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ABSTRACT 

A s hor t s ec t 1 on of  l ea d s c r ew s uppor t t ube H8 f r om the Three M 1 l e  

I s l a nd Un 1 t  2 r eactor  wa s exam 1 ned. The  pr 1 ma r y  obJec t 1 ve o f  the  

exam 1 na t 1 on wa s to c h a r a c ter 1 ze s u r face  depo s 1 t s on the  s ec t 1 on w1 t h  

r espec t to  chem 1 c a l  a n d  r a d 1 ochem 1 c a l  concen t ra t 1 ons.  Th 1 s  wa s 

a c c ompl 1 s hed by r emova l ,  s epa r a t 1 on ,  and  d 1 s s o l ut 1 on of  the depos 1 t s and 

ana l ys 1 s  by seconda r y  1 on ma s s  s pec t r ome t r y ,  e l ec t ron  s pec t r o s c opy  for 

c h em 1 c a l  ana l ys 1 s ,  1 nducl 1 ve l y  cou p l ed a r gon p l a sma s pec t r ome t r y ,  and x -ray 

d 1 f f rac t\on tec h n \ ques . I n  add 1 t 1 on ,  the  depos 1 t s  wer e  s t u d \ ed us 1 ng 

met a l l og r a ph 1 c  and s c a n n 1 ng e l ec t r on m 1 c r o s c op 1 c  techn \ques . S t ud 1 es on 

effec tivene s s  of va r 1 ou s  decontam 1 na t 1 on s o l u t \ on s  a l s o wer e  per f ormed . 

Res u l t s , 1 n  gener a l , wer e  cons 1 s tent  w1 t h  da ta  obta 1 ned 1 n  prev 1 ou s  

exam 1 na t 1 on s  o f  p 1 eces  o f  l ea d s c r ew .  
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E X E CUT I VE SUMMARY 

A s ma l l  s ec t 1 on ( appr o x \ ma t e l y  9-cm l ong ) of l ea d screw s uppor t tube H8 

f r o.  t he T h r ee M \ l e  I s l a nd Un \ t  2 ( l M I -2 ) rea c tor wa s exam1 ned a t  Ba t t e l l e  

Co l umbus labor a tor \ e s . T he pr \ mary obj ec t\ve of t he exam1 na t \ on wa s to 

c ha r ac ter1 ze the s urface depos \ t s obs erved on the s ec t 1 on .  I n forma t \ on 

obta \ ned f r om t h 1 s exam1 na t 1 on w \ 11 bec ome a part of the body of  da t a  

needed for unders tand 1 ng rad \ onuc l \ de beha v \ or dur \ ng sever e core damage 

acc \ de n t s .  

E xam\ na t \ on s  c onduc ted on t he l eadsc r ew s upport t ube ( L ST ) s ec t 1 on 

\ nc l uded deta \ l ed c hem\ c a l .  s truc t ura l ,  a nd rad 1 ochem1 c a 1  a na l yses . us \ ng a 

va r \ e t y  of a na l y t \ c a l  tec hn \ ques . I n  add 1 t \ on .  a decontam \ na t 1 on 

e f f ec t \ vene s s  s t udy \ n vo l v \ ng f \ ve d \ f feren t dec on tam1 na t \ on s o l u t \ ons  wa s 

conduc ted . Resu l t s  o f  th \ s  ta s k  s hou l d  be u s e f u l  for r eac tor 

dec o n t am \ na t \ on and o ther r ecovery opera t \ ons  at T M I -2 . 

Res u l t s  o f  the exam \ na t \ on s  and conc l u s \ ons  der \ ved t here from are a s  

fol l ows: 

• V \ s ua l  exam \ na t \ on of the L ST s ec t \ on showed t he pre s ence of  

me ta l l \ c part \ c l e s  a t  the bot tom end of the s ec t \ on. 

• Gamma-ac t \ v \ t y scann \ ng showed r e l a t \ ve l y  f l a t  ac t \ v \ t y over the 

l ength of t he sec t \ on. The pr \ ma r y  sourc e s  o f  gamma ac t \ v \ t y 

were C s - 1 34 and Cs -137. No o t her gamma em\ t ters wer e  \ den t \ f 1 ed 

on the LST  sur faces . O t her \ so t ope s 1 den t 1 f \ ed 1 n  the l oose 

debr \ s  from t he pa c k ag \ ng \nc l uded Cp-60 , Sb - 1 25 ,  a nd Ce-1 44. 

• Some o f  the s urface depo s \ t s were found to be loos e l y  adher ent  

and  ea s \ l y t r a n s fer r ed t o  ma t er \ a l s  com \ ng 1 n  con t ac t w \ t h  the  

LST  sec t \ on .  Me ta11 ograph 1 c  e xam\ na t \ on o f  spec \ mens f r om t he 

sec t \ on showed t he pres ence of two s epa r a t e  and \ den t 1 f \ a b l e  

l a yer s :  l oos e l y  adherent  and t \ gh t  l y  adheren t .  T he l oo s e l y  

• 
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adheren t depo s \ t  on  the \ nner s u r f ace a ppeared to be mor e por ous 

and l e s s  u n \ f o r m  \ n  t h \ ck nes s than t ha t  on  t he o u ter s ur f ace . 

lhe outer s ur face depos \ ts exh \ b \ ted numerous  br \ gh t ,  me tal l \ c 

par t \ cl es , wh \ l e the \ nner s u r face depos \ ts had f ew or none . 

• E l emen tal ana l y s \s o f  s pec \ mens f r om the L S T  sec t \ on 1 nd1cated 

the f o l low \ ng :  

No  f 1 s s 1 on produc t c es \ um was det ec tab l e  1n the depos 1 t s 

u s \ ng t he s cann1ng e l ec tron m\ c r o s c ope , even though ces1um 

was the pr \ ma r y  s ou r ce o f  rad 1 oac t 1 v1ty 1 n  t he L ST .  I t  

appear s t ha t  the spec1f1c ac t 1 v 1 t \ es o f  Cs -134 and Cs -137 

are very  h 1 gh ,  and the e l emen ta l  concen trat1on o f  ces1um was 

n o t  h \ gh enough to be detec tab l e . 

Mo s t  o f  the \nner and o u ter s u r face depos\ t s appeared to 

con ta\n \ r on  and chr om \ um 1n var y \ ng amoun t s . Ver y few 

1so l a t ed pa r t1cles  were obser ved con ta1n1ng U ,  Zr , or Sn . 

lhe meta111c par t1c l es obser ved a t  t he bo t t om end of t he 

sec t1on and 1 n  the outer s u r face depo s1ts  con ta1ned var y 1 ng 

amoun ts of Ag , I n ,  and Cd . 

X-ray d1f f r act1on s tud1es o f  t he depos \ ts s howed compounds 

con ta1n1ng \ r on and n1ckel . Trace concen trat \ ons of s \ l ver 

a l s o were obser ved. 

E l ectron spectroscopy for  c hem1cal ana l ys \ s  s howed t he 

presence o f  Fe , Ag , I n ,  Cd , and 8 1n the outer s u r face 

depos1ts . No 1od1ne was detec ted . T races of ces 1 um and 

tel l ur1um were obser ved . The 1nner s u r face depos1t s s howed 

on l y  Fe , Cr , N1 , and 0 .  Th1s obser va t1on 1s con s1s tent w1th 

the ab sence o f  meta l l \ c par t1cl es . 
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Resu l t s  f r om  s ec onda r y  \ on ma s s  spec t r o scopy showed t he 

pr esence of  a number of e l emen t s , 1 nclud 1 ng C s , I ,  U ,  

and Zr . Ther e appea r ed to be no s ys tema t 1 c  va r 1 d t 1 on \ n  

c onc en t r a t 1 ons  o f  these e l emen t s  w1 t h  respec t to t he depth 

prof 1 l e .  

• The m \ c r o s t r uc t u r a l  appear ance of the ba se meta l o f  the L ST 

s ec t \ on showed c ar b 1 de prec 1p1 ta tes 1 n  the gra 1 n  bounda r y . I t  1 s  

be l 1 eved tha t the L ST ma y  have e xper 1 enced temper a t ures  1 n  the 

range of  f r om 510 t o  732•c ( 9 50 t o  1350•f ) du r 1 ng t he acc 1 den t . 

• Re s u l t s f rom the exam 1 na t 1 on of the L ST sec t 1 on a r e, 1 n  gener a l ,  

cons1s tent w 1 th those f r om the l eadsc r ew exam1 na t 1 ons. The t o t al 

�ss of  f 1 s s 1 on pr oduc t s  depos 1 t ed on the L ST sur face 1 s  a ver y 

s-.11 f r ac t 1 on of  the ma s s  of  f 1 s s 1 on produc t s  r e l ea s ed f r om  the 

c or e . The e x tent of  depos 1 t 1 on ma y  ha ve been h 1 gher dur 1 ng t he 

acc 1 de n t: 1 f  s o ,  1 t  ha s been r educ ed by subsequent  was h 1 ng. 

• Con t r o l  r od �ter 1 a l  ( Ag - I n -Cd ) appea r s  to have been t r a n spor ted 

1 n  the mo l ten/vapo r 1 z ed s t a t e  and subsequen t l y  depos 1 t ed on t he 

upper p l enum s ur faces . 

Res u l t s  obta 1 ned f r o.  exam 1 n 1 ng the L ST sec t 1 on a r e  l a r ge l y  cons 1 s t ent  

w 1 t h  da ta obta 1 ned 1n  pr e v 1 ous exam1 na t 1 ons  o f  p 1 ec es of l eadsc r ew .  T he 

da ta s hou l d  be c on s 1 de r ed s uppl emen tar y t o  tha t obta 1 ned f r om the l eadsc r ew 

exa•1 na t 1 ons  w 1 th  r e s pec t to rad 1 onuc 1 1 de t r a n spor t and depos 1 t 1 on dur 1 ng 

the acc 1 den t. 

v 



CONT E NTS 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 

E X E C UT I VE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · · · · · · · · · ·  · · • · ·  · · · · · · · · · 111 

1 .  I NTRODUC T I ON . . . . . . . . . . . . . . • . . . . . . .  • · · · • · · · · · · · · · · · · · · · · · · · • · · • • • • 1 

2 .  EXAM I NATI ONS AND RE SUL T S  . . . . . . . . . . . .  • · · · · · · · · · • • · · · • · · · · · · · · · • · · · 3 

2 . 1  Rec e 1 p t  and I n1t1a 1 I n s pec t 1 on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2 . 2  l ube Sec t 1 on1ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

2 . 3  Chem1ca 1  and Rad 1 oc hem1ca 1  Ana l y s1s of  Sur fa c e  
Depos1ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

2 . 4  Meta 1 1 ograph 1 c  Ana l ys 1 s  . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . .  35 

3 .  EVALUATI ON OF RE SULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  6 1 

4 .  RE COMME NDATI ONS F OR F OL L OW-ON WORK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 

5 .  REF E RENC E S  . . . . • • • • . . • . . . . • . • • . • . . . . • . . • . • • . . . • . • • • • • . • . • . • • . • • . • • &5 

F IGUR E S  

1 .  Schema t \ c  of  the  TMI -2 r ea c t o r  cor e , s how1ng 1 oca t \ on o f  t he 
L ST sec t 1 on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 2 

2 .  C o l or pho tograph of  the  LST s ec t 1 on ,  s h ow1 ng yel l ow depos \ t  
on the  outer  sur face . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

3 .  C o l or photograph s how1 ng the 1 n s1de s u r fa c e  of  t h e  LST 
s ec t 1 on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

4 .  Gamma -ray ac t1v1 t y  scan  a l ong the  s hor t s1de of  t h e  L ST 
s ec t  1 on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

5. Gamma -ray  ac t1v1ty scan  a l ong the l ong s1de of  t h e  L ST 
s ec t  1 on . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 9 

6 .  Ef fec t1venes s  of  f1ve decon tam1na t1on s o l u t1on s 1n r emov1ng 
s u r face  ac t 1 v1ty from the L ST sec t1on . . . . . . • . . . . . . . . . . . . . . . . . . . . .  1 2  

7 .  Decontam1na t1on e f f ec t 1 vene s s  of  a n  a l ka l 1ne perma ngana t e  
s o l u t1on ( So l u t 1 on 4A ) . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .. . . . . . . . . . . . . .  1 5 

8. Decon tam1na t1on e f fec t1vene s s  o f  a n  oxa l 1c ac1d/d1ba s1c 
amrnon1um c1t r a te  s o l u t  1 on ( So l u t1on 48) . .  . .  . . .  . . .  . . .  . . .  . .  . .  . .  . .  . .  1 6  

v1 



9 .  Dec onlaM \ na t \ on effec t \ vene s s  of  two -step t r ea tmen t , u s \ ng an  
a l ka l \ ne per�ngana te sol u t \ on ( So l u t \ on 4A ) and an  oxa l 1 c 
ac \ d/d \ ba s \ c  a�n \ um c \ tr a te s o l u t \ on ( So l u t \ on 48 ) . . . . . . . . . . . . .  1 7  

1 0 .  F l ow c hart s how \ ng s t eps \ nvo1ved \ n  sepa r a t \ ng Sr -90 f or 
a na l y s t s  . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 

1 1 .  Pho tomac r ograph of Spec \ men 1 - l .  s how \ ng me ta 1 1 \ c pa r t \ c l e s  
a t  t h e  bot tOM end o f  t he L ST sec t \ on . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  38 

1 2 .  Appearance o f  the br \ gh t  me t a1 1 \ c  g l obul e s  a t  t he bo t t om end 
of t he lSl s ec t \ on ( Spec \ men 1 - 1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 

1 3 .  Appeara nce of  t he me t a11 \ c  part \ c l es ( g l ob u l es) a t  the bot t om 
end of the l S l  sec t \ on ( Spec \ men 1-1) . . . .  . • . .  . . .  . .  . .  . .  . .  . .  . . .  . .  . .  40 

1 4 .  H \ gh-� gn \ f \ c a t \ on pho tom \ c r ogr aphs show \ ng t he t y p t c a l  
appea rance o f  \ nner and ou ter s u r f a c e  depo s \ t s on 
Spec \ men 1 -1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2  

15 . Typ \ c a l  appearance o f  \ n ner  a nd outer  s u r face depos \ t s on 
Spec \ men S-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 43  

1 6 .  Mosa \ c  o f  outer s ur f a c e  depos \ t s on Spec \ aen 2 - 3. show \ ng 
e l emen t s  present  \ n  eac h  area ana l y z ed w \ th E DAX . . . . . . . . . . . . • . . . .  44 

17 . T yptca l E OAX s pec t r um f or a part \ c l e  from Spec \men 2 - 3 . . . . . . . . . . .  45 

1 8 .  Mosa t c  o f  \ nner  sur face depos t t  on Spec \men 2 - 3. show \ ng 
e l eMen t s  present \ n  eac h a r ea ana l yzed w \ t h  E OAX . . . . . . . . . . .  . . . . . .  46 

1 9 .  Mosa \ c  of  outer surface depos \ t s on Spec \ men 5-6 .  s how \ ng 
e l emen t s  present  \ n  eac h  a r ea ana l yzed w\  t h  E OAX . . . . . . . . . . . . . . . . . 48 

20. T yp \ c a l  E OAX spec t r um of an area of Spec \men 5 -6 . . . . . . . . . . . . . • . . .  49 

21 . T yp \ c a l  E OAX spectr um of  a pa r t \ c l e  found on Spec \ men 5 -6 50 

22 . Appearance  of  t he outer  s u r face depos \ t on a samp l e  from 
Spec \ men 5 - l  . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 

23 . H \ gher -�gn \ f \ c at \ on v \ ew o f  the outer surf ace  depos \ t  on 
a san�ple fr om Spec \men 5 - l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 

24 . X -ray �p f or s \ l ve r. show \ ng l oca l \ z ed enhanc eme n t  \ n  s \ l ve r  
c oncen tra t \ on \ n  the l oose l y  adhe r e n t  depos \ t  of  Spec \ men 5 - l  . . . .  53 

25. Pho tom\ c r ograph of  a samp l e  f r om Spec \ men 2 - 2  of  t he LST 
sect \ on .  s how \ ng the •d \ t c hed• s truc t u r e  from ASTM A262 
Prac t \ c e  A tes t for detec t \ ng s uscept \ b \ 1 \ t y  to \ n terg r a n u l a r  
a t tack \ n  s ta 1 n l es s s t ee l . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . . .  . .  . .  . .  . . .  . .  . .  . .  . .  54  

• 



26 . 

