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I n  1981,  O n t a r i o  Hydro r eques t ed  development of  a  
l e a k  l o c a t i n g  t e chn ique  capab l e  of  l o c a t i n g  a  
0 . 5  kg.h'l heavy wa t e r  l e ak  w i t h i n  72 h  of 
a c c e s s  t o  t h e  s t e am g e n e r a t o r  head.  A g a s  t r a c e r  
t e c h n i q u e  h a s  been  developed t o  t h e  p o i n t  where i t  
c a n  now be  u sed  i n  t h e  s t a t i o n  t o  l o c a t e  such  l e a k s .  
The t e c h n i q u e  c o n s i s t s  of p r e s s u r i z i n g  t h e  s h e l l  s i d e  
t o  450 kPa w i t h  a  s u l p h u r  h e x a f l u o r i d e  (SF6) a i r  
m ix tu r e  and sampl ing  on t h e  t ube  s i d e .  

To speed  up t h e  s e a r c h ,  a  mul t i - tube  sampler  is  used 
t o  s i m u l t a n e o u s l y  s n i f f  a  number of  t ubes .  The 
t e c h n i q u e  a s  proposed r e q u i r e s  a  man t o  e n t e r  t h e  
s t e am g e n e r a t o r  head ,  bu t  can  be adap t ed  f o r  u se  from 
o u t s i d e  t h e  s t e a m  g e n e r a t o r  head.  The development 
equipment and p rocedu re s  r e q u i r e d  t o  comple te  a  
s e a r c h  a r e  d e s c r i b e d .  

INTRODUCTION 

I n  1981,  O n t a r i o  Hydro asked  AECL (Chalk R i v e r )  t o  
i n v e s t i g a t e  t e chn iques  f o r  l o c a t i n g  s m a l l  heavy wa t e r  
l e a k s  of 0 . 5  kg.h". At t h e  t ime,  l e a k s  i n  t h e  
Bruce  NGS-A s team g e n e r a t o r s  of l e s s  t h a n  
1 0 k g ~ ~ O h - l  had e x i s t e d  f o r  some t ime,  
r e s u l t i n g  i n  l o s s e s  ove r  9  MS. The e x i s t i n g  f l u o r e -  
s c e i n  l e a k  l o c a t i n g  technique*  was t o o  i n s e n s i t i v e  
f o r  t h i s  a p p l i c a t i o n .  An e x t e n s i v e  l i t e r a t u r e  s e a r c h  
r e v e a l e d  two p o s s i b i l i t i e s  f o r  b e t t e r  l e a k  l o c a t i n g  
( 1 ,  2 ,  3 ) .  A f e a s i b i l i t y  s t udy  i d e n t i f i e d  t h e  ga s  
t r a c e r  t e c h n i q u e  f o r  f u r t h e r  development ( 4 ,  5 ) .  

Development was d i v i d e d  i n t o  a  number of  phases :  

i )  c o r r e l a t i o n  of wa t e r  l e a k  r a t e  a t  o p e r a t i n g  
c o n d i t i o n s  t o  t r a c e r  l e a k  r a t e  a t  t e s t  
c o n d i t i o n s ,  

i i )  development of t h e  t r a c e r  ga s  l e a k  l o c a t i n g  
t e c h n i q u e ,  and 

i L i )  s p e c i f i c a t i o n  and supply of l e a k  l o c a t i n g  
equipment .  

Most of  t h e  program was suppo r t ed  by O n t a r i o  Hydro, 
C e n t r a l  Nuc l ea r  S e r v i c e s  ( t h e  l e a k  r a t e  c o r r e l a t i o n  
work was funded by AECL). 

* To l o c a t e  a  s t e am g e n e r a t o r  l e ak  u s i n g  f l u o r e s c e i n ,  
t h e  s h e l l  s i d e  i s  f i l l e d  w i t h  f l u o r e s c e i n  s o l u t i o n  
and p r e s s u r i z e d .  The t u b e  ends i n s i d e  t h e  s team 
g e n e r a t o r  head  a r e  t h e n  monitored w i t h  a  "b l ack  
l i g h t "  f o r  f l u o r e s c e n c e  of t h e  f l u o r e s c e i n  dye 
(maximum s e n s i t i v i t y  of 1 0  kg.h-1). 

