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Committed to Nuclear Excellec Operated by Nuclear Management Company, LLC

December 15, 2006 L-MT-06-070
10 CFR 50.90

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

Monticello Nuclear Generating Plant
Docket 50-263
License No. DPR-22

Response to Request for Additional Thermal Hydraulic Information for a License
Amendment Request for Contingent Installation of a Temporary Fuel Storage Rack in
the Spent Fuel Pool (TAC No. MD0302)

References: 1) NMC letter to U.S. NRC, "License Amendment Request for
Contingent Installation of a Temporary Spent Fuel Storage Rack,"
(L-MT-06-013), dated March 7, 2006.

2) NMC letter to U.S. NRC, "Supplement to a License Amendment
Request for Contingent Installation of a Temporary Fuel Storage
Rack in the Spent Fuel Pool (TAC No. MD0302)," (L-MT-06-044),
dated May 30, 2006.

3) NMC letter to U.S. NRC, "Response to Request for Additional
Information for a License Amendment Request for Contingent
Installation of a Temporary Fuel Storage Rack in the Spent Fuel Pool
(TAC No. MD0302)," (L-MT-06-058), dated September 7, 2006.

On March 7, 2006, as supplemented on May 30, 2006, the Nuclear Management
Company, LLC (NMC) submitted a license amendment request for the Monticello
Nuclear Generating Plant (References 1 and 2) to revise the licensing basis to allow
temporary installation of a Programmed and Remote Systems Corporation 8x8 (64 cell)
high-density fuel storage rack in the spent fuel pool to maintain full core off-load
capability.

On September 25, 2006, the U.S. Nuclear Regulatory Commission (NRC) during a
teleconference with the NMC requested additional information pertaining to the
thermal-hydraulic aspects of the license amendment request. Enclosure 1 provides the
NMC response to these requests.

2807 West County Road 75 e Monticello, Minnesota 55362-9637
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Summary of Commitments

This letter makes the following new commitment.

Following approval of this license amendment, the USAR emergency heat load of
20.0 Million British Thermal Units/ hour (MBTU/hr) will be revised to reflect this new
maximum heat load of 24.7' MBTU/hr for the emergency Full Core Offload (FCOL)
scenario.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on December _J_, 2006.

T nway
Site Vice President, Monticello Nuclear Generating Plant
Nuclear Management Company, LLC

Enclosure: (1)

cc: Administrator, Region III, USNRC
Project Manager, Monticello, USNRC
Resident Inspector, Monticello, USNRC
Minnesota Department of Commerce
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Background

On March 7, 2006, as supplemented on May 30, 2006, (References 1 and 2) the
Nuclear Management Company, LLC (NMC) submitted a license amendment request
(LAR) for the Monticello Nuclear Generating Plant (MNGP) to revise the licensing basis
to allow for the temporary installation of a Programmed and Remote (PaR) Systems
Corporation 8x8 (64 cell) high-density fuel storage rack in the spent fuel pool (SFP) to
maintain full core off-load (FCOL) capability. On September 25, 2006, the U.S. Nuclear
Regulatory Commission (NRC) during a teleconference with NMC requested additional
information (RAI) pertaining to the thermal-hydraulic aspects of the LAR.

After the summary section below, answers are provided to the NRC requests for
additional information (RAIs). The RAIs are shown in bold and the NMC responses are
provided immediately thereafter in standard type.

Summary

To demonstrate that SFP cooling capacity is adequate for all postulated conditions,
evaluations are performed each operating cycle. This method was applied to determine
the effect on SFP cooling capability from the proposed addition of the PaR 64 cell fuel
storage rack in the event a FCOL were required. Addition of this fuel storage rack will
temporarily increase storage capacity in the SFP by approximately 2.9 percent (from
2,237 to 2,301 assemblies).

SFP decay heat loads were calculated and compared to the heat load scenarios in the
Updated Safety Analysis Report (USAR). This method is used to determine compliance
with the SFP design criteria prior to every movement of fuel to the SFP. It considers
decay time, power history and inventory of fuel in the SFP from previous discharges as
well as expected discharges during upcoming cycle(s).

Operation of the non-safety related Fuel Pool Cooling and Cleanup (FPCC) System
(consisting of two redundant cooling subsystems) is the normal SFP decay heat
removal method. If the SFP heat load is greater than the heat removal capacity of the
FPCC heat exchangers, one subsystem of the safety-related Residual Heat Removal
(RHR) System is designed, and procedures are in place, to direct RHR operation in the
fuel pool cooling mode to either supplement the FPCC System or fully provide cooling to
the SFP. Operation of one RHR subsystem in the fuel pool cooling mode is sufficient to
provide SFP cooling, for all heat loads up to and including an emergency full core
offload (following installation of the PaR 64 cell fuel storage rack).

