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Introduction and Organization of P87 Reports
Post-Weld Heat-Treatment
9Cr CSEF Steel Metallurgical Risk Factors
Small Sample Testing
Low-Temperature Corrosion

Stainless Steels

Rapid Fire Project Update Session
> 512 et BB R
Nuclear Session :
Operating Experience
Residual Stress
Code and Standards
Weldability
Advanced Manufacturing and Fabrication

Advanced Welding Techniques
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Fossil Session

Repair and PWHT

Introduction to Alternative Weld Repairs
Supporting Research for Grade 91

Grade 91 Steel Repair Case Studies
Dissimilar Metal Welds

Advanced Materials and Inservice Monitoring
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ELECTRIC POWER
RESEARCH INSTITUTE

AGENDA

PROGRAM 87 TECH TRANSFER WEEK
June 19-20 + Reunion Hotel, Kissimmee, FL USA

MONDAY JUNE 19, 2017

TIME TOPIC PRESENTER
7:00 a.m. Breakfast
8:00 a.m. | Welcome, Safety, Introductions M. Gagliano, EPRI
R. Lynch, DTE
8:20 a.m. P87 “State-of-Union™ Address M. Gagliano, EPRI
Program Growth, Collaboration, Leverage, Resources
9:00 a.m. P87 Cockpit'website usage E. Benton, EPRI
9:20 a.m. | Organization of P87 Reports J. Shingledecker, EPRI
9:40 a.m. Organization of Grade 91 Steel Reports J. Siefert, EPRI
Inciuding reports from Programs 63, 87 and 88
10:00 a.m. Break
10:30 a.m. | Group Discussion Session 1: Group:
1. What is the most useful P87 report? Facilitated by M. Gagliano
2. What is the second most useful P87 report?
3. What are effective ways to transfer information
that do NOT including reports?
4. Prioritization and ideas for future supplemental
projects — identification of emerging issues
5. Round table
12:00 p.m. Lunch
1:00 p.m. Post-Weld Heat-Treatment: D. Purdy, EPRI
- Videos J. Alice, SRP
- Modeling
- Induction heating experiments
- Member feedback on project results/value
2:00 p.m. | Capturing Industry Knowledge: Summary of Kick-off | J. Siefert, EPRI
workshop
2:30 p.m.  Break
3:00 p.m. 9Cr CSEF Steel Metallurgical Risk Factors: J. Siefert, EPRI
- Progress towards at MRF Nathan Huster, LG&E-KU
- Welds
- Member feedback on project resulis/value
5:00 p.m.  Adjourn
6:00 p.m. Leave for P87 offsite dinner (team building)

(a) P875RIE
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TUESDAY JUNE 20, 2017

TIME

TOPIC

PRESENTER

7:00 a.m.

Breakfast

8:00 a.m.

Group Discussion and Brainstorming from Break-out
session and team building

Group:
Facilitated by M. Gagliano

9:15 a.m.

Small Sample Testing:

- Small punch fracture toughness

- Recent applications of impression creep & round robin
test resulis

- Ongoing work for 2017: support MRF & Gr. 22 Lifing
(program), coatings (TI)

D. Purdy, EPRI
A. Bridges, EPRI

10:00 a.m.

Break

10:30 a.m.

Low-Temperature Corrosion:

- SOK Document Update

- FGD wastewater materials selection, recent experience
- Slurry Pump Erosion Supplemental Project

- Solar Corrosion Supplemental Project

- Member feedback on project results/value

5. Kung, EPRI
D. Downs, Southern
Company

12:00 p.m.

Lunch

1:00 p.m.

Stainless Steels:

- Evaluation of industry failures

- Development of test method and findings from
collaborative research with Ma2JIC

- Member feedback on project results/value
Advanced Stainless Steels:

- Initial work on Super 304H (TI)

- Vision for the future

T. Lolla, EPRI
M. Gagliano, EPRI
R. Lynch, DTE

2:30 p.m.

Break

3:00 p.m.

Rapid Fire Project Update Session
1. CSEF steels
- 11Cr steels [TI project]
- Grade 92 optimization [DOE project]
- New 9Cr CSEF steels
- Grade 23 handbook
- Hydrogen induced cracking
2. Dissimilar metal welds
- Ferritic to ferritic [joint with P8&]
- Ferritic to austenitic [T1 project]
3. Weld repair
- CSEF steel repair [Supplemental]
- CrMo steel repair [Supplemental]
- CT compressor wheel repair [3% funding)]
4. Corrosion
- Steamside oxide scale [joint with P&3]
- sCO2 materials corrosion [DOE project]
5. Advanced materials
- Ni-based alloy development [T1 project]
- Alternative materials and coatings for valve
stems [joint with P65]
- Assessment of CFSC-Plus [T] project]

All EPRI Program 87 Staff

5:00 p.m.

Adjourn

(b) P87:FE
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Agenda

General Session

Cholrs: Grag Fraderick and John Shinglededker / EPRI Reproseniolives: Greg Fraderidk and John Shingledecker

8:30 WF!TC#’ngmm 87 Introduction, . Frederick and | 5n:ng|sdecner, Elactric Power Resaarch Insfitute [EPRI)

200 Keynate Address: The Use of Advanced In-Sitw Testing Ted'lniques to Address Real World WBHHQ Chd|angars, A. Romimesz,
The Thia State University

230 Keynate Address: Outage Related Stafistic and Ongoing Optimization Projects in IAEA, H. Vorjonen, International Adomic
Energy Agency

10:00 | Keynote Address: Pnnucigm Shifts in Waung Ted'mnlogy in Response to Key Muclear Induslr)r Events, F. Smith, Structural Infegrity
Associabes

10:30 | Break

11:00 | Challenges of Using Duplex Stainless Steels in Power Generation Applications, 5. Gingrich, AECOM Corporation

11:30 | Use of Mumerical Simulation E:w"l'\l'hh:ling and Repair Qldﬂinution, V. Robin, D Boml il Delmas, K. Domgan, md & Hendl
Electriciié de France

12:00 | Lunch

Wednesday, June 21, 2017 (continued)

Nuclear Session - Operating Experience
Chair: RC. Folley / EPRI Represantative: Mick Mchr

1:00 Susqual'imnn Unit 1 LPRM 24-09 ICMH Indication, A4 1:00 Improving “'I'ougll wall Tmrpa'uh.rmediuﬂs clur'ng
Comsiock, Talen Enemy md 5 McCocken, Elackic Power Post Weld Heat Treatment oFP"pe o Valve Bodydom
Research Insitute [EPRI) Welds, /. Hainswarth, WE Nle‘ln"urgicd

1:20 | Reachor Vessel Boftom Mounted Instrumentation Mazzle 1:30 Repairs of Fassil Boilers Versus HRSG's: Field Experience,
Repair ot EDF's Grovelines 1 Muclear Power Hunt, 0. Barton, |n5ig|'|fs and Emommenduﬁnns, P Kasik and G lowence,
Westinghouse and B. Delounay; EDF Alliant Energy

1:40 ﬂweSluhso‘WHdDwrluySarmfurNudmerwerHunrs
by INER, 5 jeng, The Institule of Mudlear Energy Research

2:00 Alny S52M5S Structural Weld 'Dwar'nys and St:nCBIy Relief Valve | 2:00 Post-Wald Haat TraufmantMDclaling of Thicknass
Piping Realignment Lessons Learned, P lester, 0 Baborak, Transitions, 0. furd); Electric Power Research Insitute EFRI)
AFZ WSl and 5 'I-'bncl'l.r:,-sen Trocetabel Engie

2:30 | Break 2:30 Break

Muclear - Student Session

Chair: Adam Hope / EPRI Represeniative: Ben Sution

3:00 Davaloprnanr of an Intagrnhad Sensar Suite for Adnpriwa Wide | 3:00 Mlcroslrud'urt‘ Evolution of Grade 91 Dissimilar Matal
Groove deil‘ﬂ 5. Fobersson and W Homel, Univearsity of Welcls, 5. Orzoletk, | J- DuFoni, Leh gh University and
Tennasses ) Siefert, Elactic Power Research Insfitute (EPRI)

3:30 | Quantification of the Susceptibility to Ductility Dip Cracking in | 3:30 Stress Reloxation Cracking Susceptibility of High
Wald Overlays of MNi-Based Alloy, 5. luiher and B. Alexandiov, Temperatura Alloys, B. Kant ond |. Dufont, Lehigh University
The Chio State University

A:00 | Systemn Architecturs {orAduphﬁ' Feedbadk ‘NaHl'ng in 4:00 Temper Bead Walcling for weld Ove-rluys, ). Stewarf and
W-Groove Waungj. Fenney and W Hamel University of B. Alzsondoy The Ohio Skate University
Tennasses

