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SSINS No.: 6820
Accession No.:
UNITED STATES 8006190042
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

August 29, 1980
IE Bulletin No. 79-26 Rev. 1
BORON LOSS FROM BWR CONTROL BLADES
Description of Circumstances:

The General Electric Company (GE) has informed us of a failure mode for control
blades which can cause a loss of boron poison material. Hot cell examinations
of boih foreign and domestic blades have revealed cracks near the upper 2nd of
stainless steel tubing and loss of boron from the tubes. The cracks and boron:
loss have so far been confined Lo locations in the poison tubes with more than
50 percent Boron-10 (.10) local depletion. Observed crack sizes range from a
quarter to a half inch in length and from one to two mils in width,

GE has postulated that the cracking is due %o stress corrusion induced by
solidification of boron carbide (I‘C) particles and swelling of the compacted
B‘C as helium and lithium concentrations grow. Once primary coolant penetrates
the cladding (1.e., the cracking has progressed through the cladding wall and
the helium-iithium pressures are sufficient to open the crack), boron is
leached out of the tube at locations with more than 50 percent .10 loca)
depletion (local depletion is considered to be twice the average depletion),

It was further found with similar cracking dbut with less than 50 percent local
depletion of .10‘ that leaching did not occur even though primary coolant had
penetrated the cladding.

The cracking and boron loss shorten the design 1ife of the contro! blade.
According to the GE criteria the end of design 1ife is reached when the
reactivity worth of the blade is reduced by 10 percent, which corresponds to
42 perce it '10 depletion averaged cver the top quarter of the control blacge.
Because of the leaching mechanism, GE has reduced the allowance for .10 deple-
tion averaged over the top quarter of the contre)l blade from the 42 percent
value to 34 percent,
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margin requirad by Technical Specifications plus an increment sufficient
to account for the putential for boron loss.

We have examined the bases for GE's conclusions, including the hot cell tests
and the calculational assumptions. The preferred action is to replace all
blades expected to have greater than 34 percent .10 depletion averaged over
the upper one-fourth of the blade. However, based on our review we believe
the relation hatween boron loss and llo depletion (1.¢., the observations to
date show that boron loss does not occur unt.! 50 percent local depletion of
.XO) fs sufficiently understood to justify BWR operation on an interim basis
provided the following actions have been taken by licensees.

Action to be taken by Licensees:
For all 8wR power reactor facilities with an operating license:

1. The operating history of the reactor is to be reviewed to establish a
record of the current '10 depletion averaged over the upper one-fourth of
the blade for every control blade; the record is to be maintained on 2
continuing basis. This action is required on all reactors whether shut-
down for refueling or operating.

2. Identify any contro! blades predicted to have greater than 34 percent
'10 depletion averaged over the upper one-fourth of the blade by the
next refueling outage.

a. Describe your plans for replacement ¢f identified control blades.

.  Describe measures which you plan to take justifying continued
operations unti) the next refueling specifically aadressing (1) any
blade with greater than 42 percent depletion averaged over the upper
one-fourty of the blade; and (2) the condition where you find greater
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than 26 percent of the control blades calculated to have greater
than 34 percent depletion averaged over the upper one-fourth of the
blade.

3. At the next cold shutdown or refueling outage, conduct shutdown margin
tests to verify that:

a. full withdrawal of any control blade from the cold xenon-free core
will not result in criticality; and

b. compliance with the shutdown margin requirement in a manrer that
accommodates the boron loss phenomenon (i.e., by including a plant
specific increment in the shutdown margin that takes the potential
loss of boron from contro] blades identified from evaluation of Item
1 into consideration).

4. Perform a destructive examination of the most highly exposed control
blade at the end cf the next cycle and provide results of the examination
within one calendar year aft>r removal of the blade. The results to be
reported sheuld include:

a. Tube number or fdentificatinn.

b. The elevation of each crack in the tubing.

g The calculated 310 depletion versus elevation for each tube.

d. The measured 310 loss versus elevation for each tube.

e Tre maximum loca' cepletion for tubes have no cracks.

f. The maximum loca! depletion for tubes having no loss of boron,

R1
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o UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D, C. 20858

October 22, 1985

Fr. J. F, Klapproth

Principal Licensing Engincer

Nuclear Techrolegies and Fuel Division
General Electric Company

175 Curtner Avenue

San Jose, Califorria QF125

Dear Mr, Klapproth:

