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INTRODUCTION 

I n  March, 1 973, Westmyhouse presented the 
first Symposium o n  Steam Generator Experi- 
ence for  the  nuclear power  indust ry  T h ~ s  

Symposium was conduc:ed as part o f  a com- 
mitment t o  keep the industry informecl on  the 

latest devclopinents In s tean l  generator tech 

noloyy and operating e,tperience The pro-  

ceedings o f  the Sympos~urn were documented 

In a Symposium p~ tb l~cn t ion  descr~brng t h t  
steam generator  exper le r~ce acqurred by 
Westlnghouse and a tJ~s~:uss~on o f  the sup 

portmy technology. 

In July, 1973. Supplement # 7 t o  the Symposium 

book was issued t o  report on  recent experi- 

ences gained through examinations at Beznau I 
and H 0. Robinsoi~. This experience. in general, 

showed tile effectiveness o i  the modifications 
in the phosphate chemistry program to pre- 

vent c'lustic stress corl-oslon. 

A further b r ~ e f m g  on steam generator expe:r- 

ence was held In November 1973 t o  present 

informarton o n  the 1973 steam generator 

t,lspectrorts and  ongo ing steam generator  

p: ograrn:, T h ~ s  report documents the infor- 

motmn presented at ihe  November b r~e f ing  

arid IS issued as Supplement tC2 t o  the ortg~r!al 

Syrriyos~urn pubhcatlon 



SUMMARY 

Westinghouse has 45 steam gerierators w ~ t h  

lnconel tubes operating at 17 plants in the 
United Statcs. Europe. and Japan Westingliouse 

has developed and collected substantial ~ n f a r -  

mation o n  steam generator operation and 
maintainability and, as part of a commitment 
t o  keep the industry infornlec.), is rnaking tliis 

information available through formal prescw- 

tations, meetings, and publications. Thls report 
contains the experience gained during the 

f irst ten won ths  o f  1973 i+s rcpor ted  ; ~ t  

the Steam Generator Briefrng held during 

November, 1 9 7 3 .  

The prirxiple means o f  grrttittrirlr~ informattar1 

during this per~od was the eddy c~irrer-t  test!rlij 
of tubes in 17 steam generators a t  7 plarits 

and the removal o f  several t l ~ b e  sectmns for 

laboratory analysis. Experienct. with ecjdy C I : ~ -  

ren t  test ing has s h o w n  rt to  b e  a re l~nb le  

indicator of tube wall ~n tey r i t y  and capable 

of detecting defects and characterizing these 

by  location and niagnitlde. Lat~oratory exaniina- 

t ion o f  tube samples prov~des .I direct vistial 

observation of the tube wall condition after 
periods of inservice operation 

During 1 9 7 1  and 1 9 7 2  eddy current testing 

and the selective removal of steam genera tor 

tube sections identified a caustic stress cor-  

rosion phenomenon that occurred in several of 

the  stcam generators.  Atljrrstnlents were 

irlrtinted di lr ing 1972 in the secondary chem- 

rstry contro l  pr-ograrr.1 to  prevent the clcveiol~- 
ment of caustic conditioiis within the steam 

generator. In those steam generators that had 

been eddy current tested before the imple- 

mentation o f  the adjusted chemistry and then 
reinspected during 1973 ,  there was a marked 

absence o f  the  k ind  of eddy cu r ren t  test 
indications which were In the past attributed 

to  caustic stress corrosion. 

Thus the Inspt?ctlon programs conducted during 

1973 have verified the effectiveness of the 

adjusted chemistry control program and have 
shown the caustic stress corrosion can be 

effectrvely el iminated by  mainta in ing the 

recornr~:enrlr?d secoridary side environment. 

Eddy currwot testing of stearn generator tubes 
;>t Conntxt icut Yankee, Zorita and San Onofre 
have detccted ;rid~cations of flaws at antlvi- 
bratiori bar I t ~ ; i ~ t ~ o n s  in the bend region. Exarn- 

inatlor1 of a tube sample removed f rom the 

l ~ e n d  reymn of San Onofre steam generator 

iridicatts that these flaws are the result of a 

f r e t t ~ r i g  act ion h e t w e e r ~  the  tube  and the  

acijacent antivibration stipport bar. The frettrny 

is related t o  a round antivibration bar design 

used only In the earlier steam generators and 

appc:;lrs t o  be self-limiting based o n  lack o f  

observed g rowth  i r i  indications over a period 

o f  time The round antivibration bar design 

has been replaced wi th  a square lnconel bar 

design that e not susccptihle to this phenomena. 

Studies conciucted by the R & 0  laboratories 

into the behavior o f  high temperature phos- 
phates soltlt ioris a long w i t h  some evidence 

gathered through eddy current testing and 
tube :ernoval examinations indicate that plants 



maintaining steam generator chemistry at a 

l o w  sodium-to-phosphate molar  ra t io  may  

experience wall  thinning duo l o  the dcveloij 

men t  o f  local ized acidic condi t ions These 

studies have shown the existence of an invariant 
point at  a Marcy-Halstead Na /P04  rat io of 
- - -  2.1 8. Below this point precipitation and 

concentration due t o  boiling can cause a shlft 
to an even lower Na/P04  rat io and localirecf 
acidic conditions. Above this point, the solution 
p H  is relatively unaffected by precipitation o r  
concentration. Some lirnlted observations o f  

t h e  o c c u r r e n c e  o f  s l igh t  t u b e  th inn ing  In  

Westinghouse steam generators have been 

observed at two nuclear plaits and are tf~scusscd 

Westir?ghouse is recornrnencling that p1an:s 

b e  operated wi th n Maroy Halstend s o d ~ ~ ! r n  tu 

phosphate rat io of 2.3 as a lower lirnit t o  pro-  
vide m l r y i n  and f lexib~l i ty in operation while 

e l~ rn~ r ia t~ r i y  the poss~biltty o f  localized ac idc  

cond~t ions.  

In ailditiori to eddy current test examinations 

a r ~ d  t i ~ b e  sample ana'lysis. Westinghouse is 
condttctiny a number o f  research proyrams 
airried at Improving steam generator perform- 

ance and maintainabr!ity. Some of  the proyrams 
are disc~lssed in the last section o f  this report .  

A number of eddy current test ~ n s p c c t ~ o n s  

,Ire plnniied for 1974 As more experience 

and tnformdtlon are collectsd, Wes t i~yhouse  

wtll make it avadable to the nuclear tnduslry 

as part of our  continuing program to  keep the 

~ridustr y ~rr formed 
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As par t  o f  ,I general suivetl lance p roy ran l  

Westinghouse has conductet l  a large nunltvsr 

o f  steam generator irlspections during 1973 
The purpose of these programs was to provde 

support for our customers In acqu~r ing  and 

analyzing in format ion  o n  steam yeneta tor  

experience a n d  t o  deterrn~r le the  ef fect  of 
chem~s t ry  contro l  changes w h ~ c h  have been 

~mplemented in steam yeneratcr operatior1 

These programs consisted of in-the-field eddy 

current testing and the laboratory examinatlorl 

o f  tube segments removed f rom operating 

units. The examlnat~ons marip -it vanom plar:ts 
and the cor;clusions reached f rom these I!>- 

vestigattons are d isc~isscd t)clow 

t h e ~ r  trispect~on results are reported In Sup- 

pluinent 4 1 .  Therefore, only a summary of 

thest! invest~yat~or l  results is presented here 

Table 1-1 lists the eddy current test inspecttons 

co:~clucled a t  these t w o  plants Of the t w o  
i r i d ~ c a t ~ o r ~ s  found at Robrnsor~. one was pre- 

v~ously known t o  have ex~sted and the other 

was III a region not  previously inspected At 
Be7rinu 1, t w o  ind~cations were known to have 

existed previously, t w o  were In a region nc~ t  

previously ~nspected, and the remaming four 

were in a reglor) that had prel/iolrsly experl- 

ericed a high caustic attack The ~mpor!ant 

r e w l t  , S  t1.at the ind~catin~l;  that were known 

to  have existed pr evioc~sly showed no growth 

H. 8. ROBINSON AND BEZNAU I in the extent of tt ibe wail penetration. Also, 

~t was clerir f r om these irispectians that the 

H 8 .  Robinson and Bezilau I plaiits wcr-c? in- occureiice df caustic corr-osioi-\ that had heen 

spected during April and M;ly of  1973 arid experienced earlier i .1 these plants was no 

- .-. - - - - - - - - .. . 

