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ATTN: Document Control Desk
Washington, DC 20555-0001

Byron Station, Units 1 and 2
Facility Operating License Nos. NPF-37 and NPF-66
NRC Docket Nos. STN 50-454 and STN 50-455

Subject: Additional Information Supporting Request for License Amendment Regarding
Ultimate Heat Sink '

References: 1. Letter from P. R. Simpson (Exelon Generation Company, LLC) to U.S. NRC,
“License Amendment Regarding Ultimate Heat Sink," dated June 30, 2009

2. Letter from M. J. David (U.S. NRC) to C. G. Pardee (Exelon Nuclear), "Byron
Station, Unit Nos. 1 and 2 — Request for Additional Information Related to
License Amendment Regarding Ultimate Heat Sink (TAC Nos. ME1669 and
ME1670)," dated December 11, 2009

In Reference 1, Exelon Generation Company, LLC (EGC) requested a license amendment for
Byron Station, Units 1 and 2, to revise Technical Specifications (TS) to add additional essential
service water (SX) cooling tower requirements as a function of SX pump discharge temperature
to reflect results of a revised analysis for the ultimate heat sink (UHS). In Reference 2, the NRC
requested additional information to complete review of the proposed license amendment. In
response to this request, EGC is providing the attached information.

Attachment 1 provides the response to the request for additional information. Attachment 2
includes revised markups of the affected TS pages. Appropriate changes to the TS Bases will
also be made upon implementation of the proposed changes.

EGC has reviewed the information supporting a finding of no significant hazards consideration,
and the environmental consideration, that were previously provided to the NRC in Attachment 1
of Reference 1. The additional information provided in this submittal does not affect the bases
for concluding that the proposed license amendment does not involve a significant hazards
consideration. In addition, the additional information provided in this submittal does not affect
the bases for concluding that neither an environmental impact statement nor an environmental
assessment needs to be prepared in connection with the proposed amendment.
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There are no regulatory commitments contained in this letter. If you should have any questions
concerning this letter, please contact Ms. Jean M. Smith at (630) 657-2813.

| declare under penalty of perjury that the foregoing is true and correct. Executed on the 25th
day of January 2010.

Respectfully,

Patrick R. S|mpson
Manager - Licensing

Attachments:
1. Response to Request of Additional Information
2. Revised Markup of Proposed Technical Specifications Pages
3. Additional References '



ATTACHMENT 1
Response to Request for Additional Information

NRC Request 1 — Operator Actions

NRC Request 1.a

Based on the revised design basis analysis for the UHS, it appears that there are two manual
actions being credited: 1) manual initiation of cooling tower fans at the 10 minute mark of a loss-
of-coolant accident (LOCA - scenarios 8D and 8D1); and 2) shedding of half the heat load at or
prior to the 30 minute mark of a LOCA. Are these the only two manual actions being credited in
the new UHS analysis? If not, please identify all manual actions being credited in the UHS
analysis.

Response

Three operator actions are credited in the UHS temperature analyses:

1. Operator action will be taken within ten minutes to align the service water cooling tower
(SXCT) to maximize the heat removal capacity. This action includes: 1) Opening riser
valves, 2) Closing hot water basin bypass valves, 3) Verifying/Starting cooling tower fans
in high speed, and 4) Closing the associated riser valve of any fan that does not start in
high speed. :

2. If a bypass valve fails to close, operator action will be taken within 30 minutes to
manually close the bypass valve at the cooling tower. :

3. If required, operator action will be taken at or prior to 21 minutes to turn off two of the
four reactor containment fan coolers (RCFCs) to shed load.

NRC Request 1.b

Have any available times for significant operator actions been reduced for other accident
scenarios and events, such as anticipated transients without scram, due to the revised UHS
analysis? If so, list the operator actions required and the completion times assumed in the
analysis.

Response

The proposed operator actions for this proposed change do not reduce any available times for
significant operator actions for other accident scenarios and events.

NRC Request 2 ~ Operating Procedures

NRC Request 2.a

Describe any changes to operator actions in the émergency operating procedures, abnormal
operating procedures, or other procedures required by the proposed LAR and how these
changes will be integrated into the operator training program.
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ATTACHMENT 1
Response to Request for Additional Information

Response

No change to the emergency operating procedures or abnormal operating procedures are
required for Actions 1 and 2 listed in the response to NRC Request 1.a. above. Steps to take
these actions were added to the emergency operating procedures as part of the 1992 design
basis reconstitution and associated Technical Specifications (TS) changes. Action 3 listed in
the response to NRC Request 1.a. above will be added to the appropriate emergency operating
procedures. The procedure changes associated with this TS amendment will be included in the
Licensed Operator Continuing Training. The associated task involving the implementation of
the primary emergency operating procedures requiring operator actions for this accident
scenario is already in the Licensed Operator Continuing Training program at a required two year
frequency. A review of the Licensed Operator Continuing Training program identified that over
the six year period from 2004 through 2009, Large Break LOCA response was included in 19
simulator training scenarios, because that event is one of the three major emergency procedure
accident scenarios.

NRC Request 2.b

What alarms, annunciators, or other alerting mechanism will be used to cue the operators that
actions are required?

Response

The operators would be alerted to failures of required alignments via feedback/cues from
current main control board (MCB) panel design indications (e.g., trip alarm when fan start is
attempted, valve position indication does not change when MCB manipulation is attempted,
etc.). These cues would inform the operator that "Response Not Obtained" actions are
required. All the valves involved in the desired lineup requirements have open and close
indications and controls on the MCB. An alarm and MCB amber disagreement light are the
current indicators of when a fan control switch is positioned for fan start and the fan breaker is
not closed.

NRC Request 2.¢c

- Given that the assumed actions for UHS occur during the first 10 minutes and the first 30
minutes of a LOCA, what alternative actions are possible if an operator error of omission or
timing occurs? What feedback or cue will alert operators to the fact that a required action has
not been completed?

Response

If an operator error of omission occurs the increasing essential service water (SX) supply
temperature will cause various high temperature alarms. The immediate operator action
specified in the alarm response procedure for the SX pump discharge header temperature
alarms directs the operators to procedures 1/2BOA PRI-7, "Essential Service Water Malfunction
Unit 1/2," and BOP SX-T2, "SX Tower Operation Guidelines." Both of these procedures provide
guidance on opening riser valves, starting all SXCT fans, and closing the bypass valves.
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ATTACHMENT 1
Response to Request for Additional Information

NRC Request 3 — Control Room Controls, Displays (Including the Safety Parameter
Display System), and Alarms

NRC Request 3.a

Describe any changes, additions, or deletions to the main control room interface including
setpoint changes and alarms.

Response
No control room changes are required.

NRC Request 3.b

What, if any, plant specific simulator modifications will be required?

Response

No modifications of control room controls, displays, or alarms of the reference unit, Byron
Station Unit 1, are planned. The simulator is modeled after the reference unit; therefore, no
modifications to the simulator will be needed.

NRC Request 4 — Control Room Plant Reference Simulator

NRC Request 4.a

How will the licensee verify the plant simulator’s fidelity after the proposed LAR-related
modifications are made?

Response

There are no modifications planned. The simulator will continue to be tested according to, and
verified to be in compliance with, the applicable ANSI Standard (i.e., ANSI/ANS-3.5-1985,
ANSI/ANS-3.5-2009 "Nuclear Power Plant Simulators for Use in Operator Training and
Examination").

NRC Request 4.b

How have credited operator actions been validated as feasible and reliable? Include a
discussion of both in-control room and ex-control room actions.

Response
The credited operator actions are considered feasible and reliable based on the following:
1. Operator action to align the SXCT to maximize the heat removal capacity is directed by

Step 14.g. of emergency operating procedures 1/2BEP-0, "Reactor Trip or Safety
Injection." The associated task involving the implementation of the primary emergency
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ATTACHMENT 1
Response to Request for Additional Information

operating procedures requiring operator actions for this accident scenario is already in
the Licensed Operator Continuing Training program at a required two year frequency. A
review of the Licensed Operator Continuing Training program identified that over the six
year period from 2004 through 2009 Large Break LOCA response was included in 19
simulator training scenarios, because that event is one of the three major emergency
procedure accident scenarios. Time testing on the simulator indicates that Step 14.g. is
reached in approximately six minutes. The actions to open riser valves, close bypass
valves, and start fans in high speed can be performed from the control room and can be
completed within ten minutes.

2. Action to dispatch an operator to manually close the bypass valve at the cooling tower
was validated by a combination of simulator time, actual measured time to dispatch the
operator to the valve, and estimated time to manually close the valve using the ’
handwheel. The total time was conservatively determined to be 20 minutes.

- 3. Operator action to turn off two out of four RCFCs has not yet been specifically added to
the procedures or time validated. The procedure changes and implementation are
planned for 2010. As discussed above, the step to start all fans in high speed is
reached in approximately six minutes. The action to turn off RCFCs can be taken from
the control room. It is reasonable to assume that with the appropriate steps added to

" the procedures, the control room operators can recognize that fans did not start and
take action to secure two RCFCs well before the assumed 21 minutes used in the
analysis.

~ NRC Request 5

Attachment 4, "Analytical Basis for Proposed Changes to TS," and Attachment 7, "Evaluation of
Additional Scenarios for Postulated Single Failures," of the June 30, 2009, LAR provide the
scenarios for postulated single failures of electrical circuit breakers serving SX system
components occurring concurrent with a LOCA and a loss of offsite power on one unit with the
opposite unit in normal shutdown. Provide a detailed discussion and supporting calculations
why the scenarios analyzed in the LAR are bounding, considering both active and passive
failures.

Response

Previous analyses for the 1992 ultimate heat sink (UHS) design basis reconstitution and March
31, 1992, license amendment request (Amendment 54 approved on May 17, 1993) evaluated a
variety of initial conditions and single active failures. Postulated single active failures analyzed
included: 1) Containment Spray (CS) pump failure, 2) SXCT fan failure, 3) Emergency Diesel
Generator (EDG) failure, 4) SX pump failure, and 5) SX bypass valve failure. For comparison,
the following results were obtained in the 1992 revisions of the UHS calculations for the different
single active failure scenarios:
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- ATTACHMENT 1
Response to Request for Additional Information

Single Active Failure Initial Basin Calculated Peak Basin
Temperature (°F) Temperature (°F)

CS Pump 96 96.5

SXCT Fan 96 : 99.1

EDG Failure 96 96.0 .

SX Pump 96 96.0

0A SX Bypass Valve Fails Open 70 91.4

0B SX Bypass Valve Fails Open 70 90.9

EDG Failure which prevents 70 89.8

Closure of an SX Bypass Valve ’

Subsequent revisions of the analysis for Steam Generator Replacement and Power Uprate
focused on the most limiting scenarios of cooling tower fan and bypass valve failures.

For this license amendment request, analyses were revised to address postulated passive
electrical failures that could result in the loss of two SXCT fans. Calculations UHS-01 Revision

-4, "Ultimate Heat Sink Design Basis LOCA Single Failure Scenarios," and UHS-04 Revision 3,
"Ultimate Heat Sink Design Basis LOCA Single Failure Scenarios for Cool Weather Operation,"
in Attachment 3 of this document were prepared to identify the bounding electrical failure
scenarios. Additionally, a number of variations of scenario 8C (i.e., two fans initially out of
service) were run to determine the bounding scenario.

The scenarios for this analysis are considered bounding, because two SXCT fans are assumed
to fail with the full heat input until operator action can be taken to reduce the load. This scenario
is more limiting than an EDG failure, because an EDG failure results in loss of power to two
SXCT fans and two RCFCs. Thus, the heat load is lower for the EDG failure scenario.

NRC Request 6

Attachment 5, "Validation of Assumption 3.1 of Analytical Basis for Proposed Changes to
Technical Specifications (TS)," of the LAR discusses the validation of Assumption 3.1 from the
calculation in Attachment 4. Assumption 3.1 states that the fraction of water cooled for SX
cooling tower cells with fans not running is assumed to be 0.10 (i.e., 10 percent) of the water
delivered to that cell is effectively cooled. Assumption 3.1 also states that the cooling tower
manufacturer provided 10 percent as a reasonable estimate for minimum cooling tower
performance without fan air flow. Attachment 5 assumes an initial service water temperature of
98°F (Section 2.3), and the resulting maximum basin temperature is 113.7°F, when 10 percent
cooling was used. Attachment 5, Section 8.0 concludes that, in comparison, greater than 10
percent cooling was used to calculate the maximum basin temperature of 109.3°F in Ceramic
Cooling Tower Company Engineering Report NCT-683-55, "Response to Sargent and Lundy
letter of 11-17-81; Complete Loss of Fans," and hence, 10 percent cooling is conservative.
However, Report NCT-683-55 (page 115 of Attachment 5) states that the initial SX temperature
entering the plant is 91 °F and, after the first cycle of cooling, the water leaving the fill area is
92.8°F. Provide a detailed explanation of the assumptions used in Report NCT-683-55 with
regard to the SX temperature used. In addition, explain how the calculations are correlated
(and can be compared) when different initial conditions are used, and how the comparison of
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ATTACHMENT 1
Respprise to Request for Additional Information

the calculations validate the 10 percent cooling. Furthermore, is the value of 10 percent cooling
affected by weather conditions such as outside temperature, wet bulb temperature, or humidity?
If so, provide a detailed explanation of how the 10 percent value is conservative under different

weather conditions.

Response

Report NCT-683-55 was prepared to predict performance of the SXCT with the postulated loss
of all eight fans. The analysis performed by Ceramic Cooling Tower Company assumed an
initial basin temperature of 91 °F. Original construction design criteria indicates that under
normal operating conditions concurrent with 78 °F wet bulb, the maximum Byron SX
temperature was expected to be approximately 91 °F with fans running in low speed. The
expected maximum normal operating temperature was specified as the initial basin temperature
for the NCT-683-55 analysis.

