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R.A. (Al) Dodds, lll
Director, Nuclear Safety Assurance
Waterford 3

W3F1-2004-0117
November 16, 2004

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555

SUBJECT: Supplement to Amendment Request NPF-38-249
Extended Power Uprate
Waterford Steam Electric Station, Unit 3
Docket No. 50-382
License No. NPF-38

REFERENCES: 1. Entergy Letter dated November 13, 2003, “License Amendment

Request NPF-38-249 Extended Power Uprate”

2. Entergy Letter dated October 29, 2004, “Supplement to Amendment
Request NPF-38-249 Extended Power Uprate”

3. Entergy Letter dated August 25, 2004, “Supplement to Amendment
Request NPF-38-249 Extended Power Uprate”

4. Entergy Letter dated July 14, 2004, “Supplement to Amendment
Request NPF-38-249 Extended Power Uprate”

Dear Sir or Madam:

By letter (Reference 1) Entergy Operations, Inc. (Entergy) proposed a change to the
Waterford Steam Electric Station, Unit 3 (Waterford 3) Operating License and Technical
Specifications to increase the unit’s rated thermal power level from 3441 megawatts thermal
(MWt) to 3716 MWit. By letter (Reference 2) Entergy supplemented the proposed change to
revise the volumes of emergency diesel generator fuel oil required by Technical
Specifications 3.8.1.1 and 3.8.1.2 to support extended power uprate.

On November 9, 2004, Entergy and members of your staff held a call to discuss the proposed
change to Technical Specification 3.8.1.1 and 3.8.1.2. As a result of the call, one item was
determined to need a formal response. Entergy’s response is contained in Attachment 1.
Additionally, a marked-up Technical Specification Bases page is provided, for information
only, in Attachment 2.

Additionally, in Attachment 5 to Reference 3, Entergy submitted additional information
regarding spent fuel pool cooling analysis. This information has subsequently been revised
and the revised information is provided in Attachment 3.

The no significant hazards consideration included in References 2 and 4 are not affected by
any information contained in this supplemental letter. There are no new commitments
contained in this letter. l
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If you have any questions or require additional information, please contact D. Bryan Miller at
504-739-6692.
| declare under penalty of perjury that the foregoing is true and correct. Executed on

November 16, 2004.

Sincerely,

-’r: Dﬁ&A , <<
RAD/DBM/cbh

Attachments:

1. Supplemental Information Related to Emergency Diesel Generator Fuel Oil
2. Revised Markup of Technical Specification Bases Pages

3. Additional Information Regarding EPU Spent Fuel Pool Cooling Analysis
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ccC:

Dr. Bruce S. Mallett

U. S. Nuclear Regulatory Commission
Region IV

611 Ryan Plaza Drive, Suite 400
Arlington, TX 76011

NRC Senior Resident Inspector
Waterford 3

P.O. Box 822

Killona, LA 70066-0751

U.S. Nuclear Regulatory Commission
Attn: Mr. Nageswaran Kalyanam MS O-7D1
Washington, DC 20555-0001

Wise, Carter, Child & Caraway
Attn: J. Smith

P.O. Box 651

Jackson, MS 39205

Winston & Strawn

Attn: N.S. Reynolds

1400 L Street, NW
Washington, DC 20005-3502

Louisiana Department of Environmental Quality
Office of Environmental Compliance
Surveillance Division

P. O. Box 4312

Baton Rouge, LA 70821-4312

American Nuclear Insurers
Attn: Library

Town Center Suite 300S

29" S. Main Street

West Hartford, CT 06107-2445
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Supplemental Information Related to Emergency Diesel Generator Fuel Oil

In the Entergy Operations, Inc. (Entergy) letter dated October 29, 2004, Entergy proposed to
revise the volumes of emergency diesel generator (DG) fuel oil required by Waterford Steam
Electric Station, Unit 3 (Waterford 3) Technical Specifications 3.8.1.1 and 3.8.1.2 to support
extended power uprate (EPU) operation. Specifically, 38,760 gallons is being changed to
39,300 gallons and 38,000 gallons is being changed to 37,000 gallons.

As described in the October 29, 2004 submittal, the proposed volume of 39,300 gallons
useable will provide the DG with a post-EPU seven day supply of fuel oil based on the load
dependent method for calculating stored fuel oil. Also, as described in the October 29, 2004
submittal, the proposed volume of 37,000 gallons useable will provide the DG with a five day
supply of fuel oil based on full continuous load (4400kW) of the DG. It should also be noted
that 37,000 gallons useable will provide the DG with greater than a six day supply of fuel oil
post-EPU based on the load dependent method for calculating stored fuel oil consistent with a
bases for the NRC's approval of Amendment 92. Calculations indicate that the DG can
operate for approximately 6 days and 15 hours on 37,000 gallons of fuel oil based on the load
dependent method for calculating stored fuel oil.
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3/4.8 ELECTRICAL POWER SYSTEMS
BASES

3/4.8.1,3/4.8.2 and 3/4.8.3 A.C. SOURCES, D.C SOURCES, AND ONSITE POWER
DISTRIBUTION SYSTEM

The OPERABILITY of the A.C. and D.C. power sources and associated distribution
systems during operation ensures that sufficient power will be available to supply the safety-
related equipment required for (1) the safe shutdown of the facility and (2) the mitigation and
control of accident conditions within the facility. The minimum specified independent and
redundant A.C. and D.C. power sources and distribution systems satisfy the requirements of

neral Design Criterion 17 of Appendix A to 10 CFR Part 50.

The Limiting Condition for Operation (LCO) ensures that each diesel generator storage
tank ci tains fuel oil of a suffsclent volume to operate each diesel generator for a period of 7

generalor 1onowmg aloss of offsite power and a design bases accident and includes the
capacity to power the engineered safety features in conformance with Regulatory Guile 1.137
October 19794 The minimum onsite stored fuel oil is sufficient to operate the diesel generator

discussedin FSAR 9.5.4.2.

An additional provision is included in the LCO which allow the diesel generators to remain
operable when their 7 day fuel oil supply is not available? This provision is acceptable on the
basis that replacement fuel oil is onsite within the first 48 hours after falling below the 7 day
supply, ?

The ACTION requirements specified for the levels of degradation of the power sources
provide restriction upon continued facility operation commensurate with the level of
degradation. The OPERABILITY of the power sources are consistent with the initial condition
assumptions of the safety analyses and are based upon maintaining at least one redundant set
of onsite A.C. and D.C. power sources and associated distribution systems OPERABLE during
accident conditions coincident with an assumed loss-of-offsite power and single failure of the
other onsite A.C. source. When one diesel generator is inoperable to perform either
preplanned maintenance {both preventive and corrective) or unplanned corrective maintenance
work, the allowed-outage-time (AOT) can be extended from 72 hours to 10 days, if a temporary
emergency diesel generator (TEDG) is veritied available and aligned for backup operation to
the permanent plant EDG removed from service. The TEDG will be available prior to removing
the permanent plant EDG from service for the extended preplanned maintenance work or prior
to exceeding the 72-hour AOT for the extended unplanned corrective maintenance work. A
Configuration Risk Management Program (CRMP) is implemented to assess risk of this activity
when applying this ACTION. The TEDG availability is verified by: (1) starting the TEDG and
verifying proper operation; (2) verifying 24 hour onsite fuel supply; and (3) ensuring the TEDG
is aligned to supply power through a 4.16 kV non-satety bus to the 4.16kV safety bus. A status
check for TEDG availability will also be performed at least once every 72 hours following the
initial TEDG availability verification. The status check shall consists of: (1) verilying the TEDG
equipment is mechanically and electrically ready for manual operation; (2) verifying 24 hour
onsite fuel supply; and (3) ensuring the TEDG is aligned to supply power through a 4.16 kV
non-safety bus to the 4.16 kV safety bus. I the TEDG becomes unavailable during the 10 day
AOT and cannot be restored to available status, the EDG AOT reverts back to 72-hours. The

WATERFORD - UNIT 3 B 3/4 8-1 AMENDMENT NO. 92,366
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Bases Inserts
Insert #1

The LCO limit of 39,300 gallons useable corresponds to a level of 96.41% in the fuel oil
storage tank. This useable volume is sufficient to operate the diesel generator for 7 days...

Insert #2

To account for instrument uncertainty at least 97.86% indicated level is maintained in the
fuel oil storage tank to assure that 39,300 usable gallons are available.

Insert #3
... provided that at least a 6 day supply of fuel oil is available.
Insert #4

The LCO limit of 37,000 gallons useable corresponds to a level of 80.76% in the fuel oil
storage tank. This useable volume is sufficient to operate the diesel generator for 5 days
based on the full continuous load (4400kW) of the diesel generator and is sufficient to
operate the diesel generator for greater than 6 days based on the time dependent loads of
the diesel generator following a loss of offsite power and a design basis accident. To
account for instrument uncertainty at least 92.21% indicated level is maintained in the fuel
oil storage tank to assure that 37,000 usable gallons are available.
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Additional Information Regarding EPU Spent Fuel Pool Cooling Analysis
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1.0 Purpose:

This calculation has two distinct purposes. One is to evaluate the spent fuel pool
cooling loads on the Ultimate Heat Sink based upon the physical storage limitations of
the spent fuel pool and cask storage area (2104 assemblies). The other purpose is to -
evaluate the decay heat loads in the spent fuel pool for refueling and fuel storage

management.

1.

