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AGENDA

PROGRAM 87 TECHNOLOGY TRANSFER WEEK
Jung 18-1% = Seattle Marriott Bellevue, Bellevue, WA

MONDAY JUNE 18, 2018

TIME TOPIC PRESENTER
T:30 a.m. Breakfast
8:30 a.m. Welcome, Safety, Introductions M. Gagliano, EPRI
R. Lynch, DTE

8:50 a.m. P87 “State-of-Union™ Address M. Gagliano, EPRI

Program Health, Growth, Collaboration, Leverage,

Resources
9:30 a.mi. Group Discussion 1: Deliverables/Content Al

1. How useful are reports? Facilitated by M. Gagiiano

2. I not reports, then what?

3. Methods for effective technology transfer?
4. How iz EPRI P&7 content being used?

5. What do we do (for TT) that is not working?
10:30 a.m. BREAK

11:00 a.m. | Technical Presentation: 5 Kung
Corrosion

12:00 p.m. LUNCH T
1:00 p.m. Group Discussion 2: Value Group:

Do members/advisors find value in PE77? Facilitated by M. Gagliano
If mot, why? What can we do to add value?
Are we effectively communicating value?

If mot, how can be better communicate value?
Do advisors have to continually make a case to
stay in the program?

oA b=

6. If so, what can we do to help make the case
stronger?

2:00 p.m. | Technical Presentation: J. King, EPRI
Hardness

2:30 p.m.  Break

3:00 p.m. | Technical Presentation: T. Lolla, EFR
Stainless Steels: M. Gagliano, ‘EPRIT
- Industry Experience with Stainless Steels 5. Heckman, RWE

- Traditional Stainless Steels
- Advanced Stainless Steel Lifing

4:30 p.mi. Technical Prezentation: A. Bridges, EPRI
Feature-type Testing

500 pom.  Adjourn

G:00 pom. Reception

|
bl

1-1. 6/18 =2 (EPRI P87 FifiTfE 5 — R &)



TUESDAY JUNE 19, 2018

TIME TOPIC PRESENTER
7:30 a.m. Breakfast
8:30 a.m. P87 Future: M. Gagliano, EPRI
Core Tenets and Beyond 2018
9:30 a.m. Group Discussion 3: Future Group:
1. Five-year Plan Facilitated by M. Gagliano

2. What is P877

3. What should P87 be?

4. Are we focusing efforts in the right areas?
5 What are we missing?

10:30 a.m. Break

11:00 a.m. | Technical Presentation: J. Siefert, EPRI
Metallurgical Risk Factors

1:00 p.m. Member Presentation: Tsan-Tang Chen, TPC
Recent Failure Experiences of TPC's

Constructing and Aged Boiler Materials
1:30 Technical Presentation: D. Purdy, EPRI
Induction PWHT and Guidelines

2:30 p.m. Break

3:00 p.m. Update on DOE EEM Project M. Gagliano, EPRI
3:30 p.m. Member Center Update E. Benton, EPRI
4:00 p.m. Round Table Discussion Group

Facilitated by M. Gagliano

5:00 p.m. Adjourn

. ’
Recent Failure Experiences of TPC '5
Constructing and Aged Boiler Materials

1-2. 6/19 & A2 (EPRI P87 5l % 55 — K & k)
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AGENDA

9™ MEETING OF THE CREEP STRENGTH ENHANCED FERRITIC STEEL INTEREST
GRouP— A Focus oN WELDING RELATED CHALLENGES IN POWER GENERATION

June 20 - Bellevue, WA

WEDNESDAY, JUNE 20

8:00 a.m. Breakfast
8:30 a.m. | Introduction and welcome J. Siefert, EPRI

9:00 a.m. | Recent developments and on-going Efforts G. Galanes, DTS
within NBIC Part 3 Repairs and Alterations
9:30 a.m. | Recent developments within ASME Section IX | B. Newell, Euroweld
and future challenges

10:30 a.m. | Hardfacing delamination in a C12A valve and | S. Bowes, Duke
application of an alternative weld repair to
Welding Supplement 8

11:00 a.m. | Continued Assessment of in-service Grade 91 | /. Perrin, SIA

Steel CSEF Steels T. Totemeier, SIA
11:30 a.m. | Update on DOE Project Extreme Environment | M. Gagliano, EPRI
Materials
1:00 p.m. | Welding without purge gas — Recent EPRI J. Siefert, EPRI

Research and Perspective on Industry Needs
1:30 p.m. | A review of options for welding without purge B. Newell, Euroweld
gas
2:00 p.m. | Welding large bore P91 without purge; S. Bowes, Duke
challenges and successes in new build
projects

3:00 p.m. | Root pass welding in P91 without purge gas — | P. Patrick, Maverick
A perspective from Industry Practitioner
3:30 p.m. | Root pass welding in P91 without purge gas — | J. Morse, Kiewit
A perspective from Kiewit
4:00 p.m. | Root pass welding in P91 without purge gas — | M. Lang, Fluor
A perspective from Fluor

4:30 p.m. | Group Discussion

1-3. 6/20 A2 (EPRI J& 2 5 & 1 5 RY AL L $5% £« 5 A1 CSEF M
8 )

