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Monday June 13, 2016

Presenter

7:30-8:30 am
8:30 am
8:40 am
8:50 am

9:00 am

9:30 am
10:00 am
10:30 am
11:00 am
11:30 am
12:00 pm
1:00 pm

1:30 pm

2:00 pm

2:30 pm
3:00 pm
3:30 pm
4:00 pm

4:30 pm

CONTINENTAL BREAKFAST — STETSON F.OOM

WELCOME AND INTRODUCTIONS - SALON DELREY
Historical Overview of San Antonio

Previous BRIG Notes/Discussion

Main Steam Pipe Integrity Monitoring Using Modern
Wireless Technology

Failure of a USC Desuperheater
MORNING BREAK - SALONDEL REY
Easily Overlooked Potential Failures
Applyving M&D Center Information to Boiler Reliability
Latest Industry Trends i Fit-for-Service (FFS) of Power Piping
LUNCH - STETSON ROOM

FFS m 2016 - Workmg With the AT

Recent Evaluation of Dissinular Metal Weld Failures in T91 to
Stainless

Update on Integrated Approach to Asset Management of G91
Steel

Afternoon Break - SALON DEL REY
Round Table
Round Table
Round Table

Round Table

K Coleman/EPRI
S . Walker/EPRT
M Mallon/DTE

B.Tossey/DNVGL

D King/AEP

M Horbaczewski/DTS
R Coutant/Duke

J Frey/Siress Engineering

M Crichton/AEP

J Sigfert/EPRI

J Parker/EPRI

1-1 6/13 542 (EPRI P63 & o] 515 BRIG 15[ & %)



Tuesdav June 142, 2016

Presenter

7:30-8:30 am  CONTINENTAL BREAKFAST — SALON DEL REY

830 am Round Table - SALON DELREY All
9:00 am Round Table Al
9:30 am Round Table Al
10:00 am MORNING BREAK - SALON DEL REY All
10:30 am Innovative Attemperator Ideas Ory Selzer/TMI CCI
11:00 am Waterwall Bottom Slope Tube Failures G Lanthorn/Intertek
11:30 am Overview of SWRI Tour and Facilities G Light/SWRI

12:00 pm BOX LUNCH- PROVIDED AS YOU BOARD BUS FOR TOUR.
1:00 pm Tour
1:30 pm Tour
2:00 pm Tour
2:30 pm Tour
3:00 pm Tour
3:30 pm Tour
4:00 pm Tour
430 pm Tour

5:30-7:30 pm  RECEPTION @ - TERRACE GARDEN

1-2 6/14 %52 (EPRI P63 #i /& 7] 5E & BRIG [ i &%)



WEDNESDAY JUNE 15

TIME TOPIC PRESENTER

7:00a.m. Breakfast
8:00 a.m. Welcome, Introduction and Safety Topic
8:15a.m. | Background and Overview

8:30 a.m. | Update on EPRI recommendations for Improved specification
for Grade 91 and Grade 92 steel components

9:00 a.m. | Consideration of Specifications for 9Cr type Cast Components
10:00 a.m. Break

10:30 a.m. | Consideration of Specifications for 9Cr type welding Bill Newell
consumables

Discussion / Comments / Actions

11:30 a.m. | Applications of Hardness testing for screening 9Cr type steel

components after fabrication, construction

12:00 p.m. Lunch

1:30 p.m.

Recent Plant experience with Well-Engineered Weld Repairs
in Grade 91 steels

« Application of Welding Method 6 to Repair a Grade 91 | Michael Crichton

Reheater AEP
* Recent Application of Alternative Weld Repair in a Eric Dupont
Grade 91 Steel Valve to Small Bore Application Xcel Energy
+ Recent Application of Grade 91 Steel Alternative Weld | Ken Mitchell
Repairs in RWE Power Plant Systems RWE
» Recent Application of Grade 91 Steel Alternative Weld | Keith Rapkin
Repairs in FP&L Power Plant Systems Florida Power & Light

3:00 p.m. Break

3:30 p.m. | Discussion, 2016 Creep Fatigue Meeting, 2016 Advanced
Materials Conference, Actions and Future Meetings

4:00 p.m.  Adjourn
1-3 6/15 5% % (EPRI-P87 J8 52 i & 114 5 AU ARy 3 % 3 A1 CSEF
I i %)




THURSDAY JUNE 16

TIME TOPIC PRESENTER
7:00a.m. Breakfast
8:00 a.m. | 2016 P87 Ongoing Project Updates J. Shingledecker, EPRI
8:00 a.m. | Small Sample Testing Projecis. D. Purdy, EPRI
-SP Fracture Toughness & Comparison with ABI -C. Ferguson, KCP&L
-Component Specific Sampling Guide
-Impression creep / small punch database
-Recent Gr 22 Seam-Weld Assessment & Material
Sampling
10:00 a.m. Break
10:15 a.m. | Comosion Projects J. Shingledecker, EPRI
-SH/RH Limits 5. Kung, EPRI
-Guideline for Shot-Peening
-FGD wastewater materials selection & recent
experience
11:15 a.m. | SCC in CSEF Steels J. Siefert, EPRI
-2015 completed project -D. Downs, Southern
-Industry experience and next steps for SCC/HIC -D. Wright, Exelon
-E. Dupont, Xcel
12:15p.m. Lunch
1:00 p.m. Update on Dissimilar Metal Weld (DMW) Projects J. Siefert, EPRI
2:00 p.m. | Update on PWHT Modeling and Technology Transfer | D. Purdy, EPRI
2:30 p.m.  Break
2:45 p.m. Metallurgical Risk Factors — Update J. Siefert / J. Parker, EPRI
3:30 p.m. Pa7 “State-of-Union” Address J. Shingledecker, EPRI
-Program Growth, Collaboration, Leverage, Resources | E. Benton, EPRI
-Cockpit/wgbsite usage
4:00 p.m. | Group DiscaEsion: Group:
-Future of Reporting Facilitated by, EPRI
~Training Center”
-more Tech Transfer
5:00 p.m. Adjourn
1-4.6/16 54 1% (EPRI-P87 i #% & & 5k)
TIME TOPIC PRESENTER
7:00 a.m. Breakfast
8:00 a.m. Austenitic Stainless Steels Cracking Issues R. Lynch, DTE
-Recent Experiences: DTE, Xcel, FE E. Dupont, Xcel
-New 2016 P87 Project to Address SS SH/RH A. Waddingham, FE
Aftachment Damage J. Shingledecker, EPRI
10:00 a.m. Break
10:30 a.m. | Update (Brief) on Technology Innovation and J. Shingledecker, EPRI
Govemment Projects D. Purdy, EPRI
J. Siefert, EPRI
S. Kung, EPRI
11:30 p.m. | Action Item / Closeout
12:00 p.m. Adjourn

1-5 6/17 G2 (EPRI-P87 i % 8 & %)
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T91 Life Calculator:
600C, 100MPa, 10 years

400,000 .
® ksothermal
350,000
= &C Increassfyr
300,000
. W ACH] RSEsS
250,000 Incraase/yr
200,000
150,000
100,000
SU’C(:() L
inimum

Average

wms A

2.1.1-3. EPRI FEREMEMEIIFTETEZ Grade 91 /By

1,000,000 - . .
© | Isothermal Grade 91 Kinetics Scale Failure likely
- | to reach a thickness of 250um L
' o Black arrows indicate field
failures
N
__ 100,000 - - e
4 : ! ~.
2 N =
s Scale Failure 47 e L
E Unlikely .
[= .
10,000 .
| HEAT Flux (EPRI Exfoliation
Model Simulation Results
(Blue Diamond) - T91
ljom ............... | - 1
525 550 575 600 625 650 675
Steam Temperature (C)
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Grade 91 (Non heat- T91 (heat transfer)
transfer)

Recommended <600°C <550°C

UECREEET I Relatively small scale Exfoliation not expected in
thickness expected at first 150,000 hours of
100,000hrs operation

Maximum 600-620°C 550-580°C

Recommended Exfoliation likely after Exfoliation expected after

WELRVIO R EG L ~50,000 hours: will needto  ~40,000 hours: Increased

Review* manage effects on equipment tube temperatures must be

accounted for in design

Not >620°C >580°C

Recommended Exfoliation likely at less than  Short-term overheat failures
50,000 hours from exfoliation and tube

blockages plus accelerating
oxidation rates likely

ASME B&PV Code KnliMe: 650°C

*Design review includes materials selection, component design, and system design/operation
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FHE ZEME - N/ALER{E 11.3 I RRA B 77 Bl EE 4L 1500 /)N
5200 /NEE BT 0 N/AI EB{E 22.5 BEFREAF EL Y 2811 /NBRET 2L (625
‘C*100MPa) ~ I [ 4 AR 4T3 22 64%  {HR Y I HASE{H 4850 /)N -
VR [FIFE 4K 5200 /NEFAT9 AT > 7o {7 Bass Grade 91 Z HiB S 551k
MEREmEE BLAH A N/AI LLE RFEE & 2T R AR -

G EPRI 738 2= H O W i SR 4H O e 2 iR - B S it
&2 MIGE R FOETTHET oA E T R a F M Z Bl M
BE R EOME () > EPRIGY Sy Grade 91 7 f21% i iz ¥ (PWHT)
ZEHE R EL) Ry 730-760°C - HAH FEJF i b 55 JE L % 7Y 190-270
HBW £ 'H » {35 N/AI EE{E &R 4 B - S8 30 AF IS (kO g B
B NREGABEREEELIES - #awm/FERE N/Al{KEEE
5 - MX B E AR R AR - 5550 EPRI 5t BEA 78 2 5 5 Ok} E
i 18 s B Z EVE & o7 By =48 5 (high damage) ~ (K385 (low
damage) - gL H & T R AETTRIEME AT - LR {E (median) 2
P {E (mean) % B IH RIS L 1F R BURMEFE S » 20lE 2.1.2-8
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feH Si~ Al~Cu~S~As~Sn~ShZE T » 5K p {H(p-value)

