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ANALYSES FOR REDUCED FLOW OPERATION Reference 9.3

Limiting Transient(s): Recirculation Flow Increase (RFIT)

ASME OVERPRESSURIZATION ANALYSIS Reference 9.3
Limiting Event Containment Isolation

Worst Single Failure Direct Scram

Maximum Pressure 1341 psia

Maximum Steam Dome Pressure 1316 psia

CONTROL ROD WITHDRAWAL ERROR

Starting Control Rod Pattern for Analysis Figure 5.1

Rod Block Reading Distance Withdrawn Delta-CPR
105% 3.5 ft 0.07/0.07*
106% 4.0 0.10/0.10
107% 4.5 0.11/0.11
108% 5.0 0.13/0.13
109% 5.5 0.14/0.14
110%** 6.0 0.15/0.15

*Delta-CPR values for 8x8/9x9 fuel
**Rod Block Monitor setting selected for Cycle 10 operation

FUEL MISLOADING ERROR

Maximum LHGR 12.8 kW/ft
Minimum MCPR 1.577
Maximum Delta-CPR 0.19

DETERMINATION OF THERMAL MARGINS

Summary of Thermal Margin Requirements
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Event Power Flow Delta-CPR* MCPR Limit*

LRWB 100% 100% 0.24/0.28 1.29/1.33
LFWH 100% 100% 0.20/0.20 1.25/1.25
FWCF 100% 100% 0.17/0.20 1.22/1.25
CRWE 100% 100% 0.15/0.15 1.20/1.20

* Limits for 8x8 fuel/9x9 fuel

MCPR Operating Limits at Rated Conditions

Fuel Type MCPR Limit
9x9 Fuel 1.33
8x8 Fuel 1.29

MCPR Operating Limits at Off-Rated Conditions
Reduced Flow MCPR Limits
Manual and Autumatic Flow Control Figure 5.2

Automatic Flow Control Figure 5.3

6.0 POSTULATED ACCIDENTS

6.1 LOSS-OF-COOLANT ACCIDENT

6.1.1 Break Location Spectrum Reference 9.6
6.1.2 Break Size Spectrum Reference 9.6
6.1.3 MAPLHGR Analyses for XN-3, XN-3A 9x9 Fuel Reference 9.7

See Reference 9.5 for MAPLHGR analyses for XN-1 and XN-2
fuel. Existing MAPLHGR limits for these fuel types remain
valid for Cycle 10 operation.

Limiting Break: Double-ended guillotine pipe break
Recirculation pump suction line
1.0 Discharge Coefficient
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Bundle Average Peak Clad Peak Local

Exposure MAPLHGR Temperature MWR

0 11.40 2006 F 2.20%

5,000 11.75 2045 F 2.44%

10,000 11.40 1893 F 0.91%

15,000 10.55 1805 F 0.63%

20,000 9.70 1710 F 0.44%

25,000 8.85 1623 F 0.29%

30,000 8.00 1529 F 0.18%

35,000 7.15 1421 F 0.12%

40,000 6.30 1309 F 0.08%

6.2 CONTROL ROD DROP ACCIDENT

S |

.1

Dropped Control Rod Worth

Doppler Coefficient, 1/k dk/dT

Effective Delayed Neutron Fraction

Four-Bundle Local Peaking Factor

Maximum Deposited Fuel Rod Enthalpy, cal/gm

TECHNICAL SPECIFICATIONS

LIMITING SAFETY SYSTEM SETTINGS
MCPR Fuel Cladding Integrity Safety Limit
MCPR Safety Limit

Pressure Safety Limit

.1.2 Steam Dome Pressure Safety Limit

LIMITING CONDITIONS FOR OPERATION

Average Planar Linear Heat Generation Rate

Limits for XN-3 & XN-3A 9x9 Fuel

Reference 8.1
0.0074
-10.5x(10)-6
0.0052

1.278

109

1.0

1345 psig
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Bundle Average

Exposure MAPLHGR
0 11.40 kiW/ft

5,000 11.75
10,000 11.40
15,000 10.55
20,000 9.70
25,000 8.85
30,000 8.00
35,000 7.15
40,000 6.30