This calculation evaluates the spent fuel pool (SFP) heat load (decay heat), for

use in calculations MN(Q)-9-3. "Ultimate Heat Sink Study" and MN(Q)-9-9,

"Wet Cooling Tower Losses During LOCA" at various times after shutdown for

the following storage conditions:

¢ SFP contains a total of 1,849 spent fuel assemblies (FA) with 1,792
previously stored assemblies plus 108 assemblies discharged during the
last outage.

e SFP contains a total of 1,849 spent fuel assemblies (FA) with 1,684
previously stored assemblies plus 217 assemblies discharged during the

last outage.

o SFP & SFP cask storage area contain a total of 2,104 spent fuel assemblies
(FA) with 2,008 previously stored assemblies plus 108 assemblies
discharged during the last outage.

e SFP & SFP cask storage pit contain a total of 2,104 spent fuel assemblies
(FA) with 1,900 previously stored assemblies plus 217 assemblies
discharged during the last outage.

This calculation provides updated Spent Fuel Pool Cooling Capability for
Attachment 9.5 of Refueling Procedure RF-005-001. 2332 previously offloaded
assemblies are assumed for the partial core offload, and 2224 previously
offloaded assemblies are assumed for the full core offload. This analysis
bounds the number of assemblies as discussed in Technical Specification

Bases 5.6.4.

For both purposes, the decay heat loads are calculated at 3 (72 hours), 5§ (120 hours),
7 (168 hours), 10 (240 hours), 15 days (360 hours) and 1 month (720 hours) after

reactor shutdown.
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2.0 References:

1. Calculation EC-M98-022, Rev 0, "Thermal - Hydraulic Analysis of Waterford 3
Spent Fuel Pool"

2. USNRC Branch Technical Position ASB 9-2, Residual Decay Energy for Light-
Water Reactors for Long-Term Cooling Rev 2 - July 1981

3. NEAD Letter, DE-96/00005, Waterford 3 Fuel Performance Summary, January 15,
1996.

4, Calculation EC-M98-067, Rev 0, ‘“Limiting Thermal-Hydraulic Analysis of
Waterford 3 Spent Fuel Pool”

3.0 Method:

Ref. 1 provides a thermal-hydraulic analysis of the Waterford 3 Spent Fuel Pool
cooling system after the installation of HOLTEC high density fuel storage racks and a
proposed core thermal power uprate to 3661.2 MWt. Appendix L to Ref. 1 extends
the results of the original analysis to confirm that the calculated heat loads on the SFP
cooling system bound the heat loads associated with a 3716 MWt core power uprate.
An Excel spreadsheet was developed in Appendix L that summarizes refueling
offloads to the SFP and calculates the decay heat contributions from each offload to
the total heat load on the SFP cooling system. Decay heat loads for stored fuel are
calculated in accordance with the equations provided in Ref. 2. A time dependent
decay power fraction is calculated for each refueling discharge to the SFP and to the
SFP cask storage area. These power fractions are then used to calculate power
generation factors that relate decay power of the spent fuel to average full power
rating of an individual fuel assembly. These power factors can then be summed for
each specific core power rating and then the totals converted from power ratings in
Kw to heat rates in Btu/hr. The heat rates are then added to establish a total heat rate
contribution for all the previously stored offloads. Because these offloads have
storage times that are counted in years since reactor shutdown, the sum of their
respective heat loads is called the background decay heat load and is treated as a
constant during the thermal evaluation of the most recent refueling offloads impact on

the cooling system.

The total decay heat load on the cooling system for the SFP or the SFP/ SFP cask
storage area is then the sum of the background decay heat load from the previous
refueling discharges plus the decay heat load from the current refueling discharge.
Decay heat is a strong function of time after reactor shutdown. Thus the heat load
contribution from the current or latest offioad dominates the total heat load on the
cooling system. Total decay heat loads for the most recent discharge are reported at
3, 5,7, 10, 15 days and 1 month after shutdown to illustrate the rapid decline in decay

heat over time.
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The decay power fractions that ultimately determine the decay heat loads of the spent
fuel assemblies are calculated in accordance with the equations in Ref. 2 and are
generated in Attachment 3 of this calculation. The two critical dependent variables in
these equations are the cumulative reactor operating time of the fuel assemblies and
the time after reactor shutdown. The fission product decay term in the decay energy
calculation includes an uncertainty factor K. A typographical error in the application of
the uncertainty factor K in Ref. 2 for fission product decay calculation has been
corrected in the power fraction calculations in Attachment 3. When calculating decay
power fractions per Attachment 3 the following input data was used:

e Fuel assemblies have a cumulative operating time of 4.5 years.
o Refuelings are performed on an 18 month cycle.

o Power fractions for the most recent offload at 3, 5, 7, 10, 15 days and 1month after
reactor shutdown.

4.0 Input Criteria And Assumptions:

The important input parameters to this calculation are the number of fuel assemblies
discharged at each refueling outage, the power level of the core for the discharged
assemblies, the cumulative storage times for each of the previous offloads and the
respective times after reactor shutdown for determining the decay heat loads for the
current refueling offload. The Excel spreadsheet format developed in Ref. 1 is used to
capture all the required input data and then to calculate the decay heat loads.
Attachment 1 has the spreadsheets generated for a partial core offload of 108
assemblies to the SFP and for a full core offload to the SFP. Aftachment 2 has
comparable spreadsheets for a partial core offload of 108 spent assemblies to the
SFP/SFP Cask Storage Area and for a full core offload to the SFP/SFP Cask Storage
Area. The prime difference between the two attachments is in the overall storage
capacity available. In Attachment 1 the SFP has a total storage capacity of 1,849
assemblies with the HOLTEC high density storage racks. The number of previously
stored fuel assemblies is adjusted between the partial core offload event and the full
core offload event to ensure that the total number of stored assemblies is close to
1,849. In Attachment 2 the SFP/SFP Cask Storage Area has a total storage area of
2,104 assemblies with the HOLTEC high density storage racks in place. Attachments
1 and 2 are used to determine the inputs to the Ultimate Heat Sink analyses,
calculations MN(Q)-9-3, "Ultimate Heat Sink Study" and MN(Q)-9-9, "Wet Cooling
Tower Losses During LOCA", Attachments 4, 5, and 6 are used to develop the inputs
to RF-005-001.

The Excel spreadsheets in Attachments 1, 2 and 6 consist of eleven columns of data.
The first seven columns all relate to refusling offloads. They indicate the number of
assemblies offloaded during a particular refueling outage, the core power level
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associated with the discharged fuel, the cumulative nhumber of assemblies placed in
storage after the offload and the years since discharge for each offload. The storage
times in the column labeled “Years Since Discharge” index by 18 month increments as
each subsequent offload is transferred to the SFP. Historical data is provided for
refueling cycles 1 through 11 for the 3390 MWt core. Offload estimates of 92 spent
assemblies are assumed for cycles 12 and 13 for the 3441 MWt core. Offloads of 108
spent fuel assemblies per discharge are assumed for each refueling outage after the
3716 MW uprate is implemented. The number of cycles that is included in a given
spreadsheet is dependent upon the storage capacity of the SFP or the SFP/SFP Cask
Storage Area. Attachment 1 is based on decay heat loads due to a full SFP.
Attachment 2 is based on a full SFP and Cask Storage Area. The number of spent
assemblies used in the decay heat load calculations exceeds the actual storage
capacity of the SFP or the SFP/SFP Cask Storage Area to provide some
conservatism to the total heat loads being reported. Attachment 6 provides a yet
more conservative analysis, assuming the SFP and Cask Storage Area are full, and
partial and full core offloads are then added. The number of assemblies assumed in
Attachment 6 fully bounds the Technical Specification Bases 5.6.4 maximum number
of assemblies (2398).

Columns 8 thru 10 are used to calculate the decay heat contribution of the discharged
assemblies. The column headed Power Fractions Based on ASB 9-2 provides the
decay heat fraction based on the time value since the fuel was discharged from the
reactor. The actual values are taken from Attachment 3. The power fraction is then
multiplied by the number of assemblies in a given offload to obtain a Power
Generation Factor which are listed in column 8. All the power generation factors
associated with a specific core power level are then total in column 9. The decay heat
load from all of the spent fuel assembly discharges from a given core power level is
then the product of the sum of the power generation factors in column 9 and the
average full power rating of an individual fuel assembly at the given core power rating.
As an example Y (core power factors for the 3390 MWt assemblies) x (3390 MW/217
core assemblies) gives the heat load in MW for all the stored assemblies from the
3390 MW core design. The actual decay heat of an individual spent fuel assembly is
a strong function of the assembly's power fraction in the core, especially during its last
cycle. Since the discharged assemblies in an offload will have much lower power
ratings compared to the core average, this method for determining decay heat load is
very conservative, and over estimates the decay heat load for a normal refueling
outage but not a full core off-load.

A summary of the assumptions used to generate the decay heat loads in Attachments
1 and 2 are as folfows:

e all refueling outages are performed on an 18 month fuel cycle
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5.0

e core power level is 3390 MWt for cycles 1 thru 11
e core power level is 3441MW for cycles 12 and 13
e core power uprate to 3716 MWt power level impacts cycles 14 and beyond

e calculations of decay heat loads include a 2% uncertainty on the power level of
the 3390 MW!t core assemblies and a 0.5% uncertainty on the 3441and 3716

MWt core assemblies

e decay power fractions in accordance with ASB 9-2 are used to calculate the decay
heat load for refueling offloads that comprise the background heat load (see

attachment 3)

decay term.
Results Summary:

All power fractions include a "K" uncertainty factor of 0.1 in the fission product

The following table provides the total decay heat for a full SFP at 3, 5, 7, 10, 15 and
30 days after reactor shutdown. The decay heat values are based on the storage
capacity of the SFP being limited to 1,849 assemblies with the high capacity HOLTEC
storage racks in place. For the partial core offload of 108 assemblies the background
decay heat is based on 1,792 previously stored assemblies from 19 fuel cycles. For
the full core offload of 217 assemblies the background decay heat is based on 1,684
previously stored assemblies from 18 fuel cycles.