/NIR 0.05 FHEZRBERSEGMHITER - WE 2.1.2-9 » sl
EREEAS As~Sn~Sb~Pb~Al-Cu% > Si- SZEFHHFE > C -
Mo ~ V FHIFFE A TR — % & - NIt& & Lk - EPRI HAj
BEEE L4 & M6 4 B s R T (Metallugical Risk Factor » MRF) » ¢
5 E TP A MRFg1=[Cu+X(Sn+Sh+As)]/(N:Al) » S5 /ML HE Hh
AR 4H Bl s o &8 E 2013 SE i 2 s B4R SR A03% 2.1.2-1 > EPRI
FRENSAE 2 H2 ASME 2 CSEF T /EEF4H M Hakimi - H

AT LA A SA-387 DA A2 7 LB & n Al EPRI 2 2013 filt
FESEEIE N~ Ni> B8 Cu-~ As~ Sn~ Sb~ N/AI %15 H - ifif EPRI
Z 2016 FrE A i — 2 R4E R AETE Mn~ S~ Si~ Cu~ As Z 4 >
Wrig B~ WEIHH - IR E HECHE B 2 -

12



80 m Number of Stubs
B Number of Cracked Stubs
70
60
g 50
£
2 40
30 -
20
10
0 T
7.2 367 1.57 1.42
N:Al Ratio
2.1.2-1 T Aberthaw B& g =5 28 B30 B 2448 B = B N/AI
bb{E fE 2

N:Al
Sn+As+Sb+Pb

CPEI ELECTRIC POWER
— RESEARCH INSTITUTE

2.1.2-2 ik Aberthaw & g HUEE (et B ss &R
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N:Al Ratio
2.1.2-3 Grade 91 &g & B & 5 B 1% 1 FE 46 R B4 N/AL EEE
B8 2L

Al

Measured

N:AI13  N:AI4T F‘:_'::d

Mn 0.489 048 0.475

0.009 0.008 0.01

0.001 0.003 0.008

0.034 0.045 0.041

Ni 0.351 0.35 0.11
Al 0.003 0.002 0.017
B <0.001 <0.001 <0.001
Cu 0.11 0.126 0.142
As 0.005 0.007 0.007
sn 0.007 0.008 0.008
sb 0.002 0.002 0.001
w 0.002 0.002 0.039
Pb 0-001 o001 0.001

Al 11.33 22.50 2.41
n+As+5h+Pb 0.015 0.018 0.017

2.1.2-4 B&W /A FIF¥{5 Grade 91 4L B BHE 2 1 A 187 3 12
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2.1.2-5 B&W /\ 5] Grade 91 BF#f K7 BE IR {4 22 V&

=95 NAI=13

N:Al =24.8 N:Al

Bl B2 B3 B4 TP1 N:Al 2.3 MN:Al 13

" 1.1 7.0 34 21
N:Al {reported range) 58 {1.03-1.14) [4.2-7.2) (28-37) [2.12-234) 23 n3
Sn+As+5Sb+Pb 0,023 0.024 0.023 0.027 0.008 0.017 0.015
Base Metal Rupture Time
BZ5°C, 100 MPa
Expected mean: 4,850 hours 2930 T84 2995 2629 2547 1960 1500+
Expected min.: 1,160 hours
Base Metal Rupture RA %) 76.5 26.5 67 35.5 23 62 ==
% Cracked Stubs 75 k] 50 — ==
Cross-Weld Rupture Time
BZ5°C, BD MPa 3 5 3
Expected mean: 3,210 hours B 354 : 1017 : 2080 5200+
Expected min.: 1,150 hours

Grade 91 Research Header In-Progress Creep Test Results: 625°C/1157°F

14.00

12.00

10.00

8.00

6.00

Creep Strain (%)

4.00

2.00

——— Cressmid, N:A =

Wald Depodt [FWHTL 100 MiFa

- Wil Dapast [PWHT), 100 MPa

s B Wbeta, Forgmd Pipe [M:A] = 47], 100 MPa

- B MG, Forgid Mipa [N:Al = 47), 827 MPS
B Metal, Forged Fpe (N4 = 13], 100 MPa

e B b, Forgmd Tow [M:A = 2.3], 100 MiFa

=== Bais Mtal, Forgad Tes [N:Al = 2.3], 82 7 MPa

= Crensweld, §:4] = 47 1o N:Al = 2.3 ELT MPa

A7 no NoAl = 13 BT M

EEjon

3000

Time (hours)

B 2.1.2-6 B&W %% 625°C #:/F Grade 91 St A% B

4000 5000

5B

\\El

S a4

404
- s . 4 e O 2 e 04 S
210 215 220 225 230 23 190 195 200 170 175 180
w07 o8 w0377 207368
- 304 .c.30~ % 20
3204 520-
o10< 10 4 104
0 B ‘ 0%
225 20 23 190
(=11} | IEECE (=10
- 30
5
0 20 1
3]
104 £
=
A AL v + + + 0 —==3 +— 04
210 215 220 225 230 235 190 195 200 170 175 180
Hardness (HV 5.0) Hardness (HV 5.0)

185

185

190

190
Hardness (HV 5.0)

EZon

760°C (1400°F)
10 hours

760°C (1400°F)
50 hours

2.1.2-7 A[E] N/AI LEAE A 1T

15

790°C (1450°F)
50 hours

PWHT % T i {1




Cr Mo

000 oao 0.20

0.0

000

0000 0004 0008

@
@
=]
w
- -
=]
(3]
° =
Red : High damage Blue : Median
Green: Low damage .
g Nb . Ti Black : Mean
2 5
L=]
8
3 :
‘:" [=]
g g
o =1

No identified statistical trends for Cr, Nb, or Ti

. | kgt K :

0.00 002 OD4

CU* s*

ooza
'

ooio
L

0000 0006 0042

0000 0004 0008

0.a00
L

sn sb
* § * Red : High damage
: Green: Low damage
]
¢ Blue : Median
E Black : Mean

No identified statistical trends for Ni or P

2.1.2-8 EPRI 7B S5 BRI 14 51 i Grade 91 & s 8H AT R
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Ti

Coeff estimate

1.253483
34.417627
-6.128781
51.487793
5Z2.841984

-81.968869
48.899952

8.306968
-8.911979

5.849619
52.333527

-82.599955
25.147270
195.297848
-181.985795
372.914536
427.096248
1324.105938
6263.513638

p-value
@.2697583875
@.0009628924
@.4690962134
0.0188808481
0.1297447420
B.6872228739
0.8314728249
@.1374967235
0.1717498276
0. 8549446983
@.83787369960
0.8786471317
@.0001678878
@.8546315905
@.1297819115
0.0809459721
@.0002246665
0.0016645741
@.0A83046055

2.1.2-9 EPRI % p {£ % 7 5 1

17

Accuracy

TTTTTTR
ATTTTTE

.8333333
ATITTTR
ATTTTTR
.8333333

. 8055556
8611111
. 8@55556
.8333333

Grade 91 & 5 14

. 6BB6BEET @.
ATTTTTR 9.
. 7500000 9.
iy
222222 8.
. 7500000 9.
a.
.3333333
.1111111
4444444
.3333333
.3333333
.BB6BEET
3333333
.11111131
.5555556
.BBE6BEET
.5555556
4444444

PoOD
BeeBa0a
4444444
alalellolo)
4444444
1111111
alalellolo)
222227227

L=~ T~~~ T -~ I~~~ -~~~ R~ R~~~ -~~~

FAR

.11111111
11171111
. BB00R00e
.18518519
@74 7an7

alujuinelololt]
A3783704

.@7407487
.@3703704
.B3703704

ar407487
@r4a74a7

11111111
11111111

@37037/a4
11111111

.@7407487
.11111111
.@3703704

BEILR



% 2.1.2-1 ASME ;£# F EPRI /&% > Grade 91 4%

ASME EPRI
TR .SA 335 SA 3.36 SA 387 plate 013 2016
Pipe (wt%) Forging Heat Product
C 0.08-0.12 | 0.08-0.12 | 0.08-0.12 | 0.06-0.15 0.08-0.12 0.08-0.12
Mn | 0.30-0.60 | 0.30-0.60 | 0.30-0.60 | 0.25-0.66 0.30-0.60 0.30-0.50
0.02 0.025 0.02 0.025 0.02 0.02
S 0.01 0.025 0.01 0.012 0.01 0.005
Si | 0.20-0.50 | 0.20-0.50 | 0.20-0.50 | 0.18-0.56 0.20-0.50 0.20-0.40
Cr 8.0-9.50 8.0-9.50 8.0-9.50 7.90-9.60 8.0-9.50 8.0-9.50
Mo | 0.85-1.05 | 0.85-1.05 | 0.85-1.05 | 0.80-1.10 0.85-1.05 0.85-1.05
\Y 0.18-0.25 | 0.18-0.25 | 0.18-0.25 | 0.16-0.27 0.18-0.25 0.18-0.25
Nb | 0.06-0.10 | 0.06-0.10 | 0.06-0.10 | 0.05-0.11 0.06-0.10 0.06-0.10
N 10.030-0.070 | 0.030-0.070 | 0.030-0.070 | 0.025-0.080 | 0.035-0.070(*) | 0.035-0.070(*)
Ni 0.4 0.4 0.4 0.43 0.20(*) 0.20(*)
Al 0.02 0.02 0.02 0.02 0.02 0.02
Ti 0.01 0.01 0.01 0.01 0.01 0.01
7r 0.01 0.01 0.01 0.01 0.01 0.01
Cu - - - - 0.25 0.1
As - - - - 0.012 0.01
Sn - - - - 0.01 0.01
Sb - - - 0.003 0.003
N/Al - - - - 4(min 4(min)
B - - - - - 0.001
W - - - - - 0.05