A number of t h e o r e t i c a l  r e l a t i o n s h i p s  e x i s t  f o r  
c a l c u l a t i n g  ga s  and wa t e r  f low r a t e s  t h rough  s m a l l  
l e a k  pa th s .  However, because of  b a s i c  a s sumpt ions ,  
t h e s e  r e l a t i o n s h i p s  a r e  d i f f i c u l t  t o  v e r i f y  and do 
n o t  a ccoun t  f o r  t h e  phase  change t h a t  o c c u r s  when 
w a t e r  l e a k s  from t h e  primary h e a t  t r a n s p o r t  sys tem.  
Theref  o r e ,  a n  expe r imen t a l  program was s t a r t e d  t o  
deve lop  an  e q i r  i c a l  c o r r e l a t i o n  between w a t e r  l e a k  
r a t e  a t  s t e am g e n e r a t o r  o p e r a t i n g  c o n d i t i o n s  and 
d e t e c t a b i l i t y  a t  t e s t  c o n d i t i o n s  by v a r i o u s  
t e chn iques ,  such  a s  g a s  t r a c e r ,  a c o u s t i c  emi s s ion ,  
and f l u o r e s c e i n  ( 5 ,  6 ) .  

A r t i f i c i a l  d e f e c t s  were c r e a t e d  i n  s team g e n e r a t o r  
t u b i n g  by d i f f e r e n t  methods l i s t e d  i n  T a b l e  1. An 
annu lu s  was t hen  welded around each  specimen a s  shown 
i n  F i g u r e  1 t o  c o l l e c t  leakage .  

For  e ach  specimen, t h e  he l ium l e a k  r a t e  was measured 
b e f o r e  and a f t e r  mea,suring t h e  w a t e r  l e a k  r a t e .  The 
he l ium l e a k  r a t e s  were measured u s i n g  t h e  w a t e r  d i s -  
placement t e chn ique .  Water l e a k  r a t e  was de t e rmined  
by c o l l e c t i n g  t h e  l e akage  and measuring t h e  volume o r  
we igh t .  The r e s u l t s  of  t h e s e  t e s t s  a r e  shown i n  
F i g u r e  2 .  Fo r  t h e  t a r g e t  w a t e r  l e a k  r a t e  o f  
0.5 kg.h-' t h e  e q u i v a l e n t  he l ium l e a k  r a t e  i s  
0.09 Pa I O ~ ' S - ~ .  

Two t e s t s  were done t o  e s t a b l i s h  t h e  l e a k  t e s t  
c o n d i t i o n s  r e q u i r e d  t o  c l e a r  t h e  l e a k  p a t h s  of w a t e r  
due  t o  c l ogg ing  by s u r f a c e  t e n s i o n .  At a  p r e s s u r e  of  
0.45 MPa a l l  l e a k s  t h a t  c a n  be c l e a r e d ,  unclogged 
w i t h i n  a  few hou r s .  The re fo r e ,  a  t e s t  p r e s s u r e  of  
0.45 MPa shou ld  be s u i t a b l e .  

GAS TRACER SELECTION 

A l e a k  s e a r c h  i s  conducted by p u t t i n g  t h e  t r a c e r  g a s  
( such  a s  he l ium)  under  p r e s s u r e  on one s i d e  of t h e  
l e a k i n g  boundary and s cann ing  t h e  low p r e s s u r e  s i d e  
w i t h  a  d e t e c t o r .  Because t h e  t r a c e r  must e a s i l y  p a s s  
through t h e  boundary, monatomic g a s s e s  such  a s  he l ium 
o r  a rgon a r e  f r e q u e n t l y  used.  They r e a d i l y  d i f f u s e  
through s m a l l  h o l e s  by molecular  f low f o r  l e a k  r a t e s  
l e s s  t h a n  10'' Pa m3 s - I  . However, i n  t h e  
Bruce s team e n e r a t o r ,  t h e  expec ted  helium l e a k  r a t e  9 i s  0.09 Pa m s'l ( co r r e spond ing  t o  a  0 . 5  kg.h-l 
heavy wate r  l e a k ) .  These helium l e a k  r a t e s  a r e  d e f i n -  
i t e l y  not  molecular ;  t h e r e f o r e ,  o t h e r  t r a c e r  g a s s e s ,  
such a s  ammonia, a rgon,  carbon d i o x i d e  and  s u l f u r  
h e x a f l u o r i d e  can  be cons ide r ed .  To be s u i t a b l e ,  a  
gas must be: 