4:30 | Microsiructural Evolution of Graded Transition Jaints, | Galler, | 4:30 Microstructural Evolution of Grade 91 Dissimilar Metal
1. Dufoni, I.Eh'gh University, M. Subramanion and 5. Babuy, Welcls, M. Kuper, B Alzeandrow, The Chio State University,
LUniversity of Tennessea DnﬂlJl. Burgess, Alstom

5-00— | Vendor Expo 5:00— | Vendor Expo

B8:00 B:00

AL E T EEY
(c) SBL2JEsTHEEEEN T &%
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Agenda (Confinued]

Thursday, June 22, 2017

Nuclear Session - Operating Experience Fossil Session - Introduction to Alternative

Chair: RC. Folley / EPRI Representafive: Nick Mohr Weld Repairs
Chair: Michoel Crichion / EPRI Representative: John Sieert
Wiatts Bar Mudlear Unit 2 Start-Up Fafigue Failures, k. Disirich, Abernative Weld Repair Methods and Mew Welding

TWA Supplement 11 in Part 3 of the NBIC, . Galanes,
Diamand Technical Services

B:50 |Development and Implementation of Automated Gas Metal 9:00 | An Insurer’s Perspective on Alternative Weld Repairs,
Arc Welding Technology for Large-Scale Weld Cverlay Heat B. Wisgloszinski, HSBCT

Exchanger and Pressure Vessel Applicafions, | Mansfield
Exelon; |. Taiman, D. Couch, and G. Frederick, Eleciric Power
Research Insitule [EPRI); B. Shula, Formery with ESHGroup; and
N. Chapman, Formerly Wesfinghouse

9:10 | GTAW Filler Metals for Repair of Piping Systems Damaged
by Fow Accelerated Corrosio, L Bouflier, M. lslong, and

C. Bonan, EDF
%30 |5t Lucie Unit | Reactor Coolant Pump Seal Cooler Return 9:30 | A State Chief's Parspactive on Alemnative Weld Repairs,
Tubing Leak Repair, C. Webb, Mexdera R. Touft Stole Chief of Texas
10:00 | Break 10:00 |Break
Nuclear Session - Residual Stress Fossil Session - Suppeorting Research for
Chair: Trewor Hicks // EPRI Representalive: Jon Taiman Grade 91 Steel Repair
Chair: Tim Bacha / EPRI Represantative: Kent Coleman
10:30 | Residual Stress Measurement for Muclear Components, 10:30 | Lessons Learned and On-going Assessment of Repair for
M. D. Ofsan, A T. DeWald, and M. R. Hi| Hil Creap Strength Enhanced Ferriic Steels, |, Sisfert, Electric
Engineering, LIC Power Research Insfiute [EPRI]
11:00 | Internal Mechanical Sress Improvement (IMSI) Methed to 11:00 | Analysis Supporting the Integrity of Allernative Weld
Mitigate Stress Corrosion C.rucl(l'ng in Welds, A. KEPPIIE and Repairs in Grade 91 Steel, 1. Parrin, Struciural Inbagrity
D: Rockiewicz, MPR Associales Associates
11:30 | Mechanical and Corrosion Properties of Dissimilar Metal 11:3¢ | Open Panel Discussion, All

Walds Before and Afler UNSM Treatment, Y. Pyun, A. Amanov,
Sun Moan University; M. Hordwick, . Su, AEROPROBE

CORP; G. Frederick, M. Mohr, ond 5. McCrocken, Electric
Fower Research Insfiue |EPRI]; W K. \'bsua'emn, Un'\cers'iycv{
Cincinnati

12:00 |Lunch 12200 |Lunch

Ag en d A [Confinued)
Thursday, June 22, 2017 (continued)

Nuclear Session - Codes and Standards Fossil Session - Grade 91 Steel Repair Case Studies
d}cin]mWaidu/EPmnepremﬁve:ShuaMLCn:dmn d\uinNcIl'mHuslBr,’E’HRepramhﬁve:hhnSi#

1:00 | Proposed ASME B31P Standard OM Preheat and PWHT, 1:00 | Welding Method 6 and Beyond — Perspective from a U5
1. Swezy, Boiler Tech Code, WWC and P. Fleaner, Flanner Based Urih'fy, M. Crichion, Amesican Eleciric Power
Engineering

1:30 | Repair of Mudlear Class Piping Using Carbon Fiber Reinforced | 1:30 | Replacement of Dissimilar Metal Weld Tube Sections in
Composites, |. ' Sullian, Procon Finishing Superheater at Deminion's Virginia City Hybrid

Energy Center, . Timmons and B. Shelian, Dominion
Enengy

200 | Structural Weld Cveray of Dissimilar Metal Weld on & 2:00 | FPL Case Histories Using Aliernate Grode 91 Repairs
Residual Heat Removal Low Pressure Coolant Injection Loop Outside the Boiler, K. Fopkin and A. Mayorea, Florida
at James A ﬁhpclh'ick Plant, | \Weicks, Enfeegy; O Barborak, Power & L'ghi

AZZ WS, c:n:IJ'. Mansfisld, Exelan
230 | Code Case M-845 for Pad Reinforcement Repair of ASME 230 | Abernative Weld Repair of Grade 91 Hot Reheat and

Class 2 and 3 Almnsphaﬁc Srumga'lunl(s, E. Gerlach, Main Steam Stop Check Valves, M. Goldsmith and
Gearlach Engineering E. DuFont, Ycel Enangy
300 |Break 3:00 Break
Nuclear Session - Weldability Fossil Session - Grade 91 Steel Repair Case Studies
Chair: Carolin Fink / EPRI Represeniative: Ben Sution Chair: Scoft Bowes / EPRI Representative: lan Perrin

330 | Addressing Waldahility Challenges in the Muclear Power 330 | Development, Control, and Application of T91 Cold Weld
|I'IdU5|'I'}f with Cnmpu‘turionul Materials Engineering Tools, Repair Tachnl'qms, K. Miichell RWE

A. Hope, ThermaCale, Inc. and B. Suton, Eleciric Fower
Research Instiute [EPRI]

4:00 | Welding Duplex Stainless Steal for Muclear Applications, 4:00 Future Activities in the Development of Allernative Wald
B. Awil D Segl'efes and R. Smith, Struchural Integrity Repairs E:rClaap Srrengrh Enhanced Ferritic Steels,
Associales, Inc. J. Siefert, Elactic Power Research Insfitute [EPRI)

4:30 | Effect of Mitrogen on the Solidification Cracking Suscepfibility | 4:30 | Open Panel Discussion, Al
of ERNICr-3 (AMB2) Weld Mekal, © Fnk AL R Or,
1 c b’ppol'a'. The Chio Siole University, and F. Argentine, BWX

Tec hnolocu ies, Inc.

5:00 | Development of “Screening Test” for High Mickel Based Alloy, | 5:00 | Adjoum
D. Abe, IHI

5:30 Hiﬂum

(d) SR12fE s EEEtahaT sk
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Ag@ﬂd(] [Confinueal

Friday, June 23, 2017

Nuclear Session - Advanced Manufacturing
and Fabrication

Fossil Sezsion - Dissimilar Metal Welds

Chair: John Alice / EPRI Representative: John Sisfart

Chair: Marc Hall / EPRI Representative: David Gandy

uclear Session - Advanced Welding Techniques
Chair- Darren Barborak / EPRI Reprasentalive: Jon Tatman

8:30 | Advanced Manufacturing to Enable the Maxt Generation of 8:30 Structural Weld Overlays for Pressurized Componant
Muclear Plants, 0. Gandy; C. Stover, Elechic Power Research Repair, [ Barbork, AZZ
Instibude |EPRI], K. Bn’ﬂ:ger and 5. lowler Muoclear ARMC

2:00 |Ulra Hid'l Pressure (UHP) Cavilation Peening of Reactor Vessel | 9:00 Microstructural Evolution of Dissimilar Metal Weld Failures
Head Penefrafion Mozzles, 0 'W‘Dsr'ce:,r, Areva |rm)|v'r|g Grade 91, J. Dufbnt, lEh'gh University ad

J. Siefert, Electric Power Research Insfitute [EPRI)

2:30 | Piping and RPV Welding Automation Through Sensor and 9:30 Investigation and Comparison of Good Pracfice and
Model-Based Adaptive Control, W. Hamal, Univarsity of Ahernative Welded T23 to T91 Ferritic Dissimilar Metal
Tennessee Welds after Creep Exposura, F. Difirich, P AMayr, Chemnitz

