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Heat transfer calculations used to develop Attachment 5 and
Table A5-1 in the July 12, 2012, License Amendment Request

Component EPN Noun Name Design Analysis

1(2)E12-BO01A/B RHR Heat Exchanger 97-201, Rev. A02

ODG01A 0 DG Jacket Water Cooler 97-195, Rev. A01
1(2)DG01A A DG Jacket Water Cooler 97-195, Rev. A01
1 (2)E22-SO01 B DG Jacket Water Cooler 97-197, Rev. A04

1(2)VY01A NW ECCS (A RHR) Pump Cubicle Cooler 97-200, Rev. A05
1(2)VY02A SW ECCS (HPCS) Pump Cubicle Cooler 97-200, Rev. A05

1(2)VY03A SE ECCS (B/C RHR) Pump Cubicle Cooler 97-199, Rev. B03
1(2)VY04A NE ECCS (LPCS/RCIC) Pump Cubicle Cooler 97-198, Rev. A03
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Purpose:
The purpose of this revision is to determine the amount of heat that can be removed via the 1 (2)E1 2-BO01 A/B
heat exchangers for the containment cooling mode (CCM) and to verify that the heat exchangers can remove the
design heat load of 41.6 MBTU/hr for the shutdown cooling (SDC) mode with a revised maximum cooling water
temperature of 107 OF. The revised design heat load to be used for GL 89-13 surveillance testing will also be
determined with this revision.

Assumptions:
There are no assumptions for this revision.

Inputs:
* Cooling water temperature = 107 OF (Reference 2)
* Cooling water flow rate = 7400 gpm (Reference 1)
* RHR System water temperature during CCM = 212 OF (Reference 1)
* RHR System water temperature during SDC = 120 OF (Reference 1)
* RHR System flow rate through 1(2)E1 2-B001 A/B = 7200 gpm (Reference 1)
* Fouling factor for 1(2)E12-B001A/B = 0.00185 hr-ft2.°F/BTU (Reference 1)
* 53 tubes plugged (5% tube plugging) (Reference 1)
* RHR Heat Exchanger K factor = 438 (Reference 2)

References:
1. Design analysis 97-201, Rev. A, up to and including Rev A01
2. EC 388666, Rev. 000
3. L-00071 1, Rev. 004D (See EC 388666)
4. EC 382267, Rev. 000
5. L-002857, Rev. 001 (See EC 388666)
6. L-003352, Rev. OOOA (See EC 388666)

Identification of Computer Programs:
The computer program used in this analysis is Proto HX version 4.01. This program has been validated per
DTSQA tracking number EX00001 03.

Method of Analysis I Numeric Analysis:
As stated in Reference 2, to maintain peak suppression pool temperatures at or below their current analyzed
values, the RHR heat exchanger K factor is required to be raised from 417 to 438. This number is used as an
input for various analyses. The RHR Heat Exchanger K factor [Btu/sec,0F] is determined as follows:

K= Q
(Tsp - Tsw ) x 3600

Where:
Q = heat load (Btu/hr)
Tsp = Suppression Pool Temperature (OF)
Tsw= Cooling Water Temperature (OF)
3600 = Conversion from hours to seconds

Using this equation, the credited K factor can be used to determine the design heat load to be removed. Using a
K factor of 438, a bounding suppression pool temperature of 212 OF, and a cooling water temperature of 107 °F,
the design heat load becomes 165,564,000 Btu/hr. Note that Reference 5 performs a sensitivity study of the K
factor based on various suppression pool temperatures. It demonstrates that 438 is the appropriate K factor even
with varying suppression pool temperatures. Reference 6 shows a peak suppression pool temperature of 197 OF,
which would equate to a design heat load lower than that which was calculated with 212 OF. Because
165,564,000 Btu/hr is bounding, it will be used as the acceptance criteria.

To determine the amount of heat that could be transferred with a cooling water temperature of 107 OF, the existing
heat exchanger model will be revised by changing the input of the 'Tube Inlet Temp" from 104 OF to 107 OF for
containment cooling mode.
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To achieve the required heat transfer rates a change in fouling factor from 0.00185 hr.ft2.- F/BTU to 0.00147
hr.-f.OF/BTU was necessary. A review of trend data from previous RHR heat exchanger thermal performance
evaluations was performed. The most recent thermal performance test data shows a worst case fouling factor of
0.000410 hr-ft2.F/BTU (Ref. 4), which is well below the new fouling factor of 0.00147 hr-ft2.°F/BTU. The thermal
performance testing prior to that shows small changes between each test. The heat exchangers are also cleaned
regularly to maintain a very low actual fouling factor. The new fouling factor of 0.00147 hr-fte-°F/BTU has been
accepted by the GL 89-13 program manager.

Results I Conclusions:
The RHR Heat Exchangers can remove the revised design heat load of 165,564,000 Btu/hr with the following
CCM conditions:

* 107 OF cooling water temperature
* 7400 gpm cooling water flow
* fouling factor of 0.00147 hrft2e-F/BTU
* 53 tubes plugged
* RHR process temperature of 212 OF (CCM)
* RHR process flow of 7200 gpm

The total heat removed at these conditions is 166,468,480 BTU/hr, which provides 0.5% thermal margin over the
design heat load. The model benchmark was shown to conservatively underestimate the heat transfer of the
cooler by 1.31% for CCM. Therefore, any positive margin shown in the model would be an underestimate of
actual thermal performance, which would show more margin than what is calculated. The previous maximum
fouling factor of 0.00185 hr.ft2.OF/BTU has been revised to 0.00147 hr.ft2.°F/BTU. This case is shown in
Attachment A.

The RHA Heat Exchangers can remove the design heat load of 41.6 MBTU/hr with the following SDC conditions:
* 107 OF cooling water temperature
* 7400 gpm cooling water flow
* fouling factor of 0.00147 hr.ft2.OF/BTU
* 53 tubes plugged
* RHR process temperature of 121 OF (SD0) (see below)
* RHR process flow of 7200 gpm

The total heat removed at the above listed conditions is 21,770,576 BTU/hr per heat exchanger, which equates to
a total of 43,541,152 BTU/hr for two heat exchangers. The operation of 2 heat exchangers for SDC mode is
acceptable as it is a non-safety related function of RHR. Operation of two heat exchangers provides 4.7%
thermal margin over the design heat load. The model benchmark was shown to conservatively underestimate the
heat transfer of the cooler by 0.31% for the SDC mode. Therefore, any positive margin shown in the model would
be an underestimate of actual thermal performance, which would show more margin than what is calculated.

Note that the previous process temperature used for the SDC case was 120 OF. Because SDC mode is non-
safety related, the basis for the number is outage productivity. This temperature is used to maintain comfortable
conditions during refueling outages. Additionally, the change to 121 OF is a change of 0.83% and is considered to
be essentially the same. The RHR pumps and seals are rated for a much higher temperature than this (250 OF,
Refs. 2 & 3). Because this is considered to be essentially the same, 120 'F should be used for future evaluations
of the RHR heat exchangers for the SDC mode. Just as was done for the CCM mode, the previous maximum
fouling factor of 0.00185 hrft2 .F/BTU has been revised to 0.00147 hrft.OF/BTU. This case is shown in
Attachment B

The acceptance criteria to be used in GL 89-13 thermal performance testing is a fouling factor of 0.00147
hrft2 .F/BTU and a total heat removal of 165,564,000 BTU/hr for CCM. The heat removal of 41.6 MBTU/hr for

4ft SDC remains the same.

Attachments:

A. CCM Data Report for 1(2)E12-B001A/B (2 pgs)
B. SDC Data Report for 1(2)E12-B001A/B (2 pgs)



uj-IJ-ZU12 I/: •:2b PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002)
Commonwealth Edison

Data Report for E12-BOO1 - LSCS - RHR Hx.
CCM - tube side = 107 OF, 7400 gpm, shell side = 212 OF, 7200 gpm, 53 tubes plugged, FF = 0.00147

Shell and Tube Heat Exchanger Input Parameters II
Shell-Side Tube-Side

Fluid Quantity, Total gpm 7,446.28 7,396.31
Mass Fluid Quantity, Total Ibm/hr 0.00 0.00
Inlet Temperature OF 120.00 90.00
Outlet Temperature OF 108.80 101.25
Fouling Factor hr.fl2-°F/BTU 0.00250 0.00000

Shell Fluid Name
Tube Fluid Name
Design Q (BTU/hr)
Design U (BTU/hr'ft2-"F)
Outside h Factor (Hoff)
Fixed U (BTU/hr'ft2-°F)
Fixed Area (Wt2)
Performance Factor (% Reduction)

Heat Exchanger Type
Total Effective Area per Unit (ft2)
Area Factor
Area Ratio

Number of Shells Per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (It)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall K (BTU/hr-ftP'F)

Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Doti, Tube Circle Diameter
Bh, Baffle Cut Height (in)
Ds, Shell Inside Diamter (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0
0.00
0.00

TEMA - E
11,500.00

0.996344561
0.00000

1
4.880000000

3.400
1.0000

Triangular

2
Yes

1,063
1,010
55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

97-201
Revision A02
Attachment A
Page Al of A2



05-15-2012 17:18:26 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002)

Commonwealth Edison
Calculation Report for E12-BOOI - LSCS - RHR Hx.

CCM - tube side = 107 IF, 7400 gpm, shell side = 212 IF, 7200 gpm, 53 tubes plugged, FF = 0.00147

Page 1

Calculation Soecifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

Fouling Was Input by User

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (oF)
Shell Inlet Temp (IF)

Input Fouling Factor

7,344.00
6,905.00

107.00
212.00

0.001470

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr.It2 -.F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr.ft2.-F)

Tube-Side hi (BTU/hr.ft2.°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr.ft20.F)
LMTD LMTD Correction Factor
Effective Area (ft)

Overall Fouling (hr.ft20'F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (oF)
Prandtl Number Tav Shell (IF)
Bulk Vise (lbm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/flthr) Tube Temp In (IF)
Density (lbm/ft') Tube Temp Out (IF)
Cp (BTU/Ibm.°F) Tav Tube (IF)
K (BTU/hr.ft.°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (fW2)

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Vise (lbm/fihr)
Skin Vise (lbm/ft-hr)
Density (Ibm/ft)
Cp (BTU/Ibm.0 F)
K (BTU/hr-ft0.F)

Shell-Side

3.26
55,935
2.0490
0.7909
0.8775

60.3957
1.0032
0.3872

3,454,223.04
3,673,832.59

166,468,480.24
58.3

10,926.6

Tube-Side

7.08
69,169
3.2991
1.2323
1.1347

61.5557
0.9990
0.3732

Overall Fouling (hr~ft 2.°F/BTU)
Shell-Side ho (BTU/hr.ft20.F)
Tube-Side hi (BTU/hr-ft2 -°F)
I/Wall Resis (BTU/hr.ft2 -.F)
LMTD Correction Factor

U Overall (BTU/hr.ft2 -.F)

Shell Temp In ('F)
Shell Temp Out (IF)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

0.001470
1,128.7

2,079.4
2,148.1
0.8820

296.3

212.0
164.0
188.0
172.7
107.0
152.4
129.7
139.2

** Reynolds Number Outside Range of Equation Applicability

!! With Zero Fouling The Test Heat Load Could Not Be Achieved
97-201
Revision A02
Attachment A
Page A2 of A2



05-18-201 2 07:17:52 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002)
Commonwealth Edison

Data Report for E12-BOOI - LSCS - RHR Hx.
SDC - tube side = 107 OF, 7400 gpm, shell side = 121 OF, 7200 gpm, 53 tubes plugged, FF = 0.00 147

Shell and Tube Heat Exchanger Input Parameters

Shell-Side Tube-Side
Fluid Quantity, Total gpm 7,446.28 7,396.31
Mass Fluid Quantity, Total Ibm/hr 0.00 0.00
Inlet Temperature OF 120.00 90.00
Outlet Temperature OF 108.80 101.25
Fouling Factor hr.ft2.°F/BTU 0.00250 0.00000

Shell Fluid Name
Tube Fluid Name
Design Q (BTU/hr)
Design U (BTU/hr'ft2 -F)
Outside h Factor (Hoff)
Fixed U (BTU/hr'ft2'-F)
Fixed Area (ft 2)
Performance Factor (% Reduction)

Heat Exchanger Type
Total Effective Area per Unit (ft2)
Area Factor
Area Ratio

Number of Shells Per Unit
Shell Minimum Area
Shell Velocity (tf/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall K (BTU/hr'ft.°F)

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0
0.00
0.00

TEMA - E
11,500.00

0.996344561
0.00000

1
4.880000000

3.400
1.0000

Triangular

2
Yes

1,063
1,010
55.30
0.652
0.750

9.40

Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Doti, Tube Circle Diameter
Bh, Baffle Cut Height (in)
Ds, Shell Inside Diamter (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

97-201
Revision A02
Attachment B
Page B1 of B2



05-18-2012 07:17:52 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002)

Commonwealth Edison

Calculation Report for E 12-BOOI - LSCS - RHR Hx.

Page 1

SDC - tube side = 107 IF, 7400 gpm, shell side = 121 IF, 7200 gpm, 53 tubes plugged, FF = 0.00147

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,344.00
Shell Flow (gpm) Shell Flow (gpm) 7,122.00
Shell Temp In (IF) Tube Inlet Temp (IF) 107.00
Shell Temp Out (IF) Shell Inlet Temp (IF) 121.00

Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF) Input Fouling Factor 0.001470

Foulin Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr.ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr.ft2.F)

Tube-Side hi (BTU/hr'ft 2.°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2 z.F)
LMTD LMTD Correction Factor
Effective Area (f12)

Overall Fouling (hr-ft2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (OF)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft hr) Tube Temp In (IF)
Density (Ibm/if') Tube Temp Out ('F)
Cp (BTU/Ibm.°F) Tav Tube (IF)
K (BTU/hr'ft'0 F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (fW2)

Property Shell-Side
Velocity (ft/s) 3.28
Reynold's Number 33,234
Prandtl Number 3.7131
Bulk Visc (Ibm/ft-hr) 1.3730
Skin Visc (Ibm/ft hr) 1.4037
Density (Ibm/ft-) 61.7433
Cp (BTU/Ibm.°F) 0.9988
K (BTU/hr'-.t°F) 0.3693

3,562,777.19
3,673,832.59

21,770,576.54

8.0
10,926.6

Tube-Side

7.04
57,419
4.0454
1.4845
1.4643

61.8605
0.9988
0.3665

Overall Fouling (hr-ft2-°F/BTU)
Shell-Side ho (BTU/hr-ft2 .F)
Tube-Side hi (BTU/hr-ft20'F)
1/Wall Resis (BTU/hr-fi2.°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2. F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

0.001470
965.4

1,865.5
2,148.1
0.8965

278.7

121.0
114.9
117.9
115.6
107.0
112.9
110.0
111.3

** Reynolds Number Outside Range of Equation Applicability

With Zero Fouling The Test Heat Load Could Not Be Achieved

97-201
Revision A02
Attachment B
Page B2 of B2
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Analysis No. 97-201 Revision AO1
ECIECR No. EC 352363 Revision 0
Title: Thermal Model of ComEd/LSCS RHR Heat Exchangers 1(2)RHROIA & B

Station(s) LaSalle Is this Design Analysis Safeguards? Yes Q] No 0
Unit No.: Units 1 and 2 Does this Design Analysis Contain

Unverified Assumptions? Yes C0 No 0
Safety Class Safety Related

System Code E12, RH ATI/AR#

Description of Change
This revision clarifies that the required heat removal capability of an RHR HX for the Containment Cooling Mode
is now 1631 MBtulhr with an RHR service water inlet temperature of 104 deg. F, a maximum fouling factor of
0.00185 hr-ftA2-deg F/Btu, and a 5% tube plugging allowance (ref. Case 3 on page 7 of rev. AO0 of this
calculation). This heat removal value is to be used as the acceptance criteria in RHR HX thermal performance
evaluations. Based on Calculation L-002826 rev. 0, SIL 636 Disposition for LaSalle County Station and New
Decay Heat Table, and General Electric Power Uprate Project Task Report 310: Residual Heat Removal System,
GE-NE-A1300384-12-01 rev. 0, no change to the Shutdown Cooling Condition (SDC) design heat load
acceptance criteria of 41.6 Mbtu/hr is required.

Disposition of Changes (include additional pages as required)
EC 334017 (dated 5-16-02) evaluated the increased cooling water temperature to a new maximum temperature
of 104 deg-F. The Design Considerations Summary states in part for the Post LOCA Suppression Pool
Temperature Analysis: "Design Analysis No. L-002857, Rev. 0 has been completed to determine the RHR heat
exchanger efficiency (expressed as a "K" factor in LaSalle's existing Containment Analysis...) with an increased
inlet service water temperature of 104°F at various suppression pool temperatures. After the heat exchanger K
factor had been determined, the impact on the LaSalle suppression pool temperature response following a LOCA
was evaluated. As detailed within this design analysis, the post LOCA peak suppression pool temperature (193
deg-F) has not increased even with a higher inlet service water temperature of 104°F. The peak suppression
pool temperature demonstrated within this design analysis is still well below the suppression pool temperature
NPSH limit for the ECCS pumps of 212°F." The increased efficiency implies a higher heat load capability. Based
on a review of L-002857: -the credited heat rejection capability is 163.1 MBtu/hr for the CCM case (Table 2 value
for Q2). This is the value of Q used to get a 'K factor' of 417. Since we are crediting this heat load capability and
this value is higher than 155 Mbtu/hr, this value should be used as the approved acceptance criteria.

Preparer Dan Schmit 11/11/04
Print Name Sign Name Date

Reviewer Terry Martin -, ý __ -6 (ýY(0
Print Name Sign Name Date

Method of Review 0 Detailed Review El Alternate Calcu at~ons El Testing

Review Notes:

Approver 9- 'CK ____________ ___

Print Name Sign Name Date
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Exelon Reviewer NA
Print Name Sign Name Date

Approver NA

Print Name Sign Name Date
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(CSCS=104 F @ Max. Allowable FF, w\ 5% plugged)

i a

I E-FORM I



C =OSEd NES-G-14.02
Effective Date:

04/14/00
CALCULATION PAGE

I CALCULATION NO. 97-201 REV. NO. AOO PAGE NO. 4 of 8

1.0 PURPOSE/OBJECTIVE

The purpose of this minor revision is to revise the thermal model of this heat exchanger for a 1041F
Service Water inlet temperature. This assessment will evaluate the adequacy of the RHR Heat
Exchangers at both Containment Cooling Mode (CCM) and Shutdown Cooling Conditions (SDC)
during a maximum allowable inlet service water temperature of 104OF to ensure that adequate
thermal margin still exists.

2.0 METHODOLOGY AND ACCEPTANCE CRITERIA

The existing heat exchanger model will be revised by changing the input of the "Tube Inlet Temp."
to 104OF and simulated for the following conditions: (Case 1) design fouling factor with 5% of the
tubes plugged, (Case 2) twice the 'as-tested' fouling factor and (Case 3) twice the 'as-tested'
fouling factor with a 5% tube plugging allowance. The acceptance criteria will be for the thermal
margin at Case 3 stated conditions to exceed the LaSalle Design Heat Load of 155,000,000
BTU/hr for Containment Cooling Mode (CCM) and 41,600,000 BTU/hr in Shutdown Cooling
Condition (SDC) (Ref. 1, Tables 3-1 & 3-2). If desired, both RHR heat exchangers may be placed
in service to provide the maximum cool down rate specified above during the Shutdown Cooling
Condition.

Additional conservatism was built into this acceptance criteria by assuming a 5% uncertainty in the
Proto-HX heat transfer calculations. The Reference 1 model developed for this heat exchanger
demonstrated a correlation to vendor performance specification well within this assumed 5%
margin.

A final case will be evaluated which determines the maximum acceptable fouling factor at which
the design heat loads can be accommodated including heat transfer model uncertainty.

3.0 ASSUMPTIONS I ENGINEERING JUDGMENTS

The assumptions indicated in section 5.0 of Reference 1 are still valid.
Note: The shell side flow rate specified within reference 1 (8,400 gpm) has been changed to a
more conservative number given within Tech. Spec. S.R. 3.5.1.5 as a minimum flow rate of 7,200
gpm. This flow rate was further reduced to account for volumetric flow rate correction required by
Proto-Hx software limitations, refer to Table 1.

4.0 DESIGN INPUTS

The design inputs consist of References 1, 2 and 4 listed below.

I E -FORM I
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5.0 REFERENCES

1. Calculation No. 97-201, Rev. A, "Thermal Model of COMED/LSCS RHR Heat Exchangers
1(2)RHR01A & B"

2. NDIT LS-1 154, Upgrade 0, "lB RHR Heat Exchanger Test on 10-25-99 Evaluation" and

Calculation L-002571, Rev. 0, "IA RHR Heat Exchanger Test performed on 01/10/02".

3. EC# 331912, "Assessment of High Lake Temperature Upon the Functionality of the Plant"

4. Crane Co. Technical Paper No. 410 "Flow of Fluids", Twenty-Fifth Printing - 1991.

5. "Standards of the Tubular Exchanger Manufacturers Association" (TEMA), Seventh Edition,
1988.
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6.0 CALCULATIONS

The current calculation model is based on a Service Water inlet temperature of 90OF (SDC) and
1000F (CCM). At these temperatures, a design fouling factor of 0.0025 hr*ft2*OF/BTU and a 5%
tube plugging allowance, the amount of heat transferred is 163,700,000 BTU/hr compared with a
LaSalle Station Containment Cooling Design Heat Load of 155,000,000 BTU/hr for a 5.61%
thermal margin. For Shutdown Cooling, the design case temperature, the same fouling factor and
tube plugging results in a 41,310,000 BTU/hr heat transfer compared to a Shutdown Cooling
Reference Load of 41,600,000 BTU/hr which appears to indicate no thermal margin available (Ref.
1, Tables 6-3 & 6-4).

Thermal margin is calculated by the following method:

Required Heat Load - Calculated Heat Transfer = Thermal Margin [Equation 1]

To express this as a percent of the required heat load, the following method is used:

ThermaiM arg in x 100% = %Thermal arg in

Re quiredHeatLoad [Equation 2]

As detailed in reference 1 Proto-Hx inputs for fluid flow rates need to be adjusted using the ratio of
the actual water density and the density of water at 60OF (assumed by Proto-Hx software). The
following formula is used for this adjustment and the calculation inputs are tabulated with Table 1.

Qphx = Qtemp * ( Density @temp / Density @ 60 F ) [Equation 31

Table 1: Reference Conditions, Proto-Hx Flow Rate Inputs

Parameter Density (Ib/ft3) Ref. 4 Actual Flow (gpm) Proto-Hx Input (gpm)

Tube Side, 104 F 61.93 7,400 7,348

Shell-side, 120 F 61.71 7,200 7,124

Shell-side, 212 F 59.81

Proto-Hx, 60 F I 62.37
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Case 1

When the service water inlet temperature is increased to 104OF for the same design fouling factor
and 5% tube plugging allowance, the amount of heat transferred decreases to 150,800,000
BTU/hr, which appears to have no thermal margin at this elevated temperature and fouling
condition for the Containment Cooling required heat load of 155,000,000 BTU/hr. With the RHR
system operating in Shutdown Cooling conditions at 104OF service water inlet, design fouling
factor, and 5% tube plugging allowance, 21,920,000 BTU/hr is transferred which is below the
required heat removal of 41,600,000 BTU/hr and would necessitate the operation of the second
RHR heat exchanger thereby providing an ample cooling capacity of 43,840,000 BTU/hr, resulting
in a thermal margin of 5.4% (w\ 2 RHR Hx in service) [Attachment A].

Case 2

Regular cleaning and testing of these heat exchangers limits the amount of fouling well below the
values assumed above. The heat exchanger performance data taken under the G.L. 89-13
program here at LaSalle demonstrates a maximum measured fouling factor of 0.00065
hr*ft2*OF/BTU (Ref. 2). For conservatism, this value was doubled to 0.0013 hr*ft2*OF/BTU and
simulated with 104OF service water inlet temperature. The result was a heat transfer rate of
177,900,000 BTU/hr for a thermal margin of 14.8% [Attachment B]. Likewise for Shutdown
Cooling condition at this fouling factor and service water condition the resulting heat transfer rate is
25,870,000 BTU/hr. This still necessitates the use of two heat exchangers to remove the design
SDC heat load of 41,600,000 BTU/hr. However with two RHR heat exchangers in service the
resulting thermal margin is 24.4% [Attachment B].

Case 3

With additional conservatism included by adding a plugging allowance of 53 tubes, 5% of the total,
in the heat exchanger and running the model again at the above fouling factor and inlet
temperature for a 174,800,000 BTU/hr heat transfer rate, a 12.8% thermal margin above the
155,000,000 BTU/hr Design Containment Cooling Heat Load. As with the previous cases,
Shutdown Cooling would require two RHR heat exchangers at 0.0013 hr*ft'*OF/BTU, 104OF inlet
temperature and 5% tube plugging allowance. However with 2 heat exchangers in service the
resulting heat transfer rate is 50,780,000 BTU/hr (25,390,000 BTU/hr per Hx), resulting in a
thermal margin of 22.1% [Attachment C].

The maximum fouling factor was found to be 0.00185 hr*ft2•*F/BTU while maintaining the required
heat transfer rate at 104OF inlet temperature and with a 5% plugging allowance [Attachment D].
The resulting heat transfer of 163,100,000 BTU/hr for CCM and 47,380,000 BTU/hr for SDC (w\2
RHR Hx in service) accommodates the design heat loads of 155,000,000 BTU/hr for CCM and
41,600,000 BTU/hr for SDC including analytical model uncertainty.
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This is judged to be a reasonably conservative fouling factor even though it is slightly lower than
the typical fouling factor stated in Ref. 5, page 215. The LaSalle lake water quality exceeds the
"River Water Fouling Factor" (at a velocity greater than 3 ft/sec) given in this reference. The lake
water passes through strainers and is chemically treated to control silt and scale prevention.

7.0 SUMMARY AND CONCLUSIONS

The RHR Heat Exchanger Model has been updated to reflect a maximum lake temperature of
104°F. The model found adequate thermal margin when operated for Containment Cooling Mode
and would require two heat exchangers in operation to achieve the Design Heat Rate removal
during Shutdown Cooling Mode. The maximum fouling factor was found to be 0.00185
hrkft2*OF/BTU while maintaining the required heat transfer rate at 1040F inlet temperature and with
a 5% plugging allowance. This fouling factor has been determined to be an acceptable benchmark
value that can be used in Generic Letter 89-13 testing evaluations of this model heat exchanger.

8.0 ATTACHMENTS:

Attachment "A" - Proto-Hx Calc. Report for RHR Hx during CCM & SDC

(CSCS=104 F @ Design FF, 5% plugged)
Attachment "B" - Proto-Hx Calc. Report for RHR Hx during CCM & SDC

(CSCS=1 04 F @ 2X As-Tested FF)

Attachment "C" - Proto-Hx Calc. Report for RHR Hx during CCM & SDC

(CSCS=104 F @ 2X As-Tested FF, 5% plugged)
Attachment "D" - Proto-Hx Calc. Report for RHR Hx during CCM & SDC

(CSCS=104 F @ Max. Allowable FF, w\ 5% plugged)

Final Page
(Last Page)
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Attachment "A"

Proto-Hx Calc. Report for RHR Hx during CCM & SDC
(CSCS=104 F @ Design FF, 5% plugged)
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16:54:44 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-B001 - LSCS - RHR Hx.
CCM-5% PLUG. DESIGN FF a, 104 F

04/15/02

Shell and Tube Heat Exchanger Input Parameters

Shell-Side Tube-Side
Fluid Quantity, Total gpm 7,446.28 7,396.31
Inlet Temperature OF 120.00 90.00
Outlet Temperature OF 108.80 101.25
Fouling Factor 0.00250 0.00000

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr ft2-°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

1
4.880000000

3.400
1.0000

Triangular

C('4j)

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft.°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
Yes

1,063
1,010
55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-201
Revision No. AOO
Attachment A
Page No. $: of A_£__



16:54:44 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM-5% PLUG. DESIGN FF (6. 104 F

04/15/02

Calculation Specifications II
I1Constant Inlet Temperature Method Was Used

Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used e~kfg ;

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temv Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

7,348.0
6,905.0

104.0
212.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2-IF)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr ft2.-F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.0 F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF) Calculation No. 97-201
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF) Revision No. AOO
Skin Visc (Ibm/ft-hr) Tube Temp In (OF) Attachment A
Density (lbm/ft3 ) Tube Temp Out (IF) Page No.
Cp (BTU/lbm.'F) Tav Tube (IF) No. of__.
K (BTU/hr-ft0.F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

Property

Velocity (ft/s)

Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)

z Skin Visc (lbm/fi-hr)
Density (Ibm/fl3)

Cp (BTU/lbm-°F)
K (BTU/hr-ft.°F)

Shell-Side
3.26

5.677E+04
2.02
0.78
0.85

60.34
1.00
0.39

3.454E+6
3.676E+6

1.508E+8
65.7

10,926.6

Tube-Side
7.07

6.607E+04
3.47
1.29
1.20

61.64
1.00
0.37

Overall Fouling (hr-ft2 .°F/BTU)
Shell-Side ho (BTU/hr.ft2.OF)
Tube-Side hi (BTU/hr'ft2.- F)
I/Wall Resis (BTU/hrift2.°F)
LMTD Correction Factor

U Overall (BTU/hr ft2-OF)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (OF)

0.002500
1,136.9
2,027.7
2,148.1
0.9268

226.6

212.0
168.5
190.2
177.1
104.0
145.1
124.5
133.0

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achiev



16:42:47 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E 12-B001 - LSCS - RHR Hx.
SDC-5% PLUG, DESIGN FF (104 F)

04/15/02

Shell and Tube Heat Exchanger Input Parameters

Shell-Side Tube-Side
Fluid Quantity, Total gpm 7,446.28 7,396.31
Inlet Temperature OF 120.00 90.00 CA&
Outlet Temperature OF 108.80 101.25
Fouling Factor 0.00250 0.00000

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hrft2.F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)

Area Factor
Area Ratio

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

1
4.880000000

3.400
1.0000

Triangular

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft.°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo., Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
Yes

1,063
1,010
55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-201
Revision No. AOO
Attachment k
Page No. A4 of A4s



16:42:47 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-B001 - LSCS - RHR Hx.
SDC-5% PLUG, DESIGN FF (104 F)

04/15/02

Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used JASI I

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,348.0
Shell Flow (gpm) Shell Flow (gpm) 7,124.0
Shell Temp In (IF) Tube Inlet Temp (IF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 120.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (0 F)

Fouling Calculation Results

Shell Mass Flow (ibm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr1ft22"F)

Tube-Side hi (BTU/hr'ft2-IF)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr'ft2"°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr'ft2"°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (°F) Calculation No. 97-20 I
Bulk Visc (lbm/ftrhr) Shell Skin Temp (IF) Revision No. AOO
Skin Vise (lbm/ft hr) Tube Temp In (IF) Attachment
Density (Ibm/1f3) Tube Temp Out (°F) AttameNt A-
Cp (BTU/Ibm.°F) Tav Tube (IF) Page No. Ar ofA•-
K (BTU/hr'ft0'F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

3.564E+6
3.676E+6

2.192E+7
9.9

10,926.6

Property Shell-Side Tube-Side
Velocity (ft/s) 3.29 7.04
Reynold's Number 3.292E+04 5.574E+04
Prandtl Number 3.75 4.18
Bulk Visc (lbm/ft-hr) 1.39 1.53
Skin Visc (Ibm/ft-hr) 1.42 1.51
Density (Ibm/fl3 ) 61.76 61.90
Cp (BTU/lbnm°F) 1.00 1.00
K (BTU/hr-ft0'F) 0.37 0.37

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie%

Overall Fouling (hr'ft2.°F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr1ft22°F)
I/Wall Resis (BTU/hr fi2.°F)

LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Tcmp In (IF)
Shell Temp Out (IF)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (IF)
Tube Temp Out (°F)
Tav Tube (fF)
Tube Skin Temp (°F)

215.9

120.0
113.8
116.9
114.7
104.0
110.0
107.0
108.3

0.002500
962.4

1,836.6
2,148.1
0.9348
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Attachment "B"

Proto-Hx Calc. Report for RHR Hx during CCM & SDC

(CSCS=104 F @ 2X As-Tested FF)
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16:57:14 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E 12-BOOI - LSCS - RHR Hx.
CCM-ALL TUBES 2X TEST FF (Q 104 F

04/15/02

Shell and Tube Heat Exchanger Input Parameters

Shell-Side Tube-Side
Fluid Quantity, Total gpm 7,446.28 7,396.31
Inlet Temperature OF 120.00 90.00
Outlet Temperature OF 108.80 101.25
Fouling Factor 0.002504' 0.00000 Ckc -.

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-ft 2-°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (if's)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-.F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb,. Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

1
4.880000000

3.400
1.0000

Triangular

2
Yes

1,063
1,=63

55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-201
Revision No. AOO
Attachment 8
Page No. B-. of 0&* Fouling Factor input on next page.



16:57:14 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM-ALL TUBES 2X TEST FF ( 104 F

04/15/02

Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,348.0
Shell Flow (gpm) Shell Flow (gpm) 6,905.0
Shell Temp In (IF) Tube Inlet Temp (OF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 212.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF) Input Fouling Factor 0.001300 .[

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2 .°F)

Tube-Side hi (BTU/hr-ft2-°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr'ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft')

Overall Fouling (hr-ft2 .°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (IF) Calculation No. 97-201
Bulk Visc (lbm/ft-hr) Shell Skin Temp (0 F) Revision No. AOO
Skin Visc (lbm/ft-hr) Tube Temp In (°F) Attachment
Density (Ibmn/ft') Tube Temp Out (°F)
Cp (BTU/Ibm.°F) Tav Tube (°F) Page No. c• of pr
K (BTU/hr-ft-0 F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

3.454E+6
3.676E+6

1.779E+8
58.1

11,500.0

Property
Velocity (fl/s)
Reynold's Number
Prandtl Number.
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/lbm'°F)
K (BTU/hr-ftý°F)

Shell-Side

3.25
5.533E+04

2.07
0.80
0.89

60.43
1.00
0.39

Tube-Side

6.73
6.491 E+04

3.35
1.25
1.14

61.58
1.00
0.37

Overall Fouling (hr-ft2.°F/BTU)
Shell-Side ho (BTU/hr-ft2

.°F)

Tube-Side hi (BTU/hr ft
2.°F)

I/Wall Resis (BTU/hr-ft2.°F)
LMTD Correction Factor

U Overall (BTU/hr-ft 2.°F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (°F)
Shell Skin Temp (IF)
Tube Temp In (°F)
Tube Temp Out (°F)
Tav Tube (°F)
Tube Skin Temp (IF)

309.1

212.0
160.6
186.3
170.3
104.0
152.5
128.2
138.6

0.001300
1,123.8
1,985.4
2,148.1
0.8618

** Reynolds Number Outside Range of Equation Applicability
!1 With Minimum Fouling 'he rest Heat Load Could Not Be Achie•



16:47:30 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E1I2-BOO I - LSCS - RHR Hx.
SDC-ALL TUBES, 2X TEST FF(a)104 F

04/15/02

Shell and Tube Heat Exchanger Input ParametersI

Fluid Quantity, Total gpm
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr- ft 2.F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Shell-Side Tube-Side
7,446.28 7,396.31

120.00 90.00
108.80 101.25

0.002504 0.00000

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (f'/s)
Tube Pitch (in)
Tube Pitch Type

1
4.880000000

3.400
1.0000

Triangular

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft.°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Doti, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
Yes

1,063
1,063
55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-20 1
Revision No. AOO
Attachment R
Page No. B4 of br* Fouling Factor input on next page.



16:47:30 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-BOO - LSCS - RHR Hx.
SDC-ALL TUBES, 2X TEST FF(a,104 F

04/15/02

Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

N Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,348.0
Shell Flow (gpm) Shell Flow (gpm) 7,124.0
Shell Temp In (IF) Tube Inlet Temp (IF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 120.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF) Input Fouling Factor 0.00 1300)'

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr.ft2 0.F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr ft2.°F)

Tube-Side hi (BTU/hr-ft2.°F)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hrft20
.°F)

LMTD LMTD Correction Factor
Effective Area (fi2)

Overall Fouling (hr-ft2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (IF)
Bulk Vise (Ibm/ft-hr) Shell Skin Temp (IF) Calculation No. 97-20 1
Skin Vise (lbm/ft-hr) Tube Temp In (°F) Revision No. AOO
Density (ibm/ft3) Tube Temp Out (°F) Attachment __-
Cp (BTU/Ibm 0'F) Tav Tube (°F) Page No. _&j of _i
K (BTU/hr'ft-F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm-'F)
K (BTU/hr'ft-'F)

Shell-Side

3.28
3.274E+04

3.78
1.39
1.43

61.77
1.00
0.37

3.564E+6
3.676E+6

2.587E+7
8.8

11,500.0

Tube-Side

6.69
5.325E+04

4.16
1.52
1.50

61.90
1.00
0.37

Overall Fouling (hr-ft2 '0 F/BTU)
Shell-Side ho (BTU/hr-ft2 -°F)
Tube-Side hi (BTU/hr-ft2 -°F)
I/Wall Resis (BTU/hr-ft2'.F)
LMTD Correction Factor

U Overall (BTU/hr-ft2-OF)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (°F)
Shell Skin Temp (IF)
Tube Temp In (°F)
Tube Temp Out (°F)
Tar Tube (°F)
Tube Skin Temp (OF)

0.001300
960.0

1,768.9
2,148.1
0.8794

289.2

120.0
112.7
116.4
113.7
104.0
111,0
107.5
109.2

** Reynolds Number Outside Range of Equation Applicability
!I With Minimum Fouling The Test Heat Load Could Not Be Achic'ý



CornEd CALCULATION NO. 97-201
REVISION NO. AOO

PAGE NO. C1 of C5

Attachment "C"

Proto-Hx Calc. Report for RHR Hx during CCM & SDC

(CSCS= 104 F @ 2X As-Tested FF, 5% plugged)

I E-FORM I



16:58:38 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-BOO1 - LSCS - RHR Hx.
CCM-5% PLUG, 2X TEST FF @ 104 F

04/15/02

SShell and Tube Heat Exchanger Input Parameters 7

Fluid Quantity, Total gpm
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff(BTU/hr-ft 2.°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Shell-Side
7,446.28

120.00
108.80

0.00250)

Tube-Side
7,396.31

90.00
101.25

0.00000

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

TEMA-E
11,500.00

0.996344561

1
4.880000000

3.400
1.0000

Triangular

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in).
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
Yes

1,063
1,010
55.30
0.652
0.750

9.40

0.000
0.000

. 0.000
0.000
0.000
0.000
0.000
0.000
0.000

* Fouling Factor input on next page. Calculation No. 97-201
Revision No. AOO
Attachment C
Page No. LZ of C r



16:58:38 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E 12-BOO1 - LSCS - RHR Hx.
CCM-5% PLUG, 2X TEST FF Ca 104 F

04/15/02

Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

. Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,348.0
Shell Flow (gpm) Shell Flow (gpm) 6,905.0
Shell Temp In (IF) Tube Inlet Temp (IF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 212.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (°F) Input Fouling Factor 0.001300,W

1L[_ Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hrTft2-°F)

Tube-Side hi (BTU/hr ft2 -F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2-°F)
LMTD LMTD Correction Factor
Effective Area (fW.)

Overall Fouling (hr-ft20.F/BTU)
Property Shell-Side Tube-Side
Velocity (fr/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (°F) Calculation No. 97-201
Skin Vise (lbm/ft-hr) Tube Temp In (IF) Revision No. AOO
Density (lbm/ft3 ) Tube Temp Out (IF) Attachment e_
Cp (BTU/Ibm°0 F) Tav Tube (IF) Page No. o,) of ce S
K (BTU/hr'ft-°F) Tube Skin Temp (°F)

IF Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)

LMTD
Effective Area (ft2)

3.454E+6
3.676E+6

1.748E+8
59.0

10.926.6

Property
Velocity (if/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft'hr)
Skin Visc (lbm/ftlhr)
Density (lbm/ft3)

Cp (BTU/Ibm 0'F)
K (BTU/hr'ft0'F)

Shell-Side

3.25
5.549E+04

2.07
0.80
0.89

60.42
1.00
0.39

Tube-Side

7.08
6.806E+04

3.36
1.25
1.15

61.59
1.00
0.37

Overall Fouling (hr-ft2"°F/BTU)
Shell-Side ho (BTU/hr-ft2 .. F)
Tube-Side hi (BTU/hr-ft 2

.°F)

1/Wall Resis (BTU/hr ft2.°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Temp In (°F)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (°F)
Tube Temp Out (°F)
Tav Tube (°F)
Tube Skin Temp (°F)

311.3

212.0
161.5
186.8
170.4
104.0
151.6
127.8
138.0

0.001300
1,124.6
2,063.8
2,148.1
0.8717

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Hleat Load Could Not Be Achie•



16:49:37 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC-5% PLUG, 2X TEST FF@ 104 F

04/15/02

Shell and Tube Heat Exchanger Input Parameters I
Fluid Quantity, Total gpm
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-ft2"°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Shell-Side Tube-Side
7,446.28 7,396.31

120.00 90.00
108.80 101.25

0.00250) 0.00000

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (fl/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr ft.°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

1
4.880000000

3.400
1.0000

Triangular

2
Yes

1,063
1,010
55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

* Fouling Factor input on next page.
Calculation No. 97-201
Revision No. AOO
Attachment C_
Page No. c4 of cf-



16:49:37 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E 12-BOOI - LSCS - RHR Hx.
SDC-5% PLUG, 2X TEST FF(a) 104 F

04/15/02

Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,348.0
Shell Flow (gpm) Shell Flow (gpm) 7,124.0
Shell Temp In (°F) Tube Inlet Temp (0 F) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 120.0
Tube Flow (gpm)
Tube Temp In (0 F)

Tube Temp Out (IF) Input Fouling Factor 0.001 300)

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2-°F)
Tube Mass Flow (lbmihr) Shell-Side ho (BTU/hrft2 .°F)

Tube-Side hi (BTU/hr-ft.°F)
-Teat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2"°F)

LMTD LMTD Correction Factor
Effective Area (ftC)

Overall Fouling (hrft2 'F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (°F) Calculation No. 97-201
Bulk Vise (lbm/ft hr) Shell Skin Temp (IF) Revision No. A00
Skin Visc (lbm/ft-hr) Tube Temp In (IF)
Density (lbm/ft3) Tube Temp Out (IF) Attachment c
Cp (BTU/Ibm-°F) Tav Tube (°F) Page No. cs of CS
K (BTU/hr-ft-.F) Tube Skin Temp (IF)

S Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

3.564E+6
3.676E+6

2.539E+7
9.0

10,926.6

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ftrhr)
Skin Visc (Ibm/ft-hr)
Density (Ibm/ftl)
Cp (BTU/lbm 0'F)
K (BTU/hr-ft'°F)

Shell-Side
3.28

3.277E+04
3.77
1.39
1.43

61.77
1.00
0.37

Tube-Side

7.04
5.601 E+04

4.16
1.52
1.50

61.90
1.00
0.37

Overall Fouling (hr-ft2-0 F/BTU)
Shell-Side ho (BTU/hr-ft2 .0 F)
Tube-Side hi (BTU/hr-ft2-OF)
1/Wall Resis (BTU/hr ft2 -OF)

LMTD Correction Factor

U Overall (BTU/hr.ft2 .F)

Shell Temp In (IF)
Shell Temp Out (OF)
Tav Shell (IF)
Shell Skin Temp (°F)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Temp ('IF)

291.4

120.0
112.9
116.4
113.7
104.0
110.9
107.5
109.1

0.001300
960.2

1,842.0
2,148.1
0.8882

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie•



CornEd CALCULATION NO. 97-201
REVISION NO. AOO

PAGE NO. D1 of D5

Attachment "D"

Proto-Hx Calc. Report for RHR Hx during CCM & SDC

(CSCS= 104 F @ Max. Allowable FF, w\ 5% plugged)

I E-FORM I



17:06:36 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-B001 - LSCS - RHR Hx.
CCM-MAX FF, w\5% PLUG, (w, 104 F

04/15/02

IShell and Tube Heat Exchanger Input Parameters I

Fluid Quantity, Total gpm
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-ft2-°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Shell-Side
7,446.28

120.00
108.80

0.0025V

Tube-Side
7,396.31

90.00
101.25

0.00000

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

Heat Exchanger Type
Effective Area (ftA2)

Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ift/s)
Tube Pitch (in)
Tube Pitch Type

TEMA-E
11,500.00

0.996344561

1
4.880000000

3.400
1.0000

Triangular

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hrl-ft.F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
Yes

1,063
1,010J
55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

* Fouling Factor input on next page.
Calculation No. 97-201
Revision No. AOO
Attachment 0
Page No. > of D5



17:06:36 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-B001 - LSCS - RHR Hx.
CCM-MAX FF, w\5% PLUG, (A 104 F

04/15/02

E Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

x Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,348.0
Shell Flow (gpm) Shell Flow (gpm) 6,905.0
Shell Temp In (IF) Tube Inlet Temp (°F) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 212.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF) Input Fouling Factor 0.001850*

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2 -.F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2-°F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr'fV2-°F)
LMTD LMTD Correction Factor
Effective Area (112 )

Overall Fouling (hr-ft2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (°F) Calculation No. 97-201
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (IF) Revision No. 9 -0Skin Visc (bm/ft-hr) Tube Temp In (IF) Revision No. A00
Density (Ibm/ft ) Tube Temp Out (OF) Attachment .l_

Cp (BTU/lbm'°F) Tav Tube (IF) Page No. _J _ _ of p_"

K (BTU/hr-ft'°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (ibm/ft-hr)
Skin Visc (Ibm/fl-hr)
Density (Ibm/ftl3)

Cp (BTU/lbm-°F)
K (BTU/'hr'ft 0'F)

Shell-Side
3.26

5.61 IE+04
2.04
0.79
0.87

60.39
1.00
0.39

3.454E+6
3.676E+6

1.63 1E+8
62.2

10,926.6

Tube-Side

7.08
6.709E+04

3.41
1.27
1.17

61.61
1.00
0.37

Overall Fouling (hrft2-°'F/BTU)
Shell-Side ho (BTU/hr-ft2 .°F)
Tube-Side hi (BTU/hr-ft2 .°F)
I/Wall Resis (BTU/hr-ft2.°F)
LMTD Correction Factor

U Overall (BTU/hr.ft2-'F)

Shell Temp In (°F)
Shell Temp Out (°F)
Tav Shell (IF)
Shell Skin Temp ("F)
Tube Temp In (°F)
Tube Temp Out (°F)
Tav Tube (OF)
Tube Skin Temp (fF)

0.001850
1,130.7
2,046.1
2,148.1
0.9024

265.8

212.0
164.9
188.5
173.8
104.0
148.4
126.2
135.5

** Reynolds Number Outside Range of Equation Applicability
!! With Minimum Fouling The Test Heat Load Could Not Be AchieV



17:08:18 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-BOOl - LSCS - RHR Hx.
SDC-MAX FF,w\5% PLUG (t 104 F

04/15/02

Shell and Tube Heat Exchanger Input Parameters I
Fluid Quantity, Total gpm
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr'ft2 0-F)

Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ftA2)
Area Factor
Area Ratio

Shell-Side
7,446.28

120.00
108.80

0.0025W0,

Tube-Side
7,396.31

90.00
101.25

0.00000

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

1
4.880000000

3.400
1.0000

Triangular

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-.F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

* Fouling Factor input on next page.

2
Yes

1,0633
1,010.3

55.30
0.652
0.750

9.40

gE1 r'coz

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-20 1
Revision No. AOO
Attachment .
Page No. _D4 of 5-



17:08:18 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC-MAX FF,w\5% PLUG (a-, 104 F

04/15/02

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

-0 Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,348.0
Shell Flow (gpm) Shell Flow (gpm) 7,124.0
Shell Temp In (OF) Tube Inlet Temp (IF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 120.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (,F) Input Fouling Factor 0.001850 4

Fouling Calculation Results

Shell Mass Flow (Ibmlhr) U Overall (BTU/hr.ft2 .F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr'ft2"°F)

Tube-Side hi (BTU,'hr-ft'.°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2-F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr.ft2 .F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (IF) Calculation No. 97-201
Skin Visc (lbm/ft-hr) Tube Temp In (IF) Revision No. AOO
Density (lbm/ft') Tube Temp Out (IF) Attachment 1)
Cp (BTU/Ibm 0'F) Tav Tube (IF) Page No. __ 5 of DS
K (BTU/hr'ft-'F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

3.564E+6
3.676E+6

2.369E+7
9.4

10,926.6

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Visc (lbm/ft-hr)
D.Density (Ibmlft')

Cp (BTU/lbm.'F)
K (BTU/hr-ft'°F)

Shell-Side
3.28

3.284E+04
3.76
1.39
1.42

61.76
1.00
0.37

Tube-Side

7.04
5.588E+04

4.17
1.53
1.50

61.90
1.00
0.37

Overall Fouling (hr-ft2.°F/BTU)
Shell-Side ho (BTU/hr-ft2 -.F)
Tube-Side hi (BTU/hr ft2.°F)
I/Wall Resis (BTU/hr ft2 -IF)
LMTD Correction Factor

U Overall (BTU/hr ft2 -F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

251.2

120.0
113.3
116.7
114.2
104.0
110.5
107.2

108.7

0.001850
961.3

1,839.3
2,148.1
0.9140

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achiec
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1.0 PURPOSE

The purpose of this calculation is to develop a thermal performance analysis model for the
Commonwealth Edison (ComEd) LaSalle Station, Residual Heat Removal Heat Exchanger. This
model is to be used for the analysis of heat exchanger thermal performance test data as part of the
LaSalle Station heat exchanger testing program.

Once developed, the model is used to evaluate the thermal margin of the heat exchanger at the
LaSalle Station Reference Conditions as currently defined in the LaSalle design and licensing
basis.

The thermal performance model documented in this calculation has been created and used with
PROTO-HX, Version 3.02. The model can be used with previous versions of PROTO-HX and
produce identical results as long as the following restrictions are upheld:

* Versions prior to version 3.02 will not calculate a negative fouling factor when calculating
the fouling factor based on test data.

* Shell and tube heat exchangers analyzed in Version 3.0 or earlier must have a tube-side
Reynolds Number greater than 10,000 (i.e., fully developed turbulent flow).

Current limitations of use for PROTO-HX are established by the limits on fluid properties
included within the software. Fluid properties contained within PROTO-HX are currently
limited to the following temperature ranges:

* Water (fresh and salt): 32-500"F

2.0 BACKGROUND
LaSalle County Station is in the process of implementing a heat exchanger thermal performance
monitoring program in response to the requirements of NRC Generic Letter 89-13
(Reference 8.2). Development of an analytical model in PROTO-HXTM, Version 3.02, will allow -

timely analysis of data resulting from the test program.

3.0 DESIGN INPUTS
The PROTO-HXTM program was developed and validated in accordance with Proto-Power's
Nuclear Software Quality Assurance Program (SQAP). This program meets the requirements of
1OCFR50 Appendix B, 1OCFR21, and ANSI NQA-1, and was developed in accordance with the
guidelines and standards contained in ANSI/IEEE Standard 730/1984 and ANSI NQA-2b-1991.
PROTO-HXTM Version 3.02 was verified and approved for use as documented in Reference 8.11.

The design inputs for this calculation consist of the heat exchanger LaSalle Station Reference
Condition (Section 3.1), Construction Details (Section 3.2), Performance Details (Section 3.3)
provided by the Hx vendor data sheets or design documents as referenced. Construction details
give the necessary information for model construction while performance specifications provided

Form No.: P1050105 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1
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by the vendor are used to benchmark the models. Section 3.4 discusses the design overall
fouling factor used on the vendor data sheets.

3.1. LASALLE STATION REFERENCE CONDITION

Table 3-1 describes the performance requirement of the RHR heat exchanger during
Containment Cooling mode of operation.

Table 3-1 Reference Condition - Containment Cooling Mode
Parameter Value Reference

Heat Rate (BTU/hr) 155,000,000 8.1

Shell-Side Flow Rate (gpm) 8400 8.1

Shell-Side Inlet Temperature ('F) 212 8.1

Tube-Side Flow Rate (gpm) 7400 8.1

Tube-Side Inlet Temperature (*F) 100 8.1

Table 3-2 describes the performance requirement of the RHR heat exchanger during
Shutdown Cooling mode of operation.

Table 3-2 Reference Condition - Shutdown Cooling Mode
Parameter Value Reference

Heat Rate (BTU/hr) 41,600,000 8.1

Shell-Side Flow Rate (gpm) 7450 8.1

Shell-Side Inlet Temperature ('F) 120 8.1

Tube-Side Flow Rate (gpm) 7400 8.1

Tube-Side Inlet Temperature ('F) 90 8.1

3.2. CONSTRUCTION DETAILS

The majority of the construction details stay consistent between both the shutdown
cooling and containment cooling modes of operation. The values that are specific to a
mode of operation or number of available tubes in Table 3-3 are based on the shutdown
cooling mode with all tubes available.

Table 3-3 Construction Detail
Parameter Value Reference

Heat Exchanger Type TEMA E / Vertical - AEU 8.6

Total Effective Area per unit (ft2 ) 11,500 8.6

Number of Shells per unit 1 8.6

Tube Passes per shell 2 8.6

Form No.: P1050105 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1
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Table 3-3 Construction Detail

Parameter Value Reference

U-Tubes (yes or no) Yes 8.6

Total Number of Tubes 1063 8.6

Tube Length (ft) 55.3 8.6, See below

Tube Inside Diameter (in) 0.652 (18 BWG) 8.6

Tube Outside Diameter (in) 3/4 8.6

Tube Wall Conductivity (BTU/hr-ft-*F) 9.40 (A-249 TP 304L SS) 8.9 (8.6)

Tube Pitch (in) I 8.6

Pitch Type Triangle 8.6

Tube Circle Diameter (in) 51.25 8.3

The length of a U-Tube in PROTO-HX TM is twice the straight length of tube plus 30% of
the shell diameter (Equation 1). This value is then entered into the PROTO-HXTm data
sheet. Based on Reference 8.6 the RHR U-Tube length:

U - Tube=2 .L ube+30%'IDshell

LTube =50%'26.5ft+25%'27ft+25%'28ft=27ft

U - Tube= 2.27ft+0.30-51.25 in it -=55.3 ft
12in

Equation 1

3.3. PERFORMANCE DETAILS

Table 3-4 shows the performance parameters for the RHR heat exchanger in Containment
Cooling mode; whereas, Table 3-5 shows the performance parameters for the RHR heat
exchanger in Shutdown Cooling mode. The Shutdown Cooling mode (5% plugged, 53
tubes plugged) performance data was used to create the PROTO-HXTM model.

Table 3-4 Containment Cooling Performance Detail
Parameter Value Reference

Shell Side Fluid Type Demineralized Water (Fresh) 8.6

Shell Side Fouling Factor (Design) 0.0005 8.6

Shell Side Fluid Flow Rate (gpm) 8,400 (4,200,000 lb/hr) 8.6

Shell Side Inlet Temperature ('F) 212.0 8.6

Shell Side Outlet Temperature ('F) All Tubes: 171.6 8.6

5% Plugged: 172

Tube Side Fluid Type Service Water (Fresh) 8.6

Tube Side Fouling Factor (Design) 0.002 8.6

Form No.: P1050105 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1
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Table 3-4 Containment Cooling Performance Detail
Parameter Value Reference

Tube Side Fluid Flow Rate (gpm) 7,400 (3.700,000 Ib/hr) 8.6

Tube Side Inlet Temperature (*F) 100 8.6

Tube Side Outlet Temperature (0F) All Tubes: 145.9 8.6

5% Plugged: 145.3

Design Q - Service (BTU/hr) All Tubes: 170,000,000 8.6

5% Plugged: 168,000,000

Design U - Clean (BTU/hr-ft2-°F) All Tubes: 563 8.6

5% Plugged: 568

Design U - Service (BTU/hr-ft 2 -°F) All Tubes: 231 8.6

5% Plugged: 235

Shell Velocity (ft/sec) 3.82 8.6

Number of Plugged Tubes All Tubes: 0 8.6

5% Plugged: 53

Table 3-5 Shutdown Cooling Performance Detail
Parameter Value Reference

Shell Side Fluid Type Reactor Water (Fresh) 8.6

Shell Side Fouling Factor (Design) 0.0005 8.6

Shell Side Fluid Flow Rate (gpm) 7,450 (3,725,000 lb/hr) 8.6

Shell Side Inlet Temperature (0F) 120.0 8.6

Shell Side Outlet Temperature (°F) All Tubes: 108.6 8.6

5% Plugged: 108.8

Tube Side Fluid Type Service Water (Fresh) 8.6

Tube Side Fouling Factor (Design) 0.002 8.6

Tube Side Fluid Flow Rate (gpm) 7,400 (3700,000 lb/hr) 8.6

Tube Side Inlet Temperature (0F) 90 8.6

Tube Side Outlet Temperature (0F) All Tubes: 101.5 8.6

5% Plugged: 101.25

Design Q - Service (BTU/hr) All Tubes: 42,550,000 8.6

5% Plugged: 41,600,000

Design U - Clean (BTU/hr-ft2 -0F) All Tubes: 463 8.6

5% Plugged: 466
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Table 3-5 Shutdown Cooling Performance Detail
Parameter Value Reference

Design U - Service (BTU/hr-ft2-°F) All Tubes: 213 8.6

5% Plugged: 215

Shell Velocity (ft/sec) 3.4 8.6

Number of Plugged Tubes All Tubes: 0 8.6

5% Plugged: 53

3.4. VENDOR DESIGN FOULING FACTOR

The PROTO-HX convention for calculating overall fouling factors is to combine the
shell-side and tube-side fouling factor using the outside heat transfer surface as the
reference area. Equations 2 and 3 show the PROTO-HX method of combining the shell-
side and tube-side fouling factors.

AreaRatio = TubeOD
Tube ID

Equation 2

Equation 3fwota = fhcII + (Area Ratio). f,,

Table 3-6 shows the results of combining the shell-side and tube-side fouling factors
using the area ratio.

Table 3-6 PROTO-HX Design Fouling
Tube ID, in: 0.750
Tube 013, in: 0.652

Area Ratio (OD/ID) 1.150

Tube-side FF 0.002
Shell-side FF 0.0005
Overall FF (Area Ratio) 0.0028006d

However, according to the vendor data sheets (Reference 8.6), the design overall fouling
factor used by the vendor in the performance analysis presented on the data sheets
appears to be approximately 0.0025 verse the 0.0028 calculated in Table 3-6. The fouling
factor is calculated from the vendor data sheets by comparing the difference between the
service and the clean overall heat transfer coefficients.

1
U=r(h )+ rtube-side FF + rw,,I, + rshe,,-side FF + r(rho) Equation 4

Reference 8.5 discusses that the fouling factor may be calculated directly from the
difference between the service and clean overall heat transfer coefficients only when all
other parameters remain constant (flow and temperature). Likewise, the total fouling

Form No.: P1050105 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1
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factor may be calculated as the sum of the shell-side and tube-side fouling factors
(Equation 5).

ftotal - ftube-side + fshell-side Equation 5

Table 3-7 shows that the difference between the service and clean overall heat transfer
coefficients is approximately 0.0025. The variations in the fouling factor can be
attributed to the round-off error as reported on the vendor data sheets.

Table 3-7 Vendor Data Sheet Fouling Factor

Vendor Data Sheet U-Service U-Clean Fouling (U)
All Tubes - SDC 213 463 0.0025350
5% PLG - SDC 215 466 0,0025052
All Tubes - CCM 231 563 0,0025528
5% PLG - CCM 235 568 0.0024948

Overall FF= 0.0025

Therefore, the PROTO-HX benchmarking of the RHR model will be performed with an
overall fouling factor of 0.0025 versus the standard PROTO-HX method of referencing
the fouling resistances to the outside heat transfer area. For PROTO-HX to use the
0.0025 value for fouling it will be entered into the heat exchanger data sheet as a shell-
side fouling factor and zero will be entered as the tube-side fouling factor.

The direct addition of the shell-side and tube-side fouling factors will yield a more
conservative model then the standard PROTO-HX method of combining the fouling
factors. This is because the Hoff calculated at data sheet conditions with a lower overall
fouling factor is lower than that calculated with the higher value of overall fouling factor.

4.0 APPROACH

This calculation utilizes plant/vendor fabrication specifications provided in Attachment (A) to
develop a thermal performance prediction model for the LSCS RHR Hx. The calculation then
benchmarks the models by comparing the heat transfer rate calculated by PROTO-HXTM Version
3.02 with the vendor's specifications for thermal performance under different cooling modes.

4.1. PROTO-HXTM PARAMETER CALCULATION

Minimum Shell Area

The minimum shell area is calculated using either the shell side velocity or shell
geometry. The preferred method of calculation is using the shell side velocity. Reference
8.6 gives the shell side velocity to be 3.4 ft/sec at a flow rate of 7396.31 gpm (Section
4.3). Based on this velocity and flow rate the minimum shell side area is 4.880 ft2.

Outside H Factor (Hoff)

Form No.: P1050105 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1
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The Outside H Factor is a multiplier, with value less then 1.0, used to reduce the ideal
shell side film heat transfer coefficient. The Outside H Factor accounts for inefficiency in
the heat exchanger. Using the back calculation method, based on the design overall heat
transfer coefficient (215 Btu/hr ft2 OF), the Outside H Factor was calculated by PROTO-
LiX TM to be 0.56355.

4.2. PROTO-HXTm EXTRAPOLATION METHOD

All calculations performed for this calculation are based on a constant cold inlet
temperature (except where noted). This allows the comparison of the heat transfer, outlet
temperatures, log mean temperature difference (LMTD), and heat transfer coefficient.
There is no comparison of the heat transfer coefficient in the design case since PROTO-
HXTM used the data sheet value of the heat transfer coefficient to calculate the outside
heat transfer coefficient.

4.3. PROTO-HX FLOW RATE INPUTS

The vendor data sheets have the actual heat exchanger mass flow rates listed on them.
The mass flow must be converted to a volumetric flow rate at 60'F for entry into
PROTO-HX.

_ 7.48. rh
60. P60-F

Table 4-1 Vendor Data Sheet: PROTO-HX Flow Rate Inputs
Parameter Actual Flow (lb/hr) PROTO-HX Input (gpm)

Tube-side, 90'F 3,700,000 7396.31

Tube-side, 100l F 3,700,000 7396.31

Shell-side, 120'F 3,725,000 7446.28

Shell-side, 212'F 4,200,000 8395.81

Density, 60'F 62.364 lb/ft3 (8.12) ..-

Equation 6

Volumetric flow rates are converted to mass flow rates based on a set temperature of
60'F in PROTO-HX. Therefore, the actual PROTO-HX inputs have to be adjusted to
give the correct mass flow rate. The PROTO-HX input is adjusted using the ratio of the
actual water density and the density of water at 60'F.

Qpx = Q temp P tenmp
P60QF Equation 7
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Table 4-2 Reference Condition: PROTO-HX Flow Rate Inputs

Parameter Density (lb/ft3 ) Actual Flow (gpm) PROTO-HX Input (gpm)

Tube-side, 90'F 62.113 (8.12) 7400 7370.22

Tube-side, 100'F 61.994 (8.12) 7400 7356.08

Shell-side, 1207F 61.712 (8.12) 7450 7372.02

Shell-side, 2127F 59.823 (8.12) 8400 8057.65

PROTO-HX, 60F 62.364 (8.12) •.. .- - --

5.0 ASSUMPTIONS

5.1. For the containment cooling mode of operation with a 212'F shell side inlet temperature
all fluid entering the shell is considered to be in the liquid phase. This is consistent with
the vendor's analysis of the heat exchanger in Reference 8.6. Therefore, future validation
of this assumption is not required.

5.2. The vendor data sheet (Reference 8.6) is considered an accurate reflection of the vendor's
expectation for the heat exchanger's outside film heat transfer coefficient. Therefore, the
benchmarking of the PROTO-HX model to the vendor data sheet will ensure that the
PROTO-HX calculated outside film heat transfer coefficient is consistent with the
vendor's expectation. Future validation of this assumption is not required.
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6.0 ANALYSIS

6.1. PROTO-HXTNS MODEL

Table 6-1 compares the PROTO-HXTIf (P-HX) values to the values shown on the Vendor
Data Sheets (V - DS). PROTO-HX output reports can be found in Attachment C.

Table 6-1 PROTO-HX Model Results

CONTAINMENT COOLING MODE SHUTDOWN COOLING MODE

ALL TUBES 5% PLUGGED ALL TUBES 5% PLUGGED

Parameter P-HX V - DS P-HX V - DS P-HX V - DS P-HX V - DS

Shell Side Outlet Temp, OF 171.7 171.6 172.7 172 108.6 108.6 108.9 108.8

Tube Side Outlet Temp, OF 146.0 145.9 144.9 145.3 101.5 101.5 101.2 101.25

Heat Transferred, BTU/hr 1.7 E8 1.70 E8 1.658E8 1.68 E8 4.251 E7 4.255E7 4.147E7 4.16E7

Heat Transfer Coef, BTU/hr ft2 OF 230.7 231 231.9 235 213.7 213 215 215

Corrected LMTD 64.0 64.1 65.5 65 17.26 17.35 17.6 17.6

Table 6-2 shows the correlation between the manufacture data sheets and the PROTO-
HXTM model. PROTO-HX output reports can be found in Attachment C.

Table 6-2 PROTO-HX Model Correlation
CONTAINMENT COOLING MODE SHUTDOWN COOLING MODE

Parameter ALL TUBES (%) 53 PLUGS (%) ALL TUBES (%) 53 PLUGS (%)

Shell Side Outlet Temp 0.06 0.41 0.00 0.09

Tube Side Outlet Temp 0.07 -0.27 0.00 -0.05

Heat Transferred 0.00 -1.31 -0.09 -0.31

Heat Transfer Coef -0.13 -1.32 0.33 N/A

Corrected LMTD -0.16 0.77 -0.52 0.00

6.2. FOULING SENSITIVITY

The fouling sensitivity of the jacket water cooler is shown in Figure 6-1. The fouling
sensitivity was developed at both sets of Reference Conditions (Table 3-1 and Table 3-2).
The tube-side fouling factor was varied from 0.0000 until the required heat load was met

by increments of 0.0005 (hr ft2 OF/Btu). The shell-side fouling factor is held constant at
the design value of 0.0005 (hr ft2 OF/Btu). The fouling factors overall fouling factors
where entered in PROTO-HX based on the combining of the tube-side and shell-side
fouling factors as described in the Heat Exchanger Design Handbook (Reference 8.5).
The PROTO-HX Calculation Reports for the fouling sensitivity can be found in
Attachment D.
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Figure 6-1 Fouling Sensitivity
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6.3. THERMAL PERFORMANCE MARGIN

The clean thermal margin is assessed by a comparison of the reference condition
performance requirements to the heat exchanger performance capability with a zero (0)
fouling factor. Using a zero (0) fouling factor shows the maximum available
performance of the heat exchanger. Likewise, the service thermal margin is assessed by
comparing the reference condition performance requirements to the heat exchanger
performance capability with the design fouling factor.

The margin is calculated directly and as a percentage compared to the required heat rate
to perform the component's safety function. The PROTO-HX reports can be found in
Attachment E.

Margin=(Heat Rate)-(Heat Rate)equjird

% Margin= 100 "eMargin
(Heat Rate)rquired

Equation 8

Equation 9
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Table 6-3 Thermal Margin - Containment Cooling Mode
Service (Design Fouling) Clean (0 Fouling)

Parameter All Tubes 53 Plugs All Tubes 53 Plugs

Heat Transfer Rate 167,700,000 163,700,000 230,700,000 228,700,000

Required Heat Transfer Rate 155,000,000 155,000,000 155,000,000 155,000,000

Thermal Margin 12,700,000 8,700,000 75,700,000 73,700,000

% Thermal Margin 8.19% 5.61% 48.84% 47.55%

Table 6-4 Thermal Margin - Shutdown Cooling Mode
Service (Design Fouling) Clean (0 Fouling)

Parameter All Tubes 53 Plugs All Tubes 53 Plugs

Heat Transfer Rate 42,330,000 41,310,000 57,440,000 56,840,000

Required Heat Transfer Rate 41,600,000 41,600,000 41,600,000 41,600,000

Thermal Margin 730,000 -290,000 15,840,000 15,240,000

% Thermal Margin 1.75% -0.70% 38.08% 36.63%

Table 6-5 Adjusted Tube Plugging for Shutdown Cooling
Parameter Shutdown Cooling - 38 Plugs

Heat Transfer Rate 41,600,000

Required Heat Transfer Rate 41,600,000

Thermal Margin 0

% Thermal Margin 0.00%

7.0 CONCLUSION

7.1. PROTO-HX TM MODEL

The RHR Hx Model was developed using PROTO-HXTM, Version 3.02. The model was
benchmarked and validated using the vendor supplied performance data sheets
(Containment Cooling and Shutdown Cooling) for the heat exchangers. Model
correlation to the vendor's performance specification for Shutdown Cooling Mode with
53 Plugs was within one percent (-0.31 %). The model correlation with other modes of
operation can be found in Table 6-2.

This model should be considered suitable for use in the analysis of thermal performance
test data.

Form No.: P1050105 Rev.: 10 Date: 10/21/97 Ref.: P&l 5-1
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7.2. FOULING SENSITIVITY

Given a constant shell-side fouling at the model design value, the sensitivity of the RHR
heat exchanger to tube-side fouling effects is shown on Figure 6-1.

7.3. THERMAL PERFORMANCE MARGIN

The available clean thermal margin of the RHR heat exchanger with no tubes plugged in
Containment Cooling Mode of operation is 48.84% margin as compared to the Shutdown
Cooling Mode of operation margin of 38.08%.

Table 6-3 through Table 6-5 show the thermal margin for the RHR heat exchanger in
both the Containment Cooling and Shutdown Cooling modes in service and clean
conditions at various tube plugging levels.

For the Shutdown Cooling mode with tubes plugged, the maximum allowable plugs
allowed to still meet the required heat load with design fouling is 38 plugs.
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8.1. Process Flow Diagram, Residual Heat Removal System, 731E966AA Sheets I & 3
(Attachment B)
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I.D. Residual Heat Removal Hx. 52-27U12-6V"

8.5. Heat Exchanger Design Handbook, Volume 3, Thermal and Hydraulic Design of Heat
Exchangers, Hemisphere Publishing Corp., Rev. 1989

8.6. Struther Wells Hx Data Sheet (Attachment A)

8.7. LSCS Drawing, VPF 3161-4-6, J-2500

8.8. LSCS Drawing, VPF 3161-8-2, J-2500

8.9. PROTO-HXTM User Manual

8.10. LSCS Drawing, T-2792, J-2500

8.11. Heat Exchanger Thermal Performance Modeling Software Program PROTO-HXTM Version
3.02 Software Validation and Verification Report (SVVR) SQA No. SVVR-93948-02,
Revision F, dated 2/17/98

8.12. Proto-Power Calculation 93-048, "Fluid Properties - Fresh Water - Range 32 0 F to
5007F", Rev. A
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JOB NO.

2 CUSTOMER GENERAL cOMPA f ' REFERENCENO.

5- PrQll"IC NO. S.t.,' --

A PLAI LOCATION l.- SQ\\•, "T_ DATE 5h9171
6 SERVCE OF UNIT R lg-iA\u4'o VA,ý ITEM NO. j _______

6SIZE SZT.D. x2 31 TYPE )T~~~Nr.f I~,'*~V~7 UR .I NI G r,,,:S5) IIIr•

SURF./UNIT jC., O SHELLS/UNIT One SURF./SHELL -1 •fVL 'ne'• (E~rP'j |LL-•O

a - Four- A)\ llnls RenA PERFORPAONCE OF ONE UNI1T __________________

SHELL SIDE TUBE SIDE

o FLUID CIRCULATED R--_0Cr r " ' y"

TOTAL FLUID ENTERING #/HR 3 7S.•,17 _ ( 74rzc ( _ c5,tn (74 3 o " '

VAPOR

LIQUID 37- ;" ( . 7 (

STEAM

NON-CONDENSA BL ES

FLUID VAPORIZED OR CONDENSED

STEAM CONDENSF-D

SPECIFIC GRAVITY

VISCOSITY

MOLECULAR WEIGHT

SPECIFIC HEAT BTU/LB OF

THERMAL CONDUCTIVITY BTU/HR-FT-AF

LATENT HEAT BTUILb

TEMPERATURE IN OF - __ __ ___,_

'TEMPERATURE OUT OF |p-'

OPERATING PRESSURE PSIG

NO. PASSES PER SHELL (M. - n,__ _ -_ _ __ _ _

VELOCITY FT/SEC .VP,. L.rp (.t-7

PRESSURE DROP t . PSI R.l • .9-

FOULING RESISTANCE . (MIN) .

HEAT EXCHANGED. BTU/HR 4-. ( MTD CORRECTED. OF

TRANSFER RATE - SERVICE 71 CLEAN _ _.(63 _ _ _ _

CONSTRUCTION OF ONE SHELL - , •"•Ao S7'uL.ocs

DESIGN PRESSURE PSIG I•
TEST.PRESSURE PSlG

DESIGN TEMPERATURE OF

TUBES NO. O.D. BWG vG. LENGTH PITCH

SHELL I.D. O.D. SHELL COVER (INTEG.)(REMOV.)

CHANNEL OR BONNET CHANNEL COVER

TUBESHEET-STATIONARY TUBESHEET FLOATING

BAFFLE-CROSS TYPE FLOATING HEAD COVER

BAFFLES-LONG TYPE IMPINGEMENT PROTECTION

TUBE SUPPORTS

TUBE TO TUBE SHEET JOINT

GASKETS

CONNECTIONS-SHELL SIDE IN OUT RATING

CHANNEL SIDE IN OUT RATING

CORROSION ALLOWANCE-SHELL SIDE TUBE SIDE

CODE REOUIREMENTS TEMA CLASS

REMARKS

Proto-Power Calc: 9I-ZUI
Attachment: A
Rev: A Page 2 of 5



1UI1A

SECTION X

STRUTHERS WELLS CORPORATION
Heat Exchanger Specification Sheet

1PIVC~ ?SIC-C-rt 'TutV~Fs SlCA"Ft Trinwm~ CP VuM-i mr -d

2

3

4
S

S

7

S

IO
11

12

13

14

Is

IS

17
IS

19

20

21

22

23

24

25

26

27

25
29

30

31

32

23

34

3S

36

27

38
39

40

41

42

43

44

45

4.

47

48

49

so

SI

s2

S3

54

JOB NO.

CUSTOMER r, r- N cr R N C-" A t , y ,,, insmPA"'i REFERENCE NO. ,

ADDRESS rn4 X,,."..9-E\4- NO. (7 n -C

PLANT LOCATION TD -- c -,ATE

SERVICE OF UNIT p .A r i-er.* ITEM NO.-
SIZE 7r. "T.. TYPE ("rj_ •) T.1 C7. _ ) ,
SURF.IUNIT .'E cp's• '%"'*O SHELLS/UNIT Un-%..•" UFIHEL•~

SHELS/NIT Q SURF./SMELL !C';`p 11.79
S -ItV" (PERFORMANCE OF ONE UNIT

SHELL SIDE TUBE SIDE

FLUID CIRCULATED . Ai -r " J "rAwiv pyvui e-. ACICOLV"

TOTAL FLUID ENTERING I/MR "4=Q-i , ( C45pC•,Pt.:>' 7ýc" " CT 40c' c--
VAPOR

LIQUID ,-77r.OC, C•

STEAM

NON-CONOENSABLES

FLUID VAPORIZED OR CONDENSED

STEAM CONDENSED

SPECIFIC GRAV!TY

VISCOSITY

MOLECULAR WEIGHT

SPECIFIC HEAT 8TU/LB oF
THERMAL CONDUCTIVITY BTU/HR-FT-*F

LATENT HEAT BTU/LB

TEMPERATURE IN OF 12.•.=

TEMPERATURE OUT OF ie1.R t|,k. _

OPERATING PRESSURE PSIG

NO. PASSES PER SHELL nT

VELOCITY FT/SEC .4. I L,-i 7. 4-

PRESSURE DROP tv PSI B-57. es e_%. _

FOULING RESISTANCE (MIN) • * I -4q

HEAT EXCHANGED. BTU/HR -*4e.41 cne-%4' Ins MTO CORRECTED. OF 4&e-T..C
TRANSFER RATE - SERVICE CLEAN

CONSTRUCTION OF ONE SHILL
DESIGN PRESSURE .PSIG ____________________ __________
TEST.PRESSURE PSIG Per C-..A. - ClAp
DESIGN TEMPERATURE OF A4g e- 4F,.c'1 I 32 "eo 4Vkn

TUBES.4 A". . SO LENGTH 4k*; PITCH I" Tjivc 1
TUBES 304.L •/,(;I-?45%NO.Iot-i U•O.O. 3/4- BwG I• IldalK•"

SHELL C. /2. u 4j3 L 0/S.CA. D. 52." 00( SHELL COVER C.& .ilA4LS _%aA¥INTEG')d297$M

CHANNEL OR SONNET C. I.A.3/ C - q,.r 'nr.e CHANNEL COVER (.q,. t-,j(''v--e% wr-AiC Cant*

TUBESHEETjSTATIONARY b 'A • , S/_e TUBESHEET FLOATING

BAFFLE-CROSS 304% TYPE meA. __S r •" PICI,1 FLOATING HEAD COVER

BAFFLES-LONG TYPE I IMPINGEMENT PROTECTION Ye-.

TUBE SUPPORTS -14. 1-2/ - '!;'is_. W,•
TUBE TO TUBE SHEET JOINT WrIAP-A A
GASKETS W pMnA _r "e. Am ksy%,

CONNECTIONS-SHELL SIDE IN I P." OUT i9 RATING W. -.

CHANNEL SIDE IN I s" " OUT I W," RATING W. F.
CORROSION ALLOWANCE-SHELL SIDE ie'v, .Ceer.1_ tALVe..TUSE SlOE k"y_ 'SCvr. 71A &Aeple•,
CODE REOUIREMENTS Snhel, S;AOL- See .I-C -. ,-e SAc._.re.i-cTEMA CLASS C)
REMARKS Peoyr~nyyn.yc9 re wAa I " are nv-c on

F, utu-Puwei CaL. ;7-201
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-6 • Fpux14. - -.o. PERFORMANCE OF ONE UINIT
9 SHELL SIDE TUBE SIDE

10 FLUID CIRCULATED

11 TOTAL FLUID ENTERING #/HR 4, _c,. n •m•'c- P, onr-• (f't (c- z C'-.nPr

12 VAPOR

13 LIOUID ,4.? -y - .rs c"." c-•e-, 1-700. Goo

14 STEAM

i5 NON-CONDENSABLES

16 FLUID VAPORIZED OR CONDENSED

17 STEAM CONDENSED

1I SPECIFIC GRAVITY

19 VISCOSITY

20 MOLECULAR WEIGHT

21 SPECIFIC HEAT BTU/LB OF

22 THERMAL CONDUCTIVITY BTU/HR-FT-OF

23 LATENT HEAT BTU/LB

g4 TEMPERATURE IN OF .212.- n_ I _ _ n____ _ _

25 TEMPERATURE OUT 'F'- |7 _ _ __r__ ___._-_ _

26 OPERATING PRESSURE PSIG

27 NO. PASSES PER SHELL T

28 VELOCITY FT/SEC -_:k. p,. L__,,Cy , _,_ _ _ _ _ _ __ _ _ _ _ __t

29 PRESSURE DROP mr,-C. PSI V

30 FOULING RESISTANCE (MIN) ,_____ * no.____ 7____

31 HEAT EXCHANGED. BTU/HR I 7 Q -00,I MTD CORRECTED. *F 664-1
32 TRANSFER RATE - SCRVICE ) CLEAN

33 .CONSTRUCTION OF ONE $HELL (SEQ k - ,7* 4"Qyn
34 DESIGN PRESSURE PSIG

35. TEST.PRESSURE PSIG

35 DESIGN TEMPERATURE *F
37 TUBES NO. O.D. BWG AVG. WLO. LENGTH PITCH

38 SHELL. I. D. O.D. SHELL COVER (INTEG.)(REMOV.)

39 CHANNEL OR BONNET CHANNEL COVER

40 TUBESHEET-STATIONARY TUBESHEET FLOATING

41 BAFFLE-CROSS TYPE FLOATING HEAD COVER

42 BAFFLES-LONG TYPE IMPINGEMENT PROTECTION

43 TUBE SUPPORTS

44 TUBE TO TUBE SHEET JOINT

45 GASKETS

46 CONNECTIONS-SHELL SIDE IN OUT RATING

47 CHANNEL SIDE IN OUT RATING

48 CORROSION ALLOWANCE-SHELL SIDE TUBE SIDE

48 CODE REQUIREMENTS TEMA CLASS

50 REMARKS
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10:44:32 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-B001 - LSCS - RHR Hx.
SDC - All Tubes, Vendor Fouling

07/13/98

40 IIF Shell and Tube Heat Exchanger Input Parameters II

IIII

Shell-Side
Flhiid-Quantity, Total gpm - 7_,446-7.28--..
Inlet Temperature OF 120.00
Outlet Temperature OF 108.80
Fouling Factor 0.00250

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr ft2 -F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Tube-Side

90.00
101.25

0.00000

Fresh Water

Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

Number of Shells per Unit
'Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr.ft.'F)

1
4.880000000

3.400
1.0000

Triangular

2
Yes

1,063 •
_• ~1,0636-

55.30
0.652
0.750

9.40

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Doti, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-201
Attachment: C
Rev: A Page 2 of 9



10:44:32 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - All Tubes, Vendor Fouling

07/13/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,396.3
Shell Flow (gpm) Shell Flow (gpm) 7,446.3
Shell Temp In (IF) Tube Inlet Temp (IF) 90.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 120.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

1_ Fouling Calculation Results

Shell Mass Flow (lbni/hr) U Overall (BTU/hr-ft2 -F)
Tube Mass Flow (Ibnr/hr) Shell-Side ho (BTU/hr'ft2 -F)

Tube-Side hi (BTU/hr-ft2 .F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr ft2 ..F)
LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (°F)
Bulk Visc (Ibm/ft hr) Shell Skin Temp (°F)
Skin Visc (lbm/ft-hr) Tube Temp In (OF)
Density (lbm/ft3 ) Tube Temp Out (°F)
Cp'(BTU/lbm-°F) Tar Tube (°F)
K (BTU/hr'ft-0 F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/lbm.°F)
K (BTU/hr-ft-°F)

Shell-Side

3.43
3.354E+04

3.86
1.42
1.48

61.80
1.00
0.37

3.725E+6
3.7E+6

4.25 1E+7
18.5

11,500.0

Tube-Side

6.72
4.729E+04

4.77
1.73
1.67

62.05
1.00
0.36

Overall Fouling (hr.ftt2 .F/BTU)
Shell-Side ho (BTU/hr-ft20.F)
Tube-Side hi (BTU/hr-ft'.°F)
l/Wall Resis (BTU/hr-ft2 --F)
LMTD Correction Factor

U Overall (BTU/hr-ft2
.°F)

Shell Temp In (OF)
Shell Temp Out (°F)
Tav Shell (OF)
Shell Skin Temp (°F)
Tube Temp In (IF)
Tube Temp Out (°F)
Tav Tube (OF)
Tube Skin Temp (°F)

Proto-Power Calc: 97-201
Attachment: C
Rev: A Page 3 of 9

0.002500
977.6

1,666.6
2,148.1
0.9328

213.7

120.0
108.6
114.3
110.2
90.0

101.5
95,7
98.5

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



10:43:25 PROTO-HX 3.02 by Proto-Powver Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - 53 Plugs, Vendor Fouling

07/13/98

a II Shell and Tube Heat Exchanger Input Parameters II
Shell-Side

Flii id-Qiiintif, Tota--, g m 7-44•.28
Inlet Temperature OF 120.00
Outlet Temperature OF 108.80
Fouling Factor 0.00250

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr.ft2.°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Tube-Side
~7.39-6J.3--

90.00
101.25

0.00000

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

Heat Exchanger Type
Effective Area (ftl2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft.°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

1
4.880000000

3.400
1.0000

Triangular

2
Yes

1,063
1,010
55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-201
Attachment: C
Rev: A Page 4 of 9



10:43:25 PROTO-HX 3.02 by Proto-Power Corporation (SN#PfIX-0000)
Commonwealth Edison

Calculation Report for E12-B001 - LSCS - RHR Hx.
SDC - 53 Plugs, Vendor Fouling

07/13/98

Calculation Specitications
*IIi. I

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

7,396.3
7,446.3

90.0
120.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr.ft2-°F)

Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2.IF)
Tube-Side hi (BTU/hr-ft2.OF)

Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Vise (Ibm/ft-hr) Shell Skin Temp (OF)
Skin Vise (lbm/ftrhr) Tube Temp In (OF)
Density (lbm/ft3 ) Tube Temp Out (OF)
Cp,(BTU/Ibm.°F) Tav Tube (IF)
K (BTU/hr-ft'°F) Tube Skin Temp (OF)

IF - Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property Shell-Side
Velocity (ft/s) 3.43
Reynold's Number 3.359E+04
Prandtl Number 3.85
Bulk Visc (Ibm/ft-hr) 1.42
Skin Vise (lbm/ft-hr) 1.48
Density (Ibm/ft3 ) 61.80
Cp (BTU/lbm 0'F) 1.00
K (BTU/hr-ft'°F) 0.37

3.725E+6
3.7E+6

4.147E+7
18.8

10,926.6

Tube-Side
7.07

4.970E+04
4.78
1.73
1.68

62.05
1.00
0.36

Overall Fouling (hrflt2.°F/BTU)
Shell-Side ho (BTU/hbafta'°F)
Tube-Side hi (BTU/hr-ft2"°F)
I/Wall Resis (BTU/h'ft2"°F)
LMTD Correction Factor

U Overall (BTU/hr.ft20.F)

Shell Temp In (IF)
Shell Temp Out (OF)
Tav Shell (IF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Temp (IF)

Proto-Power Calc: 97-201
Attachment: C
Rev: A Page 5 of 9

0.002500
978.0

1,734.7
2,148.1
0.9382

215.0

120.0
108.9
114.4
110.3
90.0

101.2
95.6
98.3

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



10:46:07 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - All Tubes, Vendor Fouling

07/13/98

Shell and Tube Heat Exchanger Input Parameters

Shell-Side
Fluid•-Qinui , Toa-i- gpm_44_6.28
Inlet Temperature OF 120.00
Outlet Temperature OF 108.80
Fouling Factor 0.00250

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hrvft2.°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Tube-Side
7,396.31 -

90.00
101.25

0.00000

Fresh Water
Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

1
4.880000000

3.400
1.0000

Triangular

Heat Exchanger Type
Effective Area (ftA2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (fit)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ftl.F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
Yes

1,063
1,063
55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-201
Attachment: C
Rev: A Page 6 of 9



10:46:07

IF

PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - All Tubes, Vendor Fouling

07/13/98

CJalculation Specitications II
II

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out (OF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (fF)
Shell Inlet Temp (OF)

7,396.3
8,395.8

100.0
212.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2 .F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr.ft2-°F)
LMTD LMTD Correction Factor
Effective Area (ft2 )

Overall Fouling (hr-ft2 .F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbm/ft hr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (OF)
Density (Ibm/fP) Tube Temp Out (°F)
Cpi(ITJilbm 0'F) Tav Tube (°F)
K (BTU/hr'ft0'F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTUfhr)
LMTD
Effective Area (ft2)

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)

- - Density (Ibm/ft')
Cp (BTU/Ibm 0'F)
K (BTU -hrft.F)

Shell-Side
3.96

6.973E+04
2.00
0.77
0.84

60.31
1.00
0.39

4.2E+6
3.7E+6

1.7E+8
68.8

11,500.0

Tube-Side

6.76
6.230E+04

3.53
1.31
1.20

61.67
1.00
0.37

Overall Fouling (hr' ft2 -F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr ft2.°F)

1/Wall Resis (BTU/hr-ft'°F)
LMTD Correction Factor

U Overall (BTU/hr ft2.°F)

Shell Temp In (°F)
Shell Temp Out (°F)
Tav Shell (OF)
Shell Skin Temp (fF)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (OF)
Tube Skin Temp f°F)

Proto-Power Calc: 97-201
Attachment: C
Rev: A Page 7 of 9

0.002500
1,286.8
1,944.4
2,148.1
0.9309

230.7

212.0
171.7
191.8
179.5
100.0
146.0
123.0
132.4

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



10:47:05 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - 53 Plugs, Vendor Fouling

07/13/98

II Shell and Tube Heat Exchanger Input Parameters 'I
Shell-Side

Fluid _Q-iantinfi, T6-t-l gpm 7n,-446.28
Inlet Temperature OF 120.00
Outlet Temperature OF 108.80
Fouling Factor 0.00250
Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-ft2.°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Tube-Side
...... T,367.3T -

90.00
101.25

0.00000

Fresh Water

Fresh Water
41,600,000

215.00
0.563555000

0.00

TEMA-E
11,500.00

0.996344561

1
4.880000000

3.400
1.0000

Triangular

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (f'/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (fi)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
Yes

1,063
1,010
55.30
0.652
0.750

9.40

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-201
Attachment: C
Rev: A Page 8 of 9



10:47:05

01I

PROTO-HX 3.02 by Proto-Power Corporation (SN#fPHX-0000)
Commonwealth Edison

Calculation Report for E12-B001 - LSCS - RHR Hx.
CCM - 53 Plugs, Vendor Fouling

07/13/98

.1

Calculation Specitications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

7,396.3
8,395.8

100.0
212.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2-°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2-OF)

Tube-Side hi (BTU/hr-ft2.OF)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2.0 F)
LMTD LMTD Correction Factor
Effective Area (ft)

Overall Fouling (hrift2.°FIBTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ftrhr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (OF)
Density (lbm/ft3 ) Tube Temp Out (OF)
Cp (BTU/Ibm 0'F) Tav Tube (°F)
K (BTU/hr'ft-0 F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

4.2E+6
3.7E+6

1.658E+8
69.9

10,926.6

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3 )
Cp (BTU/lbm.°F)
K (BTU/hr-ft.°F)

Shell-Side

3.97
6.995E+04

1.99
0.77
0.84

60.30
1.00
0.39

Tube-Side

7.12
6.523E+04

3.55
1.32
1.21

61.67
1.00
0.37

Overall Fouling (hr-ft2 0.F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr-ft2.°F)
I/Wall Resis (BTU/hr.ft2 -°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (°F)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Temp (fF)

Proto-Power Calc: 97-201
Attachment: C
Rev: A Page 9 of 9

231.9

212.0
172.7
192.3
179.7
100.0
144.9
122.4
131.7

0.002500
1,287.9
2,019.7
2,148.1
0.9365

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie
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11:48:39 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - Tube-side FF = 0.0000

07/15/98

.1

IICalculation Specifications 11
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

7,370.2
7,372.0

90.0
120.0

0.000500

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr'ft2-°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2-°F)

Tube-Side hi (BTU/hr-ft2-°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hrfit20-F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (OF)
Bulk Vise (Ibm/ft-hr) Shell Skin Temp (OF)
Skin Vise (lbm/ft-hr) Tube Temp In (OF)
Density (lbm/ft') Tube Temp Out (OF)
CV(BTU/lbm-°F) Tav Tube (OF)
K (BTU/hr'ft'°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

3.688E+6
3.687E+6

5.4E+7
15.3

11,500.0

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm-'F)
K (BTU/hr'ft0'F)

Shell-Side

3.40
3.268E+04

3.93
1.45
1.53

61.82
1.00
0.37

Tube-Side

6.70
4.796E+04

4.68
1.70
1.63

62.03
1.00
0.36

Overall Fouling (hr'ft2-°F/BTU)
Shell-Side ho (BTU/hr-ft2-°F)
Tube-Side hi (BTU/hr'ftz-°F)
I/Wall Resis (BTU/hr'ft2-°F)
LMTD Correction Factor

U Overall (BTU/hr.ft2.°F)

Shell Temp In (°F)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (OF)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (°F)
Tube Skin Temp (OF)

Proto-Power Calc: 97-201
Attachment: D
Rev: A Page 2 of 11

372.1

120.0
105.3
112.7
106.7
90.0

104.7
97.3

101.2

0.000500
963.7

1,680.3
2,148.1
0.8229

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



11:50:14 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - Tube-side FF = 0.0005

07/15/98

Calculation Specifications I1
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (°F)

Input Fouling Factor

7,370.2
7,372.0

90.0
120.0

0.001075

Fouling Calculation Results

Shell Mass Flow (lbm/br) U Overall (BTU/hr-ft2t.F)
Tube Mass Flow (ibm/hr) Shell-Side ho (BTU/hr ft2.°F)

Tube-Side hi (BTU/hr-ft2-OF)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr.ft2-°F)
LMTD LMTD Correction Factor
Effective Area (ft2 )

Overall Fouling (hr.ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/ft-hr) Tube Temp In (IF)
Density (lbm/f') Tube Temp Out (IF)
Cpf(BTU/Ibm.'F) Tav Tube (IF)
K (BTU/hr-ft-°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3 )

Cp (BTU/Ibm-°F)
K (BTU/hr-ft.°F)

Shell-Side

3.40
3.285E+04

3.91
1.44
1.51

61.81
1.00
0.37

3.688E+6
3.687E+6

5.024E+7
16.4

11,500.0

Tube-Side

6.70
4.769E+04

4.71
1.70
1.64

62.03
1.00
0.36

Overall Fouling (hr.ft2.0F/BTU)
Shell-Side ho (BTU/hr'ft2-°F)
Tube-Side hi (BTU/hr.ft2.OF)
1/Wall Resis (BTU/hr.ft2-°F)
LMTD Correction Factor

U Overall (BTU/hr.ft2 -°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (°F)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Temp (CF)

Proto-Power Calc: 97-201
Attachment: D
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0.001075
966.4

1,674.1
2,148.1
0.8710

306.5

120.0
106.4
113.2
108.0
90.0

103.6
96.8

100.3

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



11:50:54 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - Tube-side FF = 0.00 10

07/15/98

Calculation Specifications 11
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (fF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (fF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

7,370.2
7,372.0

90.0
120.0

0.001650

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2-°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft'.°F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hrtft2-'F)
LMTD LMTD Correction Factor
Effective Area (ft')

Overall Fouling (hr'ft'°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell ("F)
Bulk Visc (lbm/fti,hr) Shell Skin Temp ("F)
Skin Visc (lbm/ft-hr) Tube Temp In ("F)
Density (lbm/ft3) Tube Temp Out ("F)
Cp?(BTU/lbm.°F) Tav Tube ("F)
K (BTU/hr'ft "F) Tube Skin Temp ("F)

Extrapolation Calculation Results

Shell Mass Flow (lbm/ru)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

3.688E+6
3.687E+6

4.679E+7
17.3

11,500.0

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/fthr)
Density (lbm/ft')
Cp (BTU/Ibm.°F)
K (BTU/hr-ft.°F)

Shell-Side

3.40
3.300E+04

3.89
1.43
1.50

61.81
1.00
0.37

Tube-Side

6.70
4.744E+04

4.74
1.71
1.66

62.04
1.00
0.36

Overall Fouling (hr.ft2-°F/BTU)
Shell-Side ho (BTU/hr-ft2-°F)
Tube-Side hi (BTU/hr-ft2.°F)
1/Wall Resis (BTU/hr-ft2-°F)
LMTD Correction Factor

U Overall (BTU/hr.ft2
.°F)

Shell Temp In ("F)
Shell Temp Out (IF)
Tav Shell ("F)
Shell Skin Temp ("F)
Tube Temp In ("F)
Tube Temp Out ("F)
Tav Tube ("F)
Tube Skin Temp (OF)

Proto-Power Calc: 97-201
Attachment: D
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260.6

120.0
107.3
113.6
109.0
90.0

102.7
96.4
99.5

0.001650
968.7

1,668.7
2,148.1
0.9026

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



11:56:51 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - Tube-side FF = 0.00 15

07/15/98

11 Calculation Specifications I
II,

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (IF)

Input Fouling Factor

7,370.2
7,372.0

90.0
120.0

0.002225

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr ft2-OF)

Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr-ft2 -0 F)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2.IF)
LMTD LMTD Correction Factor
Effective Area (ft')

Overall Fouling (hr-ft20-F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ft hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft-hr) Tube Temp In (OF)
Density (lbm/ft') Tube Temp Out (OF)
Cp'(BTU/Ibm0-F) Tav Tube (OF)
K (BTU/hrwft-°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

3.688E+6
3.687E+6

4.369E+7
18.1

11,500.0

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibmift-hr)
Skin Visc (lbm/ft-hr)
Density (lbrn/ft)
Cp (BTU/Ibn-°F)
K (BTU/hr-ft-°F)

Shell-Side

3.40
3.314E+04

3.87
1.43
1.49

61.80
1.00
0.37

Tube-Side

6.70
4.722E+04

4.76
1.72
1.67

62.05
1.00
0.36

Overall Fouling (hrift2.°F/BTU)
Shell-Side ho (BTU/hr-ft2"°F)
Tube-Side hi (BTU/hr'ft2.°F)
I/Wall Resis (BTU/hr-ft2 -°F)
LMTD Correction Factor

U Overall (BTU/hrft20.°F)

Shell Temp In (IF)
Shell Temp Out (OF)
Tav Shell (IF)
Shell Skin Temp (OF)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Temp (IF)

Proto-Power Calc: 97-201
Attachment: D
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226.7

120.0
108.1
114.1
109.8

90.0
101.9
95.9
98.8

0.002225
970.7

1,663.9
2,148.1
0.9242

** Reynolds Number Outside Range of Equation Applicability
!! With Minimum Fouling The Test Heat Load Could Not Be Achie



11:52:45 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - Tube-side FF = 0.0020

07/15/98

Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,370.2
Shell Flow (gpm) Shell Flow (gpm) 7,372.0
Shell Temp In (°F) Tube Inlet Temp (IF) 90.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 120.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF) Input Fouling Factor 0.002801

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2.0 F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft hr) Shell Skin Temp (IF)
Skin Visc (lbm/ft hr) Tube Temp In (IF)
Density (lbm/ft3) Tube Temp Out (°F)
Cp'(BTU/Ibm.oF) Tav Tube (IF)
K (BTU/hr'ft-'F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property Shell-Side
Velocity (ft/s) 3.40
Reynold's Number 3.326E+04
Prandtl Number 3.85
Bulk Visc (lbm/ft-hr) 1.42
Skin Visc (lbm/ft.hr) 1.48
Density (Ibm/ft') 61.80
Cp (BTU/Ibm.°F) 1.00
K (BTU/hr ft.°F) 0.37

3.688E+6
3.687E+6

4.092E+7
18.9

11,500.0

Tube-Side

6.70
4.703E+04

4.78
1.73
1.68

62.05
1.00
0.36

Overall Fouling (hr-ft2'.F/BTU)
Shell-Side ho (BTU/hr'ft2"°F)
Tube-Side hi (BTU/hr.ft2-OF)
I/Wall Resis (BTU/hr.ft2-0 F)
LMTD Correction Factor

U Overall (BTU/hr ft2.°F)

Shell Temp In (IF)
Shell Temp, Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (°F)

Proto-Power Calc: 97-201
Attachment: D
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0.00280r
972.4

1,659.7
2,148.1
0.9395

200.5

120.0
108.9
114.4
110.6
90.0

101.1
95.6
98.2

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:04:39 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIHX-0000)
Commonwealth Edison

Calculation Report for El 2-BOO - LSCS - RHR Hx.
CCM - Tube-side FF = 0.0000

07/14/98

i

Calculation Specifications 1II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

7,356.1
8,057.7

100.0
212.0

0.000500

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2 -°F)
Tube Mass Flow (Ibm/br) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr-ft20.F)
Heat Transferred (BTU/hr) I/Wall Resis (BTUI/hrft2-F)
LMTD LMTD Correction Factor
Effective Area (ft2 )

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (7F)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (°F)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (°F)
Skin Visc (lbm/ft-hr) Tube Temp In (°F)
Density (Ibm/ftr) Tube Temp Out (°F)
Cp,(BTh/Ibm 0'F) Tav Tube (IF)
K (BTU/hr-ft.°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

4.03 1E+6
3.68E+6

2.168E+8
55.7

11,500.0

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (Ibm/ft')
Cp (BTU/Ibm-°F)
K (BTU/hr-ft-°F)

Shell-Side

3.80
6.408E+04

2.09
0.81
0.92

60.46
1.00
0.39

Tube-Side

6.74
6.572E+04

3.31
1.23
1.10

61.56
1.00
0.37

Overall Fouling (hr.fi 2.°F/BTU)
Shell-Side ho (BTU/hr-ft2 ..F)
Tube-Side hi (BTU/hr.ft2 -°F)
1/Wall Resis (BTU/hr-ft2 .F)
LMTD Correction Factor

U Overall (BTU/hr.ft2 -°F)

Shell Temp In (°F)
Shell Temp Out (°F)
Tav Shell (IF)
Shell Skin Temp (OF)
Tube Temp In (°F)
Tube Temp Out (°F)
Tav Tube (IF)
Tube Skin Temp (OF)

Proto-Power Calc: 97-201
Attachment: D
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424.9

212.0
158.4
185.2
165.9
100.0
159.0
129.5
143.1

0.000500
1,227.9
2,006.2
2,148.1
0.7971

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:06:16 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - Tube-side FF = 0.0005

07/14/98

Calculation Specitications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (°F)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (°F)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (IF)

Input Fouling Factor

7,356.1
8,057.7

100.0
212.0

0.001075

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr ft2.°F)

Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2.-F)
Tube-Side hi (BTU/hr'ft2-°F)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2 )

Overall Fouling (hr-ft2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (°F)
Bulk Visc (Ibm/ft hr) Shell Skin Temp (IF)
Skin Visc (lbm/ffhr) Tube Temp In (IF)
Density (Ibm/ft') Tube Temp Out (°F)
Cp (BTU/lbm'°F) Tav Tube (IF)
K (BTU/hr-ft-°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property Shell-Side
Velocity (ft/s) 3.80
Reynold's Number 6.491 E+04
Prandtl Number 2.06
Bulk Visc (Ibm/ft-hr) 0.80
Skin Visc (Ibm/ft-hr) 0.89
Density (lbm/ft3 ) 60.42
Cp (BTU/Ibm 0'F) 1.00
K (BTU/hr-ft.°F) 0.39

4.031 E+6
3.68E+6

2.01E+8
59.8

11,500.0

Tube-Side

6.73
6.447E+04

3.38
1.26
1.14

61.59
1.00
0.37

Overall Fouling (hr-ft2 -F/BTU)
Shell-Side ho (BTU/hr-ft2 .°F)
Tube-Side hi (BTU/hr-ft2 -IF)
1/Wall Resis (BTU/htft20.°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2-°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (°F)
Shell Skin Temp (OF)
Tube Temp In (°F)
Tube Temp Out (°F)
Tav Tube (°F)
Tube Skin Temp (OF)

Proto-Power Calc: 97-201
Attachment: D
Rev: A Page 8 of 11

0.001075-
1,236.8
1,982.3
2,148.1
0.8568

341.4

212.0
162.3
187.1
170.6
100.0
154.7
127.3
139.2

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:07:05 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - Tube-side FF = 0.0010

07/14/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,356.1
Shell Flow (gpm) Shell Flow (gpm) 8,057.7
Shell Temp In (0F) Tube Inlet Temp (OF) 100.0
Shell Temp Out (OF) Shell Inlet Temp (0F) 212.0
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF) Input Fouling Factor 0.001650

Fouling Calculation Results

Shell Mass Flow (Ibn/hr) U Overall (BTU/hr-ft 2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hrlft2-°F)

Tube-Side hi (BTU/hr ft2 -OF)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hrift27-F)
LMTD LMTD Correction Factor
Effective Area (ft2 )

Overall Fouling (hr-ft2-°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (OF)
Bulk Visc (ibm/ft hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft-hr) Tube Temp In (OF)
Density (lbm/ft3 ) Tube Temp Out (OF)
Cp1(BTU/Ibm.°F) Tav Tube (OF)
K (BTU/hr-ft-°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

4.03 1E+6
3.68E+6

1.865E+8
63.5

11,500.0

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/lbm.°F)
K (BTU/hr'ft'-F)

Shell-Side

3.80
6.568E+04

2.04
0.79
0.87

60.37
1.00
0.39

Tube-Side

6.73
6.332E+04

3.44
1.28
1.17

61.63
1.00
0.37

Overall Fouling (hr-ft2 .°F/BTU)
Shell-Side ho (BTU/hr.ft2.°F)
Tube-Side hi (BTU/hrift2 .°F)
I/Wall Resis (BTU/hr-ft2 -F)
LMTD Correction Factor

U Overall (BTU/hrift2
.°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (fF)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (OF)
Tube Skin Temp_°F)

Proto-1ower Calc: 97-201
Attachment: D
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285.2

212.0
165.9
188.9
174.4
100.0
150.7
125.4
136.0

0.001650
1,244.2
1,961.1
2,148.1
0.8946

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:07:58 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - Tube-side FF = 0.0015

07/14/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (fF)
Tube Temp Out (OF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (OF)
Shell Inlet Temp (OF)

Input Fouling Factor

7,356.1
8,057.7

100.0
212.0

0.002225

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr.ft2.°F)

Tube-Side hi (BTU/hr.ft2.°F)

Heat Transferred (BTUJhr) I/Wall Resis (BTU/hr.ft2-°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2-°F/BTU)

Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbm/ftrhr) Shell Skin Temp (°F)
Skin Vise (lbm/ft-hr) Tube Temp In (°F)
Density (Ibm/fl3 ) Tube Temp Out (OF)
Cp (BTU/Ibm 0'F) Tav Tube (OF)
K (BTU/hr-ft.°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

4.03 1E+6
3.68E+6

1.734E+8
66.9

11,500.0

Property-

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Vise (lbmrft-hr)
Density (Ibm/fr')
Cp (BTU/lbm.°F)
K (BTU/hr-ft-°F)

Shell-Side

3.80
6.638E+04

2.01
0.78
0.85

60.34
1.00
0.39

Tube-Side

6.73
6.230E+04

3.50
1.30
1.19

61.66
1.00
0.37

Overall Fouling (hr-ft2 --F/BTU)
Shell-Side ho (BTU/hr-ft2-°F)
Tube-Side hi (BTU/hr.ft2 -.F)
1/Wall Resis (BTU/hr.ft2.-F)
LMTD Correction Factor

U Overall (BTU/hr.ft2.°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (OF)
Tube Skin Temp (OF)

Proto-Power Calc: 97-201
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244.9

212.0
169.1
190.6
177.4
100.0
147.2
123.6
133.3

0.002225-
1,250.4
1,942.3
2,148.1
0.9196

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:08:55 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOO - LSCS - RHR Hx.
CCM - Tube-side FF = 0.0020

07/14/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (°F)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (OF)

Input Fouling Factor

7,356.1
8,057.7

100.0
212.0

0.002801

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2-.F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2-°F)

Tube-Side hi (BTU/hr-ft2 -°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2 .0 F)
LMTD LMTD Correction Factor
Effective Area (ft')

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (fF)
Bulk Visc (lbm/ft hr) Shell Skin Temp (°F)
Skin Visc (Ibm/ft-hr) Tube Temp In (°F)
Density (lbm/ft3) Tube Temp Out (°F)
Cp (BTU/Ibm-°F) Tav Tube (°F)
K (BTU/hr-ft0.F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

4.03 1E+6
3.68E+6

1.618E+8
70.0

11,500.0

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/lbm-°F)
K (BTU/hr-ft.°F)

Shell-Side
3.81

6.700E+04
1.99
0.77
0.83

60.30
1.00
0.39

Tube-Side

6.72
6.139E+04

3.56
1.32
1.22

61.68
1.00
0.37

Overall Fouling (hrift2 .°F/BTU)
Shell-Side ho (BTU/hr'ft2 -OF)
Tube-Side hi (BTU/hr.ft2.°F)
I/Wall Resis (BTU/hr.ft2.°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Temp In (°F)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (°F)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (°F)
Tube Skin Terp (°F)

Proto--'ower Calc: 97-201
Attachment: D
Rev: A Page 11 of 11

214.6

212.0
172.0
192.0
180.0
100.0
144.0
122.0
131.0

0.002801-
1,255.7
1,925.7
2,148.1
0.9369

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie
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F+

PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - Service Margin - All Tubes

07/14/98

Calculation Specifications I'
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (°F)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (OF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

7,356.1
8,057.7

100.0
212.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2 .°F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr'ft2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (OF)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/ft-hr) Tube Temp In (OF)
Density (lbm/ft') Tube Temp Out (IF)
Cp (BTU/lbm-°F) Tav Tube (IF)
K (BTU/hr-ft.°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbrn/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

4.03 1E+6
3.68E+6

1.677E+8
68.4

11,500.0

Overall Fouling (hr'ft2. F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr.ft2-°F)

1/Wall Resis (BTU/hr-ft2-IF)
LMTD Correction Factor

0.002500,
1,253.0
1,934.1
2,148.1
0.9286

Property Shell-Side Tube-Side
Velocity (ft/s) 3.80 6.73
Reynold's Number 6.668E+04 6.185E+04
Prandtl Number 2.00 3.53
Bulk Visc (lbm/ft-hr) 0.77 1.31
Skin Visc (lbmlft-hr) 0.84 1.21
Density (lbm/ft3 ) 60.32 61.67
Cp (BTU/Ibm-°F) 1.00 1.00
K (BTU/hr-ft.°F) 0.39 0.37

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie

U Overall (BTU/hr-ft2 .F) 229.4

Shell Temp In (°F) 212.0
Shell Temp Out (°F) 170.5
Tav Shell (IF) 191.3
Shell Skin Temp (0F) 178.7
Tube Temp In (IF) 100.0
Tube Temp Out (0F) 145.6
Tav Tube (IF) 122.8
Tube Skin TePrt-Power Calc: 97-201 132.2

Attachment: E
Rev: A Page 2 of 10



16:31:12 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - Service Margin - 53 Plugs

07/14/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (fF)
Shell Inlet Temp (IF)

7,356.1
8,057.7

100.0
212.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2 .0 F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hrft2 0-OF)

Tube-Side hi (BTU/hr-ft2-OF)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr.ft2.0 F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ft hr) Shell Skin Temp (IF)
Skin Visc (ibm/ft-hr) Tube Temp In (OF)
Density (Ibm/ft3 ) Tube Temp Out (IF)
Cp,(BTU/lbm.°F) Tav Tube (IF)
K (BTU/hr-ft-°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

4.031E+6
3.68E+6

1.637E+8
69.5

10,926.6

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm 0'F)
K (BTU/hr'ft.°F)

Shell-Side
3.80

6.690E+04
2.00
0.77
0.84

60.31
1.00
0.39

Tube-Side
7.08

6.477E+04
3.55
1.32
1.21

61.68
1.00
0.37

Overall Fouling (hr-ft2.°F/BTU)
Shell-Side ho (BTU/hr-ft2-°F)
Tube-Side hi (BTU/hr-f-'°F)
I/Wall Resis (BTU/hr-ft2 .°F)

LMTD Correction Factor

U Overall (BTU/hr-ft-°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (IF)
Shell Skin Temp (°F)
Tube Temp In (°F)
Tube Temp Out (°F)
Tav Tube (IF)Tube Skin Tempý°F)

Tb kroto-)owLer Calc: 97-201

Attachment: E
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230.7

212.0
171.5
191.8
179.0
100.0
144.5
122.3
131.4

0.002500
1,254.1
2,009.1
2,148.1
0.9344

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



16:32:44 PROTO-IHX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - Clean Margin - All Tubes

07/14/98

.3

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

7,356.1
8,057.7

100.0
212.0

Tube Temp Out (IF) Input Fouling Factor 0.000000

IF -- Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hrIft2.°F)

Tube-Side hi (BTU/hirft7.°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2 -OF)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.°F/BTU)

Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbm/ftrhr) Shell Skin Temp (IF)
Skin Visc (Ibm/ftrhr) Tube Temp In (OF)
Density (Ibm/ft3 ) Tube Temp Out (OF)
Cp (BTU/Ibm 0'F) Tav Tube (IF)
K (BTU/hr-ft'°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

4.031E+6
3.68E+6

2.307E+8
52.0

11,500.0

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft')
Cp (BTU/Ibm'°F)
K (BTU/hr-ft.°F)

Shell-Side
3.79

6.335E+04
2.12
0.82
0.96

60.50
1.00
0.39

Tube-Side

6.74
6.683E+04

3.25
1.21
1.06

61.53
1.00
0.37

Overall Fouling (hr'ft2.°F/BTU)

Shell-Side ho (BTU/hr-ft2.oF)
Tube-Side hi (BTU/hr-ft2-OF)
I/Wall Resis (BTU/hr'ft2 '°F)
LMTD Correction Factor

U Overall (BTU/hr.ft2 .OF)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (OF)
Tube SkinTern, (FTrotu- ow er Calc: 97-201

Attachment: E
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539.6

212.0
154.9
183.5
160.4
100.0
162.8
131.4
147.3

0.000000&
1,218.2
2,029.2
2,148.1
0.7148

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



16:33:25 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
CCM - Clean Margin - 53 Plugs

07/14/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (OF)
Shell Inlet Temp (OF)

Input Fouling Factor

7,356.1
8,057.7

100.0
212.0

0.000000

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.OF)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr.ft2-°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr.ft2.