27 . 

28 . 

29 . 

Photom 1 c r ograph of  a samp l e  f r om Spec 1 men 2-2. s how1 ng 
d 1 s t r 1 bu t 1 on of  the gra 1 n  boundary ca r b 1 de s  \ n  the  l ST 
ma ter 1 a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

SE M photom1 c r ograph of  a samp l e  f r om Spec 1 men 2-2. show 1 ng 
the l oca t 1 ons  and s 1 zes  of  the gra 1 n  boundary ca r b 1 des  . . . . . . . . . .  . 

Photom 1 c r ograph of  a samp l e  from Spec 1 men 2-2. s h ow 1 ng the 
gra 1 n  s 1 ze to be ASTM No . 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

P r ec 1 p 1 ta t 1 on k 1 net 1 c s  of  M23C 6 car b 1 de 1 n  a Type 304 
s t a 1 n l e s s  s teel conta 1 n 1 ng 0.05% c a r bon that  wa s or 1 g 1 na l l y 
quenched f r om 1 250°C ( Reference 4 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

TABlE S  

55  

55 

57 

57 

1 .  E ffec t 1 vene s s  of  the decon tam1 na t 1 on s o l u t 1 ons  1 n  remov 1 ng 
s ur face C s -1 37 ac t 1 v 1 ty . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . 1 8  

2 .  E l emen ta l ana l ys 1 s  o f  the sur face depo s 1 t s determ1 ned v 1 a  I CAP 
s pec troscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

3 .  Res u l t s  o f  XRD ana l ys 1 s  of the adherent  depo s H s  . . . . . . . . . . . . . . . . . 24 

4 .  E SCA da ta for Spec 1 men 4-6 OD ( both  l ayer s  1 ntac t )  . . . . . . . . . . . . . . .  25  

5 .  E SCA da ta for  Spec 1men 6-4 OD (lAD removed ) . . . . . . . . . . . . . . . . . . . . . .  26 

6. E SCA da ta for Spec 1men 4 - 5  IO ( both  l ayer s 1 ntac t )  . . . . . . . . . . . . . . . 27 

1. I n s t r ument  1 n tens 1 t 1 e s  for e l emen t s  detec ted by S I MS ana l ys 1 s  
of  Spec 1men 4-6 00 ( both  l ayer s  1 ntac t )  . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

8 .  Spec 1 f 1 c  act 1 v 1 ty mea s u r emen t s  o f  the lAD and AD l ayer s  

9 .  Sur face ac t 1 v 1 ty mea s u r emen ts  o f  the 00 and IO adhere n t  

31  

depos 1 t  l ayer s . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . 31  

10. SR-90 ac t 1 v 1 ty of the lST depos 1 t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

1 1 .  Res u l t s  of the I-129 ana 1 ys 1 s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

v 1 1 1  



E XAMI NAT I ON OF THE lE AOSCRE W SUPPORT TUBE 

F ROM THRE E M I LE I SL AND RE AC T OR UNI T  2 --------- "-----

1 .  INTRODUCTION 

One of t he Major objec t \ ves of the techn 1 ca 1  da ta  a c qu 1 s 1 t 1 on prog r am 

for t he T hr ee M' l e  Is l and Un \ t  2 ( TMI -2 ) r ea c tor  1 s  to prov \ de 1 n f o rma t 1 on 

on t he r e l ea s e ,  t r a n s por t ,  a nd depos 1 t 1 on of  f 1 s s 1 on pr oduc t s  and other 

r a d 1 onuc 1 1 des dur \ ng severe core daMage a c c 1 dent s .  T h 1 s  1 n forma t 1 on 1 s  

be \ ng obta 1 ned b y  de t a 1 l ed c ha r ac ter 1 za t 1 on o f  depos 1 t s  on sur faces w 1 t h 1 n  

the TM I-2 r eac tor c oo l a n t  s ys tem t ha t  wer e  uncover ed dur \ ng the a c c \ den t . 

Resu l t s of these s t ud 1 es w \ 1 1  be used t o  de t e r m 1 ne r a d 1 onuc l 1 de source term 

va l ues a pp l \ c a b l e  to sever e  core  damage a c c 1 dent  c ond 1 t 1 on s  and t o  suppor t 

r ea c tor dec ontam 1 na t 1 on and other r ecove r y  opera t 1 on s . 

One a ppr oach to ob ta 1 n 1 ng da ta  on t he sur face  depos 1 t s  1 s  t o  r emove 

sa�l e s  conta 1 n 1 ng t he depos 1 t s and ana l yze t hem o f f s 1 t e .  As pa r t  of t h 1 s  

e f f o r t ,  s ec t , ons o f  c on t r o l  r od l eadsc r ew have been e xam1 ned b y  s ever a l  

o r ga n 1 za t 1 ons  t o  c ha r a c ter 1 ze sur face depos 1 t s .  C omp l emen ta r y  t o  t hese 

exam1 na t 1 on s  1s  the charac ter 1 za t 1 on by Ba t t e l le  C o l umbus labora tor \ es o f  a 

s ec t \ on f r o.  t he H8 l eadsc r ew s uppor t t ube ( LST ) .  T h 1 s  sec t \ on ,  wh \ c h  1 s  a 

samp l e  of  t he sur face  1 mmed , a t e l y  above the p l enum a s s emb l y  of  t he r eac tor  

( F 1 gure  1 ) , \ s a key t o  under s ta nd \ ng f 1 s s 1 on pr oduc t beha v 1 or 1n  the upper 

par t of  t he r eac tor vesse l . 

T h 1 s  r epor t desc r 1 bes the exam 1 na t 1 ons c onduc ted on t he s ec t 1 on o f  

l eadsc r ew suppor t t ube and presen t s  an eva l ua t 1 on of t he r e s u l t s obta \ ned . 

A l so 1 nc l uded a r e  r ec ommenda t 1 ons  for f o l l ow-on wo r k .  
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Flyure 1. Schemat\c of the lMl-2 r eac t o r  c or e ,  s how\n g  1oc a t 1on o f  t h e  L ST 
SP! I ion. 
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2 .  EXAMINAl J ONS AND RESULTS 

The exam 1 na t \ ons  conduc t ed on t he sec t \ on of  l S l 1 nc l uded v \ sua l a nd 

pho t ograph 1 c  e xam 1 na t 1 on s ; gamma - r a y  prof 1 l \ ng: e l eme n t a l  and s t r uc t u r al 

ana l ys 1s of  t he s ur f a c e  depos t t s ;  decon t am \ na t 1 on e f f ec t \ vene s s  s tud \ e s ; 

r ad 1 oc he.1 c a l  analy s\s , 1 nc l ud 1 ng measuremen t  o f  I - 1 29 ;  a nd m\c r os t r uc tural 

exa• 1 nat \ on o f  t he base � tal . 

2. 1 Rec e \pt and In 1 t 1 a l  In spec t 1 on 

2 .1 . 1  V \ sual and Pho t ogr aph 1 c  E x am 1 na t 1 on 

T he lSl s ec t \ on wa s s h \ pped f r om t he Babcock a nd W \ l c o x L ynchburg  

Resea r c h Cen ter and r ec e \ ved a t  t he Ba t te l l e  Hot Cel l Fac 1 1 1 t y 1 n  

Augu s t 1 984 . T he s ec t 1 on wa s pac kaged \ n  a ye l l ow p l as t \ c bag a nd p l a c ed 

1 n s 1 de a l ead s h \ e l d  appro x 1 ma t e l y  3 . 8-cm- t h \ c k . lhe l ead s h \ e l d  wa s 

f u r t her c o n t a t ned and cen t e r ed 1 n  a 5 5 -ga l . drum .  

The L ST s ec t \ on wa s r emo ved f r om t he p l a s t \ c  bag f o r  v \ sua l \ n s pec t 1 on 

a nd pho t ograph 1 c  doc �n ta t \ on o f  1 t s sur f a c e  appea r anc e . The 1 n s pec t 1 on 

was per f or.ed 1 n  an  open area ou t s \ de t he hot c e l l s .  A \ r f l ow wa s 

e s t a b 1 1 s hed over t he s ec t 1 on a nd ven ted awa y f r om per s onne l \ n  the a r ea to 

m t n 1 m 1 ze t he spr ead of  any  a \ r bor ne con tam1 na t 1 on .  A l l per sonnel \ n  t he 

area wer e equ \ pped w\t h  per s ona l a 1 r borne par t \ cu l a t e  samp l \ ng s y s t ems . 

L a t e r  ana l ys t s  o f  t he pa r t \ cu l ate f \ l te r s  1 nd 1 ca t ed t ha t  no a \ r bo r ne 

ac t 1 v 1 t y wa s presen t dur t ng the exam\ na t \ on per \ od .  

Rad t a t \ on r ead \ ng s  we re taken on t he LSl sec t 1 on af ter  1 t  had been 

p l aced on an absor ben t ,  wh 1 t e s u r face for pho t ogra ph\c e xam \ na t t on . The 

contac t ,  beta -gamma r a d 1 a t 1 on f \ eld wa s mea s u r ed at 35 R/h , a nd the r ead \ ng 

at  1 m was 70 �/h . 

T he ent t r e  ou t s t de sur face  of  the sec t \ on wa s photogr a phed 1 n  c o l or . 

Mo s t  o f  t he s u r fac e  appear ed s o l \ d  b l ack . The depos 1 t s appea r ed t o  be t h \ n  

a nd l a r ge l y  un t form, w 1 t h  n o  e v \ dence o f  d 1 s l 1 ngu 1 shab l e  s 1 ng l e  pa r t 1 c l e s  
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on the  out s1de or 1n s1de c y l 1ndr1c a l  s u r f a c e s . Por t 1 ons  of the  outer  

s u r face  on one  s1de wer e  pa r t1a l l y  c overed by a t h1n , yel l ow-orange 

depos1 t . The L ST s ec t 1 on and  c o l o r ed depos \ t s a r e  s hown 1n F \ gure  2. The 

f l a t  bot tom of  the s ec t \ on ,  wh 1 c h  had been or 1 en ted t owar d  the reactor core 

\ n  ser v \ c e ,  s h owed e v 1 dence of  met a l l 1c par t 1 c l es r a ng 1 ng 1 n  s 1 ze f r om 

bar e l y  v 1 s1b l e  to  a bout  1 mm \ n  d1ame t e r , w1t h  t h e  l a rger par t \ c l es 

appear1ng spher1ca l .  F \ gu r e  3 \ s a photog r a ph s h ow 1 ng the 1ns 1 de sur face 

of the  s ec t 1 on, wh 1 c h  appea red b l ack, s 1 m \ l a r  to mos t o f  the  o u t s \ de 

s u r face. Some sma l l a r e a s  of  yel l ow-orange s ur fa c e  ma ter 1 a l  a l so were  

obser ved, but  these a r ea s  wer e  l es s  e x t en s \ ve than  those  found on  the 

out s1de s u r face. 

I t  wa s obser ved tha t the  s u r face  ma ter \ a l  wa s very  ea s \ l y t r a n s fer r ed 

to obj ec t s  com\ ng \ n  contac t w \ t h  the  L ST sec t1on, a s  shown by t h e  presence 

of a part \ a l ,  b l ack r \ ng on the  wh \ t e s u r face 1 n  f r o n t  o f  t he sec t 1 on ( see 

F 1 gure  2). The r \ ng \ s  res \ du a l  ma ter \ a l  l e f t  beh 1 nd when the  s ec t 1 on was 

moved to another pos 1 t1on. The ma ter 1 a l  wa s eas 1 l y t r a n s fer r ed t o  r ubber 

surg 1 c a l  g l oves com 1 ng 1 n  con tac t w \ t h  the s ec t 1 on .  The t r a n s fer r ed 

ma ter 1 a l  wa s very rad1oa c t 1 ve. 

0 1 men s 1 onal  mea s u remen t s  were made of  the  L S T  s ec t \ on. The l en g t h, a s  

mea s ured o n  t h e  s hor t s \ de, wa s 8.6 em. T h e  l ong  s \ de mea s ur ed 9.5 em, and 

t he outs1de d \ ame ter wa s mea s ur ed at  6. 5 em. After  the  1n 1 t 1 a l  1 n spec t 1 on, 

the sec t \ on wa s rebagged \ n  pol yethyl ene a n d  t r a n s fer r ed back  t o  t h e  l ead  

s h \ e l d, pend 1 ng fur ther s tu d 1 es.  

The ye l l ow p l a s t1c bag that had con t a 1 ned the  s ec t \ on wa s packaged \ n  

a po l ye t h y l ene bag and t r a n s fer red t o  a g l ove box for recover y o f  the  l oose  

debr 1 s .  Once 1 n s 1 de the  box, the  bag  wa s opened and  u n f o l ded . No l a r ge 

pa r t 1 c l e s  s uc h  a s  met a l  s h a v \ ngs or c o l l ec ta b l e  l oo s e  powder wer e found \ n  

the  bag; on l y  a t h \ n  coa t \ ng ot b l ac k  ma ter \ a l  wa s found wher e  the  bag had 

been 1 n  d \ r ec t con tac t w1t h  the  L Sl sec t1on. Some o f  the ma t er \ a l  wa s 

c o l l ec ted by s c r a p \ ng w\ t h  a n \ c k e l  spa t u l a. I t  \ s  1 1 ke l y  tha t s ome 

p l a s t \ c  f r om the bag wa s c o l l ec ted w\ t h  tne s u r face  ma ter \ a l, bec a u s e  the 

bag 1 t s e l f showed ev \ dence of  rad 1 a t 1 on degrada t 1 on by break\ng apa r t  and 
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f ,gures 2 and 3 

F 1 gure 2 .  C o l or photograph o f  the lSl sec t 1 on. show 1 ng ye l l ow depos 1 t  on 
the ou t er surface . 

. 
F t gure 3. C o l or photograph show 1 ng the 1 n s 1 de s ur fac e of  t he L ST sec t,on. 
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f l ak i ng when gen t l y  s c raped wit h  t he s pa t u l a . The c o l l ec ted ma t e r ia l  was 

p l aced in a via l f o r  radioc hemica l  a n d  chemica l  a na l y sis , 1 f  needed . The 

t o t a l  r ecovered ma ter i a l  weighed about 15 mg . 

2 . 1 . 2  Gamma -Ray Ac tivity P r o fi l 1 ng 

The l oose  debr 1 s  s c r a ped f r om t he packa g 1 ng ma t e r 1 a l  wa s ana l yz ed by 

gamma-ray  s pec t r o s copy to  qua l 1 ta t 1 ve l y 1 dent 1 fy a l l  gamma -r a y  em1 t ter s 

expec ted to  be present  on t he L ST .  The v 1 a l  c o n t a 1 n 1 ng the debr 1 s  was 

coun ted for 1 800 s ,  u s 1 ng a 50-cm
3 german 1 um detec tor  w1 th  a r e s o l u t 1 on 

of  2 . 5  keV f u l l -wid th  a t  ha l f -maximum a t  1 33 2  keV ,  a n d  a 4096-channel  

mu l t i c hannel  ana l yzer. The s pec t r o s c opy s y s tem wa s energy - c a l ib r a t ed t o  

inc l ude t h e  range f r om 8 0  t o  2000 keV . A l l gamma -r a y  pea k s  obs e r ved i n  t h e  

s pec t r um wer e  iden tif i ed ,  ind 1 ca ting t he pr e s ence  o f  t he gamma - r a y  em1 t te r s  

Co-60 , Sb-1 25 , C s -1 34 ,  C s -1 37 , a n d  Ce- 1 44 .  C s - 1 34 a n d  C s - 1 37 wer e t he 

maj or sour ces  of  ac t 1 vi t y . 

