived from
Section 5.1 and the conservation of energy.

The WCT heat duty at dry bulb temperatures of 98° and 102°F is determined by
subtracting the DCT heat duty from the UHS total heat duty. The WCT outlet
temperature is calculated using dry bulb/wet bulb temperatures of 102°F/78°F
and 98°F/83°F using the equations derived from Section 5.1.

The CCWHXx heat duty is determined by subtracting the Essential Chiller heat
duty from the WCT heat duty. With the CCW and ACCW inlet temperatures
calculated and requiring a CCW outlet temperature of 115°F, STER Version 5.04
will calculate an allowable CCWHXx fouling factor.

The ACCW heat exchanger inlet temperature is set equal to 89.3°F if the
calculated WCT outlet temperature in section 6.3 is less than 89.0°F. The
Technical Specification maximum WCT basin water temperature is 89.0°F (Tech.
Spec. Requirement 3/4.7.4). The WCT performance is dictated by wet bulb
temperature conditions as shown in the performance curves and will perform as
calculated at the limiting atmospheric conditions. However for the cases in
which the WCT can cool the ACCW flow below 89°F, the Tech. Spec. WCT
basin temperature limit of 89°F is the more limiting condition impacting the CCW
heat exchanger fouling (Section 6.4).

The design basis of the UHS will be based on the worst combination
meteorological design parameter, maximum one hour Tg/coincident Ty, or
maximum one hour T,/coincident T4, that produces the lowest CCWHXx fouling
factor.

Using the most limiting historical meteorological design parameter as the
baseline, a heat balance will be performed for various dry bulb temperatures to

WATERFORD 3 DESIGN ECM95-008 Rev. 3
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determine the maximum wet bulb temperature allowed for the UHS to maintain
its overall design heat duty capacity.

5.7 Water density is determined using the average respective system temperature
i.e. ([CCWmax+CCWmin)/2]. This density is used throughout the calculations
such that the conservation of mass is maintained.
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6.0 CALCULATION
6.1 Equation Fitting on Performance Curves

6.1.1 Dry Cooling Tower

Two data points, CCW outlet temperature (CCW,) and Heat Duty (Q), for
dry bulb temperatures (T4,) of 80°F, 90°F and 102°F were obtained from the
Hudson DCT performance curves. The slope and intercept of these curves
were calculated using Microsoft Excel Linear Regression Analysis. The
results are provided below. The printouts are provided in Attachment 7.1.

CCW Flow Rate of 6500 gpm

Temp. Alntercept

Dry Bulb Slope Intercept Ref.- 80°F Tqyp
(°F) (CCWou-°F)  (BTUX10%)  (BTU x10%
80 4.4 -354 N/A
90 4.4 -398 -44
102 4.4 -442 -88

Alntercept/°F Ty, = -4.4 (Worst Case)

From the above table, the linear equation at a CCW flow rate of 6500 gpm
that fits the DCT performance as a function of Dry Bulb Temperature is
described below:

Qss00 gpm = 4.4CCWy - (354 + 44(Tdb - 80))

where:
Qes00gom = DCT Heat Duty Performance (BTU/Hr x 10°)
CCW,y = CCW Outlet Temperature (°F)
Tab = Dry Bulb Temperature (°F)

CCW Flow Rate of 7500 gpm

Temp. Alntercept
Dry Bulb Slope Intercept Ref.- 80°F Ty
(°F) (CCWou-°F)  (BTUx10%  (BTU x10°%

80 . 4.0 -320 N/A

90 4.0 -360 -40

102 4.0 -408 -88

Alntercept / °F Tg, = -4.0
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From the above table, the linear equation at a CCW flow rate of 7500 gpm
that fits the DCT performance as a function of Dry Bulb Temperature: is
described below: :

Q7500 gom = 4.0CCWoy; - (320 + 4.0(T4, - 80))

where:
Qrs0om = DCT Heat Duty Performance - BTU/Hr x 10°
CCW,y = CCW Outlet Temperature (°F)
Tab = Dry Bulb Temperature (°F)

6.1.2 Wet Cooling Tower

Two data points, Wet Bulb Temperature (Tw,) and ACCW outlet temperature
(ACCW,), for cooling ranges of 10.8°F, 21.6°F and 27°F were obtained from
the Zurn WCT performance curves. The slope and intercept of these curves
were calculated using Microsoft Excel Regression Analysis. The results are
provided below. The printouts are provided in Attachment 7.1.

ACCW Flow Rate of 5000 gpm

Cooling Range Slope Intercept
(°F) (Two="F) (ACCW-°F)
10.8 0725 27.125
216 0.675 34.125
27 0.600 41.75

The linear equation for an ACCW flow of 5000 gpm that fits the WCT
performance as a function of Cooling Range between 10.8°F and 21.6°F is
described below:

ASlope / °F Cooling Range = -0.00463
Alntercept / °F Cooling Range = 0.648

ACCWoyu = (0.725 - 0.00463(AT — 10.8))Tos +
(27.125 + 0.648(AT — 10.8))

The linear equation for an ACCW flow of 5000 gpm that fits the WCT
performance as a function of Cooling Range between 21.6°F and 27°F is
described below: .

ASlope / °F Cooling Range = -0.0139
Alntercept / °F Cooling Range = 1.412

WATERFORD 3 DESIGN ECM95-008 Rev. 3
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ACCWoy = (0.675 - 0.0139(AT — 21.6))Tup +
(34.125 + 1.412(AT - 21.6))

ACCW Flow Rate of 5750 gpm

Cooling Range Slope Intercept
(°F) (Twn="F) (ACCW,-°F)
10.8 0.775 24125
21.6 0.600 42.000
27 0.575 45.125

The linear equation for an ACCW flow of 5750 gpm that fits the WCT
performance as a function of Cooling Range between 10.8°F and 21.6°F is

described below:

ASlope / °F Cooling Range = -0.01620
Alntercept / °F Cooling Range = 1.655

ACCW oy = (0.775 - 0.01620(AT — 10.8))Tws +
(24.125 + 1.655(AT — 10.8))

The linear equation for an ACCW flow of 5750 gpm that fits the WCT
performance as a function of Cooling Range between 21.6°F and 27.0°F is

described below:

ASlope / °F Cooling Range = -0.00463
Alntercept / °F Cooling Range = 0.5787

ACCW oy = (0.6 - 0.00463(AT — 21.6))Tup +
(42.00 + 0.5787(AT - 21.6))

where:
ACCW,, = ACCW Outlet Temperature (°F)

Twb = Wet Bulb Temperature (°F)
AT = WCT Cooling Range Required (°F)
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6.2 Dry Cooling Tower Performance
6.2.1 DCT Performance at Tq, = 102°F

Determine DCT inlet temperature
Q = mcy(Tin - Tow) OF Tin = (Q/MCy) + Touw

where
Tin = DCT Inlet Temperature (°F)

Q =168.0 x 10° BTU/Hr (less Chiller Heat Duty) (Input 3.1)
m = 6900 gpm x 60 min/hr / 0.016293 ft*/lb,, / 7.4805 gal/ft’

= 3.39678 x 10° Ib,/hr
Tt = 115°F @ CCW Heat Exchanger
C, =0.998 BTU/Ibm - °F

T =(168.0 x 10% (3.39678 x 10° * 0.998)) + 115

Tin = 164.56°F
Tag = 139.79°F = 140°F

The CCW,, temperature at the DCT can be calculated using the

conservation of energy where:

QDCT = mcp(Tin - Tout)

This heat balance will be performed to calculate the DCT T, temperature at
DCT performance curve inlet CCW flows of 6500 gpm and 7500 gpm and
then interpolated at the CCW accident design flow of 6900 gpm.

Qe500 gpm = 4.4*Tou - (354 + 4.4(T 4 - 80)) = MCy(Tin - Tow) (Sec. 6.1.1)
where:

Qes00 = Heat Transferred @ CCW Flow of 6500 gpm

Tout = CCW, temperature

Tab = 103.9°F (adding 1.9°F for Recirculation) (Input. 3.2, 3.7)

m = 6500 gpm x 60 min/hr / 0.016293 ft*/lbm / 7.4805 gal/ft’

= 3.200 x 10° Ib/hr
Cp =0.998 BTU/Ib,, - °F
Tin = 164.56°F

Solving for To Yields

4-4*Tout + meTout = (354 + 44(Tdb - 80)) + mcpTin
4. 4%T o + (3.200)(0.998)Tox = 354 + 4.4(103.9-80) +

(3.200)(0.998)*164.56
Tow = 129.67°F




WATERFORD 3 DESIGN ECM95-008 Rev. 3
ENGINEERING Page 12 of 24
ENTE

Calculating Heat Transferred:
Qes00 = mMCy(Tin - Tou) _
Qes00 = (3.200)(0.998)(164.56 - 129.67)
Qesoo = 111.42 x 10° BTU/Hr

Performing Heat Balance at a CCW Flow Rate of 7500 gpm:

Q7500 gpm = 4.0"Tout - (320 + 4.0(Tgo - 80)) = MCp(Tin - Tou) (Sec. 6.1.1)
where:
Q7500 = Heat Transferred @ CCW Flow of 7500 gpm
Tout = CCW,y Temperature
Tab = 103.9°F (adding 1.9°F for Recirculation) (Input 3.2, 3.7)
m = 7500 gpm x 60 min/hr / 0.016293 ft* / Ibm / 7.4805 gal/ft®

3.692 x 10° Ib,/hr
Cp 0.998 BTU/lb,, - °F
Tin = 164.56°F

Solving for Ty vields:

4.0*Tou + MCoTou = (320 + 4.0(Tg - 80)) + MG, Tin
4.0*T o + (3.692)(0.998)T o = 320 + 4.0(103.9-80) +
(3.692)(0.998)*164.56
Tou = 132.99°F

Calculating Heat Transferred:
Q7s00 = me(Tin - Touw)
Q7500 = (3.692)(0.998)(164.56 — 132.99)
Qrs00 = 116.32 x 10° BTU/Hr

By linear interpolation, the DCT heat duty @ 6900 gpm is:

06900 gpm = Q6500 gpm + _6_900‘6500 * (Q7500 gpm'Q6500 gpm)
7500-6500

Q900 gpm = 111.42x10° + (0.4)(116.32x10° — 111.42x10°%)

Qo900 gom = 113.38x10° BTU/Hr

Calculating CCW,,x Temperature:

m = 3.39678 x 10° Ib/hr

¢, = 0.998 BTU/lby, - °F

Tout = Tin - (Q/Mcy)

Tou = 164.56 - (113.38/3.39678/0.998)
Tout = 131.11°F




6.2.2 DCT Performance at T4, = 98°F

The method of analysis for the DCT performance at a dry bulb temperature of
98°F is identical to the analysis given 6.2.1.

Qes00 gpm = 4.4 T oy - (354 + 4‘l'(-l-db = 80)) = me(Tin = Tout) (SeC. 6.1 1)
where:

Qesoo = Heat Transferred @ CCW Flow of 6500 gpm

Tot = CCW,, Temperature

Tao = 99.9°F (adding 1.9°F for Recirculation) (Input 3.2, 3.7)

m = 3.200 Ib/hr (x 10°) (6500 gpm)

Co =0.998 BTU/Ib,, - °F

Tin = 164.56°F

Solving for T, yields
4.4*Tou + (3.200)(0.998) T, = 354 + 4.4(99.9-80) + (3.200)(0.998)*164.56
Tout = 127.36°F

Calculating Heat Transferred:

QGSOO = mcp(Tin - Tout)
Qss00 = (3.200)(0.998)(164.56 — 127.36)
Qes00 = 118.8 x 10° BTU/Hr

Performing Heat Balance at a CCW Flow Rate of 7500 gpm:

Q7500 gom = 4.0 Tout - (320 + 4.0(Tp - 80)) = MCo(Tin - Tow) (Sec.6.1.1)
where:
Q700 = Heat Transferred @ CCW Flow of 7500 gpm
Tout = CCW, Temperature
Tab = 99.9°F (adding 1.9°F for Recirculation) (Input 3.2, 3.7)
m = 3.692 Ib,/hr (x 10°%) (7500 gpm)
Cp =0.998 BTU/Ibm, - °F
Tin = 164.56°F

Solving for T,y yields:

4.0"Tout + MCoTout = (320 + 4.0(Tq, - 80)) + me,Tin
4.0"Tou + (3.692)(0.998)T,u = 320 + 4.0(99.9-80) +
(3.692)(0.998)*164.36
Touw = 130.90°F

WATERFORD 3 DESIGN ECM95-008 Rev. 3
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Calculating Heat Transferred:
Q7500 = MCp(Tin - Towr)
Q7s00 = (3.692)(0.998)(164.56 — 130.90)
Qrso0 = 124.02 x 10° BTU/Hr

By linear interpolation, the DCT heat duty @ 6900 gpm is:

Q900 gpm = Qe500 gom + 6900-6500_ * (Q7500 gom-Q500 gorm)
7500-6500

Qeg00 gom = 118.8x10° + (0.4)(124.02x10° - 118.8x10°%)
Q900 gom = 120.89 x 10° BTU/Hr

Calculating CCW, Temperature:

m = 3.39678 x 10° Ibm/hr

Co = 0.998 BTU/lb,, - °F

Tout = Tin - (Q/me)

Tow = 164.56 - (120.89/3.39678/0.998)
Tout = 128.90°F

6.3 Wet Cooling Tower Perfogmance

6.3.1 WCT Performance at Ty, = 78°F and Ty, = 102°F

Determine WCT Heat Duty

Quct = Total Heat Duty-DCT Heat Dissipated @ T4, of 102°F.

Quet = 173.10 x 10° - 113.38 x 10° (Input 3.1, Sec. 6.2.1)
Quet = 59.72 x 10° BTU/Hr

Determine WCT Cooling Range
Quet = MC,(AT) or AT = Que/mc,

where
AT = Cooling Range (°F)
m = 5350 gpm / 0.01613 ft*/Ib,, / 7.4805 gal/ft® x 60 min/hr
=2.660 x 10° Ib/hr
Co = 0.998 BTU/lby, - °F

AT =59.72 x 10°/ 2.660 x 10°/ 0.998 = 22.49°F

Using a 22.49°F WCT Cooling range and increasing Tu, by 1.0°F to account
for recirculation, the ACCW outlet temperature can be calculated. (Input 3.7)
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At 5000 gpm

ACCW, = (0.675-0.0139(22.49 — 21.6))*79 +(34.125 + 1.412(22.49 — 21.6))
ACCWyy = 87.73°F (Sec. 6.1.2)
At 5750 gpm

ACCWoy = (0.6 - 0.00463(22.49 — 21.6))*79 +(42.00 + 0.5787(22.49 — 21.6))
ACCW,, = 89.59°F (Sec. 6.1.2)

By linear interpolation, the WCT heat duty @ 5350 gpm is:

ACCW,, =87.73 + 5350-5000 *(89.59 — 87.73)
5750-5000

ACCW,, = 88.60°F
ACCW, is less than 89.0°F, therefore:
ACCW,, = 89.3°F (for CCWHXx analysis) (Sec. 5.4)
WCT inlet Temperature

WCTin = 89.3°F + 22.49°F = 111.79°F

6.3.2 WCT Performance at T.., = 83°F and T4, = 98°F

Determine WCT Heat Duty

Quwet = Total Heat Duty-DCT Heat Dissipated @ Tq, of 98°F.