University of Technology; J. Sieferf and |. Parker, Electic
Power Rassarch Insfiute [EPRI)
10:00 |Break 1000 |Break

Fossil Session - Advanced Materials and
Inservice Monitoring
Chair: Grag Stanko / EPRI Represeniativa: Mike Gugru:rn

10:30 |Hot Cell Low Heat Input Laser Welding of Highly Activated 10:30 | Understanding the Link Between Microstructural Evolufion
Meutron Irradiated 304 Stainless Steal, P freyer, F. Gif, And Weld Strength Reduction Factors In Mew Superalloys
Westinghouse Eleciric Company LC; | Taiman, . Fredsrick, Designed For Advanced Power Flants, [ Bachef,
and B. Sution, Electric Power Research Insfiute [EPRI); and J. DuFant, Lehigh University, . Sisfert and |. Shingledecker,
F Gamer, Rodiation Effects Ccins.JHing Il Eleciric Power Research Instituie |EPRI]

11:00 Higll Integrity Hl'#l P'ml:luchv‘rfy Weldments Produced by 11:00 | Benefits of lorig-F!u)gﬂ-Ordmad {LRO) High{j'lrclrium
the Hat Pulse™ GTAWaHing Process, D. Barborak and Weld Overluys for Resistance to Corrosion-Fatigue
T Ratchford, AZZ WS Cmcldng in Fossil-Fired Bu1ﬂrs, 5 Kiser, 5peci::|| Metals

WeL::ing Producs Company

11:30 | Development of Auxiliary Beam Stress Improved Laser 11:30 | Adjourn
Welding for Repair of Highly Irradiated Light Water Reactor
Components, |. Chen, Z Feng and Z. Chen, Oak Ridge
Mational l:ll:sorctiry; J. Tatman and G. Fredsrick, Eleciric Power
Reseanch Insfiute [EPRI]

12:00 Hpum

(e) SBL2EsF B EENE g%

2 FHE(E)
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2.2P87 WZEATL
P87 1F 2017 4 45Funders » Base Funding 25 4 & 37T » HA]
Fe 83 (Technology Innovation » THEEAF Gr. 91 weld repair ~ FGD
wastewater field testing ~ Traditional CrMo weld repair ~ Initial Gr. 92
work ~ corrosion-fatigue of turbine blades ~ nanocoatings - Innovative
transition joints for DMWs (step weld) + 10-12%Cr steels » e A5
btE2aE ) - INIEECEE A > A0 AT
» UTM-Universal Testing Machine (8000-50000 Ibs.) » & Ff
Structural Feature Tests for Boiler Tubing and SIPH/Relaxation
Cracking Failures -
> Struers Semi-automatic plane grinding/polishing system > #£Ff

IE%U{%:_E7FEDDE\/\ _l_‘
» 3D Laser Microscope/profiler(Keyence VR-3200 3D Laser

Microscope/profiler) » fg= 55 7KAEEL 3D EMIAE
» SEM(Scanning Electron Microscope)( @& 3 Frow) » B AF
Capable of low vacuum operation ~ Change pressure depending
on the sample ~ Multiple electron detectors for high resolution
secondary and back scatter imaging(%[1& 4 H& 45> Laves »
M23Cs ~ AIN » Z5{EJ7Y 5KV 528 - Bt i L B
FrfE > 4[E 5) ~ EDS system-used for composition analysis(¥f
KR T Feoo R i s8R 2 (HHI25) ~ EBSD detector-used
for crystallographic analysis -
ARATHERFEEESEM - EBIEPRIFEE A [EA157 - (B8 [F%eH
et B REZERRE - BSEZB(HMIZS - EBSDIRMIES - BURHHSE
TEARRET -

11



New Equipment: FEI Teneo LoVac SEM

= Field Emission Gun
—1.0nm resolution at 15keV

= Dual objective lens
= LoVac for charge compensation
= In-lens detector & advance signal detection

*EDS & EBSD (EDAX TEAM Pegasus)
w/Si;N, window, increased sensitivity for
low Z and low kV analysis

Allows P87 to do more in-house, high-end metallurgical analysis i l ” e )

ErRI|ui..

3 SEM Ftt
Precipitate Study: Laves, M,,C, and AIN [w/ Warwick Univ.]

a 0

S S = How to quantify different

" SR : types of precipitates?

i TLEER — And using only imaging
(e.g. no —EDS or XeF,
etching)

— Each precipitate has a
distinct and consistent
contrast in backscatter
imaging

= And obtain statistically
relevant information to
lead to standardization

© 2016 Electic Power Rezewrch inste, . Al Fghts rezenved

4 BSE &

Reliance on Backscatter Imaging — Careful Selection of
Accelerating Voltage and Magnification
.ZORV_ '; . ‘,.::' EEL & Y\ ' '- . g

Q 20kV, 10 kV, 5kV, 2kV and 1kV
images were collected from the
same area of the B2 sample

Q Voltage above 5kV provides
detailed grain contrast

1 Voltage below 5KV gives better
resolution

O — EPRI |

5 AIEEEE M4

12



EPRI P87 214 48145 /5 15 CSEF Steels ~ Dissimilar Metal
Welds ~ Weld Repair ~ Corrosion ~ Advanced Materials ¢z - 41| 6
Ffir~ » E. Grade 92 ~ Grade 23 #1k[HJZE 2 ~ Ferritic to Ferrite or
Austenitic B FFREBETRIRIME - ZRRAIEALENEAS A FIEY 7R 220Y
iR SN EESIAAR - SRR TEREE - SIPH/ Relaxation
Cracking ~ F]EA#4# Guidelines ~ $FRERHETEIIFE » FFEATIHTAK
1~ APRERLZE B T%4HAY SH Bl RH R EASIE M T 77 B4 550K -

1. CSEF Steels 3. Weld Repair
U 11Cr steels U CSEF steel supplemental
U Grade 92 Optimization (US- U4 CrMo steel supplemental
DOE funded) 0 CT compressor wheel
d New 9Cr CSEF steels 4. Corrosion

1 Grade 23 Handbook U Steamside oxide scale

J Hydrogen Induced Cracking d sCO, materials corrosion
2. Dissimilar Metal Welds 5 Advanced Materials

U Ferritic to Ferritic

U Ferritic to Austenitic

U Ni-base alloy development
U Alternative valve coatings
d CF8C-Plus

6 EPRI P87 tf}&% 5[]

13



2.3Grade9l 7 $216EyR

CSEF(Creep-Strength Enhanced Ferritic)#5 5725 41/ NAIAT H
Py~ lath 45fEEBLEHRRTE - (EHASERNSIREE - Hd ASME
BPVC. IX :BH Grade 91 [&}/* Group No. 1 - P-No.15E #1} » H$57%
T EAH S EBENY - /£ ASME B31.1 131 Welding Preheat £l 132
Postweld Heat Treatment 731 51 HH 80 8 BUF =S8 0H - 158 2 B
72 3 AN IEHERY ] E HIERES ~ HIEEA e EA R VB E BE (Y 58 {r]
TEARBT A # & IS R R PR RSR AN - B E RN B RS -
HEFEWAHBSEE - WE 7 s SR (EE>25mm) i E HE RIS
AWS D10.10 #E{TEF 2 20EE - EPRI f5 2 2401 -

* 2 THEVRE

Table 131.4.1 Preheat Temperatures

Greater Material

Base Metal Base Metal Thickness Required Minimum Temperature
P-No. [Mote (1]] Group in. mm Additional Limits “F aC
1 Carbon steel =1 =25 %C = 0.30 [Note (2)] 50 10
=1 =25 %C < 0,30 [Note (2)] 50 10
»1 »25 %C > 0.30 [Mote (2)] 200 95
3 Alloy steel =l =13 SMTS < 65 ksi (450 MPa) 50 10
Cr = % =¥ =13 SMTS = 65 ksi (450 MPa) 200 55
All All SMTS = 65 ksl (450 MPa) 200 95
4 Alloy steel All All None 250 120
W% < Cr=< 2%
S5A Alloy steel All All SMTS = 60 ksl (414 MPa) 300 150
SMTS = &0 ksl (414 MPa) 400 200
5B Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
All All SMTS = 60 ksl (414 MPa) 400 200
=¥a »13 %Cr = 6.0 [Note (2)] 400 200
& Marnensitic All All Nane 400 200
stainless steel [Mote (3)] [Note (3)]
GA Mickel alloy steel All All None 250 120
9B Mickel alloy steel All All Nane 300 150
101 27Cr steel All All None 300 150
[Mote (4)] [Mote (4)]
15E 9Cr-1Mo-V CSEF All All None 400 200
steel
All other materals - A None 50 10

GENERAL NOTE: SMTS = specified minimum tensile strength.

