
C H A P T E R  I I I  
E X P E R IM E N T A L

3.1 M a te r ia ls

F ig u r e  3.1 C o n f ig u ra tio n s  o f  th e  H y d ro g en  E ffu s io n  P ro b e , H E P ; th e  H E P  in sta lled  
on  th e  te s t s e c tio n  o f  L o o p  1 a t C N E R  (left), an d  th e  H E P  in s ta lled  o n  th e  fe e d e r  tu b e  
w a lls  a t C o le so n  C o v e  g e n e ra tin g  s ta tio n  (rig h t).

T h e  e x p e r im e n t w a s  c a rried  o u t on  th e  lab  sca le  H E P  as sh o w n  in  F ig u re  3 .1 . 
T h e  H E P  c o n s is te d  o f  a  c a rb o n  steel A S M E  S A 1 0 6  G ra d e  B tu b e  c o v e re d  by  a s ilv e r 
an n u lu s  to  trap  th e  h y d ro g e n  th a t d iffu ses  th ro u g h  th e  p ro b e  w all fro m  th e  co rro d in g  
in n e r su rface . S ilv e r  w a s  u sed  b ecau se  o f  its  lo w  p e rm e a b ility  to  h y d ro g e n  gas at 
h igh  te m p e ra tu re . T h e  s ilv e r  an n u lu s  w as co n n e c te d  v ia  s ilv e r  c ap illa ry  tu b in g  to  the  
in s tru m e n ta tio n  cab in e t c o n ta in in g  a  v a lve , p re ssu re  tra n sd u c e r , v a c u u m  p u m p  and 
co n tro lle r  un it.

In o rd e r  to  d e te rm in e  th e  ab ility  o f  th e  H E P  to  m o n ito r  th e  c o rro s io n  ra te  in 
the  f ie ld  a p p lic a tio n s , H E P s  w ere  in sta lled  on  a  feed e r p ip e  at th e  P o in t L ep reau  
G e n e ra tin g  S ta tio n  (P L G S ), and  on  a b o ile r  w a ll in th e  C o le so n  C o v e  G en e ra tin g
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S ta tio n  (C C ). T h e  a s se m b ly  o f  th e  H E P s  u sed  in  th e  f ie ld  is d iffe re n t fro m  th e  one 
u sed  in  th e  e x p e rim e n ta l lo o p  as can  b e  seen  in  F ig u re  3 .1 . T h e  h y d ro g e n  a c c u m u la ­
tio n  se c tio n  w a s  m ad e  o f  a  s ilv e r cu p  in s id e  a  c a rb o n  stee l c la m p  in s tead  o f  a  s ilv e r 
an n u lu s  c o v e rin g  th e  p ip e  as  u sed  in  th e  lab . T h e  s ilv e r  cu p  is  c o n n e c te d  b y  silv e r 
tu b in g  to  s ta in le s s  s tee l tu b in g  w h ich  ru n s  to  th e  in s tru m e n ta tio n  cab in e t.

T a b le  3 .1  C h e m ic a l c o m p o s itio n  o f  c a rb o n  stee l A S M E  S A 1 0 6

E le m e n t M a ss  f r a c t io n  ( % )
Fe B a lan ce
c 0 .3 0

M n 0 .2 9
Si 0 .1 0
p 0 .04
ร 0 .04

C r 0.03

3 .2  E q u ip m e n t

T h e  e x p e rim e n t w a s  co n d u c ted  in th e  C N E R  T es t L o o p l as  sh o w n  in  F ig u re
3 .2 . T h is  l o 'p  w a s  d e s ig n e d  to  s im u la te  th e  o p e ra tin g  c o n d itio n s  o f  th e  p r im a ry  h ea t 
tra n sp o r t  sy s tem  in  a  C A N D U  reac to r. H o w ev e r, l ig h t w a te r  w a s  u sed  a s  te s tin g  
c o o la n t in s te a d  o f  h e a v y  w a te r. T h e  ex p e rim e n t w as  p e rfo rm e d  u n d e r  th e  sam e  flo w  
v e lo c ity  an d  so lu tio n  c h e m is try , 4 .5  m /s  co o lan t v e lo c ity , lo w  o x y g e n  c o n c e n tra tio n  
(<1 p p b )  an d  9 .9  p H 25 o f  so lu tio n  as  in th e  s ta tio n . L o o p  c h e m is try  and  o p e ra tin g  
co n d itio n s  a re  o u tlin ed  in  T ab le  3 .2 . T h e  H E P  w a s  p la c e d  in  th e  te s t sec tio n  o f  the  
loop . D u rin g  n o rm a l o p e ra tio n , th e  c o n tro lle r  u n it a u to m a tic a lly  sw itc h e s  on  th e  v a c ­
uum  p u m p  an d  o p en s  th e  v a lv e  o n ce  th e  m easu red  p re ssu re  re a c h e s  1000 Pa.
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F ig u r e  3 .2  S c h e m a tic  d iag ram  o f  th e  C N E R  T e s t L o o p l .