Quet = 173.1x 10° - 120.89 x 10° (Input. 3.1, Sec. 6.2.2)
Quet = 52.21 x 10° BTU/Hr

Determine WCT Cooling Range

Quct = MC(AT) or AT = Que/mc,

Where:

AT = Cooling Range (°F)

m = 5350 gpm / 0.01613 ft*/Ib,, / 7.4805 gal/ft> x 60 min/hr
= 2.660 x 10° Ibw/hr

Co = 0.998 BTU/Iby, - °F

AT =52.21x10°%/2.660 x 10° / 0.998 = 19.66°F




Using a 19.66°F WCT Cooling range and increasing T, by 1.0°F to account
for recirculation, the ACCW outlet temperature can be calculated. (Input 3.7)

At 5000 gpm
ACCW,, = (0.725 - 0.00463(19.66 — 10.8))*84 +
(27.125 + 0.648(19.66 — 10.8)) (Sec. 6.1.2)
ACCWout = 90.32°F
At 5750 gpm
ACCW,, = (0.775-0.01620(19.66 — 10.8))*84 +
(24.125 + 1.655(19.66 — 10.8)) \ (Sec. 6.1.2)
ACCW,, = 91.83°F
By linear interpolation, the WCT heat duty @ 5350 gpm is:

ACCW,,; =90.32 + 5350-5000 *(91.83 -~ 90.32)
5750-5000

ACCW,y, = 91.03°F

6.4 CCW Heat Exchanger Performance

6.4.1 CCWHx Performance at T, = 78°F and Tg, = 102°F

Determine CCWHx Heat Duty

Qccwrx = WCT - Chiller Heat Duty @ Tgp of 102°F. (Sec. 6.3.1)
Qcewrx = 59.72 x 10° - 5.1 x 10° (Input 3.1)
Qcowrx = 54.62 x 10° BTU/Hr

As determined in Section 6.3.1, the WCT will return the ACCW flow back to
the WCT basins at a temperature of 88.60°F in order to meet the Tech. Spec.
Maximum WCT Basin Temperature Limit, the maximum allowable CCW heat
exchanger fouling will be calculated using and ACCW inlet temperature of
89.3°F. The maximum allowable fouling is determined for an ACCW inlet
temperature of 89.3°F, because the maximum allowable fouling is minimized
at the higher ACCW inlet temperature.

Determine ACCW,; Temperature

Qcewrx = MCy(Tout - Tin) OF Tow = Qcewnd/MCp + Tin

WATERFORD 3 DESIGN ECM95-008 Rev. 3
ENGINEERING Page 16 of 24




% WATERFORD 3 DESIGN ECM95-008 Rev. 3
ENGINEERING : Page 17 of 24
ENTERGY
where:
m = 4500 gpm / 7.4805 gal/ft3 / 0.01613 ft3/Ibm * 60 min/hr
=2.238 x 10° Ibm/hr @ 89°F
Co = 0.998 BTU/Ib,, - °F
T.  =89.3°F (Sec. 6.3.1)

Tou = 54.62 x 10°/ 2.238 x 10°/ 0.998 + 89.3
Tou = 113.76°F

Using STER Version 5.04, the following heat exchanger performance is
calculated for a CCW,,; temperature of 115°F. The printouts are provided in
Attachment 7.2

_ Fouling’
CCWin CCWn“t ACCWm ACCWm]t FaCtor
131.11 115.0 89.3 113.77 0.00159

* Calculated by STER Version 5.04

Additionally, the ACCWout temperature will be calculated using the actual
WCT outlet temperature (i.e. CCW heat exchanger inlet temperature).
ACCWi,, temperature calculated in Section 6.3.1.

Tin = 88.60°F (Sec. 6.3.1)
Touw = 54.62 x 10%/2.238 x 10°/ 0.998 + 88.60
Tout = 113.06°F

Using STER Version 5.04, the following heat exchanger performance is
calculated for a CCW,,, temperature of 115°F.

_ Fouling’
CCW,, CCW. it ACCW;, ACCW i Factor
131.11 115.0 88.60 113.07 0.00172

* Calculated by STER Version 5.04

6.4.2 CCWHx Performance at T., = 83°F and Ty, = 98°F

Determine CCWHx Heat Duty

Qccwrx = WCT - Chiller Heat Duty @ Tg, of 98°F.
Qcowix = 52.21 x10° - 5.1 x 10° (Sec. 6.3.2)
Qcewnx = 47.11 x 10° BTU/Hr (Input 3.1)




Determine ACCW,,; Temperature

QCCWHx = mcp(Tout = Tin) or Tout = QCCWHx/me + Tin

where:
m = 4500 gpm / 7.4805 gal/ft’> / 0.01613 ft>/lbm * 60 min/hr
=2.238 x 10° Ibw/hr
Cp =0.998 BTU/lb, - °F
Tin =91.03°F (Sec. 6.3.2)

Touw = 47.11x10°/2.238 x 10°/ 0.998 + 91.03
Tow = 112.12°F

Using STER Version 5.04, the following heat exchanger performance is
calculated for a CCW,, temperature of 115°F. The printouts are provided in
Attachment 7.2

) Fouling’
CCW,, CCW, ACCW,, ACCW, Factor
128.90 115.0 91.03 112.14 0.00197

* Calculated by STER Version 5.04
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6.5

6.6

Ultimate Heat Sink Design Points

The worst case ambient condition for the UHS is a Tq, of 102°F and a Ty of
78°F. This conclusion is based on the allowable fouling for the CCW heat
exchanger to maintain a CCW outlet temperature of 115°F is less under these
ambient conditions. The design points for the UHS are given below.

Dry Bulb Temperature (Tq) - 102°F (Input 3.2)

Wet Bulb Temperature (Twy) -78°F (Input 3.2)

DCT CCW Inlet Temperature - 164.56°F (Sec. 6.2.1)
DCT CCW Outlet/CCWHXx Inlet Temperature - 131.11°F (Sec. 6.2.1)
DCT Heat Duty - 113.38x 10° BTU/Hr (Sec. 6.2.1)
WCT ACCW Outlet/CCWHXx Inlet Temperature - 89.3°F* (Sec. 6.3.1)
CCWHx CCW Outlet Temperature -115.0°F (Input 3.3)

CCWHx ACCW OQutlet Temperature - 113.77°F* (Sec. 6.4.1)
CCWHXx Allowable Fouling Factor - 0.00159 (Sec. 6.4.1)
CCWHx Heat Duty - 54.62 x 10° BTU/Hr (Sec. 6.4.1)
WCT ACCW Inlet Temperature - 111.79°F* (Sec. 6.3.1)
WCT Heat Duty -59.72 x 10° BTU/Hr (Sec. 6.3.1)
WCT Cooling Range -22.49°F (Sec. 6.31)

*As discussed in section 5.4, these values are calculated using an ACCW inlet
temperature to the CCWHx of 89.3°F in order to maintain the Tech. Spec.
maximum ACCW temperature of 89.0°F.

Maximum T, at Various T4, to Maintain Overall UHS Design Heat Duty Capacity.

The most limiting historical ambient condition for the UHS was determined to be
a Tg of 102°F and a Tw Of 78°F. This analysis will determine equivalent
meteorological conditions for the UHS to maintain its overall design heat duty
capacity using the limiting fouling factor determined in the previous sections for
the CCW heat exchanger.

6.6.1 DCT Performance at T4, = 105°F

The CCW,, temperature at the DCT can be -calculated using the
conservation of energy where:

C)DCT = me(Tin - Tout)

Heat capacity of the DCT at a CCW flow rate of 6500 gpm is calculated using
the equation:
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Qocr = 4.4*Tou - (354 + 4.4(T4, - 80)) (Sec. 6.1.1)

Solving the two equations, the heat balance becomes at a CCW flow of 6500
gpm:

4.4*Tout'(354 + 4.4(Tdb - 80)) = me(Tm'Tout)

where:
Tout = CCW temperature
Tab = 106.9°F (adding 1.9°F for Recirculation) (Input 3.2, 3.7)
m = 3.200 Ib/hr (x 10°) (6500 gpm)
Co =0.998 BTU/lb,, - °F
Tin = 164.56°F (Sec. 6.2.1)

Solving for T, yields
44" Tou + MmCyTout = (354 + 4.4(Ty - 80)) + me,Tin
4.4* T,y +(3.200)(0.998)T, = 354 + 4.4(106.9-80) +
(3.200)(0.998)*164.56
Touw = 131.41°F

Calculating Heat Transferred:
Qoct = MCp(Tin - Towt) .
Qopcr = (3.200)(0.998)(164.56 — 131.41)
Qoer = 105.86 x 10° BTU/Hr

Heat capacity of the DCT at a CCW flow rate of 7500 gpm is calculated using
the equation:

Qoct = 4*Tou - (320 + 4(T4 - 80)) (Sec. 6.1.1)

Using the Conservation of Energy, the heat balance becomes at a CCW flow
of 7500 gpm:

4*Tou-(320 + 4(Tqp - 80)) = MCy(Tin-Tow)

where:
Tou = CCW,,: temperature
Tab = 106.9°F (adding 1.9°F for Recirculation) (Input 3.2, 3.7)
m = 3.692 Ibm/hr (x 10°) (7500 gpm)
Co =0.998 BTU/Ib, - °F
Tin = 164.56°F (Sec. 6.2.1)

Solving for T,y yields
4*T0ut + meTout = (320 + 4(Tdb = 80)) + meTin
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4*Tou + (3.692)(0.998)Ton = 320 + 4(106.9-80) +
(3.692)(0.998)*164.56
Tou = 134.55°F ,

Calculating Heat Transferred:

Qocr = me(Tin - Tou)
Qoer = (3.692)(0.998)(164.56 — 134.55)
Qper = 110.58 x 10° BTU/Hr

By linear interpolation, the DCT heat duty @ 6900 gpm is:

Qs900 gom = Qgs00 gom + 8900-6500 * (Q7500 gpm-Qes00 gom)
7500-6500

Qes00 gom = 105.86x10° + (0.4)(110.59x10° — 105.86x10°)

Qo900 gpm = 107.75x10° BTU/Hr

Calculating CCW, Temperature:

m = 3.39678 x 10° Ib/hr

c, = 0.998 BTU/Ib,, - °F

Touwt = Tin - (Q/me)

Tou = 164.56 - (107.75/3.39678/0.998)
Touwt = 132.78°F

6.6.2 Required CCWHx Performance at Ty, = 105°F

Determine CCWHx Heat Duty

Qccwnx = Total - DCT - Chiller Heat Duty '
Qcewrx = 173.1 x 10° - 107.75 x 10° - 5.1 x 10° (Input 3.1, Sec. 6.6.1)
Qcewrx = 60.25 x 10° BTU/Hr

Determine ACCW,s Temperature

Using STER Version 5.04, an ACCW inlet temperature of 86.7°F is required to
dissipate the above heat load.- The printout is provided in Attachment 7.3
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6.6.3 Maximum T, for a T4, of 105°F

Determine WCT Heat Duty

Quct = Total Heat Duty-DCT Heat Dissipated
Quet = 173.1 x 10° - 107.75 x 10°

Que = 65.35 x 10° BTU/Hr

Determine WCT Cooling Range

Quet = MC(AT) or AT = Que/mC,

where

AT = Cooling Range (°F)

m = 2.660 x 10° Ib,/hr (5350 gpm)
Co = 0.998 BTU/Ib,, - °F

AT = 65.35 x 10°/ 2.660 x 10°/ 0.998 = 24.61°F

(Input 3.1, Sec. 6.6.2)

Using a 24.61°F WCT Cooling range and an ACCW outlet temperature of

86.7°F, the maximum T, can be calculated.

At 5000 gpm:
86.7°F = (0.675 - 0.0139(24.61 — 21.6))* Twp +
(34.125 + 1.412(24.61 — 21.6))

Solving for Ty, yields:
Two = 76.32°F

At 5750 gpm:
86.7°F = (0.6 - 0.00463(24.61 — 21.6))"Twp +
(42 + 0.5787(24.61 - 21.6))

Solving for T, yields:
Two = 73.30°F

(Sec. 6.1.2)

(Sec. 6.1.2)

By linear interpolation and subtracting 1°F to account for recirculation (and @

5350 gpm) yields: (Input 3.7)

Two = 76.32+ 5350-5000 * (73.30-76.32) - 1.0
5750-5000
Two = 73.91°F




ENGINEERING Page 23 of 24

The methodology given -in Section 6.6 was inputted into Microsoft Excel to
determine equivalent meteorological conditions to maintain overall UHS
design heat duty capacity. The correlation between dry bulb and the
corresponding wet bulb is provided in Attachment 7.3.

6.6.4 Equivalent Meteorological conditions

The Equivalent Meteorologiéal Conditions for UHS plot given in Attachment 7.3
contains the three meteorological condition points: '

1. 102°F4u/78°F wp
2. 98°F,/83°Fup
3. 91.3°F4/84.9°F

WATERFORD 3 DESIGN ECM95-008 Rev. 3

The 91.3°F4/84.9°F,, point falls in the acceptable range of the plot and
therefore, is bounded by the curve. Itis also noted that the 102°F,/78°F,,, point
does not fall on the curve as may be expected. This is due to the methodology
discussed in section 5.4. The WCT basin temperature would be maintained
cooler than the temperature specified in Technical Specification 3/4.7.4,
assuming the design basis meteorological condition of 102°F4,/78°F .

6.7 ACCW System Design Temperature

In accordance with ASME Code ND-3611, the piping is designed for the most
severe condition of coincident pressure and temperature. The maximum
ACCW temperature, which occurs for the meteorological condition of 102°F
drybulb and 78°F wetbulb, is 111.79°F. Thus, the design temperature of
125°F as noted in PASSPORT is acceptable for ACCW System piping.

(Ref. C2)
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7.0 ATTACHMENT
7.1 Microsoft Excel Regression Analysis (2 pages)
7.2 STER Version 5.04 Printouts (6 pages)

7.3 Equivalent Meteorological Conditions for UHS to Dissipate Design Basis Heat
Load (7 pages).

7.4 Recirculation Effect on Dry Cooling Towers (9 Pages)

7.5 Dry Cooling Tower Performance Curves (3 Pages)
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Dry Cooling Tower Performance Curves — Regression Analysis
Ref. Hudson Performance Curves
Flow, gpm 6500 Flow, gpm 6500 Flow, gpm 6500
Entering Air Temp., °F 80 Entering Air Temp., °F 90 Entering Air Temp., °F 102
Heat Duty Heat Duty Heat Duty
CCwout °F x 106 BTU/hr CCWout °F x 106 BTU/hr CCWout °F x 106 BTU/hr

Point 1 85 20 Point 1 95 20 Paint 1 105 20
Point 2 130 218 Point 2 130 174 Point 2 130 130
SUMMARY QUTPUT SUMMARY OUTPUT SUMMARY QUTPUT

Regression Statistics Regression Statistics Regression Statistics
Multiple R 1 Multiple R 1 Multiple R 1
R Square 1 R Square 1 R Square 1
Adjusted R Square 65535 Adjusted R Square 65535 Adjusted R Square 65535
Standard Error 1] Standard Error 0 Standard Error 0
Observations 2 Observations 2 Observations 2

Coefficients Coefficients Coefficients
Intercept -354 Intercept -398 Intercept -442
X Variable 1 4.4 X Variable 1 4.4 X Variable 1 4.4
Flow, gpm 7500 Flow, gpm 7500 Flow, gpm 7500
Entering Air Temp., °F 80 Entering Air Temp., °F 90 Entering Air Temp., °F 102
Heat Duty Heat Duty Heat Duty
CCWout °F x 106 BTU/hr CCWout °F x 106 BTU/hr CCWout °F x 106 BTU/hr

Point 1 85 20 Point 1 100 32 Point 1 105 12
Point 2 130 200 Point 2 120 110 Point 2 130 112
SUMMARY QUTPUT SUMMARY QUTPUT SUMMARY OUTPUT

Regression Statistics Regression Statistics Regression Statistics
Multipte R 1 Multiple R 1 Multiple R 1
R Square 1 R Square 1 R Square 1
Adjusted R Square 65535 Adjusted R Square 65535 Adjusted R Square 65535
Standard Error 0 Standard Error 0 Standard Error 0
Observations 2 Observations 2 Observations 2

Coefficients Coefficients Coefficients

Intercept -320 Intercept -360 Intercept -408
X Variable 1 4.0 X Variable 1 4.0 X Variable 1 4.0
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Wet Cooling Tower Performance Curves — Regression Analysis
Ref. Zurn ASME Performance Curves
Flow, gpm 5000 Flow, gpm 5000 Flow, gpm 5000
Range, °F 10.8 Range, °F 216 Range, °F 27
Twb, °F ACCWout, °F Twb, °F ACCWout, °F Twb, °F ACCWout, °F

Point 1 75 81.5 Point 1 75 84.75 Point 1 75 86.75
Point 2 85 88.75 Point 2 85 91.5 Point 2 85 92.75
SUMMARY OUTPUT SUMMARY OUTPUT SUMMARY QUTPUT