0 F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr'ft2'OF/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Vise (Ibm/ft-hr) Shell Skin Temp (OF)
Skin Vise (Ibm/ft-hr) Tube Temp In (OF)
Density (lbm/ft') Tube Temp Out (OF)
Cpý (BTU/Ibm 0'F) Tav Tube (IF)
K (BTU/hr-ft'°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

4.03 1E+6
3.68E+6

2.287E+8

52.5
10,926.6

Overall Fouling (hr-ft20-F/BTU)
Shell-Side ho (BTU/hr-ft20.F)
Tube-Side hi (BTU/hr.ft2

.OF)

1/Wall Resis (BTU/hr-ft 2.0 F)
LMTD Correction Factor

0.000000
1,218.3
2,110.6
2,148.1
0.7295

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Vise (Ibm/ft-hr)
Skin Vise (1bm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm'°F)
K (BTU/hr-ft-°F)

Shell-Side Tube-Side

3.79 7.09
6.345E+04 7.016E+04

2.11 3.25
0.81 1.22
0.96 1.07

60.49 61.53
1.00 1.00
0.39 0.37

U Overall (BTU/hr ft2-°F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin T 1 OOF0ower Calc: 97-201

Attachment: E
Rev: A Page 5 of 10

546.0

212.0
155.4
183.7
160.1
100.0
162.2
131.1
146.8

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



16:26:29 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - Service Margin - All Tubes

07/14/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,370.2
Shell Flow (gpm) Shell Flow (gpm) 7,372.0
Shell Temp In (0 F) Tube Inlet Temp (OF) 90.0
Shell Temp Out (OF) Shell Inlet Temp (OF) 120.0
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)

IF - Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft 0-°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr'ft2 .'F)

Tube-Side hi (BTU/hr-ft2-°F)

Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ftl.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2 -F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell ('F)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (°F)
Skin Visc (Ibm/ftlhr) Tube Temp In (OF)
Density (Ibm/ft') Tube Temp Out (°F)
Cpý (BTU/Ibm.°F) Tav Tube (°F)
K (BTU/hr'ft-0 F) Tube Skin Temp (°F)

IF - Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

3.688E+6
3.687E+6

4.233E+7
18.5

11,500.0

Overall Fouling (hr.ft2-°F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr'ft2.°F)
I/Wall Resis (BTU/hr ft2

.OF)

LMTD Correction Factor

0.002500
971.5

1,661.9
2,148.1
0.9322

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbmift-hr)
Density (Ibm/ft3 )
Cp (BTU/Ibm-'F)
K (BTU/hr'ft0'F)

Shell-Side Tube-Side

3.40 6.70
3.320E+04 4.713E+04

3.86 4.77
1.42 1.73
1.48 1.67

61.80 62.05
1.00 1.00
0.37 0.36

U Overall (BTU/hr ft2.°F)

Shell Temp In (fF)
Shell Temp Out (OF)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (fF)
Tube Temp Out (°F)
Tav Tube (fF)
Tube Skin Tr/np ('F

-roto-Power Calc: 97-201
Attachment: E
Rev: A Page 6 of 10

213.4

120.0
108.5
114.3
110.2

90.0
101.5

95.7
98.5

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



16:29:58

49
PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)

Commonwealth Edison
Calculation Report for E12-BOOI - LSCS - RHR Hx.

SDC - Service Margin - 53 Plugs

07/14/98

.1

Calculation Specifications 11
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

7,370.2
7,372.0

90.0
120.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr.ft2-0 F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr ft2-OF)

Tube-Side hi (BTU/hrift2.°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr ft2

-°F)

LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr'ft20.F/BTTJ)
Property Shell.Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft hr) Tube Temp In (OF)
Density (lbm/ft3 ) Tube Temp Out (OF)
CpI(BTU/Ibm-°F) Tav Tube (IF)
K (BTU/hr'ft'0 F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

3.688E+6
3.687E+6

4.13 1E+7
18.8

10,926.6

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft')
Cp (BTU/Ibm.°F)
K (BTU/hr-ft.°F)

Shell-Side Tube-Side
3.40 7.05

3.324E+04 4.952E+04
3.86 4.78
1.42 1.73
1.48 1.68

61.80 62.05
1.00 1.00
0.37 0.36

Overall Fouling (hr.ft2.°FIBTU)

Shell-Side ho (BTU/hr-ft2 -0 F)
Tube-Side hi (BTU/hr-ft2-OF)
1/Wall Resis (BTU/hr.ft2.°F)

LMTD Correction Factor

U Overall (BTU/hr-ft2'-F)

Shell Temp In (IF)
Shell Temp Out (OF)
Tav Shell (IF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (OF)
Ta' Tube (IF)
Tube Skin Temp (IF)

Proto-Power Calc: 97-201
Attachment: E
Rev: A Page 7 of 10

0.002500
971.9

1,729.7
2,148.1
0.9376

214.6

120.0
108.8
114.4
110.2
90.0

101.2
95.6
98.3

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



17:00:17 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC -- Service Margin - 38 Plugs

07/14/98

IICalculation Specifications II
I-

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (°F)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (fF)
Shell Inlet Temp (IF)

7,370.2
7,372.0

90.0
120.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft'-°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2 -.F)

Tube-Side hi (BTU/hr-ft2 -F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr'ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibmý/ft-hr) Shell Skin Temp (IF)
Skin Visc (Ibm/ft-hr) Tube Temp In (IF)
Density (lbm/ft3) Tube Temp Out (IF)
Cp` (BTU/Ibm'°F) Tav Tube (IF)
K (BTU/hr'ft0'F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft)

3.688E+6
3.687E+6

4.16E+7
18.7

11,088.9

Overall Fouling (hrift2 0'F/BTU)
Shell-Side ho (BTU/hr'ft2 -F)
Tube-Side hi (BTU/hr-ft2.°F)
I/Wall Resis (BTU/hr.ft2 -F)
LMTD Correction Factor

0.002500
971.8

1,709.9
2,148.1
0.9361

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbrnft')
Cp (BTU/lbm'°F)
K (BTU/hr'ft0'F)

Shell-Side Tube-Side

3.40 6.95
3.323E+04 4.882E+04

3.86 4.78
1.42 1.73
1.48 1.68

61.80 62.05
1.00 1.00
0.37 0.36

U Overall (BTU/hr-ft2 .°F)

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (°F)
Tav Tube (°F)
Tube Skin Temp (IF)

Proto-Power Calc: 97-201
Attachment: E
Rev: A Page 8 of 10

214.3

120.0
108.7
114.4
110.2
90.0

101.3
95.6
98.3

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



16:35:32 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - Clean Margin - All Tubes

07/14/98

'I

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

7,370.2
7,372.0

90.0
120.0

0.000000

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr.ft 2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft20-F)

Tube-Side hi (BTU/hr-ft20.F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2 -OF)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.°F/BTU)

Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ft hr) Shell Skin Temp (IF)
Skin Visc (Ibm/ft hr) Tube Temp In (OF)
Density (lbm/ft) Tube Temp Out (IF)
Cp (BTU/lbm'°F) Tav Tube (IF)
K (BTU/hr-ft0'F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

3.688E+6
3.687E+6

5.744E+7
14.4

11,500.0

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbmn/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (lbm/ft3)
Cp (BTU/lbm 0'F)
K (BTU/hr'ft-°F)

Shell-Side
3.40

3.253E+04
3.95
1.45
1.56

61.83
1.00
0.37

Tube-Side

6.70
4.820E+04

4.66
1.69
1.61

62.02
1.00
0.36

Overall Fouling (hr-ft2 '-F/BTU)
Shell-Side ho (BTU/hr-ft2 -F)
Tube-Side hi (BTU/hr-ft2-0 F)
1/Wall Resis (BTU/hr-ft2-°F)
LMTD Correction Factor

U Overall (BTU/hr ft2.°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

Proto-Power Calc: 97-201
Attachment: E
Rev: A Page 9 of 10

457.0

120.0
104.4
112.2
105.4
90.0

105.6
97.8

102.3

0.000000
960.9

1,686.2
2,148.1
0.7586

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



16:34:35 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for E12-BOOI - LSCS - RHR Hx.
SDC - Clean Margin - 53 Plugs

07/14/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 7,370.2
Shell Flow (gpm) Shell Flow (gpm) 7,372.0
Shell Temp In (IF) Tube Inlet Temp (IF) 90.0
Shell Temp Out (IF) Shell Inlet Temp (OF) 120.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF) Input Fouling Factor 0.000000

IF- - Fouling Calculation Results

Shell Mass Flow (lbrn/hr) U Overall (BTU/hr-ft20-F)
Tube Mass Flow (Ibrn/hr) Shell-Side ho (BTU/hr'ft2"°F)

Tube-Side hi (BTU/hr'ft2 "°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr'ft 0-°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr'ft2"°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ft hr) Shell Skin Temp (IF)
Skin Visc (lbm/ftlhr) Tube Temp In (°F)
Density (lbm/ft3 ) Tube Temp Out (°F)
Cp'(BTU/Ibm.°F) Tav Tube (OF)
K (BTU/hr'ft.°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (lbrn/hr)
Tube Mass Flow (Ibrn/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft 2)

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/fr')
Cp (BTU/Ibm0'F)
K (BTU/hr-ft0'F)

Shell-Side

3.40
3.256E+04

3.94
1.45
1.56

61.83
1.00
0.37

3.688E+6
3.687E+6

5.684E+7
14.6

10,926.6

Tube-Side

7.05
5.068E+04

4.66
1.69
1.61

62.02
1.00
0.36

Overall Fouling (hr-ft2.°F/BTU) 0.
Shell-Side ho (BTU/hr-ft2"°F)
Tube-Side hi (BTU/hrft2e-F)
I/Wall Resis (BTU/hr'ft2"-F)
LMTD Correction Factor

U Overall (BTU/hr.ft2.°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (IF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (0 F_

Proto-Power Calc: 97-201
Attachment: E
Rev: A Page 10 of 10

000009
960.9

1,755.7
2,148.1
0.7717

462.7

120.0
104.6
112.3
105.3

90.0
105.4
97.7

102.1

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie
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97-195
Rev. A01

Page 2 of 2

Purpose:
The purpose of this revision is to verify that the 0(1)(2)DG01A coolers can remove the design heat load of
8,600,000 BTU/hr with a revised maximum cooling water temperature of 107 OF.

Assumptions:
There are no assumptions for this revision.

Inputs:
* Cooling water temperature = 107 OF (Reference 2)
• Cooling water flow rate = 800 gpm (Reference 1)
* Jacket water temperature for 0(1)(2)DG01A = 190 OF (Reference 1)
* Jacket water flow rate for 0(1)(2)DG01 A = 1100 gpm (Reference 1)
* Fouling factor for 0(1)(2)DG01A = 0.0022 hr.-f.°F/BTU (Reference 1)
* 9 tubes plugged (5% tube plugging) (Reference 1)

References:
1. Design analysis 97-195, Rev. A, up to and including Rev A00
2. EC 388666, Rev. 000
3. EC 384217, Rev. 000

Identification of Computer Programs:
The computer program used in this analysis is Proto HX version 4.01. This program has been validated per
DTSQA tracking number EX0000103.

Method of Analysis I Numeric Analysis:
The existing heat exchanger model will be revised by changing the input of the Tube Inlet Temp" from 104 OF to
107 OF.

Results I Conclusions:
The 0(1)(2)DG01A coolers can remove the design heat load of 8,600,000 BTU/hr with the following conditions:

* 107 OF cooling water temperature
* 800 gpm cooling water flow
0 fouling factor of 0.0022 hr.ft2 0F/BTU
* 9 tubes plugged
* jacket water temperature of 190 OF
* jacket water flow rate of 1100 gpm

The total heat removed at these conditions is 8,727,760 BTU/hr, which provides 1.5% thermal margin over the
design heat load. The benchmark of the model was shown to perform within 0.13% of the vendor data sheet,
which is bounded by the 1.5% thermal margin. Note that the most recent thermal performance evaluation (Ref. 3)
shows a maximum fouling factor of 0.000429 hr.ft.F/BTU, which shows that there is actually more margin than
what is shown in this analysis. The coolers are cleaned on a regular basis to maintain acceptable fouling factors.
The previous maximum fouling factor of 0.0022 hr-ft2 -°F/BTU was used, which is the bounding fouling factor. This
case is shown in Attachment A.

Attachments:
A. Data Report for 0(1)(2)DG01A (2 pgs)



05-01-2012 09:58:37 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002)
Commonwealth Edison

Data Report for DGOIA - DG Jacket Water Cooler
0, IA, 2A DG - 107 OF tube side, 800 gpm, 190 OF shell side, 1100 gpm, FF = 0.0022, 9 tubes plugged

r_-

Shell and Tube Heat Exchanger Input Parameters II
Shell-Side Tube-Side

Fluid Quantity, Total gpm 1,099.45 775.61
Mass Fluid Quantity, Total Ibm/hr 0.00 0.00
Inlet Temperature OF 190.00 100.00
Outlet Temperature OF 174.40 122.20
Fouling Factor hr.ft2.°F/BTU 0.00278 0.00000

Shell Fluid Name
Tube Fluid Name
Design Q (BTU/hr)
Design U (BTU/hr-ft 2.°F)
Outside h Factor (Hoff)
Fixed U (BTU/hr ft2.°F)
Fixed Area (Wt2)
Performance Factor (% Reduction)

Heat Exchanger Type
Total Effective Area per Unit (ft2)
Area Factor
Area Ratio

Number of Shells Per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall K (BTU/hr-ft.OF)

Fresh Water
Fresh Water

8,600,000
255.20

0.780339000
0

0.00
0.00

TEMA - E
471.23

0.981978184
0.00000

1
0.490000000

5.000
0.7500

Triangular

2
No
188
179

13.00
0.652
0.750

112.00

Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
DotI, Tube Circle Diameter
Bh, Baffle Cut Height (in)
Ds, Shell Inside Diamter (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

97-195
Rev. A01
Attachment A
Page Al of A2



05-01-2012 09:58:37 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002) Page I

Commonwealth Edison
Calculation Report for DGO IA - DG Jacket Water Cooler

0, IA, 2A DG - 107 OF tube side, 800 gpm, 190 IF shell side, I 100 gpm, FF = 0.0022, 9 tubes plugged

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)

Tube Inlet Temp (IF)
Shell Inlet Temp ('F)

Input Fouling Factor

793.98
1,064.50

107.00
190.00

0.002200

11 Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft 2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2-°F)

Tube-Side hi (BTU/hr'ft2"°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hrft2"-OF)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-fl2
.°F/BTU)

Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbnl/ft-hr) Shell Skin Temp (OF)
Skin Visc (lbm/ftfhr) Tube Temp In (°F)
Density (ibm/tI3) Tube Temp Out (°F)
Cp (BTU/Ibm.°F) Tav Tube (IF)
K (BTU/hr-fl.°F) Tube Skin Temp (OF)

I Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property Shell-Side

Velocity (ft/s) 4.99
Reynold's Number 82,443
Prandtl Number 2.1391
Bulk Visc (lbm/ftfhr) 0.8239
Skin Visc (Ibm/ftfhr) 0.8810
Density (lbm/fP) 60.5342
Cp (BTU/Ibm.°F) 1.0024
K (BTU/hr-ftf.F) 0.3861

532,515.63
397,188.13

8,727,760.47
63.8

448.7

Tube-Side

8.61
75,787
3.7108
1.3722
1.2526

61.7424
0.9988
0.3694

Overall Fouling (hr-fl22°F/BTU)
Shell-Side ho (BTU/hr-ft'.°F)
Tube-Side hi (BTU/hr-ft2 .F)
I/Wall Resis (BTU/hr ft2.°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Temp In (OF)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

0.002200
2,031.5
2,305.6

25,594.8
0.9851

309.6

190.0
173.7
181.8

172.1
107.0
129.0
118.0
127.9

** Reynolds Number Outside Range of Equation Applicability

With Zero Fouling The Test Heat Load Could Not Be Achieved
97-195
Rev, A01
Attachment A
Page A2 of A2
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ICALCULATION NO. 97-195 REV. NO. AOO PAGE NO. 4 of 6

1.0 PURPOSE/OBJECTIVE

The purpose of this minor revision is to revise the thermal model of the Diesel Generator Coolers
(ODG01A, 1DG01A, 2DG01A) for a 104 0F Service Water inlet temperature. This assessment will
evaluate the adequacy of these heat exchangers during a maximum allowable inlet service water
temperature of 1040F. Also an acceptable design fouling factor for use as a benchmark during
Generic Letter 89-13 testing evaluations will be determined.

2.0 METHODOLOGY AND ACCEPTANCE CRITERIA

The existing heat exchanger model will be revised by changing the input of the "Tube Inlet Temp."
from 100°F to 104°F and simulated for the following conditions: (Case 1) design fouling factor,
(Case 2) twice the 'as-tested' fouling factor and (Case 3) twice the 'as-tested' fouling factor with a
5% tube plugging allowance. The acceptance criteria will be for the thermal margin at Case 3
conditions to exceed the LaSalle design heat load of 8,600,000 BTU/hr (Ref. 1, Table 3-1).
Additional conservatism was built into this acceptance criteria by assuming a 5% uncertainty in the
Proto-HX heat transfer calculations. The Reference 1 model developed for this heat exchanger
demonstrated a correlation to vendor performance specification well within this assumed 5%
margin.

A final case will be evaluated which determines the maximum acceptable fouling factor at which
the design heat load can be accommodated including heat transfer model uncertainty.

3.0 ASSUMPTIONS / ENGINEERING JUDGMENTS

The assumptions indicated in section 5.0 of Reference 1 are still valid.
Note: The density of water at 1040F is 61.94 lb/ft3 (per steam tables), this is an insignificant change
to the density shown in table 4-1 of Ref. 1 for 100°F, the tube side volumetric flow rate correction
made in Ref. 1 is still valid.

4.0 DESIGN INPUTS

The design inputs consist of References 1 and 2 listed below.

5.0 REFERENCES

1. Calculation No. 97-195, Rev. A, "Thermal Model of COMED / LaSalle Station Unit 0, 1, and
2 Diesel Generator Jacket Water Coolers".

2. Calculation L-00221 1, Rev. 0, "2DG01A, 2A Emergency Diesel Generator Cooler Thermal
Heat Transfer Performance"

3. "Standards of the Tubular Exchanger Manufacturers Association" (TEMA), Seventh Edition,
1988.

I E-FORM I
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ICALCULATION NO. 97-195 REV. NO. AOO PAGE NO. 5 of 6

6.0 CALCULATIONS

The current calculation model is based on a Service Water inlet temperature of 1 000 F. At this
temperature, a maximum fouling factor of 0.002782 hr*ft2*OF/BTU was calculated within reference
1 while maintaining a heat transfer rate of 8,600,000 BTU/hr (Ref. 1, Table 6-3). This is the LaSalle
Station Design Heat Load for 110% power operating conditions. Thus, it presents the appearance
that no thermal margin exists at these conditions.

Thermal margin is calculated by the following method:

Required Heat Load - Calculated Heat Transfer = Thermal Margin [Equation 1]

To express this as a percent of the required heat load, the following method is used:

ThermalM argin x 100% = %ThermalM arg in

Re quiredHeatLoad [Equation 2]

Case 1

When the service water inlet temperatureis increased to 1040 F for the same fouling factor
(0.002782 hr*ft2*OF/BTU), heat transfer reduces to 8,234,000 BTU/hr, which is 4.3% below the
design heat load of 8,600,000 BTU/hr for 110% power operating conditions [Attachment A]. With
the Diesel Generator operating at 100% power, its design heat load is 7,800,000 BTU/hr resulting
in a 5.6% thermal margin at a fouling factor of 0.002782 hr*ft2*OF/BTU.

Case 2

Regular cleaning and testing of these heat exchangers limits the amount of fouling well below the
values assumed above. The heat exchanger performance data taken under the G.L. 89-13
program here at LaSalle demonstrates a maximum measured fouling factor of 0.000534
hr*ft2*OF/BTU (Ref. 2, page 9). For conservatism, this value was doubled to 0.001068
hr*ft2*OF/BTU and simulated with 1040F service water inlet temperature. The result was a heat
transfer of 12,520,000 BTU/hr for a 45.6% thermal margin at 110% power operating conditions
[Attachment B].

Case 3

With additional conservatism included by adding a plugging allowance of 9 tubes, 5% of the total,
in the heat exchanger and running the model again at the above fouling factor (0.001068

I E-FORM I
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hr*ft2*OF/BTU) and inlet temperature (1040F) results in a 12,210,000 BTU/hr heat transfer rate, a
42% thermal margin above the worst case heat load [Attachment C].

A final case was evaluated in which the maximum fouling factor was found to be 0.002200
hr*ft2*OF/BTU for the 110% power operating condition, 1040F inlet temperature and with a 5%
plugging allowance [Attachment D]. The resulting heat transferred of 9,032,000 BTU/hr
accommodates the design heat load of 8,600,000 BTU/hr including analytical model uncertainty.

This is judged to be a reasonably conservative fouling factor since it is slightly higher than the
typical fouling factors stated in Ref. 3, page 215. The LaSalle lake water quality will meet or
exceed the "River Water Fouling Factor" (at a velocity greater than 3 ft/sec) given in this reference.
The lake water passes through strainers and is chemically treated for silt control and scale
prevention.

7.0 SUMMARY AND CONCLUSIONS

The Diesel Generator Jacket Water Cooler Model was found to have adequate thermal margin for
a maximum lake temperature of 1040F even when operated at 110% power if fouling is less than
0.002200 hr*ft2*°F/BTU. This fouling factor has been determined to be an acceptable benchmark
value that can be used in Generic Letter 89-13 testing evaluatiohs of this model heat exchanger.

8.0 ATTACHMENTS:

Attachment "A" - Proto-Hx Calc. Report for DG01A
(CSCS=104 F @ Design Fouling)

Attachment "B" - Proto-Hx Calc. Report for DG01A
(CSCS=104 F @ 2X Max. Tested FF)

Attachment "C" - Proto-Hx Calc. Report for DG01A
(CSCS=104 F @ 2X Max. Tested FF, w\ 5% plugged)

Attachment "D" - Proto-Hx Calc. Report for DG01A
(CSCS=104 F @ Max. Allowable FF, w\ 5% plugged)

Final Page
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09:10:43 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGO1A - DG Jacket Water Cooler
CSCS= 104 F @P Design FF

04/12/02

Shell and Tube Heat Exchanger Input Parameters
Shell-Side Tube-Side

Fluid Quantity, Total gpm 1,099.45 775.61
Inlet Temperature OF 190.00 100.00
Outlet Temperature OF 174.40 122.20
Fouling Factor 0.00278 0.00000
Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-fV-°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Fresh Water
Fresh Water

8,600,000
255.20

0.780339000
0.00

TEMA-E
471.23

0.981978184

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

1
0.490000000

5.000
0.7500

Triangular

2
No
188
188

13.00
0.652
0.750

112.00

0.000
0.000
0.000-
0.000
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-195
Revision No. AOO
Attachment A
Page No. _A•_of As



09:10:43 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGO 1 A - DG Jacket Water Cooler
CSCS= 104 F @ Design FF

04/12/02

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data

Data Date Tube Flow (gpm) 795.3
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (IF) Tube Inlet Temp (IF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 190.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.-F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2-OF)

Tube-Side hi (BTU/hrft2 -OF)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2-°F)
LMTD LMTD Correction Factor
Effective Area (ft2

)

Overall Fouling (hr.ft2 .FIBTT 1)
Property Shell-Side Tube-Side Calculation No. 97-195
Velocity (ft/s) Shell Temp In (IF) Revision No. AOO
Reynold's Number Shell Temp Out (IF) Attachment A
Prandtl Number Tav Shell (IF) Page No. 43 of
Bulk Vise (lbm/ft-hr) Shell Skin Temp (IF)
Skin Visc (Ibm/lfthr) Tube Temp In (IF)
Density (lbm/ft3) Tube Temp Out (IF)
Cp (BTU/lbm-'F) Tav Tube (IF)
K (BTU/hr'ft0'F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)

LMTD
Effective Area (ft2)

5.325E+5
3.978E+5

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)

Skin Visc (Ibm/ft-hr)
Density (Ibm/ft')
Cp (BTUilbm'°F)
K (BTU/hr'ft ' F)

Shell-Side
4.99

8.270E+04
2.13
0.82
0.87

60.52
1.00
0.39

8.234E+6
67.9

471.2

Tube-Side

8.21
6.978E+04

3.86
1.42
1.30

61.80
1.00

0.37

Overall Fouling (hr-ft2-°F/BTU)
Shell-Side ho (BTU/hr.ft2-°F)
Tube-Side hi (BTU/hr-ft2.F)
1/Wall Resis (BTU/hr. 0f-°F)

LMTD Correction Factor

U Overall (BTU/hr. ft2-°F)

Shell Temp In (fF)
Shell Temp Out (fF)
Tav Shell (°F)
Shell Skin Temp (fF)
Tube Temp In (fF)
Tube Temp Out ('F)
Tav Tube (°F)
Tube Skin Temp ('F)

0.002782 7

2,035.7
2,177.8

25,594.8

0.9884

260.4

190.0
174.6
182.3
173.6
104.0/
124.7
114.4
123. 7

** Revnolds Number Outside Range of Equation Applicability
!I With Minimum Fouling The Test Heat Load Could Not Be Achier,



CornEd CALCULATION NO.
97-195

REVISION NO. AOO

PAGE NO. B1 of B3

Attachment "B"

Proto-Hx Calc. Report for DG01A
(CSCS=104 F @ 2X Max. Tested FF)
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09:30:07 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DG0IA - DG Jacket Water Cooler
CSCS = 104 F @ 2X NDIT FF

04/12/02

Shell and Tube Heat Exchanger Input Parameters

Shell-Side Tube-Side
Fluid Quantity, Total gpm 1,099.45 775.61
Inlet Temperature OF 190.00 100.00
Outlet Temperature OF 174.40 122.20
Fouling Factor * 0.00278 0.00000

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-ft2-F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Fresh Water
Fresh Water

8,600,000
255.20

0.780339000
0.00

TEMA-E
471.23

0.981978184

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (if/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (fi)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-PF)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

1
0.490000000

5.000
0.7500

Triangular

2
No

188
188

13.00
0.652
0.750

112.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-195
Revision No. AOO
Attachment _N
Page No. B2 of 633



09:30:07 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
CSCS = 104 F (a), 2X NDIT FF

04/12/02

Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 795.3
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (°F) Tube Inlet Temp (OF) 104.0
Shell Temp Out (OF) Shell Inlet Temp (OF) 190.0
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (OF) * Input Fouling Factor 0.001068

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr ft2 -F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft20-F)

Tube-Side hi (BTU/hr-ft2-0 F)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (fW)

Overall Fouling (hr-ft2 .°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF) Calculation No. 97-195
Reynold's Number Shell Temp Out (OF) Revision No. AOO
Prandtl Number Tav Shell (OF) Attachment 0
Bulk Vise (lbm/fr-hr) Shell Skin Temp (OF) Page No. S $ of g-
Skin Vise (lbm/ft-hr) Tube Temp In (OF)
Density (lbm/ft3) Tube Temp Out (OF)
Cp (BTU/lbm 0'F) Tav Tube (OF)
K (BTU/hr'ft0'F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5
3.978E+5

1.252E+7 ..
58.4

471.2

Overall Fouling (hr-ft2 -°F/BTU)
Shell-Side ho (BTU/hr.ft2.- F)
Tube-Side hi (BTU/hr ft2

.
0 F)

I/Wall Resis (BTU/hr ft2 -F)
LMTD Correction Factor

U Overall (BTU/hr-ft2-°F)

0.001068 -

2,006.8
2,250.9

25,594.8
0.9628

472.5
Property

Velocity (ft/s)
Reynold's Number

Prandtl Number
Bulk Vise (Ibm/ft hr)
Skin Vise (Ibm/ft'hr)
Density (Ibm/fi3)

Cp (BTU/lbm-'F)
K (BTU/hr'ft'°F)

Shell-Side Tube-Side

4.98 8.22
8.047E+04 7.349E+04

2.19 3.64
0.84 1.35
0.93 1.19

60.61 61.72
1.00 1.00
0.39 0.37

Shell Temp In (°F)
Shell Temp Out (OF)
Tav Shell ('F)
Shell Skin Temp (°F)
Tube Temp In (fF)
Tube Temp Out (OF)

Tav Tube (OF)

Tube Skin Temp ("F)

190.0
166.5
178.3
164.5
104.0
135.5
119.8
133.9

** Reynolds Number Outside Range of Equation Applicability

With Minimum Fouling The Test Heat Load Could Not Be Achie',
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Proto-Hx Calc. Report for DG01A
(CSCS= 104 F @ 2X Max. Tested FF & 5% plugged)
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09:31:56 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGO1A - DG Jacket Water Cooler
CSCS=104 F•,2X NDIT FF, 5% plugged

04/12/02

Shell and Tube Heat Exchanger Input Parameters

Fluid Quantity, Total gpm
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-ft2 F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ftls)
Tube Pitch (in)
Tube Pitch Type

Shell-Side Tube-Side
1,099.45 775.61

190.00 100.00
174.40 122.20

0.00278 0.00000

Fresh Water
Fresh Water

8,600,000
255.20

0.780339000
0.00

TEMA-E
471.23

0.981978184

1
0.490000000

5.000
0.7500

Triangular

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
No
188
179

13.00
0.652
0.750

112.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-195
Revision No. AOO
Attachment CU
Page No. C-2. of C-1



09:31:56 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGO 1 A - DG Jacket Water Cooler
CSCS=I04 F@2X NDIT FF, 5% plugged

04/12/02

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

-* Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 795.3
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (IF) Tube Inlet Temp (IF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 190.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (°F) -4 Input Fouling Factor 0.001068

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hrwft2-°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr'fi2"-F)

Tube-Side hi (BTU/hr-ft2 -°F)

Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr'ft2-°F)

LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr-ft2"°F/BTU)

Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF) Calculation No. 97-195
Reynold's Number Shell Temp Out (°F) Revision No. AOO
Prandtl Number Tav Shell (OF) Attachment C
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (°F) Page No. C_ 3 ofC _3
Skin Visc (lbm/ft-hr) Tube Temp In (°F)
Density (lbm/ft3 ) Tube Temp Out (°F)
Cp (BTU/Ibm0'F) Tav Tube (°F)
K (BTU/hr'ft-'F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number

Bulk Visc (lbm/ft.hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)

Cp (BTU/Ibm 0'F)
K (BTUi/hr-ft-'F)

Shell-Side
4.98

8.063E+04
2.19
0.84
0.93

60.61
1.00
0.39

5.325E+5
3.978E+5

1.221E+7
59.1

448.7

Tube-Side

8.63
7.690E+04

3.66
1.36
1.19

61.72
1.00
0.37

Overall Fouling (hr-ft2.°F/BTU)
Shell-Side ho (BTU/hr-1ft 2-F)
Tube-Side hi (BTU/hr ft2-OF)
I/Wall Resis (BTU/hrft2.°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2.-F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube ('F)
Tube Skin Temp (CF)

0.001068
2,007.6
2,335.8

25,594.8
0.9655

476.7

190.0
167.1
178.6
164.5
104.0
134.7
119.4
133.3

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test bleat Load Could Not Be Achie\



CornEd CALCULATION NO.
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Attachment "D"

Attachment "D" - Proto-Hx Calc. Report for DG01A

(CSCS=104 F @ Max. Allowable FF, w\ 5% plugged)
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09:43: 13 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
CSCS= 104 F(iMax. FF, 5% plugged

04/12/02

Shell and Tube Heat Exchanger Input Parameters

Shell-Side Tube-Side

Fluid Quantity, Total gpm 1,099.45 775.61
Inlet Temperature OF 190.00 100.00
Outlet Temperature OF 174.40 122.20
Fouling Factor , 0.00278 0.00000

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr'ft2"-F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Fresh Water
Fresh Water

8,600,000
255.20

0.780339000
0.00

TEMA-E
471.23

0.981978184

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (fIt)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft.F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in) .
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

1
0.490000000

5.000
0.7500

Triangular

2
No
188
179

13.00
0.652
0.750

112.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-195
Revision No. AOO
Attachment
Page No. D'. of (A3



09:43:13 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGO 1 A - DG Jacket Water Cooler
CSCS=104 F(KMax. FF. 5% oluaed

04/12/02

Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

, Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 795.3
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (IF) Tube Inlet Temp (IF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 190.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF) .9 Input Fouling Factor 0.002200

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2-OF)

Tube-Side hi (BTU/hr.ft2 -OF)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hrft2 0-OF)
LMTD LMTD Correction Factor
Effective Area (fIt)

Overall Fouling (hr.ft2 .
0 F/BTU)

Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF) Calculation No. 97-195
Reynold's Number Shell Temp Out (OF) Revision No. AOO
Prandtl Number Tav Shell (IF) Attachment D
Bulk Vise (lbm/fthr) Shell Skin Temp (OF) Page No. 13 of D3
Skin Vise (lbm/ftfhr) Tube Temp In (IF)
Density (lbm/ft') Tube Temp Out (OF)
Cp (BTU/lbm-'F) Tav Tube (IF)
K (BTU/hr'ft-F) Tube Skin Temp (IF)

IF - Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/br)
LMTD
Effective Area (ft2)

5.325E+5
3.978E+5

9.032E+6
66.1

448.7

Property

Velocity (ft/s)

Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft hr)
Skin Visc (lbm/ft-hr)
Density (lbm/fty)
Cp (BTU/lbm 0'F)
K (BTU/hr-ft0'F)

Shell-Side Tube-Side

4.99 8.62
8.228E+04 7.401E+04

2.14 3.82
0.83 1.41
0.89 1.28

60.54 61.78
1.00 1.00
0.39 0.37

Overall Fouling (hr-ft2.°F/BTU)
Shell-Side ho (BTU/hr-ft2-°F)
Tube-Side hi (BTU/hr-ft2 .OF)

I/Wall Resis (BTU/hr-fi2-°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (IF)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (fF)
Tube Skin Temp (fF)

0.002200'
2,029.5
2,279.5

25,594.8
0.9852

309.0

190.0
173.1
181.5
171.5 /

104.0 /

126.7
115.4
125. 7

** Reynolds Number Outside Range of Equation Applicability
H With Minimu, m Fouling The Test Heat Load Could Not Be Achie',
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1. PURPOSE

The purpose of this calculation is to develop a thermal performance analysis model for the
Commonwealth Edison (CoinEd) LaSalle Station, Standby Diesel Generator heat exchanger.
This model is to be used for the analysis of heat exchanger thermal performance test data as part
of the LaSalle Station heat exchanger testing program.

Once developed, the model is used to evaluate the thermal margin of the heat exchanger at the
LaSalle Station Reference Conditions as currently defined in the LaSalle design and licensing
basis.

The thermal performance model documented in this calculation has been created and used with
PROTO-HX, Version 3.02. The model can be used with previous versions of PROTO-HX and
produce identical results as long as the following restrictions are upheld:

* Versions prior to version 3.02 will not calculate a negative fouling factor when calculating
the fouling factor based on test data.

* Shell and tube heat exchangers analyzed in Version 3.0 or earlier must have a tube-side
Reynolds Number greater than 10,000 (i.e., fully developed turbulent flow).

Current limitations of use for PROTO-HX are established by the limits on fluid properties
included within the software. Fluid properties contained within PROTO-HX are currently
limited to the following temperature ranges:

* Water (fresh and salt): 32-500'F

2. BACKGROUND

LaSalle Station is in the process of implementing a heat exchanger thermal performance
monitoring program in response to the requirements of NRC Generic Letter 89-13 (Reference
8.2). Development of an analytical model in PROTO-HXTM, Version 3.02, will allow timely
analysis of data resulting from the test program.

3. DESIGN INPUTS
The PROTO-HXTM program was developed and validated in accordance with Proto-Power's
Nuclear Software Quality Assurance Program (SQAP). This program meets the requirements of
IOCFR50 Appendix B, IOCFR21, and ANSI NQA-1, and was developed in accordance with the
guidelines and standards contained in ANSI/IEEE Standard 730/1984 and ANSI NQA-2b-1991.
PROTO-HXTM Version 3.02 was verified and approved for use as documented in Reference 8.10.

The design inputs for this calculation consist of the heat exchanger design basis requirement
(Section 3.1), construction details (Section 3.2), and performance specifications (Section 3.3)
provided by the Hx manufacturer data sheets or design documents as referenced. Construction
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details give the necessary information for model construction while performance specifications
provided by the manufacturer are used to benchmark the model.

Thermal performance of the Standby diesel generator heat exchanger is assessed in this
calculation at the LaSalle Station Reference Conditions of Section 3.1 with all tubes active at
100% and 110% of rated load. No tube plugging margin is considered.

3.1. LASALLE STATION REFERENCE CONDITIONS

Table 3-1 describes the performance requirement of the jacket water cooler. These
conditions ensure that the engine operating temperature range will not be exceeded.

Table 3-1 LaSalle Station Reference Conditions

3.2.

Parameter Value Reference

Heat Load at 100% power/I 10% power (BTU/hr) 7,800,000 / 8,600,000 8. I, 8.4

Shell-Side Flow Rate (gpm) 1,100 8.4

Shell-Side Inlet Temperature (°F) 190 8.4

Tube-Side Flow Rate (gpm) 800 8.1, 8.4

Tube-Side Inlet Temperature (*F) 100 8.1

CONSTRUCTION DETAILS

Table 3-2 Construction Details
Parameter Value Reference

Heat Exchanger Type AEW 8.11

Total Effective Area per unit (ft2) 479 8.11

Number of Shells per unit I 8.11

Shell Velocity (ft/sec) 5 8.11

Tube Passes per shell 2 8.11

U-Tubes (yes or no) No 8.11

Total Number of Tubes 188 8.11

Tube Length (ft) 13 8.11

Tube Inside Diameter (in) 0.652 (18 BWG) 8.11

Tube Outside Diameter (in) 0.750 8.11

Stationary Tubesheet Thickness (in) 0.938 8.3

Floating Tubesheet Thickness (in) 1.875 8.3

Tube Wall Conductivity (BTU/hr-ft-°F) 112 (Arsenical Cooper) 8.9, (8.11)

Tube Pitch (in) 0.750 8.11
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Table 3-2 Construction Details
Parameter Value Reference

Pitch Type Triangle 8.11

The vendor data sheet shows the effective area as 479 ft2, however, based on the outside
tube diameter and tube length, this value is a gross area (Agr) approximation:

A gr = (number of tubes). (Lt,.b -(tube outside circ.) Equation 1

Agr =188-13ft-n. (.750f =479.878ft2g' ( 1 2 % t

The effective area (Aeff) can be approximated as follows:

Aei- = (numberof tubes). (L,u, - Tf.xed - Tfloalig ). (tube outside circ.) Equation 2

Acfr=188.(13ft -(0-938 in+1.875in) .*7t* i =471.2251ft2
12% ) , 12% )

where:

A - Heat Exchanger Gross Area, ft 2

A e'ff - Heat Exchanger Effective Area, ft2

L tube - Tube Length, ft

Tfixed Fixed End Tubesheet Thickness, ft (0.938" per Reference 8.3)

Tfloat•n• - Floating End Tubesheet Thickness, ft (1.875" per Reference 8.3)

The data sheet value for the effective area will be used in the model benchmarking
process. However, for PROTO-HXTM runs of the Standby heat exchanger model the
above calculated effective area will be used.

3.3. PERFORMANCE DETAILS

Table 3-3 Performance Details
Parameter Value Reference

Shell Side Fluid Type Jacket Water (Fresh) 8.11

Total Fouling Factor (Design) 0.00285 8.11

Shell Side Fluid Flow Rate (lb/hr) 550,000 8.1

Shell Side Inlet Temperature (0F) 190 8.11

Shell Side Outlet Temperature ('F) 174.4 8.11

Tube Side Fluid Type Service Water (Fresh) 8.1/8.7
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Table 3-3 Performance Details
Parameter Value Reference

Tube Side Fluid Flow Rate (lb/hr) 38S,000 8.11

Tube Side Inlet Temperature (TF) 100 8.11

Tube Side Outlet Temperature ('F) 122.2 8.11

Hx. Design Q - Service (BTU/hr) 8,600,000 8.11

Hx. Design U - Service (BTU/hr-ft2-0 F) 255.2 8.11

4. APPROACH

This calculation utilizes plant/vendor fabrication specifications provided in Attachment (A) to
develop a thermal performance prediction model for the LaSalle Station Unit 0, 1, and 2 Diesel
Generator Jacket Water Coolers. The calculation then benchmarks the model by comparing the
heat transfer rate calculated by PROTO-HXTM Version 3.02 with the manufacturer's
specifications for thermal performance.

4.1. PROTO-HXTM PARAMETER CALCULATION

Minimum Shell Area

The minimum shell area is calculated using either the shell side velocity or a shell
geometry. The preferred method of calculation is using the shell side velocity. Reference
8.11 gives the shell side velocity to be 5 ft/sec at a flow rate of 1100 gpm. Based on this
velocity and flow rate the minimum shell side area is calculated by PROTO-HXTM to be
0.490 ft2.

Outside H Factor (Hof!)

The Outside H Factor is a multiplier, with value less then 1.0, used to reduce the ideal
shell side film heat transfer coefficient. The Outside H Factor accounts for inefficiency in
the heat exchanger. Using the back calculation method, based on the design overall heat
transfer coefficient, the Outside H Factor was calculated by PROTO-HXTM to be 0.780.

4.2. PROTO-HXTM FLOW RATE INPUTS

Volumetric flow rates are converted to mass flow rates based on a set temperature of
60'F in PROTO-HX TM . Therefore, the actual PROTO-HX TM inputs have to be adjusted
to give the correct mass flow rate. The PROTO-HXTM input is adjusted using the ratio of
the actual water density and the density of water at 60'F.

QP1X =Q IP ,P60-F
Equation 3
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Table 4-1 PROTO-HXr~m Flow RatetInputs__________
Parameter Density (lb/ft3 ) ActualiFlow (gpm) PROTO HXTm In put (gpm).'

Tube-side, 100'F 61.994 (8.12) 800 . 795.25

Shell-side, 190OF .60.349 (8.12) 1,100 1,064.495

PRaoT-Hx-', :60 ý162364 (.2

*5.

4.3. PROTO-HXTm EXTRAPOLATION METHOD

All calculations performed for this calculation are bas0e.d:on. a .constant. cold inlet
temperature. This allows the comparison of the heat ` transfer, outlet temperatures,.l log
mean temperature difference (LMTD), and overall heat transfer coefficient, There is no
comparison of the overall heat transfer coefficient in. thedesign case since PROTO-:HX :"
used the data sheet value of the overall: heat.transfer: coefficient to: calculate the shell:s ide
film heat transfer coefficient.:

ASSUMPTIONS ... ...... ..

5.1. The vendor data sheet (Reference 8.11) is.. considered kan accurate reflection of the
vendor's expectation for the heat exchanger's.. outside film heat:transfer coefficient.
Therefore, the benchmarking of the PROTO-HXTM. model.to the. vendor data sheet will

...ensure* that the PROTO- "X .calculated outside filmih heat transfer coefficient is..
consistent with the vendor's expectation.. The PROTO-HXT M model is benchinarked with
the vendor data sheet effective area. However, calculations perormed with the model. use
the 'effetive area determinedin Setion 3.2. .Future validation of this assumption is not
reequ.ired.

6. ANALYSIS

6.1. PROTO.HXM MODEL.

Table..6-1 shows the.PROTO-HXTM benchmnarking of the Jacket Water Cooler for theý
Standby Diesel Generator.. The PROTO-HXTM reports can be found in Attachment.E.

Table 671. Model Benchmark Correlation
Parameter PROTO-HXTM Data Sheet Percent Difference

Effective.Area ft2 : 479 .479 0.00 %

Shell Side. Outlet Temp, .. :. 174.4 1 744 0.00 %

Tube Side Outlet Termnp, 0F. 122.2... .122.2 0.00 %

Heat Transferred, BTU/hr 8,589,000 $8600,000 -0.13 %.

Corrected LMTD 70.3 70.2 0.14 %
[
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Table 6-2 shows the PROTO-HXTM results for the heat exchanger design conditions
using the corrected effective area, Section 3.2. The PROTO-HXTm reports can be found
in Attachment E.

Table 6-2 Model Design Correlation
Parameter PROTO-HXT'1 Data Sheet Percent Difference

Effective Area, ft2  471.2 479 -1.63 %

Shell Side Outlet Temp, 'F 174.6 174.4 0.11 %

Tube Side Outlet Temp, *F 121.9 122.2 -0.25%

Heat Transferred, BTU/hr 8,481,000 8,600,000 -1.38%

Corrected LMTD 70.5 70.2 0.43 %

All PROTO-HX TM calculations performed with the Standby Jacket Water Cooler model
will use the effective area of 471.23 ft2. This change is made to the PROTO-HX TM heat
exchanger data sheet as shown in Attachment E.

6.2. HEAT EXCHANGER FOULING FACTOR LIMIT

In order for the jacket water cooler to meet the Reference Conditions (Table 3-1) the
fouling must be limited from the values listed on the vendor's data sheet
(Reference 8.11). The overall fouling factor limit was determined by iterating on the
overall fouling factor, a PROTO-HXTM input, until the required heat load was matched.
Table 6-3 shows the results of the PROTO-HXTM runs for the limited fouling factor case,
see Attachment E.

Table 6-3 Fouling Factor Limit
Parameter Design Fouling Limited Fouling

Overall Fouling Factor 0.00285 0.002782

Overall Heat Transfer Coefficient 255.2 259.7

Heat Transfer Rate 8,484,000 8,600,000

Required Heat Transfer Rate 8,600,000 8,600,000

Thermal Margin -116,000 0.0

% Thermal Margin -- 1.35 % 0.00 %

The limitations on the fouling factor are placed on the tube-side fouling factor, since the
tube-side is the most controllable via periodic tube-side cleaning. To be consistent with
the HPCS Diesel the shell-side fouling factor will be set to 0.0005 hr ft2 °F/Btu for this
analysis. The tube-side fouling factor is calculated from the overall fouling found from
the PROTO-HX"`4 iteration process.
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The area ratio is used to convert the overall fouling factor to a tube-side and shell-side
fouling factor

ftotal = f~•,,l + (Area Ratio). ftbe Equation 4

Area Ratio Tube OD Equation 5
Tube ID

0.750 in_
Area Ratio - = 1.150

0.652 in

From the vendor datasheet the design overall fouling factor is

fTotal = 0 .0 0 2 8 5 0 hr ft 2 'FBtu

Btu

From the PROTO - HX iteration the adjusted overall fouling factor is found :

fadjusted = 0 .0 0 2 7 8 2 hrf 0F Bt*u

From the new overall fouling factor the new tube - side fouling factor is calculated:
(fadjusted-fshell) (0.002782--O.0 0 0 5 )hrft2 F/u 2

ft - =_ /Btu 0 0 0 1 9 8 4 hrft2Area Ratio 1.150 = 07

The PROTO-HXTM heat exchanger data sheet is changed to reflect the adjusted design
fouling as calculated above. Like the effective area change in the heat exchanger data
sheet, this change is made without recalculating the Hoff factor.

Attachment E includes a final model calculation report for the Reference Conditions and
the adjusted tube-side fouling entered into the PROTO-HXTM data sheet.

6.3. FOULING SENSITIVITY

The fouling sensitivity of the jacket water cooler is shown in Figure 6-1. The fouling
sensitivity was developed at 800 gpm CSCS flow, 100°F CSCS inlet temperature, 1100
gpm jacket water flow, and 190'F jacket water inlet temperature. The tube-side fouling
factor was varied from 0.0000 to 0.001984 (hr ft2 'F/Btu) by increments of 0.0005 (hr ft2

°F/Btu). As in Section 6.2, the shell-side fouling factor is held constant at 0.0005 (hr ft2

°F/Btu). The PROTO-HX TM Calculation Reports for the fouling sensitivity can be found
in Attachment F.
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Figure 6-1
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6.4. THERMAL MARGIN ASSESSMENT

The clean thermal margin is assessed by a comparison of the reference condition
performance requirements to the heat exchanger performance capability with a zero (0)
fouling factor. Using a zero (0) fouling factor shows the maximum available
performance of the heat exchanger. Likewise, the service thermal margin is assessed by
comparing the reference condition performance requirements to the heat exchanger
performance capability with the design fouling factor.

The margin is calculated directly and as a percentage compared to the required heat rate
to perform the component's safety function. The PROTO-HXTM reports can be found in
Attachment E.

margin=Heat Rate - Heat Rate, quired

% margin = 100- ( margin
Heat Rateequired

Equation 6

Equation 7
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Table 6-4 Thermal Margin
Parameter Service (Design Fouling) Clean (0 Fouling)

Overall Heat Transfer Coefficient 259.7 955.9

Heat Transfer Rate 8,600,000 18,850,000

Required Heat Transfer Rate 8,600,000 8,600,000

Thermal Margin 0.0 10,250,000

% Thermal Margin 0.00 % 119.19 %

6.5. MINIMUM SERVICE WATER FLOW RATE

The minimum service water flow rate for the adjusted design fouling condition is
calculated with the shell-side inlet temperature at 190'F and a flow rate of 1,100 gpm.
Iterating using the service water flow rate and inlet temperature, the minimum acceptable
flow rate is found for each inlet temperature (Attachment G). The heat load for each
iteration must be equal to or slightly above the required heat load of 7,800,000 BTU/hr
and 8,600,000 BTU/hr, the diesel heat load at 100% and 110% power, respectively
(Reference 8.1). Figure 6-2 shows the results of this iteration process.

The results of the model iterations are summarized in Table 6-5 and Table 6-6 along with
Figure 6-2. Density corrections of the PROTO-HXTM flow rates are made in accordance
with Equation 3. Values for fluid density are obtained from Reference 8.12.

Table 6-5 Minimum CSCS Flow Rate at 100% Power
] CSCS Inlet Density at Inlet PROTO-HXTM Density Corrected

Temperature Temperature Input Flow Rate Flow Rate
(OF) (lbm/ft3) (gpm) (gpm)
35 62.41903 161.1 161.0
40 62.42184 169.8 169.6
50 62.40595 190.5 190.3
60 62.36445 217.5 217.5
70 62.30034 254.2 254.5
80 62.21603 307.0 307.7
90 62.11349 389.3 390.9
100 61.99437 534.5 537.7
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Table 6-6 Minimum CSCS Flow Rate at 110% Power
- CSCS Inlet Density at Inlet PROTO-HXT1M Density Corrected

Temperature Temperature Input Flow Rate Flow Rate
(OF) (lbm/ft3) (gpm) (gpm)
35 62.41903 193.5 193.3
40 62.42184 204.8 204.6
50 62.40595 232.2 232.1
60 62.36445 269.1 269.1
70 62.30034 321.0 321.3
80 62.21603 399.3 400.3
90 62.11349 530.9 533.1
100 61.99437 795.3 800.0

Figure 6-2 Minimum Service Water Flow
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7. CONCLUSION

7.1. PROTO-HXTM MODEL

The Standby Jacket Water Cooler model was developed using PROTO-HXTM, Version
3.02. The model was benchmarked to the vendor data sheet. The benchmark model
correlation to the vendor data sheet is -0.13 %. The benchmark model is for reference
only based on the non-conservative approximation of heat exchanger effective area as
discussed in Section 3.2 and Assumption 5.1. Calculations performed with the Standby
Jacket Water Cooler model are to use the effective area developed in Section 3.2.

This model should be considered suitable for use in the analysis of thermal performance
test data.

The model database is saved under file name dg0la.phx, with a file size of 640 KB, and a
file date and time of 6/29/98 at 1:50:34 PM. The saved database is set up to run the
Reference Conditions with design fouling factor selected, the design fouling factor is a
shell-side fouling of 0.002782. The database file is included as Attachment H.

7.2. HEAT EXCHANGER FOULING FACTOR LIMIT

For the Standby Diesel Generator Jacket Water Cooler to provide adequate heat removal
at the specified LaSalle Station Reference Conditions the overall fouling factor must be
equal to or less than 0.002782 hr ft2 °F/Btu. This overall fouling factor is entered in the
model as the shell-side design fouling factor.

7.3. FOULING SENSITIVITY

Given a constant shell-side fouling at the model design value, the sensitivity of the jacket
water cooler to tube-side fouling effects is shown on Figure 6-1.

7.4. THERMAL MARGIN ASSESSMENT

Assuming the adjusted heat exchanger effective area and maximum overall fouling factor,
the clean and service available thermal margins are 119.19 % and 0.00 % respectively.

7.5. MINIMUM SERVICE WATER FLOW RATE

As shown in Figure 6-2 the service water flow can be throttled down to account for lower
service water inlet temperature conditions. The heat exchanger can remove the design
heat load for the diesel at 100% (7,800,000 BTU/hr) and 110% (8,600,000 BTU/hr) rated
power, by reducing service water flow rates as the service water temperature decreases.
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SARGENT & LUNDY
ENGINEERS

CHICAGO

PEFEKENCE 9.7
J-2544
CA, 11-09-76

include a shell and tube heat exchanger which will be supplied
with cooling water from the Purchaser's cooling water system.

b. The closed cooling water system pump shall be of the centrifugal
type and shall be driven by the. engine.

C. The shell and the tube heat exchanger shall be of the capacity required
for 110 percent of rated power with a fouling factor of 0.0005 on
shell side and .002 on the tube side. The heat exchanger shall be in
accordance with the requirements of ITEN A, TE4A (Tube Exchanger
Manufacturers' Association) Class C and the ASHE Code Section III.
The type bundle shall be removable without removing shell from
its mounting. The tubes shall be 5/8 inch minimum and be of ad-
miralty metal.

.d. The circulating water system shall be provided with controls which
will sense and maintain optimum jacket water temperature.

e. Cooling water supply for the heat exchangers will
inlet temperature of 1000F and a minimum of 320F.
be designed for a 150 psig water working pressure
hydraulic pressure of 225 psig.

be at a maximum
The coolers shall

and tested at a

F. Starting System

a. Each engine shall be equipped with an independent pneumatic start-
ing system complete with all valves, integral piping, controls, etc.

b. The reliability of the starting system is paramount and no compromise
of the starting capability shall be made with other basic require-
ments of the equipment design. Any special devices or auxiliaries
required to insure successful starting shall be provided, except any
equipment of an experimental type will be unacceptable. Contractor
shall describe in his proposal what occurances are possible to pre-
clude successful starting, and what remedies would be necessary
that are not already provided for in the equipment design.

c. The compressed air starting system shall consist of two redundant
sets of equipment, each completely independent of the other for
successful operation. A cross-connecting line with a normally
closed valve shall be provided between sets. The accumulator fur-
nished with each set of equipment shall have the capacity for a
minimum of three normal cranking cycles in rapid succession without
the use of its air compressor. Each accumulator shall be furnished
with a shut-off cock, pressure gauge drain valve, safety valve, and
sensing element for low pressure alarm. Proto-PowerCaic: 97-195

Attachment: B
2-9. Rev: A Page 2 of 3



Proposal Technical Data for

Diesel Engine-Generator Sets, Cont.

La Salle County Station - Units 1 and 2

'RF:FEE NaCE
Name

J-2544
CA, 11-09-76

of Biddter: Stewart & Stevenson Services, Inc.

ENGINE-GENERATOR DATA, Cont. (Insert all data in these columns)

BASE BID ALTERNATE i

-DIESEL GEN. DIESEL GEN.
DIESEL GEN.O IA AND 2A O,IA AND 2A

p

(Contractor to furnish complete infor-
mation for starting system furnished)

E. Engine Cooling System:

a. Cooling system capacity.(gal)

b. Pipe size for cooling water
connections .............. (in)

c. Heat exchanger dimensions:

(1) Length ............... (in)

(2) Diam ................. (in)

(3) Height ............... (in)

d. Quantity of cooling water
at rated load, required at

80OF ................ (gal/min)

- at 95°F............. (gal/min)

at 100OF ............ (gal/min)

. e. Tube material ................

f. Diameter and thickness of

tubes .................... (in)

g. Total tube cooling surface...

. ........................ (ft 2 )

h. Water box material ...........

545

8

179.5

16"

19.5'"

550

750

840

Arsenical
Copper (SBl

3/4" x 18 BWC

479

Carbon
Steel

Weights:
3050 lbs Dry
4350 lbs Wet

11)

PTD-15
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LSCS-UFSAR

9.2 WATER SYSTEMS

The auxiliary water systems for the LaSalle County Station are as follows:

a. CSCS equipment cooling water system,

b. station service water system,

c. reactor building closed cooling water system,

d. demineralized water makeup system,

e. potable and sanitary water system,

f. ultimate heat sink,

g. cycled condensate system and refueling water storage facilities,

h. turbine building closed cooling water system (TBCCWS),

i. primary containment chilled water system,

j. station heat recovery system,

k. suppression pool cleanup system, and

1. chemical feed system.

9.2.1 CSCS Ecruivment Cooling Water System

The function of the core standby cooling system-equipment cooling water system
(CSCS-ECWS) is to circulate lake water from the ultimate heat sink for cooling
of the residual heat removal (RHR) heat exchangers, diesel-generator coolers,
CSCS cubicle area cooling coils, RHR pump seal coolers, and low-pressure core
spray (LPCS) pump motor cooling coils. This system also provides a source of
emergency makeup water for fuel pool cooling and also provides containment
flooding water for post-accident recovery. This CSCS-ECWS system is
equivalent in purpose to the essential service water cooling systems at other
stations.

9.2.1.1 Desian Bases

9.2.1.1.1 Safety Desian Bases

a. The system is sized based on the following minimum equipment
cooling water flow requirements:

1. RHR heat exchanger - 7400 gpm

2. diesel-generator cooler (division 1 and 2 only) - 800 gpm

3. diesel-generator cooler (division 3) - 650 gpm

Proto-Power Ca~c: 97-195
Attachment: D
Rev: A Page 2 of 5
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LSCS--UFSAR

9.5.4.5 Instrumentation and Controls

Fuel levels in each day tank and storage tank are indicated
locally,, and storage tank levels are also indicated at each
storage tank filling stat i-n-C-hroTom-snnunciate
high or low levels in each day tank and low level in each storage
tank. All day tank level instruments and diesel-generator
transfer pump controls are Seismic Category I and Class 1E. A
local pressure indicator is connected to the discharge of each
transfer pump to monitor pump discharge head. A local
differential pressure indicator is connected across the transfer
pump suction strainer to identify a clogged strainer.

Each diesel engine gauge panel includes local gauges for
monitoring the following diesel-generator skid-mounted system
fuel oil parameters: fuel oil temperature, fuel pump suction
strainer inlet and outlet pressure (Divisions 1 and 2 diesel
generators only), fuel pump discharge pressure, fuel filter inlet
pressure, and fuel filter outlet pressures (for the Division 3
diesel generators, filter inlet and outlet pressure gauges are
mounted on the engine and not on the gauge panel). In addition,
pressure switches are installed in the skid-mounted sys~tems to
annunciate high fuel filter differential pressure for the
Divisions 1 and 2 diesel generators and low fuel pump discharge
pressure for the Division 3 diesel generators. The entire skid-
mounted fuel oil system, including instrumentation, is supplied
by the engine manufacturer as a part of the diesel engine.

Each diesel-generator fuel transfer pump is started and stopped
automatically by day tank level control switches. The diesel
fire pump fuel transfer pump is started manually; however, it is
automatically shut down by day tank high level. -Elapsed time
instrumentation monitors diesel-generator transfer pump running
time and, when the diesel engine is operating, pump shutdown
time. This instrumentation actuates control room alarm lights if
pump running time is excessive or shutdown time is too short to
permit remote detection of possible fuel oil leaks at the day
tank or diesel generator.

9.5.5 Diesel-Generator Cooling Water System

The function of the diesel-generator cooling water system is to
transfer the heat rejected from the engine water jacket, the lube
oil cooler and the engine air aftercooler to the CSCS equipment
cooling water system (CSCS-ECWS).

9.5.5.1 Design Bases
-

9.5.5.1.1 Safety Design Bases 0

Cooling capacity of this system is based on a diesel-generator
output of 2860 kW with an environmental temperature of 1220 F to
maximum and a minimum and maximum lake water temperature of 320 F '
and 1000 F, respectively. Total heat transfer by this system is
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LSCS-UFSAR

approximately 7.8 x 106 Btu/hr per diesel-generator set at rated
engine capacity. The diesel cooling water heat exchangers are

* sized based on operation of 110% of rated load.

High water temperature is alarmed at 2000 F and the engine is
automatically shut down if the cooling water temperature at the
engine outlet exceeds 2080 F in order to prevent engine damage
due to overheating. This shutdown control is in effect only when
the engine is started manually and bypassed when the diesel
generator is started automatically during an emergency.

Beaters are installed in the cooling water piping below the lube
oil cooler to maintain the engine water and lube oil in a warm
standby condition while the engine is not operating; thus
increasing the starting reliability of the diesel generator.
Natural convection is employed to circulate the warm engine water
through the lube oil cooler during standby.

Each system is designed based on Seismic Category I requirements

and is protected from tornadoes, missiles, and flooding.

9.5.5.1.2 Power Generation Design Bases

The diesel-generator cooling water system is not required during
power generation. Consequently, it possesses no power generation
design bases.

9.5.5.2 System Description

Each diesel-generator cooling water system is a separate,
independent closed loop system supplied with the diesel generator
and located entirely on the diesel-generator skid. It consists
of two parallel engine driven centrifugal circulating pumps, a
low-pressure expansion tank, an AMOT temperature regulating
valve, a lube oil cooler, and the engine cooling water heat
exchanger. The expansion tank is fitted with a 7 psig relief cap
which also will relieve vacuum. Engine coolant is demineralized
water treated with chromate, borate-nitrite, or silicate-nitrite
type corrosion inhibitors in accordance with the engine
manufacturer's recommendations.

During operation, cooling water at a flow of 1100 gpm per diesel-
generator set is circulated by the engine driven pumps through
the diesel engine cooling water passages to the lube oil cooler,
through the temperature regulating valve, and then to the engine
cooling water heat exchanger. See Figure 9.5-5 for additional
details.

The engine cooling water heat exchanger is a two-pass shell and o
tube type heat exchanger having admiralty tubes with a carbon O

steel water box and shell. Engine cooling water is circulated U
through the shell side while strained lake water is pumped U 0
through the tube side by the CSCS-ECWS (Subsection 9.2.1). ..
Design pressure and temperature is 150 psig and 3000 F for both

00
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LSCS-FSAR AMENDMENT 29
JANUARY 1978

QUESTION 040.92

"In response to Question 040.16 you have provided in
section 9.5.5.1.1 a total diesel generator cooling
water heat rate of approximately 6.15 million Btu/hr.
This heat is rejected in the heat exchanger interfacing
with CSCS equipment cooling water system when the diesel
generator is operating at rated capacity. Also, in
section 9.5.5.2 you mention that the cooling waterflbw
rate in the diesel engine is 1,100 gpm. It is not
clear whether these heat and flow rates are for the
total five diesel generators or for a single diesel
generator. Please provide the heat and flow rates
for each of the five diesel generators. In addition,
also provide the design temperature differential((OF)
for each diesel engine cooling water when operating at
rated capacity."

RESPONSE

The design conditions for each diesel-generator cooling
water system are:

Shell side flow 1100 gpm

Design shell side inlet

temperature 1900 F

Shell side outlet

temperature 1750 F

Tube side design flow 800 gpmN

Tube side inlet
temperature 1000 F

Tube side outlet
temperature 1220 F

Heat exchanger design
heat removal 8.6 x 106 btu/hr

Diesel-generator set 6
cooling requirement 7.8 x 10 btu/hr

(The value of 6.15 x 106 btu/hr heat removal specified
in Subsegtion 9.5.5.1.1 has been corrected to read
7.8 x 10 btu/hr in accordance with the above data).

Proto-Power Ca~c: 97-195

Q40.92-1 Attachment: D
Rev: A Page 5 of 5



Attachment E to
Proto-Power Calculation

97-195
Revision A

Proto-Power Calc: 97-195
Attachment: E
Rev: A Page 1 of 13



12:19:47 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
Vendor Data Sheet - BENCHMARK

06/29/98

Shell and Tube Heat Exchanger Input Parameters II

Inlet Temperature OF

Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-ft2"°F
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (fi/s)
Tube Pitch (in)
Tube Pitch Type

Shell-Side Tube-Side
G1099-45 ..... .... 7756&T
190.00 100.00 ve-t"p•'N08Z.)r

174.40 122.20 $d661" &/Ve65
0.00285 0.00000 ,rAL

Fresh Water 5 "
Fresh Water f

8,600,000
) ~~~255.20 ~ )-C

10.780339000 i5t
0.00

"om44 . .A5C~L4 TEMA-E Tl•eA- Efcrtqf'c

COJT)r( 4 5. 0.998169790

1
0.490000000

5.000
0.7500

Triangular

Number of Tube Passes 2
U-Tubes No
Total Number of Tubes 188
Number of Active Tubes 188
Tube Length (ft) 13.00
Tube Inside Diameter (in) 0.652
Tube Outside Diameter (in) 0.750
Tube Wall Conductivity (BTU/hr-ft.°F) 112.00

Ds, Shell Inside Diameter (in) 0.000
Lbc, Central Baffle Spacing (in) 0.000
Lbi, Inlet Baffle Spacing (in) 0.000
Lbo, Outlet Baffle Spacing (in) 0.000
Doti, Tube circle diameter (in) 0.000
Bh, Baffle cut height (in) 0.000
Lsb, Diametral difference between Baffle and Shell (in) 0.000
Ltb, Diametral difference between Tube and Baffle (in) 0.000
Nss, Number Sealing Strips 0.000

Proto-Power Calc: 97-195
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12:19:47 PROTO-HX 3.02 by Proto-Powver Corporation (SN#PIX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
Vendor Data Sheet - BENCHMARK

06/29/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data

Data Date Tube Flow (gpm) 775.6
Shell Flow (gpm) Shell Flow (gpm) 1,099.5
Shell Temp In (OF) Tube Inlet Temp (0F) 100.0
Shell Temp Out (OF) Shell Inlet Temp (OF) 190.0
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (°F)

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hruft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2 .°F)

Tube-Side hi (BTU/hrift2 .OF)

Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr.ft2 -F)
LMTD LMTD Correction Factor
Effective Area (ft2 )

Overall Fouling (hr-ft2 -.F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (fF)
Prandtl Number Tav Shell (fF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (fF)
Skin Visc (ibm/ft'hr) Tube Temp In (OF)
Density (lbm/ft3) Tube Temp Out (°F)
Cp (BTU/Ibm-°F) Tav Tube (fF)
K (BTU/hr'ft.°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Visc (lbrrift-hr)
Density (lbm/ft')
Cp (BTU/Ibm-°F)
K (BTU/hr-ft-0 F)

Overall Fouling (hrft2 -°F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr.ft2 ..F)
I/Wall Resis (BTU/hr.ft2.OF)

LMTD Correction Factor

U Overall (BTU/hr.ft2.°F)

0.002850
2,075.6
2,100.5

25,594.8
0.9886

479.0
255.2

Shell-Side Tube-Side

5.15 8.00
8.537E+04 6.589E+04

2.13 4.00
0.82 1.47
0.87 1.33

60.53 61.85
1.00 1.00
0.39 0.37

Shell Temp In (OF) 190.0
Shell Temp Out (°F) 174.4
Tav Shell (OF) 182.2
Shell Skin Temp (°F) 173.5
Tube Temp In (0 F) 100.0
Tube Temp Out (OF) 122.2
Tav Tube (°F) 111.1
Tube Skin Temp (°F) 121.0

.roto-Power Calc: 97-195
Attachment: E
Rev: A Page 3 of 13

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:22:07 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
Vendor Design Condition - Adj. Area

Shell and Tube Heat Exchanger Input Parameters

06/29/98

__ 
11

Shell-Side Tube-Side

Fluid--Quantity, Total gpm .099745 ----- -775-6
Inlet Temperature OF 190.00 100.00 /0A'

Outlet Temperature OF 174.40 122.20
Fouling Factor L0.00285 0.00000 VA Lit

Shell Fluid Name Fresh Water

Tube Fluid Name Fresh Water
Design Heat Transfer (BTU/hr) 8,600,000
Design Heat Trans Coeff (BTU/hr-ft2 .°F) 255.20
Emprical Factor for Outside h 0.780339000
Performance Factor (% Reduction) 0.00 (.ALALAI'0

Heat Exchanger Type TEMA-VE /SW 5Et *1.
Effective Area (ftA2) 471.23
Area Factor 0.981978184
Area Ratio

Number of Shells per Unit I
Shell Minimum Area 0.490000000
Shell Velocity (ft/s) 5.000
Tube Pitch (in) 0.7500
Tube Pitch Type Triangular

Number of Tube Passes 2
U-Tubes No
Total Number of Tubes 188
Number of Active Tubes 188
Tube Length (ft) 13.00
Tube Inside Diameter (in) 0.652
Tube Outside Diameter (in) 0.750
Tube Wall Conductivity (BTU/hr-ft-.F) 112.00

Ds, Shell Inside Diameter (in) 0.000
Lbc, Central Baffle Spacing (in) 0.000
Lbi, Inlet Baffle Spacing (in) 0.000
Lbo, Outlet Baffle Spacing (in) 0.000
Doti, Tube circle diameter (in) 0.000
Bh, Baffle cut height (in) 0.000
Lsb, Diametral difference between Baffle and Shell (in) 0.000
Ltb, Diametral difference between Tube and Baffle (in) 0.000
Nss, Number Sealing Strips 0.000

Proto-Power Calc: 97-195

Attachment: E
Rev: A Page 4 of 13



12:22:07 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG01A - DG Jacket Water Cooler
Vendor Design Condition - Adj. Area

06/29/98

.11
Calculation Specifications II

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

775.6
1,099.5

100.0
190.0

11 Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr'ftz-°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr'ft2"°F)

Tube-Side hi (BTU/hr'ft20iF)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hrlft2-°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr'ft2 -0 F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (°F)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/ft-hr) Tube Temp In (°F)
Density (Ibml/ft) Tube Temp Out (IF)
Cp (BTU/Ibm-°F) Tav Tube (IF)
K (BTU/hr'ft-°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow-(lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.5E+5
3.88E+5

8.48 1E+6
71.3

471.2

Overall Fouling (hr-ft2 0
-F/BTU)

Shell-Side ho (BTU/hr'ft2"°F)
Tube-Side hi (BTU/hr'ft2.°F)
I/Wall Resis (BTUJ/rWft2 -°F)
LMTD Correction Factor

0.002850
2,076.0
2,099.0

25,594.8
0.9889

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (lbm/ft hr)
Density (lbm/ft-)
Cp (BTU/Ibm 0'F)
K (BTU/hr ft'°F)

Shell-Side

5.15
8.543E+04

2.13
0.82
0.87

60.52
1.00
0.39

Tube-Side
8.00

6.580E+04
4.00
1.47
1.34

61.85
1.00
0.37

U Overall (BTU/hr-ft2 0'F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin TeotoW-ower Calc: 97-195

Attachment: E
Rev: A Page 5 of 13

255.2

190.0
174.6
182.3
173.5
100.0
121.9
110.9
120.9

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:26:44 PROTO-IIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
Adj. Area - LSCS Ref. Conditions

06/29/98

Shell and Tube Heat Exchanger Input Parameters II
Shell-Side

FI uiditQu-gan-tity, -T6-tI gp- -- ,0994-5 ..............
Inlet Temperature OF 190.00
Outlet Temperature OF 174.40
Fouling Factor 0.00285

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff(BTU/hr-ft2 .0 F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Tube-Side
-..--.... ---- 77576r

100.00
122.20

0.00000

Fresh Water
Fresh Water

8,600,000
255.20

0.780339000
0.00

TEMA-E
471.23

0.981978184

1
0.490000000

5.000
0.7500

Triangular

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Doti, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
No
188
188

13.00
0.652
0.750

112.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-195
Attachment: E
Rev: A Page 6 of 13



12:26:44 PROTO-IIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG01A - DG Jacket Water Cooler
Adj. Area - LSCS Ref. Conditions

06/29/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 795.3
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (0 F) Tube Inlet Temp ('F) 100.0
Shell Temp Out ('F) Shell Inlet Temp ('F) 190.0
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out (fF)

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2 .°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr'ft2"°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr'ft20"F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2 .°F/BTU)
Property Shell-Side Tube-Side

Velocity (f/s) Shell Temp In ('F)
Reynold's Number Shell Temp Out ('F)
Prandtl Number Tav Shell ('F)
Bulk Visc (lbm/ft-hr) Shell Skin Temp ('F)
Skin Visc (lbm/ft-hr) Tube Temp In ('F)
Density (lbm/ft3) Tube Temp Out ('F)
Cp (BTU/Ibm.°F) Tav Tube (fF)
K (BTU/hr-ft.°F) Tube Skin Temp (fF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ftW)

Property

Velocity (it/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm.°F)
K (BTU/hr-ft.°F)

5.325E+5
LE-S 77PAM 3.978E+5

Rep, (o .4E+

1?fa Ilee 0 8.484E+6
WjjýM,71.3

471.2

Overall Fouling (hr-ft2 -F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr-ft2-°F)
I/Wall Resis (BTU/hr-ft2 -°F)
LMTD Correction Factor

0.002850
2,034.1
2,138.0

25,594.8
0.9889

Shell-Side

4.99
8.257E+04

2.14
0.82
0.88

60.53
1.00
0.39

Tube-Side

8.20
6.728E+04

4.01
1.47
1.34

61.85
1.00
0.37

U Overall (BTU/hr-ft2 .°F)

Shell Temp In (fF)
Shell Temp Out ('F)
Tav Shell ('F)
Shell Skin Temp (fF)
Tube Temp In ('F)
Tube Temp Out ('F)
Tav Tube (fF)
Tube Skin Tel~ 3qtPower Calc: 97-195

Attachment: E
Rev: A Page 7 of 13

255.2

190.0
174.1
182.1
173.1
100.0
121.4
110.7
120.5

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:29:43 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIIX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
Reference Condition - Fouling Limit

Shell and Tube Heat Exchanger Input Parameters

06/29/98

h.

'I

F1U6idQV fiit-yii ota0•f gpml
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor
Shell Fluid Name

Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-ft2.0 F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Shell-Side Tube-Side
1 .0 99T4-5 -............... ... 775 -.6I-

190.00 100.00
174.40 122.20 Fc it, r"'i

0.00285 0.00000 ,

Fresh Water fi (, t N,

Fresh Water •CLG U4{

8,600,000
255.20

0.780339000
0.00

TEMA-E
471.23

0.981978184

1
0.490000000

5.000
0.7500

Triangular

Number of Tube Passes 2
U-Tubes No
Total Number of Tubes 188
Number of Active Tubes 188
Tube Length (ft) 13.00
Tube Inside Diameter (in) 0.652
Tube Outside Diameter (in) 0.750
Tube Wall Conductivity (BTU/hr-ft-°F) 112.00

Ds, Shell Inside Diameter (in) 0.000
Lbc, Central Baffle Spacing (in) 0.000
Lbi, Inlet Baffle Spacing (in) 0.000
Lbo, Outlet Baffle Spacing (in) 0.000
DotI, Tube circle diameter (in) 0.000
Bh, Baffle cut height (in) 0.000
Lsb, Diametral difference between Baffle and Shell (in) 0.000
Ltb, Diametral difference between Tube and Baffle (in) 0.000
Nss, Number Sealing Strips 0.000

Proto-Power Calc: 97-195

Attachment: E
Rev: A Page 8 of 13



12:29:43 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
Reference Condition - Fouling Limit

06/29/98

Calculation Specifications 7'
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
lFouling Was Input by User I ITrFRATOtJ US.,51N6N FWt,

UTsnL Daa Exrap olatIon HeAD a

Test Data Extrapolation Data

I

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

795.3
1,064.5

100.0
190.0

0.002782

Fouling Calculation Results

Shell Mass Flow (Ibmrhr) U Overall (BTU/hr ft2.°F)
Tube Mass Flow (lbmrhr) Shell-Side ho (BTU/hr-fte.F)

Tube-Side hi (BTU/hr-ft2 .°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2.0 F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft20.F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (°F)
Skin Visc (lbm/ft-hr) Tube Temp In (IF)
Density (Ibm/ft') Tube Temp Out (IF)
Cp (BTU/Ibm.°F) Tav Tube (IF)
K (BTU/hr-ft-°F) Tube Skin Temp (IF)

I Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbmlft-hr)
Skin Visc (Ibm/ft-hr)
Density (lbm/ft')
Cp (BTU/Ibm.°F)
K (BTU/hruft.°F)

5.325E+5
3.978E+5

71.1
471.2

Shell-Side Tube-Side
4.99 8.20

8.251 E+04 6.738E+04
2.14 4.01
0.82 1.47
0.88 1.34

60.53 61.85
1.00 1.00
0.39 0.37

Overall Fouling (hr.ft2-°F/BTU) 0.002782
Shell-Side ho (BTU/hr-ft2-°F) 2,033.3
Tube-Side hi (BTU/hr-ft2-OF) AT',)uusM7) 2,140.0
I/Wall Resis (BTU/hr-ft2-OF) &I, t_ 25,594.8
LMTD Correction Factor 0.9885

FOIALIAL-

U Overall (BTU/hr.ft2.°F) "'f"CT0h 259.7

Shell Temp In (°F) 190.0
Shell Temp Out (OF) 173.9
Tav Shell (IF) 181.9
Shell Skin Temp (°F) 172.9
Tube Temp In (°F) 100.0
Tube Temp Out (OF) 121.6
Tav Tube (°F) 110.8
Tube Skin TemprfPower Calc: 97-195 120.8

Attachment: E
Rev: A Page 9 of 13

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:31:13 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGO1A - DG Jacket Water Cooler
**** FINAL MODEL ****

06/29/98

Shell and Tube Heat Exchanger Input Parameters II
I. *1

F ii d-Q-uanfify-7T6TahF
Inlet Temperature
Outlet Temperature
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/l
Design Heat Trans Coeff (B]
Emprical Factor for Outside
Performance Factor (% Redu

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (if/s)
Tube Pitch (in)
Tube Pitch Type

Shell-Side Tube-Side
gpm "I,-9945 . 77..-

OF 190.00 100.00
OF 174.40 ILAL'' 122.200o.002t788 1'o oooo

~~ V~IO"'( .z- 0.00000
Fresh Water
Fresh Water

hr) 8,600,000
IU/hrft2"°F) 255.20

h 0.780339000
ction) 0.00 PRO

J

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube WAll Conductivity (BTU/hr-ft.°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

TEMA-E 3600ti%' 2-
1471.2y

0.981978184

1
0.490000000

5.000
0.7500

Triangular

2
No
188
188

13.00
0.652
0.750

112.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-195
Attachment: E
Rev: A Page 10 of 13



12:31:13 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
**** FINAL MODEL ****

06/29/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

IDesign Fouling Factors Were Usedi AtTUSTEý) ; O(A.- \ & ,J V
P sl•/-A) FoLAt.ti16- FACTo(Z

ir /. OT- Hý)4 A/I01>e L
Test Data Extrapolation Data

Data Date Tube Flow (gpm) 795.3
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (IF) Tube Inlet Temp (IF) 100.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 190.0
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (IF)

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbmlhr) Shell-Side ho (BTU/hr-ft2-0 F)

Tube-Side hi (BTU/hr-ft2 .°F)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft')

Overall Fouling (hr-ft2.°F/BTU)

Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ftlhr) Shell Skin Temp (IF)
Skin Visc (Ibm/ft hr) Tube Temp In (IF)
Density (lbm/ft3 ) Tube Temp Out (IF)
Cp (BTU/lbm-°F) Tav Tube (IF)
K (BTUfhr'ft0'F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

5.325E+5
3.978E+5

8.6E+6
71.1

471.2

Overall Fouling (hr-ft-F/BT1
Shell-Side ho (BTU/hr-ft2.0 F)
Tube-Side hi (BTU/hr.ft2.°F)
I/Wall Resis (BTU/hr-ft2.°F)
LMTD Correction Factor

U Overall (BTU/hr.ft2.OF)

) ) 0.002782
2,033.3

A"VrIJUTE 2,140.0

'OCJUA)&" 25,594.8
0.9885

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ftO)
Cp (BTU/Ibm.°F)
K (BTU/hr-ft.°F)

Shell-Side Tube-Side

4.99 8.20
8.251E+04 6.738E+04

2.14 4.01
0.82 1.47
0.88 1.34

60.53 61.85
1.00 1.00
0.39 0.37

Shell Temp In (IF)
Shell Temp Out (OF)
Tav Shell (IF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (OF)
Tube Skin Temp (IF)

1*x"7
C%

0~

CI

I-

0

P4-

C4-4
0

259.7

190.0
173.9
181.9
172.9
100.0
121.6
110.8
120.8

4-.

Ce
4-.

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



12:32:54 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG01A - DG Jacket Water Cooler
FINAL MODEL- CLEAN (0 Fouling)

Shell and Tube Heat Exchanger Input Parameters

06/29/98

I.

*1

Shell-Side
Fk1-idQ-u-tiit-y- Total ~gpm - -,0-99_45-

Inlet Temperature OF 190.00
Outlet Temperature OF 174.40
Fouling Factor 0.00278

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr ft2.°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Tube-Side
...... .7T5-.-6-1--

100.00
122.20

0.00000

Fresh Water
Fresh Water

8,600,000
255.20

0.780339000
0.00

TEMA-E
471.23

0.981978184

1
0.490000000

5.000
0.7500

Triangular

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-.F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
No
188
188

13.00
0.652
0.750

112.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-195
Attachment: E
Rev: A Page 12 of 13



12:32:54 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
FINAL MODEL- CLEAN (0 Fouling)

06/29/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
IFoulingWasInputbyUser 0 FOULI' FOR. CLEAN

/HX. A C,•.ys •

Test Data Extrapolation Data

Data Date Tube Flow (gpm) 795.3
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In ('F) Tube Inlet Temp ('F) 100.0
Shell Temp Out ('F) Shell Inlet Temp ('F) 190.0
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out ('F) Input Fouling Factor 0.000000

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ftt .F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2 "°F)

Tube-Side hi (BTU/hr-ft2.'F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2 '0 F)
LMTD LMTD Correction Factor
Effective Area (fW2)

Overall Fouling (hr-ft2.0 F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (fF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (fF)
Bulk Visc (lbm/ftrhr) Shell Skin Temp ('F)
Skin Visc (lbm/ft-hr) Tube Temp In ('F)
Density (lbm/ft') Tube Temp Out ('F)
Cp (BTU/Ibm 0'F) Tav Tube ('F)
K (BTU/hr'ft'°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5. 325E+5

(11C 04 1 A 3.978E+5
"•A'I• I 1.885E+7

48.3
471.2

Overall Fouling (hr-ft20.F/BTU) 0.000000
Shell-Side ho (BTU/hrft2 'F) 1,957.5
Tube-Side hi (BTU/hr-ft2 -°F) C•_.,Fj 2,318.4
I/Wall Resis (BTU/hr.ft2 -F) 25,594.8
LMTD Correction Factor 0.8656

Property Shell-Side

Velocity (ft/s) 4.97
Reynold's Number 7.721E+04
Prandtl Number 2.29
Bulk Visc (lbm/ft-hr) 0.88
Skin Visc (Ibm/ft-hr) 1.05
Density (Ibri/ft3 ) 60.74
Cp (BTU/Ibm,'F) 1.00
K (BTU~hr ft°F) 0.38

Tube-Side

8.22
7.626E+04

3.50
1.30
1.07

61.65
1.00
0.37

U Overall (BTU/hr-ft2 .°F)

Shell Temp In (7F)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (7F)
Tube Temp Out ('F)
Tav Tube ('F)
Tube Skin Temp (°F)

0~

PU

0
0

955.9

190.0
154.6
172.3
148.6
100.0
147.4
123.7
146.8

to

4)

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie
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15:49:57 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
Tube-side Fouling = 0.0000

06/29/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (°F)

Input Fouling Factor

795.3
1,064.5

100.0
190.0

0.000500

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2'.F)

Tube-Side hi (BTU/hr-ft2 -0 F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr.ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr ft2- F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (°F)
Bulk Vise (lbm/ft-hr) Shell Skin Temp (IF)
Skin Visc (Ibm/ftrhr) Tube Temp In (°F)
Density (lbm/ft3 ) Tube Temp Out (IF)
Cp (BTU/lbm'°F) Tav Tube (IF)
K (BTU/hr-ft-°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow.(lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

Property Shell-Side

Velocity (ft/s) 4.98
Reynold's Number 7.993E+04
Prandtl Number 2.24
Bulk Visc (Ibm/ft-hr) 0.86
Skin Visc (lbm/ft-hr) 0.98
Density (lbm/ft3 ) 60.68
Cp (BTU/Ibm 0'F) 1.00
K (BTU/hrft0'F) 0.39

5.325E+5
3.978E+5

1.57E+7
55.4

471.2

Overall Fouling (hr-ft2.°F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr-ft2.°F)
I/Wall Resis (BTU/hr-ft2.°F)
LMTD Correction Factor

0.000500
1,983.9
2,261.9

25,594.8
0.9332

Tube-Side

8.22
7.349E+04

3.64
1.35
1.15

61.72
1.00
0.37

U Overall (BTU/hr.ft2.°F) 644.5

Shell Temp In (°F) 190.0
Shell Temp Out (IF) 160.6
Tav Shell (IF) 175.3
Shell Skin Temp (IF) 157.2
Tube Temp In (IF) 100.0
Tube Temp Out (°F) 139.5
Tav Tube (IF) 119.8
Tube Skin Tem ¶t~b-Power Calc: 97-195 138.0

Attachment: F
Rev: A Page 2 of 6

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



15:5 1:47 PROTO-IX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG01A - DG Jacket Water Cooler
Tube-side Fouling = 0.0005

06/29/98

.1

Calculation Specifications II
I,!

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

795.3
1,064.5

100.0
190.0

0.001075

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2-°F)
Tube Mass Flow (lbmihr) Shell-Side ho (BTU/hr-ft2 --F)

Tube-Side hi (BTU/hr-ft2-°F)

Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hrft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2 .F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft-hr) Tube Temp In (OF)
Density (lbm/ft3 ) Tube Temp Out (IF)
Cp (BTU/lbm'°F) Tav Tube (IF)
K (BTU/hr'ft'-F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow .(lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5
3.978E+5

1.304E+7
61.3

471.2

Overall Fouling (hr'ft2.0 F/BTU)
Shell-Side ho (BTU/hr-ft2-*F)
Tube-Side hi (BTU/hrft2.°F)
I/Wall Resis (BTU/hr ft2 .-F)
LMTD Correction Factor

0.001075
2,003.3
2,216.1

25,594.8
0.9633

Property Shell-Side Tube-Side

Velocity (ft/s) 4.98 8.21
Reynold's Number 8.020E+04 7.118E+04
Prandtl Number 2.20 3.77
Bulk Visc (Ibm/ft-hr) 0.85 1.39
Skin Visc (lbm/ft-hr) 0.94 1.21
Density (lbmi/ft) 60.62 61.77
Cp (BTU/Ibm 0'F) 1.00 1.00
K (BTU/hr'ft0'F) 0.39 0.37

** Reynolds Number Outside Range of Equation Applicability
1! With Minimum Fouling The Test Heat Load Could Not Be Achie

U Overall (BTU/hr-ft2 -°F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (fF)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Ternkjrdt1jPower Calc: 97-195

Attachment: F
Rev: A Page 3 of 6

469.0

190.0
165.6
177.8
163.4
100.0
132.8
116.4
131.4



15:53:34 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIX-0000)
Commonwealth Edison

Calculation Report for DGO1A - DG Jacket Water Cooler
Tube-side Fouling = 0.0010

06/29/98

.1

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (OF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

795.3
1,064.5

100.0
190.0

0.001650

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hrlft20-F)

Tube-Side hi (BTU/hr-ft2 .'F)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr.ft2-°F)
LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft hr) Tube Temp In (°F)
Density (lbm/fl3) Tube Temp Out (OF)
Cp (BTUIlbm.°F) Tav Tube (°F)
K (BTU/hr-ft-°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow.(lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property Shell-Side
Velocity (ft/s) 4.98
Reynold's Number 8.120E+04
Prandtl Number 2.17
Bulk Visc (lbm/ft-hr) 0.84
Skin Visc (lbm/ft-hr) 0.91
Density (lbm/ft') 60.58
Cp (BTU/Ibm.°F) 1.00
K (BTU/hr.ft-°F) 0.39

5.325E+5
3.978E+5

1.112E+7
65.5

471.2

Overall Fouling (hr-ft 2.°F/BTU)
Shell-Side ho (BTU/hr-ft2 0.F)
Tube-Side hi (BTU/hr-ft2.-F)
1/Wall Resis (BTU/hr ft2-OF)
LMTD Correction Factor

0.001650
2,016.5
2,183.2

25,594.8
0.9770

Tube-Side

8.20
6.953E+04

3.87
1.43
1.27

61.80
1.00
0.37

U Overall (BTU/hrft2 0.°F)

Shell Temp In (OF)
Shell Temp Out (°F)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (°F)
Tav Tube (OF)
Tube Skin Temp (IF)

0n

U
I-

0

0
0
I..

