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8.4.1 Boiler RLA
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Scope of work and diagnosis procedure for Boiler RLA
< Objectives of power plants >
(1) Singrauli Unit 6
(2) Unchahar Unit 2
(3} Rihand Unit 2
< Objectives of boiler components>
(1) Water wall
(2) Super heater
(3) Reheater
(4} Super heater header
(5) De super heater pipe
{6) Reheater header
{7) Main steam pipe
< Procedure>
Boiler remaining life assessment will carried out based on the following procedure.
NO. Parts INSPECTION Singrauli 6 Rihand 2 Unchahar 2 Reference
1 |waTER WALL vT ' Ié/lam_ly at burner level "
*Eroston pairt
2 THICKNESS » 20 points(5points each from 4corners) g§-~4-1-1
3 |SUPER HEATER (VT *Mainly Platen super heater
THICKNESS .
4 MEASUREMENT 50 points around soot blower * 8-4-1-2
5 SAMPLE TUBE 1 tube with 1m length for Platen SH including weld * B-4-1-3
INSPECTICON ljoint portion
CREEP RUPTURE TEST -3 specimens from base metal, 3 specimens from weld
6 (inspected in Japan) ioint from the tube identical to above. * 8-4-1-4
7 SUS SCALE DEPOSITION |-50 points of bottom bend portion of austenitic steel % B-4-1-5
INSPECTION tubes
8 VT *Mainly around soot blower *
9 THICKNESS _ *
MEASUREMENT
SAMPLE TUBE *2 tubes with 1m length for Final RH {one each from
10 INSPECTION furnace inside and penthouse) including weld joint * 8-4-1-3
REHEATER {inspected in Japan), portion
CREEP RUPTURE TEST +3 specimens from base metal, 3 specimens from
11 (inspected in Japan) for 1 weld joint from the tube identical to the one of the " g§-4-1-4
tube with 1m length. above sample tubes
19 SUS SCALE DEPOSITION |+50 points of bottom bend portion of austenitic steel * §-4-1-5
INSPECTION tubes
=Visual inspection in penthouse
13 VT +If the fiber scope is shipped in time, fiber scope *
inspection is carried out for outlet header
14 PT(DPT) -4 portions at stub weld of Inlet header ¥ 8-4-1-86
+ring of circumferential weld of outlet header with UT A1
15 ﬁgngRHEATER ut and TOFD identical to the replica portion * B-4-1-7
1 point on 1ring of +2 point on 1ring of
circumferential weld of left{circumnferential weld of g8-4-1-8
16 REPLICA INSPECTION outlet header outlet header * 8-4-1-9
*1 point on base metal of g§-4-1-10
left outlet header
17 DE SUPER REPLICA INSPEGTION -2 points ( one each from 2rings of circumferential N g :3 ~ 1 _ g
HEATER PIPE weld)
8-4-1-10
REHEATER *Visual inspection in penthouse
18 |HEADER vr *
*2 points (one each from [+*2 paint on 1ring of 8-4-1-8
19 REPLICA INSPECTION sircumferential weld of left|circumferential weld for % 8-4-1-9
and right of out let header[outlet header 84 =1=10
MAIN STEAM *2 points on * 2 points (one sach from g-4-1-8
PIPE circumferential weld of left|left and right side) ST
20 (near the stop REPLICA INSPECTION tain steam pipe * 8-4-1-9
. 8-4-1-10
valve weld joint)

#*:Decided after site meeting, basically followed by items of the other two units.
*BUILDING OF SCAFFOLDS, REMOVAL OF THERMAL INSULATION ,
AND REMOVAL OF DUST IN BOILER FURNACE SHALL BE COMPLETED IN ADVANGE.


































Schedule of work for Boiler RLA l::
Day
[tem - Contents In charge ~2010 Feh.
B8 week befors 1 | 2 3 4 § 6
]
Boiler Cooling & Scaffolding Assambly P.S. i
Cleaning of boiler inside P.S. ;
Removal of heat insulation stuff P.S. : «JST Hayakawa
All b *JSG member A
Chacking of work site JSTJSC —"“’-l'" ors <JSC member B
All members *JSC member G
Meeting before work JSTJSC e i +JSC member D
iAD *JSC member £
Visual check JST.JsC i *JSG member F
toual ahee ; -JSC member G
! B,D . ber H
Water wall tube Thickness Grinding : :_1 JSG member
measurament of JSTJSC - i 5D
tubes Measurement. ' e
: Dameo.
Visual check JSTISG SOEGH ’
v BD
Thickness Grinding .
measurement of JST.JSC v BD
tubes Measurement i
. E,F
SUS scale Grinding .
depesition JSTJSC 1EF
inspection Measurement — o
SH tube
Cutting
: P.S,
Restoration
Tube sampling Preparation for shipping of .
tube
Examination of tube JSGC
Cresp rupture test of tube
B,CEF.G,
Visual check JST.JSG SCLEFGH
“‘ E.F
SUS scale  |Grinding ——|
depesition JSTJSC EF
inspaction Measurement . -
7
Cutting : T ]
RH tube . P.S. :
Restoration | g . 3
|
- = 1
Tube sampling Preparatian for shipping of i
tube i
Extamination of tube JSG .
Creep rupture test of tube : :
G
Visual check JSTJSC LASGH
Grinding ‘& :
PT (stub)} T : |
. i i Voremremere— H
Inspection JSTUSG ! TP I i
. ; ” : GH i
SH header uTt Grinding : '-——I_ ;
(Circumferential : EFGH
weld) UT(TOFD) detection : {Dema
AC
Replica Replica sampling JSTJSC E ‘_—-'= Dorme
inspection Examinaticn of replica : : :
T JSG
-Remaining life assassment :
Visual check JSTISC LARGH
. . ; v AC
Desupsrheater Replioa Raplica sampling JSTJSC ; . Dorme.
inspection  |+Examination of replica I
L JSC |
'Remaining life assassment !
! B,D
Visual check JETJSC  —
\
| ; B.0
RH header . Replica sampling JSTJSC ! ! : —
Replica : ! .
inspection  [+Examination of replica |
Mg JSC | :
*Remaining life assessment :
+B.D
Visual check JSTJSC v,
B.D
Main steam pipe . Raplica sampling JSTJSC N em—
Raplica
inspection +Examination of replica
Maniagh JSe
* Remaining life assessment
Preparatian for shipping of inspection instruments JSC H e

JST : JIGA Study Tear, JSG ; Japanese Service Compar
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Inspection at Singrauli #6



Boiler residual life assessment was carried out as one of the activities to improve the efficiency of

coal-fired thermal power plants in NTPC-India and transfer to counterpart the technology.

Boiler residual life assessment results are reported as follows.

1. Unit for evaluation

Singrauli Super Thermal Power Station  #6 unit

2. Operation condition

(1) Cumulative operation hours:

(2) Cumulative start and stop times:

3. Summary of residual life assessment results

172,000 hours

times

The highest creep life consumption ratio among evaluated pipes and headers were 80% at Main Steam

Pipe-Left (Circumferential weld, intrados) with the evaluated residual life 21,000 hours and 70% at

Main Steam Pipe-Left (Circumferential weld, extrados) with the evaluated residual life 37,000 hours

accompanied by microstructural degradation, though no direct creep damage was observed such as

creep void and creep strain. The evaluated residual life for the other components was 105,000 hours or

more.

It is recommended that the residual life assessment for Main Steam Pipe be carried out again before

reaching the evaluated residual life.

Residual life assessment results by microstructural comparison method

Max, .
Jife Min.
. creep . Evaluated Evaluated
Components Location consumption . . .
. residual life region
ratio (h)
(%)
. . . Fine grain
Platen SH Outlet Header-Left Circumferential weld at left side 38 140,000 HAZ
De-Super heater-Left Circumferential weld 45 100,000 C.oarse
grain HAZ
De-Super heater-Right Circumferential weld 45 100,000 Coarse
P ’ grain HAZ
. . . Coarse
RH Outlet Header-Left Circumferential weld at left side 20 340,000 .
grain HAZ
RH OQutlet Header-Right Circumferential weld at right side 6 1,300,000 {Base Metal
Main Steam Pipe-Left Circumferential weld, extrados 70 37,000 Base Metal
Main Steam Pipe-Left Circumferential weld, intrados 80 21,000 the grain

HAZ

~d
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4. Summary of the other inspection results
(1) Visual inspection
» As results of visual inspection of boiler inside and penthouse, the decrease in thickness by
erosion for Water wall tubes around short soot blower and the decrease in thickness by attrition
of Platen SH binding tubes and cooling spacer tube in Platen SH were observed.
» Disorder of panel arrangement with distortion was observed at lower part of in Platen SH and
RH.
» No appearance abnormality was observed in stubs and the other weld portions for headers in
penthouse.
(2) Thickness measurement
» As a result of thickness measurement for Water wall tubes at erosion area around short soot
blowers near each 4 corner (71points in totat), the measured thickness for a number of tubes
(min. 3.7mm) was less than tsr (thickness required) 5.5mm calculated with designed OD,
pressure and allowable stress at the designed temperature.
¥ As a result of thickness measurement for mainly for outer tubes of rear side portion at soot
blower level and outer bottom tubes of Platen SH wbe (50points in total), no measured
thickness value was found to be below the designed value.
(3} OD measurement
» As a result of OD measurement of Platen-SH outlet header-left, De-Super heater
(left&right), RH outlet header (left&right) and Main Steam Pipe-left, the
increase in measured O to designed value was less than 1% for each component, indicating no
remarkable creep strain
(4) SUS scale deposition inspection
»  As aresult of SUS scale deposition inspection for mainly outermost tubes of Platen-SH and RH
50 points for each, 5 portions were 15% fullness, 3 portions were 10% fullness and the others
were less than 10% fullness of SUS scale deposition, indicating no remarkable SUS scale
deposition.
{(5) Dye penetrant inspection
» As aresult of Dye penetrant inspection 4 stub weld portions of #5 panel from left of Platen SH
inlet, a linear indication was found in tube side, which had disappeared after grinding off Imm
depth from surface.
(6) UT inspection
# As a result of UT inspection for RH outlet header-Right, no flaw echo judged as a crack
was detected.
(7) TOFD inspection
» As a result of TOFD inspection at the location identical to UT inspection in RH outlet
header-Right, no flaw echo judged as a crack was detected, although a number of flaw

echoes from subtle blow holes and slag inclusions by welding were detected.

I-2



5. Components for residual life assessment and inspection

Components for residual life assessment and the other inspections are shown in Table I -1 and

Table I -2 respectively.