Regression Statistics Regression Statistics Regression Statistics
Multiple R 1 Muitiple R 1 Multiple R 1
R Square 1 R Square 1 R Square 1
Adjusted R Square 65535 Adjusted R Square 65535 Adjusted R Square 65535
Standard Error 4] Standard Error 0 Standard Error 0
Observations 2 Observations 2 Observations 2

Coefficients Coefficients Coefficients
Intercept 27.125 Intercept 34.125 Intercept 41.75
X Variable 1 0.725 X Variable 1 40.675 X Variable 1 0.6
Flow, gpm 5750 Flow, gpm 5750 Flow, gpm 5750
Range, °F 10.8 Range, °F 21.6 Range, °F 27
Twb, °F ACCWout, °F Twb, °F ACCWout, °F Twb, °F ACCWout, °F

Point 1 75 82.25 Point 1 75 87 Point 1 75 88.25
Point 2 85 90 Paint 2 85 93 Point 2 85 94
SUMMARY QUTPUT SUMMARY OQUTPUT SUMMARY OUTPUT

Regression Statistics Regression Statistics Regression Statistics
Multiple R 1 Multiple R 1 Multiple R 1
R Square 1 R Square 1 R Square 1
Adjusted R Square 65535 Adjusted R Square 65535 Adjusted R Square 65535
Standard Error 0 Standard Error 0 Standard Error 0
Observations 2 Observations 2 Observations 2

Coefficients Coefficients Coefficients

Intercept 24125 Intercept 42 intercept 45125
X Variable 1 0.775 X Variable 1 0.6 X Variable 1 0.575
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Shell and Tube Heat Exchanger Rating Program

Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW .EQP
Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Monday, November 07, 2005 at 1:03:03 PM

i EQUIPMENT CONFIGURATION #****

PARAMETER VALUE
Number of Shells in Series/Parallel: 1/1
Shell Type: TEMAE
Bundle Type: FIXED
Shell inside Diameter [inches]: 45.000
Number of Tube Passes: 1
Baffle Type: NTIW
Baffle Cut [% of shell ID]: 21.11
Central Baffle Spacing [inches]: 92.000
Number of Tubes [holes in tubesheet]: 1276
Number of Tubes Plugged: 63
Inlet Baffle Spacing [inches]: 114.000
Outlet Baffle Spacing [inches]: 114.000
Number of Pairs of Sealing Strips 0
Tube Outside Diameter [inches]: 0.7500
Tube Wall Thickness [inches]: 0.0280
Tube Material: 304 Stainless
Thermal Conductivity [Btu/hr/ft/F]: 8.70
Tube Layout Angle [degrees]: 30
Tube Layout Pitch [inches]: : 0.9375
Effective Tube Length [feet]: 42.000
Flow Orientation: Counter-Current

Tube Nozzle Inlet Diameter [inches]: 20.000
Tube Nozzle Outlet Diameter [inches]: 20.000
Shell Nozzle Inlet Diameter [inches]: 16.000
Shell Nozzle Outlet Diameter [inches]: 16.000
Integral Low Fin Tubes: . NO

N =22 a2 a

—t emd md =)
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW.EQP
Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Monday, November 07, 2005 at 1:03:03 PM

PARAMETER VALUE QA REF
Shell to Bundle Clearance [inches]: 1.0000 4
Shell to Baffle Clearance [inches]: 0.3750 5
Tube to Baffle Clearance [inches]: 0.0156 2
Shell Inlet Annular Distributor: NO

Shell Outlet Annular Distributor: NO

Number of Baffles per Unit: 4 2
Impingement Plate Dist. [% nozzle dia]: 64.84 2
Omit Tubes at Inlet [% shell dia]: 23.05

Omit Tubes at Outlet [% shell dia]: 0.00 *
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW.EQP

Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Monday, November 07, 2005 at 1:03:03 PM

v QA REFERENCES *****

QA REF REFERENCE SOURCE DESCRIPTION

Struthers Wells Data Sheet Located in 457000087
5817-10750 Rev. 0

5817-10751 Rev. 0

5817-10747 Rev. 0

Fax from Merl Rice of Struthers dated 3/2/94

AP WN -

%*

An Asterisk denotes values determined by the program.
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW.EQP
Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Monday, November 07, 2005 at 1:03:03 PM
**** PERFORMANCE TEST MODE RESULTS *****

TEST ID: 102/78
DATE: 11-07-05
PROCEDURE: EC-M95-008 '
CONVERGENCE TOLERANCE: 0.05 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 Ibm/hr]: 3396.78 . 2237.68
Volume Flow Rate [gpm]: 6882.58 4490.71
Inlet Temperature [degrees F: 131.11 89.30
Outlet Temperature [degrees F]. 115.00 113.77
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00159
Operating Pressure [psig]: 0.00 0.00
Heat Transfer Coeff [Btu/hr/sqft/F]: 1302.72 838.20
Pressure Drop [psi]: 3.07 3.24
Velocity [ft/sec]: 4.80

" Reynolds Number: 47325 14021
Total Heat Duty: 54,635,891 Btu/hr
Log Mean Temperature Difference: 2125 F
Overall Heat Transfer Coefficient: 257.09 Btu/hr/sqft/F
Corrected LMTD: 21.25F
Effective Surface Area per Shell: 10002.93 sq ft
Reference Temperature [F]: 123.055 101.5635
Density [Ibm/cu.ft]: 61.666 61.979
Specific Heat Capacity [Btu/ibm F]: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.372 0.364
Absolute Viscosity [cP]: 0.539 0.669

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.

Page 4 of 6
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW .EQP
Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Monday, November 07, 2005 at 1:04:21 PM
**** PERFORMANCE TEST MODE RESULTS *****
TEST ID: 102/78
DATE: 11-07-05

PROCEDURE: EC-M95-008
CONVERGENCE TOLERANCE: 0.05 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 Ibm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6882.58 4490.15
Inlet Temperature [degrees F]: 131.11 88.60
Outlet Temperature [degrees F]: 115.00 113.07
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00172
Operating Pressure [psig]: 0.00 0.00
Heat Transfer Coeff [Btu/hr/sqft/F]: 1302.13 836.51
Pressure Drop [psi]: 3.07 3.24
Velocity [ft/sec]: 4.80

Reynolds Number: 47325 13916
Total Heat Duty: 54,635,441 Btu/hr

Log Mean Temperature Difference: 2196 F

Overall Heat Transfer Coefficient: 248.79 Btu/hr/sqgft/F
Corrected LMTD: 2196 F

Effective Surface Area per Shell: 10002.93 sqg ft
Reference Temperature [F]: 123.055 100.835
Density [Ibm/cu.ft]: 61.666 61.988
Specific Heat Capacity [Btu/lbm F]: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.372 0.364
Absolute Viscosity [cP]: 0.539 0.674

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW.EQP
Unit Name: CCMHX0001A&B _
Unit Description: CCW Heat Exchangers

This report was created Monday, November 07, 2005 at 1:05:17 PM
>+ PERFORMANCE TEST MODE RESULTS *****

TEST ID: 98/83

DATE: 11-07-05

PROCEDURE: EC-M95-008
CONVERGENCE TOLERANCE: 0.05 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 Ibm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6878.42 4492.12
Inlet Temperature [degrees F: 128.90 91.03
Outlet Temperature [degrees F: 115.00 112.14
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00197
Operating Pressure [psig]: 0.00 0.00
Heat Transfer Coeff [Btu/hr/sqft/F]: 1296.93 837.64
Pressure Drop [psi]: 3.07 3.24
Velocity [ft/sec]: 4.80

Reynolds Number: 46834 14029
Total Heat Duty: 47,139,080 Btu/hr

Log Mean Temperature Difference: 20.15F

Overall Heat Transfer Coefficient: 233.90 Btu/hr/sqgft/F
Corrected LMTD: 20.15F

Effective Surface Area per Shell: 10002.93 sq ft
Reference Temperature [F]: 121.950 101.586
Density [Ibm/cu.ft]: 61.684 61.978
Specific Heat Capacity [Btu/lbm FI: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.372 0.364
Absolute Viscosity [cP]: 0.544 0.668

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.
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Equivalent Meteorological Conditions for the Ultimate Heat Sink to Dissipate the Design Basis

Heat Load
105 .
I A
N Design Conditions:
BN 1) Heat Duty 173.1 x 106 BTU/hr
fl\ 2) CCWout = 115°F
~ 3) AIDCT and WCT Fans
- 78°Fwb / 102°Fdb Operating
L.
2~ 100 e
g
o &
= i N
e~ 83°Fwb / 98°Fdb
@
RN
e 95 e
(a] | | Since the wet bulb temperature can not exceed dry bulb temperature, \
the UHS can reject the design basis heat load for any dry bulb N
- temperature bellow this point, regardless of wet bulb temperature. >-&
T T 17 7
8 84.9°Fwb/ 91.3°Fdb
90 A
70 72 74 76 78 80 82 84 86 88 90 92 94 96
Wet Bulb Temp. (°F)

Note: The 102°Fq4, / 78°F., point does not fall on the curve as may be expected. This is due to
-the methodology discussed in section 5.4 and implemented in 6.4.1. The WCT basin
temperature would be maintained cooler than the temperature specified in Technical
Specification 3/4.7.4, assuming the design basis meteorological condition of 102°F g, / 78°Fp.

DCT CCWHXx WCT
Dry Heat Heat CCWH heat Wet
Bulb | Rejected| DCT | Rejected X Rejected | WCT Bulb

Temp.| (x10° | CCWoy | (x10° | ACCW, | (x10° |Range| Temp.
(°F) | BTU/Hr) (°F) BTU/Hr) | (°F)* | BTU/Hr) | (°F) (°F)
105 107.75 | 132.78 | 60.25 86.70 65.35 | 24.61 | 73.91
103 111.50 | 131.67 56.50 88.47 61.60 | 23.20 | 77.42
100 117.14 | 130.01 50.86 91.12 55.96 | 21.08 | 82.48
98 120.89 | 128.90 47.1 92.89 52.21 19.66 | 85.78
95 126.52 | 127.24 | 41.48 95.54 46.58 17.54 | 90.47
93 130.28 | 126.13 37.72 97.31 42.82 16.13 | 93.44

*Calculated using STER Version 5.04. Printouts included in Attachment
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International’'s QA program.

File Name: WTFRDCCW.EQP
Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, November 08, 2005 at 7:06:40 AM
*+*+* PERFORMANCE PREDICTION MODE RESULTS *****
CASE ID: Met105
DATE: 11-08-05

PROCEDURE: EC-M95-008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 [bm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6885.48 4488.56
Inlet Temperature [degrees F: 132.78 86.70
Outlet Temperature [degrees F: 115.00 113.71
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00159
Operating Pressure [psig]: 110.00 60.00
Heat Transfer Coeff [Btu/hr/sqgft/F]: 1314.88 841.14
Pressure Drop [psi]: 3.05 3.24
Velocity [ft/sec]: 4.80

Reynolds Number: 47688 13821
Total Heat Duty: . 60,286,041 Btu/hr

Log Mean Temperature Difference: 23.38 F

Overall Heat Transfer Coefficient: 257.77 Btu/hr/sqft/F
Corrected LMTD: 23.38 F

Effective Surface Area per Shell: 10002.93 sq ft
Reference Temperature [F]: 123.888 100.204
Density [Ibm/cu.ft]: 61.673 62.007
Specific Heat Capacity [Btu/lbm F]: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.373 0.364
Absolute Viscosity [cP]: . 0.535 0.678

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW.EQP
Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, November 08, 2005 at 7:07:40 AM
=+ PERFORMANCE PREDICTION MODE RESULTS *****
CASE ID: Met103
DATE: 11-08-05

PROCEDURE: EC-M95-008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 Ibm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6883.35 4489.94
Inlet Temperature [degrees F]: 131.67 88.47
Outlet Temperature [degrees F: 115.00 113.79
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00159
Operating Pressure [psig]: 110.00 60.00
Heat Transfer Coeff [Btu/hr/sqft/F]: 1312.22 842.71
Pressure Drop [psil: 3.05 3.24
Velocity [ft/sec]: 4.80

Reynolds Number: 47441 13960
Total Heat Duty: 56,530,060 Btu/hr

Log Mean Temperature Difference: 2192 F ,
Overall Heat Transfer Coefficient: 257.81 Btu/hr/sqft/F

Corrected LMTD: 21.92 F

Effective Surface Area per Shell: 10002.93 sq ft
Reference Temperature [FI: 123.333 101.128
Density [Ibm/cu.ft]: 61.682 61.995
Specific Heat Capacity [Btu/lbm F]: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.373 0.364
Absolute Viscosity [cP]: 0.537 0.672

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW .EQP
Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, November 08, 2005 at 7:20:40 AM
*+* PERFORMANCE PREDICTION MODE RESULTS *****
CASE ID: Met100
DATE: 11-08-05

PROCEDURE: EC-M95-008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 Ibm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6880.21 4492.08
Inlet Temperature [degrees F]: 130.01 91.12
Outlet Temperature [degrees F]: 115.00 113.92
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00159
Operating Pressure [psig]: 110.00 60.00
Heat Transfer Coeff [Btu/hr/sqft/F]: 1308.25 845.07
Pressure Drop [psil: 3.05 3.24
Velocity [ft/sec]: 4.80

Reynolds Number: 47073 14170
Total Heat Duty: 50,888,081 Btu/hr

Log Mean Temperature Difference: 19.73 F

Overall Heat Transfer Coefficient: 257.87 Btu/hr/sqft/F
Corrected LMTD: 19.73 F

Effective Surface Area per Shell: 10002.93 sq ft
Reference Temperature [F]: 122.505 102.520
Density [Ibm/cu.ft]: 61.695 61.977
Specific Heat Capacity [Btu/lbm F]: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.372 0.365
Absolute Viscosity [cP]: 0.542 0.662

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW.EQP
Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, November 08, 2005 at 7:23:27 AM
**** PERFORMANCE PREDICTION MODE RESULTS *****
CASE ID: Met98
DATE: 11-08-05

PROCEDURE: EC-M95-008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 [bm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6878.13 4493.56
Inlet Temperature [degrees F1: 128.90 92.89
Outlet Temperature [degrees FJ: 115.00 114.00
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00159
Operating Pressure [psig]: 110.00 60.00
Heat Transfer Coeff [Btu/hr/sqft/F]: 1305.59 846.62
Pressure Drop [psi]: 3.05 3.24
Velocity [ft/sec]: 4.80

Reynolds Number: 46827 14310
Total Heat Duty: . 47,124,352 Btu/hr

Log Mean Temperature Difference: 18.27 F

Overall Heat Transfer Coefficient: 257.90 Btu/hr/sqft/F
Corrected LMTD: 18.27 F

Effective Surface Area per Shell: 10002.93 sq ft
Reference Temperature [F]: 121.949 103.445
Density [Ibm/cu.ft]: 61.704 61.965
Specific Heat Capacity [Btu/lbm FJ: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.372 0.365
Absolute Viscosity [cP]: 0.545 0.655

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec Iinternational's QA program.