The NCT-683-55 calculation determined a predicted operating equilibrium temperature of:

Hot Water Temperature (HWT) Entering the Towers 112.2 °F
Cold Water Temperature (CWT) Leaving the Tower Fill Area 109.3 °F
Heat Dissipation : 150 x 10° Btu/hr

For the same heat load, wet bulb temperature, flow of 13,000 gpm per cell, and an assumed ten
percent cooling tower performance when no fans are in operation, the MathCAD model
calculated an operating equilibrium temperature of 113.7 °F for the cold water temperature
leaving the tower fill area.

The calculated equilibrium temperature is independent of the initial basin temperature. The
MathCAD file was changed to use an initial basin temperature of 91 °F; Attachment 3 of this
document contains the MathCAD file. After the first cycle of cooling (t1 = 1.068E6
gallons/104,000 gpm = 10.27 minutes) the MathCAD model predicted temperature is 93.6 °F,
which is slightly higher than 92.8 °F predicted in NCT-683-55. The calculated equilibrium
temperature remains 113.7 °F.

The comparison of the equilibrium temperatures indicates that assuming ten percent of water is
cooled in a passive tower using the MathCAD model provides conservative results.

Performance testing of the Byron SXCT was performed in 1987. A copy of the test report was
submitted to the NRC on February 1, 1988. The NRC retained Idaho National Engineering
Laboratory (INEL) to review the test procedures, test data, and results. The NRC issued a
Safety Evaluation on April 24, 1989, endorsing the INEL Technical Evaluation Report that
concluded the tests done were conservatively designed and resulted in a reasonable estimate
of the cooling tower’s capability over the expected range of conditions. Cooling tower
performance test data from the 1987 cooling tower test program included three tests of a fan
cell with the fan off. Comparing the tests with no fan running to tests with similar outside air
conditions and water flow rates when the fan was running indicates the heat removal rate with
the fan off was between 16 to 21 percent of the heat removal rate with the fan on. This provides
additional basis that the ten percent assumption used is conservative.
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ATTACHMENT 1
Response to Request for Additional Information

Cooling tower performance with the fans in service is calculated using the MRL
Corporation/Environmental Service Corporation (ESC) model for the Byron cooling tower. The
performance curves used as an input to the analysis are generated for the different assumed
weather conditions. When a fan is not running, the same performance curve is used but only
ten percent of the water is assumed to be cooled.

From "Cooling Tower Fundamentals" published by SPX Cooling Technologies, the percentage
of cooling tower performance with fans off versus fans on does get smaller as the wet bulb
temperature drops. The ten percent value used in the analysis is considered conservative
under different weather conditions, because the analyses were performed with assumed wet
bulb temperatures of 70, 76, 78, and 82 °F. The cooling tower test data from the 1987 cooling
tower test program that showed heat removal rate with the fan off was between 16 to 21 percent
of the heat removal rate with the fan on was performed when wet bulb temperatures were
between 67 and 68 °F. Thus, at the higher wet bulb temperatures used in the analysis for this
proposed change, the heat removal rate with the fan off would be expected to be slightly higher
than the 16 to 21 percent of the heat removal rate with-the fan running.

NRC Request 7

The fan requirements of the UHS are dependent on the SX pumps’ discharge temperature.
New TS Table 3.7.9-1 states these fan requirements and defines the associated Limiting
Condition for Operation (LCO). Note (a) of this table could be construed to reduce the fan
requirement when in Condition B. Since this note is associated with the column of the table that
specifies LCO requirements, an interpretation of Note (a) could imply that the fan requirements
for the LCO are satisfied if in Condition B and there is one less fan running in high speed. Then
one might conclude the plant is no longer in Condition B. This could present confusion as to the
actual condition of the UHS.

Furthermore, Condition A explicitly states that if one or more required cooling tower fans are not
running in high speed, then actions must be taken immediately to correct the condition and, if
not corrected immediately, then Condition J should be entered and the plant must be shutdown.
This would mean that when the plant was running high speed fans to meet the LCO '
requirements of Table 3.7.9-1 with the other fans out of service, failure of one or more of the
running fans would cause entry into Condition J and Mode 3 in 6 hours. The same situation
would exist if SX temperature increased such that an additional fan in high speed was required
in accordance with Table 3.7.9-1 and an additional fan was not available.

Per discussion with the licensee via telecom on November 18, 2009, the licensee stated that the
intent was, if in Condition B, to keep the remaining fans running in high speed during the 72
hours that the UHS was in Condition B. The intent was also to exit Condition A, if also in
Condition B, and only one required fan (not more than one fan) was not running in high speed.

The licensee needs to explain how Note (a) of Table 3.7.9-1 and Condition A are not subject to
possible misinterpretation or reword/relocate Note (a) of Table 3.7.9-1 and Condition A, as
applicable, such that the intent of the LCO, Condition, Required Actions, and Completion Time
of Conditions A and Condition B are not subject to possible misinterpretation.
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ATTACHMENT 1
Response to Request for Additional Information

Response

In response to the concern for possible misinterpretation with Note (a) of Table 3.7.9-1 and its
relationship to Conditions A and B, Note (a) has been eliminated from Table 3.7.9-1, and
Condition A has been reworded to read "One or more OPERABLE cooling tower fan(s) not
running in high speed as required by Table 3.7.9-1." The proposed note for Condition A has
also been eliminated. As defined in the TS Bases, an operable cooling tower fan must be
capable of running in high speed. If Table 3.7.9-1 requires operable cooling tower fans to be
running in high speed and one or more are not, then required Action A.1 would direct actions to
be initiated immediately to place those required operable fan(s) that are currently operable in
high speed mode. If Table 3.7.9-1 requires operable cooling tower fans to be running in high
speed and one required fan is not capable of running in high speed, then the fan is considered
inoperable. In this case, Condition B would apply. Condition A would not apply to this situation,
since the fan is not operable. If Table 3.7.9-1 requires operable cooling tower fans to be
running in high speed and more than one required fan is not capable of running in high speed,
then these fans are considered inoperable. In this case, Condition J would apply.

Table 3.7.9-1 has been revised to encompass all SX pump discharge temperature ranges.
Subsequently, the word "ADDITIONAL" has been removed from the heading of the second
column of Table 3.7.9-1, and SR 3.7.9.2 has been revised to read "Verify cooling tower fan
requirements in Table 3.7.9-1 are met."

The LCO statement has been revised to state "The UHS shall be OPERABLE and the SX
cooling tower fans shall be OPERABLE and operating as specified in Table 3.7.9-1." This
revision ensures consistency with other LCOs that contain tables that further define the LCO
requirements. In addition, a typographical error was corrected in Required Action B.2; the word
“fans" has been changed to "fan."

Condition C has been modified to read "Two inoperable cooling tower fans not required to be
OPERABLE by Table 3.7.9-1 that are powered by the same electrical division." Attachment 2
provides the revised markups of the affected TS pages.

NRC Request 8

Each accident scenario described in Attachment 4 to the June 30, 2009, LAR specifies that half
of the reactor containment fan cooler (RCFC) heat load is subtracted at 30 minutes. The "UHS
Accident Heat Load Profile L42" for each accident scenario shows the slope of the decreasing
heat rate (MBTU/hr) input into the UHS becoming less negative at the time (approximately 1800
sec) when the RCFC heat load is removed from the UHS. Intuitively, it should be more negative
because a set of RCFCs is no longer providing heat to the UHS.

a. Explain why the heat load profile shows a decrease in the slope of the decreasing heat rate
profile at 1800 seconds. How does this relate to removing one-half the RCFC heat load to
the UHS? '

b. What is the cause of the rapid decrease in the heat input at t = 1400 seconds?
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ATTACHMENT 1
Response to Request for Additional Information

Response

The calculated total heat load to the UHS with load shedding is as follows:

Time Total Heat Load to the UHS
(seconds) (Btu/hr)

1,299 8.04E+08

1,799 5.27E+08

2,399 4.52E+08

The large decrease in load between time 1,299 and 1,799 seconds is caused by the reduction in
RCFC heat load assumed to be complete at time = 30 minutes. The smaller decrease in load
between 1,799 and 2,399 seconds is a reduction in decay heat input to containment that results
in lower accident unit heat load.

MathCAD uses a linear interpolation of the heat load and time data points to generate the
curves in Attachment 4. With a linear interpolation, the MathCAD curve shows a rapid decrease
in the heat load starting at time 1,299 seconds ending at time 1,799 seconds (i.e., the RCFC
heat input starts to reduce at time = 1,300 seconds and is complete at time = 1,799 seconds).
The slope of the curve becomes less negative after the RCFC load reduction is complete at time
= 1,800 seconds.

The technical evaluation for the previously submitted proposed changes indicated that action to
shed heat load by securing up to two of the four RCFCs would be taken within 30 minutes.
‘Based on the method for inputing and using load in the calculations, the time to complete the
action to shed heat load is actually 21.6 minutes. As discussed in the response to NRC
Request 4.b. above, the operator actions to secure RCFCs are expected to start and complete
well before 1,300 seconds (21.6 minutes).

NRC Request 9

Assumption 3.3 in Attachment 4 of the LAR states that, for scenarios 8D and 8D1, no cooling is
credited prior to fan initiation at 10 minutes after the LOCA.

Cold weather scenarios 10 through 13 require fans to be started and riser valves to be opened
within 10 minutes of the LOCA and bypass valves to be manually shut within 30 minutes.

NRC Request 9.a

Explain the existing or planned processes and procedures that cause the required number of
fans, the required fan speed and applicable valves to be open or shut within 10 and 30 minutes
after the LOCA such that UHS basin temperature will not exceed 100°F.

Response

Emergency Operating Procedures 1/2BEP-0 Step 14.g. directs the operators to open the riser
valves, close the hot water basin bypass valves, and verify/start the cooling tower fans in high
speed. The Response Not Obtained column directs the operators to dispatch operator(s) to
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ATTACHMENT 1
Response to Request for Additional Information

close any open hot water basin bypass valve and if any fan does not start in high speed, then
close its associated riser valve. As discussed in the response to NRC Request 4.b., these
actions support the assumed action times used in the temperature analyses.

NRC Request 9.b

Specify what operator actions from the control room and outside the control room, and their time
completion requirements, are necessary for each scenario.

Response

Three operator actions are credited in the UHS'temperature analyses:

1. Operator action will be taken within ten minutes to align the service water cooling tower
(SXCT) to maximize the heat removal capacity. This action includes: 1) Opening riser
valves, 2) Closing hot water basin bypass valves, 3) Verifying/Starting cooling tower
fans in high speed, and 4) Closing associated riser valve of any fan that does not start
in high speed. These operator actions are taken from the control room.

2. If a bypass valve fails to close, operator action will be taken within 30 minutes to
manually close the bypass valve at the cooling tower. This action is taken outside the
control room.

3. If required, operator action will be taken at or prior to 21 minutes to turn off two of the
four RCFCs to shed load. Actions to turn off the RCFCs will be taken from the control
room

NRC Request 9.c

Explain the basis for assuming initial basin temperature is 74°F in scenarios 10 through 13.

Response

The cold weather scenarios evaluate the cases when the SXCT bypass valves may be open to
prevent overcooling. The bypass valves are typically controlled manually but will auto-open
when SX pump discharge temperature drops below 52 °F and will auto-close when SX pump
discharge temperature increases above 70 °F. An initial basin temperature of 74 °F was
selected to provide margin to the bypass valve auto-close setpoint.

NRC Request 10

The LAR specifies a new Surveillance Requirement 3.7.9.10, which will check outside wet bulb
temperature every 12 hours. Discuss what instrumentation will be used to obtain these
temperature measurements.
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ATTACHMENT 1
Response to Request for Additional Information

Response

Three options for checking outside wet bulb temperature for the surveillance requirement (SR)
are planned. '

Option 1: Obtain the outside air dry bulb temperature reading from the plant computer (input
is from the met tower). If the outside air dry bulb temperature is below the SR temperature
then the SR requirement is satisfied (wet bulb temperature cannot be below the dry bulb
temperature).

Option 2: If the outside air dry bulb temperature reading is above the SR temperature,
obtain the dew point temperature reading from the plant computer (input is from the met
tower). A website-based calculator will then be used to obtain the wet bulb temperature
using the outside air temperature and dew point readings.

Option 3: If the met tower data or the website is not available, a hand-held instrument will
be used to directly measure the wet bulb temperature.

NRC Request 11

Attachment 4, Section 6.0, Method of Analysis, refers to the “ESW [essential service water]
cooling tower transient model” from Appendix G of calculation NED-M-MSD-009.

NRC Request 11.a

Discuss the origin of this model and how it relates to the current licensing basis of the UHS.

Response

The time-dependent, two-cooling-tower model was developed as part of the 1991 Byron UHS
Design Basis Reconstitution effort and is described in a January 9, 1992, report to the NRC.
The model has been used in support of Byron’s March 31, 1992, and May 6, 1997, license
amendment requests. The model was used to develop the current Technical Specifications
limits on basin UHS temperature.

NRC Request 11.b

For the cooling tower transient model:

¢ Define and explain the cooling tower transient model; include discussing the governing
equations and process variables; include identifying the input to the model from various
calculations. Discuss the accuracy of the model by comparing predicted model
performance with actual test or operational data.

¢ Discuss how the model accounts for varying SX flow rates, as some accident scenarios
have closed riser valves and/or open bypass valves.
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ATTACHMENT 1
Response to Request for Additional Information

e Discuss how the model accounts for time varying LOCA heat loads from the SX system
to the UHS.

¢ Include how the model accounts for varying number of fans running in either fast speed
or slow speed.

¢ Explain how the model accounts for varying dry bulb temperatures at the maximum wet
bulb temperature.

¢ Discuss how the model predicts bulk UHS basin temperature, which is limited to 100°F.

Response

Please refer to Calculations NED-Q-MSD-1, "ESW Cooling Tower Transient Model: Part|l," and
NED-Q-MSD- 6, "ESW Cooling Tower Transient Model: Part lll," in Attachment 3 of this
document for the governing equations and variables. In the MathCAD model, the solution to the
time-dependent basin temperature is approximated by a first-order Taylor expansion. The
MathCAD model results were compared to hand calculations based on the exact analytical
solution of the differential equation describing the transient response of the basin temperature.
The comparison showed only small differences, and the MathCAD program was judged to
provide acceptable results. Subsequently, the MathCAD model equation was enhanced to
account for bypass flow in both towers.