NOTES:

(1) P-Nos. and Group nos. from ASME BPV Code, Section IX, QW/QB-422.

(2) Composition may be based on ladle or product analysis or per specification limits.
(3) Maximum interpass temperature 600°F (315°C).

(4) Maintain interpass temperature between 300°F and 450°F (150°C and 230°C).

14



% 3 PFRAVE IR

ASME B31.1-2016

Table 132 Postweld Heat Treatment

P-No. and Group No. Minimum Holding Time at Temperature for Control
(ASME BPV Code, Thickness [Mote (2)]
Section X, Holding Temperature Range,
OQW/QB-420) °F (*C) [Note (1)] =2 in. (50 mm) =2 in. (50 mm)
P-No. 1, Groups 1-3 1,100 to 1,200 (595 to 650) 1 hrfin. (25 mm), 2 hr plus 15 min for each
P-No. 3, Groups 1 and 2 1,100 to 1,200 (595 to 650) 15 min minimum additional inch (25 mm)
P-Mo. 4, Groups 1 and 2 1,200 to 1,300 (650 to 705) over 2 in. (50 mm)
P-No. 54, Group 1 1,250 to 1,400 (675 to 760)
P-Mo. 5B, Group 1 1,250 to 1,400 (675 to 7&0)
P-Mo. 6, Groups 1-3 1,400 to 1,475 (760 to 800)
P-No. 7, Groups 1 and 2 1,350 to 1,425 (730 to 775)
[Mote (3)]
P-Mo. 8, Groups 1-4 PWHT not reguired unless
required by WPS
P-No. A, Group 1 1,100 to 1,200 (595 to 650)
P-No. 9B, Group 1 1,100 to 1,175 (595 to 630)
P-Mo. 10H, Group 1 PWHT not reguired unless
required by WPS. If done, see
Mote (4],
P-Mo. 10, Group 1 1,350 to 1,500 (730 to £15)
[Mote (3)]
P-Mo. 15E, Group 1 1,350 to 1,425 (730 to 775) 1 hrfin. (25 mm), 1 hrfin. (25 mm) up to
[Mote (5)] [Motes (&), (7)1 30 min minimum 5 in. (125 mm) plus
15 min for each add#
tional inch (2% mm)
over 5 in. (125 mm)
All other materials PWHT as required by WPS Per WPS Per WPS

GENERAL NOTE: The exemptions for mandatory PWHT are defined in Table 132.2.
NOTES:

1
2
(3

()

&)
(6)

0]

The holding temperature range is further defined in paras. 132.1.1 and 132.2.
The control thickness is defined in para. 132.4.1.
Cooling rate shall not be greater than 100°F (55°C) per hour in the range above 1,200°F (650°C), after which the cooling rate shall be
sufficiently rapid to prevent embrittlement.
If PWHT is performed after bending, forming, or welding, it shall be within the following tem perature ranges for the specific alloy, fol-
lowed by rapid cooling:

Alloys 531803 and 532205 — 1,B70°F to 2,010°F (1 020°C to 1 100°C)

Alloy 532550 — 1,900°F to 2,050°F (1 040°C to 1 120°C)

Alloy 532750 — 1,880°F to 2,060°F (1 025°C to 1 125°0)

All others — 1,B00°F to 1,900°F (980°C to 1 040°C)
See para. 125.1.2(C) for hardness reguirements for ASTM A217 Grade C12A castings after PWHT.
The minimum PWHT helding temperature may be 1,325°F (720°0) for nominal material thicknesses (see para. 132.4.3) =% in.
(13 mm).
The Ni«Mn content of the filler metal shall not exceed 1.2% unless specified by the designer, in which case the maximum temperature
to be reached during PWHT shall be the A, (lower transformation or lower critical temperature) of the filler metal, as determined by
analysis and calculation or by test, but not exceeding 1,47 0°F (B0O0C). If the 1,470°F (8B00°C) was not exceeded but the A; of the filler
metal was exceeded or if the compaosition of the filler metal is unknown, the weld must be removed and replaced. It shall then be
rewelded with compliant filler metal and subjected to a compliant PWHT. If the 1,470°F (800°C) limit was exceeded, the weld and the
entire area affected by the PWHT will be removed and, if reused, shall be renomalized and tempered prior to reinstallation.

15



AWS(American Welding Society) D10.10 2 L3RG T2 2R
AR > EFHEEEE (Soak Band » SB) ~ fIZAE (Heated Band)
S T e e A & (Gradient Control Band » GCB)=1& » #[1f&E 8 Ffis

= Definition of terms
— SB — Soak Band: the region that must be heated
— HB - Heating Band: the minimum width of heater bands required
— GCB — Gradient Control Band: width for insulation and controlled temp. drop

Soak Band Heating Band Gradient Control Band

Pipe Wall

<

H Minimum some
o — distance a

é st away
2

Distance from Weld
(2)SB - HB - GCB
—L—r

GCB |
HBE
L SB

- HAz=

.
=

g —-. Tﬂmperatum,'r
(e

ey

o

Distance, X

(b)AWS D10.10
8 SB « HB + GCB &1

{EENE (Soak Band » SBYEEMHM S IR, » IR EEALY
Ty~ T, 2 > T~ To By ASME B31.1 AR &0 sl E (DU S sy e A Bl
/N PWHT JEFE - 411 Grade 91 £ EPRI 5 1023199 i i A Bl
/)N PWHT J5EE Ry 770°C (T1) 82 730°C (T2) » ASME HIFFZE 775(T )8
730(T,).Z ] - AWS D10.10 {2 /D EAEE [E — 25l 50mm -
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ASME B31.1 AR GG RS 3 (BHVEEE > 3 4 FI[HA[F B Y

e TN

AEREHE -

R4 AERREZ /N PWHT R RE

Code Minimum PWHT Soak Band Width
ASME B31.1 Piping Welds
3 times the wall thickness at the weld of the thickest part being joined, with the weld
in the middle of the band
Nozzle and Attachment Welds
2 times the header thickness on either side of the attachment weld
ASME B313 1in (25 mm) beyond the weldment on either side
ASME Section III. Thickness of the weld or 2 in. (50 mm), whichever is less, on either side of the weld
Subsection NB face at its greatest width
BS 2633 1.5 times the pipe thickness on each side of the weld centerline
ASME SC1 Equal to the lesser of the vessel or shell thickness. or 2 in. (50 mm)

JZALE (Heated Band) @& fEELIEARBERBITIE I - BIATRRIIEL
A/ NEEE > AWS D10.10 R IIEMEAVE G IR E (Ts) A AE/ DY RN
&G LAY — - AWS D10.10 #E— 0@ A& R fEZ e fE AL
A EEF 0 E 50mm » BER AT LRI AHETE

HB1 =SB + 4VRt
_UD ED

HB2 = =

]+cm}(€3)

oD

where

HB1, HB2 = heated band width

SB = soak band width

R = inside pipe radius

t = pipe wall thickness

H; = AWS D10.10 parameter based on the pipe geometry
OD = outside pipe diameter

ID = inside pipe diameter

In Equation 3 above, the parameter H; is recommended to be 3 for all vertical piping
and for horizontal piping above 6 NPS (150 DN). However, AWS D10.10 cautions
that larger H; values may be necessary when the wall thickness of the pipe to be heat
treated exceeds 1 mnch (25 mm), as 1 inch 1s the thickness at which empirically
derived data was obtained.