File Name: WTFRDCCW.EQP
Unit Name: CCMHXO0001A&B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, November 08, 2005 at 7:26:44 AM
****+* PERFORMANCE PREDICTION MODE RESULTS *****
CASE ID: Met95
DATE: 11-08-05

PROCEDURE: EC-M95-008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 Ibm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6875.05 4495.84
Inlet Temperature [degrees F: 127.24 95.54
Outlet Temperature [degrees F]: 115.00 114.12
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00159
Operating Pressure [psig]: 110.00 60.00
Heat Transfer Coeff [Btu/hr/sqft/F]: 1301.61 848.94
Pressure Drop [psi]: 3.06 3.24
Velocity [ft/sec]: 4.80

Reynolds Number: 46461 14520
Total Heat Duty: 41,493,912 Btu/hr

Log Mean Temperature Difference: 16.08 F

Overall Heat Transfer Coefficient: 257.95 Btu/hr/sqft/F
Corrected LMTD: 16.08 F

Effective Surface Area per Shell: 10002.93 sq ft
Reference Temperature [F]: 121.120 104.830
Density [Ibm/cu.ft]: 61.717 61.946
Specific Heat Capacity [Btu/lbm F1: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.372 0.365
Absolute Viscosity [cP]: 0.549 0.646

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Name: WTFRDCCW.EQP
Unit Name: CCMHX0001A&B ‘
Unit Description: CCW Heat Exchangers

This report was created Tuesday, November 08, 2005 at 7:28:06 AM
e PERFORMANCE PREDICTION MODE RESULTS *****

CASE ID: Met93

DATE: 11-08-05

PROCEDURE: EC-M95-008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 Ibm/hr}: 3396.78 2237.68
Volume Flow Rate [gpm]: 6873.01 4497 .41
Inlet Temperature [degrees FJ: 126.13 97.31
Outlet Temperature [degrees FI: 115.00 114.21
Fouling Factor {1/Btu/hr/sqft/F]: 0.00000 0.00159
Operating Pressure [psig]: 110.00 60.00
Heat Transfer Coeff [Btu/hr/sqft/F]: 1298.94 850.49
Pressure Drop [psil: 3.06 3.24
Velocity [ft/sec]: 4.80

Reynolds Number: 46216 14662
Total Heat Duty: 37,726,460 Btu/hr

Log Mean Temperature Difference: 14.62 F

Overall Heat Transfer Coefficient: 257.98 Btu/hr/sqft/F
Corrected LMTD: 14.62 F

Effective Surface Area per Shell: 10002.93 sq ft
Reference Temperature [F]: 120.565 105.755
Density [Ibm/cu.ft]: 61.726 61.934
Specific Heat Capacity [Btu/lbm FI: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.372- 0.366
Absolute Viscosity [cP]: 0.552 0.640

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.
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Recirculation Effect on Dry & wet Cooling Towers

During development of the ultimate heat sink design basis, 1.9°F was added to
the drybulb temperature and 1.0°F was added to the wetbulb temperature to
account for interaction- (recirculation) between the dry cooling tower / wet
cooling tower and their surroundings. This attachment serves to show that
these values are reasonable and conservative.

Recirculation Effect on Dry Cooling Tower

PEIR OM-111 (pages 3 through 7 of this attachment) provides drybulb and
wetbulb temperatures recorded at the dry and wet cooling towers against the
outdoor ambient temperatures recorded at the Met Tower. The PEIR records
drybulb and wetbulb temperatures at 6 different locations near the dry and wet
cooling towers for 5 consecutive days in June 1996. Readings were taken once
per day for various fans operating and not operating. Since this discussion
involves recirculation with fans operating, only the data with fans operating is
relevant. Thirty drybulb and wetbulb temperatures were recorded.

The drybulb temperature results show that 26 drybulb temperature readings or
86.7% of the total (=26/30x100) were either equal to or less than the
temperatures recorded at the Met Tower. Since the temperatures recorded at
the dry and wet cooling towers are less than or equal to the ambient
temperature, no effects of recirculation (warm air discharging from the cooling
towers that makes its way into the suction of the cooling towers) are present.
Three readings or 10% of the 30 total readings were 1°F over the temperature
recorded at the Met Tower. Note that these are still less than the drybulb
temperature value of 1.9°F. The highest reading over the ambient temperature,
2°F, was only recorded once or 3.3% of the 30 total readings. This is within 1/10
of 1°F of the drybulb temperature value. Since this temperature is within 1/10 of
1°F and was only recorded once, the drybulb temperature value of 1.9°F is
considered an acceptable value.

Recirculation Effect on Wet Cooling Tower

The wetbulb temperature results show that 22 wetbulb temperature readings or
73.3% (=22/30x100) were either equal to or less than the temperatures recorded
at the Met Tower. Thus showing no effects of recirculation. Six readings or 20%
were 1°F over the temperature recorded at the Met tower. Since the wetbulb
temperature recirculation value is 1°F, 93.3% (=73.3%+20%) of the readings are
equal to or less than the wetbulb temperature parameter of 1°F. The highest
reading, 2°F over the ambient temperature recorded at the Met Tower, was
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recorded twice or 6.7% of the total readings. The highest recorded value is
within 1°F of the wet bulb value. Since the highest recorded reading is within
1°F of the wetbulb value and was recorded only twice, the wetbulb value of 1.0°F
is considered reasonable.

A paper of the Cooling Tower Institute entitled “Recommended Recirculation
Allowances” (pages 8 and 9 of this attachment) describes how to determine
design wetbulb temperatures. The method is carried out below for the following
data from this calculation, EC-M95-008 Rev. 1:

ACCW accident flow rate 5350 gpm
ACCW temperature leaving wet cooling tower 89.3 °F
Design wetbulb temperature 78 °F
Calculated approach temperature (89.3-78) 11.3 °F
Wet cooling tower inlet temperature 111.0 °F

9
Wet cooling tower range 2249 °F

First, determine the design uncorrected recirculation value using the curve for
average maximum recirculation. At 5350 gpm, uncorrected recirculation value is
0.5°F. Second, correct for the actual approach and range. Conservatively take
the range-to be 30°F and the approach to be 12°F, then the correction factor is
1.49. Third, multiply the uncorrected recirculation value by the correction factor
to obtain the actual recirculation value which is 0.75°F (=0.5°F x 1.49). This
calculated value is within the wetbulb temperature of 1°F. As a result, the use of
the 1°F wetbulb temperature is considered acceptable value.

Conclusion

The present values of 1.9°F for the drybulb temperature and 1.0°F for the
wetbulb temperature are reasonable and acceptable.
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temperatures be taken and what type of instrument should be used.
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PEIR NO.: oM-111 !

PAGE 1 oF 3

PEIR CONTINUATION SHEET
[__] PROBLEM/REQUEST CONT'D. [X] RESPONSE CONT'D

.  STATEMENT OF PROBLEM/INFORMATION REQUEST

Are dry and wet bulb temperatures as read from the met tower sufficient to use in
determining UHS fan requirements? If not, where should the temperatures be taken
and what type of instrument should be used?

. RESULTS AND CONCLUSIONS

Measuring temperatures in the Dry Cooling Tower (DCT) and Wet Cooling Tower
(WCT) areas will not provide reliable readings to use for Technical Specification
compliance. The Met tower will provide the average temperature of ambient air that
would be seen entering the UHS during design accident conditions. Also, temperatures
recorded at the Met tower are not affected by the configuration the UHS fans may be
operating in during normal operations. Therefore, ambient temperatures recorded at
the Met tower should be used for Technical Specification compliance. .

il. REFERENCES

CR# 96-0975

Calculation EC-M95-008; Ultimate Heat Sink Design Basis

Cailculation EC-M95-009; UHS Fan Requirements Under Various Ambient Conditions
Calculation MN(Q)-9-52; UHS Performance

FSAR Section 9.2.5; Ultimate Heat Sink

FSAR Table 2.3-2(a);, UHS Meteorological Design Parameters

Technical Specification 3/4.7.4 Ultimate Heat Sink

W3-DBD-004: Component Cooling Water Auxiliary Component Cooling Water

IV. ASSUMPTIONS

None:

W5.602, Rev. D Attachment II (Page 2 of 2)
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PAGE 2 OF 3

PEIR CONTINUATION SHEET
(] PROBLEM/REQUEST CONT'D. [X] RESPONSE CONT'D

V. DISCUSSIONS/DETAILS

Background

The design basis of the UHS uses the most limiting coincident ambient conditions of
102 °Fy, / 78 °F, and 98 °Fgy, / 83 °F,, These temperatures were obtained from
readings taken over a 30 year time pericd at the New Orleans airport. During
development of the UHS design basis, 1.0 °F was added to the wet bulb and 1.9 °F was
added to the dry bulb, to account for interaction (recirculation) between the WCT / DCT
and their surroundings. These temperatures were used to establish UHS capacity, and
are assumed to bound various combinations of ambient conditions that may exist over
the plants operational life. Technical Specification table 3.7-3 was developed to
maintain the design basis UHS capacity with various combinations of WCT and DCT
fans out of service. On June 26, 1996 CR# 96-0975 was written when temperature
readings taken in the DCT area indicated 95 °F dry bulb, and temperatures taken in the
WCT area indicated 84 °F wet bulb.

Evaluation

The UHS is designed for DBA heat loads, and assumes all fans, required by Technical
Specification table 3.7-3 to be operable, are running in fast speed. During normal
operations plant heat load is much lower than DBA loads, and the number of UHS fans
running depends on current ambient conditions. This can create various configurations
of UHS fans actually running. Each one of these configurations alters the environment
surrounding the UHS in a different way, and causes local temperature readings to vary
depending on the location they are taken and what fans are operating. This effect is
illustrated in attachment 1. Temperatures recorded on attachment 1 were taken on five
different days, at various locations, and with DCTMWCT fans operating in different
configurations.

Measuring temperatures in the DCT and WCT areas will not provide reliable readings to
use for Technical Specification compliance. The Met tower will provide the average
temperature of ambient air that would be seen entering the UHS during design accident
conditions. Also, temperatures recorded at the Met tower are not affected by the
configuration the UHS fans may be operating in during normal operations. Any slight
variation between temperatures recorded at the Met tower and at the inlet to the UHS,
are either captured by the. recirculation effect considered in the UHS design basis or
within existing UHS margins.

W5.602, Rev. 0 Attachment II (Page 2 of 2)
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PEIR CONTINUATION SHEET
[] PROBLEM/REQUEST CONT'D. RESPONSE CONT'D

VI. FAILURE MODE AND EFFECTS ANALYSIS

Not Required

VIl. NUCLEAR SAFETY SIGNIFICANCE

None

VIIl. RECOMMENDATIONS/FURTHER ACTIONS

Design Engineering recommends that Operations use the Met tower to record ambient
temperatures for Technical Specification Compliance. The Met tower will currently
provide a one hour average dry bulb temperature shown on PMC point C48558. By
September 30, 1996 the Met tower will be able to provide a 1 hour average wet bulb
shown on PMC point C48560. '

IX. ATTACHMENTS

1.0 UHS Ambient Temperatures

W5.602, Rev. 0 Attachment II (Page 2 of 2}
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CoorLine TOWER INSTITUTE

RECOMMENDED RECIRCULATION ALLOWANCES

Supplementing the texe of the CTI Techuical Sub-Committes #2 repnrt an
the study of “Recirculation™ {CTT Bullctin PFM-110).

Reeircularion in water-coaling tewers
has beon delined ns “an sdulteration ni
the atmozphere entering the tower by a
pertion of the atmosphers leaving the
tawar.” This sdulteration by the exhaust
air yaisey the wet bulb temperazurs of the

satering oir abnve thot of the ambient airy-

reducing the rewer over-all performance,

In 1938 the Caaling Tower Inciitute
publishied its Bulletin PFM-110 eatitled
“Reeirrulation” which gresented the re
sults of a seven year study ef the reclreu-
latien characicristics of counterfow and
crossflow mechanical draft water-coaling
aowers.

= The rasalis of the work iadicrted that
circulation was predominantly o fanz.
a1 of tower length, Attempts to include
other variables such as fame height,
stuck beight, tower width, exit velocity
or inlgt velocity did not ruveal any tiuné
in influencing the recirculation or im-
prove the cotrelation. The equation puh.
liched, in which wmaximum recirculation
is given 05 3 function of tower length
only, reprasents the cxperimental dota
sdequutely {or both counterfinw and
crossfluw induced drait towers.*

Mnzimum recizculetion, like maximum
wet buld tomperatate, ocenes saly a por.
tion of the time and to design u lower for
such maximuw conditions is not gener.
ally sconomically justified. Further,
preper aricnrarion of the tower with pre
vailing winds ean usually be counted
upon tn reduce the incidence of maximum
recicculaticn ainee prevailing winds and
Uigh wer huld cemperateres froquently
aceur simultaneously, A review of the
date publizhed indicates the average re-

‘or those Lueressed in the subjrer, & com-
Pleie diseussion of the duca {s preiented in
CT1 Bullesia PFALED. An dppendix contain.
ing &l suovnary shrett and peetiaens ata is
alza avadallc,

cireulation ta be apgroximately 60 per
cant of the maximwn for the towery ine
cluded in the study. 'Ihis allowance is
ndeguate for most agerating conditions
and is recommended by the Cooling
Towor Inttitute in sclaering or desipming
counterflow ar crossfiow induced dralt
canlicg towers,

With the publieation of relisble reeir.
culation datu it ic now possibic for the
purehnter to epeaify a design inlat wet
hulb temperature cimply hy adding to
the apprapriste ambient wet hulb tem
pecature the veconunended recirculation
allawance in dagrees F for the specified
conditions of parfermance.

Thie epecifestion of & design inlet wer
bulb temperaturn corrected for resiren-
lation, in liew of an ambicnt wet bulb
teruperature, provides an adegquate recir
enlation allowsnes und further makes
pussible performance testing swithout
shutting down adjarent eonling towera oz
cells hreatse of their effect on the inlat
wes belh temperature of the tower or cell
being tested,

The cueves plotted on the reverse of
this shest show wet bulb temperniurs cor-
rection for maximum recireslation and
recommended reciveulation allowances,
based on 80 per cent of maximum, for
water fows up te 100,000 gpm. A tahls
of vorrection factors for various yunges
aud approazhes i else proentcd.

IIOW 10 SELECT DESICN INLET
WET BULD TEMPERATURE

The design inler wee bulb temperature
is obtaincd by adding a recicculation al.
lowanee expressed in deg. I, to the am-
hient wet bulb temperaturs selected for
the ares in whick the cauling tower will
be located,

Example 1. Belect a design inlet wat
buld tempersture for o lower required to
cool 40,000 gpm from 112 F 20 82 F
whan the area an:bieat wet bulb emper.
ature is 73 F, From the curve, the cecorn.
mended recireulation allawanee at 40,000
gpmis L2 ¥, Fram the Correetion Factor
Tubls, the carvestion factar for & range
of 30 F and an azproach of 7 I is L35
The recemmended recirenlation' allow.
ance will he L2 F X 1.253 = 1.5 F. The
design Inlet wet hulb temperature is
75 F 4 L3 F wm 76,3 F. The tawer should
Be specified and designed to cool 40,000
spm from (14 F 15 82 F at a degion in-
let wet bulb temperaturs of 76.5 F.

Pxample 2, Assume chove tower has
been iastalled and 2 10,000 cpm extuns
sion {2 dezired. The recirenlation allaw-
ance for the exteasion should be hased
on the combinsd water fow of 50,000
gpm At the speciiied runge cod approach.
In thiz case the recircalztion allowsnen
will he 137 F X 1.25 m= 1.7 F, The ex-
teasion should then be specified and de-
zizned to cool 10,000 gpm from 112 F ey
82 F et a desizn inlet wat bulb rempera.
tors of 76,7 ¥.