The L ST s ec t i on wa s doub l e  bagged 1 n  pol ye t h y l ene and  t r a n s fer r ed to  a 

gamma -ray coun t i ng s y s tem for an  a x i a l  ac t 1 v 1 ty scan . The coun t 1 ng s y s t em 

cons i s ted of  the same upwa r d - l ooking , 50-cm3 germa n i um detec t or u s ed for  

the gamma-ray  ana l ys i s  of  the l oo s e  debris . However , the  s y s t em wa s 

mod i f 1 ed so  t he L ST s ec t i on wa s posi t 1 oned above the  detec tor , w 1 t h  1 0  em 

of  l ead s h i e l d i ng between the  s ec t 1 on and t he detec tor . A 0 . 32-cm hol e  wa s 

dr i l l ed t h r ough the l ead s h 1 e l d  to  prov 1 de a por t for the  detec tor  t o  v 1 ew 

the  s ec tion . The edge o f  the  s ec tion wa s p l a c ed over the 0 . 32-cm hol e .  

Beg 1 nn 1 ng wi th  the edge , a gamma -ray s pec t r um wa s a c c umu l a ted for  each 

a x 1 a l  0 . 3-cm inc r emen t ,  as  the L ST s ec t 1 on wa s moved pa s t  t he por t .  Two 

a x i a l  scans  were per formed , one a l ong the  s hor t ( 8 . 6 -cm ) s 1 de and  t he o ther 

a l ong the l ong ( 9 . 5-cm ) s i de of  the s ec tion . 

The i n tegra ted peak a r ea s
· 

for the 662-keV 1 1 ne of C s - 1 37 and  t h e  

796-keV 1 1 ne of  C s - 1 34 wer e  u sed to  mea s u r e  the  r e l a t 1 ve ac tivi t 1 e s  a l ong 

the l ength  of  the  sec t i on .  The peak areas  we r e  c o r r ec ted for  bac kg r ound 

and s hine f r om gamma rays  pene t ra t 1 ng t he l ead  s hie l d  to  the  detec tor . The 

s h i ne c o r r ec t 1 on wa s per formed by p l a c i ng the s ec t 1 on to the s 1 de of  t he 
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0 . 3? -cM c o l 1 1 -. t t on ho l e ,  t hen ac c umu l a t \ ng da t a  t o  de term 1 ne the 

t r an sm 1 s s 1 on c ount rates of the 662- and 796-keV ga� rays u s ed for the 

prof \ l e. lhe meas ured s h 1 ne c ou n t  rates  we r e  s u b t r ac t ed f r om t he coun t 

rates  obta \ ned w 1 t h  the s ec t 1 on over t he c o l l 1 ma t 1 on ho l e .  

The resu l t s o f  t he two sc an s are shown 1 n  F \ gures  4 and 5 .  T he ze r o  

pos 1 t t on o n  t he absc \ s s a  a t  t he l e f t  s \ de o f  eac h p l o t  cor r e s ponds to  t he 

bo t tom end of  t he s ec t 1 on ,  wh t c h  po 1 n t ed t o  t he core 1 n  ser v \ c e .  E a c h  

pos t t 1 on t nc r emen t  c o r r e s ponds t o  mov 1 ng t h e  sec t 1 on pa s t  t he por t by 

0 . 3 • 0 . 1 cM . E xaM1 nat t on of F 1 gure 5 s hows a t r end t owa r d  1 nc r ea sed 

ac t 1 v t t y .ov t ng up the L ST s ec t 1 on: however , t h 1 s  1 s  not ev 1 den t \ n  

F 1 gure  4 .  Ya r 1 a t 1 on s  1 n  r e l a t 1 ve ga�-ray em1 t t er ac t 1 v 1 t y a l ong t he 

l en g t h  of t he sec t 1 on are abou t 8%. 

2 . 2  T ube Sec t 1 on 1 ng 

Af ter the ga� -ray scans , t he L ST sec t 1 on wa s t r a n s f er r ed t o  t he ho t 

.ac h 1 n 1 ng a r ea. A band saw ,  c l eaned to r emove l oo s e  contam 1 na t 1 on a nd 

equ t pped w 1 t h  a new b l ade ,  wa s used t o  c u t  t he s ec t 1 on 1 n to r 1 ngs . The L ST 

s ec t 1 on wa s c ut perpend 1 c u l a r  t o  t he cy 1 1 ndr 1 c a 1  a x 1 s ,  pr oduc 1 ng seven 

r \ ngs r ang \ ng \n t h 1 c k ne s s  f r om  appr ox 1 ma te l y  0 . 6  em to  approx 1 ma t e l y  

3 . 8 c•.  T he f 1 r s t  r \ ng , c ut f r om  t he bo t t om of t he L ST sec t 1 on ,  wa s 

de s t gna t ed R \ n g 1: and eac h s ub s equen t r 1 ng wa s numbe r ed sequen t 1 a l l y  up 

to  7. As each r 1 ng wa s c u t ,  1 t  wa s pac kaged 1 n  po l ye t hy l ene a nd 

t r an s f er r ed t o  a l ead s h 1 e l d  for s t or age . R 1 ngs  3 and 1 wer e  ar c h 1 ved for 

pos s 1 b l e  f u t ure s t udy . 

R 1 ngs  1 ,  2 ,  4 ,  5 ,  and 6 we r e  t r ansfer r ed 1 nd 1 v 1 dua l l y  t o  a g l ove box 

and c u t  t nt o  s pec 1 men s  for the var 1 ous s t ud 1 es . A hac k saw w 1 t h  a new b l ade 

wa s used ,  a nd t he r 1 ngs we r e  held f \ rml y 1 n  p l ace w 1 t h  a smal l v 1 se. 

Spec 1 men s  from the r 1 ngs  we r e  des \ gna t ed w 1 t h  a s pec 1 men c ode o f  t he 

for • X - Y , where X r epresen t s  t he r 1 ng number and Y r epresen t s  t he spec 1men 

n�er ( e . v . •  •spec \ men 1 -7• r e fer s to t he seventh s pec 1men cut f r om 

R 1 ng 1 ) . I f  s pec \ men s  w 1 t h  the X -Y des 1 gna t 1 on we r e  s ubsec t \ oned f ur t her , 

7 



7r----------------------------------------------------------------------------, 

Gemm•·R•v Activity Scan 2 Short Side of Component 

6t- -5 

� �Cs-137 -� -; • • • -�--�� u .. • t;:: ct ·c • • cf"E ,_.:;) • • • • ;'i:; M> • • • • -� 5- • • - 4 - � c:;; • • . .  • • • - � • (.J -� • :a • • ..a 00 ... � ... � -;;c{ ·;;"' ·- ·-.. .. « « 

• 
• • • 

• • • • • 4- • • • • • 
• • - 3 • • �Cs-134 • • • • 

• • 

3L-----------��-------------��----------�j�----------�=-1---- ----�2 
5 10 15 20 

(Bottom) ITopl 
Position Increment 

f1gure 4. Gamma-ray act1v1ty scan along the short s1de of the LST sect1on. 



6 I 

• • • • • • • • • • • • • • 
Ct-137- • • • 

� 
• 

!-
t;: • • • c • 
,..:» • • � 
::!t • • ; 

. .  5 • �i ·= • c u.J • : .. �:I -;:c -t ·- �; .. lit • • .a 
• • .. .. 

• • • • • -· • • • • · -
• • • • ... • lit 

• -- Ct·134 • 
• • 

• • • l 
• • 

• 

3�--------------�----------------�--------------�--------------_.----------------�--------� z 
CBonoml 5 10 15 20 Z5 IT•I 

F 1 �ure 5. Gamma-r a y  ac t1v1 t y  scan a l ong t he l ong s 1 de of the L Sl s ec t 1 on .  



the res u l t 1 ng samp l es wer e  des 1 gna ted w1 t h  a c ode 1 n  t he form X -Y . Z ,  w 1 t h  z 
represen t 1 ng the number o f  the samp l e .  The f 1 r s t  samp l e  c u t  f r om 

Spec 1men 1 -7 ,  for examp l e ,  wou l d  be i den t 1 f i ed a s  Samp l e  1 -7 . 1 .  A l l 

c u tl 1 ng oper a t 1 on s  were doc umented s o  tha t a bs o l u t e  l oc a t 1 on s  on the LST 

s ec t i on c o u l d  be determ1 ned . As the s pec 1mens  and samp l e s  wer e  prepa r e d , 

they were trans ferred th rough the a 1 r  l ock  of t he gl ove box to  c l ea n  

p l a s t 1 c  v i a l s. 

2. 3 Chem i c a l  and Rad 1 oc hem1 c a l  Ana lys 1 s  of Sur face Depos 1 t s 

2 . 3. 1  Decon tam1 na t 1 on E f fec t 1 vene s s  S t u d 1 es 

To a s s e s s  the effec t 1 vene s s  of f 1 ve s o l u t 1 on s  1n remov i ng t he sur face 

ac t i v i ty from the LST s ec t 1 on ,  a ser 1 e s  of  decon tam1 na t 1 on tes t s  wa s 

per formed . The f 1 ve s o l u t i on s  wer e  the same a s  those  u s ed a t  TMI for 

1 n 1 t 1 a l  chem1 cal  charac ter 1 za t 1 on of the  s ur face depos 1 t s on a 30 -cm 
1 

sec t i on of 1 eadscrew. 

l he decon tam1 na t 1 on effec t i venes s tes t s  wer e  per formed u s 1 ng sma l l  

samp l e s taken from ne1 ghbor1ng l oca t 1 ons  on the LSl s ec t 1 on . E a c h  samp l e  

had appr ox 1matel y equa l 1 nner- a n d  outer-d 1 ameter s u r face a r ea s , w1 t h  a 

tota l contam 1 na ted sur face area 1 n  the range of  f r om 0 . 1  t o  0 . 2  cm2 per 

samp l e. Al l samp l es had bo th  t 1 gh t l y  and l oo s e l y adherent  s u r face  depos 1 t s. 

2 . 3. 1 . 1  I n 1 t 1 a l  Tes t s  of  F 1 ve Decontam1 na t 1 on So l u t 1 on s . Before  

beg 1 nn 1 ng the tes ts , a l l  samp l es wer e  ana l yzed by gamma-ray s pec t ro sc opy . 

Th i s  wa s done to de termi ne act i v i t i es  so  t ha t  dec ontami na t 1 on fac tor s cou l d  

be ca l c u l a ted a t  the end of  the tes t s .  F i ve sepa r a t e  samp l e s  wer e  exposed 

a t  room tempera t ure ( 20 ° C ) to f i ve d 1 f feren t dec on tami na t i on  s o l u t 1 on s  

con ta 1 ned i n  g l a s s  bea ker s ,  w1 th  one samp l e  and o n e  s o l u t 1 on per bea ker. 

The compos i t i ons  of the f 1 ve s o l u t 1 on s  wer e as f o l l ows: 

1 So l u t 1 on l --de 1 on 1 zed ( D I )  wa ter 

1 Sol u t 1 on 2 - -bora ted wa ter  conta 1 n 1 ng 2500 -ppm bor on a s  H 3Bo3• 

pH-adj us ted to  7.5 w 1 th NaOH and  1% lR I TON X - 1 00 s u r fa c t a n t  

1 0  



• 

• A two-step, a l ka l \ ne permangana te and c \ tr \ c /oxa l \ c ac \ d  

dec onta•1 nat 1 on s o l u t \ on c on s 1 s t \ ng o f  

Sol u t \ on 4A - - 1 01  NaOH a nd 3% KMn0
4 

So l u t \ on 48 --Ho2c -co2H (25 g/l ) and d \ ba s \ c  ammon 1 um 

c \ t rate ( 50 g/l ) 

• So l ut 1 on 5--solut \ on of  1 0 -wtX HN03 and 0 . 1� HF . 

One sa� l e  wa s p l aced \ n  50 ml o f  eac h dec ontam1 nat\ on s o l ut \ on ,  and 

the t n \ t t a l  t \ me wa s r ec or ded. 8eg \ nn \ ng w \ t h  5-m 1 n \ n ter vals , 1 00-�l 

a l \ quots were tr a n s f e r r ed f r a.  t he decon ta• 1 na t \ on s o l u t \ ons  to c ount 1 ng 

v \ a l s . To ensure  r epresentat 1 ve a l 1 quots we r e  ob ta 1 ned , the 

decontam \ na t 1 on s o l u t \ on s  we r e  .echan \ c a l l y  s t \ r r ed j ust be f o r e  s amp l 1 ng ,  

then l e f t und \ s tu r bed u n t 1 1 the nex t a l \ quot  wa s ta ken . The v 1 a l s  then 

wer e ga�-ray c ou n ted \ n  an ene r g y - a nd e f f \ c \ enc y-c a l \ bra ted geometry to 

de te r • 1 ne the s pec t f \ c  ac t \ v \ ty o f  the C s-137 pr es ent . A t o ta l  s o l u t \ on 

ac t \ v \ ty then wa s c a l c u l a t ed and p l otted a s  a f u nc t \ on of expo s u r e t \ me  for 

eac h  o f  t he f 1 ve dec o n tam 1 na t 1 on s o l u t 1 on s .  As the r a t e  o f  a c t 1 v 1 ty 

r eNOva l s l owed , the samp l 1 ng 1 n ter va l s  we r e  lengthened , un t 1 1 a tota l of  

6 h had e l a p s ed . At  the  end of  24 h,  t he so l u t 1 ons  wer e  samp l ed a ga t n  to 

deter•t ne whe ther any une xpec ted c h em \ c a l  ac t \ v \ ty had oc c ur r ed dur \ ng the 

1 8  h s 1 nc e  the prev \ ous  al\ quo t had been taken . F \ na l l y, the s a mples wer e  

r..aved f r om the s o l u t \ on s ,  r \ nsed w \ th d 1 s t \ l l ed wa ter ,  a nd ga� - r a y  

c oun ted a s ec ond t \ me  to dete r m \ ne t he decon tam\ na t \ on f ac tor s .  

lhe r e s u l ts of  the dec o n ta•1 na t 1 on tes ts , p l otted a s  total s o l u t \ on 

ac t t v t t y  ver s u s  t \ me, a r e  shown \ n  F 1 gure 6. So l u t \ on s  1 ,  2 ,  and 3 r emoved 

a very s � l l  a.aunt o f  the tota l C s -1 37 ac t 1 v \ t y ,  w \ t h  the r eac t \ on 

es sen t 1 a l l y  c a.p l e te a f te r  abou t 5 h .  T he a l \ quots taken and c ou n ted a f ter 

2• h s h owed no s \ gn 1 f 1 ca n t  \ nc r ea se 1n ac t \ v \ t y a f te r  the 1 8-h per 1 od .  
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F \ gure 6. 

Efftctivtnen of Five Decontamination Solutions 

Actual values x 0.05 s 

0 

2 3 4 

Time (Hours) 

5 

1) 01 H20 
21 2500 ppm B 

pH 7.5 
31 5.0 wt% NazC03 

w 1 wt% H202 
41 A· 10% NaOH 

3% KMn04 
B • H02C·C02H 
25gA. with • SOgA. 
DB N H4 Citrate 

51 10 wt% HNOJ 
0.1 !:1_HF 

X-3 

o- 1  
2 

0 

6 

Hfer. l \vene s s  of  f \ ve dec o n tam \ na t \ on s o l u t 1 on s  1 n  r emov 1 ng 
s u rface ar t \ v 1 t y f r om the l Sl s ec t \ on. 

