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BWRVIP-62: Technical Basis for Inspection Relief for
BWR Internal Components with Hydrogen Injection

 Objectives

— Provide technical basis for reduced inspections of reactor vessel
internal components based on mitigation of IGSCC

— Justify lower crack growth rates to evaluate continued operation
and to establish inspection intervals

 Status
— BWRVIP-62-A transmitted to NRC in May 2011
« Hydrogen Water Chemistry
« NMCA: Noble Metal Chemical Application (NobleChem™)
— Industry implementing OLNC: On-Line NobleChem™
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Objectives for BWRVIP-62 Revision 1

« Obtain NRC acceptance of OLNC to mitigate IGSCC
 Define requirements for effective implementation of OLNC |
* Provide data on field effectiveness of HWC mitigation technologies

 Provide data to justify that ECP monitoring in the lower vessel head is
not necessary for inspection relief with noble metal chemistry

« Respond to NRC concerns with the BWRVIA Radiolysis and ECP |
Model by updating to BWRVIA V3.1

« Justify that conductivity due to zinc addition does not increase IGSCC;
conductivity can be corrected for zinc

« Obtain NRC concurrence that, a sister plant to a plant with installed
ECP probes does not require ECP monitoring

 Define requirements for sister plants
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On-Line NobleChem™

* Application during power operation
— Sodium hexahydroxyplatinate injected to feedwater
— Very low reactor water Pt concentrations
—10 — 14 days application period
—~Annual applications

 Deposits very small particles of Pt on surfaces and in
existing cracks |

—~10 times surface area of NMCA deposits
— Higher catalytic activity |
« Effectiveness of IGSCC Mitigation:
— Equivalent to NMCA and HWC
— Reduces risk of crack flanking
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Differences Between OLNC and Classic
NobleChem™
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Qualitative Comparison of MHWC and
NMCA/OLNC Mitigation
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Pt Deposits: OLNC vs NMCA
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| Conductivity during OLNC Injection
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~| Conductivity during OLNC Injection

» Conductivity is due to sodium hydroxide (NaOH) from
decomposition of Pt injection chemical and soluble Fe

* Neither Na nor soluble Fe promote IGSCC

» Conductivity may exceed Action Level 1 (0.3 uS/cm)
« Maximum conductivity << Action Level 2 (1.0 uS/cm)
» Most applications < Action Level 1 |

« Concentrations of aggressive ions chloride and sulfate are
maintained well below Action Level 1 (<5 ppb).



ECP Response to OLNC at a BWR-2
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Long Term ECP Response to OLNC at a BWR-2
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H Effective Implementation of OLNC

* Inspection Relief: HWC Availability =90% (same as
NMCA)

* Primary Parameter: Measured ECP

» Secondary Parameters: Proposed but under review
— Reactor water oxygen, OR
— Measured H,:0, Molar ratio, OR

— FW hydrogen flow rate or concentration plus H,:O, ratio
from radiolysis model

— Measured molar ratio =3 (same as BWRVIP-62-A)
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Requirements for Effective Implementation (1)

* At least two ECP reference probes shall be installed

— ECP probes shall be exposed to reactor water at operating
temperature.

— Probes may be installed in the plant or in external ECP monitoring
stations that receive reactor coolant flow.

— In the event of probe failure, a single reference electrode is
acceptable for assessing effectiveness.

— Same requirements as in BWRVIP-62-A for NMCA
* A hydrogen ramping test shall be conducted

— Minimum FW H2 for ECP < -230 mV(SHE)
— Equivalent to molar ratio ~2
— Correlate with secondary parameters
— Same requirements as in BWRVIP-62-A for NMCA
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H Requirements for Effective Implementation (2)

e The BWRVIA model shall be used to assure effective
HWC in non-monitored locations

— Benchmark BWRVIA prediction for molar ratio = 2
against hydrogen ramp test

— Run model for expected core conditions at beginning
and end of each cycle

— BWRVIA molar ratio 2.0 for inspection relief
— Same requirements as in BWRVIP-62-A for NMCA

~+* The BWR Chemistry Guidelines recommend that the
hydrogen injection rate be set to provide a predicted molar
ratio by BWRVIA of at least 3.0 in the upper downcomer



