VHP turbine
Crack in admission pipe
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Introduction

GEC Alstom turbine

Supercritical, double reheat
VHP, combined HP/IPo, IP1/IP2 and two LP cylinders

Inlet pressure [bar]: VHP/HP/IPo - 285/74/19
Inlet temp [°C] : VHP/HP/IPo - 580/580/580

Live steam flow [kg/s]: 280

Dmlhlerﬂl‘mﬂ supercritical steam ;mm \ .
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Detection of crack
May 13t 2012 at 2000 o’clock
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Detection of crack, details

ACrMo weld fusion
boundary

2.25CrMo
transition piece
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Detection of crack, details

The design consists of a grade 91 steam
admission forging that is welded to the

P91

A W
ot

outer casing of the VHP turbine that is 2%:CriMo-steel ring

made of 2%4CriMo cast steel. Between . consumable

the grade 91 and the 2%4CriMo cast - 9CrMo oo oA

outer casing a transition piece is / - 2.25CrMo e
welded made of a 2%CriMo ring | I aksa]

(seamless pipe). The weld between 15.[ \l L, rag) |

transition piece and grade 91is made b e gt B -

with a 9CriMo welding consumable, e, /l 1 S

while the weld to the outer casing is
made with a type 2% CriMo weld

consumable. _] .

This arrangement is used because the |
9Cr transition weld requires stress relief

at 730°C, and the outer casing casting is

stress relieved at 700°C.

outer casing,2%Cr1Mo-cast steel

According to the OEM the design
temperature of the weakest transition _

weld (between transition piece and el N e PV
grade 91) is 450 °C at a design pressure ; 2280+ transiion piece \.

2.25Cr casing

of 86 barg | G
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Repair and analysis (RCA)
Repair
1. Repair in Berlin at the OEM factory |

2. Repair on site: OEM, Alfa Laval and |
Force

OEM recommend repair 1:1
(Dimensions and material)

Back in operation: September 4t" 2012
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Metallurgical (Destructive Examination)
- Fractography

Fractured during
breaking open

Saw cut

Analysis work, corporation
between OEM, Vattenfall and
DTU

/4

Uncracked

Transverse circumferential crack
~480 mm long, visible on the
outer surface.

The crack was continuous and
fairly open (1-2mm) at its widest

. Nordjylland 3 VHP Admission Pipe (TOP)
poin t. Transition Joint Ring Sample 480mm OD

410mmID

In-situ metallographic
examination indicated that the
crack was associated with the
9CrMo Weld Metal/2¥4CrMo
transition piece interface. The A T
visible crack tips appeared to \
terminate in the HAZ region of the o
transition piece, just below the [ —

Location near

9CrMo weld fusion boundary. == ANGY/

South Side




Repair and analysis (RCA)
Analysis

* The crack path observed in the sections was found to be predominantly in
the HAZ (type IV region) of the 2%4CrMo transition piece. However, the
crack path was observed to deviate between the Type IV region and the
CDZ along the length of the crack.

200 pm

* This observation of a duplex fracture location (type IV and CDZ) is
consistent with Alstom and ECCC laboratory uniaxial creep rupture tests
on 9CrMo/ 2¥%4CrMo cross weld samples tested at 565°C and 580C.
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Repair and analysis (RCA)
Analysis

The crack on sample V3012. The
9CrMo weld metal is to the left.

The fully decarburised zone is
visible in the enlarged section.

Blue and red arrows in the left
picture indicate locations of
fully decarburised zones. Red
arrows are suspected crack
initiation sites. Blue arrows in
the right picture indicate areas
with microcrack formation.
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Repair and analysis (RCA)
Analysis

2.25CrMo: Data used to assess temperature based on
steamside oxide thickness
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Measurements of the inner oxide 2.25CrMo transition piece ranged from 170-
190um. Based on this data the temperature is estimated to be 549-554°C. (+40C
and -35C with scatterband).
Since the data for NJV are in the middle of the data band, there is a better fit and
the assessment is more reliable.
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Creep is the main cause of cracking.

Cracks are initiated in the area 9Cr weld and 2.22Cr
transition piece.

The weld and weld materials are according to
specifications.