The power uprate raised the unit power level to 1775 Megawatts thermal (MWt). As
part of the power uprate analysis performed in 1996 the increase in SFP heat load for
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an increased power level(1 ) of 1880 MWt was evaluated and approved by the NRC
(Reference 3). For conservatism NMC chose to impose heat loads for this LAR
assuming operation at 1880 MWt. At the time the SFP heat removal calculations were
performed it was assumed that a 169 cell fuel rack (the existing design) would be
installed in place of an existing GE 20 cell rack, resulting in the additional decay heat
from 149 fuel assemblies. The availability of the 64 cell PaR fuel rack resulted in a later
decision to pursue installation of that rack. This conservatively resulted in the heat load
from an additional 85 (149 -64) fuel assemblies operating at 1880 MWt versus 1775
MWt (current licensed reactor power) being assumed. Therefore, the heat loads
calculated in the analyses are very conservative. The current USAR heat load limits of
5.6 MBtu/hr and 20.0 MBtu/hr were derived for normal and emergency conditions
respectively.

SFP decay heat loads were calculated and compared to the heat load scenarios in the
USAR. It was determined, with the rack installed, that the required cooldown time
needed to increase from 96 to 216 hours to reduce the heat load to less than the USAR
normal maximum heat load of 5.6 MBtu/hr with the FPCC System in operation. This
cooldown time was determined acceptable from an outage scheduling perspective,
consequently it was concluded that there was not an adverse effect on outage
performance from increasing the cooldown time to maintain the SFP below the SFP
temperature limit.

For core discharges involving an emergency FCOL, following installation of the
temporary fuel rack, a maximum decay heat load of 24.7 MBtu/hr was conservatively
calculated. Consistent with the licensing basis, the analysis assumed SFP cooling was
provided by the RHR System in the fuel pool cooling mode, rather than by the FPCC
System. Since the heat load, with the rack installed and fully loaded with spent fuel,
exceeded the previously calculated maximum decay heat load of 20.0 MBtu/hr for an
emergency FCOL, it was necessary to determine the heat removal capability of the
RHR System. The analysis assumed a maximum SFP temperature of 140 0F, and
calculated the RHR heat removal capability for Mississippi river (ultimate heat sink)
temperatures ranging from 32 0F to 900F. The maximum heat removal rate attainable by
the RHR heat exchangers ranged from approximately 61 MBTU/hr to 26.4 MBTU/hr for
river water temperatures ranging from 320F to 90 0F, respectively.

Since the conservatively determined maximum heat load of 24.7 MBtu/hr calculated for
an emergency FCOL (after temporary fuel rack installation) was less than the maximum
RHR heat removal capability of 26.4 MBtu/hr determined for a bounding river water
temperature of 90'F, all emergency FCOL scenarios are within the capability of the
credited SFP cooling systems (RHR in the fuel pool cooling mode in this case) to
maintain the pool below the design temperature of 1400 F. Following approval of this

Normal pool cooling by the FPCC System and cooling for the emergency FCOL by RHR at
a bounding power level of 1880 MWt were evaluated and approved by the NRC.
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license amendment, the USAR emergency heat load of 20.0 MBtu/hr will be revised to
reflect this new maximum heat load of 24.7 MBtu/hr for the emergency FCOL scenario.

NRC Requests for Additional Information (RAI)

The spent fuel pool cooling (SFP) and demineralizer system configuration and
design basis are described in the Monticello Nuclear Generating Plant (MNGP)
USAR Section 10.2.2. Based on the information given in the USAR the system is
designed to maintain a maximum fuel storage pool temperature of 140°F with
either of the following heat loads imposed on the system:

o The maximum normal heat load for the normal offload (partial core - 141
assemblies every 18 months) with a cooling time of 96 hours (72 hours
prior to discharge and 24-hour discharge time).

o The emergency heat load for the full core discharge required 30 days
following the last refueling discharge that fills the last 484 spaces. (Full
core discharge is completed 150 hours after shutdown.)

In Section 5.3 of Enclosure I of the licensee's March 7, 2006, license amendment
request, thermal-hydraulic considerations concerning the addition of the new
rack is addressed. In Section 5.3.3, the licensee identifies three offload scenarios
for which thermal-hydraulic evaluations were performed. They are as follows:

a. a partial core offload scenario
b. a full core offload, and
c. an emergency full core offload beginning 150 hours after shutdown

from full power operation with no coastdown.

