Canadian Nuclear Commission cana dienne
oreté nucica Canada

Safety Commission de sdreté nucléaire

Impact on NPPs of
Bruce Units 3 and 6 Licence Limit Exceedance of

Hydrogen Equivalent Concentration,in Pressure Tube

o o

e ™

CNSC Staff Presentation

Commission Meeting
September 3, 2021

CMD 2iM37




Canadian Nuclear Commission canadienne

Safety Commission  de slreté nucléaire Canada

Commission Meeting, September 3, 2021
CMD 2iM37

Purpose

This CMD provides:

A Details of and ampdateto the July 16, 202Eventinitial Report (EIR): Bruce A
Unit 3 and Bruce B Unit 6 Hydrogen Equivalent Concentration in Pressure Tubes
Licencd_imit Exceedanc€CMD 21M39)

A CNSC staff assessmeafghe licensees responses to the requests made
pursuant toSubsection 12(2) of th&eneral Nuclear Safety and Control
Regulation§GNSCR)

A Next steps following the review by the Commission of the Orders issued to Bruct
Power and OPG

This CMD is provided for information only
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Chronology of Event at Bruce A & B and

Subsequent Actions
All references are publicly available
DiscoveryHeqissue reported

by Bruce Power

via REGDGE. 1.1 Event Reports| | GNSCR Subsection 12(2) GNSCR Subsection 12(2) responses
July 5, 2021 (Unit 6] requests sento all NPP licensees | receivedfrom all NPP licensees
July 8, 2021 (Unit 32] July 13, 20215, 6, 7] July 30, 202116, 19, 21]
CNSC letters sent to Bruce Power Orders issued
requesting additional information to Bruce Powef8| July 26, 2021
July 8, 2021 (Unit 63| and to OPG9] [10] July 27, 2021
July 9, 2021 (Unit 3%
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Discovery Reported at Bruce Units 3 and 6

A Pressure tube Hydrogen equivalent concentratibled measurements in Unit 3
and Unit 6 exceeded levels predicted by curreiegmodels; theHeqglimit in the
licensing basis approved by the Commission isplizi

0 Unit 6 burnish mark measuremertteqg 211 ppm
Predicted value from the model: 100 ppm
0 Unit 3 inspection campaign ongoigyalues to be submitted

0 ElevatedHeqglocalized to a region near the outlet end fitting in pressure tubes from
both units

A The root cause of the elevatddiegat these locations has not been determined
A Safe operating margins established in the licensing basis were not compromised
A Licensees must demonstrate that pressure tubes remain fit for continued service
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Region of Interest in Pressure Tubes

A For a description of the CANDU fuel channel configuration, please reBviB 21M4

A The region of elevated hydrogen equivalent concentratidad) 6 G NS 3IA 2V
identified in the Bruce Power Unit 3 and Unit 6 pressure tubes is located close to tt

outlet end fitting

approximate sample location

end fitting j of high [Heq]
—F—ﬂ : top

Length of pressure tub Region of interest

between end fittings: ~—pressure | tube——/\ ———— extends less than
Approximately  |ES——— R r;";;,;in't' _burnish mark 75 mm from the
5500 mm o = outlet end fitting
_}/—v_J : N\ |start of taper botiom

r—-ﬂ—) in EF RJ bore
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Potential Impact on Pressure Tube Fithess for Service

A For a detailed description of factors that can impact pressure tube fitness for serv
please refer taCMD 21M4

A ElevatedHegcan lead to a reduction in fracture toughness
oal GSNAIFIfQa loAftAGe G2 NBarAad Tl AfdzZNE A
A Currently accepted fracture toughness model only validateddiequp to 120 ppm,
which constitutes the licensing basis
o Current fracture toughness model not validated egabove 120 ppm

o If aflaw is present, the elevatddeqmay also increase the potential for crack initiation
and growth from a flaw

A Licensees must assess the impact of the elevitedon fitness for service
assessments
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Evaluation for Pressuneibe Cracking

| Requires
Degradation Fitness for Knowledge
Process Service Program NizCedM Presence of
Flaw formation due to _ flaws in the
interaction with fuel bundle TR IR el R region of
Interest IS
Crack initiation from flaw Models for crack initiation Yes one of the
conditions
for pressure
Crack grows through wall Models for crack growth Yes tubes crack

Initiation
Pressure tube fails

Model for fracture toughness Yes
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Impact on Current Safety Margins

