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SUBJECT: SUMMARY OF JANUARY 31, 1995, MEETING WITH DUKE POWER COMPANY AND
B&W FUELS COMPANY CONCERNING MARK B11l FUEL ASSEMBLY PROGRAM

On January 31, 1995, NRC staff members met with representatives of Duke Power
Company (DPC) and B&W Fuels Company (BWFC) to discuss the development program
and implementation plan and schedule for the B&W Mark Bll fuel assembly.
Meeting attendees are listed in Enclosure 1. The agenda for the meeting is
included as Enclosure 2. Copies of non-proprietary handouts are included as
Enclosure 3.

Presentations by the DPC and BWFC representatives provided an overview of the
Mark Bl11l des1gn activities, which was initiated as a joint fuel assembly
design study in May 1993. The BWFC representatives provided a technical
description of the design of the new fuel assemblies and the associated
accident analyses needed to support the new fuel. Implementation and test
schedules were presented for both the Lead Test Assembly (LTA) installation
and full batch implementation at Oconee. The use of the 10 CFR 50.59 process
for the LTA implementation and the Ticensing submittals needed for full batch
implementation were described. In closing, ‘DPC representatives stated that
they desired a follow-up meeting with the NRC to discuss the scope of a
Topical Report on non-LOCA transient analyses. It was tentatively agreed to
plan for such a meeting in the June 1995 time-frame.
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Project-Directorate II-2

Division of Reactor Projects - I/II
Office of Nuclear Reactor Regulation
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UNITED STATES )
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001
April 11, 1995

LICENSEE: - Duke Power Company
FACILITY:  Oconee Nuclear Station, Units 1, 2, and 3

SUBJECT: SUMMARY OF JANUARY 31, 1995, MEETING WITH DUKE POWER COMPANY AND
B&W FUELS COMPANY CONCERNING MARK B11 FUEL ASSEMBLY PROGRAM

On January 31, 1995, NRC staff members met with representatives of Duke Power
Company (DPC) and B&W Fuels Company (BWFC) to discuss the development program
and implementation plan and schedule for the B&W Mark Bl1l fuel assembly.
Meeting attendees are listed in Enclosure 1. The agenda for the meeting is
included as Enclosure 2. Copies of non-proprietary handouts are included as
Enclosure 3.

Presentations by the DPC and BWFC representatives provided an overview of the
Mark Bll design activities, which was initiated as a joint fuel assembly
design study in May 1993. The BWFC representatives provided a technical
description of the design of the new fuel assemblies and the associated
accident analyses needed to support the new fuel. Implementation and test
schedules were presented for both the Lead Test Assembly (LTA) installation
and full batch implementation at Oconee. The use of the 10 CFR 50.59 process
for the LTA implementation and the Ticensing submittals needed for full batch
implementation were described. In closing, DPC representatives stated that
they desired a follow-up meeting with the NRC to discuss the scope of a
Topical Report on non-LOCA transient analyses. It was tentatively agreed to
plan for such a meeting in the June 1995 time-frame.

“Effszg A. Wiens, Senior Project Manager

Project Directorate II-2
Division of Reactor Projects - I/II
Office of Nuclear Reactor Regulation
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MEETING ATTENDEES

MARK B11 FUEL ASSEMBLY DEVELOPMENT

January 31, 1995
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' DUKE POWER

Agenda
 Duke / BWFC Presentation to NRC
Mk-B11 Devélopment Program

- Background . (J.E. Burchfield, 15 mins.)
Development Program | | v
Design Description < (D.A. Gottuso, 30 mins_.)
LOCA Analysis (J.A. Klingenfus, 15 mins.)
Safety Analysis ~ (G.B. Swindlehurst, 15 mins.)
Testing ) (M.E. Aldrich, 15 mins.)
Irradiation Program ' (R.M. Gribble, 15 mins.)

01C17 Mk-B11 LTA Analysis  (R.M. Gribble, 15 mins.)

Summary (K.S. Canady, 10 mins.)