- non-corros ive ,  
- p r e f e r a b l y  h e a v i e r  t han  a i r ,  
- d e t e c t a b l e  above a tmospher ic  background, 
- d e t e c t a b l e  w i t h  p o r t a b l e  d e t e c t o r s ,  and 
- non- toxic  when used a t  low c o n c e n t r a t i o n s .  
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TABLE 1 : SPECIMEN MANUFACTURING HISTORY 

SPECIMEN NAME TUBE DATA MFT XETHOD COh@BNTS 

DH4, DH5 & DH7 304 SS L a s e r  and T w i s t  d r i l l  W80, i . e ,  grill 
12.7x1.2 mm t w i s t  d r i l l  E o l e  o r  L a s e r  d r i l l e d  h o l e s  

a p p r o x i m a t e l y  (0 .08)  mm. 

P 1  6 P2 304 SS Welding 7 m P o r o u s  s t a i n l e s s  s t e e l  
12 .7x1 .2  mm f i l t e r  12 .7  mm OD x 1 .2  mm 

w a l l  welded t o  t u b i n g .  

SCC3, SCC4, 304 SS - S t r e s s  S t a i n l e s s  s t e e l  t u b i n g  was 
SCC6, SCC7 12.7x1.2 mm C o r r o s i o n  r o l l e d  i n t o  a  s p l i t  b locked  
C Scc8 Crack ing  t o  p r o d u c e  h i g h  t e n s i l e  r e s i d -  

u a l  s t r e s s e s .  The t u b i n g  was 
n e x t  p l a c e d  i n  a  46% s o l u t i o n  
of b o i l i n g  M a  C12 f o r  17 h.  

P r e s s u r e  A s t r e s s  r i s e r  was p l a c e d  
c y c l i n g  e i t h e r  on  t h e  o u t s i d e  o r  i n s i d e  

t u b e  w a l l  u s i n g  EDM t e c h n i q u e s .  
The t u b e  was t h e n  P r e s s u r e  
Cyc led  (0-28 ) P a ) .  Average - 
number o f  c y c l e s  t o  f a i l u r e  
40 OOE40 000.  

R o t a r y  - A c i r c u m f e r e n t i a l  s t r e s s  r i s e r  
c y c l i n g  was s c r a t c h e d  o n  t h e  t u b e .  A 

l o a d  o f  28 N.m was p l a c e d  on  
t h e  t u b e  a n d  t h e n  r o t a t e d  a t  a  
f r e q u e n c y  o f  29  Hz. 

F r e t t i n g  - Attempts  t o  p roduce  a f r e t t e d  
f a t i g u e  c r a c k  ended up b e i n g  a f a t i g u e  
w e l d i n g  c r a c k .  

ANNULUS TUBE 

SWAGELOK CONNECTOR 

FIG. 1 TYPICAL LEAK SPECIHEN 
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Argon was e l i m i n a t e d  because  of t h e  h i g h  background 
o f  a rgon  i n  a i r .  Carbon d i o x i d e  and  ammonia were 
e l i m i n a t e d  because  of  t h e i r  c o r r o s i v e n e s s  t o  c a rbon  
s t e e l  and  copper  a l l o y s .  Helium w i l l  q u i c k l y  d i f f u s e  
through t h e  secondary  s i d e ,  r e q u i r i n g  a l a r g e  amount 
of  he l ium o r  i n s t a l l a t i o n  of a diaphragm above t h e  
t u b e  bundle.  T h i s  l e a v e s  s u l p h u r  hexaf  l u o r i d e  (SF6) 
a s  t h e  most promis ing  t r a c e r  ga s .  

