Exelon.

Exelon Generation wwwexeloncorp.com N UC] ear

4300 Winfield Road
Warrenville, Il 60555

RS-07-113

August 2, 2007

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

LaSalle County Station, Units 1 and 2
Facility Operating License Nos. NPF-11 and NPF-18
NRC Docket Nos. 50-373 and 50-374

Subject: Additional Information Supporting Request for Emergency License Amendment
to Technical Specification 3.7.3, "Ultimate Heat Sink"

References: 1. Letter from D. M. Benyak (Exelon Generation Company, LLC) to U. S. NRC,
"Request for a License Amendment to Technical Specification 3.7.3, 'Ultimate
Heat Sink," dated June 29, 2007

2. Letter from P. R. Simpson (Exelon Generation Company, LLC) to U. S. NRC,
"Additional Information Supporting Request for a License Amendment to
Technical Specification 3.7.3, "Ultimate Heat Sink," and Request for
Processing on an Emergency Basis," dated August 1, 2007

In Reference 1, as supplemented by Reference 2, Exelon Generation Company, LLC (EGC)
requested a change to the Technical Specifications (TS) of Facility Operating License

Nos. NPF-11 and NPF-18 for LaSalle County Station (LSCS), Units 1 and 2. The proposed
change increased the maximum allowed TS temperature limit, contained in TS Surveillance
Requirement 3.7.3.1, of the cooling water supplied to the plant from the Core Standby Cooling
System (CSCS) pond (i.e., the Ultimate Heat Sink (UHS)) from 100 °F to 101.25 °F. The
proposed change was based on a reduction in instrument uncertainty resulting from the
replacement of the originally installed thermocouples with precision resistance temperature

devices.

During a conference call with the NRC on August 2, 2007, the NRC requested EGC to submit
one of the references listed in Attachment 2 of Reference 2. As requested, the Attachment to
this letter contains EC 356645, "Assessment of High Lake Temperature On the Functionality of
the Plant (Summer Readiness 2005)," Revision 1.
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As discussed in Section 4.2 of Attachment 2 to Reference 2, the results of the evaluation
demonstrated an increase in the maximum inlet temperature of cooling water supplied to the
plant from the CSCS pond could be justified. However, although margin exists to support
increasing the actual inlet temperature, the proposed increase in the allowable indicated
temperature is based solely on a reduction of the existing instrument loop uncertainty value. No
change in the actual inlet temperature was credited; therefore, there is no change in the
containment pressure response, loss-of-coolant accident (LOCA) and non-LOCA analyses, and
there is no increase in risk associated with the post-accident heat removal. Thus, the attached
evaluation has no impact on the technical justification for the proposed change.

EGC has reviewed the information supporting a finding of no significant hazards consideration
that was previously provided to the NRC in Attachment 2 of Reference 2. The information
provided in this submittal does not affect the bases for concluding that the proposed license
amendment does not involve a significant hazards consideration.

There are no regulatory commitments contained in this letter. Should you have any questions
concerning this letter, please contact Ms. Alison Mackellar at (630) 657-2817.

| declare under penalty of perjury that the foregoing is true and correct. Executed on the
2nd day of August 2007.

Respectfully, ‘
Darin M. Benyak k
Director, Licensing

Attachment:
EC 356645, "Assessment of High Lake Temperature On the Functionality of the Plant
(Summer Readiness 2005)," Revision 1



ATTACHMENT

EC 356645, "Assessment of High Lake Temperature On the Functionality
of the Plant (Summer Readiness 2005)," Revision 1



EC 356645, Rev. 1 Page 1 of 15

Assessment of High Lake Temperature On the Functionality of the Plant
(Summer Readiness 2005)

REASON FOR EVALUATION:

This EC revision (Rev. 1) evaluates and documents any changes to EC 354788, a previous
evaluation (dated 4/27/05) of plant components for higher inlet cooling water temperatures, and
revision 0 of this EC (356645). The EC is prepared to support Summer 2005 Readiness. In the
event that the plant’s inlet cooling water temperature approaches and is predicted to exceed the
Tech Spec SR 3.7.3.1 UHS temperature limit of </= 100 °F, a temporary increase in this limit to
102 °F will likely be requested from the regulator. This increased limit (102 °F) will be the
starting temperature for postulated accident analysis involving the UHS and the operating limit
for non-safety related equipment.

DESCRIPTION OF CHANGE/SCOPE/APPROACH:

This assessment will address the consequences of an increase in the temperature of cooling water
supplied to the plant upon both safety-related and nonsafety related systems. For safety-related
systems, the applicable components are part of the CSCS cooling system. These are evaluated for
a higher inlet cooling water temperature of 106 °F, versus the current 104 °F (Reference 1). The
assessment is based on current (as of the preparation date of this EC) plant equipment condition,
e.g. current equipment inspections, monitoring, heat exchanger tube plugging and performance
testing information.

The UHS at the time of a postulated LOCA and concurrent cooling lake dike failure will be at a
starting temperature of 102 °F. The CSCS piping systems have a design temperature of 200 °F so
this temperature increase can be accommodated by the piping systems involved.

The UHS has been previously analyzed utilizing the existing calculation model (Reference
2) to determine the peak inlet cooling water temperature following a LOCA and cooling
lake dike failure, based on a starting temperature of 100 °F for small siltation depths. (e.g.
up to 6-inches siltation). The most current siltation surveillance indicates the average
siltation depth is less than 6 inches and that changes since the previous survey in 2002 have
been insignificant (Reference LTS-1000-4, WO 00558360-02 completed 10/15/04, and
Ocean Survey drawings 04ES05864.1 and 04ES05864.2).

Worst-case weather data, already contained in the model, was used in the analysis. The UHS
analysis effort also included updating the heat input load to include the effects of General Electric
SIL 636 (Reference 3). The peak UHS inlet temperatures to the plant for 0” & 6” siltation levels
are evaluated as follows:

Siltation Depth Starting UHS Temperature Peak UHS Inlet Temperature

0” 100 °F 101.6 °F (Table G.7.2 of
Reference 2)

6” 100 °F 101.8°F (Table G.7.3 of
Reference 2)

Allowing the UHS initial temperature to increase 2°F (from 100 °F to 102 °F) would result in a
corresponding 2°F increase in the peak temperature during accident conditions. This is reasonable
and conservative based on the peak temperatures given above, meaning that during accident
conditions the peak temperature of cooling water being supplied to safety-related components
could be 104°F.
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In this assessment a margin of +2°F is added to this peak UHS temperature. This margin could
be used to account for things like lake temperature instrumentation uncertainty. For example,
Circulating Water inlet temperature instrumentation, although not safety-related, is used to verify
Tech Spec required limits. The CW Inlet temperature uncertainty has been determined in EC
336218 to be as much as +1.8°F (Reference 4)

In summary, for accidents and transients involving a LOCA and postulated dike break the
projected peak post-accident UHS temperature will be assessed as 104 °F + 2 “F for a peak
temperature of 106 °F for CSCS system components. Beyond design basis events such as ATWS
and SBO are evaluated for a 102 °F + 2 °F (for uncertainty, not post-accident increase) = 104 °F
CSCS cooling water temperature.

Non-safety related components are reviewed from an operational standpoint only, because the
main concern is with their effect on power operation. They are not credited to mitigate any
design basis events. Most components are reliability related and are monitored for parameters
such as temperature and pressure. These components can be described as self-limiting, that s,
operations personnel will respond to alarms and conditions in accordance with approved plant
procedures, including load curtailment per LOA-CW-101/201, as required. These components
were evaluated in the Reference 1 Engineering Change (EC) 334017 at 104 °F. For these
components the peak cooling water inlet temperature will correspond to the increased UHS
temperature limit, i.e. 102 °F.

DETAILED EVALUATION:
Relevant UFSAR Rev. 15 Sections:
The specific UFSAR Sections related to non-safety-related systems are:

9.1.3.2.1.1 “...the Spent Fuel Pool (SFP) cooling system safety design bases are...maintain
the SFP water temperature...assumes a Service Water System water temperature

of 100 °F .”
9222 “Maximum service water supply temperature is 100 °F.”
10.4.5.2  “The circulating water system supplies the main condenser with cooling

water ranging from 32 °F to 100 °F maximum.”
In addition, the UFSAR states the following about the safety-related UHS:

0.2.6.3.2. “The maximum temperature for cooling water supplied to the plant from the
UHS during accident conditions is 102 °F.”

Fig. 9.2-7 “UHS Lake Temperature Versus Time of Day”. This figure indicates that to

ensure that the 102 °F limit is not exceeded during accident conditions the UHS
temperature must be limited depending upon time of day and depth of siltation.

Function Performed by the Equipment :

CSCS Equipment Cooling Water System:

The safety function of the core standby cooling system (CSCS) is to circulate
lake water from the ultimate heat sink for cooling of the residual heat removal
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(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 make up water
for fuel pool cooling and also provides containment flooding water for post-
accident recovery.

Ultimate Heat Sink (UHS):

The UHS has the following safety functions: to provide sufficient water volume
permitting a safe shutdown and cooldown of the station for 30 days with no water
makeup — the maximum permissible water temperature supplied to the plant is
taken as 102°F (post-accident). It is also designed to provide water for fire
protection equipment and to withstand the most severe postulated natural
phenomenon such as an earthquake.

Fuel Pool Cooling (FC) System:

The FC System is designed to prevent damage to the fuel elements contained in
the fuel pool. Under normal operating conditions, the system is designed to
maintain a water level of approximately 22 feet above the top of the spent fuel
pool storage racks. The FC System also maintains the fuel pool temperature at or
below a limit of 140°F under a maximum normal heat load (during refueling)
using service water (cooling water) temperature of 100°F.

Service Water (WS) System:

The service water system removes heat from various equipment in the turbine
building, reactor building, auxiliary building, service building, and radwaste
facility during normal plant conditions, shutdown, and abnormal plant conditions
when offsite power is available. The service water system removes the heat
rejected by the reactor building closed cooling water and turbine building closed
cooling water systems. It is also designed to supply strained cooling lake water
to the radwaste facilities, screen wash, clean gland water, and to serve as a back
up to the fire protection system. The service water system provides a reliable
source of cooling water for station auxiliaries that are nonessential to the safe
shutdown of the station during or following a design-basis LOCA.

Circulating Water (CW) System:

The purpose of the circulating water system is to remove the heat rejected from
the main condenser. The circulating water system is designed to convey water
between the main condenser and the cooling lake. The circulating water system
is not required to effect or support safe shutdown of the reactor or to perform in
the operation of reactor safety features.

Evaluation of Safety-Related Equipment:

Safety-related equipment is required to safely shutdown the plant and maintain cooling for 30
days assuming a LOCA and simultaneous dike failure (Reg. Guide 1.27/UFSAR). The LaSalle
County Lake serves as the water supply for the service water system and the ultimate heat sink
(UHS). The safety-related heat exchangers have been evaluated for a cooling water inlet
temperature of 106°F. The existing computer calculation models for most safety-related heat
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exchangers were utilized for this analysis. Other safety-related heat exchangers, which use the
CSCS water, are addressed as well below:

RHR Heat Exchangers (E12-B001A/B)

A review of the RHR Heat Exchangers concludes that they are in good condition. They have no
material condition issues that would impair the ability of the components to support a change of
the maximum inlet temperature from 104°F to 106°F. (EC 355042, Reference 27)

An assessment of RHR Heat Exchanger performance in the Containment Cooling mode was
made with 106°F inlet service water (cooling water) (See Attachment A). The approved heat
exchanger computer model (Calc. No. 97-201) was used. The assessment found that with an inlet
cooling water temperature of 106°F the heat rejection capacity of the RHR heat exchangers was
approximately 172 E06 Btu/hr, which exceeds the required heat rejection rate of 163.1 E06 Btu/hr
(Ref. 16). Additionally, several conservatisms were used in the assessment, including (1) the
model assumes that 5% of the heat exchanger tubes are plugged. Currently, the maximum
number of tubes plugged in any of the RHR heat exchangers are less than this amount (Per Ref.
27, the maximum number of tubes plugged is 29 in the 2A RHR Ht. Ex., this is less than 5% of
1063 total tubes or 53 tubes), and (2) the overall fouling factor used in the assessment is greater
than that actually determined from the latest RHR heat exchanger performance testing for the
Generic Letter 89-13 Program (NDIT LS-1154 and Calc. L-002571, ECs 340686, 350219). The
highest value of fouling based on testing, including uncertainties, is .00105, and a value of .0013
was used in the assessment.

An assessment of RHR Heat Exchanger capability for normal shutdown was also performed for
an inlet service water temperature of 106 °F. The design heat rejection capacity for normal
shutdown is approximately 42 E06 Btu/hr. The approved heat exchanger computer model
referenced above was also used in this assessment. The design case indicates an inlet water
temperature for the shutdown cooling flow from the reactor vessel of 120 °F which is based on an
inlet service water temperature of 90 °F. For an inlet temperature of 106 °F, the heat rejection
capability will be reduced to approximately 22E06 BTU/hr per RHR Hx train. The shutdown
temperature can still be obtained; however, the time period required will be longer. An option
available to plant operators depending on the plant conditions is to utilize both RHR heat
exchanger trains, this will more than accommodate the design normal shutdown heat load. The
normal shutdown cooling function is not safety related and the impact of the increased cooling
time and its impact on plant availability is not a safety concern (Ref. 35).

These temperatures are well below the containment cooling mode values given previously. Thus
the containment cooling mode effect on the heat exchanger is bounding.

Post LOCA Suppression Pool Temperature Analysis:

Since the containment cooling mode heat rejection capability of the RHR Heat Exchanger
exceeds the required heat rejection, there will be no impact on the LaSalle suppression pool
temperature response following a LOCA. In other words, the post LOCA peak suppression pool
temperature (196.1 °F at 102% of uprated reactor thermal power per UFSAR Section 6.2.2.3.5)
even with a higher inlet service water temperature of 106°F will still be well below the
suppression pool temperature NPSH limit for the ECCS pumps of 212°F.

Due to the expected performance of the RHR heat exchanger, other events that utilize the RHR
heat exchangers for cooling would be expected to have the same results, i.e. since the heat
removal capacity of the RHR heat exchanger is maintained, an increased (106 °F) CSCS cooling
water temperature will not impact suppression pool temperature.
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RHR Pump Seal Coolers

The RHR Pump Seal Coolers on both Units 1 and 2 were replaced with new units during L1F35
and L2R07. There is margin between the most current measured cooling water flows (ranging
from ~ 11 gpm to 30 gpm per Ref. 33) and the minimum required flow 6.5 gpm (Calculation L-
002404). The coolers are flow tested quarterly and cleaned before flows drop below the
minimum required. All four coolers have been flow tested satisfactorily since late April 2005
(Ref. 33).

The tube side design inlet water temperature is 360 °F (max.) at a flow of 2 gpm; this flow stream
is cooled to 250 °F to cool the pump seals. This operating condition is during normal shutdown
conditions only. The Ref. 8 calculation indicates the seal cooler presently is capable of meeting
the pump seal limit on exit temperature of 250 °F with the 5 gpm shell side cooling water design
flow (equates to the minimum required flow of 6.5 gpm during normal non-accident conditions)
at 104 °F with approximately 50% margin in heat removal capability. This indicates an adequate
margin currently exists in the coolers to accommeodate an increase in inlet service water
temperature to 106 °F.

1(2) LPCS Motor Coolers [1(2)E21-C001]

These heat exchangers are a shell and coiled tube type, designed to cool lubricating oil
surrounding the three sections of bearing in the LPCS motor. Based on a review of bearing
temperature data for the months of June, July and August 2001 the maximum bearing
temperatures experienced were at least 27 degrees below the corresponding alarm set points (see
Ref. 1, Attachment G). These pumps were operated several different times throughout the
summer. These periods of operation were short duration runs, however from a review of the data
they were long enough in nature to demonstrate the maximum running bearing temperatures (see
Reference 1, Attachment B). The maximum service water temperature experienced during the
summer of 2001 was 98.5°F on 7/24/01. Therefore, increasing the service water temperature by
7.5°F (up to 106°F), then correlating a 7.5 degree increase in bearing temperature will not
challenge the alarm set points or operability of these components. The service water flow rates
have met or exceeded the required flow rates based on current surveillances. They have no
material condition issues that would impair the ability of the components to support a change of
the maximum inlet temperature from 104 °F to 106 °F. (Based on Ref. 27, this evaluation is still
valid).

Diesel Generator Heat Exchangers

The Diesel Generator Heat Exchangers (0, 1A, 1B, 2A, and 2B) have no material condition issues
that would impair the ability of the components to support a change of the maximum CSCS inlet
temperature from 104°F to 106°F. No tubes are currently plugged on these heat exchangers and
their material condition is considered good. (Based on the Ref. 27 EC this assessment of material
condition is still valid).

An assessment of the DG Heat Exchangers performance was made with 106°F inlet service water
(See Attachments B & C). The approved heat exchanger computer models (Calc. Nos. 97-195 &
97-197) were utilized for this assessment.

The assessment of the Div. 3 HPCS Diesel heat exchanger determined that with an inlet cooling

water temperature of 106 °F, the heat rejection capability of the heat exchanger is approximately
8.05 E06 Btu/hr, exceeding the design heat rejection rate of 7.8 E06 Btu/hr.
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The assessment of the Div. 1 & 2 EDG heat exchangers determined that with an inlet cooling
water temperature of 106 °F, the heat rejection capability of each of these heat exchangers is
approximately 9.12 E06 Btu/hr, exceeding the design heat rejection rate of 8.6 E06 Btu/hr.

The fouling factors used in the evaluation were based on current design basis values that are
greater than twice those measured in the most recent G.L. 89-13 testing of these heat exchangers.
This fouling factor statement is still correct based on as-tested data documented in ECs 352723
and 352877.

ECCS Corner Room Coolers (VY01/2/3/4A)

Assessments were performed on all of the ECCS Corner Room Coolers at a service water inlet
temperature of 106 °F (See Attachments D — G of EC 337958) using existing computer models
with no tubes plugged (Reference 27). The entering air temperature to the coolers used is the
current design basis of 148°F. The assessments demonstrated that at design fouling conditions,
the VYOLA, 03A & 04A room coolers all had positive margins of at least 8% over the required
heat rejection capability. The 1VY04A Cooler was noted, based on Ref. 37, to have a degraded
air flow rate approximately 2% below test acceptance criteria. The above stated evaluations and
margins are based on including a 10% air flow rate reduction for the VY03A and VY04A coolers.
This reduction in air flow bounds the actual measured reduction from a heat rejection capability
standpoint.

Additionally, the cooler air flow rates used as input for the computer models were reviewed based
on the changes in heat rejection caused by the higher inlet cooling water temperature. Sensitivity
computer runs were performed to assess the impact of changes in coil inlet volumetric air flow
due to small changes in air density. These effects were found to be negligible, (i.e. less than 1%
impact on heat rejection capability).

For the VY02A HPCS Corner Room cooler the current design computer model contained a 5%
tube plugging margin. Since no tubes are currently plugged, this cooler was evaluated at its
current condition with all tubes in service. The HPCS corner room temperature is predicted to be
150 °F, when the inlet cooling water is at or near its peak of 106 °F (as noted in the section on EQ
below this is for a short duration time period). This is the same peak room temperature predicted
in the Reference 1 EC. Tthe potential Environmental Qualification (EQ) effects are addressed in
the referenced EC and repeated in the section below on EQ. With the above input, the heat
removal margin in the 1(2)VY02A coolers is approximately 1.5%. Though not specifically
evaluated in this assessment, there is additional margin available in the VY02A coolers.
Surveillance data indicates that both units’ coolers have airflows approximately 5% higher than
the design value. Experience has shown that this would result in approximately 3-4% of
additional heat removal margin.

Summary of Specific Inputs used in the Computer Models to Assess Heat Exchanger
Performance:

A summary table listing certain inputs and assumptions used in the detailed computer model
assessment of the various heat exchangers and coolers discussed above is provided as Attachment
M to this EC.