7.2.2 Minimum Critical Power Ratio

Rated Conditions MCPR Limits

Fuel Type Limit
9x9 Fuel 1.33
&§x8 Fuel 1.29

Off-Rated Conditions MCPR Limits
Reduced Flow MCPR Limits
Manual and Automatic Flow Control Figure 7.1

Autematic Flow Control Figure 7.2

7.3 SURVEILLANCE REQUIREMENTS

7.3.1 Scram Insertion Time Surveillance

Individual control rod drive insertion times shall be monitored in

accordance with existing Technical Specification requirements. If the

average insertion time to the 90% insertion point for all the control rod
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drives in the core, based on the most recent observation for each drive,
exceeds 2.73 seconds, the MCPR operating limit for each fuel type in the

core shall be increased by an amount determined by:

OLMCPR = MCPRs + ( Tav - 2.73 ) * MCPRt,

where OLMCPR is the MCPR operating limit, MCPRs is the Technical
Specification MCPR operating 1imit based on compliance with the statistical
assumptions, Tav is the average control rod insertion time to 90%, and MCPRt

is 0.130 for 8x8 fuel and 0.143 for 9x9 fuel.

This surveillance requirement does not supersede the Control Rod Drive
operability requirement or the scram insertion time requirements specified

elsewhere.

7.3.3 Procedural Controls

Procedural controls on fuel rod local linear heat generation rate shall be
established such that the power distribution assumptions of the mechanical

design analysis remain applicable.

8.0 METHODOLOGY REFERENCES

See XN-NF-80-19, Volume 4 for complete bibliography.
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Table 4.1 Neutronic Design Values

Fuel Pellet Reference 9.1

Fuel Rod Reference 9.1

Fuel Assembly Reference 9.1

Core Data

Number of fuel assemblies

Rated thermal power, MW

Rated core flow, Mibm/hr

Core inlet subcooling, BTU/1bm
Moderator temperature, F

Channel thickness, inch

Fuel assembly pitch, inch

Wide water gap thickness, inch
Narrow water gap thickness, inch

Control Rod Data

Absorber material

Total blade span, inch

Total blade support span, inch

Blade thickness, inch

Blade face-to-face internal dimension, inch
Absorber rods per blade

Absorber rod outside diameter, inch
Absorber rod inside diameter, inch

Absorber density, % of theoretical
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APPENDIX A
SINGLE LOOP OPERATION

The NSSS supplier has provided analyses which demonstrate the safety of
plant operation with a single recirculation loop out of service for an
extended period of time. These analyses restrict the overall operation of
the plant to lower bundle power levels and lower nodal power levels than are
allowed when both recirculation systems are in operation. The physical
interdependence between core power and recirculation flow rate inherently
limits the core to less than rated power. Because the ENC fuel was designed
to be compatible with the coresident fuel in thermal hydraulic, nuclear, and
mechanical design performance, and because the ENC methodology has given
results which are consistent with those of the previous analyses for normal
two-loop operation, the analyses performed by the NSSS supplier for single
loop operation are also applicable to single loop operation with Ffuel and

analyses provided by ENC.

With a single recirculation loop in operation, the NSSS supplier’'s analyses
support continued operation with an increase of 0.0l in the MCPR safety
limit. Because of the similarity between the ENC XN-3 9x9 fuel type and the
other fuel types making up the remainder of the core, and because of the
similarity in the magnitude of the uncertainties which determine the MCPR

safety limit, this small increase in the safety limit value is also
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appropriate for operation with ENC fuel and analyses. For Cycle 10
operation with both recirculation loops in operation, the MCPR safety Tlimit
is 1.05, which is the same value as was used for the previous cycle. For
Cycle 10 operation with a single recirculation loop 1in service, the MCPR
safety limit is 1,06, which is also the same value as was used for the

previous cycle.