If the design caolinr rasge and up-
proach far the tower extension differ
fram the ariginal instaifation, then the
cooling range and approuch which pro-
duce the higher recirealation allowance
shauid be nsad,

Seleetion of an inie: wet huld tempera.
ture for & tower ar tower extenaion tu the
vicinity of ather cooling towers zhould
ke made in the suae munces os given e
Framples 1 and 2 abave, However, the
ambient wet buib temperature upen
which the inle: wet dulb temperature is
to ¢ hazed should be seleeted to provide
far tne effect of awiphborinz copling
towrss on the site chosen.
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RECOMMENDED RECIRCULATION ALLOWANCES

Fan Cd"INTERFI OW AND CROSSFLOW INJUCED DRAFT COQLING TOWCERS
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WATER FLOW, IN 1000 &M
CORRECTION FACTORS
NOTE: Racierulotion allowanuas Appraseh ’ -
2hawa In Qurve shava oro hacad to Aivuisnt . Ranqs. " P
wn a 20 F cudling ranqe and « WY, 9F 5 16 15 20 25 35 40 A5 50
10 F approgch 1o ony war bulb 5 0.29 047 0464 000 0.9/ 36 147 183 180
tompmarurs, Roclreulation allaw- 5 031 049 048 085 103 137 18 73 1o
ances for wther perfarmence eans 7 . 042 051 071 089 YL.0B 146 141 183 .0
dittens ton be obtainad by mewns 3 0.35 053 074 053 1.12- ‘.ED 1,?0 1.91 2.30
of the Carractian Factars shown 4 037 055 078 097 114 1.56 1.7/ 1.97 2.1¢
ot right, For further instuctions 10 0.3 @57 078 100 170 147 183 204 235
oo roversa af this ahuaset, W 0.41 0537 0 104 1.24 1.4 188 2909 2.3%
¥ 0431 0AY 084 107 127 126 192 213 234
13 048 043 086 1,30 128 1.74 196 217 240
i 045 ¢465 QBB 1.3 133 1,77 19¢ 221 244
15 0.47 047 090 135 136 157 150 207 223 2.47
0h 049 049 093 138 1av tet 1.4l 206 229 2.52
17 051 073 095 1.20 Y42 1464 188 210 233 247
13 082 077 097 1.22 144 16R 189 213 237 2.4%
13 05) 074 0,39 1.24 V46 168 192 115 246G 2564
N 054 Q75 100 126 148 170 195 259 .4 247
2 0.5 DJ7 102 123 150 171 198 222 245 270
2 056 079 .04 130 152 176 200 225 249 2.73
21 C.57 €80 105 1.3% 155 /8 207 227 282 uPb
4 0.58 081 1.06 137 156 18C 2.04 229 254 2,79
23 D.5A 082 107 133 1,57 1.8z 206 231 2.8% 281 i
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CALCULATION | EC# 8465 @page 1 0of 42
COVER PAGE
(3) Design Basis Calc. XJYES  [[INO | (4 [_] CALCULATION X EC Markup
B Calculation No: ECM95-008 ) Revision: 3
7 Title: Ultimate Heat Sink Design Basis ® Editorial:
[J YES XINO

® system(s): ACC, CC

19 Review Org (Department):

(1 safety Class:

12 component/Equipment/Structure

Type/Number:
X Safety / Quality Related CC MPMPOOTA ACCMPMPO001A
[[] Augmented Quality Program
[[] Non-Safety Related CC MPMP001-AB ACCMPMP0001B
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CC MTWRO0001A

Responsible Engineer
™M Reviewer
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(*® Name/Signature/Date (1) Namelw " Name/gignature/Dat
Ree L5 | e
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ATTACHMENT 8.3 CALCULATION REFERENCE SHEET
Sheet 1 0of 3

CALCULATION CALCULATION NO: ECM95-008
REFERENCE SHEET REVISION: 3
. EC Markups Incorporated (N/A to NP calculations)

1. None
2.

Il. Relationships: Input Tracking
Doc No.
R1. MN(Q)9:52, Ultimate Heat X
Sink Performance
R2. MN(Q)9-3, Ultimate Heat
Sink Study
R3. 8C2-5Y, Chiliers Heat
Rejections
R8. ECS-05-013, UHS
Containment Heat Loads
R10. MN(Q)9-65, CCW EC-8465
Temperature Evaluation.
R22. ECM35-009, Ultimate EC-8465
Heat Sink Fan
Requirements

lll. CROSS REFERENCES:

1. None.
2.
3

IV. SOFTWARE USED:

Title: STER

Version/Release: Version 5.04 by Holtec, W3 Software Mangal 460000024 Vol.
Title: Microsoft Excel Version/Release: 2002

Disk/CD No. N/A 1

V. DISK/CDS INCLUDED:

Title: N/A Version/Release: Disk/CD No.

VI. OTHER CHANGES: None
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ATTACHMENT 9.4 RECORD OF REVISION

Sheet 1 of 1

_Revision’

RecordofRewsuon

Initial issue.

Determine equivalent meteorological conditions that UHS can reject the
design basis heat load.

CR 970777 documented that the containment heat loads for the UHS did not
contain certain conservative assumptions. The purpose of this calculation
change is to revise the UHS design bases requirements corresponding to
maximum containment heat load rate determined by calculation MN(Q)93.

This is a complete rewrite; therefore no revision bars are used.

Provides justification for use of hot air recirculation values and adds
computation of the ACCW System design temperature in response to the
recommended dispositions of Design Basis Review Open ltems:
OICCW286Cand OICCW297C. Adds Keywords to Section 3. Replaces
Reference 3.3 and removes references to the FSAR. Corrects typographical
errors. This is a complete rewrite; therefore no revision bars are used.

Modified UHS Design Basis as a result of Total Heat Duty input changes at
3716 MWt. A methodology change was made in section 5.4 to ensure Tech
Spec 3/4.7.4 compliance. Calculation and Attachment changes have been
made accordingly. Added page 2 of 2 to Attachment 7.3 to include the
regression analysis for the DCT. This analysis was referenced in section
6.1.1 of the calculation. Section 6.6.4 was added to address Met tower
conditions from Calculation ECM03007 (Ref. R22).

The basis for the heat load from emergency diesel generators and the
LPSI/HPSI/CS pumps in circular. Calculation ECM95-008 references
calculation MNQ9-3 for this heat load and MNQ9-3 references ECM95-008 for
the same heat load. ECM95-008 now references Calculation MNQS-65 which
develops the basis for these heat loads.

Added Assumption 4.7 to clarify that containment heat loads were determined
assuming 112°F CCW temperature (ECS01-005).

This revision incorporated all outstanding changes and DRNs. ECS05-013
was changed to the new input for containment heat loading and all
calculations were revised accordingly. CR-WF3-2005-0230 documented that
the CCW flows used in the calc did not bound the As-Built flows determined
during flow testing. The CCW accident flow has been increased to a

bounding

EN-DC-126 REV 2



Corrected trasposition errors in para5.3 and 5.4, math operator in
paragraph 6.3.1, and copy and paste error in Attachment 7.1, identified on
CR-WF3-2007-1420. The errors did not affect the results of the calculation.

Therefore, this is an administrative change only.

EC-8465

This EC Markup addresses the impact of Replacement Steam Generators
(RSGs) on this calculation. Changes are incorporated on pages 1 - 3, 11- 22,
Attachment 7.2: 4 — 6, Attachment7.3: 1 -7, Attachment 7.4; 2.

'EN-DC-126 REV 2
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1.0 PURPOSE

1.1 The purpose of this calculation is to determine the Ultimate Heat Sink design
basis under LOCA conditions using the worst combination meteorological design
parameters.

1.2 This calculation also determines the ACCW System design temperature.
R R e e e o i

L2 Tnis calawlation slso accoonts Loy the
impact of Replacement Sream Genevators
(RSGs) on Yhe ceslts oF s amdd y SIS,

aAH

P N N N O, N P, WP, W, S

EC-8465
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2.0 CONCLUSION

2.1 The UHS is capable of dissipating the LOCA heat duty requirements for both

2.2

2.3

worst combination meteorological design parameters, 102F 4/78F wp and
98F /83F wp. The 102F 4/78F w1 meteorological condition would allow less
fouling in the CCW heat exchanger in order to maintain a CCW outlet
temperature of 115F, therefore is chosen as the UHS design point. The design
conditions for the UHS are given below.

Dry Bulb Temperature (Tqp)
Wet Bulb Temperature (Ty)
DCT CCW Inlet Temperature
DCT CCW Outlet/CCWHXx Inlet Temp.
DCT Heat Duty

WCT ACCW Outlet/CCWHX Inlet Temp.
CCWHx CCW Outlet Temperature
CCWHx ACCW Outlet Temperature
CCWHXx Allowable Fouling Factor m
CCWHXx Heat Duty

WCT ACCW Inlet Temperature ’
WCT Heat Duty

WCT Cooling Range

*As discussed in section 5.4, these values are calculated using an ACCW inlet
temperature to the CCWHx of 89.3°F in order to maintain the Tech. Spec.
maximum ACCW temperature of 89°F.

As discussed in section 6.6.4, the meteorological condition of 91.3°F4,/84.9°F.,
from Reference R11 is not more limiting than 102°F 4,/78°F,;, case above.

Using the limiting historical meteorological parameter, 102F /78F wp, a
relationship (See Attachment 7.3) was developed to provide equivalent dry bulb
temperature/corresponding wet bulb temperature required to maintain overall
UHS design heat duty capacity. The linear relationship demonstrates that for a
dry bulb temperature increase/decrease of 1.0°F, the corresponding wet bulb
temperature can decrease/increase approximately 1.7°F and maintain the UHS
design heat duty capacity. The relationship also demonstrates the UHS can
dissipate its design heat load for any dry bulb temperature below 93°F,
regardless of wet bulb temperature, since wet bulb temperature can not exceed
dry bulb temperature.

ACCW System design temperature is 125°F.

EC-8465
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3.0 INPUT CRITERIA

Containment Heat Du 5&x 10° BTU/hr (Ref. R8)
Essential Chiller Heat Duty ~ =5.1 X 10° BTU/hr

————_ (Ref.R3)

Auxiliary Heat Duty 10.0 x 10° BTU/hr (Ref. R10)

3.1 Peak UHS Heat Duty %uirement

Total Heat Duty =_—4#3-+x 10° BTU/hr
CCWS Heat Duty= 8-6% 10° BTU/hr

Notes: 1. LCon

EC-8465

5244 -aivoR-iA-Ref R
nclud Generator and HPSI, LPSI and Containment Spray
RUMpS P U, NP7 L, N NS SSEID Ny e
3.2 Maximum One Hour Ambient Conditions
Drybulb Temperature
Ref. C1 contains a table which shows the maximum drybulb and concurrent
wetbulb for the New Orleans area is 102 and 77F respectively. One degree is

added to the wetbulb temperature for conservatism bringing the maximum 1
hour drybulb/corresponding wetbulb temperatures to 102/78F.

Wetbulb Temperature
Ref. C1 discusses that 83F is the maximum wetbulb temperature of record at

Moisant Field for the period between 1946 and 1977. The reference discusses
that 83F is an acceptable design value and satisfies the requirements of Reg.
Guide 1.27. A table attached to the reference provides maximum wetbulb and
corresponding drybulb temperatures however, 83F is not an entry in the table.
An entry is provided for 83F in the table for maximum drybulb and
corresponding wetbulb temperatures. Based on this evaluation, at 83F
wetbulb temperature, the corresponding drybulb temperature is 98F.

The site Met Tower data was evaluated in calculation Reference R11 over a
period from 1997 to 2001. This review indicates that the maximum one hour
wetbulb temperature exceeded 83F at 84.9F with an associated drybulb
temperature of 91.27F. This calculation will determine if the 84.9F ,,,/91.3F &
met condition is more limiting for the highest T, and coincident T4, case.

3.3 Maintain a CCW outlet temperature of 115F to the plant auxiliaries.  (Ref. R4)
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6.2 Dry Cooling Tower Performance
6.2.1 DCT Performance at Ty, = 102F

Determine DCT inlet temperature

Q= mcp(Tin = -EUl) or Tin = (Q/mcp) + TOUt

where ' :
Tin = DCY/Inlet Temperature (F
Q =4680x 10° BTU/Mr (less Chiller Heat Duty) (Input 3.12
m =6900 gpm x 60 min/hr / 0.016293 ft*/lby, / 7.4805 gal/ft

3.39678 x 10° lbw/hr

Tot = 115F @ CCW Heat Exchanger

C, =0.998 BTU/lbm- F
58:0-x 10°% (3.39678 x 10° * 0.998)) + 115

140.24 4
The CCW,, temperature at the DCT can be calculated using the
conservation of energy where:

QDCT = mcp(TIn - -Eut)
This heat balance will be performed to calculate the DCT T, temperature at

DCT performance curve inlet CCW flows of 6500 gpm and 7500 gpm and
then interpolated at the CCW accident design flow of 6900 gpm. '

Qesoogem = 44" Tou - (354 + 4.4(T - 80)) =mg(Tn- Tu)  (Sec. 6.1.1)

where:
Qescc = Heat Transferred @ CCW Flow of 6500 gpm
Tt = CCW,y, temperature

Tab =103.9F (adding 1.9F for Recirculation) (Input. 3.2, 3.73

m = 6500 gpm x 60 min/hr / 0.016293 ft*/lbm / 7.4805 gal/ft
= 3.200 x 10° Ibm/hr

Cp =0.998 BTU/Ib, - F

={6456F
166. T
Solving for Tqy yields
4.4"Ton + mCpTou = (354 + 4.4(Tg, - 80)) + mgT,

4.4%T o + (3.200)(0.998) o, = 354 + 4.4(103.9- 80) +

3.200)(0.998)*164-66
Tout = 1 'béobg’

—

EC-8465
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Calculating Heat Transferred:

Qes00 = MCp(Tin = Tut)
Qeso0 = (3.200)(0.998)&64-58
= x 10° BT

Performing Heat Balance at a CCW Flow Rate of 7500 gpm:

Qrs00gpm = 4.0"Tou - (320 + 4.0(Tp - 80)) = mg(Tin - Tur)

where:
Q500 = Heat Transferred @ CCW Flow of 7500 gpm
T = CCW,, Temperature
Tav = 103.9F (adding 1.9F for Recirculation)
m

3.692 x 10%1b,,/hr
Co =0.998 BTU/lb,, - F
Tin =)F64-56}

Solving for T yields:

4.0*Tout + MCyTouw = (320 + 4.0(Typ - 80)) + mgTin
4.0*Tou + (3.692)(0. 998)Tout = 320 +4.0(103.9- 80) +

3,692 0998“'
3892 )

Calculating Heat Transferred:
Q7500 = MCp(Tin - Tur) \bb.bz
Q7500 =,(3.69 2 (0.998) 594

Q7500 = 106 BTUHr

By linear interpolation, the DCT heat duty @ 6900 gpm is:

QGQOO gpm = QBSOO gpm + MO* (07500 apm™ QSOO gpm)

- Calculating CCW,,; Temperature:

m = 3.39678 x 10%Ib,/hr

Cp = 0.998 BTU/lby, - F
‘éé:ég ot = Tin - (le
Tout = 464:56 - ((133-38/3-39678/8-958)

out —

Tout =

(Sec. 6.1.1)

(Input 3.2, 3.7)

7500 gpm x 60 min/hr / 0.016293 ft* / Ibm / 7.4805 gal/ft®

EC-8465

EC-8465

EC-8465
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6.2.2 DCT Performance at Ty, = 98F

The method of analysis for the DCT performance at a dry bulb temperature of
98F is identical to the analysis given 6.2.1.