Location and pictures for each inspection are shown in Fig.I-1 and Photo 1-1~3
respectively.
Table I -1 Components for residual life assessment
Designed
Material
Component Location 0.D. t Temperature Pressure
ASME JIS | (mmy | (mm) (°C (MPa) [ (kgiem”
Plaien SH Outlet HeaderLeft |ciraumferential weld atlefiside |SA335P12 [STPAZ2 | 5080 | 80.0 540 1746 | 178.0
De-Suerheater-Left Circumferential weld SA3ISPL2 [STPAR
5080 | .0 406 1851 | 188.7
De-Suerheater-Right Circumferential weld SAI3ISPL2 |STPA22
RH Qutlet Header-Left Circumferential weld at left side  JSA335P22 |STPA2A
55881 50.0 540 426 433
RH Outlet Header-Right Circumferential weld at right side [SA335P22 [STPA24
Main Steam Pipe-Left Cicumferertial weld, extrados sid{SA335P22 |STPA24
5200 | 85.0 540 1746 | 178.0
Main Steam Pipe-Left Circumferential weld, infrados siddSA335P22 (STPA24

Table I -2 Components for the other inspections

Components Inspection method

Water wall tube

Visual inspection

Thickness measurement of tubes

Visual inspection

Thickness measurement of tubes

Platten SH tube SUS scale deposition inspection

Tube sampling for sample tube inspection

Creep rupture test

Visual inspection

SUS scale deposition inspection

{near the stop valve weld joint)

Replica inspection

Reheater tube Tube sampling for sample tube inspection
(inspected in Japan).
Creep rupture test for 1 tube with 1m length.
Visual inspection
Super heater header DPT
Replica inspection
De-Superheater pipe Replica inspection
Visual inspection
Reheater header Replica inspection
UT
TOFD
Main steam pipe







6. Items for residual life assessment

Items for residual life assessment by microstructural comparison method are shown in Table 1 -3.

Table I -3 Items for residual life assessment

Average -
Average volune fraction Precipitates

Carbide Creep void diameter of of free bard width|
precipitation grade grainboundary . aloang
precipitates grainboundary grainboundary

precipitates

€]
Q 0]

Compotients Location Material Area Microstructure

Bas¢ metal
Intercritical zone
SA335P12 |Fine grain HAZ
Coarse grain HAZ
Weld metal
Basemetal
Intercritical zone
De-Suerheater-Left | Circumferential weld{ SA335P12 |Fine grain HAZ

Flaten SH Qutlet ciraunferential weld
Header-Left at left side

Coarse grain HAZ
'Weld mnetal

Basemetal

Intercritical zone
De-Suertheater-Right | Circurnferent ial weld | SA335P12 [Fige grain HAZ
Coarse grain HAZ
Weld metal
Basen etal
Circumferential weld nterer tical zane
RH OQutlet Header-Left 3 SA335P22 |Fine grain HAZ
at lefi side -

Coarse grain HAZ
Weld metal
Base m etal

. - Intercritical zone
Circumferential wel |-7
RH Outlet Header-Right| ~ T oetBLweld | o - cp22 [Fine grain HAZ

t tight sid
atright side Coarse grain HAZ
Weld metal
Base metal
. . Infercritical zone
i . Lercrical zone
Main Stcam PipoLeft | CUcumermtial by e prainBAZ
weld,extrados -
Coarse grain HAZ

Weld metal

Base m etal

. . Circumferental 1 hfwc'iti.cal Zne

Main Steam Pipe-Lefl weld jntrades SA335P22 |Fine grain HAZ
Coarse grain HAZ

Weld metal

ololololoiololololololelolole|ololelelololololo lolofo lolclololelolale
olclo| lolololo| [ololele| lelolole] lokolo|o ooToo olololo| |o
o
o
o

(1) Microstructure evaluation
The existence of crack and microstructural degradation was inspected by optical microscope
observation,
{Observed region)
Base metal, Intercritical zone, Fine grain HAZ, Coarse grain HAZ, Weld metal
(Observed magnification)
X 500(2 views), X 1000(4 views) for each region
(2) Carbide precipitation evaluation
Morphology and distribution of precipitates were inspected by TEM (Transmission Electron
Microscope) observation.
{Observed region)
Base metal, Intercritical zone, Fine grain HAZ, Coarse grain HAZ, Weld metal
(Observed magnification)
Main steam pipe ; x1000 (2 views), x5000(3 views), x10000(2 views)
Other components ; x2000 (2 views), x10000(4 views)
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(3) Creep void grade evaluation
The existence of micro crack and creep void was inspected by SEM (Scanning Electron
Microscope) observation,

{Observed region)

Fine grain HAZ, Coarse grain HAZ, Weld metal (Evaluation was focused on Coarse grain HAZ).
{Observed magnification)

x500, %2000 for each region (3 views for each )

(4) Quantitative evaluation of average diameter and volume fraction of grain boundary precipitates
Average diameter and volume fraction of grain boundary precipitates were evaluated quantitatively
by SEM observation,

{Observed region)
Base metal, Fine grain HAZ
(Observed magnification)
Base metal ; x3000, Fine grain HAZ ; %4000 (6 views for each)

(5) Quantitative evaluation of precipitates free band width along grain boundary
Precipitates free band width along grain boundary were evaluated quantitatively by TEM
observation.

(Observed region)
Base metal
(Observed magnification)
Base metal ; x2000 (10 points evaluated in 6views)
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7. Results of each observation and quantitative evaluation
7-1 Replica * extracted replica observation

(1) Platen SH Qutlet Header-Left (Base metal at left side (SA335P12)

{Microstructure observation)

The results of microstructure observation are shown in Photo 1 -4-1.
The summary of observation results is shown in Table I -4.
» Precipitates at gain boundary were observed in base metal and intercritical zone.

(Grain boundary precipitates observation)

The results of grain boundary precipitates observation are shown in Photo I -4-10,
» Precipitates on grain boundary were observed in base metal and fine grain HAZ,

(Precipitates distribution observation)

The results of precipitates distribution observation are shown in Photo I -4-13,
The summary of observation results is shown in Table I -6,
» Precipitates free zone along grain boundary and attennated plate-shaped precipitates were

observed in base metal.
(2) Platen SH Outlet Header-Left (circumferential weld at left side (SA335P12)

(Microstructure observation}
The results of microstructure observation are shown in Photo [ -4-2~6.
The summary of observation results is shown in Table I -4.
» Precipitates at gain boundary were observed in base metal and intercritical zone and fine
grain HAZ.
» Rod-shaped precipitates were observed in ferrite grain of base metal.

(Creep void observation)

The results of creep void observation are shown in Photo 1 -4- 7~9.
The summary of observation results is shown in Table I -5,
» No creep void was observed in fine grain HAZ, coarse grain HAZ and weld metal.

(Grain boundary precipitates observation)

The results of grain boundary precipitates observation are shown in Photo I -4-11~12,
» Precipitates on grain boundary were observed in base metal and fine grain HAZ,

(Precipitates distribution observation)

The results of precipitates distribution observation are shown in Photo T -4-14~17,
The summary of observation results is shown in Table T -6,
# Precipitates free zone along grain boundary and attenuated plate-shaped precipitates were
observed in base metal.

¥ Disintegration of bainite structure was observed in base metal.



(3) De-Suerheater-Left  (circumferential weld (SA335P12) )

{Microstructure observation)

The results of microstructure observation are shown in Photo I -5-1~5.
The summary of observation results is shown in Table I -4.
» Precipitates at gain boundary were observed in base metal, intercritical zone, fine grain
HAZ and coarse grain HAZ.

» Coarse granular precipitates were observed in coarse grain HAZ.,

(Creep void observation)

The results of creep void observation are shown in Photo 1 -5-6~8.
The summary of observation results is shown in Table I -5.
» No creep void was observed in fine grain HAZ, coarse grain HAZ and weld metal.

{Grain boundary precipitates observation)

The results of grain boundary precipitates observation are shown in Photo I -3-9~10,

» Precipitates on grain boundary were observed in base metal and fine grain HAZ.,

{Precipitates distribution observation)

The results of precipitates distribution observation are shown in Photo I -5-11~ 14,
The summary of observation results is shown in Table I -6.
» Attenuated plate-shaped precipitates were observed in base metal.
» Fine precipitates had disappeared in fine grain HAZ.
(4) De-Suerheater-Right (circumferential weld (SA335P12) )

{Microstructure observation)

The results of microstructure observation are shown in Photo [ -6-1-~5.
The summary of observation results is shown in Table I -4.
» Precipitates at gain boundary were observed in base metal, intercritical zone, fine grain
HAZ and coarse grain HAZ.
» Coarse granular precipitates were observed in coarse grain HAZ.

(Creep void observation}

The results of creep void observation are shown in Photo I -6-6~-8.
The summary of observation results is shown in Table I -5,
» No creep void was observed in fine grain HAZ, coarse grain HAZ and weld metal.

{Grain boundary precipitates observation)

The results of grain boundary precipitates observation are shown in Photo I -6-9~10.
» Precipitates on grain boundary were observed in base metal and fine grain HAZ.

{Precipitates distribution observation)

The results of precipitates distribution observation are shown in Photo [ -6-11~14.
The summary of observation results is shown in Table 1 -6.
» Attenuated plate-shaped precipitates were observed in base metal.

¥ Fine precipitates had disappeared in weld metal.
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(5) RH Outlet Header-Left (circumferential weld at left side (SA335P22) )
(Microstructure observation)
The results of microstructure observation are shown in Photo 1 -7-1~5.
The summary of observation results is shown in Table I -4.
» Precipitates at gain boundary were observed in base metal, intercritical zone, fine grain
HAZ and coarse grain HAZ.

(Creep void observation)

The results of creep void observation are shown in Photo 1 -7-6~8,
The summary of observation results is shown in Table I -5,
» No creep void was observed in fine grain HAZ, coarse grain HAZ and weld metal.

(Grain boundary precipitates observation)

The results of grain boundary precipitates observation are shown in Photo I -7-9~10,
» Precipitates on grain boundary were observed in base metal and fine grain HAZ.

{Precipitates distribution observation)

The results of precipitates distribution observation are shown in Photo [ -7-11~14.
The summary of observation results is shown in Table 1 -6,

# No remarkable degradation of precipitates distribution was observed.
(6) RH Outlet Header-Right (circumferential weld at right side (SA335P22) )

{Microstructure observation)

The results of microstructure observation are shown in Photo 1 -8-1~5.
The summary of observation results is shown in Table [ -4.
» Precipitates at gain boundary were observed in base metal, intercritical zone and fine grain
HAZ,
» Precipitates free zone along grain boundary was observed in base metal.

(Creep void observation)

The results of creep vold observation are shown in Photo I -8-6~-8.
The summary of observation results is shown in Table I -5,
# No creep void was observed in fine grain HAZ, coarse grain HAZ and weld metal.

{Grain boundary precipitates observation)

The results of grain boundary precipitates observation are shown in Photo 1 -8-9~10.
» Precipitates on grain boundary were observed in base metal and fine grain HAZ.

(Precipitates distribution observation)

The results of precipitates distribution observation are shown in Photo [ -8-11~14.
The summary of observation results is shown in Table I -6,

¥ Precipitates free zone along grain boundary was observed in base metal.