=117g



AGENDA

CRMo PROJECT REVIEW June 21, 2018 * Seattle Marriott Bellevue, Bellevue, WA

THURSDAY JUNE 21, 2018

8:00 a.m. | Breakfast

8:30 a.m. | Project Introduction John Siefert, EPRI
9:30 a.m. | Review of Legacy Information and Key Learnings Tap Lolla, EPRI
10:30 a.m. Break 3

11:00 a.m. | Recent and Continuing Research Tap Lolla, EPRI
11:30 a.m. | Discussion and Future Plans Tap Lolla, EPRI
12:00 p.m. Adjourn and Lunch

AGENDA

CREEP STRENGTH ENHANCED FERRITIC STEEL (CSEF) REVIEW

June 21, 2018 » Seattle Marriott Bellevue, Bellevue, WA
- DA 0 0
1:00 p.m. | Introduction John Siefert, EPRI
1:45 p.m. | Interaction with the National Board Inspection

Code and Technology Transfer

2:30 p.m. Break
3:00 p.m. | Ongoing Research
3:45 p.m. | Future Work and Plans for Group Procedure
Qualification Records
4:30 p.m. Adjourn
[ 1-4.6/21 A (EPRI % $H i 4 (3 52 o V8 88 04 1 1 ni AU B £5%

Z i 17 CSEF Wt & ak
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@ 300 o’ r” _.- €N} (isothermal)
E -— -  p 2 :7*'._ - — —
g
£ "
g 10057
= Fy
o 0
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* 2.1-1 R ALY RIBE U SR Grade 91 2 74

Steam
Temperature* Grade 91 - (Non Heat-Flux)

Gr 91 (Heat-Flux) - High Heat
Flux and High Gas Temperature

i R [T

Gr 91 (Heat-Flux) — Low Gas
Temperature

Recommended Use
Temperature

<600°C
Relatively small scale thickness expected
at 100,000 hours

<560°C
Exfoliation not expected in first 150,000
hours of operation

<580°C
Minimal exfoliation expected for entire
system

Maximum
Recommended Use with
a Design Review*

600-620°C

Exfoliation likely after ~50,000
hours: will need to manage effects on
equipment

560-580°C
Exfoliation expected after ~40,000
hours: Increased tube temperatures must

be accounted for in design

580-600°C

Exfoliation is expected to occur, as
more tubing approaches 600°C, more
exfoliation will require management

=>580°C

>620°C Short-term overheat failures from >600°C
Not Recommended Exfoliation likely at less than 50,000 axfoliation and tube blockaaes plus Exfoliation will occur with potential for
hours g p extensive |.D. and O.D. wall loss

accelerating oxidation rates likely
ASME B&PV Sec | Code 649°C 649°C

* Steam temperature refers fo main steam temperature for boilers and hot reheat outlet temperature for HRSGs.

649°C

% 2.1-2. Grade 91 SFanst Fas (G RE M 10 FR N A LIRS
A EELR T 2BEEme BREE

424 H

2°C Increase/year 2-12%

4°C Increase/year 27-32%
2°C+0.5%Stress Increase/year 12-25%
4°C+1%Stress Increase/year 64-99%

130 4 Grade 91 Stress Allowable Values
= 1104 SA-335 P91, t <3 inches
% |
e ] Foulds Assessment for ASME 2019 revision
o 904
E J
n ] .
2 704 .. Ortolani Assessment
2 1 : for ECCC 2017 revision
g |
2 |
i 50 1 Kimura Assessment —/
for Japanese revision —
o4 TS
550 575 600 625 650

Temperature (°C)

2.1-2. BREHELEREFE T E Grade 91 2~ 3P IE 1B
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2% 2.1-3 ASME ;£#1 &% EPRI &3~ Grade 91 ZH 1Y

EPRI ASME
LR 2013 2016 SA-213
2013-2017
C 0.08-0.12 0.08-0.12 0.07-0.14
Mn 0.30-0.60 0.30-0.50 0.30-0.60
P 0.02 0.02 0.02
S 0.01 0.005 0.01
Si 0.20-0.50 0.20-0.40 0.20-0.50
Cr 8.0-9.50 8.0-9.50 8.0-9.50
Mo 0.85-1.05 0.85-1.05 0.85-1.05
v 0.18-0.25 0.18-0.25 0.18-0.25
Nb 0.06-0.10 0.06-0.10 0.06-0.10
N 0.035-0070 | 0.035-0.070 | 0.030-0.070
Ni 0.20 0.20 0.4
Al 0.02 0.02 0.02
Ti 0.01 0.01 0.01
7r 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 ]

13




IMn§ Size Distribution

: B2 TP1
i

— Barrel 2

Macro-inclusion . |
analysis 142 18 S :zi ‘.—Tee Piece 1

MnS L

(fine and coarse) 720 =2 E - |
AIN ~60,000 ~10,000 P8 uivalent Cidie Diameter um)
oves 1,000,000 (B)5tEE MnS i o R <t