18




2.1.3 JRPEERE Rm/EEH

EPRI #]/Y Grade 91 #1'8 ~ Zdan & B b 72 RIS B 2 B 5 JH A
SyAT  EE BRI - dH RS E R - MR AR AR T
RIS AR P55 5 By - W RTHL > Grade 91 #1/E MEZR H & 98
& (HHEMEREBLAH e B S AR A B > SN AR B IR R EVE
HIF G AR BE S LEHR R RBESRL - FHIILEREESUERF
EEREFRSYETE  KonBE g m AT EE -

EPRI 44 H {2t & B CSEF M8 IR FFEE sk - HLAAE
2.1.3-1 > > Grade 91 #1'8 - 7 5l=& H i TH 2L (preheat) ~ Jig [
(interpass) ~ & Z R (PWHT) SRS 2] - IF HACHIE SRR - B8
EEBEIFFEEE A EEER TS EES - DI REEREHEL
1S MRS 2P B T b TR R SRS -

THEOR S J7 |0 $2 B2 A 2 & 2UHE 2 (Hydrogem  Induced
Cracking > HIC) BE R » 5 SR EHESLELF (PR ~ BUEMAH4S - TH
BURE - RIRE2EF AR - Hhp 22 RNe st 2% 045k - 1
HAHP S - BEEDIEE > FIRE &) - FRIESERITES
RER(Z/D HA)Z AN > HEIRRTRE R0 BRI R SR 2 i 5 ~ 7K
> Be5 - FEKEYE > CHEEAIEERSIGIEES BT
F Y > ENEETREVRE Z30E » T2 B 28 7R
[EDRE T Z A E S0 AR R SRAUERE - WfE 2.1.3-2 » J Grade 91
E2 Y FE M MEGE R 48 2.1.3-3 > 5T 150°C AREFREE -

JE DR B TE 2 B IR R - FEIRE R AR EE R DR
5 - HOREEERS mEER S ELII L HIC (23445) » JRELEHE
SERERRE ~ B EEREH ~ HESRIE B EARE 0 EPRI 55
Grade 91 JR{ 2 FhZ B (HAZ)H 85 B P 55 7 it & B4 Al R A
AR > WA Grade 23 7 SER)EK Ao A 25 5 IR B e DR P e
(& ~ SRR S AN AR 2 i A B AR KL §8 - 45 %) 2 A= 75 EA 34 4 (reheat
cracking) &bt » (HIRR B > EUE A1 VE Y IEHE(SAW) 2 E #5 ik
RS IreE B IR (GTAW) 2 1 B2 (cracter cracking) » B fEEHE H
C ~ Nb ~ Si ZEfr5 [ERATEE (hot cracking)FH5R - ({4 EPRI 45t

19



8+18 Grade 91 Rpbf R IR i 2 AHERREIRIE » A8 Bk FHHAGEEE a0/ i 4%
SELFE 4SS RI B5(372-393°C )/(159-196°C) ~ (390-418°C)/(200-237°C) » £1.
150°C HJ5E Al R EERE » n[RILIE RyJEREDRE S TR » SHHER
oo~ B SPIREARL > HEHEREERR - B DU ARET (dilatometer) &
A5l Er 7 SRERE - S AEMR 2 SRR ER A=A K
PR AT 100005 RE0M RS Ryt = - 411[El 2.1.3-4 » LAGIE 58 Rk 90%
it EH o R A Ryl Ry BRI BB PR - HLA IR 52 al 90%ivk FHHAEE
B EOREE Ry 290°C - MHHE 2 BB EIE(ICHAZ) FErmfE4y
&y 350°C - EPRI RyPrAIRRER I AERE R, - Attt RS 2 E
PREE » JES B S TR (PWHT)IME » 73 BE & 350°C ~
290°C - [l il B ERaE SRR -

EPRI {RIE &R - 58 MIR R B R (2 2 58
SALEAREMEZE AN E R R E S > A8 2.1.3-5
IR B IR AR S 52 E - EPRI S BT RE R M. -
AAREMFBEEL  HEEREE 7y - EPRI 3BH{KE ASME B&PV
Code Section | 5z ASME Power Piping Code B31.1 %75 #H &5 > Grade
91 7 PWHT 5[ & 730-775°C » EFE A 1980 AL HHHAELLL Code
Case 1973 & ABGFTaE f(EORE £y 700°C » HARILEE RIS 2 F2 57
JoEs i TR (Charpy tes) 45515 & - HifEiR i sl i g
SETR BB R DU S BB 25 2 AT Ry A A R - HORNE
SRRV ~ BUREHERIE AR - lE 2.1.3-6 - (RILIEAER
R TR IR 2 EHIRE R FE A Y Hom & M 2 3 B - E 2008
1E#4 5y Grade 91 120 700°CAEK[R PWHT 247 17 R # & -

EPRI 505 PWHT H Y R BafaH 4k EK - [ RIS IEST ~ 1
IS - HIES B Srn e 2 ae - BIREERMG - DI
TIE M BR8] 2.1.3-7 S DUVBSER R A e EOM R TIASE
DITREIESE S B - B E-PARIR A Ry T E R - JURE
SA-387 FRFEHUE 2"Hhf DL & @ B UF (SMAW) ZL(E - \FFEER 16
fiIr'E - 3.2mmd 7 E9015-BY ULHCIF{R » 51 161 }FiE » THENRJERDE
FEr R Ry 150°C ~ 350°C » SRR R b - UIEIREER S

20



HBEET 675°C*2 /NI PWHT » ST AR R LT L
7% (Deep Hole Drilling - DHD) & AITE S FETIATE » 3R SA-213 #
FIHUEE/ME 88.8mm*EBE[E 14.8mm EHf - DLH B RASISMRE TR
(GTAW)ELFE » [EHFF 5G firE - ER90S-BO VLRI » 5 12 J5iE -
HETEEN ~ iy B By 350°C » IR R 675°C*0.5 /)N -

W7 4S REURILAE 675°C*2 /NEF PWHT (2{FriEHE ASME
B&PV code IX QW-462.1 Z RfiI{#58E - ASME B&PV code IX
QW-462.2 Eihatpr A #ilat - HAKPE ASTM E1820-13 Z H73d#]
PERIE ARG 45 5281 700-730°C*2 /N\IF PWHT 45 SRR R > A1
2.1.3-8 - [fij 625°C*80 Mpa &2 a b 2 4558 » 2fE 2.1.3-9 >
o B =B G PR E B BE (HAD) T Ry SHIMIIR TR
JEJTHIESS SR 4kE 2.1.3-10 » HUfRSF{E 150 MPa » 3l A B3] 4 55
MPa.m1/2 - 7KJEEzRER 17.6 MPa ~ sl = i€ /7 150 MPa 38 T -
SEEAME ASTmm*EE[E 50.8mm B ZEESRNEEHBE RSN 13.7
mm > EPRI 505 & 59 DAIERS A H 05 B HI 2GR Al R R R - 594k
EEEEAN[E] PWHT SRR B > 4k 2.1.3-11 > 2
EORFE ST 700°CH; » G2 E @SS 200HY » H RS IRS » 8K
{EELIKPE Z RS IRIL R PWHT R H RN 6757C -

R TARERE &k B AR E B AFORRUE - JREFRHA
e EVVAMHIERE S 0 EPRI (K3 ABAQUS fHEEEIME 550mm*EE =
76.2mm B A EEERG OB EME > AE 2.1.3-12 > EIEFER
15 T00°CHE - PNEEHFE 5 af 2 668°C » [NILIEEETE % B EIEHITIR
It BER R R R A R L A (thickness transition) S{E IR T
> WRREE RS - FLEERVEHFERME » 1E 2.1.3-13 » 4%
BT EER - BB RS B3 GLEE ) (Rl i 2ias
OMIE > BB RFTCEENTT » JRE RS RAER - Hi i AL 8
REEEHORTE » R 2 FARBERmiof - HEtat I ingi & anhs - 184
[k FR IR S R S b A S A RIS » BRI EZE
HAMEEZNE - EPRI CEEEAN TR - THETEUE 3 rEEiE
o et S B2% > s ORI E SR B iE 2.1.3-14 -
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HRAIFHAEEYIZE T - ARG R RNl RS & BIFR
(DMW) Z e ple R - B Ry LRI (R SE AR KPR/ ITERHS D » i
HW2ER S > CE R AE G R A 2 20 a U 58 (HRSG) - A [E
2.1.3-15 > BRI RAHRH R ELEEON A RE - 550-600°C i LIS BE -
O FARE SR BlaE (HAZ) 2 7 SRRV R L > 40fE 2.1.3-16 - i
AT S50 CHy - B Fhasi Mz AR 2 JEmhaR (fusion line) 4 &
HAZ 78587 L0 > 48l 2.1.3-17 555N HRSG gl i (=R E -
g A L HAZ 220 = A (oxide notching) i SRS i -
e 2.1.3-18 » HJF NEZ#E4T 600°CHy - Grade 91 RJ#fEL HAZ 7 VB 5
SRR > & S50°CHY » EEIETE 7 JES R 5 5 T i JERLAR
FAR > AmER HAZ fUH Z 82 alEH ki E 23RS > JRETEE
/e NIAI EEEER SR - FUHBER A Rl -