T a b le  3 .2  L o o p  1 p ro c e ss  p a ra m e te rs

P a r a m e te r V a lu e A llo w a b le  D ev ia tio n
O x y g e n < lp p b +  1 p p b

H y d ro g e n 3 -1 0  cnrV kg 6.5  ± 3 .5  c m 3/k g
p H 9.9 ± 0 .1 5

C h lo rid e s < d e tec tab le -
F lo w  R ate 840  m L /m in ±  100 m L /m in

P re ssu re 1400 psi ±  50  p si

3 .3  E x p e r im e n ta l P r o ced u res

3.3.1 S tu d y  o f  th e  E ffec t o f  T em p e ra tu re  and  H y d ro g e n  T ran sp o rt
F irs t, th e  in s id e  o f  th e  H E P  w a s  c lean ed  u s in g  10%  b y  v o lu m e  HC1 

so lu tio n . T he c le a n e d  p ro b e  w as p laced  in an  o v en  at 3 0 0  ° c  to  d eg as  all so lub le  
g a se s  w ith in  th e  m eta l. T h e  p re ssu re  o f  th e  H E P  w as m o n ito re d  un til th e re  w as no 
p re ssu re  in c re a se  w h ich  in d ic a te d  th a t all g a se s  had  b een  re m o v e d  from  th e  steel.
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T h e  e x p e rim e n t s ta rted  w ith  no  f lo w  o f  so lu tio n  in  th e  te s t sec tio n  a t 80  ° c . T h e n  the  
te s t sec tio n  v a lv e s  (V -1 2  a n d  V -1 3 ) w e re  o p en ed  q u ic k ly  to  le t th e  so lu tio n  f lo w  in to  
th e  te s t sec tio n . T h e  h y d ro g e n  p re ssu re  w as m e a su re d  a t th is  te m p e ra tu re  fo r 2 days. 
T h e  lo o p  o p e ra tin g  te m p e ra tu re  w as th e n  in c rea sed  to  th e  n o rm a l o p e ra tin g  te m p e ra ­
tu re  o f  th e  te s t  lo o p , 3 0 0  ° c .

T o  s tu d y  th e  e ffec t o f  te m p e ra tu re  o n  th e  c o rro s io n  ra te  and  th e  p e r­
fo rm a n c e  o f  th e  H E P , th e  e x p e rim e n t w a s  s ta rted  a t a  te m p e ra tu re  o f  3 0 0  ° c  an d  w as 
o p e ra ted  at c o n s ta n t te m p e ra tu re  fo r 7 d ays. N e x t th e  so lu tio n  te m p e ra tu re  w a s  re ­
d u ced  to  te m p e ra tu re s  o f  2 6 0  ° c  an d  2 2 0  ° c .  T h e  te m p e ra tu re  o f  th e  sy stem  w as 
m a in ta in e d  c o n s ta n t fo r 7 d ay s  at e a c h  o f  th e se  te m p e ra tu re s . T e m p e ra tu re s  lo w er 
th an  2 0 0  ° c  w e re  n o t s tu d ie d , sin ce  th e  flu id  f lo w  ra te  is n o rm a lly  ch a n g e d  su b s ta n ­
tia lly  in  th e  p la n t w h en  th e  o p e ra tin g  te m p e ra tu re  is le ss  th a n  2 0 0  ° c .  T h e  H E P  m o n i­
to red  th e  c h a n g e  in  h y d ro g e n  p re ssu re  in c rea se  w ith  tim e .

■ . T h e  te s t s e c tio n  w as re tu rn e d  to  o p e ra tio n  a t a  te m p e ra tu re  o f  300  ° c  
fo r 15 d ay s. T h e n  th e  te m p e ra tu re  w a s  red u ced  to  8 0 ° c  an d  1 p p m  o f  o x y g en  w as 
d isso lv e d  in to  th e  so lu tio n . It w as e x p e c te d  th a t o x y g e n  w o u ld  re p la c e  h y d ro g en  as 
th e  o x id iz in g  sp e c ie s  d u rin g  F A C . T h e re fo re  th e  h y d ro g e n  p re ssu re  w as  ex p ec ted  to  
s to p  in c rea s in g .