M,3Ce ~1,500,000

(A) sl B &H B PR

2

P
Secondary Electron Image

(C)Z % ) B MnS [2§ %8

(E)FIB & Jig tf i 1% L F]

(F) /2 [B FLJ8 P B4 #) EDAS
2.1-3. HUEEREMEY) St Y Grade 91 #4178 &K B & e Bk
53745 5
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100 - Results for Analysis of Cavities
4 in Base Metal A, for Creep Test
at 650°C and in a location ~1 mm
4 from fracture face

0.007 --Susceptible to formation of BN 80 -

0006 E % % Q2 ~
= 0.005
c
8 0.004 -
g 60
(=%
= 0.003 t i
i3 =
[
£ 0.002 8 1
g Range for 40
5 Code Case 1

0.001] \\ 20' X

0.01 0.02 0.03 0.04 0.05 0.06 0.07 1 \
Nitrogen (weight percent) ) k
., = N
(A)Grade 92 %ﬂ:jEQ BN [& 0 Y

L
Totat BN  MnS Alumina Empty
Cavities Cavities

(B)VE 2 LI B UL ) B 2

180 I 110054
6292021
196 110119
BN Density
100 Heat (Imm?)
g 110054 115
8§ 6202021 112
50 10119 144
2%
0

0 ! Eq u::alonl Circle giamﬂor (ECD?,
(D) A [E i 2 BN R & 47 i

(a) Subsurface cavity identified in SEM (b)
using high accelerating voltage 6000 +

Fe

cavities such as in (a) were sectioned
by focused-ion beam milling
BN is confirmed in (b) by EDS

Energy (keV)

(BE)7EZ1LIF 5 kY] EDAS

2.1-4. Hik Grade 92 #1/8 &L V&S SR & A [E /M £V K AT )
Z o3t
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® DRNL 6303
mEPRI 1015818
ODoosan 1050C Calgary

QAOM G11 1000kg
450 *AOM GB 1000kg
400 g e 8° E?n »Vallourec Mannesmann
% aTenaris
" A AoM Vickers
390 R: . 4181 V46
w elo " ECCC 2009
=300 i- $ 3_-4 BFoldyna et al 1994
250 e NIMS D-2 2008
200
150 .
15000 20000 25000

H-J (C=22)

Mean Field Hardness (HV)

2.1-5. tEEEL Hollomon-Jeffe 228 7 28 28 4

All Field Hardness Testers vs. Lab Data

450 71 m Equotip

1| © Equotip3
400 7| & Rockmate a

i| ® ShearPin Brinel / g
350'; & MicroDurll [ - S o e
300 4 SonoDur 2 é
250 _ ......... [
200 4 _

] ] Q
150

] c
100 T T

100 150 200 250 300 350 400 450

Mean Lab Hardness Value (HV5)
2.1-6. EPRI 17 335 5 0 [ B 6 B = & el 58 7 ol 2
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Resistance to Deformation

1Cr-Mo-V, 550°C 110@0“‘!"}

QAC

01— - 1
0.05 d ngh Creep
1Cr-Mo-V._550°C (1020°F) :
. 500r _ 002k HeatAc Ductllltyl
E b
E ?-UOT mﬁ“% . 001p _
i Heaat &g_‘% §1 0.005 1-h Held ]
g | 20 & SO 100-Held  10.h Hold
- avAE = 0.02 *
@ ool B ool Heal VAC -
10¢ 107 104 a o 01 hHod 3
Time to Rupture, Hours g U'WEF uh;qqé:bl-h Hold 1
LS LR — ]
" 1Ct-Mo-V, 550°C (1020°F) s \ 100-h Hold 104, Hold
| | ‘o1 | Heat VAE _
. 0.1+h Hold
E &1 0P - 0.005 R | 1-h Hols
& | | , Low Creep ;. -: i=4d
& E | 0.002 Ductility ntok  10-hHold
as 0.001
ga°
(=]
O

i
P

10 12 100 10f

g E:::"-E? | Cycles to Fallure, N,
0 L
01 1 10 10¢ 1 10t

Time to Ruplure, Hours

2.1-7. A[E B 2 K& 5 Cr-MO-V i 72 78 8 5l B sl = Ui R
e 2 1 AE M 2E 45 SR LR AR

-zm-m

Resistance to Damage (CR|EP| Plate
(i.e. Creep Ductility)

1 Sourced in Japan and tested

it in the as-received condition.

plate)
Low Medium High BB .
(AbUS B2) Pipe | Poor O Ex-service header and
b tested in the post-service
& F-CC cC Tee | aan condition.
(AbUB TP1) | forging
- DD 0 Base Metal BB renormalized
"E, zl BB (AbUS B2) Pipe Poor at 1065°C/0.5h/AC and
5 3 EE tempered at 775°C/1h/AC.
] .
g EE O Ex-service header and
o E Pipe Poor tested in the post-service
S 2 DD FF (RuH1) condition.
. T
&g - CC — Q Sourced in Japan and tested
FF in the as-received condition.
. 4 This material extensively
5 AA (CTIE)F” R evaluated including in
I PIP pressure vessel component
tests.
I
[& 2.1-8. EPRI W3¢ Grade 91 #1'5 25 {1 B Ak fe 14: R 2 1 2 Sl
A
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= Damage-susceptible (B2) and Resistance to Damage
(i.e. Creep Ductility)