SB FE R 22 & (Gradient Control Band » GCB) Ei5HE %=

m

&35 - AWS D10.10 5% GOB YR AT LU T A5 -
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GCB = HB + 4Rt
where

GCB = gradient control band width
HB = heated band width

R = inside pipe radius

t = pipe wall thickness

NE 9 FFEREALE 508-762mm SME S R I B By R B
HEEE -

B DENOTES MONITORING THERMOCOUSLE LOCATICN
QN OUTER SURFACE

$ DENOTES CONTROL THERMOCOUPLE LOCATION
ON QUTER SURFACE

PLANE & ANE £
EDGE OF HEATED BaMD EBGE %Fm:cfmmm

FLANE [ PLANE E
EDGE OF S0AK BAND EDGE CF HEATED BAND

9 EmINEREAELFERNE

EPRI /15245 RS (R EE>25mm) iy E & (g AWS D10.10 #E
TR BRBLE RSN  AE 2% EEENE RS B A R IME R E
L EHY - EE RS - RN R Y > 400E 10 AR -

WEPFRRSAVEF > NERIRE - HEZUEK N e B
B EPNMEL > ARHERPEB(TCOREAETFER » R
BERE - BERERAE 11 for > BURNE T EOHIm EEMRAE - BTl
IMORHEEA [FIEZRE T IZEHRR AR - HENEMEIE L EREIIE
By rh I E - BERAR SRR e - BIRGIRFRCR Heat Sink > i

18



{FE (e Grade 91 SRR ZURHURE - Fd Rl B AR (ERAE > I
WA A EAPE R ZAEE A (TCL B TC2) 73 Bl B AT WA A [F = EEHY
EfF b BEREREEIS > ME 11 R -

12 Byl B R R e & (GCB) 47 IV B 24 ~ 78 F(E e

NEERIFE 2 o ZEHEEENEASRE o SRAE 12 AR o
dit 0 78 RS A RISk AR B 2(798°C) - 1 7 HEH Bl a0 73 Tl e

Ae o (R/NED T ERIEE R -

rr1Li€)
7ED,

SRR
ol o et et

S Fu fu g FIGR LA 11
e

B nd e d ot el o

Sd3

Conservative Prediction: 42% of SB above minimum

Minimum Soak Band Temperature vs. Pipe Thickness

o — Sueteiful PWHT Reglon

': =t

| Minimum Soak Eand Temparature

]

E (Mo intemal convection - Upper bound PRI Recommended &
Eoe / J/u.msu o modeling of EPR trials) ASME Lowsar PWHT Limit

[7306)
) \

T. /7|
. Bdinimum Sosk Band Temperaiure III
w {With nternal convection - Lower bourd Unsuccesshul PWHT Reglan

based an modeling of EPRI trials)

-

o0
PL] a5 a& 5 [53
Pipa Wall Thicknass | mm)

[E10 5 {FE B/ M i R
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] 7 NT11 °C
[ VA S|
4 VA 2% |WEL e SB .

GCB
, 2 [ ‘

67.45
[2.66

241

|[9.49]

(b)2 {EZERH
11 PAERMREES PWHT 222

]

NTiL S
- 828
I 7750
713
- 767.3
7638
760.0
B 7563
7525
7488
7450
- 741.3
7373
338
30.0

20

By o

ﬁﬁﬁﬁ’ ! ‘Max: 783C

= —GC-S 3 f
. I:H ﬂ Max: 798C

(12 A [5] 5 B R A P2l s 2
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1& Extraction Tube ~ Drain Line ~ Header Tubes &% T » R j#EE 7
HFEE - MEREEAET 10 EFL L RVEFEREESH
Heat Sink 52 - $f$7 75817 PWHT Hﬁ*éi@%’%& ek — BV BT
BAESHHE - fomfE RS EE 2 RS - RS RHEELE] 950°C - 41 &
BB@FR - EEchE (EPVEMERERRE [ HEBEERA
R E] 780°C - (HIEEEEEE ~ FHIAI AT aEEEL - 20lE 13(b)Ff

/\°

(b) e (HZVERH
13 /KB Z PWHT 15t
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2.4 Mkl

POLSE SR PE AT M R (F R T R B AYERAE - 21E K CrMo
HEERE - EATRAG AR - ST ME ZRR > BEIRER -
YRR (%% (Coefficient of Thermal Expansion > CTE) 7= SRR
& B Crf BGREA R 7 9 - FEP9L(Ferritic Steel) B/ 7E &l
(Partially Mixed Zone - PMZ) > fEji k244 » #1E14 - s[RCTE: &
RNEE(LEHE - i failEet - SUERM B RIAG I RL-3 ¢ m
& [EHyCarbide-free Ferritel&5, » 17 Carbide-free Ferritel& 1 &A1 2>
[ RS2 22 £ f Type | Carbides - 4[1[E[14 -

Service failure between P91 and INCO A Service failure between P91 and IN625

-2 Base Metal
o -

14 POLEE ST RN

Sean OrzolekE EZ{FiEi22617 ~ P87 ~ 1825512 7 fuissits » AFENL
LGS - E#E AR T (Planan) pli & » F#EHAEZ 1L (Cellulan) i
& 0 MY RATECelliZ R WE15F7R - PRk Ferritel& I
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e E (ThermoCalc)fiEyChemical Potential4%760°C /1-4hrsiy 5
1%EGEH > DIAlloy 617H1625%PI1A e A Chemical Potential 2
THHAE AR S H A AR ER - ([ ERsE SRR iP pFerriteli@ i, -
=1 E (ThermoCalc) by Chemical Potential2%625°C /2000hrsHF 44 7z
H > {IEAlloy 617/1625%P914 5 KFyChemical Potential = %2 » (HE
Bt BB R B Ferrite & 15 - {HING25EINCO AHYPMZ & EHZLF|
2umE Y Type | carbidesl& ik » fzSean OrzolekZ23E 55 4% 5 R HF IS
S o JERLR PRI AR $7 1 - JPECFerritelialn - i AEFerritels
IR Type | carbides » A[E 168117 » AL KFAEFTIREEHTTT

As Welded Microstructures

[E15 $FI&AAPAKHER

Etched Condition Polished Condition

IN625 |

C Diffusion During
Service Leads to
Carbide Dissolution

\Hlu i
-///\\\|nmmn‘.NHIHHH!H uulll”wﬁ’”

Type | carbides

[E17 Type | carbidesfZ it
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2.5 Grade 9188/ /£

Grade 91 fE{H4s? B2 LE2RA AWS-B9 ﬁz“i’aﬂ%uﬁ’aﬁ
730-790°C #E1T PWHT - {H 2 & & sl RE A B B2 22 & Y 1 BE
R o EPRI B3 3= 5 =HE 574 > A 5]4E NBIC (National Board
Inspection Code) Part 3 2.5.3.6 Welding Method 6 [2015 ed.]Ed
NBIC Part 3 Welding Supplement 11 » H 125 2 8 3 IE A~ JHER 1B

PP > 3£ 6 Y HEESR R -

% 5 Grade 91 $74 7 /A B H 87 (Rl A

Matching Cenirolled Fill + Low * SMAW — E9015-B% or E9015891*
[9Cr-1Mo-VNBN) PWHT o FCAW - E9QITI-B9
« GTAW — ER905B9 or ER90S-B91%
9Cr-1Mo Controlled Fill + SMAW —EB015-B8

+ FCAW -EBITI-B8
+ GTAW - ERB05-B8

Nibase Controlled Fill « SMAW — EPRI PB7®, ENiCrFe-2°, ENiCrFe-3"
+ FCAW - None available
« GTAW — EPRI P87%, ERNiCr-3*

Notes:

Procurement of acceptable filler materials is addressed in Appendix C

B91 AWS classification is pending for the various Grade 91 filler metal product forms (currently -B9)
Incorporated by ASME B&PV Code as Code Case 2734 for classification as an F No. 43 filler material [34]
Also referred to as “INCO-WELD A”

Also referred to as “INCONEL Welding Electrode 1527

Incorporated by ASME B&PV Code as Code Case 2733 for classification as an F No. 43 filler material [35]
Also referred to as “Filler Metal 82"

INCO-WELD A and INCONEL are registered trademarks of the Special Metals Corporation family of companies.

| mog a8 =

%6 FRERECY

ASME SFA-5.23 SFA-5.5 SFA-5.23 SFA-5.5 SFA-5.14 SFA-5.11 SFA-5.11
Speclﬁoollon
Carbon 0.12 (max) = 0.050.10 = 0.080.13 0.08-0.13 0.10 (max) 0.10 [max) 0.10 (max) 0.08-0.14
Manganese 1.2 [max) 1.0 {max) 1.20 (max) | 1.20 (max) 2.53.5 5.09.5 1.03.5 1.2-1.8
Phosphorus 0.030 0.030 0.010 (max) 0.01 (max) = 0.03 (max) 0.03 [max) 0.03 (max) 0.01 (max)
[max) (max)
Sulfur 0.030 0.030 0.010 max) 0.01 (max] = 0.015 [max) 0.015 (max) 0.02 [max) 0.01 [max)
[max) (max)
Silicon 0.80 (max) = 0.90 (max) 0.80 [max) 0.30 (max}]  0.50 (max) 1.0 (max) 0.75 (max) 0.05-0.50
Chromium 8.00-10.00 | 8.0-10.5 8.0-10.5 8.0-10.5 18.022.0 13.0-17.0 13.0-17.0 8.59.5
Molybdenum 0.80-1.20 0.85-1.20 0.85-1.10 = 0.85-1.20 0.52.5 1.8-2.2
Iren 3.0 [max) 10.0 (max) 12.0 [max]) 38-42
Vanadium 0.15.0.25 0.15-0.30
Niobium 0.02:0.10 0.02-0.10 2.03.0 1.02.5 [Nb+Ta) | 0.5-3.0 (Nb+Ta) 0.90-1.40
[Nb+Ta)
Nitrogen 0.02-0.07 0.02-0.07 0.2 (max)
Nickel 0.40 [max) = 0.80 (max)  0.80 (max) &7.0 (min) 59.0 [min) 62.0 (min) 54 (max)
Aluminum 0.04 0.04 (max) 0.10:0.20
Titanium 0.75 (max) 1.0 [max) 0.05 [max)
Boron 0.0005-0.002
Copper 0.35 (max) 0.25 [max)  0.25 (max) 0.50 (max) 0.50 (max) 0.50 [max} 0.25 [max)
Cobalt 0.12 (max) 0.12 (max) 0.12 [max)