Mk-B11 Development Program
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1| M buke power

Background

J. Ed Burchfield

Duke Power
ONS Regulatory Compllance

‘'Mk-B11 Development Program



i DUKE POWER

Meetlng Objectlves

e Provide an Overview of Mark B11 Des1gn
- Activities

e Describe 50.59 Process for Implementing 4 L'ead
Test Assembhes (LTAs) beginning Wlth Oconee 1
Cycle 17 |

‘o OQOutline Licensing Submlttals Necessary to Support
Full Batch Implementation of Mark B11 Design
 Beginning with Oconee 3 Cycle 19 '

Mk-B11 Development Program
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Fuel Rod Optlmlzatlon DeS|gn Study"

e Duke Power and BWFC Inltlated a Joint Fuel
'Assembly Design Study in May of 1993

- o Design Study Objectives

Fuel Cycle Cost Reduction
No Reduction In Thermal Margin

Ensure Des1gn Would Meet Mechanlcal
Des1gn Limits

Ensure Design Would Satlsfy Current
'Burnup Limits

Mk-B11 Development Program
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Desngn Study Assumptlons
. ONS Cycle Length of 470 EFPD
e Feed Batch Size .of: 56 Assembliels | :

. ‘Range of Fuel Rod Diameters Form 0. 410 to 0.430
Inches C0n51dered S

e Maximum Fuel Pm Burnup lelt of 60, 000
MWD/th

‘Mk-B11 Development Program



I DUKE POWER |

Overwew of Analyses

e Scoping Calculations Indicated That Fuel |
- Utilization Is Optimized By Maximizing the
Uranium Loading of the Assemblies

e Based on Scoping Calculatlons, Each Fuel Rod
Design Incorporated the Following |
Characteristics:

- Thinner Cladding |
- Smaller F'uel-t'(_)-'Cladiding Gap
- Increased Stack Height |

- Incréésed Theoretical Density

Mk-B11 Development Program
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Overwew of Analyses (contlnued)

5 Core Physics Calculations Were‘Performed_for a
- Range of Rod Diameters |

e Thermal Hydraulic Calculatlons Were Completed
for Each Design to Evaluate Thermal Margin.
Impact of Mixing Vane Grids Was Incorporated |

e Fuel Mechanical Calculations Were Performed to
~ Evaluate:

. Internal Pin Pressure

- Creep Collépse

Mk-B11 Development Program
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Conclusmns of Study

. For a Given Fuel Rod OD, Fuel Utlllzatlon is
~ Optimized By Maximizing the Uranium Loadmg of
the Fuel Assembly. |

Fuel Utilization Contmues to Improve As Fuel Rod
OD is Decreased |

Thermal Margm Decreases as Fuel Rod OD

Decreases

- Fuel Assembly/Pin Burnup Increases as Fuel Rod
OD Decreases |

Pin Peaklng Increases as Fu_el Rod OD Decreases

Mk-B11 Development Program
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' Conclusmns of Study (contlnued)

o Fuel Rod oD of 0.416 Inches Is Optlmum for ONS
Cores -

- e Mixing Vane Grids Offsets Slight Increase in Pin |
~ Peaking/Decrease in Thermal Margin Ass0c1ated -
‘ Wlth the Fuel Rod OD Reduction

e Fuel Rod Burnup lelts/Mechanlcal Limits Are
Met For 0. 416 OD Fuel Rod |

e Duke Power and BWFC Performed Independent
Calculations to Confirm 0.416 OD Design.
Agreement Between These Calculations Was
Excellent | -

Mk-B11 Development Program
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Mk-B11 Design
Description

Dennis A. Gottuso
- Mk-B Product Engineering Mgr.
B&W Fuel Company

EDUKE POWER é
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DUKE POWER

el oy M d I'k - B P ro d U CtS

= Mark-B9 fuel assembly
-0.430" O.D. B9 fuel rod
- Helical hold down spring
= Mark-B10 fuel assembly
-0.430" O.D. B9 fuel rod
— Cruciform hold down spring
= Mark-B10T fuel assembly
-0.430" O.D. B10 fuel rod
— Cruciform hold down sprin
- Increased uranium loading



