
ACOUSTIC DlISSION AS A VALVE STATUS MONITOR 

J.A. BARON*, B.E.  HARLING*", R.S. ALGERA* 

* Metal lurgical  Research Department 

** Centra l  Nuclear Services  

Ontario Hydro 

INTRODUCTION nay be 30 cm diameter and which represents  a f a r  d i f -  

f e ren t  s i t u a t i o n  from CANDU p l a n t s  where not  only  a r e  

I n  almost a l l  i n d u s t r i a l  p l a n t s ,  us ing pressure  ves- t h e  valves smal ler  (10 cm t y p i c a l l y )  but  p ressu res  and 

s e l s  and p ip ing ,  pressure  r e l i e f  valves a r e  used so temperctures a r e  l e s s .  

t h a t  t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  pressure  boundary 

m a y  be maintained through an over p ressu r i za t ion  i n c i -  A four  p a r t  experimental prograq was undertaken t o  

dent .  These valves may be s e l f  ac tua t ing  a t  a s e t  pres-  deternine  t h e  a p p l i c a b i l i t y  of t h e  AE techniques  t o  

su re  o r  they  may p e r f o m  a double duty and a c t  a s  a CANDU valves .  The phases were: 

c o n t r o l / r e l i e f  valve ,  t h a t  i s ,  through a sepa ra te  con- ( i )  I n  l abora to ry  t e s t s  t o  e s t a b l i s h  t h e  acous t i c  

t r o l  system. I n  both cases ,  it is advantageous from behaviour of valves a t  t h e  f requencies  o f  

t h e  s tandpoint  of p lant  operation t o  have knowledge of i n t e r e s t  ( t y p i c a l l y  10-400 kHz) . 
t h e  s t a t u s  o f  t h e  r e l i e f  valves i n  t h a t  t h e i r  open o r  ( i i )  Perform in-plant t e s t s ,  p r i n c i p a l l y  a t  Douglas 

c losed s t a t u s  may be e s s e n t i a l  i n  terms of normal oper- Point NGS and Bruce NGSA. 

a t  ion but c r i t i c a l  through abnormal condi t ions .  Tnis  ( i i i )  Es tab l i sh  t h e  minimum condi t ions  under which 

i s  e s p e c i a l l y  t r u e  f o r  nuclear  p lan t s .  t h e  monitoring systems would r e l i a b l y  i n d i c a t e  

valve  s t  a t u s .  

It has  been repor ted t h a t  one of t h e  con t r ibu t ing  (iv) Determine t h e  f e a s i b i l i t y  of us ing t h e  monitor- 

f a c t o r s  i n  t h e  now infamous Three Mile I s l and  inc iden t  i n g  systems as  a maintenance t o o l  t o  i d e n t i f y  

was a s tuck  open r e l i e f  v a l v e [ l ] .  Apparently, t h e  s o l e  i n t e r n a l  leakage espec ia l ly  i n  valves  on a 

ind ica t ion  o f  t h e  s t a t u s  of t h e  valve was t h e  output comon headers.  

t o  t h e  d r i v e  mechanism as  t h e r e  was no means o f  confi-m- 

ing t h a t  t h e  valve  had responded t o  t h e  "close" commend. 

THEORY OF OPERATION 

A s  t h e  valves  a r e  a mechanical system, var ious  com- 

ponents ( e g  s e a l s ,  s e a l  f aces ,  packing, e t c )  degrade 

with t ime and operat ion and rou t ine  maintenance i s  I n  i t s  s t r i c t e s t  sense ,  acoust ic  emission ( a l s o  

necessary.  This has t o  be performed during scheduled termed microseismic a c t i v i t y )  i s  a phenomenon asso- 

p l a n t  outages and some ind ica t ion  of valve performance, c i a t e d  with ma te r i a l  processes such a s  d i s l o c a t i o n  

p a r t i c u l a r l y  i n t e r n a l  valve leakage, i s  an invaluable  movement, twinning and crack propagation. Here t h e  

a i d  t o  normal maintenance and avoidance of very c o s t l y  i n t e r n a l  ma te r i a l  process generates t r a n s i e n t  s t r e s s  

uns cheduled downtime . waves which t r a v e l  through t h e  s t r u c t u r e  and which may 

be detected by sensors  a t  t h e  surface .  The sensors  

Acoustic emission (AE) monitoring i s  one means of used may be accelerometers o r  piezo e l e c t r i c  devices  

gaining an independent means o f  determining valve s t a t u s  not d i s s i m i l a r  from t h e  t ransducers  used i n  u l t r a s o n i c  