3 .3 .2  T h e o re tic a l S tu d ies  an d  P la n t D a ta  A n a ly s is
A n  H E P  h a s  b een  in s ta lle d  a t th e  p la n ts  a f te r  th e  p ip e  su rface  w as 

c lean ed  b y  re m o v in g  th e  e x is tin g  e x te r io r  su rface  o x id e  layer. T h e  in teg rity  o f  th e  
seal is  v e r if ie d  b y  d e te rm in in g  th e  a ir  in g re ss  le ak  ra te  a t a ll ju n c tio n  po in ts. D u rin g  
n o rm a l o p e ra tio n , th e  c o n tro lle r  u n it a u to m a tic a lly  sw itc h e s  on  th e  v acu u m  p u m p  
and  o p e n s  th e  v a lv e  o n ce  th e  m easu red  p re ssu re  re a c h e s  2 0 0 0  P a. T h e  d a ta  o f  te m ­
p e ra tu re  an d  p re s su re  a re  c o n tin u o u s ly  reco rd ed  by  th e  d a ta  a c q u is itio n  system . 
T h ese  d a ta  w as  an a ly zed  a n d  co m p ared  to  th e  e x p e rim e n ta l data . B e s id e s  the  fu n d a ­
m en ta l p r in c ip le  o f  h y d ro g e n  tran sp o rt th ro u g h  stee l w as  rev iew ed  an d  su m m arized  
in  th is  w o rk .
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3.4  A ssu m p tio n s  fo r  T h in n in g  R a te  M e a su r e m e n t b y  th e  H E P

T h e  re q u ire m e n ts  fo r  an  H E P  to  be  u se d  fo r th e  q u a n tita tiv e  m e a su re m e n t o f  
F A C  ra te s  a re  a s  fo llo w s  (C N E R , 2 0 0 6 ):

1) T h e  s to ic h io m e tr ic  fa c to r  re la tin g  th e  ra te  o f  a to m ic  h y d ro g e n  p ro d u c ­
tio n  to  th e  ra te  o f  iro n  a to m  o x id a tio n  is  fixed , an d  is  d e fin ed  b y  th e  rea c tio n ,

F e  +  2 H + - > F e 2+ + 2 H .
T h is  m e a n s  th a t fo r  ev e ry  o n e  m o le  o f  iro n  lo st, o n e  m o le  o f  H 2 is p ro d u ced .
2 ) A ll th e  a to m ic  h y d ro g e n  p ro d u ced  b y  th e  F A C  p ro c e ss  is  a b so rb ed  lo ­

ca lly  b y  th e  c a rb o n  stee l e x p e rie n c in g  F A C  an d  re c o m b in e s  in to  m o le c u la r  h y d ro g en .
3) A ll th e  ab so rb e d  h y d ro g e n  d iffu ses  th ro u g h  th e  w a ll o f  th e  ca rb o n  steel 

p ip e  e x p e r ie n c in g  F A C , an d  re c o m b in e s  to  m o le c u la r  h y d ro g e n  a t th e  e x te rn a l in te r­
face , a n d  p a sse s  in to  th e  gas p h a se  in  co n ta c t w ith  th e  e x te rn a l su rface .

4 ) M o le c u la r  h y d ro g e n , o n c e  fo rm ed  w ith in  th e  c o lle c tio n  v o lu m e  d o es  no t 
d iffu se  b ack  th ro u g h  th e  p ip e  w all.

5) A n y  m o le c u la r  h y d ro g e n  d isso lv e d  in  th e  e le c tro ly te  co o la n t d o es  no t 
c o n tr ib u te  to  th e  h y d ro g e n  flu x  th ro u g h  th e  w a ll o f  th e  p ip e . A ll o f  th e  h y d ro g e n  tha t 
e ffu se s  th ro u g h  th e  s tee l c o m e s  fro m  th e  c o rro s io n  reac tio n .

6) .A  v e ry  lo w  c o n c e n tra tio n  o f  o x id iz in g  sp ec ies  is p re se n t in  th e  co o lan t
7) A to m ic  h y d ro g e n  d o es  n o t a c c u m u la te  a t th e  g ra in  b o u n d a rie s  o r  at d e ­

fec ts
8) T h e  a re a  o v e r w h ic h  co lle te d  h y d ro g e n  is g e n e ra te d  is a ssu m ed  to  be 

th in n in g  a t a  u n ifo rm  ra te
9) T h e  m o la r  m a ss  and  d e n s ity  o f  th e  c a rb o n  stee l a re  a ssu m e d  to  be  equal 

to  th o se  o f  p u re  iro n .
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