= Damage-resistant (TP1) Low Medium _ High
ame B2* > What is the S E
material response B
Al 0.040 0.020 toa mechan‘;:al 'EU —[ Damage Susceptible ]_
S 0.010 0.002 S
notch ora S92 B2
As 0.0128 | 0.0042 FiEEieTEE g § -
Cu 0.19 0.05 notch? At the time J-J- £
sb | 0.0023 | 0.00063 [idieiam 30 2
S 00080 | 0.0030 |Hpieial s § &2
N : : Code-compliant [k g Damage Resistant
N:Al Ratio 1.1 2.1 materials g .gl
*Major alloying elements showed similar values between B2 x I
and TP1 with no major deviations

2.1-9. EPRI W/t5¢ Grade 91 #1'8 25 {1 B Ak e P [6f] 201 2 Bl

Pl il
7000 - 14000 S-HAZ Plain Bar
Plain Bar ] —
Notch it .._.. 1 Feature Cross-weld \
6000 SN Notch 2
. i strengthening
- MELLER by factor of ~4
£ 5000 3 ] .
3 £ ]
= @ 8000+
@ 4000 2 il Notch
g RN focicr of -0.55
[=] E ~
é 3000 625°C ; ] actor o .
o) E ]
. 100 MPa = 400
.= 20004 ]
= 2000+
1000 4 o] :
B2 TP1
0-

B2 TP1 (B Bl 2

(MHE
2.1-10. Grade 91 #1/& f JF 18 HAZ J& 5 o5 b sl B 45 R ELEL
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°
© o . & .
® o [} L= .
L= S e
49 s
= o2
2 E - R%=0.71 2GS The trend here
= & 0004 b ¢ 1000+ .
xS ° 2 g is more
g § . The trend here is in not  JFTI consistent;
0% L] definitive; for the same % good ductility
2% parent metal life a large  [E=R2) yields
E 2 variation in cross-weld 23 improved
£ behavior is predicted £ cross-weld life
100 T T T 1 100 T T T T 1
1000 2000 3000 4000 0 20 40 60 80 100
Parent Metal Life (hours) Parent Metal Ductility (ROA)
at 625°C and 100 MPa at 625°C and 100 MPa
i
(A&
o © .
© o ¢
o L] = o
2s * s S .
28 T3 .
= [T .
gz /e Z & 1000- X
g © 10007 R?=0.85 e Bf ®. N\ re=o0o4
°g w58 ]
0w o = .
% ® <co ]
2% - 50 In this comparison thte
E ':o's The trend here is in the e 3 il definitive; improved creep ductility
£ OPPOSITE direction! < suggests improved cross-weld creep life
100 100 T T T T 1
200 250 300 350 400 450 500 50 60 70 80 90 100
Simulated Heat Affected Zone Simulated Heat Affected Zone
Life (hours) at 625°C and 80 MPa Ductility (ROA) at 625°C and 80 MPa

(BYFEAZEE
[ 2.1-11. DA LR ] R A i kR A Ry 7B 52 (B AR T 2 fofl 2
MEEE#R

Pure Fatigue
1 hour hold

3000 .
L]

2500 ~

2000+

1500 1

1000

Cycles to Failure, 600°C

500 1

0 -

AA BB cC DD EE FF

2.1-12. B BB 10 50 25 R LT 25 B 2 45 7

&

&I
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2.2 JRETHE S 2 R [7,8]

IR HIT FH 858 2 Sl RE R A KL 858 2 B4 B A B & b s R Ve B R
€ ~ His o fEahtEss ~ Sz IS LS eh ~ AH B8R AL A1 o By
FHERNME  CFFHEZEMNERE - SB 2 EESH
BREE > q0fE 2.2-1 Ky ASME #i#i 650°C N A [EIME 2 mafssE L
7 {H EPRI 5 Hi 4T - L 2 715 R A 2l 5 3 BE il . TP347
HAS - CEES AR ELES - FEGE I E RN - H P lE
8o | 2007 Hf# (L (Strain Induced Precipitation Hardening > SIPH)
fREIFT S ERIE TR » M BT 4T - 8 i & B o it
B SEr FE B EEERE RS - AEMEERES 2
SEEREA 8-

EPRI 2 St b/ 52 e 25 i iC SIPH FA ] - 5 (5 450 B Sl B R &
FLREAL I S ) 4E - F i 3 2 A A i — R
BE 5 SR M PLPR R B SR ATt s E ~ IES S [ BB TR 2 2K A
TERARE - BEbES  RIES R BSR4 -
@A~ ERRHEBIZUERE » MEREEE T 25 R IE
TR INRIE R ESES » FETEA SIS AT - MFE R ERE
BERZ KA A AT ) 2 A B > $ B A B 0 ik EPRI FE DU fE
AT A 3% A TR I B 83 2 A B HR 2 01 2 L ~ B R B (1R
B~ SRS RELOIRMEEFEARZE 0 o AldE 2.2-2
2.2-3 ~ [&] 2.2-4 ~ [& 2.2-5 - EPRI 32l 3 4 08 P8 & BT
ZAHA B RN > FWE(Cn) ~ IR(C)F S E A el 515
Az FEBSR A e I 25 7 A FE 52 55 A Tl > Wl 2.2-6> DL JmatPro
MEERHE R AG TR EE 347H A $5 8l L &) 540-550°C It & & e 4 /F
5 - SR 2 B (KT sigma AHELGIFE 2 SR PERE i i3, -