OEM concluded as follows:

The top VHP inlet steam leak is due to creep
cracking in the 2.25CrMo transition piece
HAZ/CDZ




Mechanical analysis (RCA)

Gland flow A 4.5 kg/s

Gland flow B 0.9 kg/s

Gland flow C 1.8 kg/s
Centre gland leakoff flow 3.6 kg/s
Interspace venting flow 0.9 kg/s

Connection to @
stage 13 exit j .
g Al

| pace ventm low

j‘ Inters I /{\

g | | - :I 0 ’I I. .-—.r ¢- )J,. .
St T u M
1 il }' e I T
B L | Il |
, o o : e
|l '” ” RN -entre gland ] -H‘L
b e e leakofr
CQ_*A.;(/,// o #
S NS\
J
—
L r:\
‘-EliD : . To HP/IP
rain connection
centre gland
‘0 VHP exhaust
< >
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Mechanical analysis (RCA

*  Temperature measurements

Level A
North
Temperature measurements MAAI0CT113 (Alstom)
Top admission pipe

West

. East
(Generator side) (Turbine front)
MAA10CT112 MAA10CT111
i
1 Level A
| Thermocouple at weld
i centerline
|
|
! \ Approximately 48mm to start of
Mo ‘ cHia cylindrical surface
I st ST
4 ! , Level B
[ Between A and C
i Level C
‘ i Level C
Near end of
// - } ) i 0 cylindrical surface
== 1 East
N ‘ (Turbine front)
/i N ! \ MAALOCT114
r — e _—
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Mechanical analysis (RCA)

Gland flow A 4.5 kgis
Gland flow B 0.9 k's
Gland flow © 1.8 kg's
7| Centre gland lsskoft flow 3.6 kgis

Connection o~
stage 13exit |

550
’ s Revisions
' 530 | | ——NJV3-MAA10CTO17BXJ01
——NJV3-MAA10CTO18AXJ01
510 || —NJV3-MAA10CTO19AXJO1 . [
——NJV3-MAA10CT020BXJ01
490 | ——NIV3-MAA10CT021AXJ01
470 i

N
w
o

Outer casing temperature (C)
&
o
1

»
iy
o

390

370

3% ——— . r
01-01-2006  01-01-2007 ~ 01-01-2008 ~ 01-01-2009  01-01-2010 ~ 01-01-2011  01-01-2012  01-01-2013
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Mechanical analysis (RCA)

K@LELUFT

MPS01

Level for MPSOLCP0O1

Level for MAWO06CP401

v
MAW06 P
CP402
MAWO0E
CP401A

Connectionto

Nominal flows at full load conditions

Gland flow A 4.5 kgls

Gland flow B 0.9 kgis

Gland flow C 1.8 kgls
Centre gland leakoff flow 3.6 kgls
!nterspau: cooling flow 0.9 kg/s

\Gentre gland
| leakoff

Inlet nosing
drain

]
Orifice plate -
bypass valve

Orifice plate 1
controls centre gland
leakoff flow

Orffice plate 2
controls flow te HP/IP
centre gland

— Orifice plates
F~~1{and2

|y ToHPIP

To VHP exhaust <€
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Mechanical analysis (RCA)

* OEM recommendation
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Mechanical analysis (RCA)

* Today, loss of performance

° As-is
* 100 % back pressure mode:
* Fuel 849,5 MJ/s
* Heat 435,5 MJ/s
* Power 333,2 MW

* Alstom rebuild (option 2)
* 100 % back pressure mode:
> Fuel 848,8 MJ/s
* Heat 435,8 MJ/s
* Power 338,6 MW
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Mechanical analysis (RCA)

* Today, surface temperature

VHP studs top overfladetemp, 2013 - 2015

560

550- l 1 L ]

B | |

530

520

Temp *C

510 = .|1

500

490

Dato

—NJV3-MAA10CT111AXJO1 ——NJV3-MAA10CT113AXJ01
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Mechanical analysis (RCA)

* Today, Lifetime calculation

NJVO3 - VHP turbine studse.
Forbrugt levetid N

100%
/ 13-05-2012; 100%
90% /
80% /
70% /
60% /
50%
/ / 01-02-2015; 44%

40% / //’r
30% / /
20%

/ l/ / 01-02-2015; 14%
10%

01-08-1998; 0%
11-09-2012; 0%
0% T I I I I | I I | I I I L ¢ I

Z Z 2 P 2 2 P/ 2 2 2 2 2 2 2 P/ 2 & P/
99 9 Oy O O “Og <00y <Oog g 02 O “Ony <0 Oz 0z, 0y “Ozp Oz jigal

Forbrugt levetid

—4— (fvre studs. —&#— Ny gvre studs. —d—Nedre studs
Udskifteti 2012
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Mechanical analysis (RCA)

* Today, Lifetime calculation

Lifstime calculstion on HJv3 WHE UTDINS NoZZIes Date 15-03-2101515:42
Rewv. A

|Conditicns

1a) Lifelime calculations untll 15-D5-2012, ks based on cyclic values every: 1 haurs

1bi) Lifetime calculations from 15-05-2012 to 01-03-2013, Is based on cycllc values every hour.