04

0

368.8

190.0
169.2
179.6
167.6
100.0
128.0
114.0
126.7

ctl

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



15:54:32 PROTO-HIX 3.02 by Proto-Power Corporation (SN#PIIX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
Tube-side Fouling = 0.0015

06/29/98

.1

Calculation Specifications 11
it.

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

795.3
1,064.5

100.0
190.0

0.002225

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTUihr-ft2.°F)

Tube-Side hi (BTU/hr-ft20-F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2'.F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (OF)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (IF)
Skin Visc (Ibm/ft-hr) Tube Temp In (°F)
Density (lbm/ft') Tube Temp Out (°F)
Cp (BTU/lbm-0 F) Tav Tube (°F)
K (BTU/hr-ft'°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow.(lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5
3.978E+5

9.683E+6
68.7

471.2

Overall Fouling (hr-ft2-°F/BTU)
Shell-Side ho (BTU/hriftt.°F)
Tube-Side hi (BTU/hr.ft2.F)
I/Wall Resis (BTU/hr.ft2 .°F)
LMTD Correction Factor

U Overall (BTU/br-ft2-0 F)

0.002225
2,026.2
2,158.6

25,594.8
0.9842

Property Shell-Side Tube-Side
Velocity (ft/s) 4.99 8.20
Reynold's Number 8.194E+04 6.830E+04
Prandtl Number 2.15 3.95
Bulk Visc (lbm/ft-hr) 0.83 1.45
Skin Visc (lbm/ft-hr) 0.89 1.31
Density (lbmlft3 ) 60.55 61.83
Cp (BTU/lbm-'•F) 1.00 1.00
K (BTU/hr'ft0'F) 0.39 0.37

** Reynolds Number Outside Range of Equation Applicability
!! With Minimum Fouling The Test Heat Load Could Not Be Achie

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In ('F)
Tube Temp Out (°F)
Tav Tube (IF)
Tube Skin Temp (°F)

0\

~1)
0

0

Cd

303.9

190.0
171.9
180.9
170.6
100.0
124.4
112.2
123.3

Cd



15:55:33 PROTO-HX 3.02 by Proto-Power Corporation (SN#PMIX-0000)
Commonwealth Edison

Calculation Report for DG01A - DG Jacket Water Cooler
Tube-side Fouling = 0.001984 (LIMIT)

06/29/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

795.3
1,064.5

100.0
190.0

0.002782

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2
-°F)

Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2
.
0 F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr-ft2-'F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ftihr) Shell Skin Temp (IF)
Skin Visc (lbm/ft-lr) Tube Temp In (OF)
Density (Ibm/fl3 ) Tube Temp Out (IF)
Cp (BTU/lbm-°F) Tav Tube (IF)
K (BTU/hr-ft.°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property Shell-Side

Velocity (ft/s) 4.99
Reynold's Number 8.25 1EE+04
Prandtl Number 2.14
Bulk Visc (lbmr/ft-hr) 0.82
Skin Visc (Ibm/ft-hr) 0.88
Density (Ibm/ft3 ) 60.53
Cp (BTU/Ibm.°F) 1.00
K (BTU/hr-ft.°F) 0.39

5.325E+5
3.978E+5

8.6E+6
71.1

471.2

Overall Fouling (hr-ft2 .°F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr.ft2.OF)
I/Wall Resis (BTU/hr ft2.IF)

LMTD Correction Factor

0.002782
2,033.3
2,140.0

25,594.8
0.9885

Tube-Side

8.20
6.738E+04

4.01
1.47
1.34

61.85
1.00
0.37

U Overall (BTU/hr ft2
.°F)

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (IF)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (°F)

U

0

0

04

C4-4
0

\0

259.7

190.0
173.9
181.9
172.9
100.0
121.6
110.8
120.8

44(

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie
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09:31:42 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIHX-0000)
Commonwealth Edison

Calculation Report for DG01A - DG Jacket Water Cooler
CSCS = 35'F

06/29/98

I - . _ .

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

II

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

193.5
1,064.5

35.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbmlhr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr'ft2"0 F)

Tube-Side hi (BTU/hr'ft2 -OF)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr'ft2"°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2 .°F/BTU)

Property Shell-Side Tube-Side

Velocity (ft's) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (°F)
Skin Visc (lbm/ft-hr) Tube Temp In (IF)
Density (Ibm/ft3 ) Tube Temp Out (°F)
Cp (BTU/Ibm 0'F) Tav Tube (°F)
K (BTU/hr'ft0'F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow. (lbm/hr)
Tube Mass Flow (lbrn/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm 0'F)
K (BTU/hrft°F)

Shell-Side

4.99
8.25 1E+04

2.14
0.82
0.88

60.53
1.00
0.39

5.325E+5
9.68E+4

8.6E+6
98.1

471.2

Tube-Side

1.98
1.155E+04

5.90
2.09
1.39

62.22
1.00
0.35

U Overall (BTU/hr-ft2.°F)

Shell Temp In (°F)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (IF)
Tube Temp In (°F)
Tube Temp Out (°F)
Tav Tube (°F)
Tube Skin Temp (°F)

Proto-Power Calc: 97-195

191.1

190.0
173.9
181.9
172.3
35.0

123.9
79.4

117.0

Overall Fouling (hr-ft2'°F/BTU)
Shell-Side ho (BTU/hr1ft2.°F)
Tube-Side hi (BTU/hr'ft2

-OF)

1/Wall Resis (BTU/hr-ft2-°F)
LMTD Correction Factor

0.002782
2,032.2

599.1
25,594.8

0.9740

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie

Attachment: G
Rev: A Page 2 of 17



09:28:13 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
CSCS = 40'F

06/29/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

204.8
1,064.5

40.0
190.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2-0 F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr'ft2.-F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hrift2'.F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/ft-hr) Tube Temp In (IF)
Density (lbm/ft3) Tube Temp Out (IF)
Cp (BTU/lbm 0'F) Tav Tube (IF)
K (BTU/hr-ft-°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow.(lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (Wt2 )

Property Shell-Side
Velocity (ft/s) 4.99
Reynold's Number 8.25 1E+04
Prandtl Number 2.14
Bulk Visc (lbm/ft-hr) 0.82
Skin Visc (Ibm/ft-hr) 0.88
Density (Ibm/fl3 ) 60.53
Cp (BTU/Ibm-°F) 1.00
K (BTU/hr-ft.°F) 0.39

5.325E+5
1.024E+5

8.6E+6
96.0

471.2

Tube-Side

2.10
1.261E+04

5.70
2.02
1.38

62.20
1.00
0.36

Overall Fouling (hri ft
2-'F/BTU)

Shell-Side ho (BTU/hr-ft2
-°F)

Tube-Side hi (BTU/hr-ft2 0
.F)

1/Wall Resis (BTU/hr'ft2.°F)
LMTD Correction Factor

0.002782
2,032.3

634.9
25,594.8

0.9744

U Overall (BTU/hr-ft2.°F)

Shell Temp In (°F)
Shell Temp Out (IF)
Tav Shell (°F)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (°F)
Tav Tube (IF)
Tube Skin Temp (fF)

Proto-Power Calc: 97-195
Attachment: G
Rev: A Page 3 of 17

195.1

190.0
173.9
181.9
172.3
40.0

124.0
82.0

117.3

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



09:23:51 PROTO-LIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGO1A - DG Jacket Water Cooler
CSCS = 50'F

06/29/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

232.2
1,064.5

50.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2-.F)
Tube Mass Flow (lbmlhr) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTUfhr) I/Wall Resis (BTU/hr-ft2-°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr.ft.F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/ftrhr) Tube Temp In (°F)
Density (lbm/ft') Tube Temp Out (IF)
Cp (BTU/lbm 0'F) Tav Tube (°F)
K (BTU/hr'ft-°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

5.325E+5
1.162E+5

8.6E+6
91.9

471.2

Overall Fouling (hr-ft2
.°F/BTU)

Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr.ft2.°F)
I/Wall Resis (BTU/hr ft2

-OF)

LMTD Correction Factor

0.002782
2,032.5

719.6
25,594.8

0.9756

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm.°F)
K (BTU/hr'ft.°F)

Shell-Side Tube-Side

4.99 2.38
8.251E+04 1.520E+04

2.14 5.33
0.82 1.91
0.88 1.37

60.53 62.15
1.00 1.00
0.39 0.36

U Overall (BTU/hr-ft2 .°F) 203.6

Shell Temp In (OF) 190.0
Shell Temp Out (OF) 173.9
Tav Shell (OF) 181.9
Shell Skin Temp (IF) 172.4
Tube Temp In (°F) 50.0
Tube Temp Out (OF) 124.1
Tav Tube (IF) 87.0
Tube Skin Tem p (OF) 117.9

Proto-Power Calc: 97-195
Attachment: G
Rev: A Page 4 of 17

** Reynolds Number Outside Range of Equation Applicability
!I With Minimtm Fouling The Test Heat Load Could Not Be Achie



09:11:37 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIIX-0000)
Commonwealth Edison

Calculation Report for DGO1A - DG Jacket Water Cooler
CSCS = 60'F

06/29/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (°F)
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (°F)

269.1
1,064.5

60.0
190.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hrft2 0

-°F)

Tube-Side hi (BTU/hr-ft2 -IF)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2

.OF)

LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft20.F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (OF)
Density (lbm/ft3 ) Tube Temp Out (OF)
Cp (BTU/Ibm 0'F) Tav Tube (°F)
K (BTU/hr'ft'°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbmihr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft 2)

5.325E+5
1.346E+5

8.6E+6
87.8

471.2

Overall Fouling (hr-ft2 .°F/BTU)

Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr-ft2 .°F)
I/Wall Resis (BTU/h1f0t2 -°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2-°F)

0.002782
2,032.7

828.7
25,594.8

0.9770

212.7
Property Shell-Side Tube-Side

Velocity (ft/s) 4.99 2.76
Reynold's Number 8.25 1 E+04 1.865E+04
Prandtl Number 2.14 5.00
Bulk Visc (lbmift-hr) 0.82 1.80
Skin Visc (lbm/ft-hr) 0.88 1.37
Density (Ibm/ft?) 60.53 62.09
Cp (BTU/Ibm0'F) 1.00 1.00
K (BTU/hr"ft°F) 0.39 0.36

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie

Shell Temp In (OF) 190.0
Shell Temp Out (OF) 173.9
Tav Shell (OF) 181.9
Shell Skin Temp (OF) 172.5
Tube Temp In (OF) 60.0
Tube Temp Out (°F) 123.9
Tav Tube (OF) 92.0
Tube Skin Temp(°F) 118.5

Proto-Power Calc: 97-195
Attachment: G
Rev: A Page 5 of 17



09:06:52 PROTO-HX 3.02 by Proto-Power Coriporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGO1A - DG Jacket Water Cooler
CSCS = 70OF

06/29/98

-I

Calculation Specifications 11
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (°F)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (fF)
Shell Inlet Temp (IF)

321.0
1,064.5

70.0
190.0

IF - Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hrfte-°F)
Tube Mass Flow (ibm/hr) Shell-Side ho (BTU/hr ft2-OF)

Tube-Side hi (BTU/hr-ft2.°F)

Heat Transferred (BTU/hr) l/Wall Resis (BTU/hr-ft2 -IF)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (°F)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (IF)
Skin Visc (Ibm/ft-hr) Tube Temp In (°F)
Density (Ibml/ft) Tube Temp Out (OF)
Cp (BTU/Ibm-°F) Tav Tube (IF)
K (BTU/hr'ft-°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow.(lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5
1.606E+5

8.6E+6
83.7

471.2

Overall Fouling (hr-ft2-F/BTU)
Shell-Side ho (BTU/hr.ft2-°F)

Tube-Side hi (BTU/hr.ft2.OF)

I/Wall Resis (BTU/hr.ftO'IF)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

0.002782
2,032.8

975.6
25,594.8

0.9790

222.6
Property Shell-Side Tube-Side

Velocity (ft/s) 4.99 3.30
Reynold's Number 8.25 1E+04 2.348E+04
Prandtl Number 2.14 4.71
Bulk Visc (Ibm/ft-hr) 0.82 1.71
Skin Visc (lbm/ft-hr) 0.88 1.36
Density (lbm/ft3 ) 60.53 62.03
Cp (BTU/Ibm 0'F) 1.00 1.00
K (BTU/hr-ft.°F) 0.39 0.36

** Reynolds Number Outside Range of Equation Applicability
!! With Minimum Fouling The Test Heat Load Could Not Be Achie

Shell Temp In (°F) 190.0
Shell Temp Out (OF) 173.9
Tav Shell (IF) 181.9
Shell Skin Temp (OF) 172.6
Tube Temp In (IF) 70.0
Tube Temp Out (°F) 123.6
Tav Tube (IF) 96.8
Tube Skin Temp (°F) 119.2

Proto-Power Calc: 97-195
Attachment: G
Rev: A Page 6 of 17



09:03:56 PROTO-HX 3.02 by Proto-Powver Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGO 1 A - DG Jacket Water Cooler
CSCS = 80°

06/29/98

t - - - _ __ ___ - - - - -1

Calculation Specifications II
[I.t

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (0F)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (°F)

399.3
1,064.5

80.0
190.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2-0 F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTUfr.ftt.°F)

Tube-Side hi (BTU/hr ft2.-F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2-OF)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hrift2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (IF)
Bulk Vise (Ibm/ft-hr) Shell Skin Temp (OF)
Skin Vise (Ibmn/ft-hr) Tube Temp In (°F)
Density (lbm/ft3) Tube Temp Out (OF)
Cp (BTU/Ibm.°F) Tav Tube (IF)
K (BTU/hr'ft'°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5
1 .997E+5

8.6E+6
79.6

471.2

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-lhi)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm 0-F)
K (BTU/hr.ft.°F)

Shell-Side Tube-Side

4.99 4.11
8.251E+04 3.075E+04

2.14 4.45
0.82 1.62
0.88 1.35

60.53 61.97
1.00 1.00
0.39 0.36

Overall Fouling (hr-ft2-°F/BTU)
Shell-Side ho (BTU/hrift 20 F)
Tube-Side hi (BTU/hr'ft2 "-F)
I/Wall Resis (BTU/hr-ft 2-OF)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Temp (OF)

0.002782
2,033.0
1,186.3

25,594.8
0.9814

0

.-It

(4.4

0

4)
4)

233.5

190.0
173.9
181.9
172.7
80.0

123.1
101.5
119.8

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



09:00:52 PROTO-IIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG0lA - DG Jacket Water Cooler
CSCS = 90'F

06/29/98

Calculation Specifications II
[I.'

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

530.9
1,064.5

90.0
190.0

Fouling Calculation ResultsI

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2-0 F)

Tube-Side hi (BTU/hr-ft2-°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-fe-°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr'ft1-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbrr'fthr) Shell Skin Temp (IF)
Skin Visc (Ibm/ft hr) Tube Temp In (IF)
Density (lbrn/ft') Tube Temp Out (°F)
Cp (BTU/1bm-'F) Tav Tube (°F)
K (BTU/hr-ftr'F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow .(Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft 2)

5.325E+5
2.656E+5

8.6E+6
75.4

471.2

Property Shell-Side Tube-Side

Velocity (ft/s) 4.99 5.47
Reynold's Number 8.25 1E+04 4.293E+04
Prandtl Number 2.14 4.22
Bulk Visc (lbm/ft-hr) 0.82 1.54
Skin Visc (lbm/ft-hr) 0.88 1.34
Density (Ibm/ft3) 60.53 61.91
Cp (BTU/Ibm 0'F) 1.00 1.00
K (BTU/hr'ft.°F) 0.39 0.37

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie

Overall Fouling (hr-ft2.°F/BTU)
Shell-Side ho (BTU/hr.ft2.OF)
Tube-Side hi (BTU/hr-ft2.-F)
I/Wall Resis (BTU/hr-ft2.°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Temp (IF)

U D
"-C

0

0 00

0 t

00 -

0.002782
2,033.2
1,519.8

25,594.8
0.9845

245.7

190.0
173.9
181.9
172.8
90.0

122.4
106.2
120.3



08:54:07 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIHX-0000)
Commonwealth Edison

Calculation Report for DGO1A - DG Jacket Water Cooler
CSCS = 100°F

06/29/98

Calculation Specifications HI
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In ( 0F)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (OF)

795.3
1,064.5

100.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2-°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr.ft2.°F)

Tube-Side hi (BTU/hr.ft2.°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hrI.ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr'ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynolds Number Shell Temp Out (IF)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (°F)
Skin Visc (lbm/ft-hr) Tube Temp In (°F)
Density (lbm/ft3 ) Tube Temp Out (°F)
Cp (BTU/lbm 0'F) Tav Tube (°F)
K (BTU/hr'ft'°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow.(lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E±5
3.978E±5

8.6E+6
71.1

471.2

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/fl3 )
Cp (BTU/lbm'°F)
K (BTU/hr-ft-°F)

Shell-Side Tube-Side

4.99 8.20
8.251 E+04 6.738E+04

2.14 4.01
0.82 1.47
0.88 1.34

60.53 61.85
1.00 1.00
0.39 0.37

Overall Fouling (hr-ft2 '.F/BTU)
Shell-Side ho (BTU/hr-ft 2 -°F)
Tube-Side hi (BTU/hrft2 .F)
I/Wall Resis (BTU/hr-ft2-°F)
LMTD Correction Factor

U Overall (BTU/hr.ft2
.°F)

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (°F)
Tav Tube (IF)
Tube Skin Temp (OF)

0.002782
2,033.3
2,140.0

25,594.8
0.9885

0'

0

0%
+6 cr

259.7

190.0
173.9
181.9
172.9
100.0
121.6
110.8
120.8

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



11:02:12 PROTO-HX 3.02 by Proto-Powver Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
CSCS = 35°F

06/29/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

161.1
1,064.5

35.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr ft2 -°F)

Tube Mass Flow (lbr/lhr) Shell-Side ho (BTU/hii.ft2*.F)
Tube-Side hi (BTU/hr-ft2 .°F)

Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2 -°F)
LMTD LMTD Correction Factor
Effective Area (ft 2

)

Overall Fouling (hr-ft2 .°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbm/ftrhr) Shell Skin Temp (°F)
Skin Visc (Ibm/ft-hr) Tube Temp In (°F)
Density (lbmr/ft3 ) Tube Temp Out (°F)
Cp (BTU/Ibm 0'F) Tav Tube (°F)
K (BTU/hr'ft-°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5
8.059E+4

7.8E+6
93.3

471.2

Property Shell-Side Tube-Side

Velocity (ft/s) 4.99 1.65
Reynold's Number 8.292E+04 1.010E+04
Prandtl Number 2.13 5.59
Bulk Visc (lbm/ft-hr) 0.82 1.99
Skin Visc (lbm/ft-hr) 0.87 1.31
Density (Ibmn/ft') 60.52 62.18
Cp (BTU/lbm.°F) 1.00 1.00
K (BTU/hr.ft.°F) 0.39 0.36

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie

Overall Fouling (hr'ft2.°F/BTU)
Shell-Side ho (BTU/hrwft2 F)
Tube-Side hi (BTU/hr-ft2 .°F)
1/Wall Resis (BTU/hr ft2-°F)
LMTD Correction Factor

U Overall (BTU/hr.ft2 .°F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (°F)
Tav Tube (IF)
Tube Skin Temp CF)

0.002782
2,037.1

531.4
25,594.8

0.9713

182.6

W)

ON

0~

0

C4-4
0

to)

190.0
175.4
182.7
173.8
35.0

131.8
83.4

122.7



10:45:26 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
CSCS = 40'F

06/29/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

169.8
1,064.5

40.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr.-°tF)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft'.°F)

Tube-Side hi (BTU/hr'ft2 .0 F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr'ft2 F)
LMTD LMTD Correction Factor
Effective Area (ft')

Overall Fouling (hr'ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (°F)
Bulk Vise (lbm/ft-hr) Shell Skin Temp (IF)
Skin Vise (lbm/ft-hr) Tube Temp In (°F)
Density (lbm/ft3 ) Tube Temp Out (°F)
Cp (BTU/lbm.°F) Tav Tube (IF)
K (BTU/hr-ft.°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property Shell-Side
Velocity (ft/s) 4.99
Reynold's Number 8.292E+04
Prandtl Number 2.13
Bulk Visc (lbm/ft-hr) 0.82
Skin Visc (lbm/ft-hr) 0.87
Density (lbm/ft') 60.52
Cp (BTU/lbm.0 F) 1.00
K (BTU/hr-ft-°F) 0.39

5.325E+5
8.492E+4

7.8E+6
91.4

471.2

Tube-Side

1.74
1.097E+04

5.40
1.93
1.31

62.16
1.00
0.36

Overall Fouling (hr-ft2.F/BTU)
Shell-Side ho (BTU/hr-ft2 .°F)

Tube-Side hi (BTU/hr-ft2 -°F)
I/Wall Resis (BTU/hr'ft2a'F)
LMTD Correction Factor

U Overall (BTU/hr ft2.IF)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (°F)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

0.002782
2,037.2

561.0
25,594.8

0.9716

0\

K-
0\

U

0

I...
P-

0
t'-

11

186.5

190.0
175.4
182.7
173.8
40.0

131.9
86.0

122.9

0

V

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



10:40:50 PROTO-HX 3.02 by Proto-Power Corporation (SN#fPHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
CSCS = 50'F

06/29/98

I
Calculation Specifications II

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data

Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (OF)
Shell Inlet Temp (OF)

190.5
1,064.5

50.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr'ft2 .°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2 .°F)

Tube-Side hi (BTU/hr'ft2.°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2"°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (fF)
Skin Vise (Ibm/ft-hr) Tube Temp In (fF)
Density (Ibm/ft3 ) Tube Temp Out ("F)
Cp (BTU/Ibm-°F) Tav Tube (°F)
K (BTU/hr'ft-0 F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

5.325E+5
9.527E+4

7.8E+6
87.5

471.2

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3 )
Cp (BTU/lbm-°F)
K (BTU/hr-ft.°F)

Shell-Side

4.99
8.292E+04

2.13
0.82
0.87

60.52
1.00
0.39

Tube-Side

1.96
1.305E+04

5.06
1.82
1.30

62.10
1.00
0.36

Overall Fouling (hr ft2.°F/BTU)

Shell-Side ho (BTU/hr-it 2.OF)
Tube-Side hi (BTU/hrft'-°F)
I/Wall Resis (BTU/hr'ft2a'F)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Temp In (fF)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (OF)
Tube Skin Temp (fF)

tn

U

0

0
4..

0•

I.-

0.002782
2,037.4

629.9
25,594.8

0.9726

0

C14

194.6

190.0
175.4
182.7
173.9
50.0

131.9
91.0

123.6

V-

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



10:24:06 PROTO-IIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
CSCS = 60°F

06/29/98

.1

Calculation Specifications 11
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (OF)
Shell Inlet Temp (OF)

217.5
1,064.5

60.0
190.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2-°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2 0

.F)

Tube-Side hi (BTU/hr-ft20 F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr ft

2
.OF)

LMTD LMTD Correction Factor
Effective Area (ft1)

Overall Fouling (hr-ft2 .°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (OF)
Density (lbm/ft3 ) Tube Temp Out (OF)
Cp (BTU/Ibm-'F) Tav Tube (OF)
K (BTU/hr'ft'°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbmlft-hr)
Density (Ibm/ft')
Cp (BTU/Ibm 0'F)
K (BTU/hr-ft.°F)

Shell-Side

4.99
8.292E+04

2.13
0.82
0.87

60.52
1.00
0.39

5.325E+5
1.088E+5

7.8E+6
83.6

471.2

Tube-Side

2.24
1.575E+04

4.76
1.72
1.29

62.05
1.00
0.36

Overall Fouling (hr'ft2.°F/BTU)
Shell-Side ho (BTU/hr.ft2.°F)
Tube-Side hi (BTU/hr.ft2.OF)

I/Wall Resis (BTU/hr ft2.OF)

LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

Shell Temp In (0 F)
Shell Temp Out (°F)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (°F)
Tube Skin Temp (OF)

Irn

ON

U

0-

0

2
0q

0.002782
2,037.6

716.3
25,594.8

0.9739

0

P.4

203.3

190.0
175.4
182.7
174.0
60.0

13,1.8
95.9

124.2

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



10:16:36 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
CSCS = 70'F

06/29/98

Calculation Specifications II
I.I

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

254.2
1,064.5

70.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2.0 F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2-°F)

Tube-Side hi (BTU/hr-ft2-0 F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2 -IF) -
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2-*F/BTU)
Property Shell-Side Tube-Side
Velocity (tf/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/ftrhr) Tube Temp In (IF)
Density (lbmr/ft) Tube Temp Out (IF)
Cp (BTU/Ibm-°F) Tav Tube (IF)
K (BTU/hr-ft.°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

5.325E+5
1.272E+5

7.8E+6
79.7

471.2

Property Shell-Side Tube-Side

Velocity (ft/s) 4.99 2.62
Reynold's Number 8.292E+04 1.940E+04
Prandtl Number 2.13 4.50
Bulk Visc (Ibm/ft-hr) 0.82 1.63
Skin Visc (lbm/ft-hr) 0.87 1.29
Density (lbm/ft3 ) 60.52 61.99
Cp (BTU/lbm.°F) 1.00 1.00
K (BTU/hr-ft-°F) 0.39 0.36

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie

Overall Fouling (hr-ft2 0.F/BTU)
Shell-Side ho (BTU/hr-ft2 °F)
Tube-Side hi (BTUThr-ft2-°F)
1/Wall Resis (BTU/hr-ft2-OF)
LMTD Correction Factor

U Overall (BTU/hr-ft2 -OF)

Shell Temp In (°F)
Shell Temp Out (OF)
Tav Shell (°F)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Temp (°F)

U0~

0~

S-.
CJ 4 -

0.002782
2,037.8

829.2
25,594.8

0.9757

0

212.8

190.0
175.4
182.7
174.1
70.0

131.4
100.7
124.9



10:12:25 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOI A - DG Jacket Water Cooler
CSCS = 80'F

06/29/98

.1

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)

Extrapolation Data

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (OF)
Shell Inlet Temp (OF)

307.0
1,064.5

80.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2"°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2-°F)

Tube-Side hi (BTUIhr.fte-OF)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr'ft2 -F)
LMTD LMTD Correction Factor
Effective Area (ftf)

Overall Fouling (hr-ft2
.
0 F/BTU)

Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out-(°F)
Prandtl Number Tav Shell (fF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Vise (lbnmft-hr) Tube Temp In (OF)
Density (lbmlft3 ) Tube Temp Out (OF)
Cp (BTU/lbm 0'F) Tav Tube (OF)
K (BTU/hr-ft'°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (Wt2)

5.325E+5
1.536E+5

7.8E+6
75.8

471.2

Overall Fouling (hr'ft20'F/BTU)
Shell-Side ho (BTU/hr'ft2-OF)
Tube-Side hi (BTU/hr.ft2.OF)
I/Wall Resis (BTU/hrft20.OF)
LMTD Correction Factor

0.002782
2,038.0

984.2
25,594.8

0.9779

Property Shell-Side Tube-Side

Velocity (ft/s) 4.99 3.16

Reynold's Number 8.292E+04 2.462E+04
Prandtl Number 2.13 4.26
Bulk Visc (lbm/ft-hr) 0.82 1.56
Skin Visc (lbm/ft-hr) 0.87 1.28
Density (lbm/ft3 ) 60.52 61.92
Cp (BTU/Ibm 0'F) 1.00 1.00
K (BTU/hr-ft0'F) 0.39 0.37

** Reynolds Number Outside Range of Equation Applicability

With Minimum Fouling The Test Heat Load Could Not Be Achie

U Overall (BTU/hr-ft2-°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (OF)
Tube Temp Out (OF)
Tav Tube (OF)
Tube Skin Temp (°F)

trn

0%

Cd

0%

0

0

a'.'

223.2

190.0
175.4
182.7
174.2

80.0
130.8
105.4
125.6



10:08:33 PROTO-IIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIA - DG Jacket Water Cooler
CSCS = 90°F

06/29/98

I.

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

II

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

389.3
1,064.5

90.0
190.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr ft2-OF)

Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr'ft2 .F)
Tube-Side hi (BTU/hr-ftz.°F)

Heat Transferred (BTU/hr) I/Wall Resis (BTJ/hr.ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2 )

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (°F)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft hr) Tube Temp In (OF)
Density (lbm/ft) Tube Temp Out (OF)
Cp (BTU/Ibm'°F) Tav Tube (OF)
K (BTU/hr-ft.0 F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

5.325E+5
1.947E+5

7.8E+6
71.9

471.2

Property Shell-Side Tube-Side
Velocity (ft/s) 4.99 4.01
Reynold's Number 8.292E+04 3.273E+04
Prandtl Number 2.13 4.04
Bulk Visc (Ibm/ft-hr) 0.82 1.48
Skin Visc (Ibm/ft-hr) 0.87 1.27
Density (Ibm/ft3) 60.52 61.86
Cp (BTU/lbm-0 F) 1.00 1.00
K (BTU/hr-ft.°F) 0.39 0.37

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie

Overall Fouling (hr-ft2 .°F/BTU)
Shell-Side ho (BTU/hr-ft2.0 F)
Tube-Side hi (BTU/hr-ft2.*F)
1/Wall Resis (BTU/hr-ft2.-F)
LMTD Correction Factor

U Overall (BTU/hr-ft2 -IF)

Shell Temp In (OF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (`F)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (°F)

tn

U

0

a,
0

C4 -4
0

0.002782
2,038.2
1,213.3

25,594.8
0.9808

234.8

190.0
175.4
182.7
174.3
90.0

130.1
110.1
126.243



10:03:05 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIIX-0000)
Commonwealth Edison

Calculation Report for DGO1A - DG Jacket Water Cooler
CSCS = 100'F

06/29/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 534.5
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In ('F) Tube Inlet Temp (OF) 100.0
Shell Temp Out (OF) Shell Inlet Temp ('F) 190.0
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out ('F)

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr ft2- F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr-ft2-°F)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr'ft2 "°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (OF)
Density (lbm/ft') Tube Temp Out (OF)
Cp (BTU/lbm 0'F) Tav Tube (OF)
K (BTU/hr'ft-°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5
2.674E+5

7.8E+6
67.8

471.2

Overall Fouling (hr'ft2.°F/BTU)

Shell-Side ho (BTU/hr'ft20.F)
Tube-Side hi (BTU/hr-ft2

.°F)

I/Wall Resis (BTU/hr-ft2-°F)
LMTD Correction Factor

0.002782
2,038.4
1,592.6

25,594.8
0.9844

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3 )
Cp (BTU/Ibm-'F)
K (BTU/hr'ft'°F)

Shell-Side
4.99

8.292E+04
2.13
0.82
0.87

60.52
1.00
0.39

Tube-Side

5.52
4.701E+04

3.85
1.42
1.27

61.79
1.00
0.37

U Overall (BTU/hr-ft2 -°F)

Shell Temp In (OF)
Shell Temp Out ('F)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (°F)
Tube Temp Out (OF)
Tav Tube (°F)
Tube Skin Temp (°F)

t0

-4

U

0

0
a4-

0•
I-. a42

247.9

190.0
175.4
182.7
174.4
100.0
129.2
114.6
126.8

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie
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Page 2 of 3

Purpose:
The purpose of this revision is to verify that the 1(2)E22-S001 coolers can remove the design heat load of
7,800,000 BTU/hr with a revised maximum cooling water temperature of 107 OF.

Assumptions:
There are no assumptions for this revision.

Inputs:
* Cooling water temperature = 107 OF (Reference 2)
* Cooling water flow rate = 650 gpm* (References 1, 3, and 4)
* Jacket water temperature for 1(2)E22-S001 = 190 °F (Reference 1)
* Jacket water flow rate for 1(2)E22-SO01 = 1100 gpm (Reference 1)
* Fouling factor for 1(2)E22-SO01 = 0.00223 hrft2 .OF/BTU** (Reference 1, 3, and 4)
* 4 tubes plugged (1% tube plugging) (Reference 1)

*The flow rate for this cooler was reduced to 550 gpm for both units per References 3 and 4. An additional case

is run with this flow rate and a CSCS temperature of 107 OF.

**The fouling factor for this cooler was increased to 0.00196 hrft2•OF/BTU per References 3 and 4. An additional

case is run with this fouling factor and a CSCS temperature of 107 OF.

References:
1. Design analysis 97-197, Rev. A, up to and including Rev A03
2. EC 388666, Rev. 000
3. EC 370853, Rev. 000
4. EC 384525, Rev. 000
5. EC 382117, Rev. 000

Identification of Computer Pro-grams:
The computer program used in this analysis is Proto HX version 4.01. This program has been validated per
DTSQA tracking number EXOOOO103.

Method of Analysis / Numeric Analysis:
The existing heat exchanger model will be revised by changing the input of the "Tube Inlet Temp" from 104 OF to
107 OF.

Results / Conclusions:
The 1(2)E22-SO01 coolers can remove the design heat load of 7,800,000 BTU/hr with the following conditions:

* 107 OF cooling water temperature
* 650 gpm and 550 gpm cooling water flow
* fouling factor of 0.00223 hr-ft2 .°F/BTU and 0.00196 hr-ft2 -°F/BTU
* 4 tubes plugged
0 jacket water temperature of 190 OF
0 jacket water flow rate of 1100 gpm

The total heat removed at 650 gpm with a fouling factor of 0.00223 hr-ft2 .F/BTU is 7,916,590 BTU/hr, which
provides 1.5% thermal margin over the design heat load. The total heat removed at 550 gpm with a fouling factor
of 0.00196 hr-t 2 OF/BTU is 7,936,128 BTU/hr, which provides 1.7% thermal margin over the design heat load.
The model benchmark was shown to conservatively underestimate the heat transfer of the cooler by 2.68%.
Therefore, any positive margin shown in the model would be an underestimate of actual thermal performance,
which would show more margin than what is calculated. Additionally, the most recent thermal performance

( evaluation (Ref. 5) shows a maximum fouling factor of 0.000447 hr-ft2.°F/BTU, which also shows that additional
margin exists. The calculated thermal margin of 1.5% and 1.7% for the two cases is acceptable. The maximum
fouling factor of 0.00196 hrft2 .OF/BTU shall be used for acceptance criteria in thermal performance evaluations
after ECs 370853 and 384525 have been implemented on Units 1 & 2, respectively. The two cases are shown in
Attachments A and B.



97-197
Rev. A04

Page 3 of 3

Attachments:
A. Data Report for 1(2)E22-SO01 at 650 gpm with FF = 0.00223 hr-ft2.OF/BTU (2 pgs)
B. Data Report for 1(2)E22-SO01 at 550 gpm with FF = 0.00196 hr-ft2 -OF/BTU (2 pgs)



05-01-2012 10:37:30 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002)
Commonwealth Edison

Data Report for DG01B - LSCS - HPCS DG Hx.
IB, 2B DG - 107 OF tube side, 650 gpm, 190 OF shell side, 1100 gpm, FF = 0.00223, 4 tubes plugged

I.1

Shell and Tube Heat Exchanger Input Parameters II
Shell-Side Tube-Side

Fluid Quantity, Total gpm 1,064.46 795.25
Mass Fluid Quantity, Total Ibm/hr 0.00 0.00
Inlet Temperature OF 190.00 100.00
Outlet Temperature OF 175.00 121.00
Fouling Factor hr.ft2.°F/BTU 0.00050 0.00193

Shell Fluid Name
Tube Fluid Name
Design Q (BTU/hr)
Design U (BTU/hr'ft2"°F)
Outside h Factor (Hoff)
Fixed U (BTU/hr-ft2.°F)
Fixed Area (ft2)
Performance Factor (% Reduction)

Heat Exchanger Type
Total Effective Area per Unit (ft2)
Area Factor
Area Ratio

Number of Shells Per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall K (BTU/hr'fr'°F)

Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
0

0.00
0.00

TEMA - E
468.17

0.973212339
0.00000

1
0.438000000

5.600
0.7500

Triangular

2
No

420
416

7.00
0.541
0.625
58.00

Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube Circle Diameter
Bh, Baffle Cut Height (in)
Ds, Shell Inside Diamter (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

0.000
19.688
19.688
0.000
0.000
0.000
0.000
0.000
0.000

97-197
Rev. A04
Attachment A
Page Al of A2



05-01-2012 10:37:30 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002) Page I

Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
IB, 2B DG - 107 IF tube side, 650 gpm, 190 IF shell side, 1100 gpm, FF = 0.00223, 4 tubes plugged

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (IF)

Input Fouling Factor

645.10
1,064.50

107.00
190.00

0.002230

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2-°F)
Tube Mass Flow (ibm/hr) Shell-Side ho (BTU/hr. ft 2

.°F)
Tube-Side hi (BTU/hr.ft2.*F)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2.0 F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2 .°F/BTU)
Property Shell-Side Tube-Side
Velocity (fi/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ftlhr) Shell Skin Temp (IF)
Skin Visc (Ibm/ft hr) Tube Temp In (IF)
Density (Ibm/ft3 ) Tube Temp Out (IF)
Cp (BTU/Ibm'°F) Tav Tube (IF)
K (BTU/hr-ft-°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ifthr)
Skin Visc (lbm/ft'hr)
Density (Ibm/fl3)
Cp (BTU/Ibm'0 F)
K (BTU/hrifi.0 F)

532,515.63
322,710.98

7,916,590.94
63.2

463.7

Shell-Side Tube-Side

5.58 4.37
77,252 32,323
2.1276 3.6616
0.8197 1.3556
0.8730 1.1913

60.5172 61.7228
1.0025 0.9988
0.3862 0.3698

Overall Fouling (hr-ftl2 .F/BTU)
Shell-Side ho (BTU/hr-ft2.0 F)
Tube-Side hi (BTU/hr-ft2 .°F)
I/Wall Resis (BTU/hr-ft2 '.F)
LMTD Correction Factor

U Overall (BTU/hr-ftl2 .F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

274.4

190.0
175.2
182.6

173.4
107.0
131.6
119.3
133.5

0.002230
1,891.2
1,408.2

15,431.0
0.9847

** Reynolds Number Outside Range of Equation Applicability
With Zero Fouling The Test Heat Load Could Not Be Achieved

97-197
Rev. A04
Attachment A
Page A2 of A2



05-01-2012 10:41:41 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002)
Commonwealth Edison

Data Report for DGOIB - LSCS - HPCS DG Hx.
IB, 2B DG - 107 OF tube side, 550 gpm, 190 OF shell side, 1100 gpm, FF = 0.00196, 4 tubes plugged

Shell and Tube Heat Exchanger Input Parameters

Shell-Side Tube-Side
Fluid Quantity, Total gpm 1,064.46 795.25
Mass Fluid Quantity, Total Ibm/hr 0.00 0.00
Inlet Temperature OF 190.00 100.00
Outlet Temperature OF 175.00 121.00
Fouling Factor hr-ft'2 .F/BTU 0.00050 0.00193

Shell Fluid Name
Tube Fluid Name
Design Q (BTU/hr)
Design U (BTU/hr.ft2 -F)
Outside h Factor (Hoff)
Fixed U (BTU/hr ft2 .F)
Fixed Area (ft2)
Performance Factor (% Reduction)

Heat Exchanger Type
Total Effective Area per Unit (ft2)
Area Factor
Area Ratio

Number of Shells Per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall K (BTU/hr-ft0.F)

Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
0

0.00
0.00

TEMA - E
468.17

0.973212339
0.00000

1
0.438000000

5.600
0.7500

Triangular

2
No

420
416
7.00

0.541
0.625
58.00

Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube Circle Diameter
Bh, Baffle Cut Height (in)
Ds, Shell Inside Diamter (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

0.000
19.688
19.688
0.000
0.000
0.000
0.000
0.000
0.000

97-197
Rev. A04
Attachment B
Page B1 of B2



05-01-2012 10:41:41 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-1002)
Commonwealth Edison

Page 1

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
IB, 2B DG - 107 OF tube side, 550 gpm, 190 IF shell side, 1100 gpm, FF = 0.00196, 4 tubes plugged01--AIF- Calculation Specifications II

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp ("F)
Shell Inlet Temp ("F)

Input Fouling Factor

545.90
1,064.50

107.00
190.00

0.001960

11 Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr.ft2.F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr'ft2"°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2 -IF)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hrif't.F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/f hr) Shell Skin Temp (IF)
Skin Visc (Ibm/ft hr) Tube Temp In (IF)
Density (Ibm/fl3) Tube Temp Out ("F)
Cp (BTU/Ibm'°F) Tav Tube (IF)
K (BTU/hr'ft'°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

Property Shell-Side

Velocity (Ifts) 5.58
Reynold's Number 77,243
Prandtl Number 2.1278
Bulk Visc (lbm/ft-hr) 0.8198
Skin Visc (lbm/ftrhr) 0.8737
Density (Ibm/ft3) 60.5176
Cp (BTU/Ibm'"F) 1.0025
K (BTU/hr'ft-'F) 0.3862

532,515.63
273,086.22

7,936,128.27
60.7

463.7

Tube-Side

3.70
27,941
3.5771
1.3270
1.1487

61.6875
0.9988
0.3705

Overall Fouling (hr-ft2 .°F/BTU)
Shell-Side ho (BTU/hr-ft 2.°F)
Tube-Side hi (BTU/hr-ft2 .°F)
I/Wall Resis (BTU/hr'ft 2.°F)
LMTD Correction Factor

U Overall (BTU/hr-ft2.°F)

0.001960
1,890.9
1,248.7

15,431.0
0.9802

287.5

Shell Temp In ("F)
Shell Temp Out ("F)
Tav Shell (IF)
Shell Skin Temp ("F)
Tube Temp In ("F)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

190.0
175.1
182.6
173.3
107.0
136.1
121.5
137.8

97-197
Rev. A04
Attachment B
Page B2 of B2

** Reynolds Number Outside Range of Equation Applicability

With Zero Fouling The Test Heat Load Could Not Be Achieved



CC-AA-309-1 001
Revision 6

ATTACHMENT 2
Design Analysis Minor Revision Cover Sheet

Page 1
Design Analysis (Minor Revision) Last Page No. 1

Analysis No.:' 97-197 Revision: 2 A03

Title: 3 Thermal Model of Corn Ed / LaSalle Station HPCS Diesel Generator Jacket Water Coolers

ECIECR No.: ' EC 384525 Revision:' 000
Station(s): 7 LaSalle
Unit No.: 8 02

Safety/QA Class: ' SR

System Code(s): 10 HP, E22, DG

Is this Design Analysis Safeguards Information?" Yes [] No 0 If yes, see SY-AA-101-106
Does this Design Analysis contain Unverified Assumptions? '2 Yes E] No 0 If yes, ATI/AR#: N/A

This Design Analysis SUPERCEDES: '3 N/A in its entirety.

Description of Changes (list affected pages): 4

EC 384525 revised the flows in Division 3 of the Unit 2 CSCS. This revision makes the changes made in
Revision A02 applicable to both Units.

Disposition of Changes:"
As shown in Attachment A of Revision A02, the changes made are acceptable. The revised flows in
combination with the reduced fouling factor allow the heat exchanger to remove the design basis heat load.
System engineering has agreed to accept more stringent criteria for the cleanliness of the 2E22-S001 cooler.

Preparer: 16 Sean Tanton 4 x tzm/•'

Print Name Sidi-Nm 44ý -t

Method of Review: 11 Detailed Review Z] Alternate Calculations• Testing [

Review Independent review Z Peer review [I
Notes: "

(For Extemal Analyses Only)

External Approver: 20 N/A N/A N/A
Print Name Sign Name Date

Exelon Reviewer2 ' N/A N/A N/A
Print Name Sion Name Date

Exelon Approver: Dan Schmit 3 /
Print Name " Sign Name te



CC-AA-309-1 001
Revision 6

ATTACHMENT 2
Design Analysis Minor Revision Cover Sheet

Page 1
Design Analysis (Minor Revision) Last Page No. 6 Attachment A, pg A2

Analysis No.: I 97-197 Revision: 2 A02

Title: I Thermal Model of ComEd / LaSalle Station HPCS Diesel Generator Jacket Water Coolers

EClECR No.: 4 370853 Revision: 000

Station(s):' LaSalle

Unit No.: 1 01

Safety/QA Class: 9 SR

System Code(s): 10 HP, E22, DG

Is this Design Analysis Safeguards Information? " Yes [] No s If yes, see SY-AA-101-106

Does this Design Analysis contain Unverified Assumptions? "2 Yes [] No s If yes, ATI/AR#: N/A

This Design Analysis SUPERCEDES: "3 N/A in its entirety.

Description of Changes (list affected pages): "
To recover margin in Division 3 of Unit 1 of the CSCS, EC 370853 revises the flows of the 1 E22-S001 cooler.
100 gpm will be diverted from the 1E22-S001 cooler. Of this 100 gpm, 50 gpm will be returned to the 1E22-
C002 pump, while the other 50 gpm will be given to the 1VY02A cooler. This revision determines if the revised
flows are acceptable and can remove the required amount of heat for the heat exchangers.

This revision only applies to Unit 1. The flows shown for Unit 2 remain valid and are not impacted by this
revision.

Disposition of Changes: 15

Attachment A shows that a sufficient heat transfer rate can be achieved by reducing the fouling factor to
0.00196 hr*ft2 *OF/BTU. By inputting 546.26 9pm tube flow, 104 OF tubeside inlet water temperature, 4 tubes
plugged, and a fouling factor of 0.00196 hr*ft*OF/BTU the resulting heat transfer rate is approximately
8.21 E+06 BTU/hr, which maintains the 5% margin above the design heat transfer rate. System engineering
has agreed to accept more stringent criteria for the cleanliness of the 1 E22-S001 cooler. Therefore, the
changes to the flows are acceptable and can remove the required amount of heat.

Preparer: Sean Tanton
Print Name Sign Name 0 e

Method of Review: 17 Detailed Review [ Alternate Calculations Testing I]

Reviewer: ,8 Matthew Cosenza "o
Print Name Sigate

Review Independent review s Peer review El
Notes: 19

(For External Analyses 00ly)

External Approver: N/A , N/A N/A
Print Name Sign Name Date

Exelon Reviewer N/A N/A N/A
Print Name Sin Name Date

Exelon Approver: 22 Dan Schmit
Print Name j/" Sign Name " te

r



97-197
Rev. A02

Page 2 of 2

Purpose:
To recover margin in Division 3 of Unit 1 of the CSCS, EC 370853 revises the flows of the 1 E22-Soo1
cooler. 100 gpm will be diverted from the 1E22-SO01 cooler. Of this 100 gpm, 50 gpm will be returned to
the 1 E22-C002 pump, while the other 50 gpm will be given to the 1 VY02A cooler. This minor revision
documents the change in flow. These flow revisions were selected by system engineering and are
specified in reference 2.

This revision only applies to Unit 1. A later EC and revision to this calculation will incorporate the
changes on Unit 2.

Inputs:
Tubeside flow1 = 550 gpm (Ref. 2)
Plugging allowance = 1% (4 tubes) (Ref. 1)
Tubeside inlet water temperature = 104 OF (Ref. 1)
Overall fouling factor2 = 0.00223 hr*fe**F/BTU (Ref. 1)
Design heat load3 = 7.8E+06 BTU/hr (Ref. 1)

Note that since Proto HX assumes a water density at 60 OF, the impact on the required mass flow due to
the density change at a CSCS water temperature of 104 OF was evaluated and the actual flow input in
Proto-HX was 546.26 gpm.

2 A fouling factor of 0.00223 hrift2*OF/BTU was used as a starting point for iterations to achieve the design

heat transfer + 5% margin. The fouling factor that resulted in the desired margin (5%, see note 3) was
0.00196 hr*ft2*°F/BTU

3 The design heat load for the Division 3 jacket water coolers is 7.8E+06 BTU/hr, however, the desired
heat load is a 8.189E+06 BTU/hr to maintain 5% thermal margin at 100% operating conditions. The 5%
margin accounts for uncertainty in the Proto HX heat transfer calculations. (Ref. 1)

Assumptions:
There are no assumptions associated with this revision.

References:
1. .97-197, Rev. A, up to and including Revs AOO through A01, Thermal Model of CoinEd / LaSalle

Station HPCS Diesel Generator Jacket Water Coolers
2. AT 595380-11-13, CSCS HIT team - Use values provided by System Engineering to determine the

new Div 3 accident penalty

Identification of Computer Programs:
The computer program used in this analysis is Proto HX version 4.01. This program has been validated
per DTSQA tracking number EX00001 03.

Method of Analysis I Numerical Analysis:
The existing heat exchanger model will be revised by changing the input of the "Tube Flow" from 646.1
gpm to 546.26 gpm. Iterations are made by adjusting the fouling factor to achieve the desired heat
transfer rate. The results are detailed below.

Results I Conclusion:
Attachment A shows that a sufficient heat transfer rate can be achieved by reducing the fouling factor to
0.00196 hr*ft2*°F/BTU. By inputting 546.26 gpm tube flow, 104 OF tubeside inlet water temperature, 4
tubes plugged, and a fouling factor of 0.00196 hr*ft2*°F/BTU the resulting heat transfer rate is
approximately 8.21 E+06 BTU/hr, which maintains the 5% margin above the design heat transfer rate.

Attachments:
rf A. Proto HX Calculation Report (2 pages)
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Commonwealth Edison

Page I

Calculation Report for DGO1B - LSCS - HPCS DG Hx.
546.26 gpm Tube Flow, 104 F Tube Temp, FF = 0.00196, 4 Tubes Plugged

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data

Data Date Tube Flow (gpm) 546.26
Shell Flow (gpm) Shell Flow (gpm) 1,064.50
Shell Temp In (OF) Tube Inlet Temp (*F) 104.00
Shell Temp Out (IF) Shell Inlet Temp (IF) 190.00
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (IF) Input Fouling Factor 0.001960

Fouling Calculation Results

Shell Mass Flow (ibm/hr) U Overall (BTU/hr.ft2.°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr.ft2.°F)

Tube-Side hi (BTU/hr-ft 2-0 F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ftW)

Overall Fouling (hr-ft2.0F1BTrL)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (IF)
Bulk Vise (lbm/ft-hr) Shell Skin Temp (OF)
Skin Vise (Ibm/ft-hr) Tube Temp In (OF)
Density (Ibm/ft3) Tube Temp Out (IF)
Cp (BTU/Ibm.°F) Tav Tube (*F)
K (BTU/hr.ft.0 F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/br)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Propertv

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Vise (Ibm/ft.hr)
Skin Vise (Ibm/ft'hr)
Density (Ibm/ft 3)
Cp (BTU/Ibm.°F)
K (BTU/hr.ft.TF)

Shell-Side

5.58
77,111
2.1317
0.8212
0.8772

60.5233
1.0025
0.3862

532,515.63
273,266.31

8,206,590.75
63.0

463.7

Tube-Side

3.70
27,306
3.6710
1.3588
1. 1663

61.7266
0.9988
0.3697

Overall Fouling (hr-ft2-.F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr.ft2-*F)
I/Wall Resis (BTU/hr.ft2.0 F)
LMTD Correction Factor

U Overall (BTU/hr-ft2-°F)

0.001960
1,889.2
1,235.3

15,431.0
0.9803

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (OF)
Tube Skin Temp (OF)

286.6

190.0
174.6
182.3
172.7
104.0
134.1
119.0
136.097-197

Rev. A02** Reynolds Number Outside Range of Equation Applicability

!! With Zero Fouling The Test Heat Load Could Not Be Achieved Attachment A
Page Al of A2



02-14-2011 04:25:25 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Data Report for DGO1B - LSCS - HPCS DG Hx.
546.26 gpm Tube Flow, 104 F Tube Temp, FF = 0.00196,4 Tubes Plugged

Shell and Tube Heat Exchanger Input Parameters II
Shell-Side Tube-Side

Fluid Quantity, Total gpm 1,064.46 795.25
Mass Fluid Ouantitv. Total lbm/hr 0.00 0.00
Inlet Temperature OF 190.00 100.00
Outlet Temperature OF 175.00 121.00
Fouling Factor hr-ft2.OFJBTU 0.00050 0.00193

Shell Fluid Name
Tube Fluid Name
Design Q (BTU/hr)
Design U (BTU/hr-ft2-°F)
Outside h Factor (Hoff)
Fixed U (BTU/hr.ft2-*F)
Fixed Area (ft2)
Performance Factor (% Reduction)

Heat Exchanger Type
Total Effective Area per Unit (ft2)
Area Factor
Area Ratio

Number of Shells Per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall K (BTU/hr.ft-°F)

Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
0

0.00
0.00

TEMA - E
468.17

0.973212339
0.00000

1
0.438000000

5.600
0.7500

Triangular

2
No

420
416
7.00

0.541
0.625
58.00

Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube Circle Diameter
Bh, Baffle Cut Height (in)
Ds, Shell Inside Diamter (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

0.000
19.688
19.688
0.000
0.000
0.000
0.000
0.000
0.000

97-197
Rev. A02
Attachment A
Page A2 of A2
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ATTACHMENT 2
Design Analysis Minor Revision Cover Sheet

Design Analysis (Minor Revision) ý Last Page No. 1 Attach. B Pg. 4/5

Analysis No.: 97-197 Revision: 2 A01

Title: I Thermal Model of COMED / LaSalle Station 1 B(2B) Diesel Generator Jacket Water Coolers

ECIECR No.: EC 366846 Revision: 0

Station(s):' LaSalle

Unit No.: 8 1 and 2

Safety/QA Class: 9 SR

System Code(s): ,o E22

Is this Design Analysis Safeguards Information? " Yes [] No [ If yes, see SY-AA-101-106

Does this Design Analysis contain Unverified Assumptions? "2 Yes El No Z If yes, ATI/AR#:

This Design Analysis SUPERCEDES: 13 NA in its entirety.

Description of Changes (list affected pages): ,4

* Revised pg. 2/12 of Rev. A to add new Reference 8.12 to Table 3-1
* Added Reference 8.12 to references list on page 12 of 12 of Rev. A
* Replaced pgs. 3 and 4 of Attachment B in Rev. A, UFSAR Section 9.5.5.1.1 Rev. 0, with new pg. 3, UFSAR

Section 9.5.5.1.1 from pending approved UFSAR Change LUCR-0082 for Rev. 17 of the UFSAR
Added new Ref. 8.12 (pg. PTD-7 from Specification J-2544 Amd. 2) to Attachment B as page 4

Verified no UFSAR change to the 650 gpm minimum cooling water flow value shown on Attachment B pg. 2/5 of Rev. A
(UFSAR Section 9.2.1.1.1 a. 3) has occurred over time.

Disposition of Changes: Is
This revision updates an included UFSAR section reference with the latest approved UFSAR information, and provides an
additional reference for the basis of the heat load from the DG cooler. This revision also addresses A/R (Issue Report) No.
628211 and associated assignment 02.

Based on diesel generator nameplate data obtained by the System Manager, the Div. 3 diesel is from the same
manufacturer, is the same model number, and has the same rated output as the Div. 1 and 2 DGs. Technical proposal heat
balance data for the Div. 1 and 2 DGs, submitted by the supplier (see Ref. 8.12 in Attachment B, pg. PTD-7 from Purchase
Specification J-2544 Amendment 2), shows that the energy absorbed by the cooling water at rated load and design ambient
conditions is 2284 kW, which converts to 7.8E+06 Btu/hr, as stated in the UFSAR and used in previous revisions of the
calculation.
Preparer: '5 Dan Schmit . 8/03/07

Print Name 9 SgNae Date

Method of Review: ' Detailed Review [ Alternate Calculations El Testing El
Reviewer: '8 aaV- -T&~*cct Z'A

Print Name Sign Name ate

Review Independent review [ Peer review nl
Notes: "9

(For External Analyses Only)

External Approver: o NA
Print Name Sign Name Date

Exelon Reviewer 2 ' NA
Print Name Si am Date

Exelon Approver: 22 Bill Hilton
Print Name ,in Name Date



PROTO-POWER CORPORATION CALCNO. 9 7 .19 7  REv A 01 PAGE 2 OF 12

GROTON, CONNECTICUT ORIGINATOR D. Phyfe DATE 6/26/98

VERIFIED BY S. Ingalls JOB No. 31-003

CWENmT COMED / LaSalle County Station PROJECT COMED / LaSalle Station GL 89-13 Program

TITLE Thermal Model of COMED / LaSalle Station IB(213) Diesel Generator Jacket Water Coolers.

I

the necessary information for model construction while performance specifications provided by
the vendor are used to benchmark the model.

Thermal performance of the HPCS diesel generator heat exchanger is assessed in this calculation
at the LaSalle Station Reference Conditions of Section 3.1 with all tubes active and 100% of
rated load. No tube plugging margin or load conditions beyond 100% are considered.

3.1. LASALLE STATION REFERENCE CONDITIONS

Table 3-1 describes the performance requirement of the jacket water cooler. These
conditions ensure that the engine operating temperature range will not be exceeded.

Table 3-1 LaSalle Station Reference Conditions

3.2.

Parameter Value Reference

Heat Load at 100% power (BTU/hr) 7,800,000 8.1, 8.4, 8. I,

Shell-Side Flow Rate (gpm) 1,100 8.4

Shell-Side Inlet Temperature (0F) 190 8.4

Tube-Side Flow Rate (gpm) 650 8.1

Maximum Tube-Side Inlet Temperature (0F) 100 8.1

CONSTRUCTION DETAILS

Table 3-2 Vendor Construction Detail

Parameter Value Reference

Heat Exchanger Type TEMA - E 8.7, 8.8

Number of Shells per unit I 8.7

Total Effective Area per unit (ft2) 482 8.6, See Below

Shell Velocity (ft/sec) 5.6 8.6

Baffle Thickness (in) 3/8 (min) 8.8

Fixed Tubesheet Thickness (in) 1 8.8

Floating Tubesheet Thickness (in) 1-1/4 8.8

Tube Passes per shell 2 8.7

U-Tubes (yes or no) No 8.7

Total Number of Tubes 420 8.6, 8.8

Tube Length (ft) 7 8,6

Tube Inside Diameter (in) 0.541 (19 BWG) 8,6

Tube Outside Diameter (in) 5/8 8.6

I

Form NO.' P1050105 Rev.: 10 Date 10/21197 Ref.: P&I 5-1



PROTO-POWER CORPORATION CALC NO. 9 7 _19 7  REV AoI PAGE 12 OF 12

GROTON, CONNECTICUT 010.IJIArMR D. Phyfe DATE 6/26/98

VERIFIED BY S. Ingalls ,uB NO. 31-003

CLIENT COMED.' LaSalle County Station PROIEr COMED / LaSalle Station GL 89-13 Program

TITLE Thermal Model of COMED / LaSalle Station I B(2B) Diesel Generator Jacket Water Coolers.

8.0 REFERENCES
8.1. LaSalle Station UFSAR, Sections: 9.2.1 and 9.5.5.1.1 (Attachment B)

8.2. NRC Generic Letter 89-13

8.3. GE Purchase Specification - 211872RO-SW9 Item 4.3.6.1

8.4. LaSalle Station FSAR Q40.92 (Attachment B)

8.5. Stewart & Stevens Vendor Manual, VM J-152 through VM J-157

8.6. 0 & M Manufacturing Hx Data Sheet (Attachment A)

8.7. LaSalle Station Drawing, VPF - 3411-080(1)-I, J-2500 (Attachment A)

8.8. LaSalle Station Drawing, VPF - 3411-080(2)-I, J-2500 (Attachment A)

8.9. Standard of the Tubular Exchanger Manufacturers Association

8.10. Heat Exchanger Thermal Performance Modeling Software Program PROTO-HXTM
Version 3.02 Software Validation and Verification Report (SVVR) SQA No. SVVR-
93948-02, Revision F, dated 2/17/98

8.11. Proto-Power Calculation 93-048, "Fluid Properties - Fresh Water - Range 32°F to
500 0F", Rev. A

8.12 Proposal Technical Data for Diesel Engine-Generator Sets from Specification
J-2544 Amd. 2, pg. PTD-7

I
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LSCS-UFSAR

excessive or shutdown time is too short to permit remote detection of possible fuel
oil leaks at the day tank or diesel generator.

9.5.5 Diesel-Generator Cooling Water System

The function of the diesel-generator cooling water system is to transfer the heat
rejected from the engine water jacket, the lube oil cooler and the engine air
aftercooler to the CSCS equipment cooling water system (CSCS-ECWS).

9.5.5.1 Design Bases

9.5.5.1.1 Safety Design Bases

Cooling capacity of this system is based on a diesel enerator output of 2860 kW
with an environmental temperature of 1220 F m mum and a minimum and
maximum lake water temperature of 320 F and 102 F, respectively. Total heat
transfer by this system is approximately 7.8 x 100 Btu/hr per diesel-generator set at
rated engine capacity. The Division I and II diesel cooling water heat exchangers
are sized based on operation of 110% of rated load. The Division III diesel cooling
water heat exchangers are sized based on operation of 100% of rated load.

High water temperature is alarmed at 200° F and the engine is automatically shut
down if the cooling water temperature at the engine outlet exceeds 208° F in order to
prevent engine damage due to overheating. This shutdown control is in effect only
when the engine is started manually and bypassed when the diesel generator is
started automatically during an emergency.

Heaters are installed in the cooling water piping below the lube oil cooler to maintain
the engine water and lube oil in a warm standby condition while the engine is not
operating; thus increasing the starting reliability of the diesel generator. Natural
convection is employed to circulate the warm engine water through the lube oil cooler
during standby.

Each system is designed based on Seismic Category I requirements and is protected
from tornadoes, missiles, and flooding.

9.5.5.1.2 Power Generation Design Bases

The diesel-generator cooling water system is not required during power generation.
Consequently, it possesses no power generation design bases.

9.5.5.2 System Description

Each diesel-generator cooling water system is a separate, independent closed loop
system supplied with the diesel generator and located entirely on the diesel-generator
skid. It consists of two parallel engine driven centrifugal circulating pumps, a low-
pressure expansion tank, an AMOT temperature regulating valve, a

9.5-34 REV. 15, APRIL 2004•
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Proposal Technical Data for
Dienel Engine-Generator Sets, Cont.

La Salle County Station - Units I and 2

J-2544
Amd. 2, 01-27-78

Name of Bidder: Steward & Stevenson Services. Inc.
YI

ENGINE-GENERATOR DATA, Cont.

k. WK,2 value of all rotating
parts .............. (lb-ft 2 )

1. Is base frame stress re-
lieved after fabrication
but before machining .......

m. Vibration Dampers:

(1) Type ...................

(2) Number .................

n. Full load speed ..... (r/min)

o. Diesel Heat Balance at
rated load and design
ambient temperature:

(1) Diesel shaft output(kW)

(2) Energy absorbed by cool
ing water .......... (kW)

(3) Energy dissipated in
exhaust gases ...... (kW)

(4) Energy lost to ambient
by radiation and con-
vection ............ (kW)

(Insert all data in these columns)
BASE BID I ALTERNATE I

" DIESEL GEN. DIESEL GEN.
DIESEL (EN.OL]A AND 2A 1 02 IA AND 2A

34,690

no

or recommenNone

N/A

requir,

900

* 2,600

2,284 X 3. 4/4.>12
3

led

Amd.

Amd.

/,.1

p. Environmental Data:

(1) Maximum ambient tempera
ture for continuous
operation .......... (OF)

2,689

260

1040

30*

98

derate 4%

(2) Minimum ambient tempera
ture for continuous
operation .......... (OF)

(3) Generator losses to
ambient at rated load
and design ambient.(kW)

kW at 90°F Ambient (This wotild

2

2

*Note: 2,600 .n 40*C - 1044)

PTD-7
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CC-AA-309 - ATTACHMENT 1 - Design Analysis Approval
Page 1 of 2

DESIGN ANALYSIS NO.: Caic. # 97-197 PAGE NO. 1
Major REV Number: A Minor Rev Number: 00

[]BRAIDWOOD STATION
BYRON STATION DESCRIPTION CODE:(c0i8) MY10
CLINTON STATION
DRESDEN STATION

[XI LASALLE CO. STATION DISCIPLINE CODE: (Coi0) M
[ I QUAD CITIES STATION

Unit:[ ]0 [X]l [X]2 [ J3 SYSTEM CODE: (C011) E22

TITLE: THERMAL MODEL OF COMED/LASALLE STATION UNIT I AND 2 HPCS DIESEL
GENERATOR COOLERS

[X] Safety Related [ ] Augmented Quality [ ] Non-Safety Related
ATTRIBUTES 

(C016)

TYPE VALUE TYPE VALUE

Elevation 710' 0"

Software PROTO-HX

COMPONENT EPN: (C014 Panel) DOCUMENT NUMBERS: (C012 Panel) (Design Analyses References)

EPN TYPE peISub Document Number Input (Y/N)

1E22-S001 H15 DCP EC# 334017 Y

2E22-S001 H15 /

REMARKS: NA

E-Form CC-AA-309-1 v1.1 for use with CC-AA-309 Revision 1 and above.



CC-AA-309 - ATTACHMENT 1 - Design Analysis Approval
Page 2 of 2

DESIGN ANALYSIS NO. 97-197 REV: AOO PAGE NO. 2

Revision Summary (including EC's incorporated): Updated Proto-HX model for 104OF
Service Water inlet temperature and calculated Unit 1 and 2 HPCS DG Cooler thermal
margins for different fouling factors and 1% tubes plugged.

Electronic Calculation Data Files: ProtoHX 3.02, dg0lb.phx, 192 KB, 04/14/2002. 5:04pm

(Program Name, Version, File Name extension/size/datelhour/min)

Design impact review completed?
(If yes. attach impact review sheet)

[ I Yes [ X ) NIA, Per EC#- 334017

Prepared by: Jeff W. VanStrien

Reviewed by: Brian L. Davenport

I 'ý1AJ w / T" 'J-,g'

I -f , ý ) I.' n
Date

J

Print

[X I Detailed ) Aitemate
-]T igns

IITest
Date

Method of Review:

Approved by: 25 ' "" ' P -•,• - /
Print Sign

External Design Analysis Review (Attachment 3 Attached)

Reviewed by: / I
Plnt Sim o*•

Approved by: I I
Print Sign Date

Do any ASSUMPTIONS / ENGINEERING JUDGEMENTS require later verification? [ I Yes IX] No
Tracked By: AT#. EC# etc.)
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ComEd NES-G-14.02
Effective Date:

04/14/00
CALCULATION PAGE

ICALCULATION NO. 97-197 REV. NO. AOO PAGE NO. 4 of 6

1.0 PURPOSE/OBJECTIVE

The purpose of this minor revision is to revise the thermal model of this heat exchanger for a 1040F
Service Water inlet temperature. This assessment will evaluate the adequacy of HPCS Diesel
Generator Coolers during a maximum allowable inlet service water temperature of 1040F to ensure
adequate thermal margin still exist. Also an acceptable design fouling factor for use as a
benchmark during Generic Letter 89-13 testing evaluations will be determined.

2.0 METHODOLOGY AND ACCEPTANCE CRITERIA

The existing heat exchanger model will be revised by changing the input of the "Tube Inlet Temp."
from 100OF to 1040F and simulated for the following conditions: (Case 1) design fouling factor,
(Case 2) twice the 'as-tested' fouling factor and (Case 3) twice the 'as-tested' fouling factor with 1 %
of the tubes plugged. The acceptance criteria will be for the thermal margin during Case 3
conditions to exceed the LaSalle design heat load of 7,800,000 BTU/hr at 100% rated power
output (Ref. 1, Table 3-1). Additional conservatism is built into this acceptance criteria by
assuming a 5% uncertainty in the Proto-HX heat transfer calculations. The Reference 1 model
developed for this heat exchanger demonstrated a correlation to vendor performance specification
well within this assumed 5% margin.

3.0 ASSUMPTIONS I ENGINEERING JUDGMENTS

The assumptions indicated in section 5.0 of Reference 1 are still valid.
Note: The density of water at 1040F is 61.94 lb/ft (per steam tables), this is an insignificant change
to the density shown in table 4-1 of Ref. 1 for 100°F, the tube side volumetric flow rate correction
made in Ref. 1 is still valid.

4.0 DESIGN INPUTS

The design inputs consist of References 1 and 2 listed below.

5.0 REFERENCES

1. Calculation No. 97-197, Rev. A, "Thermal Model of COMED / LaSalle Station HPCS Diesel
Generator Jacket Water Coolers".

2. Calculations L-002399, Rev. 0 (Unit 2) & L-002684, Rev. 0 (Unit 1), "1 & 2E22-S001 HPCS
Diesel Generator Cooler Thermal Heat Transfer Performance"

3. "Standards of the Tubular Exchanger Manufacturers Association" (TEMA), Seventh Edition,
1988.

I[ E-FORM I



Comn£d NES-G-14.02
Effective Date:

04/14/00
CALCULATION PAGE

ICALCULATION NO. 97-197 REV. NO. AOO PAGE NO. 5 of 6

6.0 CALCULATIONS

The current calculation model is based on a Service Water inlet temperature of 1 00°F. At this
temperature and with a fouling factor of 0.002732 hr*ft2*F/BTU, the amount of heat transferred is
7,801,000 BTU/hr compared with a LaSalle Station design heat load of 7,800,000 BTU/hr at 100%
rated power output resulting in a 0.01% thermal margin (Ref. 1, Table 6-3). The cooler appears to
have little thermal margin.

Thermal margin is calculated by the following method:

Required Heat Load - Calculated Heat Transfer = Thermal Margin [Equation 1]

To express this as a percent of the required heat load, the following method is used:

ThermalM arg in x 100% = %ThermalM arg in
Re quiredHeatLoad [Equation 2]

Case 1

When the service water inlet temperature is increased to 1040F for the same fouling factor
(0.002732 hr*ft2*°F/BTU), the heat transfer reduces to 7,474,000 BTU/hr, which is 4.2% below the
required load of 7,800,000 BTU/hr for 100% power operating conditions [Attachment A].

Case 2

Regular cleaning and testing of these heat exchangers limits the amount of fouling well below the
values assumed above. The heat exchanger performance data taken under the G.L. 89-13
program here at LaSalle demonstrates a maximum measured fouling factor of 0.001117
hr*ft2*°F/BTU (Ref. 2). For conservatism, this value was doubled to 0.00223 hr*ft2*°F/BTU and
simulated with 1040F service water inlet temperature. The result was a heat transfer of 8,237,000
BTU/hr for a 5.6% thermal margin at 100% power operating conditions [Attachment B].

IE-FORM I



Comn NES-G-14.02
Effective Date:

04/14/00
CALCULATION PAGE

ICALCULATION NO. 97-197 REV. NO. AOO PAGE NO. 6 of 6

Case 3

When additional conservatism was included by adding a plugging allowance of 4 tubes, 1% of the
total, in the heat exchanger and running the model again at the above fouling factor (0.00223
hr~ft2*°F/BTU) and inlet temperature (104 0F) for a 8,189,000 BTU/hr heat transfer rate,
representing a 5% thermal margin at 100% power operating conditions [Attachment C].

This is judged to be a reasonably conservative fouling factor since it is slightly higher than the
typical fouling factors stated in Ref. 3, page 215. The LaSalle lake water quality will meet or
exceed the "River Water Fouling Factor" (at a velocity greater than 3 ft/sec) given in this reference.
The lake water passes through strainers and is chemically treated for silt control and scale
prevention.

7.0 SUMMARY AND CONCLUSIONS

The Diesel Generator Water Cooler Model was found to have adequate thermal margin for a
maximum lake temperature of 1040 F when operated at 100% rated power output with a fouling
factor of less than or equal to 0.00223 hr*ft2*°F/BTU and a plugging allowance of 1% (4 tubes).
This fouling factor has been determined to be an acceptable benchmark value that can be used in
Generic Letter 89-13 testing evaluations of this model heat exchanger.

8.0 ATTACHMENTS:

Attachment "A" - Proto-Hx Calc. Report for DG01 B
(CSCS=104 F @ Design Fouling)

Attachment "B" - Proto-Hx Calc. Report for DG01 B
(CSCS=104 F @ 2X Max. Tested FF)

Attachment "C" - Proto-Hx Calc. Report for DGO1 B
(CSCS=104 F @ 2X Max. Tested FF, w\ 1% plugged)

Final Page
(Last Page)

I E-FORM I



ComEd CALCULATION NO.
97-197

REVISION NO. AOO
PAGE NO. Al of A3

Attachment "A"

Proto-Hx Calc. Report for DGO1 B
(CSCS=104 F @ Design Fouling)

If E-FORM I



09:48:47 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CSCS = 104 F @ Design Fouling

04/12/02

Shell and Tube Heat Exchanger Input Parameters ý I

Fluid Quantity, Total gpm
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr-ft2.°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Shell-Side
1,064.46

190.00
175.00

0.00050

Tube-Side
795.25
100.00
121.00

0.00193

Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
0.00

TEMA-E
468.17

0.973212339

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft.F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

1
0.438000000

5.600
0.7500

Triangular

2
No

420
420

7.00
0.541
0.625
58.00

0.000
0.000

19.688
19.688
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-197
Revision No. AO0
Attachment A
Page No. A; of /-3



09:48:47 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CSCS = 104 F (elb Desien Fouling

04/12/02

Calculation Specifications
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data Extrapolation Data

Data Date Tube Flow (gpm) 646.1
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (IF) Tube Inlet Temp (IF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 190,0

Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr.ft2.OF)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2.0 F)

Tube-Side hi (BTU/hr.ft2.OF)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr.ft2.OF)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2 ..F/BTU)
Property Shell-Side Tube-Side
Velocity (htis) Shell Temp In (IF) Calculation No. 97-197
Reynold's Number Shell Temp Out (IF) Revision No. AOO
Prandtl Number Tav Shell ('F) Attachment
Bulk Vise (Ibm/ft hr) Shell Skin Temp (IF) Page No. A3 of___
Skin Vise (lbrn/ftrhr) Tube Temp In (°F)
Density (Ibm/ft3) Tube Temp Out (IF)
Cp (BTU/lbm.°F) Tav Tube (IF)
K (BTU/hr-ft-°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (lbmnhr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5
3.232E+5

7.474E+6
67.3

468.2

Property Shell-Side

Velocity (ft/s) 5.58
Reynold's Number 7.746E+04
Prandtl Number 2.12
Bulk Visc (lbm/ft-hr) 0.82

Skin Vise (lbm/ft'hr) 0.87
Density (Ibm/ftO) 60.51

Cp (BTUIbni 0.F) 1.00
K (BTUJ/hr-ft.TF) 0.39

Tube-Side

4.34
3.095E+04

3.81
1.41
1.24

61.78
1.00
0.37

Overall Fouling (hrft2.°F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr-ft2-OF)
I/Wall Resis (BTU/hr.ft2;OF)
LMTD Correction Factor

U Overall (BTU/hrft2 -°OF)

Shell Temp In (OF)

Shell Temp Out (IF)
Tav Shell (IF)

Shell Skin Temp (OF)
Tube Temp In (OF)

Tube Temp Out (OF)
Tav Tube (°F)

Tube Skin Temp (OF)

0.002732
1,894.1
1,372.6

15,431.0
0.9880

240.0

190.0
176.0
183.0
174.5
104.0
127.2
115.6
129, 2

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achile'



CornEd CALCULATION NO.
97-197

REVISION NO. AOO

PAGE NO. B1 of B3

Attachment "B"

Proto-Hx Calc. Report for DG01 B
(CSCS=104 F @ 2X Max. Tested FF)
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09:50:40 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CSCS = 104 F @ 2X NDIT FF

04/12/02

Shell and Tube Heat Exchanger Input Parameters I

Fluid Quantity, Total gpm
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor *

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff(BTU/hr ft2-0 F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Shell-Side
1,064.46

190.00
175.00

0.00050

Tube-Side
795.25
100.00
121.00

0.00193

Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
0.00

TEMA-E
468.17

0.973212339

1
0.438000000

5.600
0.7500

Triangular

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr.ft.F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
No

420
420

7.00
0.541
0.625
58.00

0.000
0.000

19.688
19.688
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-197
Revision No. AOO
Attachment b
Page No. 0,2. of 8&

1:0-j't I'Llc+or i-Apwr



09:50:40 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CSCS = 104 F @ 2X NDIT FF

04/12/02

-Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

q Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 646.1
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (°F) Tube Inlet Temp (IF) 104.0
Shell Temp Out (°F) Shell Inlet Temp (°F) 190.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF) i Input Fouling Factor 0.002230

1L _ Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr.ft2.°F)

Tube-Side hi (BTU/hr-ft2.°F)

Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-fi 2-IF)
LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF) Calculation No. 97-197
Reynold's Number Shell Temp Out (OF) Revision No. AOO
Prandti Number Tav Shell (°F) Attachment B_
Bulk Visc (Ibm/ft.hr) Shell Skin Temp (IF) Page No. __1 of -•__
Skin Visc (Ibm/ft-hr) Tube Temp In ('F)
Density (lbm/fl3 ) Tube Temp Out (OF)
Cp (BTU/Ibm'°F) Tav Tube (IF)
K (BTU/hr'ft'F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

5.325E+5
3.232E+5

8.237E+6
65.4

468.2

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Vise (Ibm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibrn'F)
K (BTU/hr" ft-'F)

Shell-Side Tube-Side
5.58 4.34

7.709E+04 3. 130E+04
2.13 3.76
0.82 1.39
0.88 1.21

60.52 61.76
1.00 1.00
0.39 0.37

Overall Fouling (hr-ft2-°F/BTU)
Shell-Side ho (BTU/hr.ft2

-OF)

Tube-Side hi (BTU/hr.ft2-OF)
I/Wall Resis (BTU/hr.ft20.F)
LMTD Correction Factor

U Overall (BTU/hr-ft2 .°F)

Shell Temp In (OF)
Shell Temp Out (OF)

Tav Shell (°F)
Shell Skin Temp (OF)
Tube Temp In ('IF)
Tube Temp Out (OF)
Tav Tube (°F)
Tube Skin Temp (TF)

0.002230
1,889.3
1,383.0

15,431.0
0.9845

273.3

190.0
174.6
182.3
172.8
104.0
129.5
116.8
131.7

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achicer
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09:57:54 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CSCS= 104 F64 2X NDIT FF, I% plug

04/12/02

3. 
.3

01, 11 Shell and Tube Heat Exchanger Input Parameters II
Fluid Quantity, Total gpm
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr'ft2f-F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ftA2)
Area Factor
Area Ratio

Shell-Side
1,064.46

190.00
175.00

0.00050

Tube-Side
795.25
100.00
121.00

0.00193

Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
0.00

TEMA-E
468.17

0.973212339

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (fi/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr'ftl'F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Doti, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

1
0.438000000

5.600
0.7500

Triangular

2
No

420
416

7.00
0.541
0.625
58.00

0.000
0.000

19.688
19.688
0.000
0.000
0.000
0.000
0.000

Calculation No. 97-197
Revision No. AOO
Attachment C.
Page No. C2. of -C
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09:57:54 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CSCS= 104 Fa, 2X NDIT FF, I% plug

04/12/02

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

4 Fouling Was Input by User

Test Data Extrapolation Data
Data Date Tube Flow (gpm) 646.1
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (IF) Tube Inlet Temp (IF) 104.0
Shell Temp Out (IF) Shell Inlet Temp (OF) 190.0
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (IF) * Input Fouling Factor 0.002230

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2-IF)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2-OF)

Tube-Side hi (BTU/hr-ft2-OF)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2-OF)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-fit2-F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF) Calculation No. 97-197
Reynold's Number Shell Temp Out (IF) Revision No. A00
Prandtl Number Tav Shell (IF) Attachment C
Bulk Visc (Ibm/ff-hr) Shell Skin Temp (OF) Page No. C 3 of C
Skin Visc (lbm/ft-hr) Tube Temp In (OF)
Density (Ibm/ft') Tube Temp Out (IF)
Cp (BTU/lbm 0'F) Tav Tube (IF)
K (BTU/hr't 0'F) Tube Skin Temp (OF)

-Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (Ibm/ft'hr)

Density (Ibm/ft3)
Cp (BTU/Ibm 0'F)
K (BTU/hr"ft-'F)

Shell-Side
5.58

7.712E+04
2.13
0.82
0.88

60.52
1.00
0.39

5.325E+5
3.232E+5

8. 189E+6
65.5

463.7

Tube-Side

4.38
3.158E+04

3.76
1.39
1.21

61.76
1.00
0.37

Overall Fouling (hr- f° 2 F/BTU)
Shell-Side ho (BTU/hr-ftz-°F)
Tube-Side hi (BTU/hr ft2-°F)
I/Wall Resis (BTU/hr-ft2 0.F)
LMTD Correction Factor

U Overall (BTU/hr.ft2 F)

Shell Temp In (°F)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (fF)
Tube Temp Out (°F)
Tav Tube (°F)
Tube Skin Temp (°F)

0.002230
1,889.4
1,393.0

15.431.0
0.9848

273.7

190.0
174.7
182.3
172.8
104.0
129.4
116.7
131.6

** Reynolds Number Outside Range of Equation Applicability
With Mlininium Fouling 'Fhe Test Heat Load Could Not Be ,%chie\



PROTO-POWER CORPORATION
CALCULATION TITLE SHEET

CLIENT:

PROJECT:

Commonwealth Edison / LaSalle County Station

COMED / LaSalle Station GL 89-13 Program

CALCULATION TITLE:

CALCULATION NO.:

FILE NO.:

Thermal Model of COMED / LaSalle Station HPCS Diesel Generator
Jacket Water Coolers.

97-197

31-003

COMPUTER CODE & VERSION (if applicable): PROTO-HX TM ver 3.02

REV TOTAL NO. OF ORIGINATOR/DATE VERIFIER/DATE APPROVAL/DATE
PAGES

A 58 Philpot

Page I of V

Form No.: P1050101 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1



PROTO-POWER CORPORATION CALC rO. 97-197 REV A PAGE II OF V

GROTON, CONNECTICUT ORIGINATOR D. Phyfe DATE 6/26/98

VERIFIED BY S. Ingalls JOB NO. 31-003

CUENT COMED / LaSalle County Station PROJECT COMED / LaSalle Station GL 89-13 Program

TITLE Thermal Model of COMED / LaSalle Station HPCS Diesel Generator Jacket Water Coolers.

Revision History

Form No.: P1050102 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1



PROTO-PIOWER COIRPORAI'1ON C.ALC NO. 97-197 FRI' A PAGE III OF v

GROTON, CONNECTICUT ORIGINAlOR D. Phyfe DATE 6/26/98

VERIFIED BY S. Ingalls JOB NO- 31-003

CLIENT COMED / LaSalle County Station PROJECt COMED / LaSalle Station GL S9-13 Program

TITLE Thermal Model of COMED / LaSalle Station HPCS Diesel Generator Jacket Water Coolers.

CALCULATION VERIFICATION FORM

REVIEW METHOD:
Approach Checked:
Logic Checked:
Arithmetic Checked:
Alternate Method
(Attach Brief Summary)
Computer Program Used
(Attach Listing)
Other

*Errors Detected

LI

N/A
N/A
N/A
N/A

N/A

N/A

E3
LI
91

EXTENT OF VERIFICATION:
Complete Calculation: 21

Revised areas only: El

Other (describe below): []

*Error Resolution

26mbw OcvigtJ ar X.s-,ý

Ae " AA ' /Va LIA4e4 Ae- Dk 4LI4

iPn4rh4x AU4Jv £F6eCir i'eAW ý4 tw4L

ff*Other Comments
/

*Extra References Used

*(Attach extra sheets if needed)

CALCULATION FOUND TO BE VALID AND CONCL TO BE CORRECT AND REASONABLE:

IDV Signature: .A Initials:

.5co# A, ýqjlvPrinted Name: Date:

ý4
(114 ý/fs

d

Form No.: P1050103 Rev.: 10 Date: 10/21197 Ref.: P&I 5-1



PROTO-POWER CORPORATION CALC ,NO'9 7- 19 7  REV A PAGE IV OF v

GROTON, CONNECTICUT ORIGINATOR D. Phyfe DATE 6/26/98

VERIFIED BY S. Ingalls JOB NO 31-003

CLIENT COMED / LaSalle County Station PROJECTr COMED / LaSalle Station GL 89-13 Program

TIT.E Thermal Model of COMED / LaSalle Station HPCS Diesel Generator Jacket Water Coolers.

TABLE OF CONTENTS

CALC TITLE SHEET ............................................................................................ I

REVISION HISTORY ........................................................................................... II

CALC VERIFICATION SHEET ......................................................................... III

TABLE OF CONTENTS .................................................................................. IV

LIST OF ATTACHMENTS ............................................................................... V

Total number ofpages in Preface of Calc 5

1.0 PU R PO SE ............................................................................................................ I

2.0 BACKGROUND ............................................................................................. 1

3.0 DESIGN INPUTS .......................................................................................... 1

3.1. LASALLE STATION REFERENCE CONDITIONS........................................... 2

3.2. CONSTRUCTION D ETAILS .............................................................................. 2

3.3. PERFORM ANCE D ETAILS ........................................................................... 3

4.0 APPROACH .................................................................................................... 4

4.1. PROTO-HXTM PARAMETER CALCULATION ............................................. 4

4.2. PROTO-HX TM FLOW RATE INPUTS .......................................................... 5

4.3. PROTO-HXTM EXTRAPOLATION METHOD .............................................. 5

5.0 ASSUMPTIONS .................................................................................................. 5

6.0 ANALYSIS ...................................................................................................... 6

6.1. PROTO -H X 'r M ODEL ........................................................................... 6

6.2. HEAT EXCHANGER FOULING FACTOR LIMIT ............................................. 6

6.3. FOULING SENSITIVITY .............................................................................. 8

6.4. THERMAL MARGIN ASSESSMENT ............................................................. 9

6.5. MINIMUM SERVICE WATER FLOW RATE ................................................... 9

7.0 CONCLUSION ............................................................................................. 11

7.1. PR OTO -H X TM M ODEL ......................................................................... 11

7.2. HEAT EXCHANGER FOULING FACTOR LIMIT ........................................... 11
7.3. FO U LIN G S EN SITIV ITY ................................................................................. 11

7.4. THERMAL MARGIN ASSESSMENT ............................................................. 11

7.5. MINIMUM SERVICE WATER FLOW RATE ..................................................... 1 1

8.0 REFERENCES .............................................................................................. 12

Total number of pages in Body of Calc 12

Form No.: P105010 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1



PROTO-POWER CORPORATION CALC NO. 97-197 RV A PAGE v OF v

GROTON, CONNECTICUT ORIGINATOR. D. Phyfe DATE 6/26/98

VERIFIED BY S. Ingalls JOB NO. 31-003

CLIENT COMED / LaSalle County Station PROJECt COMED / LaSalle Station GL 89-13 Program

TITLE Thermal Model of COMED / LaSalle Station HPCS Diesel Generator Jacket Water Coolers.

LIST OF ATTACHMENTS

Attachment Subject Matter Total Pages

A Proto-Power Calc. 97-197, Rev. A; 4Vendor Data Sheet & Drawings

Proto-Power Calc. 97-197, Rev. A;
B LaSalle Station UFSAR Section: 9.5.5.1.1, 5

and FSAR Q40.92

Proto-Power Calc. 97-197, Rev. A;
C PROTO-HXTN HPCS Model Development 13

Calculation Reports
Proto-Power Calc. 97-197, Rev. A;

D PROTO-HXTm Calculation Reports for 7
Fouling Sensitivity

Proto-Power Cale. 97-197, Rev. A;
E PROTO-HXTm Calculation Reports for 10

Minimum Service Water Flow

F Proto-Power Cale. 97-197, Rev. A; 2 (and disk)
PROTO--X TM Version 3.02 Model

Number of Attachment Pages:

Complete Calc (total number ofpages)

41

58

Form No.: P1050104 Rev.: 10 Date: 10/21/97 Ref.: & 5-



PROTO-POWER CORPORATION CALC NO. 97-197 REV A PAGE 1 O'12

GROTON, CONNECTICUT ORIGINATOR D. Phyfe DATE 6/26/98

VERIFIED BY S. Ingalls JOB NO. 31-003

CLUENT COMED / LaSalle County Station PROJECt COMED / LaSalle Station GL 89-13 Program
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1.0 PURPOSE
The purpose of this calculation is to develop a thermal performance analysis model for the
Commonwealth Edison (ComEd) LaSalle Station, High Pressure Core Spray (HPCS) Diesel
Generator heat exchanger. This model is to be used for the analysis of heat exchanger thermal
performance test data as part of the LaSalle Station heat exchanger testing program.

Once developed, the model is used to evaluate the thermal margin of the heat exchanger at the
LaSalle Station Reference Conditions as currently defined in the LaSalle design and licensing
basis.

The thermal performance model documented in this calculation has been created and used with
PROTO-HX, Version 3.02. The model can be used with previous versions of PROTO-HX and
produce identical results as long as the following restrictions are upheld:

" Versions prior to version 3.02 will not calculate a negative fouling factor when calculating
the fouling factor based on test data.

" Shell and tube heat exchangers analyzed in Version 3.0 or earlier must have a tube-side
Reynolds Number greater than 10,000 (i.e., fully developed turbulent flow).

Current limitations of use for PROTO-HX are established by the limits on fluid properties
included within the software. Fluid properties contained within PROTO-HX are currently
limited to the following temperature ranges:

* Water (fresh and salt): 32-500'F

2.0 BACKGROUND
LaSalle Station is in the process of implementing a heat exchanger thermal performance
monitoring program in response to the requirements of NRC Generic Letter 89-13 (Reference
8.2). Development of an analytical model in PROTO-HXTm, Version 3.02, will allow timely
analysis of data resulting from the test program.

3.0 DESIGN INPUTS
The PROTO-HXTm program was developed and validated in accordance with Proto-Power's
Nuclear Software Quality Assurance Program (SQAP). This program meets the requirements of
IOCFR50 Appendix B, 10CFR21, and ANSI NQA-1, and was developed in accordance with the
guidelines and standards contained in ANSI/IEEE Standard 730/1984 and ANSI NQA-2b-1991.
PROTO-HXTM Version 3.02 was verified and approved for use as documented in Reference
8.10.

The design inputs for this calculation consist of the LaSalle Station Reference Condition (Section
3.1), Construction Details (Section 3.2), and Performance Details (Section 3.3) provided by the
heat..exchanger vendor, data sheets or design documents as referenced: Construction details give

Form No.: P105010 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1
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the necessary information for model construction while performance specifications provided by
the vendor are used to benchmark the model.

Thermal performance of the HPCS diesel generator heat exchanger is assessed in this calculation
at the LaSalle Station Reference Conditions of Section 3.1 with all tubes active and 100% of
rated load. No tube plugging margin or load conditions beyond 100% are considered.

3.1. LASALLE STATION REFERENCE CONDITIONS

Table 3-1 describes the performance requirement of the jacket water cooler. These
conditions ensure that the engine operating temperature range will not be exceeded.

Table 3-1 LaSalle Station Reference Conditions

3.2.

Parameter Value Reference

Heat Load at, 100% power (BTU/hr) 7,800,000 8.1, 8.4

Shell-Side Flow Rate (gpm) 1,100 8.4

Shell-Side Inlet Temperature (0F) 190 8.4

Tube-Side Flow Rate (gpm) 650 8.1

Maximum Tube-Side Inlet Temperature (*F) 100 8.1

CONSTRUCTION DETAILS

Table 3-2 Vendor Construction Detail

Parameter Value Reference

Heat Exchanger Type TEMA - E 8.7, 8.8

Number of Shells per unit I 8.7

Total Effective Area per unit (fti) 482 8.6, See Below

Shell Velocity (ftlsec) 5.6 8.6

Baffle Thickness (in) 3/8 (min) 8.8

Fixed Tubesheet Thickness (in) I 8.8

Floating Tubesheet Thickness (in) 1-1/4 8.8

Tube Passes per shell 2 8.7

U-Tubes (yes or no) No 8.7

Total Number of Tubes 420 8.6, 8.8

Tube Length (ft) 7 8.6

Tube Inside Diameter (in) 0.541 (19 BWG) 8.6

Tube Outside Diameter (in) 5/8 8.6

Form No.: P105010 Rev.: 10 Date: 10/21197 Ref.: P&I 5-1
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Table 3-2 Vendor Construction Detail

Parameter Value Reference

Tube Wall Conductivity (BTU/hr-ft-°F) 58 (Admiralty Naval Brass) 8.6, 8.9

Tube Pitch (in) 3/4 8.6

Pitch Type Triangle 8.8

The vendor data sheet shows the effective area as 482 ft2 , however, based on
tube diameter and tube length, this value is a gross area (Ag,) approximation:

A g, = (number of tubes)- (L,,, -(tube outside circ.)

Ag, = 420 -71ft. R7 .61nJ481.056ft2S12 %/ft

The effective area (Aeff) can be approximated as follows:

A"0f = (number of tubes). (L tut - Tfixed - Tnoa.ng )- (tube outside circ.)

Aeff = 420.7 (in+25in)t 0.625 in) 468.171f 2

12%- ) 12% = 8

the outside

Equation 1

Equation 2

where:

AU - Heat Exchanger Gross Area, ft2

A¢ff - Heat Exchanger Effective Area, ft2

L tube - Tube Length, ft
Tfixed - Fixed End Tubesheet Thickness, ft (1" per Reference 8.8)

T oaing - Floating End Tubesheet Thickness, ft (1.25" per Reference 8.8)

The data sheet value for the effective area will be used in the model benchmarking
process. However, for PROTO-HXTM runs of the HPCS heat exchanger model the above
calculated effective area will be used.

3.3. PERFORMANCE DETAILS

Table 3-3 Vendor Performance Detail

Parameter Value Reference

Shell Side Fluid Type Water (Fresh) 8.6

Shell Side Fouling Factor (Design) 0.0005 8.6

Shell Side Fluid Flow Rate (gpm) 1100 8.6

Form No.: P1050105 Rev.: 10 Date: 10/21/97 Ref.: & 5-
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Table 3-3 Vendor Performance Detail

Parameter Value Reference

Shell Side Inlet Temperature (0F) 190 8.6

Shell Side Outlet Temperature (0F) 175 8.6

Tube Side Fluid Type Raw Water (Fresh) 8.6

Tube Side Fouling Factor (Design) 0.002 8.6

Tube Side Fluid Flow Rate (gpm) 800 8.6

Tube Side Inlet Temperature (0F) 100 8.6

Tube Side Outlet Temperature (°F) 121 8.6

Hx. Design Q - Service (BTU/hr) 8,505,000 8.6

Hx. Design U - Service (BTU/hr-ft2 -°F) 241.7 8.6

Corrected LMTD 73 8.6

I-
4.0 APPROACH

This calculation utilizes plant/vendor fabrication specifications provided in Attachment A to
develop a thermal performance prediction model for the LaSalle Station HPCS Diesel Generator
Jacket Water Coolers. The calculation then benchmarks the model by comparing the heat transfer
rate calculated by PROTO-HXTM Version 3.02 with the vendor's specifications for thermal
performance.

4.1. PROTO-HXTm PARAMETER CALCULATION

Minimum Shell Area

The minimum shell area is calculated using either the shell side velocity or a shell
geometry. The preferred method of calculation is using the shell side velocity.
Reference 8.6 gives the shell side velocity to be 5.6 ft/sec at a flow of 1100 gpm. Based
on this velocity and flow rate the minimum shell side area is calculated by PROTO-HXTM

to be 0.438 ft'.

Outside H Factor (Hoff)

The Outside H Factor is a multiplier, with value less then 1.0, used to reduce the ideal
shell-side film heat transfer coefficient. The Outside H Factor accounts for inefficiency
in the heat exchanger. Using the back calculation method based on the design overall
heat transfer coefficient, the Outside H Factor was calculated by PROTO-HXTM to be
0.616913. Values of the Outside H Factor in the range of 0.6 are considered to be
representative of a "well designed" heat exchanger.

o
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PROTO-POWER CORPORATION CALC NO. 97-197 REV A rAGE 5 OF 12

GROTON, CONNECTICUT ORIGINATOR D. Phyfe DATE 6/26/98

VERIF'IED BY S. Ingalls JOB NO. 31-003

CLIENT COMED / LaSalle County Station IPROJ"'r COMED / LaSalle Station GL 89-13 Program

rITLE Thermal Model of COMED / LaSalle Station 11B(2B) Diesel Generator Jacket Water Coolers.

4.2. PROTO-HXTM FLOW RATE INPUTS

When the volumetric flow rates are entered into PROTO-HXT.1 they are converted to
rnass flow rates based on a set temperature of 60'F. Therefore, the actual PROTO-HXTM

inputs have to be adjusted to give the correct mass flow rate. The PROTO-HXTM input is
adjusted using the ratio of the actual water density and the density of water at 60'F.

Q phx - Qtemp
P temp

P 6o0F
Equation 3

Table 4-1 PROTO-HXTM Flow Rate Inputs

Parameter Density (Ib/ft3) Actual Flow (gpm) PROTO-HXVh - Input (gpm)

Tube-side, 100'F 61.994 (8.11) 800 795.25

61.994 (8.11) 650 646.14

Shell-side, 190'F 60.349 (8.11) 1,100 1,064.495

PROTO-HX T , 60.F 62.364 (8.11) i..-f-...:-, .- ,

4.3. PROTO-HXTM EXTRAPOLATION METHOD

All calculations performed for this calculation are based on a constant cold inlet
temperature. This allows the comparison of the heat transfer, outlet temperatures, log
mean temperature difference (LMTD), and overall heat transfer coefficient. There is no
comparison of the overall heat transfer coefficient in the design case since PROTO-HXTM
used the data sheet value of the overall heat transfer coefficient to calculate the outside
film heat transfer coefficient.

5.0 ASSUMPTIONS

5.1. The vendor data sheet (Reference 8.6) is considered to be an accurate reflection of the
vendor's expectation for the heat exchanger's outside film heat transfer coefficient.

Therefore, the benchmarking of the PROTO-HXTM model to the vendor data sheet will
ensure that the PROTO-FHXTM calculated outside film heat transfer coefficient is
consistent with the vendor's expectation. The PROTO-HXTM model is benchmarked with
the vendor data sheet effective area. However calculations performed with the model use
the effective area determined in Section 3.2. Future validation of this assumption is not
required.
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6.0 ANALYSIS

6.1. PROTO-HXTM MODEL

Table 6-1 shows the PROTO-HXT1t benchmarking of the Jacket Water Cooler for the
HPCS Diesel Generator. The PROTO-HXTm reports can be found in Attachment C.

Table 6-1 Model Benchmark Correlation

Parameter PROTO-liXTM Data Sheet Percent Difference

Effective Area, ft2  482 482 0.00%

Shell Side Outlet Temp, 'F 174.5 175 -0.29 %

Tube Side Outlet Temp, 'F 120.8 121 -0.1 7%

Heat Transferred, BTU/hr 8,277,000 8,505,000 -2.68 %

Corrected LMTD 71.0 73 -2.74%

Table 6-2 shows the PROTO-HXTM results for the heat exchanger design conditions
using the corrected effective area, Section 3.2. The PROTO-HXTM reports can be found
in Attachment C.

