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Remaining Life Assessment of High Temperature Steam Piping
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Abstract

Recently, more researches have been actively performed for the assessment of material degradation
and residual-life of elevated temperature plant components, as some of domestic fossil power plants
become older than 30 years. In this paper, results of on-site residual life assessment are reported
for main steam pipes of Youngwol power station #2 which have operated since 1965. For critical
weld locations such as butt welds, branch welds, Y-sections and a T-section, replication technique
and hardness measurement technique were employed for life-assessment. When cracks were detected
by conventional NDT tests, crack growth life was calculated using a computer code. On the other
hand, for matrix of pipes, residual life was quantitatively estimated by an analytic method and
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material degradation was estimated qualitatively using diameter measurement data and grain-boundary
etching method. Also, directions on further improvement of on-site life assessment techniques are

proposed.
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Pipe Section 1
S/H Il 1o Boiler Y Piece
O/D-218mm X 19mm wall

t+—osisl OSTMA] Ultrasonic thickness
m/: US measurement
ipe Section 2
GA——e m‘;"l"mmm

O/D-283mm X 16.5mm wall

Pipe Section 3
Turbine loop pipework
O/D -204mm X 12mm wall

Fig. 1 Schematic arrangement and inspection locations of main steam line
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Ml Replica Locations
Fig. 2 Replication locations of Y-section and T-section
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Table 1. Inspection types at inspection locations(M=
magnetic particle inspection, U= ultrasonic
test, R=replication, H=hardness, D=dime-
nsional check, G=grain boundary etching

method)

Inspection Location Inspection Type
MSL/1 M
MSL/2 M
MSL/3 M
MSL/4 M
MSL/5 M
MSL/6 M
MSL/7 M
MSL/8 MURHG
MSL/9 MURH
MSL/10 MURH
MSL/11 MURH
MSL/12 M
MSL/14 MURHD
MSL/15 MUD
MSL/16 MD
MSL/17 MD
MSL/18 M
MSL/19 M
MSL/20 M
MSL/21 MD
MSL/22 MD
MSL/23 MD
MSL/24 M
MSL/25 M
MSL/26 MURHG
MSL/27 MURH
MSL/28 MURH
MSL/29 M
MSL/30 M
MSL/31 MURHG
MSL/32 MURH
MSL/33 MURH
MSL/34 MURH
MSL/35 MURH
MSL/36 MD
MSL/37 M
MSL/38 M
MSL/39 M
MSL/91 MURH
MSL/92 MURH
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A Clear

B Isolated cavitation
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E Macrocrack
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Fig. 3 Creep cavitation damage classification
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Fig. 4 Axial crack at butt weld in main steam line
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Fig. 6 Predictions of creep crack growth rate using
Riedel model and Saxena model
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CREEP DAMAGE CLASSIFICATION
POSITION RRPUCA | MARENT: | HAZ | WELD | HAZ | PARENT:
NMBER
Main Steam Butt Weld o n S

CREEP DAMAGE CLASSIFICATION
PORITION BEPLICA | PARRNT: HAZ | WELD| HMAZ | PARENT:
NUMBER | (Fpe) (Ybiocs)
Top. Mie A A Ern A A
Turbine Y Piece Outlet Butt L L. A O R N
U

Fig. 8 Results of replica assessment for a weld in Ysection
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Fig. 9 Results of wall thickness measurement of main steam pipe
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Fig. 10 Results of outside diameter measurement of main steam pipe
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Fig. 11 Pictures of replicas after grain boundary et-
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Description | Width | () Ni/No ()
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Y-Piece ! 45
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Y-Piece 114 65 0.77 63
T-Piece 0.8 20 0.32 10
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Table 3. Residual life assessment results using analytic method
Using design Values
_ , Outside Wall o o t Life
Pipe Section DI Thi (MM;H ) (Ml; ) ( ) Fraction
iameter ickness a a hours Consumed
FSOH to Boiler 218mm 19mm 56 70 382,000 047
Y Piece
Boiler Y Piece to 283mm | 165mm 838 10475 137,000 132
Tubine Y Piece
Turbine ¥ Piece to 204mm 12mm 83.4 1038 139,000 13
Turbine Terminal
Using design Values
, , Outside Wall t Life
Pipe Section ] Thick (I(\}/[MPDH) (N?ﬁ ) ( ) Fraction
Diameter hickness a a hours Consumed
FSOH to Boiler 218mm 18.9mm 56.6 71 369,000 0.49
Y Piece
Boiler Y Piece to 291mm 15.5mm 92 115 104,000 1.74
Tubine Y Piece
Turbine Y Piece to
Turbine Terminal 212mm 19mm 86.5 108 125,000 145
Note —0,=1.25X o,
=3, SHEe AS gyl $HRY PgelA 2 [3{G” FIAH

°l B¥ £HY 2Y % ZYZ 4] 2AFY
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