INCO-WELD A and INCONEL are registered trademarks of the Special Metals Corporation family of companies
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55— J7 A T (K R 9Cr-1Mo-VNDN) » &85 675C
I2Hrs HYEZ RO $7 1% LR B - Grol Zh 2 2 & e K K [ #
350HV0.5 » $5 365 F& % A {8 ¥ [ 2] 335HV0.5 -

P55 IR T AT (BE KL By 9Cr-1Mo) - [A] E8015-B8 E I} HY AR
{EEE(E A E9015-B9 » E8015-B8 UK {E AR LIS T (>538C )& A
KR 204E CGHAZ 1 e i A & E 7] BE & ek /D 49 100HV -

ZLHETT Controlled Fill $8#20F » 8 E A HI g A & > 56
— R AR R » SRR /N E R SR R 0 SRR ST ER TR B 50%
DLl R M EE 25-50% 2 [H » K kS o) kY
[k B2 R 8 > SE4HAY Controlled Fill $5435% 53 S I Bl $9
Ay AR Rl aN 3= 7 BlE 18 Fix -

< 7 Grade 91 §24f ;4

Matching Confrolled Fill | = Matching filler metal is vsad.
[9Cr-1 Mo VNBM) + PWHT » Elacirode size should always ba restricted to = 5/32 inch (4.0 mm]
in diamater.
» Low PWHT decreases the pofential for excessive fempering in the
HAZ or base material.

o Low PWHT will dacrease risk of exceading the AC, for Grade 91 by
increasing the allowable range fer PYWHT and ensure acceptable
performance.

» Low PWHT can be expecied to relisve soma or mast of the welding
residual stresses in tha component.

* Recommend minimum PWHT temperature (1250°F, 67 5°C) is below
ASME B&PY Code minimum specified in Section | or B31.1.

= Resiraints and accommodation of thermal expansion sirasses during
PWHT need fo be addressed fo pravent unintendad damage in tha
componant.
» Where Charpy impoct foughness tests are required, a low PWHT
may not be sufficient fo meat the requirements of a given Coda.
2Cr-1Mo Confrolled Fill, | » Filler metal moiches the creep sirength of the HAZ in Grade %1 steel.
Mo PWHT s Filler metal is less hardenable than matching filler metal fo Grode 91
[i.e., E9015B%) and will tempar more readily during welding and in
sarvice,
» Thera is no concam for carbon migrafion as the Cr confent is
maiching fo Grade 91 steel.
* Elaciroda size should always be restricted to = 5/32 inch |4.0 mm|
in diameter and more preferably o = 1/8 inch (3.2 mm).
» Postrepair inspection and inspeciion intervals will need fo include
wald metal and HAZ as the weld metal is matching fo the HAZ in

sirength ([depending on the creap strength of the base metal, domage
may occur in aither the HAZ or weld metal or both).
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Mibase Confrolled Fill, | » The elecirode size for fill passes against the bevel should be
Mo PWHT 1/8 inch (3.2 mm) diamefer as there have been reporfed difficulfies
in using smaller diometer elecirodas.

= The electrode size for all fill passes can be 5/32 inch (4.0 mm)
diometer since thare is no concem for tempering of the deposited
wald metal.

= There is increased daefect tolerance in weld mefal due fo the high
fracture toughnaess and creep sirength inherent to filler metal.

= INDE is more challenging during the repair [MT is not possible] and
following repair [opfimized procedures for UT are required fo inspect
the entiraty of the weld repair regicn).

= There is a tendency to form microfissures and/or lock of fusion
dafecis (although detected by potential MDE technigues, such defacis
have not been shown to coniribute fo a reduction in performance).

» The skill of the weldar can be an important varioble, as Mibase
fillers can exhibit poor wald pocl fluidity and in general are more
difficult to deposit.

» The operating temperature of the component as welding residual
stresses may not relax rapidly of temperaturas <550°C [1022°F).

» Postropair inspection and inspection intervals will need to include
filler metal and HAZ os thera may be a risk for domage in both
locations and consistent with reported DMW failures.

3.2 mm (1@ in.) diameter
Note2 Nul{e\z mmd”"iﬂ passes
——
S / ‘-\S S Note3 13 g 14 P %
Mete 1 Mote 1 u..,\ ”_..12
~A\ | B
2.5 mm {332 in.) diameter
electrode for il passes in
contactwith roor passio
prevent blow-through
S 8 g <>
6 T
5
4 h"‘\ ’_,.--'
2 -3
. " GTAWmot pass (1) 3.2 mm (178 in.) diameter
Notes: electrode for il passes
1. The excavatien should have reundsd comersto — -
preventlack offusion. It may be advisable to usea 2224 " 2?25 23
smallerdiameterelectrode (suchas 2.5mmor //2 -\\'\
3/32in.) to ensure good tig in.
2. The step should be at least 10 mm in width
3. The fil passes along the bevel should be restricied
in haightso as to not reduce access to the botfom
of the excavation forthe walder
Additional Instructions:

+ The fill pesses should be conductedworfung “cutside-in', whereby the fill passes are first deposited
on eitherside of the excavation and additional fil passes are deposited welding ftowardsthe centerof
excavation

+ 530% overlap is recommended for all welding passes eitherin contact with the bevel ar il

« Stringerbeads only are recommended for all welding passes eitherin contact with the bevelor fill
+A 2.8mm (332in.) diameferelectrode may be utiized forthe weld passes in contact with the bevel
butiz not mandated norreguired for acceptable performance

18 $RERIAF?
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Section A-A

18 $RERIEFE (48)

B Grade 91 i/ NEPVR B Fy 200°C B iy X JE [EE S By 315
‘C » {2 EPRI &% XHVSEHEEE S  BRAR/NTHEVEE &
149°C Bl KRG EE B 290°C » M 4 %% 4£ Hydrogen-Induced
Cracking - {fi (KA i KJERRE » Al {H8FHE - B2 E & 57
FRE 888 RE B i FH A SR A 4% > A0fE] 19 AR R AV BS Rl I, -

M_ = 400°F (204°C) __—M,, =550°F (290°C)
-0.0010 TR
I
TR Y
WP i
J \ngh -~ i": % 0’0:30 .”.";:;;:::% o
c O BRRRRSESLIBLEA R
-0.0015 - g pesssssssssssssssd =
Q-0 8 E’;,o"{g' R P
] 1 T pAcceptable| s
= w ;:::"%.:‘ " '31:3 8
a ) s pEWelding v
R e
-0.0020 - T BWindow | 2
: & RESIBBLBEIIE] &
1 g o s ¥ % .‘: L
PRI
s ;::25.:!::'::.:.}:?:::.:33.: %.3. M, = 725°F (385°C)
o o%e :
-0.0025 4—————bpliieneneed
200 400 600 800 1000
—r——
93 204 315 426 537

Temperature (°F, °C)

Note:  Ms = Initial of austenite to martensite transformation
Meo2 = 90% transformed austenite to martensite
Mz = 100% transformed austenite to martensite

19 /N THEE FE B i K ] B
Martensite fH 8 LE B (A

& LB — I 5 A T (SR Ry 9Cr-1Mo-VNDN) #7:4 » F5 #1757
&F e H - FrZEESF AWS D10.10 4b - 5ZH7EE A8 - 4

REHE AR BN
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The pads must be properly sized and wrapped onto the parts
without gaps or slackness.

The pads should never overlap.

The gaps between heating pads should be minimized.

In addition to the thermocouple layout detailed in AWS D10.10,
it is recommended to have at least one thermocouple installed
under each stress relief heating pad to verify that the material
under the pad has not exceed the lower critical temperature.
Thermocouples under pads must also be insulated so they
measure the metal temperature and not the pad temperature.