Time After Decay Heat (10° Btu/hr) Decay Heat (10° Btu/hr)
Shutdown (days) 108 Assembly Discharge Full Core Discharge
3 32.73 59.79
5 27.46 49.21
7 24.55 43.36
10 22.06 38.36
15 19.73 33.66
30 15.98 26.14

The following table provides the total decay heat for a full SFP & SFP Cask Storage
Area at 3, 5, 7, 10, 15 and 30 days after reactor shutdown. The decay heat values are
based on the storage capacity of the SFP & SFP Cask Storage area being limited to
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2,104 assemblies with the high capacity HOLTEC storage racks in place. For the
partial core offload of 108 assemblies the background decay heat is based on 2,008
previously stored assemblies from 21 fuel cycles. For the full cors offload of 217
assemblies the background decay heat is based on 1,900 previously stored assemblies
from 20 fuel cycles. This analysis provides the conclusions for Purpose 1, which is to
provide input to the Ultimate Heat Sink analysis.

Time After Decay Heat (10 Btu/hr) Decay Heat (10° Btu/hr)
Shutdown (days) 108 Assembly Discharge Full Core Discharge
3 33.17 60.24
5 27.91 49.67
7 24.99 43.81
10 22.51 38.82
15 20.17 33.12
30 16.42 26.59

The following table provides the total decay heat for a full SFP & SFP Cask Storage
Area at 3, 5, 7, 10, 15 and 30 days after reactor shutdown, with an additional full or
partial core current offload. This evaluation conservatively bounds the physical
capacity of these areas (2104 assemblies). For the partial core offload of 108
assemblies the background decay heat is based on 2,332 previously stored assemblies
from 24 fuel cycles. For the full core offload of 217 assemblies the background decay
heat is based on 2224 previously stored assemblies from 23 fuel cycles. The total
number of assemblies analyzed for the full core offload (2441) and the partial core
offload (2440) exceeds the maximum storage capacity of the spent fuel pool, cask
storage area, and refueling canal as defined by Technical Specification 5.6.4 (2398
assemblies). The refueling canal is only used during the final offload, and has a
maximum capacity of 294 assemblies. This data is taken from Attachment 6, and
(along with Attachments 4 and 5) is used to provide input to RF-005-001.
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Time After Decay Heat (10° Btu/hr) Decay Heat (10° Btu/hr)
Shutdown (days) 108 Assembly Discharge Full Core Discharge
3 33.81 60.88
5 28.54 50.30
7 25.63 44.45
10 23.14 39.45
15 20.81 3475
30 17.06 27.23

Attachment 4 provides an update to the offloading data provided in Attachment 9.5 of
Refueling Procedure RF-005-001. The changes result from new estimates on spent
fuel decay heat loads due to corrections to the power fraction equations in ASB 9-2
and SFP heat exchanger heat duty limits from Ref. 4. Revised CCW temperature
requirements to support a full core offload are also reported. The CCW temperature
requirements reflect updated SFP HX performance predictions from Ref. 1.

Attachment 5 provides updated shutdown offloading times if the Backup SFP HX is
used to handle the decay heat loads from a partial core offload or a full core offioad

after the 3716 MWt uprate.

6.0 Calculations:

The total decay heat is calculated for the SFP containing approximately 1849 spent
fuel assemblies with either a partial core offioad of 108 assemblies or a full core
discharge of 217 assemblies as the last refueling outage, for 3, 5, 7, 10, 15 and 30
days after shutdown. This is detailed in Attachment 1. This calculation is then
repeated for the SFP containing 1849 assemblies and the SFP Cask Storage Area
containing and additional 255 spent assemblies (2104 total assemblies). This is
detailed in Attachment 2. Decay heats are reported at 3, §, 7, 10, 15 and 30 days
after shutdown. The decay power fractions for the refueling cycles forming the
background decay heats as well as the values used at 3, 5, 7, 10, 15 and 30 days
after shutdown were taken from an Excel spreadsheet based on the equations in ASB
9-2. A copy of the Excel spreadsheet and resulting power fractions is provided as
Attachment 3. The power fraction terms all include a K uncertainty factor of 0.1 in the
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fission product decay term as specified in the Standard Review Plan, NUREG-0800.
Attachment 6 provides a similar analysis assuming 2332 previously offloaded
assemblies for the partial core discharge case, and 2224 previously offloaded
assemblies for the full core discharge case.
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The following Excel spreadsheet calculates the decay heat load contribution for each refueling
outage from RF cycle 1 to RF cycle 20. The following assumptions were made in developing this

spreadsheet:

1.
2. The nominal core power level for cycles 12 and 13 is 3441 MWt

3.

4. The number of spent assemblies offloaded for cycles 1 thru 11 represents historical plant

o

The nominal core power level for cycles 1 thru 11 is 3390 MWH.

The power uprate to 3716 MWt impacts the spent fuel assemblies starting with Cycle 14.

data.
Offloads for Cycles 12 and 13 are assumed values.

. The maximum number of spent fuel assemblies discharged after the uprate to 3716 MWt is

108 spent fuel assemblies per outage.

. Decay power fractions are based on ASB 9-2. All power fraction calculations include a K

term with a value of 0.1 in the fission decay term.

. Power level uncertainty factors are applied to all decay heat calculations. A 2% uncertainty

factor is applied to the 3380 MW! core and a 0.5% uncertainty factor is applied to the 3441
and 3716 MW!1 cores.

The values in the column labeled "Non Dim Power Gen Factor” are the product of the number of
assemblies discharged in a cycle multiplied by the power fraction value for that particular cycle.
The decay heat spreadsheet is patterned after the master version in calculation EC-M98-022
Appendix L. Long term decay times are adjusted based on the number of refueling outages
required to fill the respective storage capacity being evaluated. In this attachment, spent fuel
storage is limited to1849 assemblies.
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Decay Heat Load Due to Full SFP
Partial Core Offload
SFP Capacity Limited to 1849 Assemblies

EOC CYCLE Assemblies Cumulative Years Since  Non Dim Power
Date EFPY Discharged Fuel Pool Discharge Gen. Factor

(# assys x P.F.)

11726/86 45 92 92 29 0.002941737
04/01/88 45 84 176 215 0.002784055
09/23/89 4.5 84 260 26 0.002885761
03/15/91 4.5 84 344 245 0.002991182
09/20/92 4.5 84 428 22,92 0.003106393
03/04/94 A5 92 520 21.1 0.003553627
09/22/195 45 96 618 19.5 0.003852801
04/11/97 4.5 84 700 18 0.003494358
02/05/99 4.5 92 792 16.5 0.003966972
09/15/00 4.5 92 884 15 0.004111919
03/15/02 45 76 960 135 0.003520982
09/15/03 4.5 92 1052 12 0.004418388
03/15/05 45 92 1144 10.5 0.004581581
09/15/06 45 108 1252 9 0.005583343
03/15/08 45 108 1360 7.5 0.005821709
09/15/09 4.5 108 1468 6 0.006173838
03/15/11 4.5 108 1676 45 0.006964770
09/15/12 45 108 1684 3 0.009516736
03/15/14 45 108 1792 1.5 0.019501933
09/15/16 4.5 . 108 1900 72 hrs 0.460384118
99 hrs 0.403087995

106 hrs 0.391341308

120 hrs 0.370780526

168hrs 0.321192409

184 hrs 0.309461029

240 hrs 0.278861811

360 hrs 0.239044167

720 hrs 0.17527449

Sum of
Power Gan
Factors

0.0372098

0.0090000

0.0539623

Power
Fractions
Based on ASB
8.2
3.197540E-05
3.314351E-05
3.435430E-05
3.560931E-05
3.698087E-05
3.862638E-05
4.013335E-05
4.158950E-05
4.311926E-05
4.469477E-05
4.632871E-05
4.802595E-05
4.979980E-05
5,169762E-05
5.390471E-05
5.716516€E-05
6.448861FE-05
8.811793E-05
1.842772E-04

4.262816E-03
3.732296E-03
3.623531E-03
3.433153€-03
2.974004E-03
2.865380E-03
2.582054E-03
2.213372E-03
1.622912E-03

Heat Load
per Assy
Btulhr

1,705
1,767
1,832
1,899
1,972
2,059
2,140
2,218
2,299
2,383
2,470
2,561
2,911
3,022
3,150
3,341
3,769
5,150
10,770

249,143
218,137
211,780
200,653
173,818
167,469
150,910
129,362
94,852
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Background decay heat load due to 19 previous refueling offloads

Where the background decay heat load Is calculated as follows

5,683,149

Btu/hr

Background heat Ioad = 0.0372098*3390000*1.023413/217+0.009*344 1000"1.005°3413°217+.0.0539623*3716000°1.005°3413/217

Decay heat due to partial core offload at times Indicated

This is the 3 day limiting heat value assuming all assemblies offloaded at one time 72 hrs
This is the heat load at completion of offload assuming a start time 72 hours after 99 hrs
reactor shutdown and a maximum of 4 assemblies per hour transfarred to storage
Approximate time when pool reaches maximum bulk temperature 106 hrs
for 72 hour hold before fuel transfer is initiated
120 hrs
168 hrs
Approximate time when pool reaches peak temperature for a 7 day hold 184 hrs
prior to alf fuel being discharged
240 hrs
360 hrs
720 hrs

Where decay heet due to partial core offload equals

Non Dim Power Gen Factor at time * 3735000°3413/217

Example at 72 hours partial decay heat load = 0.460384118*3735000%3413/217 = 27,045,032

27,045,032
23,679,200

22,989,147

21,781,314
18,868,285
18,179,131

16,381,596
14,042,528
10,296,411

Btuhr
Btu/hr

Btu/hr

Btu/hr
Btu/hr
Btu/hr

Btuhr
Btwhr
Btuhr

Total Decay Heat Loads at times indicated equals partial heat load plus background heat load

72 hrs

89 hrs
106 hrs
120 hrs
168 hrs
184 hrs
240 hrs
360 hrs
720 hrs

32,728,181
29,362,349
28,672,296
27,464,463
24,551,434
23,862,280
22,064,745
19,725,677
15,979,560

Btuw/hr
Btu/hr
Btwhr
Btu/hr
Btuhr
Btu/hr
Btu/hr
Btu/hr
Btuhr
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3380
3390
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Decay Heat Load Due to Full SFP
Full Core Offload
SFP Capacity Limited to 1849 Assembilies

EOC CYCLE  Assemblles Cumulative Years Non Dim Power
Date EFPY Discharged Fuel Pool Since Gen., Factor
Discharge (#assysxP.F.)