TABLE 1-1 
EDDY CURRENT INSPECTIONS AT H. 6. ROBINSON AND BEZNAU I 

APRIL-ILIAY 1973 
.- - - - - - - -- - - . - - - - . - - - - - -- - - - - ---- --- --  - - - -- - - -  - -- ---- -- - - - - - - . - -- - - - -- - - - - -- -- - - - - - - - --- 

No. of No. of Location of 
Steam Tubes Region Eddy Current Eddy Current 

Plant Generator Inspected Inspected Indications Indications --- - - -- - -- - . . - - - -- - - - -- --.-- - -- - - - 
H 6. Robinson A 3200 Inlet 2 Above Tubesheet 

B 3200 Inlet 0 - 
C 3200 Inlet 0 -- 

Beznau I A 1 8 4 0  Inlet 1 Above Tubesheet 

1 8 4 0  Bend 0 - 
B 1 7 6 2  Irllet 7 Above Tubeshee! 

1 762  Gend 0 --- . - - -- - - - - - - -- 



longer evident after the modlfw-4 steam generatcr 
chemistry controls were ~ n s t ~ t  uted d u r ~ n g  1972 

SAN ONOFRE 

The San Onofre plant has not shown any evi- 

dence o f  the caustic corrosion problerns that 
had been experienced at other Westinghouse 
plants. There had been two previous, separate 
steam generator occurrences which are note- 

wor thy :  

1 .  A small number of tubes were found to  be 
coristricted at the tube s~rpport  plates. 

2.  A number o f  eddy current indtcattorls were 
found at antiwbratior: bar locations 

The tubes constricted a t  the tubc support 
plates are few in number and located o n  the 
outer per~phery  o f  the tube bundle. A discus- 
sion of this is presented in the Steam Generator 
Symposium publication. 

The second occurrence was iirst noticed in 
July, 1972 during an 01-itage in which eddy 
current testing revenled 23 indications of tube 
wall penetration in t i le bend region of "C" 
steam generator Plans were made at that 
time to conduct a more thorou:jh eddy current 
examittation of the San Onofrestearn genera- 

tors and to reniove a tube section in the bend 
regtoll a t  the next refueling shutdown. During 
the June, 1973 maintenance-rzfuding outage, 
ttiesc tasks wr?re accompl!shed The resuits 

Steam 
G e n e r a t o r s  
- - - - - - . - . - 

A 

T 4 8 L E  1-2 
E D D Y  C U R R E N T  INSPECTIONS AT S A N  ONOFRE 

J U N E  1973 

No o f  Tubes 
Inspected 

2699 

-- 

No. of Eddy 

Current Test 
Indications 

Location Of 
Indication 

- - -  . - -- - -- 
- - 

At an?tv~ l t ra t~on bar 

1 ' -3" 3bove t ~ b e  sheet 

0 - 
92 At arj:iv~bration bar 

0 -- 

0 - 
C, I At antivibration bar 

0 - - 
. - - 



of the eddy current exarlirnattons are l~stetl  
in Table 1 -2. 

The table shows that a total of 1 7 1 bend r t!ciion 

lnd~cations were found by e d d y  currerl! !tlst 

my. All these ~ n d ~ c a t i o ~ l s  werc n t l jnce~~t  ro 

ant~v~brat ion bar lccatlons and most showucl 

only sl~yht tube v~nll  yerwtr,rt~on Tn lh  1 2 ;list) 

shows that there were ~ n d ~ c a t ~ o n s  of tube wall 

pcwtrat ton on ttre cold leq close to the tube 

dreet . Tube sections frnm the bend region and 

f r  on\ thc:  hot nod <;olt! ley regtun were removed 

r ind ex,rrn~~~ed at rhe W~s t~nyhouse  Research 

and Developmet~t Laboratorres. 

Laboratory Examinations of Bend Region 
Tube Sect ion 

Fi<;urc?s I - ?  aild 1 2 show a photograyjh of tPe 
w i l d  royirJii defect found on the tube surface 

:lil(! t h e  locatton in the steam generator anti- 

v!brnt~orl b a r  region from which the tube s a m -  
pic W I S  removcif. Dctailed exanlination of the 

ttrbt? seglr.erlt slinweci t ? w t  the defect was 

iocntuci on the tubt: a t  the contact point of 

the anrivibration support bar and that the 

s t ~ a ~ w  of the defect mas a very close f ~ t  to the 
colrtctrrr of tile a i~ t~vh ra t i on  bar. There was 



n o  evdence of any sign~ficact chemical o r  cor- 
rosive attack. Examination by steam generator 

n~anufacturing personnel showed that the antl- 

vibration support structure was not as tightly 

instal!ed as they are in present day units. The 

conclusion reached through the varlous ~nvesti- 

gations was that the defect resulted f rom fret- 

t ing in the form of l ow  amplitude vibratory 

rubbing at the point of contact of the tube and 

antivibration bar. 

A cornparson o f  rnspectlon results was r lwde 

for  6 tubes that had beer) ~ n s p e ~ t e d  at Sc31i 

Onofre In July 1 9 7 2  and  reinspected in Jc,ne 

1 9 7 3  The 1 9 7 3  inspectro~\ of these t i~ t ) t?s  

shows that the ~ ~ i d r c a t ~ o n s  of tube wall pene 

t ra t l o~ i  had not ~ncreased s~ycr~flcnrlt ly t l ~ i r ~ r l ~ l  

the interlrn year of operdtlon T h ~ s  result suy 

gests a self- l~rn~t~ng nature to the frett~ng btwig 

exper~enced Apparently. as the ~ I ~ I I V ~ I J : , ~ ~ I O I ~  

bar wears the tube surface, ;tie contact area 

- - --- - - - - 

TABLE 1-3 
ANTIVIBRATION BAR DESIGNS USED IN 
WESTINGHOUSE STEAM GENERATORS 

- - - - - - - - 
- - - - -- - - 

Plants Des ign  
- --- 

San Onofre Rotincl Car borl 

Connectcut  Yankee Steel Bars 

Z o r ~ t a  

Beznau I Round Incocwl 

Bernau It Bars 

All other plants Squart? Irico!?el 

Bars 
-- 

Increases thus reducing the contact force and 

the potential for  fretting. 

A fu r ther  conclusion d rawn  f r o m  the San 
Onofre experience was that the fretting was 

rclatcxl to the particular type o f  antivibration 

bar support design used in the steam generator. 

Ttie antwibration support hars used at San 

Onofre are round; the round bar a y ~ i n s t  a 

round tube provides a point contact which 

1r:creast.s the potential for fretting because 

uf the sniall contact area Table 1-3 shows the 

tyyes of antivlhratlon suriport bar designs 
iised 111 Westinghouse steam generators. 