1 2  



So l u t 1 on 4 actua l l y wa s a two - stPp t r ea tment . The samp l e  wa s expos�d 

t o  a l kal \ ne permdnga na t e  (So l u l \ on 4A ) for  3 h and then t r ansfer r ed to the 

d 1 ba s \ c  aMman \ um c 1 t r a te ( So l u t t on 48 ).  As can  be s een f r om Cur ve 4A \ n  

F \ gur e  6, t he r a t e  of  a c t \ v \ ty r emova l w 1 t h  the a l ka l t ne p�r ma nga na t e  seems 

to be c on s t a n t , a nd pr oba b l y  c ont \ nues pa s t  3 h .  When t he samp l e  wa s 

tra n s ferred to So l u t \ on 48 , the r emova l r a te a t  f \ r s t  1 nc r ea s ed ,  then 

a ppea r ed to l eve l of f r ap \ d l y  at 2 h a nd 40 m 1 n .  [A s w \ 1 1  be seen , t he 

s a� l eve l \ ng-of f  beha v \ or a ppear ed dur \ ng a s ec ond test . ]  However , when 

So l ut t on 48 wa s s amp l ed a f ter  24 h ,  t he so l u t \ on a c t t v \ ty t nd \ c a ted tha t 

the r emo va l rate had \ nc r ea s ed aga 1 n  and c on t \ nued a t  a n  aver age r ate of  

a ppr o x \.ate l y  0 . 1 9 �C 1 /m 1 n  t h r oughout t he 21 -h per \ od f o l low \ ng t he 

pre v \ ous  samp1 1 ng .  As  d \ s c u s s ed 1 n  Sec t \ on 2 . 3 . 1 . 2 ,  t h \ s  beha v t or 

s ugge s ted the need for  f u r ther  s t udy of  t he effec t \ vene s s  of So l u t \ ons  4A 

and 48 . 

The e f fec t \ vene s s  of  So l u t \ on S wa s qu \te d r ama t \ c, a s  s hown by 

Curve S o f  F 1 gu r e  6 .  A f ter j u s t  S m \ n , 240 �C \ o f  C s - 1 37 had been 

r eaoved, w\ t h  a ppa ren t l y  a l l  of t he ac t 1 v 1 t y r emo ved w\th \ n  25 mt n .  

Dur \ ng the dec o n t am 1 na t 1 on w \ th So l u t \ on S ,  \ t wa s qu 1 te appa r en t  t ha t  

the s o l u t \ on wa s f u nc t \ on \ ng by under c u t t 1 ng the c on tam\ nated l a yer a nd 

l ea c h \ ng t he C s - 1 37. The outer - a nd 1 nner -d 1 ame t er l a ye r s f l a ked away from 

the ba s e  .eta l and r � \ ned mo st l y  und \ s s o l ved a f t er t he 24-h  expo s u r e  

per \ od .  T h e  ba se me ta l  \ ts e l f  began to s how ev \ dence of c hem\ c a l  a t tack  

af ter  about 2S m \ n .  A t tack  wa s 1 nd 1 c a ted by d u l l\ng o f  the cut  edge 

s u r faces , and , a f ter  24 h ,  t he ba s e  meta l wa s par t \ a l l y d \ s s o l ved and 

p \ tted . 

2 . 3 .  1.7 Deta 1 l ed Tes t s  of Two - S t ep Dec ont am\na t \ on T r ea tmen t . Bec ause  

o f  t he r e s u l ts ob ta \ ned w \ t h the  two - s tep t r ea tmen t us 1 ng So l u t 1 ons  4A  

and 48 , f ur t her study w\ t h  t he s e  s o l u t \ ons  wa s wa r r a n ted . In  these 

s tud \ e s , t he ac t \ ons  o f  So l u t \ on s  4A and 48 we r e  \ n ves t 1 ga t ed s epa r a t e l y, 

and the two-s tep t r ea tmen t wa s r epea t ed f o r  a l onger t\me. 

1 3  



Two s pec i mens and one add i t i ona l samp l e  f r om t h e  LST  s ec t 1 on wer e  

prepared and exposed to Sol u t i on 4 A  a l one ( a l ka l i ne perma ngana te; 

Sol u t i on 48 a l one ( oxa l 1 c  ac i d  wi t h  d 1 ba s i c  ammon i um c 1 t r a te ) ;  and a 

comb i na t i on of Sol u t i on s  4A and 48 , r epea t i ng t he two - s tep t r ea tmen t .  The 

r e s u l t s  are 1 l l u s t r a ted graph 1 ca l l y  1 n  f 1 gu r e s  7 ,  8 and 9 .  f 1 gure  1 s hows 

tha t Sol u t i on 4A a l one r eac ted w1 th  t he s ur face  l ayer s ,  b u t  1 t s ac t 1 on 

began to  l evel off  a t  about 1 0  h .  Sol u t 1 on 48 wa s mor e  e f f ec t 1 ve 1 n  

remov 1 ng the s u r face l ayer s ,  a s  shown b y  the greater  a c t 1 v 1 t y shown 1 n  

f i gure 8 .  Thes e  observa t 1 on s  wer e  c o r r obora ted b y  t he c a l c u l a ted 

dec ontami na t i on fac tor s at the conc l u s 1 on of the t es t s . The reac t 1 on ,  i n  

th i s  c a s e ,  wa s e s sent 1 a l l y  comp l ete  a f ter about  1 2  h .  The two - s tep  

t r ea tmen t  ( f 1 gure  9 )  wa s the  mos t  e f fec t 1 ve of  the  t h r ee t r ea tmen t s  and 

showed an  i nteres t i ng beha v i or over t i me. Af ter  expo s u r e  to  the a l ka l 1 ne 

permanganate for 3 h ,  fol l owed by about 2 h 1 n  the  o x a l 1 c  ac 1 d  s o l u t 1 on ,  

the r eac t i on began to s l ow; the s l ower r emova l o f  ac t 1 v 1 ty a l s o  wa s 

obser ved i n  the  f i r s t  ser 1 es of decon tam1 na t 1 on tes t s  1 l l u s t ra ted 1 n  

F i gure 6 .  However ,  1 n  the  four th hour there wa s a drama t 1 c  1 nc r ea s e  1 n  the 

r emova l of ac t 1 v 1 ty ,  wh 1 c h  rap i d l y  l eveled  off and  t herea f te r  r ema 1 ned 

e s s en t i a l ly  con s tant . As  wi l l  be seen from the dec on tami na t i on factor , 

abou t 90% of the ac t 1 v i t y wa s removed a f ter expo s u r e  t o  So l u t 1 on 4A/4B for 

a tota l of  23 h. 

2 . 3 . 1 . 3  C a l c u l a t 1 on of Oecontam1 na t 1 on f a c t or s . A f ter  the  

decon tam1 na t 1 on exper i men t s , decon tam1 na t 1 on fac tor s ( Of s )  wer e  c a l c u l a ted 

for the s o l ut 1 ons . The Of 1 s  the ra t 1 o  of t h e  1 n 1 t 1 a l  ac t 1 v 1 ty c ounted for 

the samp l e/s pec 1men to the f 1 na l  a c t 1 v 1 t y .  Tab l e  1 1 1 s t s  the  

decon tam1 na t i on so l u t 1 on s , L ST samp l e/s pec 1 men 1 dent 1 f 1 ca t 1 on s , a nd 

ca l c u l at ed Of s. Sol u t 1 ons  1 ( de i on i zed H 20 ) , 2 ( bor i c  ac 1 d ) ,  and 

3 ( Na
2

co
3

-H 20 2 ) had very l i t t l e  ef fec t 1 n  r emov i ng t he C s -1 37 

ac t i v 1 ty ,  ev1 denced by Of s of 1 .  Sol u t 1 on 4A a l one 1 s  a l so r e l a t 1 ve l y  

1 neffec t i ve ,  wi th  a O f  of  1 . 1 . ·  So l u t i on 48 a l one 1 s  more  e f f ec t 1 ve; 1 t s OF 

of 6 . 5  1 nd 1 cates  85% ac t 1 v 1 ty r emova l . When So l u t 1 on s  4A and 48 were u s ed 

together , nea r l y  90% of t he ac t 1 v 1 t y wa s r emoved . The mos t  e f fec t 1 ve - -a nd 

the mos t  c hem1ca l l y aggr es s 1 ve - - s o l u t 1 on wa s the  HN0 3 -Hf s o l u t 1 on ,  wh 1 c h  

removed 1 00% of t he ac t 1 v 1 t y dur 1 ng a 25-m 1 n  expos u r e . However , t h 1 s  

sol u t 1 on a l s o not i c eabl y d 1 s s o l ved the ba s e  me ta l 1 n  t he same t 1 me per1od. 

1 4  
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TABL E 1 .  E F F E CTIVE N E SS OF  THE  DE CONTAMI NAT I ON SOLUT I ONS I N  RE MOV I NG 
SURFACE CS- 137 ACTIVI TY 

Tes t  

I nH \ a  1 tes t s  

Tes t s  o f  two-s tep 
t rea tment 

So1 u t 1 on 

1 
2 
3 
4A/4B 
5 

4A 
48 
4A/4B 

Decontam1 na t 1 on 
Samp 1 e/Spec 1men Fac tora 

4 -3 . 1  1 
4 -3 . 2  1 
4 - 3 . 3  1 
4 -3 . 4  8.8 
4 -2 . 1  a: 

6 - 1  1 . 1 
6 - 2  6 . 5  
4 -2 . 2  8 . 9  

a. Oef\ned a s  the ra t 1 o  of the 1 n 1 t 1 a 1  ac t 1 v 1 ty to  t he f 1 na 1  a c t 1 v 1 ty .  
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2 . 3 . 2  Sepa r a t \ on, Collec t \ on, d nd Dls s o l u t , on _Q!_ the Sur face Laye r s  

Wor k cenduc ted b y  Babc ock and W \ lcox  ( 8&W) o n  a sec t \ on of  leadsc r cw 

1nd1c a t ed t he p r e s ence  o f  t wo l ayer s of  depo s \ ted �ter \ al ,  \ n  add \ t \ on t o  

the norma l \ n-ser v \ c e  ox \ de l a ye r .
2 

The two l a ye r s  wer e  r e f e r r ed t o  a s  

the loo s e l y  adher e n t  depo s \ t  (lAO) and t he t \ ghtly adheren t depo s \ t  (AD). 
T hey wer e s epara ted at B&W by a qua l \ t a t \ ve b r u s h \ ng procedur e; t h e  

.ater \ al t ha t  c ou l d  b e  r e.oved b y  v \ go r ou s  b r u s h \ ng w \ t h a s t a \ n l e s s  s tee l 

br u s h  c on s t \ tu t ed LAD. a nd t he r emd \ n \ ng mater \ al wa s AD. As w \ 1 1  be 

d \ sru s s ed 1n la t e r  s ec t \ ons , t wo la yer s also wer e  obser ved on t he LST 
s ec t \ on exa•\ ned by Ba t t e l l e  Columbus labor a t or \ es . The appear ance a nd t h e  

boundar y o f  the two l a yer s wer e  better  def \ ned o n  t he o u t e r  sur face t ha n  on 

the \ nner  s u r f ace . A br ush \ ng t echn \ que s \ m\ lar  to t ha t  u s ed by B&W wa s 

used to sepa r a t e  the L AD f r om t he AD on bo t h  t he o u ter  and \ nner sur faces  

o f  the LST  s ec t \ on .  

R \ ng 6 wd s u s ed for  t he sepa r a t \ on and c ollec t \ on o f  LAO and AD . The 

r \ ng wa s t r a n s fer r ed to a glove box and c u t  'n t o  halve s . Nex t ,  Metal 

s ha v \ ngs we r e  r e.oved f r OM  t he edge s of  t he c u t  halves , and t he ha l ves wer e  

t ran s f er r ed t o  c l ea n  polye t h y l ene bag s  s o  me t a l f \ ne s  and o t her pos s \ b l e  

c onta•\ na n t s  c ou l d  b e  r emo ved f r om t he g l ove box . 

J n  t h e  g l ove box , one o f  t he halves o f  R \ ng 6 wa s r emo ved f rom t he 

polyethylene ba g .  A t t empt s we r e  .. de t o  c ollec t depos \ t s ,  f \ r s t  by 

br us h \ ng w \ t h  a br t s t l e  b r u s h  a nd t hen by s c r ap \ ng w \ t h  a n t c kel s patula . 

Ne \ t her  me t hod re.oved t he depos \ ts . except  f or a f ew ,  ba r ely v \ s \ ble 

par t \ c l e s . Ne x t, t he ou ter  s u r face  wa s br u s hed w \ t h  a s t a \ n l e s s  s t eel 

br u s h. T h \ s  me t hod d \ d  r emove s ome s u r face  ma t er \ a l , wh \ c h  wa s c o l l ec t ed 

on a paper s heet and t r a n s f e r r ed t o  a gla s s  v \ a l . Br ush \ ng wa s c on t \ nued 

u n t \ 1 a l l t he LAD wa s r emoved. The outer  s u r face  of the o t he r  half of 

R \ ng 6 then wa s b r u s h ed \ n  a s t m \ la r  ma nner . The ma t er \ a l  col l ec ted fr om 

the ou ter  s ur f ac e s  wa s des \ gna ted a s  00-LAO. 

Next , t he \ nner  s ur faces  o f  the two halves we r e  b r u s hed gen t l y  w \ t h  a 

f \ ne b r \ s t l e b r u s h  t o  r emove any OD-LAD, wh \ c h  c ould ma s k  chem \ c a l and 

• 
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r a d \ oc hem\ ca l d \ fferences  be tween the o u t e r  a nd 1 nn e r  s u r fa c e s . The  1 nner 

s u r faces of the  two ha l ves then wer e  b r u shed  v 1 go r o u s l y  w 1 th  a second , 

con tam\ na t 1 on - f r ee , s tee l b r u s h .  The r emoved ma ter 1 a l  wa s c o l l ec ted a nd 

p l aced \ n  a g l a s s  v \ a l . The ma ter 1 a 1  c o l l ec ted f r om t h e  1 nn e r  s u r faces  wa s 

des 1 gn a t ed a s  I D -LAD . 

Two sma l l  samp l e s  f r om each ha l f  of  R 1 ng 6 wer e  obta 1 ned for  

subsequen t ana l y s \ s .  After the s ubsec t 1 on 1 ng and  t r a n s fer  o f  t h e  samp l es , 

the  gl ove box wa s c l ea ned once aga 1 n  to  r emove met a l  f 1 nes  wh 1 ch c ou l d  

contam 1 na te the AD samp l e s . 

T he OD-AD wa s r emoved by c a r e fu l l y  f 1 1 1 ng t he o u t er s u r fa c e s  of  eac h  

ha l f - r 1 ng w 1 t h  a t r \ a ngu l a r  met a l  f 1 l e  u n t 1 1  the  ba s e  meta l became jus t  

v \ s \ b l e .  The ma ter \ a l  wa s c o l l ec ted o n  paper  a n d  t r a n s fe r r ed to  a g l a s s  

v \ a l .  The ID-AO wa s removed us \ ng a r ounded f 1 l e, wh 1 l e c o l l ec t 1 ng t he 

ma ter \ a l  on paper . Remov \ ng the I D-AD and  m1 n 1 m\ z 1 ng the  1 n t r od uc t 1 on of 

ba s e  meta l wa s more d 1 f f 1 cu l t  beca use  of  the  s ha pe of the s u r f a c e . The 

ID-AD nea r the m1 dd l e  of  the  r \ ng ha l ves cou l d  not  be f 1 l ed o f f  w 1 t hou t 

\ n t r oduc \ ng ba se me ta l s h a v \ ngs . Con sequen t l y, the  ma t e r 1 a l  wa s l e f t  on 

the  m\ dd l es o f  the ha l f -r 1 ngs . Genera l l y, the proce s s  s eemed to  wor k  qu 1 te 

we l l ,  w\ th  no me ta l f ragmen ts  v 1 s \ b l e  1 n  any  of  the  c o l l ec ted ma ter 1 a l . 