EPRIH/15¢ Grade 91 ELA SIS 2 BB IFHE(F SR 2 BRI Rl
B AR 2 RBRM: > R EmssE R/ NS > 41 2.1.3-19 0 K
AUV F BT 575-625°C ~ 50-100MPa 7 RSB 205 - 45 R EY
BERFRE RARTIRZUT & HAZ BT Ry - A iiE 2.1.3-20 - 2%
QR 2 B 2.1.3-16 - /NEURERIRIGEERE R ~ FEL1 ~ I8HT ~ SRR A
FREL(PWHT)ZE - oA [ER: - dfE 2.1.3-21 > EfT7ESEE R IR
R R R B LN > ER OISR R e TS e oA - [ 2.1.3-22 Ryt AR
RERE AR ZELiy - S5 RBUR Grade 91 B TP347H =i Alloy 800 #'5
P2 2 B (VR SR IE LISRALR R ROk, ~ Pl LIt R E > T
JE MR > if) PWHT ER{hae OO R M - o PEfe T AEes
HA TR = REEE S LR - EPRI 5 BA 7 IR
18~ MESERITOAE - WE 2.1.3-23 > SSEERETE ) o imss RIS IRF
IFELLEE PWHT 250 - Jii{F P - BIEEEE PWHT HYR AR E
FOCERYE 5y o AR RE HIL ~ BAKEIE S - /ARl - AiE] 2.1.3-24 -
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Recommended Filler Metal & AWS Design
EQ01X-B9

Bakeout/Storage & Usage Guidelines
Electrodes which are hermetically sealed may be used for several hours after opening. It is recommended to put them into an electrode oven at 250-300°F (121-150°C) after opening

PWHT Range

1350~ 1400°F

PWHT Chart (rotate to view)

PUWHT
1350-1400°F

Cooling Rate
\270-400°F/hr

Heating Rate
180-270°F/hr

Interpass
600max.

Welding

T<750°F

Cool in still air
Preheat
00-300°F min.

Post-Weld Cool
375°F or to preheat
(whichever is lower)

Postheating Parameters (rotate to view)

GCB: 6.68"

HB: 5.08"
SB:0.82"

ey Insulation

t=02"

HAZ Heat Source
Weld R

I -

0.8"

2.1.3-1 EPRI 72 fit CSEF M E R HEERIEFER I TE

P 25 A Liquid Fe B
[=} 4 s
=1 ] 3
5 3 3
E ] 3 5 -
2 15 5 s
N :
3 10 e & §
S 1 (Austenite) S e
g ] 3 o
g 5 Phase Translormaton T 3
: L RO - e -
0 ] a Fe (Ferrite)
500 1000 1500 2000 100 200 300 400 500 600
Temperature (°C) Temperature (°C)

|
/M

2.1.3-2 HEHL 55k 2 SR il Ui PR S AL A R R R AR R
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Percentage of Crack (%) .
5. 8 8 8
(o]

8

o

50 100 150 200 250 300
Preheat Temperature (°C)

2.1.3-3 Grade 91 {2 LL Y & =0 E et 2 &5 1

o

Interpass = M,,, = 550°F, 290°C ~

2 (Weld Repair)

@

§ 4 =

t =

-

5§ y

g 5 Interpass = M = 660°F, 350°C
@ £ 40 (New Construction)
=

c

@

§

o

00 T T T T 40 Frn s e ooy w1 ~—
700 650 600 550 500 450 400

Lo ) oraat e | YO | T T

3711 343 316 288 260 232 204
s Temperature (°F, °C) MF

2.1.3-4 Grade 91 7 ish FH pic## 5¢ 15 % L0/ JEE Rl 2281

140 +

120 A

1004 Mal-heat treated
| Grade 91

80 +

Stress (MPa)

4

60 - Min. Grade 91

27000 28000 29000 30000 31000 32000
LMP = (273 + T, °C) x (30 + log, (t,, hours))

& 2.1.3-5 EPRI {5 H & el BB E RS A & B 2 58

%3

BHLEmITE
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O Heat Affected Zone

§ 300 E @ Grade 51 Weid Metal
8 250
B ] 8
§a 0o o 8
-gwo- 8 . .
£ 100 j P8 M $ ‘
e @ ‘ 'Y 'S
8 501 ’“
(] . —‘ '! :. 'zl ‘!“" ‘ Q’

25 0

Charpy Impact Energy (Joules)
(%))
o

. o

N
o
L

2.1.3-6 Charpy flir B3 Bl 5, Grade 91 {778 K Bl B & o A
(5] A B ARy Z &R
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Critical Flaw Size |SERLNE-0201, V2 or

Geometry of
Component

Fracture Toughness

* As-calculated and measured from

+OD = 18 inches (457.2 mm) ASTM E1820-13

*WT= 2inches (50.8 mm) * Minimum value of 50 ksiin utilized

Pressure or Welding Residual
Hydro (oy) Stress Stress (Owgrs)

oy = 1.5 ~ pressure stress * From thick-section tube weldment
oy = 1.5~ 2550 psi (17.6 MPa) *Owns = 21.75 ksi (150 MPa)

B 2.1.3-7 EPRI 5] Grade 91 Ry 34 EL R M > FF 52 20 1

>100 ltsnlm

3 3

-
)-'-
-
>
-
e
o
.~
s
o
b
-
o
s-:.~
)

B

b
“
o
l.-
b
-
e w
v.h

K, (ksivin)

3 &

As-welded 675°Ci2h 700°C/2h 730°Ci/2h 760°C/2h
' E9015-B9 Weld Metal '

2.1.3-8 fi ASTM E1820-13 JHIE Grade 91 K [H] K 1% 2l HE
(PWHT) B8] 14 2 &5 R
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Stress (MPa)

on
=]

-
Q
o

il

Welding Residual Stresses (MPa)
n
<

Grade 91 HAZ Failures
e - «— (Mean Behavior) PQR-1A-1
-
i P 2B-1 2A-1
.......... e /7C"1
1 10cae e g
1 Grade 91 HAZ Failures /” ~"***--..., ~
(Mean-20% Behavior) .., g
""""" 10C-2 ~
60 Grade 91 HAZ Failures = 90 =
(Abom‘uw ch!! 2) """""" -
20000 20500 21 00'0

LMP = (273+T, °C) x (20+log(t., hours))

& 2.1.3-9 EPRI S f& A [E R 2 B 2 i sl B dd 2R

] 191, E9015-B9

{PWHT = 675°C/0.5h ﬂmmﬂﬂﬂﬁlﬁ i,/’ Hoop

§§§ : {§§%{ ; }{{{ "
)ﬁ{ Y H{}H{H

|
AP

............................

0D, Cap Depth through Weldment (mm) ID, Root

2.1.3-10 LL DHD EAEMNFE AR A IE T Z &R
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675°C

J25HV 0.5
308KV 0.5
285HV 0.5
265HV 0.5
245HV 0.5
225HV 0.5
208KV 0.5

2.1.3-11 [ PWHT Jf & ¥ i IR R0 S 2 52 28

28



Weld Centerline

| | r
559 mm (22 inches)

Distance through
Thickness (mm)
a8&8ao

0 50 100 150 200 250 300 350 400
Distance from Weld Centeriine (mm)
Min. Temperature at inside Diameter = 668°C (1235°F)

2.1.3-12 BBFS IR F I By T00°CBHE P 80538 2 (1
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GCB

e 9| 67.45 6745
= [2.66] || l[2.66]

241 404
9.49] [1591]

522.50
|20.57]

NT11 °C

X

S a7
ek X |
from cTi
‘ [ .
- 67.45 "57-‘5 =
= ot J%ﬁ?l:::.—:‘“—” =
241 404
|[9.49] [1591]
522.50
(2057]

2.1.3-13 A [E Byim BLAF B IR 2 R 2L

2.1.3-14 EPRI Zha U E SRR W 2 1A B
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. an _Steam _— Reheat High Pressure Materials
Vintage (Maximum) (Maximum)

o " Header/Pipe Tube
(MPa) (MP} '
1990s 124 P22, P91 T22, T91

2000s 585 16.5 596 4.8 P91/92, P23 T91,T23

Stainless steels will be
2012+ 602 16.5 623 4.8 required, materials
selection/evaluation ongoing

2.1.3-15 ZA[a] it fig 2 0 2 B R = R A T 2

\

Damage at Root

Maximum damage near root is
consistent with variation in geometry
(i.e. a higher bevel angle promotes
HAZ damage in Gr. 91 steel)

& 2.1.3-16 A Grade 91 BLA B i A4 F B IR (112 & A i %
Z FH b
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Ni-base Filler Metal 1 Exem plar Failure 1

Fusion Line
Crack

N\

HAZ Damage

s O T g

) % ‘481218102‘28 481216202428‘481

: 501-006 5R
- . s 16 24 32 40 48 56 8 16 24 32 40 48 56
Fusion - / |

Line \ ‘ : bbbyl ubibaddadadididabids kol

Extensive damage in-
: Gradé o St?el service at 1050°F and
5000um | 725,000 hours of operation

2.1.3-17 Grade 91 B A B §ifi b4 58 5 2 1 2 SR 11 AR SH 45

(Flame Side)

" 180° Position
90° Position

SS347H

e el

e S T SR

"

(Steam Side)

2.1.3-18 Grade 91 HEF# Z SR AR
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= Large diameter,