and a l s o  de tec t ing  and t r ack ing  i n t e r n a l  valve leakage. t e s t i n g .  Phenomena o the r  than ma te r i a l  behaviour a l s o  

generate  s t r e s s  waves which may be detected i n  a s i m i l a r  

The E l e c t r i c  Power Research I n s t i t u t e  (EPRI) has manner, including impacting, rubbing turbulence i n  f l u i d  

funded an exper inen ta l  prograD on AE monitoring[2] but  f low,  gas and l i q u i d  leaks .  I n  t h i s  ins t ance ,  t h e  

d i r e c t e d  only a5 BFTP. and PWR p l a n t s  where t h e  valves s t r e s s  waves caused by f l u i d  flow and l eaks  a r e  of 

prime i n t e r e s t .  
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I n  a va lve ,  m e ~ h a n , i ~ a l  resonances may develop due t o  ing of valves  f o r  open/close ind ica t ion  was very sketchy. 

f l u i d  flow, which tends t o  be a t  a r e l a t i v e l y  low f r e -  Although acous t i c  monitcring of valves have been success- 

quency but  i s  r ead i ly  detectable  by an accelerometer f u l l y  used i n  t h e  USA it was f e l t  necessary t o  demonst- 

w i t h p e a k s e n s i t i v i t y a t t h e  resonant f r e q u e n c y o f t h e  r a t e t h e  s u i t a b i l i t y o f a c o u s t i c n ? o n i t o r i n g i n C A N D U  

valve. This  s i t u a t i o n  can be ,  and has beenu21 exploi ted app l i ca t ions  and t o  c l a r i f y  t h e  following a reas  of con- 

i n  l a r g e  valves ,  but  perhaps a t  t h e  expense of sens i -  ce rn ,  not c l e a r l y  addressed i n  t h e  experience a t  USA 

t i v i t y  t o  l e a k  s igna l s .  nuclear  i n s t a l l a t i o n s .  

INSTRUMENTATION 

Throughout t h e  evaluat ion,  two ins t rumentat ion systems 

were used. One system was s i m i l a r  t o  successful  s y s t e m  

used on PWRs and BFTRs with 30 cm va lves ,  whereas t h e  

o t h e r  system was one t h a t  had been developed and proven 

f o r  de tec t ion  of leaking pressure  tubes [3 ]  and s e a l  

l e a k  problems a t  Pickering NGSUA", 

Accelerometer System 

This  system i s  t y p i c a l  of a PWR/BF!R system. The 

sensor  i s  a 1 7  kHz accelerometer which i s  connected t o  

a processor .  Where cable lengths  a r e  long,  a charge 

conver ter  may be used a t  t h e  accelerometer.  Valve 

s t a t u s  i s  deduced by t h e  m s  l e v e l  o f  t h e  s i g n a l  exceed- 

ing an experimentally determined th resho ld .  A delay i s  

a l s o  incorporated t o  exclude t r a n s i e n t  s igna l s  not due 

t o  valve operat ion.  

Acoustic Emission System 

The AE system u t i l i z e s  a p iezoe lec t r i c  sensor  with 

peak s e n s i t i v i t y  a t  150 kHz. Signals  from t h e  sensor 

a r e  ampli f ied by )40dI3 by a c lose  coupled preampli f ier  

and f u r t h e r  amplified a t  a remote loca t ion  by up t o  

6 0 d ~ .  The raw, but amplified, s i g n a l s  a r e  converted t o  

rms values  which a r e  displayed on an analog n e t e r  and 

a l s o  output i n  a form compatible with analog recording 

instruments such a s  cha r t  recorders .  

Of t h e  two systems, t h e  accelerometer based system 

had t h e  wider dynamic range but  t h e  AE system had t h e  

g r e a t e r  s e n s i t i v i t y .  

TESTING PROGRAM 

Cross-Talk Limita t ions:  The question of s i g n a l  cross-  

t a l k  c rea t ing  d i f f i c u l t i e s  on mul t ip le  valve app l i ca t ions  

needed t o  be quan t i f i ed .  F?hec valves share  comon p ip ing  

t h e  acous t i c  l e v e l  from one valve t r a v e l s  through t h e  

pipe work a2d w i l l  be detected by other  sensors  shar ing 

t h a t  p iping.  This  cross- ta lk  could make it d i f f i c u i t  

t o  determine t r u e  valve s t a t u s .  

The t e s t  app l i ca t ions  se lec ted  a t  Bruce NGSA and 

Douglas Point NGSA both provided severe cross- ta lk  

s i t u a t i o n s .  