The c o l l ec ted ma ter \ a l  wa s l a b e l ed (00 -LAO, 10 -LA O ,  OD-AD , a nd 1 0 -AD ) and 

t r a n s fer r ed to a r a d 1 oc hem1 s t r y  l abora t o r y  for  f u r t h e r  a na l ys 1 s .  

To per form r a d 1 ochem1 ca l a nd chem \ c a l a n a l y s e s  o f  t h e  LAD a n d  AD  

layer s , 1 t  wa s nece s s a r y  to d 1 s s o l ve the ma ter 1 a l . ln1t 1 a l l y. 1 t  was 

p l a nned to  u s e  HN0
3

-HF t o  d 1 s so l ve the ma t e r 1 a l  for  s ome o f  t h e  

a na l yses . However , t he dec on tam1 na t 1 on t e s t s  s howed tha t v e r y  1 1 t t l e  of 

the s u r face ma ter 1 a l  d1s s o l ved \ n  th 1 s  m\ x t u r e . An  a t temp t then  wa s made 

to d \ ge s t  t he ma ter 1 a l  v 1 a  Na 2co
3 f u s \ on .  Th 1 s  a l s o wa s 1 ne f f ec t 1 ve, 

d 1 ges t 1 ng v 1 r tua l l y none of the ma t e r 1 a l . S u b s equen t l y ,  t he f u s 1 on med 1 um 

wa s changed t o  a s t rong l y a c 1 d 1 c  and  ox 1 d 1 z 1 ng p o t a s s 1 um p y ro s u l f a t e  

(K2s2o7) f u s 1 on .  Th 1 s  wa s s u c c es s f u l . 
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�11 amoun t s  o f  the lAD a nd AD md t�r \ al ,  r ang \ ng t n  we \ gh t  f r om 

5 . 1 t o  21.& mg, wer e  m \ xed w \ th 1 g o f  K2s2o1 \ n  a por c e 1 a \ n  

c r uc \ b l e .  The c r uc 1 b1e wa s hea ted gen t l y  over  a F \ sher  burner un t \ 1  the 

K2S7o7 me l t ed and began to dec ompose and pr oduce s ulfur  t r 1 ox \ de 

( S0
3

) .  0 \ ge s t \ on o f  the lAD or A D  wa s almos t 1 mmed \ a te a f ter evolu t \ on 

of S0
3 

began , and the en t \ r e lAD or  AD ma ter 1 al appea r ed to be d \ gc s ted. 

Then 2! H2so4 was a dded to the c ooled c r uc \ b l e  w \ th t he me l t . T he me l t 

d \ s so l ved r ap \ d l y ,  but  the r es u l t \ ng s o l u t \ on a ppea r ed c l oudy , 1 nd 1 c a ttng 

undts s o l ved c o l lo \ da l  ma ter \ a l . Gen t l e  hea t \ ng for a bout 1 0  m \ n  a t  go•c 
produced c l ear  s o l u t \ on s , w \ th  no ev \ denc e o f  undts s o l ved ma t er \ al .  T he 

d \ gesled a nd d \ s s o l ved l AD a nd AD mater \ a l  wa s d \ lu ted wtth 2� H2so4 to 

a known vo l ume and trans fer red to po l ye thylene bo ttles for  subsequent 

c he. \ cal and r ad \ oc hem \ c al a na l y s t s . 

2.3.3 E l emen t a l  Ana l ysts o f  L oo s ely Adhe r e n t  and Adher e n t  Depo s \ ts 

Ka ter \ a l  f r o.  the o u ter d \ ame te r  ( OD )  a nd \ nner d 1 ame ter ( 1 0 )  o f  the 

l Sl wa s a na l y z ed by (a ) 1 nduc t \ ve l y  c oupled a r gon p l a smd ( I CAP ) 

s pec t r o s c opy f or elemen tal a na l y s t s ,  (b ) x-r a y  d \ f f rac t \ on (XRD ) f o r  

ca.pound \ den t \ f 1 ca t \ on ,  ( c )  e l ec tron spec tr o s c opy f o r  c hem 1 c al a na l ysts 

(E SCA ) for  ca.pound \ den t \ f \ c a t 1 on ,  and (d ) s ec onda r y  1 on ma s s  s pec t r ome tr y  

(S I MS )  for  a dep t h  prof \ l e thr o ugh the c or r os \ on la yer . 

2. 3 . 3 . 1  I CAP Analys t s . The s ur f a c e  depos \ t  ma te r \ als d \ s c u s sed \ n  

Sec t \ on 2.3.2 we r e  ana l y z ed by JCAP s pec tr o s c opy for  the e l ements 8 ,  Na , 

Mg , A l , S \ , Ca , 1 1 , V ,  C r , Mn , F e ,  Co , N \ , C u , Zn , Zr , Mo , Ag , Cd , I n ,  Sn , 

Pb , a n d  U .  I n  a dd \ t \ on ,  ces \ um wa s de term\ ned by a tom\ c  absor p t \ on , wh \ c h 

\ s  .a r e  s e n s 1 t \ ve tha n  I CAP for t h 1 s  e l ement . The r e s ults are  1 1 s ted 1 n  

T a b l e  2. 

The r e s u l ts s how tha t the c on t r ol r od ma ter 1 a l  c on ta 1 n 1 ng Ag , I n ,  and 

Cd 1 s  a s s oc \ a ted pr \ ma r 1 1 y w \ th the OD depos \ ts .  The h \ gh \ r on and n \ c kel 

c o n te n ts ( 60 and  1 1 % ,  r e s pec t 1 ve l y )  1 n  the 1 0-AD 1 nd \ c a te tha t a 

s1gn1f 1 c a n t  a-au n t  o f  base  me tal p r oba b l y  wa s r emo ved dur \ ng the f 1 1 1 ng 

.ope r a t 1 on ,  a l t hough th \ s  wa s n o t  e v \ de n t  f r om v \ s ual \ n s pec t \ on o f  t he 

• 
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TAB L E  2 .  E L EME NTAL ANALYS I S  OF THE SURFACE  D E POSITS D E T E RM I N E D V I A  I CAP 
SPE CTROSCOPY 

Concen t r a t,on 
" 

E l emen t 1 0-LAD 00-LAD  I D -AD 00-AD 

B <0 . 1  <0 . 08 <0 . 04 <0 . 02 
Na 3 . 1  0 . 79 0 . 60 0 .  7 2  
Mg <0 . 5  <0 . 5  <0 . 2  <0 . 1  
A l  <0 . 5  <0 . 5  <0 . 2  <0 . 1 
S1 0 . 47 <0 . 2  0 . 7 3 2 . 8  

Ca <0 . 2  <0 . 2  <0 . 07 0 . 1  
T1  <0 . 05 <0 . 05 <0 . 0 1 <0 . 0 1 
v <0 . 1  <0 . 1  <0 . 02 <0 . 02 
Cr 7 . 1  5 . 6  1 9 .  9 .  1 
Mn 0 . 8  0 . 5 1 . 4 0 . 6  

F e  4 1 .  2 2 .  60 . 2 3 . 
Co <0 . 05 <0 . 05 <0 . 02 <0 . 01 
N 1  4 . 3  3 . 3  1 1 . 5 . 4  
Cu <0 . 1  <0 . 1  <0 . 04 <0 . 02 
Zn <0 . 1  <0 . 1  <0 . 04 <0 . 02 

Zr -0 . 6  -0 . 4  <0 . 2  <0 . 09 
Mo <0 . 1  <0 . 1  0 . 38 <0 . 09 
Ag 4 . 0  32 . <0 . 3  1 . 1 
Cd 0 . 4  0 . 5  <0 . 3  <0 . 2  
I n  1 . 1 4 . 3  -() . 3  <0 . 2  

Sn 0 . 57 2 . 8  <0 . 2  0 . 23 
Cs  < 1 9  < 1 6 <6 . 6  <3 . 6  
Pb <0 . 5  <0 . 5  <0 . 2  <0 . 1  u ---

Tota l 60 . 3  7 1 . 4  9 2 . 8  42 . 4 
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c o l l ec ted ma ter t a l . The h t gh upper l t mt t for  c e s t um ( \ n the per c en t  r a nge ) 

ref l ec t s  the poor sen s t t t v t t y of a tom t c  absor p t t on for  th 1 s  elemen t .  The 

u r an t u• c o u l d  not be deter•t ned , due to  t n ter ference of an unk nown na tur e . 

2 . 3 . 3 . 2  XRD Ana lys e s . Resu l t s o f  the XRO  a na l y s t s  o f  OD -AO and 1 0 -AD 
.. terta l  f r o.  the lST  s ec t 1 on a r e  g 1 ven t n  Tab l e  3 .  T he d t sor dered taen 1 te 
phase  t s  pr oba b l y  f r o.  l nc one l a l l oy s  t n  t he samp l e .  T h 1 s  ma ter t a l  ha s a 
face -cen ter ed c ub t c  s t r uc tur e ,  w 1 th F e  and N 1  oc c upy t ng random l a t t t c e  
s t te s ; hence t h e  • d t sordered• des t gna t t on .  The l t ne due to  s t l ve r  wa s 
obs e r ved on l y  t n  the 00-AD .. t er t a l . T he l ac k  of any s 1lver l 1 ne 1 n  t he 
1 0-AD a l so t s  s uppor ted by E SCA and I CAP f 1 nd 1 ngs , wh \ c h  de t ec ted no s 1 l ver  
t n  the l ayer . 

2 . 3 . 3 . 3  E SCA . Spec 1.ens f o r  a nalys t s  wer e  ob ta 1 ned from the 1 nner 

and outer  sur f a c e s  of the LST s ec t t on .  Ta b l e  4 l t s t s  the r esu l ts for  

Spec t.en 4 -6 whtc h wa s a n  00 sur face s pec t me n  w1 th both  l a yer s  1 n tac t .  

T ab l e  S 1 1 s ts .ea s u r ed va l ues for Spec 1 men 6 -4 ,  another OD sur face spec 1 men 

vt th t he l AD r eqo ved . The va l ues  shown 1 n  Tab l e  6 a r e  for  Spec t men 4 -5, an 

ID sur face s pec t .en w t t h  both l a yer s t ntac t .  The dep t h  prof t l e da t a  we r e  

obta t ned f r o.  s uc c e s s t ve a na l yses  a f ter  a r gon t on spu t ter t ng had r emoved 

over l y t ng ma ter t a l . The s pec t men s u r faces  we r e  analyzed 1 n  the Leybo l d  

Heraeus  L HS-10 s ys te. .  E SCA u t 11 t zes  the c ha r ac ter t s t 1 c  x - ray  photons f r om 

a .. gnes t um anode to t on t ze e l ec trons f r om t he s pec \ men . The b t nd t ng 

ener g t es a r e  c ha r ac te r t s t 1 c qua n t t t 1 e s for  a c er ta 1 n  s he l l of  t he e l emen t .  

I f  the e l �n ts c onta t ned t n  a s pec t men p r e s e n t  t hems e l ves a s  c he.1 c a l  

c ompound s , the b t nd t ng ener g t es o f  t he e l ec t r o n s  o f  the c ompound c omponen t s  

wtl l be s l t gh t l y  d t f fe r en t  f r om  those be l ong t ng t o  the a tom 1 c  s tate . Th t s  

t s  c a l led the chem 1 c a l s h t f t ,  wh t c h  norma l ly amoun t s  to a f ew ten th s  of  a n  

e l ec t r on vo l t  u p  t o  s e ver a l  e l ec tr on v o l t s . 

E ac h  s pec tmen wa s ana l y z ed ,  us \ ng low-r esol ut t on s c a n s  for  

qua n t t f t c a t t on a nd h t gh - r es o l u t 1 on scans  for ea c h  e l emen t to  def 1 ne t he 

b t nd t ng ener g t es a c c u r a t e l y .  T he b t nd 1 ng ener g t es wer e  c ompa r ed to  

l t t e r a tu r e  va l ues or r e f e r ence values to  determ\ ne c ompound c omponen t s . 

l he ana l y s e s  wer e  qua n t t f t ed by us t ng the a r ea under t he peak t \ me s the 
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TAB L E  3 .  RE SULl S  OF XRD ANAL Y S I S  OF THE ADHE R E NT D E POSITS  

Powder 
Depos  1 t  D1 f frac t 1 on Re 1 a t 1 ve 

Layer Compound F 1 l e Pa t te r n  S t r e ngth 

00-AO y-F e ,  N1 ( d1 sor dered taen 1 te )  2 3 - 29 7  Ver y s t r ong 

F e
3

o4 ( magnet1 te ) 1 9 -629 Med 1 um 

o-F e ( 1 ron ) 6 -696 Wea k  

Ag ( s l 1  ver ) 4 -7 8 3  Ver y  weak 
0 

Unknown ( 1 . 34 A )  Ver y ,  very weak 

1 0 -AO y- F e ,  N1 ( d 1 sordered taen1 te ) 23 -297 Very s t r ong 

F e3o4 ( magnet1 t e )  1 9 -6 29 Weak  
o-Fe  ( 1 ron ) 6 -696 Very weak 
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TABL E 5 .  E SCA DATA F OR SPE C IME N 6 -4 00  
( L AD r emoved ) 

Dep t h  
0 

_ill_ F e  N i  C r  
0 4 . 4  0 . 7  1 . 7 

250  4 . 4  0 . 7  1 . 7 

500 5 . 0  0 . 7  2 . 5  

1 000 5 . 2  1 . 2 3 . 8  

2000 5 . 5  1 . 1 3 . 1  

a .  Trace  i nd i ca tes  <0 . 05 a t . % .  

_Q_ 
28 . 9  

3 1 . 4  

33 . 6  

44 . 2  

55 . 0  

Re l a t i ve Concen t ra t i ona 
(at .%) 

_c_ Cd  T e  _!!!__ Ag 
6 1 . 2  1 . 8 1 . 1 0 . 2  l r acea 

59 . 3  1 . 7 0 . 7  0 . 2  T r a c e  

5 5 . 1  1 . 6 1 . 0 0 . 3  

43 . 2  1 . 5 0 . 8  T r a c e  

32 . 0  2 . 0  1 .  3 



TABL E 6 .  E SCA DATA F OR SPE C I ME N 4 - 5 1 0  

( both l ayer s  \ ntac t )  

Re lat\ ve Conc entr a t \ on 
Dep t h  (at . •  ) 

• 

_1!L !..L N 1  Cr  _Q_ _c_ 

0 1 . 7 0 . 3 0 . 7  20 . 0  7 7 . 3  

1 00 7 . 4 1 . 3  2 . 8  36 . 8  5 1 . 6  

250 CJ . O 1 .  4 4 . 7  45 . 8  39 . 0  

500 8 . 8  1 . 4  5 . 9  45 . 4  38 . 5  

1 000 9 . 0  1 . 5 5 . 9 46. 7 36 . 9  

2000 9 .  1 1 . 5 6 . 1  47 . 0  36 . 3  
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e l emen ta l sens 1 t 1 v 1 ty .  E SCA 1 s  a n  a verage a na l ys 1 s  over a c 1 r c u l a r  a r ea of 

1 cm2 and a depth of  30 A, wh 1 c h  repr e s e n t s  the 1 1m1 t for e l ec t r on e scape 

from a sol 1 d  s pec 1 men . F or the h \ gh r e s o l u t 1 on s c an s , 1 1 t e r a t u r e  va l ues  of 

the  b 1 nd 1 ng ener g 1 es 1 nd 1 ca ted t h a t  B, F e ,  I n ,  C d , a n d  Ag wer e  p r e s e n t  1 n  

o x 1 de form a s  BO , F e
3o4

, I n O ,  CdO , and  AgO . N 1 c k e l  a n d  c hr om1 um o x 1 des 

( N 1 0  and cr
2

o
3

) may be presen t , but be l ow detec t 1 on 1 1 m1 t s . 