1;2'cst111ytio~se began using a square Inconel 

i i~ i t iv i tmt ior i  support bar design with all steam 

generators morlcifactured after the units built 

Current Previoits 
Square Bar Round Bar 

Design Design 

F~yc~rti 1 3 
Cornpal isoc~ ot AII~I 'JI~T~~IOI) f h r  &SI(JIIS 



Labcratory E x a m i n a t i o ~ ~ s  of the 

Cold Leg Tube Section 

Tho t1.1btt segment rernovt'cl fror:i t l i c  cold IIYI 

of !he "A" s t r i l m  !ji.r>r.r,ll(.~~ 'It S;II; O ~ ~ u t i - t !  
r f !venled a small deft:ct VL.~!I(:~I IS i : I1;1ra(~forr~t~~I 

AS localized t l i i ~ i n ~ n g  of tllr t t ~ b t !  w;rll ove r  , I  

Cold.Leg Long i tud ina l  Micro a t  T l ~ l n n c s t  Poicit 
Tube Wall Thicknesses in Mi ls  

A stearn clerlet-ator i r~spact~oi :  p r o g r a m  w a s  

c~ l : i l~~( : t t : (J  i l t  E lez~ ia t~  I1 In Atit j l lst. 1973 Thtt 

pi o ~ i - a r n  'm l~~ is te t l  (.)I e d d y  ct i r rer i t  i n s p e ~ t i o i ~  

ot i?vtli s;t!am qr3r!ttrators .!;rd r e m c v a l  o i  two 



h t>e  sectloris from the Inlet s d e  lor labor;~lory 

oxamrnatron Ont? of the ttrbe sectrons was 

cxanirried 111 Etrru!w Tht: o l twr  w,ts scarlt t o  

the West~nghotrse Reseclrch aliti 0cveloptnc:nt 

Center for analys~s 

Al though the freld eddy cirrretit t rs t  r estilts 

at the s ~ t e  fail& to  uncover ally evrdence of 

t t ~ b e  clcterrorntton ttw ttrbt: s,~rnltle rc~t:rvt*tl 

by  Westrr igho~rse ' ind the one exanlr~~eci  11) 

Europe showed slryht thlr~rirrly and ( , ~ t : r r , ~  

at a small area just above the t u t x ~  sheet T!ir:, 

i ) r on~ l ) t ed  a I , ~ t ) ~ r a t o r y  r t ~ v ~ f ~ w  of tht: t',l~i) 

current lest t,tpils vvh~cl i  s l m ~ w d  10 t t  ,: 

Steam 
Generator 

. - - - - - - - - 

A 

Steam 

(ic;clt~drrlcj the two t d ~ e s  which were removed) 

as I i c~v ing  n small arnotrnt of thrnnrng In all 

c-,tws ~ f w  ~fwiruncj was less than 208 of tht? 

tube wal l  arid made clrscer~l~ble only throrrqh 

the recfuc:lorl of b o c k y r o u ~ ~ d  nolse ~ n ' t h e  lab- 

oratory rrvrew o f  the eddy current tapes 

The r ~ w l t s  of t h e  eddy current test at Beznau 

II are reported 111 Table 1-4 

Laboratory Examination of the Beznau  I I  
Tube Sample 

TABLE 1-4 
EDDY CURRENT INSPECTlONS AT BEZNAU It 

AUGUST 1973 
At the S ~ t e  Test Results 

- - -- -- -- - - 
- - -- - - -- - - - - - 

No. of Tubes Region No. of 
Inspected Inspected Indications 

- - - - - - .. - - - - - - -- - - 

1453 Inlet 0 

50 Bend 0 
1425 Inlet 0 

205 Bend 0 
- - - - - - - . - - - - -- - 



Flow 

Top of 
Tube Sheet 

C------------ 

affected tube wall have shown that there is 

n o  evidence o f  intergranular  at tack.  This 

indicates that concentrated caustic was not  

a Itkely cont r ib l~ tor  to  thf? tube wall deteriora- 

tion Analysis o f  s u r f a x  deposits through 

electron beam microanalysis did not  show 

evide~ice of an aggressive environment that 

0 O miyht  have caused the wall t h~nn inc~  

Top of 
Tube Sheet 

c--.------.-- 

0' Locatiotl is Arbitrary 

The laboratory ,malysc?s were unable to  p ~ n -  

p o l ~ i t  it deftnitwe cause for the tube scirface 

dt-pletion 1 he concluscori reached was that 

the tlefect was probably caosed by a local~zeti  

chern~cal c:or,d~tion, possibly an a c d  enwron- 

rnerit A followmy sectron o f  t h ~ s  report o n  

phosptrate c h e n ~ ~ s t r y  solutions discusses a 

lmteritral nicchantsln wheri:by a local~recl acld 

c o n t l ~ t ~ o n  could exlst 

CONNECTICUT YANKEE 
- 

Coriricct~cut Yi1rikt.e was shut down for rc!fu::l- 
of a number of tests to cllnrai;ter~zc ttic I ~ i t w  IIK; and tt,rixcie tnnmtenanct? and repair du r~ng  
wail depietlori and t a  asccrtn~ri  ~f possible 11s July-October 1973 Thls i~lant s h ~ t d o w r i  was 
s p e c ~ f ~ c  cause F ~ g u r e  1-5 1s a vlew of t h ~  ttrtw us:d io concll~ct ex tewve ctkly ccrrent testirq 
sec~ton as recetved showtr~t j  t l w  l o c n t ~ o ~ ?  of of the fou! 4 e a m  c~wera tu rs  The rtbsults of 
the dcp le t~on t h ~ s  trst lny are reported tn Table 1 -5 

The affected area of the tut)tt is chnrncter~zctl  
by  having a number of p3ts  n i id n small ~.r?yictn 

o f  general thinning. These pit:; are very slwilow 

having a maximum depth of 2 .5 rnils. Ttit! 

thmned region showed a maxin~ctln tube wall 

depletion o f  4.6 mils o r  abo r~ t  8% of the tt;be 

wall thickness. 

F ~ g u r e  1-6 is d view of the t ~ i b e  wall a t  the 

affected region. Metal loyrnph~c stucj~es of tho 

The tabl(t siic,ws that there are 38 ~r id icr j t~ons 

o f  tube wall i::?rwtratron on  the hot leg close 

t o  the tube sheet. Thesr: i ndmt ions  are very 

sirnrlar in l o c a t ~ o n  and eddy cur rent  test 

characterization to the caustic stress corrosion 

indication previously found at other plants. 

This was not  an t~nexpectecl observaticm since 

caur;t~c corrosiun ind ica t~or~s were previo~rsly 
foc~nd  I r i  the number 3 steam generator' arid 



Flow 
_I____C_ 

the other three steam yurlerators h x l  ~ i o t  

previously been exterlsii,ely ~rispt?cted 

Of pnrt~cul,lr ~r l terest IS 1 1 1 1 ~  fact that I > ( >  l,,)t 

leg ~ n d i c a t ~ o n s  were found I:) the N o  3 steam 

generator T h ~ s  IS 1mportrrl;t because the No 

3 steam generator was ;tie o~!ly ste;3fii cjt.11- 

erator at Connect~cut  Y,tnkee t o  hnvc pre  

v ~ o u s  eddy current test data and, therefort:, 

the only reference for colnpdr  son to deter - 

rnlne the effect~veness of the rnod~ f r td  chem 

Istry spec~frcat~ons Ttit* prevrous i l l ~ ~ e c ~ l l ~ : ~ ~  

occurred In 1972 and consisted o f  examlniny 

the inlet l)ortior,s of 1500 tubes In the No 3 
stenrri generafur by eddy current testmy A 

tot,d of 14 ~r l t l~c ' l t~ons of t d ) e  wall penelratio11 

were found at  that t m e  and these tubes were 

pluygeci 

Table 1 5 also lncl~cates that 71 eddy current  

t ~ s t  ~nd~cat rons  were found In t i le  berid reglor1 

at  t h e  '~r i t rv~bra:~on support bar  locattons In 

t tw  Connect~cut  Yankee steam generators 

These eddy cc::rent test results are ~r id~cat rve  



team Generator No. of Tubes Region 
No. Inspected Inspected 

--- - - - - 

1 1493 Inlet 

432 Betlt l 

3 892 Inlet 

342 Bend 

of a stmtlar type of frett~t ly phenonier~n to I t i ,~t 

experienced at San Onofre As rner?tmr1ed 

earller, Connecttcut Yankee orid San Onof re  
have the same round cart~orr steel atitiv1:j1,3 

tton support bar desrqr~ 

These f re t t~ng  ~ndrcatrons st low oniy a small 

pc?netrntlon Into ihe t i l lw w;11l Plans artb bc.~iitr 

made to  retnspect the Coriiiectrcut Yirnker: 

stearn generators In 1374 to  fur.ttier corlftrtn 

the self-lirnltrrig charactt'r~strt: of the frt.ttrt\c~ 

process 

Eddy current tests tnspecllons wer tt ~ni:dt.  :ri 

the stedm generator at Zor Ita d u r ~ r y  0 c t r ~ b t . 1 .  