. Center Punch -
Conventional DMW Morks so'/j\ 80*

- 18" 0D X 1.5"WT | = %
— P91 buttered with ENiCrFe-3, and L-Tﬁ a9t N 45

subcritical PWHT at 745°C/2h W
— Buttered P91 welded to 347H with ' -

ENiCrFe-3 and left in as-
fabricated condition

— Compound bevel (45° on 10°)

» Screening DMWs made in 039
identical heats of P91 '

” “ \ —0.35
~6.625" 0D X 0.72" WT 6?0/\ ‘ R0.09

— Single bevel geometry (50° /
included angle)

2.1.3-19 EPRI 1}%¢ Grade 91 F/E IR 3: &8 T (-

123 SRS Grade 91 HAZ Failure Mean
1104 S«
2 rosenoneesas de 91 HAZ Failure Mean-20¢
100 - s~~ . g Grade 9 ailure Mean-20%
90 e i
_ Q_ ~ s; HAZ Failure Database
g 80
2
% 0+
7]
o
3 60 -
50 - conventionally Welded P91 to 347H
Dissimilar Metal Weld in Large Diameter
Pipe: P91 Buttered with ENiCrFe-3, PWHT
40 at 745°C/2h and then welded to 347H with ENiCrFe-3 .
——
20500 21000 21500 22000

2.1.3-20 RAUFERFZ

LMP = (273 + T, °C) x (20 + log(t,, hours))

g
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Sequence

- Butter P91, PWHT, Yes
DMW-1A ENiCrFe-3 TP347H Seal Wel q (after butter)
DMW-1B P91 ENiCrFe-3 TP347H Seal Weld No
DMW-1C P91 ENiCrFe-3 TP347H Seal Weld Yes
DMW-1D P91 ENIiCrFe-3 TP347H Stepin P91, Seal Weld No
DMW-2A P91 E9015-B9 TP347H Seal Weld Yes
DMW-3A P91 EB8015-B8 TP347H Seal Weld No
DMW-3B P91 E8015-B8 Alloy 800 Stepin P91, Seal Weld No
DMW-4A P91 E16-8-2 TP347H Seal Weld No
. Butter P91, PWHT, Yes
DMW-5A P91 ENiCrFe-3 TP347H Seal Weld (after butter)
**In thick-wall pipe for baseline testing
Ni-base Buner Gnndmgmmmmg Ni-base Field Girth Weld E8015-B8 Girth Weld
Tes: s
DMW-1A and DMW-SA DMW-3A
Ni-base Girth Weld Ni-base Girﬂ\l Weld EB015-88 Girth Weid
71 L\ )

Tos1 \/ N Po1 s Po1 800
DMW-1B DMW-1D DMW-3B
Ni-base Girth Weld E9015-B9 G{rm Weld £16-8-2 Girth Weld

:llé S Z g: : ! ! , + PWHT
DMW-1C DMW-2A DMW 4A

B 2.1.3-21 /N BLE IR 2 4 B vk
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Time to | Performance | Percentage of
Welding Procedure Failure Relative to Life Spent in
(hours) DMW-5A Tertiary Creep

DMW-1B Ni-base + No PWHT 6,730 2.8X 1%

DMW-1C Ni-base + 745°C/2h 4,142 1.7X
DMW-1D  Ni-base + Step + No PWHT 3,917 1.6X 21%
DMW-2A -B9 + 745°C/2h 1,624 15%
DMW-3A -B8 + No PWHT 811 SN 26%
DMW-3B!  -B8 + Step + No PWHT 1515 IR 25%

DMW-4A Stainless + No PWHT 4,201 1.7X
Ni-base butter + 745°C/2h +
y 2,409 1.0X 18%
DMW-5A T (1.0X) A

2.1.3-22 /NI EE R 2 B RS R

Damage may propagate to the surface where it
can be detected prior to catastrophic failure

Cracking atnear -
fusion line

Stainless Steel or
Ferritic Steel B

Damage forced to propagate through creep
strong and creep ductile base material

2.1.3-23 [BEpIR G2 BES SLEE R E
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DMW-1C (PWHT after Girth Weld) DMW-5A (PWHT after Butter)
. ; 0

3 £

E E

[} [}

Q Q

o o

S 3

2 : 2 S ;

o 5 P o o el 2 o e

-20-15-10 -5 0 5 10 15 20 -20-15-10 -5 0 5 10 15 20
Distance (mm) Distance (mm)
Welding Residual Stress (MPa) Welding Residual Stress (MPa)
550 413 275 138 0.00 -138 -275 -413 -550 550 413 275 138 0.00 -138 -275 -413 -550

2.1.3-24 /NI EE R Z B FE R e TT o A 65 R

2.2 Grade 92 Fo AR B e b AR sl i1 B U 2
2.2.1 Grade 92

Grade 92 [5] Ry #AH1VE 888 0 [ 1 5 B FEURL 85 28l A4 > — R
Rtz Grade 91 & 5 =0k = BEIE FH - (B8 EPRI W95 4855 - JE
F & Grade 92 %5 35 7 11 = AE PR T R 5 [& 2.2.1-1 Ry H g4l
F (T E5EE)Grade9l PELLEL » 7 Al ARGIR S A8 Et(notched)
B P el T B Sl as R - MERPUB SR e - i
Bom = BRI ERE NEM - @E%E@Eéﬂf}ﬁk%%%%@ﬁmﬂ ’
FZap Bl Grade 91 G MEEHEA 7= 1] > S54ME] 2.2.1-2 KA [E05 & H [H]
&) 26k /NEFEE R R B A MNE R IR RCR E BAE SR 0 ME
L i FE A Y 600-650°C BRI M 5 » B e B {7 288 8 A RE g
Z 5EfE - EPRI & Grade 92 7 2545 B4 B BT 1 1) 55 T 48 22 1L
ZIRAER > B 2.2.1-3 HAEFEHEHK 2 BER > e e
RS Eag R R B R(Er)fR Kz #MEH Cu-0 -
S~Sb-~Sn- B Al As ZE8ZN » BEZamE 245 ~ Brm
R (EME )RV > 2N 2 2 88y > WE 2.2.1-4 > 53T
Z2E1 BN 58 ZUAHRER ~ MnS k2 AI203 RI[ZX 2 » EPRI 5[#5 Abe [& 5
(Abe Diagram) » #41E 2.2.1-5 > 3 %A Grade 92 H&i4H kA A
B4R BN 2 fa i 2T 5ERE -

B 17 [| Grade 91 t9tE] 1L aEfEm R+ (MRF) » £ Grade 92
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JE e AN - EPRI S5 RE R E B ASEH 0 JER )
N =N HX&MI & 2.2.1-3 1 BM-A 377 1200°C/1Hr/7K% K2

PEGE TTTCIIHrZE % » /BB 2 4551 » CUREIFEY 15k /N -
/H?*}%’E%‘Fﬁzﬁlé%iﬁié‘ﬁ ’ ﬁD 2.2.1-6 - HATNEBREFEZE LB
i EPRI FZE#E{7” Optimization of Advanced Steels for Cyclic

Operation through an Integration of Material Testing, Modeling and
Novel Component Test Validation”z{2(DE-FE002620) » 7[5/ 42 BB AT
& Wyman Gordon ~ B&W ~ ORNL - F:[E3h{T Grdae 92 #1E 5%
iteE o oy LAfE 2.2.1-7 ¢

Sample Test Conditions | Time to Failure | Factor on
P Temp. | Stress? | Hours Life’

Grade 91 o 1,400
Uniaxial 71
Grade 92 850°C 90 MPa 10,000
Grade 91 (1202°F) (13.1 ksi) 12,000
Type | Notch 1
Grade 92 12,000
Grade 91 o 300
Uniaxial 16.7
Grade 92 600°C 165 MPa 5,000
Grade 91 (1112°F)  (23.9 ksi) 8,000
fa% %1 Iype I Notch 125
Grade 92 10,000

Material: Grade 91 is assumed to be damage tolerant in this analysis
25tress is the net saction siress (e note for the notch tasts this stress value is at the base of the notch)
#Factor on life calculated by diding the Grade 92 time to failure by the Grade 91 time to failure

B 2.2.1-1 EPRI EL# Grade 91 K Grade 92 “R[E] 5 A 27 JE & il 33U
B 4 B

ROA = 49.2% ROA = 9.2% ROA = 4.5%
550°C 600°C 650°C

2.2.1-2 [E1&) 26K /Nf B S B2 Grade 92 Stk 2 i PEEL
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foozteatl co | cr [ Ni| P [wnlMol si_

BM A 0.015 8797 038 0.009 049 043 02M1
BM B 0.016 8776 0.25 0.012 054 0.33 0.182
BM C <0.001 8939 0.19 0.009 040 043 0.252

| GrozHeat | B | C | N _| Nb | VvV | W |

BM A 0.0041 0.113 0.045 0.062 0.188 1.836
BM B 0.0041 0.131 0.0468 0.056 0.191 1.617
\_ BM C 0.0042 0.093 0.0508 0.054 0.18%8 1.794

Conventionally
Measured Elements
A

Gr92 Heat

S Cu (] S Sb
=TV NN - XOL S 0.180 | 0.0053 | 0.008 | 0.0016 | 0.016
evB [[XIENIEXIZY o135 00022 o0.001 0001 0.008

BMC 0.001 <0.0001 0.001 0.0043 0.001 <0.0001 <0.001

Also analyzed, with nho detected amount: Pb, Bi, La, Nd, Ta, Ti, Zr and Ca <0.002