11/26/86 45 92 92 215 0.003049203
04/01/88 45 84 176 26 0.002885761
09/23/89 45 84 260 245 0.002991182
03/15/91 4.5 84 344 22.92 0.003106393
09/20/92 45 84 428 211 0.003244616
03/04/94 45 92 520 19.5 0.003692268
09/22/95 A5 96 616 18 0.003993552
04/11/97 45 84 700 16.5 0.003622018
02/05/99 4.5 92 792 15 0.004111919
09/15/00 45 92 884 13.5 0.004262242
03/15/02 45 76 960 12 0.003649973
09/15/03 4.5 92 1052 10.5 0.004581581
03/15/05 45 92 1144 9 0.004756181
09/15/06 45 108 1252 75 0.005821709
03/15/08 A5 108 1360 6 0.006173838
09/15/09 45 108 1468 45 0.006964770
03/15/11 45 108 1576 3 0.009516738
09/15/12 45 108 1684 1.5 0.019901933
03/15/14 4.5 217 1901 72 hrs 0.925031051
128.25 hrs 0.728739120

120 hrs 7.449942E-01

168 hrs 6.453588E-01

240 hrs 5.603057E-01

360 hrs 4.803017E-01

720 hrs 3.521719E-01

Sum of
Power Gen
Factors

0.0386091

0.0093378

0.0483790

Power
Fractions
Based on
ASB 9-2

3.314351E-05
3.435430E-05
3.560931E-05
3.698087E-05
3.862638E-05
4.013335E-05
4.159950E-05
4.311926E-05
4.469477E-05
4.632871E-05
4.802595E-05
4.979980E-05
5.169762E-05
5.390471E-05
5.716516E-05
6.448861E-05
8.811793E-05
1.842772E-04

4.262816E-03
3.358245E-03
3.433163E-03
2.974004E-03
2.582054E-03
2.213372€-03
1.622912E-03

Heat Load
per Assy
Btulhr

1,767
1,832
1,899

1972
2,059

2,140
2,218
2,299
2,383
2,470
2,561

2,695
2,798

3,150
3,341

3,769
5,150
10,770

249,143
196,275
200,653
173,818
150,910
129,362
94,852
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Background decay heat load due to 18 previous refueling loads 5,449,634 Bfuwhr

Where decay heat load is calculated by the following expression

Heat load = 0.0386091*3350000*1.02*3413/217+0.0093378*3441000°1.005*3413/217+0.048379*3735000*3413/217

Full core offload decay heat load at times Indicated

This is 3 day limiting heat value assuming all assemblies offloaded at one time 72 hrs 54,340,480 Btu/hr
This is total time to offload full core starting at 72 hrs after shutdown 126.25 hrs 42,809,410 Btuhr
and transferring 4 assemblies/hr
120 hrs 43,764,307 Btuhr
168 hrs 37,914,277 Btuthr
240 hrs 32,914,873 Btuwhr
360 hrs 28,215,080 Btu/hr
720 hrs 20,688,159 Btuwhr
Decay heat due to full core offload s calculated by
Heat Load = Non Dim Power Gen Factor * 3735000 * 3413/ 217
Total Dacay Heat Load due to Full Core Offload at time
72 hrs 59,790,114 Btu/hr
126.25 hrs 48,259,044 Btu/hr
120 hrs 49,213,941 Btuhr
168 hrs 43,360,811 Btuhr
240 hrs 38,364,507 Btu/hr
360 hrs 33,664,714 Btwhr

720 hrs 26,137,793  Btwhr
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The following Excel spreadsheet calculates the decay heat load contribution for each refueling outage
from RF cycle 1 to RF cycle 22.

The following assumptions were made in developing this spreadsheet;
1.

. The nominal core power level for cycles 12 and 13 is 3441 MWt

. The power uprate to 3716 MWt impacts the spent fuel assemblies starting with cycle 14.

The nominal core power level for cycles 1 thru 11 is 3390 MWL

The number of spent assembilies offloaded for cycles 1 thru 11 represents historical plant data

. Offloads for cycles 12 and 13 are assumed values.

The number of spent fuel assemblies discharged after the uprate to 3716 MWt is a maximum of
108 assemblies per outage.

. Decay power fractions are based on ASB 9-2. All power fraction calculations include the K factor

with a value of 0.1 in the fission decay term.

. Power level uncertainty factors are applied to all decay heat calculations. A 2% uncertainty is

applied to the 3390 MWt care and a 0.5% uncertainty is applied to the 3441 and 3716 MWt
cores.

The values in the column labeled "Non Dim Power Gen Factor" are the product of the number of
assemblies discharged in a cycle multiplied by the power fraction value for that particular cycle. The
decay heat spreadsheet is patterned after the master version in calculation EC-M98-022 Appendix L.
Long term decay times are adjusted based on the number of refueling outages required to fill the
respective storage capacity being evaluated. In this attachment spent fuel assemblies are stored in
the SFP & Cask Storage area. The total storage capacity is limited to 2104 spent assemblies.
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Decay Heat Load Due to Full SFP & Cask Storage Area
Partial Core Offload
SFP Capacity Limited to 2104 Assemblies

Cycle No. Nom EOCDate CYCLE Assemblies Cumulative Fuel Years Since Non Dim Power Sum of Power Fractlons Heat Load per

Power EFPY Discharged Pool Discharge Gen. Facto Power Gen Based on ASB8-2 Assy Btufhr
(Mwt) (# assys x P. F.) Factors
1 3390 11/26/86 45 92 92 32 2.738034E-03 2.976124E-05 1,587
2 3390 04/01/88 45 84 176 30.5 2.591271E-03 3.084846E-05 1,845
3 3390 09/23/88 45 84 260 29 2.685934E-03 3.197540E-05 1,705
4 3380 03/15/91 45 84 344 275 2.784055E-03 3.314351E-05 1,767
) 3390 09/20/92 45 84 428 26 0.002885761 3.435430E-05 1,832
6 3380 03/04/94 45 7] 520 245 0.003276057 3.660931E-05 1,899
7 3390 09/22/95 45 98 616 2292 0.003550164 3.898087E-05 1,972
8 3390 o411/97 45 84 700 2114 0.0032446816 3.882638E-05 2,059
9 3390 02/05/99 45 2 792 195 3.692268E-03 4.013335E-05 2,140
10 3390 09/15/00 A5 82 884 18 0.003827154 4.159950E-05 2,218
1" 3390 03/15/02 45 76 960 185 0.003277064 0.0345524 4.311926E-05 2,209
12 3441 09/15/03 4.5 92 1052 15 0.004111919 4.46947TE-05 2,383
13 3441 03/15/05 4.5 92 1144 135 0.004262242 0.0083742 4.632871E-05 2,708
14 3716 09/15/08 4.5 108 1252 12 0.005186803 4.802585E-05 2,807
15 3716 03/15/08 4.5 108 1360 105 0.005378378 4.979380E-05 2,911
16 3716 09/15/09 45 108 1468 ] 0.005583343 5.169762E-05 3,022
17 3716 03/15/11 45 108 1576 75 0.005821709 6.390471E-05 3,150
18 3716 09/15/12 45 108 1684 8 0.006173838 5.716516E-05 3,341
19 3716 03/16/14 45 108 1792 45 0.008984770 6.448881E-05 3,769
20 3718 09/15/15 4.5 108 1800 3 0.0039516736 8.811793E-05 5,150
21 3716 03M15/17 45 108 2008 15 0.019901933 0.0845275 1.842772E-04 10,770
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3716 09/15/18 45 108 2116

Background decay heat load due to 21 previous refusiing foads

Whers

heat load = 0.0345524*3390000%1.02*3413/217+0.0083742°3441000*1.005*3413/217 + 0.0845275°37160001.005"3413/217

Decay heat due to partial core offload at times Indicated

Where
heat foad = Non Dim Power Gen Factor * 3735000 * 34137217

Total Decay Heat Load due to Partial Core Offload at times Indicated

72hrs
89 hrs
120 hrs
168 frs
240 hrs
360 hrs
720 trs

2tws
g9 hrs
120 hrs
168 hrs
240 hrs
360 hrs
T20hvs

72 hours
120 hours
168 hours
240 hours
360 hours
720 hours

0.460384118
0.403087995
0.370780528
0.321192409
0.278881811
0239044167

0.17527449

6,124,808 Btuhr

27,045,032 Btuhr
23,679,200 Bhwhr
21,781,314 Btwhr
18,868,285 Btwhr
16,381,596 Btw/hr
14,042,528 Bhwhr
10,298,411 Btuhr