Environmental Qualification of Equipment:
The VY Cormer Room cooler for the HPCS room has been analyzed to accommodate the HPCS

room heat load. The UHS analysis determined that the peak cooling water inlet temperature
occurs during the first 24-hours following the failure of the dike. This cooling water inlet
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temperature has been increased to 106°F to add margin for analysis purposes. At the 106°F inlet
cooling water temperature the room is calculated to increase to 150°F. This room temperature has
been evaluated as acceptable to the EQ components in this room under the Reference 1 EC. It
should be noted this peak occurs for approximately 6 hours during the first 24 hours (per
Reference 2, Figure G.7.1). Although not credited in this assessment, a qualitative review of the
EQ data concluded that the equipment in the VY cooler room would likely be acceptable to
temperatures of at least 160 °F for the 6 hour period.

Additional CSCS System Issues:

Existing calculations for CSCS System pressure losses and NPSH were based on 100°F
(Reference 7). An increase in inlet water temperature from 100°F to 104°F was evaluated in the
Reference 1 EC 334017. An additional 2 °F increase to 106 °F will not change the conclusions of
that evaluation. The change results in a negligible change in water density and saturation
pressure, two key parameters affecting system pressure losses and NPSH. Thus it can be
concluded that the temperature increase has negligible impact on these parameters.

Changes in room ambient conditions from piping heat losses due to a 2 °F increase in cooling
water temperature are judged to be negligible, given factors such as diumnal reductions in the peak
UHS temperature and that most of the CSCS cooling water piping is insulated.

Heat Exchanger Fouling:

The short term operating periods anticipated for the higher cooling water inlet temperatures are
not expected to significantly increase fouling in the heat exchangers evaluated. The plant’s
chemical feed injection system is used during normal plant operation to control lake water
chemistry and minimize the potential for scaling of associated heat exchangers. One indicator of
fouling resistance is main condenser performance. The condenser is being continuously
subjected to heat loading and the higher lake temperatures, whereas most of the safety-related
heat exchangers are not. The thermal performance engineer of System Engineering regularly
monitors condenser performance. Significant increases in fouling will be detected by trending
any changes in condenser performance.

Non Safety Related Equipment:

Fuel Pool Cooling (FC) Heat Exchangers

The station is equipped with two (100% capacity) Fuel Pool Cooling (FC) Heat Exchangers per
unit. The original FC heat exchanger heat removal capacity was 14.5 E06 Btu/hr at a service
water (cooling water) inlet design temperature of 95 °F and a 120 °F fuel pool temperature. As
part of a 5% power uprate, the FC system safety design basis fuel pool temperature was changed
to 140 °F at a service water (WS) inlet temperature of 100 °F (as given in the UFSAR Section
9.1.3.2.1.1).

In support of this evaluation, an assessment of FC heat exchanger performance, based on a
conservative cooling water inlet temperature of 106 °F, was performed. The heat rejection
capacity at a normal operating fuel pool temperature of 140 °F is estimated to be 23.86 E06
Btu/hr with 1% (11) of the tubes plugged (See Attachment I). None of the FC heat exchangers
have any tube(s) plugged (Ref. 27). Based on Ref. 27, a bounding estimate for each unit’s fuel
pool heat load is 6.8 E06 Btu/hr. Thus, it can be concluded that the bulk fuel pool temperature
can be maintained at or below 140°F with 106°F inlet service water (cooling water).
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An evaluation of the FC system’s ability to cope with an emergency full reactor core off-load was
also made. The Standard Review Plan Section 9.1.3 “Spent Fuel Cooling and Cleanup System”
requires for the case of an (abnormal) emergency full core off-load, the fuel pool shall be
maintained less than the boiling point and level maintained. The higher service water
temperature will not impact the ability to maintain fuel pool level as this is accomplished with the
FC portion of the system. UFSAR Table 9.1-6 indicates a peak temperature for an emergency full
core off-load of 155.3 °F. The heat rejection capacity for these “emergency off-load” conditions
at a fuel pool temperature of 155.3 °F and a service water inlet temperature of 106 °F is estimated
to be 65.5 E06 Btu/hr (See Attachment J using both heat exchangers and pumps).

The maximum heat generation rate for the abnormal (emergency) core off-load case is 59.7 E06
Btu/hr (UFSAR Table 9.1-6). Thus, it can be concluded that the bulk fuel pool temperature can be
maintained at or below 155.3 °F with 106 °F inlet service water (cooling water) even under these
abnormal conditions. Additionally, the "B" RHR Heat Exchanger and pump is available as a
backup to the FC System. The B-RHR heat exchanger heat rejection capacity is much greater
since it has over 2.8 times the effective heat transfer area as the FC heat exchanger (Reference the
effective areas shown in Attachments A & I).

Other Non Safety Related Components:

Non-safety related components were reviewed from an operational standpoint only, because the
main concern is with their effect on power operation. They are not credited to mitigate any
design basis events. Most components are reliability related and are monitored for parameters
such as temperature and pressure. These components can be described as self-limiting, that is,
operations personnel will respond to alarms and conditions in accordance with approved plant
procedures, including load curtailment per LOA-CW 101/201, as required. These components
could be subjected to the new temporary lake temperature (i.e. 102 °F). These components were
evaluated in EC 334017 (Reference 1) for an inlet cooling water temperature of 104 . The main
components are listed below and the discussion from the Reference 1 EC is repeated for
completeness:

1(2) Main Condenser [1(2)CD01A]

The main condensers use lake water to condense steam returning from the turbine. The
consequence of elevated lake temperature above the currently indicated circulating water (CW)
system maximum of 100°F occurs in condenser backpressure and condensate temperature. If
needed, Operations will execute load curtailment per LOA-CW-101, or -201 to maintain these
parameters below their respective limits.

The CW system piping has been reviewed for a temperature of 115 — 120 °F (Reference NDIT
LS-1111). This temperature does not impact the CW system piping, supports, or expansion
joints. Thus, it is concluded that the condenser can tolerate a maximum lake inlet temperature of
104°F, however unit load curtailment may be necessary due to turbine backpressure limitations.

1(2) RBCCW Heat Exchanger [0(1)(2YWR01A/AA/AB]

The Reactor Building Closed Cooling Water Heat Exchangers remove heat from a closed cooling
water loop supplied to heat exchangers within the Reactor Building. An engineering evaluation
was previously performed under NDIT# LS-1106, Upgrade 0. This evaluation concluded “an
increase of WS inlet temperature to 103°F will not adversely affect the ability of the WR (or
RBCCW) system to provide adequate cooling to its associated system loads”. A review of this
engineering evaluation identified more than enough margin to account for a 1°F increase above
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what was previously reviewed hence enveloping a WS inlet temperature of 104°F without
invalidating the conclusion.

1(2) TBCCW Heat Exchanger [1(2)WT01AA/AB]

The Turbine Building Closed Cooling Water Heat Exchangers remove heat from a closed cooling
water loop supplied to heat exchangers within the Turbine Building. An engineering evaluation
was previously performed under NDIT# LS-1107, Upgrade 0. This evaluation concluded “an
increase of WS inlet temperature to 103°F will not adversely affect the ability of the WT (or
TBCCW) system to provide adequate cooling to its associated system loads”. A review of this
engineering evaluation determined there is more than enough margin to account for a 1°F increase
above what was previously reviewed hence enveloping a WS inlet temperature of 104°F without
invalidating the conclusion. Per EC 341508, Ref. 9, the only change in tube plugging is with the
2B Heat Exchanger, which has less than 30 tubes plugged per Ref. 27. Based on the total number
of tubes being 772, this represents approximately 4% of the tubes being plugged. The evaluation
in NDIT LS-1107 listed above concludes the TBCCW outlet temperature from this heat
exchanger leads the service water inlet temperature by 2 °F. A 104 °F inlet WS temperature
implies that the TBCCW outlet temperature would be projected to be approximately 106 °F .
There is still 4 °F margin up to the 110 °F TBCCW maximum supply temperature. The 4%
reduction in number of available tubes has not significantly affected TBCCW Heat Exchanger
performance, based on Reference 9. Thus, the TBCCW supply temperature design limit of 110
°F (NDIT LS-1107) will not be exceeded with a WS inlet temperature of 104 °F.

Iso-Phase Bus Duct Coolers (cooled by the WT system)

It should be noted that operational experience has shown that the Iso-phase bus duct coolers may
experience elevated temperatures above their design maximums under a conservative set of
weather and equipment conditions (95°F Air Temp., No Wind, Sunny, 104°F WS inlet, 1124
MW, 1 fan in operation). To mitigate these conditions and avoid exceeding the 167°F maximum
design temperature, the Ref. 28 bus duct high temperature alarm response procedure requires the
start of supplemental external bus duct cooling per LOP-GA-02 if the duct temperature reaches
167 °F.

1(2) Turbine Oil Coolers [1(2)TO01AA/AB]

The Turbine Oil coolers are designed to maintain turbine lube oil at 110 — 120°F. Under normal
operating conditions, one cooler is in service with the other available as additional cooling needs
warrant (see Ref. 1, Attachment E, GE Main Oil Coolers). It has been determined that the data
used in the Reference 1 EC was taken prior to control system modifications which provided much
improved operation of the service water temperature control valve. Based on plant walkdowns by
System Engineering on 7/17/02 and 7/22/04, when cooling water inlet temperature was
approximately 92 °F, the temperature control valve was approximately 20 - 25% open on both
units. Based on this information and the lack of any lube oil high temperature concerns during
the high lake temperatures of early August 2005, the turbine lube oil temperature is not expected
to be a challenge to operation of the plant up to WS temperatures of 104 °F.

1(2) Primary Containment Drywell Ventilation Chiller 1(2)A/1(2)B/1(2)C [1(2)VP02AA/AB,
1(2)VP16A]

Technical Specification 3.6.1.5 requires the Drywell air temperature to not exceed 135°F. The
design WS inlet for each chiller is 100°F. Under normal operation, one of the AA and AB units
are in service with the VP16A serving as a backup to provide additional cooling. This additional
margin provided by the backup chiller would provide ample cooling to maintain drywell air
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temperature below 135°F. Therefore, this equipment is expected to accommodate a 104 °F inlet
WS temperature and be able to maintain acceptable drywell temperature.

Additional Turbine/Generator Related Components:

The following additional components were evaluated in EC 334017 (Reference 1) and found to
be able to accommodate an inlet cooling water temperature of 104 °F:

1(2) Alternator Exciter Cooler [1(2)MPO1A]
1(2) Hydrogen Generator Cooler [1(2)TGO1AA/AB/AC/AD]
1(2) Stator Coolers [1(2)TGO2AA/AB]

Temperature data cited in the Reference 1 EC demonstrates that the Stator Cooler will be close to
the inlet high temperature alarm setpoint ot 47 °C (116.6 °F). The Ref. 29 alarm response
procedure requires that generator load be reduced as necessary to avoid exceeding the maximum
limit on stator coolant return temperature.

Miscellaneous Considerations:

Lake make-up and blowdown are negligibly affected by this change. The make-up water is from
the Illinois River to the cooling lake and thus is not affected by lake temperature. The blow down
system discharges water from the lake, however the discharge is outside the UHS portion of the
lake. Blowdown temperatures are addressed in the Summer Readiness Plan by the Chemistry
Department (see Ref. 32).

The FP fire water pumps have been evaluated for the inlet temperature of 100°F. The
specification for the pumps (J-2570) specified an operating temperature range of 32-100°F. The
increase in inlet water temperature from 100 °F to 104°F results in a negligible change in water
density and saturation pressure, two key parameters affecting system pressure losses and NPSH.
Thus it can be concluded that the temperature increase has negligible impact on fire protection
system performance or available NPSH.

To maintain the fire pump diesel engine jacket water temperature within the operating procedure
and monthly surveillance normal band of 165 °F to 200 °F, the inlet cooling water pressure can
be adjusted in the range from 5 to 55 psig to accommodate an increase in UHS cooling water
temperature from 100 °F to 104 °F. If the jacket water temperature and/or cooling water
pressure to the engine heat exchanger cannot be maintained in the normal band, procedures
require the adjustment of the Engine Cooling Water Supply Regulating Valve or Engine Cooling
Water Supply Regulator Bypass Downstream Stop Valve.

Based on information in the Ref. 34 vendor manual, the most temperature limiting components in
the fire pump are those of soft materials such as natural rubber and synthetic materials. The
general temperature limit provided for bearings of these materials is 125 °F, in excess of the peak
UHS water temperature. Gaskets would have similar or higher limits.

EVALUATION OF ACCIDENT ANALYSIS

(Refer to Attachments K & L)
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LOCA ANALYSIS
Short Term

The short term LOCA Peak Cladding Temperature (PCT) calculation is independent of
Lake Temperature or service water temperature. The ECCS fluid temperature assumed in
the analysis is based on a conservative suppression pool temperature. Since the PCT
occurs very early in the accident and a conservative ECCS fluid temperature is used, a
higher lake or service water temperature will not change the PCT calculation. The
calculated results to meet the 10 CFR 50.46 criteria will not change.

Long Term

The post LOCA long term cooling required by 10 CFR 50.46 will also be acceptable with
an increase in the lake / service water temperature. The lower 2/3 of the core will remain
covered. Also, provided that at least 1 core spray system is available long-term, the
upper third of the core will remain wetted by the core spray water, which will prevent
further cladding perforation or metal-water reaction. As long as there is water in the
suppression pool for core spray and 2/3 height coverage is maintained, higher
lake/service water temperature of 106°F will have no significant impact upon LOCA long
term cooling.

CONTAINMENT ANALYSIS

The short-term containment response is not affected by lake or service water temperatures. The
short-term response is primarily driven by the mass and energy release and containment
parameters. These are independent of lake and service water temperature.

An increase in the lake and service water temperature could have an impact on the long term
containment response to a LOCA accident. The RHR service water temperature assumed in the
suppression pool temperature analyses is 104 °F. The current analysis assumes 104 °F for the
duration of the analysis. For the purpose of this evaluation it is postulated that the RHR service
water temperature will increase as the ultimate heat sink is increasing to a postulated 106 °F
(assumes the unlikely failure of the dike). However, even assuming a 106 °F RHR service water
temperature for the duration of the event there will not be a significant impact upon the results.
Sensitivity studies, Attachments K & L, were performed with a suppression pool model for the
long term heat up analysis with the RHR service water temperature increased from 100 °F to 103
°F. This sensitivity analysis showed that there would be a 2 — 3 °F increase in the peak pool
temperature response. The corresponding increase in the peak pool temperature response for an
RHR service water temperature of 106°F is a 4 — 6 °F increase. The current post power uprate
LaSalle peak suppression pool temperature has been evaluated to be 196.1 °F (Ref. 23 and
UFSAR Section 6.2.2.3.5). Since the post-LOCA suppression pool temperature

limit is 212 °F, the increase in service water temperature to 106 °F would result in acceptable
margins to the limit and the containment/ ECCS equipment will perform the required safety
functions. It is expected that in the long term (after the peak suppression pool temperature is
mitigated), both RHR heat exchanger trains could be used to keep suppression pool temperature
profile within the current analysis results.

Other long-term containment heat up analyses to show compliance to NUREG-0783 (Suppression
Pool Temperature Limits for BWR Containment), would result in a similar change as discussed
above. These analyses are primarily performed to verify acceptable safety-relief valve quencher
performance. Power uprate calculations have been performed for LaSalle and show that the peak
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suppression pool temperature (bulk) is 190.7 °F for the SRV discharge case (Ref. 23). The
acceptance limit for isolation scram containment analyses has been established at 206 °F (Ref.
23). The potential 4 — 6 °F increase due to a higher RHR service water temperature would still
provide acceptable margins to the limit and the containment will perform the required safety
function. It is expected as in the LOCA assessment above, both RHR heat exchanger trains could
be used to keep suppression pool temperature profile within the current analysis results.

TRANSIENT ANALYSIS - UFSAR CHAPTER 5.2 AND 15

UFSAR Section 15.2.9 addresses the Failure of RHR Shutdown Cooling. This event assumes the
operation of RHR for suppression pool cooling. The revised power uprate analysis (Ref. 23)
assumes 100°F for the duration of the analysis, and an RHR Heat Exchanger heat transfer
coefficient K value of 377 Btu/sec-°F. No credit is taken for passive structural heat sinks in the
drywell and suppression chamber (airspace and pool) to conservatively maximize the calculated
peak suppression pool temperature. The analysis results in a calculated peak suppression pool
temperature of 210.4 °F for this event. However, Ref. 24 demonstrates that the current RHR HX
K value is at least 416.6 Btu/sec-°F at pool temperatures of 170 °F to 212 °F with an inlet service
water temperature of 104 °F. At the 104 °F inlet temperature and the higher K value, the
calculated peak suppression pool temperature in Ref. 24 decreased by 5.5 °F from that calculated
for the lower K value. Use of the higher current K value in the Ref. 23 would therefore more than
offset the increase in peak pool temperature due to the 4 degree increase in the inlet service water
temperature to 104°F (102°F + 2 °F margin). Since the suppression pool temperature limit for
this event is 212°F, the increase in service water temperature would result in acceptable margins
to the limit and the containment and RHR shutdown cooling will perform the required safety
functions. It is expected that in the long term (after the peak suppression pool temperature is
mitigated), both RHR heat exchanger trains could be used to keep suppression pool temperature
profile within the current analysis results.

The balance of the Chapter 15 transient analysis, including Chapter 5.2 ASME vessel
overpressurization, are short-term analyses of postulated events to verify core response, to set the
fuel thermal limits, and to verify acceptable vessel overpressurization results. Most of these
events either result in a scram or result in no significant change in thermal power. Since these
events are only analyzed for the short-term response, there is no dependency on the lake
temperature or service water temperature for the consequences of these events.

ATWS ANALYSIS - UFSAR SECTION 15.8

The ATWS analysis described in UFSAR Section 15.8 is a beyond design basis event. Analyses
have been performed to show that with the installation of the SLCS, ARI and ATWS RPT
systems that acceptable ATWS results could be attained. GE performed many of these generic
calculations in NEDE-24222. In these calculations, GE stated “Due to the extremely low
probability of the occurrence of an ATWS, nominal parameters and initial conditions have been
used in the analyses. This is consistent with the NRC staff request.” Therefore, it is not required
to use a design maximum value for the ATWS analysis. However, it can be explicitly addressed
as discussed below.

Power uprate ATWS analysis has been performed for LaSalle. This analysis assumed a service
water temperature of 100 °F and a peak suppression pool temperature of 204 °F was calculated
(ref. 6). A bounding assessment assumed that the peak suppression pool temperature would
increase by the amount of service water temperature increase. Therefore, with a 4 °F increase to
the suppression pool temperature (2°F due to the increased service water temperature and 2°F due
to uncertainties), the peak temperature is not expected to exceed 212°F, which is the acceptance
limit. It is expected that in the long term (after the peak suppression pool temperature is
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mitigated), both RHR heat exchanger trains could be used to keep suppression pool temperature
profile within the current analysis results. Based on the discussion above, the ATWS analysis is
acceptable with elevated lake and service water temperatures.

STATION BLACKOUT ANALYSIS - UFSAR SECTION 15.9

The Station Blackout (SBO) analysis discussed in UFSAR Section 15.9 is a beyond design basis
event. This event requires the use of the RHR heat exchangers to remove the decay heat from the
suppression pool. The Station Blackout event analysis is performed assuming a complete loss of
AC for a four hour period. The coping analysis assumes operation of the RCIC and/or the HPCS
system, but without crediting the HPCS diesel as an alternate AC source. Postulating a service
water temperature of 104 °F (102°F + 2 °F margin) over the entire duration of the event will not
significantly affect the peak suppression pool/drywell temperatures predicted in this event since
no cooling is available until atter AC power is restored. The effect of 104 °F service water
temperature was evaluated in the Ref. 1 EC and it was shown that the RHR Heat Exchanger
capability is still maintained at a 104 °F inlet cooling water temperature. Consequently, the
increased cooling water temperature will have a negligible impact on this, since the cooling
effectiveness of the RHR heat exchangers is maintained.

In addition, it should be noted that the SBO analysis was intended to be a best-estimate analysis,
based on nominal decay heat values and typical system performance. Therefore it can be argued
from a licensing basis that the analysis does not have to bound all postulated ranges of
parameters.

10CFR50 APPENDIX R FIRE EVENT

Modeling assumptions for Appendix R analyses are similar to those for SBO. However, since the
Appendix R event duration is much shorter than the assumed duration for SBO, the temperature
response of the suppression pool is more limiting for the SBO event. (Ref. 36.)