» No remarkable degradation of precipitates distribution was observed.

» Fine precipitates had disappeared in fine grain HAZ, coarse grain HAZ and weld metal.
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(7) Main Steam Pipe-Left (Circumferential weld, extrados {SA335P22) )

{Microstructure observation)

The results of microstructure observation are shown in Photo I -9-1~5.
The summary of observation results is shown in Table I -4.
» Precipitates at gain boundary were observed in base metal, intercritical zone, fine grain
HAZ. and coarse grain HAZ,
» Precipitates free zone along grain boundary was observed in base metal and intercritical
Zone.

(Creep void observation)

The results of creep void observation are shown in Photo I -9-6~8.
The summary of observation results is shown in Table I -5.
¥ No creep void was observed in fine grain HAZ, coarse grain HAZ and weld metal.

(Grain boundary precipitates observation)

The results of grain boundary precipitates observation are shown in Photo I -9-9~10.
» Precipitates on grain boundary were observed in base metal and fine grain BAZ.
(Precipitates distribution observation}
The results of precipitates distribution observation are shown in Photo I -9-11~14.
The summary of observation results is shown in Table I -6,
» Precipitates free zone along grain boundary was observed in base metal,
{8) Main Steam Pipe-Left (Circumferential weld, intrados (SA335P22) )
{Microstructure gbservation)
The results of microstructure observation are shown in Photo I -10-1~5.
The summary of observation results is shown in Table I -4,
» Precipitates at gain boundary were observed in base metal, intercritical zone and fine grain
HAZ.
» Precipitates free zone along grain boundary was observed in base metal and intercritical
zone.

{Creep void observation)

The results of creep void observation are shown in Photo I -10-6~8.
The summary of observation results is shown in Table I -5.
» No creep void was observed in fine grain HAZ, coarse grain HAZ and weld metal.

(Grain boundary precipitates observation)

The results of grain boundary precipitates observation are shown in Photo I -10-9~10.
» Precipitates on grain boundary were observed in base metal and fine grain HAZ.

{Precipitates distribution observation)

The results of precipitates distribution observation are shown in Photo I -10-11~~14.
The summary of observation results is shown in Table I -6.
» Precipitates free zone along grain boundary was observed in base metal.

» Fine precipitates had disappeared in fine grain HAZ, coarse grain HAZ and weld metal.
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8. Residual life assessment results
8-1 Operational condition of evaluated components
Operational condition of evaluated components are shown in Table 1 -9.
The evaluation stress ¢ was the hoop stress calculated with designed pressure, designed diameter
[} and thickness t of each component.
o=P (D-t) / 2t

where P : Designed pressure.

8-2 Evaluation results
Evaluation results of residual life assessment for each components by microstructural comparison
method are shown in Evaluation Results [ -1~7 and Table I -10. The summary of evaluation results
are shown in Table 1 -11

» The high creep life consumption ratio was evaluated at Main Steam Pipe-Left with high
evaluation stress portion.

» The creep life consumption ratio was 70% and the evaluated residual life was 37,000 hours at
Main Steam Pipe-Left (Circumferential weld, extrados) with microstructural degradation that
was observed as precipitates free zone along grain boundary in base metal.

» The creep life consumption ratio was 80% and the evaluated residual life was 21,000 hours at
Main Steam Pipe-Left (Circumferential weld, intrados) with microstructural degradation that
was observed as disappearance of fine needlelike precipitates.

» For the other components, the highest creep life consumption ratio was 45% and the evaluated
residual life was 100,000 hours at De-Superheater (Left&Right).

» It is recommended that the residual life assessment for Main Steam Pipe is carried out again

before reaching the evaluated residual life.

Table T-11 Summary of residual life evaluation results

METT Min.
. cresp i e Evaluated Evaluated
Components Location consumption . . .
. residual life region
ratic (h]
(%)
. . , Fine grain
Platen SH Outlet Header-Left Circumferential weld at left side 38 140.000 HAZ
. . Coarse grain
De-Superheater-Left Circumferential weld 45 100.000 HAZ
. . . Coarse grain
De-Superheater-Right Circum{erential weld 45 100.000 HAZ
. . . . Coarse grain
RH Outlet Header-Left Circumferentiai weld at left side P 340,000 HAZ
RH Outlet Header-Right Circumferenttal weld at right side 6 1,300,000 Base Metal
Main Steam Pipe-Left Citcumferential weld extrados 70 37.000 Basc Metal
. . . . . Fine grain
Main Steam Pipe-Left Circumferential weld,intrados B 21000 HAZ













9-2 OD measurement results
OD measurement results of residual life evaluated portion are shown in Table I

-19~22,
» The increase in measured average OD to designed value was less than 1%

for each portion, indicating no remarkable creep strain.

Table I -23  OD measurement results of each portion
(Increase in measured average OD to designed value)
(Averaged
. ., |measured value-
Components Location Material Designed OD)
/Designed O %)
Platen SH Outlet Header-Left | roumferential weldat g ya3sp1ot 010
left side
De-Superheater-Left Circumferential weld SA335P12 0.94
De-Superheater-Right Circumferential weld SA335P12 0.55
RH Outlet Header-Left Cireumferential weldat ¢\ 3350051 037
lefi side
RH Outlet Header-Right Circumferential weld at g 335po) 0.52
right side
Main Steam Pipe-]eft Circumferential SA335P22
weld extrados 0.08
. . Circumferential ’
Main Steam Pipe-Left weld,intrados SA335P22

9-3 SUS scale deposition inspection
Applied equipment and inspection condition are shown in Table I -24.
SUS scale deposition inspection were carried out at outer most tube bend portion and
binding tube bottom bend portion of Platen-SH and RH as shown in Fig. I-2.



Table I -24 Applied equipment and inspection condition

MAKER * TYPE

UNI-ELECTRONICS,Inc. * SSD—1

VAIDITY DATE

“é LDNe 34A3382(645CA02101)

E CHECK DATE-PERSON 2009 June 5th - Shinichi Aizawa

2 VAIDITY DATE 2010 June 4th

o MAKER + TYPE HIOKI E. E. CORPORATION - 8205-10
é L.D\No. 041213164(645CZ05102)

g CHECK DATE-PERSON 2009 May 28th - Shinichi Aizawa

2010 May 27th  * Shinichi Aizawa

INSPECTION METHOD

Magnetized scale deposition inspection  of tube inside with scale
detector

INSPECTION METHOD

Refer to next page

SENSITIVITY LEVEL

The sensitivity is adjusted at 20mm in amplitude of signal with the
probe touching right to the reference test piece filled with the white
magnetic particle 100% fullness.

SCANNING SPEED

Approx. 0.3m/sec

RECORDING RANGE

1V/em

RECORDING SPEED

2.5mnvsec

REFERENCE TEST PIECE

Platen SH outer most tube bend portion : ¢ 54.0¢ t 9.5 (I.D. Ne, : 50-21-1)
Platen SH binding tube bottom bend portion © ¢47.6x t 6.3 (LD. No : 40-14-1)
RH outer most (ube bend portion : ¢ 54.0x 14,0 (1.D.No : 50-19-1)
RH binding tube bottom bend portion : ¢ 54.0x t 4.0 (1.D.No : 50-19

REMARKS

Shape of reference test piece and wave form

i §

|

Scale deposition
100% fullness

!
}f o
J [

Wave form
by reference test piece

20mm

T







SUS scale deposition inspection results are shown in Table [ -25.

» 15% fullness of SUS scale deposition was detected at 4 outermost tubes of

Platen-SH and 1 outermost tube of RH.
» 10% % fullness of SUS scale deposition was detected at 3 outermost tubes

of P

laten-SH.

» The others were less than 10% fullness of SUS scale deposition.

Table I 25 SUS scale deposition inspection results

Platen SH {outermost tube) RH (outermost tube )
Front Rear Front
Panel No. { Fullness (%) | Panel No. | Fullness (%) | Panel No. | Fullness (%)

14 15 6 15 3 15

20 10 13 10

21 15 18 10
21 15

(Remarks)

The signal by magnetization of tube material with heat was recognized at

front side outermost tubes in Platen-SH except #1,2,5,7~ 11 panel from left

and at rear side tubes in Platen-SH except #7~ 11 from left.

The representative deposition signal for this inspection is shown in Fig. I -3.

The standard curve used is shown in Fig. [ -4.
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Platen SH
outermost tube
front bend portion
# 14 panel

Fullness 15%

Scanning from bottom surface

Scanning from side surface

Platen SH
binding tube
bottom bend portion
#18 panel

Fullikss 0%

Scanning from bottom surface

Scanning from side surface

RH
outermost tube
front bend portion
# 3 panel

Fullness 15%

Scanning from bottom surface

Scanning from side surface

RH
binding tube
bottom bend portion
#5 pancl- a

Fullness 0%

Scanning from bottom surface

Scanning from side surface

"a" indicates front tube 1t RH binding tubes,

Fig. T -3 The representative deposition signal

Fig. 1 -3 Representative deposition signal for this inspection
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g

Fullness (%)
& g

Fullness (%)

Standard curve ( ¢ 54.0% t 9.5mm)}

L Scanning from side surface

g
-

it Detectable level 10%
(9.0mm :Scanning from bottom surface)

i
i

4 ] ] I-D 12 14 16 13
Amplitude (mm)

Standard curve { $47.6% t 6.3mm)

20

A
-~ i
o
- //
S
/‘/ '
g Scanning from side surface
, _‘,/’/’ I
.///
T Detectable level 10%
/” ' (10.5 mm :Scatning from bottom surface)
i
0 2 4 £ B 14 12 L] 18 18

Amplitude (mm)

Standard curve ( ¢ 54.0% t 4.0mm)

100

0

a0

0
¥ - '
= -
N
v %0 =
o
g
£ w0 T S : :
= o canning from side surface
[ -

0 /,-/

20 - o

Detectable level 10%
L '
o]~ (11.0 mm :Scanning from bottom surface)}
0
L] H 4 ] 8 o 12 14 16 ]:] 20

Amplitude {mm)

Fig. 1 -4 Standard curve used for evaluation
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9-4 DPT

Applied material and inspection condition are shown in Table I -26.

Inspected location of DPT is shown in Fig. I -5.

DPT inspection were carried out at 4 stub weld portions of #5 panel from left in

Platen SH inlet header front side.

Table I -26.