Determination of Background Levels: The background l e v e l s  

on t h e  primary heat  t r anspor t  system in  a CAIJDU nuc lea r  

s t a t i o n s  needed t o  be defined. 

The t e s t  app l i ca t ions  were chosen t o  demonstrate t h e  

background l e v e l s .  The s h i f t s  i n  background amplitude 

with load s h i f t s  was a l s o  t o  be determined. 

Acoustic Monitoring a s  a Xaintenance Tool:  The ind i -  

ca t ions  were t h a t  acoust ic  monitoring techniques could 

be very b e n e f i c i a l  i n  detect ion of valve pass ing condi- 

t i o n s .  Would it be pcss ible  t o  non i to r  open/close in-  

d ica t ion  and valve passing with t h e  same sensor  and 

monitoring equipment? 

\ /orst  Case Limits:  To demonstrate t h e  a b i l i t y  of acous t i c  

monitoring t o  provide t h e  co r rec t  ind ica t ion  of valve  

s t a t u s  through a prolonged de te r io ra t ion  of process  

condi t ion;  t h e  scenar io  being t h a t  a r e l i e f  valve opens 

and remains s tuck  open. A s  t he  precess condi t ions  o f  

pressure  and temperature decay t h e  acoust ic  emission 

l e v e l s  w i l l  decl ine  accordingly. The worst case  condi- 

t i o n s  under which open c lose  ind ica to r s  would be r equ i red  

on t h e  Heat Transport system a r e :  

- Upstream Pressure  25p t o  700 kPa 

- Upstream Temperature 125 t o  260°c 

- Downstream Pressure:Atmospheric 

- Flu id  Conditions : Sa tu ra t ion  

The i n i t i a l  information ava i l ab le  on acoust ic  monitor- Tests  o f  both t h e  accelerometer based system and t h e  



higher  frequency acoust ic  emission system were performed 

a t  a n m b e r  of loca t ions ,  including t h e  l abora to ry .  The 

s i g n i f i c a n t  f indings  from t h e  t e s t s  a r e  i temized: 

( i )  Laboratory Test  

Tes t s  performed on a 15  ern g a t e  valve  and 10 cm globe 

valve i n  a co ld  water loop showed t h a t  rn~xirun s i g n a l  vas 

achieved a t  r e l a t i v e l y  small  opening, F i g ~ r e  1. Also, 

whereas an a t t enua to r  had t o  be used t o  maintain t h e  

acous t i c  e n i  ss ion s i g n a l  l e v e l  v i t h i n  range ( t o t a l  gain  

about 20dB compared t o  maximum c a p a b i l i t y  of  80*), t i e  

lower frequency a c c e l e r o ~ e t e r  system response was ,cniy 

about 25% of  i t s  maximum c a p a b i l i t y .  T h i s  comparison 

demonstrated t h e  super io r i ty  of t h e  acons t i c  emizsion 

system i n  terms o f  s e n s i t i v i t y .  

LL( - 
23 - 
22 - 
21 - 
20 - 
19 - 
18 - 
17 - 
16 - 

-4 15- 
$ 14- 

13- 

_1 12- 
2 11- 
2 10- * 9 -  

8 - 
t 

VALVE OPEN 
SIGNAL TO 

BACKGROUND R A T I O  8 : l  

T Y P I C A L  -- - --- - - - - - - - - _. - - _ - - -- - 
THRESHING SETT ING 

I 

I BACKG,ROUND LEVEL 
Oo 50 100 A 

PERCENT VALVE OPEN I 
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VALVE POSITION 

( i i )  Bruce NGS 

T'wo accelerometers were mounted on aa jacen t  con t ro l / r e -  

l i e f  valves  t o  determine cross- ta lk  between c lose ly  

coupled valves .  Cables from t h e  acceleroneters  t o  t h e  

out-containment ins t r anen ta t ion  were 50 n i n  l eng th .  

Figure 2 i l l u s t r a t e s  t h e  response a f t e r  i n s t a l l a t i o n  

of t h e  accelerometers but p r i o r  t o  any valve operat ion.  

