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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

March 20, 1990

NRC BULLETIN NO. 90-02: LOSS OF THERMAL MARGIN CAUSED BY CHANNEL BOX BOW

Addressees:

A11 holders of operating licenses (OLs) or construction permits (CPs) for
boiling water reactors ?BHRS).

Purggse:

The purpose of this bulletin is to request that addressees determine whether
any channel boxes are being reused after their first bundle lifetime and, if
so, ensure that the effects of channel box bow on the critical power ratio
(CPR) calculation are properly taken into account.

Background:

As a result of information obtained at a meeting on fuel failures caused by
dryout at a foreign BWR facility and at meetings with BWR fuel vendors, the
NRC issued the attached Information Notice 89-69, "Loss of Thermal Margin
Caused by Channel Box Bow," on September 29, 1989, to alert addressees to

the potential problems associated with excessive channel box bow that could
result in a loss of thermal margin. The main concern applicable to the U.S.
BWRs at this time is that the channel box bow effect has not been taken into
account in the CPR calculation for channel boxes in their second bundle life-
time operation.

Discussion:

Because channel box bow has a non-negligible impact on BWR thermal limits
calculations, it is important that actions are taken to prevent the possi-
bility of any fuel failures because of this effect. The staff acknowledges
that the possibility of fuel failure as a result of channel box bow for
channel boxes in the first fuel bundle lifetime is remote for U.S. BWRs.
However, channel boxes in use for a second bundle lifetime may be severely
bowed with a loss of CPR margin of up to 0.20 delta-CPR. Therefore, the
staff has concluded that all addressees that currently use channel boxes
for a second bundle lifetime should inform the NRC of the number and dis-
position of such channel boxes in the core, and describe the actions taken
to assure compliance with the technical specification CPR limits. Because
of the new information about channel box bow, the staff expects that reuse
of channel boxes in future core reloads will be addressed as an unreviewed
safety question in reload core safety evaluations.
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Addressees who use channel boxes for only a single bundle lifetime are
expected to take into account the effects of channel box bow in analysis
supporting the next fuel reload application. This can be dore by either

the use of an approved methodology that takes the effects of channel box

bow into account in the CPR calculations, or by the use of a bounding value

of delta-CPR. Preliminary results have been obtained by both General Electric
Company (GE) and Advanced Nuclear Fuels Corporation (ANF) in their proposed
methodolugies. It is expected that the delta-CPR caused by channel box bow
would not exceed 0.04 for D-lattice plants and would not exceed 0.02 for
C-lattice and S-lattice plants. These results are based on the maximum
expected channel box bow for channel boxes that are used for only a single
bundle lifetime. Because of the increased rate of channel growth observed

at the foreign BWR facility after about 50 to 60 GWd/MTU burnup, the delta-CPR
effect is expected to be much larger for channel boxes being used in their
second bundle lifetime. However, GE and ANF have not provided recommendations
for the use of second bundle lifetime channel boxes.

Both GE and ANF have provided the NRC with reports describing their methodology
for incorporating the effects of channel box bow in their CPR analysis. The GE
report was submitted to the NRC by letter dated November 15, 1989, and is en-
titled “Effect of Channel Bow on Margins to Core Thermal Limits in BWRs.” The
ANF report was submitted to the NRC by letter dated November 30, 1989, and is
entitled "Critical Power Methodology for Boiling Water Reactors - Methodology
for Analysis of Assembly Channel Bowing Effects," ANF-524(P), Revision 2, Sup-
plement 1. These two methodologies are presently under staff review, which is
expected to be completed by May 1990. In the interim, the staff will consider
approval of proposed plant- and cycle-specific applications of these new method-
ologies, if it can be demonstrated that the new methods are conservative in
comparison to previously approved methods and are being correctly implemented.

In summary, all BWR licensees are expected, in evaluation of the design and
operation of reload cores, either to implement an approved methodology or to
implement an acceptable bounding value of delta-CPR, as needed, to assure that
the effects of channel box bow on CPR 1imits are taken into account to assure
compliance with technical specification CPR limits.

Requested Action:

A1l BWR Ticensees that currently use channel boxes for a second bundle lifetime
should verify that current CPR technical specification operating and safety
limits are met.

