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I n 1982, a Wes t Coast pow er pl an t 
experienced lea ks near the inl et ends 
of 90/10 copper/nicke l tubes in it s sea ­
water-cooled condenser at th e rate of 
one per week . Leaks in the 1 in. x 20 
BWG tubes, rolled into a Muntz metal 
t ubesheet, were a t tribu ted to in le t ­
end erosion /corro si on. Zinc waste 
pla tes provided cathodic prot ection 
until 2000 wh en an impressed-cur ­
ren t sys te m was installed as an envi ­
ronmental upgrade. 

St ati stical analysis suppor te d t he 
need for immediate cor rec tive ac ti on 
and three a ltern a tive solu tio ns were 
cons idered: 

• Retube the cond enser. 
• Install inl et -end protecti ve 
shields. 
• Epoxy coat the inlet ends of the 
tubes . 
Here' s ho w en gineer s evaluated 

eac h of the optio ns : 
Ret u bi ng, although con sidered 

th e most reli able fix, was mu ch mor e 
ex pe ns ive th an the a lt ernatives­
nea rly six and a hal f times the cost 
for sleeve in serts and eight an a third 
times that for th e epoxy coating. Also, 
a four-week outage was required. 

Me ta l shie lds offe red sever a l 
advan tages: affordab le (only s ligh t ly 
mor e expen sive th an epoxy), a bil ­
i ty to ac commodate th e metal an d 
brush scra pe rs u sed pe riodica lly to 
ma intain con dense r perform ance , 
a nd a week out age a t most to do the 
wor k (could be done online with half 
th e unit out of se rvice). Howeve r , 
indus try ex pe r ience in di ca te d that 
improper ca thodic protection cou ld 
result in locali zed pi t ti ng of th e base 
tu be i m medi a te ly downst rea m of 
wh ere the shield en ds . 

P la s t ic shie lds were not consid ­
ere d a via ble option beca use ind us­
try experience was not favorab le for 
lon g-term resto ration (expect ed life 
r an ged from tw o to 10 years). Also, 
t he t h ick ness of the in sert would 
reduce tube ID by a bou t 35 % a nd 
inhibit the tube cl eaning process. 
Another disadvantage is tha t plas t ic 
liners t end to loosen a n d wor k fr ee 

rosio n after 22 years 

of the tu be over time (they are glued 
to th e tube bas e met al , not exp anded 
into it lik e meta l inse r ts) . F in all y, 
th e US Navy wa s, a t that time, in the 
pr ocess of removing a ll pla s tic inlet 
slee ves on its ma in sh ip cond ensers 
because of poor performance. 

E poxy offered a cos t ad vantage 
an d requ ir ed only a bou t a week's 
downtime to ac compli sh th e wor k . 
But long-term reli a bility was ques ­
tioned becau se of coa ting brittlen ess 
and t he potential for pin-hole leaks. 
Ano ther concern was th a t the use 
of mecha nical scrapers to clean the 
condenser tubes might damage th e 
coa ting. 

The decision 
All conden ser tube sa mples pulled 
prior to 1982 exh ibited littl e or no 
da ma ge in area s oth er tha n th e 
in let end a fte r mor e th an 14 yea rs 
of se rvi ce . The same wa s true for 
oth er units at th e station , some with 
up to 20 ye a rs of se rv ice . Because 
th e ca uses of th e degradation were 
iso la ted to a specific section of the 
condenser, en gineers though t tha t 
AL6X inlet sh ields would be effect ive 
in getting a proper se al between tube 
and tubesh eet and eli mina te the ero­
sion problem. 

Beli e f wa s th at wit h prop e r ly 

1. Condenser tube inlet where the AL6X 
shield had been installed is at the bottom. 
Note that the wooden plug could not be 
removed from the insert when it was extra cted 
from the tube (top of pho to) 

2. Tube inlet surface with shield removed 
shows oxide downstream of where the shield 
ended (top) . Aft er abrasive blast cleaning (bot­
tom), tube shows no evidence of exit-end cor­

ma in ta ined ca thod ic pro tecti on an d 
a t ube ID cle anlin ess pr ogr a m, the 
shields would not ca us e any h armful 
side effects to th e tubes or tubesheet. 
Th e eva lu ation tea m exp ected that 
the se rvice life of the in ser ts would 
a ppr oac h , possibly excee d. the 14 
years it took for the ero sion/corrosion 
me ch a nis ms to ca use leak s in the 
bas e metal. P roject payback was esti­
ma ted at abou t nine months . 

Fast for ward to th e pla nt's 2004 
main ten ance ou tage, wh en a sp eci­
men was r emov ed fr om a plu gged 
t ube to determine the cause of a leak 
that had occurre d ea rlier. Diagno sis: 
The leak was caused by through- wall 
da mage fr om s tea m i m pin gemen t 
that had occurred near the exit end 
of th e conde nser tube. 

This fai lure inves tigation offered 
th e opportun ity to re view th e 22 ­
year performance history of the tu be 
ins er ts . Inspection of th e t ube section 
that contained the sleeve ins ert con ­
fir med th at th e slee ves were con tinu ­
ing to perform as intended (Fig 1) . 
One of th e conce rns of th e in spection 
team was the per formance of t he new 
cathodic pr otection system inst all ed 
four yea rs earl ier . Th ey fou n d n o 
ev ide nce of erosion or cor ros ion a t 
the exit end of t he shield, wh ere the 
po tenti al for gal van ic corros ion is 
hi ghest (Fig 2). 
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