EL ASSEME

HEL ICAL \
HOLDGOWN SPRING Q

N

INCONEL UPPER TOP VIEW
END GRID

(R T N
> L

| -]
| I I
M
] r
INSTRUMENT
| .430" 0.D. TUBE
| FUEL ROD
] /
- ) O
0 QO
B oNme A0
s oNmoNIINo NN
F OPTIMIZED
BY-PASS FLOW
R GUIDE TUBES

INTERMEDIATE
ZIRCALOY CROSS SECTION

SPACER GRIDS

(O P l;;l

! ]
(O S

:

]

N
]

L] )
‘?UUUUUUUF“‘ INCONEL LOWER
99.5,0,05.9.9,00 g END GRID g8
=< B o
| | | Uzl AN
H - ’&% |
» T\\\_DEBRIS RESISTANT L4
NS LOWER END PLUG
e RECONST I TUTABLE
-ANT I ~-STRADDLE BOTTOM VIEW

LOWER END FITTING



1™~

!
i

N

iidlidi
_J~F TFT AFE{
NI
]]FF VNARE i
iy
ITTTHTTN
ity
i
T
_5!: =1
im
‘::\ J'

S~

.
y
i

LEAF (CRUCIFORM)
HOLDDOWN SPRING

INCONEL UPPER
END GRID

.430" 0.D.
FUEL ROD

INTERMEDIATE

SPACER GRIDS

INCONEL LOWER

END GRID

DEBRIS RESISTANT
LOWER END PLUG

RECONSTITUTABLE
ANT I -STRADDLE
LOWER END FITTING

TOP VIEW
/
oHHNe!
/
O -,
0 oHNe
0
0

CROSS SECTION

X

2N
\74

_J

— L
il

-

BOTTOM VIEW

OPTIMIZED

BY-PASS FLOW
/é/—GUIDE TUBES

INSTRUMENT
TUBE



T A ® ®

DUKE POWER

B Mark-B Products

New Fuel Assembly Design Objectives

= Lower fuel costs

= Enhanced thermal-hydraulic performance
= Increase in peaking margin

= Increase in DNB margin
= Quick disconnect UEF
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Mark-B Products

= Mark-B11 fuel assembly
- 0.416" O.D. B11 fuel rod
- Integral flow diverter spacer grid
- Quick disconnect UEF

- Cruciform hold down spring



MARK-BT FUEL ASSEMBLY

~_LEAF (CRUCIFORM
HOLDDOWN SPRING

INCONEL UPPER

END GRID \_OUICK
TOP VIEW -piSconnECT

]
!
]
J
P
!
i
1
]
1
|
]
P
1
\"lq! NN

[
i

INSTRUMENT TUBE

«D]___._,A._.____.J_WL_.[_ /
® i
. - E{ ) ® A1T-0
MIXING —< E eleC RoD
GRIDS J:ﬂ [/—FUEL 0 £EiEeEd:
R sacel
T_WH - =~J  OPTIMIZED
- - BY-PASS FLOW
- ] — GUIDE TUBES
h CROSS SECTION
__m__J_J INTERMEDIATE
S — _:w:— ~ ZIRCALOY
] ] T SPACER GRIDS
_ ‘
H__L'L___JJ___‘J._

INCONEL LOWER
END GRID

AN ; b
]
—
[l
]
1
]
]
I}
1
]
P
]
l'lﬁr\l'lq ’F\I-lﬁ

.
DEBRIS RESISTANT ]
LOWER END PLUG

. u: \\ ~j : :
\RECONST I1TUTABLE /
ANT I -STRADDLE BOTTOM VIEW

LOWER END FITTING

|\ |
L S¥LC__
T

=y

Al




. A ® ®

DUKE POWER

ok f f/B&W FUEL

Eliesc  Mark-B Fuel Rod Comparsion

= B9 axial blanket fuel rod

~ Currently operating in Mark-B10 fuel assembly in
Oconee 2, Cycle 15

= B10 axial blanket fuel rod
>~ Integral to Mark-B10T fuel assembly
- Planned for Oconee 3, Cycle 16 (July, 1995)