33,169,840 Btu/hr
27,906,122 Btu/hr
24,993,093 Buhr
22,506,404 Btuhr
20,167,336 Btuhr
18,421,219 Biwhr

0.004262816
0.003732296
0.003433153
0.002874004
0.002582054
0.002213372
0.001622912
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Decay Heat Load Due to Full SFP & Cask Storage Area
Full Core Offload
Capacity Limited to 2104 Assemblies

Cycle No Nom EOCDate CYCLE Assemblles Cumulatlve Fuel Years Since  Non DIm Power Sum of Power Fractions Heat Load per

Power EFPY Discharged Pool Discharge Gen, Factor Power Gen Basedon ASB9-2 Assy Btuhr
(MWY) (* assys XP. F.) Factors
1 3390 11/26/86 4.5 a2 92 30.5 2.838058E-03 3,084848E-05 1,845
2 3380 04/01/88 4.5 8 178 29 2.685834E-03 3.197540E-05 1,705
3 3390 08/23/89 4.5 84 260 275 2.784055E-03 3.314351E-05 1,767
4 3390 03/15/91 4.5 84 344 28 2.885761E-03 ' 3.435430E-05 1,832
5 3360 09/20/92 4.5 84 428 245 2.991182E-03 3.580931E-05 1,899
8 3380 03/04/94 4.5 92 520 2292 3.402240€-03 3.698087E-05 1.972
7 3380 08/22/95 45 06 816 211 3.708132E-03 3.862638E-05 2,059
8 3390 04111197 4.5 84 700 185 3.371201E-03 4.0133356-05 2,140
g 3380 Q2/05/93 4.5 82 18 3.827154E-03 4.159950€-05 2,218
10 3390 09/15/00 4.5 92 884 165 . 3.966972E-03 4.311926E-05 2,299
1 3390 03/15/02 4.5 8 15 3.396802E-03 0.0358575 4.4694T7E-05 2,383
12 3441 09/15/03 4.5 92 1052 13.5 4.262242E-03 4.632871E-05 2,470
13 3441 03/15/05 4.5 92 114 12 4.41B388E-03 . 0.0086808 4.802595E-05 2,807
14 3716 09/15/06 45 108 1252 105 5.378378E-03 4.979980E-05 2,911
15 3718 03/15/08 45 108 1360 8 5.583343E-03 5.169762E-05 3,022
16 3716 09/15/09 4.5 108 1488 715 5.821709€-03 5.390471E-05 3,150
17 3718 03/15/11 4.5 108 1578 8 6,173838E-03 5.716516E-05 3,341
18 3718 09/15/12 4.5 108 1684 4.5 6.964770E-03 6.448861E-05 3,769
18 3718 03716114 4.5 108 1792 3 0.009516736 8.811793E-05 5,150
20 3ris 09/15115 4.5 108 1900 1.5 1.980193E-02 0.0593407 - 1.842772E-04 10,770
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21 3718 03/15/17 45 217 2117 T2hs
128.25 hrs

120 hrs

168 hrs

240 hrs

360 hrs

720 hes

Background decay heat load due to 20 previous refueling loads

Where

heat load = 0.0358575*3300000*1.02*3413/217+0.0086806°3441000°1.005*3413/217+0.0583407°37160001 00534131217

Decay heat due to full core offload at times Indicated

72 hrs

12625 hrs

120 hrs

168 hrs

240 hrs

360 hrs

T20hrs

heat load = Non Dim Power Gen Factor * 3716000*1.005 * 3413 /217

Total Decay Heat Load due to Full Core Offload at times Indlcated

, T2hrs

12625 hrs

120 hrs

168 hrs

240 hrs

360 hrs

720 hrs

9.250311E-01

7287391E-01 1.7131109

7.449942E-01
6.453568E-01
5.803057E-01
4.803017E-01
3.521719€-01

5,907,794 Btwhr

54,334,370 Btuhr
42,804,508 Btwhr
43,759,386 Btuhr
37,907,014 Btwhr
32,911,172 Btuhr
28,211,907 Btuhr
20,685,833 Btuwhr

60,242,163 Btw/hr
48,712,390 Bluhr
49,667,179 Btuhr
43,814,807 Btwhr
38,818,965 Blwhr
34,119,701 Btwhr
26,593,627 Biwhr

4.262816E-03
3.358245E-03
3.433153E-03
2.974004E-03
2.582054E-03
2.213372E-03
1.622912E-03

249,143
196,276
200,653
173.818
150,810
129,362
94,852
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Spent Fuel Pool Decay Power Fractlons

G- 141912000 secs .= 8.10E+05 secs Tgtig= 142722000 secs
1 2 3 4 ] [] 7 8 9 10 1
Sum/200 Sum An 0.598 165 3.1 387 233 129 0.462 0.328 0.17 0.0885 0.114
an 1.772 05774 0.06743 0.006214 0.0004729 0.0000481 0.000005344 5.7T16E-07 1.036E-07 2.959E-08 7.585E-10
PIPy(=,24 + 1,) 5,1785E-04 1.03571E-01 0.0000E+00 0.0000E+00 0 0 [} 0 0 1.2194BE-36 6.4413E-08 0.00126744 0.10230349
PIPy(=, <,) 0.002835156  0.567231145 [} 0 0 0 4.566E-167 4.5490E-17 0.006091688 0.206441609 0.1563164 0.08445142 0.1139293%8
P/Pg (to,%) = (1 + K} P/P, (=.1) - PPy (=, 1 + 1)} where K = 2 for decay times less than 10° secs
and K= .1 for decay times between 10° and 10" sec N
PIPg (ta,1,) 2.5501E-03 fort,= 8.10E+05 secs and per Standard Review Plan K = 0.1 for all long term storage calcutations
P(U-235)/Py 3.0184E-176 Heavy Metal Decay Heat Term
P(Np-233)/Pg 9.8610E-05 Heavy Metsl Decay Heat Term

2.646741E-03 Total Fraction of Operating Power Power Fraction Term

Time with K= 0.1 Ltong Term Storsge Short Term Storage
3 days 4.262816E-03 Values used in EC-596-003 Values used in EC-S95-003
5 days 3.4331536-03
7 days 2.974004E-03 Time (ysars) Power Fraction Time (hours) Power Fraction
10 days 2.582054E-03 363 2.68523E-05 T2 4.262816E-03
15 days 2.213372E-03 a5 2.770039€-05 80 4.084450E-03
30 days 1.6229126-03 48 2,78332E-05 88 3.924933E-03
60 days 1.105381E-03 335 2.87123E-05 96 3.782063E-03
90 days B.748586E-04 N3 2.88500E-05 99 3.732286E-03
32 2,97812E-05 104 3.653601E-03
1 yesr 2.824211E-04 305 3.084846E-05 108 3.594228E-00
15 years 1.842772E-04 29 3.197540E-05 112 3.537816E-03
2 years 1.348460E-04 215 3.314351E-05 128.25 3.358245E-03
2.5 years 1.059989E-04 28 3.435430E-05 120 3433153803
3years 8.811793E-05 2592 3.4420106-05 131 3.304947E-03
3.5 years 7.6T3748E-05 245 3.560934E-05 132 3294102803
4 years 6.936270E-05 2442 3.56775E-05 141 3.2019196-03
4.5 years 8.448881E-05 249 3.59517E-05 168 2.974004E-03
2292 3.698087E-05 184 2.885380E-03
228 3.72685E-05 195 2.799367E-63
225 3.T3543E-05 240 2.582054E-03
214 3.862638E-05 350 2213372603
21 3.8T189€-05 T20 1.6229128E-03
185 4.013335€-05 20 2.669831E-03
18 4.159950E-05 225 2.6467T41E-03
185 4.311926E-05
15 4.4694T7TE-05
135 4.832871E-05
Short Term Storage Values

For use In evaluating hourty




with K= 0.1

6.118300€-05
5.718516E-05
5.480254E-05
5.310939E-05
5.169762E-05
5.041414E-05
4.4694TTE-05
3.965621E-05

Time (years)
12
105
9
15
[
45

3
15

ECS596-003, ATTACHMENT 3

Power Fraction
4.802595E-05
4.979980E-05
5.169762E-05
5390471E-05
5.718516E-05
6.448861E-05
8.811793E-05
1.842772E-04

Page 2 of 2

change In decay heat during partial offload

hours
73
T4
75
76
4
78
7
80
81
82
83
84
85
86
87
es
89

3388988288328

Power Fraction
0.0042394
0.0042163
0.0041935
0.0041711
0.0041490
0.0041272
0.0041057
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Calculations Performed in Support of RF-005-001 Attachment 9.5

Purpose

Use SFP HX single failure decay heat limit of 29 x 10® Btuhr determined in calculation EC-M98-067 to update the maximum number of
spent fuel assemblies that can be transferred to the SFP at times indicated in RF-005-001 Attachment 9.5.