SUBJECT: ACCEPTANCE OF ADDENDUM TO LICENSING TOPICAL PEPORT NEDE-22290,
SUPPLEMENT 2, "ADVANCED LONGEP .LIFE CONTROL ROD" (ALLCR)

On July 1, 1985 the NRC found the subject topical report to be acceptadle for
referencirg fn Yicense aprtications to the extent specified and under the
limitations delineated in the report and the assocfated NRC evaluation,

eg letter dated July 21, 1985, the Genera) Electric Company (GE), requested
NRC's acceptance of its position that replacement of all«B,C control rod
designs with controlled stainless steel tubing material ar‘ exempt from the
requiremenrts of 1E Bulletin 79.26, with the exception of control rod 1ife
tracking, Such an exerption has been granted for the ALLCP assembly, The
enclosed evaluation addendum defines the basis for our acceptance,

We do not intend to repeat our review of the matters described in the report

and the acddencur and found acceptadble when the report and 1ts addendum are
referenced in license applications, except to assure that the material presented
is applicadle to the specific plant fnvolved., Our acceptance applies only to
the matters described in the report and the addendum,

In accerdence with procedures established in NUPEG-0390, 1t fs requested that
GE publich accepted versions of this report, proprietary and non-proprietary,
fncorporating the addendum, within three months of receipt of this letter,

The accepted versfons shall incorporate this letter and the enclosed evaluation
between the title page and the abstract, The accepted versfons shall fnclude
ar -A [designating accepted) following the report identification symbol,

Should cur criteria or regulations change such that our conclusions as to the
acceptadbility of the report are invalidated, GE and/or the applicants referencing
the topical repnrt will be expected to revise and resubmit their respective
documentation, or submit justification for the continued effective applicability
of the topical report without revision of their respective documentation,

Sincerely,

Cect) 0, Thomas, Chief
Standardization and Specia)

Projects Branch
Division of Licensing

Enclosure:
Ay stated




ENCLOSURE

ADDENDUM TO ALLCR TOPICAL REPORT EVALUATION

1€ Bulletin 75.26 was fssued fn response to fnstances of loss of boron from
control rods due to tude cracking. It required that a record be hept of the
current B-10 depletion averaged over the upper quarter of the rod for every
control rod, that a program be established to replace control blades having
greater than 34 percent B-10 depletion averaged over the upper quarter of the
blade (Including an allowance for boron 10ss), that shutdown margin measure-
pents made at refueling outages should have an allowance for any predicted
boron less during the succood!n? cycle, and thet a destructive examination be
performed of a highly exposed a l-“c rod.

In order to address the root cause of the boron loss phenomenon tube cracking
6f performed an investigation and, as & result, has begun replacing the
tubing fn a)1-8,C rods with a high purity controlled stainless steel alloy
which 15 not sufcoptib1e to cracking, They conclude that the requirements

of dbulletin 79-26 need no longer be met for all-B,C rods with the controlled

stainless steel tubing., We concur with that conc'usion. Our concurrence 1s

based on the following:

1. The exposure of each contro) rod will stil]l be tracked to determine ‘
wher. @ 10 percent reduction in rod worth occurs.,

2. Boron loss from the contrg) blade due to cracked tubing 1s not expected
to occur. An extensive surveillance program {s being carried out on
the B,C rods 1n GE Mybrid I control blades. These blades are being
1rrod'ated as part of a lead te.t program in the Peach Bottom reactor to
monitor the susceptibilfty of these rods to cracking (see NEDE-22290-A
for detafls and the staff's evaluation),

3. Shutdown margin determinations are required by plant Technical
Specifications during stortug after each refueling and will continue
to be performed. Mowever, allowance for boron loss will not be
required. The requirement to replace rods before exceeding a 10
percent reduction in relative worth will assure adequate protection,

4, A long term surveillance program will be conducted on rods containing
the new tuding, This will consist of @ visual examination after the
sixth year and for every other cycle after that, This will enhance
the 1ikelinood that incipfent problems will be discovered.
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TABLE B.i PBYLLETIN CLOSEOUT STATUS
Facility Utilivy Inspection
Status, NRC Response Report and Closeout