PRIFGURIT FHIR A SN - PR & R hlEe e H i
FEFIR A A B Z R R - 1F R Ehes ~ AR SR IE 2
Super 304H ‘E7 Z S bt 745 R © Super 304H 45 1990 FATATHH
% HIVF B BUGEEE  E e EesE 2 SR saEE - AR LR
AT ORIIgE TR - BA S ACHETIZ TP347TH FyttHk -
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PR E AT HEAE Z EU(N)TTE - R AR i AR T A A S
(CuycR &l E G Eaa T Bt 1998 45112 ASME B&PV
material group 7& - A 2000 FE-#550 0] » B 4R35 Fy ASME CC-2328 »
HATE. Sk 2 CC-2328-2 » HEH LR H W E M 2 4HEK ~ THRELE
TRl 2.2-1 ~ [&] 2.2-7 TR o s E IR RESYHE TP304H
TP347H 4215 20% - S4B d i ai 4 » Hzo IS bR ahzR
AR N - AAHARETEE - 203ME (bR el E 2 Bl E A
fmZ TP3ATHFG AHE - IgE & B BIRREHE ~ oAl S » b5
Super304H [&7> FE A St = BA SR E FH 28 2 FR 2K -

EPRI 5 A — el sz M E Eri N8B BAHHE T
Ve - (EVRE SR R it SR AU~ B B [k 2 10,000 /NIF& - /Nt
209 {3 2 SR BRI RS 0 - 1117 BEdE 600°C DA EAYEHERT - th 3R
anBizE 30,000 /NIFEER 2 e KR T FE 2 #5h - AfEl 2.2-8 - 554h
Super304H #4' &7 55 2 JE A A 40 H ASEREION 2% 2 B0 - (HALE F
J7> 1991 FE RIS AN 2 R HERD R A A R B R SR i 2 B
Eddystone #1 {17 mfEets - JHIEEFH fy 1991-2004 » U
IS4 13 4F ~ 75,075 /N 2 s e Y CVE (217 20 Mkt sEas
SR R BUETE TERE - A0 2.2-9 - FEARGREAE ~ HrilssfE & 28
FE=4Y 60 Mpa - (E{fRAAIEMEC AR N - et s alipss s
WIE 2.2-10 » ZFHE{E 2 700°C )i ) e B s R e st L
L 200 - HERPARIEEES - R ELIRTTEAR - e E S e
SRS IR - e 2.2-11 > TR EUER 650°C HHEE A LLET 700°C A HEE
£ > 1047 150 Mpa L s e Talbaly - LI EIHETESE 56T -

FyfeE Superd04H =R VEE (b1 T Ry - EPRI EAARAG 2 5%
B b= (ORNL)ETTEEWIFE - BUika AT ORNL BHZEAE G S FRIZ AN
F2% 3 1% B e Al S g pieank 2.2-2 > Horr ORNL ExinfRHUE 1L 600
C ~ 650°C ~ 700°C /B bz 2daat B AR b e R B (R 73t )
ZHin e [FAIER 2.2-2 firr o frA BUS s 9#E Te 2 DL EBSD ~ SEM
ZE Ryt - Horp ORNL R B E—20 /01 - e 2.2-12 -

ORNL 5 hn Z S TS SR RETRY 650°C B A4 E 4H A A AR
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sigma R Rk FETBSCER FEALSRAE AR Pl » LTI » B e
HEl 2 2 BB S B » T A5 SRR 2R 2.2-2 cpl ORNL
650°C B B MR (RIS SN O B —
AT A S BB TLF > % 2 8L sigma EERAR AR » W
2.2-13 - BB LB 5ol A1 2.2-14 - BX(EE(545
B BRI S TS %% 2.2-2 » [F49 600°C I
£ 70,000 /[NF5 7 Bt 1435 sigma R4k » 4 100,000 /NI
SRR SRR Y - HR ik - EPRI 5 R AL GREL B R
B4 600°C 2 FRRRLE S + 40118 2.2-15 » AARMEILATE 7 600-650°C
IR 5B A0 sigma AH BB AR ELSYHIZIR 50,000 /1NK
20,000 /|NFF BT B » T 5 SR B AT SE B4 R HA T4 650°C B
AEER L L& R R A - BTSRRI » JRENY)
S$5-HE3h sigma LR BT AR RE =2 2 B T B b SRR L5
b+ IR B R e -
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[
[=]
|