The following inputs are used in the transient temperature model:

¢ The cooling tower performance curves (Tt VS Teow) are generated using the MRL/ESC
model for the Byron cooling tower. The following description of the MRL/ESC model was
provided in the January 9, 1992, Byron UHS Design Basis Reconstitution Final Report
submittal to the NRC (Note — refer to the January 9, 1992 report for quoted reference
documents):

Cooling tower performance is dependent upon the three parameters; ambient
wet bulb temperature, heat load, and water/air flow rates. In turn, values for
each of these are dictated by features of the specific accident scenario under
evaluation. This section describes the program undertaken by CECo to
determine the performance of the Byron UHS cooling towers under the
postulated accidents discussed above.

The heat transfer model used to evaluate and predict the performance of these
cooling towers was derived from the Merkel theory developed in 1925, as
modified by M.R. Lefevre in 1984 (Reference 22). As water passes through the
fill region of the tower it is dispersed into a large number of small droplets so as
to maximize the heat transfer surface area. Merkel assumed that at a given
elevation in the tower each water droplet has a uniform temperature and is
surrounded by a film of fully saturated air at the same temperature. Heat is
transferred from the water primarily by evaporation from the film into the air.
Additionally, because the air is cooler than the water, some degree of sensible
heat transfer takes place as well. Using several approximations Merkel showed
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that the total rate of heat transfer was proportional to the droplet-film to air
enthalpy difference. This relationship was then incorporated into an integral,
referred to as the demand integral, which could be used directly to evaluate
tower performance.

M. R. Lefevre’s contributions improved upon the earlier approximations with the
end result that more accurate and conservative predictions of tower
performance were achieved. Using these principles, the MRL Corporation
developed a general computer program, which as used extensively in the UHS
reconstitution effort.

The Byron UHS cooling tower test program was completed in 1987 and had as
the main objective the determination of the tower characteristic, (Ref. 3). A total
of 33 separate tests were completed, with varying wet bulb temperatures, water
flow rates and heat loads. Simultaneous measurements of the air flow allowed
for the relationship of air-to-water flow to be determined as well. The tower
characteristic and air-water curve are required when predicting performance at
conditions other than those directly measured. These Byron specific cooling
tower functions were then incorporated into the MRL computer program by
Environmental Systems Corporation.

Before using a computer program for safety-related applications it must first
undergo a validation-verification process per CECo procedures. The validation
plan utilized a hand calculation to independently verify the accuracy and
reliability of the code (Ref. 23). The results of this comparison are documented
in the validation report (Ref. 15).

The hand calculation used the MRL heat transfer model, together with the Byron
UHS tower characteristic and air/water flow relationship. The only differences
between the hand calculation and the computer program methodology were as
follows: ‘

1. The MRL program used a multi-point Simpson's Rule integration
scheme to evaluate the demand integral; the hand calculation used
- the alternate method of Gaussian Quadrature to complete this task,
and

2. The program used an iteration scheme to determine the sensible
and latent heat transfers separately, instead of assuming fully
saturated air upon entry into the tower, as was the case in the hand
calculation.
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A total of nineteen comparisons between the MRL program outputs and the
hand calculations were made, (Ref. 9). The main parameters were varied over
the following ranges:

-ambient wet bulb temperature: 50, 70 and 82 °F Twb
-water flow per cell: 6,000; 8,000; 10,000; and 16,500 gpm
-cooling tower range (AT): 4, 20, 23, 30, 38 and 40 °F

These broad parameter variations enveloped the conditions required for
evaluation of the accident scenarios.

The level of agreement between the MRL program predictions and the hand
calculations was shown to be very high. Values of the predicted cold water basin
temperature agreed to within - 0.40 to + 0.02 °F with an average difference of -
0.09 °F. Additionally, for all but three cases, the hand calculations yielded cold
temperatures below those given by the program. The MRL program, then, as
judged by the hand calculation, was seen to give conservatively high values of
cold water temperatures over a wide spectrum of flows, cooling tower ranges
and wet bulb temperatures. '

In summary, this reanalysis of the performance testing of the Byron cooling
towers confirms the results obtained in 1987. Therefore, the tower characteristic
and resultant predicted performance remain unchanged from that given in the
ESC test report (Ref. 3). Further, the successful validation of the Byron specific
MRL computer program allows for its use at conditions specified by each
accident scenario.

¢ New total heat load versus time input was calculated for scenarios where RCFC heat load
~was shed at 30 minutes. Please refer to the response to NRC Request 12.a below for
additional information on the heat load input to the model. The MathCAD time dependent
two cooling tower model uses a linear interpolation function to determine the heat input to
the UHS for each time step when integrating to solve for basin temperature.

e Total flow to the towers, flow to the individual risers in the towers, and RCFC flows are
generated for each scenario using the Byron SX PIPE-FLO model. The flow model
accounts for the varying flow rates for each scenario due to closed riser valves and/or open
bypass valves. When operator action is assumed to close riser valves or bypass valves,
separate inputs are calculated and used in the MathCAD time dependent two cooling tower
model and the integration is split into separate time intervals (i.e. t; = 0 to 10 minutes, t;= 10
to 30 minutes, and t; > 30 minutes).

e SX water inventory is determined based on the TS minimum level.
Tower cells are either considered to be active with the fans running in high speed or passive

with fans not running in high speed. When fans are running in low speed the cell is
conservatively assumed to be passive.
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The cooling tower performance curves are conservatively based on the limiting wet bulb
temperature and a relative humidity of 75 percent. This results in a constant air inlet dry bulb
temperature for the event. For the design wet bulb temperature of 82 °F, the dry bulb

~ temperature at 75 percent relative humidity is 88.9 °F. For a mechanical draft cooling tower, the
wet bulb temperature is the primary driver of thermal performance.

NRC Request 11.c

Page H6 refers to "Eq (3)" which is not defined in the LAR. Describe and define Eq (3), and
discuss how it relates to the essential service water cooling tower transient model which
predicts UHS performance.

Response
Page 12 of Calculation NED-M-MSD-009 defines Equation 3 as:
Tbi, = Tb; + (ATb; + LtB + C)H
Where:
Th; = Basin Temperature at time t;
A, B, and C = Intermediate constants
Lt = Total heat load at time t;
H = time step size used

The MathCAD transient model uses this formula to calculate incremental changes in
temperature for the time increment.

NRC Request 12

Attachment 4, Section 6.0, Methods of Analysis, Item 1 refers to the revised total heat load to
the UHS curve and Item 3 refers to the new flow rates and tower performance curves.

NRC Request 12.a

Discuss the reasons why the total heat load to the UHS had to be revised for this LAR. Discuss
the conservatism and design margin of the revised total heat load to the UHS.

Response

For the postulated passive electrical failures, preliminary runs were made to determine the
required initial basin temperature for 0, 1, and 2 fans out of service. The preliminary resuits
with the existing total heat load indicated that for some of the postulated scenarios the required
initial basin temperatures to keep the peak basin temperatures below the design temperature of
100 °F would be too low to support plant operation in the summer months (the required initial
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basin temperature was below typical summer basin temperature ranges). Thus, it was decided
to pursue load shedding for the passive electrical failure scenarios.

The primary conservatism in the calculated heat load is in how the accident heat load was
calculated. For the first hour of an event, the heat input for the time dependent accident unit is
the bulk of the heat load (78 to 91 percent of the total heat load). The calculated heat input from
the accident unit is maximized by:

¢ RCFC performance is maximized by assuming: higher SX flow rates, higher airflow
rates, and an SX supply temperature of 32 °F. In actuality, the initial SX water
supply temperature is typically near 70 °F and will quickly approach the design
temperature of 100 °F during an event with failures that minimize UHS heat removal.

e Assuming earlier switchover to containment recirculation phase and corresponding
earlier Residual Heat Removal (RH) heat loads.

e« Component Cooling (CC) Water and RH heat exchanger performance is maximized
by assuming the clean heat exchanger transfer rate and maximum water flows.

Additionally, the design heat load for the heat exchangers and coolers served by the SX system
was used to maximize the constant miscellaneous heat input to the UHS. For this LAR the heat
load from equipment that has been abandoned reduced the constant miscellaneous heat load.

NRC Request 12.b

Discuss why new tower flow rates and tower performance curves had to be generated for this
LAR. Discuss the conservatism and design margin of the new flow rates and tower
performance curves. '

Response

Cooling tower performance is dependent on the water flow rate through the tower fill. Previous
analyses assumed that for an active fan failure, operator action would be taken to isolate the
associated riser valve to optimize heat removal in the cooling tower. Postulated breaker failures
would also result in the loss of power to the motor operated riser valves for the impacted SXCT
cell. If the riser valve for the affected cell was open prior to the postulated breaker failure,
operator actions to isolate the riser valves and redistribute SX return water to active cooling
tower cells is not practical (the riser valves are in tornado protected enclosures). Thus, new
tower flow rates had to be generated for the postulated breaker failure scenarios. Additionally
the amount of assumed riser and bypass valve leak-by was reduced based on new acceptance
criteria for valve leak-by monitoring.

New tower'performance curves were needed for the revised water flows through the cooling
tower fill. New tower performance curves were also needed for the scenarios where two fans
are initially out of service on the bus and a lower outside air wet bulb temperature was
assumed.

A PIPE-FLO computer model was used to determine total tower, RCFC, and individual tower

cell flows. The Byron SX PIPE-FLO model was previously calibrated based on system test data
to more accurately predict actual Essential Service Water system flows and pressure conditions.
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SX pump performance and flow through the CC heat exchangers were biased high to maximize
flow to the cooling towers. A higher flow through the cooling tower cells conservatively reduces
cooling tower performance.

NRC Request 13

The calculations for each scenario in Attachment 4 use the terms M11, B11, M12, and B12.
Discuss the meaning of these terms and how they are used to determine model performance.

Response

The cooling tower heat exchange process is modeled as a linear function. Hot water enters the
fill region of the tower at a temperature, T, releases heat to the counter-flowing air by both
latent and sensible heat transfer, and enters the basin at the cold water temperature, T,. The
resultant rate of heat transfer for a given mass flow rate, m, is given by the product of m and the
temperature decrease, or range, R = T,, - T.. The dependence of T, upon Ty, is the relationship
approximated as a linear function. .

M11 is the slope, and B11 is the intercept for a line that determines Tower 1 performance for
first time interval. M12 is the slope, and B12 is the intercept for a line that determines Tower 1
performance for second time interval. See the response to NRC Request 15 below for
additional information on the method for calculating M11, B11, M12, and B12.

NRC Request 14

The calculations for each scenario in Attachment 4 use the terms 31 and 32 and define them as
the fraction of load to Tower 1. Explain why the fraction is defined in terms of flow to the RCFC
only.

Response

The peak temperatures occur early in the events (e.g., the maximum basin temperature in
Scenario 8C occurs at 40 minutes). During the initial time of the postulated scenarios, the heat
input to the UHS is dominated by the accident heat input, which until the accident unit goes on
RH recirculation, is from the RCFCs. The miscellaneous heat loads are generally split evenly
between trains. Thus, the RCFC flow fraction provides a reasonable input for the fraction of
heat load going to Tower 1.

NRC Request 15
For cooling tower performance, each scenario in Attachment 4 uses temperatures Th1 through

Th4 and Tc1 through Tc4. Explain how these values are obtained and how they are used for
predicting cooling tower performance.

Response

For each scenario, two points were selected from the applicable tower performance data to
provide a linear approximation of tower performance over the range of Ty and Tcog
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temperatures. These points are listed as Th1, Th2, Th3, Th4, Tc1, Tc2, Tc3, and Tc4 in the
MathCAD models.

For example in Accident Scenario 8A, the following points taken from the tower performance
data are used (a curve of the data is shown in Figure H-1, the actual data points come from
Calculation BYR97-127):

Tower 1 (Thow Teaa): (119.02, 91.02) and (111.8, 89.8)
Tower 2 (Thow Teo): (118.79, 90.79) and (111.6, 89.6)

In MathCAD, the data is input as a matrix format:
119.02 91.02
hl .= -F Tcl = -F
(111.8) (89.8)
118.79 90.79
h2 = -F Tc2 = -F
(111.6) (89.6)

To generate' the linear approximation, MathCAD calculates the slope and intercept of the line
generated by the two points for each tower. M11 is the slope and B11 is the intercept

calculated by MathCAD for Tower 1 in the first time period, and M21 and B21 are the slope and
the intercept, respectively, calculated by MathCAD for Tower 2 for the first time period.

To accommodate actions that change the water flow distribution in the towers, the MathCAD
model is setup for two time periods. In Scenario 8A, the first time period is time = 0 to 30
minutes and the second period is time 2 30 minutes. Th3 and Tc3 provide the tower
performance data for Tower 1, and Th4 and Tc4 provide the tower performance data for Tower
2 during the second time period. MathCAD uses the input to calculate the slope and intercept
for each tower for the second time period (M12, M22, B12 and B22).

For Scenario 8A there is no change in water flow distribution in the tower, thus Th1 = Th3, Tc1 =
Tc3, Th2 = Th4, and Tc2 = ThcA4.