No. af Location of 
Indications Found Indications 

- - -- - - - - - - - - - - - - . - -- - - - 
5 Above Tubesheet 

40 At  Antrv~brat ion Bar 

35 Above Tubeshectt 

13 At Ant~vibratror! Bar 

0 - 
6 At Ant iv~brat ion Bar 

8 Above Ti~besheet 

1 1  At Antivt l~rat ion Bar 

0 -- 

1973 The results of these tests are repo:ted 

in T,~ble 1 -6 

The steam yetler,itor a t  Zortta has the ssme 

.rr:tcvrbraIr~n support structure w ~ t h  round 

bars as v~, is  uscd tn the steam generators at 

C o n n ~ c t ~ c u t  Yankee and Sap Onofre As such. 

11 has thv potentlnl for ~Jeve~oprny the same 

:ype of f r e t t~ny  defects experlcnced at those 

plarits The ckfect ~r id~cat lons  at Z o r ~ t a  are 

small  and w ~ l l  be mon~tori . t l  durrng fu tu re  

slealrl gerierator rr1spect:ons 

A re~r!spcct~on o f  the Mil lama 1 stearn cjeri- 

crntor:; in March-Aprd 1073 nf ter operat ion 



No. of Tubes 
lnspected 

- ---- - . 

2200 
900 

- -- - . - - - -- - - - - 

- 

TABLE 1-6 
EDDY CURRENT INSPECTIONS OF 

OCTOBER 1973 
- - 

-- -- - - - . - - - - - - 

Region No. of 
inspected indications 

- - - . - 

Inlet . 3 

B e n d  
- - 

32 

fo r  several mon ths  at I e d i , ~ e d  p o w e r  showed  

that the t i ibe wall th lnn~ny  - n  the bend s:>pyot-t 

st rap reg ion had ~r:creasc:tl ar id that r i ~ u r e  

s team generator tubes had  b t v n  n f f t i  t ~ t l  

These stearn generators wtv-6. designed d' i ( i  

rnar iufactured by  C o r n h u s t ~ o ~ ~  E n g ~ n e e r i i ~ q  

O~ffcv-ences between :tit. Cornbt lst lon E r y i  

neer tng  ar id W e s t ~ r i g l ~ o ! ~ s c ~  d e s l g r ~  v/:?tt: 

described in  the Steam Grr ierotor  S y n ~ p o s ~ i ~ r r i  

Book 

The C o m b u s t ~ o n  Eng111~t7r i1q  ileSIgll LISCS 4" 

w ~ d e  carbon  steel strai ls t o  matntam t t ibe 

bundle r lgidi ty All of the ~nc l~ca t i ons  of tube 

defect  have occur red  a t  locat ions whe re  :he 
carbon  steel straps 111tt.r-sect w i t h  a b e n d  in 

the tubes The tnd~cnt~orl!; are ,111 locared III 

t w o  ~ e n e r a l  regtons o f  tlre s!eam generator  

tube bund le  as o i ~ t l ~ r i e d  o n  the tube  s l l w t  

p lan  v lew In F ~ c ~ u r e  1 7 

Detnlled laboratory analys~s o f  thr: t i h e  s ~ n i p l t : ~  

removed d u r ~ n g  1972 i o ~ v t d  t ha! tt:c c!~fects 

v~ere 110t t l ic res111t of f r ~ ~ : ' i ! ~ ~ j ,  l ~ u t  f f ~ \ , I : t v t  

- - -  --- -- - - - -- - - - - - - - - -- - - - - -- - 

Location of 
lnd~cations 

- - - - - - - - -- - - - - - - 

1 -3' above tuheshect 

At  a n t w b r a t ~ o n  bars 
- - - - - - -- - 

Hot Ley Plan View 

fro111 an  erosloi, o r  corrosion process The 
actual mechanism of  the wal l  t h i n n ~ n r ~  has 

no t  been determined 

A major i ty  o f  the tubes in the affected rey lons 

of the M ~ h a r n a  1 steam generators have been 

p luyged The plant is stdl capable o f  100% 
p o w e r  o l ~ e r a t i o n  a l t h o u r ~ h  i t  IS p resen t l y  

restr~ctec! to reduced power  operat ion ~y the 
J;~k)n~it:-.(: I w~lil,l!or y agency 
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&ULTS OF LABORATORY STUDIES 
i 

tN THE BEHAVIOR OF PHOSPHATE SOLUTIONS 

Sodium phosphate has I>een employed tl irotrgl~. 

out  the wor ld  as an a d d ~ t ~ v e  t o  steam tmlcrs  

slnce the early days o f  the e lectr~c ut111ty 

~ndus t ry  Phosphates t i a w  been u t ~ l ~ z c r l  In 

l oss~ l  bo~ lers  pr~niarr ly  far  co r~ t ro l  ant1 prcvel l-  

t lon of scale and result;t.\t tube "bi:r~iout: '  

and secondarrly for contro l  o f  I~o l l e r  water 

c l ieni~stry t o  prevent corroslori The rrse of 

s o d ~ u m  phosphate'adcl~tiv!:s 11,is been prove11 

as an effectwe method of c t lem~st ry  c ~ r ? t r d  

through many years of b o ~ i c r  rxper i twctA 

Formation o f  scale IS not III 1tr;eli iis t.ritic;~l ;I 

problern in a s,ituratcd st;:.2111 niir.l+:nr ger) 

crator as in 3 fossil t l o ~ l e ~  PI c:vent~or: of cor 

rosrun has become the yt.Ir:i.iry objt!..:trvc of 

ritlcle,ar steam ycnerator chcnirstry c o ~ ~ l r ' c ~ l  

Scale format~on must stil! be ilvoided In ~ ~ i r ~ l ~ ~ l r  

stearn generators insofar 3s tub: ricalc can 

provide sites for. local~zed concetitr-ation of 

non-volatile corrosive solutions 

Operaiiny experience has proven that some 

condenser leakage will inev~tably occ i~ r ,  restilt- 

Ing In the introduction of rion-volatile i n ~ p u r -  

 ties into the steam generator. The chemical 

makeup o f  condenser circulat icg water Carl 

not generally be  p red~c ted  because of (I!). 

stream dumping, c l~mnto log~c i i l  c h a 1 1 g ~  ;111cI 

c~ t l i e r  p e ~ ' t u r b a t ~ o n s .  If steani yelicrat:>r 

chemstr-y 1s being corltrolled orlly by  adcfr!lor> 

o f  volatile substances, t l xm the cl iern~cal 

ctnvirorirnent result i r~g f rom !l?e rntrodtrct~on 

o f  non-volatile irnpirr~t lcs is t i r l k n 0 ~ ~ 1 1  (a:~cl 

irncontrolled), Thus ever> rntrior i:onde~i~t?r. 

leaks can adversely affect ste;lrii gt,ri.j~':r:or 

chemistry and require i~nrntxhnte u o r r t x : ~ o ~ )  