. % Advanced Austenitic Steels -
. B conventional Stainless Steels | 120
16 - 77/ Ferritic Steels peem |
] e
= ] ASME Allowable Stress Values for %3 [ 90
5_12-: Various Steels at 1200°F (650°C) = el :
. e (] REEY B pem p PRI 2
® g S b pE Bl p e 60
n ] v B e O o s e O B e
] e O s IO s O o O A =
4 : S e e I I e e - e BT
. g i i s O s e s e
. : N EEE REE B pE R B EBL
0] : e e e C o
T1 I L L L L L L L L L
NS R A N S R R .
%) " A > NIRRT N
& Q&"ooq' v oY o oY
& o G < o
«qrb «@6\ & @ N\ N Ay

2.2-1. ASME B &L A [FE A E it 650°C Z FuaT e 7 P

2.2-2. B SIPH HAHI5RE 2 &5 B R ZE 4
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. L i
(13) SPCS @ 4"
u N ’ ‘ .'3. 3 o
¥\
X '
s | 3
<, Y B
N~/ / | ~a-172 v )
. ’ B
S 4 3 3
7 oy = I -
2 R = )
Trp | 3
. 4" y
?w? 20° ~¢& ~ \l
. |
A 4-3/4"

N 28
Longitudinal section of
347H tube along the

Secondary
ligament

Secondary i
cracks

Primary
crack
ligament

2.2-3. Ei SIPH T 75 Bl 2 B JCELE (47 132 i B 1R 2= B
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=

Secondary
\ fissures

Secondary
fissures

Creep
voids and
Secondary
Fissures

2.2-4. B SIPH #&75 Bl 2 7 i 55 R = B
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6B-16R Sample 0

)

6B-16R Sample 4

1 6B-16R Sample 2

) N T T T ——

2.2-5, i

/.

SIPH T HI5 Bl 2 KRB0 B R 2= B
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Amount of Sigma (%)

. K“—\\ il
Y n
6- \\l k\\
e e
e e
\.\. A
4
Ny
602 004 006 008 010

Carbon (wt.%)

2.2-6. DL JMatPro f& 4t 347 #E A EDRE T sigma FHEE ]

bR = B 2 R A

7% 2.2-1. ASME CC-2328 £ TP304H fz TP347H 7 4H pk Lhi:

SA213- 0.04 -
TP304H 041
SA213- 0.04 -
TP347H 041
ASME 0.07-
CcC2328 0.13

2.0
Max

2.0
Max

1.0
max

0.03 180- 80-
Max Max LORx | o 11.0 - -
0.045 003 1oMax 170- 90—  8C- _
Max Max : 19.0 13.0 1.10
0.04 0.01 0aMax 170- 780- 030- 05—  250-
Max Max : 19.0 1050  0.60 A2 3.50
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Temperature (°C)

0 200 400 600 800
25 L 1 L 1 L 1 L 1 L 1 L -
I I N -150
. - Super 304H (16Cr—8Ni-3Cu-Nb-HN) |
20 4 ¥ — ASME CC 2328 | 140
] Ik [ 120 _
5 304H (18Cr-BNi) 5 m
£ 151 [ 100 &
] i - -
o -80 &
= 104 L o
» L 60 &
5 - 40
4 - 20
0 0

200 0 200 400 600 800 1000 1200 1400 1600
Temperature (°F)

2.2-7. ASME CC-2328 £ TP304H 7 = 5 14 bk M4 B bhie

-

El

Rupture tire (h)

2.2-8. Iseda & A\ #E7T Super304H T8 58 7 2o i 2 T (e 858 S B
BT RF ] < B B MR 5T
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8 TS

70 ZAYS
—m— %EL

60 —A—%RA

-405

¥ i,

As Received After Service After Service

2.2-9. HH Eddystone #1 #% /5 HUlE Super304H &4 k BA R &
P8 2 2 m A M e Bl B 4 SR LR

E = Laboratory
® 220 Aged Data
o —-4—500°C
£ 200 - e—¢—s 4 —4—550°C
@ i P, —v—600°C
= 180+ e T VT —A—650°C
o o\, V=0 —e—700°C
% 160 - \.\A~A \. —m—750°C
2 140+ Ny O\, e
° N\ e A \0/ Service Aged
g 120 - .\.\ \ V. Data
g \.\‘—é N — @ Aged Front
- ./.\.EA—'X :
> 100 + "—a{ m Side
o = = m  Aged Rear
8 80- H Side
(&)

10° 40" 402 4q0*¢ 40% 07
Aging Duration (hrs)

—
Q

2.2-10. H{EE Eddystone #1 ##f ) Super304H & 11 & B E i
== e e 2 B MR el ah SR PR
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500

400

300

200

Stress (MPa)

10

100

10IDD 10600
Time to Rupture -t; (Hrs.)