GE SIL 636

General Electric (GE) has issued Services Information Letter (SIL) 636, Rev 1, which identifies
that analyses that use decay heat curves from ANSI/ANS-5.1-1979 may be affected by additional
actinides and activation products. Individually these actinides and activation products are
negligible, but collectively they could have a non-negligible impact. For decay heat calculations
that use a 2-sigma uncertainty adder, the effect upon decay heat is offset by the uncertainty up to
10® seconds. The specific concern identified in this SIL was evaluated in Operability Evaluation
OE01-012 (which has since been closed). The effects of the change on decay heat have been
included in the Reference 2 calculation for peak UHS temperature. The RHR Heat Exchanger
was evaluated in the Reference 1 EC for these heat loads and was shown to meet or exceed its
design basis heat rejection capability. The effects of the change in decay heat on the Fuel Pool
Cooling and Cleanup System were addressed in Ref. 26. The effects of these changes in decay
heat are negligible.

SUMMARY/CONCLUSION:

Per the above discussion and referenced documents, it has been demonstrated that increasing the
maximum allowable temperature of cooling water supplied to the plant from the lake from 100°F
to 102°F will have no adverse affect on the safety-related plant heat exchangers or the heat loads
they serve. The design requirements of these interfacing components (heat exchangers) have been
reviewed and a determination made that thermal margin exists to allow for the increased service
water inlet temperature, while maintaining an acceptable heat transfer capability.
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Limitations/Risks of Elevated Lake Temperature Operation:

It should be noted that from an operational standpoint the following nonsafety related
components have the potential to be limiting during elevated lake water temperatures, i.e. these
components may reach alarm setpoints during operation with an inlet service water temperature
of >/=100°F (depending on actual condition of the equipment):

e Main Condensers
e Stator Coolers
¢ Iso-phase Bus Duct Coolers

Load curtailment per LOA-CW 101 or 201 may be required to ensure these components remain
below the alarm set points. Refer to the above sections for further detail.
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VTIP Binder J-0025, Rev. 006, Tab 001, Doc. No. P115-0043, pg. 28, Peerless Pump —
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Attachments (to hardcopy):
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RHR Heat Exchanger Computer Model Printouts

0, 1A, 2A DG Heat Exchanger Computer Model Printouts

1B, 2B DG (HPCS) Heat Exchanger Computer Model Printouts

VYOLA Cooler Heat Exchanger Computer Model Printouts

VYO02A Cooler Heat Exchanger Computer Model Printouts

VYO03A Cooler Heat Exchanger Computer Model Printouts

VYO04A Cooler Heat Exchanger Computer Model Printouts

VY Cooler Air Flow Trending Data (from System Engr Notebook as of 4-25-03)
FC Heat Exchanger Computer Model Printouts

FC Heat Exchanger Computer Model Printouts-Emergency Offload Case
Letter dated 7-21-01 from K. Ramsden to D. Bost “Assessment of High Lake
Temperature Upon the Transient and Accident Analyses”

NFM Memo BSA-99-071, R. Tsai to D. Bost dated 7-29-99.

Table — Hx Model Results for 106°F Inlet Water Temperatures.
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PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonweaith Edison
Calculation Report for E12-B001 - LSCS - RHR Hx.
(XJM-S% Phg;CSCS=106 P.ZX TestFF

Oonmhlu'rompmmMuboquUnd

Extrapolation Was 1o User Specified Conditions
Fouling Was Input by User
Test Data Extrapolation Data
Dats Date Tube Flow (gpm) 7,348.0
Shell Flow (gpm) Shell Flow (gpm) 6,905.0
Shell Temp In (°F) Tube Inlet Temp (°F) 106.0
Shefl Ternp Out (°F) Shell Inlet Temp CF) 212.0

Shell-Sids Tube-Side

Velocity (2/s)
Reynold's Number
Prandtl Number
Bufk Visc (Tbrm/ft-hr)
Skin Visc (om/fA-hr)

U Overall (BTU/BrA**F)
Shell-Side bo (BTWhrA24F)
Tube-Side hi (BTU/MrA%F)
1/Wall Resis (BTUAMA"F)
LMTD Corvection Factor

@L My Tesnndy
Hicerr veius

Ovanlll"oulhg (- 2-°F/BTU) .{r‘, dna 4

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

Shell Skin Temp (°F)
Tube Temp In (°F)
Tubs Temp Out (°F)
Tay Tube (°F)

Tube Skin Temp °F)

£,

(PA J-auﬂ Ao
My U-//rﬁ 4' p

Shell-Side

Valocity (V)
Reynokt's Number
Prandt Number
Bulk Visc (Tbm/ft-hr)
Skin Visc (tbm/fi-hr)
Density (bmy/ft?)

Cp (BTU/bm°F)

K (BTUMN-R°F)

5.566E+04

7.08
6.902E+04
33

1.24

113

61.56

1.00

0.37

3.26

2.06
0.80
0.89
60.41
1.00
0.3%

** Reynolds Number Outside Range of Equation Applicabllity
1t With Minimum Fouling The Test Heat Load Could Not Be Achie

Ovenall Fouling (hr-A*-°F/BTU)
Shell-Side ho (BTUAr\%-°F)
Tube-Side hi (BTUArf1*F)
1/Wall Resis (BTU/Mr01*-°F)

LMTD Carrection Factor

U Overall (BTU/hz-8%°F)

Shell Temp In (°F)
Shell Temp Out (°F)
Tev Shell (°F)

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

Tube Skin Temp (°F)

AT
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PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison

Calculation Report for E12-B001 - LSCS - RHR Hx.
CCM-5% Plug;CSCS=106 F; 2 X Test FF

FHiid Quoantity, Total gpm T, 628 “7,396.31
Inlet Temperature °F ' 120.00 90.00
Outlet Temperature °F 108.80 101.25
Fouling Factor 0.00250 0.00000
Shell Fluid Name Fresh Water
Tube Fluid Name Fresh Water
Design Heat Transfer (BTU/hr) 41,600,000
Design Heat Trans Coeff (BTU/br-t*-°F) 215.00
Emprical Factor for Outside h 0.563555000
Performance Factor (% Reduction) 0.00
Heat Exchanger Type TEMA-E
Effective Area (t"2) 11,500.00
Area Factor 0.996344561
Areca Ratio
Number of Shells per Unit 1
Shell Minimum Area 4.880000000
Shell Velocity (ft/s) 3.400
Tube Pitch (in) 1.0000
Tube Pitch Type Triangular
Number of Tube Passes ‘ 2
U-Tubes Yes
Total Number of Tubes 1,063
Number of Active Tubes 1,010
Tube Length (f) 55.30
Tube Inside Diameter (in) 0.652
Tube Outside Diameter (in) 0.750
Tube Wall Conductivity (BTU/hrft-°F) 9.40
Ds, Shell Inside Diameter (in) 0.000
Lbc, Central Baffle Spacing (in) 0.000
Lbi, Inlet Baffle Spacing (in) 0.000
Lbo, Qutlet Baffle Spacing (in) 0.000
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 Baffie (in) 0.000
0.000

Nss, Number Sealing Strips

07/12/02
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Commonwealth Edison .
Calculation Repoart for E12-B001 - LSCS - RHR Hx.
-s% Plug:2 X Test FF;,CSCS=106 F

ConmlnlaTwMoquUnd
Extrapolstion Was to User Specified Conditions

Fouling Was Input by User
Test Data : Extrapolation Data
Dats Dats Tube Flow (gpm) 7,348.0
Sheil Flow (gpm) Shell Flow (gpm) 7.124.0

Overall Fouling (hr-B2°FARTU)
Property Shell-Side Tube-Side
Velocity (f/3) Shell Temp In (°F)
Reynold's Number Shell Temp Ot (°F)
Prandt] Number Tav Shell (°F)
Buik Vise (fom/i-hr) Shell Skin Temp (°F)
Skin Visc (om/Mbx) Tube Texp In °F)
Density (Tha/ht?) Tube Temp Out (°F)

Cp BTURaP) . Tav Tube C°F)

Shell Mass Flow (lbm/br) 3.564E+6 Overafl Fouling (hr-*-°F/BTU) 0.001300

Tube Mass Flow (om/hr) 3.676E+6 Shell-Side bo (BTU/Me-8-F) 962.1
: Tube-Side M (BTUA-*F) 1,857.1
Heat Trunsfeared (BTU/Ar) 2223E+7 1/Wall Resis (BTU/Mr 8°F) 2,148.1
LMTD 7.8 LMTD Correction Factor 0.8878

Effective Area (%) 10,926.6
U Ovenall (BTU/brft“°F) 292.0

Propesty Shel}-Side Tube-Side
Velocity (ft/s) 329 708 Shell Temp Io (°F) 120.0
Reyoold's Number 3.291E+04 S.691E+04 Shell Temp Out (°F) 113.8
Prandtl Number 3.76 4.09 Tav Shell (°F) : 1169
Bulk Visc (lbm/fthr) 1.39 1.50 Shel) Skin Temp (°F) 114.5
Skin Visc (bm/f4) 142 148 Tube Temp In (°F) 106.0
Density (bm/ft') 61.76 61.87 Tube Temp Out (°F) 12.1
Cp (BTU/bm-°F) 1.00 1.00 Tav Tube (°F) 109.0
K (BTUAr--F) 037 0.37 Tube Skin Temp (°F) 110.4

¢+ Reynolds Number Outside Range of Equation Applicability
'] With Minimum Fouling The Test Heat Load Could Not Be Achie PRCE AZ
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PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)

Calculation Report for E12-B001 - LSCS - RHR Hx.

SDC-5% Plug;2 X Test FF;,CSCS=106 F

" Fresh Water

Tube Fluid Name Fresh Water
Design Heat Transfer (BTU/hr) 41,600,000
Design Heat Trans Coeff (BTU/MAr-f12°F) 215.00
Emprical Factor for Outside h 0.563555000
Performance Factor (% Reduction) 0.00
Heat Exchanger Type TEMA-B
Effective Area (f°2) 11,500.00
Ares Factor 0.996344561
Area Ratio
Number of Shells per Unit 1
Shell Minimum Area 4.880000000
Shell Velocity (ft/s) 3.400
Tube Pitch (in) 1.0000
Tube Pitch Type Triangular
Number of Tube Passes 2
U-Tubes Yes
Total Number of Tubes 1,063
Number of Active Tubes 1,010
Tube Length (ft) 5§530
Tube Inside Diameter (in) 0.652
Tube Qutside Diameter (in) 0.750
Tube Wall Conductivity (BTU/hr-ft-°F) 9.40
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
Dotl, Tube circle diameter (in) 0.000
Bh, Baffle cut keight (in) 0.000
Lsb, Diametral difference between Baffle and Shell (in) 0.000
Ltb, Diametral difference between Tube and Baffle (in) 0.000
0.000

Nss, Number Sealing Strips

/et At oF A4
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15:36:33 PROTO-HX 3.02 by Proto-Power Corporation (SNMM 07/16/02

) . Commonwealth Edison
Calculation Report for DG01A - DG Jacket Water Cooler
. | csa- mnnmbu

Extrapoiation Was to User Specified Conditions
Fouling Was Input by User

Test Data ' Extrapolation Data

LMTD . LMTD Correction Fi

T o Aren () s ﬁ‘cﬂlsomr
Ovmlll'oulina f**F/BTV) “‘4_

. Property Shell-Side Tube-Side @ s 24

Velocky (%4) wgmmgﬂfpm (&ﬁ 2

Prandt Number m&% Gk, yN’f

Bulk Visc (lbm/fhr) Shell Skin Temp °F)

Skin Visc (Tom/f-hr) Tube Temp In °F)

Densiky (Rm/Mt7) - Tube Temp Out C°F)

Shell Mass Flow (Toavhr) 3.325E+S Ovenll Pouling (hr-t*-°F/BTU) 0.002200

Tube Msss Fiow (for/hr) 3.978E+5 Shell-Side bo (BTU/Me-f-°F) 2,029.9
Tube-Side hi (BTU/r-8*°F) 22149
Hext Transferred (BTU/r) 9.118E+6 1/Wall Resis (BTU/kr B°F) 25,594.8
LMTD 639 LMTD Correction Factor 0.9839
Effective Ares (8) e Lixnd YRR
: €S £t U Overall (BTU/hr-8>°F) 307.6
Property Shell Tube-Side
Velocity (fs) 499 821 Shell Temp In (°F) 190.0
Reynold's Number 8.224E+04 7.191E+04 Shell Temp Out (°F) 1729
Prandil Nusber 218 N Tav Shell (°F) 1815
Bulk Visc (fom/fhr) 0.8 138 Shell Skin Teop C°F) 1718
Skin Visc (Than/f-hr) 0.88 128 Tube Temp In °F) 106.0
. Density (Ikm/tY) 60.54 61.78 Tubs Temp Out (°F) 1289
Cp (BTU/bar-F) 1.00 1.00 Tav Tube (°F) 1173
K (BTUAr°F) ' 039 037 Tube Skin Temp (°F) 127

s* Reynolds Number Outside Range of Equation Applicability
11 With Minimum Fouling The Test Heat Loed Could Not Be Achle
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15:36:33 PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371) ' 07/16/02
. Commonwealth Edison .
Calculation Report for DGO1A - DG Jacket Water Cooler

CSCS = 106 F, all tubes

Inlet Temperature °F 190.00 100.00
Outlet Temperature °F 174.40 122.20
Fouling Factor 0.00220 0.00000
Shell Fluid Name Fresh Water
Tube Fluid Name Fresh Water
Design Heat Transfer (BTU/br) 8,600,000
Design Heat Trans Coeff (BTU/hr-ft2-°F) 25520
Emprical Factor for Outside h 0.780339000
Performance Factor (% Reduction) 0.00
Heat Exchanger Type TEMA-E
Effective Area (R"2) 471.23
Area Factor 0.981978184
Area Ratio

Number of Shells per Unit 1
Shell Minimum Area 0.450000000
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 183]4“ Tuigs
Tube Length (f) | 13.00
Tube Inside Diameter (in) ' 0.652
Tube Outside Diameter (in) 0.750
Tube Wall Conductivity (BTU/hrft-°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
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
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CalaﬂaﬁomkeponforDGOIB - LSCS - HPCS DG Hx.

PROTO-HX 3.02 by Proto-Power Cerporation (

Commonwealth Edison

CSCS"IOGF dlmbu

Constunt Injet Temperature Method Was Used
Extrapolation Was to User Specified Conditions

Fouling Was lnput by User

Test Data

Sbell Mass Flow (tbe/br)

Tube Mass Flow (Tom/hr) Shell-Side ho (BTUA-R2-°F)

: Tube-Side hi (BTUArN<F)
Heat Transferred (BTUNy) V/Wall Rests (BTUAri%F)
LMTD LMTD Carrection Factor
Effective Area (8%

Overall Fouling (tw-82-°F/BTU)

Property Shel}-Side Tube-8ide
Velocity (ft/s) Shell Tamp In (°F)
Reynold’s Number Shell Tanp Out (°F)
Prandd Number Tav Shell (°F)
Bulk Vise (Ibm/ft-hr) Shell Skin Temp (‘l')

Shell Mass Flow (fbm/hr) 5.325E+8
Tube Mass Flow (Ibm/hr) 3.232E+$ Shell-Side ho (BTUAr-¥-°F)
Tube-Side ki (BTUN-F)

Heat Transferred (BTU/r) 8.0STE+6 1/Wall Resis (BTUArA°F)
LMTD ‘:3'.8 LMTD Correction Factor
Effective Area (BY) -7 4 2

%4/7 Jexs W U Overall (BTU/Mr-R%-F)
Property
Velocity (#/s) 558 434 Shell Temp In (°F)
Reynold's Number 7.718E+04 3.182B+04 Shell Temp Out °F)
Prandti Number 2.13 369 Tav Shell (°F)
Bulk Visc (Tom/fit-hr) 0.82 137 Shell Skin Terop (°F)
Skin Visc ({bin/ft-br) 0.87 120 Tube Temp In (°F)

. Density (bmv/#?) 60.52 6174 Tube Temp Out (°F)

Cp (BTU/Bm-°F) 1.00 1.00 Tav Tube (°F)
K (BTUAr#°F) 0.39 037 Tube Skin Temp (°F)

*¢ eynolds Number Outside Range of Equation Applicabifity
1t With Minimum Fouling The Test Hest Load Could Not Be Achie
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PROTO-HX 3.02 by Proto-Power Corporation (SN#663-7371)
Commonwealth Edison
Calculation Report for DGO1B - LSCS - HPCS DG Hx.
CSCS =~ 106 F; all m

,erm me e

Tube Fluid Name

Design Heat Transfer (BTU/hr)

Design Heat Trans Coeff (BTU/hr-f1*°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 Ares
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 (f)

Tube Inside Diameter (in)

Tube Outside Diameter (in)

Tube Wall Conductivity (BTU/hrf-°F)

Ds, Shell Inside Diameter (in)
Lbc, Central Baffle Specing (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 Baffie (in)
Nas, Number Sealing Strips

0.633693000
0.00

TEMA-E
468.17
0.973212339

0.438000000
5.600
0.7500

Trianguler

No
420
420

7.00
0.541
0.628
58.00

0.000
0.000
19.688
19.688
0.000
0.000
0.000
0.000
0.000
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22:56:50 PROTO-HX 3.01 by Proto-Power Corporation (SN 071162002
CaomEd — LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY01A,CSCS~106 F, design FF,all tube Al

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

Test Data

Data Date

Alr Flow (acfm)

Alr Dry Bulb Temp In (°F)
Air Dry Bulb Temp Out (°F)
Relative Humidity In (36)
Relative Humidity Out (36)
Wet Bulb Temp In (°F)
Wet Bufb 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
Alr Flow (acfm) 19,120.00
Tube Inlet Temp (°F) 106.00
Air Inlet Temp (°F) 148.0
Inlet Relative Humidity (%) 12.76
Inlet Wet Bulb Temp (°F) 0.00
Atmospheric Pressure 14315
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PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)

' 07116/02

ComEd ~ LaSalle
Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils

Air-Side Tube-Side

70,654.85
148.00
114.03

37,246.03
106.00
122.16

l Mass Flow (Tom/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)
Deusity (1bm/R?)