Adding the MathCAD generated linear interpolation (M11=0.169 and B11 = 70.909) to the

applicable Scenario 8A curve, it can be seen that the straight-line interpolation conservatively
envelops the tower performance curve; i.e., Tcqq is conservatively high for a T input value.
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Figure H-1: Scenario 8A

———8A Tower A, 7727 gpm, Twb 82°F
------ Tc=0.169Th + 70.909
//
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Byron Station Units 1 and 2
Facility Operating License Nos. NPF-37 and NPF-66

REVISED TECHNICAL SPECIFICATIONS PAGES

3.7.9-1
3.7.9-5
3.7.9-6



UHS

3.7.9
3.7 PLANT SYSTEMS
3.7.9 Ultimate Heat Sink (UHS)
LCO 3.7.9 The UHS shall be OPERABLE and the SX cooling tower fans shall
be OPERABLE and operating as specified in Table 3.7.9-1.
APPLICABILITY: MODES 1, 2, 3, and 4.
ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
. . . AT orif . :
ggﬁéﬁfingﬁgéggiigigT reguired-OPERABLE
cooting-tower-fans
are—capable—of being
pewered-by—an
QRERABLE-emergency
///,,/v Power—sources
AND _
A2— Restore reguired +2-heurs
cooHing-tower-fan<£o
ORERABLE-—status—
B. One or more basin B+l Restore both basin 6 hours
K\ Tevel(s) < 60%. R\\ levels to = 60%.
\ (continued)
E.1
E _
Replace with
INSERT 3.7.9-1

BYRON — UNITS 1 & 2 3.7.9 -1 Amendment 106



INSERT 3.7.9-1

A. One or more OPERABLE A1 Initiate actions to operate | Immediately
cooling tower fan(s) not OPERABLE cooling tower
running in high speed as fan(s) in high speed.
required by Table 3.7.9-1.
B. One required cooling tower | B.1  Verify remaining required " | 1 hour
fan inoperable. OPERABLE cooling tower
fans are capable of being
powered by an
OPERABLE emergency
power source.
AND
B.2 Restore required cooling 72 hours
tower fan to OPERABLE
status.
Two inoperable cooling C.1  Restore cooling tower fan | 72 hours
tower fans not required to configuration such that
be OPERABLE by Table two inoperable cooling
3.7.9-1 that are powered tower fans are not
by the same electrical powered by the same
division. electrical division.
AND
Outside air wet bulb
temperature > 76°F.
Essential Service Water D.1 Bein MODE 3. 6 hours
(SX) pump discharge
temperature > 96°F. AND
D.2 Bein MODE 5. 36 hours




SURVETLLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY

SR 3.7.9.1 Verify water Tevel in each cooling tower 24 hours
basin is > 60%.

SR 3.7.9.2 Yerifyessential-service—water—pump 24 hours
: 3
' %eweniﬁy¥+4ynning4y+¢ﬁgh—ayﬁxk—ec
e—< 96k —with-=-7 cooting—tower—fans

SR 3.7.9.3 Verify river water level is > 670.6 ft MSL | 24 hours
and < 702.0 ft MSL.

SR 3.7.9.4 Operate each required cooling tower fan on | 31 days
high speed for > 15 minutes.

SR 3.7.9.5 Verify each SX makeup manual, power 31 days
operated, and automatic valve in the flow
path that is not Tocked, sealed, or
otherwise secured in the open position, 1is
in the correct position.

SR 3.7.9.6 Verify that each SX makeup pum? starts on a | 31 days
simulated or actual low basin level signal
and operates for = 30 minutes.

(continued)

Verify cooling tower fan requirements
in Table 3.7.9-1 are met.

BYRON — UNITS 1 & 2 3.7.9 -5 Amendment 106



SURVEILLANCE REQUIREMENTS (continued)

Only required when two
inoperable cooling tower fans
are powered by the same
electrical division.

Verify outside air wet bulb 12 hours
~ temperature is < 76°F.

SURVETLLANCE FREQUENCY

SR 3.7.9.7 Verify each diesel driven SX makeup pump 31 days

. fuel oil day tank level = 47%.

SR 3.7.9.8 Cycle each testable valve in the SX makeup | 18 months
pump flow path through at least one
complete cycle of full travel.

SR 3.7.9.9 Verify fuel oil properties are tested in In accordance
accordance with and maintained within the with the Diesel
1imits of the Diesel Fuel 0il Testing Fuel Qi1
Program. Testing Program

P v
SR 3.7.9.10  -e-eremeeemeeee- [0}  EmNu———

Add INSERT 3.7.9-2
as a new page

BYRON — UNITS 1 & 2 3.7.9 -6

Amendment 106



INSERT 3.7.9-2

Table 3.7.9-1 (page 1 of 1)
Cooling Tower Fan Requirements

SX PUMP DISCHARGE

TEMPERATURE REGION REQUIREMENTS

<77°F 6 cooling tower fans are required to
be OPERABLE
> 77°F and < 82°F Either 6 required OPERABLE

cooling tower fans running in high
speed, or 7 cooling tower fans are
required to be OPERABLE

>82°F and < 84°f/= 6 required OPERABLE cooling
tower fans running in high speed

> 84°F and < 91°F 7 required OPERABLE cooling
» tower fans running in high speed

> 91°F and < 96°F 8 required OPERABLE cooling
tower fans running in high speed




ATTACHMENT 3
Additional References

. UHS-01 Revision 4, "Ultimate Heat Sink Design Basis LOCA Single Failure Scenarios"”

. UHS-04 Revision 3, "Ultimate Heat Sink Design Basis LOCA Single Failure Scenarios
for Cool Weather Operation”

. MathCAD file for NRC Request 6
. Calculation NED-Q-MSD-001, "ESW Cooling Tower Transient Model: Part I"

. Calculation NED-Q-MSD-6, "ESW Cooling Tower Transient Model: Part llI"
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1. UHS-01 Revision 4, "Ultimate Heat Sink Design Basis LOCA Single Failure Scenarios"



WM—SO&*I 001

Revision 3~
‘ :éme;* utzﬁmam Heal'S‘nkVDesign Basis LOCA anzgta Fai
ECJECH Noi<: EC3NIes - ' ] anfsiom! . .
jonfs):? . “Byon: ' Componeni{a):it.
CONTHDLLED DOCUMENTHEFERENC‘EES“ IR |
ﬁacumm Mo | Fromftae: |

g aa ma nmm Anamm Safnguardn inmmmnam W iYas ﬂ ‘No. & If ym. seg sv M-fm-wa
Doe sign Analyels contaln. umrmeu‘ Aswmm? " Ven[j Mo @ i yas, ATUARS:NA

, mln_mmgn'mn&aesumm i an ma mumy
: Damimm ﬁggmﬁm {list atfected pa

Freparer:

°| Method of Bwlw' o
Reviewsr: u




AT?ACHMENT 2 3

?aawoﬂ'”

vesion anaLvsisno. [/HS- 0] e

'Amﬁmmqm&gmmmmmm&mﬂw;

A Engingeng mmﬁmmm tha mmmm
:;»ammmm%m W W
>:mmmmmmmmmmwmmm_[ ctive of thi
-Design Anatysis? g
f;ANMWMMd:mMWﬁmm&ammphm&mmm
g::mdwnﬁmotim&fngbm N e




+ 8%

' [EALCULATIONNO UH51

FEVRGL

PAENO T

DESCRIFTICN.

| INPUT DATAREFERENCES -

F

FAGERG,

- SUMFACEND.




“ Project No. 680338038
Cﬁ!mdaﬁm Ho, UnS-01;.
: e MWM 4‘ f

Eﬁi‘,SI Pump Bem‘ing OEL Cwlers




ik

Project No. 889
vCaiaulat :

2
/2AFP02A"

e 1[29@01&A/Eﬁ
R e p » t
B: 'E

”er‘basin temperat ]
er analyses will be "
‘;’;nitla'?culd water ‘bagin

ending on
fi fﬁcenar




Preject No. 8893
Calculation No
Revision 2

1. also ba analyzed assuming an:initial

0°F and assuming no fans are
It w;;l ba aaaummd that th@

Cunit: SXpump is
mg non-running«

Page’ s ot 2y



1,

Scenario 1A (Figure 1) |
A,  Single’ Failure = The $ing“

B  Initial Conditions - This sc

Project No. B893-38/3%
calculation No,. UHS-0L
Revigion'2

ifa;luxe cmnsidan@d for

~this acenario is the high fpaa1ty aantainnant
-spray pump on the acciden ,unit. ,

" .initial cold water: basin,watar'tawpératur -
Qﬁll gther initial man&itiﬁnﬁ are as, ﬁeﬁqr bed in.

fis“rnﬁniwg on eéﬁh
asgive cells operat
ower. aailazare aut

single fail
Xl z_iqhe_ capaci
‘pump’ on ent unit.- Thi= mawimizes the .
“injection phazavheat load on the UHS since four
RCFC’s would be removing heat from the acczden, unite
fana both Hnit 1 a ncy ﬂiesela/w uld: be ) 3

antainment spray

‘start tow : The post. accidantfsystém 1in&up.
fcnnﬂists of three SX pumps supplying. automatically.
aligned post accident ESW loads.  The two. acgidenﬁ;

unit SX pumps would start aﬁtamaticaliy baaed on
aafegu&rds gignals.  The. non-ae&identmunlt pu?p that’

‘was running 1nitiall\ rouls v iz’
.assumed that the other non- ‘ t pump.
remains off. sgnag:it WO ot ‘eaaiva an: auto»staxﬁ?

alve open) and no passive}
] nr ng:an d,'ia&r~valv& open). ‘Tower
A have four active cells and no p@saiva caells.’



Perect Ho. 8393-38/39

‘were running
nergized. .
liegel start bafareg

; this’ casa.: _The’ post,
,>‘of three SX pumps 5upplying;‘
‘ :ident ESW loads. Tha
rE utamatically;
n-accident unit




?roject ‘No. 8893-38/39
caxcumtim asm.» UHS=01
Revision 2" o

B ’higherura'e of: tamparatur
;tﬁwar'hasin.“'

iding o fe o
-1 aup: onsists of three

&ditin




‘_Proj@ct No. B8893-38/39
Calculation No. UﬁSuDl
e Revision 2 °

iﬂqleﬁ»ﬁ
aential,servica water ﬁaniing

1 1ng ) paatulated Lﬂﬁh,
S heat re oval’ immediatély
at were running initially

) pumps runnin
: = additional au :v”miy aligne
Bot”%ac,'dant unit SX pumps would 5tar;

afaguards signals. ~The
initi

[ den - ﬂmp;‘”ﬁains,off ainea'i
”iva an auto- art signal.  Tower.

,hat was: runn

‘Page:8 of:23



Froject No. Ba393-38/39
Caleul; tion No, UHS-01
Revision 2

singla»Failure = The single failure considered for.
this scenario is a 1B emergency di sal failure. “As..
, result,}ﬁhe two division‘l owar: :

’”glconsistavaf
fomal ... . .-

atlcally based
cident unit’ pumy
emain running: &It
ceident unit: pump
would ‘not . receive an-

?an safegnar&
‘that was runnin




Projact ‘No. B88B93-=38/39
calculation No. UHS-01
Revision 2"

ate“étawperature
»”ajasaumad tha@

Automa igally

ident” unit pump t
emain running. I I
ident unit PUED ,nuld rem’i




Project No. 8893-38/39
Calculation No. UHS-01
Revision 2 ‘ ’

- ‘The’ single failure’ considered f
'emergﬂncy diesel.faily
2 o

¥
‘is assumed from these nan«énerqizeﬁ
ants*

Bs -In

anario 3A with the except, on of the failurs
sitiqn L CW i99§ valyes,. I is '8 enariu it

glingup’con'is‘
;aupplyin”‘th“

'cells,

‘Page 11




Project No. 8893—39}39
:Camu;latiun No. UHS-01
Revision 2

j thia acanam‘ sisn ane;Esw pmnp ,ailum;«\ on the: ccident}

Puml'l
: -remin mnmg. - It
"c;mdent unit*pumg

‘active cells; =




Project 'No. 8893-38/39
Calcnlatxon No. UHS=01
Revision 2

ai%ure considered for

“agpaccidant Yineup
1 the additional

‘Page 13 of 23




1l BY

KB 1 ST

14

‘Project No. B893=3i
;Caleulat Eﬂ??»
Revision 2

ice Water

tor: Response Procedure®.

: ijéderal Requ'
,January,:, 199a;za1tlo

B L Eo BB b

v”gski‘{cEch



Project Ho, B&93=- 38[3&
Calculation No. UHS~01
Revision 2 a

5mﬁ§1 iluxa nf ‘one tswervriser valva to: ‘open: ia /
‘anvalapad bY Scenarios 23 nd 28,  In: lieu of one riser
valve. failura, Scenarios nd 2B postulate failure of
one fan and assume that’ th aaﬁae1atad riser wvalves'
close.. This results in the same canfiguratian {fiva
active cells and no. pasgivelcella) ‘ag a riser valve.
faflur The heat load imposed on the tower iz the Bame
‘for’ b@th ‘scenarios and: caxrespanda to two €S pumps. and ™
faut Rcya's Operating onthe accident unit,

5 'aign a&eqmacy‘for Blacknut
will be responsible for rnv1&wing
hy Harah 51992 as .

A

i , ould isolate. chillad

W ter flow to- tne ‘containment coils. In additien,
the chiller bypass valva failed in the cloaadﬂpasitinn,
the UHS would only receive heat lead from one t: S
{2 RCEC’$ Ve 4 RCFC'S} o JREFC’&» ’

V. X

e and: Znstrumentatiun arawinga
o }E’4zaaa and’ 15 Rev. z

CH“42”5ﬁﬁav.;Y"'
“M-42-6 Rev. AW’
M4 2""7 Rev. M
ﬁﬁ"@Z”S R&V K-

2.

......



Prqj&qt Na, 8853 38/39

; jtgd unﬁilaaftaf aparatar a¢
i.n itiatad; KRt AN

3. It is assumed that t:wa""gella arg 008" when ‘the cold wat .
. bas ; :, d Siooe Sexiniey




. Project No. B8893-38739
.Calculation No. UMS-01
Revision 2
Page 17 of 23




e -3

FIGURE 2.
POST LOCA CONFIGY RATIGM (PRIOR TO aﬂmjamg

;Project No : =38/39
icalmlation ‘Hoo UHS=01
Ravw:mn b T

~Paga 18, 0f 23



Amwau)

‘Project No.. 3893?38,39
TCalculation No. . UHS-0L
\Reviﬂl‘m Z v



BN
E & N
¥ N i
R
:, .
i ’
3
|

‘Project No. 8893«»3&}39
Calculation No. UHS-01
Ravision 2

,Page 22) of” 23



Project. No. 8893#33/39
 Calcu ‘t-.iah No; UHS-01
Revision 2 -
:_*_.page 21 of 23



: FIGURE &
’ POST LOCA, CONFIGURATION h
. o SCENARIOS 4A48 , e

|
l
|
|
!
TR
I
|
I
|
1

T:#Projact No. 8893-38/39
;Qalculatian Ho. UHS-01
‘Revision 2
‘Paga 22 of 23



.
ro~ - .