_‘_‘\‘.Q

[ 2.2-11. A[EESET SR

7% 2.2-2. EPRI £

1
2
3
4
5
6

ORNL
ORNL
ORNL

Utility 1

Utility 2

Utility 2

3£

7N

ORNL &1EWF5E Super304H #1'& 7 15 i

Time (Hrs.) Sample Type

100000

OS 4% peon

600°C
650°C
700°C
750°C
800°C
ORNL Test Data
Eddystone Service

aged - 650°C

>

aged - 700°C

Eddystone Service

B U BR &E R S PR

Temperature
(°C/ °F)
600/ 1112 28,709
650/ 1202 50,162
700/ 1292 8,677
596/ 1105 68,550
600/ 1112 99,000
545/ 1013 99,000

Creep Test Sample

Creep Test Sample

Creep Test Sample
RH Tube
RH Outlet
RH Inlet

1

ASME SA213/SA213M 0.07-  0.30 0.04 0.01 17.0- 7.5- 0.30- 250- 0.05- 0.003- 0.001-
Code Case 2328-2 013  Max. Max Max Max 19.0 105 0.60 350 012 0.030 0.010
ORNL Heat 0.084 0.20 0.45 0.019 0.0014 191 9.10 0.47 290 0.105 0.010 0.0032
Utility 1 0.091 0.04 083 0.030 0.0006 18.8 861 048 280 0.104 0.013 0.0030
Utility 2 0.084 0.16 0.85 0.029 0.0003 19.0 8.81 0.49 2287 0.108 0.006 0.0044
Utility 2 0.092 0.248 0.81 0.031 0.0004 187 8.79 047 292 0.113 0.011 0.0039
1 240 600 10,000 28,709 23.8 40.8 7705 | v |
2 280 600 1,000 10,083 24.1 41.9 3.1e-4
3 340 600 100 865 19.3 26.9 2.1e-3
4 120 650 100,000 50,162 15.0 17.5 385 |v
5 210 650 1,000 2,240 29.5 42.8 1.1e-3
6 260 650 100 412 32.5 45.5 5.2¢-3
7 110 700 10,000 8,677 25.9 42.5 1.2e4 | v
8 160 700 1,000 1,012 34.0 49.1 2.1e-3
9 210 700 100 106 36.8 58.0 2.2e-2
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® EBSD Scan Parameters
— Magnification: 350X
— Step Scan: 0.5

Longitudinal cross section of
sample and locations for

EBSD analysis
y —~WD: 17.5
Location: Near failure Location: Away from failure Location: Threaded Region
Higher Damage - Lower Damage - No Damage
Association of constituents - Effect of strain on - Effect of Temperature on
to damage microstructure Microstructure

2.2-12. ORNL =i 78 S 0 35l B 2 5 i o i A 6
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600 °C

[Jsiema 650°C

%
o ~ POLWD  HPW  |usecase tih S
*% CBS 5.00kVY 24000 x 8.0 4.5 mm 17.3 ym OptiPlan 0.0 SM-04 Gauge Section

2.2-13. ORNL £ 5L 2L EBSD 43 #7485 5
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m

- BCC D sigma

4 Utility 1 596/ 1105 68,550 RH Tube 5 Utility 2 600/ 1112 99,000 RH Outlet 6 Utility 2 545/ 1013 99,000 RH Inlet

2.2-14. W HUE DL EBSD o3 A4
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2.3 FriEdaE T ERRESE (9]
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S R R e S M o R R TR R R R I B T o B A
FatsShnsh g P PERERE % RWE B A F Blg (IR %
AT R B e 2 M B IR A By o R At L 2 m A BLIK
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RWE & J7 22 B S9AH & R A2 Tl 2 i e e ST i 4 28 2 15
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Iﬁﬁ%%%ﬁ@i MBS HRHE 2.3-2 Frow o BRIE Y SR
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T M -

g RWE NS Bl &R 3EF i > 7 Eemshaven K Westfalen
T R [E AU RAH 3 ﬁBfﬁkF@ZEEZTE*TﬁJi@@IIEJ@W‘}"EEZ SH4 -
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WA ENE - BRERLY) - BEEE Z B2 HE i FH
22 0 Y Alloy 617-TO2 {7 HER2 Fp M FSEZE A rAME 24 faffd
SR ks HiEEE 20,000 /NEFIERE Y SHA(Alloy
617 f]) ~ RH2(HR3C )% & B HAZ 354 JiE J1 525t $B S Hl &
B > ankE 2.3-4 0 kAR R B HR3C & (IR B2 I fit i AETT IR 12
BRI SR > WS R b iR (R B s A T R A R i i A R
MRIERET ~ IR EEEE - BRBEIVEH I EFE RIS HR A ; It
5 {4 B DL Alloy 617(Ni-22Cr-12Co-9Mo-Ti-AN%E 4 HR3C J T92
EME > IEHEGEBME B IRGEEFBIEE o KIE 2L
SRR G S IERL A T92 IR ik BRI (L E R B - (HER
A EE 2 E R ARG 250 - Alloy 617 K H A% DL
AT[EME Thermanit 617 {F Bl HR3C J& 82 Z Bl » 7E58 E ILfic
FWEAREE > WE 2.3-5 0 [ HERGEFIREEIERER L
PL5& E BARIEDRL NG LAEEEA » 540t 4a R 81 HR3C (R f21% fie
MITEEE RN - fEEL HR3C-Alloy 617-T92 7 BE R R (A
SHETTIEKMEEE > 4IlE 2.3-6 » 2 RWE A FEIEEEHEE T
Wi B 2R OK B R B R T E AR -