Cp (BTUNb:°F)

K (BTUMrft-°F)

Mass Flow (ibm/hr) 70,654.85 37,246.03
Inlet Temperature (°F) 148.00 118.94
Cutlet Temperature (°F) 141.23 122.16
Inlet Specific Humidity 0.0203

Outlet Specific Humidity 0.0203

Average Temp (°F) 144.62 120.55
Skin Temperature (°F) 127.02 123.14
Velocity **¢ 3,376.53 277
Reynold's Number 7960+ 20,154
Prandt! Number 0.7254 - 3.6138
Bulk Visc (Tom/ft-hr) 0.0490 1.3395
Skin Visc (Ibov/ft-hr) 1.3076
Density (Ibn/ft*) 0.0623 61.7031
Cp BTU/1bm-°F) 0.2402 0.9988
K (BTU/r/-°F) 0.0162 0.3702

¢ Reynolds Number Outside Renge of Equation Applicability

|
I | © VYO1A,CSCS=106 F, design FF,all mbe
|
|

Tube-Side hi (BTU/kr-ft%°F)

j Pactar

Air-Side ho (BTU/MrA%°F)

Tube Wall Resistance (ar%°F/BTU 0.00031430
Overall Fouling (br-t*°F/BTU)  0.02882467

U Overall BTUMrf%°F) -
Effective Area (%)

LMTD

Total Heat Transferred (BTU/hr)

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/br)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

7.242.65
600,336

600,336

Tube-Side hi BTU/hr-/t*°F) 973.05
j Factor 0.0082
Air-Side ho (BTU/rA2°F) 8.24
Tubc Wall Resistance (hr-f12-°F/BTU  0.00031430
Overall Fouling (br-ft*°F/BTU) 0.02882467
U Overall BTU/hr-ft*°F) 5.53
Effective Area (ft) 905.33
LMTD 23.88
Total Heat Transferred (BTU/hr) 119,633
Surface Effectiveness (Eta) 09186
Sensible Heat Transferred (BTU/hr) 119,633
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/br)

AGs 22

eve Afr Mass Velocity (Lbm/hrft%), Tube Fhuid Velocity (f/sec); Alr Density at Inlet T, Other Propertics at Average T
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22:56:50 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 07716002
ComEd -- LaSalle
Calculation Report for: 1(2)VYO01A & 02A - CSCS Equipment Area Cooling Coils

Air-Side Tube-Side

Mass Flow (Ibm/hr) 70,654.85  37,246.03
Inlet Temperature (°F) 141.23 116.18
Outlet Temperature (°F) 135.41 118.94

Inlet Specific Humidity 0.0203

Outlet Specific Humidity ~ 0.0203 »
Average Temp (°F) 138.32 117.56
Skin Temperature (°F) 123.15 119.82
Velocity *** 3,376.53 277
Reynold's Number 802+ 19,591
Prandtl Number 0.7260 3.1278
Bulk Visc (Tbm/f-hr) 0.0486 1.3780
Skin Visc (Tom/fi-br) 1.3488
Density (Ibm/ft*) 0.0629 61.7491
Cp (BTUNbm°F) 0.2402 0.9988
K (BTUMrR-°F) 0.0161 0.3692

o# Reynolds Number Outside Range of Equation Applicability

- VYO1A,CSCS=106 F, design FF ail tube

Tube-Side hi (BTU/br-*°F) 958.16
j Factor 0.0082
Air-Side ho (BTU/hr-2°F) 8.21

Tube Wall Resistance (hr-fi*°F/BTU 0.00031430
Overall Fouling (hr-ft%°F/BTU) 0.02882467

U Overall (BTU/hr-12-°F) 5.51
Effective Area (ft*) 905.33
LMTD 20.60
Total Heat Transferred (BTU/hr) 102,820
Surface Effectiveness (Eta) 0.9189
Sensible Heat Transferred (BTU/hr) 102,820
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/hr)

Air-Side Tube-Side

Mass Flow (Ibm/hr) 70,654.88 37,246.03
Inlet Temperature (°F) 13541 113.80
Outlet Temperature (°F) 13041 116.18
- Inlet Specific Humidity -  0.0203 :

Outlet Specific Humidity 0.0203

Average Temp (°F) 13291 114.99
Skin Temperature (°F) 119.83 116.96
Velocity **¢ 3,376.53 2.76
Reynold's Number 808+ 19,111
Prandtl Number: 0.7264 3.8306
Bulk Visc (Ibm/ft-hr) 0.0483 14126
Skin Visc (Ibm/ft-hr) 1.3860
Density (1bm/ft*) 0.0634 61.7876
Cp (BTU/bm-°F) 02402 0.9988
K (BTU/hr-ft-°F) 0.0160 0.3683

** Reynolds Number Qutside Range of Equation Applicsbility

Tube-Side hi (BTU/hr-fi2-°F) 945.29
j Factor 0.0082
Air-Side ho (BTU/hr-f°F) 8.19

Tube Wall Resistance (hr-ft*°F/BTU 0.00031430
Overall Fouling (hr-A*°F/BTU)  0.02882467

U Overall BTU/Mhrf2-°F) 549
Effective Area () 905.33
LMTD ' 17.78
Totat Heat Transferred (BTU/hr) 88,459
Surface Effectiveness (Eta) 0.9191
Sensible Heat Transferred (BTU/hr) 88,459
Latent Heat Transferred (BTU/kr)

Heat to Condensate (BTU/hr)

Aage D3

es* Alr Mass Velocity (Lbm/hr-ft*), Tube Fluid Velocity (fi/sec); Air Density ot Inlet T, Other Properties at Avernge T



22:56:50 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) ' 07/16/02
ComEd - LaSalle
Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VYO1A,CSCS=106 F, design FF,all tube

*”’““ ”’”‘“"_— xtnalculaﬂon for W 4(D "Y ” v_- _

Abr-Side  Tube-Side

Mass Flow (Ibm/hr) 70,654.85 37,246.03 Tube-Side hi (BTU/br-R*°F) 934.17
Inlet Temperature (°F) 130.41 111.76 j Factor 0.0081
Outlet Temperature (°F) 126.10 113.80 Air-Side ho (BTU/lr-f12-°F) 8.17
Inlet Specific Humidity 0.0203 Tube Wall Resistance (hr-f2°F/BTU 0.00031430
Outlet Specific Humidity 0.0203 - Overall Fouling (hr-fi*°F/BTU) 0.02882467
Average Temp (°F) 12825 112.78

Skin Temperature (°F) 116.96 11449 U Ovenall (BTUMr-*°F) 548
Velocity *** 3,376.53 2.76 Effective Area (t%) $05.33
Reynold's Number 813 18,702 LMTD 1536 .
Prandtl Number 0.7268 3.9229 Total Heat Transferred (BTU/hr) 76,172
Bulk Visc (Tom/ft-hr) 0.0480 1.4435

Skin Visc (Ibm/fi-hr) 1.4195 Surface Effectiveness (Eta) 0.9192
Density (Ibm/ft*) 0.0639 61.8201 Sensible Heat Transferred (BTU/r) 76,172
Cp (BTU/bm-°F) 0.2402 0.9988 Latent Heat Transferred (BTU/Mr)

K (BTUMrf-°F) 0.0159 0.3675 Heat to Condensate (BTU/hx)

** Reynolds Number Outside Range of Equation Applicability

Mass Flow ({Tbm/hr) 70,654.85 37,246.03 Tube-Side hi (BTU/hr-ft%-°F) 924.56
Inlet Temperature (°F) 126.10 109.99 ) Factor 0.0081
Outlet Temperature (°F) 122.39 111.76 Air-Side ho (BTU/r-t%°F) 8.15
Inlet Specific Humidity 0.0203 Tube Wall Resistance (he-f1°F/BTU 0.00031430
Outlet Specific Humidity 0.0203 Oversll Fouling (hr-f2-°F/BTU) 0.02882467
Average Temp (°F) 12424 110.87

Skin Temperature (°F) 114.49 112.36 U Overall (BTU/Rrft2°F) 5.46
Velocity **¢ 3,376.53 2,76 Effective Area (ft%) 905.33
Reynold’s Number 817 18,351 LMTD 13.27
Prandt] Number 0.7271 4.0053 Total Heat Transferred (BTU/hr) 65,642
Bulk Visc (Tbm/ft-hr) 0.0478 14711

Skin Visc (Ibm/f-hr) 1.4494 Surface Effectiveness (Eta) 0.91%4
Density (Ibm/ft%) 0.0643 61.8476 Sensible Heat Transferred (BTU/hr) 65,642
Cp (BTU/bm-°F) 0.2402 0.9988 Latent Heat Transferred (BTU/r)

K (BTUArf-°F) 0.0158 0.3669 Heat to Condensate (BTU/hr)

*# Reynolds Number Outside Range of Equation Applicability

@
frce vy

so% Afr Mass Velocity (Lbm/weR?), Tube Fluid Velocity (fi/sec); Alr Density at Inlet T, Other Properties at Average T
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22:56:50 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) - 0116002
ComEd - LaSalle

Calculation Report for: 1(2)VY01A & 02A - CSCSEqmpmcmAmCooling Coils
VYO01A,CSCS=106 F, design FF all be

Alr-Side Tuabe-Side ;

Mass Flow (Ibmv/hr) 70,654.85 37,246.03 Tube-Side hi (BTU/hr-t*-°F) 916.25
Inlet Temperature (°F) 122.39 108.47 j Factor 0.0081
Outlet Temperature (°F) 119.18 109.99 Alr-Side ho (BTU/hr-f%°F) : 8.14
Inlet Specific Humidity 0.0203 Tube Wall Resistance (hr-R*-°F/BTU 0.00031430
Outlet Specific Humidity 0.0203 Overall Fouling (hr-i*°F/BTU) - 0.02882467
Average Temp (°F) 120.78 109.23

Skin Temperature (°F) 112.36 110.53 U Overall BTUMAr-ft*°F) - 5.45
Velocity *** 3,376.53 276 Effective Area (%) - - 905.33
Reynold's Number 821e° 18,051 ° LMID : 1147
Prandtl Number 0.7274 4.0786 Total Heat Transferred (BTU/hr) 56,605
Bulk Visc (Jbm/ft-hr) 0.0475 1.4956 '

Skin Visc (Ibm/ft-hr) 1.4762 Surface Effectivencss (Eta) 0.9195
Density (Tbm/ft*) 0.0647 61.8709 Sensible Heat Transferred (BTU/hr) 56,605
Cp (BTU/Nbm°F) 0.2402 0.9988 Latent Heat Transferved (BTU/hr)

K (BTUMr-°F) 0.0157 03663 - Heat to Condensate (BTU/hr)

** Reynolds Number Outside Range of Equation Applicability

Alr-Side Tube-Side

Mass Flow (Tbm/hr) 70,654.85  37,246.03 Tube-Side hi (BTU/hr1t2-°F) 909.07
Inlet Temperature (°F) 119.18 107.16 jPactor - 0.0081
Outlet Temperature (°F) 116.42 108.47 Air-Side bo (BTU/Mr2°F) 8.12
Inlet Specific Humidity 0.0203 Tube Wall Resistance (hr-f8>°F/BTU 0.00031430 -
Outlet Specific Humidity 0.0203 Overall Fouling (hr-ft*°F/BTU) 0.02882467
Average Temp (°F) 117.80 107.81

Skin Temperature (°F) 110.53 108.94 U Overall (BTUArA*°F) 544
Velocity **¢ . 3,376.53 2.76 Effective Area (/%) 905.33
Reynold's Number 824se 17,793 LMTD 9.91
Prandt! Number 0.7276 4.1436 Total Heat Transferred (BTU/r) 48,842
Bulk Visc (Ibm/ft-br) 0.0473 1.5172

Skin Visc (Ibm/ft-hr) 1.4999 Surface Effectiveness (Bta) 0.9196
Density (lbo/ft*) 0.0650 61.8906 Seasible Heat Transferred (BTU/hr) 48,842
Cp BTU/Mm°F) 0.2402 0.9989 Latent Heat Transferred (BTU/r)

K (BTU/r f-°F) 0.0156 0.3657 Heat to Condensate (BTU/hr)

** Roynokds Number Outside Range of Equation Applicability

s** Ajr Mass Velocity (Lbm/hrft?), Tube Fluid Velocity (fsoc); Alr Density at Inlet T, Other Properties at Average T
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22:56:50 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) ' omen?
| ComEd - LaSalle
Calculation Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VYO01A,CSCS=~106 F, design FF.all tube

Air-Side

Mass Flow (Ibm/hr) 70,654.85 37,246.03
Inlet Temperature (°F) 11642 106.02
Outlet Temperature (°F) 114.03 102.16
Inlet Specific Humidity 0.0203

Outlet Specific Humidity 0.0203

Averege Temp (°F) 11523 106.59
Skin Temperature (°F) 108.94 107.57
Velocity *** 3,376.53 2,76
Reynold's Number §27ee 17,572
Prandtl Number 0.7277 4.2010
Bulk Visc (Ibm/ft-hr) 00472 15363
Skin Visc (Jom/fthr) 1.5210
Density (Ibov/t*) 0.0652 61.9075
Cp (BTU/Ibm-°F) 0.2402 0.9989
K BTU/hr1t-°F) 0.0156 0.3653

#¢ Reynolds Number Outside Range of Equation Applicebility

Tube-Side hi (BTU/hr-f*°F) 902.86
j Factor 0.0081
Air-Side ho (BTUMr£*°F) 8.11

Tube Wall Resistance (hr-ft*°F/BTU 0.00031430
Overall Fouling (hrft*°F/BTU) 0.02882467

U Overall (BTUArf12-°F) 543
Effective Ares (f%) 905.33
LMTD 857 .
Total Heat Transferred (BTU/r) 42,164
Surface Effectiveness (Eta) 09197
Sensible Heat Transferred (BTU/hr) - 42,164
Latent Heat Transferred (BTU/hs)
Heat to Condensate (BTU/br)

Prée 26

*¢% Air Mass Velocity (Lbm/hrft%), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T
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PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
ComEd -- LsSalle
Data Report for: 1(2)VYO01A & 02A - CSCS Equipment Area Cooling Coils
VYO01A,CSCS=106 F, design FF,all tube o

Tube Wall Conductivity BTU/hrft-°F)

- Inlet Wet Bulb Temp 92.00 °F
Inlet Relative Humidity %
Outiet Dry Bulb Temperature 109.40 °F 115.30 °F
Outlet Wet Bulb Temp 84.10 °F A
Outlet Relative Humidity %
Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.0005004
Design Heat Transfer (BTU/r) 750,000
Atmospheric Pressure 14315
Sensible Heat Ratio . ‘ 1.00
Performance Factor (3% 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
Longitodinal Tube Pitch (in) 1.500
Transverse Tube Pitch (in) 1.452
Number of Serpentines 1.000
225.00

07/16/02
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PROTO-HX 3.01 by Proto-Power Corporation (SN“GS‘-‘?S'II) 07/16/02

ComEd - LaSalle

Data Report for: 1(2)VYO1A & 02A - CSCS Equipment Area Cooling Coils
VY02A IOSP-DmFtha;lnc.AhFP

1,{‘ Cacsy gon 200, Aov
Alr o ] eat xchanger Input arameters 2:
7
Air-Side Tube-Side

FluidQuantity, Totel ~ 2[,179.00&in ISU00gpm
Inlet Dry Bulb Temp 150.00 °F 105.00 °F
Inlet Wet Bulb Temp 92.00 °F
Inlet Relative Humidity %
Outlet Dry Bulb Tempersture 109.40 °F 115.30 °F
Outlet Wet Bulb Temp 84.10 °F
Outlet Relative Humidity %
Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.000500% PR
Design Heat Transfer (BTU/hr) 750,000 </px FaluNS
Atmospheric Pressure 143158
Sensible Heat Ratio 1.00
Performance Factor (% Reduction) 0.000
Heat Exchanger Type Counter Flow
Fin Type Circular Fins
Fin Configuration LaSalle VY Coolers 01A2A

: j = EXP[-2.5088 + -0.3436 * LOG(Re)]
Coil Finned Length (in) 104.250
Fin Pitch (Fins/Inch) 10.000
Fin Conductivity (BTU/r-R-°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 JALk T8ES
. N SEaic
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-fi-°F) 225.00

PAcE &1
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13:48:42 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 071672002
ComEd — LaSalle

Calculation Report for: 1(2)VYO01A & 02A - CSCS EqmpmmtAreaCooling Coils
VYO02A 106 F; Dm FF tube; Inc. Air FF

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

Test Data

Data Date

Alr Flow (acfm)

Air Dry Bulb Temp In (°F)
Aijr 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 Ot °F)
Condensate Temperature (°F)

Extrapolation Data

Tube Flow (gpm) 108.00

Air Flow (acfim) 19,105.00 <«— CalgseTed

Tube Inlet Temp (°F) 106.00 Dohieary

Air Inlet Temp (°F) 150.0 2440 ¢4

Inlet Relative Humidity (%) 12.76 AR SuneT Ténp
Inlet Wet Bulb Temp (°F) 0.00 Dévsry
Atmospheric Pressure 14315

FAE €
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PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)

L L VEVITIE IR - ~e o

ComEd ~ LaSalle
Calculstion Report for: 1(2)VY0IA & 02A - CSCS Equipment Area Cooling Coils
VYO2A 106 F; Dan FF tube; Inc. Air FF

Air-Side

§3,634.29
106.00
118.20

70,250.97
150.00
112.76

Mass Flow (lbr/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***

Reynold's Number
Prandti Number

Bulk Visc (lbm/fthr)
Skin Visc (Tbm/ft-hr)
Density (Ibm/ft*)

Cp (BTUNbm-°F)

K (BTUMArt-°F)

Air-Side Tube-Side

Mass Flow (Ibm/hr) 70,250.97 §3,634.29
Iniet Temperature (°F) 150.00 11545
Outlet Temperature (°F) 141.62 118.20
Inlet Specific Humidity 0.0213 |
Outlet Specific Humidity 0.0213

Average Temp (°F) 145.81 116.83
Skin Temperature (°F) 124.04 11925
Velocity **¢ 3,357.23 3.98
Reynold's Number 79Q¢* 28,013
Prandd Number 0.7253 3.7568
Bulk Visc (lbm/ft-hr) 0.0491 13877
Skin Visc (Ibm/ft-hr) 1.3560
Deasity (Ibm/ft*) 0.0621 61.7602
Cp (BTU/Nbm°F) 0.2402 0.9988
K (BTU/r£:°F) 0.0163 0.3689

* Reynolds Number Outside Range of Equation Applicability

Tube-Side hi (BTU/Mr-R%°F)

j Factor

Air-Side ho (BTU/Ar%°F)

Tube Wall Resistance (hrR2°F/BTU 0.00031430
Overall Fouling (br-f%°F/BTU)  0.02882467

U Overall (BTU/r-ft*-°F)
Effective Area (9

LMTD

Total Heat Transferred (BTU/hr)

7,242.65
655,870

Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hy)

655,870

Tube-~Side hi (BTU/hrt*-°F) 1,278.20
j Factor 0.0082
Air-Side bo (BTU/Mr-fi*°F) 821
Tube Wall Resistance (he-f2-°F/BTU 0.00031430
Ovenall Fouling (he-f*°F/BTU) 0.02882467
U Overall (BTU/Mrft2-°F) 567
Effective Area (%) 905.33
LMTD 28.717
Total Heat Transferred (BTU/br) 147,605
Surface Effectiveness (Eta) 09189
Sensible Heat Transferred (BTU/hr) 147,605
Latent Heat Transferred (BTU/hr)
Hest to Condensate (BTU/hr)
/NGE &7

¢9¢ Ajfr Mass Velocity (LbmMrft%), Tube Fluid Velocity (R/sec); Air Density at Inlet T, Other Properties st Average T
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PROTO-HX 3.61 by Proto-Power Corporation (SN#663-7371)

07/1602

ComEd - LaSalle

Tube-Side

Alr-Side

Mass Flow (Jbo/hr) 70,250.97 53,634.29
Inlet Temperature (°F) . 141.62 113.19
Outlet Temperature (°F) 134.74 11545
Inlet Specific Humidity 0.0213

Outlet Specific Humidity 0.0213

Average Temp (°F) 138.18 114.32
Skin Temperature (°F) 12026 11633
Velocity *** 3,35723 3.98
Reynold's Number 798+ 27,340
Prandt! Number 0.7260 3.8584
Bulk Visc (Ibm/ft-hr) 0.0486 1.4219
Skin Visc (Ibm/ft-hr) 1.3943
Density (Ibm/ft?) 0.0629 61,7976
Cp (BTU/Tom-°F) 0.2402 0.9988
K (BTUAr£-°F) 0.0161 0.3681

#¢ Reynolds Number Outside Range of Equation Applicability

Tube-Side

Alr-Side
Mass Flow (Ibov/hr) 70,250.97 53,634.29
Inlet Temperature (°F) 134.74 11133
Outlet Temperature (°F) 129.10 113.19
- Inlet Specific Humidity - - 0.0213 .