= B11 axial blanket fuel rod
- Integral to Mark-B11 fuel assembly

~ Lead assemblies planned for Oconee 1, Cycle 17
(November, 1995)
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DUKE POWER

Comparison of Mk-B Fuel Rods

[b,c,d,e]
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Comparison of Mk-B Fuel Rods

[b,c,d,e]
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tDUKE POWER

T H E FB&W FUEL

20 company C o m p a ri S O n Of M k - B F u e I Ro d S

[b,c,d,e]



DUKE POWER
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Comparison of Mk-B Fuel Rods

[b,c,d,e]
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Fuel Assembly Comparisoh

[b,c,d,e]
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DUKE POWER

Fuel Assembly Materials

[b,c,d,e]



B&W Fundamentals Maintained

[b,c,d,e]



John A. Klingenfus
BWNT

LOCA Analyses

| DUKE POWER
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LOCA Analyses .

= LOCA methods

= LOCA analyses

= LTA LOCA LHR limits
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DUKE POWER

B Mark-B11 LTA LOCA Limits

= Methods Topical Reports

- RELAPS5/MOD2-B&W -
"BWNT LOCA" BAW10192, Rev 0

» Submitted to NRC 2/94
~ All codes used have SERs

- CRAFT2/THETA1-B -
"B&Ws ECCS Evaluation Model"
BAW10104, Rev 5

- Approved



Mark-B11 LTA LOCA Limits _

[b,c,d,e]



Mark-B11 LTA LOCA Limits

[b,c,d,e]



5 ¢ ¢
Mark-B11 LTA LOCA Limits

[b,c,d,e]
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Mark-B11 LTA LL Calculation -

[b,c,d,e]
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Mark-B11 LOCA Limits
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I DUKE POWER

Non- LOCA Safety AnaIyS|s To
Support Implementation of Mk-B11
LTAs and Full Cores '

e 01C17 Reload with LTAs will be evaluated to ensure
that the current licensing basis remains valid
- Key Safety Analysis Physics Parameters’
- Technical Specifications
- L1m1ts in the COLR
- No problem expected

L T he Steady-State Thermal/Hydrauhc Analysns to ensure
acceptable DNBRs in the LTAs is also apphcable to the
Chapter 15 Transients |

Mk-B11 Development Program -
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Non- LOCA Safety Analy3|s To
Support Implementation of Mk-B11
LTAs and Full Cores (contlnued)

~® Duke will be submlttmg a Topical Report on Non-LOCA
 Transient Analysis in the 3rd quarter of 1996 (DPC-NE-
3005)
- Update FSAR Chapter 15 (20 years old)
- Using approved RETRAN/VIPRE models (some model
improvements)
- Desire NRC input on the scope of the Topical Report
- NRC approval will be needed to support 03C19 core design
with Mk-B11 fuel (18 month NRC review period) -

Mk-B11 Development Program
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Mark-B11 Test Program

Mike Aldrich
B&W Fuel Company
Thermal & Performance Analysis

| DUKE POWER
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DUKE POWER

Test Program Overview

[b,c,d,e]
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DUKE POWER

O FB&W FUEL

20U company P re S s u re D ro p

[b,c,d,e]
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DUKE POWER

Life and Wear

[b,c,d,e]
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DUKE POWER

Flow Induced Vibration

[b,c,d,e]
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DUKE POWER

Critical Heat Flux

[b,c,d,e]
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Laser Doppler Velocimeter

[b,c,d,e]
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DUKE POWER

Fuel Assembly Mechanical

[b,c,d,e]
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Fuel Assembly Mechanical
(Continued) |

[b,c,d,e]
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DUKE POWER

Current Testing Schedule

[b,c,d,e]
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Mk-B11 LTA Irradlatlon Program

o Lead Assembly Irradlatlon

Ron M. Gribble
Duke Power |
Nuclear Engineering (G.O.)

| Mk-B11 Development Program
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Duke Progression to Mk-B11

Objectives: o Fuel Cycle Cost Reduction
e Equivalent Burnup
o No reduction in thermal margms

Mark B10 (Rod Burnup = 60,000 max.)