S u l f u r  h e x a f l u o r i d e  i s  h e a v i e r  t han  a i r  and i s  e a s i l y  
d e t e c t e d  a t  ve ry  small c o n c e n t r a t i o n s .  The major 
drawback i s  i t s  chemica l  composi t ion ,  s u l f u r  and  
F l u o r i n e .  F o r t u n a t e l y ,  t h e  SF6 molecule  i s  very  
a t a b l e  making i t  a c c e p t a b l e  f o r  u s e  a s  a t r a c e r  ( 7 ,  
8 ) .  A s imp le  t e s t  w i t h  two s t a i n l e s s  s t e e l  c a n i s t e r s  
c o n t a i n i n g  s i m u l a t e d  s l u d g e  and  SF6 was c a r r i e d  o u t  
t o  v e r i f y  t h i s  conc lu s ion  (8) .  

I n  Bruce A f o u r  s team g e n e r a t o r s  s h a r e  a common s t eam 
drum. Consequent ly ,  i t  is impor t an t  t h a t  t h e  t r a c e r  
g a s  remain  i n  t h e  s team g e n e r a t o r  w i t h o u t  d i f f u s i n g  
i n t o  t h e  remainder  of t h e  s h e l l  s i d e .  Va r ious  candi -  
d a t e  t r a c e r  g a s s e s  were compared by s t r a t i f i c a t i o n  
t e s t s  i n  a t e s t  r i g  t h a t  modeled a Bruce-A s team 
g e n e r a t o r  and  s team drum assembly ( F i g u r e  3 ) .  The 
r e s u l t s  conf i rmed t h e  s u i t a b i l i t y  of  SF6 and  demon- 

s t r a t e d  a method f o r  mixing SF6 w i t h  compressed a i r  
w h i l e  i n j e c t i n g  t h e  mix tu r e  i n t o  t h e  s team g e n e r a t o r .  

The ga s /wa t e r  c o r r e l a t i o n  was developed  u s i n g  pu re  
he l ium.  Because t h e  l e a k  r a t e  of gas  v a r i e s  i nve r se -  
l y  w i t h  v i s c o s i t y  and a i r  ha s  a s i m i l a r  v i s c o s i t y  t o  
he l i um,  t h e  l e a k  r a t e  of  5% SF6 i n  a i r  m ix tu r e  
s h o u l d  be c l o s e  t o  t h a t  of pu re  he l ium.  T h i s  was 
v e r i f i e d  u s i n g  a meter ing  v a l v e  t o  s i m u l a t e  a l e a k .  
T h e r e f o r e ,  t h e  t r a c e r  f low r a t e  of 0.09 Pa m3 s - l  
c a n  be used .  

TRACER 
INKCTION 
POINT 

FIG. 3 GAS STRATIFICATION TEST RIG 

LEAK SEARCH TECHNIQUE AND RECOMMENDED TEST CONDITIONS 

A l e a k  s e a r c h  is conducted by p l a c i n g  t h e  ga s  t r a c e r  
a t  a  h i g h e r  p r e s s u r e  on one s i d e  of t h e  l e a k i n g  
boundary and s cann ing  t h e  lower p r e s s u r e  s i d e  w i t h  a 
d e t e c t o r .  T h i s  a p p l i e s  e q u a l l y  t o  a s team g e n e r a t o r ,  
even  though i t  is  much l a r g e r  t han  a c o n v e n t i o n a l  
h e a t  exchanger ( a  s team g e n e r a t o r  has  4200 t u b e s ) .  
Because of t h e  c o s t  of  "down-time", t h e  l e a k  s e a r c h  
must be q u i c k  and r e l i a b l e .  