1) Standard Review Plan (SRP) 9.1.3, Section IIl.1.d states that a single active
failure should be assumed for the normal maximum heat load with the
normal cooling system in operation. Please discuss what single active
failure of the SFP cooling system was considered for the evaluations
performed for the partial core offload (case a), and the full core offload (case
b) above. The discussion should include identification of the single failure
assumed, the reason it is considered the most limiting, and the impact it has
on the design heat removal capability of the SFP cooling system(s) credited.

NMC Response

The design and licensing of MNGP, pre-date 10 CFR 50, Appendix A, General
Design Criteria (GDC) and the Standard Review Plan (SRP). As described in
Appendix E to the MNGP Updated Safety Analysis Report (USAR) the design is in
conformance with the intent of the Atomic Energy Commission (AEC) 70 draft GDC
for Nuclear Power Plant Construction Permits proposed for public comment in
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July 1967. The applicable criterion, AEC draft GDC-67, "Fuel and Waste Storage
Decay Heat (Category B)," requires that "Reliable decay heat removal systems
shall be designed to prevent damage to the fuel in storage facilities that could
result in radioactivity release to plant operating areas or the public environs."

Later, SRP Section 9.1.3 applied GDC-44, "Cooling Water," to SFP cooling system
design requiring the safety function to be accomplished with or without offsite
power assuming a single active failure. The MNGP design pre-dates GDC-44, and
the unit was not licensed to the GDC, but the overall SFP cooling capability is
consistent with the intent of the criterion. In the event of insufficient cooling
capability by the non-safety related FPCC System, one subsystem of the
safety-related RHR System can be placed in service in the fuel pool cooling mode
to either supplement or replace the FPCC System for cooling the SFP. Operation
in this mode is sufficient to provide SFP cooling, for all heat loads up to and
including an emergency full core offload (with the PaR 64 cell rack installed). As
described in MNGP USAR Section 6.3.3.2.2, in the event offsite power is
unavailable, power to the safety related RHR pumps meet single failure criteria.

Case a - Partial-Core Offload Scenario

The FPCC System consists of two subsystems each having a skimmer surge tank,
circulating pump, heat exchanger, filter/demineralizer and associated piping,
valves and instrumentation. Under normal operation only one FPCC subsystem is
required to be in operation. The FPCC pumps, each rated at 450 gpm, take
suction from the skimmer surge tanks and circulate water to the heat exchangers
and filter/demineralizers before discharging thewater through diffusers at the
bottom of the SFP. The FPCC System heat exchangers are cooled by the Reactor
Building Closed Cooling Water System.

Loss of flow from one FPCC pump results in the greatest reduction in system heat
removal capability. For the maximum normal cooling configuration, operation of
only one of the two circulating pumps is required. The FPCC System has the
capacity to maintain the SFP temperature under these conditions to less than or
equal to 140°F when subjected to the maximum normal heat load of 5.60 MBtu/hr
(USAR Section 10.2.2.3).

Case b - Non-emergency Full-core Offload Scenario

Standard refueling practice is to perform an in-core fuel shuffle. The
non-emergency full-core offload(2) as an abnormal refueling practice does not
require postulation of a single active failure in accordance with SRP 9.1.3, Section
111.1.d) and MNGP is not committed to the SRP guidance. Assuming, however, an

2 Performed infrequently in response to specific outage conditions; e.g., recirculation piping

replacement, in-vessel inservice inspection, etc.
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unlikely failure of both non-safety FPCC subsystems, cooling of the SFP is
accomplished by the fully redundant, safety-related RHR System.

As previously stated, the unit design pre-dates GDC-44, but meets the intent since
while the normal non-safety related FPCC System is not credited, the safety
related RHR System in the fuel pool cooling mode is credited to provide pool
cooling for any situation exceeding the capability of the FPCC System including a
FCOL. As discussed in Section 6.2.3.1.2 of the USAR, one subsystem of the
safety-related RHR System is designed to be placed in service (in the fuel pool
cooling mode) to supplement the FPCC System capacity when necessary to
provide additional cooling capacity. Operation in this mode is sufficient to provide
SFP cooling, for all heat loads up to and including an emergency full core offload
(with the PaR 64 cell rack installed). In the event offsite power is unavailable the
individual subsystems of the RHR System are alternatively supplied by individual
onsite Emergency Diesel Generators satisfying the single failure criteria of
GDC-44.

The cooling analyses for the non-emergency full-core offload case, conservatively
assumed the FPCC System was not operational and that the entire coolant
inventory was supplied by one RHR subsystem. The analyses concluded that the
heat removal capability of one RHR subsystem was sufficient to remove the
maximum anticipated heat load for this case.