Table 6-2 Model Design Correlation

Parameter PROTO-HXTm Data Sheet Percent Difference

Effective Area, ft2 468.17 482 -2.87 %

Shell Side Outlet Temp, *F 174.8 175 0.11%

Tube Side Outlet Temp, 'F 120.4 121 -0.50 %

Heat Transferred, BTU/hr 8,089,000 8,505,000 -4.89 %

Corrected LMTD 71.5 73 -2.05%

All PROTO-HX TM calculations performed with the HPCS Jacket Water Cooler model
will use the effective area of 468.17 ft2. This change is made to the PROTO-HX TM heat
exchanger data sheet as shown in Attachment C.

6.2. REAT EXCHANGER FOULING FACTOR LIMIT

In order for the jacket water cooler to meet the Reference Conditions (Table 3-1) the
fouling must be limited from the values listed on the vendor's data sheet (Reference 8.6).
The overall fouling factor limit was determined by iterating on the overall fouling factor,
a PROTO-HXTM input, until the required heat load was matched. Table 6-3 shows the
results of the PROTO-HXT1l runs for the limited fouling factor case, see Attachment C.
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Table 6-3 Fouling Factor Limit

Parameter Design Fouling Limited Fouling

Tube-side Fouling Factor 0.002 0.001932

Shell-side Fouling Factor 0.0005 0.0005

Total Fouling Factor 0.002811 0.002732

Overall Heat Transfer Coefficient 234.7 239.2

Heat Transfer Rate 7,718,000 7,801,000

Required Heat Transfer Rate 7,800,000 7,800,000

Thermal Margin -82,000 1,000

% Thernmal Margin -1.05% 0.01 %

The limitations on the fouling factor are placed on the tube-side fouling factor, since the
tube-side is the most controllable via periodic tube-side cleaning. The tube-side fouling
factor is calculated from the overall fouling found from the PROTO-HXTM iteration
process. The area ratio is used to convert the overall fouling factor to a tube-side and
shell-side fouling factor

fto.,i = fshe, + (Area Ratio). fube

Area Ratio - TubeOD
Tube ID

Area Ratio = 0.625 in 1.15527

0.541 in

From the vendor datasheet the design overall fouling factor is calculated

f " 0 0 hr 2t FBtu
=0.0005 and ftube = 0.002 hr 11 2 ýF

0.0005 + 1.15527 "0.002h, f2 °F 0.002811 hrft F

/nu ltu 131u

From the PROTO - HX iteration the adjusted overall fouling factor is found:

= 0.002732 hr ft2 °I3'u

Equation 4

Equation 5

Form No.: P105010 Rev.: 10 Date: 10/21/97 Ref.: P&I 5-1
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From the new overall fouling factor the new tube -side fouling factor is calculated:

S(fadjusted- fshel)(0.002732- 0 .0 0 0 5 )hr 12 .Fji_ 2

tubc - Area Ratio 1.15527 Btu

The PROTO-HXTM heat exchanger data sheet is changed to reflect the adjusted design
fouling as calculated above. Like the effective area change in the heat exchanger data
sheet, this change is made without recalculating the Hoff factor.

Attachment C includes a final model calculation report for the Reference Conditions and
the adjusted tube-side fouling entered into the PROTO-HXTM data sheet.

6.3. FOULING SENSITIVITY

The fouling sensitivity of the jacket water cooler is shown in Figure 6-1. The fouling
sensitivity was developed at 650 gpm CSCS flow, 100'F CSCS inlet temperature, 1100
gpm jacket water flow, and 190'F jacket water inlet temperature. The tube-side fouling
factor was varied from 0.0000 to 0.001932 (hr ft2 °F/Btu) by increments of 0.0005 (hr ft2

°F/Btu). The shell-side fouling factor is held constant at the design value of 0.0005 (hr
ft2 °F/Btu). The PROTO-HX TM Calculation Reports for the fouling sensitivity can be
found in Attachment D

Figure 6-1 Tube-side Fouling Sensitivity

14,000,000

12.000.000 -------- ' ____--

HPCS DG - Jacket Water Co/ler

1 0 .0 0 0 ,0 0 0 --------

S8.000.000 - -- ___ _____
Re eConditionHeat Rate I

6.000,000 :- -_ _ _ ---_ ,

M 6,000,000. -... '- . ......- -- ...... .. • ..... ... ".. . .• .. ..... . . . -.. .. -... _ _

4,000,000 I i

2 .0 0 0.,0.0. ...... . -....... .... ........ .. ..... ........ .. . . .

0.000000 0.000195 0.000390 0.000585 0.000780 0.000975 0001170 0.001365 0.001560 0.001755 0.001950

Tube-side Fouling (hr ft2 *F/Btu)
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6.4. THERMAL MARGIN ASSESSMENT

The clean thermal margin is assessed by a comparison of the reference condition
performance requirement (Table 3-1) to the heat exchanger performance capability with a
zero (0) fouling factor. Using a zero (0) fouling factor shows the maximum available
performance of the heat exchanger. Likewise the service thermal margin is assessed by
comparing the reference condition performance requirement (Table 3-1) to the heat
exchanger performance capability with the design fouling factor.

The margin is calculated directly and as a percentage compared to the required heat rate
to perform the component's safety function. The PROTO-HXTM reports can be found in
Attachment C.

margin=Heat Rate - Heat Raterquicd

% margin = 100. margin
(Heat Raterquid)

Equation 6

Equation 7

Table 6-4 Thermal Margin

Parameter Service (Design Fouling) Clean (0 Fouling)

Overall Heat Transfer Coefficient 239.2 713.2

Heat Transfer Rate 7,801,000 15,420,000

Required Heat Transfer Rate 7,800,000 7,800,000

Thermal Margin 1,000 7,620,000

% Thermal Margin 0.01 % 97.69 %

6.5. MINIMUM SERVICE WATER FLOW RATE

The minimum service water flow rate for the adjusted design fouling condition is
calculated with the shell-side inlet temperature at 190'F and a flow rate of 1,100 gpm.
Iterating using the service water flow rate and inlet temperature, the minimum acceptable
flow rate is found for each inlet temperature (Attachment E). The heat load for each
iteration must be equal to or slightly above the required heat load of 7,800,000 BTU/hr,
the diesel heat load at 100% power (reference 8.1).

The results of the model iterations are summarized in Table 6-5 and Figure 6-2. Density
corrections of the PROTO-HXTM flow rates are made in accordance with Equation 3.
Values for fluid density are obtained from Reference 8.11.
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Table 6-5 Minimum Required CSCS Flow Rate

CSCS Inlet Density at Inlet PROTO-HXTht Density Corrected
Temperature Temperature Input Flow Rate Flow Rate

(O0F) (lbm/ft3) (gpm) (gpm)
35 62.41903 202.4 202.2
40 62.42184 209.1 208.9
50 62.40595 227.4 227.2

60 62.36445 255.0 255.0
70 62.30034 298.7 299.0
80 62.21603 362.9 363.8
90 62.11349 464.2 466.1
100 61.99437 646.1 650.0

Figure 6-2 Minimum CSCS Flow at Adjusted Design Fouling

700.000 _ -

600.000 _ -- --

500.000 .- *jI . _ _ _ _ _ _ _ _ _ _

I I

0L
400.000 __ ___

300.000 It

I

35 40 45 50 55 60 65 70 75 80 85 90 95 100

CSCS Inlet Temperature (*F)
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7.0 CONCLUSION

7.1. PROTO-HX TIf MODEL

The HPCS Jacket Water Cooler model was developed using PROTO-HXTM, Version
3.02. The model was benchmarked to the vendor data sheet. The benchmark model
correlation to the vendor data sheet heat rate is 2.68 %. The benchmark model is for
reference only based on the non-conservative approximation of heat exchanger effective
area as discussed in Section 3.2 and Assumption 5.1. Calculations performed with the
HPCS Jacket Water Cooler model are to use the effective area developed in Section 3.2.

This model should be considered suitable for use in the analysis of thermal performance
test data.

The model database is saved under file name dg0lb.phx, with a file size of 864 KB, and a
file date and time of 6/26/98 at 11:25:36 AM. The saved database is set up to run the
Reference Conditions with design fouling factor selected, the design fouling factor is a
shell-side fouling of 0.002782. The database file is included as Attachment F.

7.2. HEAT EXCHANGER FOULING FACTOR LIMIT

For the HPCS Diesel Generator Jacket Water Cooler to provide adequate heat removal at
the specified LaSalle Station Reference Conditions the overall fouling factor must be
equal to or less than 0.002732 hr ft2 0F/Btu. This overall fouling factor is broken down
into a 0.001932 and 0.0005 hr ft2 OF/Btu for the tube-side and shell-side fouling factors
respectively and entered in the model as the design fouling factors.

7.3. FOULING SENSITIVITY

Given a constant shell-side fouling at the model design value, the sensitivity of the jacket
water cooler to tube-side fouling effects is shown on Figure 6-1.

7.4. THERMAL MARGIN ASSESSMENT

The clean and service available thermal margins are 97.69 % and 0.01 % respectively.

7.5. MINIMUM SERVICE WATER FLOW RATE

As shown in Figure 6-2 the service water flow can be throttled down to account for lower
service water inlet temperature conditions. The heat exchanger can remove the design
heat load for the diesel at 100% rated power, 7,800,000 BTU/hr, by reducing service
water flow rates as the service water temperature decreases.
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LSCS-UFSAR

9.2 WATER SYSTEMS

The auxiliary water systems for the LaSalle County Station are as follows:

a. CSCS equipment cooling water system,

b. station service water system,

c. reactor building closed cooling water system,

d. demineralized water makeup system,

e. potable and sanitary water system,

f. ultimate heat sink,

g. cycled condensate system and refueling water storage facilities,

h. turbine building closed cooling water system (TBCCWS),

i. primary containment chilled water system,

j. station heat recovery system,

k. suppression pool cleanup system, and

1. chemical feed system.

9.2.1 CSCS Ecruipment Cooling Water System

The function of the core standby cooling system-equipment cooling water system
(CSCS-ECWS) is to circulate lake water from the ultimate heat sink for cooling
of the residual heat removal (RHR) heat exchangers, diesel-generator coolers,
CSCS cubicle area cooling coils, RHR pump seal coolers, and low-pressure core
spray (LPCS) pump motor cooling coils. This system also provides a source of
emergency makeup water for fuel pool cooling and also provides containment
flooding water for post-accident recovery. This CSCS-ECWS system is
equivalent in purpose to the essential service water cooling systems at other
stations.

9.2.1.1 Desian Bases

9.2.1.1.1 Safety Design Bases

a. The system is sized based on the following minimum equipment
cooling water flow requirements:

1. RHR heat exchanger - 7400 gpm

2. diesel-generator cooler (division 1 and 2 only) - 800 gpm

3. diesel-generator cooler (division 3) - 650 gpm

Proto-Power Ca~c: 97-197
Attachment: B
Rev: A Page 2 of 5
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9.5.4.5 Instrumentation and Controls

Fuel levels in each day tank and storage tank are indicated
locally, and storage tank levels are also indicated at each
storage tank filling station h. C oo -- annunciate -I
high or low levels in each day tank and low level in each storage
tank. All day tank level instruments and diesel-generator
transfer pump controls are Seismic Category I and Class 1E. A
local pressure indicator is connected to the discharge of each
transfer pump to monitor pump discharge head. A local
differential pressure indicator is connected across the transfer
pump suction strainer to identify a clogged strainer.

Each diesel engine gauge panel includes local gauges for
monitoring the following diesel-gene'rator skid-mounted system
fuel oil parameters: fuel oil temperature, fuel pump suction
strainer inlet and outlet pressure (Divisions 1 and 2 diesel
generators only), fuel pump discharge pressure, fuel filter inlet
pressure, and fuel filter outlet pressures (for the Division 3
diesel generators, filter inlet and outlet pressure gauges-are
mounted on the engine and not on the gauge panel). In addition,
pressure switches are installed in the skid-mounted systems to
annunciate high fuel filter differential pressure for the
Divisions I and 2 diesel generators and low fuel pump discharge
pressure for the Division 3 diesel generators. The entire skid-
mounted fuel oil system, including instrumentation, is supplied
by the engine manufacturer as a part of the diesel engine.

Each diesel-generator fuel transfer pump is started and stopped
automatically by day tank level control switches. The diesel
fire pump fuel transfer pump is started manually; however, it is
automatically shut down by day tank high level. Elapsed time
instrumentation monitors diesel-generator transfer pump running
time and, when the diesel engine is operating, pump shutdown
time. This instrumentation actuates control room alarm lights if
pump running time is excessive or shutdown time is too short to
permit remote detection of possible fuel oil leaks at the day
tank or diesel generator.

9.5.5 Diesel-Generator Cooling Water System

The function of the diesel-generator cooling water system is to
transfer the heat rejected from the engine water jacket, the lube
oil cooler and the engine air aftercooler to the CSCS equipment
cooling water system (CSCS-ECWS).

9.5.5.1 Design Bases

9.5.5.1.1 Safety Design Bases 0

SCooling capacity of this system is based on a diesel-generator
output of 2860 kW with an environmental temperature of 1220 F
maximum and a minimum and maximum lake water temperature of 320 F
and 1000 F, respectively. Total heat transfer by this system is

o99.5-34 REV. 0 - APRIL 1984
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approximately 7.8 x 106 Btu/hr per diesel-generator set at rated
•,ii1engine capacity. The diesel cooling water heat exchangers are

O~sized based on operation of 110% of rated load.

High water temperatiue is alarmed at 2000 F and the engine is
automatically shut down if the cooling water temperature at the
engine outlet exceeds 2080 F in order to prevent engine damage
due to overheating. This shutdown control is in effect only when
the engine is started manually and bypassed when the diesel
generator is started automatically during an emergency.

Heaters are installed in the cooling water piping below the lube
oil cooler to maintain the engine water and lube oil in a warm
standby condition while the engine is not operating; thus
increasing the starting reliability of the diesel generator.
Natural convection is employed to circulate the warm engine water
through the lube oil cooler during standby.

Each system is designed based on Seismic Category I requirements
and is protected from tornadoes, missiles, and flooding.

9.5.5.1.2 Power Generation Design Bases

The diesel-generator cooling water system is not required during
power generation. Consequently, it possesses no power generation
design bases.

9.5.5.2 System Description

Each diesel-generator cooling water system is a separate,
independent closed loop system supplied with the diesel generator
and located entirely on the diesel-generator skid. It consists
of two parallel engine driven centrifugal circulating pumps, a
low-pressure expansion tank, an AMOT temperature regulating
valve, a lube oil cooler, and the engine cooling water heat
exchanger. The expansion tank is fitted with a 7 psig relief cap
which also will relieve vacuum. Engine coolant is demineralized
water treated with chromate, borate-nitrite, or silicate-nitrite
type corrosion inhibitors in accordance with the engine
manufacturer's recommendations.

During operation, cooling water at a flow of 1100 gpm per diesel-
generator set is circulated by the engine driven pumps through
the diesel engine cooling water passages to the lube oil cooler,
through the temperature regulating valve, and then to the engine
cooling water heat exchanger. See Figure 9.5-5 for additional
details.

The engine cooling water heat exchanger is a two-pass shell and 0 0
tube type heat exchanger having admiralty tubes with a carbon T
steel water box and shell. Engine cooling water is circulated
through the shell side while strained lake water is pumped U M
through the tube side by the CSCS-ECWS (Subsection 9.2.1). -
Design pressure and temperature is 150 psig and 3000 F for both 0

0 0-
9.5-35 REV. 0 - APRIL 1984 0



LSCS-FSAR AMENDMENT 29
JANUARY 1978

QUESTION 040.92

"In response to Question 040.16 you have provided in
section 9.5.5.1.1 a total diesel generator cooling
water heat rate of approximately 6.15 million Btu/hr.
This heat is rejected in the heat exchanger interfacing
with CSCS equipment cooling water system when the diesel
generator is operating at rated capacity. Also, in
section 9.5.5.2 you mention that the cooling waterflow
rate in the diesel engine is 1,100 gpm. It is not
clear whether these heat and flow rates are for the
total five diesel generators or for a single diesel
generator. Please provide the heat and flow rates
for each of the five diesel generators. In addition,
also provide the design temperature differential((OF)
for each diesel engine cooling water when operating at
rated capacity."

RESPONSE

SThe design conditions for each diesel-generator cooling
water system are:

• Shell side flow 1100 gpm

i Design shell side inlet
temperature 1900-F.

Shell side outlet
temperature 175a- F.

Tube side design flow 800 gpm

Tube side inlet
temperature 1000 F

Tube side outlet
temperature 1220 F

ChHeat exchanger design
eat removal 8.6 x 106 btu/hr

Diesel-generator set 6
cooling requirement 7.8 x 10 btu/hr

(The value of 6.15 x 106 btu/hr heat removal specified
in Subsegtion 9.5.5.1.1 has been corrected to read
7.8 x 10 btu/hr in accordance with the above data).

Proto-Power Caic: 97-197
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15:41:55 P ROTO-LX 3.02 by Proto-Power Corporation (SN#PIIX-0000)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
Vendor Data - BENCHMARK

06/26/98

Shell and Tube Heat Exchanger Input Parameters

V iidQ antiTy, gTpa- .........• m ---- ....
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff(BTU/hr-ftt2 .F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type @
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Shell-Side Tube-Side
-106474 .795-.2-5--