Qés00 gom = 4.4"Tout - (354 + 4.4(Th, - 80)) = mG(Tin - Tuwr) (Sec. 6.1.1)

where: ‘
Qeseo = Heat Transferred @ CCW Flow of 6500 gpm
Tot = CCWoy Temperature

Tao = 99.9F (adding 1.9F for Recirculation) (Input 3.2, 3.7)
m = 3.200 Ib/hr (x 10°) (6500 gpm)

c =0.998 BTU/lb, - F

Tl?n AP "

Solving for To. yields

4.4"Tou + MCpToun = (354 + 4.4(Ty, - 80)) + mgTin .
4.4 T 5 £(3.200)(0.998)Tow = 354 + 4.4(99.9- 80) + (3.200)(0.998) 1;6:;52"

aeiix

Calculating Heat Transferred:

Qesa0 = MCp(Tin - Tuw) \e6. 6%
Qasoo = (3.200)(0.998)(¢64-56
Qesoo &% 10° BTU/Hr
\&Q.'l_?a
Performing Heat Balance at a CCW Flow Rate of 7500 gpm:
Q7500 gpm = 4.0 Tou - (320 + 4.0(T - 80)) = mg(Tin - Tw) | (Sec. 6.1.1)
where:

Qrso0 = Heat Transferred @ CCW Flow of 7500 gpm
Tat = CCW,, Temperature

Ta = 99.9F (adding 1.9F for Recirculation) (Input 3.2, 3.7)
m = 3.692 Ib/hr (x 10°%) (7500 gpm)
Cp = 0,998 BTU/lb,, - F

\G6.65
Solving for T Yields:

in

4.0*Ton + MCpTout = (320 + 4.0(Ty, - 80)) + mgTin
4.0"T,u + (3.692)(0.998) T oy 0 + 4.0(99.9- 80) +

EC-8465

EC-8465
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Calculating Heat Trangfe
Q500 = MCo(Tin - Tut)
Qrso0 = (3692 (0998 A-5R)
Qrso0 =(+24-62\x 10° BTU/F

V%2.08

4

o

s

9P
EC-8465

By linear interpolation, the DCT heat duty @ 6900 gpm is:

Q6900 gom = Qe500 gpm + 6900- 6500 * (Q7500 gpm- Qs00 gom)

7500- 6 00 10
\ .13 3
Qosoo gom =HEB-8I10° + (0.4)([(24-627 1o6 S
Qeg00 gom = . 10° BTU/Hr |
Calculating CCW,,; Temperature:
m = 3.39678 x 10° Ibm/hr
0.998 BTU/Iby, - S
@b Tou (leG) 3
@\w?s 3.39678/0.998) S
Tou = 1343 B
|a‘185
6.3 Wet Cooling Tower Performance
6.3.1 WCT Performance at T, = 78F and T 4, = 102F
Determine WCT Heat Duty ©
Quct = Total Heat Duty- DCT Heat D|SS|pated @ Tw of 102F. ©
Quor= 45310 x 10° - 1+43:38 10° (Input 3.1, Sec. 6.2.1) || @
Quet — 10° BTU/Hr o
Determine WCT Cooling Range
Quet = MC(AT) or AT = Que/mc,
where
AT = Cooling Range (F)
m = 5350 gpm / 0.01613 ft*/lby, / 7.4805 gal/ft® x 60 min/hr
=2.660 x 10° Iby/hr
Cp =0.998 BTU/Ib,, - F
6234‘ 6 6 [Te]
. 10°/ 2.660 x 10 /0.998 ©
(o0
Using a 2249F WCT Cooling range andincreasing T v, by 1.0F to account ﬁ_,’

for recirculation, the ACCW outlet temperature can be calculated. (Input 3.7)
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ACCWou = (0.675- 0.0139{2249.£ 21.6))*79 +(34.125 + 1 412' 21.6))
ACCWoy = gfﬁ (Sec. 6.1.2)
perT ooy
ACCWau = (0.620.0046382:45 21.6))'79 +(42.00 + 0.5787(@2481 21.6))
ACCW, o, =8 (Sec 6.1.2)

By linear interpolation the WCT heat duty @ 5350 gpm is:

ACCWM 5350- 5000*48
.I\ 5750- 5000
ACCW,, =488-60
‘38351
ACCW,, is less than 89.0F, therefore:

ACCWoy = 89.3F (for CCWHXx analysis) (Sec. 5.4) -

WCT inlet Temperature

WCTin = 89.3F =

6.3.2 WCT Performance at T, = 83F and T 4, = 98F

Determine WCT Heat Duty
(180.2)
Quct = TotgVHeat Duty- DCJHeat Dissipated @ T, of 98F.
Quet =4F3-4x 10° - 420-89-x 16 (Input. 3.1, Sec. 6.2.2)
Quer 5229 10° BTU/Hr

Determine WCT Cooling Range
Quet = MC(AT) or AT = Qua/mc,

Where:
AT = Cooling Range (F)

m = 5350 gpm / 0.01613 ft%/lb,, / 7.4805 gal/ft® x 60 min/hr
= 2.660 x 10° Iby/hr
Cp =0.998 BTU/lb,, - F
AT =B Ix 10°%/ 2.660 x 10°/ 0.998

ao,88

EC-8465

EC-8465

EC-8465
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Using a 19.66F WCT Cooling range and increasing T ., by 1.0F to account
for recirculation, the ACCW outlet temperature can be calculated. (Input 3.7)

At 5000 gpm
ACCW, = (0.725 - 0.00463
(27,125 + 0.648(§ (Sec. 6.1.2)
ACCWout q
At 5750 gpm
ACCW,,i = (0.775 - 0.01620449:86
24.125 + 1.655((9-681 (Sec. 6.1.2)

ACCW, = (04-83F

9212
By linear intg olatlon the WCT heat duty @ 5350 gpm is:
cow %'64 5350 5000
A out"'w - (0 3
5750- 5000

ACCW oy =

6.4 CCW Heat Exchanger Performance

6.4.1 CCWHx Performance at Ty, = 78F and T 4, = 102F

Determine CCWHx.Heat Duty
Qeewix = WCT g7 Chiller Heat Duty @ T, of 102F. (Sec. 6.3.1)

Qeewhx = x10° - 51x168 (Input 3.1)
Qccwix 10° BTU/Mr

As determined in Section 6.3.1, the WCTgwill return the ACCW flow back to
the WCT basins at a temperature of-88-66F in order to meet the Tech. Spec.
Maximum WCT Basin Temperature Limit, the maximum allowable CCW heat
exchanger fouling will be calculated using and ACCW inlet temperature of
89.3F. The maximum allowable fouling is determined for an ACCW inlet
temperature of 89.3F, because the maximum allowable fouling is minimized
at the higher ACCW inlet temperature.

Determine ACCW,: Temperature

Qcewrx = MCy(Tow = Tn) OF Towr = QeowndMCp + Tin

EC-8465

EC-8465
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where:
m = 4500 gpm / 7.4805 gal/ft3 / 0.01613 ft3/lbm * 60 min/hr
=2.238 x 10° Ib,/hr @ 89F
Cp =0.998 BTU/lby, - F
Tin (Sec. 6.3.1)
Tou
Toul .

Using STER Version 5.04, the following heat exchanger performance is
calculated for a CCW,. temperature of 115F. The printouts are provided in
Attachment 7.2

Fouling’

115.0 89.3

alculated by STER Version 5.04

Additionally, the ACCWout temperature will be calculated using the actual
WCT outlet temperature (i.e. CCW heat exchanger inlet temperature).

% ACCW,, temperature calculated in Section 6.3.1.
. Tn N ="'. l 8,13 (Sec. 6.3.1)
“ 8860

10°%/2.238 x 10°/0.998

Using STER Version 5.04, the following heat exchanger performance is
calculated for a CCW,,, temperature of 115F.

Fouling’
Factg

Calclilated by STER VE .

6.4.2 CCWHx Performance at Tuy = 83F and T 4, = 98F

Determine CCWHx Heat Duty
Qcowrx = WCRE Chiller Heat Duty @ T, of 98F.
Qeewix = B224x 10° - 5.1 x 16 (Sec. 6.3.2)

Qeewre =&4#x 10° BTU/Hr (Input 3.1)
50,33

EC-8465

EC-8465

EC-8465

EC-8465

EC-8465
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Determine ACCW.,.« Temperature

Qcewrx = MCy(Tou = Ta) OF Tout = Qcewrdmcy + Tin

where:
m = 4500 gpm / 7.4806 gal/ft® / 0.01613 ft>/lbm * 60 min/hr
=2.238 x 10° Ibw/hr
Cp =0.998 BTU/Ib,, - F

Tin = 94—.9&? (Sec. 6.3.2)
TOUt - im‘

{ 10°/2.238 x 10° / 0.998

Using STER Version 5.04, the following heat exchanger performance is
calculated for a CCW, temperature of 115F. The printouts are provided in
Attachment 7.2

Fouling’

EC-8465
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. 6.5 Ultimate Heat Sink Design Points

The worst case ambient condition for the UHS is a T, of 102F and a T Of
78F. This conclusion is based on the allowable fouling for the CCW heat
exchanger to maintain a CCW outlet temperature of 115F is less under these
ambient conditions. The design points for the UHS are given below.

Dry Bulb Temperature (Tg) - 102‘F (Input 3.2)
Wet Bulb Temperature (Tyb) - (Input 3.2)
DCT CCW Inlet Temperature - ASec. 6.2.1)
DCT CCW Outlet/CCWHx Inlet Temper, - 3?~ 0°FiSec. 6.2.1)
DCT Heat Duty - } BTU/Hr (Sec. 6.2.1)

WCT ACCW Outlet/ CCWHYXx Inlet Temperature - 89 3‘F* (Sec. 6.3.1)
CCWHXx CCW Outlet Temperature - (Input 3.3)
CCWHx ACCW Outlet Temperature -

CCWHx Allowable Fouling Factor W (Sec. 6.4.1)
CCWHx Heat Duty 4 Hr (Sec. 6.4.1)
WCT ACCW Inlet Temperature -4
WCT Heat Duty m .
WCT Cooling Range

SBTUMY (Sec. 6.3.1)

'. X
e

*As discussed in section 5.4, these values are calculated using an ACCW inlet
temperature to the CCWHx of 89.3°F in order to maintain the Tech. Spec.
maximum ACCW temperature of 89.0°F.

6.6 Maximum Ty at Various Tg, to Maintain Overall UHS Design Heat Duty Capacity.

The most limiting historical ambient condition for the UHS was determined to be
a Tqp of 102F and a T of 78F. This analysis will determine equivalent
meteorological conditions for the UHS to maintain its overall design heat duty
capacity using the limiting fouling factor determined in the previous sections for
the CCW heat exchanger.

6.6.1 DCT Performance at Ty, = 105F

The CCW,, temperature at the DCT can be calculated using the
conservation of energy where:

Qocr = MCp(Tin = Tut)

Heat capacity of the DCT at a CCW flow rate of 6500 gpm is calculated using
the equation:

EC-8465



% WATERFORD 3 DESIGN ECM95- 008 Rev. 3
ENGINEERING Page 20 of 24
o
ENTERQY
Qocr = 4.4"Tou - (354 +4.4(T - 80)) (Sec. 6.1.1)

Solving the two equations, the heat balance becomes at a CCW flow of 6500
gpm:

4 4*T o (354 + 4,4('5b _ 80)) = mG(Tin' -Eut)

where:
Tout = CCW, temperature
Tab = 106.9F (adding 1.9F for Recirculation) (Input 3.2, 3.7)
m = 3.200 Ib/hr (x 10°%) (6500 gpm)
Cp =0.998 BTUNb, - F
Tin = 56\ (Sec. 6.2.1)

10668

Solving for T, yields
4.4*Tout + chTout = (354 + 4-4(Tdb - 80)) + me
4.4*Tou + (3.200)(0.998) T = 354 + 4.4(106.9- 80) +

3.200)(0.998)F64-56"
B

Calculating Heat Transferred:

Qoer = MCy(Tin - Tuw) @%
Qocr = 3.200 (0.998) DA 13.1';;1‘

10° BTU/Hr

&

Heat capacity of the DCT at a CCW flow rate of 7500 gpm is calculated using
the equation:

Qocr = 4" Tou - (320 + 4(Tp - 80)) (Sec. 6.1.1)

Using the Conservation of Energy, the heat balance becomes at a CCW flow
of 7500 gpm:

4*Tou- (320 + 4(Tw - 80)) = MG(Tin~ Tut)

where:
Tout = CCWy temperature
Tav = 106.9F (adding 1.9F for Recirculation) (Input 3.2, 3.7)
m = 3.692 Iby/hr (x 10°%) (7500 gpm)

c = 0,998 BTU/lb,, - F
Tin = "”"’ (Sec. 6.2.1)

Solving for Toy yields
4*Tou + MCpTout = (320 + 4(T - 80)) + mgTin

EC-8465

EC-8465

EC-8465
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\6.63

Calculating Heat Transferred:

Qocr = mCy(Tin - Tuwt)
Qper = (3.69 (0.998)
Qocr =EAE-68% 10° BTU/HF

By linear interpolation, the DCT heat duty @ 6900 gpm is:

Qs300 gom = Qesag gpm + 8900~ 6500* (Q7500 gpm= Q500 gpm)

86%10° + (0.4)(E
0° BTU/Hr

QGQOO gpm =4t
QGQOO gpm =51

Calculating CCW,« Temperature:
m = 3.39678 x 10°Ibm/hr

cp = 0.998 BTU/Iby, - F
1= Tin- (Q/mg

£97-75)3.39678/0.998)

6.6.2 Reguired CCWHx Performance at Ty, = 105F

Determine CCWHXx Heagt Duty

0O
Qcewnx = Total- DCT - Chiller Heat Duty
Qeewre = 25 1Tx 10° - 4077 x 16- 5.1 x 16 (Input 3.1, Sec. 6.6.1)
Qcewix 10° BTU/Hr

Determine ACCW,,, Temperature
30,33

EC-8465 EC-8465 EC-8465

EC-8465

Using STER Version 5.04, an ACCW inlet temperature oR86-F°F/is required to
dissipate the above heat load. The printout is provided in Attachment 7.3
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6.6.3 Maximum T, for a Ty, of 105F

Determine ' “ at Duty W
Quct ¥ Total Heat Duty- DCTHeat Dissipated

Quet = 10° - 40775x 16 (Input 3.1, Sec. 6.6.2)
10° BTU/Hr

€ WCT Cooling Range

Qua = MCH(AT) or AT = Qua/mC,

where

AT = Cooling Range (F)

m = 2,660 x 10° Ib/hr (5350 gpm)
Cp =(0.998 BTU/Mb,, - F

AT\106 660 x106/0.998
ing a 24:63F WCT Cooling range and an ACCW outlet temperature of

-86:7°F¢ the maximum T, can be calculated.

AL
At 5000 gpm: m
~86-7°F\= (0.675 - 0.0139(4:645~ 21.6))* T +
3.2 (34.125 + 1.412(24-64. . (Sec. 6.1.2)
Solving for T,,, vields:
Tw = (76832°F
15,33
253
24647 21.6))" Ty +

= (0.6 - 0.00463
(42 + 0.5787 2460 21.6)) (Sec. 6.1.2)

Twp = 73-30°F

12,0\
By linear interpolation and subtracting 1°F to account for recirculation (and @
5350 gpm) yields: (Input 3.7)

5350- 5000((#8-80- 76-32)): 1.0
5750- 5000 6(3’0\_75'%3)

EC-8465

EC-8465
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—— J S ) RREAEE Ak A STER - ‘. 4 FERREEEERE

'~ PARAMETER

| Mass Flow Rate [1000 Ibm/hri: . 2237.68
\ Volume Flow Rate [gpm]: 58  4490.71
Mgt Temperature [degrees F]: .
mperature [degrees F]: .
i r [1/Btu/hr/sqft/F]: 0.00000
e [psigl: 0.00 .
Heat Transfer Coe /hr/sqft/F): 1302.72 838.20
Pressure Drop [psi): 3.07 3.24
i Velocity [ft/sec]: 4.80
i _Reynolds Number: 47325 14021
\e2

erature Difference: 2125 F
Overall Heat Tr
Corrected LMTD: 21.25F

10002.93 sq ft

123.085 101.535
61.979

EC-8465
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec international. All rights reserved.
is computer code is validated under Holtec International's QA program.
Flle Name: WTFRDCCW.EQP

Unit Name: CCMHX000 1 A&B
Unlt Description: CCW Heat Exchangers

This report was created Friday, October 23, 2009 at 12:28:43 PM

**# % PERFORMANCE TEST MODE RESULTS ****+

TEST ID: 102/78
DATE: 06-29-09

PROCEDURE: ECM95-008
CONVERGENCE TOLERANCE: 0.05 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [ 1000 lbm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6884.19 4490.71
Inlet Temperature [degrees F]: 132,06 89.30
Qutlet Temperature [degrees F]: 115.00 115.21

Fouling Factor [ 1/Btu/hr/sqft/F]: 0.00000 0.00133
Operating Pressure [psig}: 0.00 0.00

Heat Transfer Coeff [Bw/hr/sqft/F]: 1305.85 840.24
Pressure Drop [psi); 3.06 3.24

Velocity [ft/sec]: 4.81
Reynolds Number: 47536 14130
Total Heat Duty: 57,859,131 Bw/hr

Log Mean Temperature Difference:  20.96 F

Overalt Heat Transfer Coefficlent:  275.95 Bw/hr/saft/F
Corrected LMTD: 20.96

Effective Surface Area per Shell:  10002.93 sq ft

Reference Temperature [F]: 123.530 102.257

Density [Ibm/cu.ft]: 61.658 61.969

Specific Heat Capacity [Bmu/lbm F]: 0.999 0.998

Thermal Conductivity {Btushr ft F): 0.372 0,364

Absolute Viscosity [cP]): 0.536 0.664
WARNING 1: Central Baffie Spacing May Exceed TEMA Maximum.