The Trends in Controlled Composition is
Observed in Grade 92 [650°C/90 MPa]

| +3.945 hours

+26.0% ROA

* 8,593 hours
* 16.3% ROA

* 14,190 hours
* 42 4% ROA

3.6X increase in strength,
Observable increase in ductility

B 2.2.1-3 F[E & 440> Grade 92 #1/E 4% 650°C *90MPa -~ J&
EolaE R
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Cavit Micro-level Evaluation of Grade 92 Base
A Metal Damage shows a Strong Correlation
with Boron-nitride (BN) and a Weaker

Correlation with MnS and Alumina

100 - Results for Analysis of Cavities

o in Base Metal A, for Creep Test
at 650°C and in a location ~1 mm
from fracture face

1 RSEK&R
80 o i
B Selelelets!

%

255
SR
SERRRRAA

60}

205

3055
200
5%

Count
55

40|

. Apmy
(c) Alumina -, Cavity 1t
_ i “‘ .4\(\‘/ .?,._.ty 20 Steeel ‘Q
s - -. ‘,~ v : ! 5 \
| ™ Alumina C e &'
! il e Total BN  MnS Alumina Empty
-2pm Cavities Cavities

2.2.1-4 Grade 92 /X 650°C /B sl in g5 = fLE 245 H

All Heats of Grade 92 are Susceptible to the formation of
BN (hence the development of MARBN-type steels such
as SAVE 12 AD and others) - From Abe Diagram

0.007 ~-Susceptible to formati R

0.006 4 N et sasaspepe
0.005

0.004

0.003

0.002
Range for
Code Case
2179

Boron (weight percent)

0.01 0.02 0.03 0.04 0.05 0.06 0.07
Nitrogen (weight percent)

2.2.1-5 #E BN JF 5l ] B2 e 22 4H e o 21
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650°C, 90 MPa

BMC

Strain (%)

BM A, ReN+T (on-going)
1200°C/1h/WQ + 777°C/1h/AC

v T T v T T v T T T T v T 1
0 3000 6000 9000 12000 15000 18000
Time to Rupture (hours)

2.2.1-6 S EFEHE Grade 92 «E[EA 2 FE 1% B 2 5l 45 R

Tasks in the DOE Project

*»Task 2.0 — P92 Alloy Procurement and Processing [Wyman]

»Task 4.0 — Laboratory Scale Creep, Creep and Thermal
Cycling Testing of P92 Samples

= Task 5.0 — Microstructural Evaluation of Initial Material, Heat
Treatments and as-Tested Samples

» Task 6.0 — Development of Constitutive Equations, Creep-
Fatigue Models and Design of a Phase Il Pressure Vessel
Component Test [Babcock & Wilcox]

»Task 7.0 — Design and Fabrication of a Structural Feature
Scale Creep-Fatigue Test [ORNL]

2.2.1-7 3%[E DOE =7 Bh#:1T Grade 92 # & Z W52 77 LIFH
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2.2.2 SAVE12AD

Ryt sl FHAC KL 88 21 Grade 91 ~ Grade 92 YR 1&4H S E s
BEWAL - B5EE Type IVRET » DUk Grade 92 AR REE - It
MR FFEE AN G Esat MRS TF - g ED 9Cr
g M Low-C 9Cr(9Cr-2.4W-1.8Co-VNb)
MARBN(9Cr-3W-3Co-VNbNB) . SAVE12AD
(9Cr—2.9W-CoVNbTa-NdN)Z > A1f&E] 2.2.2-1> H AL R ZE A (METI)
5 2008 FRE TS Bl R B EESE RO 2 it 2 KBRS BRI ITET =
o EAR SRR EE SR (A-USC)saliE PN 3025 & B AP - b aiubs
B R IEF 2 (el 52 - HARRREM ESL » e {F fy 650°C £
& o Hr Low-C 9Cr FEEFEHFE N ~ Al &8 » DUZE [EDK R
BUSRAHAL > C 2 EHIF{EE 0.035%LL =88 » MARBN &
SAVE12AD HAIFH %3 B & E525- 2 0.01%(100 ppm)iFRI A 7807
Al e HAZ 8Ll R R E 58S 2 TIRE » MARBN &3t Rl
TEEGREMA W K Co Z7E B A AT & 5 (PAGB) 2 1]
K i FHECEE - SAVE12AD HI[FF4A A Ta ~ Nd 502 » [fi &y 7 #I%(] BN
Mrif 2 BethRaRE - M E N 222 0.01%LLT - Haaiapk s 5
TEHFHAE 2.2.2-2 < FHE 9Cr-3Co-3W - fil A%y 0.02%Nd(#m) ¥ 17>
TESERHE HE IR R E2 2L > {H]Y 550-700°C TL2E4Y 45K /NEF 7 G Emas 5
BUR > BETIEMEE RIESCER S - W 2.2.2-3 > JRAAAEEL Nd ~ S
BHEEEEBREAEY) > Uik S N EFURITFTECERE - S5tb#z Grade
91(JIS STBA28) ~ Grade 92(JIS STBA29) . JEszt = Emat BL T (r4H 4% >
WkE 2.2.2-4 > 31 2 g4 600°C &€ 40k-50k /NEF%: » A BEA VAR
SRR FH R S R L AT (22 M23C6)i R st EEtH AL » At
[a] K ik FH A sk A B A e S R S Eh AR 8 b FR 52 > {H SAVEL2AD {J)
A = PR S 7 [BDK ik B ARE, - Fiafisd 2 M23C6 s 2357
RARAL - {5t 600°C B 2 B s FEAY ] 251 30% - H AilHr H #E ik
TUE 11 (NSSM) L RTEIE 350mm ¢ *40mm t & » A [ELEEE 2 BEFF
T B 4L B[] 2.2.2-5 » 650°C *100k /NI > P HE S AT 90

MPa > &7 BllaEE Grade 92~ INCO 82 ZEfR{FRAETTIEHE 2 4% 740°C*30
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SyEEELEEEE > WSS TR A S, HAZ > {2 Grade 92 JR{F ] RERIAH AL
A 2 UEfc(under matching) » &9 38k /NIFEE S ERGE R - BURAHIE
HEETZLHE S 41E 2.2.2-6> 521 1.5Na2A04-1.5K2504-1.0Fe203 (mol)
FEELIK ~ 0.296502-2.6%02-14%C02-10%H20-N2Bal. R 45 > 47 BlH
650°C - 650°C 7T 100 /el - EPzlESa4aERE Grade 91 fitHH
R HAlREEETIHTT RSB AN - Elln ASTM HIEEE
% ks Grade 93 #1E - ifii EPRI 58 R A E MEEFAIE EIEHF (LR [EDK
FrRUR IR IE - DLEMERE R (L » IR E IEHEAL ~ B ZREIE
4 1080-1170°C ~ 780°C fvH > EEFHEITHITT Z B e sl 4 R Bt
BRI aE 2.2.2-7 -
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High—pressure hot reheat steam pipe: 720°C

Low—-pressure hot reheat steam pipe: 720°C
Main steam pipe: 35 MPa, 700°C

== = Conventional materials
Bl f it [ Ferritic
A HasH] A lssH] HP SH / 7 o
1t Vs 2RH Austenitic
42412% [ ]
< = Designed materials
s [7] Ferritic
TT V/77ZZ] Austenitic
I 5 I I Ni-base/Fe—Ni-base
Furnace Low—pressure cold reheat steam pipe
| High—pressure cold reheat steam pipe
; Water supply pipe
Boiler
Material name Composition Thick large-diameter pipe | Small-diameter tube
HR6W Ni-based 45Ni-23Cr-TW - High-temperature
header and connecting
HR35 Ni-based 50N1-30Cr-4W-T1 pipe
- - ) - Main steam pipe - Hot heat transfer
Alloy 617 Ni-based Ni-22Cr-12Co-9Mo-Ti-Al | . Hot reheat steam pipe tube
Alloy 263 Ni-based Ni1-20Cr-20Co-6Mo-2Ti-Al -
Alloy 740 Ni-based Ni-25Cr-20Co-2Nb-2Ti-Al -
Alloy 141 Ni-based Ni-20Cr-10Mo-2Ti-Al -
High B-9Cr| Advanced 9CT3W.3Co.Nb.V.B - Heat transfer
steel Ferritic steel Header tube
Low C-9Cr | Advanced ) 35 90y 4W.1 8Co-ND-V | - Connecting pipe (Temperature
steel Ferritic steel (up fo ~650°C) range similar to
Advanced - conventional
7 - . ] -\ -
SAVE1Z2AD Ferritic steel 9Cr-3W-2.6Co-Nb-V-B high Cr steel)

2.2.2-1 HA A-USC i AR AR &1 e (i B A1t
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frdce) i
o0 9~WCMNPGE%%7U—7¢®
EERABIREIRTE
3W Bl A& 1L + S — N X BT R 1L
3Co RRELYILTUOHAMEBOREL
0.2V AT s e
0.05Nb AT s e
METa T YO RE L
=N D) =T L SRR I E
001B SBHEHAZO MK % @@
BEROV ) —TRERE
N<0.01 RO EeY O L N

2.2.2-2 SAVE12AD & & T 25k :

2.2.2-3 9Cr-3Co-3W /75111 Nd -2 SAVE12AD

107

10°

H-7RE ~h!