Reporting Requirements:

Within 30 days of receipt of this bulletin, all holders of OLs for BWRs that
currently use channel boxes for a second bundle lifetime shall advise the NRC
of the number of such channel boxes and their disposition in the core. In
addition, the response shall describe the methods, and the associated data
base, used to account for the effects of channel box bow during the second
bundle lifetime use of channel boxes to ensure conformance with the CPR
technical specification operating and safety limits.
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The written reports required above shall be submitted under oath or affirmation
pursuant to Section 182 of the Atomic Energy Act of 1954, as amended (42 u.S C.
2232), and shall be addressed to the U.S. Nuclear Regulatory Commission, ATTN:
Document Control Desk, Washington, D.C. 20555. In addition, a copy shall be
submitted to the appropriate Regional Administrator,

Backfit Discussion:

The action requested in this bulletin ensures licensees' compliance with their
technical specifications as required under 10 CFR 50.36(c)(1§(1)(A). The safety
1imit CPR comes under this regulation. A known deficiency in current calcu-
latinn of the CPR could result in fuel failures because the operators are misled
to believe they are in compliance with the technical specification operating CPR
limit. The requested action was evaluated consistent with the provisions of

10 CFR 50.109 and found to be covered by the provisions of paragraph (a)(4)(1).

This request is covered by Office of Management and Budget Clezrance Number
3150-0011 which expires January 31, 1991. The estimated average burden hours
are 100 person-hours per licensee response, including assessment of the new
recommendation, searching data sources, gathering and analyzing the data,

and preparing the required letters. These estimated average burden hours
pertain only to these identified response-related matters. Seud comments
regarding this burden estimate or any other aspect of this collection o
information, including suggestions for reducing this burden, to the Infor-
mation and Records Management Branch, Division of Information Support Services,
0ffice of Information Resources Management, U.S. Nuclear Regulatory Commission,
Washington, D.C. 20555; and to the Paperwork Reduction Project (3150-0011),
0ffice of Management and Budget, Washington, D.C. 20503.

If you have any questions about this matter, please contact one of the techni-
cal contacts listed below or the appropriate NRR project manager.

okl Z RBosee

Charles E. Rossi, Director
Division of Operational Events Assessment
0ffice of Nuclear Reactor Regulation

Technical Contacts: Peter C. Wen, NRR
(301) 492-1172

Daniel B. Fieno, NRR
(301) 492-3236

Attachments:
1. Information Notice 89-69, “Loss of Thermal Margin Caused by Channel
Box Bow"

2. List of Recently I<sued NRC Bulletins
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

September 29, 1989

NRC INFORMATION NOTICE NO. 89-69: LOSS OF THERMAL MARGIN CAUSED BY
CHANNEL BOX BOW

Addressees:

A11 holders of operating licenses or construction permits for boiling-water
reactors (BWRs).

Purpose:

This information notice is intended to alert addressees to potential problems
involving loss of thermal margin caused by excessive bowing of BWR fuel channel
boxes. It is expected that recipients will review the information for 'ppli-
cability to their facilities and consider actions, as appropriate, to 2.0id
similar problems. However, suggestions contained in this information rotice

do not constitute NRC requirements; therefore, no specific action or wr:tten
response is required.

Description of Circumstances:

During a refueling outage in August 1988, four failed fuel rods in separate

assemblies were identified at a foreign BWR facility. Subsequent evaluation
of sipping, visual inspection, gamma scan, and hot-cell dica led to the con-
clusion that these rods failed because the rods were operated under dryout

conditions during steady-state operation for an extended period of time
(between 2 and 7 days).

The failed fuel rods were located symmetrically in the core. The fuel assem-
blies containing the rods that had failed were located adjacent to once-burned
fuel assemblies with highly exposed fuel channels (see Figure 1). These fuel
channels were in their second bundle lifetime and had excessive channel bowing.
In each assembly with failed fuel, the corner rod facing the adjacent control
rod was heavily oxidized and the cladding was penetrated just below the top
spacer grid. In addition, each of the four failed rods had typical secondary

internal hydriding damage near the bottom of the fuel rods, resulting in loss
of fuel material.

Discussion:

Dryout of the fuel rods in this foreign facility occurrec because of modeling
errors in the plant process computer, which resulted in nonconservative calcu-
lated values of the minimum critical power ratio (MCPR) of the core. These
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modeling errors were caused by neglecting the effects of channel bowing and
the geometric variation between the reloaded and once-burned fuel assemblies.
These effects substantially increased the widths of the control rod water gaps
for the assemblies that contained these four fuel rods beyond that assumed in
the plant process computer calculations. 'The increased neutron moderation as-
sociated with the increased water gap widths led to very high localized power
peaking at these four fuel rods. However, these effects were not properly ac-
counted for in the MCPR calculations. For some time, the plant operators were
misled by these erroneous MCPR calculations and were operating the plant in
steady-state beyond the MCPR safety limit.