It i s  though+ t h a t  t h e  ' sp ikes '  observed on CV22 were 

due t o  inproper  sea t ing  c f  t h e  valve. Figure 3 shows 

t h e  response a s  valve CTJ22 was l i f t e d ,  with t h e  corres-  

ponding cross- ta lk  detected on valve CV23. 
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TABLE 1 :  OBSERVATIONS AT PICKERING NGS 

WORST CASE SCEI\TARIO 

7 

The foregoing f i v e  experimental s i t u a t i o n s  c l e a r l y  de- 

monstrate t h e  a b i l i t y  of both t h e  accelerometer system 

and t h e  acous t i c  emission system t o  annunciate valve  

open/closed s t a t u s .  However, t h e  scenar io  was proposed 

i n  which, i n  t h e  event of a l o s s  c f  coolant i n c i d e n t ,  

s i g n i f i c a n t  t ime could e lapse  between t h e  incept ion of 

,the inc iden t  and observation of t h e  valve monitoring 

ics t rurnentat ion t o  t h e  extent  t h a t  an open valve would 

be pass ing s a t u r a t e d  s t eaq  t o  atmosphere a t  a pressure  

of 250 W a .  Could t h e  valve monitors g ive  a r e l i a b l e  

ind ica t ion  o f  s t a t u s  under these  minimum condi t ions?  

A t  Douglas Point NGS,  an a u x i l i a r y  e l e c t r i c a l  b o i l e r  

was p ressu r i zed  t o  500 kPa. With both an accelerometer 

and an AE sensor  a t tached t o  a manual 5 cm g a t e  valve ,  

pressure  was r e l eased  t o  atmosphere through t h e  valve .  

Valve 

1 

2 

3 
u 

Figure  5 i l l u s t r a t e s  t h e  response o f  t h e  acous t i c  

emission system, and Figure 6 t h e  accelerometer system. 

It i s  t o  be  noted t h a t  i n  t h e  t e s t  i l l u s t r a t e d  i n  Figure 

6 ,  a loop c o n t r o l  valve was locked open which had t h e  

a f f e c t  of inc reas ing  flow through t h e  ga te  valve .  I n  

both cases  t h e  m a n ~ a l  valve was c losed and reopened t o  

d e l i n e a t e  background l e v e l s .  

I n  both ceses ,  c l e a r  ind ica t ion  of valve  s t a t u s  was 

obta ined a t  t h e  t a r g e t  condi t ions ,  wi th  t h e  acous t i c  

emission system showing a l e v e l  of 7 t imes background 

and t h e  a c c e l e r ~ m e t e r  system about 6.5 t imes background. 

It was f e l t  t h a t  locking open of t h e  con t ro l  valve  en- 

hanced t h e  accelerometer system r e s u l t s  by a f a c t o r  ap- 

proaching 2 : 1. 
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CONCLUSIONS 

The experiments performed c l e a r l y  show t h a t  e i t h e r  t h e  

lower frequency acceierometer based, o r  t h e  higher  f r e -  

quency acous t i c  emission system, can r e l i a b l y  an~ iun ica te  

valve  open/closed s t z t u s ,  even i n  t h e  n u l t i v a l v e  l-~eaaer 

s i t u a t i o n .  

PHT a t  '(00 kPa 
High S e n s i t i v i t y  

Sensor 

130 

,200 

100 

> 200 

I n  t e r n s  of t h e  u l t i l i t y  of these  monitoring systems 

t o  de tec t  i n t e r n a l  valve  leakage, t h e  acous t i c  emission 

system demonstrated a super ior  performance on t h e  smal l  

valves t y p i c a l  o f  t h e  CMDU p l a n t s .  

PHT a t  700 kPa 
Low S e n s i t i v i t y  

Sensor 

35 

70 

3 5 
130 

Both systems were ab le  t o  pos i t ive ly  i n d i c a t e  valve  

s t a t u s  under t h e  llminimw. conditions1'  s cenar io ,  perhaps 

with marginally b e t t e r  performacce from t h e  acous t i c  

emission system. 

Althougn t h e  acous t i c  emission system w o ~ l d  seem t o  

out perform t h e  o the r  monitor, it has a s i g n i f i c a n t  

drawback i n  t h a t  it reqd i res  an e l ec t ron ic  p reampl i f i e r  

c lose  t o  t h e  sensor ,  and it i s  not poss ib le  ( t o  d a t e )  

t o  ob ta in  sensors  with nuclear  duty q u a l i f i c a t i o n .  1 t 

i n  poss ib le  t o  ob ta in  aceelerorneters with t h i s  exac t ing  

requirement,  although t h i s  advantage zay be n e g ~ t e d  t o  

some ex ten t  where a charge ~ o n v e r t e r  i s  r equ i red  t o  

d r ive  long cable  l eng ths .  
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FIGTLJRE 5:  AE MONITOR RESPONSE TO DISCHARGE O F  kTET STEN$ 
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