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SA 508 vessel = 163.3
Minimum safety margin =103.5
Tolerance =  59.8
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Corrosion trend of the damaged area

1. Background

 Max depth in 2002 : 0.22mm
 Replica evaluation depth in 2012: 0.99 mm
 Corrosion rate: ~0.1mm/year

0.5mm
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2.Ni electroplating technology for cladding repair

Electroplating
solution out

Electroplatin
g
solution in 

Repair of 
damaged area by 
electroplating

Remote control by 
robot system

Repair using Ni electroplating technique
: repair of damaged SA508 including SS308/309
: low temperature (~60oC) process (no further 
thermal budget), removable layer  
: well sealed process
(only damaged area is exposed electroplating 
solution)

Schematic diagram for repair of damaged area in reactor vessel
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2.Ni electroplating technology for cladding repair
 Low temperature process : no further thermal budget to carbon steel and SS

 Not welded or mechanically bonded to matrix materials

: low internal stress, no matrix structure modification, no heat treatment

 Continuously bonded to matrix materials

: no crevice between electrodeposit and matrix

 Removable layer by chemical treatment

 Compatible with PWR water chemistry

: electrosleeving had been applied to Callaway plant (1999) 

 Excellent corrosion resistant

 Highly structural integrity by minor element

 Electroplating is a promising method to repair a damaged layer
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3. Code case development
 Discussion on Inquiry and committee’s response to KAERI
 Inquiry #1

 May the IWA-4640 ‘Cladding’ rules be applied to repair of cladding if the ferritic material is exposed to 
coolant directly, provided adequate base material thickness exists in the location where cladding will be 
repaired? 

 Proposed Reply #1 : Yes.
 Inquiry #2 

 Can the IWA-4640 ‘Cladding’ rules be applied to repair of cladding in the under water condition? 
 Recommend staff secretary send this response: ASME Section XI does not address this issue, but has 

initiated an action to address underwater cladding repair. 
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3. Code case development

Repair by electroplating
(Suggested by KAMC May, Las Vegas, May 2011)

Inquiry Record No. 10-1901(Nov. 2010)

Discussion and reply in Feb. 2011 Seattle

RRA 11-01(Record No. 11-417)

Issued 8 questions from Task Group on 
Underwater Cladding Repair by Ni Plating 
(Feb. 2012 Houston)

Effort for Issue resolving for two years
(May 2012,  Nashville)

Nov. 2012: WG Welding and Special repair processes, passed 14-0-1
Feb. 2013 : Dr. Hwang motioned to approve and send to SG-RRA.  
Passed  14-0-1
Aug. 2013: Dr. Hwang motioned to approve at Section XI STD 
committee, Motion passed to letter ballot.
Sept. 2013 Ballot No.13-1979: Disapproved with some negatives
Oct. 2013 : Recirculation ballot

Approved at BNCS(Dec. 11,2013
Final presentation at Section XI STD(2013.8.15)
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3. Code case development
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4. Variables for Ni plating
2. Mechanical property

: stress-strain curve, hardness, adhesive strength, thermal stress evaluation
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4. Variables for Ni plating
1. Set up of electroplating conditions

: temperature, pH, current density, duty cycle, 
additive, chemical composition, anode type, strike 
layer formation condition, reproducibility, etc.

Degreasing  (NaOH,100mA/cm2 )

Activation

Strike Layer Formation (NiCl2 + H3BO3,)

Cleaning

Cleaning

Electroplating layer formation

Electroplating conditions
- Ni(SO3·NH2)2 : 1.39mol
- H3BO3 : 0.65mol
- H3PO3 : 0~0.007mol
- Additives : stress reducing agent, leveler, surfactant
- Current Density : 20~350mA/cm2

- Duty Cycle : 0.3~1
- Temp. : 50~70°C   / pH : 1~5

Electroplating condition set up
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4. Variables for Ni plating
3. Corrosion property

: SCC resistance, general corrosion, Galvanic corrosion

Ni electrodeposit No SCC into 
Ni electroplating layer

No SCC surface

SCC into Alloy 600

Side surface of ruptured specimen

No SCC surface

Side surface of 5% elongated specimen

C-ring test

SSRT test



12

4. Variables for Ni plating
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5. Ni plating process development
 General process

Analysis of key variables
(Code case N-840)

Laboratory Mock-up

Qualification Mock-up

Documents for regulatory org.