\_/\_._,./’,/\\.,____‘,//\ //k'."x
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N Shell ard Tube Heat ExchangerRating Program
! Copyright 199 Holtec International. Allrights reserved. ;

§
H This computer code is valtdated under Holtec Internatjonal's QA program,

/" File Name: WTFRDCCW.EQP
Unit Name~GCMHX0001A&B
. CCW Heat Exchangers

Unit Descripti

This repo
wer PERRQRMANCE TEST MODE RE

ID: 102/78
DATENY- 07- 05
PROCEDURE: EC- M95- 008

Mass Flow Rate [1000 tbm/hk 3396.78 2237.

\ \[olume Flow Rate [gpm]: 6882.58 4490.15 <
IntJemperature [degrees F]: 131.11 88.60 Y
Outlet™Femperature [degrees F: 113.07 {
Fouling Fawtor [1/Btu/hr/sqft/F] .08Q00 0.00172
Operating Predsyre [psig]: 0.0 0.00
Heat Transfer CoefBtu/hr/sqft/F]: 1302.13 -
Pressure Drop [psi]: 3.07 Y
Velocity [ft/sec]: 4.80 !

47325 :

10002.93 sq ft

K 123.055  100.83
\ 61.666 61.988 %\
e 0.998 \

0.364 /

0.674 r//

WARNING 1: CentraMBaffle Spacing May Exceed TEMA Maximum. )
. '\V“-‘_.\ €

¢ N /\\

as created Monday, Novemb®r07, 2005 at 1:04:21 PM \
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec Intermnational's QA program.
File Name: WTFRDCCW.EQP

Unit Name: CCMHX0001 AatB
Unit Description: CCW Heat Exchangers

This report was created Friday, October 23, 2009 at 12:30:06 PM

* x4+ PERFORMANCE TEST MODE RESULTS *****

TEST ID: 102/78
DATE: 06-29-09

PROCEDURE: ECM95-008
CONVERGENCE TOLERANCE: 0.05 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [ 1000 [bm/hr): 3396,78 2237.68
Volume Fiow Rate [gpm]: 6884.39 4490.41
Inlet Temperature [degrees F]: 132.06 88.92
Outlet Temperature [degrees F]: 115.00 114,83

Fouling Factor [} /Bw/hr/sqft/F): 0.00000 0.00139
Operating Pressure [psig): 0.00 0.00

Heat Transfer Coeff [Btu/hr/sqft/F]: 1305.52 839.32
Pressure Drop [ixs!]: 3.07 3.24

Velocity [ft/sec 4.81
Reynolds Number: 47536 14073
Total Heat Duty: 57,858,860 Btu/hr

Log Mean Temperature Difference: 21.35F

Overall Heat Transfer Coefficient:  270.96 Btu/hr/sqft/F
Corrected LMTD: 21.35F

Effective Surface Area per Shell:  10002.93 sq ft

Reference Temperature [F}: 123.530 101.877
Density [Ibm/cu.f): $1.658 61.974
Specific Heat Capacity [Bw/Ibm F}: 0.999 0.998
Thermal Conductivity iBLu/hr ft F: 0.372 0.3J64
Absolute Viscosity [cP]; 0.536 0.666

WARNING }: Central Baffle Spacing May Exceed TEMA Maximum.

EC-8465



ECMO95- 008 Rev. 3
WATERFORD 3 DESIGN
g ENGINEERING Attachment 7.2
= Page 6 of 6
ENTEROY
———

Copyright 1995 by Holtec International. All rights\teserved.
QA program.

This computer code is validated under Holtec internationa

" File Name: WTFRDCCW.EQP
Unit Namey\CCMHX0001A&B
Unit Descripttan: CCW Heat Exchangers

This repogt was created Monday, Nove

et PERFORMANCE TEST MODE RESULTS *****

TEST ID: 98/83

DATE: 11- 07- 05
PROCEDURE: EC- M95- 008
CONVERGENCE TOLERANCE: 0.05

PARAME TUB ‘S\IDE SHELL SIDE
Mass Flow Rate {000 Ibm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm}: 6878.42

Inlet Temperature [degrees F: 128.90

Outlet Temperature [deg

s F]. 115.00
Fouling Factor [1/Btu/hr/sqft'K]:

0.00000
0.00 .
Hesg Transfer Coeff [Btu/hr/sqft/F): 1296.93 837.64

Presswe Drop [psi] 3.24
sec]
Reynolds Niygber: 14029

Total Heat Duty:
Log Mean Temperatu
Overall Heat Transfer C
orrected LMTD:

Effective Surface Area per Shelk

47,139,080
Difference: 2016 F
icient: 233.90 Btu/hr/sqft/F

20.15F
10002.93 sq ft

121.950 101.586
1.684 61.978
0.998
0.364
0.668

Referense Temperature [F):
Density [Ib\/cu.ft):

Specific Hea -
Thermal Conduchyity [Btu/hr ft F]:

er 07, 2005 at 1:05:17 PM

*
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec international's QA program.

File Name: WTFRDCCW.EQP Atachment 7 A

Unit Name: CCMHX000 1 A&B \)& 03(’ (7 (')1[ é
Unit Description: CCW Heat Exchangers

This report was created Friday, October 23, 2009 at 12:31:20 PM

**#+ %% PERFORMANCE TEST MODE RESULTS *#***

TEST ID: 98/83
DATE: 06-29-09

PROCEDURE: ECM95-008
CONVERGENCE TOLERANCE: 0.05 %

A
T, _,/\\\

EC-8465

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [ 1000 ibm/hr}: 3396.78 2237.68
Valume Flow Rate {gpm]: 6880.20 4492.39
Inlet Temperature [degrees F}: 129.85 91.36
Outlet Temperature [degrees F]: 115.00 113.92

Fouling Factor [ 1/Bw/hr/sqft/F]: 0.00000 0.00158
Operating Pressure [psig]: 0.00 0.00
Heat Transfer Coeff [Bwu/hr/sqft/F1: 3 ol 72'100.34 3.24 840.47

Pressure Drop [?sl]:

Velocity [ft/sec 4.

Reynolds Number: 47045 14188
Total Heat Duty: 50,362,221 Bw/hr

Log Mean Temperature Difference: 19.53F

Overall Heat Transfer Coefflclent:  257.75 Btu/hr/sqft/F
Corrected LMTD: 19.53F
Effective Surface Area per Shell:  10002.93 sq ft

Reference Temperature [F]: 122.425 102.638
Density {Ibm/cu.ft]: 61.676 61.964
Specific Heat Capacity {Bw/ibm F]: 0.998 0.998
hermal Conductivity [Btu/hr ft Fl: 0.372 0.364
Absolute Viscosity [¢P]: 0.542 0.661

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.

e
//"\ - e -""/\ -
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Page 1 of 7

Equivalent Meteorological Conditions for the Ultimate Heat Sink to Dissipate the Design Basis

Heat Load

'/W"'\vf'\/z/\/"

1 Y I I I I > ¢
NG Design Conditions:
\\ P 1) Heat Duty 173.1 x 108 BT
2) CCWout=115F J
N 3) AIDCT and WCT F{
- \Z{wbl 102Fdb I Operating
¥ 100 ] “te A
a N N LA
£ <
2
2 83Pb / 98Fdb AN
@ AT N
z‘ 95 - - \“ \‘.\
a | | Since the wet bulb tempsrature can not exceed dry bulb temp@xajure, N
the UHS can reject th€ design basis heat toad for any dry bulb \\
temperature belle® this point, regardless of wet bulb temperature. L g
P S —— — —
// 84.9Fwb/ 91.3Fdb \\
/ -
90 L L1ty
( /0 72 74 76 78 80 82 84 86 88 90 92 94\96\
Wet Bulb Temp. (F) N
AN

Note: The 102F 4 / 78F b point does not fall on the curve as may be expected. This is due to

the methodology discussed in section 5.4 and implemented in 6.4.1.

The WCT basin

temperature would be maintained cooler than the temperature specified in Technical
Specification 3/4.7.4, assuming the design basis meteorological condition of 102F 4 / 78F we.

T~ DCT CCWHx WCT
Dry \HeQd\ Heat heat
Bulb | Rejecte DCT | Rejected Rejected
Temp. | (x10° M (x 10° M
(F) | BTUHN | (F) Hr)

105 | 107.75 [ 132.78 | 60.25
103 | 11150 | 131.67 | 5650
100 | 11714 | 13 [ 50.86
98 120.89-17128.90 | 47.11
95 | 47652 | 127.24 | 41.48
130.28 37.72

*Calculated using STER Version 5.04. Printouts included in Attachment

EC-8465

EC-8465
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105 -
N | T T U T [T 11
— N Design Conditions: .
1) Heat Duty 180.3 x 10 6 BTU/hr
2) CCWout = 115°F
F\ 3) All DCT and WCT Fans Operating
78 °Fwb /102 °F db
w 100 Y
§ ™
o N
g
E
]
= N
2 [ 83°Fwb/98°F db AN
a
e
G g5 g
Since the wet bulb temperature can not exceed dry bulb temperature,
the UHS can reject the design basis heat load for any dry bulb N
|| temperature below this point, regardiess of wet bulb temperature. » \v
t
84.9°Fwb/91.3°F db
a0 HEEE.

76 78 80 - 82 84 86 88 g0 92 94
Wet Bulb Temp. Deg. F

74

72

N




Dry DCT DCT CCWHXx CCWHXx WCT WCT Wet Bulb
Buib Heat CCWout Heat ACCWin Heat Range Temp.
Temp. Rejected (°F) Rejected (°F)* Rejected {°F) (°F)
(°F) (x10%6 {x10%6 (x10%6
BTU/hr) BTU/hr) BTU/hr)

105 111.75 133.72 63.45 86.82 68.55 25.82 73.51
103 115.48 132.62 59.72 88.52 64.82 24.42 76.98
100 121.12 130.95 54.08 91.01 59.18 22.29 81.82
98 124.85 129.85 50.35 92.68 55.45 20.89 84.98
95 130.49 128.18 44.71 95.18 49.81 18.76 89.56

134.22 127.08 40.98 96.86 46.08 17.36 92.46

.EC-8465
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA progtam.

File NarRe: WTFRDCCW.EQP
Unit Namis; CCMHX0001A&B
Unit Descriftion: CCW Heat Exchangers

This\report was created Tuesday, November 08, 2005 4t 7:06:40 AM
¢ PERFORMANCE PREDICTION MODE RESULTS *****
CASE ID: Met105
DATE: 11- 08- 05 )

PROCEDURE: EC- M95 008 !
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIPE SHELL SIDE
Mass Flow Rate [1000 Ibm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6885.48 4488.56
Inlet Temperature [degrees F): 32.78 86.70
Outlet Temperature [degrees F]: 115.00 113.71
Fouling Factor [1/Btu/hr/sqgft/F]: 0.00000 0.00159
Operating Pressure [psig]: 110.00 60.00
Heat Transfer Coeff [Btu/hr/sqft/FA: 314.88 841.14
Pressure Drop [psi]: 05 3.24
Velocity [ft/sec]: 4.3(

Reynolds Number: 4768% 13821
Total Heat Duty: 60,286,041 Bty/hr

Log Mean Temperatuge Difference: 23.38F
Overall Heat Transfer Coefficient: 257.77 Btu/hr/sq

Corrected LMTD: 23.38F _ ;
Effective Surfacg’ Area per Shell: 10002.93 sq ft s
Reference Tgmperature [F]: 123.888 100.2Q4 3
Density [Ibm/cu.ft]: 61.673 62.00 y
Specific Aeat Capacity [Btu/lbm F]: 0.998 0.998 )
Thermgl Conductivity [Btu/hr ft F]: 0.373 0.364 ™.
Absqlute Viscosity [cP]: 0.535 0.678 )
WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum: !

PPN

EC-8465
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Unit Name: CCMHX0001 A&1B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, October 27, 2009 at 10:13:41 AM

** & %% PERFORMANCE PREDICTION MODE RESULTS **#*##

CASE ID: Met105
DATE: 06-29-09

PROCEDURE: ECM95-008
CONVERGENCE TOLERANCE: 0.01 %
PARAMETER TUBE SIDE SHELL SIDE

Mass Flow Rate [ 1000 fbm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6887.29 4488.65
Inlet Temperature [degrees F]: 133.72 86.82
Qutlet Temperature [degrees F]: 114.98 115.28
Fouling Factor [ 1 /Btu/hr/sqft/F]: 0.00000 0.00133
Operating Pressure [psig]: 110,00 60.00

Heat Transfer Coeff [Bw/hr/sqft/F]: 1317.06 842.84

Pressure Drop [psi]: 3.05 3.24

Velocity [ft/sec]: 4.80

Reynolds Number: 47895 13948
 Total Heat Duty: 63,522,381 Btu/hr

Log Mean Temperature Difference:  22.96 F

Overall Heat Transfer Coefficlent:  276.58 Btu/hr/sqft/F
Corrected LMTD: 2296 F

Effective Surface Area per Shell:  10002.93 sq ft

Reference Temperature {F]: 124,352 101.048
Density [lbm/cu.ft): 61.666 61.996

Specific Heat Capacity [Btu/lbm F}: 0.998 0.998
Thermal Conductivity [Buu/hr ft F}: 0.373 0.364
Absolute Viscosity [cP]: 0.532 0.672

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.

e N N

\
Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. Al rights reserved. Atfachm @ﬂ]L 73
This computer code is validated under Holtec International's QA program. 0F ]
Pa»gv( RoF7
File Name: WTFRDCCW.EQP

|
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International’s QA pr:

ram.

: WTFRDCCW.EQP
Unit Namex CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This ¥eport was created Tuesday, November 08, 2005/at 7:07:40 AM

**+**\PERFORMANCE PREDICTION MODE RESULTS *****

CASE ID: Met103
DATE: 11- 08- 05

}
Mass Flow Rate [1000 Ibm/hr]: 2237.68 3
§x
/
J
}

Volume Flow Rate [gpm]: . 4489.94
Inlet Temperature [degrees F]: 131.67 88.47
Outlet Temperature [degrees F}: 115.00 113.79
Fouling Factor [1/Btu/hr/sqft/F}: .00000 0.00159 °
Operating Pressure [psig]: 60.00
Heat Transfer Coeff [Btu/hr/sqft/i]: 842.71
Pressure Drop [psi]: 3.24
Velocity [ft/sec]:
Reynolds Number:

13960

Total Heat Duty: 56,530,060 Btu/
Log Mean Temperatupe Difference: 21.92F
Overall Heat Transfgr Coefficient: 257.81 Btu/hr/sqft/F
Corrected LMTD: 2192F
Effective Surfacg’ Area per Shell: 10002.93 sq ft

Reference Tegmperature [F]: 123.333 101.128

Density [Ibfv/cu.ft]: 61.682 61.995

Specific Aeat Capacity [Btu/lbm F]: 0.998 0.998 .
Thermal Conductivity [Btu/hr ft F]: 0.373 0.364

Abso}ite Viscosity [cP]: 0.5637 0.672

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum. \

EC-8465
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Copyright 1995 by Holtec International. All rights reserved.

File Name: WTFRDCCW.EQP

Unit Name: CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, October 27, 2009 at 10:10:01 AM

*# %+ * PERFORMANCE PREDICTION MODE RESULTS *****

CASE ID: Met105
DATE: 06-29-09

PROCEDURE: ECM95-008 _
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [ 1000 Ibm/hrl: 3396.78 2237.68
Volume Flow Rate [gpm]: 6885.17 4489.98
Inlet Temperature [degrees F1: 132.62 88.52
Outlet Temperature [degrees F: 115.00 115.28
Fouling Factor [1/Btu/hr/sqft/F1: 0.00000 0.00133
Operating Pressure [psig]: 110.00 60.00

Heat Transfer Coeff [Bw/hr/sqft/F]: 1314.49 844,29
Pressure Drop [psi]: 3.05 3.24

Velocity [ft/sec]: 4.80

Reynolds Number: 47653 14076
Total Heat Duty: 59,730,240 Btu/hr

Log Mean Temperature Difference: 2 l 59F

Overall Heat Transfer Coefficient: 276.61 Btu/hr/sqft/F
Corrected LMTD: 21.59F
Effective Surface Area per Shell:  10002.93 sq ft

Reference Temperature [F}: 123.810 101.900
Density [Ibm/cu.ft]: 61.674 61.985
Specific Heat Capacity [Btu/lbm F: 0.998 0.998
Thermal Conductivity §Btu/hr ft F]: 0.373 0.364
Absolute Viscosity [cP]: 0.535 0.666

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.