The consequences of core-wide transients at the reduced power and flow
conditions necessitated by single loop operation are bounded by the
consequences of these events at rated conditions. The additional
conservatism imposed by the reduced flow MCPR operating limits specified in
the main body of this report assures that the MCPR safety limit will not be
violated during anticipated operational occurrences with a single
recirculation loop in service. No modification to the delta-CPR defining
the rated conditions MCPR operating limit is required, and the reduced flow
MCPR 1imit curve remains conservatively applicable during single loop
operation. Because the reduced flow MCPR 1limit curves are based on
equipment performance which physically cannot happen during single loop
operation, the added conservatism present in the curves compensates for the
penalties associated with increased uncertainties in the MCPR safety limit
and control rod drive performance. The reduced flow MCPR limit curves are

applicable without modification during single loop operation,

The stability characteristics of the Cycle 10 core are equivalent to or
better than those of the previous cycle core. Reactor operation within the

limitations which assured adequate stability for the previous cycle will
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continue to assure adequate stability for Cycle 10. In addition, the
stability analyses reported in Section 4.2.4 of the main body of this report
cover the operating region of Single Loop Operation. The calculated decay
ratio is 0.53, which is within the appropriate acceptance criterion for

Single Loop Operation.

The NSSS supplier justified MAPLHGR reduction factors for resident fuel
types 8x8, 8x8R, and P8x8R during single loop operation. Because the ENC
8x8 fuel is very similar to the P8x8R fuel in design and operational
characteristics, the MAPLHGR reduction factors defined by P8x8R fuel are
applicable to the ENC 8x8 fuel for single loop operation. The LOCA analyses
performed in support of the Cycles 8 and 10 reloads demonstrate a similarity
in ECCS performance for cores fueled with 8x8 and 9x9 fuel, with the 9x9
fuel exhibiting a consistently lower value of Peak Cladding Temperature
(PCT). Because the LOCA performance of the various fuel types is similar
and because the 9x9 fuel exhibits a consistently lower PCT, the MAPLHGR

reduction factors for 8x8 fuel are conservatively applicable to 9x9 fuel.
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APPENDIX B
FORMULATION OF MCPR LIMITS

The original Exxon Nuclear analyses performed in support of operation of
Dresden Unit 3 as reported in XN-NF-81-76 defined thermal margin
requirements in terms of a minimum critical power ratio (MCPR) as formulated
in XN-NF-524, Revision 0. This MCPR formulation contained a flow iteration
during the calculation of the critical heat flux associated with any given
fuel operating state. During the NRC Staff review of XN-NF-524 and the
Dresden license amendment application, it was determined that differences
between the proposed ENC formulation of MCPR and the existing formulation in
the Dresden design basis were unnecessarily confusing. Cycle 8 and 9
operation of Dresden Unit 3 and Cycle 9 and 10 operation of Dresden Unit 2
were authorized on the basis of this flow-iterative formulation of MCPR, but
the topical report, XN-NF-524, was revised (Revision 1) to incorporate a
constant flow MCPR formulation consistent with the previous design basis.
Revision 1 of XN-NF-524 was approved generically for BWR applications, and
Dresden continued to operate with the flow-iterative MCPR under the

provisions of 10 CFR 50.59(a)(1).

The introduction of the ENC XN-3 9x9 fuel necessitated a revision to the
plant Technical Specifications in order to specify operating limits for the
new fuel type. At this time, new, constant flow MCPR operating limits are
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provided for ali incore fuel types consistent with the approved ENC
methodology in XN-NF-524(A), Revision 1. All MCPR limits reported in this

document are quoted on a constant flow basis.
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APPENDIX C
RECIRCULATION PIPE REPLACEMENT PROGRAM

Following the completion of Cycle 9 operation, the Dresden Unit 3 plant was
altered to rep]ace" cracked stainless steel piping in the recirculation
systems. Although the original plant configuration was followed closely,
there were some differences in dimensions between the original piping and

the replacement piping.

Exxon Nuclear has evaluated the geometric differences between the original
and replacement piping. The contained volumes and piping spool
configurations are sufficiently similar that the results of earlier analyses
performed by Exxon Nuclear based on the original plant configuration are

valid within the reporting accuracy of the design basis documents.
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