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Major Research Fields

— Aging and Life Study of Plant Component

—— Equipment Manufacturing QC Surveillance

Main Research Fields Nuclear Safety Review and Surveillance

— Environment Impact Assessment

—— NPP Site Selection and Evaluation

Non-Destructive Evaluation(PSI/ISI)

— Plant I&C Engineering and Development

—  Plant Thermal Engineering and Chemistry

L Plant Welding and Maintenance
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Plant Ageing and Life Study

0 Metallic equipments, for example Q Aging mechanisms
O RPV

O SG
O Primary loop pump
O Pressurizer

® Thermal Aging Embrittlem
ent

Thermal Fatigue
Vibratory Fatigue

FAC (Flow Accelerated Co
0 Metallic pipes, for example rrosion)

O Primary loop pipe Irradiation Embrittlement

O Auxiliary pipe of Primary loop
pipe

O Main feedwater pipe

O Small bore line
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Piping Vibration Assessment Method and Engineering
Applications to Small Bore Piping in

Nuclear Power Plant
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Project Background

O Vibratory Fatigue Phenomena

O 1991, leak from two small branch tube socket w
elds in unit 2 of Safety Injection system in Bellevill
e Nuclear Power Plant, which leads to concern of s
mall bore pipe vibratory fatigue.

Small bore pipe vibratory fatigue cracks also found
in other NPPs in the world.

Since 1993, more than 11 vibratory fatigue cracks
were found in Daya Bay and LingAo Nuclear Powe
r Plants.
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Project Background

[ Period safety review requirement

OIn the first 10 years safety review of Daya Bay Nuclea
r Power Plant, vibration assessment for small bore pip
es was required as one of the ‘special project’.

02004, vibration assessment for NI small bore pipes w
as performed.

02005, SNPI began the vibration assessment for CI sm
all bore pipes of Daya Bay, unit 1. (Finished)

02006~2007, vibration assessment for CI small bore pi
pes of Daya Bay, unit 2 were finished.
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Cause of small bore pipe vibratory fatigue

d Failure mode---- Low stress , high cycle fatigue.

d Excitation mode----
OPressure pulsation, cavitation, flashing caused by pu
mp ;
OSocket welds----the geometry size, discontinuity , and
residual stress;
ODesign error---Inappropriate supports lead to resonan
t of piping system;
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Assessment criterion

[ Vibration monitoring and assessment criterion :
e ASME OM-S/G part3-2000
» VMG3: Evaluated by visual inspection

»VMG2: Evaluated by peak velocity and displac
ement

» VMG1: Evaluated by vibratory stress
e EDF method (Sébastien Caillaud, Didier Briand,
2003)

> Effective velocity assessment method
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Peak Velocity criterion

[ Peak velocity (Vp) assessment method — ASME OM part
3

[ Screening value: Vps=12.7mm/s

d If Vt>12.7mm/s, the allowable peak velocity Vpa shou
|d be calculated using the above equation.

QA If Vit>Vpa, the vibration stress should be tested and c

ompared with the allowable stress.
A Monitoring program or modification measures been pe
rformed.
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Effective velocity criterion

[ Effective velocity (Ve) assessment method — EDF

= G.¢, X A x0.8S ,(mm/s)
COC3 C2K2

[ Screening value: Ves=12mm/s

Q If Vi>12mm/s, the allowable effective velocity Vea shou
|d be calculated using the above equation.

O If Vt>Vea, the vibration stress should be tested and co
mpared with the allowable stress.

A Monitoring programme or modification measures been p
erformed.
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Application of velocity assessment method

Assessment programme:
—ASME OM Part 3
Assessment criteria:
— Effective velocity criteria
Target:
— Daya Bay Nuclear Power
Plant, CI of unit 1
Condition:
— Performed during the

operating time.

Material:
— Carbon steel; Stainless steel

SNPI — Suzhou Nuclear Power Research Institute

Functional analysis

Performing important NO
function?