A single control thermocouple should not control multiple
heaters, as uniform heating will be difficult over the desired
PWHT area.

Monitoring or control thermocouples should be located
underneath the pads in the location of the expected highest
temperature.

Use of multiple control zones for joints with dissimilar
thickness transitions.

Many companies specify redundancy in these control
thermocouples in the event one becomes unattached during
PWHT.

Where access to the ID is possible, monitoring should be
mandated. Single point monitoring is unacceptable.
Excessively high ramp rates during PWHT (that is, where there
is large thickness transition as in a pipe to a valve or fitting)
can lead to a dwell above the lower critical temperature and

result in soft regions.
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2.6Grade91 S LB FE T A
7E£ ASME BPVC SEC 1(2015 4F) 4 PG-19 Eil PG-20 2HH CSEF ]

BIREES S ER ~ Ve il R FIRAVE » 103 8 Ak »
Hrjr Grade91 £ 600°C » 7E{EA 600°C DA TR @ ZERMAIE(LEA( L
[ H & P EEHIRE S > (ifg TR ES - 2K Grade 91 yﬁﬁf mﬁ
T ZEE - WEERE LB i%%%%@z%ﬂﬁﬁ 2 pEE
&R SR = R S RIEEL - f/LEBIVRIEEECT PTTTH
e A BRI Y Ed ~ AR5 25(Strainer/Screen) YR ZE T [ERE -

Z< 8 ASME BPVC SEC | #}) 5 EEFR ]

Table PG-19
Post Cold-Forming Strain Limits and Heat-Treatment Requirements

Limitations in Higher
Limitations in Lower Temperature Range Temperature Ra

Minimum Heat-Treatment
_For Design Temperature For Design And Temperature When Design
But Less Than gpq Forming Temperature Forming Temperature and Forming Strain Limits

UNS Exceeding  or Equal to Strains Exceeding Strains _Are Exceeded [Note (1)) and [Note (2)

Grade Number °F “C °F “C Exceeding °F °C__ Exceeding °F “C
304 $30400 1,075 (580) 1,250 [675) 20% 1,250 (675) 10% 1,900 (1 040)
304H S30409 1,075 (580) 1,250 (675) 20% 1,250 (675) 10% 1,900 (1 040)
§30432 1,000 (540) 1,250 (&75) 15% 1,250 (75) 10% 2,000 (1 095)
304N 530451 1,075 (580) 1,250 (675) 15% 1,250 (675) 10% 1,900 (1 040)
3098 S30908 1,075 (S80) 1,250 (675) 20% 1,250 (A75) 10% 2,000 (1095)
310H $31009 1,075 (580) 1,250 [675) 20% 1,250 (675) 10% 2,000 (1 095)
3108 $31008 1,075 (580) 1,250 (675) 20% 1,250 (675) 10% 2,000 (1095)
310HCBN 531042 1,000 (540) 1,250 ([675) 15% 1250 [675) 109 2,000 [1095)
316 §31600 1,075 (580) 1,250 (675) 20% 1,250 (675) 10% 1,900 (1 040)
316H §31609 1,075 (580) 1,250 (675) 20% 1,250 (675) 10% 1,900 (1 040)
316N §31651 1,075 (580) 1,250 (&75) 15% 1,250 (75) 10% 1,900 (10407
321 §32100 1,000 (540) 1,250 (675) 15% [Note(3)] 1,250 ([675) 10% 1,900 (1 040)
321H 532109 1,000 (540) 1250 ([675) 15% [Mote (3] 1,250 [675) 10% 2,000 (1005)
347 S34700 1,000 (540) 1,250 (675) 15% 1,250 (675) 10% 1,900 (1 040)
347H S34709 1,000 (540) 1,250 (675) 15% 1,250 (675) 10% 2,000 (1095)
34THFG 534710 1,000 (540) 1,250 ([675) 15% 1250 [675]) 109 2,150 [1175)
348 534800 1,000 ([540) 1,250 ([&75) 15% 1,250 [675) 10%% 1,900 [1040)
34BH S34809 1,000 (540) 1,250 (675) 15% 1,250 (A75) 10% 2,000 (1 095)
NO6230 1,100 (595) 1400 (760) 15% 1400 (760) 10% 2,200 [1205)
600 NOG600 1,075 (580) 1,200 (650) 20% 1,200 (650) 10% 1,900 (1 040)
601 NOG601 1,075 (S80) 1,200 (&50) 20% 1,200 (&50) 10% 1,900 (1 040)
617 NOG617 1,200 (650) 1400 (760) 15% 1400 (760) 10% 2,100 (1150)
690 NOG690 1,075 (580) 1,200 (650) 20% 1,200 (650) 10% 1,900 (1 040)
800 NOBBOO 1,100 (595) 1,250 (&75) 15% 1,250 (75) 10% 1,800 (oB0)
BOOH NOBB10 1,100 (595) 1,250 (675) 15% 1,250 (675) 10% 2,050 (1120)
NOBB11 1,100 (595) 1,250 (675) 15% 1,250 (A75) 10% 2,100 (1 150)
S30815 1,075 (580) 1,250 (675) 15% 1,250 (675) 10% 1,920 (1 050)
NO602Z2 1,075 (580) 1250 (675) 15% 2050 (11207

GENERAL NOTE: The limits shown are for cylinders formed from plates, spherical or dished heads formed from plate, and tube and

pipe bends. When the forming strains cannot be calculated as shown in PG-19, the forming strain limits shall be half those tabulated in

this Table (see PG-19.1).

NOTES:

(1) Rate of cooling from heat-treatment temperature not subject to specific control limits.

(2) While minimum heat-treatment temperatures are specified, it is recommended that the heat-treatment temperature range be lim-
ited to 150°F (85°C) above that minimum, and 250°F (140°C) for 310HCbN, 347, 347H, 348, and 348H.

(3) For simple bends of tubes or pipes whose outside diameter is less than 3.5 in. (89 mm), this limit is 20%.
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Table PG-20
Post Cold-Forming Strain Limits and Heat-Treatment Requirements

Limitations in Higher

Limitations in Lower Temperature Ranpe Temperature Range
For Design Temperature
But Less For Design
Than or Temperature And Required Heat Treatment When
UNS Exceeding Equal to And Forming —Exceeding Forming Design Temperature and Forming
Grade Number  °F = “F = Strains “F = Strains Strain Limits Are Exceeded
91 K90901 1,000 (540) 1,115 (600) > 25% 1,115 (600] = 20% Normalize and temper [Note (1]]
1,000 (540) 1,115 (600) =5tn =256 1,115 (600) =5to Posthend heat treatment [Naote (2]],

< 20% [Mote (3], [Note (4]]

GENERAL NOTE: The limits shown are for cylinders formed from plates, spherical or dished heads formed from plate, and tube and
pipe bends The forming strain limits tabulated in the mble shall be divided by two iFPG-151 is applied. For any material formed at
L300°F (705°C) or above, and for cold swages, llares, or upsets, normalizing and tempering is required regardless of the amount of
strain.

NOTES:

(1) Normalization and tempering shall be peformed inaccordance with the requirements in the base material specification, and shall
not be performed locally. The material shall either be heat treated inits entirety, or the cold strained area (including the transition
tor the unstrained portion) shall be cut away from the balance of the tube or component and heat treated separately or replaced.

(2) Posthend heat treatments shall be performed at 1 350°F to 1,445°F (730°C to 785°C) for 1 hr/in (1 h/25 mm) or 30 min mini-
mum. Altemnatively, a normalization and temper in accordance with the requirements in the base material specification may be
performed.

(3) For materials with greater than 5% strain but less than or equal to 25% strain with design temperatures less than or equal to
1,115°F (600°C), if a portion of the component is heated above the heat treatment temperature allowed above, one of the follow-
ing actions shall be performed:

[a) The component in its entirety must be renormalized and tempered.
(b)) The allowable stress shall be that for Grade 9 material (Le, SA-213 T9, SA-335 P9, or equivalent product specification) at the
design temperature, provided that portion of the component that was heated to a temperature exceeding the maximum holding
temperature is subjected toa final heat treatment within the temperature range and for the time reguired in Note (2) above. The
use of this provision shall be noted on the Manufacturer’s Data Report

(4) If a longitudinal weld is made to a portion of the material that is cold strained, that portion shall be normalized and empered,

prior w or ollowing welding. This normalizing and tempering shall not be performed locally.