190.00 100.00 '
175.00 121.00 -P A

0.00050 0.00200

Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
~~~0.00 j¢tOP

ý07D- fly,. CALC U OP 00
4 CO T M- 14 C O IJ 1.I T I O A I T E M A -E . - D A T A 5 O C E '

482.00 ALUG

1.001961568

1
0.438000000

5.600
0.7500

Triangular

Number of Tube Passes 2
U-Tubes No
Total Number of Tubes 420
Number of Active Tubes 420
Tube Length (ft) 7.00
Tube Inside Diameter (in) 0.541
Tube Outside Diameter (in) 0.625
Tube Wall Conductivity (BTU/hr-ft.°F) 58.00

Ds, Shell Inside Diameter (in) 0.000
Lbc, Central Baffle Spacing (in) 0.000
Lbi, Inlet Baffle Spacing (in) 19.688
Lbo, Outlet Baffle Spacing (in) 19.688
Dotl, Tube circle diameter (in) 0.000
Bh, Baffle cut height (in) 0.000
Lsb, Diametral difference between Baffle and Shell (in) 0.000
Ltb, Diametral difference between Tube and Baffle (in) 0.000
Nss, Number Sealing Strips 0.000

Proto-Power Calc: 97-197
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Rev: A Page 2 of 13
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Commonvealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
Vendor Data - BENCHMARK

06/26/98

I.

Cjalculation Specitications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

795.3
1,064.5

100.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr.ft2 .°F)

Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2 .°F)
Tube-Side hi (BTU/hr-ft2.°F)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft 2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2 )

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (°F)
Density (lbm/ft3 ) Tube Temp Out (OF)
Cp (BTU/lbm'°F) Tav Tube (°F)
K (BTU/hr'ft-°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5

C01nP4Rj O• 3.978E+5

q/•1q 54/•P ] .277E+6]

71.8
482.0

Overall Fouling (hr'fta'°F/BTU)
Shell-Side ho (BTU/hr-ft20'F)
Tube-Side hi (BTU/hr-ft2.-F)
I/Wall Resis (BTU/hr.ft2.°F)

LMTD Correction Factor

0.002811
1,889.7
1,576.5

15,431.0
0.9895

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm'°F)
K (BTU/hr-ft.°F)

Shell-Side
5.58

7.707E+04
2.13
0.82
0.88

60.53
1.00
0.39

Tube-Side

5.33
3.620E+04

4.03
1.48
1.31

61.85
1.00
0.37

U Overall (BTU/hr-ft2.°F)

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (fF)

Proto-Power Calc: 97-197
Attachment: C
Rev: A Page 3 of 13

241.7

190.0
174.5
182.2
173.1
100.0
120.8
110.4
123.1

** Reynolds Number Outside Range of Equation Applicability
1! With Minimum Fouling The Test Heat Load Could Not Be Achie



16:18:54 PROTO-HX 3.02 by Proto-Power Corporation (SN#PtHX-0000)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
Design Conditions - Adjusted Eff. Area

06/26/98

Shell and Tube Heat Exchanger Input Parameters

Shell-Side
Flii 0-Q-uTiaq f-, Trt-al ... .. p_-n ...... . I_,G064T.46-- --------
Inlet Temperature OF 190.00
Outlet Temperature OF 175.00
Fouling Factor 0.00050
Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr'ft2 "F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ftA2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Tube-Side

..-- 7972-5-
100.00
121.00

0.00200

Fresh Water

Fresh Water
8,505,000

241.70
0.633693000

0.00 CALCuLATE.0

TEMA-E /•• t~io SE.3.,
[468. 17

0.973212339

1
0.438000000

5.600
0.7500

Triangular

Number of Tube Passes 2
U-Tubes No
Total Number of Tubes 420
Number of Active Tubes 420
Tube Length (ft) 7.00
Tube Inside Diameter (in) 0.541
Tube Outside Diameter (in) 0.625
Tube Wall Conductivity (BTU/hr'ft.°F) 58.00

Ds, Shell Inside Diameter (in) 0.000
Lbc, Central Baffle Spacing (in) 0.000
Lbi, Inlet Baffle Spacing (in) 19.688
Lbo, Outlet Baffle Spacing (in) 19.688
Dotl, Tube circle diameter (in) 0.000
Bh, Baffle cut height (in) 0.000
Lsb, Diametral difference between Baffle and Shell (in) 0.000
Ltb, Diametral difference between Tube and Baffle (in) 0.000
Nss, Number Sealing Strips 0.000

Proto-Power Calc: 97-197
Attachment: C
Rev: A Page 4 of 13



16:18:54 PROTO-HIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report, for DGOIB - LSCS - HPCS DG Hx.
Design Conditions - Adjusted Eff. Area

06/26/98

I. .1
Calculation Speciications II

Iw I
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

795.3
1,064.5

100.0
190.0

IF Fouling Calculation Results

Shell Mass Flow (Ibrn/lh) U Overall (BTU/hr-ft2 .F)
Tube Mass Flow (Ibm/hi) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr'ft2 '°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTUJ/hr-ft2-.F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr'ft2"°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (IF)
Bulk Vise (lbm/ft-hr) Shell Skin Temp (°F)
Skin Vise (lbm/ft-hr) Tube Temp In (IF)
Density (lbm/ft3 ) Tube Temp Out (°F)
Cp (BTUilbm 0'F) Tav Tube (°F)
K (BTU/hr'ft'°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm./ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/lbm 0 F)
K (BTU/hrft°F)

Shell-Side

5.58
7.717E+04

2.13
0.82
0.87

60.52
1.00
0.399

5.325E+5
3.978E+5

8.089E+6
72.2

468.2

Tube-Side

5.33
3.612E+04

4.04
1.48
1.31

61.86
1.00
0.37

U Overall (BTU/hr-ft2.°F)

Shell Temp In (OF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav Tube (OF)
Tube Skin Temp (IF)

Proto-Power Calc: 97-197
Attachment: C
Rev: A Page 5 of 13

241.7

190.0
174.8
182.4
173.2
100.0
120.4
110.2
123.0

Overall Fouling (hr-ft2"°F/BTU)
Shell-Side ho (BTUfhr'ft2 .°F)
Tube-Side hi (BTU/hrift2-0 F)
I/Wall Resis (BTU/hr-ft2

-°F)

LMTD Correction Factor

0.002811
1,890.3
1,574.7

15,431.0
0.9901

** Reynolds Number Outside Range of Equation Applicability
' With Minimum Fouling The Test Heat Load Could Not Be Achie



10:11:56 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG0IB - LSCS - HPCS DG Hx.
LSCS Reference Cond. Vendor Fouling

06/26/98

Shell and Tube Heat Exchanger Input Parameters I
Shell-Side

Fleit d-TeimpierTure- ---pill p . 19 I-,1o_90-00
Inlet Temperature OF 190.00
Outlet Temperature OF 175.00

Fouling Factor 0.00050

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff(BTU/hr ft2-°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ftA2)
Area Factor
Area Ratio

Tube-Side

100.00
121.00

0.00200

Fresh Water

Fresh Water
8,505,000

241.70
0.616913000

0.00

TEMA-E
468.17

0.973212339

1
0.438000000

5.600
0.7500

Triangular

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hrift.°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
No

420
420

7.00
0.541
0.625
58.00

0.000
0.000

19.688
19.688
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-197
Attachment: C
Rev: A Page 6 of 13



10:11:56 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
LSCS Reference Cond. Vendor Fouling

06/26/98

I. .1

Cralculation Specifications II
itI

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (°F)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (OF)

650.0
1,100.0

100.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2-°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr'ft2"°F)

Tube-Side hi (BTU/hr'ft2-0 F)

Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr'ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hrift2.°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (lbm/ftfhr) Tube Temp In (IF)
Density (lbmr/ft3 ) Tube Temp Out (OF)
Cp (BTU/Ibm 0'F) Tav Tube (IF)
K (BTU/hr-ft."F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft-hr)
Skin Vise (lbrr/ft'hr)
Density (Ibm/ft3 )
Cp (BTU/Ibmc'F)
K (BTU/hr-ft.°F)

Low•R TgUtJ 5.503E+5

.CS eF.• , 3.252E+5

.gui~D. 7.718E+6

Overall Fouling (hr-ft2 -F1BT1U)
Shell-Side ho (BTU/hr ft2 .°F)

Tube-Side hi (BTU/hr-ft2 .F)
1/Wall Resis (BTU/hr-ft2.°F)
LMTD Correction Factor

0.002811
1,880.7
1,354.4

15,431.0
0.9890

Shell-Side

5.77
8.005E+04

2.12
0.82
0.87

60.51
1.00
0.39

Tube-Side

4.36
3.003E+04

3.96
1.46
1.27

61.83
1.00
0.37

U Overall (BTU/hr-ft2 .°F)

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (IF)
Shell Skin Temp (OF)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

Proto-Power Calc: 97-197

234.7

190.0
176.0
183.0
174.1
100.0
123.8
111.9
126.1

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie

Attachment: C
Rev: A Page 7 of 13



21:11:51 PROTO-FIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
Reduced FF to meet LSCS Ref. Cond.

06/26/98

I
Shell and Tube Heat Exchanger Input Parameters Ii1.

FI id-Qi.-iit T6Tur F gpF
Inlet Temperature OF
Outlet Temperature °

Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr'ft20-F)
Emprical Factor for Outside hi
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

;hell-Side Tube-Side
,0-644-6 . 795_2-5-
190.00 100.00 vN,%Oo2 VALUES

175.00 121.00 A .or ' SC .I

0.00050 0.00200 r0LLt-'O3L
________I CALfL*-rtG"-T0)

Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
0.00

TEMA-E
468.17

0.973212339

1
0.438000000

5.600
0.7500

Triangular

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (fi)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft.°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Doti, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
No

420
420

7.00
0.541
0.625
58.00

0.000
0.000

19.688
19.688
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-197
Attachment: C
Rev: A Page 8 of 13



21:11:51 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHIX-0000)
Commonwealth Edison

Calculation Report for DGO1B - LSCS - HPCS DG Hx.
Reduced FF to meet LSCS Ref. Cond.

06/26/98

'I
Calculation Specifications IIII

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

I Fouling Was Input by User]- Fou,,,G"/i:'AcTop R) U Ce D

Extrapolation Data

'RCA c14C-D

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (°F)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (°F)

646.1
1,064.5

100.0
190.0

0.002732Input Fouling Factor

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft'°0 F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr'ft2 "°F)

Tube-Side hi (BTU/hr'ftt'°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr'ft2 "°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr.ft'2"F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (°F)
Skin Visc (lbm/fthr) Tube Temp In (°F)
Density (Ibm/fe) Tube Temp Out (°F)
Cp (BTU/Ibm-°F) Tav Tube (°F)
K (BTU/hr'ft-°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft'hr)
Density (lbm/ft3 )
Cp (BTU/1bm 0'F)
K (BTU/hr-ft'°F)

5.325E+5
3.232E+5

7.801.E+6/./o r"•'•'c• 70.5
468.2

Overall Fouling (hr.ft2 °F/BTU) 0.002732
Shell-Side ho (BTU/hr'ft2-IF) " 1,892.1
Tube-Side hi (BTU/hrW'f"F) AJ)3"U!T" 1,349.8
I/Wall Resis (BTU/hr'ft2 "F) O PlI-L..- 15,431.0
LMTD Correction Factor ixLI tic'" 0.9881rFqCT
U Overall (BTU/hr ft2

.OF) 239.2
Shell-Side

5.58
7.731 E+04

2.13
0.82
0.87

60.52
1.00
0.39

Tube-Side
4.33

2.991 E+04
3.95
1.45
1.27

61.83
1.00
0.37

Shell Temp In (°F) 190.0
Shell Temp Out (°F) 175.4
Tav Shell (IF) 182.7
Shell Skin Temp (OF) 173.8
Tube Temp In (IF) 100.0
Tube Temp Out (OF) 124.2
Tav Tube (°F) 112.1
Tube Skin Temp (OF) 126.5

Proto-Power Calc: 97-197
Attachment: C
Rev: A Page 9 of 13

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



21:09:55 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
LSCS Ref. Condition - FINAL MODEL

06/26/98

Shell and Tube Heat Exchanger Input Parameters II
I. '

Shell-Side
Fluiid Qiiaiiiitiy-, T6t-a.1 ....... - il06• .46 .
Inlet Temperature OF 190.00
Outlet Temperature OF 175.00
Fouling Factor 0.00050

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/Ihr)
Design Heat Trans Coeff (BTU/hr'ft2 "°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft"2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dotl, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

Tube-Side
. 795_25.

100.00 RetuCD- ?
121.00 ,7'1E-5$IDC

0.00193 F- ()-

Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
0.00 , M01 -

TEMA-E 0

0.973212339

1
0.438000000

5.600
0.7500

Triangular

2
No

420
420

7.00
0.541
0.625
58.00

0.000
0.000

19.688
19.688
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-197
Attachment: C
Rev: A Page 10 of 13



21:09:55 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIIX-0000) 06/26/98

Commonwealth Edison
Calculation Report for DG01B - LSCS - HPCS DG Hx.

LSCS Ref. Condition - FINAL MODEL

Calculation Specitications II
I.

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

; 'U1; r I 1,.,k 11'.L

IL-' ' - L . 1ý2 .1 - - ., I

INCLWr)ES Re C-vC6R•)9 6`SoD- •oLIo,
Extrapolation DataTest Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

646.1
1,064.5

100.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr.ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2 .°F)

Tube-Side hi (BTU/hr.wft 2-F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/ir ft2-OF)
LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr-ft2 .°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (OF)
Density (Ibm/ft') Tube Temp Out (IF)
Cp (BTU/Ibm 0'F) Tav Tube (IF)
K (BTU/hr.ft-°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

5.325E+5
3.232E+5

7.801E+6
70.5

468.2

Overall Fouling (hr ft2-°F/BTU) 0.002732
Shell-Side ho (BTU/hr'ft2"F) 1,892.1
Tube-Side hi (BTU/hr-ft2.- F) DF51 & 1,349.8
I/Wall Resis (BTU/hr-ft2 .°F) 1'AT S0SIV) 15,431.0
LMTD Correction Factor OcU6(2,LL- 0.9881

U Overall (BTU/hr-ft2-OF) ' "/O/( 239.2
Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ftl)
Cp (BTU/Ibm.°F)
K (BTU/hr-ft-°F)

Shell-Side

5.58
7.731 E+04

2.13
0.82
0.87

60.52
1.00
0.39

Tube-Side

4.33
2.991 E+04

3.95
1.45
1.27

61.83
1.00
0.37

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (°F)
Tube Skin Temp (°F)

Proto-Power Caic: 97-197
Attachment: C
Rev: A Page 11 of 13

190.0
175.4
182.7
173.8
100.0
124.2
112.1
126.5

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



10:17:46 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIHX-0000)
Commonwealth Edison

Calculation Report for DGO1B - LSCS - HPCS DG Hx.
CLEAN - FINAL MODEL

06/26/98

Shell and Tube Heat Exchanger Input Parameters

Shell-Side Tub

II

Fluid Quantity, Tht-aT .. g.p.m1
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor
Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff (BTU/hr'ft '°F)
Emprical Factor for Outside h
Performance Factor (% Reduction)

-1V,064.46 .. . .__.7
190.00 1
175.00 1

0.00050 0.'

--Side
!95725--

00.00
21.00
00193

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Fresh Water

Fresh Water
8,505,000

241.70
0.633693000

0.00

TEMA-E
468.17

0.973212339

1

0.438000000
5.600

0.7500
Triangular

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (fit)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr.ft.°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Dot], Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
No

420
420

7.00
0.541
0.625
58.00

0.000
0.000

19.688
19.688
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-197
Attachment: C
Rev: A Page 12 of 13



10:17:46 PROTO-IIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CLEAN - FINAL MODEL

06/26/98

Calculation Specifications 11
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by Oser. 0 F0(ji,& FQ0iZ ",CLCAN"

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (OF)

Input Fouling Factor

646.1
1,064.5

100.0
190.0

0.000000

Fouling Calculation Results

Shell Mass Flow (Ibm/hir) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft 2

.
0 F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hruft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/ft-hr) Tube Temp In (IF)
Density (lbm/ft3 ) Tube Temp Out (IF)
Cp (BTU/Ibm-'F) Tav Tube (IF)
K (BTU/hr'ft.0 F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

5.325E+5
lylgifIIUt 3.232E+5

51.1
468.2

Overall Fouling (hr-ft2.°F/BTU
Shell-Side ho (BTU/hrlft2-°F)
Tube-Side hi (BTU/hrbft2 .0 F)
I/Wall Resis (BTU/hr-ft2 .°F)
LMTD Correction Factor

0.000000
1,839.7
1,455.3

15,431.0
0.9039

Property Shell-Side

Velocity (hf/s) 5.57
Reynold's Number 7.363E+04
Prandtl Number 2.24
Bulk Visc (Ibm/ft-hr) 0.86
Skin Visc (lbm/ft'hr) 1.00
Density (lbm/ft3 ) 60.67
Cp (BTU/Ibm-'F) 1.00
K (BTU/hr ft0'F) 0.39

Tube-Side

4.34
3.347E+04

3.49
1.30
1.01

61.65
1.00
0.37

U Overall (BTU/hr ft2 .°F)

Shell Temp In (IF)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Ter (°F)

Proto-Power Cabc: 97-197

Attachment: C
Rev: A Page 13 of 13

713.2

190.0
161.1
175.5
155.5
100.0
147.8
123.9
153.1

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie
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21:09:55 PROTO-IIX 3.02 by Proto-Power Corporation (SN#PIHX-0000)
Commonwealth Edison

Calculation Report for DGO1B - LSCS - HPCS DG Hx.
LSCS Ref. Condition - FINAL MODEL

06/26/98

I

Shell and Tube Heat Exchanger Input Parameters 1111

FIii-QiYidWl-tfyi-TT6t . .. p.
Inlet Temperature OF
Outlet Temperature OF
Fouling Factor

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff(BTU/hr'ft2"°F
Emprical Factor for Outside h
Performance Factor (% Reduction)

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Shell-Side Tube-Side
- 170-6-4746- ........ . .79-5-.2-5 --

190.00 100.00
175.00 121.00

0.00050 0.00193
Fresh Water
Fresh Water

8,505,000
) 241.70

0.633693000
0.00

TEMA-E
468.17

0.973212339

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

1
0.438000000

5.600
0.7500

Triangular

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft-.F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Doti, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
No

420
420

7.00
0.541
0.625
58.00

0.000
0.000

19.688
19.688
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-197
Attachment: D
Rev: A Page 2 of 7



09:18:47 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
Tube--side Fouling = 0.0000

06/26/98

Calculation Specitications II
I.l

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

- "Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

646.1
1,064.5

100.0
190.0

0.000500

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr.ft2 .F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hrlft2..F)

Tube-Side hi (BTU/hr ft2 -OF)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-ft2--F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr'fte.OF/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (IF)
Bulk Vise (lbm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/ft-hr) Tube Temp In (IF)
Density (lbm/ft3 ) Tube Temp Out (OF)
Cp (BTU/Ibm 0'F) Tav Tube (IF)
K (BTU/hr-ft."F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property Shell-Side

Velocity (ft/s) 5.57
Reynold's Number 7.47 1E+04
Prandtl Number 2.20
Bulk Visc (lbm/ft.hr) 0.85
Skin Visc (lbm/ft-hr) 0.95
Density (Ibm/ftl) 60.63
Cp (BTU/lbm.°F) 1.00
K (BTU/hr'ft.°F) 0.39

5.325E+5
3.232E+5

1.316E+7
56.9

468.2

Tube-Side

4.34
3.240E+04

3.62
1.34
1.09

61.71
1.00
0.37

Overall Fouling (hr-ft2-°F/BTU)
Shell-Side ho (BTU/hr-ft2"°F)
Tube-Side hi (BTU/hr-ft2

.
0 F)

I/Wall Resis (BTU/hr-ft2
.°F)

LMTD Correction Factor

U Overall (BTU/hr ft2
.°F)

Shell Temp In (IF)
Shell Temp Out (OF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (IF)
Tube Temp Out (IF)
Tav rube (IF)
Tube Skin TempF)

Proto-Power Calc: 97-197
Attachment: D
Rev: A Page 3 of 7

0.000500
1,856.7
1,423.4

15,431.0
0.9458

522.2

190.0
165.3
177.7
161.6
100.0
140.8
120.4
144.7

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat. Load Could Not Be Achie



09:19:59 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHlX-0000)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
Tube--side Fouling = 0.0005

06/26/98

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data

Data Date Tube Flow (gpm) 646.1
Shell Flow (gpm) Shell Flow (gpm) 1,064.5
Shell Temp In (IF) Tube Inlet Temp (IF) 100.0
Shell Temp Out (IF) Shell Inlet Temp (IF) 190.0
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (OF) Input Fouling Factor 0.001078

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr ft2 _-F)

Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2 0.F)
Tube-Side hi (BTU/hr ft

2 .F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2 '-F)
LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr-ft2 .F/BTU)

Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (°F)
Skin Visc (Ibm/ft-hr) Tube Temp In (IF)
Density (Ibrn/ft) Tube Temp Out (IF)
Cp (BTU/lbm0'F) Tav Tube (IF)
K (BTU/hr-ft-0 F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbmr/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property Shell-Side

Velocity (ft/s) 5.57
Reynold's Number 7.566E+04
Prandtl Number 2.18
Bulk Visc (lbm/ft-hr) 0.84
Skin Visc (lbm/ft-hr) 0.92
Density (Ibrn/ft') 60.59
Cp (BTU/Ibm 0'F) 1.00
K (BTU/hr.ft0'F) 0.39

5.325E+5
3.232E+5

1. 12E+7
61.9

468.2

Tube-Side

4.34
3.148E+04

3.74
1.38
1.15

61.75
1.00
0.37

Overall Fouling (hr-ft2-°F/BTU)
Shell-Side ho (BTU/hr'ft2 '°F)
Tube-Side hi (BTU/hr.ft2.OF)

1/Wall Resis (BTU/hrft2 0-IF)

LMTD Correction Factor

0.001078
1,870.2
1,396.4

15,431.0
0.9675

U Overall (BTU/hr-ft2.°F)

Shell Temp In (°F)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (OF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin TWOWEPo ower Calc: 97-197

Attachment: D
Rev: A Page 4 of 7

399.2

190.0
169.0
179.5
166.2
100.0
134.7
117.3
137.9

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



09:20:56

0 1

PROTO-HIX 3.02 by Proto-Power Corporation (SN#PIIX-0000)
Commonwealth Edison

Calculation Report for DGO1B - LSCS - HPCS DG Hx.
Tube--side Fouling = 0.00 10

06/26/98

Calculation Specifications II
,I

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

646.1
1,064.5

100.0
190.0

0.001655

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2 .°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2.°F)

Tube-Side hi (BTU/hr-ft2 -°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft-°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2 -°F/BTU)

Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (Ibm/ft hr) Shell Skin Temp (IF)
Skin Visc (lbm/ft-hr) Tube Temp In (IF)
Density (Ibm/ft3 ) Tube Temp Out (IF)
Cp (BTU/Ibm-0 F) Tav Tube (IF)
K (BTU/hr'ft'°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property Shell-Side
Velocity (ft/s) 5.58
Reynold's Number 7.637E+04
Prandtl Number 2.15
Bulk Visc (brrm/ft-hr) 0.83
Skin Visc (lbm/ft-hr) 0.90
Density (lbmlft') 60.56
Cp (BTU/lbm.°F) 1.00
K (BTU/hr.ft.°F) 0.39

5.325E+5
3.232E+5

9.727E+6
65.6

468.2

Tube-Side

4.34
3.080E+04

3.83
1.41
1.20

61.79
1.00
0.37

Overall Fouling (hr ft2 .°F/BTU)
Shell-Side ho (BTU/hr-ft2 -F)
Tube-Side hi (BTU/hr-ft2'°F)
I/Wall Resis (BTU/hr.ft2 F)
LMTD Correction Factor

U Overall (BTU/hr-ft2 -°F)

Shell Temp In (OF)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (fF)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin rm A-ower Calc: 97-197

Attachment: D
Rev: A Page 5 of 7

0.001655
1,879.8
1,376.2

15,431.0
0.9784

323.5

190.0
171.8
180.9
169.6
100.0
130.1
115.1
132.9

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



09:21:56 PROTO-IIX 3.02 by Proto-Power Corporation (SN#IIPX-0000)
Commonwealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
Tube--side Fouling = 0.00 15

06/26/98

Calculation Specitications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data Extrapolation Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (IF)

Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

646.1
1,064.5

100.0
190.0

0.002233

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2 .'F)

Tube-Side hi (BTU/hr-ft2 -.F)
Heat Transferred (BTUihr) I/Wall Resis (BTU/lhr-ft2

-OF)

LMTD LMTD Correction Factor
Effective Area (ft2 )

Overall Fouling (hr-ft2
.°F/BTU)

Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft-hr) Tube Temp In (OF)
Density (lbm/ft') Tube Temp Out (°F)
Cp (BTU/Ibm.°F) Tav Tube (OF)
K (BTU/hrxft-°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property Shell-Side

Velocity (ft/s) 5.58
Reynold's Number 7.692E+04
Prandtl Number 2.14
Bulk Visc (lbm/ft-hr) 0.82
Skin Visc (Ibm/ft-hr) 0.88
Density (Ibm/ft 3) 60.53
Cp (BTU/lbm.°F) 1.00
K (BTU/hr-ft0'F) 0.39

5.325E+5
3.232E+5

8.59E+6
68.5

468.2

Overall Fouling (hr'ft2
."F/BTU)

Shell-Side ho (BTU/hr'ft21-F)
Tube-Side hi (BTU/hr-ft2 .0 F)
I[Wall Resis (BTU/hr ft2-°F)
LMTD Correction Factor

0.002233
1,887.1
1,360.6

15,431.0
0.9847

Tube-Side

4.33
3.027E+04

3.90
1.44
1.24

61.81
1.00
0.37

U Overall (BTU/hr.ft20.F)

Shell Temp In (IF)
Shell Temp Out (IF)
Tav Shell (°F)
Shell Skin Temp (OF)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Ski$Temp.,0•F)roto-uower Calc: 97-197

Attachment: D
Rev: A Page 6 of 7

272.0

190.0
173.9
182.0
172.1
100.0
126.6
113.3
129.2

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



09:22:56 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIX-0000)
Commonwealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
Tube--side Fouling = 0.001932 (LIMIT)

06/26/98

Calculation Specifications II
- III

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

Input Fouling Factor

646.1
1,064.5

100.0
190.0

0.002732

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr'ft2t 'F)

Tube-Side hi (BTU/hr-ft2.OF)
Heat Transferred (BTU/hr) l/Wall Resis (BTU/lhrft2

.°F)

LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.F/BTU)

Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (OF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (IF)
Skin Visc (Ibm/ft hr) Tube Temp In (IF)
Density (lbm/ft3 ) Tube Temp Out (°F)
Cp (BTU/Ibm.°F) Tav Tube (IF)
K (BTU/hr-ft-°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property Shell-Side
Velocity (ft/s) 5.58
Reynold's Number 7.731 E+04
Prandtl Number 2.13
Bulk Visc (lbm/ft-hr) 0.82
Skin Visc (Ibm/ft-hr) 0.87
Density (Ibm/ft3 ) 60.52
Cp (BTU/lbm-nF) 1.00
K (BTU/hr-ft.°F) 0.39

5.325E+5
3.232E+5

7.801 E+6
70.5

468.2

Tube-Side

4.33
2.991 E+04

3.95
1.45
1.27

61.83
1.00
0.37

Overall Fouling (hr-ft2--F/BTU)
Shell-Side ho (BTU/hr.ft2-OF)
Tube-Side hi (BTU/hr-ft2 -OF)
I/Wall Resis (BTU/hr.ft2 -F)
LMTD Correction Factor

0.002732
1,892.1
1,349.8

15,431.0
0.9881

U Overall (BTU/hr.ft2 .°F)

Shell Temp In (°F)
Shell Temp Out (IF)
Tav Shell (IF)
Shell Skin Temp (fF)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin T _ff ower Cabc: 97-197

Attachment: D
Rev: A Page 7 of 7

239.2

190.0
175.4
182.7
173.8
100.0
124.2
112.1
126.5

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie
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21:09:55 PROTO-HX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
LSCS Ref. Condition - FINAL MODEL

06/26/98

Shell and Tube Heat Exchanger Input Parameters 11
1.

Shell-Side

Inlet Temperature OF 190.00
Outlet Temperature OF 175.00
Fouling Factor 0.00050

Shell Fluid Name
Tube Fluid Name
Design Heat Transfer (BTU/hr)
Design Heat Trans Coeff(BTU/hr-ft2-°F)

Emprical Factor for Outside h
Performance Factor (% Reduction)

Tube-Side
......... -79572-5 -

100.00
121.00

0.00193
Fresh Water
Fresh Water

8,505,000
241.70

0.633693000
0.00

TEMA-E
468.17

0.973212339

1
0.438000000

5.600
0.7500

Triangular

Heat Exchanger Type
Effective Area (ft^2)
Area Factor
Area Ratio

Number of Shells per Unit
Shell Minimum Area
Shell Velocity (ft/s)
Tube Pitch (in)
Tube Pitch Type

Number of Tube Passes
U-Tubes
Total Number of Tubes
Number of Active Tubes
Tube Length (ft)
Tube Inside Diameter (in)
Tube Outside Diameter (in)
Tube Wall Conductivity (BTU/hr-ft.'F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Spacing (in)
Lbi, Inlet Baffle Spacing (in)
Lbo, Outlet Baffle Spacing (in)
Doti, Tube circle diameter (in)
Bh, Baffle cut height (in)
Lsb, Diametral difference between Baffle and Shell (in)
Ltb, Diametral difference between Tube and Baffle (in)
Nss, Number Sealing Strips

2
No

420
420
7.00

0.541
0.625
58.00

0.000
0.000

19.688
19.688
0.000
0.000
0.000
0.000
0.000

Proto-Power Calc: 97-197
Attachment: E
Rev: A Page 2 of 10



22:25:58 PROTO-IHX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DG0IB - LSCS - HPCS DG Hx.
CSCS=350F

06/26/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (°F)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (IF)

202.4
1,064.5

35.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr.-ft2 °F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr'ft2.°F)

Tube-Side hi (BTU/hr-ft2-OF)
Heat Transferred (BTU/hr) 1/Wall Resis (BTUJ/hr.ft2.°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-Wf.°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (IF)
Skin Visc (lbm/ftrhr) Tube Temp In (IF)
Density (Ibm/ftr) Tube Temp Out (°F)
Cp (BTU/Ibm.°F) Tav Tube (°F)
K (BTU/hrlft-°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property Shell-Side
Velocity (ft/s) 5.58
Reynold's Number 7.731 E+04
Prandtl Number 2.13
Bulk Visc (Ibm/ft-hr) 0.82
Skin Visc (lbmlft-hr) 0.87
Density (Ibm/fl3 ) 60.52
Cp (BTU/Ibm-'F) 1.00
K (BTU/hr.ft.°F) 0.39

5.325E+5
1.0 12E+5

7.8E+6
106.1
468.2

Tube-Side

1.35
6.04 1E+03

6.41
2.25
1.29

62.27
1.00
0.35

Overall Fouling (hr-ft'-°F/BTU)
Shell-Side ho (BTU/hr-ft2-°F)
Tube-Side hi (BTU/hr.ft2.°F)
1/Wall Resis (BTU/hr-ft2

.°F)

LMTD Correction Factor

0.002732
1,891.5

393.5
15,431.0

0.9829

U Overall (BTU/hr ft2.°F)

Shell Temp In (°F)
Shell Temp Out (IF)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (°F)
Tube Skin Temp (°F)

Proto-Power Calc: 97-197
Attachment: E
Rev: A Page 3 of 10

159.7

190.0
175.4
182.7
173.5
35.0

112.0
73.5

124.7

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



22:22:16 PROTO-ntX 3.02 by Proto-Power Corporation (SNaPHX-s000)
Commonwealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
CSCS=40'F

06/26/98

I. .1
Calculation Specifications II

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (°F)
Shell Temp Out ('F)
Tube Flow (gpm)
Tube Temp In (fF)
Tube Temp Out (°F)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (OF)
Shell Inlet Temp (OF)

209.1
1,064.5

40.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbmlhr) U Overall (BTU/hr ft2 .
0 F)

Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr ft 2
.°F)

Tube-Side hi (BTU/hr-ft2'°F)

Heat Transferred (BTU/hr) i/Wall Resis (BTUfhrft2 .°F)
LMTD LMTD Correction Factor
Effective Area (ft')

Overall Fouling (hr-ft2 .°F/BTU)

Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbm/ft'hr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (°F)
Density (lbm/ft3 ) Tube Temp Out (OF)
Cp (BTU/lbm-°F) Tav Tube (°F)
K (BTU/hr'ft-°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft')

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (lbm/ft')
Cp (BTU/Ibm.°F)
K (BTU/hr"ft-°F)

Shell-Side

5.58
7.73 1E+04

2.13
0.82
0.87

60.52
1.00
0.39

5.325E+5
1.046E+5

7.8E+6
102.5
468.2

Tube-Side

1.39
6.552E+03

6.08
2.15
1.29

62.24
1.00
0.35

U Overall (BTU/hr ft2 -F)

Shell Temp In (OF)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (7F)
Tube Temp In (°F)
Tube Temp Out (°F)
Tav Tube (°F)
Tube Skin Temp (°F)

Proto-Power Calc: 97-197
Attachment: E
Rev: A Page 4 of 10

165.5

190.0
175.4
182.7
173.5
40.0

114.6
77.3

124.7

Overall Fouling (hr-ft21-F/BTU)
Shell-Side ho (BTU/hr'ft2 -°F)
Tube-Side hi (BTU/hr-ft2.-F)
I/Wall Resis (BTUfhr.ft2-°F)
LMTD Correction Factor

0.002732
1,891.5

425.1
15,431.0

0.9822

** Reynolds Number Outside Range of Equation Applicability
\With Minimum Fouling The Test Heat Load Could Not Be Achie



22:05:05 PROTO-HX 3.02 by Proto-Power Corporation (SN#PRX-0000)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CSCS=50°F

06/26/98

Calculation Specifications II
I,

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (°F)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (°F)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (OF)

227.4
1,064.5

50.0
190.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr'ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr-ft2.-F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ftt-OF)
LMTD LMTD Correction Factor
Effective Area (ft 2)

Overall Fouling (hr-ft20.F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (IF)
Bulk Vise (lbm/ft-hr) Shell Skin Temp (IF)
Skin Vise (lbrn/ft-hr) Tube Temp In (°F)
Density (Ibm/ft3 ) Tube Temp Out (°F)
Cp (BTU/Ibm'°F) Tav Tube (OF)
K (BTU/hr'ft'°F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3 )
Cp (BTU/Ibm-0 F)
K (BTU/hr'ft°F)

Shell-Side

5.58
7.73 1E+04

2.13
0.82
0.87

60.52
1.00
0.39

5.325E+5
1. 138E+5

7.8E+6
95.9

468.2

Tube-Side

1.52
7.772E+03

5.52
1.97
1.29

62.17
1.00
0.36

U Overall (BTU/hr-ft2 .°F)

Shell Temp In (0F)
Shell Temp Out (fF)
Tav Shell (°F)
Shell Skin Temp (°F)
Tube Temp In (°F)
Tube Temp Out (°F)
Tav Tube (°F)
Tube Skin Temp (°F)

Proto-Power Calc: 97-197
Attachment: E
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177.1

190.0
175.4
182.7
173.5

50.0
118.6
84.3

124.8

Overall Fouling (hr-ft2-°F/BTU)
Shell-Side ho (BTU/hr-ft2 -°F)
Tube-Side hi (BTU/hr-ft2 -IF)

1/Wall Resis (BTU/hr ft2 --F)

LMTD Correction Factor

0.002732
1,891.5

497.6
15,431.0

0.9813

** Reynolds Number Outside Range of Equation Applicability
1! With Minimum Fouling The Test Heat Load Could Not Be Achie



22:01:26 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIX-0000)
Commonwealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
CSCS=600 F

06/26/98

Calculation Specitications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (OF)
Shell Inlet Temp (fF)

255.0
1,064.5

60.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr ft2.°F)

Tube-Side hi (BTU/hr-ft2 .0 F)

Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-ft2
.OF)

LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr ft2.°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (OF)
Bulk Visc (Ibm/ft hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft-hr) Tube Temp In (OF)
Density (Ibrn/ft3) Tube Temp Out (OF)
Cp (BTU/lbm 0'F) Tav Tube (OF)
K (BTU/hr-ft-°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property Shell-Side

Velocity (ft/s) 5.58
Reynold's Number 7.731 E+04
Prandtl Number 2.13
Bulk Visc (lbm/ft-hr) 0.82
Skin Visc (lbm/ft-hr) 0.87
Density (Ibm/ft') 60.52
Cp (BTU/lbm-°F) 1.00
K (BTU/hr-ft'°F) 0.39

5.325E+5
1.276E+5

7.8E+6
90.1

468.2

Tube-Side

1.70
9.385E+03

5.09
1.83
1.29

62.11
1.00
0.36

Overall Fouling (hr-ft2.°F/BTU)
Shell-Side ho (BTU/hr-ft2.-F)
Tube-Side hi (BTUhr-ft2 -0 F)
I/Wall Resis (BTU/hr-ft2z.F)
LMTD Correction Factor

0.002732
1,891.6

583.3
15,431.0

0.9812

U Overall (BTU/hr-ft2.°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (fF)
Tube Temp In (OF)
Tube Temp Out (°F)
Tav Tube (OF)
Tube Skin Temp (OF)

Proto-Power Calc: 97-197
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188.5

190.0
175.4
182.7
173.5
60.0

121.2
90.6

125.0

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



21:59:26 PROTO-HX 3.02 by Proto-Power Corporation (SN#IIPHX-0000)
Commonwealth Edison

Calculation Report for DGO1B - LSCS - HPCS DG Hx.
CSCS=70OF

06/26/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (IF)
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (IF)

298.7
1,064.5

70.0
190.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr.ft2.°F)

Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hr.ft2-OF)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr.ft2-°F)

LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2.°F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (IF)
Prandtl Number Tav Shell (IF)
Bulk Visc (lbmr/ft-hr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (IF)
Density (lbm/ft) Tube Temp Out (IF)
Cp (BTU/lbm.°F) Tav Tube (IF)
K (BTU/hr-ft.-F) Tube Skin Temp (IF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibnmlhr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property
Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft.hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm-°F)
K (BTU/hr-ft.°F)

Shell-Side

5.58
7.73 1E+04

2.13
0.82
0.87

60.52
1.00
0.39

5.325E+5
1.494E+5

7.8E+6
85.2

468.2

Tube-Side

2.00
I. 170E+04

4.75
1.72
1.28

62.04
1.00
0.36

U Overall (BTU/hr-ft2 -°F)

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (IF)
Shell Skin Temp (IF)
Tube Temp In (°F)
Tube Temp Out (IF)
Tav Tube (IF)
Tube Skin Temp (IF)

Proto-Power Calc: 97-197
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199.1

190.0
175.4
182.7
173.6
70.0

122.2
96.1

125.4

Overall Fouling (hr'ft2 0-F/BTU)
Shell-Side ho (BTU/hr-ft2.°F)
Tube-Side hi (BTU/hr-ft2.°F)
I/Wall Resis (BTU/hr-ft2-°F)
LMTD Correction Factor

0.002732
1,891.7

680.9
15,431.0

0.9821

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



21:55:33 PROTO-IIX 3.02 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CSCS=80°F

06/26/98

Calculation Specifications 1I
[I i

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (OF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (fF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (°F)
Shell Inlet Temp (°F)

362.9
1,064.5

80.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2-°F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/hr-ft20-F)

Tube-Side hi (BTU/hr-ft2.0 F)
Heat Transferred (BTU/hr) l/Wall Resis (BTU/hr ft2.°F)

LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr ft2 -F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (lbm/ft-hr) Tube Temp In (°F)
Density (lbm/ft3 ) Tube Temp Out (°F)
Cp (BTU/Ibm-°F) Tav Tube (OF)
K (BTU/hr-ft.°F) Tube Skin Temp (°F)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property Shell-Side

Velocity (ft/s) 5.58
Reynold's Number 7.731 E+04
Prandtl Number 2.13
Bulk Visc (lbm/ft-hr) 0.82
Skin Visc (Ibm/ft-hr) 0.87
Density (lbmift') 60.52
Cp (BTU/lbm-°F) 1.00
K (BTU/hr.ft.°F) 0.39

5.325E+5
1.815E+5

7.8E+6
80.4

468.2

Tube-Side

2.43
1.507E+04

4.45
1.62
1.28

61.98
1.00
0.36

Overall Fouling (hr-ft2.°F/BTU)
Shell-Side ho (BTU/hr ft2-OF)
Tube-Side hi (BTU/hr-ft2 .°F)
I/Wall Resis (BTU/hr-ft2 -°F)
LMTD Correction Factor

0.002732
1,891.8

814.6
15,431.0

0.9835

U Overall (BTU/hr-ft2'°F)

Shell Temp In (7F)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (`F)
Tube Temp In (°F)
Tube Temp Out (OF)
Tav Tube (°F)
Tube Skin Temp ('F)

Proto-Power Calc: 97-197
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210.8

190.0
175.4
182.7
173.6
80.0

123.0
101.5
125.8

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



21:48:46 PROTO-HX 3.02 by Proto-Power Corporation (SN#PIX-0000)
Commonwealth Edison

Calculation Report for DGOIB - LSCS - HPCS DG Hx.
CSCS=90OF

06/26/98

I.

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Shell Flow (gpm)
Shell Temp In (IF)
Shell Temp Out (°F)
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (IF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (IF)
Shell Inlet Temp (°F)

464.2
1,064.5

90.0
190.0

Fouling Calculation Results

Shell Mass Flow (Ibm/hr) U Overall (BTU/hr-ft2.°F)
Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hrbft 2-°F)

Tube-Side hi (BTU/hr-ft2.°F)
Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr.ft2-OF)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft2-°F/BTU)
Property Shell-Side Tube-Side
Velocity (ft/s) Shell Temp In (IF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell (°F)
Bulk Visc (lbm/ft-hr) Shell Skin Temp (OF)
Skin Visc (Ibm/ft-hr) Tube Temp In (°F)
Density (lbm/ft3) Tube Temp Out (OF)
Cp (BTU/lbm.°F) Tav Tube (OF)
K (BTU/hr'ft-°F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (lbm/hr)
Tube Mass Flow (lbm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2 )

5.325E+5
2.322E+5

Overall Fouling (hr-ft20.F/BTU)
Shell-Side ho (BTU/hr-ft 2.°F)
Tube-Side hi (BTU/hr.ft2.°F)
I/Wall Resis (BTU/hr.ft2.°F)

LMTD Correction Factor

0.002732
1,892.0
1,014.2

15,431.0
0.9855

7.8E+6
75.5

468.2

Property

Velocity (ft/s)
Reynold's Number
Prandtl Number
Bulk Visc (lbm/fthr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/lbm.°F)
K (BTU/hr.ft.°F)

Shell-Side

5.58
7.73 1E+04

2.13
0.82
0.87

60.52
1.00
0.39

Tube-Side

3.11
2.037E+04

4.19
1.53
1.27

61.90
1.00
0.37

U Overall (BTU/hr-ft2-°F)

Shell Temp In (IF)
Shell Temp Out (°F)
Tav Shell (°F)
Shell Skin Temp (OF)
Tube Temp In (IF)
Tube Temp Out (OF)
Tav Tube (IF)
Tube Skin Temp (°F)

Proto-Power Calc: 97-197
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224.0

190.0
175.4
182.7
173.7
90.0

123.6
106.8
126.2

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie



21:40:56 PROTO-HX 3.02 by Proto-Power Corporation (SNIPHX-0000)
Commonwealth Edison

Calculation Report for DG01B - LSCS - HPCS DG Hx.
CSCS= I 00°F

06/26/98

Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Shell Flow (gpm)
Shell Temp In (fF)
Shell Temp Out (OF)
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)

Extrapolation Data
Tube Flow (gpm)
Shell Flow (gpm)
Tube Inlet Temp (OF)
Shell Inlet Temp (OF)

646.1
1,064.5

100.0
190.0

Fouling Calculation Results

Shell Mass Flow (lbm/hr) U Overall (BTU/hr-ft2
-°F)

Tube Mass Flow (lbm/hr) Shell-Side ho (BTU/hrtft 2.°F)
Tube-Side hi (BTU/hr'ft2 -OF)

Heat Transferred (BTU/hr) I/Wall Resis (BTU/hr-f 2 -0 F)
LMTD LMTD Correction Factor
Effective Area (ft2)

Overall Fouling (hr-ft20'F/BTU)
Property Shell-Side Tube-Side

Velocity (ft/s) Shell Temp In (OF)
Reynold's Number Shell Temp Out (OF)
Prandtl Number Tav Shell ('F)
Bulk Vise (lbm/ft-hr) Shell Skin Temp ('F)
Skin Visc (lbm/ft.hr) Tube Temp In (OF)
Density (lbm/ft3 ) Tube Temp Out (OF)
Cp (BTU/Ibm'°F) Tav Tube (OF)
K (BTU/hr-ft-0 F) Tube Skin Temp (OF)

Extrapolation Calculation Results

Shell Mass Flow (Ibm/hr)
Tube Mass Flow (Ibm/hr)

Heat Transferred (BTU/hr)
LMTD
Effective Area (ft2)

Property Shell-Side

Velocity (ft/s) 5.58
Reynold's Number 7.731 E+04
Prandtl Number 2.13
Bulk Visc (lbm/ft-hr) 0.82
Skin Vise (lbm/ft hr) 0.87
Density (Ibm/ft3 ) 60.52
Cp (BTU/Ibm.°F) 1.00
K (BTU/hr-ft-°F) 0.39

5.325E+5
3.232E+5

7.80 1E+6
70.5

468.2

Overall Fouling (hr'fta'F/BTU)
Shell-Side ho (BTU/hr-ft2 -°F)
Tube-Side hi (BTU/hr-ft2 -°F)
I/Wall Resis (BTU/hr-ft2 .. F)
LMTD Correction Factor

0.002732
1,892.1
1,349.8

15,431.0
0.9881

Tube-Side

4.33
2.991 E+04

3.95
1.45
1.27

61.83
1.00
0.37

U Overall (BTU/hr-ft2 .°F)

Shell Temp In (OF)
Shell Temp Out (OF)
Tav Shell (OF)
Shell Skin Temp (fF)
Tube Temp In (OF)
Tube Temp Out (°F)
Tav Tube (OF)
Tube Skin Temp (OF)

Proto-Power Calc: 97-197
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239.2

190.0
175.4
182.7
173.8
100.0
124.2
112.1
126.5

** Reynolds Number Outside Range of Equation Applicability
With Minimum Fouling The Test Heat Load Could Not Be Achie
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Purpose:
The purpose of this revision is to verify that the 1(2)VY01A and 1(2)VY02A coolers can remove the design heat
load of 517,239 and 646,235 BTU/hr, respectively with a revised maximum cooling water temperature of 107 °F.

Assumptions:
There are no assumptions for this revision.

Inputs:
* Cooling water temperature = 107 OF (Reference 2)
* Air temperature for 1(2)VY01A = 148 OF (Reference 1)
* Air temperature for 1(2)VY02A = 153 OF*
• Water flow rate for 1(2)VY01 A = 75 gpm (Reference 1)
* Water flow rate for 1(2)VY02A = 108 gpm (References 1, 3, and 4)**
* Air Flow rate for 1(2)VYO1A = 17,100 cfm (Reference 1)
* Air Flow rate for 1(2)VY02A = 18,000 cfm (Reference 1)
* Fouling factor for both coolers = 0.02832467 hrtft2 .°F/BTU (design fouling factor) (Reference 1)
* 1 tube plugged for both coolers (5% tube plugging) (Reference 1)

*153 OF was chosen to achieve the desired heat transfer rate for the VY02 room cooler. As long as the heat
transfer rate of at least 646,235 BTU/hr is achieved, the room will stay < 153 OF. This temperature will be
reflected in the EQ binders associated with the components in this room.

"*Note that an additional 50 gpm was allocated to the 1 (2)VY02A coolers per ECs 370853 and 384525. The

results of the run with a 158 gpm flow rate on the water side is shown in Attachment C.

SReferences:
1. Design analysis 97-200, Rev. A, up to and including Revs AO0 through A04
2. EC 388666, Rev. 000
3. EC 370853, Rev. 000
4. EC 384525, Rev. 000

Identification of Computer Programs:
The computer program used in this analysis is Proto HX version 4.01. This program has been validated per
DTSQA tracking number EX00001 03.

Method of Analysis I Numeric Analysis:
The existing heat exchanger model will be revised by changing the input of the Tube Inlet Temp" from 104 OF to
107 °F. Because the fan for the 1(2)VY01A and 1(2)VY02A coolers is at the exit of the cooler, the inlet air flow for
the front cooler is iterated until the flow rate at the exit of the last row of the back cooler is approximately 17,100
cfm for the 1(2)VY01A cooler and 18,000 cfm for the 1(2)VY02A cooler. The iteration process is detailed in
section 6.7 of revision A. The air flow values can be found on pages A8, B8, and C8 for each of the three cases
considered.

Results I Conclusions:
The 1(2)VY01A coolers can remove the design heat load of 517,239 BTU/hr with the following conditions:

0 107 OF cooling water temperature
* 148 OF air temperature
* design fouling factor of 0.02832467 hrft2 .°F/BTU
* 1 tube plugged
* air flow rate of 17,100 cfm
* water flow rate of 75 gpm

13 The total heat removed at these conditions is 560,505 BTU/hr, which provides 8.4% thermal margin over the
design heat load. This thermal margin is enough to account for the 4.9% model uncertainty shown in Attachment
J and is acceptable. Note that a maximum fouling factor was not calculated as was done in previous revisions
because it is not practical to set up test conditions that would allow accurate measurement of the fouling factor
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4 for these heat exchangers. The bounding fouling factor is the design fouling factor of 0.02832467 hr-ft2.°F/BTU.
This case is shown in Attachment A.

The 1(2)VY02A coolers can remove the design heat load of 646,235 BTU/hr with the following conditions:
* 107 OF cooling water temperature
* 153 OF air temperature
* design fouling factor of 0.02832467 hrft2 .OF/BTU
* 1 tube plugged
* air flow rate of 18,000 cfm
* water flow rate of 108 gpm

The total heat removed at these conditions is 681,320 BTU/hr, which provides 5.4% thermal margin over the
design heat load. This thermal margin is enough to account for the 4.9% model uncertainty shown in Attachment
J and is acceptable. Note that a maximum fouling factor was not calculated as was done in previous revisions
because it is not practical to set up test conditions that would allow accurate measurement of the fouling factor
for these heat exchangers. The bounding fouling factor is the design fouling factor of 0.02832467 hr-ft2.- F/BTU.
This case is shown in Attachment B.

Additionally, a case was run for the 1(2)VY02A coolers with a water flow rate of 158 gpm. All other input
parameters listed above remained the same. The total heat removed at these conditions is 701,741 BTU/hr,
which provides 8.6% thermal margin over the design heat load. This case is shown in Attachment C. As stated
above, this cooling water flow is to be implemented with ECs 370853 and 384525 for Units 1 & 2, respectively. If
this flow is to be used as the minimum equipment cooling water flow, an update to the UFSAR is required.

The above 2 cases used a Southwest corner room (1(2)VY02A coolers) maximum temperature of 153 OF. The
previously analyzed temperature was 150 OF. As stated above, 153 OF was chosen to achieve the desired heat
transfer rate for the VY02 room cooler. As long as the heat transfer rate of at least 646,235 BTU/hr is achieved,
the room temperature will stay < 153 OF. The EQ binders associated with the components in this room will be
updated to qualify the components for this temperature.

Attachments:
A. Data Report for 1(2)VY01A (8 pgs)
B. Data Report for 1(2)VY02A (8 pgs)
C. Data Report for 1(2)VY02A w/ 158 gpm (8 pgs)



04-25-2012 14:13:19 PROTO-HX 4.01 by Proto-Power Corporation (SN#PHX-1002)
ComEd -- LaSalle

Data Report for 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYO1 - 148 'F air side, 17,100 cfin, 107 'F water side, 75 gpm, Design FF, I tube plugged

Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side

Flow 21,179.00 acfrn 150.00 gpm
Mass Flow 0.00 lbm/hr 0.00 lbm/hr
Dry Bulb (Inlet Temperature) 150.00 OF 105.00 OF
Inlet Wet Bulb Temperature 92.00 OF
Inlet Relative Humidity 0.00 %
Dry Bulb (Outlet Temperature) 109.40 OF 115.30 OF
Outlet Wet Bulb Temperature 84.10 OF
Outlet Relative Humidity 0.00 %

Tube Fluid Name
Tube-Side Fouling
Air-Side Fouling

Design Q (BTU/hr)
Atmospheric Pressure (psia)
Design Sensible Heat Ratio
Performance Factor (% Reduction)

Coil Flow Direction
Fin Type
Configuration (for Air-Side h)

Coil Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Conductivity (BTU/hr-ft.°F)

Fresh Water
0.001500
0.000000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
19.00

0.5270
0.6250

1.500
1.452

97-200
1.000 Rev. A05

225.00 Attachment A
Page Al of A8
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Calculation Report for 1(2)VYOI A & 02A - CSCS Equipment Area Cooling Coils
VY01 - 148 0 F air side, 17,100 cfm, 107 0F water side, 75 gpm, Design FF. I tube plugged

Page 1

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

tl

Data Date

Air Flow (acfm)
Air Dry Bulb Temp In (0F)
Air Dry Bulb Temp Out (0F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (0F)
Wet Bulb Temp Out ('F)

Atmospheric Pressure (psia)

Tube Flow (gpm)
Tube Temp In (0F)
Tube Temp Out (0F)
Condensate Temperature (0F)

Extrapolation Data

Tube Flow (gprn)
Air Flow (acfm)

Tube Inlet Temp (0F)
Air Inlet Temp (0F)
Inlet Relative Humidity (%)

Inlet Wet Bulb Temp (0F)

Atmospheric Pressure (psia)

75.00
18,098.00

107.00
148.00

12.76

0.00

14.315

97-200
Rev. A05
Attachment A
Page A2 of A8

SAir Mass Velocity (Lbm/hr-ftZ), Tube Fluid Velocity (fl/see); Air Density at Inlet T, Other Properties at Average T
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CornEd -- LaSalle

Calculation Report for 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VYO1 - 148 'F air side, 17,100 cfmi, 107 'F water side, 75 gpm, Design FF, I tube plugged

Extrapolation Calculation Summary II

Mass Flow (lbnm/hr)
Inlet Temperature (IF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity

Air-Side
66,878.21

148.00
114.50

Tube-Side
37,240.41

107.00
122.05

Tube-Side hi (BTU/hr.ft2-°F) 0.00
j Factor 0.0000
Air-Side ho (BTU/hr.ft2.°F) 0.00
Tube Wall Resistance (hr.ft2-°F/BTU) 0.00031430
Overall Fouling (hr- ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2-°F)
Effective Area (t2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6,880.52
0.00

560,505

0.0000
560,505

11 Extrapolation Calculation for Row 1(Dry) I
Air-Side

Mass Flow (lbm/hr) 66,878.21
Inlet Temperature (IF) 148.00
Outlet Temperature (IF) 141.17
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (IF) 144.58
Skin Temperature (IF) 126.85
Velocity *** 3,364.26
Reynold's Number 793*
Prandtl Number 0.7254
Bulk Visc (lbm/ft-hr) 0.0490
Skin Visc (lbm/ft-hr) 0.0000
Density (lbm/ft3) 0.0623
Cp (BTU/Ibm.°F) 0.2402
K (BTU/hr-ft.°F) 0.0162
Relative Humidity In (%) 12.76
Relative Humidity Out (%) 15.16

Tube-Side
37,240.41

118.98
122.05

120.5178
123.0132

2.9125
21,205
3.6151
1.3399
1.3091

61.7036
0.9988
0.3702

Tube-Side hi (BTU/hr. ft2- F) 1,013.40
j Factor 0.0082
Air-Side ho (BTU/hr.ft2.0 F) 8.22
Tube Wall Resistance (hr.ft2-°F/BTU) 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.56
860.06

23.88
114,284

0.9188
114,284

I-6 4* Reynolds Number Outside Range of Equation Applicability
97-200
Rev. A05
Attachment A
Page A3 of A8

*** Air Mass Velocity (Lbm/hr ft2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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CornEd -- LaSalle
Calculation Report for 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils

VYOI - 148 'F air side, 17,100 cfm, 107 'F water side. 75 gpm, Design FF, I tube plugged

Extrapolation Calculation for Row 2(Dry) II
Air-Side

Mass Flow (ibm/hr) 66,878.21
Inlet Temperature (OF) 141.17
Outlet Temperature (OF) 135.35
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (OF) 138.26
Skin Temperature (IF) 123.10
Velocity *** 3,364.26
Reynold's Number 799**
Prandtl Number 0.7260
Bulk Visc (lbm/ftRhr) 0.0486
Skin Visc (Ibm/Rf hr) 0.0000
Density (lbm/ft3) 0.0629
Cp (BTU/lbm-°F) 0.2402
K (BTU/hr.ft.F) 0.0161
Relative Humidity In (%) 15.16
Relative Humidity Out (%) 17.62

Tube-Side
37,240.41

116.36
118.98

117.6724
119.8303

2.9105
20,641
3.7235
1.3765
1.3486

61.7474
0.9988
0.3692

Tube-Side hi (BTU/hr.ft2-°F) 998.60
j Factor 0.0082
Air-Side ho (BTU/hr.ft2.°F) 8.19
Tube Wall Resistance (hr-ft2-°F/BTU) 0.00031430
Overall Fouling (hr-ft2 °F/BTU) 0.02832467

U Overall (BTU/hr.ft2.F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.54
860.06

20.43
97,394

0.9190
97,394

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry)

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/itfhr)
Skin Visc (lbm/ftrhr)
Density (lbm/ft3)
Cp (BTU/Ibm.°F)
K (BTU/hr-ft.°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side

66,878.21
135.35
130.38

0.020268
0.020268

132.86
119.90

3,364.26
805*4

0.7264
0.0483
0.0000
0.0634
0.2402
0.0160

17.62
20.10

Tube-Side
37,240.41

114.13
116.36

115.2463
117.1108

2.9087
20,164
3.8202
1.4091
1.3839

61.7839
0.9988
0.3684

Tube-Side hi (BTU/hr-ft2.- F) 985.92
j Factor 0.0082
Air-Side ho (BTU/hr-ft2.°F) 8.17
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430
Overall Fouling (hr.ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.1F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.53
860.06

17.48
83,087

0.9192
83,087

** Reynolds Number Outside Range of Equation Applicability 97-200
Rev. A05
Attachment A
Page A4 of A8

*** Air Mass Velocity (Lbm/hr-ft2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T. Other Properties at Average T
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Calculation Report for 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYO0 - 148 'F air side, 17,100 cfm, 107 'F water side, 75 gpm, Design FF, 1 tube plugged

Extrapolation Calculation for Row 4(Dry) II
i. _ _ _ _

Air-Side
Mass Flow (lbm/hr) 66,878.21
Inlet Temperature (OF) 130.38
Outlet Temperature (IF) 126.14
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (IF) 128.26
Skin Temperature (IF) 117.17
Velocity *** 3,364.26
Reynold's Number 810**
Prandtl Number 0.7268
Bulk Visc (Ibm/f hr) 0.0480
Skin Vise (Ibm/ft hr) 0.0000
Density (lbm/ft3 ) 0.0639
Cp (BTU/Ibm.°F) 0.2402
K (BTU/hr-ti.°F) 0.0159
Relative Humidity In (%) 20.10
Relative Humidity Out (%) 22.52

Tube-Side
37,240.41

112.22
114.13

113.1757
114.7854

2.9073
19,760
3.9061
1.4379
1.4154

61.8144
0.9988
0.3677

Tube-Side hi (BTU/hr-ft2-°F) 975.07
j Factor 0.0081
Air-Side ho (BTU/hr-ft2-°F) 8.15
Tube Wall Resistance (hr.ft2-°F/BTU) 0.00031430
Overall Fouling (hr.ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ftR)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.51
860.06

14.97
70,945

0.9194
70,945

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry)

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm.0 F)
K (BTU/hr-ft-°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
66,878.21

126.14
122.52

0.020268
0.020268

124.33
114.83

3,364.26
814**

0.7271
0.0478
0.0000
0.0643
0.2402
0.0158

22.52
24.87

Tube-Side
37,240.41

110.59
112.22

111.4071
112.7959

2.9061
19,417
3.9819
1.4633
1.4433

61.8400
0.9988
0.3670

Tube-Side hi (BTU/hr-ft2 -°F) 965.76
j Factor 0.0081
Air-Side ho (BTU/hr.ft2-°F) 8.13
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hrft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.50
860.06

12.82
60,626

0.9196
60,626

** Reynolds Number Outside Range of Equation Applicability 97-200
Rev. A05
Attachment A
Page A5 of A8

*** Air Mass Velocity (Lbm/hr'ft2), Tube Fluid Velocity (ftlsec); Air Density at Inlet T, Other Properties at Average T



04-25-2012 14:13:19 PROTO-HX 4.01 by Proto-Power Corporation (SN#PHX-1002) Page 5

ComEd -- LaSalle

Calculation Report for I(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VYOI - 148 IF air side, 17,100 cfm, 107 IF water side, 75 gpm, Design FF, 1 tube plugged

Extrapolation Calculation for Row 6(Dry) III -- _

Air-Side

Mass Flow (lbm/hr) 66,878.21
Inlet Temperature (°F) 122.52
Outlet Temperature (OF) 119.42
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (IF) 120.97
Skin Temperature (OF) 112.83
Velocity *** 3,364.26
Reynold's Number 818**
Prandtl Number 0.7273
Bulk Visc (lbm/fthr) 0.0475
Skin Visc (lbm/fthr) 0.0000
Density (lbm/ft3) 0.0646
Cp (BTU/Ibm 0'F) 0.2402
K (BTU/hr-ft0'F) 0.0 157
Relative Humidity In (%) 24.87
Relative Humidity Out (%) 27.10

Tube-Side
37,240.41

109.20
110.59

109.8952
111.0927

2.9051
19,126
4.0486
1.4856
1.4679

61.8615
0.9988
0.3665

Tube-Side hi (BTU/hr-ft2.°F) 957.79
j Factor 0.0081
Air-Side ho (BTU/hr-ft2.°F) 8.12
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430
Overall Fouling (hr-ft2"°F/BTU) 0.02832467

U Overall (BTU/hr-ft 2-OF)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.49
860.06

10.99
51,842

0.9197
51,842

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 7(Dry)

Mass Flow (Ibm/hr)
Inlet Temperature (IF)
Outlet Temperature (°F)
Inlet Specific Humidity

Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibmr/t.hr)
Density (lbm/ft3)
Cp (BTU/Ibm.0 F)
K (BTU/hrift.°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
66,878.21

119.42
116.77

0.020268
0.020268

118.09
111.12

3,364.26
821**

0.7275
0.0474
0.0000
0.0649
0.2402
0.0156

27.10
29.18

Tube-Side
37,240.41

108.01
109.20

108.6021
109.6340

2.9042
18,878
4.1072
1.5051
1.4895

61.8797
0.9988
0.3660

Tube-Side hi (BTU/hr-ft 2-°F) 950.95
j Factor 0.0081
Air-Side ho (BTU/hr-ft 2-IF) 8.11
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft 2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.48
860.06

9.42
44,357

0.9198
44,357

* Reynolds Number Outside Range of Equation Applicability
97-200
Rev. A05
Attachment A
Page A6 of A8

*** Air Mass Velocity (Lbm/hr-ft2), Tube Fluid Velocity (ftlsec); Air Density at Inlet T, Other Properties at Average T
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Calculation Report for 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYOI - 148 'F air side, 17,100 cfm, 107 'F water side, 75 gpm, Design FF, 1 tube plugged

• .,

Extrapolation Calculation for Row 8(Dry) II
Air-Side

Mass Flow (lbm/hr) 66,878.21
Inlet Temperature (0F) 116.77
Outlet Temperature ('F) 114.50
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (0F) 115.63
Skin Temperature ('F) 109.66
Velocity *** 3,364.26
Reynold's Number 824**
Prandtl Number 0.7277
Bulk Visc (lbm/ft-hr) 0.0472
Skin Visc (lbm/ft-hr) 0.0000
Density (lbm/ft3 ) 0.0652
Cp (BTU/Ibm.°F) 0.2402
K (BTU/hr'ft-°F) 0.0156
Relative Humidity In (%) 29.18
Relative Humidity Out (%) 31.12

Tube-Side
37,240.41

106.99
108.01

107.4955
108.3843

2.9035
18,666
4.1584
1.5221
1.5084

61.8950
0.9989
0.3656

Tube-Side hi (BTU/hr-ft2.°F)
j Factor
Air-Side ho (BTU/hr-ft21-F)
Tube Wall Resistance (hr-ft2.°F/BTU)
Overall Fouling (hr'ft2 -F/BTU)

U Overall (BTU/hr-ft2 -°F)
Effective Area (ftf)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

945.09
0.0081

8.09
0.00031430
0.02832467

5.47
860.06

8.08
37,971

0.9199
37,971

** Reynolds Number Outside Range of Equation Applicability

97-200
Rev. A05
Attachment A
Page A7 of A8

* Air Mass Velocity (Lbm/hr ft2 ), Tube Fluid Velocity (fi/sec); Air Density at Inlet T, Other Properties at Average T



Formuilas~ from Section 6.7 for iteration orocess to determine inlet airflow for extranolation conditions
Total....... ................ .... "r. . . ;•.......................P- --...- --....... ..... ......... _

Total P: P = 14.3151psia
Dry Bulb T OUT: T1 114.51 F
Specific Hum.: w = 0.0202
H20 Vap. P: Pv = (W*Rv*P)/(Ra+(W*Rv)) = 0.450285048 psia

iRv = 8 5 .7 7 8 1 (ft-lbf)/(Ibm-R)
__II Ra = 53.3521 (ft-lbf)/(Ibm-R)

Dry Air P: Pa = P - Pv =1 _ 13.8647151 psia
Dry Air rho OUT: rho.out = (144/Ra)*(Pa/(459.67+T1)) =__ 0.065175 Ibm/ftA3

Dry Air rho IN: rho.in = (144/Ra)*(Pa/(459.67+T2)) = I 0.061582 Ibm/ftA3

Dry Bulb T IN: T2I 148 F
Outlet Air Flow: V = 17100] cfrn

cfm.in cfm.in = V*(rho.out/rho.in = 1 18097.70 acfm

97-200
Rev. A05
Attachment A
Page A8 of A8



04-25-2012 13:51:45 PROTO-HX 4.01 by Proto-Power Corporation (SN#PHX-1002)
ComEd -- LaSalle

Data Report for 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 'F air side, 18,000 cfm, 107 TF water side, 108 gpm, Design FF, 1 tube plugged

Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side

Flow 21,179.00 acfm 150.00 gpm
Mass Flow 0.00 Ibm/hr 0.00 Ibm/hr
Dry Bulb (Inlet Temperature) 150.00 OF 105.00 OF
Inlet Wet Bulb Temperature 92.00 OF
Inlet Relative Humidity 0.00 %
Dry Bulb (Outlet Temperature) 109.40 OF 115.30 OF
Outlet Wet Bulb Temperature 84.10 OF
Outlet Relative Humidity 0.00 %

Tube Fluid Name
Tube-Side Fouling
Air-Side Fouling

Design Q (BTU/hr)
Atmospheric Pressure (psia)
Design Sensible Heat Ratio
Performance Factor (% Reduction)

Coil Flow Direction
Fin Type
Configuration (for Air-Side h)

Coil Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr.ft-°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Conductivity (BTU/hr-ft.°F)

Fresh Water
0.001500
0.000000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
19.00

0.5270
0.6250

1.500
1.452

1.000
225.00

97-200
Rev. A05
Attachment B
Page B1 of B8



04-25-2012 13:51:45 PROTO-HX 4.01 by Proto-Power Corporation (SN#PHX-1002)

ComEd -- LaSalle

Calculation Report for l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 'F air side, 18,000 cfm, 107 'F water side, 108 gpm, Design FF, I tube plugged

Page 1

~1.

11 Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date

Air Flow (acfin)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out ('F)

Atmospheric Pressure (psia)

Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data

Tube Flow (gpm)

Air Flow (acfm)
Tube Inlet Temp ('F)
Air Inlet Temp ('F)
Inlet Relative Humidity (%)
Inlet Wet Bulb Temp ('F)

Atmospheric Pressure (psia)

108.00

19,212.00

107.00

153.00

12.76

0.00

14.315

97-200
Rev. A05
Attachment B
Page B2 of B8

Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



04-25-2012 13:51:45 PROTO-HX 4.01 by Proto-Power Corporation (SN#PHX-1002) Page 2

ComEd -- LaSalle

Calculation Report for l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 'F air side, 18,000 cfrm, 107 'F water side, 108 gpm, Design FF, 1 tube plugged

Extrapolation Calculation Summary 11
I.

Air-Side

Mass Flow (Ibm/hr) 70,113.67
Inlet Temperature (0F) 153.00
Outlet Temperature (0F) 114.36
Inlet Specific Humidity
Outlet Specific Humidity

Tube-Side
53,626.19

107.00
119.71

Tube-Side hi (BTU/hr-ft2.°F) 0.00
j Factor 0.0000
Air-Side ho (BTU/hr-ft2 -.F) 0.00
Tube Wall Resistance (hr'ft2-.F/BTU) 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft 2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6,880.52
0.00

681,320

0.0000
681,320

Extrapolation Calculation for Row l(Dry)

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/frhr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr-ft.°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
70,113.67

153.00
144.40

0.023032
0.023032

148.70
125.88

3,527.02
827**

0.7250
0.0493
0.0000
0.0617
0.2402
0.0163

12.76
15.80

Tube-Side
53,626.19

116.88
119.71

118.2967
120.7965

4.1917
29,901
3.6993
1.3683
1.3364

61.7379
0.9988
0.3695

Tube-Side hi (BTU/hr ft2.°F) 1,341.67
j Factor 0.0081
Air-Side ho (BTU/hr.ft2-°F) 8.49
Tube Wall Resistance (hr.ft2-°F/BTU) 0.00031430
Overall Fouling (hr.ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2 )

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.84
860.06

30.19
151,661

0.9164
151,661

** Reynolds Number Outside Range of Equation Applicability
97-200
Rev. A05
Attachment B
Page B3 of B8

*** Air Mass Velocity (Lbm/hr-ft2), Tube Fluid Velocity (fl/sec); Air Density at Inlet T, Other Properties at Average T



04-25-2012 13:51:45 PROTO-HX 4.01 by Proto-Power Corporation (SN#PHX-1002) Page 3

ComEd -- LaSalle

Calculation Report for I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 'F air side, 18,000 cfm, 107 'F water side, 108 gpm, Design FF, 1 tube plugged

Extrapolation Calculation for Row 2(Dry) 11

Mass Flow (Ibm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/f hr)
Skin Visc (Ibm/f-ihr)
Density (lbm/ft3 )
Cp (BTU/Ibm.0 F)
K (BTU/hr-ft.°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side

70,113.67
144.40
137.31

0.023032
0.023032

140.86
121.99

3,527.02
835**

0.7258
0.0488
0.0000
0.0624
0.2402
0.0162

15.80
18.94

Tube-Side
53,626.19

114.55
116.88

115.7147
117.8022

4.1891
29,168
3.8012
1.4027
1.3748

61.7769
0.9988
0.3686

Tube-Side hi (BTU/hr.ft 2.°F) 1,323.45
j Factor 0.0081
Air-Side ho (BTU/hr-ft2.°F) 8.46
Tube Wall Resistance (hr-ft2-°F/BTU) 0.00031430
Overall Fouling (hr-ft2-'F/BTU) 0.02832467

U Overall (BTU/hr-ft2-0 F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.82
860.06

24.96
124,935

0.9167
124,935

Reynolds Number Outside Range of Equation Applicability

I1 Extrapolation Calculation for Row 3(Dry)

Air-Side
Mass Flow (Ibm/hr) 70,113.67
Inlet Temperature (IF) 137.31
Outlet Temperature (IF) 131.47
Inlet Specific Humidity 0.023032
Outlet Specific Humidity 0.023032
Average Temp (IF) 134.39
Skin Temperature (IF) 118.78
Velocity *** 3,527.02
Reynold's Number 842**
Prandtl Number 0.7263
Bulk Visc (lbm/ft-hr) 0.0484
Skin Visc (lbm/ftihr) 0.0000
Density (lbm/ft3) 0.0630
Cp (BTU/Ibm-°F) 0.2402
K (BTU/hr.ft-.F) 0.0160
Relative Humidity In (%) 18.94
Relative Humidity Out (%) 22.09

Tube-Side
53,626.19

112.62
114.55

113.5865
115.3281

4.1869
28,569
3.8888
1.4321
1.4080

61.8084
0.9988
0.3678

Tube-Side hi (BTU/hr ft 2-°F) 1,308.37
j Factor 0.0080
Air-Side ho (BTU/hr-ft2-°F) 8.43
Tube Wall Resistance (hr-ft2'.F/BTU) 0.00031430
Overall Fouling (hr.ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.80
860.06

20.66
103,055

0.9169
103,055

61"** Reynolds Number Outside Range of Equation Applicability 97-200
Rev. A05
Attachment B
Page B4 of B8

*** Air Mass Velocity (Lbm/hr-ft'), Tube Fluid Velocity (ftlsec); Air Density at Inlet T, Other Properties at Average T
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CornEd -- LaSalle

Calculation Report for I(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 *F air side, 18,000 cfm, 107 'F water side, 108 gpm, Design FF, I tube plugged

Extrapolation Calculation for Row 4(Dry) 11
L

Mass Flow (Ibm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ffthr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-'F)
K (BTU/hr-ftf'F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side

70,113.67
131.47
126.64

0.023032
0.023032

129.06
116.14

3,527.02
848*"

0.7268
0.0481
0.0000
0.0636
0.2402
0.0159

22.09
25.14

Tube-Side

53,626.19
111.04
112.62

111.8301
113.2821

4.1852
28,078
3.9635
1.4571
1.4364

61.8339
0.9988
0.3672

Tube-Side hi (BTU/hr-ft2 -°F) 1,295.89
j Factor 0.0080
Air-Side ho (BTU/hr-ftf2 .F) 8.41
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2-0 F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.78
860.06

17.11
85,102

0.9171
85,102

** Reynolds Number Outside Range of Equation Applicability

11 Extrapolation Calculation for Row 5(Dry) 1
Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/lbm-°F)
K (BTU/hr--.fF)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
70,113.67

126.64
122.66

0.023032
0.023032

124.65
113.95

3,527.02
853**

0.7271
0.0478
0.0000
0.0640
0.2402
0.0158

25.14
28.03

Tube-Side
53,626.19

109.72
111.04

110.3790
111.5888

4.1838
27,675
4.0271
1.4784
1.4606

61.8546
0.9988
0.3667

Tube-Side hi (BTU/hr-ft2.°F) 1,285.54
j Factor 0.0080
Air-Side ho (BTU/hr-ft2l-F) 8.39
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430
Overall Fouling (hr.ft2.0F/BTU) 0.02832467

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.77
860.06

14.17
70,341

0.9173
70,341

-** Reynolds Number Outside Range of Equation Applicability 97-200
Rev. A05
Attachment B
Page B5 of B8

*** Air Mass Velocity (Lbm/hr-ft), Tube Fluid Velocity (fi/sec); Air Density at Inlet T, Other Properties at Average T
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ComEd -- LaSalle

Calculation Report for 1(2)VYO0A & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 'F air side, 18,000 cftm, 107 'F water side, 108 gpm, Design FF, I tube plugged

Extrapolation Calculation for Row 6(Dry) I'

Mass Flow (Ibm/hr)
Inlet Temperature (°F)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/tt-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft)
Cp (BTU/Ibm."F)
K (BTU/hr-ft-°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
70,113.67

122.66
119.36

0.023032
0.023032

121.01
112.14

3,527.02
857**

0.7273
0.0475
0.0000
0.0644
0.2402
0.0157

28.03
30.71

Tube-Side
53,626.19

108.64
109.72

109.1793
110.1867

4.1826
27,343
4.0809
1.4963
1.4812

61.8716
0.9988
0.3662

Tube-Side hi (BTU/hr.ft2.F) 1,276.97
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.F) 8.37
Tube Wall Resistance (hr-ft2-°F/BTU) 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 -°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.76
860.06

11.74
58,184

0.9174
58,184

*Reynolds Number Outside Range of Equation Applicability

II Extrapolation Calculation for Row 7(Dry) 1

Mass Flow (Ibm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (1bm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr-ft.°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
70,113.67

119.36
116.63

0.023032
0.023032

117.99
110.64

3,527.02
861*

0.7275
0.0474
0.0000
0.0647
0.2402
0.0156

30.71
33.15

Tube-Side
53,626.19

107.74
108.64

108.1866
109.0251

4.1817
27,069
4.1263
1.5115
1.4987

61.8854
0.9988
0.3659

Tube-Side hi (BTU/hr-ft2.°F) 1,269.86
j Factor 0.0080
Air-Side ho (BTU/hr-ft2-°F) 8.36
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.75
860.06

9.74
48,159

0.9175
48,159

I •* * Reynolds Number Outside Range of Equation Applicability 97-200
Rev. A05
Attachment B
Page B6 of B8

*** Air Mass Velocity (Lbrr/hr-fi2 ), Tube Fluid Velocity (f/sec); Air Density at Inlet T, Other Properties at Average T
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ComEd -- LaSalle
Calculation Report for l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils

VY02 - 153 OF air side, 18,000 cfm, 107 OF water side, 108 gpm, Design FF, I tube plugged

Extrapolation Calculation for Row 8(Dry) IIIII

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/f hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm.°F)
K (BTU/hr-ftf-F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
70,113.67

116.63
114.36

0.023032
0.023032

115.49
109.40

3,527.02
864**

0.7277
0.0472
0.0000
0.0649
0.2402
0.0156

33.15
35.34

Tube-Side
53,626.19

106.99
107.74

107.3648
108.0624

4.1809
26,843
4.1645
1.5242
1.5134

61.8968
0.9989
0.3656

Tube-Side hi (BTU/hr-ft2 -F) 1,263.97
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.0 F) 8.35
Tube Wall Resistance (hr ft2.°F/BTU) 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2 )
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.74
860.06

8.07
39,883

0.9176
39,883

** Reynolds Number Outside Range of Equation Applicability

97-200
Rev. A05
Attachment B
Page B7 of B8

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (fi/sec); Air Density at Inlet T, Other Properties at Average T



Formulas from Section 6.7 for iteration process to determine inlet airflow for extrapolation conditions
Total P: P = 14.3151psia
Dry Bulb T OUT: T1 = 114.36 F
Specific Hum.: W = 0.023
H20 Vap. P: Pv = (W*Rv*P)/(Ra+(W*Rv)) = 0.5104750421psia

_IRv = 85.7781 (ft-lbf)/(Ibm-R)
_Ra = 53.3521 (ft-lbf)/(Ibm-R)

Dry Air P: Pa = P - Pv = 13.804521 psia
Dry Air rho OUT: rho.out = (144/Ra)*(Pa/(459.67+T1)) = 0.064908 libmIftA3
Dry Air rho IN: rho.in = (144/Ra)*(Pa/(459.67+T2)) = 0.060814 libm/ftA3
Dry Bulb T IN: T2 = 153F
Outlet Air Flow: V = 18000cm

cfm.in cfm.in = V*(rho.out/rho.in) = 19211.64 acfm

97-200
Rev. A05
Attachment B
Page B8 of B8
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Data Report for l(2)VYOlA & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 TF air side, 18,000 cfm, 107 TF water side, 158 gpm, Design FF, I tube plugged

I] Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side

Flow 21,179.00 acfrn 150.00 gpm
Mass Flow 0.00 lbm/hr 0.00 lbm/hr
Dry Bulb (Inlet Temperature) 150.00 OF 105.00 OF
Inlet Wet Bulb Temperature 92.00 OF
Inlet Relative Humidity 0.00 %
Dry Bulb (Outlet Temperature) 109.40 OF 115.30 OF
Outlet Wet Bulb Temperature 84.10 OF
Outlet Relative Humidity 0.00 %

Tube Fluid Name
Tube-Side Fouling
Air-Side Fouling

Fresh Water
0.001500
0.000000

Design Q (BTU/hr)
Atmospheric Pressure (psia)
Design Sensible Heat Ratio
Performance Factor (% Reduction)

Coil Flow Direction
Fin Type
Configuration (for Air-Side h)

Coil Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft-°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Conductivity (BTU/hr-ft-°F)

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
19.00

0.5270
0.6250

1.500
1.452

97-200
1.000 Rev. A05

225.00 Attachment C
Page C1 of C8
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CornEd -- LaSalle

Calculation Report for l(2)VYO0A & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 'F air side, 18,000 cfm, 107 'F water side, 158 gpm, Design FF, I tube plugged

Page 1

1~~

II Calculation Specifications II
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out (°F)
Atmospheric Pressure (psia)
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm)

Air Flow (acfm)
Tube Inlet Temp ('F)
Air Inlet Temp ('F)
Inlet Relative Humidity (%)

Inlet Wet Bulb Temp ('F)

Atmospheric Pressure (psia)

158.00
19,248.00

107.00

153.00

12.76

0.00

14.315

97-200
Rev. A05
Attachment C
Page C2 of C8

* Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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ComEd -- LaSalle
Calculation Report for I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils

VY02 - 153 'F air side, 18,000 cfrn, 107 'F water side, 158 gpMr Design FF. I tube plugged
,,I

IIExtrapolation Calculation Summary 11

Mass Flow (Ibm/hr)
Inlet Temperature (fF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity

Air-Side
70,245.05

153.00
113.28

Tube-Side
78,453.13

107.00
115.98

Tube-Side hi (BTU/hr'ft2"°F) 0.00
j Factor 0.0000
Air-Side ho (BTU/hr ft2"°F) 0.00
Tube Wall Resistance (hr-ft2. 0F/BTU) 0.00031430
Overall Fouling (hr.ft2.F/BTU) 0.02832467

U Overall (BTU/hr.ft2 "F)
Effective Area (it2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6,880.52
0.00

701,741

0.0000
701,741

Extrapolation Calculation for Row l(Dry)

Air-Side
Mass Flow (lbm/hr) 70,245.05
Inlet Temperature (0 F) 153.00
Outlet Temperature (0F) 143.40
Inlet Specific Humidity 0.023032
Outlet Specific Humidity 0.023032
Average Temp (0F) 148.20
Skin Temperature (0F) 122.69
Velocity *** 3,533.63
Reynold's Number 829*1
Prandtl Number 0.7251
Bulk Visc (Ibm/ft hr) 0.0492
Skin Visc (Ibm/ft hr) 0.0000
Density (lbm/ft3) 0.0618
Cp (BTU/Ibm. 0 F) 0.2402
K (BTU/hr-ift-F) 0.0163
Relative Humidity In (%) 12.76
Relative Humidity Out (%) 16.21

Tube-Side
78,453.13

113.82
115.98

114.9014
117.0014

6.1272
42,337
3.8343
1.4138
1.3854

61.7890
0.9988
0.3683

Tube-Side hi (BTU/hr-ft2-°F) 1,786.84
j Factor 0.0081
Air-Side ho (BTU/hr.ft2-°F) 8.50
Tube Wall Resistance (hr-ft2-°F/BTU) 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hrift2"°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.97
860.06

33.06
169,688

0.9163
169,688

* * Reynolds Number Outside Range of Equation Applicability 97-200
Rev. A05
Attachment C
Page C3 of C8

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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CornEd -- LaSalle

Calculation Report for 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 'F air side, 18,000 cfm, 107 'F water side, 158 gpm, Design FF, I tube plugged

Extrapolation Calculation for Row 2(Dry) II
I.

Air-Side
Mass Flow (Ibm/hr) 70,245.05
Inlet Temperature (IF) 143.40
Outlet Temperature (IF) 135.75
Inlet Specific Humidity 0.023032
Outlet Specific Humidity 0.023032
Average Temp (IF) 139.57
Skin Temperature (IF) 119.18
Velocity *** 3,533.63
Reynold's Number 838**
Prandtl Number 0.7259
Bulk Visc (lbm/ft-hr) 0.0487
Skin Visc (Ibm/ft-hr) 0.0000
Density (lbm/ft3) 0.0626
Cp (BTU/Ibm.0 F) 0.2402
K (BTU/hr.ft-°F) 0.0161
Relative Humidity In (%) 16.21
Relative Humidity Out (%) 19.73

Tube-Side
78,453.13

112.09
113.82

112.9565
114.6465

6.1244
41,538
3.9153
1.4410
1.4173

61.8176
0.9988
0.3676

Tube-Side hi (BTU/hr-ft 2.°F) 1,767.91
j Factor 0.0081
Air-Side ho (BTU/hr-ft2.°F) 8.46
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft 2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.95
860.06

26.43
135,127

0.9166
135,127

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry) I1

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ftfhr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr-ft-°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
70,245.05

135.75
129.65

0.023032
0.023032

132.70
116.38

3,533.63
846**

0.7265
0.0483
0.0000
0.0632
0.2402
0.0160

19.73
23.19

Tube-Side
78,453.13

110.72
112.09

111.4066
112.7661

6.1222
40,905
3.9819
1.4633
1.4437

61.8400
0.9988
0.3670

Tube-Side hi (BTU/hr-ft2-°F) 1,752.78
j Factor 0.0080
Air-Side ho (BTU/hr ft2-°F) 8.43
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430

Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-tt2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.93
860.06

21.14
107,769

0.9169
107,769

** Reynolds Number Outside Range of Equation Applicability
97-200
Rev. A05
Attachment C
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*** Air Mass Velocity (Lbm/hr-ftV), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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ComEd -- LaSalle

Calculation Report for 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 'F air side, 18,000 cfm, 107 'F water side, 158 gpm, Design FF, 1 tube plugged

Extrapolation Calculation for Row 4(Dry) II
Air-Side

Mass Flow (lbm/hr) 70,245.05
Inlet Temperature ("F) 129.65
Outlet Temperature ("F) 124.78
Inlet Specific Humidity 0.023032
Outlet Specific Humidity 0.023032
Average Temp ("F) 127.21
Skin Temperature ("F) 114.15
Velocity *** 3,533.63
Reynold's Number 852**
Prandtl Number 0.7269
Bulk Vise (lbm/frhr) 0.0479
Skin Visc (Ibm/ft-hr) 0.0000
Density (Ibm/ft3) 0.0638
Cp (BTU/Ibm'°F) 0.2402
K (BTU/hr.ft-°F) 0.0158
Relative Humidity In (%) 23.19
Relative Humidity Out (%) 26.45

Tube-Side
78,453.13

109.62
110.72

110.1699
111.2629

6.1204
40,403
4.0364
1.4815
1.4654

61.8576
0.9988
0.3666

Tube-Side hi (BTU/hr-ft2-°F) 1,740.68
j Factor 0.0080
Air-Side ho (BTU/hr-ft2-"F) 8.41
Tube Wall Resistance (hr-ft2-"F/BTU) 0.00031430
Overall Fouling (hr.ft2-'F/BTU) 0.02832467

U Overall (BTU/hr.ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.91
860.06

16.92
86,054

0.9171
86,054

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry)

Air-Side
Mass Flow (lbm/hr) 70,245.05
Inlet Temperature ("F) 124.78
Outlet Temperature ("F) 120.88
Inlet Specific Humidity 0.023032
Outlet Specific Humidity 0.023032
Average Temp ("F) 122.83
Skin Temperature ("F) 112.37
Velocity *** 3,533.63
Reynold's Number 857**
Prandtl Number 0.7272
Bulk Visc (lbm/ft-hr) 0.0477
Skin Visc (lbm/ft-hr) 0.0000
Density (lbm/ft3) 0.0642
Cp (BTU/Ibm.°F) 0.2402
K (BTU/hr-ft.°F) 0.0157
Relative Humidity In (%) 26.45
Relative Humidity Out (%) 29.44

Tube-Side

78,453.13
108.74
109.62

109.1819
110.0604

6.1191
40,003
4.0807
1.4963
1.4831

61.8715
0.9988
0.3662

Tube-Side hi (BTU/hr-ft2-'F) 1,730.99
j Factor 0.0080
Air-Side ho (BTU/hr-ft2 -F) 8.39
Tube Wall Resistance (hr.ft2 ."F/BTU) 0.00031430
Overall Fouling (hr.ft2-.F/BTU) 0.02832467

U Overall (BTU/hr.ft2-F)
Effective Area (f 2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.90
860.06

13.55
68,781

0.9173
68,781

Q3, ** Reynolds Number Outside Range of Equation Applicability 97-200
Rev. A05
Attachment C
Page C5 of C8
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CornEd -- LaSalle

Calculation Report for 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VY02 - 153 'F air side, 18,000 cfmi, 107 'F water side, 158 gpm, Design FF, I tube plugged

Extrapolation Calculation for Row 6(Dry) II
I. I

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/frhr)
Skin Visc (Ibm/ft hr)
Density (lbm/ft3)
Cp (BTU/Ibm-'F)
K (BTU/hr-ft-°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
70,245.05

120.88
117.77

0.023032
0.023032

119.33
110.94

3,533.63
861**

0.7275
0.0474
0.0000
0.0645
0.2402
0.0157

29.44
32.10

Tube-Side
78,453.13

108.04
108.74

108.3920
109.0979

6.1180
39,684
4.1168
1.5083
1.4976

61.8826
0.9988
0.3660

Tube-Side hi (BTU/hr-ft2.°F) 1,723.23
j Factor 0.0080
Air-Side ho (BTU/hr-ft2 -°F) 8.38
Tube Wall Resistance (hr-ft2- 0F/BTU) 0.00031430
Overall Fouling (hr.ft2l.F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.89
860.06

10.86
55,019

0.9174
55,019

(a ** Reynolds Number Outside Range of Equation Applicability

I Extrapolation Calculation for Row 7(Dry) I

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft.hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr-f:-'F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
70,245.05

117.77
115.28

0.023032
0.023032

116.52
109.80

3,533.63
864**

0.7276
0.0473
0.0000
0.0648
0.2402
0.0156

32.10
34.44

Tube-Side
78,453.13

107.48
108.04

107.7600
108.3270

6.1171
39,430
4.1460
1.5180
1.5093

61.8914
0.9989
0.3657

Tube-Side hi (BTU/hr.ft 2.°F) 1,717.01
j Factor 0.0080
Air-Side ho (BTU/hr'ft2.°F) 8.36
Tube Wall Resistance (hr-ff2 .°F/BTU) 0.00031430
Overall Fouling (hrjft2-°F/BTU) 0.02832467

U Overall (BTU/hr'ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.88
860.06

8.70
44,037

0.9175
44,037

* * Reynolds Number Outside Range of Equation Applicability
97-200
Rev. A05
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ComEd -- LaSalle
Calculation Report for 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils

VY02 - 153 'F air side, 18,000 cfm, 107 'F water side, 158 gpm, Design FF, I tube plugged

Extrapolation Calculation for Row 8(Dry) 'I
I. 'I I

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ftihr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm.°F)
K (BTU/hr-ft-°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
70,245.05

115.28
113.28

0.023032
0.023032

114.28
108.89

3,533.63
867**

0.7278
0.0471
0.0000
0.0650
0.2402
0.0156

34.44
36.45

Tube-Side
78,453.13

107.03
107.48

107.2540
107.7094

6.1164
39,226
4.1697
1.5259
1.5188

61.8983
0.9989
0.3655

Tube-Side hi (BTU/hr.ft2.'F) 1,712.02
j Factor 0.0080
Air-Side ho (BTU/hr.ft2.0 F) 8.35
Tube Wall Resistance (hr-ft2.°F/BTU) 0.00031430
Overall Fouling (hr-ft2. 0F/BTU) 0.02832467

U Overall (BTU/hr.ft2.0 F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.88
860.06

6.98
35,265

0.9176
35,265

** Reynolds Number Outside Range of Equation Applicability

97-200
Rev. A05
Attachment C
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*** Air Mass Velocity (Lbri/hr.ft2), Tube Fluid Velocity (fi/sec): Air Density at Inlet T, Other Properties at Average T



Formulas from Section 6.7 for iteration process to determine inlet airflow for extrapolation conditions
Total P: p = __ 14.315 psia
Dry Bulb T OUT: T1 _ _ 113.28 F
Specific Hum.: W = _ 0.023
H20 Vap. P: Pv (W*Rv*P)/(Ra+(W*Rv)) = _ 0.510475042 psia

!Rv = 85.778 (ft-lbf)/(Ibm-R)
IRa = 53.352 (ft-lbf)/(Ibm-R)

Dry Air P: Pa = P - Pv1 13.80452 psia
Dry Air rho OUT: rho.out = (144/Ra)*(Pa/(459.67+T1)) =_ 0.065030 lbm/ftA3
Dry Air rho IN: rho.in = (144/Ra)*(Pa/(459.67+T2)) = _ 0.060814 Ibm/ftA3
Dry Bulb T IN: T2 1 153 F
Outlet Air Flow: V I 18000dcfm

cfm.in cfm.in = V*(rho.out/rho.in) = 19247.86 acfm

97-200
Rev. A05
Attachment C
Page C8 of C8
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Page 1
Design Analysis (Minor Revision) Last Page No. 1

Analysis No.:' 97-200 Revision: I A04

Title: 3 VY Cooler Thermal Performance Model - 1(2)VY01 A and 1(2)VY02A

EC/ECR No.:' 384525 Revision: 5 000
Station(s): ' LaSalle

Unit No.:; 02

Safety/QA Class: 9  SR

System Code(s): '° HP, E22, DG, VY

Is this Design Analysis Safeguards Information?" Yes [] No 0 If yes, see SY-AA-101-106
Does this Design Analysis contain Unverified Assumptions? '2 Yes [1 No 0 If yes, ATI/AR#: N/A
This Design Analysis SUPERCEDES: '3 N/A in its entirety.

Description of Changes (list affected pages): "

EC 384525 revised the flows in Division 3 of the Unit 2 CSCS. This revision makes the changes made in
Revision A03 applicable to both Units.

Disposition of Changes: I
As shown in Attachment A of Revision A03, the changes made are acceptable. The additional 50 gpm is
acceptable. No formal heat transfer analysis will be performed.

Preparer:" Sean Tanton L 3 • 2o/
Print Name Sign Name De

Method of Review: '7 Detailed Review 0 Alternate Calculations E] Testing E]

Reviewer:"I Matthew Cosenza Name -.3t/7 1
Print Name 5gn PNaxeat

Review Independent review 0 Peer review E]

Notes: 89

(For External Analyses Only)
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Page 1
Design Analysis (Minor Revision) Last Page No.' 1

Analysis No.:' 97-200 Revision: ' A03

Title: ' VY Cooler Thermal Performance Model - 1(2)VYO1 A and 1 (2)VY02A

EC/ECR No.:, 370853 Revision: S 000

Station(s):' LaSalle
Unit No.: 01

SafetylOA Class:' SR

System Code(s): " HP. E22, DG

Is this Design Analysis Safeguards Information?" Yes O No 0 If yes, see SY-AA-101-106
Does this Design Analysis contain Unverified Assumptions? ' Yes r No 0 If yes, ATI/AR#: N/A
This Design Analysis SUPERCEDES: " N/A in Its entirety.

Description of Changes (list affected pages): "
To recover available margin in Division III of the CSCS. EC 370853 revises the flows of the 1 VY02A cooler. To
recover margin. 100 gpm will be diverted from the 1E22-SOO1 cooler. Of this 100 gpm. 50 gpm will be returned
to the 1 E22-CO01 pump. while the other 50 gpm will be given to the 1 VY02A cooler. This minor revision
documents the change in flow.

Note that this analysis covers the 1(2)VY02A and the 1(2)VYOIA coolers. This revision only applies to Div. 3.
Unit 1 (1VY02A cooler). The flows shown for the remaining coolers are not impacted by this revision.

Disposition of Changes:
The minimum flow required to remove the design heat load of 646.235 Btu/hr has not changed. Because the
flow through the coolers is increasing by 50 gpm. the heat transfer will be greater and the previous scenarios
that have been run in this calculation will remain bounding. The increase in flow will not increase the velocity of
the water through the tubes to a point that would exceed the limits established in ER-AA-340-2000. Therefore.
the additional 50 gpm is acceptable.
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Method of Review: " Detailed Review [] Alternate Calculation- r-1 Testing E]
Reviewer." Matthew Cosenza-,• "'':j_!l .

Review Independent review 0 Peer review
Notes: ý'
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External Approver:, N/A N/A WA
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Title: VY Cooler Thermal Performance Model - 1(2)VY01A and 1(2)VY02A

Station(s) LaSalle Is this Design Analysis Safeguards? Yes [] No [

Unit No.: 01/02 Does this Design Analysis Contain
Unverified Assumptions? Yes E] No 0

Safety Class SR

System Code VY ATI/AR#

Description of Change
This minor revision reduces the amount of air flow required into the 1(2)VY01A coolers by 5%, and determines a
new maximum fouling factor at this reduced air flow.The 1(2)VY02A coolers were not changed.

Disposition of Changes (include additional pages as required)
See attached sheets. The change is acceptable.
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Method of Review tled Review E- Alternate Calculati n E] Testing
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Purpose:
The purpose of this minor revision is to revise the thermal model of the I(2)VYOIA
coolers for a 5% reduction in airflow. This assessment will evaluate the adequacy of
these heat exchangers with a maximum allowable inlet service water temperature of
104'F, using the design fouling factor of 0.02832467 hr*ft2*°F/BTU, and 5% tube
plugging. Another case will be run to find the maximum fouling factor with the 5%
reduction in air flow and 5% of the tubes plugged.

Inputs:
The design inputs consist of Reference 1 listed below.

Assumptions:
The assumptions indicated in section 5.0 of Reference 1 are still valid.

References:
1. Calculation No. 97-200, Rev. A, "VY Cooler Thermal Performance Model -

1(2)VYO1A and 1(2)VY02A."

Identification of Computer Programs:
Proto Hx version 4.01 is used for this minor revision. The same software was used for
the other revisions in this calculation.

Method of Analysis and Acceptance Criteria:
The existing heat exchanger model will be revised by changing the input of the air inlet
flow rate. The 5% reduction is calculated on the exit of the cooler. This reduction in
flow along with the 5% plugged tubes, design fouling factor, and 104'F incoming cooling
water was used to determine the thermal margin of the coolers and the maximum fouling
factor. The acceptance criteria will be for the calculated heat transfer to exceed the
LaSalle design heat load of 517,239 BTU/hr for 1(2)VYO I A coolers (See Reference 1,
Table 1). The original benchmark model developed for these heat exchangers
demonstrated a correlation to vendor performance specification within an assumed 5%
margin.

Analysis:
All input parameters except for air flow rate have remained the same and will not change
for this model. Proto HX requires the inlet air flow rate, but our flow device is located on
the exit of the heat exchanger. The current analyzed exit flow rate is taken from the 8th

row of the cooler (see Reference 1 Rev AOO Attachment B, page B8), which is 70,628.98
Ibm/hr. Dividing this mass flow rate by the density (which is also on that same page) and
converting to minutes gives an exit flow rate of 18,000 CFM. Reducing this number by
5% results in an exit flow rate of 17,100 CFM. Manipulation of the inlet flow rate was
used until the exit flow rate is 17,100 CFM.

When the Service Water inlet temperature is 104'F for the limiting flow rate of 75gpm, a
design fouling factor of 0.02832467 hr*ft2*OF/BTU, and a 5% tube plugging allowance,
the new total heat transfer is 603,150 BTU/hr. The thermal margin is calculated as

Apqo



Qcalculated - Qrequired, which is 603,150 - 517,239 BTU/hr = 85,911 or 16.6% Gross
Thermal Margin. Allowing for 5% model uncertainty, the net margin is 603,150(0.95) -
517,239 BTU/hr = 55,754 or 10.8% net Thermal Margin.

The maximum fouling factor with the same assumptions as above and a 5% model
uncertainty is 0.07593245 hr*ft2*°F/BTU.

Results / Conclusion:
The 1 (2)VYO 1 A coolers were found to have adequate thermal margin for a maximum
lake temperature of 104'F when operated at design fouling conditions (0.02832467
hr*ft2*°F/BTU), a 5% tube plugging allowance, and a 5% reduction in air flow rate. The
maximum fouling factor is 0.07593245 hr*ft2*OF/BTU. A reduced air flow rate of
17,100 ACFM (95% of 18,000) may therefore be used as acceptance criteria for airside
flow rate testing (e.g. LTS-200-19).

Attachments:
Attachment "A" - Proto-Hx Calc. Report for 1(2)VYO1A

(CSCS=I04'F @ design fouling, 5% tube plugged, 5% reduction in flow)
Attachment "B" - Proto-Hx Calc. Report for l(2)VYOIA

(CSCS=104'F Max FF, 5% tube plugged, 5% reduction in flow)

1 a *1

Is
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Data Report for 1(2)VYOI A & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, Design FF, 5% Plug, 5% Reduction in Flow

Air Coil Heat Exchanger Input Parameters

Air-Side

Flow
Mass Flow
Dry Bulb (Inlet Temperature)
Inlet Wet Bulb Temperature
Inlet Relative Humidity
Dry Bulb (Outlet Temperature)
Outlet Wet Bulb Temperature
Outlet Relative Humidity

Tube Fluid Name
Tube-Side Fouling
Air-Side Fouling

Design Q (BTU/hr)
Atmospheric Pressure (psia)
Design Sensible Heat Ratio
Performance Factor (% Reduction)

Coil Flow Direction
Fin Type
Configuration (for Air-Side h)

Coil Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft.°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Conductivity (BTU/hr-ft-°F)

21,179.00
0.00

150.00
92.00

0.00
109.40
84.10

0.00

acfm
Ibm/hr
OF
OF

OF
OF

Tube-Side
150.00

0.00

105.00

gpm
Ibm/hr
OF

115.30 OF

Fresh Water
0.001500
0.000000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers O1A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
19.00

0.5270
0.6250

1.500
1.452

1.000
225.00

VA-KAb
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Calculation Report for l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VY0I @ 104 F, Design FF, 5% Plug, 5% Reduction in Flow

Page I

-V
Calculation Specifications II

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

Design Fouling Factors Were Used

Test Data
Data Date

Air Flow (acfm)
Air Dry Bulb Temp In (IF)

Air Dry Bulb Temp Out (IF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (IF)
Wet Bulb Temp Out (IF)

Atmospheric Pressure (psia)
Tube Flow (gpm)
Tube Temp In (IF)

Tube Temp Out (IF)

Condensate Temperature (IF)

Extrapolation Data
Tube Flow (gpm)

Air Flow (acfm)
Tube Inlet Temp (OF)

Air Inlet Temp (IF)

Inlet Relative Humidity (%)
Inlet Wet Bulb Temp (IF)

Atmospheric Pressure (psia)

75.00

18,186.00

104.00

148.00

12.76

0.00

14.315

6f7-60 AC/o
A (44 

0

*** Air Mass Velocity (Lbm/hr-l), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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ComEd -- LaSalle

Calculation Report for l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY0 @ 104 F, Design FF, 5% Plug, 5% Reduction in Flow

Extrapolation Calculation Summary II

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity

Air-Side
67,203.40

148.00
112.12

Tube-Side
37,264.79

104.00
120.20

Tube-Side hi (BTU/hr-ft2 .°F) 0.00
j Factor 0.0000
Air-Side ho (BTU/hr-ft2 -°F) 0.00
Tube Wall Resistance (hr-ft2.°F/BTU,' 0.00031430
Overall Fouling (hr-ft2 .°F/BTU) 0.02832467

U Overall (BTU/hr ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6,880.52
0.00

603,150

0.0000
603,150

Extrapolation Calculation for Row l(Dry)

Air-Side
Mass Flow (lbm/hr) 67,203.40
Inlet Temperature (OF) 148.00
Outlet Temperature (OF) 140.70
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (IF) 144.35
Skin Temperature (OF) 125.37
Velocity *** 3.380.62
Reynold's Number 797**
Prandtl Number 0.7255
Bulk Visc (lbm/ft-hr) 0.0490
Skin Visc (lbm/ft-hr) 0.0000
Density (lbm/ft3) 0.0623
Cp (BTU/Ibm.°F) 0.2402
K (BTU/hr-ff.°F) 0.0 162
Relative Humidity In (%) 12.76
Relative Humidity Out (%) 15.34

Tube-Side

37,264.79
116.90
120.20

118.5507
121.2532

2.9130
20,828
3.6895
1.3650
1.3307

61.7340
0.9988
0.3695

Tube-Side hi (BTU/hr-fti2 .F) 1,004.28
j Factor 0.0082
Air-Side ho (BTU/hr ft2. F) 8.24
Tube Wall Resistance (hr-ft2.°F/BTU• 0.00031430
Overall Fouling (hr-ft2-F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft 2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.57
860.06

25.60
122,664

0.9186
122,664

4 ** Reynolds Number Outside Range of Equation Applicability V-dot)
4

Air Mass Velocity (Lbm/hr ft 2), Tube Fluid Velocity (fi/sec); Air Density at Inlet T, Other Properties at Average T
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CornEd -- LaSalle

Calculation Report for I(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VYOl @ 104 F. Design FF, 5% Plug, 5% Reduction in Flow

Extrapolation Calculation for Row 2(Dry)

Air-Side Tube-Side
Mass Flow (lbm/hr) 67,203.40 37,264.79 Tube-Side hi (BTU/hr-ft2.°F) 988.35
Inlet Temperature (0 F) 140.70 114.09 j Factor 0.0082
Outlet Temperature (0F) 134.48 116.90 Air-Side ho (BTU/hr-ft2.°F) 8.21
Inlet Specific Humidity 0.020268 Tube Wall Resistance (hr-ft2 '°F/BTU', 0.00031430
Outlet Specific Humidity 0.020268 Overall Fouling (hr-fl2.°F/BTU) 0.02832467
Average Temp (°F) 137.59 115.4974
Skin Temperature (°F) 121.35 117.8395 U Overall (BTU/hr'ft2 -0F) 5.55
Velocity *** 3.380.62 2.9108 Effective Area (ft2) 860.06
Reynold's Number 804** 20,226 LMTD 21.93
Prandtl Number 0.7261 3.8100 Total Heat Transferred (BTU/hr) 104,623
Bulk Visc (lbm/ft-hr) 0.0486 1.4056
Skin Visc (lbm/ftdhr) 0.0000 1.3743 Surface Effectiveness (Eta) 0.9188
Density (Ibm/fl3 ) 0.0630 61.7801 Sensible Heat Transferred (BTU/hr) 104,623
Cp (BTU/1bm'°F) 0.2402 0.9988 Latent Heat Transferred (BTU/hr)
K (BTU/hr'fr'°F) 0.0161 0.3685 Heat to Condensate (BTU/hr)
Relative Humidity In (%) 15.34
Relative Humidity Out (%) 18.03

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry)

Air-Side
Mass Flow (Ibm/hr) 67,203.40
Inlet Temperature (0F) 134.48
Outlet Temperature (°F) 129.17
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (7F) 131.82
Skin Temperature (7F) 117.92
Velocity *** 3.380.62
Reynold's Number 810**
Prandtl Number 0.7265
Bulk Visc (lbm/ft-hr) 0.0482
Skin Visc (lbm/ft-hr) 0.0000
Density (lbm/ft3) 0.0636
Cp (BTU/Ibm'°F) 0.2402
K (BTU/hr'ft.0 F) 0.0159
Relative Humidity In (%) 18.03
Relative Humidity Out (%) 20.76

Tube-Side

37,264.79
111.69
114.09

112.8918
114.9196

2.9090
19,718
3.9181
1.4419
1.4136

61.8185
0.9988
0.3676

Tube-Side hi (BTU/hr'ft2 -°F) 974.69
j Factor 0.0081
Air-Side ho (BTU/hrft2.°F) 8.19
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ftl2 -F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.53
860.06

18.79
89,336

0.9191
89,336

* * Reynolds Number Outside Range of Equation Applicability
q~-?ooIAv 4

Adl-14
~,P4,_

*** Air Mass Velocity (Lbrn/hrfi2), Tube Fluid Velocity (ft/sec), Air Density at Inlet T, Other Properties at Average T
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Calculation Report for I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VY01 @ 104 F, Design FF, 5% Plug, 5% Reduction in Flow

Extrapolation Calculation for Row 4(Dry)

Air-Side Tube-Side
Mass Flow (lbm/hr) 67,203.40 37,264.79 Tube-Side hi (BTU/hr ft2-°F) 962.97
Inlet Temperature (IF) 129.17 109.64 j Factor 0.0081
Outlet Temperature (IF) 124.62 111.69 Air-Side ho (BTU/hr-ft2 .°F) 8.17
Inlet Specific Humidity 0.020268 Tube Wall Resistance (hr-fi2-°F/BTU' 0.00031430
Outlet Specific Humidity 0.020268 Overall Fouling (hr-ft2 .°F/BTU) 0.02832467
Average Temp (IF) 126.90 110.6660
Skin Temperature (°F) 114.98 112.4202 U Overall (BTU/hr ft2.°F) 5.51
Velocity *** 3.380.62 2.9075 Effective Area (ft2) 860.06
Reynold's Number 815** 19,287 LMTD 16.11
Prandtl Number 0.7269 4.0144 Total Heat Transferred (BTU/hr) 76,356
Bulk Visc (lbm./fthr) 0.0479 1.4741
Skin Visc (lbm/ft-hr) 0.0000 1.4486 Surface Effectiveness (Eta) 0.9192
Density (Ibm/ft3) 0.0641 61.8506 Sensible Heat Transferred (BTU/hr) 76,356
Cp (BTU/Ibm-°F) 0.2402 0.9988 Latent Heat Transferred (BTU/hr)
K (BTU/hr-ft'°F) 0.0158 0.3668 Heat to Condensate (BTU/hr)
Relative Humidity In (%) 20.76
Relative Humidity Out (%) 23.47

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry) 7 1

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (0F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibmr/ft-hr)
Skin Visc (lbm/ftihr)
Density (lbm/ft3)
Cp (BTU/lbm.°F)
K (BTU/hr-fti.F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
67,203.40

124.62
120.74

0.020268
0.020268

122.68
112.47

3.380.62
820**

0.7272
0.0477
0.0000
0.0645
0.2402
0.0157

23.47
26.12

Tube-Side
37,264.79

107.89
109.64

108.7629
110.2792

2.9062
18,921
4.0998
1.5026
1.4799

61.8774
0.9988
0.3661

Tube-Side hi (BTU/hr f12.°F) 952.92
j Factor 0.0081
Air-Side ho (BTU/hr-ft2-°F) 8.15
Tube Wall Resistance (hr ft2-°F/BTU' 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.50
860.06

13.81
65,316

0.9194
65,316

N . ** Reynolds Number Outside Range of Equation Applicability 4?_ý 0 vi&

*** Air Mass Velocity (Lbm/hr'ft2 ). Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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Calculation Report for I(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VYO1 @ 104 F, Design FF, 5% Plug, 5% Reduction in Flow

Extrapolation Calculation for Row 6(Dry)

Air-Side Tube-Side

Mass Flow (lbm/hr) 67,203.40 37,264.79 Tube-Side hi (BTU/hrft 2"°F) 944.29
Inlet Temperature (OF) 120.74 106.38 j Factor 0.0081
Outlet Temperature (OF) 117.41 107.89 Air-Side ho (BTU/hr'ftl2 .F) 8.14
Inlet Specific Humidity 0.020268 Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Outlet Specific Humidity 0.020268 Overall Fouling (hrft2 -°F/BTU) 0.02832467
Average Temp (°F) 119.08 107.1344
Skin Temperature (OF) 110.32 108.4442 U Overall (BTU/hr ft2.°F) 5.48
Velocity *** 3.380.62 2.9052 Effective Area (fI) 860.06
Reynold's Number 824** 18,610 LMTD 11.85
Prandtl Number 0.7275 4.1753 Total Heat Transferred (BTU/hr) 55,913
Bulk Visc (lbm/ft-hr) 0.0474 1.5278
Skin Visc (lbm/ft'hr) 0.0000 1.5075 Surface Effectiveness (Eta) 0.9195
Density (Ibm/fl3 ) 0.0649 61.9000 Sensible Heat Transferred (BTU/hr) 55,913
Cp (BTU/lbm-°F) 0.2402 0.9989 Latent Heat Transferred (BTU/hr)
K (BTU/hr'ft'°F) 0.0157 0.3655 Heat to Condensate (BTU/hr)
Relative Humidity In (%) 26.12
Relative Humidity Out (%) 28.66

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 7(Dry)

Air-Side
Mass Flow (lbm/hr) 67,203.40
Inlet Temperature (OF) 117.41
Outlet Temperature (OF) 114.56
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (°F) 115.99
Skin Temperature (OF) 108.48
Velocity *** 3.380.62
Reynold's Number 827**
Prandtl Number 0.7277
Bulk Visc (Ibm/fl'hr) 0.0472
Skin Visc (lbm/ftrhr) 0.0000
Density (Ibm/fl3 ) 0.0652
Cp (BTU/lbm-'F) 0.2402
K (BTU/hr-ft.°F) 0.0156
Relative Humidity In (%) 28.66
Relative Humidity Out (%) 31.06

Tube-Side
37,264.79

105.10
106.38

105.7400
106.8708

2.9043
18,345
4.2417
1.5498
1.5319

61.9190
0.9989
0.3650

Tube-Side hi (BTU/hr'fl2"°F) 936.89
j Factor 0.0081
Air-Side ho (BTU/hr-ft2.°F) 8.12
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.0 F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.47
860.06

10.17
47,894

0.9197
47,894

Reynolds Number Outside Range of Equation Applicability
A~9L A~

*** Air Mass Velocity (Lbm/hr ft 2), Tube Fluid Velocity (ftisec); Air Density at Inlet T, Other Properties at Average T



06-09-2005 14:41:20 PROTO-HX 4.01 by Proto-Power Corporation (SN#PHX-0000) Page 6

ComEd -- LaSalle

Calculation Report for 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, Design FF, 5% Plug, 5% Reduction in Flow

Extrapolation Calculation for Row 8(Dry) III,

Air-Side
Mass Flow (lbm/hr) 67,203.40
Inlet Temperature (0F) 114.56
Outlet Temperature (7F) 112.12
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (7F) 113.34
Skin Temperature (0F) 106.90
Velocity *** 3.380.62
Reynold's Number 830**
Prandtl Number 0.7278
Bulk Visc (lbmr/fthr) 0.0471
Skin Visc (lbm/ft-hr) 0.0000
Density (lbm/ft3) 0.0655
Cp (BTU/Ibm'°F) 0.2402
K (BTU/hr'fV'F) 0.0155
Relative Humidity In (%) 31.06
Relative Humidity Out (%) 33.30

Tube-Side
37,264.79

103.99
105.10

104.5452
105.5210

2.9035
18,119
4.3000
1.5692
1.5534

61.9351
0.9989
0.3645

Tube-Side hi (BTU/hr-ft2.°F) 930.53
j Factor 0.0081
Air-Side ho (BTU/hr'ft2"°F) 8.11
Tube Wall Resistance (hr-fi 2"°F/BTU' 0.00031430
Overall Fouling (hr-fi2 "°F/BTU) 0.02832467

U Overall (BTU/hr'ft2"°F)
Effective Area (ft)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.47
860.06

8.73
41,047

0.9198
41,047

** Reynolds Number Outside Range of Equation Applicability

jo,42_ '4 7 P(14(

Air Mass Velocity (Lbm/hr-ft 2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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Data Report for I(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, Max FF, 5% Plug, reduction in air flow 7/6/05

Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side

Flow
Mass Flow
Dry Bulb (Inlet Temperature)
Inlet Wet Bulb Temperature
Inlet Relative Humidity
Dry Bulb (Outlet Temperature)
Outlet Wet Bulb Temperature
Outlet Relative Humidity

Tube Fluid Name
Tube-Side Fouling
Air-Side Fouling

Design Q (BTU/hr)
Atmospheric Pressure (psia)
Design Sensible Heat Ratio
Performance Factor (% Reduction)

Coil Flow Direction
Fin Type
Configuration (for Air-Side h)

Coil Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft-°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Conductivity (BTU/hr.f.°F)

21,179.00 acfm
0.00 Ibm/hr

150.00 OF
92.00 OF

0.00 %
109.40 OF
84.10 OF
0.00 %

150.00
0.00

105.00

gpm
lbm/hr
OF

115.30 OF

Fresh Water
0.004000
0.000400

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01 A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
19.00

0.5270
0.6250

1.500
1.452 q?-ýao • o
1.000 4

225.00
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Calculation Report for 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, Max FF, 5% Plug, reduction in air flow 7/6/05

Page I

Calculation Specifications II
I; .

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date

Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)

Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)

Wet Bulb Temp Out ('F)

Atmospheric Pressure (psia)

Tube Flow (gpm)
Tube Temp In ('F)

Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data

Tube Flow (gpm)

Air Flow (acfrn)

Tube Inlet Temp ('F)
Air Inlet Temp ('F)

Inlet Relative Humidity (%)

Inlet Wet Bulb Temp ('F)

Atmospheric Pressure (psia)

75.00

18,075.00

104.00

148.00

12.76

0.00

14.315

T97-Iývo & '1oý

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T
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Calculation Report for I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils

VY0I @) 104 F. Max FF, 5% Plug, reduction in air flow 7/6/05

Extrapolation Calculation Summary II
Air-Side

Mass Flow (lbm/hr) 66,793.22
Inlet Temperature (IF) 148.00
Outlet Temperature (°F) 114.87
Inlet Specific Humidity
Outlet Specific Humidity

Tube-Side

37,264.79
104.00
118.87

Tube-Side hi (BTU/hr ft2.°F) 0.00
j Factor 0.0000
Air-Side ho (BTU/hr-fl2 .°F) 0.00
Tube Wall Resistance (hr-ft2 -F/BTU' 0.00031430
Overall Fouling (hr-fl2 .°F/BTU) 0.07593245

U Overall (BTU/hr.ft2.°F)
Effective Area (ft 2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6,880.52
0.00

553,584

0.0000
553,584

Extrapolation Calculation for Row 1(Dry) 1[

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ftihr)
Density (Ibm/fl3)
Cp (BTU/lbm.°F)
K (BTU/hr-fi.°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side

66,793.22
148.00
141.83

0.020268
0.020268

144.91
128.95

3.359.98
792**

0.7254
0.0490
0.0000
0.0622
0.2402
0.0162

12.76
14.91

Tube-Side
37,264.79

116.10
118.87

117.4817
119.7606

2.9122
20,617
3.7310
1.3790
1.3495

61.7503
0.9988
0.3692

Tube-Side hi (BTU/hr'ft 2 -F) 998.32
j Factor 0.0082
Air-Side ho (BTU/hr ft2. F) 8.21
Tube Wall Resistance (hr-ft2.0 F/BTU') 0.00031430
Overall Fouling (hr-ft2. 0F/BTU) 0.07593245

U Overall (BTU/hr-ft2.IF)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.39
860.06

27.30
103,117

0.9189
103,117

(3 ** Reynolds Number Outside Range of Equation Applicability

*** Air Mass Velocity (Lbm/hr'ft2), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T
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Calculation Report for I(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F. Max FF, 5% Plug, reduction in air flow 7/6/05

Extrapolation Calculation for Row 2(Dry) II
Air-Side

Mass Flow (lbm/hr) 66,793.22
Inlet Temperature (IF) 141.83
Outlet Temperature (IF) 136.39
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (IF) 139.11
Skin Temperature (IF) 125.00
Velocity *** 3.359.98
Reynold's Number 798**
Prandtl Number 0.7259
Bulk Visc (lbm/ft.hr) 0.0487
Skin Visc (lbm/fithr) 0.0000
Density (Ibm/fl3) 0.0628
Cp (BTU/Ibm.°F) 0.2402
K (BTU/hr-ft.°F) 0.0161
Relative Humidity In (%) 14.91
Relative Humidity Out (%) 17.15

Tube-Side
37,264.79

113.66
116.10

114.8760
116.9114

2.9104
20,105
3.8354
1.4142
1.3866

61.7894
0.9988
0.3683

Tube-Side hi (BTU/hr-ft2 -0 F) 984.79
j Factor 0.0082
Air-Side ho (BTU/hr'ft2-°F) 8.19
Tube Wall Resistance (hr-fft. F/BTU' 0.00031430
Overall Fouling (hr-ft2-F/BTU) 0.07593245

U Overall (BTU/hr-ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.38
860.06
24.12

90,846

0.9191
90,846

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry)

Mass Flow (Ibm/hr)
Inlet Temperature (IF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ftlhr)
Skin Visc (lbm/ftihr)
Density (Ibm/ft3)
Cp (BTU/lbm-°F)
K (BTU/hr-ft.°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side