APPLIED MATERIAL

Applied material and inspection condition

BRAND Eishin Kagaku Co., Ltd,
. PENETRANT
= MAKER R-1A (NT)
m
> BRAND Eishin Kagaku Co., Ltd.
= REMOVER
@ MAKER R-18 (NT)
= BRAND Eishin Kagaku Co., Ltd.
& DEVELOPER

MAKER R-1M (NT)

EXAMINATION CONDITION

EXAMINATION METHOD

Liquid penetrant with remaovability
for solvents - Drying development method

TIME TO EXAMINATION

at periodic inspection

TEMPERATURE OF EXAMINATION
SURFACE

Normal temperature (10~ 50°C)

EXAMINATION SURFACE CONDITION

As weld

PRE-TREATMENT

ERinse with solvents [JOthers ( )

PENETRATION METHOD

W Spray [JBrush painting [Dipping
[(JOthers ( )

PENETRATION TIME

10 minutes

REMOVING OF EXTRA PENETRANT

B Wipe out with wes (using solvent)

OoOthers ( )
DEVELOPMENT METHOD M Spray [Brush painting [Dipping

COthers ( )
DEVELOPMENT TIME 10 minutes

ILLUMINANCE OF EXAMINATION
SURFACE/ILLUMINANCE OF
ENVIRONMENT

500Lux or more

I-23







9-5 UT

Applied equipment and inspection condition are shown in Table T -27.

Inspected location of UT is shown in Fig. [ -6.

UT inspection was carried out at circumferential weld of left RH outlet header.

Table I -27

APPLIED EQUIPMENT AND MATERIAL

Applied equipment and inspection condition

MAKER * TYPE GE INSPECTION TECHNOLOGIES USM35X
~ |SERIAL No.(1.D.Ne) 9%94a(61UAADGT D)
g AMPLITUDE LINEARITY within +3%
E TIME SCALE LINEARITY within +1%
& [MARGIN OF DETECTION 2005 or more
2 SENSITIVITY
«
2 CHECK DATE * PERSON 2008 November 20th - Hidekazu Ishihara(UT-2)
VAIDITY DATE 2009 November 19th
TYPE angle beam probe
DESIGNATION 2C 1= 14A70
MAKER KGK pd
SERIAL No. XAT424
DEAD ZONE 18mm
STB ANGLE OF
m
2 |REFRACTION 70 degree
¢ |ACCESIBLE LIMIT 1 7mm
DISTANCE
FAR SURFACE 7mm
RESOLUTION
. , 2009 August 26th
HECK DATE - PERSON
¢ 50 Ishizaki (UT-2)
VAIDITY DATE 2010 February 25th

EXAMINATION CONDITION

EXAMINATION METHOD

Single angle beam probe technrique

TIME TO EXAMINATION

at periodic inspection

SURFACE CONDITION

Grinded surface

COUPLANT Sonicoat
SPECIFIED SENSITIVITY RB-41 Ne2 ¢ 3.0mm side cylindrical hole: H-line
SENSITIVITY CORRECTION Non

DISREGARD LEVEL

Regarded as flaw that echo hight is over DAC(H-line)

ACCEPTANCE CRITERIA

Flaw length with t/3 or less

REFERENCE BLOCK OR
CALIBRATION BLOCK

RB-41 Ne2

ANGLE OF REFRACTION IN
TEST OBIECT

ANGLE OF REFRACTION : —
CALCULATION METHOD  : [JRatio of sound velocity of STB
L] V path technique




M Rlubalit
7

UT inspection

location

ECT UIFEK
EAkk

MIULLE

LID
Ak

ELO LURER
XX

PRant
Thobd

Fig. 1 -6 Inspected location of UT

UT detection results are shown in Table I -28.
No flaw echo exceeded criteria was detected, although 4 flaws exceeded L-line were detected as
shown in Table 1 -28. In Table I -28, symbols are described in the figure shown below.

Table I -28 Detected flaw list

Region of
Flaw Neo X Y W d k echo 1
height
1 582 93 104.6 37.5 -4.7 il 10
2 820 122 129.2 46.3 1.4 J | 34
3 0 940 51 26.8 ¥ 9.6 26 i 6
4 1110 101 101.3 36.3 6.4 i 8
[

! Endplate Pipe

id .
View from end plate side side

O [-26
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9-6 TOFD

Applied equipment and inspection condition are shown in Table I -29.

Table I-29 Applied equipment and inspection condition
APPLIED EQUIPMENT AND MATERIAL

- ?é MAKER « TYPE OLYMPUS NDT 4 -Tomoscan
S5 &
- % SERIAL No.(I.D.Ne) 23918-15(71UAA96105)
DESIGNATION SMHz. ¢ 1/4inch
A WEDGES 60°
% MAKER GE INSPECTION TECHNOLOGIES
SERIAL No. 00CP4M,00B25K

EXAMINATION CONDITION

EXAMINATION METHOD

TOFD technique

TIME TO EXAMINATION at periodic inspection
SURFACE CONDITION Grinded surface
COUPLANT Sonicoat
SPECIFIED SENSITIVITY ¢ 4.8mm side cylindrical hole {(d=40mm):80%+6dB
SENSITIVITY CORRECTION Non

DISREGARD LEVEL

TOFD inspection was carried out at the location identical to UT inspection.

The range of X : 300~600mm and 900~ 1200mm in circumferential direction was not detectable

because of the interference of attached objects.

TOFD detection results are shown in Fig. [-7~10.

No flaw echo judged as a crack was detected, although a number of flaw echoes from

subtle blow holes and slag inclusions by welding were detected.
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Table [ -4 Microstructure observation resuluts

OM (Optical microscope observation)

Weld metal

w1
=
B £ Microstructural features
3 " | i ..
‘é" § Observed region i o Precipitates free Granular Rod-shaped
E 5 Precipitation at . ‘. . L Granular Coarse granular
i zone along grain | precipilates in precipitates .. e
© gain boundary . . . : . precipitates precipiiales
boundary ferrite grain in ferrite grain
2 F
gg 'eE‘: Base metal Appeared Not appeared No precipitation  |Not appeared
s
'% 5 Base metal Appeared Not appeared No precipitation  |Not appeared
£81 3
2al 2| F Intercritical zone Appeared Appeared Not appeared
Ealz) 5,
=) 1 . .
E < ;: “E ¢ |Fine grain HAZ Appeared Not appeared
sl 5 2
= C  [Coarse grain HAZ  |Nat appeared Not appeared
'Weld metal Appeared
Base metal Appeared Noi appeared No precipitation | Not appeared
]
:E E Intereritical zone Appeared Appeared Nat appeared
(=1
=
3 £ ¥ |Fine grain HAZ Appeared Not appeared
L] 2
& ﬁ G Coarse grain HAZ Appeared Appeared
8, -~
g
£ a Weld metal Appeared
am
5om
% 5 Base meta} Appeared Not appeared No precipitation  |Not appeared
s 8
a PR Intercritical zone Appeared Appeared Not appeared
= c
£l B
a E S [Fine grain HAZ Appeared Not appeared
e o
So € [Coarse grain HAZ  |Not appeared Appeared
Weld metal Appeared
Base metal Appeared Not appeared
E Intercritical zone Appeared Nol appeared
= § =
e % 'g Fine grain HAZ Appeared
o
b < Coarse grain HAZ ~ [Appeared
ig
o1
D Weld metal
=Y
8%
5 = Base metal Appeared Appeared
g
=)
- 3 Interritical zone Appeared Not appeared
£ i
v = n +
.:E“ ‘E g |Fine grain HAZ Appeared
o
S Coarse grain HAZ  [Not appeared
Weld metal
5  |Basemetal Appeared Appeared
-
k]
= - & Intereritical zone Appeared Appeared
“E £ ?‘2 Fine grain HAZ Appeared
g gz
Ry .
% [ = Coarse grain HAZ Appeared
25 E
g W Weld metal
wl| ¢
28| 3
g P 5 [|Base metal Appeared Appeared
= Z 2
]
3 § & [Intereritical zone Appeared Appeared
= =
gwa
€2 5 |Fine grain HAZ Appeared
2 B 5
R
€ £ 7 |Coarse grain HAZ  |Not appeared
3
*

View nos. for each area

x500 {2 views)
* 1000 (4 views)
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Table I -5

Creep void observation results

% g SEM (Scanning Electron Microscope observation)
g B .
4 g Observed region )
£ 3 Ceep void damage
=]
O
-%':‘_: ';':3 :g Fine grain HAZ No void
=1 5 ES o -
5E = €35  |Coarse grain HAZ No void
=25 E=
A N
n—“: E S Weld metal No void
3 g Fine grain HAZ No void
3 15
[+ e
g ] & €6 [Coarse grain HAZ No void
2|8 E*
' Q
a &< = .
g K o] Weld metal No void
= 7 —
:é- £ £ Fine grain HAZ No void
g |2| 5
& ] s , ;
] o =} Coarse grain HAZ Ne void
B 2
=2 5
= 2
é" [ Weld metal Ne void
TE Fine grain HAZ No void
€
é B €3 Coarse grain HAZ Mo void
s|1-| E*®
= 2
ko, [ Weld metal No void
2
& -
5 % Fine grain HAZ No void
o
EY) — 14
g f’-‘ & % Coarse grain HAZ No void
e e E:
3
5 Weld metal No void
E £ _. g (Fine grain HAZ No void
ELEd
= w
“E £ % 8 [Coarse grain HAZ No void
& g= 5E
a, e wm o
g _|o = * % |weld metal No void
g | ©
2| 2[5 -
g £ 2 _ 4 [Fine grain HAZ No void
5 Ey2%7
< 2 % S |coarse grain HAZ No void
Eosgd
ERC ] .
5 E Y ' Weld metal No void
=500 (3 views)
View nos, for each area
x2000 (3 views)
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Table I -6 Precipitates distribution observation results

TEM (Transmission Electron Microscope observation)
b} Precipitates features
g 5
=] =
2 = . ; . . . Fine needlelike L Rod-shaped
& 8 Observed region Precipitates . Fine needlelike . Bainite Attenuated shap
] ] Featherlike Needlelike | and granular precipitates,
= free zone along] . and granular L . . structure plate-shaped .
W : precipitates . precipitates | precipitates inf .. . L. spherodized
grain beundary precipitates il .| disintegration | precipitates "
bainite grain precipitates
% E Base metal Appeared Remaining Disintegrated Appeared
5 £ pp in ferrite grain sinieprale ppe
3~ 5 Remainin .
25 2 Base metal Naot appeared in forrt £ Disintegrated | Not appeared
%5 g % In fernite grain
5 E = s o |Fine grain HAZ Remaining Not appeared Coexist
T | 2|4
¢ : - ;
£ € 3| 2 Coarse grain HAZ Remaining Coexist
2 &
= 5]
Weld metal Remaining
. Base metal Not appeared : Rem? g Normal structure] ~ Appeared
21 3 in ferrite grain
@ =
'S; s - |Fine grain HAZ Disappeared Not appeared Coexist
8l <3
& E =z
& %8 Coarse grain HAZ Remaining Coexist
B %10
[ .
= A Weld metal Remaining
% a Remaining
4 i
=% 5 B tal N . A
s % % S ase mela Not appeared in ferritc grain Normal structurg| Not appeared
s | 2| =
a g | & Fine grain HAZ Remainin, Not appeared Coexist
Eleg [LF s
g3
o E 2
€1 27 |Coarse grain HAZ Remaining Coexist
e Weld metal Disappeared
. N ..
Basc metal Not appeared  |Remained . odc?crease_ Remaining
- in ferrite grain
& E;-: 3 Fine grain HAZ Remaining
o = | E z ] "
ﬁ 3 Coarse grain HAZ Remaining
28 <
5 Weld metal Remaining
e
o m -
. N 1
B3 Base metal Appeared Disappeared e d(?creasvj .Panla ly
e = in ferrite grain | disappeared
= =
= = E _ [Fine grain HAZ Disappeared
U
2 Coarse grain HAZ Disappeared
5]
Weld metat Disappeared
z . No decrease Partially
Z  |Base metal A : . . :
= = © ppeared Disappeated in ferrite grain [ disappeared
£ e
§ 2 ‘@ [Fine grain HAZ Remaining
0
g
" 2 § §|Coarse grain HAZ Remained
(= il _5 (1]
B8 & “3
g [ - g Weld metal Rermained
wy
B L}
we | H ¥ . No decreas Partiall
£ < % [Base meta! Appeared Disappeared . N corease . artially
g 1% = 2 in ferrite grain | disappeared
Z Eaw
] % |Fine grain HAZ Disappeared
R g Coarse grain HAZ Disappeared
= B =
= .
g ‘Weld metal Disappeared
View nos. for each area *2000 ( 2 views), = 10000( 4 views)
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Table I -9  Operational condition of evaluated components(Singrauli