[2] NJV3 MAATDCTO11 are used 1o esliimate the weld iemperature before date 13.05.2012, se2 comelations with new weid \smperatures.

(3] Observed date 02.03.2012, the supports at the steam chest MAATDIAADD did not camy sufficlent load which correspond o 3 load 10% less than optimum. The bending momenis are caiculaied with Rohr2.
1) The mean creep rupiure strength values ans reguced with a reduciion facior to mest 100% consumed Ifetime at crack date 13.05.20412.

The slkze of the reduclion Tactor ks lower than the standands prescribe, which are expeciad, because only uniaxial siress state are used In this cakculation.

[5) The use of NJW3 MAATICTON toestimate the weld temperature In this period are unsure becawss of possinie leaks rom Inner housing nangs.

[5) The extenal farces are calculated In accordance 1o spng compression at MAA 10AADD2 supports reported by Alstom date 12.09.2008 and 30.09.2011. The tending moments are cacwated with Ronr2.
[7] Thie external farces are calculated with optimal alignment of supparts at MAATJAADD. Tha bending moments ars calculaied with Rohe2.

[Digplacemant factor to MJVE MAKIOCTO

Top 1.0207 Temperaturilllasg = 0 °C | parlodan 11-05-2012 11 01-02-2015
[Bottomi 1,000E
o
[Matertal data
Cellvery Mom EMiD222-2
(Steel nr. 1.73E3
|Steel name 11CrMoaid
lcreep strength factar 0.2 Ace. b0 EN134B05.3.2.1 1 = maan creep nupturz strengih
[Weld fasior 06551 10,5456
Reduction factor 4) 0,527
|actual ifstime consumed until crack
M.V3 opemation perod Top Nozzle 3) | Botiom Nozzie 6)| Top Mozzle Botiom Nozzle TopNozzZie | Dotom Naozzle | Top Nozzie | Eabom Nozzie
From To [« Jrp—— [ p—— Used every 200.000h | Used every 200000007 | LFetime wsad Lifetme used Lifatime used Lifetime used
date dats daye hours N/mim2 Mimm2 % % hours. hours % %
O1-D6-1538 H-12-2007 3433 82.535 36 11 6% T% ST.064 zZ2.411 2% 1%
01-01-2008 14-10-2011 1.382 33163 36 11 382% 134% 128573 3083 69% 23%
14-10-2011 13-05-2012 212 S.088 36 11 255% 59% 12559 5.035 5% 3%
Total untll crack 200.000 T8.3TE 100% 39%
Mew nozzie -2040.000 -100%
|actusl irstime consumed after crack
NIV3 WOrKing penod Top NoZZie 7]_|Bobom Nozzie &) Top NOZZIE BoGom MoZZR Top NOzie | Botom Nozzie | TOp NoZzie | Eabom Nozne
From To [ Jp— I paia, awmrral Used every 200.000h | Used every 2000000Nr | LFetime wsad Lifetme used Lifetime used Lifetime used
date datz days hours N/mm2 Mimma2 % % nours. hours k] %
11-08-2012 01-02-2015 B73 20.952 19 11 135% S51% 28.885 10,500 14% 5%

[Total IMatims consumed Wield temperaturs ac funobon of Metime

Period Top Nozle | Botiom Nozzie
O1-DE-1598 H-12-2007 29% 1% o
D1-01-2008 14-10-2011 65% 25%
14-10-2011 13052012 E% 3% = \ e W T, T il Seein =1, Wi
New nozzie -100% 0% =0 i I T
1108-2012 01-02-2013 14% 5% 540 H
Sum % A% - -\\.. — I 30 500 ol deaigr: vl

Remalning Metimia if operation ks 35 in

=2
o

Periad = ——
Di-DE-1538 31-12-2007 w0
01-01-2008 14-10-2011 o 100.000 200,000 300.000 400,000 500,000 500,000 TOO.O00
14-10-2011 13-05-2012 _—
11-05-2012 01022015
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Dimensions

A

A-A(1:3)

e |

bottom pipe (nozzle)

Nordjylland Sieave 1
T

T T 1 [] T ] 1?
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