S h e l l  S i d e  Cond i t i ons  

It i s  p r e f e r a b r e  t o  p r e s s u r i z e  t h e  t u b e  s i d e  a s  t h i s  
is t h e  normal o p e r a t i n g  c o n d i t i o n ,  bu t  s cann ing  t h e  
t u b e s  would be imposs ib l e .  T h i s  problem was avoided  
by deve lop ing  t h e  ga s  water  l e ak  r a t e  c o r r e l a t i o n  f o r  
s h e l l  s i d e  p r e s s u r i z a t i o n .  The s h e l l  s i d e  should  be 
p r e s s u r i z e d  t o  0 .45  )Pa wi th  t h e  t r a c e r  m ix tu r e  t o  
en su re  t h e  l e a k s  a r e  c l e a r e d  of wa t e r .  



T e s t i n g  and a n a l y s i s  (7 )  have i n d i c a t e d  t h a t  a  
5% SF6 c o n c e n t r a t i o n  i n  a i r  w i l l  i v e  s u f f i c i e n t  
s e n s i t i v i t y  t o  l o c a t e  a  0 . 5  kg.h-? l e a k ;  t he r e -  
f o r e ,  t h i s  c o n c e n t r a t i o n  of t r a c e r  i s  recommended. 
Because o f  t h e  low d i f f u s i v i t y  of SF6 i n  a i r ,  i t  is  
nece s sa ry  t o  mix t h e  t r a c e r  and a i r  w h i l e  i n j e c t i n g  
t h e  t r a c e r .  Th i s  c an  be accompl ished  u s i n g  two flow 
me te r s .  

P u r e e  of Primary S i d e  

As t h e  s h e l l  s i d e  is charged w i t h  t h e  t r a c e r  g a s l a i r  
m ix tu r e ,  t h e  mix tu r e  beg in s  t o  pa s s  through t h e  
l e a k ( s ) .  A slow s t e a d y  purge w i l l :  

i )  minimize c ross-contaminat ion  w i t h  non-leaking 
t ubes ,  and 

i i )  p rov ide  d r i v i n g  p r e s s u r e  f o r  mu l t i - t ube  sampl ing .  

Compressed a i r  is t h e  most e f f e c t i v e  means of provid-  
i n g  t h e  a i r  purge  a s  a  f a n  w i l l  r e c i r c u l a t e  l e aked  
t r a c e r  back through t h e  t ube  bundle.  

A s imu la t ed  l e a k  c a n  be  l o c a t e d  when s amp l in  * lo8 t u b e s  a t  purge r a t e s  of 2 . 3  t o  4 . 3  Pa m s-l 
The u s e  of a  purge  r a t e  of  abou t  4 .3  Pa m3 s - ~  
p e r  t u b e  i s  r e comended .  Th i s  r e q u i r e s  a  p r e s s u r e  of  
40 Pa  (0.16" H20) on  t h e  i n l e t  s i d e  and  a  co  
e d  a i r  f low of approximate ly  94 t o  118 
(200 t o  250 scfm).  The f low schema t i c  of t h e  sys tem 
s u p p l i e d  t o  O n t a r i o  Hydro i s  shown i n  F i g u r e  4. 

The c a r r i e r  ga s  f low r a t e  a f f e c t s  t h e  upper  l e a k  r a t e  
f o r  which t h i s  t e chn ique  can  be used .  I f  t h e  ga s  
l e a k  r a t e  becomes l a r g e  compared t o  t h e  c a r r i e r  ga s  
f low r a t e  i n  e ach  t ube ,  t h e  t r a c e r  can  f low i n  both  
d i r e c t i o n s  o u t  of t h e  t u b e  and e n t e r  t h e  ne ighbo r ing  
t ubes .  Fo r  t h e  recommended c a r r i e r  g a s  f low r a t e ,  
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t h e  maximum w a t e r  l e a k  r a t e  a t  which t h i s  could  o c c u r  
i s  about  8  kg h-l .  Higher l e a k  r a t e s  could  be 
l o c a t e d  u s i n g  t h i s  t e chn ique ,  by lower ing  t h e  s h e l l  
s i d e  p r e s s u r e  o r  r a i s i n g  t h e  purge r a t e .  