Designed
Material Hoop Stress
Component Location Q.D. t Temperature Pressure
ASME Js (mm) | (mm) (°C) (MPa) |(kg/cm)| (MPa) | (kg/mm®)
Platen SH Outlet Header-Left |circumferential weld at left side  |SA335P12 [STPA22 | 508.0 | 80.0 540 1746 | 178.0 | 46.69 4.76
De-Suerheater-Left Circumferential weld SA335P12 |STPA22
508.0 | 70.0 406 18.51 | 188.7 | 57.89 5.90
De-Suerheater-Right Circumferential weld SA335P12 |STPA22
RH Outlet Header-Left Circumferential weld at left side |SA335P22 |STPAZ24
558.8 | 50.0 540 4.26 435 | 21.68 2.21
RH Outlet Header-Right Circumferential weld at right side |SA335P22 |STPA24
Main Steam Pipe-Left Circumferential weld, extrados sid¢SA335P22 |STPAZ24
520.0 | 85.0 540 17.46 | 178.0 | 44.67 4.55
Main Steam Pipe-Left Circumferential weld, intrados siddSA335P22 |STPA24
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Table I ~10 Residual life assessment results
Evaluation results
Components Laocation Material Region Creep life Evaluated
consumption Residual life (hr) idual life (h)
ratio (%) residual life
Base Metal at left side Base Metal ~ 16 903,000 ~ 1,739,000
O"t‘f‘f}‘{*sg o Lo s il Base el ~ 16 03000 ~ 179K0]
utletHeader- i ti t X
Left cireumlerential weld a Fine grain HAZ | 34 ~ 38 281,000 ~ 334,000
€ left side
Coarse grainHAZ | 0 ~ 1§ 784,000 <
N Base Metal 8§ ~ 16 903,000 ~ 1,978,000
De's‘fgﬂ"a‘e" Circumferential weld |SA 335P12| FinegrainHAZ | 0 ~ 19 733,000 < 100,000
Coarse grain HAZ | 19 ~ 45 210,000 ~ 733,000
N Base Metal 0 ~ 1 17,028,000
De'sl:f;hfa‘er' Circumferential weld [SA 335P12| FinegranHAZ | 0 ~ 19 733,000 100,000
Coarse grain HAZ | 19 ~ 45 210,000 ~ 733,000
] c o 1 weld Base Metal o0 ~ 1 17,028,000
RH Outlet ircumfterential weld at - -
Header-Left left side SA 335 P22 Fine grain HAZ 0 0.4 | 42,828,000 340,000
Coarse grain HAZ | 3~ 20 688,000 ~ 5,561,000
RH Oul o L weld Base Metal 4 ~ b 2,695,000 ~ 4,128,000
utlet Circumferential weld at - ]
Header-Right right side SA 335 P22 Fine grain HAZ 0 04 42,828,000 < 1,300,000
Coarse grain HAZ | 2~ 3 5,561,000 ~ 8,428,000
) ) . Base Metal 65 ~ 70 74,0600 ~ 93,000
Main Steam Circumferential  {q ) 436 porl Finc grain HAZ | 8 ~ 21 647,000 ~ 1,978,000 | 37,000
Pipe-Left weld,extrados
Coarsegrain HAZ | 0 ~ 20 688,000 <
) ) . . Base Metal 65 ~ 70 74,000 ~ 93,000
Main Steam Circumferential ¢\ 135 pyol Fine graimHAZ | 78 ~ 80 43000 ~ 49,000 | 21,000
Pipe-Left weld,intrados
Coarse grain HAZ | 24 ~ 45 210,000 ~ 545,000

¥1 : Residual life was evaluated with microstructural comparison method of KYUSHYU ELECTRIC POWER CO., INC. RESEARCH

LABORATORY.

P2 : Residual life= (Cumulative operation hours,Creep life consumption ratio ) X 100—Cumulative operation hours.
of residual life based on Japanese guideline of boiler residual life asessment.

Evaluated residual life=Residual life2

¥3 : Evaluated residual life is half
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Photo I —4-1 Microstructure observation
Platen SH Qutlet Header-Left (Base metal at left side

: Base metal )
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Photo I —4-2 Microstructure observation
Platen SH Outlet Header—Left (Circumferential weld at left side

: Base metal )
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Photo I -4-3 Microstructure observation
Platen SH Outlet Header—Left (Circumferential weld at left side

: Intereritical zone )
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Photo I -4-4 Microstructure observation

Platen SH Qutlet Header-left {Circumferential weld at left side

S
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Photo I -4-56 Microstructure observation
Platen SH Qutlet Header-Left {Circumferential weld at left side : Coarse grain HAZ )
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Photo I -4-6 Microstructure ohservation

Platen SH Qutlet Header—Left (Circumferential weld at left side

: Weld metal )
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Photo I —4-7 SEM(Scanning electron microscope) observation
Platen SH Outlet Header-Left(Circumferential weld at left side : Fine grain HAZ)
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Photo I -4-8 SEM(Scanning electron microscope) observation
Platen SH Outlet Header—Left (Circumferential weld at left side : Coarse grain HAZ)
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Photo I -4-9 SEM(Scanning electron microscope) observation
Platen SH Outlet Header-Left{Circumferential weld at left side : Weld metal)
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Photo I -4-10 Precipitates along grain boundary by SEM observatien
Platen SH Outlet Header-Left (Base metal at left side : Base metal)




Photo I =4-11 Precipitates along grain boundary by SEM observation
Platen SH Outlet Header-Left(Circumferential weld at left side : Base metal)
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Platen SH Outlet Header-Left(Circumferential weld at left side : Fine g
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Photo I ~4~13 Precipitates by TEM (Transmission electron microscope) observation
Platen SH Outlet Header-Left (Base metal at left side
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Photo I -4-14 Precipitates by TEM (Transmission electron microscope) observation
Platen SH Outlet Header-Left(Circumferential weld at left side : Base metal)
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Photo I -4-15 Precipitates by TEM (Transmission electron microscope) observation
Platen SH Outlet Header—Left (Circumferential weld at left side : Fine grain HAZ)
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Photo I -4-16 Precipitates by TEM (Transmission electron microscope) observation
Platen SH Outlet Header-Left{Circumferential weld at left side : Coarse grain HAZ)
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Photo I -4-17 Precipitates by TEM (Transmission electron microscope) observation

Platen SH Qutlet Header—Left(Circumferential weld at left side : Weld metal)
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Photo I -5-1 Microstructure observation
De—-Superheater-Left (Circumferential weld : Base metal )
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Photo I -5-2 Microstructure observation

De-Superheater—Left (Circumferential weld : Intercritical zone )
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Photo I =5-3 Microstructure observation

De—Superheater—-Left (Citrcumferential weld : Fine grain HAZ )
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Photo I ~«5-4 Microstructure observation
De-Superheater-Left (Circumferential weld : Coarse grain HAZ )}
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Photo [ -5-5 Microstructure observation

: Weld metal )

De—Superheater-Left (Circumferential weld
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Photo T —5-6 SEM(Scanning electron microscope) observation
De-Superheater-Left (Circumferential weld : Fine grain HAZ)
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Photo I —5—7 SEM(Scanning electron microscope) observation
De-Superheater—Left (Circumferential weld : Coarse grain HAZ)

104 m
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Photo I -5-8 SEM(Scanning electron microscope) observation
De-Superheater—Left (Circumferential weld : Weld metal)
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Photo I --5-9 Precipitates along grain boundary by SEM observation
De-Superheater-Left (Circumferential weld : Base metal)




Photo I =5-10 Precipitates along grain boundary by SEM observation
De—Superheater—Left (Circumferential weld : Fine grain HAZ)
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™ Photo I -5-11 Precipitates by TEM (Transmission electron microscope) observation
.. p . H
4o De-Superheater-Left (Circumferential weld : Base metal)
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Photo I -5-12 Precipitates by TEM (Transmission electron microscope) observation
De-Superheater—Left (Circumferential weld : Fine grain HAZ)
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Photo I -5-13 Precipitates by TEM (Transmission electron microscope) observation

De-Superheater—Left (Circumferential weld : Coarse grain HAZ)

1-77



4/

A IR T TUrE . [ Y
L > ~ ALY
-"’A : ’.‘ * g , Hi?t»g,j‘ &J‘é{ :.}“FJ;T/
"'Fﬁz.-t R "ﬁvmﬁ& : K # 2’//*:&1
. ARy R 4T
e ? g Fﬁ&r_‘g}?ﬂ:u_"ﬁ\jégq \ ";f.. ? /:%
A “u L£vﬁ¢§g% Tﬁiﬁg%*;;f? # 4 ;jgé
’ ..:_,. ""._. *\_;ve? “-*t@\_'/: ;N:‘?‘: - - ;, . »"’g,
, g ' 9 » ; ” 3 #4 ,: 4‘,._‘.'
s f, + :”. - ; ,,-’ : '.‘-.éw-‘ o 0 . /f{ej’ﬂ& ‘
oo™ ik * 2 Ny ' W S
e ) 3 . X% . C . oy ‘%\ X
Erasa RN ek ¥ N A S (TS

Tum

Photo I -5-14 Precipitates by TEM (Transmission electron microscope) observation

De—Superheater-Left (Circumferential weld : Weld metal)