YES

Visual inspection

No concern

Velocity measurment

Effective
velocity>=12mm/s ?

YES

Effective velocity>=Allowable
effective velocity?

YES
Dynamic stress analysis or Establishing

corresponding monitoring or amending
measures

uJ
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Application of velocity assessment method

[ Vibration testing system:

OWavebook 512 data acquisition system

OB&W accelerators

OTS7350 filter (Yangzhou Taisi) !

OLow noise cable acquisition

OPCB charge amplifier

OAnalysis software : DasylLab5.6

S
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Application of velocity assessment method

H#H RXS
BE PCB422E02

i PERNAN

SNPI — Suzhou Nuclear Power Research Institute (H/J

SNPI




Signal Processing Module

Accel O
!
~ Feadodo Low Fas= High pas=
B o I 2 0—I 20
* = | i | i
=

sa] Craka 'wWindodd FETO1 W S pectrum T — e — s

CCe 3 F I7 T I

T~ 1l o Evifiia | RS ”*-'“Eigm

E | b‘ ! - I L s i i ry
1224 FFT Il D A

__ Ditferention Statiztic=01 Formulai FiMS Welocity

I 1 o O b T ey =il 4 rari

1w 1, Ro—1 Z¥ag—1a

Statistic=0z

Formulaii WA Yelosiil

Ty 8

\{t\. — T Y E*’fi@|

o g ririae

Formulal

.-\\]_4.

L

_ Melocity

i PRI -

2 [ =) I

956
[ | himin:s

a0 H

045 H

040
35 H
50 H
025 [
JE0H
15 H
MO

Qs
oo s

[BE15

|

1556 35

155655

| hormif:s

1557 (I | 95 75 125 200 275 350 425

|— ¥ Chart 0 Hz




Evaluation results

Table 1-Assessment procedure-for-2100-small-bore pipes

Project name- Pipe nmnbers«

Total mumber of small bore pipes< 2100+

Concemned pipes-by functional analysise 026+

Pipes needing vibration measurement- 326+

67«

Pipes having effectrre velocity over allowable values B«
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Evaluation results

Table-2--8§-small-bore pipes-having effective-velocities-over-allowable -values-

Fr FHE

Number Of Piping+ Functional role+~ Fms {ruan/s)+ Tl

( man/s)e

PIPEDLe DRAIN-TO-LIQUID-WASTE-COLLECTION-SYSTEMe 50.37% @

PIPENZ DEAIMN-TO-LIQUID-WASTE-COLLECTION--5Y S TEW 3g. 11«

PIPEN3+ DEAIN-TO-LIQUID-WASTE-COLLECTION-5Y S TEW 3546+

PIFED4+ DEAIN-TO-LIQUID-WASTE-COLLECTION-5Y 5 TEN 16.8+¢

PIFENS+ MAIN-GTEAM. - TO-FEED-WATER -PUNP-TURBIME+~ 23771+

PIFEN&+ DEAIN-TO-TURBIME-BYPALZS -5V TEN-© 18.74¢

PIPEO? DEAIN-TO-TURBIMNE-BYPARS-5YSTEN 14.85¢

PIPENZ+ Sl TE-DISPLAY-AND-MAIN-CONTEOL-FEECORD 23,28+

259% pipes have allowable effective velocities lower than the scree
ning value (12mm/s)
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Conclusion

O Peak velocity criterion is more conservative than effectiv
e velocity criterion ;

A Considering the numerical integral error and stead state
vibration condition, effective velocity is more representat
ive than peak velocity for stead state vibration ;

[ Effective velocity criterion is not conservative for all
pipes. Important pipes with high level ’
vibration may be missed during the
screening process.

t_‘ .\ &
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Future Work

O Dynamic stress measurement and assessment;

A Piping vibration mitigation measures research and practi
ce;

A Coupled multi-physics analysis considering FSI and ther
mal stress;

A Technical supports on establishing piping vibration asses
sment standard for Chinese Nuclear Power Plants;
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