M/\_M

Shell and Tube Heat Exchanger Rating Program A A tTach r%m?‘ 7,2
This computer code s validated under Holtec International's QA program. ,'7&,?(

EC-8465



Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International’s QA pro

File Narke: WTFRDCCW.EQP
Unit Nama; CCMHX0001A&B
Unit Description: CCW Heat Exchangers

This\teport was created Tuesday, November 08, 2005 at 7:20:40 AM
***XPERFORMANCE PREDICTION MODE RESULTS *****
CASE ID: Met100
DATE: 11- 08- 05
PROCEDURE: EC- M95\ 008
CONVERGENCE TOLE CE:0.01%

PARAMETER

Mass Flow Rate [1000 lbm/hr]: 2237.68
Volume Flow Rate [gpm]: 4492.08
Inlet Temperature [degrees F]: 0.01 91.12
Outlet Temperature [degrees F]: 115.00 113.92
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00159
Operating Pressure [psig}: 10.00 60.00
Heat Transfer Coeff [Btu/hr/sqft/F 8.25 845.07
Pressure Drop [psil: 3.24
Velocity [ft/sec]:

Reynolds Number: 14170

Total Heat Duty: 50,888,081 Btu/fyr
Log Mean Temperaturg/Difference: 19.73 F
Overall Heat Transfey’Coefficient: 257.87 Btu/hr/sqft/
Corrected LMTD: 19.73 F
Effective Surface Area per Shell: 10002.93 sq ft

Reference Tephperature [F]: 122.505 102.52
Density [Ibm/cu.ft]: 61.695 61.977
Specific Heat Capacity [Btu/lbm F]: 0.998 0.998
Thermal/Conductivity [Btu/hr ft F]: 0.372 0.365
Absolute Viscosity [cPl: 0.542 0.662
WA NING 1: Central Baffle Spacing May Exceed TEMA Maximum.

N TN N )

ECMG5- 008 Rev. 3
WATE&E%%%%[RESIGN Attachment 7.3
' Page 4 of 7
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved. G trachmen 7 73
This computer code is validated under Hoitec Internadonal's QA program. Pdg{’ 40f 7

File Name: WTFRDCCW.EQP

Unit Name: CCMHX000 | A&B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, October 27, 2009 at 10:26:18 AM

*#* %% PERFORMANCE PREDICTION MODE RESULTS *****

CASE ID: Met105
DATE: 06-29-09

PROCEDURE: ECM95-008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [ {000 lbm/hr] 3396.78 2237.68
Volume Flow Rate [ gp 6881.98 4491.99
inlet Temperature [ grees F): 130.95 ?1.01
Qutlet Temperature [degrees F]: 114.99 115.25
Fouling Factor [ 1/Btu/hr/sqftVF]: 0.00000 0.00133
Operating Pressure [psig]: 110.00 460.00
Heat Transfer Coeff [Btu/hr/sqft/F}: 1310.46 846.32
Pressure Drop [psil: 3.05 3.24
Velocity [ft/sec): 4.80

Reynolds Number: 47280 14262
Total Heat Duty: 54,099,751 Bw/hr

Log Mean Temperature Difference: 1955 F
Overall Heat Transfer Coefficlent:  276.64 Bru/hr/sqft/F

Corrected LMTD: 19.55 F

Effective Surface Area per Shell: 10002.93 sq ft

Reference Temperature {F]: 122.970 103.128
Density [Ibm/cu.ft}: 61.688 61.969
Specific Heat Capacity [Btu/lbm F1: 0.998 0.998
Thermal Conductivity [Beu/hr fe F]: 0.372 0.365
Absolute Viscosity [cP]: 0.539 0.658

WARNING [: Centraf Baffle Spacing May Exceed TEMA Maximum.

M”/\ ,/\Mm- ﬂﬂﬂﬂﬂﬂﬂﬂﬂ //\ s
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Naxge: WTFRDCCW.EQP

: CCMHX0001A&B
tion: CCW Heat Exchangers

Thik report was created Tuesday, November 08, 2005
**}* PERFORMANCE PREDICTION MODE RESULTS *****

CASE ID: Met98
DATE: 11- 08- 05

PROCEDURE: EC- M93; 008 ;
CONVERGENCE TOLERANCE: 0.01 % ‘/
%
PARAMETER TUBE Slpé SHELL SIDE E
.............................. - g

339678  2237.68 ,
813 449356
28.90 92.89
115.00 114.00 ;

0.00000 0.00159 ;
110.00 60.00

Mass Flow Rate [1000 Ibm/hr}:
Volume Flow Rate [gpm]:

inlet Temperature [degrees FI:
Outlet Temperature [degrees F]:
Fouling Factor [1/Btu/hr/sqft/F]:
Operating Pressure [psig]:

Heat Transfer Coeff [Btu/hr/sqft/F} 846.62
Pressure Drop [psi]: 3.24 '
Velocity [ft/sec]: <
Reynolds Number: 14310

Total Heat Duty: 47,124,352 Bthr
Log Mean Temperaturg/ Difference: 18.27 F
Overall Heat Transfey/Coefficient: 257.90 Btu/hr/sqft/
Corrected LMTD: 18.27 F
Effective Surface Area per Shell: 10002.93 sq ft

Reference Temperature [F]: 121.949 103.4
Density [Ibmycu.ft]: 61.704 61.965
Specific Héat Capacity [Btu/lbm F): 0.998 0.998
Thermal/Conductivity [Btu/hr ft F]: 0.372 0.365
Absolyfe Viscosity [cP]: 0.545 0.655
WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.

NN A

LR
-

t7:23:27 AM /
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File Name: WTFRDCCW.EQP

Unlt Name: CCMHX0001 A&B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, October 27, 2009 at 10:35:48 AM

«***> PERFORMANCE PREDICTION MODE RESULTS *****

CASE [D: Met105
DATE: 06-29-09

PROCEDURE: ECM95-008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIiDE
Mass Flow Rate [ 1000 lbm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 6879.91 4493.38
Inlet Temperature [degrees F]: 129.85 92.68
Qutlet Temperature [degrees F]: 115.00 115.24

Fouling Factor [ 1/Btw/hr/sqft/FI: 0.00000 0.00133
., Operating Pressure [psig]: 110.00 .
/ Heat Transfer Coeff [Btu/hr/sqft/F}: X (; 5307.84 2 847.70

Pressure Drop [psi): 4
Velocity [ft/sec]: 4.80

Reynolds Number: 47038 14388
Total Heat Duty: 50,351,139 Btu/hr

Log Mean Temperature Difference: 18.19F
Qverall Heat Transfer Coefficient: | 2769.?:6 Btu/hr/sqft/F

Corrected LMTD: 8.1

Effective Surface Area per Shell:  10002.93 sq ft

Reference Temperature {F}: 122.423 103.958
Density {Ibm/cu.ft]: 61.697 61.958
Specific Heat Capacity [Bw/lbm F]: 0.998 0.998
Thermal Conductivity [Btu/br ft F]: 0.372 0.365
Absolute Viscosity [cP]: 0.542 0.652

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.

A AL

Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved. A ﬁdCWf 72
This computer code is validated under Holtec Internatfonal's QA program, /294 5— 0 F -
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved. /
This computer code is validated under Holtec International's QA progfam. X
!
i
/

File Name: WTFRDCCW.EQP
Unit Narge: CCMHX0001A&B
Unit Descxjption: CCW Heat Exchangers

Thig report was created Tuesday, November 08, 2005 4t 7:26:44 AM

R PERFORMANCE PREDICTION MODE RESULTS ****

CASE ID: Met95
DATE: 11- 08- 05
PROCEDURE: EC- M9%- 008

CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIRE SHELL SIDE < e
Mass Flow Rate [1000 Ibm/hr]: 3398.78 2237.68 \

Volume Flow Rate [gpm]: 6875.05 4495.84 |

Inlet Temperature [degrees F]: 27.24 95.54 /

Outlet Temperature [degrees F): 115.00 114.12

Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00159 -

Operating Pressure [psig]: 110.00 60.00
Heat Transfer Coeff [Btu/hr/sqft/F}. 301.61 848.94
Pressure Drop [psil: %.06 3.24

Velocity [ft/sec]: 40

Total Heat Duty: 41,493,912 BW/hr
Log Mean Temperaturg Difference: 16.08 F
Overall Heat Transfef Coefficient: 257.95 Btu/hr/sqft
Corrected LMTD: 16.08 F
Effective Surface/Area per Shell: 10002.93 sq ft

Absoldte Viscosity [cP}: 0.549 0.646
WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum)

g ..
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Reynolds Number: 46484 14520 X
Reference Tgmperature [F]: 121.120 104.330

Density [Ibp/cu.ft]: 61.717 61.948

Specific Ifeat Capacity [Btu/lbm FJ: 0.998 0.998

Thermgf Conductivity [Btu/hr ft F: 0.372 0.365

5
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Shell and Tube Heat Exchanger Rating Program :
Copyright 1995 by Holtec International. All rights reserved. Vaaa X2 ment 7.3
This computer code is validated under Holtec International’s QA program. P of 7
File Name: WTFRDCCW.EQP a@e, @

Unit Name: CCMHX0001AaxB
Unit Description: CCW Heat Exchangers

This report was created Tuesday, October 27, 2009 at 10:38:37 AM

**#»+ PERFORMANCE PREDICTION MODE RESULTS *****

CASE ID: Met105
DATE: 06-29-09

PROCEDURE: ECM95-008
CONVERGENCE TOLERANCE: 0.01 %
PARAMETER TUBE SIDE

SHELL SIDE

Mass Flow Rate [ 1000 Ibm/hr]: 3396.78 2237.68
Volume Flow Rate [gpm]: 687679 4495.53
Inlet Temperature [degrees F]: 128.18 95.18
Qutlet Temperature [degrees F}]: 114.99 115.20
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00133
Operating Pressure [psig]: 110.00 60.00

Heat Transfer Coeff [Btu/hr/sqft/F}: 1303.82 849.73
Pressure Drop [psi]: 3.06 3.24

Velocity [ft/sec?: 4.80

Reynolds Number: 46667 14576

Total Heat Duty: 44,705,029 Btu/hr

Log Mean Temperature Difference: 16.15F

Overall Heat Transfer Coefficient: 276.68 Btu/hr/sqft/F
Corrected LMTD: 16,15 F

Effective Surface Area per Shell:  10002.93sq ft

Reference Temperature [F]: 121.586 105.192
Density [Ibm/cu.ft]: 61.710 61.941
Specific Heat Capacity [Btu/ibm F]: 0.998 0.998
Thermal Conductivity [Btu/hr ft F]: 0.372 0.366
Absolute Viscosity [cP]: 0.546 0.643

WARNING 1: Central Baffle Spacing May Exceed TEMA Maximum.

N
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% WATERFORD 3 DESIGN ECM95- 008 Rev. 3
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Shell and Tube Heat Exchanger Rating Program
Copyright 1995 by Holtec International. All rights reserved.
This computer code is validated under Holtec International's QA program.

File Nare: WTFRDCCW.EQP
Unit Nams; CCMHX0001A&B
Unit Descriition: CCW Heat Exchangers

This\eport was created Tuesday, November 08, 2005 a¥'7:28:06 AM
**R PERFORMANCE PREDICTION MODE RESULTS *****
CASE ID: Met93
DATE: 11- 08- 05

PROCEDURE: EC- M95\ 008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [1000 Ibm/hr]: 3396/78 2237.68
Volume Flow Rate [gpm]: 6873.01 4497.41
Inlet Temperature [degrees F]: 26.13 97.31
Outlet Temperature [degrees F: 115.00 114.21
Fouling Factor [1/Btu/hr/sqft/F]: 0.00000 0.00159
Operating Pressure [psig]: 110.00 60.00
Heat Transfer Coeff [Btu/hr/sqft/F}/ 1298.94 850.49
Pressure Drop [psi): 3.06 3.24
Velocity [ft/sec]: 4.80

Reynolds Number: 46216 14662
Total Heat Duty: 37,726,460 Btuqr

Log Mean Temperaturg Difference: 14.62 F

Overall Heat Transfef Coefficient: 257.98 Btu/hr/sqft/F
Corrected LMTD: 1462 F

Effective Surface/Area per Shell: 10002.93 sq ft ™
Reference Tgperature [F: 120.565 105.752
Density [Ibp¥cu.ft]: 61.726 61.934
Specific fleat Capacity [Btu/lbm F]: 0.998 0.998
Thermal Conductivity [Btu/hr ft F): 0.372 0.366
Abso)dte Viscosity [cP]: 0.552 0.640
WHARNING 1: Central Baffle Spacing May Exceed TEMA Maximum. y

-
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Shell and Tube Heat Exchanger Rating Program

Copyright 1995 by Holtec International. All rights reserved. /4 2
This computer code is validated under Holtec International's QA program. tf—aéhm én '/- K
File Name: WTFRDCCW.EQP /%7( 70f7

Unit Name: CCMHX0001 A&1B
Unit Description: CCW Heat Exchangers

This report was created Tuesday, October 27, 2009 at 10:44:31 AM

#**#* PERFORMANCE PREDICTION MODE RESULTS *****

CASE ID: Met105
DATE: 06-29-09

PROCEDURE: ECM95-008
CONVERGENCE TOLERANCE: 0.01 %

PARAMETER TUBE SIDE SHELL SIDE
Mass Flow Rate [ 1000 lbm/hr}: 3396.78 2237.68
Volume Flow Rate {gpm]: 6874.75 4497.01
Inlet Temperature [degrees FI: 127.08 96.86
Qutlet Temperature [degrees F]: 115.00 115.20
Fouling Factor [ 1/Bw/hr/sqft/F]: 0 00000 0.00133
Operating Pressure [psig]: 10.00 60.00

Heat Transfer Coeff [Btu/hr/sqft/F] 1301 22 851.12
Pressure Drop [psi]: 3.24
Velocity [ft/sec]:

Reynolds Number: 46426 14704

Total Heat Duty: 40,941,521 Btu/hr
Log Mean Temperature Difference: 14.79 F
Overall Heat Transfer Coefficient: 276.71 Btu/hr/sqft/F

Corrected LMTD: 14.79 F

Effective Surface Area per Shell:  10002.93sq ft

Reference Temperature [F]: 121.041 106.029
Density [Ibm/cu.ft]: 61.718 61.930
Specific Heat Capacity [Btu/ibm F]: 0.998 0.998
Thermal Conductivity [Bw/hr ft F]: 0.372 0.366
Absolute Viscosity [cP]: 0.549 0.638

WARNING |: Central Baffle Spacing May Exceed TEMA Maximum. P
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g WATERFORD 3 DESIGN ECMS5- 008 Rev. 3
—— Page 2 of 9

recorded twice or 6.7% of the total readings. The highest recorded value is
within 1°F of the wet bulb value. Since the highest recorded reading is within
1°F of the wetbulb value and was recorded only twice, the wetbulb value of 1.0°F
is considered reasonable.

A paper of the Cooling Tower Institute entitted “Recommended Recirculation.
Allowances” (pages 8 and 9 of this attachment) describes how to determine
design wetbulb temperatures. The method is garried out below for the followmg
data from this calculation, EC- M95- 008 Rev%} '

ACCW accident flow rate 5350 gpm
ACCW temperature leaving wet cooling tower 89.3 °F
Design wetbulb temperature 78 °F

Calculated approach temperature (89.3- 78) 11.3_°
Wet cooling tower inlet temperature 14 m

Wet cooling tower range 22493 °F
3,77}
First, determine the design uncorrected recirculation value using the curve for

average maximum recirculation. At 5350 gpm, uncorrected recirculation value is
0.5°F. Second, correct for the actual approach and range. Conservatively take
the range to be 30°F and the approach to be 12°F, then the correction factor is
1.49. Third, multiply the uncorrected recirculation value by the correction factor
to obtain the actual recirculation value which is 0.75°F (=0.5°F x 1.49). This
calculated value is within the wetbulb temperature of 1°F. As a result, the use of
the 1°F wetbulb temperature is considered acceptable value.

Conclusion

The present values of 1.9°F for the drybulb temperature and 1.0°F for the
wetbulb temperature are reasonable and acceptable.
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