2 . 3 . 3 . 4  S IMS Ana lys 1 s .  The 00 s u r face o f  Spec 1 men 4 - 6 , w 1 t h  both  

l ayer s  1 n tac t ,  wa s ana l yzed by SIMS to  determ1 ne t he depth  p r of 1 l e  o f  t he 

corros \ on l ayer . S I MS 1 s  par t i cu l a r l y  s en s 1 t 1 ve t o  t he 1 1 gh t  e l emen t s  1 n  

t h e  ppm range . 

The S I MS appa r a t u s  1 s  a mod 1 f 1 ed Cameca IMS 300 . I n  opera t 1 on ,  a 

p r 1 mary  beam of 1 on s  or neut r a l  a t oms 1 s  d 1 rec ted onto  t he s u r fa c e  under 

s tudy . Secondar y  1 on s , r e s u l t 1 ng from the c o l l 1 s 1 on between t he pr 1mary 

beam and  the  s ur face , a r e  ej ec ted f r om the s u r fa c e  a n d  d e t ec ted . Ana l ys 1 s  

of  the seconda r y  1 ons  1 nd 1 ca te s  t he s u r face compos 1 t 1 on . The  c hange 1 n  

concentra t 1 on a s  a func t 1 on o f  depth can be obta 1 ned b y  gradua l l y  r emo v 1 ng 

ma ter 1 a l  by sput ter 1 ng w1 th  the pr 1 ma r y  beam . 

I n  norma l  oper a t 1 on , a pr 1 ma r y  beam of  pos 1 t 1 ve 1 on s  1 mp 1 nges  upon a 

s u r fac e .  Secondar y  1 on s  r e l ea s ed by s p u t ter 1 ng a r e  energy -f 1 l t er ed and 

ma s s -anal yzed . The un 1 que s t 1 gma t 1 c  foc u s 1 ng of  the  IMS 300 perm1 t s  two 

types of data acqu 1 s 1 t 1 on :  an 1 on \ mage of t he s ur fa c e  or a n  a na l og s 1 gna l 

of ma s s  1 n tens 1 ty .  Spa t 1 a l  reso l u t 1 on of  about  1 pm 1 s  a t ta 1 na b l e ,  wh 1 l e 
0 

depth  reso l u t 1 on of  50 A \ s  a t ta 1 ned r ou t 1 ne l y .  

The mac h 1 ne opera tes  under computer  c o n t r o l  b y  a POP 1 1 - 34 a n d  can 

opera te 1 n  e \ t her  con t 1 nuous scan  mode or  depth-prof 1 1 1 ng mode , 1 n  wh 1 ch up  

to ten  separate  chem1 ca l s pec 1�s  can  be mon 1 tored . 

Tab l e  1 1 \ s t s  the 1 ns t r umen t  1 n tens 1 t 1 e s  for the  e l emen t s  detec ted . 

For  a g1 ven 1 n s t r ument  1 n tens 1 ty ,  t he magn 1 tude of  r e s po n s e  of  each  e l emen t  

1 s  d i fferen t ;  consequen t l y .  t he 1 n s t r umen t  1 n te n s 1 t 1 e s  o f  d 1 f feren t 

e l emen t s  do not 1 nd 1 ca te re l a t 1 ve e l emen t a l  c oncen t r a t 1 on .  However . for 
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TABL E 1 .  I NST RUME NT I NT E NS IT I E S  F OR E L E ME N T S  D E T E C T E D  BY S I MS ANAL Y S I S  Of 
SPE C UIIE N 4 -6 OD 
(both l a yer s  1 ntac t )  

Sc an 

E l e.en t � s s  1 - -- 2 4 6 8 1 0  

B 1 1  430 380 200 200 100 1 00 
Na 23 4 , 300 3 , 600 3 , 400 3 , 400 3 , 200 3 , 200 
A1 2 1  6 , 400 6 , 900 3 , 900 2 , 800 2 , 600 2 , 200 
S \  28 580 500 450 450 400 400 
Ca 4 0  520 300 200 1 7 0  1 50 1 30 

Cr 52 99 , 000 131 , 000 131 , 000 13 1 , 000 1 3 1 , 000 131 , 000 
F e  56 1 2 , 000 1 1 3 , 000 1 1 0 , 000 1 01 , 000 90 , 000 85 , 000 
lr 90 1 50 170 1 70 200 200 200 
N \  58 1 , 4 20 2 , 600 4 , 800 6 , 000 6 , 400 6 , 400 
C r O  68 2 ,1 00 3 , 600 3 , 800 4 , 200 4 , 400 4 , 400 

F eO 1 2  1 , 500 1 , 500 1 , 500 1 .  300 1 . 1 00 1 , 1 00 
Ag 1 0 7  1 , 900 1 , 500 1 , 600 1 , 7 00 1 , 400 1 , 200 
Cd 11 3 1 , 1 00 800 7 20 6 7 0  650 6 50 
I n  1 1 5  19 , 700 10 , 400 9 , 800 9 , 600 9 , 200 9 , 400 
l e  1 30 90 1 00 80 80 90 90 

Sn 120 200 200 1 00 1 20 1 20 1 00 
C s  1 37 200 200 300 400 500 500 

I 1 19 200 140 1 40 1 20 1 20 120 

u 238 300 300 240 200 200 1 80 
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each 1 nd 1 v 1 dua l e l emen t ,  the  1 nd 1 ca ted 1 ns t r umen t  1 n tens 1 t 1 es a r e  

propor t 1 ona l to  t h e  concentra t 1 on of  t h a t  e l emen t .  The tota l dep th  

a c h 1 eved dur i ng the ana l ys 1 s  wa s about 3 pm . 

2 . 3 . 3 . 5  Conc l u s 1 ons  f r om E l emen t a l  Ana lyses . The presence o f  many 

e l emen t s  other than F e ,  Cr , and N1 1 nd 1 ca te there wa s con s 1 derabl e  mob 1 1 1 ty 

of  core ma ter 1 a l s . The Ag , I n ,  and Cd  mus t  have been t r a nspor t ed a s  

me ta l s ,  w1 t h  s ur face ox 1 da t 1 on tak 1 ng p l ac e  a f ter  depos 1 t 1 on . Th 1 s  1 s  

s ugges ted by the meta l l 1 c g l ob u l es embedded 1 n  t h e  s u r fa c e  depos 1 t .  The 

presence of  C s , I ,  and U a l so 1 nd 1 ca t e s  the  mob 1 1 1 ty of core  ma t e r 1 a l s .  

2 . 3 . 4  Spec 1 f 1 c  Ac t 1 v 1 ty Mea s u r ement s  of the  Gamma -Ray-Em1 t t 1 ng 

Rad 1 onuc l 1 des  

The d 1 gested and  d 1 s s ol ved LAD  and  AD  ma ter 1 a l  wa s u s ed to determ1 ne 

spec 1 f 1 c  ac t 1 v 1 t 1 es of  the  gamma -ray-em1 t t 1 ng rad 1 on uc l 1 de s . A 1 00-pL 

a l 1 quot of  s o l u t 1 on from the d 1 ges t 1 on ( see Sec t 1 on 2 . 3 . 2 )  wa s counted 1 n  

an energy- and e f f 1 c 1 ency-ca l 1 brated geome t r y  o f  the  prev1 o u s l y  desc r 1 bed 

h 1 gh pur 1 ty german 1 um detector sys tem ( see Sec t 1 on 2 . 1 . 2 )  The on l y  

gamma -ray-em1 t t 1 ng rad 1 onuc l 1 des obser ved wer e  C s - 1 34 and C s - 1 37 .  Tab l e  8 

1 1 s t s the mea sured spec 1 f 1 c  ac t 1 v 1 t 1 e s  of  both  rad 1 o 1 s o t opes for the  LAD 

and AD ma ter 1 a 1 , a s  we l l  as the  ca l c u l a ted ra t 1 os of  t he two a c t 1 v 1 t 1 es .  

The OD-LAD appea r s  to  have about 1 7% mor e  ac t 1 v 1 ty per un 1 t  ma s s  than 

the I D-LAD . The d 1 f fer ence 1 n  ac t 1 v 1 ty per un 1 t  ma s s  between the OD-AD and 

1 0-AU 1 s  much more drama t 1 c ,  w1 t h  OD-AD ac t 1 v 1 ty  8 . 4  t 1mes g r ea ter  than 

that  of  the  I D-AD . 

The ac t 1 v 1 ty per un 1 t  a r ea for the  AD on both  t he OD and  I D  s u r faces 

wa s mea s ured . Th 1 s  wa s done 1 n s 1 de a g l ove box by r emov 1 ng the  depos 1 t s 

from sma l l ,  scraped spec 1mens of the  L ST s ec t 1 on ,  w 1 t h  a f 1 l e .  The s u r face 

to be mea s ured a l so wa s f 1 l ed unt 1 1  the  r ema 1 n 1 ng a r ea of  s u r fa c e  depos 1 t  

wa s sma l l  enough to be gamma -ray c oun ted d 1 r ec t l y .  The samp l e s  then were 

r 1 n s ed w1 th  hexane to remove l oose sur face c on tam1 na t 1 on . The r e s u l t s  of  

the  mea suremen ts  are  1 1 s ted 1 n  Ta b l e  9 .  Aga 1 n ,  on l y  C s - 1 34 and  C s - 1 37 were 

observed . 
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TABU 8 .  SPE C I F I C  ACT I V I T Y "E ASURE "E N T S  Of THE L AD AND AD L AYE RS 

S�ec 1 f 1 c Ac t 1 v 1 t� 
• 

Ra t 1 o  
hpos 1 t  laxer Nuc1 1 de Bg/119 11c 1 19 C s-1 37/C s - 1 34 

OD-LAD C s-1 37 4 . 31 x 1 os 1 . 1 7 X 1 04 
C s- 1 34 2 . 00 X 1 04 5 . 39 X 1 02 2 1 . 7  

1 0 -LAO C s- 1 37 3 . 70 X 1 05 1 . 00 X 1 04 
C s - 1 34 1 .  55 X 104 4 . 1 8 X 1 02 23 . 9  

00-AD C s - 1 37 2 . 4 3 X 1 06 6 . 57 X 1 04 
C s -134 1 . 05 X 1 05 2. 82 X 1 03 23 . 3  

I D -AD C s - 1 37 2 . 89 x 1os 7 . 8 1  X 1 03 
C s -134 1 .  29 X 1 04 3 . 49 X 1 02 22 . 4  

T ABL E 9. SURF ACE ACT I V I TY "E ASUR E "E N T S  Of T H E  OD AND I D  ADHE RE NT  DE POS I T  
L AY E RS 

Sur face Ac t 1 v 1 t� 

Bq/c112 J!C 1 /cll2 Ra t 1 o  

S.IIPl e  Nuc 1 1 de C s - 1 37/C s - 1 34 

6 -1 . 1  00 Cs - 1 37 4 . 62 X 1 0� 1 250 
C s -134 2 . 0 1 X 1 0  53 . 1  23 . 5  

6 -1 . 2 1 0  Cs-137 2 . 35 X 107 633 
C s - 1 34 9 . 9 1  X 105 26 . 8  23 . 4  
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Detec t , on 1 1 m1 ts  for  o t her , l es s  a b u nda n t  gamma - r a y  em1 t te r s  we r e  

c a l c u l a ted ba sed o n  a c t ua l  LST gamma -r a y  s pec t r a  a n d  the  me t h o d s  des c r 1 bed 

by Cur r 1 e .
3 F or Ru-1 06 and Sb-1 25 , d e t ec t 1 on 1 1 m1 t s  wer e  l e s s  than  about 

0 . 2% of  the  mea sured C s - 1 37 ac t 1 v 1 ty ;  and  f o r  Mn -54 , C o -60 , and  Ag-l l Om, 

l e s s  than about 0 . 02% of  the ac t 1 v 1 t y o f  C s - 1 37 . None of  the r a d 1 onuc l 1 des 

wer e  detec ted . The sur face ac t 1 v 1 t y o f  the  I D -AO wa s found t o  be a bout  

ha l f  the  OD-AD ac t 1 v 1 t y .  

2 . 3 . 5  Stront l um-90 Ana lys 1 s  of  L ST Oepo s 1 t s 

Both  LAD and AD ma ter 1 a l  f r om the L ST s ec t 1 on wer e  c o l l ec t ed , 

d 1 s sol ved , and anal yzed for  Sr -90 . Bec a u s e  o f  t h e  l ac k  of  any  gamma ray of 

s 1 gn 1 f 1 cant  abundance a s soc 1 a ted w1 t h  the deca y  of Sr -90 or  1 t s daughter  

V-90 , Sr -90 ana 1 y s 1 s  mu s t  be accomp 1 1 s hed us 1 ng coun t 1 ng techn 1 ques 

sens 1 t 1 ve to beta pa r t 1 c l es . Because  of  the  cou n t 1 ng techn 1 que , 1 t  1 s  

e s s en t 1 a l  tha t  sepa ra t 1 on of Sr -90 r e l a t 1 ve t o  a l l  o t h e r  beta  em1 t te r s  be 

ma x 1 m1 zed . Thus chem1 cal  me thods are  r equ 1 r ed to sepa r a t e  Sr -90 f r om 1 t s 

daugh ter V-90 and f r om C s - 1 34 and C s - 1 37 ,  maj or c omponen t s  of  t h e  depos 1 t s .  

E a c h  of the four depos 1 t s ,  des 1 gnated 1 0 -LAD , 00-LAD , I D -AD , and  

OD-AD , wa s d 1 s s ol ved by fus 1 on w 1 t h  pota s s 1 um pyr o s u l f a t e  ( s ee 

Sec t 1 on 2 . 3 . 2 ) . Por t 1 ons of  the s o l u t 1 ons  wer e  used  for the Sr -90 ana l yses . 

2 . 3 . � .  1 Sr -90 Sepa ra t 1 on . F 1 gu r e  1 0  1 s  a f l ow c ha r t  s how1 ng the 
s teps  1 nvo l ved 1 n  sepa r a t 1 ng Sr -90 f r om the other  r a d 1 onuc l 1 des . In  each  
case , a known quant 1 ty of  1 nac t 1 ve s t r on t 1 um c a r r 1 er wa s added t o  a 1 d  
s epa ra t 1 on .  Af ter sepa ra t 1 on and wa s h 1 ng ,  the  s t r on t 1 um c a r bona t e  
( SrC03 ) prec 1 p 1 tate  wa s d 1 s s o l ved 1 n  a few d r ops  of  6 M  HNO - 3 '  
t r a n s fer red qua n t 1 t a t 1 ve l y  to a 1 0 -ml vo l ume t r 1 c  f l a s k , a n d  d 1 l u ted to the 
ma r k  w1 th  d 1 s t 1 1 l ed wa ter . A 500-pl por t 1 on o f  t h 1 s  s o l u t 1 on wa s 
extrac ted us 1 ng an  E ppendor f  p 1 pe t te and d 1 l u ted to  1 00 ml 1 n  a vo l umet r 1 c  
f l a s k  w1 th  O . l M HC l .  The 1 00-ml s o l u t 1 ons  wer e  ana l y z ed l a t e r  f o r  
s t r on l 1 um b y  a tom1 c absorpt 1 on ,  1 n  order  t o  der 1 ve y 1 e l d  es t 1ma t e s . 
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f l ow c ha r t s how 1 ng s t eps 1 n volved 1 n  sepa r a t 1 ng Sr-90 for  
a o.t l y �  h .  
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T he r ema \ nder ( 9 . 5  ml ) of  eac h  s o l u t \ on wa s t r a n s fer r ed q ua n t 1 ta t 1 ve l y  

to a 25-ml p l a s t i c  v i a l  to  wh \ c h  1 0  ml of  s c 1 n t 1 l l a t i on c oc k ta 1 1 ( I n s ta 

F l uor ) wa s added . The m\ x t u r e  wa s s haken t o  form a s ta b l e gel . The 

c omp l e te Sr -90 ana l ys 1 s  wa s per f ormed at l ea s t  i n  dup l i ca t e . F or b l ank 

s tandards , the  same chemi c a l  procedure wa s a p p l i ed to  d 1 s t 1 l l ed  wa ter . 