Objective of CNSC Staff Response

) ——

<Pntential Effect of Elevated Heqg

Unsafe Operation Licensing Basis Safety Margin Target Operation
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Extended Operation

A Extended operation refers to operation beyond 210,000 equivalent full
power hours (EFPH)

A Safe operation is not limited to 210,000 EFPH
0 Iintended to ensure that reactors were economical to build and operate
0 based on conservative estimates for pressure tube deformation rates

A Safe operating life of pressure tubes based on design and fitness for
service safetynargins

Safe operation is not limited to 210,008FPH
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BRUCRA & B - EIRUPDATE
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: A Bruce Pow formed
Status of Bruce Units 3 and 6 addiionelHeqerape
(Unitsin planned outages) inspections on 26

channels

Flaws were not identified
In the channels assessed
as part of the outage

C A . . . A inspection campaign
0SeZ2y R wmH licdntelOadibong HaSdbook also states t Detailed assessment of

t AOSyasSSa daaklff 2o00FAYy I LILINEEE . its will b
any pressure tube with ameasurddddd I NH I U0 SNJ U K ;nusg)riﬁtg); tgef’;”N;(V;V Istaf?

A Bruce A Unit 3 and Bruce B Uniu@knowingly operated outside o

A LicenceCondition 153 0 6 SAY d. ST2NB KeéR
concentrations exceed 120 ppm, the licensee shall demonstrate
pressure tube fracture toughness will be sufficient for safe opers

4

the licensing basis prior to shutdown since their measiHedwas Unit 6
greater than 120 ppnBoth units currently in plannedutages has been in an extended
A Modeling predictions underestimated measureeqvalues in Major Component

Bruce Units 3 and 6 Replacement outage since
January 2020 and will have

all pressure tubes Egplaced
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CNHzOS t 25 SnNKa  { NG
Regardingafe Continued OperatioriEiciuttErtiEIE

evaluations to
Bruce Power complete@lechnical Operability Evaluatiorfer the operating units demonstrate that
(Units 1, 2, 4, 5, 7, and 8)
Bruce Powereported that Units 1 and 2 are unconditionally operabées their

pressure tubes have been replaced and they have not operated long enough t
generate elevatedHeqin the pressure tubes

Bruce Poweansserted that pressure tubes in Units 4, 5, 7 and 8 are operable

NIN

continued full power
operation of these
units is safe

SinceHegcannot be measured during reactor operation, Bruce Power based their conclusion on an assessment
A Inspection results performed to date
A Lack of flaws observed in the region of interest that would lead to crack initiation
A Material behaviourat full power operating temperatures
A The concurrence between predictive and measursjvalues outside the region of interest where flaws are
known to exist
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CNSC Staff Assessment of Bruce A and B Safe

Continued Operation

CNSGtaff assessmendf safe continued operation of Bruce A and B operating
units (Units 1, 2, 4, 5, 7 and:8

A Units 1 and 2 arare currently unaffected by théndings of the discovery event,
astheir pressure tubes have been replaced and they have not operated long
enough to generate elevatadeq

A ElevatedHeqwill not impact safe operation of pressure tubes unless flaws exist in
that region ofinterest and likelihooaf such a flaw is considerdaolw in Units 4, 5,
7/, and8

A CNSC staff conclude that shamedium and longeterm actions should be
undertakenby Licensees to account ftine elevatedHeqdiscoveryevent
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GNSCR Subsection 12(2) Request Letter to
Bruce Power

CNSC staff made the following requestsBruce Power:

1.

Analyze the impact of this information on the demonstration of pressure tube fitness for
service

Conduct necessary tests and analysis to verify that operation of all reactors at Bruce P«
remains within their licensingasis

Inform CNSC of any other measures taken in response totaorsnation
Assess the impact of this information on the plan for Unit 3 restart-p@st31outage

Analysis of the hydrogen uptake model validity, reflecting ingarmation
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GNSCR Subsection 12(2) Reguest Letters to
OPG and NBP

The Bruce finding of elevatddeghas raised concerns regarding uncertainty{sqg
modelling. This issue affects all NPP licensees since they all use similar models.

CNSCnade the following requests to other NPP Licensees:

1. Confirm receipt of the information from Bruce Power related to thecovery

2. Analyze the impact of the information on the demonstration of pressure tube fithess for
service

3. Conduct necessary tests and analysis to verify that operation of the reactor at [Licensee
Nuclear Generating Station[s] remains within its licensiag)s

4. Inform CNSC of any other measures taken in response tmtarsnation
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