For these reasons, phosphate chemrstry has 

bcen used In nuclear steam generators slnce 

the beg~nnmg of  the nuclear power lndustry 

Phosph'ite chem~stry when properly controlled, 

call effect~vely counteract the w d e s ~ r a b l e  

effects of w n - v o l a t k  ~ m p u r i t ~ e s  and cNow 

,tdt l~t~onal fler~bdrty In plant operation during 

norrn,~!ly expected condenser leakage Because 

of [he tmportarrce of chem~c- i t  c o r ~ t l ~ t ~ o r i s  In 

nuclear stearn generators, the study of the 

nattrre of phosphdte cticmistry at s t e ~ n i  yen- 

cra!or coritfrt~ons and re imment  of phosphate 

coritrol ;,drarr<pttbrs has h e n  a contv:a~nc; effort 

CHEMICAL CONCENTRATION EFFECTS 
IN STEAM GENERATORS 

Conct!ntrnt~on of r?on volatile d~ssolved chem- 

icals 1s inherent rn the operation of any boiler 

whewver  these chemicals are introduced to 

the boiler liquid Steam generators have less 

than cornpletc mixing of the liquid in all areas 

o f  the yeneratcr, so that the boiling mecl i-  

nnism can produce d~f ferent  chemical con- 

centratmns in d~f ferent  areas o f  the l i q u ~ d  

p h i ~ ~ ~ f  :n the steam generator. Formation o f  

scale o r  s l t ~ i i r ~ e  can produce low  flow areas 

which allow further localized concentration 

of dissolvc:tl c:hernicnls One nlechanical modt!l 

which I)as been suqgc::;tcd to expiam this con- 

centratlor1 phenomenon is shown in Figure 2-1. 
The nwchoriism shown could allow evapora- 

tive c:oriccntration of steam generator non- 

vohtrle cIiemic:,ils 'it or  near the tube surface. 



of the solutron Ttreorctic,illy, localized colr 

centratton of the solution ' ~ r ~ c l  rr~sultant eleva 

twn of the botlivg pottrt 111 thc s t c ~ n i  gtLnt:r ntor 

can continue c r r i f ~ l  the bod~ng pan t  c:Ie~atton 

is eqtral to the hrghest strpor I!r,it tctn~pt.r,~ttire 

availabie, whtch corresponc!s to the r l t f fere~~ce 

between the reactor coo l~ r j t  hot leg tempern- 

tirre and the sati~ri l tmri tc : l~pt~rature in thc 

steam generator This phcriorrwnori w a s  ills 

cussed In Sectlor) 5 of the VVt!st~ric;hoitsc 

Steam Generator Sympo:;it:m (locumen! 

Only unusually soluble matcrtals. such A S  

sodtum hydrox~de and some potasstclln salts, 

can be concentrated i r r l t l i  the bo~i!ng point 

elevation equals the maxlrnum superheat 

temperature available in ,i nrrclenr stt;ntii 

qenerator. Most salt soli:t~on mixtures will 

brxome saturated witt i  orit: or iltore of t t ~ e  

constttuent solutcs bcfur e tilt: :naxlnii!rn I)c:11 

tug pot r~ l  elevdt~ort 1s reached Precipttatron 

then occu8s nild thts preclpitatlon In general 

causes a sh~f!  In the compostt~on of the re- 

rnnrrltly sulutton Thus, a prime objecttve of 

any steam generator chemtstry control pro- 

gram lnirsi be to  avotd chernical conditions 

w h ~ c h  could produce an adverse change In 

solut~on composiiton upon concentrat~on. 

PHYSICAL CHEMISTRY OF SODlUM 
PHOSPHATE SOLUTIONS IN STEAM 
GENERATORS 

Tha tmpl~cat~or~s of the concentratmn, pre- 

clpttntion  rid Iocaltzed ctianye in con>posttion 

o f  chcrlitc.~l soluttons In the steam generator 

have warranted further rnvosttgatlon of these 

pllenonIena lmportarlt aspects of thts tnvestt 

got~or l  are cle:ermmatlon of the directton and 

rirnc~rlittrtle of the strift In steam generator 

soli!tion cotnpos~ttons resul i~ng from local 

concei>frnttorl effects, and cleternimatlon of 
the conccntrattorl ant1 composition of any 

soluttor~ recn,ilfllny at the maxlmilnl superheat 

c:otltilt iori 

Sod~:rrn ~hosptlatc: solut~ons uti l~zetl In steam 

ycnet;itors are salt m~x tu re  solutions that are 

part of the ternary system I\JaLO-P,05-H20 In  

gc:rreral prectpltat~ori of a solid from a salt 

rntxture solu!ton In a ternary system wdl alter 

the compos~tictn of the remaining solutlon 

FICJLI~C' 2 2 ,lltlstrn:es on a typical tsothertnal 

d ~ a y r a n ~  how the solut~on can be made rtcher 

In con1ponei;t A or cornponeiit B, depending 
o n  the c:omposttioti of the sol[:trun relatlve 

t o  thv corripos~trorr of the solid that prectpr- 



tates f r o m  i t .  There wdl be n o  change In  l i q u d  

compos i t ion  only  ~f ( 1  ) the solut ior l  cornposi-  

t i on  is a "congruent  con~posit~or~' , '  at which 

the  equi l ibr ium sol id and solut ion happen t o  

have the  exact same coniyos i t ion;  o f  if (2)  t h c  

solut ion i s  at a n  "invarialit potnt:' at  wh i ch  

t w o  dtf ferent s o l ~ d  phases a re  in equll ibriurn 

w i t h  the  same solut lon p l ~ n s e .  The k>;ister>ct? 

o f  a n  invar ian t  p o i n t  is a t h e r m o d y n a m i c  

requi rement  of Gibbs' ph,ise r ~ ~ l e  as np;)I~t:d 

t o  equi l ibr ium i n  heterogzneous systems 

c ~ p i t a t e d  In contrast,  Invariant cornposit tons 

are sldhlc, smce the  solbt lon wi l l  r e t u rn  t o  

the  r n v a r i ~ ~ n t  pomt ~f ~ t s  conlpos l t lon IS per  

turbet l  while the so l t i t ~on  IS berny evaporated 

Figure 2 3 il l i~strates son l t  o f  the specla1 fea- 

tures that can occur in ternary systems, several 

o f  wh i ch  ,ire analoqous t o  those observed In 

the sc~diurn phosphate-water systern a t  h q f i  

tempera t t~ res  These a re  ( 1 )  a l iqu id p h a s e  

11ydrox:de at the rryht hand  termtnus of t h e  

sequec.ce o f  sc;ii~bil~ty curves (2)  ~ntsrrneri i,ttt- 

solid phast-s t l iat  are a b roken  s e r m  o f  sorid 

solritior~, rather than  t l ~ f ~ n i t e  s t o t c h ~ o m e t r ~ c  

~r\tcrtl~r.cl~,r!cl c o t n l ~ o ~ ! : ~ t l s ,  (3)  c o ~ : l r , ~ ( l c r ~ c ~  , , f  

a congrsrrlnt cornposlt lon anc! an  t r ~ ~ j ~ r r i d n l  

po111t. , ~ r : ( l  (4 )  a n  ~nconq ruen t l y  s ~ t t r i a t ~ r l g "  

* y r l l ~ d  ptinsc. 

Congruent solution cornpos~t ions arc r~rlstahle. 

i n  the sense that a slight d e v ~ a t i ~ n  of the sc!ir~ 

t ion either w i l y  f r o m  Ole r!~;ict c ~ r ) ! j r - t . ( ~ l ~ l  

composi t ion wi l l  init iate n pro(lrc?ssrJe c:l~.iri!lc 

' iwny f r o m  t h e  initial corn lx jsr twn its b\atcLr 

cont inues to be ev;iporated ar id so l~ t l s  1:rt:- 



PREVIOUSLY AVAILABLE INFORMATION 

Currently employed phosph'lte stearn yen 

erator chem~s t r y  contro l  proyrdms are prec! 

~ c a t e d  o n  a large base of exper~rnentnl and 

o p e r a t ~ o n a l  data T h ~ s  (ldt;i general ly />:IS 

shown phosphate soluttons t d  have the fol-  
l o w ~ r ~ g  c l ia rac ter~s t~cs  

The system Na:O-P20, H. 0 IS compl~cnted 

by  many hydrate phnscs <] l id numerol ls 
s ~ n g u l a r  polnts at tcn ip r ra t \ r res  be low 

100C'C Thls system exh ib~ts  h ~ y h  so lubd~t~es 

and the so luh~ l~ t ies  of the various s o t l ~ u n ~  

salt const~t t lcnts increase w i th  ternpr:ratt~res 

u p  t o  1OO"C. 