I
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Photo I -6-1 Microstructure observation
De-Superheater-Right (Circumferential weld : Base metal )
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Photo I =6-2 Microstructure observation
De-Superheater-Right (Circumferential weld : Intercritical zone )
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Photo [ =6-3 Microstructure observation
De-Superheater-Right (Circumferential weld : Fine grain HAZ )
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Photo I -6-4 Microstructure observation

De—Superheater-Right (Circumferential weld

S5

Coarse grain HAZ )
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Photo I =6-5 Microstructure observation

: Weld metal )

De-Superheater-Right (Circumferential weld
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Photo [ -6-6 SEM{Scanning electron microscope) observation
De-Superheater—Right (Circumferential weld : Fine grain HAZ)
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Photo I -6-7 SEM(Scanning electron microscope) observation
De-Superheater-Right (Circumferential weld : Coarse grain HAZ)

N
106 m
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Photo I —-6-8 SEM(Scanning electron microscope) observation
De-Superheater—Right (Circumferential weld : Weld metal)
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Photo I -6-9 Precipitates along grain boundary by SEM observation
De-Superheater—-Right (Circumferential weld : Base metal)




Photo I =6-10 Precipitates along grain boundary by SEM observation
De-Superheater-Right (Circumferential weld : Fine grain HAZ)
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Photo I -6-11 Precipitates by TEM (Transmission electron microscope) observation
De-Superheater-Right (Circumferential weld : Base metal)

I-89



.
(s,
ERS)

- -
¥ e
"-\l B
N Fs
Tum T em

Photo I -6-12 Precipitates by TEM (Transmission electron microscope) observation
De-Superheater—-Right (Circumferential weld : Fine grain HAZ)
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Photo I —=6-13 Precipitates by TEM (Transmission electron microscope) observation
De—Superheater—-Right (Circumferential weld : Coarse grain HAZ)
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Photo T —6-14 Precipitates by TEM (Transmission electron microscope) observation
De—Superheater-Right (Circumferential weld : Weld metal)
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- Photo I =7-1 Microstructure observation
RH Outlet Header-Left (Circumferential weld at left side : Base metal )
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Photo I -7-2 Microstructure observation

RH Qutlet Header—Left (Circumferential weld at left side

: Intercritical zone )
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Photo I -7-3 Microstructure observation
RH Outlet Header-Left {Circumferential weld at left side : Fine grain HAZ )
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Photo I -7-4 Microstructure observation

RH Outlet Header—-Left (Circumferential weld at left side

: Coarse grain HAZ )
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Photo I =7-b Microstructure observation

RH Outlei Header-Left (Circumferential weld at left side

Weld metal )
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r Photo I ~7-6 SEM(Scanning electron microscope) observation
-\:} RH Outlet Header-Left{Circumferential weld at left side : Fine grain HAZ)
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Photo I =7-7 SEM{Scanning electron microscope) observation
RH Outlet Header—Left(Circumferential weld at left side : Coarse grain HAZ)
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Photo I ~7-8 SEM(Scanning electron microscope) observation
RH Outlet Header-Left (Circumferential weld at left side : Weld metal)
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Photo I —=7-9 Precipitates along grain boundary by SEM observation
RH Qutlet Header-Left (Circumferential weld at left side : Base metal)




Photo I =7-10 Precipitates along grain boundary by SEM observation
RH Outlet Header—Left{(Circumferential weld at left side : Fine grain HAZ)
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Photo I -7-11 Precipitates by TEM (Transmission electron microscope) observation
RH Outlet Header-Left(Circumferential weld at left side : Base metal)
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Photo I ~7-12 Precipitates by TEM (Transmission electron microscope) observation
RH Outlet Header—Left(Circumferential weld at left side : Fine grain HAZ)

1-104



L

B

f\'\
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Photo I -=7-13 Precipitates by TEM (Transmission electron microscope) observation
RH Outlet Header—Left (Circumferential weld at left side : Coarse grain HAZ)
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Photo I -7-14 Precipitates by TEM (Transmission electron microscope) observation
RH Outlet Header-Left{(Circumferential weld at left side : Weld metal)
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Microstructure observation

Photo [ —8-1
RH Outlet Header-Right (Circumferential weld at right side

Base metal )
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Photo [ -8-2 Microstructure observation
RH Outlet Header-Right (Circumferential weld at right side : Intercritical zone )
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Photo I =8-3 Microstructure observation

RH Outlet Header—Right (Circumferential weld at right side

Fine grain HAZ )
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Photo I —-8—4 Microstructure observation

RH Outlet Header—Right {Circumferential weld at right side

: Coarse grain HAZ )
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Pheto I -8-5 Microstructure observation

RH Outlet Header—-Right (Circumferential weld at right side

Weld metal }
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Photo T —-8-6 SEM{Scanning electron microscope) observation
RH Outlet Header-Right (Circumferential weld at right side : Fine grain HAZ)
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Photo I -8-7 SEM{Scanning electron microscope) observation
RH Outlet Header-Right (Circumferential weld at right side : Coarse grain HAZ)
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Photo I -8-8 SEM{Scanning electron microscope) observation
RH Outlet Header—-Right{Circumferential weld at right side : Weld metal)
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Photo [ -8-9 Precipitates along grain boundary by SEM observaticon
RH Outlet Header-Right (Circumferential weld at right side : Base metal)




Photo I —=8-10 Precipitates along grain boundary by SEM observation
RH Outlet Header-Right{(Circumferential weld at right side : Fine grain HAZ)
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Photo T =8-11 Precipitates by TEM (Transmission electron microscope) observation
RH Outlet Header-Right (Circumferential weld at right side : Base metal)
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Photo 1 -8-12 Precipitates by TEM (Transmission electron microscope) observation
RH Outlet Header-Right (Circumferential weld at right side : Fine grain HAZ)
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Photo I -8-13 Precipitates by TEM (Transmission electron microscope) observation
RH Outlet Header—-Right (Circumferential weld at right side : Coarse grain HAZ)
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Photo I ~8-14 Precipitates by TEM (Transmission electron microscope) observation
RH Outlet Header—Right (Circumferential weld at right side : Weld metal)
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Microstructure observation

Photo 1 -9-1
Main Steam Pipe-lLeft (Circumferential weld, extrados

: Base metal )
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Photo I -9-2 Microstructure observation

Main Steam Pipe-Left (Circumferential weld, extrados : Intercritical zone )
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Photo I -9-3 Microstructure observation

o

Fine grain HAZ )

Main Steam Pipe—Left (Circumferential weld, extrados
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Photo [ =9-4 Microstructure observation
Main Steam Pipe-Left {Circumferential weld, extrados : Coarse grain HAZ )
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Weld metal )

Photo ] -9-5 Microstructure observation

Main Steam Pipe-Left (Circumferential weld, extrados

/95
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Photo I -9-6 SEM(Scanning electron microscope) ohservation
Main Steam Pipe-Left(Circumferential weld, extrados : Fine grain HAZ)
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Photo I =9-7 SEM{Scanning electron microscope} observation
Main Steam Pipe-Left{(Circumferential weld, extrados : Coarse grain HAZ)
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Photo I -9-8 SEM(Scanning electron microscope) ohservation
Main Steam Pipe-Left (Circumferential weld, extrados : Weld metal)
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Photo I ~9-9 Precipitates along grain boundary by SEM observation
Main Steam Pipe-Left (Circumferential weld, extrados : Base metal)




Photo I =9-10 Precipitates along grain boundary by SEM observation
Main Steam Pipe-Left (Circumferential weld, extrados : Fine grain HAZ)
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Photo 1 —9-11 Precipitates by TEM (Transmission electron microscope) observation
Main Steam Pipe-Left (Circumferential weld, extrados : Base metal)
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Photo I -9-12 Precipitates by TEM (Transmission electron microscope) observation
Main Steam Pipe-Left (Circumferential weld, extrados : Fine grain HAZ)
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Photo I -9-13 Precipitates by TEM (Transmission electron microscope) observation
Main Steam Pipe—Left(Circumferential weld, extrados : Coarse grain HAZ)
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Photo I ~9-14 Precipitates by TEM (Transmission electron microscope) observation
Main Steam Pipe-Left (Circumferential weld, extrados : Weld metal)
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: Base metal )

Microstructure observation

Main Steam Pipe—lLeft (Circumferential weld, intrades

Photo I —-10-1

733

I-135



AN
T

I-136

Intercritical zone )

Photo I -10-2 Microstructure observation

Main Steam Pipe-Left (Circumferential weld, intrados
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Photo I -10-3 Microstructure observation

Main Steam Pipe-Left (Circumferential weld, intrados

ine grain HAZ )
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Photo I —10-4 Microstructure observation

Main Steam Pipe—Left (Circumferential weld, intrados

: Coarse grain

HAZ )
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Weld metal )

Photo I —10-5 Microstructure observation

Main Steam Pipe-Left {(Circumferential weld, intrados

i
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Photo I ~10-6 SEM(Scanning electron microscope) observation
Main Steam Pipe-Left (Circumferential weld, intrados : Fine grain HAZ)
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Photo I -10-7 SEM{Scanning electron microscope} observation
Main Steam Pipe-Left{Circumferential weld, intrados : Coarse grain HAZ)
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Photo I -10-8 SEM(Scanning electron microscope) observation
Main Steam Pipe-Left (Circumferential weld, intrados : Weld metal)
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Photo I ~10-9 Precipitates along grain boundary by SEM observation
Main Steam Pipe-Left (Circumferential weld, intrados : Base metal)




Photo I =10-10 Precipitates along grain boundary by SEM observation
Main Steam Pipe-Left{(Circumferential weld, intrados : Fine grain HAZ)
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Photo [ -10-11 Precipitates by TEM (Transmission electron microscope) observation
Main Steam Pipe-Left (Circumferential weld, intrados : Base metal)
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Photo I -10-12 Precipitates by TEM (Transmission electron microscope) observation

Main Steam Pipe-Left(Circumferential weld, intrados : Fine grain HAZ)
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Photo I =10-13 Precipitates by TEM (Transmission electron microscope) observation
Main Steam Pipe-Left(Circumferential weld, intrados :

Coarse grain HAZ)
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Photo I -10-14 Precipitates by TEM (Transmission electron microscope) observation
Main Steam Pipe—Left(Circumferential weld, intrados : Weld metal)
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Sample tube inspection [Singrauli #6)



i

Sample tube inspection and creep rupture test were carried out as one of the boiler residual life assessment

items for Singrauli Super Thermal Power Station #6 unit, The results are reported as follows.

1. Unit for evaluation
Singrauli Super Thermal Power Station  #6 unit

2. Sample tube for inspection
* Platen-SH tube
+ RH tube (Penthouse portion, Furnace portion)

3. Operation condition

(1) Cumulative operation hours: 172,000 hours

(2) Cumulative start and stop times: 309 times

4. Summary of inspection results

(1) As a result of tube appearance observation after acid cleaning, traces of corrosion at outside surface and

slightly rough condition at inside surface were observed for each sample tube.