Mark B10T (Rod Burnup = 60,000 max.)

- Maximized U-loading

v

Mark BI1  (Rod Burnup = 60,000 max.)

e Maximized U-loading

Mk-B11 Development Program
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Mk-B11 LTA Irradlatlon Program

° 4 Lead Assemblles

e Non- llmltmg
e Approved methods

Exceptlons |
LOCA EM
‘BWCMY applicability to LTAs

Mk-B11 Development Program



OCONEE MKk-B11 DESIGN SCHEDULE

MkB10T MKkB10T

MkB10T

.MkB11 LTA's

- .2nd Cycle PIE . 3rd Cycle PIE
. 1st Cycle PIE

OCONEE1

MkB10T

OCONEE 2 _ -

.430 OD . . .416 Dla. Rod
. Thinner clad ) . Mixing Vanes
. Smaller gap .

. Taller Stack

OCONEE 3

T élélélé#{éliﬁéﬁléli e e S R ey
L1993 | 1994 | 1995 | 1996 [ 1997 | 1998 | 1999 [ 2000 | 2001
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LTA Irradlatlon Program Objectlve
o 2 cycles of PIE prlor to full batch

. Address standard concerns and emerging
issues - | |
o High, yet non-limiting 1st-cycle exposure

e Demonstrate fuel rod integrity
) Maxunlze grid relaxation

e Residence in 2nd cycle at most susceptible
baffle locations (with relaxed grlds) |

e Reinsert in center of core 3rd cycle to-
maximize burnup

Mk-B11 Development Program
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Oconee 1 Cycle 17. Oconee 1 Cycle 18 Oconee 1 Cycle 19

1 2 3 4 85 8 1 8 § 10 u 121 W 8 1203 4 8§ 8 7 8 9 10128 102 3 4 8 8 7 & 9 10 % o12 13 W 8

LTA Cyclo Average Max. Pin 135 . LTACyco Avergo e Pin =07 © LTACyde Average Max. Pin 095

Mk-B11 Development Program
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Ant|C|pated Mk-B11 LTA Post
Irradlatlon Examlnatlon Scope

. FA Visual

e FA Growth

o FABow ‘

e Shoulder Gap
e Fuel Rod Oxide
o Fuel Rod‘Di‘ameter‘-
e Fuel Rod Lifts & Visual

e Water Channel

e Grid Position

Mk-B11 Development Program
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AnaIyses/Tests Completed Prlor to
LTA Loading

® Crltlcal Heat Flux Testmg
e Transition core hydraullc and DNBR analysis
(BWC and BWCMYV Correlatlons)
. Fuel assembly mcrementalvpressu_re drop test
(including subchahnel form losses) |
e Flow Induced Vibration Test (of Mk-B10 and B11)
'y CRDL life and Wear_'fest | |
‘e Mk-B11 fuel rod mechahical .analySes

‘e  LOCA Analysis

' Mk-B11 Development Program
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Mk-B11 NRC Support Needed
‘Mk- B10T (()3C16 full batch)

NRC TACO3 Audit of Duke completed and inspection report issued
(March 31, 1995)

CROV 9 approved (April 1, 1995)
Technical Specification Submittal Approval (May , 1995)

NRC Review of Oconee Enrichment Upgrade (Included with Tech.
Spec submittal) |

Mk B11 LTAs 101C17!

50.59

Mk-B11 (0O3C19)

BWU (Mk-B11) Topical Approval (January, 1998)

LOCA Topical Approval (January, 1998)

Statistical Core Design Addendum Approval (Apnl 1998)
Chapter 15 Approval (April, 1998) '

Mk-B11 Mechanical Topical Review (June, 1999)

Mk-B11 Development Program