[ © TABLE | '

i INITIAL TOWER CONFEBGURATION (I  POST LOCA TOWER CONFIGURATION FOLLOWING OFERATOR ACTION 11

INTIOL ¥ PUHS 1) TOWER & TONER B M TDWER A TOWER B "
HERT TONER RUNNING 11 RISER RISER 1 RISER RISER "
INIT.  SINSLE LGAD BASIN POST I} FANS  VALVES ACTIVE PASSIVE | FANS  VALVES ACTIVE PASSIVE || FANS  VALVES ACTIVE PASSIVE | FANS  VALVES ACTIVE PASSIVE I
SCEMARID EVENT FAILURE  BASIS TENP  CELLS 00S LOCA || RUNNING GPEN CELLS CELLS | RNNING OPEN CELLS CELLS 1 RUMMING OPEN CELLS CELIS | RUNNING DPEN CELLS CELLS I
IRF1 CSPUP IS PUWP 80°F A/D 3 0 8 2 @ 2 1 8 2 @ e o2 & e T S T | Y
LOCA  ON ACCIDENT 4 RCFC'S _ T I " [ il
WNIT PLUS GROERLY " ! 1 i "
U2 SHUTDOWN I I i I "
T [ 1" [ I
1B Ut CS PP DN 1S PUW 88°F A/D 3 on o2 g e R T TR - T - S T
LOCA ACCIDENT 4 RCFC'S oo [ 1" [ i
INIT PLUS ORDERLY T ! " ! n
-2 SHUTDOWN I I I ! T
I I I I i
8 Ut COOLING  ofS PP 86°F /D 3 n e 2 @ 2 1 8 & 0 I T e | & 4 4 e
LOCA  TOWER FAN & RCFD'S " I H [ I
PLUS ORDERLY H I " ! n
12 SHUTDOMN I I " I T
’ I ! " ! 1
2 U-1  COOLING  2CS PUNPS  BASF A 3 on o2 a2 e 0 1 4 4 4 T R O T I e T
LOCA  TOWER FAN 4 RCFD'S 1 i 1" ! i
PLUS ORDERLY i I " i I
-2 SHUTDSN i I 1 ! I

" I " I n
3 U1 D6 FAILURE  1CS PUWP BO°F M 2 n e 3 @ 3 1 8 3 @ 3 o3 3 3 e 113 1 2
1i00A (1B} 2 RCFC'S H I il | th
ON ACCIDENT PLUS ORDERLY 1" i H I T
INIT -2 SHUTDOWN H I 1 i H
I I 1" I "
3B U1 DG FAILURE  1CS Puwp 88°F AH 2 1 3 3 3 e 1 3 3 3 e 1 3 3 3 I O 2
LOcA  (18) 2 RCFD'S Tl ! " 1 "
ON ACCIDENT PLUS ORDERLY 1" | F I 1"
WNIT 1-2 SHUTDINN 1 I i [ "
I | n ! 1"
X U1 DG FAILURE  1CS PUWP BO°F A @ 1 8 3 @ 3 1 8 1 e t n 3 3 3 I T e
LOcA  (1B) 2 RF'S I I " I H
ON ACCIDENT PLUS ORDERLY T ! " I i
INIT U-2 SHUTDOWN n I 1l l I
1 _ A n I T
4 -1 SKPWP S PMPS  B0°F A/ 2 oo 2 e 2 1 @ @ ¢ 2 on e 2 2 8 1 4 A 48N
LDCR  ON ACCIDENT & RCFC'S n I " [ I
INIT PLUS ORDERLY 1 i 11 I 1]
U-2 SHUTDOWN H [ 1] I I
I ! I ! "
8 -l SKPP SRS BA°F A/D 2 n e 2 2 0 I 4 4 4 0 nu e 2 2 8 1 4 & 5 8 1l
LOCA  ON ACCIDENT & ROFC'S " I 1 i "
INIT PLUS ORDERLY " 1 I ! "
U2 SHUTDOWN 1 i il ! 1

| |

Project No. 8893-38/39
Calculation No. UHS-01
Revision 2

23 of 23



- Exhibit E
NEILI 2412
‘,)“.Rwision 4

COMMONWEALTH EDISON COMPANY

'[CALCULATIONNO. : UHS-01 ____ PROJECTNO. __ NA __ PAGENO.zs |

?assumm adminis’trame mmrﬁ%a which a'equlre T:8% cao!mg tower fans'ta’ be
oparab&a {only onefan' 00S).

‘Qﬁ Jgﬁwu"vatve

[REVISIONNO: 3




COMMONWEALTH EDISON COMPANY:

[CALCULATION NO.: UHST ___ PROJECTNO. . NA.

4 The flow rate for the 2-inch riser drain line'is obtained from Reference 1.

[REVISION NOZ: 3




* Exhibit E
mzp-n-m

COMMONWEALTH EDISON COMPANY:

[ CALCULATIONNO.: UHS-0f ~ PROJECTNO.. ~ NA. " PAGENO.% |

1 Calm?atmn NED»«MMSU& Ravi&iana,datedd’lsw :

2 Fans Runmng. 2 Riser Valves Gpem 2 MW ﬁeabs 0 Passwe“‘v
?el!
Tower B 4.F: Rinning; 4 Riser Valvs Open, 4 Active Cells, 0 Passive.

- RiserValve Lead@:’oy,
‘Bypass Valve Leakby
“Drain Line Bypass Flow,

2
s
e
L

CASS :
0 (inc!udad-;m;.ﬁtsar Laakby. Assumptxun 5}

[REveiONNO:S ]




COMMONWEALTH EDISON COMPANY

- [camumnme NG uas-m pamsc‘r o WA “PAGE NO.27 5

_»,Draln"une Bypass F”!gm = 250» gpmiupen nser (Assumpuun 4}

New scensarios were. deveéoped as: ctesmbed abave Figures 7 thmwgh 12 pmwrfe
g s;mparﬁad dizagrams to ilustrate the scénartos.










:‘, N !\}«“.

FIGURE s A
POSTLOCA. cnmamﬂﬂm (mmn TO, umn.&ma AC’I'ION}_

.gga

pots Ml

Casmiaunnﬁa CHS-01-
‘Revision 3.
Pnge a0 ct’ 33




N

|REEE] IRCFCY,




oS00




Revision 3. .
Pago33 of 33




e AN

‘SUBJECT:

November 13.19@6

Station Support Engineering Supervisor:

ore .

Emmanan of Essential Scwi»ca Wam:r Cooling







TABLE1
SXCT RISER VALVE LEAKAGE ESTIMATION

Aﬁaciunm A ‘
Caleulation No: _ &WS - Of
3 Bevision Mo, 3. 3 ng:c Nrm A 3




St e
sy







Table of Contents

ANALYSISNO. URS-01. REV.NO.4  PAGENO.B2

Table of Contents 1
1o Purpose 1 m

Y20 Backeround | ws
|20 Destontpuss | s

|50 References. T




REVISIONNO. 4 mw:mma ,‘




4 safeaywmlamd C’Ts
fves (Rcfcrcm:c 5 i




[Fatvsis vo. unsn

‘REVISION NO:

v

ATTACTNENTD

- PAGENO. B3 of B23.




mm.vsns NO. UHS-01 " 'REVISIONNO.4°  ATTACHMENT®
-PAGE NO, Bé of 23




i mimmm that iy be gm m
mber 22, 2006 ({ncluded as




[anaLysisnNOiuHs:o1 'REVISIONNO.4  ATTACHMENTB _
I PAGENO. BSof B23.

'E'}m failure soenarios issime mat ‘up ‘m two (2} SX CT a’fms m 003 i tﬁnm,j”fhefr& R&fmm“ﬁ By LOO



LANALYSISNO:UHS®O1  REVISIONNO.4. ATTACHMENTB
‘PAGENO. 89 of B23.




e

REVISIONNO: 4 -

'ATTACHMENTB
. PAGE NO. B10 of B23

MOV'OSX!&EF Lirmit Switch Space Heaber

- Acmdc:m : ﬂgﬁmn‘q




ANALYSIS NO.UHS-01 'REVISIONNO:4 ATTACHMENT B

-PAGE NO. Bl of 823 -

{3} SX pumps running, two (3) on accident unit, one (1) om:



| ANALYSIS NO. UHS-01 REVISIONNO.4  ATTACHMENTS
"PAGE NO, B12 of B23

' (Eollsmng tb: pﬂstuim LOC’A, cr:drt is: mken f'ur tm"s amb:enl: hm dimpahm mmx:dmml)' ]



JanatysisnO.UHSOt  REVISIONNO.4.




[anaivsisno. unsar

Eﬂgr EFm' CaH

‘ """:EEWGHE? IS

CDm‘HG _

__CDwEF —

ABan’DMGH

ABor CD:

ABorCD

ABOrCD

*&BmCDmE?

ABorCD |




| Anaysis no. uns-o1 REVISION NO.4' ~ ATTACHMENT B

'PAGE NO. amofm

for ﬁmimd ﬁ'; aluation Gf ’Eﬁﬁs;._ Mm e



Mhe‘uud‘

‘Calculation ao..i
amr:laian nm '

?-1.;







FKGURE !5
| POST LOCA . cmw&uwmnu
mumxa u:: ‘

P, "-.;‘ Vo m "



cuculat;lanfm =
Raviaim No. Y.




"DIT S040-BYR-6074:00



Asnarm Al Mwmm 3
ﬂ.ﬂs.minn U%{)l
Rmbm 4

?age 821 vf 523

DESIGN ENFGRMA“ON TRANSMWTAL

@m S&f_g}t ', e mrmsmavaﬁnn-m

Pmﬁmm- mm& . |Pege 4

of wﬁmi

_ ;n Qnmrmm

ﬁ&slnhmﬁunmmﬂmss ammmmmmmwmwon,

‘nﬂrmnau OF THE SPE
(Usl any wppwing documents

::mc usmc;u INFORMATION mmn mz' IR
attached 10 DIT by R (i, mvision andior issus date, dnd 16628 ni

. of mwfnrm&wmﬁw

BE-2-4008A, Revision E. -
BE-2-4008AG, Rovisien K-

.‘%Zw»zmm Rmicm N A




|DmNes sosnBYRe0TE00: | Project No.: . 11330-042°  |Pege 2 of &

mmammmml
Rev. Date: 01-28.1999
| Ef. Déte 02159809



DIt No.: - 5040-BYR-6074:00

wo-amwmmm ==
'Ry, Dale: 91291968 7 - Final-
m mns: 02151908 =kinal -



ATTACHMENT 3
Additional References

2. UHS-04 Revision 3, "Ultimate Heat Sink Design Basis LOCA Single Failure Scenarios
for Cool Weather Operation"



mnyﬁsm
Tnmi a

| EGECR Na.

i Last Paga Mo m&
UHS-M:"”"] - . Revislon:® 3
Ulirnate Heat Siﬁé& De.s:gn m L(’}CA ﬁﬁgw Faihira: Swnm mrm wgaihew ﬁparaﬁm

ECSMIEE . Revislom:® 0o

“Byron mmmm "

CGNTHM DQCUMENT mms& ‘*

N merra | Document No: . _ men

NED-M-MSO-011

To ’

To







o m«m&mam OF CONTENTS

: ”'“mmwrm NQ UHS- 0

) ‘-m@mcrmkm
REV. RO




owommfcs
- I/2VAG2SA/SE.

j(:m:mmmcm T O
RH Purp Cubicle Coolérs




\C‘lcuhatloniﬂb. UHS-OH

‘v:BSW flow: isnla\e;,
§excnangers.

ﬁplla

la,watarwhasihylgval is aasumad

initially out of
/,ﬁenario

! y fans:
the basin’ temperatur '
he single failure




Projwt NWo. 3393»3 wasz
Calculation ﬂ S-04’

ativa ,o’m:ruls raqui.ra hypasa

rice since nie
m;:clas@d ‘when tha cold vater baain twperature ia:

‘unit would he m:l:l:ina'ar-a;~
A w;zso"m mu L




.}Pronact No. 8893-38/39
o culatlun ‘No. UH3-04
Revisien: 0. o

v W&ter caal»ng“

Crun iﬁg on. eaﬂh unit
nqv\iser valve and

os acbidant &y&

eup o sts ps supplying

tomatically aligned: pos ESW:loads.  Tha
accident unit 8X pump art: autcmatically
~on:safequards signa . The: an—acaidant unit




Page 6"

Caiculatxon ﬁu‘ ﬂﬂs-ﬁ4w
‘Revisior

nffsité ‘ ar7
in. t.his ma ”

ailed cpan bypass




Praject, No. B893=38/39
‘Calculation No.. UHS=-04
‘Revisien 0 o

have ‘four: activ rower cells,

Page 7'



ar: Opé W
- bypass:valve all

Single: ?ailura - The s e
this scenario is a' 18 enert ey die 'l* ailu
C result;. ths’tw ﬂi' sion: r -a

0. 8893-38/39
o 0a

ingle failure conaidare&*f"“

lowing ‘the postulatea:
'amb'ant he“tfdiﬁzi'at i




Project ‘Noi B8893<38739
Cﬁluulat'nnlno. UHS=04 .
‘Revision: 0

3 directed through. [gars. T
: ineup consists of tw . P » .
tt dditional automatically ‘xgnad ‘ESH 1oads
available accident unit pump would ‘st 5

automatically based on safeq 3 Bilg
non cqidegtfunitw : ’




Exnject ©. 8893-38/39
Calculation Ne. UHS-04
Revision 0 o

start tower fans.and close bypass valves. It is.
assumed.: that;thg diaael, "“e;afﬁ t& the.dl“lslanr
12 riser valves: that wer

perator action
Jér_bypa&




Page 11

Project _Ho{. 8893-38139 '
‘calculation by .