66,793.22
136.39
131.60

0.020268
0.020268

134.00
121.53

3.359.98
803**

0.7264
0.0484
0.0000
0.0633
0.2402
0.0160

17.15
19.46

Tube-Side

37,264.79
111.50
113.66

112.5798
114.3961

2.9088
19,657
3.9313
1.4464
1.4208

61.8230
0.9988
0.3675

Tube-Side hi (BTU/hr-ft2 .°F) 972.82
j Factor 0.0082
Air-Side ho (BTU/hr-ft2 .°F) 8.17
Tube Wall Resistance (hr-fl2-°F/BTU. 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.07593245

U Overall (BTU/hr-ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.37
860.06

21.31
80,084

0.9193
80,084

** Reynolds Number Outside Range of Equation Applicability
~f4 ,4

*** Air Mass Velocity (Lbm/hr-fi2). Tube Fluid Velocity (fi/sec); Air Density at Inlet T, Other Properties at Average T
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Calculation Report for l(2)VYO IA & 02A - CSCS Equipment Area Cooling Coils
VYOI @~ 104 F. Max FF, 5% Plug, reduction in air flow 7/6/05

Extrapolation Calculation for Row 4(Dry) II
Air-Side

Mass Flow (Ibm/hr) 66,793.22
Inlet Temperature (IF) 131.60
Outlet Temperature (IF) 127.37
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (IF) 129.48
Skin Temperature (IF) 118.47
Velocity *** 3.359.98
Reynold's Number 808**
Prandtl Number 0.7267
Bulk Visc (lbm/ft-hr) 0.0481
Skin Visc (lbm/ftfhr) 0.0000
Density (lbM/ft3 ) 0.0638
Cp (BTU/lbm.°F) 0.2402
K (BTU/hr-ft.°F) 0.0159
Relative Humidity In (%) 19.46
Relative Humidity Out (%) 21.79

Tube-Side
37,264.79

109.61
111.50

110.5551
112.1747

2.9074
19,265
4.0193
1.4758
1.4522

61.8521
0.9988
0.3667

Tube-Side hi (BTU/hr-ft 2.°F) 962.23
j Factor 0.0082
Air-Side ho (BTU/hr-ft2 .°F) 8.15
Tube Wall Resistance (hr-ft2.°F/BTU` 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.07593245

U Overall (BTU/hrft2 0.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.36
860.06

18.84
70,636

0.9194
70,636

** Reynolds Number Outside Range of Equation Applicability

11 Extrapolation Calculation for Row 5(Dry)

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ftihr)
Density (lbm/ft3)
Cp (BTU/ibm-°F)
K (BTUihr-ft.°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
66,793.22

127.37
123.64

0.020268
0.020268

125.51
115.76

3.359.98
812**

0.7270
0.0478
0.0000
0.0642
0.2402
0.0158

21.79
24.11

Tube-Side
37,264.79

107.93
109.61

108.7689
110.2121

2.9062
18,922
4.0995
1.5026
1.4809

61.8773
0.9988
0.3661

Tube-Side hi (BTU/hr.ft2.°F) 952.85
j Factor 0.0081
Air-Side ho (BTU/hr-ft2.°F) 8.13
Tube Wall Resistance (hr- ft 2-°F/BTU' 0.00031430
Overall Fouling (hr.ft2 .°F/BTU) 0.07593245

U Overall (BTU/hr-ft2 -F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.35
860.06

16.66
62,333

0.9196
62,333

( j1 ** Reynolds Number Outside Range of Equation Applicability

cfl-ýd 4a&#;ý

*** Air Mass Velocity (Lbm/hrRfi2 ), Tube Fluid Velocity (fi/sec); Air Density at Inlet T, Other Properties at Average T
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Calculation Report for 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, Max FF, 5% Plug, reduction in air flow 7/6/05

• tJ ii

Extrapolation Calculation for Row 6(Dry) II1.

Mass Flow (ibm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm 0'F)
K (BTU/hr-ft-°F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side
66,793.22

123.64
120.35

0.020268
0.020268

121.99
113.38

3.359.98
816**

0.7273
0.0476
0.0000
0.0645
0.2402
0.0157

24.11
26.40

Tube-Side
37,264.79

106.45
107.93

107.1924
108.4777

2.9052
18,621
4.1726
1.5269
1.5070

61.8992
0.9989
0.3655

Tube-Side hi (BTU/hr ft2 0.F) 944.56
j Factor 0.0081
Air-Side ho (BTU/hr-ft2-°F) 8.11
Tube Wall Resistance (hr-ft2 -°F/BTU'j 0.00031430
Overall Fouling (hr'ft2-°F/BTU) 0.07593245

U Overall (BTU/hrft2 0-°F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.34
860.06

14.73
55,030

0.9197
55,030

** Reynolds Number Outside Range of Equation Applicability

I Extrapolation Calculation for Row 7(Dry) = 1
Air-Side

Mass Flow (lbm/hr) 66,793.22
Inlet Temperature (OF) 120.35
Outlet Temperature (°F) 117.44
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (OF) 118.89
Skin Temperature (°F) 111.27
Velocity *** 3.359.98
Reynold's Number 819**
Prandtl Number 0.7275
Bulk Visc (lbm/ft-hr) 0.0474
Skin Visc (lbm/ft-hr) 0.0000
Density (lbm/ft3) 0.0649
Cp (BTU/lbm-°F) 0.2402
K (BTU/hr'fi'°F) 0.0157
Relative Humidity In (%) 26.40
Relative Humidity Out (%) 28.64

Tube-Side
37,264.79

105.15
106.45

105.8003
106.9444

2.9043
18,356
4.2388
1.5489
1.5308

61.9182
0.9989
0.3650

Tube-Side hi (BTU/hr.fl2 .F) 937.22
j Factor 0.0081
Air-Side ho (BTU/hr'ft2.°F) 8.10
Tube Wall Resistance (hr-ft2 .°F/BTUj) 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.07593245

U Overall (BTU/hr-ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.34
860.06

13.03
48,601

0.9198
48,601

(3• ** Reynolds Number Outside Range of Equation
Applicability 44 6

124ý4C 6 4

*** Air Mass Velocity (Lbm/hr'ft2 ). Tube Fluid Velocity (fti/sec): Air Density at Inlet T. Other Properties at Average T
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Calculation Report for I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYOI1 @ 104 F, Max FF, 5% Plug, reduction in air flow 7/6/05

I. d

Extrapolation Calculation for Row 8(Dry) II11

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (7F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/fi-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ftl)
Cp (BTU/Ibm 0'F)
K (BTU/hr'ftr'F)
Relative Humidity In (%)
Relative Humidity Out (%)

Air-Side

66,793.22
117.44
114.87

0.020268
0.020268

116.15
109.41

3.359.98
822*"

0.7277
0.0472
0.0000
0.0651
0.2402
0.0156

28.64
30.79

Tube-Side
37,264.79

103.99
105.15

104.5707
105.5885

2.9036
18,123
4.2987
1.5688
1.5523

61.9348
0.9989
0.3645

Tube-Side hi (BTU/hrft2 0.°F) 930.72
j Factor 0.0081
Air-Side ho (BTU/hr-fl2-°F) 8.09
Tube Wall Resistance (hr-ft2-°F/BTU, 0.00031430
Overall Fouling (hr-ft2 -.F/BTU) 0.07593245

U Overall (BTU/hr ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.33
860.06

11.53
42,938

0.9199
42,938

** Reynolds Number Outside Range of Equation Applicability

q-7 - o

/9~~wL -2 t7A' ~

Air Mass Velocity (Lbm/hr-ft2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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Major REV Number: A Minor Rev Number: 01
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DESIGN ANALYSIS NO. 97-200 REV: A01 PAGE NO. 2

Revision Summary (including EC's incorporated): evaluated issues associated with 1) the
impact of an error "flag' message on the printouts of Proto-Hx. which states that the Air Side Reynolds
number is outside the range of equation applicability. 2) the *Data Report output for the air coolers
indicates a LOG (base 10) in the Fin Configuration equation for the Colburn j' factor, however the
equation in the body of this calculation shows this as the natural log (Ln). The calc. has been evaluated
to be acceptable as-is.
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PurposelObiective

The purpose of this minor revision is to assess the following: 1) the impact of error
"flag" message on the printouts of Proto-Hx, which states that the Air Side Reynolds
number is outside the range of equation applicability. An example of this flag can be
found on Attachment G, page 4. 2) the "Data Report" output for the air coolers
(example Attachment G, page 2) indicates a LOG (base 10) in the Fin Configuration
equation for the Colbum 'j' factor, however Equation 9 of this calculation shows this as
the natural log (Ln).

Methodology and Acceptance Criteria

N/A, this is an assessment of the current calculation.

Assumptions I Engineering Judgments

Assumptions and engineering judgements are documented within this analysis.

Design Inputs

N/A, this minor revision utilizes those of the current calculation.

References

1. SEAG 02-000086 (copy attached)
2. Heat Transfer-Professional Version, Lindon C. Thomas, 2nd Ed., 1999.

Analysis

1) On page 13, the Colburn 'j' factor versus Reynolds Number (Re) relationship is given.
This relationship was derived in this calculation to more closely match the
manufacturer's heat transfer capability. The Colburn 'j' factor relationship is based on
the information in Attachment D. This attachment shows the straight line relationship
between the 'j' factor and Re number when plotted on a log-log scale, with Re number
end points between 1000 and 8000. This relationship was used to derive Equation 9,
which is input into the computer model with the two end points. Even though the
calculated Re is less than 1000 in some cases (it is normally in the range of approx. 800
to 1000), the program still uses the Equation 9 relationship with the actual Re. The
computer program in this case is flagging that it had to extrapolate past the 1000 end
point it was given. Reference 2, page 553 shows this relationship to be linear down to a
Re of 600 for a similar type of finned tube. Based on engineering judgement, it is
therefore reasonable to extrapolate this line to a somewhat lower Re down to a
Reynolds number of approximately 800. Thus the results of the calculations are
acceptable.

2) Equation 9 in the body of the calculation, which indicates Ln, is correct and Ln is the
function being used by the program. A check of the 'j' factor numbers indicated on the
computer output in the calculation show that the program is using the natural log Ln.
The program manufacturer, Proto-Power, was contacted on 4-03-02. They indicated
that the LOG on the Data Report represents indefinite text output and they confirmed



Calculation No. 97-200, Rev. AO1
Pagel oft

that the program is indeed using the natural log (Ln) function for its calculations. (A 6-,)

letter/fax was obtained from Proto-Power on 4-03-02 confirming this discussion. The fax
has been assigned file number SEAG 02-000086). A copy of this letter is attached (see
Attachment A of this minor revision.

Summary and Conclusions

Based on the above discussion, the calculation results are acceptable as-is.
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MEMORANDUM

File No. 908OF/050119/M02001

To: Brian Davenport

From: Joseph G- Fay;

Date: April 3,2002

Subject: PROT'O--HX Air Coil Module

Brian,

The PROTO-I-IX Data Sheet Output Report for Air Coils shows the equation for
"Configuration (for Air-Side h)" with the "LOG" term in the equation. This in fact
represents the "Natural Log" and not "Log Base 10." The equation actually uses the
Natural Log (LN) term, however, the output report is ambiguous in printing "LOG".

If you have any other questionsa, please feel free to give me a call.

Sorry for the con'fuLaion.

JGF:baj

CC: Joseph G. Fayan
Job File
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DESIGN ANALYSIS NO. 97-200 REV: AOO PAGE NO. 2

Revision Summary (including EC's incorporated): Updated ProtoHX model for 1040F
Service Water inlet temperature and calculated thermal margins with the design fouling factor
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1.0 PURPOSEIOBJECTIVE

The purpose of this minor revision is to revise the thermal model of the A RHR Pump Room
Coolers (1/2VY01A) and the HPCS Pump Room Coolers (1/2VY02A) using a 1040F Service Water
inlet temperature. This assessment will evaluate the adequacy of these heat exchangers during a
maximum allowable inlet service water temperature of 1040 F. Also a maximum design fouling
factor will be determined.

2.0 METHODOLOGY AND ACCEPTANCE CRITERIA

The existing heat exchanger model will be revised by changing the input of the "Tube Inlet Temp."
from 100OF to 104OF and simulated for the following conditions: design fouling factor and design
fouling factor with a 5% tube plugging allowance. The acceptance criteria will be for the thermal
margin at each stated condition to exceed the LaSalle design heat load of 517,239 BTU/hr for
1/2VY01A and 646,235 BTU/hr for 1/2VY02A (Ref. 1, table 1). Additional conservatism was built
into this acceptance criteria by assuming a 5% uncertainty in the Proto-HX heat transfer
calculations. The original benchmark model developed for these heat exchangers demonstrated a
correlation to vendor performance specification well within this assumed 5% margin.

A final case will be evaluated which determines the maximum acceptable fouling factor at which
the design heat load can be accommodated including heat transfer model uncertainty and a 5%
tube plugging allowance.

3.0 ASSUMPTIONS I ENGINEERING JUDGMENTS

The assumptions indicated in section 5.0 of Reference 1 are still valid.

4.0 DESIGN INPUTS

The design inputs consist of References I listed below.

5.0 REFERENCES

1. Calculation No. 97-200, Rev. A," VY Cooler Thermal Performance Model - 1(2)VY01A and
1 (2)VY02A."

2. Calculation No. L-002457, Rev. 4, "LaSalle County Station Ultimate Heat Sink Analysis".
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6.0 CALCULATIONS

The current calculation model is based on a Service Water inlet temperature of 1 000F with a
varying service water flow rates. Based on Reference 1 Calculations, the limiting flow rates, heat
transfer rates, and thermal margins are as follows:

Table 1: At Limiting Flow rates, 100°F Service Water Inlet Temp. and Overall FF = 0.03976622
hr*ft2*OF/BTU (Ref. 1, table 9).

Limiting Flow Qrequdred Qavallable

Cooler Rate (gpm) (BTU/hr) (BTUIhr) Thermal Margin (%)

1(2)VY0IA 75 517,239 675,177 30.5%

1 (2)VY02A 108 646,235 707,030 9.4%

Thermal margin is calculated by the following method:

Required Heat Load - Calculated Heat Transfer = Thermal Margin [Equation 1]

To express this as a percent of the required heat load, the following method is used:

The rmalM arg in x 100% = %ThermalMargin
Re quiredHeatLoad [Equation 2]

When the Service Water inlet temperature is increased to 1040F for the same limiting flow rate, but
with a design overall fouling factor of 0.02832467 hr*ft2*OF/BTU, the new thermal margins are
shown in Table 2.

Table 2: At Limiting Flow rates, 1040 F Service Water Inlet Temp. and Design Overall FF =
0.02832467 hr*ft2*OF/BTU [,AttachmentA_.

Limiting Flow Qrequlred Qavallable

Cooler Rate (gpm) (BTU/hr) (BTU/hr) Thermal Margin (%)

1(2)VY01A 75 517,239 629,279 21.7%

1 (2)VY02A 108 646,235 659,062 2.0%
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Furthermore, if we consider the above conditions (in Table 2) and factor in a 5% tube plugging
allowance the following Thermal Margins are calculated in Attachment B.

Table 3: At Limiting Flow rates, 1040 F Service Water Inlet Temp., Design FF = 0.02832467
hr*ft2*OF/BTU and 5% plu, ged [Attachment B].

Limiting Flow Qrequlred Qavallable

Cooler Rate (gpm) (BTUlhr) (BTUlhr) Thermal Margin (%)

1(2)VY01A 75 517,239 625,070 20.8%

1 (2)VY02A 108 646,235 653,739 1.2%

In addition, the maximum allowable Fouling Factors for each cooler, while maintaining at least a
5% thermal margin at 1040F inlet service water temperature with a 5% tube plugging allowance,
are listed in Table 4.

Table 4: Maximum Allowable Fouling Factors at 1040 F Service Water inlet temp. and 5% plugged.
[Attachment C1.

Maximum
Cooler Overall FF

1(2)VYO1A 0.0949

1(2)VY02A Note 1

Note 1: As demonstrated by the results in tables 2 and 3, air cooler 1(2)VY02A does not have
analytical thermal margin in excess of the assumed 5% model uncertainty at the elevated inlet
service water temperature of 1040F, room air temperature of 1480 F and the design overall fouling
factor of 0.02832467 hr*ft2*0FIBTU. However an additional Proto-HX run at a room air temperature
of 1500F, service water inlet temperature of 1040 F, no tubes plugged and the design overall fouling
factor of 0.02832467 hr*ft20*F/BTU demonstrated in excess of the 5% thermal margin needed to
account for analytical uncertainty [Attachment C]. This is discussed further in the summary and
conclusion section below.
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7.0 SUMMARY AND CONCLUSIONS

The A RHR Pump Room Coolers (1/2VY01A) and HPCS Pump Room Coolers (1/2VY02A) were
found to have adequate thermal margin for a maximum lake temperature of 104OF when operated
at design fouling conditions (the design overall fouling factor of 0.02832467 hr*ft2*OF/BTU). The
maximum allowable overall fouling factor for the 1(2)VY01A coolers is 0.0949 hr*ft2*OF/BTU
(includes an allowance for 5% of the tubes to be plugged).

For the 1 (2)VY02A coolers the maximum allowable fouling factor is equal to the design overall
fouling factor of 0.02832467 hr*ft2*OF/BTU (this does NOT include a 5% tube plugging allowance).
It should be noted that the inlet air temperature was increased 20F (from 148OF to 1500F) to
achieve the desired thermal margin of 5%. A review of the EQ equipment in the room determined
that all EQ components are qualified for temperature exceeding 150OF for the first 24 hours of the
LOCA. The time at which the service water inlet temperature could experience 1040F is short term
in nature and bounded by the 24-hour period specified above. The post LOCA peak service water
temperature profile is documented within reference 2. Figure G7.1 within reference 2
demonstrates that the maximum post accident service water temperatures remain well below 100
OF except for a short period of time within the first day after the SCRAM occurs.

8.0 ATTACHMENTS:

Attachment "A" - Proto-Hx Calc. Report for 1(2)VY01A & 1(2)VY02A
(CSCS=1040 F @ Design Fouling)

Attachment "B" - Proto-Hx CaIc. Report for 1(2)VY01A & 1(2)VY02A
(CSCS=1040F @ Design FF, 5% Plugged)

Attachment "C" - Proto-Hx Calc. Report for 1(2)VY01 A & 1 (2)VY02A
(For VY01, CSCS=104*F @ Max. Allowable FF, w\ 5% plugged)
(For VY02, CSCS=1040F @ Design FF, Room Temp. = 1500F)

Final Page
(Last Page)
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Proto-Hx Calc. Report for 1(2)VY01A & 1(2)VY02A
(CSCS=104°F @ Design Fouling)
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17:51:19 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 04/24/02
ComEd -- LaSalle

Data Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, DESIGN FF

Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side
Fluid Quantity, Total 21,179.00 acfm 150.00 gpm
Inlet Dry Bulb Temp 150.00 OF 105.00 OF
Inlet Wet Bulb Temp 92.00 OF
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 109.40 OF 115.30 OF
Outlet Wet Bulb Temp 84.10 OF
Outlet Relative Humidity %

Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.000000

Design Heat Transfer (BTU/hr) 750,000
Atmospheric Pressure 14.315
Sensible Heat Ratio 1.00
Performance Factor (% Reduction) 0.000

Heat Exchanger Type Counter Flow
Fin Type Circular Fins
Fin Configuration LaSalle VY Coolers 01A/02A

j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in) 104.250
Fin Pitch (Fins/Inch) 10.000
Fin Conductivity (BTU/hr'ft'°F) 128.000
Fin Tip Thickness (inches) 0.0120
Fin Root Thickness (inches) 0.0120
Circular Fin Height (inches) 1.495

Number of Coils Per Unit 2
Number of Tube Rows 8
Number of Tubes Per Row 20.00
Active Tubes Per Row 20.00

Tube Inside Diameter (in) 0.5270
Tube Outside Diameter (in) 0.6250
Longitudinal Tube Pitch (in) 1.500
Transverse Tube Pitch (in) 1.452

Number of Serpentines 1.000
Tube Wall Conductivity (BTU/hr-ft.°F) 225.00

Calculation No. 97-200
Revision No. AOO
Attachment _t)_
Page No. Ai- of A•,
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CornEd -- LaSalle

Calculation Report for: I(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VYOI (@2 104 F, DESIGN FF

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In (OF)
Air Dry Bulb Temp Out (°F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (OF)
Wet Bulb Temp Out (OF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)
Condensate Temperature (OF)

Extrapolation Data
Tube Flow (gpm) 75.00
Air Flow (acfm) 19,120.00
Tube Inlet Temp (OF) 104.00
Air Inlet Temp (OF) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (OF) 0.00
Atmospheric Pressure 14.315

Calculation No. 97-200
Revision No. AO0
Attachment A
Page No. _ of 4/7



17:51:19 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VYO @ 104 F, DESIGN FF

04/24/02

FI
Extrapolation Calculation Summary IIII

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ftfhr)
Density (lbm/ft3)
Cp (BTU/Ibm 0'F)
K (BTU/hr-ft0-F)

Air-Side

70,654.85
148.00
112.40

Tube-Side
37,262.20

104.00
120.93

Tube-Side hi (BTU/hr ft 2.0 F)
j Factor
Air-Side ho (BTU/hr-ft2 ..F)
Tube Wall Resistance (hr ft2*.F/BTU. 0.00031430
Overall Fouling (hr-ft2. F/BTU) 0.02832467

U Overall (BTU/hr'ft2.OF)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

629,279

629,279

'I

Extrapolation Calculation for Row l(Dry) IIII

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ltfhr)
Skin Visc (lbm/ff-hr)
Density (Ibm/ft3)
Cp (BTU/lbm-°F)
K (BTU/hr'fr°F)

Air-Side

70,654.85
148.00
140.90
0.0203
0.0203
144.45
125.98

3,376.53
796**

0.7254
0.0490

Tube-Side
37,262.20

117.56
120.93

119.24
121.97

2.77
19,916
3.6630
1.3561
1.3218

61.7233
0.9988
0.3698

Tube-Side hi (BTU/hr1ft2. F) 967.24
j Factor 0.0082
Air-Side ho (BTU/hruft2. F) 8.24
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2.'F/BTU) 0.02832467

U Overall (BTU/hr-ft2. F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.55
905.33

25.01
125,565

0.9186
125,5650.0623

0.2402
0.0162

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment _
Page No. Al of!Og
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17:51:19 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
ComEd -- LaSalle

Calculation Report for: 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, DESIGN FF

04/24/02

0_

Extrapolation Calculation for Row 2(Dry) II
i

Air-Side Tube-Side

Mass Flow (lbm/hr) 70,654.85 37,262.2(
Inlet Temperature (IF) 140.90 114.6(
Outlet Temperature (IF) 134.79 117.5
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (IF) 137.84 116.1
Skin Temperature (IF) 121.93 118.4'
Velocity *** 3,376.53 2.7
Reynold's Number 803** 19,32'
Prandtl Number 0.7260 3.785!
Bulk Visc (Ibm/if-hr) 0.0486 1.397L
Skin Visc (lbm/ft-hr) 1.365[
Density (lbm/ft3) 0.0630 61.771(
Cp (BTU/lbm-°F) 0.2402 0.998•
K (BTU/hr-fi.°F) 0.0161 0.368
** Reynolds Number Outside Range of Equation Applicability

5

7
7
5
4

8

7

Tube-Side hi (BTU/hr-ft2 .°F) 951.58
j Factor 0.0082
Air-Side ho (BTU/hr-ft2 .°F) 8.21
Tube Wall Resistance (hr-ft2.°F/BTU, 0.00031430
Overall Fouling (hr-ft2 .F/BTU) 0.02832467

U Overall (BTU/hr-fl 2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.52
905.33

21.57
107,856

0.9189
107,856

VNWI. -1

Extrapolation Calculation for Row 3(Dry) II
1. .'

Air-Side Tube-Side

Mass Flow (Ibm/hr) 70,654.85 37,262.21
Inlet Temperature (OF) 134.79 112.1'
Outlet Temperature (OF) 129.55 114.6i
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (OF) 132.17 113.4
Skin Temperature (OF) 118.45 115.4
Velocity *** 3,376.53 2.7
Reynold's Number 809** 18,82'
Prandtl Number. 0.7265 3.896
Bulk Visc (lbm/ft-hr) 0.0483 1.434(
Skin Visc (lbm/ft-hr) 1.405'
Density (lbm/ft3) 0.0635 61.810'
Cp (BTU/Ibm-°F) 0.2402 0.998:
K (BTU/hr-ft.°F) 0.0160 0.367:
** Reynolds Number Outside Range of Equation Applicability

0
7
6

1
9
6
7

7
9

Tube-Side hi (BTU/hr-ft2 .'F) 938.05
j Factor 0.0082
Air-Side ho (BTU/hr-ft2.'F) 8.18
Tube Wall Resistance (hr-ft2 -F/BTU• 0.00031430
Overall Fouling (hr-ft2 -°F/BTU) 0.02832467

U Overall (BTU/hrft2.°IF)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.50
905.33

18.61
92,745

0.9191
92,745

Calculation No. 97-200
Revision No. AOO
Attachment __
Page No. A5 of ArI
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17:51:19 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VY0I @ 104 F, DESIGN FF

04/24/02

.1

(ft Extrapolation Calculation for Row 4(Dry) 11II

Mass Flow (ibm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm//f-hr)

Air-Side
70,654.85

129.55
125.03
0.0203
0.0203
127.29
115.45

3,376.53
814*4

0.7269
0.0479

Tube-Side
37,262.20

110.02
112.17

111.09
112.90

2.76
18,399
3.9956
1.4679

Tube-Side hi (BTU/hr'ft2 °F) 926.37
j Factor 0.0081
Air-Side ho (BTU/hr-ft2 .F) 8.16
Tube Wall Resistance (hr ft2.°F/BTU• 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr'ft2 '°F)
Effective Area (fI)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.49
905.33

16.07
79,826

0.9193
79,826

Skin Visc (Ibm/ft-hr) 1.4417
Density (ibm/fl3) 0.0640 61.8445
Cp (BTU/lbm'°F) 0.2402 0.9988
K (BTU/hr'ft'°F) 0.0158 0.3669
** Reynolds Number Outside Range of Equation Applicability

-14M

I[- Extrapolation Calculation for Row 5(Dry) III.

Mass Flow (Ibm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (ibm/fl3 )
Cp (BTU/lbm-'F)
K (BTU/hr-ft'°F)

Air-Side
70,654.85

125.03
121.14
0.0203
0.0203
123.08
112.87

3,376.53
818**

0.7272
0.0477

Tube-Side
37,262.20

108.17
110.02

Tube-Side hi (BTU/hr-ft2- F) 916.28
j Factor 0.0081
Air-Side ho (BTU/hr'ft2- F) 8.15
Tube Wall Resistance (hr-ft2 .°F/BTU' 0.00031430
Overall Fouling (hr-ft2l-F/BTU) 0.02832467

109.10
110.67

2.76
18,034
4.0846
1.4976
1.4740

61.8727
0.9988
0.3662

U Overall (BTU/hr-ft2-F)
Effective Area (f12)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.47
905.33

13.88
68,762

0.9194
68,7620.0644

0.2402
0.0158

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment A
Page No. A ot'17
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17:51:19 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, DESIGN FF

04/24/02

Extrapolation Calculation for Row 6(Dry) II
'I

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/f-hr)

Air-Side
70,654.85

121.14
117.79
0.0203
0.0203
119.46
110.64

3,376.53
822**

0.7274
0.0474

Tube-Side

37,262.20
106.58
108.17

107.38
108.75

2.76
17,722
4.1639
1.5240
1.5028

Tube-Side hi (BTU/hr' ft2-OF) 907.56
j Factor 0.0081
Air-Side ho (BTU/hr-ft2 .°F) 8.13
Tube Wall Resistance (hr-ft2 -F/BTU, 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2. F)
Effective Area (ft2)
LMTD
Total Heat T-ansferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.46
905.33

11.99
59,274

0.9196
59,274Density (lbm/ft3) 0.0648 61.8966

Cp (BTU/lbm.'F) 0.2402 0.9989
K (BTU/hr-ft-'F) 0.0157 0.3656

** Reynolds Number Outside Range of Equation Applicability

MOM. I1

Extrapolation Calculation for Row 7(Dry) III.

Air-Side Tube-Side

Mass Flow (lbrn/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ftihr)
Density (lbm/ft3)
Cp (BTU/lbm-'F)
K (BTU/hr-ft-.F)

70,654.85
117.79
114.89
0.0203
0.0203
116.34
108.72

3,376.53
826**

0.7276
0.0473

0.0651
0.2402
0.0156

37,262.20
105.21
106.58

105.89
107.09

2.76
17,454
4.2343
1.5474
1.5285

61.9169
0.9989
0.3650

Tube-Side hi (BTU/hr ft2-°F) 900.01
j Factor 0.0081
Air-Side ho (BTU/hr-ft2-OF) 8.12
Tube Wall Resistance (hr-ft2 .°F/BTUP, 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.45
905.33

10.37
51,127

0.9197
51,127

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment _pL
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17:51:19 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
ComEd -- LaSalle

Calculation Report for: I(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, DESIGN FF

04/24/02

WI p

Extrapolation Calculation for Row 8(Dry) II
P.

Mass Flow (Ibm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ftfhr)
Density (Ibm/ft)
Cp (BTU/lbm-°F)
K (BTU/hr-ft-'F)

Air-Side

70,654.85
114.89
112.40
0.0203
0.0203
113.64
107.06

3,376.53
829**

0.7278
0.0471

Tube-Side
37,262.20

104.02
105.21

Tube-Side hi (BTU/hrft2 0.'F) 893.49
j Factor 0.0081
Air-Side ho (BTU/hr ft2.'F) 8.11
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr'ft2- F/BTU) 0.02832467

104.61
105.65

2.76
17,224
4.2966
1.5680
1.5513

61.9342
0.9989
0.3646

U Overall (BTU/hr-ft-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.44
905.33

8.96
44,124

0.9198
44,1240.0654

0.2402
0.0155

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment _A
Page No. AV' of An

Air Mass Velocity (Lbrn/hr-fi2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



Inlet Air Flowrate Calculator - 1(2)VY01A

Total P: P=
Dry Bulb T OUT: T=
Specific Hum.: W =

H20 yap P: Pv = (W*Rv*P)/(Ra+(W*Rv) =

Dry Air P: Pa = P - Pv =

Dry Air rho OUT: rho a = (144/Ra)*(PaI(459.67+T) =

Dry Air rho IN: rho a = (144/Ra)*(Pa/(459.67+T) =
Dry Bulb T IN: T=
Outlet Air Flow: V =

14.315 psia Inlet Air Flow
112.4 F 19120 acfm

0.020274

0.451875 psia
Rv = 85.778 (ft-lbf)/(Ibm-R)
Ra = 53.352 (ft-lbf)/(Ibm-R)

13.86313 psia

0.0654 Ibm/ft3

0.061575 Ibm/ft 3

148 F
18000 cfm

Calculation No. 97-200
Revision No. AOO
Attachment
Page No. Aj of •i



18:00:16 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 04/24/02
ComEd -- LaSalle

Data Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF

Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side
Fluid Quantity, Total 21,179.00 acfm 150.00 gpm
Inlet Dry Bulb Temp 150.00 OF 105.00 OF
Inlet Wet Bulb Temp 92.00 OF
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 109.40 OF 115.30 OF
Outlet Wet Bulb Temp 84.10 OF
Outlet Relative Humidity %

Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.000000

Design Heat Transfer (BTU/hr) 750,000
Atmospheric Pressure 14.315
Sensible Heat Ratio 1.00
Performance Factor (% Reduction) 0.000

Heat Exchanger Type Counter Flow
Fin Type Circular Fins
Fin Configuration LaSalle VY Coolers 01A/02A

j EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in) 104.250
Fin Pitch (Fins/Inch) 10.000
Fin Conductivity (BTU/hr-ft-°F) 128.000
Fin Tip Thickness (inches) 0.0120
Fin Root Thickness (inches) 0.0120
Circular Fin Height (inches) 1.495

Number of Coils Per Unit 2
Number of Tube Rows 8
Number of Tubes Per Row 20.00
Active Tubes Per Row 20.00

Tube Inside Diameter (in) 0.5270
Tube Outside Diameter (in) 0.6250
Longitudinal Tube Pitch (in) 1.500
Transverse Tube Pitch (in) 1.452

Number of Serpentines 1.000
Tube Wall Conductivity (BTU/hr'ft'°F) 225.00

CaIcuL ation No. 97-200
Revision No. A00
Attachment
Page No. Aiiotf AO



18:00:16 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 4/24/02
ComEd -- LaSalle

Calculation Report for: 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out ('F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm) 108.00
Air Flow (acfm) 19,173.00
Tube Inlet Temp ('F) 104.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp ('F) 0.00
Atmospheric Pressure 14.315

Calculation No. 97-200
Revision No. AO0
Attachment AL
Page No. - of A/17



18:00:16 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF

04/24/02

Extrapolation Calculation Summary II11

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ifthr)
Skin Vise (Ibm/ft hr)
Density (lbm/ftV)
Cp (BTU/lbm0'F)
K (BTU/hr'ff'-F)

Air-Side
70,850.70

148.00
110.81

Tube-Side
53,657.57

104.00
116.29

Tube-Side hi (BTU/hr-ft2-°F)
j Factor
Air-Side ho (BTUihr fi2.0 F)
Tube Wall Resistance (hr-ft2.°F/BTU; 0.00031430
Overall Fouling (hr-ft2-F/BTU) 0.02832467

U Overall (BTU/hr-ft2 'F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

659,062

659,062

WI. .1

Extrapolation Calculation for Row l(Dry) IIII .I

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft hr)
Skin Visc (Ibm/ft'hr)
Density (Ibmi/f 3)
Cp (BTU/Ibm'°F)
K (BTU/hr-ft-°F)

Air-Side
70,850.70

148.00
139.65
0.0203
0.0203
143.82
122.08

3,385.89
799**

0.7255
0.0490

Tube-Side
53,657.57

113.53
116.29

114.91
117.36

3.98
27,510
3.8340
1.4137
1.3806

61.7889
0.9988
0.3683

Tube-Side hi (BTU/hr ft2.°F) 1,266.21
j Factor 0.0082
Air-Side ho (BTU/hr-ft2 -°F) 8.25
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr.ft2.°F/BTU) 0.02832467

U Overall (BTU/hr.ft 2. F)
Effective Area (if2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.70
905.33

28.70
148,029

0.9185
148,0290.0624

0.2402
0.0162

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment _
Page No. A_, . of A1_

*** Air Mass Velocity (Lbmi/hrftfi), Tube Fluid Velocity (ft/sec); Air Density at Inlet T. Other Properties at Average T



18:00:16 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VYOlA & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF

04/24/02

I -
.1

Extrapolation Calculation for Row 2(Dry) II11 -1

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/frhr)
Density (lbm/ft3 )
Cp (BTU/Ibm'°F)
K (BTU/hr'fl-°F)

Air-Side
70,850.70

139.65
132.79
0.0203
0.0203
136.22
118.31

3,385.89
807**

0.7262
0.0485

Tube-Side
53,657.57

111.26
113.53

112.39
114.44

3.98
26,839
3.9393
1.4490
1.4202

61.8258
0.9988
0.3674

Tube-Side hi (BTU/hr-ft2.°F) 1,249.06
j Factor 0.0082
Air-Side ho (BTU/hr-ft2 -°F) 8.22
Tube Wall Resistance (hr.ft2.°F/BTU; 0.00031430
Overall Fouling (hr-ft2-'F/BTU) 0.02832467

U Overall (BTU/hr-ft2i.F)
Effective Area (ft')
LMTD
Total Heat Transfe-red (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.67
905.33

23.65
121,509

0.9188
121,5090.0632

0.2402
0.0160

** Reynolds Number Outside Range of Equation Applicability

vr~tw. .1

• Extrapolation Calculation for Row 3(Dry) II1.

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr-ft-°F)

Air-Side
70,850.70

132.79
127.16
0.0203
0.0203
129.97
115.21

3,385.89
813*4

0.7267
0.0481

Tube-Side

53,657.57
109.40
111.26

Tube-Side hi (BTU/hr ft2.-F) 1,234.94
j Factor 0.0081
Air-Side ho (BTU/hr-ft2.°F) 8.19
Tube Wall Resistance (hr-ft2-°F/BTU" 0.00031430
Overall Fouling (hr'ft'°F/BTU) 0.02832467

110.33
112.03

3.98
26,293
4.0293
1.4791
1.4543

61.8554
0.9988
0.3667

U Overall (BTU/hr'ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.66
905.33

19.50
99,875

0.9190
99,8750.0638

0.2402
0.0159

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment A
Page No. Ao of Ai-7

*** Air Mass Velocity (Lbm/hr'ft'), Tube Fluid Velocity (ft/sec), Air Density at Inlet T, Other Properties at Average T



18:00:16 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF

04/24/02

[I Extrapolation Calculation for Row 4(Dry) I
Air-Side

70,850.70
Tube-Side

53,657.57Mass Flow (lbmrhr)
Inlet Temperature (IF) 127.16 107.86
Outlet Temperature (IF) 122.52 109.40
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (°F) 124.84 108.63
Skin Temperature (IF) 112.66 110.04
Velocity *** 3,385.89 3.98
Reynold's Number 819** 25,847
Prandtl Number 0.7271 4.1059
Bulk Visc (lbm/ft-hr) 0.0478 1.5047
Skin Visc (ibm/ftbhr) 1.4834
Density (lbm/ft3) 0.0643 61.8793
Cp (BTU/lbm'°F) 0.2402 0.9988
K (BTU/hr-it'°F) 0.0158 0.3660

** Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/hr- ft2-°F) 1,223.28
j Factor 0.0081
Air-Side ho (BTU/hr ft2.°F) 8.17
Tube Wall Resistance (hr-ft2.°F/BTU, 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr.ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTUT/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.64
905.33

16.09
82,183

0.9192
82,183

tin.

Extrapolation Calculation for Row 5(Dry) II
IL_

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (OF)
Velocity ***

Reynold's Number
Prandtl Number
Bulk Visc (ibm/ft-hr)
Skin Visc (lbm/ftdhr)
Density (Ibm/ft3)
Cp (BTU/lbm'°F)
K (BTU/hr'ft-°F)

Air-Side
70,850.70

122.52
118.70
0.0203
0.0203
120.61
110.56

3,385.89
823**

0.7274
0.0475

0.0647
0.2402
0.0157

Tube-Side
53,657.57

106.60
107.86

107.23
108.40

3.97
25,481
4.1707
1.5263
1.5081

61.8987
0.9989
0.3655

Tube-Side hi (BTU/hr-ft2 -°F) 1,213.65
j Factor 0.0081
Air-Side ho (BTU/hr-ft2 .°F) 8.15
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 -F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.63
905.33

13.28
67,688

0.9194
67,688

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment A
Page No. A of Ai7

Air Mass Velocity (Lbm/hr-it 2), Tube Fluid Velocity (ft/see); Air Density at Inlet T, Other Properties at Average T



18:00:16 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF

04/24/02

I. .1

Extrapolation Calculation for Row 6(Dry) II
I.

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/if3)
Cp (BTU/1bm'°F)
K (BTU/hr-ft'°F)

Air-Side
70,850.70

118.70
115.55
0.0203
0.0203
117.13
108.83

3,385.89
827**

0.7276
0.0473

0.0651
0.2402
0.0156

Tube-Side
53,657.57

105.56
106.60

106.08
107.05

3.97
25,182
4.2254
1.5444
1.5291

61.9144
0.9989
0.3651

Tube-Side hi (BTU/hr.ft2.°F) 1,205.71
j Factor 0.0081
Air-Side ho (BTU/hr-ft2 '°F) 8.14
Tube Wall Resistance (hrift2.F/BTU; 0.00031430
Overall Fouling (hr-ft2'-F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.62
905.33

10.97
55,792

0.9195
55,792

** Reynolds Number Outside Range of Equation Applicability

t.ism .1

Extrapolation Calculation for Row 7(Dry) II
Air-Side Tube-Side

Mass Flow (lbm/hr) 70,850.70 53,657.57
Inlet Temperature (°F) 115.55 104.70
Outlet Temperature (°F) 112.96 105.56
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (°F) 114.26 105.13
Skin Temperature (°F) 107.40 105.94
Velocity *** 3,385.89 3.97
Reynold's Number 830** 24,935
Prandtl Number -.. .. 0.7278 4.2713
Bulk Visc (Ibm/ft-ir) 0.0471 1.5597
Skin Visc (Ibm/ft-hr) 1.5467
Density (lbm/ft3) 0.0654 61.9273
Cp (BTU/lbm-°F) 0.2402 0.9989
K (BTU/hr'ft'°F) 0.0156 0.3647

** Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/hr-ft2 -°F) 1,199.14
j Factor 0.0081
Air-Side ho (BTU/hr-ft2 .°F) 8.12
Tube Wall Resistance (hrft2.°F/BTU, 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr.ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.61
905.33

9.06
46,015

0.9196
46,015

Calculation No. 97-200
Revision No. AOO
Attachment A
Page No. - of Al17

*** Air Mass Velocity (Lbm/hr-fIV), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T



18:00:16 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF

04/24/02

1l Extrapolation Calculation for Row 8(Dry) 11

Air-Side
Mass Flow (lbm/hr) 70,850.70
Inlet Temperature (0F) 112.96
Outlet Temperature (°F) 110.81
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (°F) 111.89
Skin Temperature (7F) 106.22
Velocity *** 3,385.89
Reynold's Number 833**
Prandtl Number 0.7279
Bulk Visc (lbm/ftrhr) 0.0470
Skin Visc (lbm/ftfhr)
Density (lbm/ft3 ) 0.0656
Cp (BTU/Ibm-°F) 0.2402
K (BTU/hr'ft-'F) 0.0155

Tube-Side
53,657.57

103.99
104.70

104.35
105.01

3.97
24,733
4.3099
1.5725
1.5615

61.9378
0.9989
0.3644

Tube-Side hi (BTU/hr fF2.°F) 1,193.72
j Factor 0.0081
Air-Side ho (BTU/hr-ft12-F) 8.11
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr ft2.°F/BTU) 0.02832467

U Overall (BTU/hr.ftV.'F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.60
905.33

7.49
37,972

0.9197
37,972

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment
Page No. L of_

*** Air Mass Velocity (Lbrn/hr'tV), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



Inlet Air Flowrate Calculator - 1(2)VY02A

Total P:
Dry Bulb T OUT:

Specific Hum.:
H20 Vap P:

Dry Air P:

Dry Air rho OUT:

Dry Air rho IN:
Dry Bulb T IN:
Outlet Air Flow:

W--

Pv = (W*Rv*PY(Ra+(W*Rv)

Pa = P - Pv=

rho a = (144/Ra)*(Pa/(459.67+T) =

rho a = (144/Ra)*(Pa/(459.67+T) =
T=

14.315 psia Inlet Air Flow
110.81 F 19173 acfm

0.020274
0.451875 psia

Rv = 85.778 (ft-Ibf)/(Ibm-R)
Ra = 53.352 (ft-lbf)/(Ibm-R)

13.86313 psia

0.0656 Ibm/ft3

0.061575 Ibm/ft
3

148 F
18000 cfm

Calculation No. 97-200
Revision No. AO0
Attachment A
Page No. Ar_ of•_
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18:12:37 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 04/24/02
ComEd -- LaSalle

Data Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, DESIGN FF, 5% PLUG

Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side

Fluid Quantity, Total 21,179.00 acfm 150.00 gpm
Inlet Dry Bulb Temp 150.00 OF 105.00 OF
Inlet Wet Bulb Temp 92.00 OF
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 109.40 OF 115.30 OF
Outlet Wet Bulb Temp 84.10 OF
Outlet Relative Humidity %

Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.000000

Design Heat Transfer (BTU/hr) 750,000
Atmospheric Pressure 14.315
Sensible Heat Ratio 1.00
Performance Factor (% Reduction) 0.000

Heat Exchanger Type Counter Flow
Fin Type Circular Fins
Fin Configuration LaSalle VY Coolers 01A/02A

j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in) 104.250
Fin Pitch (Fins/Inch) 10.000
Fin Conductivity (BTU/hr-ft-°F) 128.000
Fin Tip Thickness (inches) 0.0120
Fin Root Thickness (inches) 0.0120
Circular Fin Height (inches) 1.495

Number of Coils Per Unit 2
Number of Tube Rows 8
Number of Tubes Per Row 20.00
Active Tubes Per Row 19.00

Tube Inside Diameter (in) 0.5270
Tube Outside Diameter (in) 0.6250
Longitudinal Tube Pitch (in) 1.500
Transverse Tube Pitch (in) 1.452

Number of Serpentines 1.000
Tube Wall Conductivity (BTU/hr-ft-°F) 225.00

Calculation No. 97-200
Revision No. AO0
Attachment D
Page No. j- of_&!



18:12:37 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 4/24/02
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F, DESIGN FF, 5% PLUG

Calculation Specifications I
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfin)
Air Dry Bulb Temp In (fF)
Air Dry Bulb Temp Out (OF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (OF)
Wet Bulb Temp Out (OF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)
Condensate Temperature (OF)

Extrapolation Data
Tube Flow (gpm) 75.00
Air Flow (acfm) 19,113.00
Tube Inlet Temp (OF) 104.00
Air Inlet Temp (OF) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (OF) 0.00
Atmospheric Pressure 14.315

Calculation No. 97-200
Revision No. AOO
Attachment g
Page No. 6-1 of Rr-



18:12:37 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VYO0 @ 104 F, DESIGN FF, 5% PLUG

04/24/02

0..
Extrapolation Calculation Summary II

Air-Side

Mass Flow (lbn/hr) 70,628.98
Inlet Temperature (0F) 148.00
Outlet Temperature (0F) 112.62
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm//.fhr)
Skin Visc (lbm/ft-hr)
Density (ibm/fl3)
Cp (BTU/lbm-°F)
K (BTU/hr'ft'F)

Tube-Side
37,262.20

104.00
120.76

Tube-Side hi (BTU/hr-ft.F)
j Factor
Air-Side ho (BTU/hr.ft2 'F)
Tube Wall Resistance (hr'ft2-°F/BTU' 0.00031430
Overall Fouling (hr.ft72.F/BTU) 0.02832467

U Overall (BTU/hrft2-°'F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6,880.52

625,070

625,070

B .3

Extrapolation Calculation for Row l(Dry) II1.

Air-Side Tube-Side

Mass Flow (lbm/hr) 70,628.98 37,262.2(
Inlet Temperature (0F) 148.00 117.4z
Outlet Temperature (0F) 141.01 120.7(
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (0F) 144.50 119.1(
Skin Temperature (0F) 125.96 121.81
Velocity *** 3,552.94 2.9
Reynold's Number 838** 20,93.
Prandtl Number 0.7254 3.668
Bulk Visc (lbm/fthr) 0.0490 1.358(
Skin Visc (lbrn/ft-hr) 1.3231
Density (Ibm/ft3) 0.0623 61.725(
Cp (BTU/lbm 0'F) 0.2402 0.9981
K (BTU/hr-ft.°F) 0.0162 0.369

** Reynolds Number Outside Range of Equation Applicability

5

7

Tube-Side hi (BTU/hr-ft2-F) 1,007.00
j Factor 0.0081
Air-Side ho (BTU/hr-ft2 -F) 8.52
Tube Wall Resistance (hr-ft2. F/BTU' 0.00031430
Overall Fouling (hr ft2-F/BTU) 0.02832467

U Overall (BTU/hr-ft 2.'F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.70
860.06

25.22
123,549

0.9162
123,549

Calculation No. 97-200
Revision No. AOO
Attachment g
Page No. a4 of S,7

Air Mass Velocity (Lbm/hr'ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



18:12:37 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYO @, 104 F, DESIGN FF, 5% PLUG

04/24/02

'I

Extrapolation Calculation for Row 2(Dry) IIII1~

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature ('F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft)
Cp (BTU/Ilbm'°F)
K (BTU/hr-ft'F)

Air-Side

70,628.98
141.01
134.98
0.0203
0.0203
137.99
121.96

3,552.94
845**

0.7260
0.0486

Tube-Side
37,262.20

114.58
117.44

116.01
118.38

2.91
20,325
3.7895
1.3987
1.3672

61.7725
0.9988
0.3687

Tube-Side hi (BTU/hr-ft2 .°F) 990.92
j Factor 0.0080
Air-Side ho (BTU/hr-ft2 '°F) 8.49
Tube Wall Resistance (hr.ft2.°F/BTU' 0.00031430
Overall Fouling (hrlft2.°F/BTU) 0.02832467

U Overall (BTU/hr.ft2-°F)
Effective Area (ft2)
LMTD
TotAl Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.67
860.06

21.82
106,500

0.9164
106,5000.0629

0.2402
0.0161

** Reynolds Number Outside Range of Equation Applicability

'M1

II Extrapolation Calculation for Row 3(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature ('F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Visc (ibm/ft-hr)
Density (ibm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hrif1.°F)

Air-Side
70,628.98

134.98
129.78
0.0203
0.0203
132.38
118.50

3,552.94
851*

0.7265
0.0483

Tube-Side
37,262.20

112.11
114.58

113.34
115.42

2.91
19,804
3.8991
1.4355
1.4067

61.8119
0.9988
0.3677

Tube-Side hi (BTU/hr-ft2.°F) 976.99
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.°F) 8.46
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2 0-F/BTU) 0.02832467

U Overall (BTU/hr.ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.65
860.06

18.90
91,897

0.9166
91,8970.0635

0.2402
0.0160

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment
Page No. j s of Ar7

Air Mass Velocity (Lbmihrft-'). Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



18:12:37 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
ComEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY0I @ 104 F, DESIGN FF, 5% PLUG

04/24/02

N .I-

Extrapolation Calculation for Row 4(Dry) III -

Air-Side
70,628.98

Tube-Side
37,262.20Mass Flow (lbm/hr)

Inlet Temperature (0F) 129.78 109.98
Outlet Temperature (7F) 125.29 112.11
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (0F) 127.53 111.04
Skin Temperature (7F) 115.52 112.86
Velocity *** 3,552.94 2.91
Reynold's Number 856** 19,358
Prandtl Number 0.7269 3.9979
Bulk Visc (Ibm/f hr) 0.0480 1.4686
Skin Visc (lbm/ft-hr) 1.4424
Density (lbM/ffP) 0.0640 61.8452
Cp (BTU/Ibm'°F) 0.2402 0.9988
K (BTU/hr'ft-F) 0.0159 0.3669

** Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/hr ft2-'F) 964.92
j Factor 0.0080
Air-Side ho (BTU/hr-ft2 .°F) 8.44
Tube Wall Resistance (hr.ft2 .F/BTU• 0.00031430
Overall Fouling (hr-ft2-0F/BTU) 0.02832467

U Overall (BTU/hr-ft2 .°F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.64
860.06

16.37
79,368

0.9168
79,368

.1

Extrapolation Calculation for Row 5(Dry) II1.

Mass Flow (lbmrhr)
Inlet Temperature (°F)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ftfhr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/lbm'°F)
K (BTU/hr-ft-°F)

Air-Side
70,628.98

125.29
121.40
0.0203
0.0203
123.34
112.94

3,552.94
861*

0.7272
0.0477

0.0644
0.2402
0.0158

Tube-Side
37,262.20

108.13
109.98

109.05
110.64

2.91
18,975
4.0866
1.4982
1.4745

61.8733
0.9988
0.3662

Tube-Side hi (BTU/hr-ft2 .°F) 954.45
j Factor 0.0080
Air-Side ho (BTU/hr.ft2 .°F) 8.42
Tube Wall Resistance (hr-ft2.°F/BTU, 0.00031430
Overall Fouling (hr ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.62
860.06

14.19
68,601

0.9170
68,601

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AO0
Attachment N•
Page No. P, of ,,_

*** Air Mass Velocity (Lbni/hr fi2), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average [



18:12:37 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VYOI @- 104 F, DESIGN FF, 5% PLUG

04/24/02

Extrapolation Calculation for Row 6(Dry) II
I. *1

Air-Side Tube-Side

Mass Flow (lbm/hr) 70,628.98 37,262.20
Inlet Temperature (OF) 121.40 106.54
Outlet Temperature (OF) 118.05 108.13
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (OF) 119.72 107.33
Skin Temperature (OF) 110.71 108.72
Velocity *** 3,552.94 2.91
Reynold's Number 865** 18,646
Prandtl Number 0.7274 4.1659
Bulk Vise (Ibm/if hr) 0.0475 1.5246
Skin Vise (ibm/ft-hr) 1.5033
Density (lbm/ft3) 0.0648 61.8972
Cp (BTU/Ibm-'F) 0.2402 0.9989
K (BTU/hr-ft-°F) 0.0157 0.3656

** Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/hr-fl 2.°F) 945.37
j Factor 0.0080
Air-Side ho (BTU/hr-ft2 .°F) 8.41
Tube Wall Resistance (hr-ft2-°F/BTU' 0.00031430
Overall Fouling (hr-ft21-F/BTU) 0.02832467

U Overall (BTU/hr.ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.61
860.06

12.30
59,336

0.9171
59,336

V, -FI=

Extrapolation Calculation for Row 7(Dry) II
I1

Mass Flow (Ibm/hr)
Inlet Temperature (OF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Vise (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/lbm-°F)
K (BTU/hr-ft.°F)

Air-Side
70,628.98

118.05
115.14
0.0203
0.0203
116.59
108.78

3,552.94
869**

0.7276
0.0473

0.0651
0.2402
0.0156

Tube-Side
37,262.20

105.16
106.54

105.85
107.06

2.90
18,364
4.2365
1.5481
1.5290

61.9176
0.9989
0.3650

Tube-Side hi (BTU/hr-ft2.°F) 937.50
j Factor 0.0080
Air-Side ho (BTU/hr-ft2- F) 8.39
Tube Wall Resistance (hr ft2.°F/BTU, 0.00031430
Overall Fouling (hr.ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.60
860.06

10.67
51,352

0.9172
51,352

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. A00
Attacg hmen. _ _.
Page No. a• ofi

*** Air Mass Velocity (Lbnihr-fi2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



18:12:37 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1 (2)VYO IA & 02A - CSCS Equipment Area Cooling Coils
VYOI @ 104 F. DESIGN FF, 5% PLUG

04/24/02

11II

Extrapolation Calculation for Row 8(Dry) III -

Air-Side
70,628.98Mass Flow (lbm/hr)

Inlet Temperature (0F) 115.14
Outlet Temperature (0F) 112.62
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (0F) 113.88
Skin Temperature (0F) 107.11
Velocity *** 3,552.94
Reynold's Number 872**
Prandtl Number 0.7278
Bulk Visc (lbm/ftbhr) 0.0471
Skin Visc (lbm/ft-hr)
Density (lbm/ft3) 0.0654
Cp (BTU/1bm-'F) 0.2402
K (BTU/hr'fti'F) 0.0155

** Reynolds Number Outside Range of Equation

Tube-Side
37,262.20

103.96
105.16

104.56
105.62

2.90
18,120
4.2992
1.5689
1.5518

61.9349
0.9989
0.3645

Applicability

Tube-Side hi (BTU/hr-ft2 .°F) 930.67
j Factor 0.0079
Air-Side ho (BTU/hr-ft1-°F) 8.38
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr fi-'°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 -°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/br)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.59
860.06

9.25
44,466

0.9173
44,466

Calculation No. 97-200
Revision No. AO0
Attachment is
Page No. _j, of ail

*** Air Mass Velocity (Lbm/hr-ft2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T. Other Properties at Average T



Inlet Air Flowrate Calculator - 1(2)VY01A

Total P:
Dry Bulb T OUT:

Specific Hum.:
H20 Vap P:

Dry Air P:

Dry Air rho OUT:

Dry Air rho IN:
Dry Bulb T IN:
Outlet Air Flow:

W--

Pv = (W*Rv*PY(Ra+(W*Rv) =

Pa = P - Pv=

rho a = (144/Ra)*(Pa/(459.67+T) =

rho a = (144IRa)*(Pa/(459.67+T) =
T=
V =

14.315 psia Inlet Air Flow
112.62 F 19113 acfm

0.020274
0.451875 psia

Rv = 85.778 (ft-lbf)/(Ibm-R)
Ra = 53.352 (ft-lbf)/(lbm-R)

13.86313 psia

0.0654 Ibm/ft
3

0.061575 Ibm/ft
3

148 F
18000 cfm

Calculation No. 97-200
Revision No. A00
Attachment a-
Page No. _j of -



18:07:06 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 04/24/02
ComEd -- LaSalle

Data Report for: I(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF, 5% PLUG

Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side
Fluid Quantity, Total 21,179.00 acfm 150.00 gpm
Inlet Dry Bulb Temp 150.00 OF 105.00 OF
Inlet Wet Bulb Temp 92.00 OF
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 109.40 OF 115.30 OF
Outlet Wet Bulb Temp 84.10 OF
Outlet Relative Humidity %

Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.000000

Design Heat Transfer (BTU/hr) 750,000
Atmospheric Pressure 14.315
Sensible Heat Ratio 1.00
Performance Factor (% Reduction) 0.000

Heat Exchanger Type Counter Flow
Fin Type Circular Fins
Fin Configuration LaSalle VY Coolers 01 A/02A

j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in) 104.250
Fin Pitch (Fins/Inch) 10.000
Fin Conductivity (BTU/hr-fti.F) 128.000
Fin Tip Thickness (inches) 0.0120
Fin Root Thickness (inches) 0.0120
Circular Fin Height (inches) 1.495

Number of Coils Per Unit 2
Number of Tube Rows 8
Number of Tubes Per Row 20.00
Active Tubes Per Row 19.00

Tube Inside Diameter (in) 0.5270
Tube Outside Diameter (in) 0.6250
Longitudinal Tube Pitch (in) 1.500
Transverse Tube Pitch (in) 1.452

Number of Serpentines 1.000
Tube Wall Conductivity (BTU/hr-ft-°F) 225.00

Calculation No. 97-200

Revision No./\00
Attachment
Page No. gi of 817



18:07:06 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 4/24/02
CornEd -- LaSalle

Calculation Report for: l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF, 5% PLUG

Calculation Specifications I
Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfmn)
Air Dry Bulb Temp In (°F)
Air Dry Bulb Temp Out (IF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (IF)
Wet Bulb Temp Out (IF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)
Condensate Temperature (IF)

Extrapolation Data
Tube Flow (gpm) 108.00
Air Flow (acfm) 19,164.00
Tube Inlet Temp (IF) 104.00
Air Inlet Temp (IF) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (IF) 0.00
Atmospheric Pressure 14.315

Calculation No. 97-200
Revision No. AO0
Attachment t_
Paige No. _p,, of 0r7



18:07:06 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF, 5% PLUG

04/24/02

A -
11 Extrapolation Calculation Summary II
I

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/fl3 )
Cp (BTU/lbm-'F)
K (BTU/hr'f 0'F)

Air-Side

70,817.44
148.00
111.10

Tube-Side
53,657.57

104.00
116.20

Tube-Side hi (BTU/hr-ft2.°F)
j Factor
Air-Side ho (BTU/hr-ft2 -°F)
Tube Wall Resistance (hr-fl2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2 0-F/BTU) 0.02832467

U Overall (BTU/hr'ftV"°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6,880.52

653,739

653,739

. I 
11

Extrapolation Calculation for Row l(Dry) II1.

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft hr)
Density (Ibm/ft3)
Cp (BTU/lbm-°F)
K (BTU/hr'ftb'F)

Air-Side
70,817.44

148.00
139.81
0.0203
0.0203
143.90
122.15

3,562.42
841

0.7255
0.0490

0.0624
0.2402
0.0162

Tube-Side
53,657.57

113.50
116.20

114.85
117.28

4.19
28,941
3.8364
1.4145
1.3817

61.7897
0.9988
0.3683

Tube-Side hi (BTU/hr-ft2.0 F) 1,318.81
j Factor 0.0080
Air-Side ho (BTU/hr-ft2f-F) 8.53
Tube Wall Resistance (hr-ft2-°F/BTU, 0.00031430
Overall Fouling (hr ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 .0 F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.85
860.06

28.85
145,141

0.9161
145,141

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment
Page No. _ of orl

*** Air Mass Velocity (Lbm/hr ft2 ). Tube Fluid Velocity (ft/sec); Air Density at Inlet T. Other Properties at Average T



18:07:06 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
ComEd -- LaSalle

Calculation Report for: l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF, 5% PLUG

04/24/02

.1

Extrapolation Calculation for Row 2(Dry) II
~1

Air-Side Tube-Side

Mass Flow (lbrn/hr) 70,817.44 53,657.5
Inlet Temperature (0 F) 139.81 111.2
Outlet Temperature (0 F) 133.05 113.5
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (7F) 136.43 112.3
Skin Temperature (7F) 118.43 114.4
Velocity *** 3,562.42 4.1
Reynold's Number 849** 28,24
Prandtl Number 0.7262 3.940
Bulk Visc (lbm/ft-hr) 0.0485 1.449
Skin Visc (Ibm/ift-hr) 1.420
Density (Ibm/fi3) 0.0631 61.826
Cp (BTU/lbm-°F) 0.2402 0.998.
K (BTU/hr-ft-°F) 0.0161 0.367

** Reynolds Number Outside Range of Equation Applicability

7
6
0

Tube-Side hi (BTU/hr-ft2-°F) 1,301.27
j Factor 0.0080
Air-Side ho (BTU/hr.ft 2.°F) 8.50
Tube Wall Resistance (hr-ft2.°F/BTU, 0.00031430
Overall Fouling (hr-ft2 .°F/BTU) 0.02832467

8
1
9
8
0
3
6
0
8
4

U Overall (BTU/hr.ft2-°F)
Effective Area (fl)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.83
860.06

23.88
119,696

0.9163
119,696

Extrapolation Calculation for Row 3(Dry) ii*1

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/lbm.°F)
K (BTU/hr.ft-°F)

Air-Side
70,817.44

133.05
127.47
0.0203
0.0203
130.26
115.35

3,562.42
855**

0.7267
0.0481

0.0637
0.2402
0.0159

Tube-Side
53,657.57

109.42
111.26

110.34
112.04

4.19
27,680
4.0288
1.4790
1.4541

61.8552
0.9988
0.3667

Tube-Side hi (BTU/hr.ft2 -°F) 1,286.74
j Factor 0.0080
Air-Side ho (BTU/hr.ft2 .°F) 8.47
Tube Wall Resistance (hr-ft2.°F/BTU, 0.00031430
Overall Fouling (hrfit2f.F/BTU) 0.02832467

U Overall (BTU/hr.ft 2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.81
860.06

19.78
98,838

0.9166
98,838

** Reynolds Number Outside Range of Equation Applicability

Calctilation No. 97-200
Revision No. AGO
Attachment g
Page No. a of t Ofil

*** Air Mass Velocity (L.bm/hr-ft2), Tube Fluid Velocity (ft'sec); Air Density at Inlet T, Other Properties at Average T



18:07:06 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VY02 Ca) 104 F, DESIGN FF, 5% PLUG

04/24/02

Ki

Extrapolation Calculation for Row 4(Dry) HIII

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (ibm/ft hr)
Skin Visc (ibm/f hr)
Density (lbm/ft3 )
Cp (BTU/lbm-'F)
K (BTU/hr'ft-'F)

Air-Side
70,817.44

127.47
122.86
0.0203
0.0203
125.17
112.81

3,562.42
861*

0.7270
0.0478

Tube-Side
53,657.57

107.89
109.42

108.65
110.07

4.18
27,214
4.1047
1.5043
1.4829

61.8789
0.9988
0.3661

Tube-Side hi (BTU/hr-ft2-°F) 1,274.71
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.°F) 8.45
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr.ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.79
860.06

16.40
81,701

0.9168
81,7010.0642

0.2402
0.0158

** Reynolds Number Outside Range of Equation Applicability

ON"- -

Extrapolation Calculation for Row 5(Dry) II1.

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature ("F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp ('F)
Skin Temperature (7F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/lfthr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/1bm'°F)
K (BTU/hr.ft.°F)

Air-Side
70,817.44

122.86
119.04
0.0203
0.0203
120.95
110.71

3,562.42
866**

067273
0.0475

Tube-Side
53,657.57

106.63
107.89

107.26
108.44

4.18
26,831
4.1693
1.5258
1.5075

61.8982
0.9989
0.3655

Tube-Side hi (BTU/hr-ft2.°F) 1,264.72
j Factor 0.0080
Air-Side ho (BTU/hr-ft2"'F) 8.43
Tube Wall Resistance (hr-ft2-0F/BTU' 0.00031430
Overall Fouling (hr.ft2.0F/BTU) 0.02832467

U Overall (BTU/hrft2 -1F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.78
860.06

13.59
67,596

0.9169
67,5960.0647

0.2402
0.0157

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment >
Page No. 1 ot' ff_8

*** Air Mass Velocity (Lbm/hr'ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T. Other Properties at Average T



18:07:06 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF, 5% PLUG

04/24/02

.1

Extrapolation Calculation for Row 6(Dry) II11 ..

Air-Side
70,817.44

Tube-Side
53,657.57Mass Flow (lbm/hr)

Inlet Temperature (0F) 119.04 105.5'
Outlet Temperature (0F) 115.88 106.6:
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (7F) 117.46 106.1
Skin Temperature (0F) 108.97 107.0'
Velocity *** 3,562.42 4.1
Reynold's Number 870** 26,51.
Prandtl Number 0.7276 4.223
Bulk Visc (lbm/ftrhr) 0.0473 1.5441
Skin Visc (Ibm/ft hr) 1.528,
Density (Ibm/f') 0.0650 61.9141
Cp (BTU/Ibm-°F) 0.2402 0.998'
K (BTU/hr'ft'-F) 0.0156 0.365

** Reynolds Number Outside Range of Equation Applicability

9
3

Tube-Side hi (BTU/hrft2 0.'F) 1,256.44
j Factor 0.0080
Air-Side ho (BTU/hr-ft2 .0 F) 8.41
Tube Wall Resistance (hr-ft2.°F/BTU, 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

1
9
8
5
9
0
4
0
9
1

U Overall (BTU/hr-ft2.'F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.77
860.06

11.28
55,967

0.9171
55,967

.1

Extrapolation Calculation for Row 7(Dry) 11

Mass Flow (Ibm/hr)
Inlet Temperature (fF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number .
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/lbm-'F)
K (BTU/hr'ft--F)

Air-Side
70,817.44

115.88
113.27
0.0203
0.0203
114.58
107.53

3,562.42
873**

0.7278
0.0471

0.0653
0.2402
0.0156

Tube-Side
53,657.57

104.72
105.59

105.15
105.97

4.18
26,255
4.2701
1.5593
1.5461

61.9269
0.9989
0.3648

Tube-Side hi (BTU/hr-ft2-F) 1,249.57
j Factor 0.0079
Air-Side ho (BTU/hr.ft2.`F) 8.40
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2 .F/BTU) 0.02832467

U Overall (BTU/hr-ft2 -°F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)...

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.76
860.06

9.36
46,367

0.9172
46,367

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. A00
Attachment t
Page No. B15y of g,;

*** Air Mass Velocity (Lbnmhr-ft). Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



18:07:06 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ 104 F, DESIGN FF, 5% PLUG

04/24/02

I. ii
Extramolation Calculation for Row 8(Dry) IIIt

Mass Flow (Ibm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/fI-hr)
Density (lbm/ft3 )
Cp (BTU/lbm-'F)
K (BTU/hr'ft'°F)

Air-Side
70,817.44

113.27
111.10
0.0203
0.0203
112.18
106.34

3,562.42
876**

0.7279
0.0470

0.0656
0.2402
0.0155

Tube-Side
53,657.57

104.01
104.72

104.36
105.05

4.18
26,039
4.3090
1.5722
1.5610

61.9375
0.9989
0.3645

Tube-Side hi (BTU/hr-ft2.°F)
j Factor
Air-Side ho (BTU/hr'ft2"°F)
Tube Wall Resistance (hr-ft2-'F/BTU,
Overall Fouling (hr-ft2 . F/BTU)

U Overall (BTU/hr'ft2 -.F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

1,243.87
0.0079

8.39
0.00031430
0.02832467

5.75
860.06

7.76
38,433

0.9173
38,433

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-100
Revision No. AOO
Attachment 13
Page No. Bit of arl

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



Inlet Air Flowrate Calculator - 1(2)VY02A

Total P: P=

Dry Bulb T OUT: T=

Specific Hum.: W

H20 Yap P: Pv = (W*Rv*P)/(Ra+(W*Rv) =

Dry Air P: Pa = P - Pv

Dry Air rho OUT: rho a = (144/Ra)*(Pa/(459.67+T) =

Dry Air rho IN: rho a = (144/Ra)*(PaJ(459.67+T) =
Dry Bulb T IN: T=
Outlet Air Flow: V =

14.315 psia Inlet Air Flow
111.1 F 19164 acfm

0.020274
0.451875 psia

Rv = 85.778 (ft-lbf)/(Ibm-R)
Ra = 53.352 (ft-lbf)/(lbm-R)

13.86313 psia

0.0656 Ibm/ft
3

0.061575 Ibm/ft
3

148 F
18000 cfm

Calculation No. 97-200
Revision No. AO0
Attachment £•

Page No. _ oi:_O_



CornEd CALCULATION NO.
97-200

REVISION NO. AOO

PAGE NO. C1 of C17

Attachment "C"

Proto-Hx Calc. Report for 1(2)VY01A & 1(2)VY02A
(For VY01, CSCS=1040 F @ Max. Allowable FF, w\ 5% plugged)

(For VY02, CSCS=1040 F @ Design FF, Room Temp. = 1500 F)

I E-FORM I



18:21:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Data Report for: l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY01 @ MAX FF, w\ 5% PLUG

04/24/02

I Air Coil Heat Exchanger Input Parameters I

Fluid Quantity, Total
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Air-Side
21,179.00 acfm

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
150.00 gpm
105.00 OF

115.30 OF

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Heat Exchanger Type
Fin Type
Fin Configuration

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft0.F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft.°F)

Fresh Water
0.005000
0.000500

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
19.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Calculation No. 97-200
Revision No. A00
Attachment c
Page No. 6z- of , i



18:21:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 4/24/02
ComEd -- LaSalle

Calculation Report for: l(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VY01 @ MAX FF., w\ 5% PLUG

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out ('F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm) 75.00
Air Flow (acfm) 18,982.00
Tube Inlet Temp (°F) 104.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp ('F) 0.00
Atmospheric Pressure 14.315

Calculation No. 97-200
Revision No. AGO
Attachment c
Page No. "3e of tc-



18:21:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY01 @ MAX FF, w\ 5% PLUG

04/24/02

U,

Extrapolation Calculation Summary 1i
Air-Side

Mass Flow (ibm/hr) 70,144.89
Inlet Temperature (IF) 148.00
Outlet Temperature (IF) 116.55
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/fthr)
Skin Visc (ibm/ftuhr)
Density (Ibm/fl3 )
Cp (BTU/1bm.°F)
K (BTU/hr'ft'°F)

Tube-Side
37,262.20

104.00
118.87

Tube-Side hi (BTU/hr ft2.°F)
j Factor
Air-Side ho (BTU/hr-ft2-°F)
Tube Wall Resistance (hr- ft2-F/BTU
Overall Fouling (hr-ft2.0 F/BTU)

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transf~rred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

0.00031430
0.09491556

6,880.52

551,834

551,834

Di

Extrapolation Calculation for Row l(Dry) II
I.

Mass Flow (Ibm/hr)
Inlet Temperature (IF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm-F)
K (BTU/hrift.°F)

Air-Side
70,144.89

148.00
142.44
0.0203
0.0203
145.22
130.56

3,528.59
831*

0.7254
0.0491

0.0622
0.2402
0.0162

Tube-Side
37,262.20

116.24
118.87

117.56
119.71

2.91
20,630
3.7281
1.3780
1.3501

61.7492
0.9988
0.3692

Tube-Side hi (BTU/hr-ft2 -°F) 998.47
j Factor 0.0081
Air-Side ho (BTU/hr-ft2 -F) 8.48
Tube Wall Resistance (hr-ft2 .F/BTU, 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.09491556

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.12
860.06

27.55
97,604

0.9165
97,604

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment C.
Page No. 4 of !, 7

*** Air Mass Velocity (Lbm/hr fi2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



18:21:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
VYO0 @ MAX FF, w\ 5% PLUG

04/24/02

Extrapolation Calculation for Row 2(Dry) I
Air-Side Tube-Side

Mass Flow (lbm/hr) 70,144.89 37,262.20 Tube-Side hi (BTU/hr-ft2.°F) 985.60
Inlet Temperature (OF) 142.44 113.89 j Factor 0.0081
Outlet Temperature (OF) 137.45 116.24 Air-Side ho (BTU/hr-ft2"°F) 8.46
Inlet Specific Humidity 0.0203 Tube Wall Resistance (hr-ft2.°F/BTU, 0.00031430
Outlet Specific Humidity 0.0203 Overall Fouling (hr-ft2.°F/BTU) 0.09491556
Average Temp (OF) 139.94 115.07
Skin Temperature (OF) 126.76 117.03 U Overall (BTU/hr.ft2"°F) 4.11
Velocity *** 3,528.59 2.91 Effective Area (ft2) 860.06
Reynold's Number 837** 20,141 LMTD 24.78
Prandtl Number 0.7259 3.8275 Total Heat Transferred (BTU/hr) 87,561
Bulk Visc (lbm/ft-hr) 0.0487 1.4115
Skin Visc (lbm/ft'hr) 1.3851 Surface Effectiveness (Eta) 0.9167
Density (lbm/ft3) 0.0627 61.7865 Sensible Heat Transferred (BTU/hr) 87,561
Cp (BTU/lbm'°F) 0.2402 0.9988 Latent Heat Transferred (BTU/hr)
K (BTU/hr'ft-'F) 0.0161 0.3683 Heat to Condensate (BTU/hr)

** Reynolds Number Outside Range of Equation Applicability

L Extrapolation Calculation for Row 3(Dry)

Air-Side Tube-Side
Mass Flow (lbm/hr) 70,144.89 37,262.20
Inlet Temperature (OF) 137.45 111.78
Outlet Temperature (°F) 132.97 113.89
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (°F) 135.21 112.84
Skin Temperature (°F) 123.35 114.61
Velocity *"* * 3,528.59 2.91
Reynold's Number 842** 19,705
Prandtl Number 0.7263 3.9205
Bulk Visc (lbm/ft-hr) 0.0484 1.4427
Skin Visc (Ibm/ft-hr) 1.4178
Density (Ibm/ft3 ) 0.0632 61.8193
Cp (BTU/lbm'°F) 0.2402 0.9988
K (BTU/hr'ft'°F) 0.0160 0.3676

** Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/hr-ft2.°F) 974.02
j Factor 0.0080
Air-Side ho (BTU/hr-ft2"°F) 8.44
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2"°F/BTU) 0.09491556

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.10
860.06

22.28
78,587

0.9169
78,587

Calculation No. 97-200
Revision No. AOO

Attachment CoPage No. C_!;_ of c_gL!

*** Air Mass Velocity (Lbbm/hr'ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



18:21:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOlIA & 02A - CSCS Equipment Area Cooling Coils
VYQ I @ MAX FF, w\ 5% PLUG

04/24/02

Extrapolation Calculation for Row 4(Dry)I

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (lbm/lf-hr)
Density (Ibm/fl3 )
Cp (BTU/lbm-°F)
K (BTU/hr'fti'F)

Air-Side
70,144.89

132.97
128.95
0.0203
0.0203
130.96
120.29

3,528.59
846**

0,7266
0.0482

Tube-Side
37,262.20

109.88
111.78

Tube-Side hi (BTU/hr-ft 2.°F) 963.58
j Factor 0.0080
Air-Side ho (BTU/hr ft2 .F) 8.42
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.09491556

110.83
112.45

2.91
19,317
4.0071
1.4717
1.4483

61.8482
0.9988
0.3668

U Overall (BTU/hr-fl2 -°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.09
860.06

20.05
70,561

0.9170
70,5610.0636

0.2402
0.0159

** Reynolds Number Outside Range of Equation Applicability

t?4i~U.

Extrapolation Calculation for Row 5(Dry) II
I. *1

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/1bm'°F)
K (BTU/hr-ftV'F)

Air-Side
70,144.89

128.95
125.34
0.0203
0.0203
127.14
117.54

3,528.59
851**

0.7269
0.0479

0.0640
0.2402
0.0158

Tube-Side
37,262.20

108.18
109.88

109.03
110.50

2.91
18,971
4.0875
1.4986
1.4766

61.8736
0.9988
0.3662

Tube-Side hi (BTU/hr-ft2 -°F) 954.18
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.°F) 8.40
Tube Wall Resistance (hrft2.°F/BTU, 0.00031430
Overall Fouling (hr-ft2 .°F/BTU) 0.09491556

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.09
860.06

18.04
63,378

0.9172
63,378

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-100
Revision No. AOO
Attachment C
Page No. c! of(t,-

*** Air Mass Velocity (Lbmihr-fth), Tube Fluid Velocity (ftlsec); Air Density at Inlet T. Other Properties at Average T



18:21:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VYO0A & 02A - CSCS Equipment Area Cooling Coils
VY01 @ MAX FF, w\ 5% PLUG

04/24/02

I
Extrapolation Calculation for Row 6(Dry) III -

Air-Side

Mass Flow (lbm/hr) 70,144.89
Inlet Temperature (OF) 125.34
Outlet Temperature (OF) 122.09
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (OF) 123.71
Skin Temperature (OF) 115.07
Velocity *** 3,528.59
Reynold's Number 855**
Prandtl Number 0.7272
Bulk Visc (Ibm/ft-hr) 0.0477
Skin Vise (lbm/ft-hr)
Density (lbmr/ft) 0.0643
Cp (BTU/lbm-°F) 0.2402
K (BTU/hr'f 0'F) 0.0158

Tube-Side

37,262.20
106.65
108.18

107.42
108.74

2.91
18,662
4.1621
1.5234
1.5029

61.8961
0.9989
0.3656

Tube-Side hi (BTU/hr'.ft2 .F) 945.71
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.°F) 8.39
Tube Wall Resistance (hr-ft2 -F/BTU, 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.09491556

U Overall (BTU/hr-ft2 .°F)
Effective Area (ftf)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.08
860.06

16.23
56,946

0.9173
56,946

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 7(Dry) II
I.

Mass Flow (Ibm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number

Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft hr)
Density (lbm/ft3)
Cp (BTU/lbm'°F)
K (BTU/hr-ftV.F)

Air-Side
70,144.89

122.09
119.17
0.0203
0.0203
120.63
112.86

3,528.59
858**

0.7274
0.0475

0.0647
0.2402
0.0157

Tube-Side
37,262.20

105.28
106.65

105.96
107.17

2.90
18,386
4.2309
1.5463
1.5273

61.9160
0.9989
0.3651

Tube-Side hi (BTU/hr ft2.OF) 938.08
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.°F) 8.37
Tube Wall Resistance (hr-ft2-°F/BTU, 0.00031430
Overall Fouling (hr.ffl.°F/BTU) 0.09491556

U Overall (BTU/hr.ft 2.F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.07
860.06

14.61
51,182

0.9174
51,182

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment _L
Page No. c- of C/1

*** Air Mass Velocity (Lbm/hr-ft'), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



18:21:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VYOI @ MAX FF, w\ 5% PLUG

04/24/02

a
m

. ii
Extrapolation Calculation for Row 8(Dry) II

Air-Side
Mass Flow (lbm/hr) 70,144.89
Inlet Temperature ('F) 119.17
Outlet Temperature (0F) 116.55
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (*F) 117.86
Skin Temperature (0F) 110.86
Velocity *** 3,528.59

Tube-Side
37,262.20

104.04
105.28

Tube-Side hi (BTU/hr'ft2-°F) 931.21
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.°F) 8.36
Tube Wall Resistance (hr-ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2 "°F/BTU) 0.09491556

104.66
105.75

2.90
Reynold's Number 861** 18,13t
Prandtl Number 0.7276 4.294,
Bulk Visc (Ibm/f hr) 0.0473 1.5671
Skin Visc (Ibm/ft hr) 1.549'
Density (lbm/Ift3 ) 0.0650 61.933
Cp (BTU/1bm'°F) 0.2402 0.9985
K (BTU/hrift-°F) 0.0156 0.364•

** Reynolds Number Outside Range of Equation Applicability

8

7
5
9

U Overall (BTU/hr.ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.07
860.06

13.15
46,015

0.9175
46,015

Calculation No. 97-200
Revision No. AOO
Attachment C
Page No. .( of C/7

*** Air Mass Velocity (Lbm/hrIffV). Tube Fluid Velocity (ft/see); Air Density at Inlet T, Other Properties at Average T



Inlet Air Flowrate Calculator - 1(2)VY01A

Total P:
Dry Bulb T OUT:
Specific Hum.:
H20 Vap P:

Dry Air P:

Dry Air rho OUT:

Dry Air rho IN:
Dry Bulb T IN:
Outlet Air Flow:

W=

Pv = (W*Rv*P)/(Ra+(W*Rv) =

Pa= P - Pv=

rho a = (144/Ra)*(Pa/(459.67+T) =

rho a = (144/Ra)*(Pa/(459.67+T) =
T=

14.315 psia Inlet Air Flow
116.55 F 18982 acfm

0.020274

0.451875 psia
Rv = 85.778 (ft-lbf)/(Ibm-R)
Ra = 53.352 (ft-lbf)/(Ibm-R)

13.86313 psia

0.0649 Ibm/ft
3

0.061575 Ibm/ft3

148 F
18000 cfm

Calculation No. 97-200
Revision No. AOO
Attachment c
Page No. .!•i of r-_r



19:37:17 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 04/24/02
ComEd -- LaSalle

Data Report for: l(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ CSCS= 104 F, ROOM T= 150 F

Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side
Fluid Quantity, Total 21,179.00 acfm 150.00 gpm
Inlet Dry Bulb Temp 150.00 OF 105.00 OF
Inlet Wet Bulb Temp 92.00 OF
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 109.40 OF 115.30 OF
Outlet Wet Bulb Temp 84.10 OF
Outlet Relative Humidity %

Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.000000

Design Heat Transfer (BTU/hr) 750,000
Atmospheric Pressure 14.315
Sensible Heat Ratio 1.00
Performance Factor (% Reduction) 0.000

Heat Exchanger Type Counter Flow
Fin Type Circular Fins
Fin Configuration LaSalle VY Coolers 01A/02A

j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in) 104.250
Fin Pitch (Fins/Inch) 10.000
Fin Conductivity (BTU/hrlft.°F) 128.000
Fin Tip Thickness (inches) 0.0120
Fin Root Thickness (inches) 0.0120
Circular Fin Height (inches) 1.495

Number of Coils Per Unit 2
Number of Tube Rows 8
Number of Tubes Per Row 20.00
Active Tubes Per Row 20.00

Tube Inside Diameter (in) 0.5270
Tube Outside Diameter (in) 0.6250
Longitudinal Tube Pitch (in) 1.500
Transverse Tube Pitch (in) 1.452

Number of Serpentines 1.000
Tube Wall Conductivity (BTU/hr-ft.°F) 225.00

Calculation No. 97-200
Revision No. AOO
Attachment c
Page No. c i. of C(I



19:37:17 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 4/24/02
CornEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ CSCS=104 F, ROOM T=150 F

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfmi)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out ('F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out (°F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm) 108.00
Air Flow (acfm) 19,162.00
Tube Inlet Temp ('F) 104.00
Air Inlet Temp ('F) 150.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp ('F) 0.00
Atmospheric Pressure 14.315

Calculation No. 97-200
Revision No. AQO
Attachment L-
Page No. cii of t,7



19:37:17 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ CSCS=104 F, ROOM T=150 F

04/24/02

ml. III
Extrapolation Calculation Summary II1.

Air-Side

Mass Flow (lbm/hr) 70,460.57
Inlet Temperature (IF) 150.00
Outlet Temperature (IF) 111.14
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm./fthr)
Skin Visc (lbm/ftfhr)
Density (lbmlft)
Cp (BTU/Ibm-°F)
K (BTU/hr-ft-°F)

Tube-Side
53,657.57

104.00
116.85

Tube-Side hi (BTU/hr.ft2-°F)
j Factor
Air-Side ho (BTU/hr1ft2.°F)
Tube Wall Resistance (hr-ft2.°F/BTU, 0.00031430
Overall Fouling (hr-ft2. 0F/BTU) 0.02832467

U Overall (BTU/hrft2-°OF)
Effective Area (ft)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

686,379

686,379

M

Extrapolation Calculation for Row l(Dry) II1.

Mass Flow (Ibm/hr)
Inlet Temperature (IF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/lbm'°F)
K (BTU/hr'ft'°F)

Air-Side
70,460.57

150.00
141.26
0.0213
0.0213
145.63
122.89

3,367.24
793**

0.7253
0.0491

0.0622
0.2402
0.0163

Tube-Side
53,657.57

113.97
116.85

115.41
117.96

3.98
27,644
3.8137
1.4069
1.3727

61.7815
0.9988
0.3685

Tube-Side hi (BTU/hr-ft2 -.F) 1,269.63
j Factor 0.0082
Air-Side ho (BTU/hr ft2.°F) 8.23
Tube Wall Resistance (hr'ft.°F/BTU' 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2- F)
Effective Area (ft2 )

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.69
905.33

30.00
154,454

0.9187
154,454

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment _.
PageNo. Liz of oil

*** Air Mass Velocity (Lbm/hr&ft'), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



19:37:17 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ CSCS= 104 F. ROOM T= 150 F

04/24/02

I Extrapolation Calculation for Row 2(Dry) I
Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm 0'F)
K (BTU/hr-ft'°F)

Air-Side
70,460.57

141.26
134.08
0.0213
0.0213
137.67
118.95

3,367.24
801**

0.7260
0.0486

Tube-Side
53,657.57

111.60
113.97

112.78
114.91

3.98
26,943
3.9226
1.4434
1.4137

61.8201
0.9988
0.3675

Tube-Side hi (BTU/hrI'ft2 -.F) 1,251.77
j Factor 0.0082
Air-Side ho (BTU/hr'ft2 .'F) 8.19
Tube Wall Resistance (hr'ft2 0-F/BTU• 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 -F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.66
905.33

24.70
126,678

0.9190
126,6780.0629

0.2402
0.0161

** Reynolds Number Outside Range of Equation Applicability

.1

Extrapolation Calculation for Row 3(Dry) III.

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (7F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Vise (lbm/ft-hr)
Density (Ibm/ft3 )
Cp (BTU/Ibm-°F)
K (BTU/hr-ft-°F)

Air-Side

70,460.57
134.08
128.19
0.0213
0.0213
131.14
115.71

3,367.24
808**

0.7266
0.0482

0.0636
0.2402
0.0159

Tube-Side
53,657.57

109.66
111.60

110.63
112.40

3.98
26,373
4.0159
1.4746
1.4490

61.8510
0.9988
0.3668

Tube-Side hi (BTU/hr.ft2 .F) 1,237.05
j Factor 0.0082
Air-Side ho (BTU/hr'ft-'°F) 8.17
Tube Wall Resistance (hr ft2 .F/BTU' 0.00031430
Overall Fouling (hr'ft2 -F/BTU) 0.02832467

U Overall (BTU/hr-ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.65
905.33

20.36
104,043

0.9193
104,043

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment _CZ
Page No. zi of c i7

Air Mass Velocity (Lbm/hr'ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet Tr. Other Properties at Average T



19:37:17 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ CSCS=104 F, ROOM T=150 F

04/24/02

a..
Extrapolation Calculation for Row 4(Dry) 11II *

Air-Side Tube-Side

Mass Flow (lbm/hr) 70,460.57 53,657.5-
Inlet Temperature (°F) 128.19 108.0(
Outlet Temperature (°F) 123.35 109.6(
Inlet Specific Humidity 0.0213
Outlet Specific Humidity 0.0213
Average Temp (IF) 125.77 108.8(
Skin Temperature (IF) 113.06 110.3-2
Velocity *** 3,367.24 3.9ý
Reynold's Number 813** 25,90ý
Prandtl Number 0.7270 4.095_2
Bulk Visc (lbm/ft.hr) 0.0478 1.5011
Skin Visc (lbm/ftrhr) 1.4791
Density (lbm/ft3 ) 0.0641 61.876(
Cp (BTU/lbm-°F) 0.2402 0.998K
K (BTU/hr'ft'°F) 0.0158 0.3661

** Reynolds Number Outside Range of Equation Applicability

7

Tube-Side hi (BTU/hr-ft2-°F) 1,224.91
j Factor 0.0081
Air-Side ho (BTU/hr-ft2"°F) 8.14
Tube Wall Resistance (hr'ft2_-F/BTU' 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.F)
Effective Area (ft 2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.63
905.33

16.79
85,551

0.9195
85,551

.1

Extrapolation Calculation for Row 5(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature ("F)
Outlet Temperature ("F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature ("F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ftihr)
Density (Ibm/ft3)
Cp (BTU/bm-°F)
K (BTU/hr-ft.°F)

Air-Side
70,460.57

123.35
119.36
0.0213
0.0213
121.36
110.87

3,367.24
818*4

0.7273
0.0476

Tube-Side
53,657.57

106.75
108.06

Tube-Side hi (BTU/hr-ft2.°F) 1,214.90
j Factor 0.0081
Air-Side ho (BTU/hrf 2-°F) 8.12
Tube Wall Resistance (hr-ft2 .°F/BTU' 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

107.41
108.63

3.97
25,527
4.1625
1.5235
1.5047

61.8962
0.9989
0.3656

U Overall (BTU/hr-fi 2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.62
905.33

13.85
70,414

0.9196
70,4140.0645

0.2402
0.0157

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment (_
Page No. /4 of e it

*** Air Mass Velocity (Lbm/hrtt), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T



19:37:17 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: 1(2)VYO I A & 02A - CSCS Equipment Area Cooling Coils
VY02 @ CSCS= 104 F, ROOM T= 150 F

04/24/02

-2
Extrapolation Calculation for Row 6(Dry) II

I.

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (lbm/ft-hr)

Air-Side
70,460.57

119.36
116.08
0.0213
0.0213
117.72
109.07

3,367.24
822**

0.7276
0.0473

Tube-Side
53,657.57

105.67
106.75

106.21
107.22

3.97
25,215
4.2192
1.5424
1.5264

Tube-Side hi (BTU/hr-ft2-°F) 1,206.63
j Factor 0.0081
Air-Side ho (BTU/hr-ft 2.F) 8.11
Tube Wall Resistance (hr.ft2.°F/BTU' 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.61
905.33

11.43
58,002

0.9198
58,002Density (lbm/ft3 ) 0.0649 61.9126

Cp (BTU/lbm'°F) 0.2402 0.9989
K (BTU/hr'fR'F) 0.0156 0.3651

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 7(Dry) II
Air-Side

Mass Flow (Ibm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3 )
Cp (BTU/lbm-0 F)
K (BTU/hr-fi'°F)

70,460.57
116.08
113.37
0.0213
0.0213
114.73
107.58

3,367.24
825**

0.7278
0.0471

Tube-Side
53,657.57

104.78
105.67

Tube-Side hi (BTUihrft2.°IF) 1,199.81
j Factor 0.0081
Air-Side ho (BTU/hr ft2.°F) 8.10
Tube Wall Resistance (hr-ft2-°F/BTU' 0.00031430
Overall Fouling (hr.ft2 .F/BTU) 0.02832467

105.22
106.06

3.97
24,959
4.2668
1.5582
1.5447

61.9260
0.9989
0.3648

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.60
905.33

9.43
47;809

0.9199
47,8090.0652

0.2402
0.0156

** Reynolds Number Outside Range of Equation Applicability

Calculation No. 97-200
Revision No. AOO
Attachment C
Page No. c/i- of 0 7

Air Mass Velocity (Lbm/hr ft2), Tube Fluid Velocity (fiisec); Air Density at Inlet T, Other Properties at Average T



19:37:17 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
CornEd -- LaSalle

Calculation Report for: I(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VY02 @ CSCS=104 F, ROOM T=150 F

04/24/02

I. ii
Extrapolation Calculation for Row 8(Dry) II11

Air-Side Tube-Side

Mass Flow (lbm/hr) 70,460.57 / 3,657/.57
Inlet Temperature (OF) 113.37 104.04
Outlet Temperature (OF) 111.14 104.78
Inlet Specific Humidity 0.0213
Outlet Specific Humidity 0.0213
Average Temp (OF) 112.26 104.41
Skin Temperature (OF) 106.36 105.1(
Velocity *** 3,367.24 3.9'
Reynold's Number 828** 24,74S
Prandtl Number 0.7279 4.3068
Bulk Visc (lbmr/fthr) 0.0470 1.5714
Skin Visc (ibm/ft hr) 1.5601
Density (lbn/ft3 ) 0.0655 61.936S
Cp (BTU/lbm'°F) 0.2402 0.998S
K (BTU/hr'f:'°F) 0.0155 0.3645

** Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/hr-ft2 .°F) 1,194.18
j Factor 0.0081
Air-Side ho (BTU/hr-ft2 -°F) 8.09
Tube Wall Resistance (hr-ft2 -F/BTU' 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 .OF)
Effective Area (ftf)
LMTD
Total Heat Transferrcd (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.59
905.33

7.79
39,429

0.9200
39,429

Calculation No. 97-200
Revision No. AOO
Attachment P_
Page No. C_'b of C¢jI

*** Air Mass Velocity (Lbm/hr'ft2). Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T



Inlet Air Flowrate Calculator - 1(2)VY02A

Total P:
Dry Bulb T OUT:

Specific Hum.:
H20 Vap P:

Dry Air P:

Dry Air rho OUT:

Dry Air rho IN:
Dry Bulb T IN:
Outlet Air Flow:

W=

Pv = (W*Rv*PY(Ra+(W*Rv) =

Pa = P - Pv =

rho a = (144/Ra)*(Pa/(459.67+T) =

rho a = (144/Ra)*(Pa/(459.67+T) =
T=
V =

14.315 psia Inlet Air Flow

111.14 F 19162 acfrn

0.020274
0.451875 psia

Rv = 85.778 (ft-lbf)/(Ibm-R)
Ra = 53.352 (ft-lbf)/(lbm-R)

13.86313 psia

0.0656 Ibm/ft3

0.061575 Ibm/ft3

148 F

18000 cfm

Calculation No. 97-200
Revision No. A00
Attachment C
Page No. CJ of C 1i
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1. PURPOSE

The purpose of this calculation is to develop a thermal performance analysis model for the
Commonwealth Edison (CornEd) LaSalle Station NW and SW cubicle area coolers l(2)VY01A
and 1(2)VY02A. This model can be used for the analysis of heat exchanger thermal performance
test data as part of the LaSalle Station GL 89-13 heat exchanger testing program or for any other
engineering analysis subject to the limitations itemized below.

Once developed, the model is used to identify the thermal margin of the heat exchanger at
specified performance conditions as follows:
" at LaSalle Station Reference Conditions as currently defined in the LaSalle Station design

and licensing basis; and
* at lower service water flow rates (with increased fouling) to support service water system re-

balancing efforts.

The thermal performance model documented in this calculation has been created and used with
PROTO-HX, Version 3.01. The model can be used with previous versions of PROTO-HX and
produce identical results as long as the following restriction is upheld:
• Air coils analyzed in Version 3.0 or earlier can be analyzed only in non-condensing modes of

operation.

Current limitations of use for PROTO-HX are established by the limits on fluid properties
included within the software. Fluid properties contained within PROTO-HX are currently
limited to the following temperature ranges:
• Air: 32-320°F
* Water: 32-500°F

2. BACKGROUND

LaSalle Station is in the process of implementing a heat exchanger thermal performance
monitoring program and a service water system flow balancing program in response to the
requirements of NRC Generic Letter 89-13. Development of an analytical model in PROTO-
HXTM, Version 3.01, will allow timely analysis of data resulting from the test program and will
ensure the limiting flow requirements for the coolers are adequately defined.
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3. DESIGN INPUTS

The thermal performance model is developed using PROTO-HXTM , Version 3.01. PROTO-HXTM

was developed and validated in accordance with Proto-Power's Nuclear Software Quality
Assurance Program (SQAP). This program meets the requirements of 10CFR50 Appendix B,
I 0CFR21, and ANSI NQA-1, and was developed in accordance with the guidelines and standards
contained in ANSI/IEEE Standard 730/1984 and ANSI NQA-2b-1991. PROTO-HX TM Version
3.01 was verified and approved for use as documented in Reference (1).

The design inputs for this calculation consist of the heat exchanger design basis performance
requirements (Tablel), performance specifications (Table 2) and construction details (Table 3)
provided by the heat exchanger manufacturer data sheet (Attachment A) or other design
documents as referenced. Construction details give the necessary information for model
construction while performance specifications are used to benchmark the model.

VY cooler thermal performance in this calculation will be assessed only with respect to the
nominal accident conditions (i.e., design basis LOCA) with no tubes plugged. Condensing
modes of operation and tube plugging margins are not addressed.

Table 1: LaSalle Station Reference Conditions

Parameter Value Reference*

Heat Rate -- 1(2)VY0IA (BTU/hr) 517,239 2

Heat Rate -- 1(2)VY02A (BTU/hr) 646,235 3

Atmospheric Pressure (in-w.g.) -0.4 4

Air-Side Inlet Temperature -- Dry Bulb ('F) 148 4

Fan Volumetric Flow Rate (cfmn) 18,000 18,19

Tube-Side Flow Rate (gpm) 150 5

Tube-Side Inlet Temperature ('F) 100 6
*Selected references included as Attachment A
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Table 2: Vendor Specified Performance

Parameter Value Reference*

Air-Side Fouling Factor (Design) 0 Assumption (I)

Air-Side Entering Fluid Flow Rate (scfm) 17,330 7

Air-Side Inlet Dry Bulb Temperature (0F) 150 7

Air-Side Inlet Wet Bulb Temperature (0F) 92 7

Air-Side Outlet Dry Bulb Temperature (0F) 109.4 7

Air-Side Outlet Wet Bulb Temperature ('F) 84.1 7

Tube Side Fouling Factor (Design) 0.0015 8

Tube Side Fluid Type Service Water (Fresh) 9,10

Tube Side Fluid Flow Rate, Total (gpm) 150 7

Tube Side Inlet Temperature (0F) 105 7

Tube Side Outlet Temperature (0F) 115.3 7

Design Q (BTU/hr) 750,000 7
*Selected references included as Attachment A
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Table 3: Construction Details

Parameter Value Reference(')

Heat Exchanger Type and relative direction of Tube- Carrier Air Coil 7,11
side and Air flow. Counter flow

Fin Type Spiral 7,8

Coil Finned Length (in) 108.00 -- specified (2) 7
104.25 -- effective (2) 20

Fin Pitch (fins/in) 10.0 7

Fin Material ASTM B209 Aluminum 7

Fin Conductivity (BTU/hr-ft-0 F) 128 16

Fin Thickness (in) 0.012 7

Fin Height (in) 1.495 20

Number of Coils per Unit 2 7

Number of Tube Rows 8 7

Number of Tubes per Row 20 7

Number of Plugged Tubes 0

Tube Outside Diameter (in) 0.625 (3) 7

Tube Wall Thickness (in) 0.049 7

Tube Inside Diameter (in) 0.527 7

Longitudinal (horizontal) Tube Pitch (in) Unavailable - see Section 6 -

Transverse (vertical) Tube Pitch (in) 1.452 20

Tube Layout Staggered 20

Number of Serpentines I (i.e., "Full Circuiting") 7

Tube Wall Material SB75 Copper 7

Tube Wall Conductivity (BTU`/hr-ft-°F) 225 12

Sensible Heat Ratio 1 (Section 6.3)

Notes: (1) Selected references included as Attachment A
(2) The Reference 7 coil finned length will be used for benchmarking to vendor performance data per

Section 6.0. The Reference 20 effective coil finned length will be used for subsequent analyses.
(3) The Reference 7 tube OD is within the tolerance of Reference 20 and will be used in lieu of Ref. 20.
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4. APPROACH

This calculation utilizes plant/vendor fabrication specifications provided in Section 3.0 to
develop a thermal performance prediction model for the 1(2)VY01A/02A coolers. The
calculation then benchmarks the model by comparing the heat transfer rate calculated by
PROTO-HXTM Version 3.01 with the manufacturer's specifications for thermal performance.
The Colbum j-factor vs. Reynolds Number relationship is adjusted as necessary to meet the
manufacturer's performance specifications. After the model is benchmarked, it will be used to
determine the margin between the available and required heat removal rates and to establish a
revised limiting flow rate in support of service water system re-balancing efforts.

5. ASSUMPTIONS

I. The fouling factor specified in Reference (8) is for the tube-side only and design air-side
fouling is zero. Future validation of this assumption is not required.

2. The slope of the "Colbum j-factor vs. Reynolds Number" curve is the same for the
current coil and the standard coil represented by curve "CF-9.05-3/4 J-A" in the PROTO-
HXTM "h-configurations" Library. This assumption is based on physical similarities
between the VY coolers and the standard configuration represented by "CF-9.05-3/4 J-A"
as elaborated in Section 6, below. The model benchmarking process described in Section
6 brings the model into precise agreement with the vendor performance data making
initial configuration selection immaterial. The only difference caused by initial
configuration selection that would be detectable in analysis results is when analyses are
performed over a very wide range (orders of magnitude) of air-side Reynolds numbers. A
wide range of Reynolds numbers causes the slight variation in slopes of the j-factor
equations of different configurations to become more obvious. Given the fixed fan flow
rate and a relatively tight band of normal operating and Reference conditions, along with
the fact that benchmarking conditions are extremely close to Reference conditions, such
wide variations in Reynolds numbers are not anticipated. Future validation of this

assumption is not required.

3. The vendor-supplied performance specifications of Reference (7) (included as
Attachment A) are considered to be an accurate reflection of the as-built performance of
each VY Cooler. Future validation of this assumption is not required.

4. The VY cooler spiral fin geometry is closely approximated by the PROTO-HXTM circular
fin configuration. This is due to the relatively tight fin pitch configuration resulting in a
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negligible difference in fin/tube outside surface area. This assumption is supported in
Attachment K. Future validation of this assumption is not required.

5. In transitioning from the original vendor specified inlet air temperature of 150'F to the
current licensing limit of 148 0F, the inlet air vapor density is assumed to have remained
unchanged. This increases the inlet relative humidity causing a slight reduction in the air
mass flow rate. Future validation of this assumption is not required.

6. ANALYSIS

6.1 Tube Pitch

The longitudinal tube pitch is not directly available from the coil data sheet or Reference 20. It
can be estimated based on the geometry of the coil. Per Reference (7), the coil stack depth is
12.00 inches. Dividing the stack depth evenly between 8 tube rows yields a longitudinal
(horizontal) tube pitch of 1.500 inches.

6.2 Coil Configuration

The coil configuration for modeling coolers l(2)VYOIA and 1(2)VY02A is selected based on
the physical characteristics of the coil. There are no coils in the PROTO-HXTM library that
exactly match the configuration of the VY coolers. The configuration "CF-9.05-3/4 J-A" shown
in Figure 1 provides the closest match based on similarities of layout geometry: staggered tube
rows, horizontal tube pitch slightly greater than vertical tube pitch, similar fin height, identical
fin thickness and similar fin pitch. The "CF-9.05-3/4 J-A" configuration also represents a
relatively compact coil which correlates well to the VY coils as evidenced in the coil
photographs included as Attachment B.

PROTO-HXTM does not include spiral fin configurations in the analytical methodology
employed. However, for the given fin pitch, the difference in calculated fin surface area between
the VY cooler spiral fin configuration and the PROTO-HXTM circular fin configuration is
negligible. The negligible difference is illustrated further in Attachment K using a simplified
area comparison.
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Figu, re 1 Coil Configuration CF-9.05-3/4 J-A

jij) 0.7742

1 .75 -4015

C F -9.0 5- 3 / 4 J- A

6.3 Sensible Heat Ratio

The value input in the model for the Sensible Heat Ratio (SHR) is used only when one of the
"Constant Heat Load" calculation/extrapolation methods of PROTO-HXTM is used (i.e.,
"Constant Heat and Cold Inlet Temperature" or "Constant Heat and Hot Outlet Temperature").
The SHR can be assigned any value between 0 and 1 and represents the fraction of the total
specified (constant) heat load that is due to sensible cooling alone. An input of 1.0 in the SHR
field tells PROTO-HXTM that the specified constant heat is 100% sensible heat with no
condensation occurring. Use of any value less than 1.0 presumes some knowledge as to what
fraction of the specified heat load is due to condensation (i.e., latent heat transfer). The value of
SHR currently in the model is 1.0, but like any other model input, the SHR can be changed at
any time.

6.4 Derivation of Benchmarking Inputs

The PROTO-HXTM model is benchmarked using the performance data provided by the cooler
manufacturer. In order to benchmark the model, the vendor specified conditions must be
converted into appropriate units for PROTO-HXTM input. The only input requiring adjustment is
the specified air-side flow rate of 17,330 scfin. PROTO-HXTM requires air-side flow rate to be
given at actual inlet air conditions (units of ac/hn).
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The correction of scfin to acfin is made as follows (holding mass flow rate constant for the
defining case):

mh = *sfil) X(p~ld ) x (60rinl'

where:

= (acfm) x (Pat•l) x l60min
Equation (1)

rhI = mass flow (Ibm/hr)

scfm volumetric flow rate at standard conditions (ft3/min)

Prad = standard density of 0.075 Ibm/ft3

acfm = volumetric flow rate at specified (non-standard) conditions (ft3/min)

Pa,:=1 density of dry air at specified inlet temperature and humidity (lbm/ft3)

Rearranging terms yields the following correction factor for converting scfm to inlet acfm:

(acfmi) = (scfm) x (P~ld)

(PGata)
Equation (2)

Local Standard Atmospheric Pressure

To derive the dry air density for the inlet air conditions, the amount of moisture in the air and the
local atmospheric pressure must be accounted for. Per Reference (13), local atmospheric
pressure was accounted for by specifying a flow at standard density (17,330 scfm) as well as an
actual flow (18,000 acfm at 70'F and 40% relative humidity at site elevation). The difference
between the two flow rates will provide the assumed air density as follows:

(p aca) (scfrn) x (Ps)
(acfm)

- (17,330)
0.07500

x
18,000

- 0.0722 lbiy/f3

The local atmospheric pressure is found by iterative solution using Reference (14) as shown in
Attacluhent H. Pressure input is varied with the specified temperature and humidity conditions
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held constant until a dry air density of 0.0722 Ibni/ft3 is reached. The result of the iterative
process is as follows:

Given ner Reference ( 13)
Dry Bulb Temperature:
Relative Humidity:

70.00°F
40.00 %

Derived above
Dry Air Density:

Derived per Attachment H
Specific Humidity:
Atmospheric Pressure:
Dry Air Pressure:
Vapor Pressure:
Vapor Density:

0.0722 lbm/ftA3

0.00638 lbmv/lbma
14.3150 psia
14.1697 psia
0.1453 psia
0.00046 lbM/ftA3

The result is that an atmospheric pressure of 14.315 psia at 707F and 40% relative humidity will
give the requisite air density.

Actual Air Flow Rate

The next step is to define the actual air flow rate at the inlet conditions included by the vendor in
the Reference (7) performance specification (Table 2).

The moist air conditions corresponding to the vendor specified performance conditions are as
follows:

Given per Reference (7)
Dry Bulb Temperature:
Wet Bulb Temperature:

Derived above
Atmospheric Pressure:

Derived per Attachment H
Relative Humidity:
Specific Humidity:

150.00 0F
92.007F

14.315 psia

12.18%
0.02034 lbmv/lbma
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Dry Air Pressure:
Vapor Pressure:
Dry Air Density:
Vapor Density:

13.8617 psia
0.4533 psia
0.06137 lbm/ftA3
0.001248 lbm/ft^3

The actual volumetric flow rate at vendor specified inlet conditions is then calculated as:

(acfm) = (scfm) x (P~Id) -

(P.atua,)
(17,330)

0.07500
x

0.06137 - 21,179 ft~min

Summary of PROTO-HXTM lnputs for Model Benchmarkin2

Tube-Side Flow Rate
Tube-Side Inlet Temperature
Air-Side Flow Rate
Air-Side Inlet Temperature -- Dry Bulb
Air-Side Inlet Temperature -- Wet Bulb
Atmospheric Pressure

150 gpm
1050F
21,179 acfmn
150°F
92 0F
14.315 psia

6.5 Model Benchmarking

Model benchmarking is performed to compare thermal performance as predicted by the model to
thermal performance specified by the cooler vendor. A significant impact on the model predicted
performance is the outside (air-side) heat transfer coefficient. The benchmarking process adjusts
the model correlation for outside heat transfer coefficient to match vendor performance data.

An extensive source of information pertaining to the outside heat transfer coefficient for air coolers
is provided by Reference (15). This widely-recognized publication provides heat transfer
correlations for specific coil configurations. The format used in Reference (15), and subsequently
adopted by other researchers, is to provide a plot of the Colburn j-factor vs. Reynolds Number for
each configuration.

Alternatively, to permit modeling of coils which do not adequately fit the library configurations and
for which no test data correlation is available, PROTO-HXTM allows the generation of a coil
unique formulation for outside heat transfer coefficient. This is done through establishing a unique
Colburn j-factor for the coil.



f
i

PROTO-POWER CORPORATION CALC NO. 97-200 REV A PAGE I 10O 23

GROTON, CONNECTICUT },ORIGINATOR L. Philpot DATE 6/24/98
VERIFIED BY M. Aboye JOB NO. 31-003

CLIENT Commonwealth Edison PROJEc LaSalle Station GL 89-13 Heat Exchanger Testing

TITLE VY Cooler Thermal Performance Model -- l(2)VY0IA and l(2)VY02A

Reference (15) defines the Colburmj-factor as follows.

Let:

Cpa Specific heat of air (Btu/lbm-0 F)

ka = Thermal conductivity of air (Btu/hr-ft-°F)

ma = Absolute viscosity of air (lbm/ft-hr)

ra = Density of air (ib/flt3)

A =in Minimum air-side flow area (Section 3.3.8) (in2)

A1= Frontal Area (Section 3.3.8) (in2)

DH = Hydraulic diameter (Section 3.3.8) (ft)

do= Tube outside diameter (in)

i = Colbum j-Factor

NC= Number of coils per unit

NL = Number of active tube rows

Qa = Specified air flow rate (acfm)

SL = Longitudinal Tube Pitch (in)

ST= Transverse Tube Pitch (in)

The Prandtl Number for air, Pr,, (a dimensionless parameter), is given by:

Pra c- '" P"
.• k,,

Equation (3)
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The mass flow rate of air per coil, Ma (1bnf,/r), is calculated based on the input total air flow and the
number of coils per unit:

Ma - 60pQ,
Nc

Equation (4)

The bulk-stream mass flux, G (lbm/ hr-ft2), is:

G= 144 M,

AMIN
Equation (5)

The Colburnj-factor is defined in terms of the Stanton Number, Sta, as:

j Sta prp / = . Glo Pr 213r G1ý -cp, Equation (6)

Therefore, the outside heat transfer coefficient, ho (Btu/hr-ft2 -oF), may be defined in terms of thej-
factor:

Pr,'
Equation (7)

Per Reference (15), thej-factor for the various coil configurations tested are provided as functions
of the Reynolds Number based on hydraulic diameter, DH(in):

i = f(Re0 ) where: Re,, = G-D
'/"

Equation (8)

The standard air-side configuration for coil type CF-9.05-3/4 J-A, provided in PROTO-HX TM 's
Library, was initially selected based on the physical similarities between the present coil and that
represented by CF-9.05-3/4 J-A as described in Section 6.2. However, the heat transfer rate
under design operating conditions using the standard configuration was slightly greater than the
value specified by the manufacturer (see performance run in Attachment C). For this reason, a
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new curve relating the Colbumj-factor and Reynolds Number was generated according to the
following procedure:

* The slope of the linear standard curve was calculated.

* A new curve, parallel to the standard curve, was defined such that the new j-intercept is
slightly lower.

* A design performance run was then executed using the new Colburn j-factor versus
Reynolds Number curve, and the resulting heat transfer rate was compared to the
manufacturer's value.

* The above two steps were repeated until the calculated heat transfer rate closely matched the
manufacturer's value.

The resulting relationship between Reynolds Number and Colburn j-Factor is represented by the
following table and associated equation:

Table 4: Reynolds Number and Colburn j-Factor
Reynolds Number Colburn j-Factor (Standard) Colburn j-Factor (Custom)

1000 0.009 0.00758
8000 0.0044 0.00371

i [-~2.5088 -0.3436 *Ln(Re)]
Equation (9)

Equation (9) was added to the PROTO-HXTM Library for use in conjunction with Area Coolers
I(2)VYOIA and 1(2)VY02A.

As noted in Assumption (2) and implemented above, the slope of the "Colburn j-factor vs.
Reynolds Number" curve is assumed to be the same for the VY coolers and the standard coil
represented by curve CF-9.05-3/4 J-A in the PROTO-HX TM "h-configurations" Library. This
assumption is considered reasonable based on the following:

* there are only minor variations in the slope of different j-factor correlations; and,

• there is only a slight variation in the air-side Reynolds Number between anticipated
test conditions and the extrapolated accident conditions. The only variation is



PROTO-POWER CORPORATION CALCNO. 97-200 REV A PAGE 14 OF 23

GROTON, CONNECTICUT ORIGINATOR L. Philpot DATE 6/24/98
VERIFIED BY M. Aboye JOB NO 31-003

CLIENT Commonwealth Edison PROJECT LaSalle Station GL 89-13 Heat Exchanger Testing

TITLE VY Cooler Thermal Performance Model -- l(2)VYOIA and l(2)VY02A

expected to be caused by air inlet temperature variations (i.e., volumetric flow rate in
cfm will be nearly constant, while air flow in acfm will vary with temperature and
inlet humidity).

An excerpt from Reference (15), illustrating the j-factor relationship with Reynolds number, is
included as Attachment D.

6.6 Effective Coil Finned Length

Reference 20 identified the fact that the fined coil length exposed to air flow was less than that
specified by the coil vendor in Reference 7. Model benchmarking used the vendor specified
length to be consistent with the vendor specified performance. The effective length is entered
into the model for all subsequent analysis. An effective coil finned length of 104.25 inches is
used per Reference 20.

6.7 Extrapolation Conditions

The LaSalle Station Reference Conditions defined in Table I are slightly different than the
vendor specified performance conditions listed in Table 2 and require conversion to units for
input into PROTO-HX TM .

Air-Side Pressure

Air-side pressure should account for the local elevation above sea level. Chapter 26, Table 1A,
of Reference (16) provides elevation and standard atmospheric pressure data for the local area
around La Salle.

Interpolating between data points to derive the pressure associated with the elevation of the VY
coolers given by Reference (17) provides the following:

Elevation Pressure
(feet above sea level) (psia)
682 14.337
738 14.308

698 14.329

Reference (16)

Reference (16)
Interpolation between above points at VY elevation
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Per Reference (4), the coil pressure is -0.4 inches of water gauge. Using the density of water at
60'F, the specified pressure is calculated as illustrated below:

Coil Pressure

(inwg)

-0.4

Water Density

(lbm/ft3O

62.36445

Coil Pressure

(psig)

-0.014

Atm Pressure

(psia)

14.329

Coil Pressure

(psia)

14.315

This pressure matches the pressure derived from the original coil specification in Section 6.4.

Air-Side Flow Rate

In order for PROTO-HXTM to calculate the air mass flow rate for a given extrapolation condition,
the inlet dry bulb temperature, total pressure, and relative humidity or wet bulb temperature must
be specified. The inlet dry bulb temperature and pressure for the LaSalle Station Reference
Conditions are listed in Table 1. The inlet relative humidity is adjusted by holding the vapor
density constant from the vendor specified condition to the LaSalle Station Reference Condition
(i.e., 148°F in lieu of 150'F per Assumption 5).

Given per Section 6.4
Vapor Density:

Reference Condition
Dry Bulb Temperature:
Atmospheric Pressure:

Derived per Attachment H
Wet Bulb Temperature:
Relative Humidity:

0.001248 lbm/ftA3

148.00°F
14.315 psia

91.6 0 F
12.76 %

Since fans are constant volume equipment, the air volumetric flow rate of 18,000 cfm specified
in References (18) and (19) remains the same for all coil outlet conditions. The air mass flow
rate through the coil, however, will vary with the temperature of the air going through the fan
(i.e., at coil outlet temperature). Deriving the inlet air flow rate for input to PROTO-HXTM
requires an iterative solution as follows:

* take an initial guess at the coil outlet air temperature at the same specific humidity as the coil
inlet;

* calculate the dry air density at the selected coil outlet air temperature;
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" calculate the coil inlet air flow rate by multiplying the fan capacity (cfm) by the ratio of the
coil outlet dry air density to the coil inlet dry air density (to maintain constant mass flow
across the coil) [Equation (2)];

* run the model with the inlet air flow rate derived above;
" check the predicted coil outlet air temperature; and
" repeat the process (substituting the predicted coil outlet air temperature for the initial guess)

until the coil outlet air temperature does not change from one iteration to the next

The iteration process described above was completed twice for this model for a clean (f = 0.0)
and service (f = design) condition with results as follows:

Clean:

(cfm1i.) =
(PoUL) (0.06631929)___

(cfmo, ) x - (18,000) x (0.06631929) 19,387 (Fan Temperature= 104.53)(pin) (0.061575103)

Service:

(cfmj.) = (cfm ) x ) = (18,000) x (0.06609320)
(0.061575103)

= 19,321 (Fan Temperature = 106.46)

Summary of PROTO-HXTM Inputs for Extrapolation to Reference Conditions

The Extrapolation conditions are defined as the vendor data sheet conditions without high energy