Repair at the site

Process 
variables

Optimum repair 
process

KAERI

KAERI(Doosan)

Doosan(KAERI)

KHNP(Doosan, KAERI)

Set up a plating procedure(EPS) KAERI(Doosan)
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5. Ni plating process development
Ni plating demonstration facility

Plating cell

Plating solution tanks

Solution in

Solution outNi anode
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5. Ni plating process development
 Plating integrity evaluation: Side bend test
 side bend test(2017 ASME boiler & pressure vessel code Ⅸ)
 QW-160 (GUIDED-BEND TESTS)
 QW-163 ACCEPTANCE CRITERIA - BEND TESTS

Specimen4

Specimen3

Specimen2

Specimen1
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5. Ni plating process development

1
6

 Pre treatment 
• Degreasing   - 5% NaOH
• Activation     - 5% H2SO4

• Strike layer (40oC/RT.)
NiCl2 1.6 mol/L + Boric acid 0.6 mol/L + HCl 50mL/L, 

100 mA/cm2

 Ni deposition

• Nickel sulfamate(Ni(SO3·NH2)2) : 1.39 mol/L
• Boric acid (H3BO3) : 0.65 mol/L
• Current density : D.C. = 10 A/dm2

• Bath Temperature : 60±1oC
• Substrate : SS309 / SA508
• Anode : Depolarized Nickel/S-Nickel
• pH : 3.0~ 3.4

 Bend tests

• Adhesion force test: Side Bend Test

Substrate (SS309/SA508)

Flow chart

Strike layer 5 m

Ni ECD  3mm~
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5. Ni plating process development

Circulation pumps

Plating chamber cell for 
underwater application 

Plating Solution tanks

Solution IN

Solution Out

Gas out

VacuumThermocouple
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5. Ni plating process development

 Successful deposition of Ni on type 304 SS
 Some pits and burning on the surface due to pH decrease
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5. Ni plating process development

S‐Ni 
Anode

Type 304 SS 
Cathode

S‐Nickel Ti Basket  for 
S‐Ni anode

 Ni plating condition adjustment
 Depolarized Electrolytic Ni  S Nickel 

anode
 Strike layer formation temperature
 Set up for pH control process
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5. Ni plating process development

(a) Depolarized Ni : Abrupt pH decrease with time
(b) S‐Ni : Constant pH with some addition of Sulfamic acid and NiCO3

0 60 120 180 240 300 360 420 480 540 600
2.5

3.0

3.5

4.0

pH
time(min)

60
 Ni 1.39mol, 40 Strike, Sulfamic acid 2.5g
 Ni 1.39mol, R.T Strike, Sulfamic acid1.7g
 Ni 2.41mol, R.T Strike, None
 Ni 2.41mol, 40Strike, 10% NiCO3

Anode : S-Ni

0 60 120 180
1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

pH

time(min)

60C
 Ni 1.39mol (2.7L)
 Ni 2.41mol (5L)
 Ni 2.41mol (5L)

pH 4.07 (NiCO3)

Anode : Depolarized Ni

(a) (b)

 pH control 
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5. Ni plating process development

Front  back Detail 
view 

 Condition: 
 Strike layer formation 40℃
 Ni 2.41 mol, 
 Anode: S containing Ni (S‐Nickel)
 Temp. 60℃
 pH : 3.06
 For 10 hours
 Results
 Plating efficiency: 99.5%
 Pit free surface
 Reasonable result
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6. Side bend test

Specimen4

Specimen3

Specimen2

Specimen1
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6. Side bend test
• Test process

Installation of the 
sample

Bend with a 
vise

Detaching the 
lid

Detaching
sample

• Optical microscope on convex after bend test: No de bonding

Ni

SA508

Ni

SS309
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7. Summary
1. Urgent issue in Korean plant in 2010

2. Technology details (Ni electroplating)

 Low temperature process, Neither welded or mechanically bonded to matrix 
materials, low internal stress, no matrix structure modification, no heat treatment

 Compatible with PWR water chemistry

 Promising method to repair a damaged layer

3. Standards(Code case) development

 Led by Korea International Working Group (ASME Committee)

 Approval in WG(Feb. 2013), SG(May 2013) and Section XI standards committee in 
Dec. 2013

4. Project to develop application equipment 

 Development of Ni plating system for underwater application

 Demonstration of key variables using the Ni plating system