Outlet Specific Humidity 0.0213

Average Temp (°F) 131.92 112.26
Skin Tempersture (°F) 117.16 113.93
Velocity *** 3,357.23 398
Reynold's Number 804 26,792
Prandtl Number 0.7265 3.9450
Bulk Visc (Ibm/ft-hr) 0.0482 1.4509
Skin Visc (Ibm/ft-hr) 1.4272
Density (bm/ft) 0.0635 61.8277
Cp (BTU/Tbm°F) 0.2402 0.9988
K BTU/Arf-°F) 0.0160 0.3674

** Reynolds Nuraber Outside Range of Equation Applicabiliey

Calwlauon Report for: 1(2)VY01A & 02A - CSCS Equipment Ares Cooling Coils
VY02A 106 F; Dan FF tube; Inc. Alr FF

Tube-Side hi (BTU/hr-1*°F) 1,261.16
j Factor 0.0082
Air-Side ho (BTU/hr-ft2-°F) 8.18
Tube Wall Resistance (hefi°F/BTU 0.00031430
Ovenll Fouling (hr-£i2-°F/BTU) 0.02882467
U Ovenall (BTU/hr-AA%°F) 5.65
Effective Area (%) 905.33
LMTD 23.69
Total Heat Transfe:red (BTU/hr) 121,066
Surface Effectiveness (Eta) 0.9191
Sensible Heat Transferred (BTU/hr) 121,066
Latent Heat Transferred (BTU/kr) :
Heat to Condensate (BTU/br)

Tube-Side hi (BTU/ARr-1%-°F) 1,247.13
j Factor 0.0082
Air-Side bo (BTU/MrR%°F) 8.15
-~ Tube Wall Resistance (hr-R>“F/BTU - 0.00031430
Overall Fouling (br-fi2-°F/BTU) 0.02882467
U Overall (BTU/Mr-/2°F) 5.63
Effective Area (ft*) 90533
LMID 19.52
Total Heat Transferred (BTU/hr) 99,432
Surface Effectiveness (Eta) 0.9194
Sensible Heat Transferred (BTU/hr) 99,432
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)
fiss €4

se® Alr Mass Velocity (Lbmv/hr-ft%), Tube Fluid Velocity (f/sec); Air Density st Inlet T, Other Properties st Average T



13:48:42 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) .06
ComEd — LaSalle
Calculation Report for: 1(2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VYO02A 106 F; Dan FF tube; Inc. Air FF

Mass Flow (1bm/hr) 70,250.97  53,634.29 Tube-Side hi (BTU/br-ft*F) 1,235.56

Inlet Temperature (°F) 129.10 10981  jFactor 0.0081
Outlet Temperature (°F) 124.46 11133 Air-Side ho (BTUMr-R%°F) 8.13
Inlet Specific Humidity 0.0213 Tube Wall Resistance (a-fi*°F/BTU 0.00031430
Outlet Specific Humidity 0.0213 Overall Fouling (hr°F/BTU)  0.02882467
Average Temp (°F) 126,78 110.57

Skin Temperature (°F) 114.61 11196 U Overall BTUM-A*F) 5.61
Velocity *** 3,357.23 398  Effective Area (7 . 905.33
Reynold's Number 8l10*= 26345  LMID 1609
Prandt Number 0.7269 40187  Total Heat Transferred (BTU/hr) 81,755
Bulk Visc (Ibm/ft-hr) 00479 - 14756

Skin Visc (Ibm/ft-hr) 14553  Surfece Effectiveness (Eta) 0.9196
Density (Ibm/#t*) 0.0640 61.8519  Sensible Heat Transferred (BTU/hr) 81,755
Cp (BTU/Ibm-°F) 02402 . 09988  Latent Heat Transferred (BTU/Mr) :
K (BTU/Mrft-°F) 0.0158 03667  Heatto Condensate (BTU/hr)

** Reynolds Number Outsids Range of Equation Applicability

Alr-Side Tube-Side

Mass Flow ({bnvhr) 7025097 ~ 33,63429  Tube-Side hi (BTUMrf*°F) 1,226.01
Inlet Temperature (°F) 124.46 10855  jFactor '0.0081
Outlet Temperature °F) - 120.63 109.81 Air-Side ho (BTU/rf*°F) 8.11

‘Tube Wall Resistance (hr-ft*-°F/BTU .0.00031430

Inlet Specific Humidity 0.0213 -
Ovenill Fouling (hrA%°F/BTU)  0.02882467

Outlet Specific Humidity 0.0213

Average Temp (°F) 122.54 109.18

Skin Temperature (°F) 112,51 110.33 U Overall (BTU/r-¥*-°F) 5.60
Velocity *** 3,357.23 397 Effective Area (ft%) 905.33
Reynold's Number 814+ 25,979 LMID 13.27
Prandt] Number 0.72712 4.0810 Total Heat Transferred (BTU/hr) 67,281
Bulk Visc (bm/ft-hr) 0.0476 1.4964

Skin Visc (Ibm/ft-hr) 1.4791 Surface Effectiveness (Eta) 0.9197
Density (1bnv/t*) 0.0644 61.8716 Sensible Heat Transferred (BTU/hr) 67,281
Cp (BTU/Ibm-°F) 02402 0.9988 Latent Heat Transferred (BTU/hr)

K BTUMNrf-°F) 0.0157 0.3662 Heat to Condensate (BTU/hr)

*¢ Reyuolds Number Qutside Range of Equation Applicability

@ e

soe Ajr Mass Velocity (Lbmvhe-87), Tube Fluld Velocity (ft/sec); Air Density st Inlet T, Other Properties at Average T
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13:48:42 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 07/16/02
ComEd ~ LaSalle
Calculation Report for: 1Q2)VY01A & 02A - CSCS Equipment Area Cooling Coils
VY02A 106 F; Dan FF tubs; Inc. Alr FF '

Alr-Side Tube-Side

Mass Flow (Jbm/hr) 70,250.97 53,634.29 Tube-Side hi (BTU/hr-f*°F) 1,218.14
Inlet Temperature (°F) 120.63 107.52 j Factor 0.0081
Outlet Temperature (°F) 11749 108.55 Air-Side ho (BTU/hr-t2-°F) 8.10
Inlet Specific Humidity - 0.0213 Tube Wall Resistance (hr-f2-°F/BTU 0.00031430
Outlet Specific Humidity 0.0213 Ovenall Fouling (hr-ft*°F/BTU) 0.02882467
Average Temp (°F) 119.06 108.03

Skin Temperature (°F) . 110.78 108.99 U Overall BTU/r-2-°F) : 5.59
Velocity *¢¢ 335723 397 Effective Area (ft%) : 905.33
Reynold's Number 818 25,679 LMTD 10.95
Prandtl Number 0.7275 4.1334 Total Heat Transferred (BTU/hr) 55,412
Bulk Visc (Ibm/ft-hr) 0.0474 1.5138

Skin Visc (Ibm/ft-hr) 1.4992 Surface Effectiveness (Eta) 0.919%
Density (Tbm/f) 00647  61.8876  Sensible Heat Transferred (BTU/Mr) 55,412
Cp (BTU/Nbm-*F) 0.2402 09989  Latent Hest Transferred (BTU/br)

K (BTUArft-°F) 0.0157 0.3658 Heat to Condensate (BTU/hr)

#* Reynolds Number Outside Range of Equation Applicability

Mass Flow (lbm/hr) 70,250.97 53,634.29 Tube-Side hi (BTU/hr-f*F) 1,211.64
Inlet Temperature (°F) 11749 106.66 j Factor 0.0081
Outlet Temperanye (°F) 114.89 107.52 Air-Side bo (BTU/hr-A%-°F) 8.09
Inlet Specific Humidity: 0.0213 . Tube Wall Resistance (hr-fi*°F/BTU 0.00031430
Outlet Specific Humidity 0.0213 Overall Fouling (hr-R*°F/BTU) 0.02882467
Average Temp (°F) 116.19 107.09

Skin Temperature (°F) 10936 107.88 U Overall (BTU/hr-fi*°F) 5.58
Velocity *** 3,357.23 3.97 Effective Area (ft%) 905.33
Reynold's Number 82] e 25,433 LMTD 9.04
Prandtl Number o.nmn 4.1774 Total Heat Transferred (BTU/hr) 45,666
Bulk Visc (Tom/ft-hr) 0.0472 1.5285

Skin Visc (Tbm/ft-hr) 1.5162 Surface Effectiveness (Eta) 0.9200
Density (Ibm/ft*) 0.0650 61.9006 Sensible Heat Transferred (BTU/hr) 45,666
Cp (BTU/Mbm°F) 0.2402 0.9989 Latent Heat Transferred (BTU/hr)

K (BTUMrft-°F) 0.0156 0.3655 Heat to Condensate (BTU/hr)

+* Reynolds Number Outside Range of Equation Applicability
Hasc 6¢

*+® Air Mass Velocity (Lbm/hr-A%), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Propertics at Average T




13:48:42 PROTO-HX 3.61 by Proto-Power Corporation (SN#663-7371) " 0116002
ComEd — LaSalle )

Calculation Report for: 1(2)VY01A & 02A - CSCS EquipmentAmCoohngCods
VY02A 106 F; Dan FF tube; Inc. Air FF

Air-Side Tube»Sidc

Mass Flow (Tbm/hr) 70,250.97 53,634.29
Injet Temperature (°F) 114.89 10596
Outlet Temperature (°F) 112.76 106.66

Injet Specific Humidity 0.0213
Outlet Specific Humidity 0.0213

Average Temp (°F) 113.83 106.31
Skin Temperature (°F) - 108.19 106.97
Velocity *** 3,35723 -3.97
Reynold's Number 82400 25,231
Prandtl Number 0.7278 4.2143
Bulk Visc (Ibm/ft-hr) 0.0471 - 1.5407
Skin Visc (Thm/ft-hr) 1.5304
Density (bm/ft?) 0.0653 619113
Cp (BTU/Mm-°F) 0.2402 0.9989
K BTU/hrf+°F) 0.0155 0.3652

** Reynokds Number Owtside Range of Equation Applicability

Tube-Side hi (BTU/r*°F) 1,206.27
j Factor 0.0081
Air-Side bo (BTU/hr-8°F) 8.08

Tube Wall Resistance (hr-ft*°F/BTU  0.00031430
Overall Fouling (hr-f*-°F/BTU) 0.02882467

U Ovenall (BTU/hr-1%°F) 5.57
Effective Area (ft?) © 90533
LMTD 746
Total Heat Transferred (BTU/hr) 37,653
Surface Effectiveness (Eta) 0.9201
Sensible Heat Transferred (BTU/hr) 37,653
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

PAE TT7 of &t

*se A jr Mass Velocity (Lbm/hrft%), Tube Fluid Velocity (ft/sec); Alr Denasity at Inlet T, Other Properties at Average T
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14:55:12 . PROTO-HX 3.01 by Proto-Power Corporsation (SN#663-7371) 07/16/2002
ComEd - LaSalle

Calculation Report for: 1(2)VY03A - CSCS Equipment Area Cooling Coils
~ C8CS=106 F,Den tube&inc.abFF;10%

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

Test Data

Data Dats
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) . 72.50
Air Flow (acfm) 25,210.00 707 An
Tube Inlet Terp (°F) " 106.00 W’“’
Air Inlet Temp (°F) 148.0 WA
Inlet Relative Humidity (34) 12.76

Inlet Wet Bulb Temp (°F) 0.00

Atmospheric Pressure 14.31$5

fesc £1




PROTO-HX 3.01 by Proto-Power Corporatioa (SN#663-7371)
ComEd — LaSalle
. Calculation Report for: 1(2)VY03A - CSCS Equipment Area Cooling Coils
CSCS=~106 F.Dm mba&m;.aiﬂ’!’ :10%

14:55:12

Cwmw e Ve - - "

Air-Side Tube-Side

93,159.45
148.00
11445

36,004.50
106.00
122.74

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
Prandt Number

Bulk Visc (Tbm/ft-hr)
Skin Visc (Ibm/ft-hr)
Density (Ibovft*)

Cp BTU/bm-°F)

K BTUArR-°F)

Air-Side Tube-Side

Mass Flow (Tom/hr) 93,15945 36,004.50
Inlet Temperature (°F) 148.00 124.58
Outlet Temperature (°F) 143.12 122.74
Inlet Specific Humidity 0.0203

Outlet Specific Humidity 0.0203

Average Temp (°F) 145.56 126.16
Skin Temperature (°F) 131.41 128.44
Velocity *** 3,773.57 2.23
Reynold's Number 8410 17,098
Prandtl Number 0.7253 34149
Bulk Visc (Tbm/ft-hr) 0.0491 1.2719
Skin Visc (Ibm/ft-hr) 1.2460
Density (Ibn/ft*) 0.0621 61.6138
Cp (BTU/Tbm-°F) 0.2402 0.9989
K (BTU/rft-°F) 0.0163 0.3720

*+ Reynolds Number Outslde Rangs of Equaticn Applicsbility

[ o mmpo.at-on -alcu la Hon | .or ;-ow l(Dry— '

Tube-Side hi (BTU/rf2°F)
j Factor
Air-Side ho (BTU/hr->-°F)
Tube Wall Resistance (hrft*°F/BTU 0.00029413
Overall Fouling (hr-ft>-°F/BTU) 0.02700655
U Overall BTUNr-A*°F)
Effective Area (%) 10,532.34
LMTD '
Total Heat Transferred (BTU/br) 781,790
Surface Effectiveness (Eta)
Sensible Heat Transferred (BTU/hr) 781,790
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr

@ ) L SAPTR

Gospuusy: 72547 Bidh.

|

Tube-Side hi (BTU/hr-82°F) 840.87
j Factor 0.0074
Air-Side ho (BTU/Mr-A*°F) 828
Tube Wall Resistance (hr-f3-°F/BTU  0.00029413
Overall Fouling (hr-ft*-°F/BTU) 0.02700655
U Overall (BTU/hr-ft*-°F) 5.60
Effective Area (%) 1,053.23
LMTD 19.27
Total Heat Transferred (BTU/br) 113,625
Surface Effectiveness (Ete) 0.9267
Sensible Heat Transferred (BTU/hr) 113,625
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/hr)

fee Fv

*s¢ Air Mass Velocity (Lb/hrf?), Tube Fluid Velocity (f/sec); Air Density at Inlet T, Othor Properties at Average T



14:55:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 07/16/02
ComEd ~ LaSslle
Calculation Report for: 1(2)VY03A - CSCS Equipment Area Cooling Coils -
CSCS=106 F,Dan tube&inc.alrFF;10%

Alr-Side Tube-Side

Mass Flow (lbm/hr) 93,159.45 36,004.50 Tube-Side hi (BTU/hr-ft2°F) 828.48
Inlet Temperature (°F) 143.12 121.70 j Factor 0.0074 -
Outlet Temperature (°F) 138.68 124.58 Air-Side ho (BTU/hr-f3-°F) 8.26
Inlet Specific Humidity 0.0203 Tube Wall Resistance (hr-ft-°F/BTU  0.00029413
Outlet Specific Humidity 0.0203 Overall Fouling (hr-fi>°F/BTU) 0.02700655
Average Temp (°F) 140.90 123.14

Skin Temperature (°F) 127.96 125.25 U Overall (BTU/hr-t2°F) 558
Velocity *** 3,773.57 223 Effective Area (ftY) 1,053.23
Reynold's Number 8464 16,631 LMTD 17.64
Prandt! Number 0.7258 3.5198 Total Heat Transferred (BTU/Mr) 103,668
Bulk Visc (Jbm/ft-hr) 0.0488 1.3076

Skin Visc (Tbm/f-hr) 1.2825 Swface Effectiveness (Eta) 0.9269
Density (Ibm/f*) 0.0625 61.6624 Sensible Heat Transferred (BTU/br) 103,668
Cp (BTU/1bm°F) 02402 0.9988 Latent Heat Transferred (BTU/hr)

K (BTU/hr-f-°F) 0.0162 03711 Heat to Condensate (BTU/hr)

** Reynolds Number Outside Rangs of Equstion Applicability

Mass Flow (Ibm/hr) 93,159.45  36,004.50  Tube-Side hi (BTUMrf*°F) 817.12
Inlet Temperature (°F) 138.68 119.06 j Factor 0.0073
Outlet Temperature (°F) 134.62 121.70 Air-Side ho (BTU/hr-1>-°F) 825
Inlet Specific Humidity 0.0203 . ' Tube Wall Resistance (hr-f12-°F/BTU  0.00029413
Outlet Specific Humidity 0.0203 Overall Fouling (hr-f*°F/BTU) 0.02700655
Average Temp (°F) 136.65 120.38

Skin Temperature (°F) 124.81 12234 U Overall (BTUMNr-£t*°F) 5.56
Velocity *** 3,773.57 223 Effective Area (%) 1,053.23
Reynold’'s Number 851 16,209 LMTD - 16.15
Prandtl Number 0.7261 3.6202 Total Heat Transferred (BTU/hr) 94,635
Bulk Visc (bm/ft-hr) 0.0485 1.3416

Skin Visc (Ibm/ft-hr) 13173 Surface Effectiveness (Eta) 0.9270
Density (Ibm/f®) 0.0630 61.7058  Semsible Heat Transferred (BTU/hr) 94,635
Cp (BTU/Nbm-°F) 02402 0.9988 Latent Heat Transferred (BTU/hr)

K BTU/hr-t-°F) 0.0161 0.3702 Hest to Condensate (BTU/hr)

** Reynolds Number Outside Range of Equation Applicsbility

Phee Fi

see Ay Mass Velocity (Lbovbr %), Tube Fluid Velocity (f/sec); Air Deasity at Inlet T, Other Properties at Average T




14:55:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) " 016/02
ComEd -- LaSalie
Calculation Report for: 1(2)VYO03A - CSCS Equipment Area Cooling Coils
CSCS=106 F.Dan tube& inc.sirFF;10%

Mass Flow (I1bm/hr) 93,159.45 36,004.50
Inlet Temperature (°F) 134.62 116.66
Outlet Temperature (°F) 13091 119.06
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203

Average Temp (°F) 132,76 117.86
Skin Temperature (°F) 121.93 119.67
Velocity *** 3,7713.57 2.23
Reynold's Number 8550 15,827
Prandtl Number 0.7265 3.7161
Bulk Visc ((bm/ft-hr) 0.0483 1.3740
Skin Visc (Ibm/ft-hr) 1.3506
Density (Jbm/ft*) 0.0634 61.7445
Cp (BTU/Tbm-°F) 0.2402 0.9988
K BTU/MrR-°F) 0.0160 0.3693

** Reynolds Number Ovtside Range of Equation Applicability

Tube-Side hi (BTU/hrf12°F) 806.71
j Factor 0.0073
AirSide ho (BTU/hr-f>°F) 8.23

Tube Wall Resistance (br-fi2°F/BTU 0.00029413
Overall Fouling (br-ft>-°F/BTU) 0.02700655

U Overall (BTUMNrf*-°F) Coe 5.55
Effective Area (ft?) 1,053.23
LMD 14,79 .
Total Heat Transferred (BTU/Mr) 86,431
Surface Effectiveness (Eta) 0.9271
Sensible Heat Transferred (BTU/hr) 86,431
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/hr)

Mass Flow (bm/hr) 93,159.45 36,004.50
Inlet Temperature (°F) 130.91 114.46
Outlet Temperature (°F) 127.52 116.66
Inlet. Specific Humidity 0.0203 ’
Outlet Specific Humidity 0.0203

Average Temp (°F) 129.21 115.56
Skin Temperature (°F) 11930 117.24
Velocity *** 3,773.57 2.23
Reynold's Number 8§59 15,481
Prandtl Number 0.7267 3.8074
Bulk Visc (Ibm/ft-hr) 0.0481 1.4048
Skin Visc (Ibm/ft-hr) 1.3823
Density (Ibm/ft*) 0.0637 61.7792
Cp (BTU/Ibm°F) 0.2402 0.9988
K BTUMrR-°F) 0.0159 0.3685

** Reynokis Number Outside Range of Equation Applicability

Tube-Side hi (BTU/rfi%°F) 797.16
j Factor 0.0073
Alr-Side ho (BTU/Msfi%°F) 821

Tube Wall Resistance (hr-ft*-°F/BTU - 0.00029413 -
Overall Fouling (hr-ft2°F/BTU) 0.02700655

U Overell (BTU/r-%°F) 5.53
Effective Area (ft*) 1,053.23
LMID 13.55
Total Heat Transferred (BTU/hr) 78,974
Surface Effectiveness (Eta) . 09273
Seasible Heat Transferred (BTU/hr) 78,974
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTUMr) .
PAGG F4

se3 Afr Mass Velocity (Lbm/heft°), Tube Fluid Velocity (ft/sec); Ale Density at Inlet T, Other Properties st Average T




14:55:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 07/16/02
ComEd - LaSalle
Calculation Report for: 1(2)VY03A - CSCS Equipment Area Cooling Coils
CSC$=106 F,Dsa mbe&inc.airFF;10%

Mass Flow (Tbm/hr) 93,15945 36,004.50 Tube-Side hi (BTU/rf>-°F) 788.41
Inlet Temperature (°F) 127.52 112.46 j Pactor 0.0073
Outlet Temperature (°F) 124.42 114.46 Air-Side ho (BTU/r-%°F) 8.20
Inlet Specific Humidity 0.0203 . Tube Wall Resistance (br-f%°F/BTU  0.00029413
Outlet Specific Humidity 0.0203 - Overall Fouling (hr-fR>°F/BTU) 0.02700655 -
Average Temp (°F) 125.97 113.46