Each  so l u t i on wa s counted a s  s oon a s  pos s 1 b l e  a f ter pr epara t i on ,  for a 

m\ n \mum of 1 0 , 000 coun t s . I n  add 1 t 1 on ,  s o l u t i on s  wer e  r ecounted on a t  

l ea s t  two occa s \ on s  to obta 1 n  data r e l a t i ng to  the  g r owth  of  the  daughter 

nuc l i de ,  Y -90 . F or detec t i on ef f i c 1 ency , a Sr -90 s tandard  wa s prepared by 

mi x i ng 1 ml of  a s tanda r d i zed Sr -90/Y-90 s o l u t 1 on w 1 t h  9 ml o f  d 1 s t 1 l led 

wa ter  p l u s  1 0  ml of s c \ n t 1 l l a t 1 on cockta i l . 

An eff 1 c 1 ency ca l i bra ted Sea r l e  Ana l yt 1 c ,  I nc . L \ qu i d  Sc 1 n t 1 1 l a t 1 on 

Counter , Model 6880 , wa s used  to mea s u r e  Sr -90 ac t 1 v 1 t 1 e s .  Th 1 s  mac h 1 ne 

fea t ures  automa t \ c ,  ener gy -w\ ndow set t \ ngs and c o r r ec t s  au toma t 1 ca l l y  for 

quench \ ng .  [ Quenc h 1 ng i s  a s l \ gh t  reduc t i on 1 n  c oun t i ng ef f 1 c 1 ency 

r e s u l t i ng from the presence of i mpur i t i es . ]  Bes i des  p r e s en t 1 ng raw da ta , 

the pr \ n t o u t  provi des net ac t \ v \ t \ es i n  c o u n t s  per m1 n u t e  and  i nforma t i on 

on the pr esence of i mpur i t i e s  by mean s  of  a quench factor . I n  a l l cases , 

t h i s quench factor ( the r a t \ o  of  coun t r a t e s  appea r i ng \ n  

i n t erna l l y-programmed energy w\ ndows ) wa s s \ m \ l a r  and cou l d  t h u s  be i gnored 

as a s 1 gni f 1 cant  var 1 ab l e . 

2 . 3 . � . 2  Res u l t s  and D i s c u s s i on of Sr -90 Ana lys e s . Tr 1 p l 1 ca t e  

ana l ys t s  of  t h e  A D  a n d  dup l 1 cate a na l ys e s  of  the  LAD were  per formed u s i ng 

the separa t i on s cheme f l ow-char ted i n  F \ gu r e  1 0 .  F or c a l c u l a t 1 ng Sr -90 

ac t i v 1 t 1 es  f rom the data prov i ded by 1 1 qu 1 d  s c i n t i l l a t i on c o un t 1 ng of the 

s o l ut \ ons , the con t r 1 bu t 1 on to the t o t a l  a c t i v i t y f r om Y -90 , t h e  daughter 

nuc l i de of Sr -90 , mu s t  be determi ned . Th i s  can  be c a l c u l a ted u s \ ng the 

fol l owi ng equa t \ on :  
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Ay _90 a t  c oun t \ ng t 1Ne . Asr -90 
[ l  _ e- ( 0 . 693t lt 1 12 ) 1 

whe-r e  

A 
Sr -90 

t 

• 

• 

ac t 1 v 1 t y of  Y -90 \ n  t he s o l u t \ on 

ac t 1 v \ t y o f  Sr -90 \ n  t he s o l u t \ on 

ha l f - 1 \ fe of Y -90 ( 64 . 1  h )  

t \ me e l a psed s t nc e  c he.\ c a l  sepa r a t \ on of Y -90 f r om 

Sr -90 . 

Know 1 ng both the c hea\ ca l sepa ra t \ on and coun t t ng t \ mes , Ay _90 wa s 

c a l c u l a t ed for eac h  sa� l e  and for eac h  coun t \ ng per \ od .  

The a ver aged r es u l t s  a r e  expres sed \ n  ac t \ v \ t y per un \ t  we \ ght  \ n  

Tab l e  1 0 .  T h e  overa l l  a na l y t \ c a l unc er ta \ n t y  o f  t h e  Sr -90 me t hod , 

\ nc l ud \ ng d \ s so l u t \ on ,  c he.\ c a l  y \ e l d  ana l ys 1 s ,  and rad \ oac t \ v \ t y 

.ea \ u r e.en t ,  1 s  es t \ ma ted t o  be no grea ter t han 201 and \ s  \ nc l uded a s  t he 

er r or expre s sed \ n  Tab l e  1 0 .  A l so g \ ven \ n  the tab l e  a r e  va l ues o f  Sr -90 

ac t 1 v \ t y per un \ t  a r ea f or t he L AD . T he va l ues wer e  obta \ ned by es t \ma t \ ng 

the a r ea s  o f  the L ST f r om  wh \ c h t he depos 1 t s wer e  obt a 1 ned . S \ nc e  a l l  of  

t he L AD .a ter \ a l  f r o.  eac h  sur face wa s d \ s s o l ved , \ t  wa s pos s \ b l e  to r e l a te 

the S r -90 ac t \ v \ t y t o  s u r face a r ea . F or t he AD sol u t \ ons , an unknown 

f rac t \ on of the .a te r 1 a l  r �ved f r om  the sur faces wa s used to prepa r e  t he 

AD so l u t t on .  T herefor e ,  1 t  \ s  not po s s \ b l e  to  d \ r ec t l y  r e l a t e the Sr -90 

.ea s ur e.en t s  to the s u r face ac t \ v \ t y for t he AD depos t t s .  

2 . 4  Me ta l l ogr aph \ c  Ana lys t s  

2 . 4 . 1  Me ta l l ogr aphy and SEM E xa•\ na t \ on of Depos \ t s 

Sper \ .en s  f r o.  t he L ST sec t \ on wer e  exam\ ned by me ta l l ogr a phy and 

s c a an \ ng e l ec t r on • t c r oscopy to c ha r ac ter \ z e the • 1 c r os t r uc t ure of the 

depos \ t s .  F our  s epa r a t e  spec tmens , one each from R \ ngs 1 and 2 a nd two 

35 

( 1 ) 



TAB L E  1 0 .  SR -90 ACT I VITY  OF THE L ST DE POSITS  

Sr -90 Ac t 1 v 1 ty Sr -90 Ac t 1 v 1 ty 

DeQos 1 t  Laxer (pC 1 /g) __ (I!C 1 /cm2! 
00-AO 1 45 ± 29 _ _ a 

I O-AO 6 . 6  ± 1 . 3 _ _ a 

I O-LAO 390 ± 78 0 . 2 
00-LAO 450 ± 90 0 . 2  

a .  Unknown . 
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f r om  R \ ng S ,  wer e  e xam1 n•d . [ R \ ng 1 wa s f r OM  t he bot tom of t h• L S T  

sec t \ on ,  a n d  R t ng S wa s l oc a t ed appr ox \  .. t e l y  S e m  f r om t h e  bo t t om end . ] 
The s pec t -.n f r o.  R \ ng 1 ,  des \ gna t ed a s  Spec 1men 1 - 1 ,  wa s a l ong t tud \ na l  

spec \ .en .  The o t her s we r e  t r a n s ver s e  s pec \ mens . 

2 . 4 . 1 . 1 Meta l l ogr aphy. The .e ta l l ograph t c  s pec \ mens wer e  c u t  f r om 
t he r \ ngs dr y , tak \ ng c a r e  t o  a vo \ d  da .. g \ ng t he depo s \ t s .  T hey we r e  

.aunted us t ng a c o l d - s e t t \ ng epoxy r es \ n .  The spec \ mens wer e  g r ound and 

pol \ sh•d u s \ ng s \ 1 1 c on c a r b \ de abra s \ ve pape r s  and d \ amond pa s t e . To 

prevent the l o s s  of  s o l ub l e  r ad \ onuc l \ des , nonpo l a r  l ub r t ca n t s  such  as 

ker osene wer e used dur \ ng gr \ nd \ ng and po l \ s h 1 ng . The spec \ mens t hen wer e  

r \ ns ed w \ t h  hexane . 

T he s pec \ .ens wer e  exa• t ned \ n  de ta \ 1  us \ ng a l e \ t z  Mode l mm 5 RT 

.e ta l l ogr aph , and t he \ r  \ Mpor tant features we r e  doc umen t ed by pho togr aphy . 

S \ gn t f t c ant  r e su l t s  f r om  th \ s  exam \ na t t on a r e  a s  f o l l ows : 

• Spec \ men 1 - 1 ,  a l ong \ t ud \ na l  s pec \ me n , e xh \ b \ t ed a l a r ge numbe r  

o f  b r \ gh t  me ta 1 1 \ c pa r t \ c l e s  ( g l obu l es ) a t  the bot tom end . These 

pa r t \ c 1 e s  a l so wer e  present \ n  t he ou ter  s u r face depos \ t ,  but  \ n  

.uch s .. l l er  qua n t \ t \ es .  The g l obu l ar a ppea r a nc e  o f  the 

par t \ c l e s  sugges t s  t hey may have been mo l ten at one t \ me .  

• 

• 

• 

F t gur es 1 1  t h r ough 1 3  s how the a ppea r ance of  the pa r t t c l es \ n  

t h \ s  s pec l me n . 

The depos \ t s on a l l  o f  the spec \mens cons t s t ed of  two sepa r a t e  

a n d  t den t \ f \ a b l e  l ayer s - - p r e s uma b l y  t h e  l oo s e l y  adhe r en t  and the 

t t gh t l y adhe r e n t  l ayer s .  

T he loo s e l y  adherent l ayer va r \ ed w \ de l y  \ n  t h 1 ckness  and 

por o\ \ l y .  

T here wa s a s 1 gn t f t c ant d \ f ferenc e \ n  t he na t u r e  of the l oose 

depos \ t s  on the \ nner a nd outer  s u r faces  of the L ST sec t t on . In 

the \ nner  s u r face depos \ t s ,  the bounda r \ e s appea r ed to be l es s  

we l l  d•f t ned t han \ n  t h e  outer  sur face depos \ t s .  
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F \ gu r e  1 1 .  Pho t oma c r ograph o f  Spec \ men 1 - 1 ,  s h ow \ ng me ta 1 1 \ c par t \ c les  at  
the  bot tom end of  the L ST sec t \ on .  
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f 'gu r e  1 2 .  AppPa r .ance of t he br \ gh t  me ta l n c  g l obu l es a t  the bot t om end of  
the L Sl s ec t \ on ( Spec \men 1 - 1 ) .  
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II . . .  . .  
F 1 gure 1 3 .  Appearance of  the meta l l 1 c  par t 1 c l es 

( gl obul e s ) a t  the bot tom end o f  the 
LST s ec t 1 on ( Spec 1men 1 - 1 ) .  
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• 

• 

• 

T he adhPr P.n t depos \ t s a ppea r ed s \ m \ l a r  on t he ou t er a nd 1 nner 

s ur faces . 

T he \ nner  s ur face  depos \ t s exh 1 b \ t ed few ,  1 f  any , of  the br \ gh t  

-. t a l l t c par t \ c l es obs e r ved on t he outer  s u r fac e .  

Mone of t he s pec \.ens e xa•t ned showed any ev t denc e of  c r ac k 1 ng o r  

1 n te r granu 1 a r  a t tac k .  

F \ gu r e s  1 4  and 1 5  s how t he t yp \ c a l a ppea r ance of  t he \ nner and outer 

sur fac e depo s \ t s on Spec \.ens 1 - 1 a nd 5 -6 .  

2 . 4 .  1 . 2 Scann 1 ng E l ec t r on " \ c r os c opy  {SE "l · Thr ee of  the four 

� ta 1 1 ogr aph \ c  s pec \mens wer e  e xa•t ned us 1 ng the scann \ ng e l ec t r on 

•t c r o s cope . The p r \ .a r y  purpose o f  t h \ s  exam1 na t 1 on wa s to charac ter 1 ze 

the  • 1 c r oc he. 1 c a l c a.po s \ t 1 on of  t he depo s \ t s .  I n 1 t 1 a 1  exam 1 na t 1 on of  

Spec 1.en 1 - 1 t nd \ ca ted t ha t  t he r ad 1 a t 1 on l eve l o f  the spec \men wa s t oo 

h \ gh for the use  of  ener gy d \ s per s 1 ve x -r a y  ana l y s t s  ( E OAX ) .  Our \ ng 

s� t t on \ ng t o  r educe the s \ ze o f  the s pec 1 men ( and t hus  1 t s r ad 1 a t 1 on 

l e ve l ) .  S pec \ .en 1 - 1 s epa r a t ed f r om  1 t s moun t ;  con sequen t l y ,  t he sc ope of  

e xa•t na t t on on th \ s  s pec \.en wa s l t •t t ed t o  pho t og r aph \ c  c harac t er 1 za t 1 on .  

T h e  o t he r  two spec \�ns ( Spec \ mens 5 -6 and 2 - 3 )  wer e  s ec t 1 oned f u r t her  to 

r educ e t he t h \ c k n e s s  and t he as soc \ a ted r ad 1 a t 1 on l evel . W \ t h  t h 1 s  

r ed uc t 1 on t n  r ad \ a t \ on l e v e l s ,  E DAX ana l ys t s  o f  a number o f  a r ea s  l n  the 

two s pec \�ns wa s c a.p l e t ed s uc c e s s fu l l y .  

F \ gu r e  1 6  s hows a mosa \ c  o f  the outer s u r face depos 1 t s on 

Sp.c 1 men 2-3 . A l so s hown 1 n  the f \ gu r e  a r e  s ome of the t yp 1 c a l  l oca t 1 ons  

ana l yzed w t t h  E DAX and t he e l emen t s  presen t . X-ray  1 n tens 1 t y spec t r a  a l so 

we r e  ob ta t ned for  some of the over 1 00 pa r t 1 c l es or a r ea s  ana l yzed .  

f t gure 1 7  s hows a typ t c a l  x - r a y  spec t r um obta \ ned for a sma l l  pa r t \ c l e .  

f t gu r e  1 8  s hows a .asa 1 c  o f  the \ nner s u r face  depos 1 t s f r om Spec \ men 2 - 3 ,  

a l on g  w \ t h t he a r ea s  or l oc a t \ ons  ana l yzed b y  E DAX a n d  t he r e s u l t s .  E xcept 

for  t he p r e s e nce o f  me ta l l t c par t \ c les  on t he ou ter sur face , t he r e s u l t s of 

E OAX a n a l y ses  of t he t nner and outer sur f aces  of  the L ST a ppear t o  be 

s t• t l a r .  
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Inner surface Outer surface 

F \ gure  1 4 .  

500X 

H \ gh-magn \ f \ ca t \ on photom\ c r ographs s how\ ng the t yp 1 c a 1  
appearance o f  \ nner and outer s ur face depo s 1 t s o n  Spec 1 men 1 - 1 
( note absence of  meta 1 1 \ c  par t \ c 1 es 1 n  1 nner s u r face depos 1 t ) .  
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� ' gure  1 � .  l yp ' r � l appea r anc e of ' nner and outer s ur face depos l t s on 
SpP.dfiK.'n S -6 . 



Fe, no Cr 
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Li t t le or no 

OO-AO 22 f.Am 
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f t gu ·� 1 6 .  Nosa t c  o f  ou t er sur f a c e  depos t t s  on Spec t .. n 2 - 3 ,  show t ng e l  ... n t s  present ' n  tlch 1 r e1 a na l y zed w\ t h  E OAl . 
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F 1 gu r e  1 7 .  l yp 1 ca l E DAX s pec t r um for a par t 1 c l e  f r om  Spec 1men 2 - 3 .  
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F \ gure 1 9  shows t he outer sur face depos \ t s on Spec 1men S -6 and 

representa t \ ve a r eas ana l yzed w\ th E OAX . f 1 gures 20 and 21  show t yp 1 cal  

x -ray  spec t ra obta \ ned a t  two d 1 f ferent l oca t 1ons  of  Spec 1men 5 -6 .  