Facility Utility Docket 08-29-80 Region Date Date Status

Big Rock Poimt 1 CcpPC 50-155 oL 111 01-04-80 80-19(01-27-81) Closed
10-10-80

Browns Ferry 1 TVA 50-259 oL 1I 01-04-80 80-20(05-20-80) Closed
11-25-80

Browns Ferry 2 TVA <0-260 oL II 01-04-80 80-15(05-20-80) Closed
11-26-80

Browns Ferry 3 TVA 50-296 oL 11 01-04-80 #0-16(05-20-80) Closed
11-25-80

Brunswick 1 CPsL 50-325 oL Il 01-03-80 B4-08{05-17-84) Closed
09-25-80
04-13-81

Brunswick 2 CPRL 50-324 OL 11 01-03-80 B4-08B(05-17-84) Closed
09-25-80
04-13-81

Coaper Station NPPD 50-298 0L v 01-08-80 80-09(07-09-80) Closed
07-02-81

Dresden 2 CECO 50-237 oL I11 01-04-80 84-03(04-10-84) Closed
05-19-80
04-15-81

Dresden 3 CECO 50-249 OL I11 01-04-80 84-02(04-10-84) Closed
05-19-80
04-15-81

See notes at end of table.










Notes for Table B.1:

1. Facility Status is “ased ~2 Reference ]| (see below).
For Facility Status, "OL"™ designates "Operating License”.
Refer to Page 2 for the Bulletin Closeout Criterion,

Susquehanna 1,2 wer. added per the letier of 11-26-80 to N. W, Curtis (PPRL)
from B. H., Crier (NRC/RI), im order to resolve licensing questions.

Inspection Report 50-387/81-19 appliec specifically to Susquehanna Unit 1, only. It has
been verified by telephone communication between the NRR technical wmonitor and the
resident inspector that the IR applies to Unit 2 as well as Unit 1 .n regard to the
bulletin,

REFERENCE

I. United States Nuclear Regulatory Commission, Licensed Operating Reactors, Status Summary
Report, Data as of 02-29-88, NUREG-0020, Volume 12, Number 3, March 1988,
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APPENDIX C
Abbreviations

Average Planar Linear Heat Generation Rate
Boston Edison Company

Boiling Water Reactor

Commonwealth Edison Company

Consumers Power Corpany

Caroline Power and Light Company

Criticel Power Ratio

Contractor Report

Division of Licensing (NRC)

Government Accounting Office

General Flectric Company

Georgia Powver Company

GPU Nuclear cCorporation

Headquarters

(See NRC/IE)

Inspection and Enforcement Bulletin (NRC)
Iowa Electric Light and Powver Company
Inspection Report (NRC/IE)

Jersey Central Power and Light Company
Licensee Event Report

Linear Heat Generation Rate

Minimum Criticel Power Ratio

Maximum Plenar Linear Heat Generation Rate
Niagara Mohawk Power Company

Northeast Nuclear Energy Company

Nebraska Public Power District

Nuclear Regulatory Commission/

Office of Inspection & Enforcement
Office of Nuclear Reactor Regulation (NRC)
Northern States Power Company
New York Power Authority
Northeast Utilities
Operating License
Fower Authority of the State of New York
Philadelphia Flectric Company
Pennsylvenia Power & Light Company
Region (NRC)

Reactor Pressure Vessel

Shutdown Margin

Tennessee Valley Authority

Vermont Yankee Nuclear Power Corporation
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bé%ﬁmentathn is provided in this report for the closeout of IE Bulletin
79-26 on the safety-related subject of horon loss frem boiling water
reactor (BWR) control blades. Closeout is based on the implementation

of the required actions by licensees for all 2% General Electric (GE)
facilities to which tie bulletin was issued for action, The bulletin
was issued initially on November 20, 1979 aind in slightly revised form

on August 29, 1980. The NRC's concern was the safety impact of a loss
of boron poison material from control blades on shutdown capability and
scram reactivity. The failure mode had been identified and investigated
by GE. After examination of GE's hot cell test results, calculations,
assumptions and conclusions, the NRC required all BWR licensees to take
five detailed actions, including submittal of written reports, On
October 22, 1985, the NRC granted SE's reqguest that “advanced longer-
life contrel rods" (ALLCRs) be exempt from the regquirements of the
bulletin, except for tracking control rod life.
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