B H Grol AYENF AR ARECA BT CrMo SiE Fe,Os 7R3
i (Hematite ) ~ Fes0, #258% (Magnetite) ~ (Fe,Cr);04 FYEMEZAR (R 3
PENT - AN 20 FR > G {5 Fes0s » (Fe,Cr)s04 #5% - EPRIGE Rl
B 2 B EAE IR E Y 250-400 um - AE 21 hEFEEI A INE S
felE#l% ~ JNEg%AbiEagte(Lifting/Buckling) ~ #/g A (Lig A% ~ &
BAE(LERRAIFEIER - EiBRiekf e  glizssEE
it > 41 Fe,05 1£ FesO4 FMNE (AlE] 22) » B3 H5HE FeOs fENE
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Scale failures by coefficients of thermal expansion (CTE) mismatch
(a) , (b)

n
&

—ae 203
—=Fe304
~&=Fe.Cr)304

~& -0Cr- 1Mo (ASME)
=== TO1 -expt

I
5]

—+Fe 0,
——{FeCr) 0,
~# -2.25Cr-1Mo

©

icient of Thermal Expansion x 10F
=

13 : et e— Gr 91

Coedficlent of Thermal Expansion x 10°
B3

10 1o T | it !
50 150 250 350 450 550 650 g 30 150 250 350 4% 550 650
Temperature {°C) Temperature (°C)
(a (b)
(c)

w25 T T T

- —a—Fe,0, —e~(Fe,Cr,0

x 273 A

5 22 — RS o

155 ~E-Fe,0, ~®-AlSI 347 -~

£ 7
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T it e

Bae Y

=

B

= 13 o

o

2 :

B rerest e el ooy e sl pmeiinany

S 50 150 250 350 450 550 650 04 mm Metal

Temperature (°C)

20 Afb/EelsE N 2 CTE

Scale failure modes for Gr 91

Different types of
scale failure modes
observed on Gr 91
a) Outer layer
exfoliation
b) Outer layer
lifting/buckling
c) Dual layer
exfoliation

d) Through-scale
cracking‘

I Critical scale thickness on service exposed tubes = 250-400 pm ]

21 Grol S b #I5% 3H

22 f{bEHEFL
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T91 81 T92 FALTT AN - I HESR A(L/g EE Ll
fElE 23 &R T92 S L@ E 2 250 u m B » HLAJREHT% - {
7 A& Dual layer » o788 5k L5 Inner layer » R T91 S L& &
ZRREARE - BULFEHE - ERHRLEERE - RTieE - &
Hr A S e o

Distance (ft)

0 20 40 60 80
300 —_— T
= :|! ”'.7 ‘ !Inner o
Duallayer " Thickness —
__ 2004 L “® 1= T92 Outlet Bank, ~600°C steam
£ =
2 150 6 E
(]
3 ‘__-3_ T91 Inlet Bank, est. <550°C steam
o 100 r 14 & (critical thickness not reached)
50 42
PendanMO
04 b Pendant 65 do
T
800 1000

Increasing Steam T
Dlstance (m)

Critical oxide thicknesses of T91 and T92 appear similar |

& 23 T91 Ed T92 S E1T A

EPRI £R A 78 500 M it S (BB 7% 2 R A > BRET R LIk
£ HE)JJE1E Isothermal 1 Heat-flux {55~ » HEET{A] I 2 F &R 57
FILEERE > DKETEERER I > 16 Bl g 5 R %
Blbpes - MU E I E 24§ Grade 91 {58 O & PR I HY 45 5w ’“ﬁr‘%
Wi 7% RO S A{F 560-580°C  [H > AIREAE 40,000 /1% 7 4= A AL g
F3% > %= HRSG Z£ 5 B {F 580-600°C 2 [ » B AJ e E 4 S AL E

HTEE T -
EPRI Grade 91 Use Temperature Limit Guidelines

Steam Non heat-flux Heat-flux — high gas Heat-flux — Low Gas
Temperature temperature and heat flux Temperature
Component Boilers and HRSGs Boilers HRSGs
Recommended <600°C <560°C <580°C
Use Relatively small scale Exfoliation not expected in first Minimal exfoliation expected for
Temperature thickness expected at 150,000 hours of operation entire system
100,000hrs
Maximum 600-620°C 560-580°C 580-600°C
Recommended  Exfoliation likely after Exfoliation expected after Exfoliation expected to occur, as
Use Temp with  ~50,000 hours: will need ~40,000 hours: Increased tube more tubing approaches 600C,
Design Review”  to manage effects on temperature and stress mustbe  more exfoliation will require
equipment accounted for in design management
Not >620°C >580°C >600°C
Recommended  Exfoliation likely at less ~ Short-term overheat failures from  Exfoliation will occur with
than 50,000 hours exfoliation and tube blockages potential for extensive 1.D. and
plus accelerating oxidation rates ~ O.D. wall losses
likely
ASME Sec. | 649°C 649°C 649°C

*Design review and contingency plans recommended

8 24 Grade91 {35 FE[R
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2.7 A8/ Super304H %514

FAR SRR > L B B e S ey - HoE s
HEGSEM WA TRAEEAYTIL ~ TO1 ~ 304H - B4ATHEM KL » 73Rk
F R 7 5 = BR B R FEERY Super304H ~ HR3CEA347HFG - EPRIGEAS
47300 25 ER 8 » [R5 2 DASigmatH iy KT8 E (A E25) (a2
J& S BB E 22 ALV ARG - R A LAR T - [H 2 Super304HAITE
AETTHFE » [RISuper304H 2 DI304 Ry bt » 1Tk R Bl DA BV R 2
I AR ANIE 2677 » 7E304H A ANNIEEND » TFELH347H » Fjii LA
fRpR I > B 347THFG » FANICUEAN » JE/PNI - [iAELH
Super304H » NiZAustenite Stabilizer » #35/) E.[E#£ Austenite Stabilizer
HINi > H NELfF ElR R L2 5R - FI2RCTIN ~ NoN ~ CrNbNZE4H/)\
M) > 2wt%HYCu N A NV E Cutl > BORIICUEEN » KiEHE S
HiEpRsE -

5 347
4 321
g 3 Tcmpixls)y-Al
)
"\@ " 316
304
1
O I 1
103 104 time (h)
[&125 AL~ SigmatHEE (700C)
304H |
T - Super304H
wioNb|  34TH | +Processing | 347HFG W. 18CrONICUNBN
18Cr1ONiND 18Cr10NiND

[E]26 Super304HZEfE
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BV R AR WIE 27FTR - AEf(& /2T EM Z Al > St AR S
VR E R o (HE4ERHENDC - NbCrFRHTEAE - S8 E M &K
S SRR T A AR A P 4G AR AR DR A/ N H IR NDC
/N i 4H 48R (GS No.8.5) Al fig (s Crige R YA SR H - 1R
I EREENELE -

FEAREI SRR 5 Super304H EE{MAH SR WIHAIRRE R R N FAE
micron K ~1 Y= Nb #7H4#7)(NbN E2 Nb(C,N))> 4% 15,000 /]\i$/600-700
‘C1% » Cr-rich carbides B Sigma(Cr,Fe)fHIZ K 5 fhir K ~14% 75,000 /)N
RF/650° CIR Iy A i © A RIFRIfEAT - (K 10-20nm (Y& Cu AHAfT
o BREEREELE 45 79,000 /NEEARAL % 0 BIMEEE 170 Jom?
[0 80J/em’ > (EEMEE A G R EIF(K - fE7EEEETE Nb &y
Nb(C,N)&r# - EdRk £ » 1 H Nb(C,N)ATEE &L » 7£ Nb(C,N)H7H!
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Softeningz ST+50°C ‘

NbC precipitation Solution treatment
I Softening Lack for pinning effect

Solution treatment

Fine grain Coarse grain
Cold drawing Cold drawing

‘ ‘ GS No.6.0
0 Conventional
D process

2
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EPRI L1 600°C ~650°C ~700°C 77 H[{F 110-340MPa 77755 i
F|H Vilella’s 8 %1% (1g Picric acid » 5ml HCL > 100ml Ethanol)ER£2 &
KL > SHLLEMEE(BV - 5%NaOH)#E % Sigma £ < EPRI &iat-1-H922 1L,
R ~F(Average Void Size) ~ Z= L EITE 5723 (Void Area Fraction) ~ Z5f[ %%
[& (Void Density) 445 540 &l 28-30 Fror » B R AE BT F 2T HL22
FLRST ~ ZEFLEE T ~ ZEFLEEER - (HEERE T 13mm (&5

HEFFEE(E - £ 650°C ~ TOOCRIESI T » ZEfLEA ARV E =S ]? 600
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Average void size, um’

% Area of voids

8

Void density, count/mm’
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