Sampling Technique  

To speed  up t h e  l e a k  s e a r c h ,  a  number of t ube  ends  
can  be checked s imu l t aneous ly  by use  of a  "mul t i - tube  
s amp le r "  (F igu re  5 ) .  To match t h e  tube  l ayou t  and  
f i t  th rough t h e  manway, t h e  mul t i - tube  s amp l i e r  is  
hexagonal  and s m a l l e r  t h a n  40.6 cm (16 i n .  ) a c r o s s  
t h e  c o r n e r s .  The sampler  provided  t o  O n t a r i o  Hydro 
cove r s  169 t u b e s .  I t  i s  p laced  a g a i n s t  t h e  t u b e s h e e t  
s o  t h a t  t h e  t o p  edge i s  between t h e  t ubes .  As t h e  
c a r r i e r  ga s  moves through t h e  sampler  t o  t h e  l e a k  
d e t e c t o r ,  i t  is  thoroughly  mixed ensu r ing  t h a t  t r a c e r  
g a s  from any sampled t ube  is  d e t e c t e d .  

Fo r  a  comple te  i n s p e c t i o n ,  a l l  t ube s  must be sampled 
a t  l e a s t  once. The bulk  can  be checked w i t h  t h e  
mu l t i - t ube  s amp le r  bu t  some t u b e s  must be checked 
i n d i v i d u a l l y .  The re  should  be some ove r l ap  t o  pe rmi t  
i n s p e c t i o n  of  t ubes  nea r  t h e  d i v i d e r  p l a t e  and head 
and  t o  minimize t ime spen t  s n i f f i n g  i n d i v i d u a l  t u b e s .  

The sampler  should  be h e l d  a g a i n s t  t h e  t ubeshee t  f o r  
app rox ima te ly  8 t o  10  seconds  p e r  " s n i f f "  because  t h e  
t o t a l  r e sponse  t ime  f o r  t h e  SF6 l e a k  d e t e c t o r  and  
t r a n s i t  t ime through t h e  sampler  i s  app rox ima te ly  
6  s econds .  The sampler  c an  be c l e a r e d  of t r a c e r  by 
h o l d i n g  i t  up t o  a n  a r e a  of  t h e  t ubeshee t  t h a t  does  
no t  have  any  l e a k s .  Assuming t h a t  e ach  t u b e  i s  
checked tw ice ,  t o t a l  sampl ing  t ime i s  a t  l e a s t  1 0  
minutes  . 
A d e t a i l e d  l e a k  s e a r c h  procedure  i s  g iven  i n  
Re fe r ence  7 .  

FIG. 4 SETUP FOR PROVIDING COMPRESSED AIR PURGE OF TUBE SIDE FIGURE 5: MTLTI-TUBE SME'LER 
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Labora to ry  Exper iments  

To v e r i f y  t h e  e f f e c t  of c a r r i e r  g a s  f l o w r a t e s  and 
mu l t i - t ube  sampl ing ,  an  e x i s t i n g  Douglas P o i n t  s team 
g e n e r a t o r  ( l o c a t e d  a t  CRNL) was adap t ed  a s  shown i n  
F i g u r e  6 .  T r a c e r  g a s  was i n j e c t e d  i n t o  a  t u b e  t o  
s i m u l a t e  a  l e a k  a t  v a r i o u s  r a t e s ,  and purge  ga s  
pa s sed  through t h e  t ube  bundle a t  a  "h igh"  and "low" 
r a t e .  The t r a c e r  c o n c e n t r a t i o n  i n  t h e  d i s c h a r g e  of 
v a r i o u s  s i z e d  mul t i - tube  s amp le r s  was measured. 
R e s u l t s  of  t h e  t e s t s  w i t h  a  5%  air air mix tu r e  a r e  
summarized i n  Tab l e  2.  The measured r e s u l t s  compared 
f a v o r a b l y  w i t h  t h e  p r e d i c t e d  v a l u e s .  