Skin Temperature (°F) 116.89 115.01 U Overall (BTU/br-1>-°F) 552
Velocity *** ' 3,773.57 223 Effective Area (%) 1,053.23
Reynold's Number 862 15,167 LMTD 12.42
Prandtl Number 0.7270 3.8941 Total Heat Transferred (BTU/hr) 72,192
Bulk Visc (Jbm/ft-hr) 0.0479 1.4339 .
Skin Visc (Ibm/ft-hr) . 14123 Surface Effectiveness (Eta) 0.9274
Density (Ibm/ft') 0.0641 61.8102 Sensible Heat Transferred (BTU/Mr) 72,192
Cp (BTU/Nbm-°F) 0.2402 0.9988 Latent Heat Transferred (BTU/hr)

K (BTU/hr2-°F) 0.0158 03678  Heat to Condensate (BTU/hr)

** Reynolds Number Outsids Range of Equation Applicability

Mass Flow (lbm/hr) 93,159.45 36,004.50 Tube-Side hi (BTU/he-A*°F) 780.38
Inlet Temperature (°F) 124.4 110.62 j Pactor 0.0073
Outlet Temperature (°F) 1215 112.46 Air-Side ho (BTU/hrft*°F) 8.19
Inlet Specific Humidity 0.0203 Tube Wall Resistance (hr-ft*°F/BTU 0.00029413
Outlet Specific Humidity 0.0203 - Overall Fouling (hr-f-°F/BTU) 0.02700655
Average Temp (°F) 123.00 111.54

Skin Temperature (°F) 114.69 112.97 U Overall (BTU/br-R*°F) 5.51
Velocity *** 3,773.57 2.22 Effective Area (%) 1,053.23
Reynold's Number 866+ 14,881 LMID - 11.39
Prandtd Number 071272 3.9761 Total Heat Transferred (BTU/hr) 66,017
Bulk Visc (Ibnvft-hr) 0.0477 1.4614 '

Skin Visc (Jbm/ft-hr) 1.4408 Surface Effectiveness (Eta) 0.9275
Density (Ibm/ft%) 0.0644 61.8381 Sensible Heat Transferred (BTU/hr) 66,017
Cp (BTU/bm-°F) 0.2402 0.9988 Latent Heat Transferred (BTU/hr)

K (BTU/hrft-°F) 0.0158 0.3671 Heat to Condensate (BTU/hr)

*¢ Reynolds Number Outside Range of Equation Applicability

o
Fhce £

*** Al Mass Velocity (Lbm/hrf¥%), Tube Fluid Velocity (ft/sec); Air Density at Inlet T, Other Properties at Average T




14:55:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) - 0716002
ComEd - LaSalle
Calculation Report for: 1(2)VY03A - CSCS Equipment Area Cooling Coils
CSCS=106 F.Dan tubek inc.airFF; 10%

Air-Side Tube-Side

Mass Flow (bm/hr) 93,159.45 -~ 36,004.50  Tube-Side hi (BTUMArfi*°F) 773.01
Inlet Temperature (°F) 121.59 10894  jFactor | 0.0073
Outlet Temperature (°F) 119.00 11062  Air-Side ho (BTU/rft*° 8.18
Inlet Specific Humidity 0.0203 Tube Wall Resistance (br2°F/BTU 0.00029413
Outlet Specific Humidity 0.0203 . Overall Fouling (hrfR*°F/BTU)  0.02700655
Average Temp (°F) 120.29 109.78

Skin Temperature (°F) - 11268 111.10 U Oversll (BTUMrAF) 5.49
Velocity *** 3,773.57 222 Effective Area (f9) 1,053.23
Reynold's Number 869+s 1462  LMTD 1044
Prandt! Number 0.7274 40537  Total Heat Transferred (BTURY) = 60,393
Bulk Visc (Ibm/ft-hr) 0.0475 1.4873

Skin Visc (Tom/ft-br) 14677  Surface Effectiveness (Eta) 0.9276
Density (Tbm/R*) 00647 618631  Sensible Heat Transfetred (BTU/r) 60,393
Cp (BTU/bm-°F) 0.2402 09988  Latent Heat Transferred (BTU/Mr) :
K (BTUArf°F) 0.0157 03665  Heat to Condensate (BTU/hr)

** Reynolds Number Outside Range of Equation Applicability

Alr-Side Tube-Side

Mass Flow (Tbmvhr) 93,159.45 36,004.50 Tube-Side hi (BTU/hr-R2-°F) 76626
Inlet Temperature (°F) 119.00 107.41 j Factor 0.0073
Outlet Temperature (°F) 116.62 108.94 Air-Side ho (BTU/hr-t2-°F) - 817
Inlet Specific Humidity 0.0203 .. - Tube Wall-Resistance (hr-1>°F/BTU  0.00029413
Outlet Specific Humidity .  0.0203 Overall Fouling (br-fR%-°F/BTU) . 0.02700655
Average Temp (°F) 117.81 108.17

Skin Temperature (°F) 110.83 109.39 U Overall (BTU/hr-f2-°F) 548
Velocity *** 3,773.57 222 Effective Area (ft%) 1,053.23
Reynold's Number 8720 14,386 LMTD 9.57
Prandt] Number 0.7276 4.1269 Total Heat Transferred (BTU/hr) 55,266
Bulk Visc (Ibm/ft-hr) 0.0473 1.5117

Skin Visc (Too/ft-hr) ‘ 1.4931 Surface Effectiveness (Eta) 0.9277
Density (Ibn/#t*) 0.0649 61.8856 Sensible Heat Transferred (BTU/r) 55,266
Cp (BTU/Tbm-°F) 0.2402 0.9989 Latent Heat Transferred (BTU/r)

K (BTU/Rr-f-°F) 0.0156 0.3659 Heat to Condensate (BTU/hr)

s Reynolds Number Outside Range of Equation Applicability

®
Phés £6

*o% Ajr Mass Velocity (Lbm/hr %), Tube Fluid Velocity (R/sec); Alr Density st Inet T, Other Propertics at Average T



14:55:12 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) - omewm
ComEd -- LaSalle
Calculation Report for: 1(2)VY03A - CSCS Equipment Area Cooling Coils
CSCS~106 F,Dsn tubekinc alrFF;10%

Air-Side Tube-Side

h Mass Flow (Ibm/hr) 93,15945 36,004.50 Tube-Side hi (BTU/r%-°F) 760.06
Inlet Temperature (°F) 1 116.62 106.00 j Factor 0.0073
Outlet Temperature (°F) 114.45 107.41 Air-Side ho (BTU/rR2-°F) 8.16
Inlet Specific Humidity 0.0203 . Tube Wall Resistance (hr-fi*°F/BTU - 0.00029413
Outlet Specific Humidity 0.0203 Overall Fouling (hr-8*-°F/BTU) 0.02700655
Average Temp (°F) 115.54 106.70 '
Skin Temperature (°F) 109.15 107.83 U Overall (BTU/br-f1*-°F) 547
Velocity *** , 3,773.57 222 Effective Area (ft%) 1,053.23
Reynold’s Number 875 14,171 LMTD : 8.78
Prandt Number 0.7277 4.1957 Total Heat Transferred (BTU/hr) 50,590
Bulk Visc (Ibm/ft-hr) 0.0472 1.5346
Skin Visc (Jbm/f-hr) 1.5170 Surface Effectivencss (Eta) 0.9277
Density (Ibm/ft*) 0.0652 61.9059 Sensible Heat Transferred (BTU/r) 50,590
Cp (BTU/Nbm-°F) 0.2402 0.9989 Latent Heat Transferred (BTU/hr)

K (BTUArR-°F) 0.0156 0.3653 Heat to Condensate (BTU/hr)

'L ** Reynolds Number Outside Range of Equation Applicability

. PAGe £7

*e* Ajr Mass Velocity (Lbm/hr8%), Tube Fluid Velocity (f/sec); Air Density at Inlet T, Othor Properties st Average T




14:35:12

PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
ComEd — LaSalle
Data Report for: 1(2)VY03A - CSCS Equipment Area Cooling Coils
CSCS8=106 F,Dsan tube&imc airFF; 10%

Air-Side

Tube-Side

Fhaid Quandily, Total ~31,065.00 acim T80.00 gpm
Inlet Dry Bulb Temp 150.00 °F 105.00 °F
Inlet Wet Bulb Temp 92.00 °F
Inlet Relative Humidity %
Outlet Dry Bulb Temperature 108.80 °F - 117.70 °F
Outlet Wet Bulb Temp 84.00 °F
Outlet Relative Humidity %
Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.000500
Design Heat Transfer (BTU/hr) 1,108,000

Pressure 14.315
Seasible Hoat Ratio . o 1.00
Performance Factor (% Reduction) 0.000
Heat Exchanger Type Counter Flow
Fin Type Circular Fins
Fin Configuration LaSalle Cooler 1(2)VYO03A

j = EXP[-2.5939 + -0.3438 ®* LOG(Re))

Coil Finned Length (in) 108.000
Fin Pitch (Fins/Inch) 10.000
Fin Conductivity 8TU/hrt-°F) 128.000
Fin Tip Thickness (inches) 0.0120
Fin Root Thickness (inches) 0.0120
Circular Fin Height (inches) 1.452
Number of Coils Per Unit 2
Number of Tube Rows 10
Number of Tubes Per Row 24.00
Active Tubes Per Row 24.00
Tube Inside Diameter (in) 0.5270
Tube Outside Diameter (in) 0.6250
Longitudinal Tube Pitch (in) 1.400
Trensverse Tube Pitch (in) 1.410
Number of Serpentines 1.000
Tube Wall Conductivity (BTU/br-ft-°F) 225.00

s €8 o8 £1

C 0116402

[ " AirColl Heat Exchanger Input Parameters |

u T
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17:45:47 PROTO-HX 3.01 by Proto-Power Corporation ( 7371) 0711622002
ComEd ~ LaSalle
Calculation Report for: 1(2)VYO4A-Front - CSCS Equipment Area Cooling Coils

CSCS »106 F; 10% less afr flow ,

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)
Aijr 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) 3920

Air Flow (acfm) 26,384.00 &~ Y {g1s A flo )
Tube Inlet Temp (°F) ' . 106.00 . o
Air Intet Temp (°F) 148.0

Inlet Relative Humidity (%4) 1276 .

Inlet Wet Bulb Temp (°F) 0.00

Atmospheric Pressure 14.315

Frant Gl — fzﬁffl}f%
bk - Ul I

—

AmC = 69,457 gy
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17:45:47

PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)

ComEd -- LaSalle

Calculation Rapon for: 1(2)VY04A-Front - CSCS Equipment Area Cooling Co:ls
CSCS =106 F; 10% Jess air Row

Tube-Side
19,467.26
106.00
127.86

Air-Side

97,497.78
148.00
130.58

Mass Flow (Ilbmvhr)
Inlet Temperature (°F)
Ovutlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***

Reynold's Number
Prandt] Number

Bulk Visc (Ibm/ft-br)
Skin Visc (Tbm/f-br)
Density (Tom/f?)

Mass Flow (Jbm/hr) 97,497.78 19,467.26
Inlet Temperature (°F) 148.00 118.16
Outlet Temperature (°F) 143.56 12930
Inlet Specific Humidity 0.0203

Ontlet Specific Humidity 0.0203 :
Average Temp (°F) 145.78 123.73
Skin Temperature (°F) 13543 131.86
Velocity *** 5,077.44 0.72
Reynold's Number 1,845 5,425
Prandt Number 0.7253 3.4990
Bulk Visc (1bm/ft-hr) 0.0491 1.3005
Skin Visc (Ibm/ft-hr) 1.2088
Density (Ibm/ft*) 0.0620 61.6530
Cp (BTU/Ibm-°F) 0.2402 0.9990
K (BTU/hr-R-°F) 0.0163 03713

Tube-Side hi (BTU/hr-ft*-°F)

j Factor

Air-Side bo (BTU/hr-f%-°F)

Tube Wall Resistance (hr-R2*°F/BTU 0.00024732
Ovenll Fouling (hrfi2-°F/BTU) 0.02278812

U Overall (BTU/r*°F)

Effective Area (ft°) 2,870.05
LMTD -
Total Heat Transferred (BTU/Mr)
Surface Effectiveness (Ets) '
Sensible Heat Transferred (BTU/hr) 424,898
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/hr)

Tube-Side hi BTU/hr-f12-°F) 282.62
Jj Pactor 0.0110
Air-Side ho (BTU/hr-t2-°F) 16.65
Tube Wall Resistance (hr-ft*°F/BTU 0.00024732
Overall Fouling (hr-f*°F/BTU) 0.02278812
U Ovenall (BTU/Rr-AA*°F) 7.02
Effective Ares (ft?) 717.51
LMTD 21.51
Total Heat Transferred (BTU/hr) 108,323
Surface Effectiveness (Eta) 0.8980
Sensible Heat Transferred (BTU/Mr) 108,323
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/hr)

PAGEG
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17:45:47

PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
ComEd — LaSalle

Calculation Report for: 1(2)VY04A-Front - CSCS Equipment Area Cooling Coils
CSCS =106 F; 10% less air flow

07/16/02

Tube-Side

Mass Flow (1bmv/hr) 97,497.78 19,467.26
Inlet Temperature (°F) 143.56 116.31
Outlet Temperature (°F) 139.53 12642
Inlet Specific Humidity 0.0203

Outlet Specific Humidity 0.0203

Average Temp (°F) 141.54 12136
Skin Tempersture (°F) 132.14 128.91
Velocity *** 5,077.44 0.72
Reynold’s Number 1,855 5,307
Prandtl Number 0.7257 3.5839
Bulk Visc (Ibm/ft-hr) 0.0488 13293
Skin Visc (Tbm/ft-hr) 1.2408
Density (Ibnv/ft*) 0.0628 61.6904
Cp (BTU/bm-°F) 0.2402 0.9988
K (BTUM1t-°F) 0.0162 0.3705

Tube-Side hi (BTU/br-ft*-°F) 276.19

j Factor 0.0110
Air-Side bo (BTU/r-R*-°F) 16.61
Tube Wall Resistance (hrft*°F/BTU  0.00024732
Overall Fouling (hr-f13-°F/BTU) 0.02278812 -
U Overall (BTU/hr-ft*°F) 6.95
Effective Area (%) 717.51
LMTD 19.70
Total Heat Transferred (BTU/hr) 98,236
Surface Effectiveness (Eta) 0.8982
Sensible Heat Transferred (BTU/xr) 98,236
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/hr)

Air-Side

Mass Flow (Ibmv/hr) 97,491.78 19,467.26
Inlet Temperature (°F) 139.53 106.08
Outlet Temperature (°F) 134.71 118.16
Inlet Specific Humidity 0.0203 -
Outlet Specific Humidity 0.0203

Average Temp (°F) 137.12 112,10
Skin Temperature (°F) 125.85 121.98
Velocity *** 5,077.44 0.72
Reynold's Number 1,865 4,855
Prandtl Number 0.7261 3.9519
Bulk Visc (Ibm/fR-hr) 0.0486 1.4532
Skin Visc (Ibm/ft-hr) 1.3217
Density (Tbm/fi*) 0.0630 61.8300
Cp BTU/Ibm °F) 0.2402 0.9988
K (BTU/br-ft-°F) 0.0161 0.3673

Tube-Side hi (BTU/Nr-ft%°F) 25237
j Factor 0.0110
Alr-Side bo (BTUNy-ft*°F) 16.57
Tube Wall Resistance (hr-f2°F/BTU  0.00024732
Overall Fouling (hr-2°F/BTU) 0.02278812
U Ovenll (BTUNr-ft°F) 6.71
Effective Area (f?) 717.51
LMTD - 24.46
Total Heat Transferred (BTU/hr) 117,703
Surface Effectiveness (Eta) 0.8984
Sensible Heat Transferred (BTU/hr) 117,703
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/hr)

FAGE G3

eo¢ Afr Mass Velocity (LbmArft), Tube Fluid Velocity (/sec); Air Density at Inlet T, Other Properties at Average T




17:45:47 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) . omen2

ComEd — LaSalle

. Calculation Report for: 1(2)VY04A-Front - CSCS Equipment Area Cooling Coils

CSCS =106 F;, 10% Jess air flow

Tube-Side

Alr-Side
* Mass Flow (Tbm/hr) 97,497.78  19,467.26
H Inlet Temperature (°F) 134.71 105.96
Outlet Temperature (°F) 130.58 116.31
Inlet Specific Humidity 0.0203
Outlet Specific Humidity 0.0203
f- Average Temp (°F) 132.64 111.14
f Skin Temperature (°F) 122.99 119.68
i Velocity **¢ 5,077.44 072
! Reynold's Number : 1,876 4,808
i Prandt! Number 0.7265 3.9938
: Bulk Visc (Ibm/fi-hr) 0.0483 1.4672
Skin Visc (Ibm/ft-br) 1.350§
Density (lbm/ft*) 0.0634 61.8439
Cp (BTUNbmM°F) 0.2402 0.9588
K (BTU/hrR-°F) 0.0160 0.3669

Tube-Side hi (BTUMr/*F) 249.35

j Factor 0.0110
Air-Side bo (BTU/r-ft2°F) 16.53

Tube Wall Resistance (hr-f%-°F/BTU 0.00024732
Overall Fouling (hr-ft2°F/BTU) 0.02278812

U Overall BTU/hr-/*°F) 6.67
Effective Area (ft%) 717.51
LMTD 21.03
Total Heat Transferred (BTU/hx) 100,636
Surface Effectiveness (Eta) 0.8986
Sensible Heat Transferred (BTU/r) 100,636
Latent Heat Transferred (BTU/r)

Heat to Condensate (BTU/hr)

PRs6 Q-

*ss Air Mass Velocity (Lbm/hrft%), Tube Fluid Velociy (f/sec); Alr Density at Inlet T, Other Properties at Aversge T




, 17:45:47

PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
ComEd — LaSalle

Data Report for: 1(2)VY04A-Front - CSCS Equipment Area Cooling Cous
CSC8 =106 F; 10% less air flow

07/16/02

Air-Side Tube-Side

Fhuid Quaniity, Total 33,545.00 actm TS Wgpm
Inlet Dry Bulb Temp 150.00 °F 105.00 °F
Inlet Wet Buld Temp 92.00 °F
Inlet Relative Humidity %
Outlet Dry Bulb Temperature °F °F
Outlet Wet Bulb Temp °F
Outlet Relative Humidity %
Tube Pluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.0005004; /..
Design Heat Transfer (BTU/hr) S
Atmospheric Pressure 14315
Sensible Heat Ratio - 1.00
Performance Factor (% Reduction) 0.000
Heat Exchanger Type Countter Flow
Fin Type Circular Fins
Fin Configuration LaSalle VY Cooler 04A

j=EXP[-1.9210 + -0.3441 * LOG(Re))
Coil Finned Length (in) 105.000
Fin Pitch (Fins/Inch) 10.000
Fin Conductivity (BTU/hr-f- °F) 128.000
Fin Tip Thickness (inches) 0.0120
Fin Root Thickness (inches) 0.0120
Circular Fin Height (inches) 1347
Number of Coils Per Unit 2
Number of Tube Rows 4
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) 2.000
Transverse Tube Pitch (in) 1.370
Number of Serpentines 2.000
Tube Wall Conductivity (BTU/hr-f-°F) 225.00

Ales &S




18:06:36 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 07/16/2002
_ ‘ ComEd ~ LaSalle
Calculation Report for: 1(2)VY04A-Back - CSCS Equipment Area Cooling Coils
CSCS=106F, 10% less air

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) 2730

Air Flow (acfim) 25,650.00 e— /0% Gwen 4m, 4, )
Tube Inlet Temp °F) - 10600 = . .