NRC RAI

2) In addition to the partial core offload normally being performed during
refueling, Section 10.2.2.1 of the Monticello USAR states that "during
refueling outages, full core offloads are allowed because heatloads are
explicitly calculated and compared to cooling capabilities prior to any fuel
movement that would increase the spent fuel pool heat load." In Section
5.3.4 of the amendment request it is stated that "due to many variables that
can have an impact on peak SFP temperature, MNGP performs a cycle
specific offload analysis to confirm the applicability of the bounding thermal
analyses."

(a) Identify the decay heat removal equipment credited and its associated
heat removal capability when configured and operated to support a full
core offload.

NMC Response

Full-core offloads are not the normal refueling practice. The USAR illustrates
that while rarely occurring, the possible refueling/outage scenarios, including
a non-emergency full-core offload, are evaluated each operating cycle to
verify SFP cooling capability. The MNGP process explicitly requires
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calculation of the heatloads from the core discharge (full-core in this case)
and from the fuel in the SFP, and comparison of this total heatload to the
available SFP cooling capability, prior to fuel movement.

Removal of decay heat for a full-core offload (normal or emergency) can be
accommodated by use of the safety-related RHR System if the FPCC System
cannot provide sufficient capability. The SFP heat removal rate is largely
determined by the heat exchanger duty which is dependent on the Mississippi
river (ultimate heat sink) water temperature. For a full-core offload occurring
in other than the summer months, lower river temperatures would generally
allow use of the FPCC System for SFP cooling, without reliance on the RHR
System (note RHR operation in the fuel pool cooling mode has not been
required during past refueling or maintenance outages). For a full-core
offload during the summer if the river water temperature is nearing the
analysis limit of 90'F, the conservative evaluations indicate that operation of
the RHR System in the fuel pool cooling mode is required.

The major equipment of the RHR System consists of two RHR heat
exchangers, four main injection RHR pumps, and associated piping, valves
and instrumentation. Each RHR pump is designed to deliver at least 4,000
gpm. The RHR System heat exchangers are cooled by the Residual Heat
Removal Service Water (RHRSW) System.

The analysis of the emergency heat load condition includes an assumption
that SFP cooling is provided by the RHR System, rather than the SFP cooling
system. During a situation requiring additional SFP cooling, one subsystem
of RHR is aligned to take suction on the FPCC skimmer surge tank and
circulate the flow through the RHR heat exchanger where it is discharged to
the FPCC System return line to the SFP. Using a process fluid maximum
temperature of 140'F and a maximum cooling water temperature of 90'F, a
SFP maximum cooling capability of approximately 26.4 MBTU/hr has been
established not accounting for evaporative cooling which was neglected for
conservatism. This represents approximately a 7 percent margin over the
conservatively calculated heat load of 24.71 MBTU/hr estimated for the
emergency full core offload case.

NRC RAI

(b) Describe the methods and assumptions used to perform these
calculations, including those used for decay heat calculation and SFP
heat removal calculations, methods used to determine the limiting
values of operational parameters (i.e. decay time, fuel offload rates, etc),
initial conditions and assumptions used in time to boil evaluation, and
administrative controls that will be implemented each offload to ensure
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the cycle-specific analysis inputs and results bound actual conditions
prior to fuel movements.

NMC Response

Overview of Methods and Assumptions Used in Decay Heat Calculations

Anticipated decay heat loads in the SFP for upcoming refueling outages and
the follow-on operating cycle are calculated by applying the anticipated fuel
discharge schedule. SFP decay heat loads are calculated and compared to
the heat load scenarios specified in Section 10.2.2.3 of the USAR. If the
USAR decay heat loads do not bound the projected conditions, then the
planned discharge schedule can be adjusted(3) to ensure the SFP heat load
remains within the capability of the SFP cooling systems. The process
explicitly requires calculation of the total heatload from the core discharge and
the SFP, and comparison of this heatload to the SFP cooling capability, prior
to movement of fuel that would increase the SFP heatload. Verification that
this is performed is proceduralized to ensure compliance with the SFP design
criteria prior to every movement of fuel to the SFP.

The methodology described in ANSI/ANS-5.1-1994, "Decay Heat Power in
Light Water Reactors," (Reference 4) was implemented to calculate the decay
heat loads. Primary parameters used in these evaluations include the power
history, inventory from previous discharges, and projections of future cycle
operation. The contribution to the base decay heat load from fuel discharged
prior to the cycle of interest is based on the actual fuel assembly burnup and
operating power. The decay heat due to the activation of fuel bundle
structural components as described in General Electric Service Information
Letter 636 (Reference 5) was included. In 1998, the NRC issued a power
uprate license amendment (Reference 6). As part of the supporting analyses
for the power uprate the increase in SFP heat load from the increased power
level(4) was evaluated (Reference 7) and approved by the NRC.