(2} As a result of tube dimension measurement, OD of RH tubes in penthouse and in furnace was less than
designed value, the thickness of RH tubes in penthouse was less than designed value.

(3) As a result of steam oxide scale examination, steam oxide scale was adhering evenly by cross sectional
observation for RH tube in penthouse and in furnace, unevenly for Platen-SH tube.

Average thickness of steam oxide scale mainly consisting of Fe and O was remarkably larger in RH
tube (in penthouse) than in Platen-SH tube and RH tube (in furnace).

(4) As a result of hardness measurement, the hardness values were stable in circumferential
direction,though measured values were out of the normal value of virgin material by Japanese steel
manufacturer.

{5} As a result of creep rupture test, the evaluated residual life of Platen-SH tube was 290,000 hours for
base metal, 150,000hours for weld joint at equivalent temperature 553°C estimated by comparison with
the average creep rupture data of NIMS.

The evaluated residual life of RH tube in furnace was 670,000 hours for base metal and 610,000
hours for weld joint at equivalent temperature 551°C estimated by comparison with the average
creep rupture data of NIMS.

Each portion has enough evaluated residual life at present, with the min. evaluated residual life of
150,000 hours for weld joint portion of Platen-SH tube.

(6) As aresult of microstructure comparison method, the evaluated residual life was 82,000 hours
for RH tube (in furnace}, 520,000 hours for RH tube (in penthouse} and 1,300,000 hours for Platen-SH
tube.
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3. Sample tube specification
Sample tube specification is shown in Table I -30.

Table I -30 Sample tube specification

Desiened Designed Designed
Sample Material ODx t%mm) Temperature( Pressure
Ty (MPa)
SA213TI11% ¢ 47.63%t8.6 Not available
Platen-SH #12-3 17.46
SAZI13TI11 ¢ 47.63xt10.0 Not available
RH #3-1 SA213T22 ¢ 54.0xt5.6 540 527
(in penthouse) SA213T22 & 54.0x15.6 540
RH #14-5 SA213T22 ¢ 54.0xt4.5 Not available 527
(in furnace) SA213TI1* | ¢54.0x14.0 | Not available

#%¢ @ Chemical composition analysis was conducted as shown below.
The material of Platen-SH#12-3 appeared to be SA213T11 by chemical
composition analysis, though the material specification was supposed to be
SA213T22 for Platen-SH#12-3 according to the drawing.

Chemical composition analysis results by spark discharge optical emission analysis (w1%)

Sample tube C Si Mn P S Cr Mo
Platen-SH#12-3 0.10 0.53 0.38 0.026 0.012 1.14 0.46
RH #3-
. M #3-] 0.10 0.28 0.45 0.013 0.008 2.20 0.95
(in penthouse)
RH #14-
. . 0.10 0.67 0.41 0.006 0.008 1.30 0.58
(in furnace)
SA213T11
=0.15 .50~1. .30~0. =0 =9, 00~1.50| 0.45~0.
(JIS-STBA23) 0.50~1.00] 0.30~0.60 0.030 0.030 | 1.00~1.5 65
SAZ213T22
=0 =0. 30~0.60| =0.03 =0. 90~2. .87~1.
(JIS-STBA24) 0.15 050 |0 0 0.030 | 1.90~2.60( 0.87~1.13
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6. Inspection item and inspected portion
Inspection item and inspected portion are shown in Table I -31.

Table I -31  Inspection item

Inspection item
1 2 3 4 5 6 7
Sample tube
Outer surface |Internal surface| . Tu'?e . . RLA by Creep rupture
appearance earance dimension - | Metallography | Scale analysis | microstructure rest
PP ap Hardness degradation
Platen-SH O O O O O O O
RH{in penthouse) O O O ') O O —
RH(in furnace) O O O O O O O

Sample tube appearance and sampling location are shown in Photo I -11.

Sampling portion for each inspection item is shown in Fig 1 -11.

SA213T11 SA213T22

$47 83X W B = $4143% tI00
Platen-SH [+ lof+]: [z DU |
so] 100 |s0]solse]| m |sopdsf ’
T T 1T 11 1T
m?z?arzz §A2137122 |
H54 0¥ 56 1 HHOX BB
RH (in penthouse) | [sla] 2 [ [«]] |
250 [obdse] 0 | 50| e |
1T T T 1T 1
850
SAZ213T11 SA213T22
P54 0x 40 =T $5I0X 45
RH(in furnace) [] 7 Jeo|[+]1] > [3]4fs] |
wo | so)se|so| 70 |wpdso ’
- 1

1: Outer surface appearance 2: Internal surface appearance  3: Tube dimension * Hardness 4: Metallography

5: Scale thickness, EPMA analysis, 6: RLA by microstructural comparison method 7: Creep rupture test

Fig I -11 Sampling portion for each inspection item
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7. Inspection results
(1) Tube appearance
a. Tube appearance from outside (Photo I -12)

» Hard oxide scale was adhering for each sample tube outer surface, with light brown color in
Platen-SH tube, red brown color in RH tube (penthouse) and dark brown color in RH tube
{furnace).

» Traces of corrosion were observed in each sample tube outside surface after acid cleaning.

b. Tube appearances of sample tubes from inside after removal of steam oxide scale (Photo I -13~18)
(Platen SH tube)

# Internal surface of both front and rear side were covered with gray and red color steam oxide
scale.

» Slight rough internal surface was observed after acid cleaning,

(RH tube {in penthouse, furnace) )

# Internal surface of both front and rear side were covered with gray color steam oxide scale

with scale exfoliation partially observed on rear side.

» Slightly rough internal surface was observed afier acid cleaning.

(2) Tube dimension measurement (Table I -32, Fig I -12)
a. OD measurement
OD of RH tubes in penthouse and furnace were measured to be less than designed values.
b. Thickness measurement

Thickness of RH tubes in penthouse was measured to be less than designed values.

Table I -32  Tube dimension measurement results

g e tub Specificati OD (mm) Thickness {mm)
t 3
ample tube pecification Dol ob m D ) o) @ © B 5
a 47.85 | 26.60 [ 10.50 10.70
b 47.90 | 26.60 10.65 10.65
Platen-SH $47.63x110.0 c 47.80 | 26.60 10.70 10.50
d 47.80 | 26.60 10.75 10,50
2 52.95 | 42.25 | 5.30 5.45
o b 52.85 | 42.25 525 5.35
RH(in penthouse) $54.0x15.6 = 3330 | 4215 330 TR0
d 52,95 [ 42.15 5.35 5.40
a 53.75 | 43.65 ] 5.10 5.05
. b 54.00 | 43.95 495 5.10
RH({in firnace) ®54.0x14.5 . 5200 | 43 95 290 530
d 53.75 | 43.65 4,95 5.15
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(3) Steam oxide scale adhesion on internal surface
a. Cross sectional observation of internal surface (Photo T -19)
{Platen SH tube)
» Steam oxide scale was adhering unevenly by cross sectional observation,
» Corrosion in metal surface was observed with rugged interface between steam oxide scale and
metal.
{RH tube in penthouse)
» Steam oxide scale was adhering evenly by cross sectional observation with dual layer
consisting of dense inner layer and slightly porous outer layer.
{RH tube in furnace)
» Steam oxide scale was adhering evenly by cross sectional observation with the thicker scale on
left and right side surfaces than the scale on front and rear side.
b. Thickness measurement of steam oxide scale on internal surface (Table 1 -33)
Average thickness of steam oxide scale was remarkably larger in RH tube (in penthouse) than in

Platen-SH tube and RH tube (in furnace).

Table I -33  Steam oxide scale thickness measurement results

Scale thickness ( zm)
Sample tube Position Average among Max.
among 90°
S0°range
range
Front Side 89.2 109.3
Right Side 853 102.4
Platen-SH
Rear Side 747 96.8
Left Side 82.8 125.0
Front Side 439.6 4757
RH Right Side 447.9 479.0
{in penthouse) Rear Side 381.4 4530
Left Side 458.0 476.0
Front Side 329 41,9
RH Right Side 68.9 96.8
(in furnace) Rear Side 65.4 90.3
Left Side 34.5 41.3
Front Skle
Right Side Left Side
Rear Side
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(5) Metallographic observation

Microstructure observation results at cross section of sample tube were shown in Photo I -20~

25.
(Platen-SH tube (SA 213 T11))

» Microstructural degradation with disintegration of pearlite structure and precipitation in ferrite

grain was not observed.
{RH tube in penthouse and furnace (SA 213 T11))

» Microstructural degradation with disintegration of pearlite structure was observed.

{6) Creep rupture test

a. Test condition

The creep test condition is shown in Table I -36. The shape of test specimens is shown in Fig, I

=26

3 specimens were cut out from each of base metal portion and weld portion in Platen-SH tube

and RH tube(in furnace) with a set of three test conditions for each portion.

As the shape of test specimens, ¢ 6mm round bar specimen was applied for Platen-SH tube and

arc shaped specimen with the weld reinforcement left for RH thin-walled tube (in furnace) .

Table 1-36 Creep test condition

Test condition Shape
Sanple tube | Portion | Material | Tem. Stress of
(°C) (MPa) | specimen
665 49.0
Base Metal[SA213T11] 665 63.7
700 38.3 @6mm
Platen-SH
aken 665 | 49.0 |round bar
Weld Metal|[SA213T11] 665 63.7
700 38.3
665 441
Base Metal [SA213T1]] 665 58.8
. 700 27.9 Arc
RH(in fi
(in furnace) 665 | 44.1 | shaped
Weld Metal]SAZ13T11 6635 58.8
700 27.9
¢ 6mn round bar Ark shaped
»,
is e 281 E‘-", v
— % N = (]
- - O 2
a3
& 30 o SIRL) 14 I
10
- o _— 23 ao 23

81

Fig I -26  Shape of creep rupture test specimens
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Creep rupture testing machine =

b. Test results

Test result is shown in Table I -37-1. All specimens had ruptured for each test condition.

Table I -37-1 Creep rupture test results (Platen-SH)

Test condition Rupture LMP* Fracture { Reduction
Component Material Temp. Stress time C=19.95 elongation of area
T(¢C) {MPa) t{h) ' (%) (%)
665 49.0 187.7 20,852 102 97
Base Metal |SA 213 T11 665 63.7 48.7 20,302 87 94
700 383 76.1 21,248 88 94
Platen-SH
6635 49.0 149.0 20,758 36 92
Weld Metal|SA 213 T11 665 63.7 39.0 20,212 44 92
700 38.3 43.5 21,012 35 95
* LMP=(273.15+T) (C+log t )
Table 1-37-2  Creep rupture test results (RH in furnace)

Test condition Rupture LMP#* Fracture | Reduction

Component Material Temp, Stress time C=17.52 elongation | of area **
T(C) {MPa) t (h) ) (%) (%)
665 44.1 457.0 18,933 53 57
Base Metal [SA 213 T11 665 58.8 136.2 18,448 62 63
700 279 3194 19,488 39 55

RH(in furnace)

665 44.1 3109 18,776 20 52
Weld Metal| SA 213 T11 0665 58.8 69.3 18,164 13 53
700 27.9 296.8 19,457 16 56

* LMP=(273.15+T) (CHlog t )

** Reduction of area for RH tube is regarded as reference, because the value was evaluated
by reduction of width of arc shaped specimen.
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¢. Residual life evaluation results

Residual life evaluation results of creep rupture test by parameter —method are

shown in Table I -38.