Field Effectiveness of HWC Mitigation TeChnoIogies
from Core Shroud and Stub Tube Reinspection Data
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Core Shroud: Crack Lengthening Rates OLNC
vs NWC (BWR-4)
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Core Shroud: Crack Deepening Rates OLNC vs
NWC (BWR-4)
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Core Shroud: Crack Lengthening Rates NMCA
vs NWC (4 plants)
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Core Shroud: Crack Deepening Rates NMCA vs
NWC (4 plants)
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Core Shroud: Crack Lengthening Rates HWC-M
vs NWC (3 plants)
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Core Shroud: Crack Deepening Rates HWC-M
vs NWC (4 plants)

Content Deleted
EPRI Proprietary Information TS

EPI2N | weekecn wstnure

© 2011 Electric Power Research Institute, Inc. All rights reserved. 21



Mitigation of Stub Tube Cracking at a BWR-3
with HWC-M: Chemistry History
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Mitigation of Stub Tube Cracklng at a BWR-3
with HWC-M

« Crack growth of CRD stub tubes has been analyzed based on the
comparisons among data collected through UT inspections during
refueling outages since 1988

* 50% and 95% confidence level crack growth rate data from
inspection data have been obtained
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Mitigation of Stub Tube Cracking at a BWR-2
with NMCA & OLNC
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Summary of Mitigation Effectiveness

Core Shrouds

« All mitigation methods show crack growth rate reductions whe-n
compared to NWC crack growth rates.

 Mitigation reduces lengthening crack growth rates by 40-50% overall,
with NMCA plants showing the most crack growth rate reduction.

« Mitigation reduces deepening CGRs by 60-70% overall, with HWC-M
plants showing the most crack growth rate reduction.

Stub Tubes

» The results of crack growth rate measurements in stub tubes at a
BWR-3 BWR clearly show that HWC-M mitigates IGSCC in the lower
plenum

* No new stub tube leaks at a BWR-2 have been identified since 2003
after implementation of NMCA followed by OLNC
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H Explanation of Molar Ratio Effects

* H, injection >molar ratio =2.0 below FW Spargers

* Molar ratio only affected by radiation-driven reactions
2, + O, & 2[H,0 |
— No radiation in upper downcomer
— Radiation flux along core region of downcomer
— Radiolysis adds H, and O, =2/1 molar ratio
* If Molar ratio >2.0, slight decrease
— Recombination removes H, and O, =>2/1 molar ratio
* If Molar ratio >2.0, increases
— Recombination predominates over length of core region

* If Molar ratio =2.0 in upper downcomer, must be =2.0 in
downstream regions until H, removed by boiling
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ECP Monitoring in Lower Vessel Head or
Bottom Head Drain Line

» Hydrogen Water Chemistry
— Required for inspection relief in lower vessel head
— Local chemistry bounding for other regions

* Noble Metal Hydrogen Water Chemistry (NMCA, OLNC)

— System and external surfaces exposed to noble metal application
are coated with catalytic material

' — ECP sensitive only to molar ratio
— If molar ratio =2 in upper downcomer:
-+ Molar Ratio in downstream non-boiling regions =2
- ECP internal or external (MMS) << -230 mV(SHE)

« External (and recirculation decon flange) ECP demonstrates molar
ratio =2

« Bottom head drain line ECP at a BWR-4 decreased during OLNC
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Lower Vessel Head ECP Measurements:
Reference Probes and Coolant Supply
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Lower Vessel Head ECP Measurements:
Monitoring Locations — BWR 4

Content Deleted
EPRI Proprietary Information TS

E2M2 | weseheck wstiore

© 2011 Electric Power Research Institute, Inc. All rights reserved. 29



Lower Vessel Head ECP Measurements:
HWC and NobleChem™ at a BWR-4
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Bottom Head Drain Line ECP at a BWR-4
during OLNC
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- | BWRVIA Radiolysis and ECP Model

* Predicts concentrations of H,, O, and H,O, along flow
paths in the reactor vessel and coolant system as a
function of feedwater hydrogen concentration

* Predicts ECP (non-noble metal) based on chemistry and
mass transport conditions

* Applications:
— Hydrogen Water Chemistry
« Total oxidant concentrations
 ECP predictions
— Noble Metal HWC
« Molar ratio predictions
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Model Input Parameters
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BWRVIA Radiolysis Model Development
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Conductivity Corrections
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H Effect of Zn on CGR of Sensitized Alloy 600 vs.
| Sulfate, Oxidizing (200 ppb O,), 288°C
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Sister Plants

i RO

- Definition (BWRVIP-62-A)

Any pair of BWRs (or even a group of BWRs) that are
demonstrated to be radiolytically equivalent by a validated and
benchmarked radiolysis model.