The power uprate raised the unit power level to 1775 MWt. For conservatism
NMC chose to impose heat loads for this LAR assuming operation at 1880
MWt consistent with the analysis described in the USAR. A one-sided 95
percent uncertainty confidence interval of 1.65 times the ANSI/ANS-5.1
uncertainty for a reactor power level of 1880 MWt (assumed in the re-rate

Operational factors that reduce the heat load or increase the available heat removal
capacity, e.g., crediting ultimate heat sink temperature dependent off-load rates, or
scheduling offloads for periods of reduced ultimate heat sink temperature, could also be
applied.

4~ Normal pool cooling by the FPCC System and cooling for the emergency FCOL by RHR at
a bounding power level of 1880 MWt were evaluated by the NRC.
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analysis) in accordance with MNGP USAR Section 10.2.2.3 was applied. The
program methodology has been verified by comparison of the output to the
ANSI/ANS-5.1-1994 test cases. A review of the MNGP methodology versus
the issues identified in NRC Information Notice 96-039 (Reference 8)
determined that NMC has properly implemented the ANSI standard.
Beginning with Cycle 23 the operating cycle length increased from 18 to 24
months (and the nominal cycle discharge increased from 141 to 152(6)

assemblies). Future coastdown intervals are projected as 30 days consistent
with future cycle design expectations.

To determine the maximum emergency heat load the decay heat of the SFP
and reactor was calculated at periodic intervals; 30 days after the beginning
of the current cycle, and every 60 days thereafter, until the end of hot full
power condition at the end of cycle. The average relative bundle power
fraction for future discharges was determined by averaging the beginning,
middle, and end of cycle bundle powers for each core bundle batch. These
power fractions were used to calculate the decay heat of future discharges on
a per bundle basis, as well as the decay heat of the fuel bundles currently
stored in the MNGP SFP.

The current number of cells available for fuel storage is 2,209. At the time the
SFP heat removal calculations were performed it was assumed that a 169 cell
fuel rack (the existing design) would be installed in place of an existing GE
20 cell rack, resulting in the additional decay heat from 149 fuel assemblies.
Installation of this rack would have increased the number of cells available for
fuel storage to 2,358. The availability of a 64 cell PaR fuel rack resulted in a
later decision to pursue installation of that rack. The actual maximum of
2,273(7 ) storage cells results from the number of current available cells (2,209)
and those available after installation of the temporary rack (64). This
conservatively resulted in the heat load from an additional 85 (149 - 64) fuel
assemblies operating at 1880 MWt versus 1775 MWt (actual power) being
assumed. Therefore, the heat loads assumed in the analyses are very
conservative. The current USAR heat load limits are 5.6 MBtu/hr and
20.0 MBtu/hr were derived for normal and emergency conditions respectively.

Bundles were assumed to be moved to the SFP at a rate of 152 per cycle,
with the last 484 bundles to account for full core offload. Since the discharge

5 A 24-month operating cycle is nominally assumed to be 23-months of power operation and
a 30 day refuel outage. Coastdowns are projected be of 30-day durations.

6 Variations in nominal discharge size are bounded by the additional number of bundles

assumed in the thermal-hydraulic analyses for conservatism.
7 This is less than the LAR value of 2,301 (current TS value of 2,237 plus temporary rack

capacity) due to 20 spaces being utilized for control rod blade storage and 8 locations
unavailable due to geometric non-conformances.
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rate does not divide evenly into the number of spaces, there is one cycle that
will discharge fewer than the nominal number of bundles. For this cycle, the
average decay heat of a standard discharge batch was proportionately
reduced to reflect the number of remaining locations available for storage.

The following table provides results assuming the installation of the temporary
fuel storage rack (and the parameters previously discussed) for the full core
discharge cases:

1) full core offload after shutdown from a normal cycle (30 day coastdown)
2) emergency full core offload immediately following a normal operating

cycle (no coastdown) and
3) emergency full core offload immediately following a normal operating

cycle (no coastdown) assuming 427 bundles are transferred from the
SFP to an Independent Fuel Storage Installation (ISFSI) in the second
half of 2008 and replaced by normal discharge bundles in the SFP.