_ &nﬂ"any‘
y_mss valve




_ ¢ pump that was “runt
wuul& ramain unnxng*' i
nanwaacid&nt )

ra elosaﬂ, the
1 open and ‘any co
«’andrbypass valve‘alignmentﬁxs




};?upp;l. ying the additio

‘The availabl B

Page 13

L




__‘Pruject Nos 8393~385

Carrespondence fxamvz
‘Pleniewicz (CECo

a ,n,..~lu7
",D;e.aiw, Criteria for Ultimate }




Pxoject“ﬂn._saga—asjag
‘Caleul gnawhuHS~04
Revision 0.

ood - Updated ?inw?”$afatpﬁﬁnaf”ﬁis\R@pnrt
sion 2’ auhmitte& ‘Dacenbar: 1

~‘gu»rsx,nws; 58.8-1984. Anerican Nu ‘ ;
‘response &es,gn ‘eriteria for nualear aaféty related

pacity.  ‘The: bas iaunc:maily:
0% wh ch would" pravida

tmpl ied diagxamai
‘_,,,,wiﬂll be uaad

;Pérfagma;cgtw~ oS . y
TMI mmﬁ was ac:pmpllshad by a
de!afwd mﬁw nt tha_mi ginal AE

‘Page /15



“Project No. 8893-
:,Calaulat .on Na'. ‘




"acA cWFIGUMTION
5CENA£m 2

fProject &o. 38, ,
’calculatian Hm UHE~04
Revision O~ AR
-Page AT



Project MNo. aa"’"""""‘3’3’<','53"g_
¢a. 121ulat fon No. UHE-04
I;Elevisinn_ 0

“Page 18



FIGURE 4

e . Noucotitd &




REES

ﬁasr‘gﬁCM§ cau&vaam%ﬁrmwu
SCENARIOS

Project No.. 8893-38/39
Calculation No. UHS=04

REViSlO fﬂ




s FE ,ﬂosr'mck ..ouF!auMTmM
- SCENARIO &

AFT&'E, Loca |

‘Project No. 8893«-—33/3@@;
_Calculation No. UHS-04-
‘Revision 07 '
i,?aqe 21




e g o

?TfFA.Ff&'ﬁ wcﬁ.

‘Revigion: 0
‘Page 22




Exhnbit E
*mmwz
Rmmn 4

COMMONWEALTH EDISON COMPANY

I CACULATION NG URS oA PROEGTR. A “PAGENO.75 ]

g : 635 gpm!valve
Bypass ’Vaﬁves 900 ‘gpmivalve

'3 From Reference 1 (pgs 198-202), the tower bypass flow through the proposed 2
inch riser drain line is assuméd to be- 250 gpm pg{ ngn niser - :

‘4,  The time o reach hot shutdown conditions in l:ha nanmrdem unitis'assumed

sniot 10hﬁursassta€m in A : )_,,_m"smno Thiswasa




CQMMONWEALTE{ EDISON. CQMPANY

[CALCULATION WO, UHS 04 PROJECTNO, WA PAGENOZL]

typographical’srror and was not used in'the. amlysr in. Revsmon 0 Reﬁereme
12 of:Revision 0 Justlﬁes the 8 hour time:

[REVSIONNOZ. 2



‘Emiba R
.,.,;mzm

- COMMONWEALTH EDISON COMPANY:

s i35
L o

CALCULATIONNO.: UHS04____ PROJECTNO. ___NA__ PAGEWG.75)

08 (Stenerio 3+ leakby)

a;;Activa Ca[fs. 0 Pm Calka

PostLOCA Tower Configuration After Operator Action (t' = 10
‘ower A {:2 Fam Rmzéng. aamwm Activ

“Tower A O F ang Ruming 3 Rtsé’r Valv&s Open 2 Bypass Val\ees Open.
S ;OAcﬁva Ceﬁa 0 Passive Celts

“TowerB:. 0Fans Running, 3 Riser Valves
R ﬂActhelks,OPess{vaCaé!s




li:a;hmit B
NEP-12:02
_ iaefiﬁw 4
COMMONWEALTH EDISON COMPANY

[CALCULATIONNO. : UNS04 __ PROJECTNG. ___NA PAGENO.z |

Tower B |

C : 'si??fﬁ Bypm Vaives Gpan

Tower B:® 3 Fans Running, 3 Riser Valves Open; 3 Active Calls, 0 Passive
T Ceiisx 0 Qypass Valves: Qpen ‘

T :{:]i"f:a

e new. saenarm were, devel ed_as descnh&d abmra ?‘Flgwas 8-1 8-2 94 and
llustrate the scenarios:

l.isuzpmvzde simplified diagrams to |




moiAmFALLED:
" OPEN







POST LOCA: CONFIG. JRA TION {t" 10030, mm.}

SCENARIOY

fi‘aga a7 crr 3o






TO: :,ervm Passmore _—
“Station Snwﬂﬂ Engingering Sup

\SUBJECT:: Esnmtﬁ o1 of Essential Service Water Cﬂulmg Tm&"er (SXCT ) Rxscx Valve

2PI-SX008 - 97 peit.

Pagc ‘Jo;_




November 18, 1996

Etimatié of Essetal Serviee Waier Cooling Tower (SXCT) Riser Valve Leaknge:

She 1153;111& DEX163C leakage is estimated
te; 633 gpm using highest nozzle




SXCT RISER VALVE LI

GE ESTIMATION

TRIALY.

' 3214

(A

reaar |

CeaTe

o 42: Méﬁme.awcupyem-m Siest 26 for, nozzle focations. -




: P g 4 bk Qi

-] U




A

JCA Single Failure Scenarios




] ANALYSIS NO. UHS-04. ~ REV.NO.3 PAGENO.B2 |

| tabie ot Contenss | | =
|20 Backeround 1 ss

i | | 1 8

|50 References. | ss

B9

. B

Appendix A: Reference 5.4, DIT S00-BYR 607400 | 821824






ANALYSIS NO: UHS-04 " REVISIONNO.3° ATTACHMENTS
' » 'PAGENO; BAolBZa




R

3

'ANALYSIS:NO. UHS-04

S

'REVISION NO: 3

ATTAE&!MENT B
“PAGE NO. B5. uf 324




.{dv. T T REVISION.NO. 3 PAGEROE%EWHTMM#

‘40 ASSUMPTIONS -

AIJ mmpcmns E‘mm Revisim 3 w C&lcuimwn m&mim m m lhis &mcm amepms fﬂ%lsws*

e S belose ,P@ UHS basin b.‘fl’%s valwes T
.,.:;_s»wp 14 g,zof iBEP«G (,Re&’cmc 5; 15) and ZBE;?eO {Refeme 1 2¥ statesithars:
“ACTION/EXPECTED RESPONSE'



. _PAGE NO. BY ot B24'

FANALYSIS NO: UHS:08

Al FOUR Hot W,




fanavsisno.unsos  Revisonno.a.  ATTACHMENTE
1 _PAGENO. B8 of B24

"magxam mu@m RevisionN -

R 1 i3&-[E?RE{?:—!?ZI&(‘.’I%!?I Siandm-é an:w Plan’ (Sﬁi’} ﬁzxr ﬁa: Rcwcw of Safﬂy Anmkysm chum f‘m I’%unlmr



'PAGE NO. B9 m‘ aza'

60  METHODOLOGY AND ACCEPTANCE CRITERIA-
mmﬁmm’r




| anaLysisNOiUHS08a  REVISIONNO:3° ATTACHMENTS
| B S - PAGENO.B10'of B24-

th ':Fg;esx Cmiﬁﬁg ’i‘ower caleul



ANALYSIS NO. US04 | REVISION NO:3'  ATTACHMENTS

 PAGENO.B11 af m

’l"ha f‘nﬂ!nwmg m a dc&npt
Vux: Buaes.

ot and fuilure of the 480

] jfbyms&s;vawes open




ANALYSIS NO. UHS:04 ~ REVISION. a§;=é>f “ATTACHMENT B

'PAGE NO. B12 of B24;

MOV 08 X163F Limit Switch Space Heater



REVISION NO. 3

‘ATTACHMENTB

‘PAGENO.B130f B24




| Anavvsis no: urs-os

REVISION NO.3:

ATTJ\CHMENT B
PAGE NO. 814 of 924

Table 1+ Swnnri»oloanﬂll « Con \fi i guratitms

Lel&s 003

I LI

Gl Falled

: ._AB

CDwEForGH__

' "'-AC‘i:f

EForGHY

ADE .

EFarGH: .

5y Y
A

Chor GH:

Chror Ol

&‘XG =

“AH

CDotEF.

_ EForGH.

N T

EForGH.

- CDoar G

CDaeGH -

- CDerEE.

- CDw EF -

;\B ot BF OF GH(_.. B

AB o GH

" AB or Q,Hf

ABarEF.

ABGtGH

ABOEC&H

"AB or EF anFff

.-‘Aﬁmc:nmm;

AR B CD: -

AR €Y

ABor CD°

T ABG?CDMEF -







Mok £
= =
ﬁgviiai:n"?::“go UHST O




| [ .

‘ Calculation: !ﬁo. UHS~08:
‘Revision Nu ¥y - -
!"-,c ”ﬁ» ﬁl‘!







L Miachwedt . B
<7 calealation
‘Revision. |

2







'PAGE NQ. B2t of 824

ANALYSIS NO. UHS-04 © REVISIONNO.3:




! .imﬁw assncsn INFORMATIGN mmsmrm.

[ Ti5etiy-Reisted [ﬁNm-&afe@Ramﬁu ‘ nn‘ No: SO40-BYR-B074-00 _

Seapag zmaamm g infarmaion: transmitial for:the equipment iderlification mimbers.:

R Rey;: N
"35440%8 MB‘MJ iGEw‘l ﬁﬂ?ﬂ Rﬂ”ﬂﬁm"

GE-1.4008AN, Revislon R BE-2.4006A, RovisionE _BE-240068, Revislon E -
- 6E-24007F, Ruvimrzl( BE-2:4006AG; Ravision K- . 6E-2-4008AN, Rovision N




i Page

Cogling Tawer Fen: Low Speed).
1 ESW Goo!ﬁng gwer Fan 0SX03CA (High ‘;IJDW Spmd}
Dy el Pvamp OWWOIPA ‘

-'.;zmavmam Pszoc




W&B?mem
Rew: Dales 91259599
Eﬁ nalec Q&—i&tm




.ATTACHMENT 3
Additional References

3. MathCAD file for NRC Request 6



Design Verification

Two Tower Model - (Heat load for Power Uprate)

' !
ORIGIN=1{ in=1L lbm=IMF=1Q sec=1T gpm:= E—- BTU := lbm-F
min

Cooling Tower Performance

144.26 104.26
= -F F
(136.54) (102 54)

144.26 104.26
F ‘F

136.54 102.54

144.26 104.26
F F

136.54 102.54

144.26 104.26
F F

(136 54) (102 54)

MBTU := BTU-10°

Page 16



L2:=

_Uprate Heat load (L42)
150 0.00
150 0.17
150 0.35
150 0.50
150 0.75
150 2.00
150 2.17
150 2.33
150 2.50
150 3.32
150 498
150 6.65
150 8.32
150 998
150 11.50
150 11.65
150 13.32
150 14.98
150 16.65
150 | MBTU 18.32
150 | hr T2:=1 1908
150 21.65
150 23.32
150 29.98
150 39.98
150 49.98
150 59.98
150 83.32
150 116.65
150 166.65
150 333.32
150 480.00
150 480.17
150 540.00
150 600.00
150 627.50
150 660.00
150 660.17
150 732.00
150 \ 732.17

-min

Page I7
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SX System Flow rate
Ql:

104000-gpm (Total flow to T1 and T2 gpm)

Q2:

]

104000-gpm (Total flow to T1 and T2 gpm)

Basin Mass

V= 1.068- 106'gal (Design input 2.1)

b BT
0= 833 == Mp:=p-V Cp= BT My =89 10%1bm
gal F.lbm
Fans ({Active/Total) Time Constant
l .-— V . — V
fll:=0.156  f12:=0.156 Eaiarey Yy

21 = 0.156 ) £22:= 0.156 1l = 10.27 min 12 = 10.27 min

Fraction of flow to Tower 1 Fraction of heat load to Tower 1

al :

0.5 a2:=0.5 p1:=0.53 B2 := 0.53

Find Slopes and Intercepts of cooling towers 1 and 2

M11 := slope(Thl,Tcl) Bll:

intercept(Th1,Tcl) MI2:

It

slope(Th3,Tc3) BI2 := intercept(Th3,Tc3)

1]
[

M21 := slope(Th2,Tc2) B21 := intercept(Th2,Tc2) M22 := slope(Th4,Tc4) B22 := intercept(Th4,Tc4)

M1l =0.223 Bil =72.119F M12 =0.223 BI12 =72.119F
M21 =0.223 B21 =72.119F M22 =0.223 B22 =72.119F
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Calculate Intermediate Constants
1
Al = (~%—)-[1 —al-[(1 - f1D) + ALMI] = (1 —al)-(1 - 21+ f21-M21)]

A2 = (-%2).[1 - 02-[(1 - £12) + f12M12] = (1 = a2)-(1 - £22 + £22-M22) ]

BI-(1 = fI1 + fLI-MID) + (1 = B)-(1 = £21 + £21-M21)

DI =
Mp-Cp
. B2 -2 A2MI2) + (1 - B2)-(1 - 22+ 22:M22)
) Mp-Cp
LAEBI + (1 - al)-R21-B21
Cl:= Q12 (1 -al)
v
212812 + (1 - «2)-22-B22
C2:= Q22 (1-0)
v
! _8 F
Al = =001 — DI = 9.88x 10”5 — F
min BTU Cl=11l—
min
‘ 1 _§ F
A2 = —0.01 — D2=988x 10 5 — F
min BTU C2= L].n-l-i-n.