line break modified for ultimate heat sink temperature and room limiting temperature per the
LaSalle Station UFSAR Reference (4). The required PROTO-HX TM inputs for these conditions
are as follows:

Tube-Side Flow Rate
Tube-Side Inlet Temperature
Air-Side Flow Rate
Air-Side Inlet Temperature -- Dry Bulb
Air-Side Inlet Humidity

Atmospheric Pressure

150 gpm
100lF
(varies with temperature)
148 0 F
12.76%

14.315 psia

6.8 Thermal Margin Assessment

The available thermal margin is defined as the difference between the available and the required
heat removal rates at reference conditions. The maximum available heat removal rate (qciean) is
calculated using the benchmarked PROTO-HXrM model and the inlet conditions defined in
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Section 6.7 with zero fouling. By comparing the available heat removal rate calculated with zero
fouling to the required heat removal rate, the maximum available margin is determined. A
similar comparison is made between the required heat load to the available heat load at design
fouling conditions (qsei-,ic)-

For the purposes of this thermal margin assessment, thermal margin is defined as follows:

Margin (BTU / hi) = q available - q required

Margin (%) q available -q required X 100
q required X

Equation (10)

Equation (11)

where:

qavailable = the predicted heat capacity of the cooler at the specified conditions (BTU/hr)

qrequired = the heat capacity required of the cooler to fulfill design basis requirements (BTU/hr)

6.9 Limiting Cooling Water Flow Analysis

In support of the LaSalle Station efforts to re-balance the CSCS Equipment Cooling Water
System, specification of a minimum acceptable cooling water flow to the VY coolers is desired.
For conservatism, the design fouling factors associated with the limiting flow analysis are
increased to 0.002 on both the tube and air sides of the cooler. Increasing the design fouling
factors increases the fouling margin of the cooler at the reduced flow rates.

Limiting flows are established by iterating with the performance model. The cooling water flow
rate is incrementally reduced with each iteration until the target thermal margin is achieved. For
the case of l(2)VY01A, the target thermal margin is approximately 30% with the increased
design fouling factors. For the case of 1(2)VY02A, the target thermal margin is approximately
10% with the increased design fouling factors.

6.10 Fouling Sensitivity Analysis

To assess the sensitivity of the l(2)VYOIA and l(2)VY02A coolers to tube-side fouling
accumulations, a series of iterations are performed. With each iteration, the design tube-side
fouling factor is incrementally increased from a value of 0.0000 to 0.0040. The heat removal
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capability resulting from each fouling increment is compared to the required heat load to assess
the thermal margin. Thernial margin is calculated using Equations (10) and (11).

7. RESULTS

7.1 Model Benchmarking

The first model case was based on the standard CF-9.05-3/4 J-A configuration available from the
PROTO-HX TM library. The results of this initial benchmarking case are presented in Table 5.
The PROTO-HXT-l reports associated with the initial benchmark case are included as Attachment
C.

Table 5: Initial Benchmark Case -- Standard CF-9.05-3/4 J-A Configuration
Design q(1) PROTO-HX TM  Percent

Cooler (BTU/hr) Predicted q (BTU/hr) Difference

1(2)VY0IA 750,000 775,120 +3.35%
1(2)VY02A

(1) Heat rate specified by cooler vendor

Based on the results of the initial benchmark case with the standard CF-9.05-3/4 J-A
configuration, another case was completed using a customized Colbum J-Factor. This case
demonstrated adequate benchmarking of the model to the vendor specified performance. A
subsequent comparison run was made following the adjustment of the coil finned length to match
the length identified in Reference 20. The results of the final benchmarking cases are presented
in Table 6. The PROTO-HXTM reports associated with the final benchmarking cases are included
as Attachment E.

Table 6: Final Benchmark Case -- Customized Colburn J-Factor
Cooler Design q0) (BTU/hr) Predicted q (BTU/hr) Percent Difference
1(2)VYO0A 750,000 749,965 (2) -0.0047%
1(2)VY02A

1(2)VY0 IA 750,000 746,297 (3) -0.49%
1(2)VY02A

Notes:
(1) Heat rate specified by cooler vendor
(2) With specified coil tinned length per Reference 7 (benchmarking basis)
(3) With effective coil finned length per Reference 20 (subsequent analysis basis)
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7.2 Thermal Margin Analysis

Prior to defining margin, the predicted heat transfer capacity of the cooler (qavailable) is defined.
The predicted heat transfer capacities at LaSalle Station Reference Conditions for both clean
(zero fouling) and service (design fouling) conditions are summarized in Table 7 below.

Table 7: Heat Transfer Capacity
Heat Transfer Capacity

Fouling Condition (BTU/hr)

Clean (f = 0.0000) 779,018

Service (f = 0.0015) 741,876

The thermal margin assessment relates the predicted capacity of the cooler at clean and service
conditions to the required capacity under reference conditions. The comparison is provided in
Table 8. The PROTO-HXTM reports associated with the thermal margin assessment are included
as Attachments F and G for zero and design fouling conditions, respectively.

Table 8: Thermal Margin at LaSalle Station Reference Conditions (f = 0.0000/0.0015)
qrequired qavailable Margin Margin

Cooler Fouling (f) (BTU/hr) (BTU/hr) (BTU/hr) (%)

1(2)VYOIA zero 517,239 779,018 261,779 50.61

design 517,239 741,876 224,637 43.43

l(2)VY02A zero 646,235 779,018 132,783 20.55

design 646,235 741,876 95,641 14.80

7.3 Limiting Cooling Water Flow Rate Analysis

The limiting cooling water flow analysis calculated the lowest possible cooling water flow that
would provide a thermal margin of approximately 30% for the l(2)VYO1A coolers and a thermal
margin of 10% for the l(2)VY02A coolers with an adjusted design fouling of 0.002 air-side and
0.002 tube-side. The results of the iterations to identify the limiting flow rate are summarized in
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Table 9. The 108 gpm Case was added as a limiting flow case for 1(2)VY02A since available
system flow is limited by pump capability. The PROTO-HXTM reports associated with the
limiting flow analysis for both coolers are included as Attachment I.

Table 9: Limiting Cooling Water Flow Rate at Reference Conditions (f= 0.0020/0.0020)
Limiting qrequired qavailable Margin Margin

Cooler Flow Rate (BTU/hr) (BTU/hr) (BTU/hr) (%)

1(2)VYOIA 75 gpm 517,239 675,177 157,938 30.53

1(2)VY02A 115 gpm 646,235 710,964 64,729 10.02

1(2)VYO2A 108 gpm 646,235 707,030 60,795 9.41

The uncertainty in the analytical methodology used to identify the limiting flow for 1(2)VY02A
is presented in Attachment J. The result of the uncertainty assessment is that the uncertainty in
the PROTO-HXTM extrapolated heat transfer rate ranges from ± 4.27 to ± 4.88% for the ranges of
cooling water flow evaluated. An uncertainty of± 4.90% is used to conservatively bound the
analysis of Attachment J. The adjusted thermal margin is calculated using Equation (11) after
subtracting the uncertainty from the available heat rate. The results are presented in Table 10
below.

Table 10: Limiting Cooling Water Flow Rate at Reference Conditions (f= 0.0020/0.0020)
Limiting qrequired qavailable Nominal Adjusted

Cooler Flow Rate (BTU/hr) (BTU/hr) Margin (%) Margin (%)

1(2)VYO1A 75 gpm 517,239 675,177 30.53 24.14

1(2)VY02A 115 gpm 646,235 710,964 10.02 4.62

1(2)VY02A 108 gpm 646,235 707,030 9.41 4.05
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7.4 Fouling Sensitivity Analysis

The results of the fouling sensitivity analysis are included in Tables 11 and 12. The PROTO-
HXTM reports associated with the fouling sensitivity analysis for both coolers and a graphical
presentation of the results are included as Attachment M. The 108 gpm Case is used to represent
the 1(2)VY02A coolers since this flow rate will bound that of the 115 gpm Case. It should be
noted that neither the Tables below or the figure in Attachment M have taken analytical
uncertainty into account since the intent of this exercise is to assess the change in thermal margin

(i.e., the slope of the curves in Attachment M). Analytical uncertainty treated as a bias on the
results will have a negligible effect on the slope of the curves. Consideration of uncertainty
would, however, change the point at which a thermal margin of 0% is reached.

Table 11: Fouling Sensitivity Analysis -- 1(2)VYO1A at 75 gpm

Air-Sidef Tube-Sidef Required q Available q %Margin

0.0020 0.0000 517,239 723,937 39.96%

0.0020 0.0010 517,239 698,599 35.06%

0.0020 0.0020 517,239 675,177 30.53%

0.0020 0.0030 517,239 651,570 25.97%

0.0020 0.0040 517,239 630,961 21.99%

Table 12: Fouling Sensitivity Analysis -- 1(2)VY02A at 108 gpm

Air-Sidef Tube-Sidef Required q Available q %Margin

0.0020 0.0000 646,235 756,011 16.99%

0.0020 0.0010 646,235 731,028 13.12%

0.0020 0.0020 646,235 707,030 9.41%

0.0020 0.0030 646,235 683,298 5.74%

0.0020 0.0040 646,235 660,999 2.28%
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8. CONCLUSIONS

A model for the LaSalle County Station Units 1 & 2 NW and SW Cubicle Area Coolers was
developed using PROTO-HXTM Version 3.01. The model was benchmarked and validated using
the performance specifications provided by the cooler vendor. The close correlation with vendor
specified and model predicted thermal performance confirms that the model is to be considered
acceptable for use in the GL 89-13 heat exchanger testing program and related performance
analyses.

The available thermal margin for the coolers has been defined for the nameplate rated flow of
150 gpm and for reduced flow rates of 75 gpm, 108 gpm, and 115 gpm in support of service
water system flow requirements. Inclusion of a conservative assessment of the uncertainty in the
analytical methods of PROTO-HXTM has provided high confidence in the thermal margins
defined by the model for all cases.

The model database is saved under file name vy-0102a.phx, with a file size of 1,146,880 bytes,
and a file date and time of 6/24/98 at 2:25:30 pm. The saved database is set up to run the 108
gpm case with adjusted design fouling factors of 0.002 air-side and 0.002 tube-side. The
database file is included as Attachment N.
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TABLE 3.11-8

HARSH ENVIRONMENT ZONE H6 - BOUNDING ENVIRONMENTAL

CONDITIONS INSIDE THE ECCS CUBICLES

(EXCLUDING LPCS/RCIC CUBICLE) IN THE REACTOR BUILDING

WHEN THE ECCS EOUIPMENT IS OPERATING

4M+

The maximum cubicle temperature is 148*F, 90% relative humidity and at
atmospheric pressure for the duration of 100 days. The total number of hours
the cubicle is at 148*F will be -22,110 hours (-921 days). The .100 days
accident conditions are included.

Radiation: 1 x 107 rads gamma (integrated)

Pressure: -0.4 inch W.G.

1(VY OZA

NOTE: The bounding radiation dose Ž (normal service radiation dose
integrated over 40 years + accident does + 10% margin on the accident
dose per IEEE 323-1974, Section 6.3.2.5).
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4. RHR pump seal cooler ('A' and °B' RHR pumps only) - 20 gpm

5. LPCS pump motor cooling coil -..4 gpm

6. northwest cubicle area cooling coil -- 150 gpm

7. southwest cubicle area cooling coil - 150 gpm

8. northeast cubicle area cooling coil - 200 gpm

9. southeast cubicle area cooling coil - 180 gpm

10. emergency makeup to fuel pool - 50 gpm minimum

11. containment flood -,300 gpm maximum.

b. System classifications are as shown in Section 3.2. All portions
of this system are protected from the effects of tornados,
missiles, pipe whip, and flooding.

c. To meet single failure criteria, the CSCS-ECWS for each unit is
designed as three independent subsystems, one of which is shared
between units (Drawing Nos. M-87 and M-134).

d. Strainers are provided to prevent plugging of cooled component
heat transfer passages. All strainers include provisions for
backwashing without significantly affecting system operation.

Organic fouling of heat transfer surfaces will be minimized by the
chemical feed system which will treat the service water tunnel
inlet flow with oxidizing biocides. However, the chemical feed
system should not be considered auxiliary equipment required for
the CSCS-ECW systems to perform their function. Therefore, the
operability of the CSCS-ECW systems should not be tied to the
operability of the chemical feed system. Connections and
isolation valves are also provided immediately upstream and
downstream of each cooled component for injection and circulation
of biocidal agents, if necessary.

e. To detect leakage of radioactivity to the environment, radiation
monitors are installed in the CSCS-ECWS immediately downstream of
cooled components that contain radioactive fluids. The CSCS-ECWS
discharge lines from these components are capable of remote manual
isolation from the. main control room.

f. Design of system piping and components is based on a 40-year life.
Exterior surfaces of all buried system piping is protected by
bituminous coatings and wrappings and provisions for cathodic
protection are installed where such protection is found to be
required based on electrical potential measurements. The design
of all system piping includes a corrosion allowance of at least
0.08 inches.

Proto-Power Caic: 97-200
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LSCS-UFSAR Re ekrer~ce Q 0
the normally closed portions the integrity and operability are
checked.

9.2.6 Ultimate Heat Sink

The ultimate heat sink (UHS) provides sufficient cooling water to
permit the safe shutdown and cooldown of the station for 30 days
with no makeup for both normal and accident conditions.

9.2.6.1 Design Bases

9.2.6.1.1 Safety Design Bases

The ultimate heat sink has the following design bases:

a. to provide sufficient water volume permitting a safe
shutdown and cooldown of the station for 30 days with
no water makeup for both normal operating and
accident conditions -•he,.•maximum perm!ssible water
temperature supplied.!o the plant"-s taken as 1000 F;

b. to withstand the most severe postulated natural
phenomenon as discussed in Chapter 2.0;

c. to withstand the postulated site-related incidents as
discussed in Subsection 2.5.5; and

d. -to provide water for fire protection equipment.

A more detailed physical description of the ultimate heat sink is
provided in-Sections 2.4 andj2.5.

9.2.6.1.2 Power Generation Design Bases

The ultimate heat sink, as a safety system, is not used during
normal plant operations. Therefore, the ultimate heat sink has
no power generation bases.

9.2.6.2 System Description

In the unlikely event that the main dike is breached, the cooling
lake for the La Salle County Station is designed to hold 460
acre-feet of water with a surface area of 83 acres. This
remaining water constitutes the ultimate heat sink for the
station, and has a depth of approximately 5 feet and a top water
elevation established at 690 feet. Figures 2.4-4 and 9.2-1
illustrate the physical layout and area capacity of the ultimate
heat sink.

9.2.6.3 Safety Evaluation

The station's ultimate water requirements (Units 1 and 2) in gpm
are summarized below. Proto-Power Caic: 97-200
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Function or Service ...........

Equipment Numbers .............

Safety related or Nonsafety

related (SR or NSR)...........

403. PERFORMANCE DATA (HEAT EXCHANGE

Auxiliary Pr imary CSCS Eqpt. CSCS Eqpt. CSCS Eqpt.
Control Electric Contain- Area Area IArea

Room Equipment ment Vent. Cooling Coolin8 ;Coolng
OVC02AA OVEO1AA IVP03AA IVYOA 1VYO3A [ IVYO4A

OVC02AB OVEOIAB 1VP03AB IVYO2A ZVYO3A 2VYO4A
2VP03AA 2VYO1A
2VP03AB 2VYO2A _

SRand
____ ___ ___ ____ ____ ___ _ __ ____ _ 1

403.

q

-J

COIL CABINETS)

1 Mode of Operation .............

a. Entering Air Dry Bulb ...... (*F)

b. Entering Air Wet Bulb ..... .(F)

c. Leaving Air Dry Bulb ....... (OF)

d. Leaving Air Wet Bulb. ...... ( 0 F)

e. Actual Air Quantity at 700F,
407% RH and Site Elevation3
...................... (ft /min)

f. Standard Air Quantity at .075
lb/ft3 . . . . . . . . . . . . (Std ftl/min)

g. Cooling Medium .................

h. Evaporator Refrigerant Tempera-,
ture ....................... (*F)

i. Entering Water Temperature.(°F)

j. Maximum Water Quantity(gal/min)

k. Minimum Total Heat Exchange
Capacity ............... (Btu/h)

1. Minimum Sensible Heat Exchange
Capacity ............... (Btu/h)

m. Maximum Coil Face Velocity
..................... (it/m n)

SR

Cooling

81.8

63.1

54.3

52.8

26340

25380

R-22

42

SR

6ooling

81.9

63.2

54.9

53.2

31300

30100

R-22

42

NSR

Cooling

135

92

65

63

50000

48150

Chilled
Water

46

1200

6. 55x 106

3,63x10
6

600

SR and
ASME III

Cooling

150

110

150

SR and

ASME III

Cooling

110

SR and
ASME III

a

CD

0

N:-Lw

a
%0

0o

n

\0

Cooling

150 Add. I

110 Add.l1

Add. 1

18000

17330

Water

105.

150.

748,700

748,700

700

It

26400

25420

Water

105.

220.

1. 1 X 106

1. 0 :0 LO6

700

ý8500

27450

[ ater

797,000

725,000

600

936,000

847,000

600

105.

Z40

L. 19 10 06

1. 19 x106

700

Add. l

I'
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-12 3.3 6.1

-16 31 5.5

-II 2.8 5- :
-24 32 7.7

-4 2.7 3. 2,
-11. 3.6 5.2
-10 2.8 618
-11 .3.8 7!.Z
-8 3.8 7.4
10 3.3 5.8
i0 3.2 79

9
12
II
12

9
12
It

11

13
II
9

14
15
14
12
13

16
j7

16
1.1

l0
.15

..15

-t2

-23
-12
-I2'

-24)

-8
-6
-5
-9

--Il

4
3.6
3.4
49
4.3
3.6

4
3.6
6.3
"4

4

28
3,3

27.
29

6.8
5.4
5 1

49
68

11.4
6.8
4.7
4.0)
5.9

9.4
56
9.0
6.5
6.6

W"400 - U'Wurldl Oetem'olugscal Ilrgasunaion number
1.1 a Iziasude. LAW& - 6sogiAudC

Eley elcvalin. ft
Sid5 " standard pressure al galtios clevzt1..•, (r

Iltl J Z,_buUfl) 1enperatsar:. 'F
V'5 tu-ind speed ripht
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ff11,

gt jtttttt I LP'hysical Properties of' Mtterials 36.3

Trhle 3 Properties of Solids
SjpcciEric

I lea I, M)usiky, Thermtial (onducti' it.%,
Material Description thIhi/(t.1 ulkt't -f"lr

At I'Dulnun (atlly I 100) 0.214' j 71" t 2K'

it I iisiv it'~

Riati.

0. 2(y"

Sutr ier. Condition

Lil ,vtrCi~d s.heft
leLLovIV O%.L1I~e~d

Alunninuxtt bronize
(76% Cu, 221' 7i., 2% All

Astwstoz" Fiber
In llSlatioll

Ashes, wood
Asphalt
Bakelile
Bell lacial
h3asnuth tin
(lick, building

0.09'
0.25h,

o.20'
o.20'

0.351'
0.0861 (122)
0 040"
0.2"

0,09"
0.09"
0.104,'
0.055'
0.172

51"; .

4i?;
132"
810

1230

548"

519u
530'
5,4,0j

$8""

Brass: Red (815% Cu. 15% 7-11)
Yellow (65% Cu. 35% Z1n).

Bronte

Cadmium
Carbon (gas retort)
Cardboard
Cellulose
Cement (poriland clinker)
Chalk
Charcoal (wood)
Chrome brick

U 097'
0.1,,92''
0041"•(IT2
0 41'
970"

37.6*
0.4"

60•

5" (371)
513.7"'

0.20" (2)
1.04"
0.033'
0.01'7P
0.48"
0.03' (392)
0.67"

)

0.93'

0.030" l1:ghlly polished
0.0331' Highly polished

0 .0 2d
0.81L

(I)931

0.32"
0_16"
0.215'
0.2 1.1
0,171'

3.4'
120'
143'

15,
200"

0.34" About 250TF

Clay 0.22t 63'
Coal 0.3" 90W 0.098' (32)
Coal tan 0,35" (104) 75i' 0.07
Coke (petroleum, powdered) 0.36' (752) 62" 0.55b (752)
Concrete (stone) 0. 156 ' (392) 144" 0.54
Copper (electrolytic) 0.092' 556" 227' 0.072" Commercial, shiny
Cork (granulated) 0.485' 5.4' 0.02W (23)
Cotton (fiber) 0.3190 95" 0.0240
Cryolite (AIF--3NaF) 0.253h 1810
Diamond 0.147h 151' 271

Earth (dry and packed) 95' 0.037" 0.41l
Fel 20,6"' 0.03"
Fireclay brick 0_198b (212) 112' 0.58' (392) 0.750 At 18321F
Flrorspar (CaF2) 0.21" 199" 0.63'
German silver (nickel silver) 0.094 545: 19" 0.135" Polished
Glass: Crown (soda4ime) 0.18" 154' 0.590 (200) 0.94" Smooth

Flint (lead) 0. 1 17? 2670 0.79"
Heat-resistant 0.200 139' 0.59' (200)
"Wool" 0.157' 3.25' 0.022'

Gold 0.0312" 12080 172' 0.02a I tighly polished
Graphite: Powder 0.165" 0.1060

Impervious 0.16" 1179 75" 0.75a
Gypsum 0.2590 78' 0.25' 0.903b On a smooth plate
Hemp (fiber) 0.323* 93"

lee: 32'F 0.4&7 57. 1.3" 0,950
-4*F 0.4651 1.41'

Iron: Cast 0.12"(212) 450' 27.6h (129) 0.435" Freshly turned
Wrought 485" 34.9" 0.94" Doull. oxidized

Lad 0.0309M 707" 20.10 0.28" Gray, oxidized
Leather (sole) 62.4" 0.092'
Limestone 0.217" 103" 0.54' 0.36* to 0.90 At 145 to 380F
Linen 0.0o5
Litharge (lead monoxide) 0.0.551. 4901h
Magncsiat Powdered 0.234h (212) 49.7" 0.15h (117)

Light carbonate 131 0.034'
Magnesize brick 0.2220 (212) 1581' 2.2" (400)

Magne'sium 0241t 108l 91" 0.55" Oxidized
Marle 0.21' 162t' I 5h' 0.9311 light gray, polishird
Nickel. polished 0.1051 5.5s 34.4v 0.'45" Elecrioplaecd
Paints: White lacquer 0.80"

While enlamel 0.91" 011 Tough pl1lme
Black la•quer 0 10"
Black shellac 63u 0 15 0.91 n "Matte" fiti.sh
Flat tlack lacquei 0.96"
Aluminum lacquer 0.39" On rou•h plate

'D(a source unknown, 2. Sue lscnitltllers indictetl dafa source fron ihrh. s•icn O Rv(ercr•rc.
Nofr..: 1. Valuc- ale siw (or non elul•frarure untcss ol•hrisr noirld in parelheParc t -

-t:Vl., -A= 1 P , /

a I-.-.. - / V - - ~'-. -
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Page No.
09(15192

LA SALLE COUNTY STATION
MEAT EXCHANGER
(WATER TO AIR)

DATABASE

NUMBER/
NAME

iVY01C

"A" RNR AREA
COOLER

INSPECT
DATE

B
A
S
E

P
H
0
T

PHOTO
STORAGE
LOCATION GENERAL APPEARANCE

.. SC.... ==A VSSUU~vlC

TUBE CONDITION

NO DAMAGE OR LEAKS
FOUND.

FINS
CONDITION

SmSmUwUUUU.C

CLEAN
NO DEBRIS.

A FEW FINS
BENT.

DEFECTS

COR R E C T I V E

RECOMM4ENDED
sunassolimtlll newns MUSS

ACT DNMS

ACTUAL

09/15/92 N Y BTN/XAPSHOT
Hx#l

VERY CLEAN. NO
DEBRIS.

NONE. NONE NEEDED. N/A

vyoia
VY01C

-Coo le'r

-C00ý , Ir P.

=r
C.)

'~0
*10
0

0

CD

0

C

'0
-J
"3
0
0

0

t,)

10'o1c r-~~~, /~9 ~'6C~r~ I V ýLl IC klfl-SýDE



LA SALLE COUNTY STATION
HEAT EXCHANGER
(WATER TO AIR)

DATABASE

EQUIPMENT
NUMBER/

NAME

1VY02C
NPCS AREA
COOLER

INSPECT
DATE

B
A
S
E

P
14
0
T

PHOTO
STO#AGE
LOCATION

.twlSUmvltfl

BTN /
XAPSHOT HX#l

GENERAL APPEARANCE
n B p=== m=nzatu~ttut gt..

TUBE CONDITION

09101/92 N Y VERY CLEAN. NO
DEBRIS FOUND.

CLEAN. NO DAMAGE
NOTICED.

FINS
CONDI TION

zsuamaznzzm=

JUST A FEW
FINS SENT.
GENERAL
CONDITION IS

VERY CLEAN.

C RR FC r I VE

RECOMMENDED
Z2 ... n. -zwzn A Ru•tz..

ACT I ONKS

ACTUAL
*uzz lutbtt•• utuuzzIHs.3..amm

DEFECTS

NONE. NOINE, N/A

C Cvo e--r-

c- 0Co&IeýVY'c4C~~ Pt'-

Cb

jvýozc IWLL-Fsipc 1doz ILCS8~CVIA L vt6zc.- OLtmrsFtt
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16:50:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Data Report for: I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Initial Benchmark Case -- Standard Coil

06/19/98

Air Coil Heat Exchanger Input Parameters j

FliilQt-idi i- Tf I.....T6 .thV. ..
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Air-Side
2 1-,-79.00 -fifi

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
.. 50.00- gpm

105.00 OF

115.30 OF

Fresh Water
0.001500
0.000000

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

CF-9.05-3/4J A
j = EXP[-2.3333 + -0.3441 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-fi.°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft.°F)

108.000
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: C
Rev: A Page 2 of 8



16:50:12 PROTO-HIX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/19/98
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Initial Benchmark Case -- Standard Coil

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out (°F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm) 150.00
Air Flow (acfm) 21,179.00
Tube Inlet Temp ('F) 105.00
Air Inlet Temp ('F) 150.0
Inlet Relative Humidity (%) 0,00
Inlet Wet Bulb Temp ('F) 92.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200

Attachment: C
Rev: A Page 3 of 8



16:50:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Initial Benchmark Case -- Standard Coil

06/19/98

Extrapolation Calculation Summary 1I

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/lt-hr)
Skin Visc (lbm/ft'hr)
Density (ibm/fl3)
Cp (BTU/lbm-°F)
K (BTU/hr-ft--F)

Air-Side

77,999.05
150.00
110.28

Tube-Side
74,508.32

105.00
115.42

Tube-Side hi (BTU/hr'ft2 .OF)

j Factor
Air-Side ho (BTUihr" ft2.-F)
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr ft2-0 F/BTU) 0.02832467

U Overall (BTU/hr ft2.°F)
Effective Area (f12)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,503.18

775,120

775,120

W Extrapolation Calculation for Row l(Dry) 11
Air-Side

Mass Flow (lbm/hr) 77,999.05
Inlet Temperature (OF) 150.00
Outlet Temperature (OF) 140.10
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (OF) 145.05
Skin Temperature (OF) 122.46
Velocity *** 3,598.07
Reynold's Number 848*,

Prandtl Number 0.7254
Bulk Visc (Ibm/ft-hr) 0.0491
Skin Visc (lbm/ft-hr)
Density (Ibm/fl3 ) 0.0624
Cp (BTU/Ibm-0 F) 0.2402
K (BTU/hr-ft.°F) 0.0162

Tube-Side
74,508.32

112.82
115.42

114.12
116.51

5.53
37,906
3.8666
1.4247
1.3920

61.8006
0.9988
0.3680

Tube-Side hi (BTU/hr'-ft- F) 1,639.65
j Factor 0.0095
Air-Side ho (BTU/hr ft2.°F) 10.20
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.72
937.90.

30.66
193,146

0.9017
193,146

** Reynolds Number Outside Range of Equation Applicability

W Proto-Power Calc: 97-200Attachment: C
Rev: A Page 4 of 8

* Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



16:50:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#PH X-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Initial Benchmark Case -- Standard Coil

06/19/98

FA
Extrapolation CJalculation for Row 2(Dry) IIit

Air-Side Tube-Side

Mass Flow (lbm/hr) 77,999.05
Inlet Temperature (IF) 140.10
Outlet Temperature (IF) 132.32
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (IF) 136.21
Skin Temperature ("F) 118.38
Velocity *** 3,598.07
Reynold's Number 857*-
Prandtl Number 0.7262
Bulk Vise (lbm/ft-hr) 0.0485
Skin Vise (Ibm/ft-hr)
Density (Ibm/fl3) 0.0632
Cp (BTU/lbm-°F) 0.2402
K (BTU/hr-ft-'F) 0.0160

74,508.32
110.78
112.82

111.80
113.70

5.52
37,051
3.9648
1.4576
1.4304

61.8343
0.9988
0.3672

Tube-Side hi (BTU/hr-ft2.°F) 1,618.86
j Factor 0.0095
Air-Side ho (BTU/hr'ft2-°F) 10.15
Tube Wall Resistance (hrft2`"F/BTU 0.00031430
Overall Fouling (hr-ft2 -°F/BTU) 0.02832467

U Overall (BTU/hr ft2 _-F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.69
937.90

24.20
151,828

0.9020
151,828

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry)
________

II

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft.hr)
Skin Vise (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hr-ft:.F)

Air-Side
77,999.05

132.32
126.20
0.0203
0.0203
129.26
115.17

3,598.07
865*1

0.7267
0.0481

0.0639
0.2402
0.0159

Tube-Side

74,508.32
109.17
110.78

109.98
111.49

5.52
36,382
4.0450
1.4844
1.4620

61.8603
0.9988
0.3665

Tube-Side hi (BTU/hr ft2 "-F) 1,602.43
j Factor 0.0095
Air-Side ho (BTU/hr-ft2 .°F) 10.12
Tube Wall Resistance (hr-ft27-F/BTU 0.00031430
Overall Fouling (hr. ft2 -°F/BTU) 0.02832467

U Overall (BTU/hr.ft2.°F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.67
937.90.

19.11
119,548

0.9024
119,548

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Cale: 97-200
Attachment: C
Rev: A Page 5 of 8

*** Air Mass Velocity (Lbmihr'ft2 ), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T



16:50:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Initial Benchmark Case -- Standard Coil

06/19/98

Extrapolation Calculation for Row 4(Dry) II I

Mass Flow (lbrilhr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/Rf3)
Cp (BTU/lbm.°F)
K (BTU/hrftl.°F)

Air-Side

77,999.05
126.20
121.37
0.0203
0.0203
123.78
112.65

3,598.07
871*"

0.7271
0.0477

0.0644
0.2402
0.0158

Tube-Side
74,508.32

107.91
1.09.17

108.54
109.74

5.52
35,858
4.1100
1.5061
1.4878

61.8805
0.9988
0.3660

Tube-S ide hi (BTU/hr- ft2 -F) 1,589.45
j Factor 0.0094
Air-Side ho (BTU/hr-ft2 -°F) 10.09
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr. ft2- F/BTU) 0.02832467

U Overall (BTU/hr ft2 .°F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.65
937.90

15.11
94,256

0.9026
94,256

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry) II
Air-Side

Mass Flow (Ibm/hr) 77,999.05
Inlet Temperature (°F) 121.37
Outlet Temperature (°F) 117.55
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (°F) 119.46
Skin Temperature (°F) 110.65
Velocity *** 3,598.07
Reynold's Number 876*.

Prandtl Number 0.7274
Bulk Visc (Ibm/ft-hr) 0.0474
Skin Visc (lbmift-hr)
Density (Ibm/fl3) 0.0648
Cp (BTU/lbm-°F) 0.2402
K (BTU/hr-ft'°F) 0.0157

Tube-Side
74,508.32

106.91
107.91

107.41
108.36

5.52
35,447
4.1625
1.5235
1.5087

61.8962
0.9989
0.3656

Tube-Side hi (BTU/hr ft 2.'F) 1,579.19
j Factor 0.0094
Air-Side ho (BTU/hr ft2.'F) 10.07
Tube Wall Resistance (hr-ft2 -F/BTU 0.00031430
Overall Fouling (hr- ft2 -F/BTU) 0.02832467

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.64
937.90

11.95
74,393

0.9028
74,393

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: C
Rev: A Page 6 of 8

Air Mass Velocity (Lbn/hr.ft2), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T



16:50:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#PIIX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Initial Benchmark Case -- Standard Coil

06/19/98

Extrapolation Calculation for Row 6(Dry) II
Air-Side Tube-Side

Mass Flow (lbm/hr) 77,999.05
Inlet Temperature (IF) 117.55
Outlet Temperature (°F) 114.54
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (IF) 116.05
Skin Temperature (IF) 109.08
Velocity *** 3,598.07
Reynold's Number 880**
Prandtl Number 0.7277
Bulk Visc (lbm/ft-hr) 0.0472
Skin Visc (ibm/ftrhr)
Density (lbm/fW) 0.0652
Cp (BTU/Ibm 0'F) 0.2402
K (BTU/hr'ft'°F) 0.0156

74,508.32
106.12
106.91

106.51
107.27

5.52
35,123
4.2047
1.5376
1.5256

61.9085
0.9989
0.3653

Tube-Side hi (BTU/hr ft2.0 F) 1,571.08
j Factor 0.0094
Air-Side ho (BTU/hr'ft2"°F) 10.05
Tube Wall Resistance (hr-ft2 .°F/BTU 0.00031430
Overall Fouling (hr' ft2"°F/BTU) 0.02832467

U Overall (BTU/hr ft2. F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.63
937.90

9.45
58,765

0.9029
58,765

** Reynolds Number Outside Range of Equation Applicability

ý RM
Extrapolation Calculation for Row 7(Dry) 11

Mass Flow (lbmlhr)
Inlet Temperature (IF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft hr)
Skin Visc (lbm/ft.hr)
Density (Ibm/fl3 )
Cp (BTU/lbm-°F)
K (BTU/hr-ft.°F)

Air-Side

77,999.05
114.54
112.16
0.0203
0.0203
113.35
107.84

3,598.07
884**

0.7278
0.0471

0.0654
0.2402
0.0155

Tube-Side
74,508.32

105.49
106.12

105.81
106.41

5.52
34,868
4.2386
1.5488
1.5392

61.9181
0.9989
0.3650

Tube-Side hi (BTU/hr ft2. F) 1,564.65
j Factor 0.0094
Air-Side ho (BTU/hrft2.°F) 10.03
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2-°F)
Effective Area (ft?)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.62
937.90

7.48
46,450

0.9031
46,450

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: C
Rev: A Page 7 of 8

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



16:50:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
Initial Benchmark Case -- Standard Coil

06/19/98

Extrapolation Calculation for Row 8(Dry) I
U~I II

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (ibm/ft-hr)
Skin Vise (ibm/ft hr)
Density (Ibm/fl3)
Cp (BTU/Ibm.°F)
K (BTU/hr-ft-.F)

Air-Side
77,999.05

112.16
110.28
0.0203
0.0203
111.22
106.86

3,598.07
886**

0.7280
0.0469

0.0657
0.2402
0.0155

Tube-Side
74,508.32

105.00
105.49

105.25
105.72

5.52
34,667
4.2656
1.5578
1.5501

61.9257
0.9989
0.3648

Tube-Side hi (BTU/hr-ft2 -°F) 1,559.57
j Factor 0.0094
Air-Side ho (BTU/hr ft.°'F) 10.02
Tube Wall Resistance (hr-fl2.0 FfBTU 0.00031430
Overall Fouling (hr ft2.°F/BTU) 0.02832467

U Overall (BTU/hr'ft2.'F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/lu)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.61
937.90

5.92
36,735

0.9032
36,735

** Reynolds Number Outside Range of Equation Applicability

Proto-Power CaIc: 97-200
Attachment: C
Rev: A Page 8 of 8

*** Air Mass Velocity (Lbn/hr ft2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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Proto-Power Calculation

97-200
Revision A

Proto-Power Calc: 97-200
Attachment: D
Rev: A Page 1 of 2



268 Comjipact Heat Exchangt-t.r.

Fig. 10-84 Findcircular tubes. sujrface CF-9.05-314J. (Dat aoffamcsnea.)

Tobe outsik~ diameter - 0.774 in = 19.66 x 10'3m

Fin pitch = 9.05 per in - 356 per m

Fin thickness 0.012 in - 0.305 x 10-3m

Fin area/total area - 0.835

F low passage hvdrau I ic A B
diameter, 4

rb - 0.01681 0.02685
-. 5.131 i 10-3 8.179 x 10-

C 0 E
0.0445 0.01587 0.02108 ft

13.59 x 10-3 4.846 x 10-3 6.426 x 10"2m

Free.flow area/fetrtal
area, o = 0.45

Heat transfer areat
tolal volLnme. is 108

354

5 0.572 0.688 0.537 0.572

B5.1 61.9 135 0ft8iWt

279 203 443 354 ni m/t

Nntc: I~Ain,.icur fre~e-flc'w atea in oll cases occuLts in the soacr's transvemrs
to the 1mow. c-ceest for DI, in whichi Bll' mr~i-,ai~r-3 rv isin The diailonals,

Proto-Power Caic: 97-200
Attachment: D
Rev: A Page 2 of 2
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97-200
Revision A
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17:01:46 PROTO-HX 3.01 by Proto-Power Corporation (SN#IPX-0000)
ComEd -- LaSalle

Data Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark Case -- Custom Coil

06/19/98

Air Coil Heat Exchanger Input Parameters

Fl f-iiU-Qm-fi-T65 ..t...
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Air-Side Tube-Side
-2 ITf7. 0&fi......-50.00 gpm

150.00 OF 105.00 OF
92.00 OF

109.40 OF 115.30 OF
84.10 OF

Fresh Water
0.001500
0.000000

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft-°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft-°F)

108.000
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 2 of 15



17:01:46 PROTO-HX 3.01 by Proto-Powver Corporation (SN#PHX-0000) 6/19/98

CornEd -- LaSalle
Calculation Report for: 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils

Final Benchmark Case -- Custom Coil

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In (OF)
Air Dry Bulb Temp Out (°F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (OF)
Wet Bulb Temp Out (°F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (OF)
Condensate Temperature (OF)

Extrapolation Data
Tube Flow (gpm) 150.00
Air Flow (acfin) 21,179.00
Tube Inlet Temp (OF) 105.00
Air Inlet Temp (OF) 150.0
Inlet Relative Humidity (%) 0.00
Inlet Wet Bulb Temp (OF) 92.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 3 of 15



17:01:46 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
ComEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark Case -- Custom Coil

06/19/98

.1

Extrapolation Calculation Summary II

Air-Side

Mass Flow (lbm/hr) 77,999.05
Inlet Temperature (°F) 150.00
Outlet Temperature (°F) 111.57
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft'hr)
Skin Vise (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm-'F)
K (BTU/hr-ft.°F)

Tube-Side
74,508.32

105.00
115.11

Tube-Side hi (BTU/hr ft2.°F)

j Factor
Air-Side ho (BTU/hr" ft2 -F)
Tube Wall Resistance (hr ft2. F/BTU 0.00031430
Overall Fouling (hr- ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 .°F)
Effective Area (ft 2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,503.18

749,965

749,965

w

Extrapolation Calculation for Row 1(Dry)
I.

Air-Side
Mass Flow (lbm/hr) 77,999.05
Inlet Temperature (OF) 150.00
Outlet Temperature (OF) 140.99
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (OF) 145.50
Skin Temperature (0F) 121.51
Velocity *** 3,598.07
Reynold's Number 847*"

Prandtl Number 0.7253
Bulk Vise (lbm/ft-hr) 0.0491
Skin Vise (lbmift-hr)

Tube-Side

74,508.32
112.75
115.11

113.93
116.10

5.53
37,836
3.8745
1.4273
1.3974

Tube-Side hi (BTU/hr.ft2-°F) 1,637.56
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.°F) 8.59
Tube Wall Resistance (hr.ft2-°F/BTU 0.00031430
Overall Fouling (hr-ft2-F/BTU) 0.02832467

U Overall (BTU/hr-ft2.F)
Effective Area (1t2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.98
937.90

31.35
175,742

0.9155
175,742Density (lbmift3) 0.0623 61.8034

Cp (BTU/Ibm-'F) 0.2402 0.9988
K (BTU/hr-flf.F) 0.0163 0.3679

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 4 of 15

*** Air Mass Velocity (Lbm/hr ft2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



17:01:46 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark Case -- Custom Coil

06/19/98

Extrapolation Calculation for Row 2(Dry) II
I.

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)

Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)

Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/fl hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/lbm 0'F)
K (BTU/hr'ft-'F)

Air-Side

77,999.05
140.99
133.73
0.0203
0.0203
137.36
117.93

3,598.07
856**

0.7261
0.0486

0.0631
0.2402
0.0161

Tube-Side
74,508.32

110.84
112.75

111.79
113.57

5.52
37,048
3.9651
1.4577
1.4323

61.8344
0.9988
0.3672

Tube-Side hi (BTU/hr'ft2 '°F) 1,618.52
j Factor 0.0080
Air-Side ho (BTU/hr'ftt2 -F) 8.56
Tube Wall Resistance (hr ft2-°F/BTU 0.00031430
Overall Fouling (hr ft2"°F/BTU) 0.02832467

U Overall (BTU/hr'ft2 0-F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.95
937.90

25.39
141,802

0.9158
141,802

** Reynolds Number Outside Range of Equation Applicability

K.-.. __ --
Extrapolation Calculation for Row 3(Dry) III

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3 )
Cp (BTU/Ibm.°F)
K (BTU/hr.flt-F)

Air-Side
77,999.05

133.73
127.86
0.0203
0.0203
130.79
115.04

3,598.07
863**

0.7266
0.0482

0.0637
0.2402
0.0159

Tube-Side
74,508.32

109.30
110.84

110.07
111.52

5.52
36,416
4.0408
1.4830
1.4616

61.8590
0.9988
0.3666

Tube-Side hi (BTU/hr- ft2.F) 1,603.09
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.°F) 8.53
Tube Wall Resistance (hr-ft2-0F/BTU 0.00031430
Overall Fouling (hr-ft2 _-F/BTU) 0.02832467

U Overall (BTU/hr.ft2.0 F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.94
937.90

20.58
114,578

0.9161
114,578

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Cale: 97-200
Attachment: E
Rev: A Page 5 of 15

*** Air Mass Velocity (Lbmrhr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



17:01:46 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: I(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark Case -- Custom Coil

06/19/98

M Extrapolation Calculation for Row 4(Dry) 11

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr-ft.°F)

Air-Side

77,999.05
127.86
123.11
0.0203
0.0203
125.48
112.71

3,598.07
869**

0.7270
0.0478

0.0642
0.2402
0.0158

Tube-Side
74,508.32

108.06
109.30

108.68
109.86

5.52
35,909
4.1037
1.5039
1.4861

61.8786
0.9988
0.3661

Tube-Side hi (BTU/hr:ft2-OF) 1,590.59
j Factor 0.0080
Air-Side ho (BTU/hr.ft2 -°F) 8.50
Tube Wall Resistance (hrft2 0.°F/BTU 0.00031430
Overall Fouling (hr- ft2.° F/BTU) 0.02832467

U Overall (BTU/hr-ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.92
937.90

16.69
92,686

0.9163
92,686

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry) H

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr'ft--F)

Air-Side
77,999.05

123.11
119.26
0.0203
0.0203
121.18
110.82

3,598.07
874*.,

0.7273
0.0476

0.0646
0.2402
0.0157

Tube-Side

74,508.32
107.05
108.06

107.55
108.51

5.52
35,499
4.1558
1.5213
1.5065

61.8943
0.9989
0.3656

Tube-Side hi (BTU/hr ft2 .°F) 1,580.44
j Factor 0.0079
Air-Side ho (BTU/hr ft2.°F) 8.48
Tube Wall Resistance (hr-ft2 .°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.91
937.90

13.54
75,047

0.9164
75,047

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200Attachment: E
Rev: A Page 6 of 15

Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



17:01:46 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark Case -- Custom Coil

06/19/98

Extrapolation Calculation for Row 6(Dry)
II

II
I.

Mass Flow (lbm/hr)
Inlet Temperature (0 F)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft'hr)
Skin Vise (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm'°F)
K (BTU/hr-ft.°F)

Air-Side

77,999.05
119.26
116.14
0.0203
0.0203
117.70
109.29

3,598.07
878*"

0.7276
0.0473

0.0650
0.2402
0.0156

Tube-Side
74,508.32

106.23
107.05

106.64
107.42

5.52
35,169
4.1987
1.5356
1.5233

61.9068
0.9989
0.3653

Tube-Side hi (BTU/hr'ft2"°F) 1,572.22
j Factor 0.0079
Air-Side ho (BTU/hr'ft2"°F) 8.47
Tube Wall Resistance (hr-ft2 .°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr ft2-°F)

Effective Area (fl2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.90
937.90

10.99
60,810

0.9166
60,810

** Reynolds Number Outside Range of Equation Applicability

Ift" Extrapolation Calculation for Row 7(Dry) 11

Air-Side
Mass Flow (lbm/hr) 77,999.05
Inlet Temperature (IF) 116.14
Outlet Temperature (OF) 113.62
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (°F) 114.88
Skin Temperature (OF) 108.05
Velocity *** 3,598.07
Reynold's Number 882*1

Prandtl Number 0.7277
Bulk Vise (lbm/ft-hr) 0.0472
Skin Vise (lbm/ft'hr)
Density (Ibm/Ift3) 0.0653
Cp (BTU/lbm-°F) 0.2402
K (BTU/hr-ft-°F) 0.0156

Tube-Side

74,508.32
105.57
106.23

105.90
106.54

5.52
34,902
4.2341
1.5473
1.5372

61.9169
0.9989
0.3650

Tube-Side hi (BTU/hr fV2-°F) 1,565.54
j Factor 0.0079
Air-Side ho (BTU/hr-ft 2.°F) 8.46
Tube Wall Resistance (hr-ft2- F/BTU 0.00031430
Overall Fouling (hr- ft2.°F/BTU) 0.02832467

U Overall (BTU/hr ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.89
937.90

8.92
49,305

0.9167
49,305

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 7 of 15

*** Air Mass Velocity (Lbm/hr'ft2 ), Tube Fluid Velocity (ftisec); Air Density at Inlet T, Other Properties at Average T



17:01:46 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
ComEd -- LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark Case -- Custom Coil

06/19/98

"I.
Extrapolation Calculation for Row 8(Dry)

II

II

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)

Cp (BTU/Ibm.°F)
K (BTU/hr-ft-°F)

Air-Side
77,999.05

113.62
111.57
0.0203
0.0203
112.59
107.05

3,598.07
885*"

0.7279
0.0470

0.0655
0.2402
0.0155

Tube-Side

74,508.32
105.03
105.57

105.30
105.82

5.52
I' 34,686

4.2631
1.5569
1.5486

61.9250
0.9989
0.3648

Tube-Side hi (BTU/hr-ft'.°F) 1,560.11
j Factor 0.0079
Air-Side ho (BTU/hr-ft2-0 F) 8.45
Tube Wall Resistance (hr-ft2-°F/BTU 0.00031430
Overall Fouling (hr ft2.°F/BTU) 0.02832467

U Overall (BTU/hr. ft2 .°F)
Effective Area (ft2 )

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.89
937.90

7.24
39,996

0.9168
39,996

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 8 of 15

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:04:26 PROTO-IX 3.01 by Proto-Power Corporation (SN#IPHX-0000)
CornEd -- LaSalle

Data Report for: 1(2)VYOI A & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark - Effective Coil Length

06/22/98

Air Coil Heat Exchanger Input Parameters

Flu-Qii-ifiity, To . . ..t..aF
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Air-Side
1- V79.00 -fifi

150.00 OF
92.00 OF

Tube-Side.150.00 gpm

105.00 OF

109.40 OF 115.30 OF
84.10 OF

Fresh Water
0.001500
0.000000

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration'

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft.°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft.°F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 9 of 15



07:04:26 PROTO-IHX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98
ComEd -- LaSalle

Calculation Report for: l(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark - Effective Coil Length

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfrn)
Air Dry Bulb Temp In (OF)
Air Dry Bulb Temp Out (OF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (OF)
Wet Bulb Temp Out (OF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)
Condensate Temperature (OF)

Extrapolation Data
Tube Flow (gpm) 150.00
Air Flow (acfm) 21,179.00
Tube Inlet Temp (OF) 105.00
Air Inlet Temp (OF) 150.0
Inlet Relative Humidity (%) 0.00
Inlet Wet Bulb Temp (OF) 92.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 10 of 15



07:04:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark - Effective Coil Length

06/22/98

•z

Extrapolation Calculation Summary
_________

I.

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr-ft--F)

Air-Side
77,999.05

150.00
111.76

Tube-Side
74,508.32

105.00
115.02

Tube-Side hi (BTU/hr-ft 2.°F)
j Factor
Air-Side ho (BTUihr-fl2t.F)
Tube Wall Resistance (hr-ft2-°F/BTU 0.00031430
Overall Fouling (hr'ft2. F/BTU) 0.02832467

U Overall (BTU/hr. ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

746,297

746,297

w

Extrapolation Calculation for Row l(Dry) II
Air-Side

Mass Flow (Ibm/hr) 77,999.05
Inlet Temperature (OF) 150.00
Outlet Temperature (IF) 141.13
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (IF) 145.56
Skin Temperature (IF) 121.59
Velocity *** 3,727.50
Reynold's Number 878*"
Prandtl Number 0.7253
Bulk Visc (lbm/ft-hr) 0.0491
Skin Visc (lbm/ft-hr)

Tube-Side

74,508.32
112.69
115.02

113.86
116.08

5.53
37,810
3.8775
1.4283
1.3978

Tube-Side hi (BTU/hr ft2 _-F) 1,637.06
j Factor 0.0079
Air-Side ho (BTU/hr.ft 2.°F) 8.79
Tube Wall Resistance (hr- ft2.F/BTU 0.00031430
Overall Fouling (hr- ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-it2.f F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.07
905.33

31.49
173,186

0.9137
173,186Density (Ibm/ift3 ) 0.0623 61.8044

Cp (BTU/Ibm'°F) 0.2402 0.9988
K (BTU/hr-ft-VF) 0.0163 0.3679

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 11 of 15

*** Air Mass Velocity (Lbm/hr-ft), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:04:26 PROTO-IHX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark - Effective Coil Length

06/22/98

Extrapolation Calculation for Row 2(Dry) II
TL_

Mass Flow (Ibm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft-hr)
Skin Vise (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hr-ft.0 F)

Air-Side

77,999.05
141.13
133.94
0.0203
0.0203
137.53
118.04

3,727.50
887**

0.7261
0.0486

0.0630
0.2402
0.0161

Tube-Side

74,508.32
110.81
112.69

111.75
113.57

5.52
37,032
3.9670
1.4583
1.4323

61.8350
0.9988
0.3672

Tube-Side hi (BTU/hr-ft2.0 F) 1,618.25
j Factor 0.0079
Air-Side ho (BTU/hr-ft2 -°F) 8.76
Tube Wall Resistance (hr-ft2 -F/BTU 0.00031430
Overall Fouling (hrft2-°F/BTU) 0.02832467

U Overall (BTU/hr-ft2-°F)

Effective Area (ft2 )

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.05
905.33

25.61
140,305

0.9140
140,305

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry) II
Air-Side Tube-Side

Mass Flow (lbmihr) 77,999.05 74,508.32
Inlet Temperature (OF) 133.94 109.28
Outlet Temperature (°F) 128.10 110.81
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (°F) 131.02 110.04
Skin Temperature (OF) 115.16 111.53
Velocity *** 3,727.50 5.52
Reynold's Number 894** 36,406
Prandtl Number 0.7266 4.0420
Bulk Visc (lbm/ft-hr) 0.0482 1.4834
Skin Visc (lbm/ft-hr) 1.4614
Density (lbm/ft3 ) 0.0637 61.8594
Cp (BTU/Ibm-°F) 0.2402 0.9988
K (BTU/hr-ft.°F) 0.0159 0.3666

** Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/hr-ft2.°F) 1,602.95
j Factor 0.0079
Air-Side ho (BTU/hr-ft2- F) 8.73
Tube Wall Resistance (hr-ft2. F/BTU 0.00031430
Overall Fouling (hr- ft2-F/BTU) 0.02832467

U Overall (BTU/hr-ft2-°F) 6.03
Effective Area (ft2) 905.33
LMTD 20.84
Total Heat Transferred (BTU/hr) 113,821

Surface Effectiveness (Eta) 0.9143
Sensible Heat Transferred (BTU/hr) 113,821
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

Proto-Power Cale: 97-200
Attachment: E
Rev: A Page 12 of 15

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:04:26 PROTO-IIX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CoinEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark - Effective Coil Length

06/22/98

Extrapolation Calculation for Row 4(Dry) II1ý

Air-Side

Mass Flow (ibm/hr) 77,999.05
Inlet Temperature (°F) 128.10

Outlet Temperature (0F) 123.37
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (0F) 125.73
Skin Temperature (0F) 112.82
Velocity *** 3,727.50
Reynold's Number 900*1

Prandtl Number 0.7270
Bulk Visc (Ibm/ft-hr) 0.0478
Skin Visc (lbm/ft.hr)

Tube-Side
74,508.32

108.04
109.28

108.66
109.88

5.52
35,901
4.1046
1.5043
1.4858

Tube-Side hi (BTU/hr ft2.°F) 1,590.49
j Factor 0.0079
Air-Side ho (BTU/hrTft2 .°F) 8.70
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr ft2.°F/BTU) 0.02832467

U Overall (BTU/hr ft2.'F)

Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.02
905.33

16.96
92,439

0.9145
92,439Density (Ibm/fl3 ) 0.0642 61.8789

Cp (BTU/ibm-°F) 0.2402 0.9988
K (BTU/hr-fi.°F) 0.0158 0.3661

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry)
*1II

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft hr)
Density (lbm/ft3)

Cp (BTU/lbm-°F)
K (BTU/hr-fti.F)

Air-Side

77,999.05
123.37
119.52
0.0203
0.0203
121.44
110.92

3,727.50
905**

0.7273
0.0476

0.0646
0.2402
0.0157

Tube-Side
74,508.32

107.03
108.04

107.53
108.53

5.52
35,491
4.1567
1.5216
1.5062

61.8945
0.9989
0.3656

Tube-Side hi (BTU/hruft2-°F) 1,580.35
j Factor 0.0078
Air-Side ho (BTU/hr-ft2-°F) 8.68
Tube Wall Resistance (hr-ft2 0.F/BTU 0.00031430
Overall Fouling (hr-ft 2.°F/BTU) 0.02832467

U Overall (BTU/hr.ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.01
905.33

13.82
75,142

0.9147
75,142

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 13 of 15

*** Air Mass Velocity (Lbmhr- ft 2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:04:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark - Effective Coil Length

06/22/98

A
Extrapolation Calculation for Row 6(Dry) II

I.

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbmlft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr'ft'°F)

Air-Side

77,999.05
119.52
116.38
0.0203
0.0203
117.95
109.38

3,727.50
910*"

0.7275
0.0474

0.0650
0.2402
0.0156

Tube-Side

74,508.32
106.20
107.03

106.62
107.43

5.52
35,160
4.1998
1.5359
1.5231

61.9071
0.9989
0.3653

Tube-Side hi (BTU/ihrft2 .°F) 1,572.09
j Factor 0.0078
Air-Side ho (BTU/hr ft2.°F) 8.67
Tube Wall Resistance (hr-ft2 -°F/BTU 0.00031430
Overall Fouling (hr'ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 '°F)
Effective Area (fW2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.00
905.33

11.26
61,127

0.9148
61,127

** Reynolds Number Outside Range of Equation Applicability

r . -
1 1.

Extrapolation Calculation for Row 7(Dry) __1

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibm'°F)
K (BTU/hr-ft.°F)

Air-Side

77,999.05
116.38
113.83
0.0203
0.0203
115.11
108.12

3,727.50
913-*

0.7277
0.0472

0.0653
0.2402
0.0156

Tube-Side

74,508.32
105.54
106.20

105.87
106.54

5.52
34,892
4.2354
1.5478
1.5372

61.9172
0.9989
0.3650

Tube-Side hi (BTU/hr-ft2 -.F) 1,565.36
j Factor 0.0078
Air-Side ho (BTU/hr-ft2 .°F) 8.66
Tube Wall Resistance (hr ft2 .°F/BTU 0.00031430
Overall Fouling (hr-ft2 0-F/BTU) 0.02832467

U Overall (BTU/hr ft2.-F)
Effective Area (ft2 )

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.99
905.33

9.18
49,756

0.9149
49,756

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 14 of 15

*** Air Mass Velocity (Lbnmihr ft2 ), Tube Fluid Velocity (ftlsec); Air Density at Inlet T, Other Properties at Average T



07:04:26 PROTO-HX 3.01 by Proto-Power Corporation (SN#PttX-0000)
CornEd -- LaSalle

Calculation Report for: I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Final Benchmark - Effective Coil Length

06/22/98

Extrapolation Calculation for Row 8(Dry) I
Air-Side

Mass Flow (lbm/hr) 77,999.05
Inlet Temperature (OF) 113.83
Outlet Temperature (OF) 111.76

Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (0F) 112.79
Skin Temperature (OF) 107.10
Velocity *** 3,727.50
Reynold's Number 916"
Prandtl Number 0.7279
Bulk Visc (lbm/ft-hr) 0.0470
Skin Visc (lbm/ft-hr)
Density (lbm/ft3) 0.0655
Cp (BTU/lbm'°F) 0.2402
K (BTU/hr'ft'°F) 0.0155

Tube-Side
74,508.32

104.99
105.54

105.26
105.81

5.52
34,673
4.2648
1.5575
1.5487

61.9254
0.9989
0.3648

Tube-Side hi (BTU/ihr-ft2 .F) 1,559.87
j Factor 0.0078
Air-Side ho (BTU/hr' ft2 -°F) 8.65
Tube Wall Resistance (hr-ft2 0-F/BTU 0.00031430
Overall Fouling (hr-ft2-.F/BTU) 0.02832467

U Overall (BTU/hrft2 0.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.98
905.33

7.48
40,520

0.9150
40,520

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: E
Rev: A Page 15 of 15

*** Air Mass Velocity (Lbm/hrft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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07:18:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#IPHX-0000)
CornEd -- LaSalle

Data Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Zero Fouling

06/22/98

Air Coil Heat Exchanger Input Parameters

Air-Side
F li-Qiii aYiiy, Thot-a- 21 179_0--acffm
Inlet Dry Bulb Temp 150.00 OF
Inlet Wet Bulb Temp 92.00 OF
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 109.40 OF
Outlet Wet Bulb Temp 84.10 OF
Outlet Relative Humidity %

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Tube-Side
............. 1-50_00 gpm

105.00 OF

115.30 OF

Fresh Water
0.001500
0.000000

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft.°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft-°F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: F
Rev: A Page 2 of 8



07:18:41 PROTO-HIX 3.01 by Proto-Power Corporation (SN#fPHX-0000) 6/22/98
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Zero Fouling

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Fouling Was Input by User

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In (OF)
Air Dry Bulb Temp Out (OF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (OF)
Wet Bulb Temp Out (OF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (OF))Tube Temp Out (OF)
Condensate Temperature (OF)

Extrapolation Data
Tube Flow (gpm) 150.00
Air Flow (acfm) 19,387.00
Tube Inlet Temp (OF) 100.00
Air Inlet Temp (OF) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (OF) 0.00
Atmospheric Pressure 14.315

Input Fouling Factor 0.000000

Proto-Power Calc: 97-200
Attachment: F

Rev: A Page 3 of 8



07:18:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: I(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Zero Fouling

06/22/98

.1

Extrapolation Calculation Summary II

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft'hr)
Density (Ibm/ft3)
Cp (BTU/lbm 0'F)
K (BTU/hr'ft'°F)

Air-Side

71,641.50
148.00
104.53

Tube-Side
74,586.94

100.00
110.41

Tube-Side hi (BTU/hr ft2-°F)

j Factor
Air-Side ho (BTU/hr-ft20-F)
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr-ft2 .°F/BTU)

U Overall (BTU/hr. ft2. F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

779,018

779,018

ft
Extrapolation Calculation for Row l(Dry) II

I.

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft'hr)
Density (Ibm/ftl3)
Cp (BTU/Ibm-°F)
K (BTU/hr-ft'°F)

Air-Side

71,641.50
148.00
136.42
0.0203
0.0203
142.21
111.82

3,423.68
810"*

0.7256
0.0489

0.0628
0.2402
0.0162

Tube-Side

74,586.94
107.62
110.41

109.01
111.75

5.53
36,069
4.0884
1.4988
1.4583

61.8739
0.9988
0.3662

Tube-Side hi (BTU/hr-ft2.°F) 1,598.27
j Factor 0.0082
Air-Side ho (BTU/hr ft2.°F) 8.30
Tube Wall Resistance (hr.ft2.°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU)

U Overall (BTU/hr.ft2-IF)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.98
905.33

32.85
207,508

0.9181
207,508

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: F
Rev: A Page 4 of 8

*** Air Mass Velocity (Lbm/hr-ft), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:18:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Zero Fouling

06/22/98

Extrapolation Calculation for Row 2(Dry) 11Z&V ,
Air-Side Tube-Side

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbrn/ft-hr)
Skin Vise (lbmn/flthr)
Density (lbm//3f)
Cp (BTU/Ibm'0 F)
K (BTU/hr'ft.F)

71,641.50
136.42
127.59
0.0203
0.0203
132.01
108.73

3,423.68
820*4

0.7265
0.0482

0.0637
0.2402
0.0160

74,586.94
105.50
107.62

106.56
108.68

5.52
35,177
4.2025
1.5368
1.5040

61.9079
0.9989
0.3653

Tube-Side hi (BTU/hr flt-°F) 1,575.85
j Factor 0.0081
Air-Side ho (BTU/hr-ft2.°F) 8.26
Tube Wall Resistance (hr-ft2-°F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU)

U Overall (BTU/hr'ft2 "°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.94
905.33

25.19
158,199

0.9184
158,199

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry) II
1.

Mass Flow (Ibm/hr)
Inlet Temperature (°F)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbmn/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hr-ft-°F)

Air-Side

71,641.50
127.59
120.85
0.0203
0.0203
124.22
106.36

3,423.68
829*1

0.7271
0.0478

0.0645
0.2402
0.0158

Tube-Side
74,586.94

103.87
105.50

104.69
106.32

5.52
34,502
4.2930
1.5669
1.5406

61.9332
0.9989
0.3646

Tube-Side hi (BTU/hr fl2.°F) 1,558.67
j Factor 0.0081
Air-Side ho (BTU/hr ft2. F) 8.23
Tube Wall Resistance (hrft2 0.°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU)

U Overall (BTU/hr fl2.°F) 6.91
Effective Area (ft2 ) 905.33
LMTD 19.34
Total Heat Transferred (BTU/hr) 120,920

Surface Effectiveness (Eta) 0.9187
Sensible Heat Transferred (BTU/hr) 120,920
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: F
Rev: A Page 5 of 8

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:18:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#PIIX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Zero Fouling

06/22/98

Extrapolation Calculation for Row 4(Dry) II

II
~II *1

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbmrft'hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hr-ft-°F)

Air-Side

71,641.50
120.85
115.68
0.0203
0.0203
118.26
104.55

3,423.68
835**

0.7275
0.0474

0.0650
0.2402
0.0156

Tube-Side
74,586.94

102.63
103.87

103.25
104.52

5.52
33,989
4.3645
1.5905
1.5697

61.9522
0.9989
0.3640

Tube-Side hi (BTU/hr'fi3"°F) 1,545.48
j Factor 0.0081
Air-Side ho (BTU/hr ft2"°F) 8.20
Tube Wall Resistance (hr- ft2-°F/BTU 0.00031430
Overall Fouling (hr- ft2.F/BTU)

U Overall (BTU/hr-ft2
.°F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.88
905.33

14.86
92,611

0.9190
92,611

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry) ll

III.

Air-Side Tube-Side

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft'hr)
Density (lbm/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hr-ft'°F)

71,641.50
115.68
111.72
0.0203
0.0203
113.70
103.15

3,423.68
840*1

0.7278
0.0471

0.0655
0.2402
0.0155

74,586.94
101.68
102.63

102.15
103.13

5.52

33,597
4.4206
1.6091
1.5926

61.9666
0.9990
0.3636

Tube-Side hi (BTU/hr-ft2.°F) 1,535.34
j Factor 0.0080
Air-Side ho (BTU/hr.ft2 .°F) 8.18
Tube Wall Resistance (hr-ft2"°F/BTU 0.00031430
Overall Fouling (hr. ft2.°F/BTU)

U Overall (BTU/hr'ft2-°F)
Effective Area (fl2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.87
905.33

11.43
71,038

0.9191
71,038

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: F
Rev: A Page 6 of 8

*** Air Mass Velocity (Lbni/hr'ft), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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Calculation Report for: I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Zero Fouling

06/22/98

Extrapolation Calculation for Row 6(Dry) II
1. *

Air-Side Tube-Side

Mass Flow (lbm/hr)
Inlet Temperature ('F)
Outlet Temperature.(°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp ('F)
Skin Temperature ('F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbmr/ft)
Cp (BTU/Ibm-'F)
K (BTU/hrftr'°F)

71,641.50
111.72
108.67
0.0203
0.0203
110.19
102.08

3,423.68
844**

0.7280
0.0469

0.0659
0.2402
0.0155

74,586.94
100.95
101.68

101.31
102.06

-5.52
33,298
4.4644
1.6236
1.6106

61.9776
0.9990
0.3633

Tube-Side hi (BTU/Lr-ft2 -°F) 1,527.56
j Factor 0.0080
Air-Side ho (BTU/hr. ft2 -F) 8.16
Tube Wall Resistance (hr-ft2-°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU)

U Overall (BTU/hr ft2 .F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.85
905.33

8.79
54,554

0.9193
54,554

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 7(Dry) 11

Mass Flow (Ibm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (7F)
Skin Temperature (0F)
Velocity ***

Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbrn/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hr"ft-'F)

Air-Side

71,641.50
108.67
106.33
0.0203
0.0203
107.50
101.26

3,423.68
848*1

0.7282
0.0467

0.0661
0.2402
0.0154

Tube-Side
74,586.94

100.38
100.95

100.66
101.25

5.52
33,069
4.4985
1.6348
1.6247

61.9859
0.9990
0.3630

Tube-Side hi (BTU/hr ft2-'F) 1,521.56
j Factor 0.0080
Air-Side ho (BTU/hr ft2 --F) 8.15
Tube Wall Resistance (hr-ft2- F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU)

U Overall (BTU/hr-ft2.°F)

Effective Area (ft 2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.84
905.33

6.77
41,933

0.9194
41,933

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: F
Rev: A Page 7 of 8

* Air Mass Velocity (Lbrnihr-ft2
), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:18:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Zero Fouling

06/22/98

Extrapolation Calculation for Row 8(Dry) II1.

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft-hr)
Skin Visc (Ibm/ftbhr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr.ft-0 F)

Air-Side

71,641.50
106.33
104.53
0.0203
0.0203
105.43
100.63

3,423.68
850**

0.7283
0.0465

0.0663
0.2402
0.0154

Tube-Side

74,586.94
99.95

100.38

100.17
100.61

5.52
32,893
4.5250
1.6436
1.6357

61.9922
0.9990
0.31628

Tube-Side hi (BTU/hr'ft21-F) 1,516.95
j Factor 0.0080
Air-Side ho (BTU/hr-ft2.°F) 8.14
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr'ft2"°F/BTU)

U Overall (BTU/hr ft2.°F)

Effective Area (f11)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.84
905.33

5.21
32,255

0.9195
32,255

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: F
Rev: A Page 8 of 8

*** Air Mass Velocity (Lbm/hr ft2), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T
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Data Report for: I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Design Fouling

06/22/98

Air Coil Heat Exchanger Input Parameters

Air-Side
Fluiid Ql-ua-ntity, Total - 2T779_00-hfi•
Inlet Dry Bulb Temp 150.00 OF
Inlet Wet Bulb Temp 92.00 OF
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 109.40 OF
Outlet Wet Bulb Temp 84.10 OF
Outlet Relative Humidity %

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Tube-Side

105.00 OF

115.30 OF

Fresh Water
0.001500
0.000000

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-fP-OF)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft.°F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: G
Rev: A Page 2 of 8



07:24:04 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98

ComEd -- LaSalle
Calculation Report for: l(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils

Margin Assessment -- Design Fouling

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Air Flow (acftm)
Air Dry Bulb Temp In (IF)
Air Dry Bulb Temp Out (IF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (IF)
Wet Bulb Temp Out (IF)
Atmospheric Pressure
Tube Flow (gpm)

-Tube Temp In (IF)
Tube Temp Out (IF)
Condensate Temperature (OF)

Extrapolation Data
Tube Flow (gpm) 150.00
Air Flow (acfim) 19,321.00
Tube Inlet Temp (IF) 100.00
Air Inlet Temp (IF) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (IF) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200

Attachment: G
Rev: A Page 3 of 8



07:24:04 PROTO-HX 3.01 by Proto-Power Corporation (SN#PIIX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Design Fouling

06/22/98

Extrapolation Calculation Summary 11
1.

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Visc (lbm/ftbhr)
Density (lbm/ft3)
Cp (BTU/lbm 0'F)
K (BTU/hr.ft.F)

Air-Side

71,397.61
148.00
106.46

Tube-Side

74,586.94
100.00
109.94

Tube-Side hi (BTU/hr'ft2-°F)

j Factor
Air-Side ho (BTU/hr'ft'°F)
Tube Wall Resistance (hr'ft2 "°F/BTU
Overall Fouling (hr-ft2 -°F/BTU)

U Overall (BTU/hr'ft2 -°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

0.00031430
0.02832467

7,242.65

741,876

741,876

W -
Extrapolation Calculation for Row l(Dry) 11

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)

Air-Side

71,397.61
148.00
137.97
0.0203
0.0203
142.99
116.80

3,412.02
806**

0.7256
0.0489

Tube-Side

74,586.94
107.53
109.94

108.74
111.10

5.53
35,968
4.1010
1.5030
1.4678

Tube-Side hi (BTU/hr-ft2.°F) 1,595.06
j Factor 0.0082
Air-Side ho (BTU/hr-ft2. F) 8.29
Tube Wall Resistance (hr-ft2l-F/BTU 0.00031430
Overall Fouling (hr-ft2. F/BTU) 0.02832467

U Overall (BTU/hr ft2 .F)
Effective Area (ft2 )
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTUihr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.82
905.33

34.00
179,064

0.9182
179,064Density (lbm/ft3) 0.0626 61.8778

Cp (BTU/Ibm-°F) 0.2402 0.9989
K (BTU/hr.ft.'F) 0.0162 0.3661

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: G
Rev: A Page 4 of 8

*** Air Mass Velocity (Lbm/hr.ft), Tube Fluid Velocity (ft!sec), Air Density at Inlet T, Other Properties at Average T



07:24:04 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
ComEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Design Fouling

06/22/98

Extrapolation Calculation for Row 2(Dry) II119--

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ftihr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/lbm-'F)
K (BTU/hr'ft-'F)

Air-Side
71,397.61

137.97
129.99
0.0203
0.0203
133.98
113.03

3,412.02
815"*

0.7264
0.0484

0.0635
0.2402
0.0160

Tube-Side
74,586.94

105.62
107.53

106.58
108.48

5.52
35,184
4.2016
1.5365
1.5070

61.9076
0.9989
0.3653

Tube-Side hi (BTU/hr ft2-°F) 1,575.52
j Factor 0.0081
Air-Side ho (BTU/hr'ft2 -.F) 8.25
Tube Wall Resistance (hr- ft2-°F/BTU 0.00031430
Overall Fouling (hr'ft-'°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 -.F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.79
905.33

27.20
142,681

0.9185
142,681

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry)

11

II

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/lbm-°F)
K (BTU/hr"ft-°F)

Air-Side

71,397.61
129.99
123.61
0.0203
0.0203
126.80
110.02

3,412.02
823-*

0.7269
0.0479

0.0642
0.2402
0.0158

Tube-Side
74,586.94

104.09
105.62

104.85
106.39

5.52
34,563
4.2848
1.5641
1.5395

61.9309
0.9989
0.3646

Tube-Side hi (BTU/hr.ft2-0 F) 1,559.89
j Factor 0.0081
Air-Side ho (BTU/hr'ft2.°F) 8.22
Tube Wall Resistance (hrfft2 . F/BTU 0.00031430
Overall Fouling (hr'ft2.°F/BTU) 0.02832467

U Overall (BTU/hr.ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.77
905.33

21.78
113,876

0.9188
113,876

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: G
Rev: A Page 5 of 8

Air Mass Velocity (Lbm/hr-ft), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:24:04 PROTO-HX 3.01 by Proto-Powver Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Design Fouling

06/22/98

Extrapolation Calculation for Row 4(Dry) I1

II

Mass Flow (lbmi/hr)
Inlet Temperature (fF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Vise (lbm/ft-hr)
Density (ibm/ftl)
Cp (BTU/lbm-°F)
K (BTU/hr-ft-°F)

Air-Side

71,397.61
123.61
118.51
0.0203
0.0203
121.06
107.62

3,412.02
829**

0.7273
0.0476

0.0647
0.2402
0.0157

Tube-Side

74,586.94
102.87
104.09

103.48
104.72

5.52
34,070
4.3531
1.5868
1.5664

61.9493
0.9989
0.3641

Tube-Side hi (BTU/hr'ft2 -F) 1,547.37
j Factor 0.0081
Air-Side ho (BTU/hr-ft2"°F) 8.19
Tube Wall Resistance (hr-ft 2"0F/BTU 0.00031430
Overall Fouling (hr ft2-FfBTU) 0.02832467

U Overall (BTU/hr-ft2-'F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.76
905.33

17.46
91,006

0.9190
91,006

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry)

II

III

Air-Side
Mass Flow (lbmr/hr) 71,397.61
Inlet Temperature (°F) 118.51
Outlet Temperature (0 F) 114.44
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (0F) 116.48
Skin Temperature (0F) 105.70
Velocity *** 3,412.02
Reynold's Number 834"
Prandtl Number 0.7276
Bulk Visc (lbmi/f'hr) 0.0473
Skin Vise (lbm/ft.hr)
Density (lbm/fi3 ) 0.0652
Cp (BTU/lbm-°F) 0.2402
K (BTU/hr" ft'°F) 0.0156

Tube-Side
74,586.94

101.89
102.87

102.38
103.38

5.52
33,678
4.4089
1.6052
1.5885

61.9637
0.9990
0.3637

Tube-Side hi (BTU/hr'fl2-°F) 1,537.35
j Factor 0.0081
Air-Side ho (BTUihrft2.°'F) 8.17
Tube Wall Resistance (hr-ft2"°F/BTU 0.00031430
Overall Fouling (hr ft2 .°F/BTU) 0.02832467

U Overall (BTU/hr. ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.75
905.33

13.99
72,805

0.9192
72,805

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: G
Rev: A Page 6 of 8

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:24:04 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Design Fouling

06/22/98

Extrapolation Calculation for Row 6(Dry)
BI

II

Mass Flow (lbm/hr)
Inlet Temperature (°F)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3 )
Cp (BTU/Ibmn'F)
K (BTU/hr.ft.°F)

Air-Side

71,397.61
114.44
111.17
0.0203
0.0203
112.81
104.17

3,412.02
839-

0.7279
0.0470

0.0656
0.2402
0.0155

Tube-Side

74,586.94
101.11
101.89

101.50
102.32

5.52
33,365
4.4545
1.6203
1.6063

61.9751
0.9990
0.3634

Tube-Side hi (BTU/hr'ft2 .'F) 1,529.34
j Factor 0.0081
Air-Side ho (BTU/hr.ft2.°F) 8.16
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.02832467

U Overall (BTU/hr.ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.74
905.33

11.22
58,294

0.9193
58,294

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 7(Dry) II
I. *1

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibmr/fV)
Cp (BTU/lbm.'F)
K (BTU/hr-ft-°F)

Air-Side
71,397.61

111.17
108.56
0.0203
0.0203
109.87
102.93

3,412.02
842-*

0.7280
0.0468

0.0659
0.2402
0.0155

Tube-Side

74,586.94
100.48
101.11

100.80
101.44

5.52
33,115
4.4916
1.6325
1.6213

61.9842
0.9990
0.3631

Tube-Side hi (BTU/hr ft2. F) 1,522.84
j Factor 0.0080
Air-Side ho (BTU/hr ft2 0-F) 8.15
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr- ft2.°F/BTU) 0.02832467

U Overall (BTU/hr-ft2 .°F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.73
905.33

9.01
46,707

0.9194
46,707

** Reynolds Number Outside Range of Equation Applicability

aProto-Power Calc: 97-200Attachment: G
Rev: A Page 7 of 8

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



07:24:04 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Margin Assessment -- Design Fouling

06/22/98

1h
Extrapolation Calculation for Row 8(Dry) II11

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (lbm/fP3)
Cp (BTU/Ibm'°F)
K (BTU/hr'ft4'F)

Air-Side

71,397.61
108.56
106.46
0.0203
0.0203
107.51
101.94

3,412.02
845*"

0.7282
0.0467

0.0661
0.2402
0.0154

Tube-Side
74,586.94

99.98
100.48

100.23
100.75

5.52
32,915
4.5216
1.6424
1.6333

61.9914
0.9990
0.3629

Tube-Side hi (BTU/hr-ft2 .°F) 1,517.67
j Factor 0.0080
Air-Side ho (BTU/hr'ft2 "°F) 8.14
Tube Wall Resistance (hr- ft2.°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02832467

U Overall (BTU/hr'ft2 "0 F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.72
905.33

7.23

37,443

0.9195

37,443

** Reynolds Number Outside Range of Equation Applicability

KProto-Power Calc: 97-200
Attachment: G
Rev: A Page 8 of 8

* Air Mass Velocity (Lbm/lhr-ft), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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Moist Air Properties

Equations for calculating moist air properties are compiled and/or derived in Proto-Power
Calculation 96-069, Reference (1), relying on References (2) and (3) as the principal sources of
information. This attachment summarizes the equations pertinent to the moist air conditions
calculated for heat exchanger model development. The applicable material has been extracted
from Reference (1) leaving equation numbering as it appears in Reference (1) for ease of cross
reference.

1. NOMENCLATURE

ma = Mass of Dry Air, Ibm
m, = Mass of Water Vapor, Ibm
P = Atmospheric Pressure, lbf/in 2

Pa = Dry Air Pressure, lbf/in 2

PS = Saturated Air Pressure, lbf/in2

Pv = Water Vapor Pressure, lbf/in2

R, = Gas constant of Dry Air
Rv = Gas constant of Water Vapor
T = Dry Bulb Temperature, *F
Tw = Wet Bulb Temperature, 'F
V = Moist air Volume, ft3

W = Moist air Specific Humidity
x, = Mole Fraction of Water Vapor
xs= Mole Fraction of Water Vapor
* = Moist Air Relative Humidity
p = Moist air Density, Ibm/ft3

Pa = Dry Air Density, Ibm/ft3

pv = Water Vapor Density, lbm/ft3

in Moist Air
in Saturated Air

2. REFERENCES

(1) Proto-Power Calculation 96-069, Fluid Properties - Moist Air - Range 80F to 300°F,
Revision -, dated 12/2/96

(2) Heating Ventilating, and Air Conditioning Analysis and Design, F. C. McQuiston and J. D.
Parker, Second Edition, John Wiley & Sons, Inc., 1982

(3) ASHRAE Handbook 1981 Fundamentals, American Society of Heating, Refrigerating and Air
Conditioning Engineers, Inc., 1982

Proto-Power Calc: 97-200
Attachment: H
Rev: A Page 2 of 13



3. MOIST AIR DENSITY

For drv air:

P. = P-P . Equation [4]

Equation [51(144) P,Pa =-R, ) (459.67 +T)

where:

1a = 53.352 (fl-lbf)/(lbm-°R)

For water vapor:

(1441 P,P= R,-)(459.67 + T)

where:
R, = 85.778 (ft-lbf)/(lbm-0 R)

For moist air:

Equation [6]

P =P, +P,,

4. SATURATED WATER VAPOR PRESSURE

P5(T)=a+bT+cT2 +dT3 +eT 4 + fF5

Equation [7]

Equation [8)

Where;
a 0.02358607
b 0.001007276
c 0.00001888033
d 0.0000003775047
e 4.871208E-10
f' 2.109071E- II

Proto-Power Calc: 97-200
Attachment: H
Rev: A Page 3 of 13



5. WATER VAPOR PRESSURE

f(T7,) = a + bT,,. + cT,,>2 + d(TI + eT4 + fI

(P. PT, T,.): =[(2T,ý - T- 2800)f(T,)] - P(T,, - T)
(T, - 2800)

Equation [9]

Equation [10]

Where:
a = 0.02358607
b = 0.001007276
c = 0.00001888033
d = 0.0000003775047
e = 4.871208E-10
f= 2.109071E-1 1

WR, P

R, +(WRý,)
Equation [ 11]

6. MOIST AIR SPECIFIC HUMIDITY

ina Pa
Equation [12]

Where:

PvV
RW, R(459.67 + T)

PaV
ma R .

R,,(459.67 +T)

Equation [13]

Equation [14]

7. MOIST AIR RELATIVE HUMIDITY

x5 = X - Equation [15]

Proto-Power Calc: 97-200
Attachment: H
Rev: A Page 4 of 13



@
Moist Air Properties --

Total Pressure:

Dry Bulb Temperature:

Moist Air Relative Humidity:

Saturated Air Pressure:

Vapor Pressure:

Dry Air Pressure:

Dry Air Density:

Water Vapor Density:

Moist Air Density:

Specific Humidity:

Equation Coefficients:

Given Dry Bulb and Relative Humidity

14.315

70

psia

OF

RH =

Ps = a+(b*T)+(c*T2)+(d*T3)+(e*T4)+(f*T5) =

Pv = RH*Ps

Pa =P - Pv =

Rho a = (144/53.352)*(Pa/(459.67+T)) =

Rho v = (144/85.778)*(Pv/(459.67+T)) =

Rho = Rho a + Rho v =

W = Rho v/Rho a

a=

b=
C=
d=
e=
f=

40

0.363236046

0.145294418

14.16970558

0.072204994

0.000460501

0.072665495

0.006377682

2.358607E-02
1.007276E-03
1.888033E-05
3.775047E-07
4.871208E-1 0
2.109071E-1 1

psia

psia

psia

Ibm/ft
3

Ibm/ft3

Ibm/ft3

Equation

Equation

Equation

Equation

Equation

Equation

Equation

[8]

[15]

[4]

[5]

[6]

[7]

[12]

00

-I
0

0 ;~ Co / Aefce4~~ (oY/rt.



Moist Air Properties

Total Pressure:

Dry Bulb Temperature:

Wet Bulb Temperature:

Wet Bulb Temp. Function:

Water Vapor Pressure:

Dry Air Pressure:

Dry Air Density:

Water Vapor Density:

Moist Air Density:

Saturated Air Pressure:

Moist Air Specific Humidity:

Moist Air Relative Humidity:

Equation Coefficients:

-- Given Dry Bulb and Wet Bulb Temperatures

14.315

Tw

F(Tw) = a+(b*Tw)+(c*Tw 2)+(d*Tw 3)+(e*Tw 4)+(f*Tw 5) =

Pv = (((2*Tw-T-2800)*F(Tw))-P*(Tw-T))/(Tw-2800) =

Pa =P - Pv =

Rho a = (144/53.352)*(Pa/(459.67+T)) =

Rho v = (144/85.778)*(Pv/(459.67+T)) =

Rho = Rho a + Rho v=

Ps = a+(b*T)+(c*T2)+(d*T3)+(e*T4)+(f*T5) =

W = Rho v / Rho a =

RH = Pv/Ps

a=

b=
C=

d=
e=
f=

150

92.00

0.743918919

0.453253224

13.86174678

0.061367004

0.001248052

0.062615056

3.721743953

0.020337508

12.17852

2.358607E-02
1.007276E-03
1.888033E-05
3.775047E-07
4.871208E-10
2.109071 E-1 1

psia

OF

OF

psia

psia

Ibm/ft
3

Ibm/ft
3

Ibm/ft
3

psia

%'

Equation [9]

Equation [10]

Equation [4]

Equation [5]

Equation [61

Equation [7]

Equation [8]

Equation [12]

Equation [15]
0

'-i
0CD

0

;k C', I 1 13 ekk C kVV-C-4-k- ('0 ~4' ~Lj ~



Moist Air Properties --

Total Pressure:

Dry Bulb Temperature:

Wet Bulb Temperature:

Wet Bulb Temp. Function:

Water Vapor Pressure:

Dry Air Pressure:

Dry Air Density:

Water Vapor Density:

Moist Air Density:

Saturated Air Pressure:

Moist Air Specific Humidity:

Moist Air Relative Humidity:

Equation Coefficients:

Given Dry Bulb and Wet Bulb Temperatures

P= 14.315

T =148

Tw= 91.60

F(Tw) = a+(b*Tw)+(c*Tw 2)+(d*Tw3)+(e*Tw 4)+(f*Tw5 ) = 0.734713202

Pv = (((2*Tw-T-2800)*F(Tw))-P*(Tw-T))/(Tw-2800) = 0.451915914

Pa =P - Pv = 13.86308409

Rho a = (144/53.352)*(Pa/(459.67+T)) = 0.061574919

Rho v = (144/85.778)*(Pv/(459.67+T)) = 0.001248465

Rho = Rho a + Rho v = 0.062823384

Ps = a+(b*T)+(c*T2)+(d*T3)+(e*T4)+(f*T5) = 3.541336347

W = Rho v / Rho a = 0.020275546

RH = Pv/Ps 12.76117

a = 2.358607E-02
b = 1.007276E-03
C = 1.888033E-05
d = 3.775047E-07
e = 4.871208E-10
f = 2.109071 E-1 1

psia

OF

OF

psia

psia

Ibm/ft
3

Ibm/ft
3

Ibm/ft
3

psia

Equation [9]

Equation [10]

Equation [4]

Equation [5]

Equation [6]

Equation [71

Equation [8]

Equation [12]

Equation [15]

0

C))
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X
Moist Air Properties --

Total Pressure:

Dry Bulb Temperature:

Moist Air Relative Humidity:

Saturated Air Pressure:

Vapor Pressure:

Dry Air Pressure:

Dry Air Density:

Water Vapor Density:

Moist Air Density:

Specific Humidity:

Equation Coefficients:

...cXAb-511M

Given Dry Bulb and Relative Humidity

T=

RH =

Ps = a+(b*T)+(c*T2)+(d*T3)+(e*T4)+(f*TS) =

Pv = RH*Ps

Pa =P - Pv =

Rho a = (144/53.352)*(Pa/(459.67+T)) =

Rho v = (144/85.778)*(Pv/(459.67+T)) =

Rho= Rho a + Rho v =

W = Rho v / Rho a =

a=
b=
C=

d=

e=
f=

14.315

148

12.76

3.541336347

0.451874518

13.86312548

0.061575103

0.001248351

0.062823454

0.020273629

2.358607E-02
1.007276E-03
1.888033E-05
3.775047E-07
4.871208E-1 0
2.109071E-1 1

psia

OF

psia

psia

psia

Ibm/ft
3

Ibm/ft
3

Ibm/ft
3

Equation [8]

Equation [15]

Equation [4]

Equation [5]

Equation [6]

Equation [7]

Equation [12]

.0.

0
04v
0

-__

a

,.0

0•
0
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Moist Air Properties --

Total Pressure:

Dry Bulb Temperature:

Specific Humidity:

Water Vapor Pressure:

Dry Air Pressure:

Dry Air Density:

Water Vapor Density:

Moist Air Density:

Saturated Air Pressure:

Moist Air Relative Humidity:

Equation Coefficients:

Given Dry Bulb and Specific Humidity

W ._

Pv = (W*Rv*P)/(Ra+(W*Rv)) =

Pa =P - Pv =

Rho a = (144/53.352)*(Pa/(459.67+T)) =

Rho v = (144/85.778)*(Pv/(459.67+T)) =

Rho = Rho a + Rho v =

Ps = a+(b*T)+(c*T2)+(d*T3)+(e*T4 )+(f*T5 ) =

RH = Pv/Ps =

14.315

104.53

0.020273629

0.451874518

13.86312548

0.066319289

0.001344533

0.067663821

1.087702551

41.54394211

2.358607E-02
1.007276E-03
1.888033E-05
3.775047E-07
4.871208E-10
2.109071 E-1 1

psia

OF

psia

psia

Ibm/ft
3

Ibm/ft
3

Ibm/ft
3

psia

Inlet Air Flow
19386.84858

Equation [11]

Equation [4]

Equation [5]

Equation [6]

Equation [7]

Equation [8]

Equation [15]

00

> 16

0

%0
0
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Moist Air Properties --

Total Pressure:

Dry Bulb Temperature:

Specific Humidity:

Water Vapor Pressure:

Dry Air Pressure:

Dry Air Density:

Water Vapor Density:

Moist Air Density:

Saturated Air Pressure:

Moist Air Relative Humidity:

o •o ~ Equation Coefficients:

00

C 0

0 o

C)_le

Given Dry Bulb and Specific Humidity

W-"

Pv = (W*Rv*P)/(Ra+(W*Rv)) =

Pa =P - Pv =

Rho a = (144/53.352)*(Pa/(459.67+T)) =

Rho v = (144/85.778)*(Pv/(459.67+T)) =

Rho = Rho a + Rho v =

Ps = a+(b*T)+(c*T2)+(d*T3)+(e*T4 )+(f*T5 ) =

RH Pv /Ps =

a=
b=
C=

d=
e=
f=

14.315

106.46

0.020273629

0.451874518

13.86312548

0.066093199

0.001339949

0.067433148

1.15128943

39.24942818

2.358607E-02
1.007276E-03
1.888033E-05
3.775047E-07
4.871208E-10
2.109071 E-1 1

psia

OF

psia

psia

Ibm/ft
3

Ibm/ft
3

psia

Inlet Air Flow
19320.75666

Equation [11]

Equation [4]

Equation [5]

Equation [6]

Equation [7]

Equation [8]

Equation [15)

Se~tv,U" '~LI( .



Moist Air Properties --

Total Pressure:

Dry Bulb Temperature:

Specific Humidity:

Water Vapor Pressure:

Dry Air Pressure:

Dry Air Density:

Water Vapor Density:

Moist Air Density:

Saturated Air Pressure:

Moist Air Relative Humidity:

Equation Coefficients:

0

•.-I

0

0

o /

Given Dry Bulb and Specific Humidity

W =.

Pv = (W*Rv*P)/(Ra+(W*Rv)) =

Pa =P - Pv =

Rho a = (144/53.352)*(Pa/(459.67+T)) =

Rho v = (144/85.778)*(Pv/(459.67+T)) =

Rho = Rho a + Rho v =

Ps = a+(b*T)+(c*T2)+(d*T3)+(e*T4)+(f*TS) =

RH = Pv /Ps =

a=

b=
C=

d=
e=
f=

14.315

109.96

0.020273629

0.451874518

13.86312548

0.0656871

0.001331716

0.067018816

1.274809374

35.44643829

2.358607E-02
1.007276E-03
1.888033E-05
3.775047E-07
4.871208E-10
2.109071E-1 1

psia

OF

psia

psia

Ibm/ft
3

Ibm/ft
3

Ibm/ft
3

psia

Inlet Air Flow
19202.04338

Equation [11]

Equation [41

Equation [5]

Equation [6]

Equation [71

Equation [8]

Equation [15]

0
%1 0,-



/

Moist Air Properties --

Total Pressure:

Dry Bulb Temperature:

Specific Humidity:

Water Vapor Pressure:

Dry Air Pressure:

Dry Air Density:

Water Vapor Density:

Moist Air Density:

Saturated Air Pressure:

Moist Air Relative Humidity:

Equation Coefficients:

* Cc,! O Cf

Given Dry Bulb and Specific Humidity

W=_

Pv = (W*Rv*P)/(Ra+(W*Rv)) =

Pa =P - Pv =

Rho a = (144/53.352)*(Pa/(459.67+T)) =

Rho v = (144/85.778)*(Pv/(459.67+T)) =

Rho = Rho a + Rho v =

Ps = a+(b*T)+(c*T2)+(d*T3)+(e*T4)+(f*T5 )

RH = Pv /Ps =

a=
b=
C=
d=
e=

f=

14.315

108.29

0.020273629

0.451874518

13.86312548

0.065880243

0.001335632

0.067215874

1.214518345

37.20606771

2.358607E-02
1.007276E-03
1.888033E-05
3.775047E-07
4.871208E-10
2.109071E-11

psia

OF

psia

psia

Ibm/ft
3

Ibm/ft
3

Ibm/ft
3

psia

Inlet Air Flow
19258.50406

Equation [11]

Equation [4]

Equation [5]

Equation [6]

Equation [7]

Equation [8]

Equation [15]

>

0 _-i

0 0

0

0
0
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Moist Air Properties -- Given Dry Bulb and Specific Humidity

Total Pressure:

Dry Bulb Temperature:

Specific Humidity:

Water Vapor Pressure:

Dry Air Pressure:

Dry Air Density:

Water Vapor Density:

Moist Air Density:

Saturated Air Pressure:

Moist Air Relative Humidity:

Equation Coefficients:

- 0

> g-.

W =

Pv = (W*Rv*P)/(Ra+(W*Rv)) =

Pa =P - Pv =

Rho a = (144/53.352)*(Pa/(459.67+T)) =

Rho v = (144/85.778)*(Pv/(459.67+T)) =

Rho = Rho a + Rho v =

Ps = a+(b*T)+(c*T2)+(d*T3)+(e*T4 )+(f*T5 ) =

RH = Pv/Ps

a=
b=
C=

d=
e=
f=

14.315

108.08

0.020273629

0.451874518

13.86312548

0.065904611

0.001336126

0.067240736

1.207113757

37.43429442

2.358607E-02
1.007276E-03
1.888033E-05
3.775047E-07
4.871208E-10
2.109071E-1 1

psia

OF

psia

psia

Ibm/ft
3

Ibm/ft
3

Ibm/ft3

psia

Inlet Air Flow
19265.62742

Equation [11]

Equation [4]

Equation [5]

Equation [6]

Equation [7]

Equation [8]

Equation [15]

W

N, Cc -, 4 "A" io "'L.S.0
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08:47:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Data Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 75 gpm Case

06/22/98

Air Coil Heat Exchanger Input Parameters

FInletd-Qyi Buii-b, Teo-mp
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp

Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Air-Side
21 -7 9_00-ffii

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
- _1-5O0-00 gpm

105.00 OF

115.30 OF

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Heat Exchanger Type
Fin Type
Fin Configuration

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft-.F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft-F)

Fresh Water
0.002000
0.002000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 2 of 22



08:47:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98

CornEd -- LaSalle
Calculation Report for: I(2)VYO0A & 02A - CSCS Equipment Area Cooling Coils

Limiting Flow Analysis -- 75 gpm Case

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out (°F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm) 75.00
Air Flow (acfm) 19,202.00
Tube Inlet Temp ('F) 100.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp ('F) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200

Attachment: I
Rev: A Page 3 of 22



08:47:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 75 gpm Case

06/22/98

Extrapolation Calculation Summary
______ I

t 
I1II

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibmn/fthr)
Skin Visc (Ibm/ftdhr)
Density (lbm/ft3 )
Cp (BTU/Ibm-'F)
K (BTU/hr-ft.°F)

Air-Side

70,957.87
148.00
109.96

Tube-Side
37,293.47

100.00
118.09

Tube-Side hi (BTU/hr-ft2 .°F)

j Factor
Air-Side ho (BTU/hr-ft2.°F)
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr-ft2 -°F/BTU) 0.03976622

U Overall (BTU/hr'ft2 -. F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

675,177

675,177

W
Extrapolation Calculation for Row l(Dry) II

Mass Flow (lbmihr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ftdhr)
Density (lbm/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hr"ft-'F)

Air-Side

70,957.87
148.00
140.61
0.0203
0.0203
144.30
125.07

3,391.01
800**

0.7255
0.0490

0.0623
0.2402
0.0162

Tube-Side
37,293.47

114.57
118.09

116.33
119.22

2.77
19,386
3.7764
1.3943
1.3564

61.7676
0.9988
0.3688

Tube-Side hi (BTU/hr-ft 2-°F) 953.95
j Factor 0.0082
Air-Side ho (BTU/hr ft2 0.F) 8.26
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr- ft2.° F/BTU) 0.03976622

U Overall (BTU/hr.ft2.°F)
Effective Area (f12)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.22
905.33

27.78
131,195

0.9184
131,195

** Reynolds Number Outside Range of Equation Applicability

Proto-Power CaIc: 97-200Attachment: I
Rev: A Page 4 of 22

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



08:47:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#fPHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 75 gpm Case

06/22/98

Extrapolation Calculation for Row 2(Dry) II
1.I

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (ibm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (ibm/fl3)
Cp (BTU/Ibm 0'F)
K (BTU/hr-ft.°F)

Air-Side Tube-Side
70,957.87 37,293.47

140.61
134.20
0.0203
0.0203
137.40
120.67

3,391.01
807**

0.7261
0.0486

111.52
114.57

113.04
115.59

2.77
18,774
3.9116
1.4398
1.4043

61.8163
0.9988
0.3676

Tube-Side hi (BTU/hr- ft2.°F) 937.48
j Factor 0.0082
Air-Side ho (BTU/hr-ft2 ..F) 8.23
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.03976622

U Overall (BTU/hr. ft2- F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.20
905.33

24.19
113,794

0.9187
113,7940.0630

0.2402
0.0161

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/fl3)
Cp (BTU/Ibm'°F)
K (BTU/hr.ft-°F)

Air-Side
70,957.87

134.20
128.63
0.0203
0.0203
131.42
116.84

3,391.01
813**

0.7266
0.0482

0.0636
0.2402
0.0159

Tube-Side
37,293.47

108.86
111.52

110.19
112.44

2.76
18,249
4.0355
1.4812
1.4484

61.8573
0.9988
0.3666

Tube-Side hi (BTU/hr-ft2 0.F) 923.12
j Factor 0.0081
Air-Side ho (BTU/hr ft2V.F) 8.20
Tube Wall Resistance (hr-ft2 -.F/BTU 0.00031430
Overall Fouling (hr-ft2 .°F/BTU) 0.03976622

U Overall (BTU/hr. ft 2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.18
905.33

21.08
98,800

0.9189
98,800

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 5 of 22

* Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



08:47:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#tPHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 75 gpm Case

06/22/98

Extrapolation Calculation for Row 4(Dry) 11
I. *1

Air-Side Tube-Side

Mass Flow (lbmr/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (7F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbrlft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hr-ft.F)

70,957.87
128.63
123.80
0.0203
0.0203
126.21
113.52

3,391.01
819**

0.7270
0.0479

0.0641
0.2402
0.0158

37,293.47
106.56
108.86

107.71
109.69

2.76
17,797
4.1483
1.5188
1.4886

61.8920
0.9989
0.3657

Tube-Side hi (BTU/hr'ft2 "°F) 910.59
j Factor 0.0081
Air-Side ho (BTU/hr-ft2 -°F) 8.18
Tube Wall Resistance (hr-ft2 .F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.03976622

U Overall (BTU/hr-ft 2
.
0 F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.16
905.33

18.38
85,857

0.9191
85,857

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft-)
Cp (BTU/Ibm-'F)
K (BTU/hr-ft-°F)

Air-Side Tube-Side

70,957.87 37,293.47
123.80
119.59
0.0203
0.0203
121.69
110.63

3,391.01
823**

0.7273
0.0476

104.55
106.56

105.56
107.30

2.76
17,408
4.2505
1.5528
1.5252

61.9215
0.9989
0.3649

Tube-Side hi (BTU/hr-fl2 -F) 899.66
j Factor 0.0081
Air-Side ho (BTU/hr~ftl2 .F) 8.16
Tube Wall Resistance (hr ft2X-F/BTU 0.00031430
Overall Fouling (hr-ftl-°F/BTU) 0.03976622

U Overall (BTU/hr-ft2 .'F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.15
905.33

16.03
74,667

0.9193
74,6670.0646

0.2402
0.0157

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200

Attachment: I
Rev: A Page 6 of 22

* Air Mass Velocity (Lbmihr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



08:47:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOlA & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 75 gpm Case

06/22/98

Extrapolation Calculation for Row 6(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/fthr)
Density (ibm/fl3)
Cp (BTU/lbm-°F)
K (BTU/hr.ft-°F)

Air-Side

70,957.87
119.59
115.93
0.0203
0.0203
117.76
108.11

3,391.01
828""

0.7276
0.0473

0.0650
0.2402
0.0156

Tube-Side

37,293.47
102.81
104.55

103.68
105.21

2.76
17,071
4.3429
1.5834
1.5583

61.9466
0.9989
0.3642

Tube-Side hi (BTU/hr.-ft21-F) 890.12
j Factor 0.0081
Air-Side ho (BTU/hr ft2.°F) 8.15
Tube Wall Resistance (hr-ft2l-F/BTU 0.00031430
Overall Fouling (hr' ft2 'F/BTU) 0.03976622

U Overall (BTU/hr ft 2. F)
Effective Area (ft2 )

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.13
905.33

13.98
64,980

0.9194
64,980

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 7(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/fl3 )
Cp (BTU/lbm-°F)
K (BTU/hr-ft-'F)

Air-Side

70,957.87
115.93
112.74
0.0203
0.0203
114.33
105.92

3,391.01
832**

0.7278
0.0471

0.0654
0.2402
0.0156

Tube-Side
37,293.47

101.29
102.81

102.05
103.40

2.76
16,780
4.4260
1.6109
1.5881

61.9680
0.9990
0.3636

Tube-Side hi (BTU/hr-ft2-°F) 881.79
j Factor 0.0081
Air-Side ho (BTU/hr-ft2'.F) 8.13
Tube Wall Resistance (hrft2 .°F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.03976622

U Overall (BTU/hr.ft2.°F)
Effective Area (t21)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.12
905.33

12.20
56,584

0.9196
56,584

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 7 of 22

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T



08:47:41 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 75 gpm Case

06/22/98

R

Extrapolation Calculation for Row 8(Dry) 11-re_-

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm-'F)
K (BTU/hr'ft-°F)

Air-Side

70,957.87
112.74
109.96
0.0203
0.0203
111.35
104.01

3,391.01
835**

0.7280
0.0469

0.0657
0.2402
0.0155

Tube-Side

37,293.47
99.97

101.29

100.63
101.81

2.76
16,528
4.5004
1.6354
1.6149

61.9863
0.9990
0.3630

Tube-Side hi (BTU/hr-ft -°F) 874.52
j Factor 0.0081
Air-Side ho (BTU/hr'ft2 '°F) 8.12
Tube Wall Resistance (hr-ft2-'F/BTU 0.00031430
Overall Fouling (hr'ft2-°F/BTU) 0.03976622

U Overall (BTU/hr-ft2"°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.11
905.33

10.65
49,300

0.9197
49,300

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Caic: 97-200
Attachment: I
Rev: A Page 8 of 22

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



08:54:01 PROTO-lIX 3.01 by Proto-Power Corporation (SNtPHX-0000)
CornEd -- LaSalle

Data Report for: 1(2)VYO0A & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 108 gpm Case

06/22/98

Air Coil Heat Exchanger Input Parameters

FlUidiQ-antity, ToT0l. .
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Heat Exchanger Type
Fin Type
Fin Configuration

Air-Side
21.1-79700-id~fh

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
. 150700 gpmin

105.00 OF

115.30 OF

Fresh Water
0.002000
0.002000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr.ft.0 F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr.ft.0 F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 9 of 22



08:54:01 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98

CornEd -- LaSalle
Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils

Limiting Flow Analysis -- 108 gprn Case

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out ('F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out ('F)
Condensate Temperature (°F)

Extrapolation Data
Tube Flow (gpm) 108.00
Air Flow (acfm) 19,258.50
Tube Inlet Temp (°F) 100.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp ('F) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 10 of 22



08:54:01 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 108 gpm Case

06/22/98

.1

Extrapolation Calculation Summary il
U.

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft'hr)
Skin Visc (lbrn/ft-hr)
Density (lbm/Wft)
Cp (BTU/Ibm.°F)
K (BTU/hr-fV°F)

Air-Side
71,166.65

148.00
108.29

Tube-Side

53,702.59
100.00
113.17

Tube-Side hi (BTU/hr'ft2 "°F)
j Factor
Air-Side ho (BTU/hr'fti-°F)
Tube Wall Resistance (hr.ft2-'F/BTU 0.00031430
Overall Fouling (hr- ft2"F/BTU) 0.03976622

U Overall (BTU/hr.ft2-°F)
Effective Area (ft2 )

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

707,030

707,030

10-- -
Extrapolation Calculation for Row 1 (Dry) 11

Air-Side
Mass Flow (lbm/hr) 71,166.65
Inlet Temperature (0F) 148.00
Outlet Temperature (0F) 139.36
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (°F) 143.68
Skin Temperature (0 F) 121.18
Velocity *** 3,400.99
Reynold's Number 803*,
Prandtl Number 0.7255
Bulk Visc (lbm/ftlhr) 0.0490
Skin Visc (lbm/ft-hr)
Density (lbm./ft) 0.0625
Cp (BTU/Ibm-0 F) 0.2402
K (BTUihrfi.°F) 0.0162

Tube-Side
53,702.59

110.31
113.17

111.74
114.33

3.98
26,688
3.9675
1.4585
1.4217

61.8352
0.9988
0.3672

Tube-Side hi (BTU/hr- ft 2.F) 1,246.55
j Factor 0.0082
Air-Side ho (BTU/hr-ft2-°F) 8.27
Tube Wall Resistance (hr-ft2-°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.03976622

U Overall (BTU/hr.ft2.°F)
Effective Area (ft2 )

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.35
905.33.

31.73
153,749

0.9183
153,749

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 11 of 22

*** Air Mass Velocity (Lbmi/hr, ft 2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



08:54:01 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 108 gpm Case

06/22/98

Extrapolation Calculation for Row 2(Dry) 111,

Mass Flow (Ibm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/lbm-'F)
K (BTU/hr'ft-'F)

Air-Side

71,166.65
139.36
132.18
0.0203
0.0203
135.77
116.99

3,400.99
811-

0.7262
0.0485

0.0632
0.2402
0.0160

Tube-Side

53,702.59
107.92
110.31

109.11
111.30

3.98
25,996
4.0838
1.4973
1.4649

61.8725
0.9988
0.3662

Tube-Side hi (BTU/hr'ft2 -°F) 1,228.62
j Factor 0.0081
Air-Side ho (BTU/hr ft2.°F) 8.24
Tube Wall Resistance (hr- ft2-F/BTU 0.00031430
Overall Fouling (hr ft2.°F/BTU) 0.03976622

U Overall (BTU/hr-ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.33
905.33

26.49
127,833

0.9186
127,833

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 3(Dry) II1.- .

Air-Side Tube-Side
Mass Flow (lbmihr) 71,166.65
Inlet Temperature (IF) 132.18
Outlet Temperature (IF) 126.21
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (IF) 129.19
Skin Temperature (IF) 113.51
Velocity *** 3,400.99
Reynold's Number 818*"

Prandtl Number 0.7267
Bulk Visc (lbm/ft'hr) 0.0481
Skin Visc (lbm/ft-hr)
Density (ibm/ft3) 0.0639
Cp (BTU/Ibm-°F) 0.2402
K (BTU/hr'ft'°F) 0.0159

53,702.59
105.94
107.92

106.93
108.77

3.98
25,424
4.1849
1.5310
1.5025

61.9028
0.9989
0.3654

Tube-Side hi (BTU/hr-ftl-"F) 1,213.64
j Factor 0.0081
Air-Side ho (BTU/hr-ft2.°F) 8.21
Tube Wall Resistance (hr-ft2-°F/BTU 0.00031430
Overall Fouling (hr- ft2.°F/BTU) 0.03976622

U Overall (BTU/hr-ft2-IF)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.31
905.33

22.12
106,417

0.9189
106,417

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 12 of 22

*** Air Mass Velocity (Lbm/hr-ft2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



08:54:01 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 108 gpm Case

06/22/98

Extrapolation Calculation for Row 4(Dry) II
I.

Air-Side

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (7F)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft-hr)
Skin Visc (lbm/ftlhr)
Density (lbrn/ft3)
Cp (BTU/lbm'°F)
K (BTU/hr-ft0.F)

771,166.65
126.21
121.22
0.0203
0.0203
123.72
110.61

3,400.99
824**

0.7272
0.0477

Tube-Side

53,702.59
104.29
105.94

Tube-Side hi (BTU/hr-ft2.°F) 1,201.11
j Factor 0.0081
Air-Side ho (BTU/hr. ft2 -°F) 8.19
Tube Wall Resistance (hr-ft2 °F/BTU 0.00031430
Overall Fouling (hr" ft2"°F/BTU) 0.03976622

105.11
106.66

3.98
24,952
4.2722
1.5600
1.5352

61.9275
0.9989
0.3647

U Overall (BTU/hr'ft2-°F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.30
905.33

18.48
88,681

0.9191
88,6810.0644

0.2402
0.0158

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr-fi-°F)

Air-Side
71,166.65

121.22
117.07
0.0203
0.0203
119.15
108.20

3,400.99
829**

0.7275
0.0474

0.0649
0.2402
0.0157

Tube-Side

53,702.59
102.91
104.29

103.60
104.90

3.97
24,560
4.3472
1.5848
1.5634

61.9477
0.9989
0.3642

Tube-Side hi (BTU/hr-ft2-0 F) 1,190.65
j Factor 0.0081
Air-Side ho (BTU/hr-ft2.°F) 8.17
Tube Wall Resistance (hr ft2.°F/BTU 0.00031430
Overall Fouling (hr-fl2. F/BTU) 0.03976622

U Overall (BTU/hr ft2.'F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.29
905.33

15.45
73,965

0.9192
73,965

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 13 of 22

*** Air Mass Velocity (Lbmihr ft
2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



08:54:01 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
ComEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 108 gpm Case

06/22/98

Extrapolation Calculation for Row 6(Dry) II
~1

Air-Side
Mass Flow (lbm/hr) 71,166.65
Inlet Temperature (0F) 117.07
Outlet Temperature (OF) 113.60
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (°F) 115.34
Skin Temperature (°F) 106.18
Velocity *** 3,400.99
Reynold's Number 833*"

Prandtl Number 0.7277
Bulk Visc (lbm/ft'hr) 0.0472
Skin Vise (lbm/ft-hr)
Density (lbm/ft3) 0.0653
Cp (BTU/Ibm-°F) 0.2402
K (BTU/hr-ft-°F) 0.0156

Tube-Side
53,702.59

101.76
102.91

102.33
103.43

3.97
24,235
4.4115
1.6061
1.5876

61.9643
0.9990
0.3637

Tube-Side hi (BTU/hr-ft2.°F) 1,181.90
j Factor 0.0081
Air-Side ho (BTU/hr"ft2 .°F) 8.15
Tube Wall Resistance (hr'ft2 .°F/BTU 0.00031430
Overall Fouling (hr- ft2-°F/BTU) 0.03976622

U Overall (BTU/hr-ft2 -°F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.28
905.33

12.92
61,737

0.9194
61,737

** Reynolds Number Outside Range of Equation Applicability

f-_-9zW4_

Extrapolation Calculation for Row 7(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft'hr)
Skin Visc (Ibm/ft-hr)
Density (lbm/ft3)
Cp (BTU/lbm'°F)
K (BTU/hr-ft-'F)

Air-Side
71,166.65

113.60
110.71
0.0203
0.0203
112.15
104.49

3,400.99
837**

0.7279
0.0470

0.0656
0.2402
0.0155

Tube-Side
53,702.59

100.79
101.76

101.27
102.20

3.97
23,965
4.4663
1.6242
1.6084

61.9780
0.9990
0.3633

Tube-Side hi (BTU/hr-ft2.°F) 1,174.58
j Factor 0.0081
Air-Side ho (BTU/hrVfi2.°F) 8.14
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr- ft2.°F/BTU) 0.03976622

U Overall (BTU/hr.ft2 '°F)
Effective Area (ft 2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.27
905.33

10.81
51,562

0.9195
51,562

** Reynolds Number Outside Range of Equation Applicability

SProto-Power Cale: 97-200
Attachment: I
Rev: A Page 14 of 22

Air Mass Velocity (Lbm/hr-ft'), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



08:54:01 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 108 gpm Case

06/22/98

42z - -

Extrapolation Calculation for Row 8(Dry) IIRI

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Vise (Ibm/ft hr)
Density (Ibm/fl3 )
Cp (BTU/lbm.°F)
K (BTU/hr'ft-'F)

Air-Side

71,166.65
110.71
108.29
0.0203
0.0203
109.50
103.09

3,400.99
840*

0.7281
0.0468

0.0659
0.2402
0.0154

Tube-Side
53,702.59

99.99
100.79

100.39
101.17

3.97
23,740
4.5129
1.6396
1.6261

61.9893
0.9990
0.3629

Tube-Side hi (BTU/hr'ft2-°F) 1,168.45
j Factor 0.0080
Air-Side ho (BTU/hr'ft2 -0F) 8.13
Tube Wall Resistance (hr-ft2'°F/BTU 0.00031430
Overall Fouling (hr" ft2"°F/BTU) 0.03976622

U Overall (BTU/hr.ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.26
905.33

9.05
43,086

0.9196
43,086

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 15 of 22

*** Air Mass Velocity (Lbm/hr ft2), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T



09:34:42 PROTO-IHX 3.01 by Proto-Power Corporation (SN#PIIX-0000)
ComEd -- LaSalle

Data Report for: I(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 115 gpm Case

06/22/98

Air Coil Heat Exchanger Input Parameters

Air-Side
F I bii-d -Qidfi-t i -ty-, Tt al . 2 I, 79.0-afif
Inlet Dry Bulb Temp 150.00 OF
Inlet Wet Bulb Temp 92.00 OF
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 109.40 OF
Outlet Wet Bulb Temp 84.10 OF
Outlet Relative Humidity %

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Tube-Side
1503JU gpm

105.00 OF

115.30 OF

Fresh Water
0.002000
0.002000

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr.ft.°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft-°F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 16 of 22



09:34:42 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98

ComEd -- LaSalle
Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils

Limiting Flow Analysis -- 115 gpm Case

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In (OF)
Air Dry Bulb Temp Out (OF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (OF)
Wet Bulb Temp Out (OF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)
Condensate Temperature (OF)

Extrapolation Data
Tube Flow (gpm) 115.00
Air Flow (acfmt) 19,266.00
Tube Inlet Temp (OF) 100.00
Air Inlet Temp (OF) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (OF) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: I
Rev: A Page 17 of 22



09:34:42 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 115 gpm Case

06/22/98

a
Extrapolation Calculation Summary II

Air-Side

Mass Flow (lbm/hr) 71,194.37
Inlet Temperature (OF) 148.00

Outlet Temperature (OF) 108.08
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft-hr)
Skin Vise (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/1bm-'F)
K (BTU/hr.ft.°F)

Tube-Side

57,183.32
100.00
112.47

Tube-Side hi (BTU/hr'ft2"°F)
j Factor
Air-Side ho (BTU/hr'ft2"°F)
Tube Wall Resistance (hr-ft2-°F/BTU 0.00031430
Overall Fouling (hr-ft2 .°F/BTU) 0.03976622

U Overall (BTU/hr ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

710,964

710,964

Extrapolation Calculation for Row l(Dry) II

Mass Flow (Ibm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbmn/f.hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hr.ft-°F)

Air-Side

71,194.37
148.00
139.18
0.0203
0.0203
143.59
120.62

3,402.31
803**

0.7255
0.0490

0.0625
0.2402
0.0162

Tube-Side

57,183.32
109.72
112.47

111.09
113.62

4.24
28,236
3.9956
1.4678
1.4317

61.8444
0.9988
0.3669

Tube-Side hi (BTU/hr-ftl2.F) 1,306.21
j Factor 0.0082
Air-Side ho (BTU/hr-ft2-°F) 8.27
Tube Wall Resistance (hr-ft2-°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.03976622

U Overall (BTU/hr ft2-°F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.37
905.33

32.29
157,023

0.9183
157,023

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Cale: 97-200
Attachment: I
Rev: A Page 18 of 22

*** Air Mass Velocity (Lbmhir-ft'), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



09:34:42 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: I(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 115 gpm Case

06/22/98

Extrapolation Calculation for Row 2(Dry) 11
I1I

Air-Side

Mass Flow (lbm/hr) 71,194.37
Inlet Temperature ("F) 139.18
Outlet Temperature (OF) 131.90
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (IF) 135.54
Skin Temperature (°F) 116.48
Velocity *** 3,402.31
Reynold's Number 811 *4

Prandtl Number 0.7262
Bulk Vise (lbm/ft-hr) 0.0485
Skin Vise (lbm/ft-hr)
Density (lbm/ft3) 0.0633
Cp (BTU/Ibm'°F) 0.2402
K (BTUihr'ft-.F) 0.0160

Tube-Side

57,183.32
107.45
109.72

108.58
110.70

4.24
27,532
4.1080
1.5054
1.4737

61.8799
0.9989
0.3660

Tube-Side hi (BTU/hr-ft2.°F) 1,288.13
j Factor 0.0081
Air-Side ho (BTU/hr ft2-°F) 8.24
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr ft2.°F/BTU) 0.03976622

U Overall (BTU/hr ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.35
905.33

26.78
129,763

0.9186
129,763

** Reynolds Number Outside Range of Equation Applicability

1. ~

Extrapolation Calculation for Row 3(Dry)
______ II

Air-Side Tube-Side

Mass Flow (lbm/hr) 71,194.37 57,183.32
Inlet Temperature ("F) 131.90 105.57
Outlet Temperature ("F) 125.87 107.45
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (IF) 128.88 106.51
Skin Temperature (°F) 113.06 108.28
Velocity *** 3,402.31 4.23
Reynold's Number 818** 26,955
Prandtl Number 0.7268 4.2049
Bulk Visc (lbmn/fthr) 0.0480 1.5376
Skin Visc (lbm/ft-hr) 1.5101
Density (lbm/ft3) 0.0639 61.9086
Cp (BTU/Ibm-°F) 0.2402 0.9989
K (BTU/hr-ft-°F) 0.0159 0.3653

** Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/hr-ft2.°F) 1,273.11
j Factor 0.0081
Air-Side ho (BTU/hrft2 ".°F) 8.21
Tube Wall Resistance (hr ft2- F/BTU 0.00031430
Overall Fouling (hr-fl2.°F/BTU) 0.03976622

U Overall (BTU/hr. ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.33
905.33

22.23
107,371

0.9189
107,371

Proto-Power Cale: 97-200
Attachment: I
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* Air Mass Velocity (Lbm/hr-ft'), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



09:34:42 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 115 gpm Case

06/22/98

Extrapolation Calculation for Row 4(Dry) II1.-

Air-Side

Mass Flow (lbm/hr) 71,194.37
Inlet Temperature (OF) 125.87
Outlet Temperature (0 F) 120.87
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (0F) 123.37
Skin Temperature (°F) 110.23
Velocity *** 3,402.31
Reynold's Number 824*4

Prandtl Number 0.7272
Bulk Visc (lbm/ft-hr) 0.0477
Skin Visc (lbm/ft-hr)
Density (Ibm/fl3 ) 0.0645
Cp (BTU/lbm-°F) 0.2402
K (BTU/hr-ft.°F) 0.0158

Tube-Side
57,183.32

104.01
105.57

104.79
106.27

4.23
26,480
4.2880
1.5652
1.5414

61.9318
0.9989
0.3646

Tube-Side hi (BTU/hr-ft2 .°F) 1,260.64
j Factor 0.0081
Air-Side ho (BTU/hr' f2.°F) 8.19
Tube Wall Resistance (hr-ff2.°F/BTU 0.00031430
Overall Fouling (hr ft2.°F/BTU) 0.03976622

U Overall (BTU/hr ft2 -.F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.32
905.33

18.46
88,937

0.9191
88,937

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 5(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (0F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ftlhr)
Density (Ibm/ft 3)
Cp (BTU/lbm'°F)
K (BTU/hr-ft-°F)

Air-Side

71,194.37
120.87
116.73
0.0203
0.0203
118.80
107.89

3,402.31
829**

0.7275
0.0474

0.0649
0.2402
0.0157

Tube-Side
57,183.32

102.72
104.01

103.36
104.60

4.23
26,089
4.3589
1.5887
1.5682

61.9508
0.9989
0.3641

Tube-Side hi (BTU/hr fl2- F) 1,250.27
j Factor 0.0081
Air-Side ho (BTU/hr fl2. F) 8.17
Tube Wall Resistance (hr-ft2- F/BTU 0.00031430
Overall Fouling (hr ft2-°F/BTU) 0.03976622

U Overall (BTU/hr.ft2.OF)

Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTUihr)

5.31
905.33

15.34
73,733

0.9192
73,733

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: I
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*** Air Mass Velocity (Lbm/hr'ft2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



09:34:42 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 115 gpm Case

06/22/98

Extrapolation Calculation for Row 6(Dry) I'
Air-Side Tube-Side

Mass Flow (lbm/hr) 71,194.37
Inlet Temperature (OF) 116.73
Outlet Temperature (OF) 113.30
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (0 F) 115.02
Skin Temperature (OF) 105.94
Velocity *** 3,402.31
Reynold's Number 834*,
Prandtl Number 0.7277
Bulk Visc (Ibm/ft-hr) 0.0472
Skin Visc (Ibm/ft hr)
Density (ibm/fl3) 0.0653