Case Type Heat Load Heat Load
Case_ Type(Mw) (MBtu/hr)

1 FCOL + Normal EOC 7.038 24.02
2 FCOL + Emergency 7.237 24.70
3 FCOL + Emergency + ISFSI + Discharge 7.241 24.71

Methods and Assumptions Used for the SFP Heat Removal Calculations

The rate of heat removal from the SFP is largely determined by the RHR heat
exchanger duty. Although an additional source of heat removal is
evaporation, its effect was neglected for conservatism and heat exchanger
duty was considered to be the sole source of SFP cooling. The heat
exchanger duty is the rate at which heat is rejected to the cooling water which
depends on the temperature and flow rate of the process fluid and the
temperature of the cooling fluid. An RHR process flow of approximately 3900
gpm was calculated as the maximum flow allowable to the SFP. Process flow
temperature was assumed to be a constant maximum of 140 0F. For a heat
exchanger rated cooling flow of 3500 gpm and temperatures varying from 32
to 900F, the heat transfer rate was determined as follows:
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Q = SCmin(Thin -Tc,in), where;

£ = heat exchanger effectiveness
Thin = inlet temperature to the heat exchanger
Tcin = inlet temperature of the cooling flow, and
Cmin = minimum capacity (Btu/hr°F)

The resulting SFP Cooling Rates were determined as:

River Temp. U (Btu/hr-ft2-OF) E SFP Cooling(UF) Rate (MBtulhr)

32 206.29 0.323 61.01
60 181.74 0.295 41.33
80 185.99 0.300 31.51
90 187.70 0.302 26.43

The following illustrates the fuel pool cooling rate as a function of the heat
exchanger cooling water temperature. These values represent approximately
a seven percent (7 percent) margin in system heat removal capacity.
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Initial Conditions and AssumDtions Used in the Time to Boil Evaluation

The minimum time-to-boil and maximum boil-off rate of 10.3 hours and 43
gpm respectively, were based on an emergency heat load of 20.0 x 106 Btu/hr
for the rerate analysis power level of 1880 MWt. A reasonable approximation
of the LAR analysis condition time-to-boil can be obtained by multiplying the
current USAR time-to-boil value times the ratio of the current emergency heat

Page 10 of 17



ENCLOSURE1

THERMAL / HYDRAULIC RAI RESPONSE

load to the LAR emergency heat load (i.e., after installation of the temporary
fuel rack). Likewise, the LAR condition boil-off rate can be approximated by
multiplying the current USAR boil-off rate times the ratio of LAR emergency
heat load to USAR emergency heat load. This results in revised time-to-boil
and boil-off rate of approximately 8.3 hours and 53 gpm respectively. Several
systems are available whose capacity exceeds the required 53 gpm makeup
rate. These include the FPCC filter/demineralizer backwash connections, fire
protection and the RHR Service Water System. Establishment of a 53 gpm
makeup rate within 8.3 hours is clearly within the capability of these systems.
All of these sources have capability to supply makeup water in excess of the
amount estimated necessary due to evaporative effects. See the response to
RAI 5(b). Operating procedures also identify several additional lower capacity
means of providing makeup water to the SFP through the condensate service
and demineralized water hose stations.

Administrative Controls to Ensure Analysis Bound Actual Conditions Prior to
Fuel Movements

The operating procedure includes an administrative control on the maximum
SFP temperature of 140'F. Normally the SFP temperature is maintained at
less than 1250F to minimize concerns with respect to airborne radioactivity
and pool clarity. The temperature of the SFP water is monitored downstream
of the skimmer surge tanks which continuously take water from the surface of
the pool before it is circulated to the heat exchangers and filter /
demineralizers, and returned to the SFP through diffusers located at the
bottom of the SFP. If the normal temperature increases operating procedures
contain provisions for the operator to enter the emergency Fuel Pool Cooling
mode, which includes operation of the RHR System if needed to maintain the
pool temperature to not higher than 1400F.

As described in the answer to RAI 3(a) below, the operating procedure for
moving fuel contains a prerequisite requiring that the anticipated decay heat
be verified to be within USAR limits prior to any fuel movement from the core.

NRC RAI

3) In Section 5.3.3, fuel pool decay heat loads associated with the 3 offload
scenarios (partial core, full core, and emergency full core) are given based
on post shutdown time.

(a) The normal decay heat load 96 hours after shut down is 7.25 MBTUlhr
* and it falls off to 5.55 MBTU/hr after 216 hours, which is below the USAR
heat load of 5.60 MBTUIhr and the [FPCC System] heat exchangers
combined designed heat transfer rate of 5.74 MBTU/hr. Discuss the
measures taken to ensure the core offload will be consistent with the
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216 hours time assumed to complete the normal fuel offload. Discuss
how plant procedures andlor other administrative controls are use to
assure the offload time is consistent with the assumption on which the
conclusion that adequate cooling is available is based.