Integrating to Solve for Basin Temperature me CM:)Q« “V\“ H ‘\_b +e’M’D

o U°F,

Ub] = 9].F i:=1..299 H:= .1-min sti = I-H
- . use uprate heat load
Ub,, = Ubi+[(Al~Ubi)+(lmterp(T2,L2,sti)-Dl) +(c1)]+1 with operator action at
t=30 minutes to reduce
heat 1
i = 300..15000 H:= .1-min st.:= i-H eat load

use uprate heat load
Ub. = Ub. +[{A2:-Ub. + (linterp{T2,L2,st.}-D2) + (C2)|-H with operator action at
H1 i [( ') ( rp( ') ) ( )] t=30 minutes to reduce
heat load
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i:=1,20..15000

130
125
120
115
o Ubi 110
105
100

95

i

90

2.25-10*

4.5-10*

st;

6.75-10% 9-10

Basin Temperature Response vs. Time (sec)

Qﬂiﬁé&ﬂ&LﬁgﬁLlQﬂi

max(Ub) = 11371 F

Ub3

00 = 97.8 F

UbIOO =935F

me3 =936F

Ub

inde

=113.71F
X

maximum = 113.71 F

maximum

index :=

= [maximum « 0

for ie 300..15000
maximum < max(Ubi) if max(Ubi) > maximum

index (—- 0
maximum < 0
for i€ 300..15000

maximum « max(Ubi) if max(Ubi) 2 maximum

index « i if mm((Ubi) > maximum

index = 1.5 x 104

Stind«:x

= 90000 sec



Basin

Ub

=
n

91.66

92.3
92.93
93.53
'194.12
94.69
95.24
95.78

96.3
96.81

97.3
97.78
98.24
98.69
99.13

‘Page 111

Temperature and UHS Heat Load vs. Time

i:=1,26..1000 .
Iinterp(T2 ,L2, sti)
MBTU Ty

hr ;;; =
150 01
150 26
150 51
150 76
160 10.1
150 126
150 ‘ 151
150 ‘ 17.6
150 20.1
150] 226
150 25.1
150 . 276}
150 30.1
150 326
150 _ 35.1
150 376




i:=1,20..6000
1000
800
600
Hnunp(TZ,LZ.mo
MBTU
hr

400
200

0

0 4000

Post LOCA Time {sec)

UHS Accident Heat Load Profilé L42
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Body of Calculaticn

This section discusses the background and reasons for the
development of a time-dependent model of the ESW cooling towers. The
model is then presented and applied to two straightforward examples.

As discussed in Reference 3, the early preoperational testing of the
towers indicated that their heat removal capabilities were significantly
less than the original design values. At a wet bulb temperature of 78°F
the basin temperature was not to exceed the design value of 98°F for
loads of up to approximately 1040 MBtu/hr. Although the required heat
removal rate for similar constraints was close to 600 MBtu/hr, the
extrapolation of the test data resulted in a slightly lower value
(= 570 MBtu/hr}. 1If subsequent testing verified the above preliminary
projection, hardware modifications and/or re-analysis of the design
bases would have to be undertaken. This situation provided the
motivation to develop the time-dependent cooling tower model.

The highly transient nature of the LOCA load suggests that the basin
temperature would not exceed 98°F even for significantly degraded tower
performance. For example, although the peak LOCA load is close to
600 MBtu/hr (Ref. 2, Fig. 9.2-7), the average load for the first hour is
approximately 400 MBtu/hr (Ref. 2, Table 9.2-6). At two hours into the
LOCA the heat load has decreased to = 350 MBtu/hr, and at this load, the
corresponding steady state basin temperature is approximately 92°F.
Thus, it appeared reasonable to conjecture that if the ESW cooling tower
response lagged behind the imposed load the corresponding steady state
peak basin temperatures would not be reached.

The total water inventory of the ESW system, including the basin and
associated piping, is approximately one million gallons (see Ref. 3,
App. C, Part D)., If the LOCA load was imposed on the cooling towers
with an initial basin temperature of 80°F, the allowed 18°F temperature
rise, together with the above water inventory, represents a thermal sink
of approximately 150 MBtu. 1In turn, if the towers were completely
inoperable, and all of the LOCA heat was dissipated in the ESW water,
the allowed basin temperature of 98°F (Tech Spec) would not be reached
for at least 16 minutes after LOCA onset. This thermal capacity was
thought to be sufficient to introduce adequate lag in the tower response
to the LOCA load.

The following section presents a time-dependent model of the ESW
cooling towers. The major features of this treatment are the inclusion
of the transient LOCA load and the thermal capacity of the ESW system.

Devel nt
Development of the model proceeds from a discussion of steady state

cooling tower performance. Conventional terminology is introduced and
specifics relating to the Byron ESW cooling towers are presented. The
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transient LOCA load is then briefly discussed and approximated as a
plecewise linear function. By performing a heat balance, including the
transient heat load and ESW water inventory acting as a thermal
regervoir, a general first order differential equation describing the
time-dependent tower response is developed. This equation is then
solved analytically for the case of an operational cooling tower. The
final applications consider a partially non-functioning tower as this
situation may be present at different times during certain accident
scenarios.

Cooling Tower Heat Removal

The schematic shown in Figure 1 serves to illustrate the features
and terminology required for the development of the cooling tower
analytical model. For a total mass flow rate of m, (in 1lb/hr),
circulating through the system, the temperature rise, (in °F), in the
coolant is given by

ATL = L/xixcp (1)

where L is the applied load, (in Btu/hr), and C, is the specific heat of
the water. For steady state loads, ATL is normally referred to as the
range; that is, under equilibrium conditions the temperature rise across
the load equals the température decrease across the tower. For a basin
temperature of Ty, the hot water temperature exiting the load is

T, = Tp + ATL (2)

and in turn, T, is the temperature of the water entering the cooling
tower.

As the water passes through the tower, heat is transferred from the
water to the air, and the water drops in temperature from Ty, to T., the
cold water exit temperature. The relationship between T, and T, 1s one
that depends on the air and water flow rates, actual size and physical
characteristics of the tower, and the ambient weather conditions.
Reference 1 discusses the extensive test program undertaken to determine
the specific thermal characteristics of the ESW cooling towers. Typical
performance curves are given which show how T, varies with wet bulb
temperature under different heat loads. For development of the
transient model this information is best displayed as shown in the
attached Figure 2. At a given wet bulb temperature and water flow rate,
T. is observed to be a slowly varying function of T,. To facilitate the
analysis then, this function is approximated by a piecewise linear
function:

TC = MiTh + Bi (3)
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where Mi and B; are the slope and intercept congtants for the ith

interval of Ty!
Ty1 s Ty s T;

Typical valves are M; = 0.4 and B; = 49°F in the range of T, of
interest, (See Ref. i) Thus, W1th these constants and an example of Ty
= 100°F, the exit temperature is T, = 89°F, i.e., the water was cooled
by 11°F as it passed through the tower. The size of the temperature
interval chosen, (T - Ty 1), dictates both the accuracy of the
approximation and the computational complexity of final calculations:
smaller temperature intervals are clearly more accurate, but, as will be
seen in the following, require significantly more calculations.

LOCA Heat Loads

Under accident conditions the load imposed on the towers is given by
the sum of the LOCA load from one unit and a contribution from the other
unit. The values of these loads are derived from both actual plant
performance data and the application of models to various accident
scenarios. UFSAR Table 9.2-6 gives a LOCA unit heat rejection summary
listing results at specific time intervals (see Figure 3). For example,
at 45 seconds after LOCA onset the heat rejected is 515 MBtu/hr, and at
100 seconds the load has increased to a peak 556 MBtu/hr. Using these
results, and adding the NON-LOCA unit load, the total load is expressed
as a piecewise linear function:

L = Myt +'Bj (&)

where L is the total load at time t, (in Btu/hr), and M:, (in mgn. )
and B;, (in BTU/hr) are the slope and intercept constanes for the jth
time interval: . ,

., S .
by S £ Sty

Using equations (1) and (4) then gives the temperature rise across
the load:

ATL

(th + Bj)/(me)

mjt + bj (5)

vhere now, my and b; are the slope and intercept constants
character1z1ng the gemperature rige in the j time interval.

mi; = _ j , °F/min.



EXHIBIT I
ENC-QE-51.D
CALC.# NED-Q-MSD-1
Page 10 of 26

6.2.3 Time Dependent Heat Balance '1 65 ;765.§355

Figure 1 schematically displays the parameters and variables
required for the following development. For the purposes of this
analysis it is assumed that the ESW water inventory, MB, is a constant.
This is a reasonable assumption since the safety-related makeup
capability exceeds the losses due to evaporation, drift and blowdown.
The makeup water enters the basin at the ambient temperature of the Rock
River.

In the interval of time At, the quantity of water mAt both enters
and exits the basin. Because the entering and exiting temperatures are
T, and Tg, respectively, the quantity of heat added to the basin in time

At is

AQ = (xixAt)cp(Tc - Tp)

Further, the differential change in basin temperature in time At is
given by

Taking the limit as At goes to zero yields
dTp = (T, - Tp)m/Mp
dt
Letting tr = Mp/m yields

= (TC - TB)/TT (6)

Q-L:-
g e |

where ty is recognized as the time required to replace the total
inventory My when the total flowrate is m.

6.2.4 TIime Dependent Cooling Tower Operation

The effect of heat removal in the tower, together with the transient
nature of the LOCA load, will now be incorporated. Combining equations
2, 3, and 5 yields

Te = Mi(TB + mjt + bj) + Bi (7)

and this applies to the ith

T}, interval and jth time interval.
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When this expression is inserted into (6) and terms are re-arranged
the final differential equation describing the response of the basin
temperature to the LOCA load is obtained (see Appendix A):

B (8)

9Tp + Tp = Ky(mit + by)/ey +
dt Ti J J _Mi Ti)

and 1y = r;M
i

Recognizing that Mj, Bj, m;, b: and tp are constants, the solution
to (8) is straight forward and given by

Tp(t) = Cy5e™/Ti + myRyti(-1 + t/1g) (9)
+ Kibj + Bi
(1)

1

where Cij = [TB(tij) - mjKiTi(—l + tij/ti) - Kibj

- ‘Ei ] e(tij/ti) - (10)
I—Mi ’

and tj; is that time when the solution has to be re-initialized due to
transférring to either a different time interval or a different T,
interval. See Appendix B.

A brief explanatijon of the initialization constant C;: is warranted at
this time. As indicated earlier, m. and b: represent the constants for
the piecewise linear approximation go the LOCA load for the jt time
interval. For example, the first set of constants only describe the
LOCA load for the time interval of 0-45 sec. At the end of this
interval the constant C;: is re-evaluated and inserted into (9) for the
next linear interval. NoOte that in the subsequent interval the next set
of constants are also incorporated into (10). Similar re-initialization
is required when transferring from one tower segment to another. 1In
summary, the constant C;. will be evaluated several times, and its
application provides conginuity in the final solution for Tg(t).

6.2.5 Cooling Tower Heat Removal with Faulted Cells.

There are four separate cells in each of the Byron ESW cooling
towers and water flow from either unit may be diverted to either tower
and any of the eight available cells. Depending upon the operational
alignment at LOCA onset, and further, depending upon the postulated
accident scenario, it is possible that for some period of time the
imposed heat load will be deposited directly into the ESW water
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inventory. Further, it is possible that for the duration of the LOCA,
some water may be passing through cells with inoperable fans. Although
there will be some cooling of water, via natural circulation of air, a
conservative analysis assumes zero heat removal for such faulted cells.
The following analysis considers the three cases of:

a) Zero heat removal for the initial portion of the LOCA

b) Normal heat removal with operational cells concurrent with zero
heat removal in faulted cells,

c) Normal heat removal with operational cells concurrent with
partial heat removal (natural convection) in faulted cells.

6.2.5.a Tower Response With No Cooling

With no heat removal at LOCA onset, the full LOCA load is deposited
in the ESW water inventory. This condition could arise, for example,
during cold weather operation when all ESW water is bypassing the cells
and is being diverted directly to the basin. The water entering the
basin is then at the temperature given by Equation (2):

Tc = Th = TB + ATL
=TB+th+bj

Equation (6), describing the time dependent heat balance of the basin,
then becomes T

g__:‘_ﬁ = (mjt + bJ)/‘tT (1)

for the jth time interval. The solution to this differential equation is
as follows (see Appendix C):

= C: .t2 .
Tp(t) = Cy + [m3t%/2 + bst]/Ty (12)
where Cj = TB(tj_l) - [mjtzj_llz + bjtj—I]/TT (13)

and t;_ ; is that time which defines the end of the (j-—l)th time interval,
(or eQuivalently, the beginning of the jth interval). As with the
initialization constant C;; for Equation (9), C; allows for transitions
from one linear segment of the LOCA load to anogher. Evaluation of C; at
each cross-over point comstrains Tg(t) to be, as required, a continuous
function,

6.2.5.b i 1l and Fully-Fault Tow lls.

The conservative case of zero heat removal in faulted cells,
together with some number of operational cells will now be discussed.
Water enters the tower at Ty and exits operational cells at T. as given
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by Equation (3). For zero heat removal cells the exit temperature is
just Ty. Defining f as the fraction of operational cells, the average
temperature of the water entering the basin, Ty, is given by the weighted
average of cooled and uncooled water: -

= £T, + (1-£)Ty (14)

Following the development of Equation (6), using Ty in place of T,
then yields:

3;3 = Te - TB ' (15)

Using Equatlon (14) with (15) and following the previous development
which led to Equationsg (8), (9) and (10) it is found that the present
differential equation, (15), and its solution are identical to those
given already, provided that two constants are redefined as follows:

ty = /(1 - Mf (16)

Ky

(-1 + 1/£ + My)/ (1) Soan

Although formally identical to fully operational tower response,
when faulted cells are considered, the response is slower as shown by the
inverse dependence of the system time constant, ty, upon £. This is
expected of course, because the tower as a whole is now removing less
heat per cycle through the system. In summary, the tower response to the
LOCA, for situations with f ¢ 1, (i.e. some water passing through zero
heat removal cells), is given by Equations (9) and (10) together with the
constants defined in Equations (16) and (17).

The benefit of natural convection cooling in faulted cells will now
be considered. When hot water passes through a cell with a non-operating
fan, the local air heating that takes place will induce a certain air
flow through the cell, i.e. natural convection. Although the resultant
water cooling may be much less than that of a functional cell, any level
of heat removal may be significant under certain accident situations.