CONCLUSIONS 

A gas  t r a c e r  t e c h n i q u e  h a s  been developed  t o  t h e  
p o i n t  where i t  can  be used i n  a  n u c l e a r  s team gener-  
a t o r  t o  l o c a t e  s m a l l  l e a k s  r an  i n g  i n  s i z e  from 0 .5  f t o  app rox ima te ly  10 kg D20 h- . To conduct  a  
l e a k  s e a r c h ,  t h e  s h e l l  s i d e  i s  p r e s s u r i z e d  w i t h  an  
a i r / t r a c e r  mixture ,  a  c a r r i e r  purge  s t a r t e d  through 
t h e  t u b e  bund l e ,  and  t h e  t u b e  ends  " s n i f f e d "  w i t h  a  
mu l t i - t ube  sampler .  Once t h e  s h e l l  s i d e  h a s  been 
p r e s s u r i z e d  t o  0.45 MPa, t h e  l e a k  s e a r c h  can  be 
comple ted  w i t h i n  12 h. 

The recommended t r a c e r  i s  s u l f u r  h e x a f l u o r i d e  (SF6) 
and  f o r  t h e  l e a k  s e a r c h ,  a  5% mix tu r e  should  be 
i n j e c t e d  i n t o  t h e  s t e am g e n e r a t o r  through t h e  blow- 
down sys tem.  T e s t s  have shown t h a t  t h e  mix tu r e  w i l l  
remain  un i fo rm  f o r  ove r  72 h ,  s u f f i c i e n t l y  l o n g  t o  be 
a b l e  t o  comple te  t h e  l e a k  s ea r ch .  

To q u i c k l y  l o c a t e  t h e  l e a k ,  a  mu l t i - t ube  s amp le r  ha s  
been developed .  T h i s  f u n n e l - l i k e  d e v i c e  p e r m i t s  
s imu l t aneous  sampl ing  of a  l a r g e  number of  t u b e s  t o  
de t e rmine  i f  one o f  them i s  l e a k i n g .  I f  s o ,  t h e  
d e t e c t o r  is  d i s connec t ed  from t h e  s amp le r ,  and each  
of  t h e  t ubes  i n  t h e  group i s  checked i n d i v i d u a l l y .  

HULTI-TUBE 
SAMPLER J A= 

LEAK/ 
DETECTOR 

- DOUGLAS POINT 
STEAM GENERATOR 

r METERING VALVE, 
SIMULATED LEAK 

I PRESSURE 

118 T U B E , P  
PUSHED 
INTO A 
TUBE IN ISOLATING 
STEAM VALVE 
GENERATOR 

REGULA 

"b 
PLASTIC' TABLE FAN BOTTLE, 
SHROUD 5% TRACER 

IN AIR 

FIG. b SET UP FOR VARIFYING SUITABILITY OF USING 
MULTI-TUBE SAMPLER FOR LOCATING LEAKING TUBES 

TABLE 2: MULTI-TUBE SAMPLING LEAK TEST RESULTS 
USING SF6 TRACER AND LEAK DETECTOR 

TUBE SAMPLE 5% S F ~ / A I R  AIR PURGE READING SCALE TRACER 
SIZE FLOW, FAN SPEED METER FACTOR CONCENT. 

~a . rn3 .s -1  P P ~  ................................................................... 

196 0.025 h igh  20 100 2  1 .4  

TOR 

1 ow 30 100 3  2.7 
h igh  30 300 9  5.9 
low 30 300 9 11 
high  o f f  s c a l e  ~ 3 0  59 
low o f f  s c a l e  <30  110 

h igh  90 30 3  2.7 
low 40 100 4  4.5 
h igh  40 300 12 11 
1 ow 50 300 15 18 
h igh  of f  s c a l e  <30  11 0 
low o f f  s c a l e  <30 180 

h igh  40 100 4 5 .6  
low 90 100 9 9 .1  
h igh  60 300 18 2  2  
low 90 300 2  7 3 6 
h igh  o f f s c a l e  <30 220 
1 ow o f f  s c a l e  <30 360 

h igh  o f f s c a l e  <30 290 
1 ow o f f  s c a l e  <30 480 
h igh  o f f s c a l e  c30  1 2 0 0  
low o f f s c a l e  <30 1 9 0 0  
h igh  o f f  s c a l e  <30 12 000 
1 ow o f f  s c a l e  <30 19 000 
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