Maximum background decay heat from 2332 previously stored assemblies 6,762,518 Btuhr From Attachment 6
SFP & Cask Storage Area

decay heat calculation
Partial Core Offloading Limits Currently in RF-005-001

Max Number of

Core Max Authorized Assys w new Heatload  Power Fraction

Total Heat

Time after Non Dim due to per ASB 9.2
Rating EFPY Number of PFs & heat Load Cycle 22
MWt Assys limit of 29E06 Shutdown 1, Power Gen Factor offload (Corrected K Offload (Btufhr)
(Btuwhr) factor)
Btu/hr
3716 4.5 79 72 hrs 0.336762456 19,782,940 0.004262816 26,545,458
88 0.3751278 22,036,692 28,799,210
Where
Power Gen Factor = Number of Assemblies * Power Fraction
Heat load = Power Gen Factor * 3735000 * 3413 /217
Total heat load = heat load due to offload + background decay heat load
82 80 hrs 0.334924861 19,674,991 0.004084450 26,437,509
92 0.375769356 22,074,380 28,836,898
85 88 hrs 0.333624366 19,598,594 0.003924993 26,361,112
96 0.376799284 22,134,883 28,897,401
88 96 hrs 0.332821578 19,551,435 0.003782063 26,313,953
100 0.378206338 22,217,540 28,980,058
90 104 hrs 0.328824082 19,316,604 0.003653601 26,079,122

103 0.376320893 22,106,780 28,869,298
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93 112 hrs 0.325016877 19,327,930 0.003537816
106 0.375008483 22,029,683
108 120 hrs 0.370780526 21,781,314 0.003433153
110 0.377646832 22,184,672 .
108 131 hrs 0.356934305 20,967,925 0.003304947
114 0.376763989 22,132,810

26,090,448
28,792,201
28,543,832
28,947,190
27,730,443

28,895,328




Operating Conditions: Fuel Pool Primary Heat Exchanger In-Service
Spent Fuel Pool Pump Flow 2 3,650 gpm.
Component Cooling Water Flow = 5,000 gpm
Componsnt Cooling Water Temperature 90°F
Total Amount of Fuel Assemblies Transferred - 217

Page 3 of 4

Full core offload of 217 assemblies

ECS96-003, ATTACHMENT 4

Maximum background decay heat from 2224 previously stored assemblies

Core Number of
Rating EFPY  Assemblies in

Mwt Offload

3716 45 217

Time After

Shutdown Power Gen Factor

hours
72

0.925031051

6,539,675 Btuhr (From Attachment 6)

Decay Heat

Btu/hr
54,340,480

Power Fraction
of Offload per ASB 9-2 with
corrected K term

0.004262816

Total Decay
Heat Load
Btu/hr

60,880,155 -

The total decay heat load of a full core offload at 72 hours after reactor shutdown, 60,880,155 Btu/hr, exceeds the SFP primary heat exchanger heat duty

limit of 52.47 x 10° Btu/hr calculated in EC-M98-022, Appendix K. The original maximum Holtec decay heat load was 51,873,480 Btu/hr. Appendix L to
ECM98-022 shows a new decay heat load of 48,669,323. In order to ensure that the original analyes remain bounding, the total decay heat load as

determined in Appendix L of ECM98-022 will be considered the maximum heat duty. In order to not violate the heat duty limit of 48.67 x 1¢f Btwhr, the
number of spent assemblies that can be transfered to the pool must be controlled. The following tabulation gives the maximum number of spent assemblies

that can be stored in the SFP at the specified time after reactor shutdown and not violate the heat duty limit of 48.67 x 16 Btur.

168
1
175
179
182
186
189
192
196
197

199

72
76
80
84
88
92
86
100
104
108

108

0.716153072
0.713259117
0.714778666
0.716450077
0.714348643
0.716397168
0.714809979
0.713499174
0.716105778
0.713835534

0.715250975

42,070,049
41,900,045
41,989,310
42,087,497
41,964,049
42,084,388
41,991,150
41,914,147
42,067,271
41,933,907

42,017,056

0.004262816
0.004171106

0.00408445
0.004002514
0.003924993
0.003851598
0.003782063
0.003716142
0.003853601
0.003623531

0.003594226

48,609,724
48,439,721
48,528,986
48,627,172
48,503,724
48,624,064
48,530,825
48,453,823
48,606,946
48,473,582

48,556,731




202
205
208

21

214

217

217

ECS96-003, ATTACHMENT 4

Page4of 4
112

116

120
124

128

132

96

0.714638807
0.714257545
0.714095829

0.714142678

0.71438749

0.714820041

0.820707754

41,981,094
41,958,697
41,949,197

41,951,950

41,966,331

41,991,741

48,212,061

0.003537816
0.003484183
0.003433153

0.003384562

0.003338259

0.003294102

0.003782063

48,520,770
48,498,373

48,488,873
48,491,625
48,506,006

48,531,416

54,751,736

At 96 hours after shutdown, the full core offload heat load is 48.21 x 16° Btu/hr and the total decay heat load is 54.75 x 1¢° Btu/hr. In order to maintain the
SFP bulk pool temperature at 155° F, fuel pool cooling water flow must be maintained at 3,650 gpm and the CCW flow to the heat exchanger at 5,000 gpm

at<S86°F.
217

120

0.744994206

43,764,307

0.003433153

50,303,982

At 120 hours after reactor shutdown, the total decay heat load for a full core offload transferred to the SFP is 50.30 x 10 Btuhr. Assuming 3,650 gpm of fuel
pool octollng water flow and 5,000 gpm of CCW flow, the CCW infet temperature to the HX can be as high as 92° F and the bulk pool temperature can be
maintained at 155° F. If the CCW inlet temperature to the heat exchanger increases to 105° F, the full core offload would have to be delayed to 225 hours

after reactor shutdown in order to maintain the bulk pool temperature at 155° F and not violate the heat exchanger heat duty limit 0f40.40 x 10° Btushr

specified in Appendix K of EC-M88-022.
217

225

0.574342773

33,738,475

2.646741E-03

40,279,150
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Backup HX Heat Duty Calculations

Maximum heat duty of Backup HX 16.65x10° Btu/hr per EC-M98-067 at a CCW inlet temperature of 50 degrees.

Determine decay time before Backup HX can handle heat load from partial core offload 108 assemblies from 3716 MWt uprate

EC-596-003 2332 assemblies in storage heatload 6,762,518 Btu/hr
Establish maximum decay heat load from partial core offload by subtracting above background decay heats from heat duty
EC-596-003 2332 assemblies in storage 9,887,482 Btu/hr
Using the following equation determine the power fraction needed to obtain decay heat load
Heat load = 108 * (PF) * 3735000 * 3413 /217
Power Fraction = heat load / (108*3735000 *3413 / 217)
(PF)=  0.001558 (required)

Use equations in Attachment 3 and iterate time after shutdown to obtain the required PF value

s PF
779 hrs  0.001557634

Decay heat load = 108 * 0.001625235 * 3735000 * 3413 /217 = 9,882,262 16,644,780 Btu/hr
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Full core offload of 217 assemblies

Determine decay time before SFP Backup HX c¢an handle heat load from a full core offload

ECS96-003 2224 assemblies in storage heat load 6,539,675 Btu/hr

Maximum heat duty on heat exchanger  16.65x10° Btu/hr
EC-596-003 with 2224 previously stored assemblies 10,110,325 Btu/hr Allowable decay heat load due to offload

Heat load = 217 * (PF) * 3735000 * 3413 / 217 = (PF) *3735000 * 3413

EC-§96-003 (PF)= 0.000793119 required

2545  0.000792363

106.0 days after shutdown

Core Offload Total
Decay heat load = 0.000792363 * 3735000 * 3413 = 10,100,693 16,640,368 Btu/hr
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The following Excel spreadsheet calculates the decay heat load contribution for partial and full core
offloads for refueling outages from RF cycle 1 to RF cycle 24.

The following assumptions were made in developing this spreadsheet:
1. The nominal core power level for cycles 1 thru 11 is 3390 MW1.
The nominal core power level for cycles 12 and 13 is 3441 MWt
. The power uprate to 3716 MWt impacts the spent fuel assemblies starting with cycle 14.
The number of spent assemblies offloaded for cycles 1 thru 11 represents historical plant data
Offloads for cycles 12 and 13 are assumed values.

The number of spent fuel assemblies discharged after the uprate to 3716 MWt is a maximum of
108 assemblles per outage.

7. Decay power fractions are based on ASB 9-2. All power fraction calculations include the K factor
with a value of 0.1 in the fission decay term.

8. Power leve! uncertainty factors are applied to all decay heat calculations. A 2% uncertainty Is
applied to the 3390 MW core and a 0.5% uncertainty Is applied to the 3441 and 3716 MWt

cores.

oA e N

The values in the column labeled "Non Dim Power Gen Factor are the product of the number of
assemblies discharged in a cycle multiplied by the power fraction value for that particular cycle. The
decay heat spreadsheet is patterned after the master version in calculation EC-M98-022 Appendix L.
Long term decay times are adjusted based on the number of refueling outages required to fill the
respective storage capacity being evaluated.

In this attachment spent fuel assemblies are stored in the SFP & Cask Storage area for the partial
core offload, and also in the refueling canal for the full core offload. For the partial core offload, 2332
assemblies from 24 previous offloads are conservatively assumed to be stored in the spent fuel pool
and the cask storage pit. Thus, the total number of analyzed assemblies (2440) for the partial core
offload conservatively exceeds the actual storage capacity of these areas (2104 assemblies).

For the full core offload, the total nhumber of assemblies analyzed for the full core offload exceeds the
maximum storage capacity of the spent fuel pool, cask storage pit, and refueling canal of 2398
assemblies as discussed in the Technical Specification Bases 5.6.4. 2224 assemblies from 23
previous refuelings are assumed to exist prior to the full core offload of 217 assemblies.




Cycle
No.