Tr~sotiiurn phosptiate salts exhibit a sharp 

re t rograde solubi l i ty w i t h  tempera tures  

above 21 5°C. The solid phase produced by  
pre~ i r .>~ l ; i t~on o f  solutions having a Na/PO. 

n~o l i l r  ratlo o f  about 3 at h igh t e m p e r a t ~ ~ r e s  

has a variable compos i t~on.  At 300°C  n con-  

q r~ re r i t  cornposit ion exists at a N a / P 0 4  

rnolnr ratio of about 2.85; i.e., the s o l ~ d  

precipitate wil l exhibit the same composl- 

t ion as the rer~rainini] solute. The solubility 

characteristics of trisodium phosphate arc 
shown by  curve (a) rn Fiyure 2-4.  

Disotl i i~m phosptratc sal!s exhibit ari essent~ally 

constant solub~l i ty f r om about 100°C to 

2 0 0 ° C .  D isod ium phosphate  sal!s w e r e  

reported to  exhibit an increasing solubihty 

v ~ i t h  tenlpt?ratures above about 200°C.  

These solubility characteristics are shown 
by curve (b )  of Figure 2 - 4 .  

The retroyrade soltrbil~ty ct i r l racter~st~c of t r i -  

x x j ~ r ~ n ~  pt iospi~ate has k ~ n g  been r e c o y n ~ r e d  

CIS a rnnjor cause of I>~( leov t  in operat lnl j  steam 

cjerler61:ors T h ~ s  retrwlrade solubd~ty and ttte 
ex~s t i  nce of a congruent ( ~ o ~ n t  at a Na/PO, 

molar ratlo of 2 85 is the bass  for us tab l~sh~ng  

,In upper ailowablt: l i n ~ ~ t  o n  the Na/POJ molar 

ratlo The recorn~nended congruent phosp l r~ te  

ct\~trnis!ry contro l  proqran? was discussed In 

greater detad In Sect ion 5 o f  t he  Steam 

Generator !Symposium document 



PRELIMINARY RESULTS OF 
WESTINGHOUSE RESEARCH 

The Westinghouse Research a r ~ d  Development 
laborator ies a re  invest igat iny the character.. 

istics of sodium phospl\ate solutions at variotis 

temperatures.  One  aspect o f  this inves t~ga tmn 

has been determinat ion of  the solubil i ty l i m ~ t s  

o f  d isodium phosphate sof i r t io i ls at h igh  t w n -  

perntures. This was  acconlpl ist~ecl b y  mensur- 

ir ly change in electrical c o r i d ~ i ~ t ~ v i t y  o f  vari!)tis 

concttntrat ions of  Na..H?O.: so l~r t ior ls  w ~ t i l  

550 600 650 700 
Temperature "F 

i rmeasrny Ien lpora t~ r re .  Data obta ined from 
ttiesc! experiments is shown  i n  Fly i rre 2 - 5 .  The 

concfcrc I ~ v ~ t  y decreases observed in  these 

experirner~ts i nd~ca te  a solcrtion concentrat ion 

decreasr! caused b y  precipi tat ion of some of 

the salts 111 solution. This re t rograde so l t~b i l i t y  

characterisi~c is shown by curve (c) o f  F igure 2-4. 

Becatise thls ratrograde soiubility characteristtc 

c1iffc:rs rnrltcally f r o m  h igh  temperature di- 

socfir~rn phosphate so l r ib i l~ ty  depicted by cu rve  

( t i ) ,  !lit: ~)r!:cipit;itiny so l id  c o r n p o s i t ~ o n  

nssoct~ltecl wit l! cu rve  ( c j  must  be difft?rerlt 

f r o m  I![irc? ( ! Iso(~I~~!TI l~ t10s~) t ia te At te tqpts  t o  

recover JI i d  den t i f y  this precipi tate have tht ls 

f;ir I ) t > t : ~ ~  r i r is~rccessf~r l  

Cor l~powt io r l  of the l iquid phases and  precipl-  

t ,~t i r iy solid phases in  disodium phosphate 

:;ol~.rtions at h igh ternperat u r e  was deterrnin4:d 

t)y rncnsur-rmer-it of the cumpos t t~on  of t he  

r e r n n ~ i ~ i n g  solut ion. Ana!ysis of solut lon sam- 

p l ~ s  rt:vr:;ilecI n decrease in the  Na/PO., ra t io  

and a decrease of pH for  solutions w ~ t h  ;in 

initial N~ I IPOJ  molar  ra t io  o f  2 0. Typical data 

o b t a ~ n e d  f ront  theso experiments is shown 
in Table 2 -1 .  F r o m  this data i t  is ciear that a 

Na/POd rnolar rat io of 2 .0  1s riot a congruen t  

cornposit ion 

Sohrtrons o f  various ~n i t i a l  concerl t rat ions 

and  i r i~ t ia l  N3/P04 rnolar rat ios above a n d  

below 2 0 were  n n a l y z d  I,> a similar rn;mner 

at about 300 'C Data o b t a ~ n e d  frorn t h e w  

euperrnrerlts IS shown in  Table 2-2 



TABLE 2 1 
PRECIPITATION FROM 0 5 MOLAL  SOLUTION 

INITIALLY NaiPO, 2 
- - - - - - -- 

pH of 
I l?lIl~> 011 s < l l l l p l ~  
l ~ q  D i l u t ~ d  11, ILlt,lt*\ PO4 N,I PO4 
(OF !I Fold 111 5 1111  t i 1  Snlr~ 

- - - - - -- -- - - - - -  

100 9 08 ? 41 2 00 

2 05 9 02 2 43 2 00 

310 0 00 2 4.3 2 00 

400 a 83 2 4:) 1 98 

405 8 46 2 42 197  

555 8 23 7 38 1 ' 1 5  

hUO 7 98 1 79 1 8 G  

640 7 80 0 / ( I  1 8 3  

G45 7 73  0 54 1 8 7  

660 7 51 0 20 1 7!, 

660 F 59 U 015 1 4 '  

660 G GO 0 0 0  1 4 '  

- - - - -- --- - - - - - - 

TABLE 2-2 
COMPOSITIONS OF L IQUID  A N D  S O L I D  
PHASES IN E Q U I L I B R I U M  AT 300 C 
-- - . - -. - - 

The d'lta In Tahlcs 2-1 and 2-2 was analyzed to 

dt?terrnti ie the socJirin phosphate so lc l t~on 

~ r i va r lan t  p o i n t - t h e  stzble N a / P 0 4  mo la r  

rat10 wt i ich t h e  s o l c ~ t ~ o n  assc!rnetl as prec ip l ta-  
l i on  progrcsst ld  Thts data inth:ates that s o l t ~  
t!oi is w i t h  ~ r ~ i t l a l  N > / P O :  m 4 1 r  ratro o f  2 0 o r  

k~ss  became more  m d  (Na/P04 ratto decreased) 
,IS precrpit; l t~oii progressed Therefore. the 

~ n v a r l a r l t  po i i i t  m u s t  be a!)ove 3 Nn!PO! 

r a t l o  of 2 0 

TABLE 2.3 
SOLUTION COMPOSITION '/ARIATION ON 

PRECIPITATION OF SOLIDS FROM SOLUTION 
INITIALLY CLOSE TO AND ABOVE 

INVARIANT POINT 

Percent Deplet~uli Solu r!on 
Tc~ i i lw r~~ tu rc  of D~ssolvecl S.11t N,i'f : j 4  

R.ltlq! ( O F )  t ~ y  Prec~p~t~~tcr) t i  R.rt+c; 
. ~ - - -. .. - - - - - . -- . . .- -- . - - - . . -. 



