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). Element of long term FAC management programme

) Operation experience feedback of FAC of CANDU Feeder pipes

Operation experience feedback of FAC of secondary loop pipes
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In
operation

Qinshan phase | PWR 310 CNNC SENDRI 1994-04-01
Gudong daya bay UNIT 1 1994-02-01
NPP UNIT 2 PWR 2X984 CGNPC Framatome 1994-05-06

: Unit 1 2002-04-15
Qinshan phase Il Unit 2 PWR 2X650 CNNC CNNC 2004-05-03
., Unit 1 2002-05-28
Ling’ao phase | Unit2 PWR 2X990 CGNPC Framatome 2003-01-08
i unit1 2002-12-31
Qinshan phase Il unit2 PHWR 2X700 CNNC AECL 2003-07-24
: Unit1 Russia 2007-05-17
Tianwan unit2 VVER1000 | 2X1060 | CNNC OKB 2007-08-16




e unit 3 2005-12-15
Guangdong ling‘'ao PWR | 2x 1080 CRP1000
NPP unit 4 2006-6-15
unit 3 2006-4-28
Qinshan Phase I PWR | 2x650 CNP600
unit 4 2007-1-28
unit 1 2007-8-18
Hongyanhe NPP PWR | 2x 1080 CRP1000
unit 2 2008-3-28
unit 1 2008-2-18
Lingde NPP PWR | 2x 1080 CRP1000
unit 2 2008-11-12
Fuqing NPP unit1 | PWR | 1080 2008-11-21 CRP1000
Yangjiang NPP unit1 | PWR | 1080 2008-12-16 CRP1000
Qinshan PHASE 1
ashan unit1 | PWR | 1080 2008-12-26 CRP1000




Hongyanhe NPP PWR 2x1080 CRP1000
SaMen NPP PWR 2x1250 AP1000
HaiYang NPP PWR 2x1250 AP1000
Lingde NPP PWR 2% 1080 CRP1000
(Faizj?:sar?a:l-x:jgclt) PWR 11080 CRP1001
Taishan NPP PWR 2X1700 EPR
Changjiang NPP PWR 4% 650 CNP600
Fangchenggang NPP PWR 61080 CPR1000
Shidaowan NPP HGTR 1X200




» Established in 1982

» A subsidiary of China National
Nuclear Corporation (CNNC)

> Employees: ~ 400




Nuclear NDE Services

Steam Generator Research, Design, Maintenance
and Aging Management Services

Simulator R & D, and Virtue Reality Technology
Application

Operational Experience, Evaluation and Technical
Support Services (like INPO in U.S)
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operation ,especially in early
operation NPP, such as Qinshan
I[,Qinshan II and Daya Bay NPP

2. Passive management way such as
regular 1nspection and assessment 1s
adopt by the NPP before Japan
Mihama Secondary condensate pipe
rupture in 2004.

3. Active and systematic management 1s
established under the framework of
long term FAC management
programme in china operation NPP.
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selection principle recommend by
202L-R3), foreign experience feedback and BRT-CICERO
Predictive software.

2. 10 system are selected as management emphasis:

Single-phase system: two phase system
NN NN
Condensate and feedwater High and low pressure extraction steam

Auxiliary feedwater lines

Mositure separator drains Flashing lines to the condenser
Heater drains (miscellaneous drains)
Steam generator blow-down Feedwater heater vents.
Reheater drains

Other drains.




safety of the station, and all of them are single phase flow over
normal temperature. ;

Class C: The pipelines are in normal temperature and their diameter
1s more than 25mm

Susceptive location

Elbows

Down stream of elbow

T-pipe ;

Reducer, pipe behind a valve ;

Down stream of orifice plate;

Pump outlet ;

some straight pipe (which is inspected in a certain cycle)
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outage ;

»Class B: choose about 5%--10% of pipe fittings during
every outage;

»Class C: choose not more than 5% of pipe fitting during

every outage




based on elastic mechanics
theory is widely adopt for
construction judgment by NPP
according to ASME CC-N597.