» Characteristics
— Similar geometry (e.g. SSES-1 and SSES-2)
— Same rated power and same rated core flow
— Equivalent fuel designs and core loading

« Application

— Measurements of ECP at a plant would be applied to a sister plant
without ECP measurement.

— Secondary parameter correlations would apply to a sister plant.
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H Content of BWRVIP-62 Rev. 1

|

 Section 1: Introduction and Background

— SCC Experience Review

— Factors affecting SCC |

—Methods of Chemical Mitigation

— Crack Growth Rate Models

— Factors of Improvement (FOI)

— FOI and Inspection Relief/Crack Growth Rate reduction
« Section 2: Mitigation Effectiveness - Field Experience

— Core Shroud Re—inspectiohs

— HWC-M and Stub Tube Cracking

— NMCA and Stub Tube Cracking
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H Content of BWRVIP-62 Rev. 1 (con’t)

 Section 3: Radiolysis Modeling
— Need for a radiolysis model
— History of BWRVIA development
— Description of the model and its elements
— RAMA-based regional dose rates
— ECP Calculations
— Simulation versus Measurement
— Summary |
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H Content of BWRVIP-62 Rev. 1 (con’t)

« Section 4: Regions of IGSCC Mitigation

Objective: Provide guidance on determining which welds
and components qualify for inspection relief

— Radiolysis Model Regions

— Regions of Mitigation with HWC-M

— Regions of Mitigation with NMCA and OLNC

— Crevice Regions

—Dead Legs

— ECP Measurements in the Lower Vessel Head Region

— Table 4-1: Weld/Component Listing and Mitigation
Classification by Chemistry Regime
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Mitigation Classes

Classification Definition
YES IGSCC will be mitigated if hydrogen
injection is effectively implemented
PLANT SPECIFIC IGSCC may be mitigated, plant-
specific analysis required
BENEFICIAL IGSCC may be mitigated, but there is

insufficient technical basis to support
inspection relief or the application of
reduced crack growth rates

NO IGSCC cannot be mitigated
NA Not Applicable
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H Content of BWRVIP-62 Rev. 1 (con’t)

» Section 5: Effective Implementation

— Summary Requirements and Definitions
« HWC Availability
 Catalyst Loading
» Plant Categories
* Primary Parameters
» Secondary Parameters
« Sister Plants

— Criteria for Relief/Reduced Crack Growth Rates
— Justification of Criteria
— Requirements for Effective Implementation

» Section 6: Conclusions
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Summary

« BWRVIP-62 Rev. 1 will include:

Primary and secondary parameters for On-Line NobleChem (OLNC)
BWRVIA Radiolysis and ECP Model (BWRVIA 3.1) results

Summary of core shroud re-inspection results to show that moderate
hydrogen water chemistry (HWC-M), Noble Metal Chemical Application
(NMCA) and OLNC plants are showing a decrease in crack growth rates
compared to NWC

Inspection data showing mitigation of stub tube cracking in the lower
plenum in HWC-M and NMCA plants

Published Japanese Owners Group (JOG? ECP data from lower plenum
fog_NI_VIC/Z\ 1plants to show that ECP drops to low values when the molar
ratio is >2:

This data suggests that if the molar ratio is >2:1 then lower plenum ECP
measurements are not necessa% in plants to demonstrate mitigation
effectiveness with NMCA (or OLNC)

Uwiated version of Table 4-4 showing degiree of IGSCC mitigation for
BWR internals with MHWC, NMCA and OLNC

» After BWRVIP review Rev.1 will be submitted to the NRC
for review and approval later this year
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Together...Shaping the Future of Electricity
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