invar iant composi t ion.  The p r e ~ i o t ~ s  c ln t i~  wn:; 

discussed i n  Sect ion 5 of the  S team Gencrntor  

Sytnposiurn doc i rme~ i t  

Solulion NJ/PO* 
Molar Ratlo Pre l~nr~nary  

PRELIMINARY CONCLUSIONS 

S o d ~ i ~ r n  phosphate s o l t ~ t ~ o ~ : s  w ~ t h  an 1111tlr;l 

N a / P 0 4  ra t lo  above t l w  Irivarl,)rit p o ~ n t  ( a l ) o ~ ~ t  

2 2 )  canriot shtft t o  c o m p o s l l ~ o ~ i s  w ~ t h  molar 

rat lo lower  than the  1nv;trlarit con ipos l t ~on  

Such a solut~on, wlieri corlc-tsrltratcd ~u f f l c~e r l t l y  

w~ l l  s~rnp ly  "dry  up" at i t i t ?  ~ n v ~ i r o l l t  c o ~ ~ i p o s ~  

t lon So lu t~ons  w ~ l h  ~ r > r t t ; r l  $:;I ' P O  I-<I!IOS I I ' \ ~ ~  

than t l ie Invnr~an t  con ipos t t~on  w~ l l  becoine 

rnoru ncrtf In c o m p o s ~ t ~ o r i  as p rec l p l t a t~on  

progresses, I e ,  the solt itton Na/PO, rat lo  

WIII proqresstvely decrease Because o f  the  

high s o l ~ r b h t ~ e s  a t  l o w  Nn/P04 rattos, no 

11rn1t11lg offect o n  t h ~ s  s h ~ f t  t o  ,) l owe r  p H  has 

yct been ~dent t f ied  

Rzs td  on prel lm~nary analys~s of the pherwrrer?a 

dsctrssed above, ~t seems prudent  t o  r n o d ~ f y  

t l ie cori!jrtlerit phosphate chcmrstry c o ~ ~ l r o l  

p r o g r a m  Thus a l o w e r  Ma rcy -Ha l s tead  

Na/POA cor i t ro l  l l rn~ t  o f  about  2 3 IS recom-  

menclt?rl. t o  n l a i n ta~n  the soh r t~on  above t he  

~ n v a r ~ n t i t  po int  a n d  t o  prec lude the  p o s s ~ b ~ l ~ t y  

of l ~ c ~ i l ~ z e d  a c ~ d ~ c  cond~t rons  The upper  l l r n~ t  

of 2 6 lnolnr r,?tw IS reta~rier l ,  since the cur ren t  

s t i~d~c:s  r c , ~ f f ~ r r n  a n  upper  congruen t  porrlt o f  

,~ I )O I I~  2 e5 
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A c o n t ~ n u r n g  e f f o r t  h a s  b e e n  mn(l(1 t)y 

Westrnghousu to ~ r l v e s t ~ g n t e  possrblr: rrrr- 

provemer i ts  ~n the  steai i i  generator  desrqri 

a r d  i r i  opera tmy recom~rit:r i( latror,s S o w '  of 

t h e  p rog rams  whrch  nr (2 par t  of thrs ~ f f ( i r t  

we re  drscussed rn t he  S t e , ~ r i ~  Generator Sy i i l  

~ o s l u r n  document  Add~t io r ia l  operatrruj data 

and  theoret ical  ~ n f o r m ~ l t r o n  has warr;l.ritetl 

rnrtratron o f  add i t ~o rxd  suppor t  p i  ocjr arns I lir 
major  Westrnghouse ste'rrn generator  ore 
grams art1 sumrnar~zeci be low 

NEAR TERM ACTIVITIES 

Chemistry Technology 
Invest igat ion o f  stear-r> gcnera:or ct i t?r~; istry 

t echno logy  i s  cor l f l r l i l l r lg  w i t h  i i ea r  !ern1 

emphasis o n  the defir;itior~ of t h e  physic;rl 

chernrstry o f  sodiur-ri phosphate solutloris. 

The so luh l i t ies  o f  sodium phosphate solut ions 

as 3 fur ictron of Na /PO,  molar ratros arid ten1 

pernture are being s t i i d r td  t o  clc~vc~lop it olwstt 

d iagram as a f ~ : ~ i c t r o n  of tcmpt!rntrirc for 1 1 1 ~  

system Na.0 P,.O..-H. 0 Irivesttclatmn of Ire- 

act lons be tween yhosp! i ;~tc and  slutkjc: art? 

cont inu ing w i t h  the  a im o f  evaluating potent ial  

alkali and  acid-formi: ig chemical react ions 

Materials Technology 
Corrosior i  tests o f  l ncone l -600  tube rna t t~ r~ i i l s  

a t  operat ing terriperatirre ;,rid chern~s t ry  cor i  

drtlons are procecdiny to  t l c te r rn~~ ie  the Cjent:: a! 

cor ros ion  rate as a f u n c t ~ o n  of  temperature 

ar id o f  N a / P 0 4  rnoinr r i l t lo  (over  the ranqc! 

1 .0 t o  3.0). Elec.tror.t~eri~~c;rI tcstir ly IS berrig 

rnr t~a led t o  measure i.or rosmri  curr i rnts w i [ h  

various temperature and chenitcal concentr'n 

tron gradients. 

Plant Operations 
Stweral r iwr te rm actrvrtres a re  planned whrch 

are rtalatetl t o  plant operat lor is 

O p e r a t ~ r ~ < j  plants a re  b z ~ r i g  u rged  t o  r emove  

saniplr; rrilet and  okrt1t.t tmds o f  stear71 y e n -  

erator t!,t)t?s d u r v g  rr f t relrng operatrons t o  

n l low t le tc~ i led 1,tt)oratory exdminat lor is of 

t l r k w  i ube  sections 

LONG RANGE PROGRAMS 

Alternate Tube Materials 
T ~ s l ~ i i q  o f  al ternate stearn gener,ttor tuhe  

materials has been a contrnamy \hlestrnyholrse 

e f f o r t  Cor rosrori testing programs o f  s team 

generator tube materrals we re  drscussed In 

Scct ror~ 4 of the Stcarn Generator Symposrum 

docu i~ ten t  A d d ~ t ~ o n a l  long range corrosron 

tests o f  t h e w  and  other  tuater~als  are c o n  

tinulriq or:der var ious cht:rnisal envrronri irtnts 

vdl \~cl> c,ot~ltf b e  expected t o  occur  in  nri over 

atlr ig 5tcarrr cjener3tor rinc!er r;orrnal and 
, ~ l , i ~ o r r ~ ~ n l  r:ond~tiorrs T t , e x  t~.:sts cont inue t o  



show that lnconel-600 IS strpertor t o  other 

candidate tube materials w i th  respect t o  cor- 

rosion resistance over t l~c  r i inge of expeclttd 

chetnical environments. 

Wet Layup C h e m i s t r y  

A program t o  evaluate ir lcoriel-600 corrosroli 

rn typical wet  layup chernrcal envtronrnerits 

was begun In July, 1972 dnd IS nc:nrtriy con\-  

pletton T h ~ s  program hds ~ i l d ~ c a t e d  that n o  

corrosron of lncor ie l -600 shotrlcl occur In tho 

spec~f ied wet  layup cherntc:,11 er lv~ronment 

Chemical Cleaning 
A program was t n t t ~ ~ t l t d  111 J '~~ i i ia r  y, 1973 t,) 

evaluate steam yener'rtor 1. honitcal c lean~ny 

agents fo r  use tf such cleari~ng IS I eqiitt t l t l  

Ttus program sho~tlcl  bc completed III Intt. 