The modeling error of generic concern to all BWRs, regardless of the fuel
supplier, relates only to the greater-than-expected bowing of fuel channel
boxes, which contributed about 15 percent error in the calculated MCPR value
for this foreign facility. Channel bowing is a manifestation of differences
in the channel growth of opposite sides of the channel box and is proportional
to channel growth. The information obtained by the NRC indicates that the
channel growth shows an accelerated trend at higher burnup exposure, especially
when the fuel channels are being reused in their second bundle lifetime. The
effect on core operating MCPR is magnified when fresh fuel is located adjacent
to the bowed fuel channels. Core operating limits imposed by technical speci-
fications may be exceeded if the reduction in margin caused by fuel channel
bowing is not properly accounted for in the plant process computer for thermal
1imits monitoring. Based on a preliminary evaluation by BWR fuel vendors of
U.S. reactors, the impact of the new data on actual versus calculated MCPR
values is expected to range from 0.0 to 0.03 CPR units. However, the impact
could be much greater (about 15 percent) for any reactors operating with fuel
channels being reused in their second bundle lifetime.

This information notice requires no specific action or written response. If
you have any questions about the information in this notice, please contact one
of the technical contacts listed below or the appropriate NRR project manager.

Charles E. Rossi, Director
Division of Operational Events Assessment
0ffice of Nuclear Reactor Regulation

Technical Contacts: Peter C. Wen, NRR
(301) 492-1172

Daniel B. Fieno, NRR
(301) 492-3236

Attachments:
1. Figure 1, "Channel Bow"
2. List of Recently Issued NRC Information Notices
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BULLETIRS
TnTormation vate ot
Motice No. Subject issuance Issved to
L0 ~— Uate of
N Sebject Jssuance  Issved to 0s-68 Evaluation of Instrument 9/25/89 A11 holders of OLs
Setpaints During or CPs for mclear
90-01 Loss of FI11-011 in Trams- 3/9/% A1l holders of OLs Modifications power reactors.
mitters Manufactured by or CPs for muclesr 5
Rosemount power reactors, 89-¢7 Loss of Residual Mest 9/13/89 All holders of OLs
Remova! Caused by or CPy for PWRs.
-0 Potential Loss of Required  11/21/89 All holders of OLs Accumylator Nitrogen
Shutdown Margin During ar CPs for PWRs. Injection
Refueling Operations
89-66 Qualification Life of 9/11/89 A1l holders of OLs
8-10, Nonconforming Mo lded-Case 8/3/89 All holders of OLs Solenoid Valves or CPs for muclear
Supplesmnt | Circuit Breskers or CPs for nuclear power reactors.
power reactors.
88-46, Licersee Report of 9/11/89 A1Y holders of OLs
99-02 Stress Corrosion Cracking 7/19/89 All holders of OLs Supp. & Defective Refurbished or CPs for muclear
of High-Herdness Type 410 or CPs for muclesr Circuit Breakers power reactors.
Statnless Stee! [nterna! power resctors,
Praloeded Bolting in Anchor 89-65 Potential for Stress 9/8/89 All holders of OLs
Lerling Mode! $SISOW sn-, Corrostion Cracking in or CPs for PuRs.
Check Valves or Yalves o Steam Genera’or Tube
Stmtlar Design Plugs Supplied by
Babcock and Wilcox
89-01 Fatlure of westinghouse 5/15/89 All holders of OLs
Steem Generator Tube or CPs for PuRs, 89-64 Electrical Bus Bar Failyres 9/7/89 ATl holders of OLs
Mechanical Plugs or CPs for muclear
power reactors.
88-08, Therma! Stresses 1n Piping 4/11/89 All holders of OLs
Suppiement ] Comnected to Resctor Coolamt or CPs for light- 89-6) Possible Submergence of 9/5/89 A1l helders of OLs
Systems water-cooled nuclear Electrical Circuits Located or CPs for nuc'esr
power reactors. Above the Flood Leve! Because power reactors.
of Water Intrusion and Lack
88-07, Power Oscillations In 12/30/88 All nolders of OLs of Drainage
Supplement |  Boiling Water Reactors or CPs for Bwms,
89-62 Malfunction of Borg-Warner  §/31/89 211 holders of OLs
88-11 Pressurizer Surge Line 12/20/88 ATl holders of OLs Pressure Seal Bonnet Check or CPs for muclear
Therma! Stratification or CPs for PWRs. Valves Cavused By Vertica! power reactors.
Misalignment of Dis:
88-10 Nonconforming Molded-Case 11/22/88 A1l holders of OLs
Clrcuit Breakers or CPs for muclear 89-61 Fatlure ov Borg-warner Gate 8/30/89 Al holders of OLs

Dower reactors,

Yalves to Close Against
Differential Pressure

or (Ps for muclear
power reactors.
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