Cp (BTU/Ibm-'F) 0.2402
K (BTUihr-ft'°F) 0.0156

57,183.32
101.65
102.72

102.18
103.22

4.23
25,766
4.4190
1.6086
1.5911

61.9663
0.9990
0.3636

Tube-Side hi (BTU/hr-ft2 .°F) 1,241.66
j Factor 0.0081
Air-Side ho (BTU/hr.fti2 .F) 8.15
Tube Wall Resistance (hr-ft2. F/BTU 0.00031430
Overall Fouling (hr- ft2 -°F/BTU) 0.03976622

U Overall (BTU/hr.ft2 -F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.30
905.33

12.75
61,173

0.9194
61,173

** Reynolds Number Outside Range of Equation Applicability

Extrapolation Calculation for Row 7(Dry) II
I. *1

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr'ft--F)

Air-Side
71,194.37

113.30
110.45
0.0203
0.0203
111.87
104.33

3,402.31
837*.

0.7279
0.0470

0.0656
0.2402
0.0155

Tube-Side
57,183.32

100.76
101.65

101.20
102.07

4.23
25,499
4.4700
1.6254
1.6106

61.9789
0.9990
0.3633

Tube-Side hi (BTU/hr ft2. F) 1,234.50
j Factor 0.0081
Air-Side ho (BTU/hr-ft2l-F) 8.14
Tube Wall Resistance (hr ft2. F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.03976622

U Overall (BTU/hr-ft2.OF)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.29
905.33

10.60
50,784

0.9195
50,784

** Reynolds Number Outside Range of Equation Applicability
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09:34:42 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Limiting Flow Analysis -- 115 gpm Case

06/22/98

f: j•H
Extrapolation Calculation for Row 8(Dry) 11

Air-Side Tube-Side

Mass Flow (Ibmlhr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (Ibm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr'ft'°F)

71,194.37
110.45
108.08
0.0203
0.0203
109.26
102.99

3,402.31
840**

0.7281
0.0468

0.0659
0.2402
0.0154

57,183.32
100.02
100.76

100.39
101.11

4.23
25,278
4.5130
1.6396
1.6270

61.9894
0.9990
0.3629

Tube-Side hi (BTU/hr-ft2 .°F) 1,228.54
j Factor 0.0080
Air-Side ho (BTU/hr fl2.0 F) 8.13
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr- ft2-°F/BTU) 0.03976622

U Overall (BTU/hr'ftV"°F)
Effective Area (ft2 )

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.28
905.33

8.82
42,181

0.9196
42,181

** Reynolds Number Outside Range of Equation Applicability
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Proto-HX Analytical Uncertainty Calculation
S [Circular Fin Air Coil Application]

Purpose

The purpose of the following calculation is to evaluate the analytical uncertainty associated with
the analysis of test data and the computation of heat transfer rate at a given extrapolation
condition. This calculation focuses only on the parameters that are not measured during the
thermal performance test but factor into the analysis of the test results. Test parameter
measurement uncertainty is treated separately in the test uncertainty analysis. The calculation of
analytical uncertainty is derived for a typical eight-row Air Cooler.

Governing Heat Transfer Equations

Heat transfer calculations associated with a heat exchanger generally reduce to satisfying the
following equations:

1) q = U A LMTD

Where:
q = Heat transfer rate at test conditions (BTU/hr)
U = Overall heat transfer coefficient at test conditions (BTU/hr-*F-ft2)
Ao = Heat transfer surface area referenced to outside (air-side) surface (ft )
LMTD = Log Mean Temperature Difference at test conditions (IF)

and

2) q = ricp (T, - T,)= pQcp AT

Where:
q = Heat transfer rate at test conditions (BTU/hr)
rn = Mass flow rate at test conditions (lbm/hr)
cp = Specific heat of cooling water at test conditions (Btu/Ilbm-F)
Tci = Tube-side inlet temperature at test conditions (IF)

T,0  = Tube-side outlet temperature at test conditions (IF)
p = Density of tube-side fluid at average bulk temperature at test conditions (lb,/ft3)

Q = Volumetric flow rate of tube-side fluid at test conditions (gpm)

The first equation is used, in Proto-HX, to evaluate the heat transfer rate from test data. The
analytical uncertainties associated with evaluating the fluid properties are usually the only
contributors to the overall uncertainty when using this equation. For a given test condition, the
right hand side of the second equation is evaluated such that it matches the measured heat
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transfer rate, "q". In Proto-HX, this means iterating on fouling factor, and therefore "U", until
the heat transfer equation is satisfied.

The following equations are used for this iteration:

I A, LMTD Tes,
3 ) R = -_ ---

U q Test

Where:
R Overall heat transfer thermal resistance at test conditions (hr-F- f12/ BTU)
U Overall heat transfer coefficient at test conditions (BTU/hr-°F-ft2)
A,, --Outside heat transfer surface area (ft2)
LMTD Log Mean Temperature Difference at test conditions (OF)
q Heat transfer rate at test conditions (BTU/hr)

and

4) R =R-h RwA .)

Where:
Rf Fouling resistance (hr-°F-ft2/ BTU)
R Overall heat transfer thermal resistance at test conditions (hr-°F-ft2/ BTU)
ho Outside convection film coefficient at test conditions (BTUft'-F-1ft2)

rlS •Fin surface effectiveness
Rw ---Wall thermal resistance at test conditions (hr-°F-ft2/ BTU)
Ao-0 Outside heat transfer surface area (1 2
Ai  uInside heat transfer surface area (fti)

hi •Inside convection film coefficient at test conditions (BTU/hr-OF-ft2)

These same equations must be satisfied when evaluating the capacity of a heat exchanger at a
given fouling condition (i.e., when extrapolating to the limiting thermal condition). The
following equations are used for the extrapolation process:

5) 1* =__+ I w +(.
ho * ., w Ai hi*

Where:
R* ---Overall thermal resistance at extrapolation conditions (hr-°F-ft2/ BTU)
Rf =Calculated fouling resistance (hr-[F-ft2 / BTU)
ho,, -Outside convection film coefficient at extrapolation conditions (BTU/hr-°F-ft2)

qS -Fin surface effectiveness
R,,* Wall thermal resistance at extrapolation conditions(hr-°F-ft2/ BTU)
SAo Outside heat transfer surface area (ft2)

Ai Inside heat transfer surface area (ft2)
Proto-Power Calc: 97-200
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Ili* = Inside convection film coefficient at extrapolation conditions (BTU/hr-°F-ft 2 )

and

6) q* (l/R*) Ak, LMTD* = U*Ao LMTD*

where:
q* = Heat transfer rate at extrapolation conditions (BTU/hr)

R* = Overall thermal resistance at extrapolation conditions (lrr-F-ft2/ BTU)
U* = Overall heat coefficient at extrapolation conditions (BTU/hr-°F-ft2 )

Ao = Heat transfer surface area referenced to outside surface (ft2)
LMTD* = Log Mean Temperature Difference at extrapolation conditions (1F)

Analytical Uncertainty Calculation Methodology

The method for calculating the analytical uncertainty associated with this performance analysis
method is illustrated as follows:

Given a function D = f(A,B,C)

The effect on D of slight changes in the independent variables A, B, and C may be calculated by
taking the partial derivatives of D with respect to each of the independent variables.
Accordingly, the change in the value of D (i.e., AD) due to changes in each of the independent
variables (AA, AB, AC) may be represented by the following equation:

9D dD dD
AD= AA + -AB +-AC

" dA OB dC

If AA, AB, AC are the known (or estimated) errors of the independent variables, then the error,
AD, associated with the derived value, D, is calculated. The most probable one standard
deviation error representative of AD would be the statistical root mean squared value derived as
follows:

AD = OD AA 2 + -AB + -AC I
c? A ) OB cc j

Expressing the uncertainty in terms of a percentage of the value of D is simply a matter of
including division by the value of D as follows:

U, (Z 2AA 2 + .ýD AB -2- l A 1
S+ +_

D. - A D c' B -D- 6,C) -D-
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The next six sections of this document provide a step by step approach to calculating the
analytical uncertainty associated with the six thermal performance equations outlined above.
The specific terms to be evaluated from these equations are as follows:

1) Heat transfer area, A, and area uncertainty, U

2) Test condition heat transfer rate, q and heat transfer uncertainty, Uq

3) Test condition thermal resistance, R and thermal resistance uncertainty, UR

4) Observed overall fouling resistance, Rf fouling resistance uncertainty, URf

5) Extrapolation condition thermal resistance, R* and thermal resistance uncertainty, UR.

6) Extrapolation condition heat transfer rate, q* and heat transfer rate uncertainty, Uq.

All uncertainty equations used in this calculation are based on the methods of Reference [1]. It is
assumed that all independent variables in each equation have no influence on each other. For
example, in Equation (6), LMTD* and the overall heat transfer coefficient, U*, are independent
of each other. More specific assumptions are stated in each section as applicable.
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1) Uncertainty in Calculation of Heat Transfer Area (A-)

Goveming Equation

q = U A. LMTD

For Air Coolers with circular fins, the outside tube surface area, the fin surface area and the total
outside surface area are given by the following expressions:

Ao.o• ;" NTNLLcdo(1- 2 tFR)

AoF. = 7TNTNLLc HFtrr + (HF+d.) (HF-d. + (jFR-tFj j

Ao T.= 7rNTNLLc do(1-AtFR)+ A HFtFT+(HF+ do) j(HF d°: +(tFR t jT }

where:

NT = Number of tubes per row
NL = Number of active tube rows

Lc, = Effective tube (coil) length (in)
do = Tube outside diameter (in)
k. = Fin pitch (fins/inch)
HF = Fin height (in)
tFR = Thickness of fin at root (in)
tFr = Thickness of fin at tip (in)

For the case where tFR = tFT = tF, the total area equation reduces to the following:

A.0 o hZ7.NTN LLc d. (I - A~tF) +A {H~tF +( HF+ d.)(F2 j

A.,,,=) rNTNLIC d-A2dotF+ -[2HFtF+HF2 -do2}
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Assumptions

UN-f =0

UNL =0

U ) = 0

Analysis

UAo Ao Ud~ 2OA. L / + 2 /o2 2. 2 Y

U A O A 0  +~ 614J 0 ~ -j ~ f c A ~ K (~ A . _

A0o -Y [k,-d0 ) ,-AO ) + £- ) KA 0) K,-tF) -A ) K+)_ H AoJ

where,

CýO -)d.=.'rNTNLL, 1(1- AtF) -Ad.

( OA,,J =TNTNL d.-Ad~tF + A 2HF t + HF 2

WEL: ) L~ 2 1 F

C £9tF) ={rT I-, HF -d.1

(.90 t i =r

O A.9H ) = r TN lL .A {tF + H F}I

~d 2]
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2) Uncertainty in Calculation of Heat Transfer Rate at Test Conditions

Governing Equation

q-est= nmc, (T1o - T.)= pQc, AT

Assumptions

Ur =0

UQSW - 0

(i.e., temperature and flow rate in the governing equation are measured values with no analytical
uncertainites)

Analysis

F ___~2 _____ __ r 5
2 

2(U~) ( 2 UA__ 2U q1 er _" ( test + jtles 2q U_ __I + lest _ _

Uq - (~C AT) UP 2+(pQsATV~P) l 2Y

tetq ( [' P q)\P(WI zq
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3) Uncertainty in Calculation of Thermal Resistance at Test Conditions

Goveming Equation

R I A AoLMTD.TestU qTest

Assumptions

ULMTD is negligible

Analysis

UR = dR) UA2

R LýA, R

+ (OR )2( ULNITD'~

£9LMTDJ) R

OR 2

U R _ ( U LM TD. UA o2 + -A oLM TD .1 ( __• 2J qR -, ,e ) -R ) , qts2t R)

UAo (Evaluated in Section 1)

Uqt, (Evaluated in Section 2)
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4) Uncertainty in Calculation of Fouling Factor at Test Conditions

Governing- Ecuation

Rf = R - I

h0 qo
R-wj- ')=±R - - R,

Ai~~~ Il 1 ", J

_(A.) I

KAi Il

Where,
hoierr = effective outside film coefficient = (ho) x (is)

Assumptions

OoRf 
A R 0_

•-Y-A) U -f

ýdRf 2UA

(i.e., the uncertainty in dimensions is negligible compared to the thermal resistance and
convection coefficient uncertainties)

Analysis

URC

Rf

fd 21 2

0 fR R UR
4-

+ ) +
t9R fR

URr =[ (UR 2 + 21N+ (u U (U 2 (A(3IVRf [ t, Rf) Khoe Rf) +Ai h+

UR (Evaluated in Section 3)
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5) Uncertainty in Calculation of Heat Transfer Resistance at Extrapolation Conditions

Goveming Equation

R*=Rf + I + R,, + (A.+_ )
h, 'eff * hi

Assumptions

CR* A.
7-0

cYAo0 JR*J

r ~ (A.~ 2

, A•) --R* 0
(i.e., the uncertainty in dimensions is negligible compared to the thermal resistance and
convection coefficient uncertainties)

Analysis

__ __ (-- C____ ___2R 2 R*.(Uh. 2]Y2UR. R ~YU.V R* + (,OR*)( R)+O*[C-Rfh ~* 2 Uh

£9R ~*) I e.£9f *)R* ýRW R H

U R . RU + _
2  (U R )

LeR* J ho. ,2 1 R*R
+ C-~~ h*2 1 1

Ai
(uJ)2 ] Y1

UR, (Evaluated in Section 4)

URr = 0 (for extrapolation calculations only, i.e., no fouling calculation)
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6) Uncertainty in Calculation of Heat Transfer Rate at Extrapolation Conditions

Goveming Equation

q* = (l/R*) (A.) (LMTD*)

Assumptions

ULMTD ; 0.0

Analysis

Uq_

q
.f~q +Ud 2 * 2 ( U . > 'M T *

(Oc q~' A,) ) :i+ (LMTD*)JY~

q
LMTD" 

)2 Cqý2+ CiZLMTDD 7)2]

UR (Evaluated in Section 5)

UA, (Evaluated in Section 1)
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7) Uncertainty in Calculation of Extrapolated Heat Transfer for Entire Unit

The uncertainties in extrapolated heat transfer, computed for each tube row, are combined in the
following manner to yield an overall uncertainty value for the entire air cooler.

q tot = q, + q2 + q3 ...... +q,

where, "n, is the number of tube rows in the unit.

qtot =[( ,3q,., +1  ( dq to Uq 2 (-o2+ f0qlot (" . .. .......... Uq q,, Uq. 21112

qDtot . Iq9 'qtot .dq2. Iq,otf q, )to

Assuming that the extrapolated heat transfer rates of the various rows do not depend on each
other, the above expression becomes:

U F to ý 2 / 2 / 2 '2 ]11/2

_ (Uq1 1 Uq2  + (Uq +........ I
q o ,qtot ' , q ,o., q tot q , qtot q '.

Proto-Power Calc: 97-200
Attachment: J
Rev: A Page 13 of 40



Definition of Analytical Uncertainty Analysis Terms

Ao/Ai =
di (in) =
Ao (ft"2) =

do (in)
Udo/do (%) =

Udo =

Nt=
NI=
Lambda (fins/in) =

L (Ft) =

UL/L (%) =

UL(ft) =

tfin (in) =

Utfin/tfin (%) =

Utfin (in) =

hfin (in) =

Uhfin/hfin (%)
Uhfin (in) =

Mdotc (Ibm/hr) =

Q (Ft"3Ihr) =

DT (DegF) =
rho (Ibm/ft^3) -
Urho/rho (%) =

Urho =

Cp (BtullbmnDegF) =

UCp/Cp (%) =

UCp =

qtest (Btu/hr) =
LMTD (DegF) =

Uo =
R = (l/Uo) =

Rf j(hr-DegF-ft^2)/Btul =
Etas =
ho [Btu/(hr-DegF-ft^2)1 =

ho(eff) [Btu/(hr-DegF-ft^2)1 =

Uho/ho (%)
Uho =

hi [Btu/(hr-DegF-ft^2)=
Uhi/hi (%) =

Uhi=

I-eat transfer area ratio
Tube inside diameter
Outside heat transfer area
Tube outside diameter
Uncertainty in tube outside diameter (as a percentage)

Uncertainty in tube outside diameter (absolute)

Number of tubes in given row
Number of rows in heat exchanger
Fin pitch
Tube length
Uncertainty in tube length (as a percentage)
Uncertainty in tube length (absolute)

Fin thickness
Uncertainty in fin thickness (as a percentage)
Uncertainty in fin thickness (absolute)

Fin height
Uncertainty in fin height (as a percentage)
Uncertainty in fin height (absolute)

Cooling water mass flow rate
Cooling water volumetric flow rate
Cooling water temperature difference (inlet to outlet)
Cooling water density
Uncertainty in cooling water density (as a percentage)
Uncertainty in cooling water density (absolute)

Cooling water specific heat

Uncertainty in cooling water specific heat (as a percentage)
Uncertainty in cooling water specific heat (absolute)

Calculated test heat transfer for coil section
Calculated log mean temperature difference
Heat transfer coefficient
Heat transfer resistance
Fouling resistance

Outside film coefficient
Effective outside film coefficient

Uncertainty in outside film coefficient (as a percentage)
Uncertainty in outside film coefficient (absolute)

Inside film coefficient
Uncertainty in inside film coefficient (as a percentage)
Uncertainty in inside film coefficient (absolute)

Rw j(hr-DegF-ftA2)/Btuj
URw/Rw (%)=
URw=

Wall thermal resistance
Uncertainty in wall resistance (as a percentage)

Uncertainty in wall resistance (absolute) Proto-Power Calc: 97-200
Attachment: J
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Analytical Uncertainty Analysis -- Uncertainty Inputs

Parameter

Udo/do

ULc/Lc

Utfin/tfin

Uhfin/hfin

Urho/rho

UCp/Cp

Uho/ho

Uhi/hi

URw/Rw

Notes:

(1)

(2)

(3)
(4)

(5)
(6)

(7)

Definition

Uncertainty in tube outside diameter

Uncertainty in coil (tube) length

Uncertainty in fin thickness

Uncertainty in circular fin height

Uncertainty in cooling water density

Uncertainty in cooling water specific heat

Uncertainty in outside film coefficient

Uncertainty in inside film coefficient

Uncertainty in wall resistance

(1)

(2)

(3)

(4)

(5)

(5)

(6)

(7)

(5)

Measurement of 5/8" +/- 0.05" yields an uncertainty of 8.0%

Measurement of 104.25" +/- 0.25" yields an uncertainty of 0.24%

Specified as 0.012" with estimated tolerance of 0.0005" yields an uncertainty of 4.17%

Measurement of 1.495" +/- 0.02" yields an uncertainty of 1.34%

Uncertainty in property values is estimated as 2%

Uncertainty in outside film coefficient is estimated as 15%

Uncertainty in inside film coefficient is estimated as 15%
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PROTO-HIX Report - Model Inputs

09:09:14 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 06/22/98
CornEd -- LaSalle
Data Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils

Air Coil Heat Exchanger Input Parameters

Fluid Quantity, Total

Inlet Dry Bulb Temp

Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature

Outlet Wet Bulb Temp

Outlet Relative Humidity

Tube Fluid Name

Tube Fouling Factor

Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure

Sensible Heat Ratio
Performance Factor (% Reduction)

Air-Side

21179 acfm
150 *F

92 'F

109.4 "F

84.1 *F

Tube-Side

150 gpm

105 °F

115.3 'F

Fresh Water

0.002

0.002

750000
14.315

1
0

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins
LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436" LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft-°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr.ft.°F)

104.25
10

128
0.012
0.012
1.495

2.000
8.000

20
20

0.527
0.625

1.5
1.452

1
225
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PROTO-HX Report -- Fouling Calculation Output

Fouling Calculation Summary

There is no fouling calculation for the rating analysis case.

Uncertainty in use of design fouling in rating analysis is zero.
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PROTO-HX Report -- Extrapolation Calculation Output for Limiting Flow Case

Extrapolation Calculation Summary

Air-Side
Mass Flow (Ibm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp ('F)
Skin Temperature (*F)
Velocity *'
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (lbm/ft.hr)
Density (Ibm/fP)
Cp (BTU/Ibm'°F)
K (BTU/hr.ft.°F)

71166.65
148

108.2854

Tube-Side
53702.59 Tube-Side hi (BTU/hr-ft '.F)

100 1 Factor
113.1719 Air-Side ho (BTU/hr.ft2. F)

Tube Wall Resistance (hrhft'.°F/BTU)
Overall Fouling (hr-ftf.°F/BTU)

U Overall (BTU/hr.ft
2
-°F)

Effective Area (ft2)
LMTD

Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

0.000314
0-039766

7242.652

707030.5

707030.5

Air-Side
Mass Flow (Ibm/hr) 71166.65
Inlet Temperature (°F) 148
Outlet Temperature (°F) 139.3637
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (°F) 143.6819
Skin Temperature (°F) 121.1797
Velocity *** 3400.987
Reynold's Number 802.6572
Prandtl Number 0,725515
Bulk Visc (Ibm/ft-hr) 0.048968
Skin Visc (Ibm/ft-hr)
Density (lbmlft

3
) 0.062477

Cp (BTU/lbm.°F) 0.240245
K (BTU/hr-ft.°F) , . 0.016215

Reynolds Number Outside Range of Equation Applical

Extrapolation Calculation for Row 1(Dry)

Tube-Side
53702.59 Tube-Side hi (BTU/hr ft2-°F)

110.3055 j Factor
113.1719 Air-Side ho (BTU/hr-ftf.°F)

Tube Wall Resistance (hr.ft. °F/BTU)
Overall Fouling (hr-ft

2
.°F/BTU)

111.7387
114.3282 U Overall (BTU/hr-ft

2
-'F)

3.981516 Effective Area (ftW)
26688.33 LMTD

3.967489 Total Heat Transferred (BTU/hr)
1.45846

1.421732 Surface Effectiveness (Eta)

61.83519 Sensible Heat Transferred (BTU/hr)
0.99882 Latent Heat Transferred (BTU/hr)

0.367165 Heat to Condensate (BTU/hr)

1246.549
0.008175
8.272452
0.000314
0.039766

5.351471
905.3315
31.73459
153749.5

0.918316
153749.5

Extrapolation Calculation for Row 2(Dry)

Tube-SideAir-Side
Mass Flow (Ibm/hr) 71166.65 53702.59 Tube-Side hi (BTU/hr-ft2.°F)
Inlet Temperature (F) 139.3637 107.9223 j Factor
Outlet Temperature (°F) 132.1832 110.3055 Air-Side ho (BTU/hr.ftl.°F
Inlet Specific Humidity 0.020268 Tube Wall Resistance (hr-ft

2
.°F/BTU

Outlet Specific Humidity 0.020268 Overall Fouling (hr.ftl.°FIBTU)
Average Temp (°F) 135.7735 109.114
Skin Temperature (°F) 116.9946 111.2983 U Overall (BTU/hr-ftl-°F)
Velocity *** 3400.987 3.979115 Effective Area (ft2)
Reynold's Number 810.7773 ** 25995.7 LMTD
Prandtl Number 0.726209 4.083826 Total Heat Transferred (BTU/hr)
Bulk Visc (lbm/ft-hr) 0.048477 1.497319
Skin Visc (lbrm/ft-hr) 1.464863 Surface Effectiveness (Eta)
Density (Ibm/hf) 0.063235 61.8725 Sensible Heat Transferred (BTU/hr)
Cp (BTU/Ibm. F) 0.240245 0.998845 Latent Heat Transferred (BTU/hr)
K (BTU/hr-ft-*F) 0.016037 0.366218 Heat to Condensate (BTU/hr)
*" Reynolds Number Outside Range of Equation Applicability

=)
)

1228.617
0.008146
8.238629
0.000314
0.039766

5.330976
905.3315
26.48671
127832.8

0.918616
127832.8

Air-Side

Extrapolation Calculation for Row 3(Dry)

Proto-Power Ca~c: 97-200
Attachment: 

J
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PROTO-HX Report -- Extrapolation Calculation Output for Limiting Flow Case

Mass Flow (Ibmrhr) 71166.65

Inlet Temperature (IF) 132.1832

Outlet Temperature (°F) 126.2057
Inlet Specific Humidity 0.020268

Outlet Specific Humidity 0.020268
Average Temp ('F) 129.1941

Skin Temperature (°F) 113.5129

Velocity *°° 3400.987
Reynold's Number 817.7239
Prandtl Number 0.726741

Bulk Visc (Ibm/ft-hr) 0.048065
Skin Visc (Ibm/ft hr)
Density (IbrrVfl') 0.063881
Cp (BTU/Ibm-°F) 0.240245
K (BTU/hr-ft.'F) 0.015889
** Reynolds Number Outside Range of Equation Applicab

53702.59 Tube-Side hi (BTU/hr-ftl'.F)
105.9385 j Factor
107.9223 Air-Side ho (BTU/hr.ft2.°F

Tube Wall Resistance (hr-f12-°F/BTU)

Overall Fouling (hr-ftl.°F/BTU)
106.9309
108.7712 U Overall (BTU/hr-ft'-F)
3.977169 Effective Area (ft')

25424.42 LMTD
4.184867 Total Heat Transferred (BTU/hr)
1.530964
1.502521 Surface Effectiveness (Eta)

61.90278 Sensible Heat Transferred (BTU/hr)
0.998873 Latent Heat Transferred (BTU/hr)
0.365416 Heat to Condensate (BTU/hr)

)

1213.64

0.008123
8.210501
0.000314
0.039766

5.313799

905.3315
22.12061
106416.7

0.918865
106416.7

Extrapolation Calculation for Row 4(Dry)

Tube-SideAir-Side
Mass Flow (Ibm/hr) 71166.65 53702.59 Tube-Side hi (BTU/hr-ftt.°F)
Inlet Temperature (°F) 126.2057 104.2853 j Factor
Outlet Temperature ('F) 121.2244 105.9385 Air-Side ho (BTU/hr-ftl'.F
Inlet Specific Humidity 0.020268 Tube Wall Resistance (hr-ftl.°F/BTU
Outlet Specific Humidity 0.020268 Overall Fouling (hr-ft1.°F/BTU)
Average Temp (°F) 123.7151 105.1112
Skin Temperature ('F) 110.6127 106.6611 U Overall (BTU/hr-ff2.*F)
Velocity **" 3400.987 3.975581 Effective Area (ft')
Reynold's Number 823.6471 ** 24951.62 LMTD
Prandtl Number 0.72715 4.272217 Total Heat Transferred (BTU/hr)
Bulk Visc (Ibm'ft-hr) 0.04772 1.559974
Skin Visc (Ibm/ft-hr) 1.535208 Surface Effectiveness (Eta)
Density (Ibm/ft

3
) 0.064428 61.9275 Sensible Heat Transferred (BTU/hr)

Cp (BTU/lbm.°F) 0.240245 0.998902 Latent Heat Transferred (BTU/hr)
K (BTU/hr-ft.'F) 0.015766 0.364737 Heat to Condensate (BTU/hr)
** Reynolds Number Outside Range of Equation Applicability

=)
)

1201.114
0.008103
8.187088
0.000314
0.039766

5.299401
905.3315
18.48393
88680.63

0.919073
88680.63

Extrapolation Calculation for Row 5(Dry)

Air-Side Tube-Side
Mass Flow (Ibm/hr) 71166.65 53702.59 Tube-Side hi (BTU/hr.ftl-°F)
Inlet Temperature ('F) 121.2244 102.9065 j Factor
Outlet Temperature ('F) 117.0697 104.2853 Air-Side ho (BTU/hr-ftt.°F)
Inlet Specific Humidity 0.020268 Tube Wall Resistance (hr-ft2-OF/BTU)
Outlet Specific Humidity 0.020268 Overall Fouling (hr-ftI-°F/BTU)
Average Temp (°F) 119.1471 103.5958
Skin Temperature (°F) 108.1955 104.8999 U Overall (BTU/hr-ft2.°F)
Velocity *** 3400.987 3.974283 Effective Area (ft2)
Reynold's Number 828.6851 '* 24560.25 LMTD
Prandtl Number 0.727467 4.347231 Total Heat Transferred (BTU/hr)
Bulk Visc (lbm/t.hr) 0.04743 1.584832
Skin Visc (Ibm/ft.hr) 1.563402 Surface Effectiveness (Eta)
Density (Ibm/ft3) 0.064893 61.94772 Sensible Heat Transferred (BTU/hr)
Cp (BTU,,bm-'F) 0.240245 0.998929 Latent Heat Transferred (BTU/hr)
K (BTU/hr-ft-'F) 0.015664 0.364166 Heat to Condensate (BTU/hr)

Reynolds Number Outside Range of Equation Applicability Pr
At
R(

Extrapolation Calculation for Row 8(Dry)

1190.652
0.008086
8.167578
0.000314
0.039766

5.287339
905.3315
15.45193
73965.21

0.919246
73965.21

oto-Power Catc: 97-200
tachment: J
-v: A Page 19 of 40

Air-Side
Mass Flow (Ibm/hr)
Inlet Temperature ('F)
Outlet Temperature ('F)

Tube-Side
71166.65 53702.59 Tube-Side hi (BTU/hr-ft'-'F)
117.0697 101.7556 j Factor
113.6019 102.9065 Air-Side ho (BTU/hr-ft'-°F)

1181.899
0.008071
8.151309
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PROTO-HX Report -- Extrapolation Calculation Output for Limiting Flow Case

Inlet Specific Humidity

Outlet Specific Humidity
Average Temp ('F)
Skin Temperature (°F)

0.020268
0.020268
115.3358
106.1782

Tube Wall Resistance (hr-ft"°F/BTU)
Overall Fouling (hr.ftl.°F/BTU)

102.3309
103,4274 U Overall (BTU/hr.ftl-°F)

Velocity- 3400987 3.9
Reynold's Number 832.9599 **
Prandtl Number 0.727713 4.4
Bulk Visc (Ibm/ft-hr) 0.047186 1.6
Skin Visc (Ibm/ft-hr) 1.5
Density (Ibm/ft

3
) 0.065285 61.

Cp (BTU/Ibm'°F) 0.240244 0.9
K (BTU/hrft-F) 0.015578 0.3
** Reynolds Number Outside Range of Equation Applicability

73217

11482

06085
67634
96434
98954
63684

Effeclive Area (ftl)
24235.25 LMTD

Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

0.000314

0.039766

5.277229
905.3315
12.92208
61737.04

0.91939
61737.04

Extrapolation Calculation for Row 7(Dry)

Tube-SideAir-Side
Mass Flow (Ibmlhr) 71166.65 53702.59 Tube-Side hi (BTU/hr-ftf-*F)
Inlet Temperature (*F) 113.6019 100.7945 j Factor
Outlet Temperature (*F) 110.7056 101.7556 Air-Side ho (BTU/hr~ftl.°F
Inlet Specific Humidity 0.020268 Tube Wall Resistance (hr-ft2-°F/BTU
Outlet Specific Humidity 0.020268 Overall Fouling (hr-ft

2
1-F/BTU)

Average Temp (*F) 112.1537 101.2749
Skin Temperature (°F) 104.4937 102.1964 U Overall (BTU/hr-ft

2
.°F)

Velocity **" 3400.987 3.972339 Effective Area (ft')
Reynold's Number 836.5802 ** 23965.08 LMTD
Prandtl Number 0.727905 4.466304 Total Heat Transferred (BTU/hr)
Bulk Visc (Ibm/ft-hr) 0.046982 1.624191
Skin Visc (Ibm/ft-hr) 1.608373 Surface Effectiveness (Eta)
Density (lbrmft3 ) 0.065617 61.97803 Sensible Heat Transferred (BTU/hr)
Cp (BTU/lbm-*F) 0.240244 0.998977 Latent Heat Transferred (BTU/hr)
K (BTU/hr-ft.°F) 0.015506 0.363278 Heat to Condensate (BTU/hr)
** Reynolds Number Outside Range of Equation Applicability

=)
)

1174.576
0.008059
8.137733
0.000314
0.039766

5.268757
905.3315
10.80974
51562.15

0.919511
51562.15

Air-Side
Mass Flow (Ibmlhr) 71166.65
Inlet Temperature (°F) 110.7056
Outlet Temperature (°F) 108.2854
Inlet Specific Humidity 0.020268
Outlet Specific Humidity 0.020268
Average Temp (°F) 109.4955
Skin Temperature (°F) 103.0865
Velocity *** 3400.987
Reynold's Number 839.6409
Prandtl Number 0.728057
Bulk Visc (Ibm/ft-hr) 0.04681.1
Skin Visc (Ibm/ft-hr)
Density (Ibm/ft3) 0.065696
Cp (BTU/lbm-°F) 0.240244
K (BTU/hr-ft.=F) 0.015447
** Reynolds Number Outside Range of Equation Applical

Extrapolation Calculation for Row 8(Dry)

Tube-Side
53702.59 Tube-Side hi (BTU/hr-ft

2
."F)

99.99134 j Factor
100.7945 Air-Side ho (BTU/hr-ft

2
-°F)

Tube Wall Resistance (hr.ff2-°F/BTU)
Overall Fouling (hr-ft2-°F/BTU)

100.3927
101.1668 U Overall (BTU/hrft

2
.F)

3.971615 Effective Area (ftW)
23740.2 LMTD

4.512945 Total Heat Transferred (BTU/hr)
1.639576
1.626064 Surface Effectiveness (Eta)
61.98934 Sensible Heat Transferred (BTU/hr)
0.998987 Latent Heat Transferred (BTU/hr)
0.362937 Heat to Condensate (BTU/hr)

1168.449
0.008049
8.126396
0.000314
0.039766

5.261658
905.3315
9.045035
43086.43

0.919611
43086.43

Air Mass Velocity (Lbm/hr.ft 2
). Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T

Proto-Power Calc: 97-200
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 1)

I. PROTO-HX Output - Fouling Calculation

di (ft) =
Al (ft'22)
Ao (ftA2) =

AoIAI =

do (ft)
Udoldo n%)

Udo (It)

Nt =
NI =
Lambda (finslft) f

L (ft)=
UL/L (%) =

li. PROTO-HX Output -- Extrapolation Calculation
di (ift) = 0.043916MO67

Al (ft^2) = 23 97108819

Ao (ftA2) = 905.3314736

Ao/Ai 37.70622391
do (ft) 0 052083333

Udoldo (%) = 
8Udo (ft) = 0.004166567

Nt = 20NI 2I"

Lambda (finslft) 120

L (ft) a8 675
ULIL (%) =0.24

UL(ft) =

tfin (ft) =
Utfln/ttin(%

blhii/fn (%)) -

Mdotc (Ibm/hr)
0 (Ft'13/hr)
DT (DegF)=
rho (!bmrdftA3)=
Urhof rho (%) =

Cp (Btuflbm~l~egF)=
UCPICp (%)=

Utfin (ft)

Uhfln (it) =

Urho =

Ucp=

tfin (ft) =
Utfinitfin M%)

bu n (ft) =

Ilhfin/hrin %

Mdotc* (Ibm/hr)=
Q* (FtA3/hr)

DT* (Deg F)
rho* (IbM/ftA3)
Urho'frho* (%)

Cp* (BtuI~brnIegF)=
UCpl/Cp* (%) ;X

q* (Btu/hr)=
LMTD* ( DogF)
Uo,
R'=(1/Uo*)
RI [(hr-DegF-ft,'2)IBtu]

Etas=
ho" [BtuI(hr-DegF-ftA2)j
ho*(eff) (5tuI(hr-DagF-ftA2)]
Uhotlhol M%=

hi* [Stu/(hr-DeqF-ft112)j=
Uhirlhi (%I) =

Rw* ((hr-DegF~ttA2)/Btu]

URwlRw' (%)

Utfin (ft) =

0.1245813331
.Th ran (ft) 0.00j~16694171

53jiOZ59431

61.351479J

Urho* 1.37086

0.9900251

UCp* 001978405

153749.4783
31.7345SM8

5.351471122
0.188864505

0.039766224

0.918116031

8-27245205

7.596725335

15

Uho, = 1.1395088

Uhl*=10

URw* j.26jj-

q (Btuthr) =
LMTD (DegF)=
Uo=
R = (IUo)=
Rf j(hr-OegF-ftA12)/Rtuj

E~tasc
ho [BtuIjhr.OegF-ftA2)] =
ho(ffM [StuI(hr-DegF-ft^2)1
Uho/ho {/%)=

hi [Btu/(hr-DegF-ftA2)]
Uhil/h (%) =

Rw [(hr-OegF-ftA2)/Btul
URw/Rw (%) =

Uho =

Uhi =

URw =

Proto-Power Calc: 97-200
Attachment: J
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 1)

I Analytical tlncertaintv in Heat Transfer Surface Area

Ao Do Ud L UL tfin Utfin hfin Uhfin UAoIAo UAo
905.33147 0.05208 0.00417 8.68750 0.02085 0.00100 0.00004 0.12458 0.00167 0.04067 36.82236
Derivatives: -5862.45 104.21 9497.82 16451 97

2 Analytical Uncertainty in Test Heat Transfer Rate

3 Analytical Uncertainty in Observed Heat Transfer Resistance (R):

4 AnalytIcal Uncertainty in Observed Rf

5 Analytical Uncertainty in Overall Extrapolation Heat Transfer Resistance:

R' ho' Uho" hI* Uhi* Rw" URw* Rf URf UR*IR* UR*
0.18686 7.59673 1.13951 1246.54875 186.98231 0.00031 0.00001 0.03977 .0O.0*0 • 0.10843 0.02026

6 Analytical Uncertainty in Extranolated Heat Transfer

q* R° UR* Ao UAo LMTD* Uq'lq° Uq°

153749.4783 0.18686 0.02026 905.33147 36.82236 31.73459 0.11581 17805.20662

Proto-Power Caic: 97-200
Attachment: J
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 2)

I. PROTO-HX Output - Fouling Calculation
di (ft) =
Al (ftA2)

AO (Wft2)
Ao/Al =

do (if) =

Udo/do(%)
Udo (ft)=

Nt =
NI =

Lambda (finsift) =
L (%) =
UL/L M%

II. PROTO-HX Output -- Extrapolation Calculation
di (ft) = 0.043916667
Ai (f-2) = 23.97198819

Ao (ftA2) 905.331473r)

Ao/A= 37 76 4122301
do (ft) 0.052683'3M
Udo/do (%) = 8

Udo (ift) = 0.004166,60?

Nt = I I
NI = f2]
Lambda (finsift) =12

L (ft) = '"- -
UL/L (%) = 0.241

UL(ft)

tfln (ft) =
Utfinltfin (%)

hfin (ft) =
LImhinlfian (%)=

Mdotc (Ibm/hr) =
o (FtA3/hr) =

DT (DegF) =

rho (IbnmftA3)

Urho/rho (%) =

Cp (Btu/Ibm/DegF) =

UCpICp (%) =

Utfin (ft) =

.Ilhin (ft) =

Urho =

UCp =

tfm (ft) =

Utfinlffin (%) =

hIn (ift) =
llhfli=lhfln (%.) =

Mdotc* (Ibndhr).=
Q* (FtA3/hr) =
DT* (DegF)
rho* (IbMftA3) =

Urhcf/rho- (%)=

Cpt (BtusIbnmdDegF) =

UCp*/Cp* (%) =

q (Btuihr) =
LMTD' (DegF) =
Uo* =

R* = (1/Uo*)
Rf [(hr-DegF.ftA2)/Btu]
Etas =
ho* [Btu/(hr-DegF-ftA2)] =

ho*(eff) [BtuI(hr-DegF-itA2)]
Uho'/ho* (%) =

hi* [BtuI(hr-DegF-ftA2)j =

Uh*/hr (%) =

Rw' ((hr-DegF-ftA2)/Btu1 =

URw*/Rw* (%) =

0.001
4.17I

Utfin (if) = 0X04f7

0.124583333

(Thfin (ft) [ .00169417

5 3702.5941
867.9558527I

61.87249518
ffi

Urho° = .237449904

UCp 0019j976901

127832.8305

26.4867136

5.3309758

O 187682919

0.03976e224

0.918615579

8.238628585

7.568132571

151

Uho" 1.1'3,12198861

122M.6,718•6

Uhl* 184.2925779w

F- 6000314-31

URw* = •ZPOEoZ

q (Btulhr) =
LMTD (DegF) =

Uo=
R = (1U1o)
Rf [(hr-DegF~ftA2)Btuj =

Etas =
ho [Btu/(hr-DegF-ftA2)1 =

ho(eff) [Btu/(hr-DegF-ft^2)] =

Uholho (%) =

hi [Btu/(hr-DegF-ftA2)] =

UW/hi (%) =

Rw [(hr-DegF-ftA2)/Btu]
URw/Rw (%) =

Uho =

Uhl =

URw =

Proto-Power Calc: 97-200
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 2)

I Analytical Uncertainly in Heat Transfer Surface Area

Ao Do Ud L UL tfin Utfin

905.33147 0.05208 0.00417 8.68750 0.02085 0.00100 0.00004

Derivatives: -5862.45 104.21 9497.82

hfin Uhfin UAoIAo UAo

0.12458 0.00167 0.04067 36.82236

16451.97

2 Analytical Uncertainty in Test Heat Transfer Rate

3 Analytical Uncertainty In Observed Heat Transfer Resistance (R):

4 Anahlical Uncertainty In Observed Rf

5 Analhtical Uncertainty in Overall Extrapolation Heat Transfer Resistance:

R* ho° Uho* hi* Uhi* Rw*

0.18758 7.56813 1.13522 1228.61719 184.29258 0.00031

URw* Rf URf UR'IR* UR*

0.00001 0.03977 0.00000 0.10848 0.02035

6 Analhtical Uncertainty in Extrapolated Heat Transfer

q. R' UR' Ao UAo LMTD* Uq.lq" Uq"

127832.8305 0.18758 0.02035 905.33147 36.82236 26.48671 0.11586 14810.09844
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 3)

I. PROTO-HX Output - rouling Calculati
di (ft) =
Ai (ftA2) =
Ao (itA2) =

AolAi =

do (it)
Udo/do (%) =

Nt
NI =
Lambda (finsift) -
L (ft) =
ULUL (%)

tfin (ft)=
Utfin/tfin (%I

hfln (It) =
Uhfin/hfln (%) =

Udo,(ft)=

UL(ft) =

II. PROTO-HX Output -- Extrapolation Calculation
di (it) ________

Ai (ftA2) = 2397108819

Ao (fit^2) 905.33147,U;
AoIAI =37.76622391

do (ift) = (0.052083333

Udo/do (%)
Udo (tt)= 0.004166007

Nt. =2
NI = 2
Lambda (fins/ft) [- 120
L (ft) = 8s.6
ULUL (%) = L ~3)= --

UL(ft)0.02085

tfin (it) =0.0

Utfinitlin (%)4
Wtin (ft) = 0.00047

Kin ift)- 0,14533
UIhfln/hfjn (.) 34

l lhfin (ft) 0.001669417

Mdotc* (Ibm/hr) 53702.59431

Q* (Ft^3/hr) = 8751211

DT* (DegF) =134
rho* (Ibrn/ift3) =61.902707
Urho/rho (%) = 21

Urho* 1.238055614

Uffin (ft)'

I:ih fin (it)

Mdotc (ibrrhr) =
0 (Ft^3/hr)
DT (DegF)
rho (IbIfftA3) =
Urho/rho (%)

Urho

Cp (Btu/lbm/DegF)
UCp/cp M =

UCp =

q (Btulhr) =
LMTD (DegF)
Uo =
R - (1/1.o)
Rf [(hr-0egF-ft112)/Btuj
Etas =
ho [BtuI(hr-DegF-ftA2)I
ho(eff) [B~tu/(hr-OegF-ftA2)j
Ulholho (%)

hII (Btu/(hr-DegF-ftt2)1
Uhi/hi (%)=

Rw [(hr-OegF-ft^2)IBtuJ
LIRw/Rw M%)=

Cp* jBtuIlbmVDegF)
UCp*/Cp* (%)

q* (Btufhr) =
LMTD* ( DegF)

Uo*
R*= Olljol"

Rf [(hr-DegF-ftA2)JBtuj
Etas =

ho' [Btu/(hr-DeqF-ft42)]
ho*(eff) CBtuI(hr.DegF-ftA2)1
Uho'/ho* (%)=

hi' (BtuI(hr.DegF-ifA2)J
Uhi/lhI (%) =

Rw' [(hr-DegF-ft^2)jBtu]
URw*/Rw* (%) =

0.998873053

106416.891D

22.120600653
5.313798755

0.188189287
0.039766n24

0.91886488
8.210500587

7.544340639
1s

Uho* 1.131F351096

Uh'= 182.459679

URw* 315~

Uho =

UhI =

URW =

Proto-Power Calc: 97-200
Attachment: J
Rev: A Page 25 of 40

VY02A-AU.XLS Page 12



Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 3)

1 Analytical Uncertainly in Heat Transfer Surface Area

Ao Do Ud L UL tfin Utfin hin Uhfin UAolAo UAo

905.33147 0.05208 0.00417 8.68750 0.02085 0.00100 0.00004 0.12458 0.00167 0.04067 36.82236

Derivatives: -5862.45 104.21 9497.82 16451.97

2 Analytical Uncertaint' in Test Heat Transfer Rate

3 Analytical Uncertainty in Observed Heat Transfer Resistance (R):

4 Analytical Uncertainty in Observed Rf

5 Analytical Uncertainty in Overall Extrapolation Heat Transfer Resistance:

R' ho* Uho" hi" Uhi° Rw* URw* Rf URf UR*IR* UR*

0.18819 7.54434 1.13165 1213.63979 182.04597 0.00031 0.00001 0.03977 0.00000 0.10852 0.02042

6 Analytical Uncertainty in Extrapolated Heat Transfer

q. R' UR" Ao UAo LMTD* Uq*/q* Uq"

1064166914 0.18819 0.02042 905.33147 36.82236 22.12061 0.11590 12333.18129
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
J (Row 4)

I. PROTO-HX Output -- Fouling Calcula

di (ft) =

Al (ft^2)
Ao (ftM2)

Ao/Ai
do (ft)
Udoldo (%) =

Udo (ft)

Nt =

NI =
Lambda (fins/ft) =
L (ft)
ULIL(%) =

II. PROTO-HX Output - Extrapolation Calculation
di (ft) = 0.043q16C,67

Al (ftA21
Ai(t2) =23.57 M88 101

Ao (ftA2) 90S.&.1431 I
AoIAI 3r7c.O223011

Udo() LiI
Udo (ft) = 0.004166667

Nt -=2
NI = 2,

Lambda (finslft) = 120I

L (ft) = 8.687•._!

ULLL =%)0=2 0.245
ULMff 0 .020851UL(ft) :

timn (ft) -
Utfinltfiui (%)

hffn W()

t1hrin/Whifg(%

Utfln Ift)

t.Ihrin (ft)

Mdotc (ibmnhr)
Q (Ft^3Ihr) =
DT (DegF) =

rho (IbmtA3) =
Urho/rho )

Urho -.

Cp (Btu/ibmIDegF)
UCpICP 4%)

UCp A

tfin (ft) =

Utfinltfin(%

hifln (ft) -

tLfhrnnhflii M%) -

Mdotc* (lbmlthr)=
Q* (Ft'i1hr)
DT* (OegF)=
rho* (lbmiftA13)=
U~rhalfrhov N% -

Cp* (Btu~lbmlDegF)
UCp*ICP* (%) =

qr (Btu/hr) -
LMTO* ( DegF)
U0,

R*= (lIUo')=
Rf [(hr-OegF-ftA2)lBtuJ
Etas=
ho* [Btui(hr-DegF~ftA 2)J =

ho*(eff) CBtuI(hr-DegF-fttA2)j
UholIho' N%=

h1* [BtuI(hr-DegF-ft^2)j
Uhi'lhi (%) =

Rw' [(hr-DegF-ft112)/Btuj
URwAJRw' (%) =

F 1453333

E.Win (ft)= -S .894

53702.59431
867.MMJ
1.6523721

Urhio* ,35W

UCP= 0.097 80,3

88M.83.39
18.48393207

5.29W4128

0.188700562
0.039766224

0.91907252,

8.187087026

7 524527651
15

Uho* 1.128079133

12011~3142]77

Uhr~ 11

URw'=

q (Btufhr) =
LMTD ( OegF)=
Uo=
R = (/Uo)
Rf [Qhr.OegF-RA2)/BtuJ

Etas :
ho [BtuI(hr-OegF-ftA2)
ho(eMf [BtuJ(hr-0egF-ftA2fl
Uho/ho (%) =

hi [BtuI(hr-DegF-ftA2)1
Uhi/hl (%)=

Rw ((tlr-DegF-ftA2)IBtu1
URwIRw (%) =

Uho

Uhi

URw

Proto-Power Calc: 97-200
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 4)

I Analytical Lincertainty in Heat Transfer Surface Area

Ao Do Ud L UL tfin Utfin hfin Uhfin UAo/Ao UAo

905.33147 0.05208 0.00417 8.68750 0.02085 0.00100 0.00004 0.12458 0.00167 0.04067 36.82236

Derivatives: -5862.45 104.21 9497.82 16451.97

2 Analytical Uncertainty in Test Heat Transfer Rate

3 Analytical Uncertainty In Observed Heat Transfer Resistance (R):

4 Analytical Uncertainty in Observed Rf

5 Analytical Uncertainty in Overall Extrapolation Heat Transfer Resistance:

R' ho" Uho* hi Uhl* Rw* URw* RI URf URIfR* URf

0.18870 7.52453 1.12868 1201.11428 180.16714 0.00031 0.00001 0.03977 0.00000 0.10856 0.02049

6 Analytical Uncertainty in Extrapolated Heat Transfer

q. R° UR* Ao UAo LMTDO Uq./q* Uq*

88680.6339 0.18870 0.02049 905.33147 36.82236 1848393 0.11593 10280.57880
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- Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 5)

I. PROTO-HX Output -- Fouling Calculation
di (ft) =

Ai (ftA2) =

Ao (ftA2)

Ao/Ai =
do (ft)
Udo/do (%) =

Udo (ft) =

Nt =

NI a
Lambda (fins/ift)
L (ft)
ULJL (%) =

I1. PROTO-HX Output - Extrapolation Calculation
di (ft) = 0.043916A47

A! (ftA2 ) [ 2397198819

Ao (ftA2) 905.3314736

AoAi =37.7%22391

do (ift) 0.052083333
Udoldo (%)

Udo (ft) = 0.0041667

Nt= 0
NI -
Lambda (fins//t) =
L (ft ).687

UUL() 0024

ULMf) =70 002085UL(ft)=

tfin (ft) =
Utfinitfin (%I =

hn (ft.) -

11hea/Iheln (%) -

Utfin (ft).=

Uhfin (ft)=

Mdotc (Ibmlhr) =

Q (FtA3/hr)
DT (DegF)
rho (Ibmrftf3)
Urho/rho (%) =

Urho

Cp (Btuflbm/VDegF)=
UCpICp (%) =

UCp

tfin (ft) =
Utfinitfln (%)4

hrin (ft) -
UWifin/hIfin M%)

Mdotc* (lbmlhr)
Q' (Ft'A3ihr)=
DT*(OegF)
rho* (ibmfftA3) =
Urho~lrho* MV =

Cp* (Gtuflbmt/OegF)
UCP*/Cp* (%)

q* (Btufhr) =
LMTD* ( DeqF)=
~o* =
R'= 011.1o')

RI [(hr.OegFftA 2)/Btul
Etas
ho* [Btui(hr4:DogF-ftA2)1
ho*(eff) [Btui(hr-DegF-ft'2)j
Uho~iho* (%) =

hi' IBtuI(hr-DegF-ftA'2)]
Uhi~fhf (%) =

Rw* C(hr-DegF-ftA'2)/Btuj
URw*iRwl (%) =

Lhfin (ft) 0.0000417

66.918227

1j.37817728
61.9772338

Urho* 28048

.0.99892833

UCp* = 0.1787

73965.20571

1 5.45102966

S .287338658

0.189131067

0.039766224

0.919245643,

8 167578221

7.50801691

15

Uho* 1.126201504

1190.52195

URw 6.801E0

q (Btulhr) =

LMTD ( DegF)
U0 =
R =(litlo)
RIF [(h,.DegF-ftA2)IBtul
Etas =
ho CBtuI(hr-DegF-ftAI2)]
ho(eff) (BtuI(hr-DegF-ftA2)j=
Uholho (%) =

hi jBtuI(hr4OegF-ft-%2)j
Uhilhi (%) =

Rw [(hr-OegF~ttA 2)IBtu]
URw/Rw (%)=

Uho

Uhi =

URw
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 5)

I Analytical Uncertaintv in Heat Transfer Surface Area

Ao Do Ud L UL tfin Utfin hfin Uhfin UAoIAo UAo

905.33147 0.05208 0.00417 8.68750 0.02085 0.00100 0.00004 0.12458 0.00167 0.04067 36-82236

Derivatives: -5862.45 104.21 9497.82 16451.97

2 Analytical Uncertainty in Test Heat Transfer Rate

3 Analytical Uncertainty in Observed Heat Transfer Resistance (R):

4 Analytical Uncertainty In Observed Rf

5 Analytical Uncertainty in Overall Extrapolation Heat Transfer Resistance:

R' ho* Uho* hi* Uhi° Rw* URw" Rf URf UR°IR* UR*

0.18913 7.50801 1.12620 1190.65220 178.59783 0.00031 0.00001 0.03977 0.00000 0.10859 0.02054

6 Analytical Uncertainty in Extrapolated Heat Transfer

q" R' UR° Ao UAo LMTD" Uql/q. Uq.

73965.2057 0.18913 0.02054 905.33147 36.82236 15.45193 0.11596 8576.66300
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 6)

I. PROTO-HX Output -- FoulingCalculation
dI (if) =
Ai (ft^2) =

Ao (ftA2)

Ao/Ai =
do (Yt) =
Udo/do (%)

Udo (ft) =

Nt=
NI=
Lambda (finslft) =
L (ft)=
UL/L (%)

II. PROTO-HX Output - Extrapolation Calculation
di (ft[ = 0 0430, 56667
Ai (ftA2) 23 W 7198819
Ao (fta2) o905.3314736
Ao/Ai 37,76622391
do (ft) 0 052083333
Udo/do (%) =

Udo (ft) 0.0041667

Nt 20ZI~NI: :j j

Lambda (fins/ft) =12

L (ft) 8.67s5
ULIL (%)=.24

UL(ft) =

tfin (ht)=
Utflnitfin(%

hfin (ft) =
IUhrin/hriin()

Utfin (fl)

Uhflo (if)

Mdotc (Ibmlhr)
0 (Ft'3/hr)

S DT (OeqF)
rho (Ib~m/ftA3)
Urtiorho (%) =

Urho =

Cp IBtuflbmnIIegF)=
UCp/Cp (%) =

UCp =

tfin (ft)=
Utfiniftin(%

hrMi (fl) -
tihOndhIln(%

Mdotc, (lbrrvhr)
Q* (Ft^3/hr)=
DT' (DegF)
rho* (lbrnlff 3) =

Urholfrho* (1/) =

Cp' (BtuIlbrnJDegF)=
UCp*ICP (%)

q* (Btu/hr)
LMTD* ( DegF)
Uo* =
R = (lIUo*)
Rf [(hr43egF _tA 2)/Btul
Etas =
ho* [BtuI(hr-DegF-ftA2)J=
ho*(eff) [1BtuI(hr-OegF-ftA2fl
U ho/ho' (%) =

hI' [BtuI(hr-DOegF-ftA2)]
Uhr/hi (%) =

Rw'[(hr-DegF-fi1A2)IBtuj
URw~fRw* (%)=

WinIIIIl=

0.124583333
Ult~n (t) =t1 0.001669417

8L6.693232
1.1082416

Urho* .32W

UCpz 0.1996

61737.04355

12.02207564

5.277228882
0.189493392
0.039766224

0.919390072

8.151309092

= ~7.494232&%6
151

Uho 1 1124134808

Uhl* = jja~s

URW* = E ~

q (Btuthr) =
l-MTD ( DegF)
UO =
R = (I/Uo)
Rf [(hr-DegF-fta2)IBtuI =

Etas =
ho [BtuI(hr-DegF-ft,2)1 =
ho(eff) [Btu/(hr-DegF-ft^2)J
Uho/ho, (%)=

hi [Btu/(hr-DegF.ft'12)j
Uhilhi (%) -

Rw [(hr-DegF-ft^2)jBtu]
URw/Rw (%) =

Uho =

Uhi =

URw=

Proto-Power Calc: 97-200
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 6)

i Analytical Uncertainty in Ileat Transfer Surface Area

Ao Do Ud L UL tfin Utfin hfin Uhfin UAoIAo UAo

905.33147 0.05208 0.00417 8.68750 0.02085 0.00100 0.00004 0.12458 0.00167 0.04067 36.82236

Derivatives: -5862.45 104.21 9497,82 16451.97

2 Analytical Uncertainty in Test Heat Transfer Rate

3 Analytical Uncertainty in Observed Heat Transfer Resistance (R):

4 Analytical Uncertainty in Observed Rf

5 Analytical Uncertainty in Overall Extrapolation Heat Transfer Resistance:

R* ho* Uho* hi* Uhl* Rw° URw" Rf URf UR*/R* UR°
0.18949 7.49423 1.12413 1181.89904 177.28486 0.00031 0.00001 0.03977 0.00000 0.10861 0.02058

6 Analytical Uncertainty in Extrapolated Heat Transfer

q. R" UR* Ao UAo LMTD* Uq./q* Uq.

61737.0435 0.18949 0.02058 905.33147 36.82236 12.92208 0.11598 7160.13511
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 7)

I. PROTO-HX Output - Fouling Calcul;

di (fi) =
At (ft12) -
Ao (ft-2) =

AotAi =
do (ft)z
Udotdo (%0/)

Udo (t) =

Nt=
NI=

Lambda (fins/ft)
L (t) =

ULIL (%)

It. PROTO-HX Output -- Extrapolation Calculation
di (ft) = 0.0439166T7

At (ftA2) 23.07198819

AO (ftA2) = [ 05.314736

Ao/Ai 37 76622391.

do (ft) = o0s52DW .
Udoldo (%a =

Udo (ft)= 00o416667

Nt =20

Lambda (flnslft) =12

L (t) 8.6875

UL/L (%) = 0,224

UL(ft) 0.02085,UL(ft) =

tfln (ft) =
Utfin/tfin (%) =

huni (1i) =
1:hifin/hfilb (%)=

Mdotc (Ibmlhr) =
Q (Ft^3fhr)
DT (DegF)
rho (IbrndftA3) =

Urho/rho (%) =

Cp (BtudIbmnDegF) =

UCp/Cp (%) =

UWfin (ft)!

ll•i In (ft) =

Urho =

UCp =

tfin (ft)=
Utfinitfin %=

hflin (ft)
11fiihfin/(%)11

Mdotc' (bmlhr)=
0' (Ft"3Ihr)=
DT* (begF)
rho* (lbrrdftA3)=
Urhofrto* M%)=

Cp* (BWI~bm/DeqF)
UCpI/Cp (%I) =

q* (Btuihr)=
LMTD* ( DegF)
Uo* =

R*= (I/Uo*)=
RI [(hr-DegF41A2)/Btuj
Etas
ha' jBtuI(hr-DegF-ftA2)j
ho*(eff [Btu/(hr-DegF~ftA2)J
Uhollho M%)a

hi* [Btu1(hr-DeqF-U'A2)]
Uhl~'hI' N% =

Rw* j(hr-DegF-fta2)!9tuj
URw*/Rw* (%)=

Utfin (ft) .041

[ 5370.543

Urho' =1 .35M

10.80974049

5.2667570ig

0.189798086

0.039766224

00119510644

a.i37732S39

- 7.482731685

15

Uho'= 1.122409753

Uhi*

URW =' .80E0

q (Btulhr) -
LMTD ( Deg F)
Uo =
R =(111,1o)=
Rf [(hr43egF _ftA 2)/Btul
Etas =
ho (BtuI(hr-OegF-ftA 2)11
hojeff) [BtusI(hr-DegF-ftA12)l
Uho/ho M%) =

hi (Btu/(hr-DegF-fl"2)J
UhINh (%)=

Rw I(hr-O%3gF~ftA 2)Btul
URWw/R M) =

Uho w

Uhi =

URw :
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 7)

I Analytical Uncertainty in Iieat Transfer Surface Area

Ao Do Ud L UL tfin Utfin hfin Uhfin UAo/Ao UAo

905.33147 0.05208 0.00417 8.68750 0.02085 0.00100 0.00004 0.12458 0.00167 0.04067 36.82236

Derivatives: -5862.45 104.21 9497.82 16451.97

2 Analytical Uncertainty in Test Heat Transfer Rate

3 Analytical Uncertainty in Observed Heat Transfer Resistance (R):

4 Analytical Uncertainty in Observed Rf

5 Analytical Uncertainty in Overall Extrapolation Heat Transfer Resistance:

R' ho* Uho* hi* Uhi* Rw° URw" Rf URf UIt/R* UR*

0.18980 7.48273 1.12241 1174.57650 176.18647 0.00031 0.00001 0.03977 0.00000 0.10863 0.02062

6AnalytclUncertaintvin Extraplated HeatTransfer

q. R' UR* Ao UAo LMTD* UqIq° Uq"

51562.1547 0.18980 0.02062 905.33147 36.82236 10.80974 0.11600 5981.03791
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 8)

I. PROTO-HX Output -- Fouling Calcuh

di (ft) =
Al (ftA2) =

Ao (ft^2)=

AoIAI
do (ft) =
Udoido (%) =

Udo (ft) =

Nt
NI =

Lambda (finsfft)
L (ft)
UL/L(%)

H1. PROTO-HX Output - Extrapolation Calculation
di (ft) = 0.01396667
Ai (ftA2) = 23.97198819 .
Ao (ft^2) = 90 331.7j
AofAI= 37 766223131

do (ft) = 0.052083333
Udo/do (%) 8

Udo (ft) = .004166,67j

Nt =
NI=
Lambda (flnsfft) 1
L (f) = .AV5
ULJL (%)= 0.24

UL(ft) 0n.o02085sUL(ft)

tffin (ft) =
Utflintfln()=

MIDi (ft) =

Mdotc jIbmlhr)
Q (Ft'A3Ihr)
DT (DegF)
rho (IbmiftA3)

Urholrho (%) =

Cp (Btu/lbmIOegF)=
UCp/Cp (%)

Utfin (ft)

LUhfli (It)f

Urho

UCp

tMin (ft) =
Utflnitftn(%=

hrini (ft) -
Uhfiln/hifn (.

Mdotc* (Ibml~hr)
Q* (Ft'131hr)
DT* (DegF)
rho* (IbmIftR3)

Urho*'/rho' (%)=

Cp* (BtuIlbin/OegF)=
UCp*/Cp (%) =

q* (Btu/hr)=
LMTDI( DegF)=
Uo* =

R*= (1/Uo*)
Rf j(hr-DegF-ftA2)/Btu)
Etas =
ho* [Btu/(hr4DegF-ftA2)]
ho*(eff) rBtu/(hr-DegF-ftA 2)]
Uho*/ho* (%)=

hi* [BtuI(hr-DegF-iftA2))
Uh~lfhi M%=

Rw* f(hr-DegF-ftA 2)/BtuI
URw*/Rw* (%) =

Utfln (ft) =L O.OOZ1

j1341

tJhrtw (ft)

530259431

Urho' = .378

UCP, 0.01997741

430868.42909

9.045035U83

5.2616557907
0.190054165

0.039766224

0.919611352

8.12596117

- 7.47-312612

16

Uhl* 17.2G738932

0.000343

URvt=

q (Btulhr)=
LMTD ( OegF)
Uo =
R = (1Uo)=
III [(hr-DegF-ft^2)IEtuj
Etas =

ho (BtuI(hr-DegF-ft-2)J
ho(eff) [Btu/(hr-DegF-ftA2)J
Uho/ho (%)=

hi [BtuI(hr-DegF-ftA2)]
Uhf/hi (%) =

Rw [(hr-DegF~ftA 2)IBtu]
URwIRw (%) =

Uho =

Uhl =

URw
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate
(Row 8)

i Analytical I Incertaintv in Heat Transfer Surface Area

Ao Do Ud L UL tfin Utfin hfin Uhfin UAo/Ao UAo

905.33147 0.05208 0.00417 8.68750 0.02085 0.00100 0.00004 0.12458 000167 0.04067 36.82236

Derivatives. -5862.45 104.21 9497.82 16451.97

2 Analytical Uncertainty in Test Heat Transfer Rate

3 Analytical Uncertainty in Observed Heat Transfer Resistance (R):

4 Analytical Uncertainty In Observed Rf

5 Analytical Uncertainty in Overall Extrapolation Heat Transfer Resistance:

R* ho* Uho* hi* Uhl* Rw* URw* Rf URf UR*/R* UR*

0.19005 7.47313 1.12097 1168.44929 175.26739 0.00031 0.00001 0.03977 0.00000 0.10865 0.02065

6 Analytical Uncertainty in Extrapolated Heat Transfer

q. R* UR° Ao UAo LMTD* Uq./q. Uq°

43086.4291 0.19005 0.02065 905.33147 36.82236 9.04504 0.11601 4998.55238
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate

Extrapolated
Heat Transfer

(Btu/hr)

Calculated
Uncertainty

(Btulhr)

(Uq/q)A2

Row1 153749.4783 17805.2066 0.000634

Row2 127832.8305 14810.0984 0.000439

Row3 106416.6914 12333.1813 0.000304

Row4 88680.6339 10280.5788 0.000211

Row5 73965.2057 8576.6630 0.000147

Row6 61737.0435 7160.1351 0.000103

Row7 51562.1547 5981.0379 0.000072

Row8 43086.4291 4998.5524 0.000050

707030.4672

qtot

31300.9119

SRSS

0.044271

SRSS

4.43%Uqtot/qtot =

Proto-Power Calc: 97-200
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate

Extrapolated
Heat Transfer

(Btu/hr)

Calculated
Uncertainty

(Btulhr)

(Uq/q)A2

Rawl 131195.3801 15103.9427 0.000500

Row2 113794.4455 13105.2568 0.000377

Row3 98799.9660 11381.9018 0.000284

Row4 85856.6718 9893.4811 0.000215

Row5 74666.9011 8606.0900 0.000162

Row6 64980.1137 7491.1472 0.000123

Row7 56584.3908 6524.4468 0.000093

Row8 49299.5662 5685.3828 0.000071

675177.4352 28850.9888

SRSS

0.042731

SRSSqtot

Uqtotlqtot = 4.27% (75 gpm case)

Proto-Power Calc: 97-200

Attachment: J
Rev: A Page 38 of 40VY01A-AU.XLS



Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate

Extrapolated
Heat Transfer

(Btulhr)

Calculated
Uncertainty

(Btulhr)

(Uq/q)A2

Row1 157023.2342 18206.8532 0.000656

Row2 129762.6061 15052.6614 0.000448

Row3 107370.6351 12459.6780 0.000307

Row4 88936.6170 10323.5976 0.000211

Row5 73732.6242 8560.8359 0.000145

Row6 61173.2629 7104.0420 0.000100

Row7 50784.0800 5898.5258 0.000069

Row8 42180.9535 4899.9514 0.000047

710964.0130 31661.4879

SRSS

0.044533

SRSSqtot

Uqtot/qtot = 4.45% (115 gpm case)
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Analytical Uncertainty Calculation for Extrapolation Heat Transfer Rate

Extrapolated
Heat Transfer

(Btulhr)

Calculated
Uncertainty

(Btulhr)

(Uq/q)A 2

Row1 179064.4002 22100.0999 0.000887

Row2 142681.0988 17616.1725 0.000564

Row3 113876.2648 14063.8438 0.000359

Row4 91005.7384 11241.8723 0.000230

Row5 72805.1411 8995.1889 0.000147

Row6 58293.7569 7203.3185 0.000094

Row7 46706.6938 5772.1632 0.000061

Row8 37443.1718 4627.7663 0.000039

741876.2658

qtot

36200.1472

SRSS

0.048795

SRSS

Uqtotlqtot = 4.88% (150 gpm case)
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COMPARING SPIRAL AND CIRCULAR FINS

Area Calculation

A view of the spiral fin layout as compared to the circular fin layout is provided below.
Let angle cc represent the angle between the plane of the circular fin and the plane of the
spiral fin.

{~~iflIs.---'
L~~~Li

L5;ýJF

A differential area in the circular fin is given as:

dA = rdrdO

The expression for circular fin surface area (times 2 for both sides and disregarding the
edge area) taken over a complete traverse of the tube is given as:

ACf = 2 frdrd0= 2 r(r2 - ri )

Where:
ro = the fin outside radius which is one half the fin height
ri = the inside fin radius which is the tube outside radius

Proto-Power Calc: 97-200
Attachment: K
Rev: A Page 2 of 4



The spiral fin surface area (times 2 for both sides and disregarding the edge area) can be
approximated by the expression:

f (cosa 0

The ratio of the two areas becomes:

A~f = (cosaD
Acf

Angle ct is approximated by the expression:

-(fin separation) 1
tan a =44

r.4r.

a = tan-'-I

where:
X = fin pitch

Substituting fin height into the expression yields the following:

a = tan'1 = tan-'

As the angle cc goes to zero, the spiral fin area approaches that of the circular fin. It can
be seen that for very small fin separations (i.e., high fin pitch) the smaller the resulting
angle a.

For the case of the VY cooler fin geometry:

a = = I A) = tan-' (0.033625) = 1.93°Hf 2(l.487)(10))

Proto-Power Calc: 97-200
Attachment: K

Rev: A Page 3 of 4



The resulting area ratio is then:

A~f :4 1)I~j~~ 1.00057
A csf ==cos(1.9

This difference is negligible and is bounded by the uncertainty in the analysis presented
in Attachment J.

Heat Transfer Coefficient

The fin geometry affects the calculation of the outside heat transfer film coefficient (h0 )
for condensing modes of operation. Vertical (circular) fins provide for better
condensation heat transfer since the condensate falls away from the fins at a faster rate
than if the fin were inclined (i.e., spiral geometry). As shown in the area discussion
above, the angular difference between the circular fin geometry and the spriral fin
geometry for the VY coils with a fin pitch of 10 fins per inch is very small (i.e., <20).
The angle of incline, therefore, is deemed to be sufficiently small as to make the
difference between circular and spiral fin geometries negligible even for condensing
modes of operation. In other words, as far as condensation removal from the fin surfaces
is concerned, the 10 fin per inch fin pitch of the VY coils results in a fin orientation that
is sufficiently close to vertical as to make differences in condensation heat transfer
predictions negligible.
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Dimensional Verification for Tubing and Fins for Cooler 1VY02A
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Transmittal of Dimensions to Proto-Power for Heat Exchanger Analysis

Source of Information
Watkdown performed on the IVY02A cooler by R. Ayer (System Engineering) and R. Fnedrich(Oesign Engineenng) on 6)19/98.

Description of Information
The following measurements were obtained for the IVY02A room cooler at the request of Proto-Power Corporation via fax on 1131/g8.
These measurements were obtained at ambient conditions with the system shutdown. Attached is a hard copy of the request and
measurements obtained in the eiOd.

Tube Outside Diameter 0.630 4/- 0.05 in.
Fin Height: 1.495 D1- 0.02 in.
Transverse Tube Pitch: 1 452 4/- 0.02 in.
Effective Finned Tube Length: 104,25 +1- 0.25 in.

The first three of these measurements were taken with a calibrated set of calioem (MMD Id. No. 8049. cal due date 9/98). The tube
length measurements was taken with a metal tape measure. The vnioert,•ities listed above are engineering best estimate. based on
lhe the measuroment techniques used.

Distribution: S.E-G
Willwimncn. Cicorgc R. -CumEd. SES-BOP

Millet. William J. - CornEd. SE

Szumski. Daniel R. - CornEd. SES-EBOP
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SAFETY-RELATED Originatig Organization NDIT No.: LS-0835
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it is not possibIl to ob•ain a measurement for longitudinal tube Drtch without partial disassembly of the cooler. thus (his information is not
included n this transmittal. It was. however, verified that succetsive rows of tubes/fins are offset as shown on page two of Attachrnent
1 of this NDIT.

Aaachrrents:
Proto-Power Re•uest for Information and Associated Measurements - 2 pages
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Sheewart 4

Thermal Margin as a function of Tube-Side Fouling
1(2)VY01A at 75 gpm and 1(2)VY02A at 108 gpm
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17:25:53 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
ComEd -- LaSalle

Data Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.000

06/22/98

Air Coil Heat Exchanger Input Parameters

F1 tiY-Q-ianitfify, TT ...t....
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Air-Side
2_-17179.-0-0-ggfffh-

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
..1-50700 gpm-
105.00 OF

115.30 OF

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Heat Exchanger Type
Fin Type
Fin Configuration

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hrIPt-.F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr ft.°F)

Fresh Water

0.002000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Cale: 97-200
Attachment: M
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17:25:53 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98

ComEd -- LaSalle
Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils

Fouling Sensitivity: 75 gpm at f=0.000

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ("F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out ('F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm) 75.00
Air Flow (acfrn) 19,289.00
Tube Inlet Temp ('F) 100.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp ("F) 0.00
Atmospheric Pressure 14.315

Proto-Power Cale: 97-200
Attachment: M
Rev: A Page 4 of 32



17:25:53 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.000

06/22/98

Extrapolation calculation Summary II1.

Air-Side

Mass Flow (ibm/hr) 71,279.36
Inlet Temperature (IF) 148.00

Outlet Temperature (OF) 107.40
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/lbm'°F)
K (BTU/hr.ft.0 F)

Tube-Side
37,293.47

100.00
119.41

Tube-Side hi (BTU/hr-ft2.°F)
j Factor
Air-Side ho (BTU/hr ft2 -°F)
Tube Wall Resistance (hr'ft2 -°F/BTU 0.00031430
Overall Fouling (hr- ft2- F/BTU) 0.00200000

U Overall (BTU/hr ft2-°F)
Effective Area (ft 2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

723,937

723,937

Extrapolation Calculation for Row l(Dry) II
U.

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ftihr)
Skin Visc (lbm/ft-hr)
Density (lbrm/ft3)
Cp (BTU/Ibm.'F)
K (BTU/hr"ft-°F)

Air-Side
71,279.36

148.00
139.38
0.0203
0.0203
143.69
121.12

3,406.37
804**

0.7255
0.0490

0.0625
0.2402
0.0162

Tube-Side

37,293.47
115.28
119.41

117.34
120.72

2.77
19,575
3.7364
1.3809
1.3374

61.7524
0.9988
0.3691

Tube-Side hi (BTU/hr-ft2-°F) 959.48
j Factor 0.0082
Air-Side ho (BTU/hr-ft72 -F) 8.28
Tube Wall Resistance (hr*ft2-°F/BTU 0.00031430
Overall Fouling (hr- ft 2-F/BTU) 0.00200000

U Overall (BTU/hr.ftV-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.51
905.33

26.07
153,767

0.9182
153,767

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 5 of 32
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17:28:31 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Data Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.00l

06/22/98

Air Coil Heat Exchanger Input Parameters I

Fl -1-i-Q-uantity,To- ........
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperatur
Outlet Wet Bulb Temp
Outlet Relative Humidity

Air-Side
....... 21,I-79.-00 fffi

150.00 OF
92.00 OF

e 109.40 OF
84.10 OF

Tube-Side
.. .507U00gpm

105.00 OF

115.30 OF

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Heat Exchanger Type
Fin Type
Fin Configuration

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr.ft.°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr'ft-°F)

Fresh Water
0.001000
0.002000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 6 of 32



17:28:31 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98
ComEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpmn at f=0.001

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out ('F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm) 75.00
Air Flow (acfrn) 19,244.00
Tube Inlet Temp ('F) 100.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (*F) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 7 of 32



17:28:31 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
ComEd -- LaSalle

Calculation Report for: I(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.001

06/22/98

M& Extrapolation Calculation Summary ii
1.

Mass Flow (lbrn/hr)
Inlet Temperature (OF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/lbm-°F)
K (BTU/hr-fV-'F)

Air-Side
* 71,113.07

148.00
108.73

Tube-Side
37,293.47

100.00
118.75

Tube-Side hi (BTU/hr'ft2"°F)
j Factor
Air-Side ho (BTU/hr-ft2 '0 F)
Tube Wall Resistance (hr ft2 -°F/BTU
Overall Fouling (hr-ft2"°F/BTU)

U Overall (BTU/hr ft2.°F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

0.00031430
0.02088311

7,242.65

698,599

698,599

TI
Extrapolation Calculation for Row l(Dry) II

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number

Air-Side

71,113.07
148.00
140.05
0.0203
0.0203
144.03
123.30

3,398.43
802**

0.7255

Tube-Side
37,293.47

114.96
118.75

116.85
119.96

2.77
19,483
3.7557

Tube-Side hi (BTU/hr ft2 .0 F) 956.76
j Factor 0.0082
Air-Side ho (BTU/hrift2.°F) 8.27
Tube Wall Resistance (hr-ft2 0.F/BTU 0.00031430
Overall Fouling (hr ft2. .F/BTU) 0.02088311

Bulk Visc (lbm/ft-hr) 0.0490 1.3874
Skin Visc (Ibm/ft hr) 1.3469
Density (lbm/ft3) 0.0624 61.7598
Cp (BTU/Ibm-°F) 0.2402 0.9988
K (BTU/hr-ft-°F) 0.0162 0.3690

** Reynolds Number Outside Range of Equation Applicability

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.79
905.33

26.95
141,344

0.9183
141,344

Proto-Power CaIc: 97-200
Attachment: M
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17:30:50 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Data Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.002

06/22/98

Air Coil Heat Exchanger Input Parameters

FI 1 i-drQy Bulb•ty, Tetmapr
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp

Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Air-Side
.... 21-,-797009-fiui

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
I507 gp -m-
105.00 OF

115.30 OF

Fresh Water
0.002000
0.002000

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft-.F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr.ft.°F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 9 of 32



17:30:50 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98
ComEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.002

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acftn)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out ('F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out ('F)
Condensate Temperature (°F)

Extrapolation Data
Tube Flow (gpm) 75.00
Air Flow (acfm) 19,202.00
Tube Inlet Temp ('F) 100.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp ('F) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 10 of 32



17:30:50 PROTO-HX 3.01 by Proto-Power Corporation (SN#PIHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.002

06/22/98

Extrapolation Calculation Summary II

Air-Side

Mass Flow (lbm/hr) 70,957.87
Inlet Temperature (IF) 148.00
Outlet Temperature (IF) 109.96
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft-hr)
Skin Vise (ibm/ft-hr)
Density (Ibm/fl3)
Cp (BTU/lbm-'F)
K (BTU/hruftV.F)

Tube-Side
37,293.47

100.00
118.09

Tube-Side hi (BTU/hr-ft2"°F)
j Factor
Air-Side ho (BTU/hr-ft2 . F)
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr- ft2-°F/BTU) 0.03976622

U Overall (BTU/hr ft 2 -F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

675,177

675,177

ME;

Extrapolation Calculation for Row l(Dry) ii

Mass Flow (lbrm/hr)
Inlet Temperature (IF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbm/ft-hr)
Skin Vise (lbm/ft-hr)
Density (IbM/fl3)

Cp (BTU/Ibm.0 F)
K (BTU/hr.ftl-F)

Air-Side

70,957.87
148.00
140.61
0.0203
0.0203
144.30
125.07

3,391.01
800*4

0.7255
0.0490

0.0623
0.2402
0.0162

Tube-Side

37,293.47
114.57
118.09

116.33
119.22

2.77
19,386
3.7764
1.3943
1.3564

61.7676
0.9988
0.3688

Tube-Side hi (BTU/hr-ft2.°F) 953.95
j Factor 0.0082
Air-Side ho (BTU/hr'ft2. F) 8.26
Tube Wall Resistance (hr-ft2. F/BTU 0.00031430
Overall Fouling (hr- ft2.°F/BTU) 0.03976622

U Overall (BTU/hrft2 -°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.22
905.33

27.78
131,195

0.9184
131,195

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 11 of 32

*** Air Mass Velocity (Lbm/hr'ft), Tube Fluid Velocity (ft/sec): Air Density at Inlet T, Other Properties at Average T



17:33:10 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
ComEd -- LaSalle

Data Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.003

06/22/98

Air Coil Heat Exchanger Input Parameters -1

Fltiiid-Qii•tiil•, T .o.tal .
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Air-Side
......2-I.1797 0 1iif

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
-50700 gpm

105.00 OF

115.30 OF

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Heat Exchanger Type
Fin Type
Fin Configuration

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft.°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft-°F)

Fresh Water
0.003000
0.002000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 12 of 32



17:33:10 PROTO-IIX 3.01 by Proto-Power Corporation (SN#PttX-0000) 6/22/98

ComEd -- LaSalle
Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils

_l Fouling Sensitivity: 75 gpm at f=0.003

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfim)
Air Dry Bulb Temp In (OF)
Air Dry Bulb Temp Out (OF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (°F)
Wet Bulb Temp Out (OF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (OF)
Tube Temp Out (OF)
.Condensate Temperature (OF)

Extrapolation Data
Tube Flow (gpm) 75.00
Air Flow (acfmi) 19,160.00
Tube Inlet Temp (OF) 100.00
Air Inlet Temp (OF) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (°F) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 13 of 32



17:33:10 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1 (2)VYO LA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.003

06/22/98

.1

Extrapolation Calculation Summary II

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbmI/Wf)
Cp (BTU/lbm-°F)
K (BTU/hr-fi'°F)

Air-Side

70,802.66
148.00
111.21

Tube-Side

37,293.47
100.00
117.53

Tube-Side hi (BTU/hr-ft2-0 F)
j Factor
Air-Side ho (BTU/hr.ft2.°F)
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr'ft2.°F/BTU) 0.05864934

U Overall (BTU/hr-ft2- F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

651,570

651,570

Extrapolation Calculation for Row l(Dry) 11

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/fl3)
Cp (BTU/lbm.°F)
K (BTU/hr-ft.°F)

Air-Side
70,802.66

148.00
141.09
0.0203
0.0203
144.55
126.60

3,383.59
798**

0.7254
0.0490

0.0623
0.2402
0.0162

Tube-Side
37,293.47

114.25
117.53

115.89
118.59

2.77
19,303
3.7942
1.4003
1.3646

61.7743
0.9988
0.3686

Tube-Side hi (BTU/hr-ft2.°F) 951.56
j Factor 0.0082
Air-Side ho (BTU/hr1ft2-°F) 8.25
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr-ft 2-°F/BTU) 0.05864934

U Overall (BTU/hr-ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.74
905.33

28.49
122,373

0.9185
122,373

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 14 of 32

*** Air Mass Velocity (Lbm/hrft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



17:35:11 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
ComEd -- LaSalle

Data Report for: I(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.004

06/22/98

Air Coil Heat Exchanger Input Parameters

FIletiDQrfianttyB , Totma
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp

Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Air-Side
2-1 f79M-- afiff-

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
150. 0- gpm
105.00 OF

115.30 OF

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Heat Exchanger Type
Fin Type
Fin Configuration

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft-.F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft-°F)

Fresh Water
0.004000
0.002000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 15 of 32



17:35:11 PROTO-IIX 3.01 by Proto-Power Corporation (SN#IPHX-0000) 6/22/98

CornEd -- LaSalle
Calculation Report for: 1(2)VY01 A & 02A - CSCS Equipment Area Cooling Coils

Fouling Sensitivity: 75 gpm at f=0.004

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (°F)
Wet Bulb Temp Out (°F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (TF)
Tube Temp Out (°F)
Condensate Temperature (°F)

Extrapolation Data
Tube Flow (gpm) 75.00
Air Flow (acfmn) 19,123.00
Tube Inlet Temp (°F) 100.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (°F) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200

Attachment: M
Rev: A Page 16 of 32



17:35:11 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 75 gpm at f=0.004

06/22/98

Extrapolation Calculation Summary ItII *

Air-Side

Mass Flow (lbm/hr) 70,665.94
Inlet Temperature (0 F) 148.00
Outlet Temperature (0F) 112.31
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (ibm/ft hr)
Skin Visc (ibm/fl hr)
Density (Ibm/ft3)
Cp (BTU/Ibm'°F)
K (BTU/hrftf'°F)

Tube-Side
37,293.47

100.00
116.92

Tube-Side hi (BTU/hr'ft2"°F)
j Factor
Air-Side ho (BTU/hr'ft2-°F)
Tube Wall Resistance (hr-ft2"°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.07753245

U Overall (BTU/hr'ft2.0 F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

630,961

630,961

.ffExtrapolation Calculation for Row l(Dry) III.

Air-Side Tube-Side

Mass Flow (Ibm/hr) 70,665.94 37,293.47
Inlet Temperature (0F) 148.00 113.83
Outlet Temperature (0F) 141.49 116.92
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (0F) 144.74 115.38
Skin Temperature (0F) 127.86 117.92
Velocity *** 3,377.06 2.77
Reynold's Number 796** 19,208
Prandtl Number 0.7254 3.8149
Bulk Visc (lbm/ft-hr) 0.0490 1.4073
Skin Visc (lbm/ft'hr) 1.3733
Density (Ibm/fl3) 0.0623 61.7819
Cp (BTU/lbm'°F) 0.2402 0.9988
K (BTU/hr'fP'F) 0.0162 0.3684

** Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/hr ft2 -F) 948.87
j Factor 0.0082
Air-Side ho (BTU/hr-ft2.'F) 8.24
Tube Wall Resistance (hr-ft2. F/BTU 0.00031430
Overall Fouling (hr'ftl2.F/BTU) 0.07753245

U Overall (BTU/hr ft2 .'F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.35
905.33

29.23
115,100

0.9186
115,100

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 17 of 32

*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



16:48:25 PROTO-IIX 3.01 by Proto-Power Corporation (SN#ItX-0000)
CornEd -- LaSalle

Data Report for: I(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.000

06/22/98

Air Coil Heat Exchanger Input Parameters

F I ifidQii•tii•y,-T6ota I
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Air-Side

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
. 50_00J gpm
105.00 OF

115.30 OF

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

Heat Exchanger Type
Fin Type
Fin Configuration

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTUihri-.f°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft.°F)

Fresh Water

0.002000

750,000
14.315

1.00
0.000

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 18 of 32



16:48:25 PROTO-HX 3.01 by Proto-Power Corporation (SN#PH4X-0000) 6/22/98
ComEd -- LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.000

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Air Flow (acfin)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out (°F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out ('F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm) 108.00
Air Flow (acfm) 19,347.00
Tube Inlet Temp ('F) 100.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp ('F) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 19 of 32



16:48:25 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: I(2)VY0I A & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.000

06/22/98

a I
Extrapolation Calculation Summary III

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (ibm/ftlhr)
Skin Vise (lbm/ft.hr)
Density (lbm/ft3)
Cp (BTU/Ibm.°F)
K (BTU/hr-ft.°F)

Air-Side
71,493.69

148.00
105.73

Tube-Side

53,702.59
100.00
114.11

Tube-Side hi (BTU/hr'ft2-°F)
j Factor
Air-Side ho (BTU/hr'ft2 --F)
Tube Wall Resistance (hr-ft2 -F/BTU 0.00031430
Overall Fouling (hr ft2.°F/BTU) 0.00200000

U Overall (BTU/hr. ft2.°F)

Effective Area (ftf)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

756,011

756,011

Extrapolation Calculation for Row 1(Dry) II
I. 'I

Mass Flow (Ibm/hr)
Inlet Temperature (fF)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ftlhr)
Skin Visc (lbm/ft-hr)
Density (Ibm/fl3)
Cp (BTU/lbm-°F)
K (BTU/hr.ft--F)

Air-Side

71,493.69
148.00
137.73
0.0203
0.0203
142.87
115.96

3,416.62
807*-

0.7256
0.0489

0.0626
0.2402
0.0162

Tube-Side

53,702.59
110.69
114.11

112.40
115.49

3.98
26,863
3.9391
1.4490
1.4058

61.8257
0.9988
0.3674

Tube-Side hi (BTU/hr-ft2 F) 1,251.72
j Factor 0.0082
Air-Side ho (BTU/hr-fti2 .F) 8.29
Tube Wall Resistance (hr ftfZ.F/BTU 0.00031430
Overall Fouling (hr-ft2 .F/BTU) 0.00200000

U Overall (BTU/hr ft2-°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

6.72
905.33

30.16
183,607

0.9181
183,607

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 20 of 32

Air Mass Velocity (Lbl/hrft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



16:51:50 PROTO-ItX 3.01 by Proto-Power Corporation (SN#PIIX-0000)
ComEd -- LaSalle

Data Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.001

06/22/98

I1 Air Coil Heat Exchanger Input Parameters

Air-Side Tube-Side
Fliiid-QuantiidiTty. 2T,[79_0-0-ffii .... . .gpm
Inlet Dry Bulb Temp 150.00 OF 105.00 OF
Inlet Wet Bulb Temp 92.00 OF
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 109.40 OF 115.30 OF
Outlet Wet Bulb Temp 84.10 OF
Outlet Relative Humidity %

Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001000
Air-Side Fouling 0.002000

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hrift-VF)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr fri.F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 21 of 32



16:51:50 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98
CornEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.001

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data

Data Date
Air Flow (acfm)
Air Dry Bulb Temp In (IF)
Air Dry Bulb Temp Out (IF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (°F)
Wet Bulb Temp Out (IF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (IF)
Tube Temp Out (IF)
Condensate Temperature (IF)

Extrapolation Data
Tube Flow (gpm) 108.00
Air Flow (acfm) 19,301.00
Tube Inlet Temp (IF) 100.00
Air Inlet Temp (IF) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (OF) 0.00
Atmospheric Pressure 14.315

2
Proto-Power Cale: 97-200

Attachment: M
Rev: A Page 22 of 32



16:51:50 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
ComEd -- LaSalle

Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.001

06/22/98

ffi
Extrapolation Calculation Summary II

II

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (IF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (IF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (Ibm/tf3)

Cp (BTU/Ibm'°F)
K (BTU/hr-ft-°F)

Air-Side
71,323.71

148.00
107.03

Tube-Side
53,702.59

100.00
113.64

Tube-Side hi (BTU/hr-ft2 -°F)
j Factor
Air-Side ho (BTU/hr-ft2. F)
Tube Wall Resistance (hr- ft2 - F/BTU
Overall Fouling (hr"ft2'0 F/BTU)

U Overall (BTU/hr.ft2 .°F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

0.00031430
0.02088311

7,242.65

731,028

731,028

Extrapolation Calculation for Row l(Dry) 1
11

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (IF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft.hr)
Density (Ibm/ftV)
Cp (BTU/Ibm'°F)
K (BTU/hrift-°F)

Air-Side
71,323.71

148.00
138.63
0.0203
0.0203
143.32
118.84

3,408.49
805**

0.7255
0.0489

0.0626
0.2402
0.0162

Tube-Side
53,702.59

110.52
113.64

112.08
114.90

3.98
26,780
3.9527
1.4535
1.4139

61.8302
0.9988
0.3673

Tube-Side hi (BTU/hr-fV 0-F) 1,249.18
j Factor 0.0082
Air-Side ho (BTU/hr-ft2 .°F) 8.28
Tube Wall Resistance (hr-ft2 .°F/BTU 0.00031430
Overall Fouling (hr-ft2-°F/BTU) 0.02088311

U Overall (BTU/hr ft2-OF)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.96
905.33

30.98
167,164

0.9182
167,164

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: M
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*** Air Mass Velocity (Lbn/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



17:08:55 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Data Report for: 1(2)VYOlA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.002

06/22/98

Air Coil Heat Exchanger Input Parameters

Fl n-ik -Qi tii-. , -t-a. .
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Air-Side
-2-71[l79T.-OO c-f .....

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
.500-0gpm
105.00 OF

115.30 OF

Fresh Water
0.002000
0.002000

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft-°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr ft.°F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: M
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17:08:55 PROTO-IHX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98
ComEd -- LaSalle

Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.002

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In ('F)
Air Dry Bulb Temp Out ('F)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In ('F)
Wet Bulb Temp Out ('F)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In ('F)
Tube Temp Out (°F)
Condensate Temperature ('F)

Extrapolation Data
Tube Flow (gpm) 108.00
Air Flow (acfrn) 19,258.50
Tube Inlet Temp ('F) 100.00
Air Inlet Temp ('F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp ('F) 0.00
Atmospheric Pressure 14.315

Proto-Power CaIc: 97-200
Attachment: M
Rev: A Page 25 of 32



17:08:55 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: l(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.002

06/22/98

m

Extrapolation Calculation Summary 11

Mass Flow (lbm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr.ft'F)

Air-Side
71,166.65

148.00
108.29

Tube-Side
53,702.59

100.00
113.17

Tube-Side hi (BTU/hr-ft2-°F)

j Factor
Air-Side ho (BTU/hr ft2.°F)
Tube Wall Resistance (hr'ft2 -F/BTU 0.00031430
Overall Fouling (hr-ft2- F/BTU) 0.03976622

U Overall (BTU/hr.ft2.°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

707,030

707,030

Extrapolation Calculation for Row l(Dry) II
I.

Mass Flow (Ibm/hr)
Inlet Temperature (fF)
Outlet Temperature (fF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (fF)
Skin Temperature (fF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (lbm/ft-hr)
Density (lbm/ft3)
Cp (BTU/Ibm-°F)
K (BTU/hr ft-°F)

Air-Side
71,166.65

148.00
139.36
0.0203
0.0203
143.68
121.18

3,400.99
803**

0.7255
0.0490

0.0625
0.2402
0.0162

Tube-Side
53,702.59

110.31
113.17

111.74
114.33

3.98
26,688
3.9675
1.4585
1.4217

61.8352
0.9988
0.3672

Tube-Side hi (BTU/hr-ft2 -°F) 1,246.55
j Factor 0.0082
Air-Side ho (BTU/hr.ft2'-F) 8.27
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr f 2 01.F/BTU) 0.03976622

U Overall (BTU/hr ft2 .°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5.35
905.33

31.73
153,749

0.9183
153,749

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: M
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*** Air Mass Velocity (Lbm/hr ft2), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T



17:15:47 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Data Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.003

06/22/98

Air Coil Heat Exchanger Input Parameters

FIhnld-t n fDy , Temp
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp

Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Air-Side
21 7 970tf-aii Th

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
. .1500o gpm

105.00 OF

115.30 OF

Fresh Water
0.003000
0.002000

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft-.F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr ft-.F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 27 of 32



17:15:47 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98

CornEd -- LaSalle
Calculation Report for: 1(2)VY0I A & 02A - CSCS Equipment Area Cooling Coils

Fouling Sensitivity: 108 gpm at f=0.003

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfmn)
Air Dry Bulb Temp In (OF)
Air Dry Bulb Temp Out (OF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (OF)
Wet Bulb Temp Out (OF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (OF)
Condensate Temperature (OF)

Extrapolation Data
Tube Flow (gpm) 108.00
Air Flow (acfrn) 19,216.50
Tube Inlet Temp (OF) 100.00
Air Inlet Temp (OF) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (°F) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 28 of 32



17:15:47 PROTO-HX 3.01 by Proto-Power Corporation (SN#PIIX-0000)
ComEd -- LaSalle

Calculation Report for: 1(2)VYO0 A & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.003

06/22/98

Extrapolation Calculation Summary II
II- *1

Mass Flow (lbm/hr)
Inlet Temperature (IF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (Ibm/ft-hr)
Skin Vise (lbm/ft'hr)
Density (lbmr/ft)
Cp (BTU/Ibm 0'F)
K (BTU/hr-ft-°F)

Air-Side

71,011.45
148.00
109.53

Tube-Side
53,702.59

100.00
112.75

Tube-Side hi (BTU/hr-ftl2"F)
j Factor
Air-Side ho (BTU/hr'ft2 -F)
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (lhrft2 '°F/BTU) 0.05864934

U Overall (BTU/hr. ft2.°F)
Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7,242.65

683,298

683,298

Extrapolation Calculation for Row l(Dry)
I.

Air-Side
Mass Flow (Ibm/hr) 71,011.45
Inlet Temperature (°F) 148.00
Outlet Temperature (IF) 139.98
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
Average Temp (IF) 143.99
Skin Temperature (°F) 123.15
Velocity *** 3,393.57
Reynold's Number 801*'
Prandtl Number 0.7255
Bulk Visc (lbm/ft-hr) 0.0490
Skin Vise (lbm/ft-hr)
Density (lbm/ft3) 0.0624
Cp (BTU/lbm-°F) 0.2402
K (BTU/hr-ftf.F) 0.0162

Tube-Side
53,702.59

110.10
112.75

111.42
113.82

3.98
26,605
3.9812
1.4630
1.4288

61.8397
0.9988
0.3671

Tube-Side hi (BTU/hr ft2 -.F) 1,244.16
j Factor 0.0082
Air-Side ho (BTU/hr'fit 2 -F) 8.26
Tube Wall Resistance (hr-ftl.°F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.05864934

U Overall (BTU/hr.ft2 -IF)

Effective Area (ft2)

LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.86
905.33

32.39
142,406

0.9184
142,406

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 29 of 32

*** Air Mass Velocity (Lbm/hr-ft'), Tube Fluid Velocity (ftlsec); Air Density at Inlet T, Other Properties at Average T



17:18:53 PROTO-HtX 3.01 by Proto-Power Corporation (SN#PItX-0000)
ComEd -- LaSalle

Data Report for: l(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpmn at f"0.004

06/22/98

Air Coil Heat Exchanger Input Parameters

F liiid-Q-a.itii ,-i-To tal..
Inlet Dry Bulb Temp
Inlet Wet Bulb Temp
Inlet Relative Humidity
Outlet Dry Bulb Temperature
Outlet Wet Bulb Temp
Outlet Relative Humidity

Tube Fluid Name
Tube Fouling Factor
Air-Side Fouling

Air-Side
-2-r- -I79.-0W-ffffii-

150.00 OF
92.00 OF

109.40 OF
84.10 OF

Tube-Side
............ 00 gpm

105.00 OF

115.30 OF

Fresh Water
0.004000
0.002000

Design Heat Transfer (BTU/hr)
Atmospheric Pressure
Sensible Heat Ratio
Performance Factor (% Reduction)

750,000
14.315

1.00
0.000

Heat Exchanger Type
Fin Type
Fin Configuration

Counter Flow
Circular Fins

LaSalle VY Coolers 01A/02A
j = EXP[-2.5088 + -0.3436 * LOG(Re)]

Coil Finned Length (in)
Fin Pitch (Fins/Inch)
Fin Conductivity (BTU/hr-ft.°F)
Fin Tip Thickness (inches)
Fin Root Thickness (inches)
Circular Fin Height (inches)

Number of Coils Per Unit
Number of Tube Rows
Number of Tubes Per Row
Active Tubes Per Row

Tube Inside Diameter (in)
Tube Outside Diameter (in)
Longitudinal Tube Pitch (in)
Transverse Tube Pitch (in)

Number of Serpentines
Tube Wall Conductivity (BTU/hr-ft-°F)

104.250
10.000

128.000
0.0120
0.0120

1.495

2
8

20.00
20.00

0.5270
0.6250

1.500
1.452

1.000
225.00

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 30 of 32



17:18:53 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000) 6/22/98

ComEd -- LaSalle
Calculation Report for: l(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils

Fouling Sensitivity: 108 gpm at f=0.004

Calculation Specifications

Constant Inlet Temperature Method Was Used
Extrapolation Was to User Specified Conditions
Design Fouling Factors Were Used

Test Data
Data Date
Air Flow (acfm)
Air Dry Bulb Temp In (IF)
Air Dry Bulb Temp Out (IF)
Relative Humidity In (%)
Relative Humidity Out (%)
Wet Bulb Temp In (IF)
Wet Bulb Temp Out (IF)
Atmospheric Pressure
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (IF)
Condensate Temperature (IF)

Extrapolation Data
Tube Flow (gpm) 108.00
Air Flow (acfm) 19,177.00
Tube Inlet Temp (IF) 100.00
Air Inlet Temp (°F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (IF) 0.00
Atmospheric Pressure 14.315

Proto-Power Calc: 97-200
Attachment: M
Rev: A Page 31 of 32



17:18:53 PROTO-HX 3.01 by Proto-Power Corporation (SN#PHX-0000)
CornEd -- LaSalle

Calculation Report for: 1(2)VYOIA & 02A - CSCS Equipment Area Cooling Coils
Fouling Sensitivity: 108 gpm at f=0.004

06/22/98

P -
Extrapolation Calculation Summary III -

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (°F)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Vise (lbmr/fthr)
Skin Visc (Ibm/ft hr)
Density (lbm/ft3)
Cp (BTU/Ibm-0 F)
K (BTU/hr-ft'°F)

Air-Side

70,865.48
148.00
110.71

Tube-Side
53,702.59

100.00
112.33

Tube-Side hi (BTU/hr'ft2"°F)
j Factor
Air-Side ho (BTU/hr'ft2"°F)
Tube Wall Resistance (hr-ft2 . F/BTU
Overall Fouling (hr-ftt2 -F/BTU)

U Overall (BTU/hr" ft2-°F)

Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

0.00031430
0.07753245

7,242.65

660,999

660,999

Extrapolation Calculation for Row 1(Dry)
I '

Mass Flow (lbm/hr)
Inlet Temperature (OF)
Outlet Temperature (OF)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (OF)
Skin Temperature (OF)
Velocity ***
Reynold's Number
Prandtl Number
Bulk Visc (lbm/ft-hr)
Skin Visc (Ibm/ft hr)
Density (lbm/ft)
Cp (BTU/Ibm-°F)
K (BTU/hr-ft--F)

Air-Side

70,865.48
148.00
140.51
0.0203
0.0203
144.25
124.81

3,386.59
799**

0.7255
0.0490

0.0624
0.2402
0.0162

Tube-Side
53,702.59

109.85
112.33

111.09
113.33

3.98
26,517
3.9957
1.4679
1.4357

61.8445
0.9988
0.3669

Tube-Side hi (BTU/hr.ft2-°F) 1,241.70
j Factor 0.0082
Air-Side ho (BTU/hr ft2.°F) 8.25
Tube Wall Resistance (hr-ft2.°F/BTU 0.00031430
Overall Fouling (hr-ft2.°F/BTU) 0.07753245

U Overall (BTU/hr-ft2 -°F)
Effective Area (ft2)
LMTD
Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

4.44
905.33.

33.01
132,834

0.9185
132,834

** Reynolds Number Outside Range of Equation Applicability

Proto-Power Calc: 97-200
Attachment: M
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*** Air Mass Velocity (Lbm/hr-ft2 ), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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1. PURPOSE

The purpose of this calculation is to develop a thermal performance analysis model for the
Commonwealth Edison (CornEd) LaSalle Station, Standby Diesel Generator heat exchanger.
This model is to be used for the analysis of heat exchanger thermal performance test data as part
of the LaSalle Station heat exchanger testing program.

Once developed, the model is used to evaluate the thermal margin of the heat exchanger at the
LaSalle Station Reference Conditions as currently defined in the LaSalle design and licensing
basis.

The thermal performance model documented in this calculation has been created and used with
PROTO-HX, Version 3.02. The model can be used with previous versions of PROTO-HX and
produce identical results as long as the following restrictions are upheld:

* Versions prior to version 3.02 will not calculate a negative fouling factor when calculating
the fouling factor based on test data.

* Shell and tube heat exchangers analyzed in Version 3.0 or earlier must have a tube-side
Reynolds Number greater than 10,000 (i.e., fully developed turbulent flow).

Current limitations of use for PROTO-HX are established by the limits on fluid properties
included within the software. Fluid properties contained within PROTO-HX are currently
limited to the following temperature ranges:

* Water (fresh and salt): 32-500'F

2. BACKGROUND

LaSalle Station is in the process of implementing a heat exchanger thermal performance
monitoring program in response to the requirements of NRC Generic Letter 89-13 (Reference
8.2). Development of an analytical model in PROTO-HXTM, Version 3.02, will allow timely
analysis of data resulting from the test program.

3. DESIGN INPUTS

The PROTO-HXTM program was developed and validated in accordance with Proto-Power's
Nuclear Software Quality Assurance Program (SQAP). This program meets the requirements of
IOCFR50 Appendix B, IOCFR21, and ANSI NQA-1, and was developed in accordance with the
guidelines and standards contained in ANSI/IEEE Standard 730/1984 and ANSI NQA-2b-1991.
PROTO-HXTM Version 3.02 was verified and approved for use as documented in Reference 8.10.

The design inputs for this calculation consist of the heat exchanger design basis requirement
(Section 3.1), construction details (Section 3.2), and performance specifications (Section 3.3)
provided by the Hx manufacturer data sheets or design documents as referenced. Construction
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details give the necessary information for model construction while performance specifications
provided by the manufacturer are used to benchmark the model.

Thermal performance of the Standby diesel generator heat exchanger is assessed in this
calculation at the LaSalle Station Reference Conditions of Section 3.1 with all tubes active at
100% and 110% of rated load. No tube plugging margin is considered.

3.1. LASALLE STATION REFERENCE CONDITIONS

Table 3-1 describes the performance requirement of the jacket water cooler. These
conditions ensure that the engine operating temperature range will not be exceeded.

Table 3-1 LaSalle Station Reference Conditions

3.2.

Parameter Value Reference

Heat Load at 100% power/I 10% power (BTU/hr) 7,800,000 / 8,600,000 8.1, 8.4

Shell-Side Flow Rate (gpm) 1,100 8.4

Shell-Side Inlet Temperature (0 F) 190 8.4

Tube-Side Flow Rate (gpm) 800 8.1, 8.4

Tube-Side Inlet Temperature (0 F) 100 8.1

CONSTRUCTION DETAILS

Table 3-2 Construction Details
Parameter Value Reference

Heat Exchanger Type AEW 8.11

Total Effective Area per unit (ft2) 479 8.11

Number of Shells per unit I 8.11

Shell Velocity (ft/sec) 5 8.11

Tube Passes per shell 2 8.11

U-Tubes (yes or no) No 8.11

Total Number of Tubes 188 8.11

Tube Length (ft) 13 8.11

Tube Inside Diameter (in) 0.652 (18 BWG) 8.11

Tube Outside Diameter (in) 0.750 8.11

Stationary Tubesheet Thickness (in) 0.938 8.3

Floating Tubesheet Thickness (in) 1.875 8.3

Tube Wall Conductivity (BTU/hr-ft-°F) 1 12 (Arsenical Cooper) 8.9, (8.11)

Tube Pitch (in) 0.750 8.11
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Table 3-2 Construction Details
Parameter Value Reference

Pitch Type Triangle 8.11

The vendor data sheet shows the effective area as 479 ft2, however, based on
tube diameter and tube length, this value is a gross area (A,,) approximation:

A gr = (number of tubes). (L,1 te). (tube outside circ.)

Agr = 188.13ft . 50in. 479.878ft212 iy// )

The effective area (Aefr) can be approximated as follows:

Alf = (numberof tubes). (L,u1  - Tfed - Tfioatig). (tube outside circ.)

A f- = 188.(13ft-(0.938 in + 1.875 in)).,, ,(0.750in 471.225112
A~ =88.j~ft12* ~ J~i .t =47.221n/

the outside

Equation 1

Equation 2

where:

A9T - Heat Exchanger Gross Area,ft2

A eff - Heat Exchanger Effective Area, ft2

L tube - Tube Length, ft

TCIxed - Fixed End Tubesheet Thickness, ft (0.938" per Reference 8.3)

Tnoating - Floating End Tubesheet Thickness, ft (1.875" per Reference 8.3)

The data sheet value for the effective area will be used in the model benchmarking
process. However, for PROTO-HXTM runs of the Standby heat exchanger model the
above calculated effective area will be used.

3.3. PERFORMANCE DETAILS

Table 3-3 Performance Details

Parameter Value Reference

Shell Side Fluid Type Jacket Water (Fresh) 8.11

Total Fouling Factor (Design) 0.00285 8.11

Shell Side Fluid Flow Rate (lb/hr) 550,000 8.11

Shell Side Inlet Temperature ('F) 190 8.11

Shell Side Outlet Temperature ('F) 174.4 8.11

Tube Side Fluid Type Service Water (Fresh) 8.1/8.7
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Table 3-3 Performance Details
Parameter Value Reference

Tube Side Fluid Flow Rate (lb/hr) 388,000 8.11

Tube Side Inlet Temperature ('F) 100 8.11

Tube Side Outlet Temperature (0F) 122.2 8.11

Hx. Design Q - Service (BTU/hr) 8,600,000 8.11

Hx. Design U - Service (BTU/hr-ft2 -°F) 255.2 8.1 I

4. APPROACH

This calculation utilizes plant/vendor fabrication specifications provided in Attachment (A) to
develop a thermal performance prediction model for the LaSalle Station Unit 0, 1, and 2 Diesel
Generator Jacket Water Coolers. The calculation then benchmarks the model by comparing the
heat transfer rate calculated by PROTO-HXTM Version 3.02 with the manufacturer's
specifications for thermal performance.

4.1. PROTO-HXTM PARAMETER CALCULATION

Minimum Shell Area

The minimum shell area is calculated using either the shell side velocity or a shell
geometry. The preferred method of calculation is using the shell side velocity. Reference
8.11 gives the shell side velocity to be 5 ft/sec at a flow rate of 1100 gpm. Based on this
velocity and flow rate the minimum shell side area is calculated by PROTO-HXTM to be
0.490 ft2.

Outside H Factor (Hoff)

The Outside H Factor is a multiplier, with value less then 1.0, used to reduce the ideal
shell side film heat transfer coefficient. The Outside H Factor accounts for inefficiency in
the heat exchanger. Using the back calculation method, based on the design overall heat
transfer coefficient, the Outside H Factor was calculated by PROTO-HXTM to be 0.780.

4.2. PROTO-HXTM FLOW RATE INPUTS

Volumetric flow rates are converted to mass flow rates based on a set temperature of
60OF in PROTO-HX TM . Therefore, the actual PROTO-HX TM inputs have to be adjusted
to give the correct mass flow rate. The PROTO-HXTM input is adjusted using the ratio of
the actual water density and the density of water at 60'F.

Q phix = Qtenp Ptemp Equation 3
P60-F
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Table 4-1 PROTO-H-XTM Flow Rate Inputs _________

Parameter Density (Ib/e)ý'. Actual Flow (gpm) PROTO-HXTM Input (gpm)

:.Tube-side, 100'F 61.994::%: (8.12) -. 800 795.25
'ShelIside,. l90F 60.349 (8.12) 1,100 1 064495

PROTO - .60 .F 62.364

4.3. PROTO-1XTN EXTRAPOLATION METHOD.

All: calculations perform.ed for this calculation are based. on. a constant cold inlet
temperature. This allows the comparison of the heat transfer,. outlet temperatures. log
mean temperature difference (LMTD), and overallheat transfer.coefficient. There. is no:.
c" ompia.son of the overall heat transfer coefficient in the design ease since PROTO-HX ""
used the data sheet.value of the overall het transfer coeficien to.tcalculate the shell side
film, heat transfer. coefficient.

.5..... ASSUMPTIONS

5.1. The vendor data sheet (Reference 8..1) is considered. an accurate reflection of the
vendor's expectation for the heat exchangers outside. film heat:. transfer coefficient.

-Therefore, the benchmAkihg::of the.PROTO-HX T0• mdel -to the:vendor data sheet will
ensure that the PROTO-HXXTM calculated outside film. heat..transfer coefficient is

consistent with the vendor's expectation. The.pROTO..HXTm model.is benchmarked with
the vendor data sheet effective area. However, calculations pdformed with the model use
the effective area determied in Section 312. Futurevalidation of this assumptioniisnnot

require~d.

6.. ANALYSIS

6.1. PROTO-HXT. MODEL

Tadble 6.4 shows the PROTO-HXrm benchmarking of the Jacket Water Cooler for the.. .
Standby Diesel:Generator. The:PROTO-HXTM reports :can be found in Attachment E.

Table &.I Model:1Benchmark C•irrelation •
Parameter. PROTO-HXTM Data Sheet Percent Difference

Effective Area,: ftW.:: 479 47.9 0.00 %

Shell Side Outlet Temp,:OF 174.4 1.74.4" 0.00 %

Tube Side Outlet.Templ. F 122.2 122.2 0.00 %

Heat. Transferred, BTU/hr..:.:! 8,589,000 ' 8,600,000 -0.13 %.

Corrected LMTD 70.3 70.2 0.14%
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Table 6-2 shows the PROTO-HXTM results for the heat exchanger design conditions
using the corrected effective area, Section 3.2. The PROTO-HXTMl reports can be found
in Attachment E.

Table 6-2 Model Design Correlation

Parameter PROTO-ltXTMI Data Sheet Percent Difference

Effective Area, ft2  471.2 479 -1.63 %

Shell Side Outlet Temp, 'F 174.6 174.4 0.11 %

Tube Side Outlet Temp, 'F 121.9 122.2 -0.25%

Heat Transferred, BTU/hr 8,481,000 8,600,000 -1.38%

Corrected LMTD 70.5 70.2 0.43 %

All PROTO-HX TM calculations performed with the Standby Jacket Water Cooler model
will use the effective area of 471.23 ft2. This change is made to the PROTO-HXTM heat
exchanger data sheet as shown in Attachment E.

6.2. HEAT EXCHANGER FOULING FACTOR LIMIT

In order for the jacket water cooler to meet the Reference Conditions (Table 3-1) the
fouling must be limited from the values listed on the vendor's data sheet
(Reference 8.11). The overall fouling factor limit was determined by iterating on the
overall fouling factor, a PROTO-HXTM input, until the required heat load was matched.
Table 6-3 shows the results of the PROTO-HXTM runs for the limited fouling factor case,
see Attachment E.

Table 6-3 Fouling Factor Limit
Parameter Design Fouling Limited Fouling

Overall Fouling Factor 0.00285 0.002782

Overall Heat Transfer Coefficient 255.2 259.7

Heat Transfer Rate 8,484,000 8,600,000

Required Heat Transfer Rate 8,600,000 8,600,000

Thermal Margin -116,000 0.0

% Thermal Margin -- 1.35 % 0.00%

The limitations on the fouling factor are placed on the tube-side fouling factor, since the
tube-side is the most controllable via periodic tube-side cleaning. To be consistent with
the HPCS Diesel the shell-side fouling factor will be set to 0.0005 hr ft2 °F/Btu for this
analysis. The tube-side fouling factor is calculated from the overall fouling found from
the PROTO-HXTV iteration process.
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The area ratio is used to convert the overall fouling factor to a tube-side and shell-side
fouling factor

f.o,--"= fshetl + (Area Ratio). ftube Equation 4

Area Ratio = TubeOD Equation 5
Tube ID

0.750 in_
AreaRatio = -- - 1.150

0.652 in

From the vendor datasheet the design overall fouling factor is

fTotal = 0. 0 0 2 8 5 0 hr 1 F/

B3tu

From the PROTO - HX iteration the adjusted overall fouling factor is found:

fadj.,ed = 0 .0 0 2 7 8 2 hrft 2F

Btu

From the new overall fouling factor the new tube -side fouling factor is calculated:

8 - .0005)hr ft 2 /_(fa djusted f~h•,,) _(0.002782 oF!Booos)t
f = -_____)_ =_ /Btu = 0. 0 0 1 9 8 4 hrrft 0

tube Area Ratio 1.150

The PROTO-HXTM heat exchanger data sheet is changed to reflect the adjusted design
fouling as calculated above. Like the effective area change in the heat exchanger data
sheet, this change is made without recalculating the Hoff factor.

Attachment E includes a final model calculation report for the Reference Conditions and
the adjusted tube-side fouling entered into the PROTO-HXTM data sheet.

6.3. FOULING SENSITIVITY

The fouling sensitivity of the jacket water cooler is shown in Figure 6-1. The fouling
sensitivity was developed at 800 gpm CSCS flow, 100°F CSCS inlet temperature, 1100
gpm jacket water flow, and 190'F jacket water inlet temperature. The tube-side fouling
factor was varied from 0.0000 to 0.001984 (hr ft2 °F/Btu) by increments of 0.0005 (hr ft2

°F/Btu). As in Section 6.2, the shell-side fouling factor is held constant at 0.0005 (hr ft2

°F/Btu). The PROTO-HX TM Calculation Reports for the fouling sensitivity can be found
in Attachment F.

Form No.: P1050105 Rev.: 10 Date: 10/21/97. Ref.: &5-



PROTO-POWERCORPORATION A. 97-195 REVA PAGE 8 OF 12

GROTON, CONNECTICUT ORIG11ATR D. Phyfe DATE 6/29/98

VERIIED EY S. Ingalls JOB "0. 31-003

" COMED / LaSalle County Station PRCY' COMED / LaSalle Station GL 89-13 Program

TITLE Tliermal Model of COMED / LaSalle Station Unit 0, 1, and 2 Diesel Generator Jacket Water Coolers

Figure 6-1
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6.4. THERMAL MARGIN ASSESSMENT

The clean thermal margin is assessed by a comparison of the reference condition
performance requirements to the heat exchanger performance capability with a zero (0)
fouling factor. Using a zero (0) fouling factor shows the maximum available
performance of the heat exchanger. Likewise, the service thermal margin is assessed by
comparing the reference condition performance requirements to the heat exchanger
performance capability with the design fouling factor.

The margin is calculated directly and as a percentage compared to the required heat rate
to perform the component's safety function. The PROTO-HXTM reports can be found in
Attachment E.

margin=Heat Rate - Heat Raterequired

%margin = 100. margin
Heat Rate required

Equation 6

Equation 7
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Table 6-4 Thermal Margin

Parameter Service (Design Fouling) Clean (0 Fouling)

Overall Heat Transfer Coefficient 259.7 955.9

Heat Transfer Rate 8,600,000 18,850,000

Required Heat Transfer Rate 8,600,000 8,600,000

Thermal Margin 0.0 10,250,000

% Thermal Margin 0.00% 119.19%

6.5. MINIMUM SERVICE WATER FLOW RATE

The minimum service water flow rate for the adjusted design fouling condition is
calculated with the shell-side inlet temperature at 190'F and a flow rate of 1,100 gpm.
Iterating using the service water flow rate and inlet temperature, the minimum acceptable
flow rate is found for each inlet temperature (Attachment G). The heat load for each
iteration must be equal to or slightly above the required heat load of 7,800,000 BTU/hr
and 8,600,000 BTU/hr, the diesel heat load at 100% and 110% power, respectively
(Reference 8.1). Figure 6-2 shows the results of this iteration process.

The results of the model iterations are summarized in Table 6-5 and Table 6-6 along with
Figure 6-2. Density corrections of the PROTO-HXTm flow rates are made in accordance
with Equation 3. Values for fluid density are obtained from Reference 8.12.

Table 6-5 Minimum CSCS Flow Rate at 100% Power
CSCS Inlet Density at Inlet PROTO-HXrM Density Corrected

Temperature Temperature Input Flow Rate Flow Rate
(OF) (Ibm/fi9) (gpm) (gpm)
35 62.41903 161.1 161.0
40 62.42184 169.8 169.6
50 62.40595 190.5 190.3

60 62.36445 217.5 217.5

70 62.30034 254.2 254.5
80 62.21603 307.0 307.7
90 62.11349 389.3 390.9
100 61.99437 534.5 537.7
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Table 6-6 Minimum CSCS Flow Rate at 110% Power
CSCS Inlet Density at Inlet PROTO-HXTm Density Corrected

Temperature Temperature Input Flow Rate Flow Rate
(OF) (Ibm/ft3 ) (gpm) (gpm)
35 62.41903 193.5 193.3
40 62.42184 204.8 204.6
50 62.40595 232.2 232.1

60 62.36445 269.1 269.1

70 62.30034 321.0 321.3

80 62.21603 399.3 400.3

90 62.11349 530.9 533.1

100 61.99437 795.3 800.0

Figure 6-2 Minimum Service Water Flow
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7. CONCLUSION

7.1. PROTO-HX TNI MODEL

The Standby Jacket Water Cooler model was developed using PROTO-HXTM, Version
3.02. The model was benchmarked to the vendor data sheet. The benchmark model
correlation to the vendor data sheet is -0.13 %. The benchmark model is for reference
only based on the non-conservative approximation of heat exchanger effective area as
discussed in Section 3.2 and Assumption 5.1. Calculations performed with the Standby
Jacket Water Cooler model are to use the effective area developed in Section 3.2.

This model should be considered suitable for use in the analysis of thermal performance
test data.

The model database is saved under file name dg0Ia.phx, with a file size of 640 KB, and a
file date and time of 6/29/98 at 1:50:34 PM. The saved database is set up to run the
Reference Conditions with design fouling factor selected, the design fouling factor is a
shell-side fouling of 0.002782. The database file is included as Attachment H.

7.2. HEAT EXCHANGER FOULING FACTOR LIMIT

For the Standby Diesel Generator Jacket Water Cooler to provide adequate heat removal
at the specified LaSalle Station Reference Conditions the overall fouling factor must be
equal to or less than 0.002782 hr ft2 °F/Btu. This overall fouling factor is entered in the
model as the shell-side design fouling factor.

7.3. FOULING SENSITIVITY

Given a constant shell-side fouling at the model design value, the sensitivity of the jacket
water cooler to tube-side fouling effects is shown on Figure 6-1.

7.4. THERMAL MARGIN ASSESSMENT

Assuming the adjusted heat exchanger effective area and maximum overall fouling factor,
the clean and service available thermal margins are 119.19 % and 0.00 % respectively.

7.5. MINIMUM SERVICE WATER FLOW RATE

As shown in Figure 6-2 the service water flow can be throttled down to account for lower
service water inlet temperature conditions. The heat exchanger can remove the design
heat load for the diesel at 100% (7,800,000 BTU/hr) and 110% (8,600,000 BTU/hr) rated
power, by reducing service water flow rates as the service water temperature decreases.
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SARGENT & LUNDY
ENGINEERS

CHICAGO

PEFeKtENCE 9.7
J-2544
CA, 11-09-76

include a shell and tube heat exchanger which will be supplied
with cooling water from the Purchaser's cooling water system.

b. The closed cooling water system pump shall be of the centrifugal
type and shall be driven by the. engine.

C. The shell and the tube heat exchanger shall be of the capacity required
for 110 percent of rated power with a fouling factor of 0.0005 on
shell side and .002 on the tube side. The heat exchanger shall be in
accordance with the requirements of ITEN A, TE4A (Tube Exchanger
Manufacturers' Association) Class C and the ASHE Code Section III.
The type bundle shall be removable without removing shell from
its mounting. The tubes shall be 5/8 inch minimum and be of ad-
miralty metal.

.d. The circulating water system shall be provided with controls which
will sense and maintain optimum jacket water temperature.

e. Cooling water supply for the heat exchangers will
inlet temperature of 1000F and a minimum of 320F.
be designed for a 150 psig water working pressure
hydraulic pressure of 225 psig.

be at a maximum
The coolers shall

and tested at a

F. Starting System

a. Each engine shall be equipped with an independent pneumatic start-
ing system complete with all valves, integral piping, controls, etc.

b. The reliability of the starting system is paramount and no compromise
of the starting capability shall be made with other basic require-
ments of the equipment design. Any special devices or auxiliaries
required to insure successful starting shall be provided, except any
equipment of an experimental type will be unacceptable. Contractor
shall describe in his proposal what occurances are possible to pre-
clude successful starting, and what remedies would be necessary
that are not already provided for in the equipment design.

c. The compressed air starting system shall consist of two redundant
sets of equipment, each completely independent of the other for
successful operation. A cross-connecting line with a normally
closed valve shall, be provided between sets. The accumulator fur-
nished with each set of equipment shall have the capacity for a
minimum of three normal cranking cycles in rapid succession without
the use of its air compressor. Each accumulator shall be furnished
with a shut-off cock, pressure gauge drain valve, safety valve, and
sensing element for low pressure alarm. Proto-PowerCaic: 97-195

Attachment: B
2-9. Rev: A Page 2 of 3



Proposal Technical Data for

Diesel Engine-Generator Sets, Cont.

La Salle County Station - Units 1 and 2

'RelFe ENCE

J-2544
CA., 11-09--76

of Biddetr: Stewart & Stevenson Services, Inc.Nam(

ENGINE-GENERATOR DATA, Cont.

I
(Insert all data in these columns)

BASE BID ALTERNATE 1

.DIESEL GEN. DIESEL GEN.
DIESEL GEN.O IA AND 2A OIA AND 2A

(Contractor to furnish complete infor-
mation for starting system furnished)

E. Engine Cooling System:

a. Cooling system capacity.(gal)

b. Pipe size for cooling water
connections .............. (in)

c. Heat exchanger dimensions:

(1) Length ............... (in)

(2) Diam ................. (in)

(3) Height ............... (in)

_____ d. Quantity of cooling water
at rated load, required at

80*F ................ (gal/min)

- at 95 0 F............. (gal/min)

at 1000F ............ (gal/min)

.m e. Tube material ................

f. Diameter and thickness of

tubes .................... (in)

g. Total tube cooling surface...

........................ (ft 2 )

h. Water box material ...........

545

8

179.5

16"

19.5"

550

750

840

Arsenical
Copper (SBl

3/4" x 18 BWC

479

Carbon
Steel

Weights:
3050 lbs Dry
4350 lbs Wet

0
11)

PTD-I5
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