Wt - RWE A EE HIFEIP0 A —A SR T24 - T23 HB
S8 ot [ I o R R S5 21 SR BT R B BT IR 1R AR B 2 S AT B
Fiw o EEEEEES > THEATHESAERERES
B B BB W R AR KRl 1 1T I 38 AR T R 2 1% 48
Pl 3 HiERE > PIREIN L EAE Ry Al R IR B 2 FE R K
R R - [ g ER B R R K BN T I 28 i = &Y
470°C ~ Fr4E 48 /NBF > [HigpTH 2 S S R E I 20t B A
BWME > REREM N ZBKEEI - AR EE AR
REIER 5 @& 2.3-3 0 /85 2 Eemshaven #A s fE - RH2
W EZ 0 RESE 2,000 242 DL HR3C #47E fy £ ~ Super304H #1'5
Ryl 2 WOR B > BB B A BEEE 5-10 mm g HIJRE N
BRI~ LA R R b A= et (H & (CI) ~ B (S)FF ot & > AlEl 2.3-7 »

Wb H B R ER V12~ BPAR AR B B W I R B R B AR A
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HmESOH R ER AR - B E R - gk o £J3EE 10,000 /)
e DL UT 2 8E A ~ 4B FiflfE RH2 B 2 B8 ~ EFEE
f ~ FE B (S IR 8 - SH3ISHA & BSR4 B 41
INHEEFTEL Oy e TAF - &5 R ERALER & B8R S5 18 2 BUR(E 910
Fo VR PEIBOIE T M S0 T e B 2 A0 > P H Ui & 3 B B 52 310 ol
B 450 (R/10 ¢ ER IR S M (E SR B Ry B FNEER | > &
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2.3-1. RWE

O Inlet header

Heating surfaces

O Outlet header

Nationalpark

ANERE S 2R 2 R ERAE I E

Austenitic connection tube

120
P92

KM

Alloy 617

|SAFMLER .

I 16 Mo 3

13 CrMo 4-5

@LL5x8.8 DMVIION

$785 13

|—
P2k

$56x16 MdWd.

- EEE 7 .CrMoVTiB 10-10)

10 CrMo 9-10

Super 304H
DMV 304 HCu
- Shot blasted

HR3C
DMV 310N

Overview: Heating surfaces SH'RH WES/EEM

8

S NI6617

Example: SH4 outlet header nozzle

Alloy 617

VdTUV material data sheet: 485
2.4663, NiCr23Co12Mo

§ ) HRSC, DMV 310N
VdTUV material data sheet: 546

1.4952, X6CrNiNbN25-20

Super304H, DMV 304HCu

VdTUV material data sheet: 550

1.4907, X10CrNiCuNb18-9-3

& 2.3-2. RWE 7 =] S A aH 38 i 2 {f B EL R A4kt
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Damage Intergranular Relaxation cracking

corrosion cracking Cracking
Piece Austenitic tube/tube Austenitic Nickel-base DMW
and tube/nozzle welds  tube/nozzle welds tube/nozzle welds
Base material HR3C HR3C Alloy 617 SNI6617 (lo/Ro2)
affected
Area Near HAZ Fusion line/HAZ Fusion line/HAZ On fusion line
Component RH2 (950 tubes) RH2 (950 tubes) SH4 (798 tubes) SH3 (836 tubes)
Station EEM EEM/WES EEM/WES WES
Position (schematic) W zz @m
- ) - s B
3 ,1’\_ L | 3 AT

i

2.3-3. & ¥ RWE A 5] Eemshaven & Westfalen S ZE &5 155 >

B R ZE BE =

RH2 tube/nozzle weld: Relaxation cracking
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= |
@
an
85
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5000 10000 15000 20000 25000 30000
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2.3-4. RWE /\ 5] 5 Eemshaven & Westfalen B 5 4% 2 RH2
e E =N
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Average Temperature for Rupture in 100,000 hours (°F)
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500 ————— —— 1 70
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g ~
: g
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T 100 . D
“ e | 2 v
-1 10
B0 //
Z /fj/ g
"Enhanced Ferritic Steels Atvanced Austenitic / 1
a0 L(Gr 91,92 122) Alloys (Super 304H, / 46
3ATHFG, NF708, etc )/, Haynes 230,
rd
I L " n l " " n n 1 L 1 n L " L |- L " " L
40 BO0D G50 Joo 7480 |00

Average Temperature for Rupture in 100,000 hours (°C)

2.3-5. EEG AR 100k /Ny 2 T8 88 50 & K O FEE el 22 1A

TR: 980°C TK: max. 720°C

| 7 %\\\\\\

Y

nnen-Isolierung

Tl
Position TK
P92
Fusion line
Mixing zone
SH4 Nozzle

2.3-6. RWE .\ &]#E7T Alloy 617 & HR3C &k IEBi1% > 2k
HEZE
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EEM B, 07/2014, RH2, HR3C EEM B, 07/2014, RH2, Super304H

2.3-7. RWE /) 5]~ Eemshaven #A {85 E RH2 & B384 )15 5,
&g 6 7 B 8 1 i
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