10"

0.1 1

100

9)-7 B~ %
8B 8 8 8

BQ

-

- | O Base (2629n0, R.A B&UL)
[ | & 0.02Nd (2402h, R.A B9%)

O‘_‘
Coa
3 O a

i

N [l

i 6, ﬁr’”
- 650°C, 137MPa '
| 1 'l

10100 1000 10000
P-7'w5fE

_ Base{Nd-free)

R - c
A 0.01-003Nd
. ]

24
=107

2 22 23
N33 8E(c=20)
S e

EREER RS
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EHsEE SAVE12AD
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2.2.2-4 SAVE12AD &S 5 B sl R K (i 40 %
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Product Dimensions

Steel Heat Heat Treatment
Form (mm)
S Heat1 Plate t15 1150C x1h AC — 780°C x1h AC
S2 Heat2 Plate t15 1150C x1h AC — 780°C x4h AC
S3 Heat2 Plate t15 1150 C x2h AC — 780°C x 4h AC
S4 Heat3 Plate t15 1150C x1th AC — 780°C x4h AC
S5 Heat3 Plate t15 1150 C x2h AC — 780°C x4h AC
S6 Heat4 Plate t15 1150C x1h AC — 780°C X 4h AC
S7 Heat4 Plate t15 1150 C x2h AC = 780°C x 4h AC
S8 Heat5 Plate t15 1150C x1h AC — 780°C x4h AC
S9 Heat5 Plate t15 1150 C x2h AC — 780°C X 4h AC
S10 Heat6 Plate t15 1150C x1h AC — 780°C x4h AC
S11 Heat6 Plate t15 1150 C x2h AC — 780°C x 4h AC
S12 Heat7 Plate t25 1150C x1h AC — 780°C x4h AC
S13 Heat8 Plate 125 1150C x1h AC — 780°C x4h AC
T1 Heat9 Tube 380D X 8.8WT 1150°C X 10min AC — 780°C X 2h AC
T2 Heat10 Tube 800D X 20WT 1150C x1h AC — 780°C x4h AC
T3 Heat11 Tube 450D X 8.5WT 1150°C X 10min AC — 780°C x 3h AC
P1 Heat12 Pipe 3500D x 50WT 1150 C x1h AC — 780°C x 3h AC
P2 Heat13 Pipe 3500D X 40WT 1150°C x 30min AC — 780°C x 6h AC
P3 Heat14 Pipe 3500D x 40WT 1150°C X 30min AC — 780°C x 6h AC

I Proposed range = 1080 to 1170°C I

Heat 14 0.08 0.24 52 0.014 0.0012 0.08  9.24 2.91 3.07

Heat C Si Mn P S Ni Cr W Co
Heat 1 007 025 052 0016 0.0010 - 291 2.99 1.04
Heat 2 0.08 024 0.5 0.011 0.0010 010  9.22 2098 297
Heat 3 008 025 050 0010 00010 010 900 3.00 298
Heat 4 0.08 024 051 0012 00010 010 877 301 3.00
Heat 5 008 025 050 0012 00010 010 853 299 299
Heat 6 008 024 051 0011 00010 010 899 299  3.27
Heat 7 0.08 026 051 0009 00010 011 911 2.89  2.63
Heat 8 0.08 025 052 0009 00005 011 917 289 2,62
Heat 9 008 026 052 0009 00010 012 886 288 302
Heat 10 008 024 053 0011 00008 010 927 2.82 281
Heat 11 008 029 048 0011 0.0008 0.09 906 29  2.99
Heat 12 008 023 049 0013 00009 008 912 2090  3.06
Heat 13 008 027 050 0013 00010 011 908 288  3.00

0
0

min. 005 0.05  0.20 850 20 L0
max, 013 050 070 0020 0010 0350 950 35 35

Specification

Min | 0.07 | 0.24 | 0.49 | 0.009 | 0.0008 E.OS 8.53 | 2.88 1.04
Max | 0.08 | 0.29 | 0.53 | 0.016 | 0.0012] 0.12 | 9.24 | 3.01 3.07

2.2.2-7 EPRI #:7T SAVE12AD Hf} 5% 35 FE #1820 g B (& (2R
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2.3 SRR R S BaE 2 SRE S MRS TR
5% B IE XOR 2 B A Ry I s R S SR RS 2 A R

Jit > B BT R AR S AT A B2 1 25 20R S P 78 i et 2 i~ &l
A& IRBEER 0 B 2.3-1 Ry R A ORE 2 R AR
HINMER A E B R R IR A R ERCR - HE T A S A
G S (A-USC) 2 88 7 76 )70m 8 I A2 » HIF KBS 73 By 700°C -
760°C & 2 # > 700°C Hifyy > BREHLY H 1998 4355 F 41 AD700
COMTES700 - GKM HWT 1I - ENCIO %35 » H AR 1990 4F
BN S 17 88 i B 57 38 88 (USC) i 4H » &2 (METI) H 2008
ST B R BT B R e S BN Y 2011 4R~ 2012 A
BRI B R AT SEETEE 0 760°C {5 Hil {4 35 B M <H EUER - 72 2001
F#EH DOE/OCDO & & T il FoR i ELIE R 22 ~ EI0 ~ EPRI
FEESMEBT T HERERFITE R ZE(NETL) S EHE) &
ORNL Fifig=Z$% » LN SHHRFHREMEER - i H A k3=
(B 2 R i PR SR B & e AR 2 B 9 HE R RO -

WE 2.2.2-1 > A% HR6W ~ HR35 ~ Alloy 617 ~ Alloy
263 ~ Alloy 740 ~ Alloy 141 % 700°C {& 82 FE FH Ak » Hrp Rl 3 %
TEREREENIRS  soRHASREFEFEN > & 4 BC
IS5 #EHEE R Ni3(ALTI)AT 58 (LThAE - Al $E 5 =0 s
RE - (HHENFEIMNE - EEZAE L2 HR6W ~ HR35 & F -
Hpi B4 350 mm @ *40 t mm 2 HR6W » B &j{L GTA &
F 1. SMAW & IR H#I27 5535 8 Alloy 617 JEH/E T [E(K B
FEMMEHAK 28 0 IR - 25 i1 T (bending)
12 - BHREM > B2 KB 25D - 1.5D & 2 & - Fijil
HR6W ~ Alloy 617 KRAUE DL s K BUE LS # - DL BT K
K ES R mEH - BEEHERCHES H AR E » Cal#d
HRO6W £2 58 4H & {4 K il [ )R 1B 45 FS A e 2.3-2 -

g R R K HROW KAVE (A » ITUETT
HE/INEF > ERAE] 2.3-3  700°C I 2 SRR RS - WETLMEREMRT T
ifi B Alloy 141 ~ Alloy 740 ~ Alloy 263 ~ Alloy 617 » fiy &t i
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1= HR35 ~ HR6W HIfg7 - {Halbaig BIfEn#E LIRS - HR6W X
VSRR 2 M REMEE R 1 Nz - [HERE T 70k /NRFE
AJ A 700°C FEF 100K /NI 2> 5@ Ty AT 90 MPa DL | » EIR (R
REBLRPM fEHH AR R - B PUs R fgek iy - BT ZORER(L N2
Fraa > 49 10k /NEF) Bz Js g (1.5 mol Na2SO4+ 1.5 mol K2S04 + 1.0
mol Fe203 > 0.2 vol% SO2 - 100 /NF)EtEs - #1E 2.3-4 » 800°C z&5)5,
SGbE% > HE A S HR6W 4h » S LR FEEE 25Cr #1fk
KA-SUS310J1(HFi{#EH 2 HRICHEE » {H{5/NS 10 um » SAFIME
GRS - MEDEEVRENR I 2L Cr 2B AR » A5
700°C Z iDL 650°C BHEEE S » HEMIEL SO2 FA T Ni ZhEL S
NIEATRE - N iEaHh s EREE AR -

BG s B R fR R 2 H T =& R © B 2015 4 5
HEdan - 1 700 CR R N BEE ~ InixE ~ Soraf: ~ 73t
7ix (turbine casing) % 4H {3 17 B M A 0 - FRAizl A-USC 2
HR6W ~ HR35 ~ Alloy 617 ~ Alloy 263 ~ Alloy 740 Z{Z8ekHk » JR4N
A KA-SUS304J1HTB(Super304H) ~ KA-SUS310J1TB(HR3C)Z & {4
FeDALEHE - Hoft HR6W Gt s ~ BE 1 ~ FmIE: - somma
% > Alloy 625 RIS RS - THETHEEST 10k /NG » SlBmddi i g
ik B S A M 6k e Sz 28 TR AR 14 B SH AR L - SO AP TR R $ A
G2 EEIEE - IFUERERITETIT -

WIRGEL » SEE(H 2001 FEERIHEE A-USC 9EstE » HiE
FyEiE 760°C*350MPa 2575 2 25 &g - THAL AR (KE N 20% 2
CO2 HEli & » IS F2 L E4nE 2.3-5 4947 B 2001-2016 #1RHFF5E -
2015-2022 #45ff fe 4H AR HIEL - 2019-2029 R E i % 3 [ EE - 56
1 PR EEAT R TR R0 R B SE i - 2 AR PE B 5 R ¥l dGaaT
P& B BIEE R (i ISR AR & A HFFE M - HFRPUBE BTSN - 5%
EANES EREME RN - RS SRSURME ~ it 205
AALEOKAIBE bR - b 7R B RSP (R B8R A & ek 2
i FH 4H A Bt 0 e FH PR il Mk 2 45 SR Al 2.3-6 > dRAET =
Gk S A B EL ~ ES A FEEG o (ERREE{EEY Inconel
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740 Jz Haynes 282 fix HLFEFRIVE ] » Ry FHE(REM K - FREFAES
SRESN o Inconel 740 iif [ e PR REAR (R ~ Z it RS KR RE - S
{ERpil ~ FERESE > 10 Haynes 282 i B MERERA B e aa 4H &% 1T
AL - S R MR - M EE T R SMREFER - B 2.3-7
Ry EE G e 100k /NRp 2 V8 SR 58 B RO 6 B > R A R T
FHE ST AT & S R AR FE DR IR (RS B 2 8
g s b AL B A e ol (B Y VA 5B (B A 2 Alloy 617 - RN {HFF3t
R AR Fi it H AR H 22 HR6W H A Ni & 21K 50%7 ExiE
Ry KT % > H5 & 760°C T fEH 58 E A e B - WoR#ETT
&z