Air Inlet Temp (°F) 130.6

Inlet Relative Humidity (%) 19.73

Inlet Wet Bulb Temp (°F) 0.00

Atmospheric Pressure 14315

PAGE G




PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)
ComEd ~ LaSalle
Calculation Report for: 1(2)VY04A-Back - CSCS Equipment Area Cooling Coils
CSCS = 106 F, 10% less afr ’

97,624.99
130.58
119.66

13,557.56
106.00
125.67

Mass Flow (bm/hr)
Inlet Temperature (°F)
Outlet Temperature (°F)
Inlet Specific Humidity
Outlet Specific Humidity
Average Temp (°F)
Skin Temperature (°F)
Velocity ***

Reynold's Number
Prandt! Number

Bulk Visc (Ibm/ft-hr)
Skin Visc (Ibm/f-hr)
Density (Ibnv/ft*)

Cp (BTUNbm-°F)

K (BTUMr-°F)

Tube-Side hi (BTU/brf*°F)

j Factor

Air-Side ho (BTU/krf%°F)

Tube Wall Resistance (hrfi%°F/BTU 0.00024732 .
Overall Fouling (hrfi*°F/BTU)  0.02278812

U Overall (BTU/Mr-R%°F)
Effective Area (")

LMTD

Total Heat Transferred (BTU/hr)

Surfacs Effectiveness (Etd)
Sensible Heat Transferred (BTU/hr)
Latent Heat Transferred (BTU/hr)
Heat to Condensate (BTU/hr)

5,740.10

>

266,555

- Alr-Side Tube-Side

xtrapolation Calculation for Row 1(Dry)

Mass Flow (Ibm/hr) 97,624.99 13,557.56
Inlet Temperature (°F) 130.58 122.88
Outlet Temperature (°F) 129.66 126.21
Inlet Specific Humidity 0.0200

Outlet Specific Humidity 0.0200

Average Temp (°F) 130.12 124.55
Skin Temperature (°F) 128.12 12737
Velocity *** 5,084.06 0.50
Reynold’s Number 1,414 3,807
Prandtl Number 0.7267 3.4702
Bulk Visc (Ibm/ft-hr) 0.0481 1.2907
Skin Visc (Ibm/ft-hr) 1.2581
Density (Tbm/ft*) 0.0635 61.6399
Cp (BTU/Ibm-°F) 0.2402 0.9989
K (BTUMr#-°F) 0.0159 0.3715

Tube-Side hi (BTU/br-A°F) 17118
j Factor 0.0121
Air-Side ho (BTU/hr-ft2-°F) 1824
Tube Wall Resistance (hr-R2°F/BTU 0.00024732
Overall Fouling (br-f*°F/BTU) 0.02278812
U Overall (BTUMr*°F) 5.83
Effective Ares (/%) 717.51
LMTD - 539
Total Heat Transferred (BTU/hr) 22,558
Surface Effectiveness (Eta) 0.8896
Sensible Heat Transferred (BTU/hr) 22,558
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/hr)

XY

ves Air Mass Velocity (LbmMrf¥), Tube Fluld Velocity (f/sec); Air Density at Inlet T, Other Properties at Average T




18:06:36 PROTO-HX 3.01 by Proto-Power Corporstion (SN#663-7371) " omen
ComEd -- LaSalle
Calculation Report for: 1(2)VY04A-Back - CSCS Equipment Area Cooling Coils

CSCS = 106 F, 10% less air

Alr-Side Tube-Side

Mass Flow (Tonvhr) 97,624.99 13,557.56
Inlet Temperature (°F) 129.66 121.69
Outlet Temperature (°F) 128.70 125.12
Inlet Specific Humidity 0.0200

Qutlet Specific Humidity 0.0200

Average Temp (°F) 129.18 123.40
Skin Temperature (°F) 127.12 12635
Velocity *** 5,084.06 0.50
Reynold's Number . 1,415 3,767
Prandtl Number 0.7267 ~ 3.5104
Bulk Visc (Ibm/ft-hr) 0.0481 1.3044
Skin Visc (Ibm/ft-hr) : 1.2698
Density (Ibm/fi%) 0.0636 61.6582
Cp (BTU/Tbm°F) 0.2402 0.9988
K (BTU/hr-#:°F) 0.0159 0.3712

Tube-Side hi (BTU/hr-2°F) 168.98
j Factoe 0.0121
Air-Side ho (BTU/Rr-t2°F) 1824

Tube Wall Resistance (hr-fi>°F/BTU 0.00024732
Overall Fouling (hr-ft*-°F/BTU) 0.02278812

U Overall (BTU/hr-ft*°F) 5.79
Effective Area (A1) 717.51
LMTD 5.59
Total Heat Transferred (BTU/Ms) 23241
Surface Effectivencss (Eta) - 0.8896
Sensible Heat Transferred (BTU/hr) 23,241
Latent Heat Transferred (BTU/hr)

Heat to Condensate (BTU/hr)

Air-Side Tube-Side

Mass Flow (ibm/hr) 97,624.99 13,557.56
Inlet Temperature (°F) 128.70 118.56
Outlet Temperature (°F) - 127.50 122.88

Inlet Specific Humidity 0.0200 -
Outlet Specific Humidity 0.0200

Average Temp (°F) 128.10 120.72
Skin Temperature (°F) 125.51 124.54
Velocity *¢* 5,084.06 0.50
Reynold's Number 1,417 3,674
Prandtl Number 0.7268 3.6077
Bulk Visc (Ibm/ft-hr) 0.0480 1.3374
Skin Visc (Ibm/ft-hr) 1.2909
Density (Ibm/ft*) 0.0638 - 61.7005
Cp (BTUAbm-°F) 0.2402 0.9988
K (BTU/rf-°F) 0.0159 0.3703

Tube-Side hi (BTU/hr-%-°F) 163.90
j Factor 0.0121
Air-Side ho BTUACAF) . 18.22

Tube Wall Resistance (hr-ft*>°F/BTU 0.00024732
Overall Fouling (hr-ft*-°F/BTU) 0.02278812

U Overall (BTUAr°F) 5.70
Effective Area (%) 71151
LMD 7.16
Total Heat Transferred (BTU/hr) 29,278
Surfice Effectivencss (Eta) 0.8897
Sensible Heat Transfered (BTU/RY) 29,278
Latent Heat Transferred (BTU/br)

Heat to Condensate (BTU/br)

FhcE G

se¢¢ Afr Mass Velocity (Lbm/r-ft), Tube Fluid Velacity (f/sec); Air Density at Injet T, Other Properties at Average T




18:06:36 PROTO-HX 3.01 by Proto-Pewer Corporation (SN#663-7371) 07/16/02
ComEd - LaSalle
Calculation Report for: 1(2)VYO04A-Back - CSCS Equipment Area Cooling Coils
CSCS= |08 F, 10% lesa air '

™ Extrapolation Calculation for Row 4(Dry) |

Air-Side Tube-Side

Mass Flow (Ibovhr) 97,624.99 13,557.56 Tube-Side hi (BTU/hr-t*°F) 161.60
Inlet Temperature (°F) 127.50 11741 j Factor S 0.0121
Outlet Temperature (°F) 126.32 121.69 Air-Side ho (BTUMr-f> 1821
Inlet Specific Humidity 0.0200 Tube Wall Resistance (he-ft*°F/BTU  0.00024732
Outlet Specific Humidity 0.0200 Overall Fouling (brft**F/BTU) 10.02278812
Average Temp (°F) 12691 119.55

Skin Temperature (°F) 124.34 123.38 U Overall BTU/r-A2°F) - - 5.66
Velocity *** 5,084.06 0.50 Effective Area (%) . 717.51
Reynold's Number 1,420 3,633 LMTD 7.14
Prandtl Number 0.7269 3.6518 . Total Heat Transferred (BTU/bx) 28,989
Bulk Visc (Ibm/ft-hr) 0.0479 1.3522 . ,

Skin Visc (bm/ft-hr) 1.3047 - Surface Effectiveness (Ets) 0.8898
Density (Ibm/ft’) 0.0639 61.7187 Sensible Heat Transferred (BTU/hr) 28,989
Cp (BTU/Mbm-°F) 0.2402 0.9988 Latent Heat Transferred (BTU/hr)

K (BTUMAr f-°F) 0.0158 0.3699 Heat to Condensate (BTU/br)

Afr-Side © Tube-Side

Mass Flow (Tbm/hr) 97,624.99 ~ 13,537.56  Tube.Side hi (BTUMLrR3°F) 15445
Inlet Temperature (°F) 12632 11301  jFactor 0.0120
Outlet Temperature (°F) 124.78 11856  Air-Side ho (BTUMLrA°F) . 1820
Inlet Specific Humidity- -  0.0200 - - < Tube Wall Resistance (hr-fi*°F/BTU 0.00024732 - -
Outlet Specific Humidity 0.0200 Overall Fouling (hr-A*°F/BTU)  0.02278812
Average Temp CF) 125.55 115.78

Skin Temperature (°F) 12221 12097 U Ovenll (BTU/rfi*°F) 5.53

Velocity *** 5,084.06 050  Effective Arca () 717.51
Reynold's Number 1,422 3505  LMTD 948
Prandt] Number 0.7270 37986  Total Hest Transferred (BTU/br) 37,586
Bulk Visc (Tbav#t-hr) 0.0478 1.4018

Skin Visc (bm/fi-hr) 13342  Surface Effectiveness (Eta) 0.8898
Density (lbm/R®) 0.0641 617759  Sensible Heat Transferred (BTU/r) 37,586
Cp (BTU/Mm°F) 0.2402 0.9988  Latent Heat Transferred (BTU/Mr)

K (BTU/Rr£-°F) 0.0158 03686  Heat to Condensate (BTU/hr)

o
A¢E 69

ess Ajr Mass Velocity (Lbm/hr-ft%), Tube Fluid Velocity (fV/sec); Air Density at Inlet T, Other Properties at Average T




PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371)

ComEd - LaSalle

Calculation Report for: 1(2)VY04A-Back - CSCS Equipment Area Cooling Coils
‘ CSCS = 106 F, 10% Jess aiy

Alr-Side Tube-Side

Mass Flow (Ibm/hr) 97,624.99 13,557.56
Inlet Temperature (°F) 124.78 112.18
Outlet Temperature (°F) 123.33 117.41
Inlet Specific Humidity 0.0200

Outlet Specific Humidity 0.0200

Average Temp (°F) 124.05 114.79
Skin Temperatare (°F) 12091 119.74
Velocity *** 5,084.06 0.50
Reynold's Number 1,425 34N
Prandt] Number 0.7271 3.8388
Bulk Visc (Ibm/ft-hr) 0.0477 1.4153
Skin Visc (Tbm/ft-hr) 1.3497
Density (Ibm/ft%) 0.0642 61.7906
Cp (BTU/Ibm-°F) 0.2402 0.9988
K BTUMr-/-°F) 0.0158 0.3682

e __:;_,_' e c——— 7

Alr-Side Tt:be&ie_
Mass Flow ({bm/hr) 97,624.99 13,557.56
Inlet Temperature (°F) 123.33 106.00
Outlet Temperature (°F) 121.38 113.01
Intet Specific Humidity 0.0200
Outlet Specific Humidity 0.0200
Average Temp (°F) 122.36 109.50
Skin Temperature (°F) 118.16 116.59
Velocity **¢ 5,084.06 0.50
Reynold's Number 1,428 3,294
Prandt] Number 0.72712 4.0662
Bulk Visc (1bm/ft-hr) 0.0476 1.4918
Skin Visc (Ibm/ft-hr) 1.3909
Density (Ibn/ft%) 0.0644 61.8670
Cp (BTU/1bm°F) 0.2402 0.9988
K (BTUAr1°F) 0.0157 0.3664

w A~ £ A ¥

" 0men2

Tube-Side hi (BTU/hrft%-°F) 152.45
j Factor ' 0.0120
Air-Side ho (BTU/br-fi*°F) 18.19
Tube Wall Resistance (hr-A*°F/BTU 0.00024732
Ovenall Fouling (hr-ft*°F/BTU) 0.02278812
U Overall BTU/Mr-fA%°F) - - 549
Effective Area (ft%) 717.51
LMTD 8.99 -
Total Heat Transfesred (BTU/hr) 35,399
Surface Effectiveness (Eta) 0.8899
Sensible Heat Transferred (BTU/hr) 35,399
- Latent Heat Transferred (BTU/hr)
Heat 10 Condensate (BTU/hr)

Tube-Side hi (BTU/Mhr/*°F) 142.35

j Fector 0.0120
Air-Side bo (BTU/hr-ft*°F) 18.17

Tube Wall Resistance (hr-ft*°F/BTU -0.00024732

Ovenall Fouling (hr-i*-°F/BTU) 0.02278812

U Ovenall (BTU/Rr-f2°F) 5.28
Effective Area (ft%) 712.51

LMTD 12.51

Total Heat Transferred (BTU/hr) 47418

Surface Effectiveness (Eta) 0.8900
Sensible Heat Transferred (BTU/hr) 47418

Latent Heat Transferred (BTU/hr) '
Heat to Condensate (BTU/hr)

AACE Gro

o+ Afr Mass Volosity (Lbmrft?), Tube Fiuid Velocity (/sec); Air Density e Inlet T, Other Properties a1 Aveeage T
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18:06:36 PROTO-HX 3.01 by Proto-Power Corporation (SN#663-7371) 07/16/02
ComEd — LaSalle
Calculation Report for: 1(2)VY04A-Back - CSCS Equipment Area Cooling Coils
CSCS = 106 F, 10% less air

[ Extrapolation Calculation forRow8(®ry) |

Air-Side  Tube-Side

Mass Flow (Tbavhr) 9762499 ~ 13,557.56  Tube-Side hi (BTUMrfi2°F) 141.33
Inlet Temperature (°F) 121.38 10596  jFactor 0.0120
Outlet Temperature (°F) 119.66 11218  Air-Side ho (BTU/Mrf2°F) 18.15
Inlet Specific Humidity 0.0200 Tube Wall Resistance (hr%°F/BTU 0.00024732
Outlet Specific Humidity ~ 0.0200 Ovenull Fouling (rA*°F/BTU)  0.02278812
Average Temp (°F) 120.52 109.07

Skin Temperature (°F) 116.79 11540 U Overall (BTUMLrR%°F) 5.26
Velocity #%* 5,084.06 0.50  Effective Area (89 717.51
Reynold's Number 1,432 3280  LMID 1115
Prandt Number 0.7274 40859  Total Heat Transferred (BTU/r) 42,087
Bulk Visc (lbm/ft-hr) 0.0475 1.4980

Skin Visc (Ibo/ft-hr) 14069  Surface Effectiveness (Eta) 0.8501
Density (Ibm/%) 0.0646 61.8731 Sensible Heat Transferred (BTU/hr) 42,087
Cp (BTU/bm-°F) 02402 09988  Latent Heat Transferred (BTU/hr)

K (BTU/brt-°F) 0.0157 03662  Heatto Condensate (BTU/hr)

AAe6 G
ss¢ Alr Mass Velocity (Lbo/harf¥), Tube Fluid Velocity (f/sec); Air Density st Inlet T, Other Properties at Average T
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PROTO-HX 3.01 by Prote-Power Corporation (SN#663-7371)
ComEd -- LaSalle
Data Report for: 1(2)VY04A-Back - CSCS Equipment Area Cooling Coils
CSCS = 106 F, 10% less air

o162

Inlet Dry Bulb Temp °F
Inlet Wet Bulb Temp °F
Inlet Relative Humidity %
Outlet Dry Bulb Temperature °F °F
Outlet Wet Bulb Temp °F
Outlet Relative Humidity %
Tube Fluid Name Fresh Water
Tube Fouling Factor 0.001500
Air-Side Fouling 0.000500 $ ypen
AR 5%
Design Heat Transfer (BTU/hr) Eouung
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 Cooler 1(2)VYO04A
)= EXP{-1.9210 + -0.3441 * LOG(Re)]
Coil Finned Length (in) 105.000
Fin Pitch (Fins/Inch) 10.000
Fin Conductivity BTU/hr-f-°F) 128.000
Fin Tip Thickness (inches) 0.0120
Fin Root Thickness (inches) 0.0120
Circular Fin Height (inches) 1.347
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) 1.370
Number of Serpentines 2.600
Tube Wall Conductivity (BTU/hr-£2-°F) 225.00

b Gz oF g
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07-20-2004 09:15:51

Congtant inlet Tempemmre Method Was Used
Extrapolation Was to User Specified Conditions

PROTO—HX 4.00 by Proto-Power Corporaﬁon (SN#PHX-0000)
Commonwealth Edison

Calculation Report for FC01 - LSCS - Spent Fuel Pool Cooling Hx.
NOED EC MNHL, 106F, Max ﬂ' 1% plug :

Pe 1/
£C 350308 RO

Fouling Was Input by User
Test Data Extrapolation Data

Dats Date Tube Flow (gpm) 3,972.00
Shell Flow (gpm) Shell Flow (gpm) 2 ,952.00
Shell Temp In (°F) Tube Iniet Temp (°F) 106.00
Shell Temp Out (°F) Shell Inlet Temp (°F) 140.00
Tube Flow (gpm)

Tube Temp In (°F) .

Tube Temp Out (op) _ Input Fouling Factor 0.001580

Shell Mass Flow (lbmvhr) U Ovcmll ( BTU/hrﬁ”F)
Tube Mass Flow (Ibm/hr) Shell-Side ho (BTU/Mrft2-°F)

Tube-Side hi (BTU/hr-f*-°F)
Heat Transferred (BTU/Mr) 1/Wall Resis (BTUMrR%°F)
LMTD LMTD Correction Factor
Effective Area (ft2)

) Overull Fouling (hr-fi*-°F/BTU)

Property Shell-Side Tube-Side
Velocity (fV/s) Shell Temp In (°F)
Reynold's Number Shell Temp Out (°F)
Prandtl Number Tav Shelt (°F)
Bulk Visc (Ibrv/ft-hr) Shell Skin Temp (°F)
Skin Visc (Tbm/ft-hr) Tube Temp In (°F)
Density (Ibnvf*) Tube Temp Out (°F)
Cp (BTUMbm°F) Tav Tube (°F)
K (BTU/hrft-°F) Tube Skin Temp (°F)

[ ExtapolationColculationResults | .'" 1

Sheﬂ Mass Flow (lbm/hr) 1,476,736.63 Overall Fouling (hr-ft*°F/BTU)
Tube Mass Flow (Ibm/hr) 1,986,991.15 Shell-Side ho (BTU/Mr-f1*-°F)
Tube-Side hi (BTU/hr-R2-°F)
Heat Transferred (BTU/r) 21,860,895.41 1/Wall Resis (BTU/hr-R2-°F)
LMTD 19.8 LMTD Correction Factor
Effective Ares (R%) 3,804.0 ,
U Ovenll (BTUMr2°F)
Property Shell-Side Tube-Side
Velocity (fU/s) 499 4.35 Shell Temp In (°F)
Reynold's Number 47,646 31,541 Shell Temp Out (°F)
Prandtl Number 3.2289 3.9557 Tav Shel} (°F)
Bulk Visc (Ibm/ft-hr) 1.2083 1.4545 Shell Skin Temp (°F)
Skin Visc (Ibm/fi-hr) 1.2418 1.3823 Tube Temp In (°F)
Density (lbrvt’) 61.5180 61.8313 Tube Temp Qut (°F)
Cp (BTU/Ibm°F) 0.9990 0.9988 Tav Tube (°F)
K (BTU/hrft-°F) 0.3738 0.3673 Tube Skin Temp (°F)

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

0.001580 -
2,035.7
1,323.4
3,845.3

" 1.0000

3163

140.0
123.8
131.9
128.8
106.0
118.0
1i2.0
(7.2



07-20-2004 09:15:51 PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-0000)

Commonwealth Edison

Data Report for FCO] - LSCS - Spent Fuel Pool Cooling Hx.