OONOONHLWN-=

10

Nom
Power
(MWt)

3380
3390
3390
3390
3390
3390
3390
3390
3390
3390
3390
3441
3441
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716

EOC Date

11/26/1986
4/1/1988
9/23/1989
3/15/1991
9/20/1992
3/4/1994
9/22/1995
411111997
2/5/1999
9/15/2000
3/15/12002
9/15/2003
3/15/2005
9/15/2006
3/15/2008
9/15/2009
3/15/2011
5/15/2012
3/15/2014
9/15/2015
311512017
9/15/2018
3/15/2020
9/15/2021
9/15/2021
9/15/2021
9/15/2021
9/15/2021

Decay Heat Load for 3716 Uprate Starting with Cycle 14 Offload
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Full Final Core Offload (Full Spent Fuel Pool, Full Cask Storage Pit, Full Refueling Canal)

CYCLE
EFPY

4.5
4.5
45
4.5
45
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
45
45
45
4.5
45
4.5
4.5
4.5
45

Assemblies
Discharged

92
84
84
84
84
92
96
84
92
92
76
92
92
108
108
108
108
108
108
108
108
108
108
217
217
217
217
217

(Maximum Storage Limit is 2398 assembilies)

Cumulative
Fuel Pool

92
176
260
344
428
520
616
700
792
884
960
1052
1144
1252
1360
1468
1576
1684
1792
1900
2008
2116
2224
2441
2441
2441
2441
2441

Years
Since
Discharge

34.8
33.5
32
30.5
29
275
26
24.42
226
21
19.5
18
16.5
15
13.5
12
10.5
9
7.5
6
45
3
1.5
72 hrs
126.25 hrs
120 hrs
168 hrs
240 hrs

Non Dim Power Sum of Power

Gen. Factor
(# assys xP.F.)

0.0025606570174
0.0024118357211
0.0024999437999
0.0025912706026
0.0026859337143
0.0030492031124
0.0032980123888
0.0029969115580
0.0034283824632
0.0035621371334
0.0030501343508
0.0038271537674
0.0039669721971
0.0048270348389
0.0050035012051
0.0051868030633
0.0053783778692
0.0055833430659
0.0058217091435
0.0061738376927
0.0069647701761
0.0095167359157
0.0198019331311
0.9250310510919
0.7287391203056
0.7449942057444
0.6453588210186
0.5603056751525

Gen Factors

0.03213

0.00779

0.07436

Power
Fractions

Based on ASB

9-2
2.78332E-05
2.87123E-05
2.97612E-05
3.08485E-05
3.19754E-05
3.31435E-05
3.43543E-05
3.56775E-05

3.7265E-05
3.87189E-05
4.01333E-05
4.15995E-05
4.31193E-05
4.46948E-05
4.63287E-05
4.80260E-05
4.97998E-05
5.16976E-05
5.39047E-05
5.71652E-05
6.44886E-05
8.81179E-05
1.84277E-04
4.26282E-03
3.35824E-03
3.43315E-03
2.97400E-03
2.58205E-03

Heat Load per
Assy Btu/hr

1,614
1,562
1,619
1,678
1,739
1,802
1,868
1,840
2,027
2,106
2,183
2,263
2,345
2,626
2,722
2,821
2,925
3,037
3,167
3,358
3,788
5,176
10,825
250,417
197,278
201,679
174,706
151,681




24
24

3716
3716
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9/15/2021 4.5 217 2441 360 hrs  0.4803017061314
9/15/2021 4.5 217 2441 720 hrs  0.3521718920632

Background heat load due to 23 previous refueling loads

2.21337E-03
1.62291E-03

6,539,675 Btu/hr

heat load = 0.03213*3457800*3413/217 + 0.00779*3458200*3413/217 + 0.07436*3735000*3413/217

Heat load due to full core offload Cycle 24 at time t=: 72 hrs
126.25 hrs

120 hrs

168 hrs

240 hrs

360 hrs

720 hrs
where,

heat load = Non Dim Power Gen Factor *3735000*3413/217

Total Decay Heat Load at time t=: 72 hrs
126.25 hrs

120 hrs

168 hrs

240 hrs

360 hrs
720 hrs

54,340,480 Btu/hr
42,809,410 Btu/hr
43,764,307 Btu/hr
37,911,277 Btu/hr
32,914,873 Btuhr
28,215,080 Btu/hr
20,688,159 Btu/hr

60,880,155 Btu/hr
49,349,086 Btu/hr
50,303,982 Btu/hr
44,450,952 Btu/hr
39,454,548 Btu/hr

34,754,756 Btu/hr
27,227,835 Btu/hr

130,023
95,337




Cycle
No.

OONOOO L WN 2
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Nom
Power
(MWi)

3390
3390
3390
3390
3380
3390
3390
3390
3390
3390
3390
3441
3441
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716
3716

EOC Date

11/26/1986
4/1/1988
9/23/1989
3/15/1991
9/20/1992
3/4/1994
9/22/1995
4/1111997
2/5/1999
9/15/2000
3/15/2002
9/15/2003
31512005
9/15/2006
3/15/2008
9/15/2009
3/15/2011
911512012
3/15/2014
9/16/2015
311512017
9/15/2018
3/15/2020
9/15/2021
3/16/2023
3/15/2023
3/15/2023
3/15/2023
3/15/2023

CYCLE
EFPY

4.5
4.5
4.5
4.5
4.5
45
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

Decay Heat Load for 3716 Uprate Starting with Cycle 14 Offload
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Partial Core Offload (Full Spent Fuel Pool, Full Cask Storage Pit)

Assemblies
Discharged

RECERRES

(Maximum Storage Limit is 2104 assemblies)

Cumulative
Fuel Pool

92
176
260
344
428
520
616
700
792
884
960
1052
1144
1252
1360
1468
1576
1684
1792
1900
2008
2116
2224
2332
2440
2440
2440
2440
2440

Years
Since

Non Dim Power Sum of Power

Gen. Factor

Discharge (#assys xP.F.)

36.3
35
335
32
30.5
29
27.5
25.92
24.1
22,5
21
19.5
18
16.5
15
13.5
12
10.5
9
7.5
6
4.5
3
1.5
72 hrs
89 hrs
106 hrs
120 hrs
168 hrs

0.0024704091606
0.0023268329256
0.0024118357211
0.0024999437999
0.0025912706026
0.0029417369252
0.0031817771608
0.0028912883322
0.0033075524487
0.0036922678984
0.0031615618079
0.0036922678984
0.0038271537674
0.0046568804053
0.0048270348389
0.0050035012051
0.0051868030633
0.0053783778692
0.0055833430659
0.0058217091435
0.0061738376927
0.0069647701761
0.0095167359157
0.0199019331311
0.4603841175941
0.4030879847696
0.3913413078857
0.3707805263613
0.3211924086175

Gen Factors

0.03148

0.00752

0.07901

Power
Fractions

Based on ASB

9-2
2.68523E-05
2.77004€E-05
2.87123E-05
2.97612E-05
3.08485E-05
3.19754E-05
3.31435E-05
3.44201E-05
3.59517E-05
3.73543E-05
3.87189E-05
4.01333E-05
4.15995E-05
4.31193E-05
4.46948E-05
4.63287E-05
4.80260E-05
4.97998E-05
5.16976E-05
5.39047E-05
5.71652E-05
6.44886E-05
8.81179E-05
1.84277E-04
4.26282E-03
3.73230E-03
3.62353E-03
3.43315E-03
2.97400E-03

Heat Load per
Assy Btu/hr

1,460
1,506
1,562
1,619
1,678
1,739
1,802
1,872
1,955
2,183
2,262
2,183
2,263
2,533
2,626
2,722
2,821
2,925
3,037
3,167
3,358
3,788
5,176
10,825
250,417
219,252
212,862
201,679
174,706




25
25
25
25

3716
3716
3716
3716

3/15/2023 4.5
3/15/2023 4.5
3/15/2023 4.5
3/15/2023 4.5

Background heat load due to 24 previous refueling foads

108
108
108
108

ECS96-003, ATTACHMENT 6
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2440
2440
2440
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184 hrs
240 hrs
360 hrs
720 hrs

0.3094610294743
0.2788618106750
0.2390441671069
0.1752744900591

2.86538E-03
2.58205E-03
2.21337E-03
1.62291E-03

6,762,518 Btu/hr

heat load = 0.03148*3457800*3413/217 + 0.00752*3458200*3413/217 + 0.07901*3735000*3413/217

Heat load due to full core offload Cycle 25 at time t=

where,

heat load = Non Dim Power Gen Factor *3735000*3413/217

Total Decay Heat Load at time t=

72 hrs
99 hrs
106 hrs
120 hrs
168 hrs
184 hrs
240 hrs
360 hrs
720 hrs

72 hrs
99 hrs
106 hrs
120 hrs
168 hrs
184 hrs
240 hrs
360 hrs
720 hrs

27,045,032 Btu/hr
23,679,200 Btuhr
22,989,147 Btwhr
21,781,314 Btwhr
18,868,285 Btuhr
18,179,131 Btwhr
16,381,596 Btu/hr
14,042,528 Btu/hr
10,296,411 Btu/hr

33,807,549 Btu/hr
30,441,718 Btumhr
29,751,665 Btwhr
28,543,832 Btu/hr
25,630,803 Btu/hr
24,941,649 Btu/hr
23,144,114 Btumhr
20,805,046 Btu/hr
17,058,929 Btu/hr

168,325
151,681
130,023
95,337
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Technlcal Reviaw Caomments:
ECS96-003 DRN 03- , SFP Heat Loads

Entergy Technical Review Comments
Document | Caleulation No. Rev. | Subject/Titla: | Spent Fuel Pool Heat Loads
Number ECS96-003 DRN 03-177 0
Document Type: Calculation Special Notes or Instructions:
Comment | Sectioty/ Technical Comments Response/Resolution
Number Page No.
1 title Calculation no longer applies to 1088 Spent Fuel Assemblies, Concur, Will change title to remove “1088 Spent Fuel Axsemblies
Therefore, revise title to the original title of "Spent Puel Pool and substitute “for a Full Spent Frel Pool end SFP Cask Storage
Heat Loads® Arex”,
2 general Why is this calculation needed? ‘This calculation was apparently to provide limiting heat