Given that the range of an operable cell is R = T, - T, for given
conditions, assume that the corresponding temperature drop for a
non-operational cell is Rg = BR, where 0 = 3 £ 1. C(Clearly B = 0 is the
zero heat removal case, and # = 1 corresponds to a fully functioning
cell. Incorporating this benefit into Equation (l4) yields:

=
L]

£T, + (1-£)(Tp-Re)

L}

[f + Q-£)BRIT, + (1-£)(1-R)Ty (18)
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This relation could now be used with Equation (15) and new constants
t; and Kj, could be derived as before. To avoid this additional
analysis, a new factor F is introduced:

F=f + (1-f)B ' (19)
and the average temperature of water entering the basin is now

Tg= FT, + (1-F)Ty (20)

Note that this relation is formally identical to Equation (14), when
f is replaced by F. Whereas f was the fraction of operable cells when
no cooling takes place in inoperable cells, F can be viewed as an
effective fraction of operable cells, when natural convection cooling
effects are considered. The earlier derived solutions, including the
constants of Equations (16) and (17), apply directly to the natural
convection case, provided that f is replaced with F.

Consider one example to demonstrate the potential benefit of this
effect. One accident scenario that may have to be evaluated is that of
passing water through 3 cells, 2 of which are inoperable. Assume that
B =0.1, i.e., natural convection cooling only removes 10% of the load
that an operating cell removes. Equation (19) yields F = 0.4, an
improvement of 23% over the f = 0.33 case. With B = 0.2, F = 0.47, an
improvement of 40%.

haracteristi the Ger fon;

As presented, Equation (10) appears somewhat complex due to the
presence of numerous terms and auxiliary definitions. The purpose of
this section is to demonstrate that this solution is fairly
straightforward and further, that for easily visualized transients,
Equation (10) yields physically acceptable results.

The solution gives the time dependence of the basin temperature for
the specific case where both the load and the tower characteristic are
approximated by continuous piecewise linear functions. Transitions from
one linear segment to another, for both functions, are accomplished by
evaluation of the initialization constant Cij+ To demonstrate the
characteristics, (i.e. nature), of the solution we first discuss the
governing time constant and then examine the system response to two
idealized loads.

For the present discussion assume that both the LOCA load and tower
response are given by single linear segments:
ATL = mt + b

T. = MT, + B
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where m, b, M and B are constants. The overall system time constant,
given in Equation (16), is comprised of three factors all of which relate
to global tower performance: '

T = TT/(]- - M)f

First, the time required for all of the system water to pass through the
tower is given by 1tp = MB/ﬁ. Intuitively, the larger the system
inventory or the smaller the mass flow rate, the longer the time for the
tower to respond to a changing load. The term containing M, (with
typical values of 0.3 - 0.5), reflects the rate of change of T. with
respect to changing Tp,. Lower values of M indicate that even gor large
changes in the hot water temperature, the corresponding cold water
temperature change is less than the change in T,. As a result, the time
for the tower to respond decreases. The third term specifies the
fraction of the tower which is operable and available for heat removal.
For example, if only two of the four cells are functioning, the heat
removal rate is decreased significantly from that of a fully operational
tower, and the response time, accordingly, is increased. 1In the
discussions that follow, f is set to unity to simplify the analysis.

The extreme case of a step change in the load is now considered.
Assume that a non-zero steady state load is present and that at time t
equals zero, the load instantly increases to a new steady state value:

~
(=]

ATL = bo, t

v
o

=b, t
Equation (9) then simplifies to the following
Tp(t) = Tpgexp(-t/t) + [(Mb + B)/(1 - M)][1 - exp(-t/v)] (21)

where Ty, is the steady state basin temperature corresponding to the
initial ?oad bg. The final steady state basin temperature is given by

Tgy = (Mb + B)/(1 - M)

This is easily verified by using Equations (2) and (3) and recognizing
that T, and Ty are equal at times much longer than t. Employing this
expression for Tp; in the above solution yields the following

Tg(t) = Tgy[l - exp(~t/t)] + Tppexp(-t/t) (22)
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In this form the basin temperature response is recognized as that of a
classical first order system with a time constant <.

The second most easily visualized example ig that of ramp load.
Assume that a steady state load of b has been applied to the towers for a
long time, and that the basin temperature is Tgg. At time t equals zero ,
a linearly increasing load is then imposed on the system:

ATL = b, t <0

il
(=]

mt +b, t 2
Equation (9) can then be arranged as follows:

Tg(t) = [m(t -~ ©) + bJM/(1 - M) + B/(1 -~ M) + Cexp(-t/T)

where C = Tpg + M(mt - b)/(1 - M) - B/(1 - M)

As was the case in the example of the step change in load, for time
larger than t, the exponential terms in the response to the ramp rapidly
decay away: this is the expected response of a first order system. The
basin temperature thereafter is linearly increasing with slope Mm/ (1-M)
and delayed in time by the characteristic time <T.

The preceding discussion demonstrates, that in principle, the system
response to specified loads is easily evaluated. Further, interpretation
of the responses is fairly straightforward. For more accurate, and
therefore more complex, characterizations of the load and tower
performance, the solutions become burdensome. In particular, it is the
evaluation of initialization constant C;;» at each transition, (typically
more than 30 times), which prompted deveiopment of a computer code to
complete the calculations.
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The equations which have to be manipulated are:

(7) TC = Mi(TB + mjt + bj) + Bi

Y

- Evaluate: T, - Tp = Mi(mjt + bj) + B; - (1-M;)Tp

- Re-arranging: dTg , (I“Mj)TB - !i(mjt + bj) + Bi
EE_ TT TT ?E

- Define new time constant:

T

i = TT/(I—Mi)

or TT

- Substituting: dTp + Tp = [Mi ]mit #by  + By

- Define new term: Ki = M
1M,
i

(1—Mi)'ti

- Obtain final differential Equation (8):

[=¥%

‘ﬁ+_’£‘hsxi(mit+b1~) + B.

dt T4 T4 —Mi T4
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- Reformulate Equation (8) as follows:

2%5 + aTg = kgt + kg (B.1)

o

with: a = 1l/tg
kl = Kimj/Ti
kg = Kibj/'ti + Bi/(l - Mi)‘ti
- Equation (B.1l) is a first order linear differential equation and several

methods are available for determining the required solution, (e.g.,
Method of Undetermined Coefficients, Laplace Transforms, etc.)

- The left-hand side of the equation, with constant coefficient "a',
requires that the solution include a term of the form e~at, Further, the
right-hand side of (B.1), with k; & kj as constants, suggests that the
solution include terms in powers of "t'". ,

- Consider the following general solution for (B.1):

Tg(t) = Ce™@% + At + B (B.2)

where the constants A and B can be determined by reformulating (B.1) by
use of (B.2)

- Take first derivative of (B.2):
dT
—B . _ace2t 4+ a (B.3)
dt

- Formulate the left hand side of (B.1) using (B.2) and (B.3):

dT
E—g + aTp = [-ace 2t + A) + a[Ce‘at + At + B]
t

(aA)t + (A + aB)

kit + kg, from (B.1)

- Equating coefficients:

aA = kl ——— A = kl/a

A + aB

1 k
ky —~——> B = “(ky - A) = *Q -
0 a 0 a

o br
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- The following general solution is then obtained:

k k
2es 2 - (B.4)

- The constant C will now be determined. Recall that the three constants
ky, ky and a, defined in (B.l), incorporate the LOCA load for the j;h
time interval, and tower heat removal for the ith Ty interval.

- Agsume that the initial basin temperature is Tp,. The temperature rise
across the LOCA load is characterized by m; and b; and these apply over
the interval 0 - 45 sec. The T, interval characterizing the tower heat
removal is determined by evaluating T, = Tg + ATL. As Ty, increases or
decreases, different linear segments, T; ; S T, S Ty, will be
encountered, and re-initialization of the solution is required at each
crossover. At a minimum then, re-initialization is required at 45
seconds, although it is likely that earlier re-initializations will be
required due to crossing into new Ty intervals. At this
re—initialization, new values of m; & b, or M; and By, will have to be
incorporated, and in doing this the value of C must be updated as well.

- Assume that at time t;. a transition from one LOCA or tower interval to
another is required. %he basin temperature at this time is T (tij),
which was evaluated in the previous interval. Because for t 2 ti:, the
LOCA is in the jih time interval and the tower response is in the™i
temperature interval, the basin temperature is given by (B.4), with C yet
to be determined. Requiring that TB(t) be a continuous function yields:

TB(t=tij) = TB(tij)
k k k
-ativ 1 0 1
= Ce Iy —t:: 4 (o— - —)
a “ij a a2
Solving for C:
ky kg Ky
at; .
C = [TB(tij) - E‘tij - (a—‘ - —)]e 1J
al
= Cij

Note that C has been redefined as C; 5 because it is to be used only for
the ij time and ifB tower intervals:
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- Transform the solution to the original constants, M;B;, m.b., etc;

3]

a =1/t
kl = Kimj/ti
ko = Kibj/ti + Bi/(l—Mi)Ti‘
kl k
a = kiti = Kim. . ~E = KiMjTi

a
k . B.
9. = Kibs + —o
T = koti = Kle +-14”I

By

t '/t'
C = [T - K.m K:b 4 K.m:t e i 1
ij [ B(tij) i jtij ( i j I:Mi i j i)] J

tij Bi

tes/Te
= [Tp(tys) - miKyeg(-1 + =) - Kybs: ~ le 15/74
ij jhiti Ty iYj M

This is the initialization constant given by Equation (10).

Evaluate the remaining two terms of (B.4):

k k k
“lt + "g - ""l = Kimjt + Kjbj +
a a a? 1My

By

- Kimjti

Y]

. B:
= mjKiTi(~1 + t/Ti) + Kibj + T:%I

Equation (B.5) is then given by:

—t/Ti Bi
TB(t) = Cije + ijiti(—l + t/ti) + Kibj + I:M;

This is the general equation for the basin temperature as a function of
time when the LOCA is characterized by mj & bj and the tower by My & Bj;:
Equation (9).
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- This appendix gives the solution to Equation (11), which is a
differential equation describing the heat-up of the ESW water inventory
when subjected to a LOCA load when no heat is removed by the cooling

tower:
9Tp = (mst + by)/ty (11)
dt
- Integrating both sides of this equation with respect to time yields:
= (m:t2 . .
Tp(t) = (m3t=/2 +_th)/tT +Cj. (c.1)

where CJ is a constant to be determined by in1t1al conditions. This is
Equation (12).

- Assume that at LOCA onset the basin temperature is Tgy. The constants my
and by characterize the LOCA during the first interva?:

Tg(t) = (mt?/2 + byt)/1p + ¢
- Evaluate this expression at time equals zero:
Tg(t=0) = Tpg = C;
T(t) = (m1:2/2 + Bit)/tr + Ty
where this expression applies only for the first time interval.

- Equation (C.l1) describes the basin temperature heatup during the JLL time
interval, and C; is yet to be determined. The basin temperature at the
beginning of this interval, at time t. ~1s is T (t 1), ﬁnd is determined
by evaluating (C.1) with the LOCA constants of thd j-182 jnterval.

TB(tztj_l) TB(tj_l)

t2, .t .
(mJt J_1/?. + thJ_l)/tT + CJ

- Solving for Cy gives Equation (13):

Cj = .TB(tj_l) - [mjtzj_llz + b tJ 1]/1'.{'
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- This appendix provides the arithmetic manipulations required to. produce
equations (21) and (22). These equations give the basin temperature as a
function of time when subjected to a step change in load, and a ramp
load, respectively.

- As stated, the tower temperature response is approximated by a single
linear relation:

TC=MTh+B

Figure 2 shows the quality of fit when using a single versus several
linear segment approximation: over the 48 degree interval of Ty, shown,
the single segment approximation introduces no more than a one degree
error.

- With f = 1, Equations (16) and (17) then yield:

~
|
|
|
1
|
|

v

A
I

= g/ (1)

M/(1-M)

Kj=————-> K

- For the tower response to a step change in load:

gyt = 0,
mj ————— >m =0,
bj——=—=>b,

Tp(tij)—> Tpo
and Equation (10) yields:

C; s=———> C

1 Tgo - Kb - B/(1-M)

Tpo - (Mb+B)/(1—M)
- Using the preceding, Equation (9) yields:
Tp(t) = C [exp(~t/t)] + Mb/(1-M) + B/(1-M)

= Tpg exp(-t/t) + [(Mb+B)/(1-M] [l-exp(-t/1)],

and this is Equation (21).
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ZMECH
SP/tb

For the tower response to a ramp load, with a non-zero value of m., the
above identifications, (Ki' tij’ bj, etc.), are unchanged with the
following exception:

The initialization constant given in Equation (10) is then:

Cij —==> C = Tpg = Mmt (-1)/(1-M) - Mb/(1-M) - B/(1-M),
and Equation (9) then yields:

Tp(t) = Ce(—t/j) + Mm(-1 + t/t) + Mb/(1-M) + B/(1-M)

= [m(t-t) + b] M/(1-M) + B/(1-M) + Ce(~t/1),

and this is Equation (22).

/1432



EXHTBIT I
EBRC-QR-51.D
CALC. $NED~Q~-MST
Page 24 aof 26

EIGURE 4 |
SCHEMATIC OF BYRON ESW COOLING TOWERG 76 g =

g
[ 11 =
o0 ic><= o | O A .
i m
Tower
z T Tndsindual Cells
V

T
(N HORNES
« Towrer Baseir :’\% 7

N Yelm
Ta —J

3y

My = mass of warer in the ESW system (1lbm)

@ = total mass flow rate to tower (lb/hr) .

Th = temperature of water entering tower (°F)
T = temperature of water leaving an operating cell (°F)

ATL = increase in ESW water temperature due to load (°F)

Ty = temperature of water leaving tower basin (°F)
temperature of water entering tower basin (°r)

3
T ®m
]

NOTE: The distinction is made between Te and Tc in order to simulate the effect
of bypassing one or more cooling tower cells.
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ESW Tower Performance

As A Function Of Thot

FIGURE 2
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FIGURE 3
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LOCA Load Profile vs LFI
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