The further fitting-for-fitness
with limit load Evaluation
method based on elastic-plastic
theory are expected to adopt in
the future by NPP according to
ASME BS B31.1(Non safety) or
ASME NC(safety)

Tng.ST nom

0.8T nom >Tp T .<0.6T
>0.6T nom P .

l

Monitor




> LA

EEOQ | R | s | RN | Lmi AT

pipes is ASME SA_']OGB( 0.02~ |ng§_n SOMSEETSNT | BINHGEN | Ri-eee oREN | BRSERT
. 5 o WREER &
0'04Wt% Cr)WIth 30 years des'gn Ilfel 1 R N :.I q:.ﬂ i Wb s RE R ITHAE NSNS
i ' Sla[ee
the tolerance wear rate is : I A
I ;o etsRtess,
- | ' Glalglola/clolaleloololelale[oloD]

2. The inspection results of G-2 and : gﬁﬁﬁggfg% §§@§§ %%
Point Lepreau NPP in 1996 shows ! [alolelglo[clolplolalglelo[olelolo[olo[0[0®
the wear rate of 1st elbow of 2in . [QloIoIgoloIo/ol0ToloeI0T0TReToTaT00I0T0

| | SiEsstiatatatetatetestns
feeo_ler pipes r_eached 100 v m/EFPY, | [oIGootooTGIoTeIorTele ek
2.5 in feeder pipes reached 127 . BERRee e tetee0 el
! QIO |8 0 |G G Q[
u m/EFPY. | [Gisreieiotorotetereiaieivieeal
R

3. The inspection results of G-2 and : 010 Ity gg§§; gg‘% D e

Point Lepreau caused the attention of __EASSTARE ()

GRS s R - T ) !
b e

Qinshan lll NPP, a series of engineer
qualification test are implemented
before the construction of Qinshan
Il NPP




Low flow velocity loop test on H-5 reactor, testing the
influence of Fe concentration for wear rate.

High flow velocity loop test on U2 reactor, testing the
influence of Cr content for wear rate.

High flow velocity loop test on H-2 reactor, testing the
influence of Cr content for wear rate.

Engineer qualification test in Darlington NPP.
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Fig2 Testing results on U2 reactor
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Fig3 Testing results on H2 reactor




2. U2 test shows the wears rate of 0.24 wt % Cr 1s 68% of 0.013wt % Cr
during the period of 517~ 611 days. The trend of U2 test is similar with
H2 test.

The following material modification and water chemistry parameters optimum
1s proposed for Qinshan III for the purposed of 40 years design life after
the tests:

1. Cr content increase from 0.02~0.04wt% to 0.3~0.4wt%
(actual control in the range of 0.32wt% ~0.35wt%)
2. pHa decrease from 10.2~10.8 to 10.2~10.4

The inspection results of 3 outages of Qinshan III shows the
design modification for feeder pipes FAC control is successful,
no obvious wear rate are measured in 40 inspected pipes.




outage system number

R5 extractlori lsteam extraction steam L2 | Reheating Level 1 19
extraction steam

R6 12 1
extraction steam .

R7 L1-13 reheating levell 7
Steam extraction : .

RS reheating levell draining of MSR 19

L1-L3

R9 extractlolri 3S team extraction steam L1 | reheating levell 3
extraction steam :

R10 L1-13 reheating levell 5







design design
Pipeline temperature |pressure(at
system type material T a)
1 [extraction steam [j @ 323.9X 8 | St45.8111 236. 4 31. 05
2|extraction steam [I| @377 X 8 A3 214. 7 20. 33
3|extraction steaml[] © 529 X 10 A3 177. 2 9. 59
4|reheating levell | ¢ 273x7.1 st45.8111 236.4 30.05
5|draining of MSR | ¢ 355. 6 X8 | st45.81ll 174.53 9




B Material is carbon steel;

B Temperature more than 150°C and less than 250 C

H- thinned components are located in the flow change area
(Geometry)

B two- phase flow (a small number of wall thinning pipe fittings
are single phase flow, but so far their wall thinning are not

serious) ;




o« b 11 b 11

“selecting”, “ calculation” , “ inspection”, “ assessment ”,
was established in operation NPP.

replacement ”

2. For NPP under construction, Cr content of secondary loop pipes is
required to increase for FAC reason.

3. the most serious FAC occurred in two phase system, such as extraction
steam system, reheating system, etc according to the operation
experience of Qinshan | NPP.

4, FAC of big diameter (>50mm) pipes have been strictly controlled, but for
the small diameter pipes, especially <25mm pipes, it is very difficult for
inspection and accuracy prediction with software, the rupture of these
pipes occasionally occurred in operation NPP.