NOED EC MNHL, 106F, Max 1, 1% plug

5. 3/z

!”——— o She Heat Excbanger Input Parameters

i Shell-Side Tube-Side

‘Fluid Quantity, Total ‘ grm - 2,998.50 3,998.00
Mass Fluid Quantity, Total lom/hr - 0.00 0.00
Inlet Temperature °F 120.00 95.00
Outlet Temperature °F 110.30 102.30
Fouling Factor hr-ft*°F/BTU 0.00050 0.00200
Shell Fluid Name Fresh Water
Tube Fluid Name Fresh Water

Design Q (BTU/hr) 14,500,000
Design U (BTU/br-i2-°F) : 229.00
Qutside h Factor (Hoff) 0.821991000
Fixed U (BTU/hr-f2-°F) 0
Fixed Area (ft?) 0.00
Performance Factor (% Reduction) 0.00
Heat Exchanger Type Counter Flow
Total Effective Area per Unit (ft?) 3,840.00
Area Factor 0.983279772
Area Ratio 0.00000
Number of Shells Per Unit |
Shell Minimum Area 1.336000000
Shell Velocity (ft/s) 5.000
Tube Pitch (in) 0.8125
Tube Pitch Type Triangular
Number of Tube Passes i
U-Tubes , No
Total Number of Tubes 1,174
Number of Active Tubes 1.163
Tube Length (ft) 20.33
Tube Inside Diameter (in) 0.569
Tube Outside Diameter (in) 0.625
Tube Wall K (BTU/hr1-°F) 9.40
Lbc, Central Baffle Spacing (in) 0.000
Lbi, Inlet Baffle Spacing (in) 0.000
Lbo, Outlet Baffle Spacing (in) 0.000
Dotl, Tube Circle Diameter 0.000
Bh, Baffle Cut Height (in) 0.000
Ds, Shell Inside Diamter (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

& 33'030& A
Arfach
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Calculation Report for FCO1 - LSCS - Spent Fuel Pool Cooling Hx.

PROTO-HX 4.00 by Proto-Power Corporation (SN¥PHX-0000)

Commonweaith Edison

NOED EC EHL, 106F, Max ff, 1% plug

Constant Injet Temperature Method Was Used
" Extrapolation Was to User Specified Conditions

Pag 2
ECI3S50305 p, /o

.

Fouling Was Input by User
Test Data Extrapolation Data

Data Date Tube Flow (gpm) 3,972.00
Shell Flow (gpm) Shell Flow (gpm) 2,476.00
Shefl Temp In (°F) Tube Inlet Temp (°F) 106.00
Shell Temp Out (°F) Shell Inlet Temp (°F) 155.30
Tube Flow (gpm)
Tube Temp In (°F)
Tube Temp Out (°F) Input Fouling Factor 0.001580

Shell Mass Flow (Ibm/hr) U Oveull ( BTU/hrﬂ’-"ﬂ

Tube Mass Flow (lbm/hr) Shell-Side ko (BTU/hr-f-°F)

) Tube-Side hi (BTU/Mr f*-°F)
Heat Transferred (BTU/hr) 1/Wall Resis (BTU/hr-12-°F)
~ LMTD , LMTD Correction Factor
Effective Area (") '
. Ovenall Fouling (hr-f2-°F/BTU)

Property ¢ Shell-Side Tube-Side

Velocity (fs) Shell Temp In (°F)

Reynold's Number Shell Temp Out (°F)

Prandt] Number Tav Shell (°F)

Bulk Visc (Ibm/ft-hr} Shell Skin Temp (°F)

Skin Vise (Ibm/ft-hr) Tube Temp In (°F)

Density (Jbmv/it%) Tube Temp Out (°F)

Cp (BTUNbM°F) Tav Tube (°F)

K (BTU/rf-°F) Tube Skin Temp (°F)

e Extra lauon Calculatlon Rwults N ____ o

smn Mass Flow ﬂbmlhr) |,238,6I7.85 Overall Foullng (hr nwwam)
Tube Mass Flow (Ibm/hr) 1,986,991.15 Shell-Side ho (BTU/hr-A3-°F)
Tube-Side hi (BTU/Mr-R*F)
Heat Transferred (BTU/Mr) 32,785,610.04 1/Wall Resis (BTU/hrA%°F)
LMTD 27.8 LMTD Correction Factor
Effective Area (8%} 3,804.0
. U Overall (BTU/Mr-A3-F)
Property Shell-Side Tube-Side
Velocity (ft/s) 420 435 Shell Temp In (°F)
Reynold's Number 43,569 32,247 - Shell Temp Out (°F)
Prandt] Number 2.9394 3.8607 Tav Shell (°F)
Bulk Visc (Ibnvf-hr) 1.1083 1.4227 Shell Skin Temp (°F)
. Skin Visc (Ibm/-hr) 1.1522 1.3200 Tube Temp In (°F)
Density (Tom/ft%) 61.3397 61.798$ Tube Temp Out (°F)
Cp (BTUNbm-°F) 0.9994 0.9988 Tav Tube (°F)
K (BTUMr-°F) 0.3768 0.3681 Tube Skin Temp (°F)

** Reynolds Number Outside Range of Equation Applicability
it With Zero Fouling The Test Heat Load Could Not Be Achieved

-

0.001580
1,879.7
1,342.3
3,845.3
1.0000

3134

1553
128.8
142.1
1374
106.0
122.5
1143
1214
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PROTO-HX 4.00 by Proto-Power Corporation (SN#PHX-0000)
Commonwealth Edison

Data Report for FCOL - LSCS - Spent Fuel Pool Cooling Hx.
NOED EC EHL, 106F, Max ff, l% plug

" &C W&A’ <
AM T

J' 2/2

— uchager Input rmeers |

_ Fluid Quantity, Total gpm 2,998.50 3,998.00
Mass Fluid Quantity, Total Ibm/hr 0.00 0.00
Inlet Temperature °F 120.00 95.00
Outlet Temperature °F 110.30 102.30
Fouling Factor hr-f*°F/BTU 0.00050 0.00200
Shell Fluid Name ' Fresh Water
Tube Fluid Name Fresh Water

Design Q (BTU/Mr) 14,500,000
Design U (BTU/hr-ft*°F) - 229.00
Outside h Factor (HofT) 0.821991000

" Fixed U (BTU/hr-f12°F) 0
Fixed Area (f%) . 0.00
Performance Factor (% Reduction) 0.00
Heat Exchanger Type Counter Flow
Total Effective Area per Unit (f1) 3,840.00
Area Factor 0.983279772
Area Ratio 0.00000
Number of Shells Per Unit 1
Shell Minimum Ares 1.336000000
Shell Velocity (ft/s) 5.000
Tube Pitch (in) 0.8125
Tube Pitch Type Triangular -
Number of Tube Passes 1
U-Tubes No

. Total Number of Tubes 1,174

~ Number of Active Tubes 1,163
Tube Length (R) 20.33
Tube Inside Diameter (in) 0.569
Tube Outside Diameter (in) 0.625
Tube Wall K (BTU/hrft-°F) 9.40

- Lbc, Central Baffle Spacing (in) 0.000
Lbi, Inlet Baffle Spacing (in) 0.000
Lbo, Outlet Baffle Spacing (in) 0.000
Dotl, Tube Circle Diameter 0.000
Bh, Baffle Cut Height (in) 0.000
Ds, Shell Inside Diamter (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
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- Date:  July 21, 2001
Yo D. Bost

From: K Rameden 4.2 M o

Subjoct  Assessment of High Lake Tempersture Upon the Translent and Accidont

Reference:  NFM Memo BSA-99-071, R. W, Tsal to D. Bost, dated July 20, 1690.

As requested by LaSalie Engineering, a review of the Referenced memo hes been
performed, with respect to the curment up-rated plant configuration. The refarence memo

mm:ammmmammmamnmnmmmm

and sccident enalyses, conduding that 103°F lake temperstunes would be

The purpose of this mbwmmeﬁmdwwmmwdwbnd

high iake temperaturee. X

mmmmamammmmuwmmmmmm
Rself In suppression pool temperatures for post-LOCA and the Allemate Shutdown

. Cooling Event. R aiso concluded that the ATWS and Station Blackout events would be
impacied, but to a Imfied extent. The remainder of the transient analyses are not
dependent on, ar affected by leke tamperature assumptions.

The Sefety Eveluation Report lasued for the power uprate smendments lists the
fmmwwmmwmmmwumdmm.

Event ' Maximum §uppmu!on Pool
Tempersture *F
"Post-LOCA Heefup 198
Altemsts 8hutdown Cooling ) 207
ATWS : 204

These temperatures are In relation to the maximum allowable temperature Imit of 212°F,

The Station Blackout event is not directly affecled by the lake temperature, but the SER
does note that constraints in the EOPs regerding vesse! depressurization rates are
utiiized to ensure that subcooling margins of 20°F are met, preventing the potential for
steam ingestion by the RCIC strainer, mmdurﬁwmm&ﬁwwppr&ubnpod
maximum temperature to 186°F, and would be expectad to continue to da so

independent of leke temperature assumptions,

‘-

12
M?/rrﬁv




.y

-

P-217011 10180904}

16500874028 L

8/

Exelon.

Memorandum _ - Nuclear

Theeﬁddmhhgmmummmmmdmmmmmbom
determined by evaluating the energy equation for the suppression pool :

me, 0= 00)- KA ()-Tw)

Where

m= the mase of suppression pod fluld

cp= heat capacity of weter

T@P&mdapendontmudmpodwnpm

Q{t)=hest input io the suppression pool, primerily decay heet and vesse! sensibie heat
KroasRHR hest axchanger haat removal rate, In Bi/seo-°F

Tew=heat sink tempereture (lake lemperature) °F

Al the time of maximum pool tempersture, the derivative is 2ero, and k can be readily
seen that Increasing the heat sink temperature will result In 8 companable incresss in the
suppreseion pool maximum temperature, easentially conserving the delta T needed to
balance the heat gain and hest removeal. Therefore, postulating & 3 degree incranse in
the leke tempersture above the 100°F used in the design analyses will result in no more
than s 3°F increase In the peak pool temperatures for the different events analyzed.

Based on the maximum values presented in the table above, & can be concluded that an
Increase n the lake temperature of three degrees, 10 103°F, will not result In any of the
evonty exceeding 212°F. M@MbmmdeaMfaopemﬂmd

iske temperatures up to 103°F.
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Date: July 29, 1699 ‘
NR&B&A.M
Tos Mr. D. Bost

Subjectt  Assessment of High Lake Temperaturs Upon the Transient and
Aeeldoﬂlwya'foah <

As requested by LaSslle engineering, NFM has d an assessment of
Increased lake water tamperature on the relevant UFEAR Chapler 8.2, 8 and 18
stiety anslyses. LaSalla should assess the other UFBAR and ficens

emenés. This mmmmwamm 1103’!’ RHR service

ummmmwdumwmmmm For the long term, after

msmmbﬂpodmm Is milgated, R is expecied that an
R heat exchanger train could be used to maintain suppression

temperstures at or below the current-calculsted values. This will ensure ont

quaﬁmﬁmtempewlummmd.

&mhqummnwmmmwwm«n.e.

£ 3081,
/qur»aik-a

Robert W, Teal
BWR Sat
r‘&"“""‘ Supervisor
RHJ/RWT
Enclosure
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Attachment 1

Accident Analysts Evalustion

1) LOCA Analysls UFSAR Sections 15.6 and 633

Shert Term
’ﬂwxhomumLOCAPukdaddhgTw(PcncMﬁoah
independent of lake temperature or sexvice water iemperature. 'l'hom

- floid tempersture assumed in the analysis is based op a conservative

suppression pool temperature for PCT cvaluations . Since the PCT occurs
very early in (e accident and 8 conservative BOCS fluid tempersture is usad,
a higher Iake or scrvics water tempersture will not change the PCT

" calculation. mwwwamummm:pso.«aimwmmc_mp.

leg'hun ‘

The post LOCA Jong term cooling required by 10 CFR 50.46 will also be
acceptable with an Incresse in the lake / service wates tempernture. The lower -
2/3 of the ¢ore will remaln covered. Also. provided that at least 1 core spray
systemn is available long-term, the uppes third of the core will remalp wetied
by the core spray water, whick will prevent further cladding perforstion ar
metal-water feactios. As long as theee is water in the suppression poof for
care spray and 2/3 core helght covery Is maintained, higher lake / servics
wates (empersture of 103°F wil) have on significant impact on [LOCA long

term cooling.

2) Coptalument Analysis UFSAR Section 6.3

The short-teem containment response is not affected by lake or sesvice watar
tempersture. The short-ierm yesponse is primarily drivea by the mass and
cnergy selease from & bounding short term LOCA analysis and containment
pamametess. These are independent of Jake and service water tempersture,

An increase in the lake and service water temperaturs could have an impectoa .
the loag term containment response 10 8 LOCA accident. The RHR service ‘
mmmmmmuuwmﬁmmmmmﬂmh
J00°F. Tbe cutrent analysis assumes 100°F service water eempersture for

durstion of the analysis. Fwﬂnmd&hwuﬁmhbpumm&l
the RHR service water temperature will increase from [00°F as the vitimate
heat 3ink is jocressing 10 a poswulsiod 103°F (assumes the unjikely faiiure of

the dike). However, even assuming s 103°F RHR service water

for the durstion of the event, there will not be a significant impact on the
results. A seasitvity study was performned with a suppression pool mode! for
the Jong term beat up analysis with the RHR service water at 103°F. This

é-'b
Byl
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senshivity stody showed (hat there would be about a 2 - 3°F increase in the
peok suppression poof response. The current LaSalle peak suppression poul
temperature has been evalusted to 200°F. Sincs the post-LOCA suppreasion
pool tempersture limit is 212°F, the increase in service water femperstore O
%%mﬂ;ﬁmk mmw 1
equipment the required safety hhapocbd
that in the long term (after the peak suppression pool temperature is
mitigated), both RHR hest exchanger trains covld be used to keep suppression
wamwMMWmMmb(mw_

action below).

Oﬂmbagtwmmhmﬂhmnpmdywutoshwmpﬁwu
NUREG-0783 (Suppression Pool Temperature Limits for BWR
Containments), would result in a similar change as discussed sbove. Thess
ummwymd»wmmwm
quencher Draft power uprate calculations have been performed
for LaSalle and show that peak supprestion pool tempersture (bulk) is 188°F
for this event. The scceptance limit for isalstion scram cootainment analyses
has been estublished at 208°F 16 maintaty acceptable Jocal pool temperatures
‘ : and subcooling and to assure operability of BCCS systems. Tbe potential 2 -3
. *F ipcrcase due 1o a higher RHR service water temperatire would result in =~
acceptable margins to the imit and the containment will perform the required
safety funciion. It Is expected that as in the LOCA assesssnent sbove, both
RHR hest exchanger trains could be used to keep pool
mmmﬁhmumnmwyﬂmm(mmwwy

[4

9) mmwsamuwmm

 One event jn section 15.2.9 is the Fallure of RHR shutdown cooling. This
event assumes the operstion of RHR. However, a3 sbown la UFSAR Table
15.2+4, the service weter temperature assumption is 100°F. The current
analysis and the recent power uprate analysis assume 100°F for the duration
of the analysis. For the purpose of this evalustion it is postulated that the
RHR service water temperature will increase as the ultimate heat sink is
.. Increasing to a postulsted J03°F. The service water temperature is assuted 0
.~ be JO3°F for the durstion of the analysis. The recent draft power uprste
analysis resulted In a peak suppression pool tempenatire of 207°F for this
evept. Assuming & bounding 3°F increase to the peak suppression pool -
emperature (besed oa the sensitivity study perfosmed for the post LOCA
containmont analyais above), the peak temperature is not cxpected to exceed
210°F. Since the suppression pool temperature limit for this event is 212°F,
mmnmhmvhemtemmewlm?mwkhw
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marging 10 the Jimit and the containment and RHR shutdown cooling will
perform the required safety functions. & is expected that in the long term
(sftex the pesk suppression pool temperature Is mitigated), both RHR hoat
exchanger trains could be used to keep suppression pool tempersture profile
within the current analyals results (see compensatory sction below).

The bafance of the Chapter 15 wransient anslyses, including Chapler 5.2
ASME vessel overpressarization, are short term anafyses of postulated cvents
to vesify core response, to set the fue] therma) Umits and to verify acceptable
vessel overpressure resuity. Most of these events either result in » scram or
result in 5o significant change in thermal power. Since these events are oaly
analyzed for the shont-texmn response, there is no dependency on the lake
temperature of service water temperature for the consequences of these |
events,

4) ATWS Amalysis UFSAR Section 15.8

The ATWS analysls described in UFSAR Sectioo 13.8 is 2 beyond design
basis cvent. Analyses have been performed to show that with the instullation
of the SLCS, ARI and ATWS RPT sysiems that aceeptable ATWS results
' could be obtaiped. GE performed many of these generic caloulations lp
. . NEDE-24222. In these calculations, OF ststed “Due (0 the extremely low
- probabllity of the occurrence of as ATWS, pominal parametars and initial
conditions have been used in the analyses. This is conaistent with the NRC
staff request.” Therefore, it {s not required to use a design maximua-veluefor-
the ATWS anaiysia. However. it can be explicitdy sddressed as discusped

’ Draf power oprate ATWS analysis bas been performed for LaSalle. This
anslysis assuned & sesvice water temperature of 100°F and « peak suppression
pool tempersture of 203°F was calculsted. A bounding assessment would be
(0 axsume that the peak suppression poo) temperstare would increase by the
amount of service water temperature increase. Therefore, with a 3°F increase
to the suppression pool temperature, the peak temperature is not expected o
exceed 208°F, which Is the acceptance limit for snalyses using the SRVs to.
remove the decay heat from the vessel. It s expected that in the long erm
(aftcr the pesk suppression pool temperature fs mitigated), both RHR heat
exchanger traing could bessed to keep. suppression pocl tempersture profile
within the current analysts results (see compensatory action befow). Based on
the discussion sbove, the ATWS analysjs is acceptable with elevated lake and
service waler temperatures, : '

@ | e
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8) Station Blackowt Analysis UFSAR Sectien 15.9

The statjon blackout analysis described in UPSAR Section 13.9 is a beyond
design basls event, This event sequires the use of the RHR heat exchangers to
remove the decay heat from the suppression pool. The Station Blackowt event
analysis is performed assuming s camplete loss of AC fur a four bour period.
The coping.analysis assumes operation of the RCIC and/or the HPCS systom,
but without crediting the HPCS dfesed as an alternate AC source. Postulating
a service water tempersture of 103°F over the entire duration of the event will
pot significantly affect the peak suppression poolidrywell temperstures
predicted in this event since no cooling is available unti] after AC power s
regiored. The effect of 103°F service water temperature for the enthe duration
wwuht?h‘m”mcor;‘bm&hmmd%y
Increasing the time to the suppression pool. drywell and HVAC
loads, since the cooling effectiveness of the RHR heat exchangers is reduced
2 . .
In addition, it should be noted that the SBO analysis was inicoded to be a'bests -
estimate analynis, based oo sominal decay heat values and typical system
performance. Therefare it can be concluded from the licensing besis intent
Mmmmammhnwwmmmwﬁm

As discussed adove, it is expected that in the long term post accident, both
RHR beat exchanger trulng could be used to keep pool
temperature proflls within the current analysis rosults. LaSalle should
consider this 8 compensatary action should the lake temperature rise above
m‘ . v .




Hx Model Results for 106F Iniet Water Temperatues

HX

Tube Flow! Other Side Flow Fouling Plugged Tubes | Qrequired) Q removed! Margin (%) Comments
Reduced fouling of 0.0013 based on GL89-13 testing of
RHR HXs. Highest fouling seen was 0.00105, including
RHR Containment Cooling Mode | Design Design 70% of design 5% 1.63E+081 1.72E+08 5.5 uncertainties
Reduced fouling of 0.0013 based on GL88-13 testing of
RHR HXs. Highest fouling seen was 0.00105, including
RHR Shutdawn Cooling Design Design 70% of design 5% 4.16E+07 | 4 45E+07 70 uncertainties. Q removed assumes 2 RHR trains
co no tubes plugged based on plant conditions, increased
VYO1A Design Design 102% of design 0 5.17E+05] 6.00E+05 16.1 air side fouling
no tubes plugged based on plant conditions, increased
VYD2A Design Design 102% of design 0 6.46E+05! 6.56E+05 1.5 air side fouling
no tubes plugged based on plant conditions, increased
VYO3A Design | 90% of design 102% of design 0 7.22E+051 7.82E+05 8.3 air side fouling
: no tubes plugged based on piarit conditions, increased
VY0O4A Design | 90% of design 102% of design 0 6.33E+05] 6.91E+05 9.2 air side fouling
DGO1A Design Design Design 0 8.60E+06| 9.12E+06 6.0 no tubes plugged based on _plant conditions
DGO1B Design Design | Design 0 7.80E+06| 8.05E+06 3.2 no tubes plugged based on_plant conditions
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