What is the Interaction of this calculation with the HOLTEC
calcnlations ECM98-022 and ECM98-067?

developed
loads for the Ultimate Heat Sink Stndy and for Wet Cooling Tower
Losses During 8 LOCA calculations. Ths initial issne looked ata
full storage pool with 1088 spent assemblies. This revision
updates ths calculation to provide heat Joads at 3, 5, 7, 10, 15 and
30 days after shutdown for a full SFP and for the SFP/SFP Cask
Stotage Area. The HOLTEC calculation EC-M98-022 gives
similar data but is based on more conservative assumption of
background decay beat Joads, The intent of EC-M98-022 was to
show that the cooling system could handle thermal loads beyond
the physical storage capacity of the SFP and SFP Cask Area, The
stated intent of ECM98-067 was to determine the most limiting
condition for removing SFP heat loads assuming a different single
failure than the one adopted in EC-M98-022. Calculation EC-
M98-022 sssumes the loss of the most efficient FP cooling pump
as its single failare. EC-M98-067 assumcs loss of an electrical bus
that pot only takes out & FP cooling pump but alto reduces CCW
flow to the SFP HX to 2768 gpm from the 5000 gpm assumed in
EBC-M98-022. With the reduction in OCW flow, the heat load in
the SFP must be kept below 29x10° Btu/hr to prevent from
exceeding the pool bulk temperature limit of 140°F.

6.0

What is end use of this calculation? Time to boil would be
reduced {f computed at the conditoins of higher decay heat
associated with shorter times after shutdown than 15 days.

The heat Ioads reported in this calenlation are used in support of
the Ultimate Heat Sink Study MN(Q) 9-3 and Wet Cooling Tower
Losses During 2 LOCA MN(Q) 9-9. The time to beil calculation
is not really used since the FSAR currently references a time to
boil valoe from EC-M98-022. This value is based on 2 loss of
foreed cooling when the SFP temperature peaks after a partial core
offfoad. Por a partial core offload 7 dsys after resctor shutdown,
HOLTEC predicts that the pool temperature peaks at 132.6° F
when cooling is Jost. It then takes 6.8 hrs for the pool tempersture
to reach 212°F, As part of the 3716 MWt uprate evaluation this

€c396003_ps, W/18/2003, 12:39 PM
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Technical Revlew Commaents:

ECS96-003 DRN 03- ,

SFP Heat Loads

1oss of cooling system transient has be recalculated using decay
heat loads for the 3716 MWtupnate, The new calculation, draft
Appendix M to EC-M98-022, predicts a starting tempersture of
125.7°F and a titne period of 8.65 hours for the pool to hestup to
the boiling point.

Note that since fuel offload is not allowed per TS until 72 hours
and with a 4 assembly per hour assumed offload rate, foll core
discharge at 3 dayz after shutdown is not consldered credible,
Similarly, 108 assembiies will not be discharged at3 days after
shutdown

How does consideration of these constraints impact this
talculation or downstream calculations?

The decry heat loads reported at 3 days after reactor shutdown for
2 partial core offload and for a full core offload establish thermal
limits for refueling offlosding rates, In the case of the partial core
offlosd of 108 assemblies, all 108 assemblies could thearetically
be offloaded without violating the design basis beat duty of
33.73x10° Btu/hr on'the SFP EX. Consequently Waterford-3
could stert refueling 72 hours after stmtdown and offlosd at rates
in excess of 4 assemblies per hour without exceeding the heat duty
design basis of the SFP HX, The additional decay heat resulting
from offioading more than 4 assemblies per hoar would be traded
off against the higher background decay hest term sssumed in the
HOLTEC analysis - 9.93x10° Bto/hr versus the 3716 uprate vale
of 6.34x10° Biwhr, At 72 hours after shutdown a fue] assembly
from the 3716 MWt core will be generating approximately
249,000 Btwhr of decay heat. For the full core offioad, the
calculated decay heat load of 60.47x10° Biwhr exceeds the
50.41x10° design basis heat duty of the hesf exchanger, This
indicates that an offloading rate limit exists. Based on the results
in Appendix L to EC-M98-022, the limiting rate exceeds the
carrent limit of 4 assemblizs per hour but what the actosl Jimit is
has not been evalnated as part of this analysis.

] Attl

What is logic for the limes after shutdown considered in this

calculation? Specifically, document the reason why 108 hours
and 126.25 hours are considered.

The 108 hour time increment represents the time when the SFP
reached its peak bulk temperature for the partial core offloed in
EC-M98-022, The design basis heat load for the SFP HX was
teken at the 108 hour increment. All fise] assembly discharge was
completed at the 101 hour increment. Dueto the thermral Jag in the
SFP bulk temperature the peak bulk tempenature didn’t occur until
7 hours later. The origina! guidelines for the 3716 uprate called
for a partial discharge of 116 assemblies s0 the transfer would
again be completed at 101 hours md the peak temperature would
presumsbly occur st 108 hours, Now that the partial offload is 2
maxinmm of 108 assemblies, transfer will be completed at 99
hours after shutdown and peak temperatures could occur at 106
hours after shutdown. Since ths 3 day heatload doesn’t oxceed the
design basis heat duty of the SFP heat exchanger it really doesn’t
matter whether the heat load s reported at 99 hours, 106 hours or
108 hours. For the full care offload, it has already been stated that

ecs96003_ps, §/18/2003, 12:39 PM
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SFP Hoat Loads

L T e

W poem e v

fhe SFP HX,

the 3 day value excoeds the heat duty Timit of the heat exchanger.
Thes 126.25 bour time increment represents the completion of the
full core discharge and fhus represents the maxinmm heat load on

The power frection Excel spreadsheet in Attschment 3 can be naed
o calenlate a power fraction and subsequent decay heat load at any

time increment not currently reported in this caleulation.
Reviewed By: Paul Sicard P Resolved By: Donald Haun Rf?m
g\lamanate) 19 August 2003 o.& P\ S QP-SL—— (Name/Dats) 18 September 2003  Q//7/03
epaitment: Phone: Accepted By:
Entergy / Safety Analysis (504) 739-6438 (NampeIDatey)‘ POJ h %’ cdo\g..
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%Entefgy

Technical Review Comments

Rev. | Subject/Title:
0-1 | Spent Fuel Pool Heat Loads for 1088 Spent Fuel Assemblies

Special Notes or Instructions:

Comment

Response/Resolution

Remove 1088 Spent Fuel agsemblies from Titls?

Concur, will change Title to remove 1088 Spent Fuel assemblies
and substitute “a Full Spent Fuel Pool and SFP Cask Storage Area®

Indicate that this is a complete rewrite of the Calculation and

that no revision bars will be used, Also indicate that

Attachments I and IT have been replaced with decay heats foad
calculations using ASB 9-2 methodology

Agree will indicate thisis a complete rewrite of calculation and that
norevision bars are used. Original Attachments I and IT have been
replaced by Attmchments 1 -5, Decay heat loads are caleulated
using ASB 9-2 methodology.

Actual discharge assemblies go throngh Cycles 1 through 11,

Cyrles 12 and 13 are expected offloads.

Concur. Calculation revised to show offloads for Cycles 1 through
11 based on historical data, Number of assemblics in offloads 12 &
13 zre expected quantities besed on contacts with Westinghouse
‘Windsor.

‘Why is EC-M98-067 used as a reference?

Calculation EC-M98-067 was originally referenced becanse the
power fraction values used in the draft version of this calculation
wore taken from Attachment 8.11 of RC-M93-067, Subsequently zn
error in applying the K uncerfainty in ASR 9-2 was discovered
rendering the pawer fractions in BC-M98-067 overly conseryative.
EC-M98-067 is being deleted.  Attachment 3 recalculates power
fractions with updated formmlas from ASB 9-2.

Add a care power of 3390 for cyclea 1 -11 in the bulleted

gection,

Coneur. Care power of 3390 MWt has been inclnded in bulleted
section on fnput Criteria and Assumptions.

The value of 38,602 fi3 is not a direct value from EC-M98-022.

Derive how this volume was determined.

The volums value was obtrined from page B-2 Appendix B to EC-
M98-022. The volume is calenlated to obtain a thermal inertia value
for the SPF and cask storage erea. ‘The expression for the volume is
[0.547 * 19,665.8 + 27,844.8). When this expression is redoced it
gives a volume value of 38,601.99 2.

Document
Number EC-S98-003
Document Type:
Enercon Calculation
Comment | Section/
~ Number Page No.
1 Cale Cover
Page
2 Revision
Page
3 1.0
4 20
5 4.0
6 6.0
7 At 1

Insert & formnla that was used fo caleulate the offload heat Joad
(i.c. similar to the background heat Joad formmla given above)

'Will incorporats equation or heat load of offload, but spreadsheetis
not really s attachment to this caleulation tut a part of the main
body. There are two attachments. The first gives the update
equations for ASB 9-2 and the values used in various vprate
cafculations. The second attachment gives values for RP-005-001
Attachment 9.5
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‘Whatis the relevance of the 126.25 hours?

This represents the time after shutdown when all 217 core
assemblics have been offload for the full core offload assuming

| discharge is initiated 72 hours after shutdown and 4 assemblies are

transferred every hour,
Reviewed By: Resaived BY: | Doteld fasurt 78763
(Name/Date) David Viener 8/29/03 (Name/Date) onald Hgun 9/12/03
Department: Phone: Accepted By //
: W3 - Design Enginesring 504-739-6688 (Name/Date) ~ lo/U43
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