NMC Response

Each cycle, a cycle-specific decay heat calculation is performed. The primary
consideration for the normal maximum heat load case is to ensure that the
SFP heat load is within the combined design heat transfer rate of the FPCC
System heat exchangers of 5.74 MBTU/hr. This is accomplished by ensuring
that the maximum heat load to the SFP is less than the USAR value of 5.60
MBTU/hr. Multiple means of ensuring this condition is met are available.
NMC has conservatively chosen, for simplicity, to assume the offload fraction
was the number of fuel assemblies for a 24-month cycle (152) and to
calculate the point after reactor shutdown where the SFP could accept the
entire heat load of these assemblies if they were transferred simultaneously
and not exceed the capacity of the FPCC heat exchangers. After this point in
time there are no constraints on the rate of fuel transfer, since the heat
addition rate is less than the removal rate. For the specific conditions
discussed here, i.e., with the installation and use of the 64 cell temporary fuel
storage rack, this point was reached at 216 hours after reactor shutdown.
Prior to 216 hours after reactor shutdown, administrative controls would be
implemented (e.g., controlling the number of assemblies transferred over a
time period) to ensure that the number of fuel assemblies moved to the SFP
would not result in a SFP heat load greater than 5.60 MBTU/hr. Note that this
post-shutdown point (216 hours in this case) will vary from cycle to cycle,
depending on cycle-specific conditions, and is explicitly determined for each
cycle.

The operating procedure for moving fuel contains a prerequisite, requiring
sign-off by Nuclear Engineer, that an evaluation (calculation or modification)
has been performed to verify that the anticipated decay heat load is within the
limitations established in USAR Section 10.2.2.3 prior to any fuel movement
from the core.

NRC RAI

(b) The emergency full core off load decay heat load 150 hours after shut
down is 24.71 MBTUlhr, which exceeds the 20 MBTU/hr given in section
10.2.2.3 of the USAR. Please discuss how the required heat removal is
accomplished by the SFP cooling system (and residual heat removal
(RHR) in fuel pool cooling mode). Include a discussion on the
equipment that is being credited as well as the system configuration,
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and the design heat removal capability based on the system operating
in the proposed configuration.

NMC Response

The analysis of the emergency FCOL heat load condition includes an
assumption that SFP cooling is provided by the RHR System, rather than the
FPCC System. In this situation, the analysis assumes that the temperature of
the fuel pool is 140°F and then calculates the RHR flow required to maintain
this temperature assuming the river water (ultimate heat sink) is at 90 0F. As
discussed previously, the major equipment of the RHR System consists of
two heat exchangers, four main injection RHR pumps, and four RHR Service
Water System pumps. Each RHR pump is designed to deliver approximately
4,000 gpm. Single RHR pump operation, provides margin above the
minimum required flow assumed in the plant safety analysis.

During a situation requiring additional SFP cooling, a RHR heat exchanger is
aligned so that water from the heat exchanger is pumped to the SFP. This
process flow is then re-circulated to the RHR heat exchanger where it is
cooled. In addition to the heat exchanger process flow, water is taken from
the Mississippi river intake and used as the heat exchanger cooling medium
prior to being returned to the river. Using a process fluid maximum
temperature of 140'F and a maximum cooling water temperature of 90 0F, a
SFP maximum cooling capability of approximately 26.4 MBtu/hr has been
established (evaporative cooling was neglected for conservatism). This
represents approximately a 7 percent margin over the conservatively
calculated heat load of 24.71 MBtu/hr estimated for the emergency full core
offload case.

NRC RAI

4) In Section 5.3.3.3 of the amendment request it is stated that the SFP bulk
temperature versus time was calculated for each offload scenario based on
time-varying total decay heat load on the SFP cooling system, and that all
core offload analyses resulted in a maximum pool temperature of less than
1400 F. Please provide the results referred to in LAR section 5.3.3.3 of the
SFP bulk temperature versus time for each offload scenarios, identifying the
peak pool temperature for each scenario.

NMC Response

Decay heat loads for various offload scenarios are calculated each cycle for
comparison to the decay heat loads specified in the USAR. The decay heat load is
calculated at a condition of interest (End-of-Cycle (EOC) or 30 days after refueling
for the case of the emergency FCOL) and compared to the heat removal capability

Page 13 of 17



4" -

ENCLOSURE 1

THERMAL / HYDRAULIC RAI RESPONSE

of the respective heat exchanger(s) (i.e., either the FPCC or the RHR heat
exchangers), at the maximum SFP bulk temperature of 1400F. For a situation in
which the calculated decay heat load exceeds the decay heat load specified for the
scenario in the USAR the minimum cooldown time at which the applicable SFP
cooling system (i.e., either the FPCC or the RHR System in the fuel pool cooling
mode) has the capability to remove the decay heat and maintain the bulk SFP
temperature within in its respective temperature limit was determined.