KRB EIE - IR REE 78 R flabd s - ©f PCC
BEJFBEE 2 Special Metals Fz Wyman-Gordon #3 H 381 mm #4f
{€*203 mm 7 *10.4M & Z Alloy 740H ‘& > HEGE A IR (F
5 0 s A TR 0 48 3 WA (VIM/ESR/VAR) Z Haynes
282 ~ 4 4500kg - Haynes 282 §lfjge t s\ Bk oh > 40[E] 2.3-8 »
EREEI Y 0 a8 Haynes 282 k2 Alloy 263 2 135-450kg %
RIRAG ~ & 635kg 2 Haynes 282 i/ SRS HG AN - Brl 8 48
o ZPEEERE 0 Y 2014 A 11 H e B 2700 kg ~ R R K
RING B A & < IR A - T AP B 38 56 e B AR R Al 92 26 4]
TR B 54y 2700kg &% AR M - TR BT R R -

% 2 [ B Z M RHE RE MU (Component Test » ComTest) H #Y
Ry ¥se A-USC iy o] 171 » j &2 81 & AEP ~ Duke ~ First Energy -
Southern ~ Tri-State & JJ /N 5] > B2 ¢ 2 FH &[5> Ohio |
Youngstown # {7 H #if g Alstom Chattnooga T iz 245 4H (4> 760
CzRcal =0 n G e I sEe it - Toe#ErT 16k /NG EHmE
SEs o MR & Inconel 740H ~ CCA617 ~ HR6W ~ Super 304H ~
= is e B g IR T L E RS R AE 2.3-90 R Inconel
740H A EDiE R B el MEEE - sz M H aiE. & ASME B&PV
B31.1 5%} Code Case 2702 » A { [ % 800C -
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2.0. T T T T L T LI LI

[ 700°C x 100h 0758
[ S0::0.20Vol.% @F=ATHIRATALAR
1.5 5 & Nk 4
HREW O 700°C F S SUSI04JIHTE
@ 750°C __\0F  EB-9CrSAVEIZAD | Alloyl41 ]
HR35 W 800°C = | o fEc-9cr)
E ok Tl _ Alloy263
Alloy617 R ) )
E I TPTHFG T .
Alloy263 w0 i . L
il - Z 25 o =m0 s R
il F o m 2 E sEg=3 I 1
Alloy 740 B E 2 = T8 Es T ]
g 1oF® 2z 333133% B
; ! 2 o 2 =2 2= ]
Alloy141 T [meocr  Z 3 %3 8°F 1
B 0 {EC-9Cr ¢ 2 2 3 i
KSUSIT0J1 7 [ sAvE12AD Z X X ]
{25Gr) N : B
5 10 15 20 osf © D o 1
AR A7 —ILEZ (pm) I 650°C % 100K M*.
. - S0::0.20Vol.% - ]
1 | 1 1 1 1
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= =1 ff ] 2 A= < A 4
2.3-4 AEMEZOREAR (L) SIERR R () sl bR dh R

Timeline for U.S. A-USC Development

2000 2005 2010 2015 2020 2025 2030
Boiler Phase | Boiler Phase Il | . |_
Turbine Turbine Phase Precom pEtItlve
Phase | I Materials R&D
Eng. &
A-USC ComTest Proce L
(Materials & Components) Operste 4
Test
A-USC Commercial [N E—
Demonstration Construct
- - Initial
(Topping / Retrofit / New) Operation
e

A-USC Commercial Readiness

2.3-5 [ A-USC W 7estE 2 FHEH S|
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Alloy Component Comments
Haynes 230 | SH/RH. Pipe | Successful welding trials, maximum size limitations for pipe may
limit applicability
CCA617 SH/RH. Pipe Higher strength than 617 but not enough data to change ASME
code stress values, not suitable for high sulfur coals. only
successful SMAW welds in nickel-based alloys. strain-age
cracking concerns. low strength limits applicability for turbine
rotor
Alloy 263 Castings. Back-up cast alloy to 282, good castability and weldability. lower
Rotor strength but good ductility
Inconel SH/RH. Pipe | Highest strength alloy in ASME B&PV cade to enable A-USC up
740/740H to 760°C (1400°F). excellent fireside corrosion resistance.
successful fabrication and welding. prime candidate for boiler
components. cannot be air cast for valves and shells
Haynes 282 Castings. Higher creep strength than 740. relatively insensitive to starting
Rotor microstructural condition. good forging ‘“window’ for rotor. can

be cast for valves and casings

Waspalloy | Rotor. Bolts. Back-up alloy with good turbine history Cannot be welded
Blades reliability. Poor ductility
Nimonic Bolts, Blades Highest creep strength alloy. Only considered for bolting and
105 blading (non-welded components).

2.3-6 FE A-USC Wi5Tat & et il (R B8R 5 & e 66

Average Temperature for Rupture in 100,000 hours (°F)
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b I Lreep-aorend ://'r e
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347THFG, NF709, et )/, Hames 230
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CCA 617 Header
(with girth and
long seam welds)

2.3-8 E[E| A-USC tFest S G k5 el B
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1.

=~ BB

Grade 91 /&y H Ris& &E 2 2 N i Eas sl 2l < S EEUEE
ZIPRE > {4 EPRI BFFFTAE TR - HOE FIRGRROR FE B Ak B IR AR
MRS > SIS (A IS HESS 7 By 550-580°C » L+ 2 E 4y
A0k /NEF 1% N BESE (LR HIBE R RE - SO E S SRR N -
Al~Sn~As-ShPbEEGEILE » HINVBEES o EMES
R 2 R N/AI LL{E B &% E f RN 4 » EPRIEGHET
4F Bl R A R S B ASME £ T » AR 0N ST A B R 1T S 1
Mo RATREEESTER -t S B R ER TIE
Grade 92 £y M A 5 > Grade 91 7 JBE 528 5 [ 148 5 4 ARz 858 2 ]
#1(CSEF) » EPRI B/ 5¢ 45 5 B [F] £ 5 4 5 4H Bl s BB S M e
Bgh W EEA Grade 92 F &I 4HEA A B MEAE R BN 2 ffE
M e 0 H TSR B E A BRI EE S S
Fstli2 9CR &R & 1ERE RIAIE A-USC BHZRER - ELhisA
Low-C 9Cr MARBN - SAVE12AD % 9Cr 4 » 5411 HR6W -~ Inconel
740 & AIREG G VI ERAS B EE nI T M A BRI -
T R0 V8 525 56 5 148 5 R R 88 3 (CSER) S A4 Z M kR ~ 124l ~ 1R
& BB B (PWHT) S5/ SE (U BR L FE R PERE © RS SR 25 ]
i EPRI 2R » EE LB RN FHE k2 B
HIR R BRI EEE QR OB E R A E > 20
IERETESEE 5 > H AT EPRI BUZ WP A0 T4 - KDL B8(M&
7> 550°C )= Inco 82(F A 550°C )1E &~ H PWHT 2 o174
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1.

10. 7

11. 7

12.

13.

“Grade 91 Temperature Limits” » John Shingledecker(EPRI) >
6-15-2016 > EPRI P87 Technology Transfer meeting

“Review of Fabrication and In-Service Performance of a Grade 91
Header” » 2013 » EPRI 3002001831 report

“Grade 91 Recommended Revised Chemistry Review” > Megan
Slater(B&W) > 6-15-2016 > EPRI P87 Technology Transfer meeting

” Fifth meeting of the CSEF Interest Group” > Jonathan Parker >
6-14-2016 > EPRI P63 CSEF meeting

“An Informed Perspective on the Use of Hardness Testing in an
Integrated Approach to the Life Management of Grade 91 Steel
Components” > 2016 - EPRI 3002007320 report

" Ferritic to Austenitic Dissimilar Metal Welds” - John A.
Siefert » 6-15-2016 > EPRI P87 Technology Transfer meeting

" Ferritic to Austenitic Dissimilar Metal Welds” > John A. Siefert >
6-15-2016 > EPRI P87 Technology Transfer meeting

" Update on PWHT Modeling and Technology Transfer” - Daniel
Purdy t » 6-15-2016 » EPRI P87 Technology Transfer meeting

Grade 91 Steel Metallurgical Risk Factors” - John A.
Siefert » 6-15-2016 > EPRI P87 Technology Transfer meeting

Development of Materials for Use in A-USC Boilers” >
NOBUHIKO SAITO - Mitsubishi Heavy Industries Technical
Review Vol. 52 No. 4 (December 2015)

Progress in Creep-Resistant Steels for High Efficiency
Coal-Fired Power Plants” - Fujio Abe > Journal of Pressure
Vessel Technology © AUGUST 2016, Vol. 138

“Update on U.S. DOE/OCDO Advanced Ultrasupercritical (A-USC)
Steam Boiler and Turbine ConsortiumDE” > Bob Purgert, et. Al. >
DOE-FE Cross-Cutting Review Meeting > April 29, 2015 > Pittsburg,
PA USA

Seventh International Conference October 2225, 2013, Waikoloa,
Hawaii, USA
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