1974 The followtny carlcltciate cleantng 1)r oc-  

esses have been selected for f~ rrther evalunt~ori 

n Alkalrrie cleanmy prociss<,clb 

Inh~btted, so(ltuni for r n  ;tnd 

arnmontatecl EDTA 

A m m o n ~ u r n  persultatr? rIrnrnon~ntecf 

EDTA two-step procc.:'; 

b. lnhlbited Ac id  Cleanmg Processes 

Inhibited ammoniated c:ltrlc a c d  

Inhibited sulfuric nctd 

Inhibited hydroxyocc!tic acid 

c Actd-Alkaline Cleaniri!~ PI or:c:ss 

Inhtbited s i l l f u r~c  a c ~ c l - ' ~ n i ~ ~ i o ~ ~ ~ i ~ r r i  

EDTA Two-step PI-mess 

Cornparatwe evaluation of sodtiim-EDTA an t i  

nmrnontum EDTA ~ n d l c i t t e ~  t t ~ n t  arnmorl:,tni 

EDTA IS more effecttve 111 rndgndc!e arid 41i:kjr: 

solutron, e s p w a l l /  i f  copper IS present 011 
the other hand, ammonlr im EDTA appears to  

be s l ~ i h t l y  nlor e cor rcrsrve towdrrl  stearn gen 

erntor ma:cvr,~is However the c o r r o s ~ v ~ t y  of 

bo th  s o c h ~ r ~ i  and arnrnonlum EDTA t oward  

Irlconel 600 rnay he cons~tl t?red tu be neylt- 

g ~ b l s ,  ant i  thts corrosior i  IS reductlci even 

furthrtr  when the lncor ic l  15 mec t i an~ca l l y  

co~lplt:d w ~ t t i  c3rbon steel Evaluat~otl  of these 

t w o  cticn>~r.,~ls as well as the other cantlrdate 

~k !a l l l l l y  i l ( l t ! f l l S  IS  contlrlc~lncj 

Model Boiler P r o g r a m s  

L V e s t ~ ~ i ~ l i o :  ~ s e  has ti1 p roy  r fass  wvera l  boiler 

Ie\t orocjrarns t o  furtht>r d r ~ f ~ n e  the vzrrot's 

thernto hyd rody :~am~c  ptienomena arid t o  

dr:terrnme I t )  more  cleta~l the rnaqrl~tude rtrltl 

eftects of c.hern~caI conccrltrdtron and tleposl 

t lon w h ~ c l ~  triny occur In an operat t rq stearn 

gerwr,l lor Some of  these tests are descr~becl 

l,t4ow 

Cri?v~!:e hlot lel  

Expmrncmts have I w e n  conctucted t o  study 

tlic: hydrotlynnrnrc cl,ar;lcter of t j o ~ l ~ r \ g  arid 

t l i c .  coric;ctrlt;at~on of nor1 volatile soltrtt!s I r l  

;~~i r : t~!nr  tube crevices These tests t:lilirctl 

t?ir!otr~c;~lf\i heated tubcs to  s~rnulnte tht: 

cr)rlt l~t!orls ,I[ t l ie tl:t,e tube sheet JOIII! !I) ;I 

stc8,1ni ! lf!t~t!ri l tor Tht:s(: studies !;howW ttint 

(:oil(:r!1itr,1t101l (:an (Jccclr- through b t i~ l r r~y  111 

t~ : !w c:r!:vices, arid : h ~ t  this c o i i c e n t r a t ~ r ~ ~ j  

efft:~:! Irlc:rt:nses w ~ t l i  irlcreaslng crevice? 

t lept l i  , ~ i i r l  clecreas~ny crevice w d t h  The 

~rcsults of t11;:se t a ! s  .;tli,yc!rt the change to 

cotl.r,trtrc:tlorI of steani ge:icr,?tors w ~ t h  :ilbe:; 

rol!t?ct t t r c :  t r ~ l l  depth of iht? t~rt)eshec.t 



F low  Visu311zat10~1 MocI~J I  

Westmghouse IS sponsormy tests at n rn,ilclr 

irriiversrty to ob tam l n fo rma twn  on f low 

pat terns in the lower  par t  of thc tube bt1r1,il.l Pr~i t i~ t r  y . 
and  to prov lde f i ~ r t t l v r  expel ~ n ~ e r i t d l  Jat,i I(. Oirtlet 

ver i f y  t h e r m a l - h y d r a t , ' ~  compoter  (-( r!es (Tcl 

used In design ari;~lysis of West~ricjt~our,c~ 

steam generators T ~ P  n lodc l  h h l c h  was 

developed f o r  these tests IS s h o h n  In Fqt , rc  

3-1 The test assembly c:orwsts o f  ,I t w o  

dlrr~ensional e l ec t r l c~~ l l y  htkntetl Inco~it. l  tltbt. 

bcindle slrnu!ntmg thc: hot  and  co ld  legs of ,I 

steam gei )erator  r ~ l t l ~  f low dlrect iny plates 

to s~rnulate t he  tube wrnppt:r Re f r i yc ra r~ t  

113 IS employed ;is the ho~ l i l i< l ,  two phart) 

heat transfer mcdlarn, and f low pattrlt 11s 

can be pho togrnphcd  ~ l ~ r o l r < j t r  \I~!W~IOI t i  

Slrigle Tube Test Boi lers 

Several  single-tube 1~1odt4 t i ~ l l c r s  of the type 

s h o w n  i n  Flgure 3-7 arc being tnst;llltd In a 

Primary Inlet (TH) 

3 

Steam Outlet  . 

Water Level 



at the secondary sitrface ut the tube. atlcl to 
delermine the corrosivity of chenl~cal  sctltr 

t lons toward  lnconc l -600 u n d e r  steani gel? 

erator heat transfer cc~ntlit!clns 

Other Model  Boilers 

Further boller tests are planned which will 

more  closely simulate the actual conditions 
In an operating steam generator Conceptual 

design has been com;~lc-ted for a 10 MW, 
64 tube boiler, and coristr ~ ~ c t r o n  will begm 
In 1974 

Special In -Serv ice  E r a m i i i a t i o n s  

In Rilndle f3orosc:opcb F u . ~ r n i r ~ ~ ~ t i o i ~ s  

A program of rnspec.!~i~ri of the s~cor id,r ry 

s d e  of [he steam gwlt5rato1 tube bc~r~t i l c  
near the tube street h a s  t )wn tn~tiated Thic, 

Figcrre 3-3 
Surface of Crud Located b y  FtSer Optics 
Borescope Plus Depth Gaye, At>ovr: the 

Cold-Leg Side of T h e  Sheet of an 
Operational Staarn Generator 

program c:or?sists of vlsaal exarnir~ation of 
the ncrltr-a1 part of the bundle by uslng a 

fiber-optics horoscope, to determine the 
itinourit o f  sludge deposited o n  the tube 

sheet Results of the enamination o f  a typical 

operatiorla1 steam ge i~era tor  are shown in 

Figure 3-3. Further ex,~minations of operating 

stearn generators are planned to characterize 

the depos~ts formed and to determine any 

relationst:~p between the nature and extent 

of de?po:;its and tube performance. 

Figure 3-4 
In Bunclle Probe 



Hot-Leg Cross-SE 

Fl(11rrc. 3 

-- - 

TABLE 3-1 
TEMPERATURE PROFILE D A T A  T A K E N  WITH 

I N - B U N D L E  PROBE 

r : t~ i?~~~: l . . i~ l  i ~ 1 ~ ~ I : $ t I ~ ~ ! ~ 1 1 t : f ~ i S  t t 1 1 1 ~  far S I I C ) W  ou 

c:tlc?~~ . i r : ; ~ l  ! I ~ ; I ~ I ~ : I I I  ~(:I .OSS th(t ~ , I C C  of I he  tlltic- 

sII!.:~?~ Cl~wni(:;ll cor .cer111 dtions of all ir~-bl~ntlie 

! . ,~r~ ip~i?s I-,trigti !~r?twr!eii 6 and 8 per cer-it 

Ir>%,tc:r t Ilan hiti ,vdowr~ cof~ccfi trnt~ons vd/;lch 

is riot. t~f: l~r:vr?tl  to be ~;c~nif~c,ant 
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