The maximum pool temperature was therefore fixed at 140 0F. The statement in
Section 5.3.3.3 regarding "...bulk temperature versus time..." requires clarification.
It was intended to convey the fact that the bulk temperature, which is a function of
the time varying heat load parameter, was limited to 1400 F. More specifically,
decay heat loads are maintained within the limits identified herein using 140°F as a
controlling parameter and calculating the heat load as a function of time. The
following table identifies the heat load and its associated USAR limit. This
cooldown time is reasonable with regard to outage fuel movement considerations.

Time Calc. USAR

Discharge Shutdown after Temp. Heat Heat
Type Type Shut Rack ISFSI Load Load

down Installed (MBtu/hr) (MBtu/hr)
(Hours)

Normal Normal EOC 96 No No 7.25 5.6
Normal Normal EOC 96 No Yes 7.28 5.6
Normal Normal EOC 216 Yes Yes 5.55 5.6
FCOL1  Normal EOC 150 Yes No 24.02 24.7
FCOL1  Emergency 150 Yes No 24.70 24.7
FCOL1  Emergency 150 Yes Yes 24.71 24.7

Notes: . Full core offload, 152 bundles moved to spent fuel pool each cycle
except final move, which includes last 484 bundles.

NRC RAI

5) In Section 5.3.4 of the amendment request it states that plant procedures
limit the spent fuel pool temperature to within the 140°F as discussed in
USAR Section 10.2.2, and that procedural controls suspend offload activities
at a SFP temperature of 125°F to maintain peak SFP bulk temperatures less
than 1400F. In Section 5.3.3.4 of Enclosure 1 of the LAR, the results for the
minimum time to boil and maximum boil off rate are given. The results are
identical to the current values given in Section 10.2.2.3 of the USAR.
Furthermore, upon review of the USAR, it was noticed that the maximum
initial fuel pool temperature for the calculations was assumed to be 120°F.
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(a) Since the fuel pool temperature design limit is 140°F, and the time-to-
boil (10.3 hours) and maximum boil-off rate (43 gpm) are based on a
maximum initial fuel pool temperature of 120°F according to the USAR,
which is non conservative, please provide justification for the use of the
120°F initial temperature.

NMC Response

Although the normal SFP temperature is administratively controlled to 1250F
or less, a temperature element located on the suction side of the FPCC
pumps is set for a high temperature alarm at 120 0F. Consequently, the
USAR time-to-boil value was based on 120 0F, which is the lowest
administrative control associated with enhanced monitoring of SFP pool water
temperature/heat-up.

The justification for the use of the 120'F is that this time-to-boil provides the
operator with additional time to monitor, trend and implement remedial actions
as necessary. Using 140°F as the starting point for the time-to-boil evaluation
does not change the results significantly and shows that there is adequate
time to establish and initiate a source of make-up water to the SFP.

NRC RAI

(b) Provide the calculated minimum time-to-boil, and maximum boil-off rate
for the case in which a lost of forced cooling occurs while the fuel pool
is at its design temperature limit of 140°F. Discuss what sources are
available to provide the required makeup and the associated time
required for aligning the sources.

NMC Response

The minimum time-to-boil and maximum boil-off rate of 10.3 hours and
43 gpm respectively, were based on an emergency heat load of
20.0 MBtu/hour assumed in the re-rate analysis for 1880 MWt (the licensed
power level is 1775 MWt).

A reasonable approximation of the time-to-boil can be obtained by multiplying
the current USAR time-to-boil value times the ratio of the current heat load to
the LAR heat load. Likewise, for an LAR condition evaporation rate can be
approximated by multiplying the current USAR evaporation rate times the
ratio of LAR heat load to USAR heat load. This results in revised time-to-boil
and boil-off rate of approximately 8.3 hours and 53 gpm respectively.

The difference in time-to-boil and boil-off due to an initial pool temperature of
140°F as opposed to 120'F can be approximated by,
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8.3 hr - [(8.3 hr/92°F) x 20'F] = 6.5 hr.

Current MNGP operations procedures identify several means of providing
SFP water makeup which include; the use of filter/demineralizer backwash
connections (-100 gpm), hose stations (condensate service water -
-25 gpm/hose station, demineralized water - -25 gpm/hose station, fire -
-100 gpm/hose station), and the RHRSW system - -3000 gpm). All of these
sources have the capability to supply makeup water in excess of the amount
estimated necessary due to evaporative effects.

Based on the above we conclude that a time-to-boil of 6.5 hours is sufficient
time to establish a satisfactory makeup rate from the diverse sources
available.
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