The stress condition for the evaluation was calculated as the hoop stress with

the measured OD, thickness of the test sample tube and the designed pressure.

As for the temperature condition for the evaluation, two conditions were used

for evaluation, those are the case of evaluation at the designed temperature

and the other one at equivalent temperature estimated by comparison with the average

creep rupture data of NIMS.
{Platen-SH tube)

The evaluated residual life (half of residuat life evaluated by creep rupture test) of Platen-SH
tube was 750,000 hours for base metal, 380,000 hours for weld joint portion at designed
temperature 540°Cof Platen-SH outlet header.

In case of evaluation at equivalent temperature 553°C, the evaluated residual life of

Platen-SH tube was 290,000 hours for base metal, 150,000 hours for weld joint portion.

{RH tube in furnace)

The evaluated residual life (half of residual life evaluated by creep rupture test) of RH tube
in furnace was 1,300,000 hours for base metal, 1,200,000 hours for weld joint portion at
designed temperature 540°C of RH outlet header.

In case of evaluation at equivalent temperature 551°C, the evaluated residual life of RH tube

in furnace was 670,000 hours for base metal, 610,000 hours for weld joint portion.

Each portion has enough evaluated residual life at present, with the min. evaluated residual

life of 150,000 hours for weld joint portion of Platen-SH tube,

antd

Table I -38  Residual life evaluation results of creep rupture test by parameter —method
Parameter method (evaluated at designed temp.}
Operation Hoop Stress Designed | Residual Creep life Evaluated
Coemponent Material hours temp. life consumption | residual life
(h) {MPa) {(C) {h) ratio (h)
Platen-SH Base Meial | SA 213 T11 | 172000 38.3 S400% D] 1,505,000 0.10 750,000
Weld Metal | SA213T11 | 172,000 38.3 54003 1) 770,000 0.18 380,000
RH(: Base Metal | SA 213 T11 | 172,000 27.9 s400n] 27830000 0.0 1,300,000
{in furnace) ~
Weld Metal | SA 213 T11 | 172,000 27.9 5400%2)| 25490000 0.0 1,200,000
Parameter method (evahated at equivalent temp. )
Operation Hoop Stress Equivalent | Residual Creep life Evaltuated
Component Material hours temperature life consumption | residual life
(h} (MPa) (°C) (b ratio (h)
Phaten-SH Base Metal | SA 213 T11 | 172,000 38.3 553 598,000 0.22 290,000
Weld Metal | SA 213 T | 172000 38.3 553(3%3) 309,000 0.36 150,000
. Base Metal | SA 213 T11 | 172000 279 551 1,347,000 0.1 670,000
RH(in furnace) ~
Weld Metal | SA 213 T11 | 172,000 2719 5510353 1,235,000 0.12 610,000
¥ 1; Designed temp. at Platen-SH Outlet Header
¥ 2 Designed temp. at RH Outlet Header
¥ 3, Equivalent femperature evaluated at base metal
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(7) Residual life assessment by microstructural comparison method
a. Platen-SH tube
(Microstructure observation)
The results of microstructure observation are shown in Photo I -26~30.
The summary of observation results is shown in Table I -39.
» Precipitates at gain boundary were observed in base metal, intercritical zone, fine grain HAZ
and weld metal.
(Grain boundary precipitates observation)
The results of grain boundary precipitates by SEM observation are shown in Photo [ -31~32.
» Precipitates at gain boundary were observed in base metal and fine grain HAZ.
{Precipitates distribution observation of extracted replica)
The results of precipitates distribution observation by TEM observation are shown in Photo [
-33~36.
The summary of observation results is shown in Table I -40.
¥ Fine needlelike precipitates had disappeared in base metal , fine grain HAZ, coarse grain HAZ
and weld metal.
» Rod-shaped precipitates and attenuated plate-shaped precipitates were observed in fine grain
HAZ.
b. RH tube (in penthouse)
{Microstructure observation)
The results of microstructure observation are shown in Photo I -37~41.
The summary of observation results is shown in Table I -39.
» Precipitates free zone along grain boundary was observed in base metal, intercritical zone and
fine grain HAZ.
» Granular precipitates in grain were observed in each region..
{Grain boundary precipitates observation)
The results of grain boundary precipitates by SEM observation are shown in Photo I -42~43.
» Precipitates at gain boundary were observed in base metal and fine grain HAZ.
{Precipitates distribution observation of extracted replica)
The results of precipitates distribution observation by TEM observation are shown in Photo I
-44~47,
The summary of observation results is shown in Table I -40.
> Precipitates free zone along grain boundary, rod-shaped precipitates and disintegration of
pearlite structure were observed in base metal.
» Fine needlelike precipitates had disappeared in fine grain HAZ, coarse grain HAZ and weld

metal.
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e. Quantitative evaluation of precipitates free band width along grain boundary
The results of quantitative evaluation of precipitates free band width along grain boundary are shown
in Table I -42.
» The quantitative evaluation was focused on base metal of SA 213 T22 for RH tube (in
penthouse).

> The precipitates free band width along grain boundary was 1.15 2 m.

f. Operational condition of residual life evaluation portion
Operational condition of evaluated components are shown in Table T -43.
The evaluation stress o was the hoop stress calculated with designed pressure, designed diameter
D and thickness t of each component.
c=P(D-t)/2t

where P :Designed pressure.

Table I -43  Operational condition of evaluated components

Operational condition
Component Material ODX] tm] Temperatur[e);:@led Pressure gl?:si
mm mm C MPa MPa
Platen-SH SA213T11| 485 9.0 540 17.5 383
RH{in penthouse) |SA213T22| 53.0 5.4 540 33 232
RH(in furnace) |SAZ213T11| 53.9 5.1 540 53 252

¥ 1 : Measured value
¥ 2 : Designed temperature at Qutlet Header
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g. Residual life evaluation results by microstructure comparison methoed

Evaluation figures of residual life assessment for each componenis by microstructural

comparison method are shown in Fig. [ -28~~30 and evaluation results are shown in Table

I1-44.
The highest creep life consumption ratio was evaluated at RH tube (in furnace)
with 51% and evaluated residual creep life (half of residual life evaluated
microstructure comparison method) was 82,000 hours.
Table I -44  Residual life evaluation results
Residual life evaluation results
Component Material Region Creep life Evaluated
consumption Residual life(Hr} resklual life
ratio{ %) (Hr)
Base Metal 1 ~ 2 8428000 ~ 17,028,000
Phten-SH SAZI3TII Fine gran HAZ ~ 2,695,000 ~ 5,561,000 1,300,000
Coarse grain HAZ 0 ~ 1 17,028,000 <
Base Metal 11 ~ 14 LO57.000 ~ 1,392,000
RH(in penthouse) | SA213T22 Fine grain HAZ 9 1,739,000 520,000
Coarse grain HAZ 4 ~ 6 2695000 ~ 4,128,000
Base Metal 1~ 8428000 ~ 17,028,000
RH(in furnace} | SA213T11 Fine grain HAZ 3 0~ 4 4,128000 ~ 5,561,000 82,000
Coarse grain HAZ 6 ~ 51 165,000 ~ 2,695,000
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Table I -39 Microstructure observation resuluts

“ OM (Optical microscope observation)
§ _E Microstruetural features
2 g Observed area Procio: — -
=9 R recipitates free| P ain . .
E E Precipitation at Zor}:e e recipitation in ferite gr: Pearlite Subgrain Ferritc atain
0 gain boundary ) g Granular Rod-.sll_aped structure | boundary &
grain boundary [ precipitates precipitates
Base metal Appeared Not appeared Appeared Not appeared Nommal
.§ = g Intercritical zone Appeared Appeared Not appeared Normal Normal
E o b g—u
2 o E ‘g E Fine grain HAZ Appeared Appeared Not appeared
z ™ 3
= <| o
3 [
[ LI5  |Coarse grain HAZ Not appeared Not appeared
Weld metal Appeared Appeared Appeared
ﬁ Base metal Appeared Appeared Appeared Not appeared | Disintegrated
[
o
'E 2 -2 |Intercritical zene Appeared Appeared Appeared
B «<|5
2 -
g % % E Fine grain HAZ Appeared Appeared Appeared
= 5|3
—_ 2|
QI -FE i3 |Coarse grain HAZ Not appeared Appeared
2 a
*E £ Weld metal Not appeared Appeared
0w
"
.g:'; = Base metal Appeared Not appeared Appeared Not appeared Normal
o [T
=Ry
g E g Interernitical zone Not appeared Appeared Mot appeared Normal Normal
o4 o
e i)
E® “E g Fine grain HAZ Appeared Appeared Not appeared
< L3
wnw | 2
< g 5 Coarse grain HAZ Not appeared Appeared
=3
= Weld metal Not appeared Appeared Appeared
=500 (2 views)
View nos. for each area
«1000 {4 views)
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Table 1-40 Precipitates distribution observation results

TEM (Transmission Eleciron Microscope observalion)

‘g £ Precipitates features
,: 2 YT - -
é g Observed atea | precipitates free : Precipitation in ferite grain Pearlite Aggromerate
& ~ zone along grain Fine Rod-shaped Atenuated structure | 4 PrEcipitates
boundary needlelike precipitates plalejsl.mapcd structure
and granular precipitates
Base metal Not appeared Disappeared |Nof appeared |Not appeared | Disintegrated
2 | =2
i - § " Fine grain HAZ Disappeared |Appeared Appeared Normal
om0
- g z
5 ;5 £ Coarse grain HAZ Disappeared [Not appeared |Not appeared Normal
A ~|S
Weld metal Disappeared
~ . Remarkably
B 1al Al ed Not ed e
. o ase meta ppeared Remaining Appear ot appear disintegrated
-l I
ﬁ ::! ;‘:; Fine grain HAZ Disappeared Not appeared
EL|E 3
2 g|E =
T 2|8  |Coarse grain HAZ Disappeared Disappeared
X g
2 = Weld metal Disappeared
5
g -
E = Base metal Appeared Remaining Not appeared |Not appeared Normal
—
Tz
§ 2 g Fine grain HAZ Remaining Not appeared |Not appearcd | Disintegrated
Euld 3
IR
3 § £ |Coarse grin HAZ Remaining Not appeared  |Appeared Disintegrated
[+ A
w® B
£ Weld metal Remaining

View nos. for each area

x2000 ( 2 views)

<1000 (4 views}
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