Res u l t s of m \ c r ochem \ c a l  ana l yses  us \ ng SEM/E OAX are  a s  fol l ows : 

• No f \ s s \ on produc t ces 1 um wa s de t ec t ed 1 n  t he depos 1 t s .  E ven 

t hough t he pr 1 ma r y  sour ce of rad 1 oac t 1 v 1 ty 1n t he L ST sec t 1 on wa s 

found t o  be ces \ um ,  1 t s concent r a t 1 on appa r en t l y  wa s not  h 1 gh 

enough to be de t ec t ed by E OAX . The 1 1 m1 t o f  detec tab 1 1 1 ty for 

c es 1 um 1 s  es t 1ma ted to be abou t 0 . 2  wtl. 

e About 50 par t 1 c l e s  wer e  ana l yzed . Very few ,  1 s o l a ted pa r t 1 c l e s  

con la 1 n 1 ng uran 1 um wer e  obser ved on t he outer sur fac es . 

t l he me ta l l 1 c par t 1 c l es ( g l obu les ) obser ved a t  the bo t t om end and 

on l he outer sur faces appea red to con ta 1 n  Ag . I n ,  and Cd . The 

ca.pos 1 t 1 ons of these pa r t 1 c l e s  var 1 ed w 1 de l y .  

• Mos t  of t he 1 nner sur face depos 1 t s appeared to con ta 1 n  va r y 1 ng 

a.aun l \  of 1 r on and chrom1 um .  

1 The adheren t l a yer on t he 00 sur faces ranged 1 n  t h 1 ckne s s  f r om 

about  15 t o  40 �m . a nd on t he 1 0  sur faces f r om abou t 1 5  t o  

30 � ·  

, The l oos e l y  adherent  l ayer on t he 00 sur faces  ranged 1 n  t h 1 cknes s 

f r om about 4 to 35 �· · On t he 1 0  s u r faces , t he l ayer wa s 

ba r e l y  obser vable  1 n  many areas a nd as t h 1 c k  a s  20 �m . 

J n  add 1 t 1 on to the me ta l l ograph 1 c  spec 1men s ,  one sma l l  samp l e  

con ta 1 n 1 ng ou ter sur face depos 1 t s a l so wa s exam1 ned us 1 ng SE M . f 1 gures 22 

and 23 show t he typ1 ca l appea r a nce of the sur face l ayer . The fea tures  are  

cons \ s tent  w 1 th t he appea r ance of t he porous , uneven t h 1 c knes s of  t he 

depos 1 t  obser ved 1 n  the me ta l l ogr aph 1 c  spec 1mens . X - ray 1ma
_
ges for Ag we re 
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U, l n , Fe,Cr 
C r, Fe, N i ,  Ag, Sn 

Area S 
Cr, �e. Ni ,  Mo, Ag, Na Ag, Sn, Cr, Fe, N1 

Same as Area 1 

Part 1c le 4 
U,Fe,Cr, K ,  or Cd?,  I n? 

Part 1 c l e  3 
Zr,Cd ,Cr,Fe A I ?  

� ��ure 1 9 .  Nosa 1 c  of ou ter sur fac e depos , ts on Spec t.en 5 -6 ,  show, no e l e.ent s presen t \ n  eac h  area ana l yzed v\ t h  l DAX • 

• 
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EDAX Spectrum of Area 4 of Specimen S-6 
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f 1 gure 20 . Typ 1 c a 1  E DAX s pec t r um of an area of Spec 1 men 5 - 6 .  
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EDAX Spectrum of Particle 2 from Specimen 5-6 
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F 1 gu r e  2 1 . Typ 1 ca l  E DAX s pec t r um of a par t l c l e  found on Spec 1 men 5-6 . 
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AppPa r a nc e of  the outer  s u r face depo s 1 t  on a s amp l e  f r om  
Sp_.c: 1tWn 5 - 1 . 

H 1 gh�r -magn 1 f 1 c a t 1 on v 1 ew of  the outer s ur face depos 1 t  on a 
s amp l e  f r om  Spec 1 men 5 - 1 . 
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obta 1 ned a t  s ever a l  d 1 f fe r e n t  l oca t 1 on s . F 1 gu r e  24 s hows the appea r ance of  

t h e  depos 1 t  and  the  x - ray  map for s 1 l ve r  for tha t l oca t 1 on . I t  a ppear s  

tha t s 1 l ve r  1 s  present  1 n  l oca l 1 zed a r e a s  o f  t h e  depos 1 t ,  a s  we l l  a s  1 n  

me ta l l 1 c par t 1 c l es . 

2 . 4 . 2  Tempe r a t u r e  H 1 s tory E va l ua t 1 on 

Me la l l ograph 1 c  e xam1 na t 1 on s  wer e  per formed  on a s pec 1 men  tha t wa s 

r emoved f r om the LST s ec t 1 on 1 n  order  t o  d e t erm1 ne t he t empe r a t u r e  h 1 s tory 

of  the sec t 1 on dur 1 ng t he TMI - 2  acc 1 den t . The r e  are two ways  t o  determ1ne  

the pos s 1 b l e  therma l  h 1 s to r y : ( 1 )  exam1 ne the m1 c r o s t r uc tu r e  for  ev 1 dence 

of  s e n s 1 t 1 za t 1 on ( ca r b 1 de p r ec 1 p 1 ta t 1 on at the gra 1 n  boundar 1 es ) and 

( 2 )  mea s ur e  the g r a 1 n  s 1 ze o f  the s ta 1 n l e s s  s te e l . 

F o r  m1 c r o s t r uc t ura l exam1 na t 1 on , t he s pec 1 mens  wer e  prepa r ed accor d 1 ng 

t o  s tanda r d  me ta l l ograph 1 c  proced u r e s . F 1 r s t ,  t he s pec 1 men wa s etched 

e l ec tr o l y t 1 ca l l y  1 n  a s o l u t 1 on conta 1 n 1 ng 1 0 -wt% oxa l 1 c  ac 1 d  1 n  d 1 s t 1 l l ed 

wa t er , 1 n  accordance  w1 t h  Prac t 1 ce A 1 n  ASTM Standar d  Spec 1 f 1 ca t 1 on A26 2 ,  

• o e t ec t 1 ng Suscept 1 b 1 1 1 ty to  I n tergranu l a r  A t ta c k  1 n  S ta 1 n l es s  S t e e l . "  The 

photom1 c r ograph 1 n  f 1 gu r e  25  shows tha t  the m1 c r os t r uc ture  was "d 1 tc hed , "  

1 nd 1 ca t 1 ng s e n s 1 t 1 za t 1 on ,  or  c a r b 1 de forma t 1 on a t  the gra 1 n  bounda r 1 es of  

t h e  s pec 1 men . Sens 1 t 1 za t 1 on of  Type 304 s ta 1 n l es s  s te e l  occ u r s 1n  the 

t empe r a t ur e  r a nge o f  appr o x 1 ma t e l y  500 to  gso • c  ( 9 30 t o  1 740° F ) ,  w1 th  

s hor ter  t 1 mes  r equ 1 red  to  produce s en s 1 t 1 za t 1 on at  the h 1 gher t empera t ur e .  

S 1 nc e  the  oxa l 1 c  ac 1 d  e t c ha n t  a l so a t ta c k s  the  ma t r 1 x ,  r e l 1 ab l e  

mea s u r emen t s  o f  the s 1 ze o f  t h e  c a r b 1 des  c ou l d  n o t  b e  made . The 

meta l l ograph 1 c  s pec 1 men wa s r epol 1 s hed a nd e tched e l ec tr o l y t 1 ca l ly 1 n  a 

s o l u t 1 on con ta 1 n 1 ng 80 par t s  phosphor 1 c  ac 1 d  and 20 par t s  wa ter . Th 1 s  

e t c ha n t  a t ta c k s  on l y  the c a r b 1 des , not  the  ma tr 1 x .  F 1 gu r e  26 1 s  a 

photom 1 c r ograph o f  the  c a r b \ de gra 1 n -boundary  network .  However , s 1 nc e  the 

magn 1 f 1 ca t 1 on o f  the l 1 gh t  m1 c r os c ope 1 s  1 1 m1 ted , the s 1 ze o f  t he ca r b 1 de 

pa r t 1 c l es c ou l d  not  be mea s ured r ead 1 l y .  Thus , the s pec 1 men wa s e xam1 ned 

u s 1 ng the S E M . F 1 gu r e  27  1 s  an  S E M  photom1 c r ograph o f  a typ1 c a l  

gra 1 n - boundar y  area . T h e  th 1 ckes t ca r b 1 des  s een 1 n  th 1 s  photom1 c r ogra ph 

mea s u r ed appro x 1 ma te l y  2 pm . 
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F , gu r e  24 . X - r a y  map for s , l ver , show , ng l oca l , zed enhancement , n  � \ l ver 
c on c e n t r a t , on , n  the l oose l y  adheren t depos , t  of Spec , men S - 1  . 

• 
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F 1 gu r e  25 . 

500X 
10% oxalic acid 
electrolytic 

I 
I 

� ---- ·' , ' 

Pho l om1 c r ograph of  a samp l e  f r om Spec 1 men 2 - 2  o f  the  lSl 
sec l 1 on , s how1 ng the " d 1 tc hed " s t r uc tu r e  f r om ASlM A262 
Prac t 1 c e  A t e s t  for detec t 1 ng s u s cept 1 b 1 1 1 ty t o  1 n te r gr a n u l a r  
a t t a c k  1 n  s ta 1 n l e s s  s t �el . 
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80-phosphortc acid, 20-water 
electroly11c 

8L539 

Pho t �t c r ogr aph o f  a s amp l e  f r om Spec tmen 2 - 2 .  s h ow 1 ng 
d h t r  ' but t on of t he gra t n  bounda r y  ca r b t de s  ' n  t he L ST ma te r  1 a l . 

80-phosphortc acid 20-water 
electrolytic 

SE M photOMt c r ograph of  a samp l e  f r om Spec \men 2 - 2 .  s how \ ng t he 
l oca t t on s  and s \ zes  of the gra \ n  bounda r y  car b \ des . 



The gra i n  s i ze of  the  s ta i n l es s  s teel  t hen wa s mea s u r ed . The gra 1 n  

s i ze of  s ta i n l es s  s teel  typ1 c a l l y  1 s  r e l a ted t o  the annea l i ng tempe r a t u r e , 

w i th h i gher tempe r a t u r es produc 1 ng l a r ger  gra 1 n  s 1 zes . Typ i ca l  annea l 1 ng 

temperatures  for Type 304 s t a 1 n l e s s  s teel  a r e  1 0 1 0  to  1 1 21 •c ( 1 850 to  

20so• f ) .  F 1 gure  28  s hows tha t  the  gra 1 n  s 1 ze of  the L ST ma ter 1 a l  1 s  ASTM 

No . 5 ,  wh i c h  i s  a typ 1 c a l  gra 1 n  s 1 ze for Type 304 s ta 1 n l e s s  s teel  t ha t  wa s 

annea l ed i n  th 1 s  tempe r a t u r e  range . The res u l t s  1 nd 1 ca te tha t the 

temperature  of  th i s  componen t d i d  not exceed the pr e - s er v 1 c e  annea l 1 ng 

tempera t ur e .  

Res u l t s  o f  the me ta l l ograph 1 c  exam1 na t 1 ons  1 nd 1 ca te tha t  the L ST mus t  

have exper i enced tempe r a t u r e s  i n  the range o f  f r om 500 t o  gso•c  ( 9 30 to  

1 740°F ) for  s ome per 1 od o f  t i me dur i ng man u fac t u r e  or s er v 1 c e ,  because  

gra 1 n -boundar y  c a r b 1 des form  1n  th 1 s  range . Thes e  tempe r a t u r e s  a r e  above 

the 2A8 to  304°C  ( 550 to 580° F ) tempe r a t u r e  r a nge of  the reac tor dur 1 ng 

norma l  oper a t 1 on .  However , s i nce  the pre-ser v 1 c e  proces s 1 ng h 1 s to r y  of  the 

L ST wa s not ava i l ab l e ,  i t  i s  not  known whether the LST reac hed th 1 s  

tempe r a t u r e  dur i ng the TMI - 2  a c c i dent . I f  the  L ST wa s s upp l 1 ed 1 n  the 

annea l ed -and -quenched cond 1 t 1 on ( a s  i s  the c a s e  for mos t  Type 304 s ta 1 n l e s s  

s tee l u s ed 1 n  reac tor pr 1 ma r y  s y s tem component s ) then these r e s ul t s  show 

tha t  the L ST wa s s ubj ec ted to  tempera t u r e s  1 n  the c a r b 1 de-prec 1 p1 tat 1 on 

tempera l u r e  range of  500 to  1 740•c ( 930 to  1 740° F ) .  Because  the s pec 1 f 1 c  

k i ne t i c s  o f  ca r b i de prec i p i ta t 1 on depend o n  the c hem1 c a l  c ompos 1 t i on of  the 

a l l oy ,  i t s pr i or proces s 1 ng h i s tor y ,  and the prec 1 p 1 ta t 1 on s 1 te s , the 

prec i se temperature  cannot  be a s c e r t a 1 ned . However , F 1 gu r e  29 does prov 1 de 

s ome i n s i gh t  i n to the t i me - t emperature  r e l a t i on sh i p  for car b 1 de 

prec i p i ta t i on i n  the LST . E ven though the annea l i ng tempe r a t u r e  of the L ST 

proba b l y  wa s l es s  than 1 2so•c ( 2280 ° F ) ,  the r el a t 1 ve pos 1 t i ons  of  t he 

c u r ves  for the d i f ferent  car b 1 de prec i p 1 t a t i on s 1 te s  woul d  be the same . 

The me ta l l ograph i c  r e s u l t s , wh i ch showed c a r b 1 de prec 1 p 1 t a t 1 on 1 n  the gra 1 n  

bounda r i es o n l y ,  i nd i ca t e  tha t  the t i me - tempe r a t u r e  comb 1 na t i on s  tha t  the 

LSl  cou l d  have exper i enced a r e  those  s hown by the hatched a r ea 1 n  

F i gu r e  29 . The data  1 n  F 1 gu r e  29 1 nd 1 c a t e  tha t car b 1 de s  1 n  the gra 1 n  

bounda r 1 e s  cou l d  on l y  b e  p r oduced b y  s hor t t 1 mes a t  h 1 gh tempera tu r e s  or 

l ong t 1mes at l ower tempe r a t u r e s . 
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T he gra l n  s l ze o f  the ma ter i a l  f r om the LST wa s j udged to  be ASTM 

No . 5 .  wh 1 c h  1 s  cons 1 dered t yp 1 c a l  for Type 304 s ta i n l e s s  s tee l that has  

been annea l ed 1n  the tempe r a t u r e  r ange f r om 1 0 1 0  to  1 1 2 1 •c ( 1 850 to  

2050° F ) .  The ma x i mum annea l 1 ng tempe r a t u r e  c o n s 1 s te n t  wi t h  1 1 m1 ted g r a 1 n  

g r owth genera l l y 1 s  c on s 1 dered t o  be about 1 09 5 • c  ( 2000 ° F ) .  I f  the 

ma ler 1 a 1  had been hea ted to  above 982•c ( 1 800° F ) for any  apprec 1 ab l e  t 1me . 

the carb 1 des  s hou l d  have been d 1 s so l ved ; however . j udg 1 ng by f 1 gu r e  29 . 

c a r b 1 des  obser ved 1 n  the m1 c r o s t r uc tu r e  c ou l d  have prec 1 p 1 ta t ed 1 f  the 

ma ter l a l  were  c oo l ed to  bel ow approx 1ma te l y 8 1 S • c  ( 1 500° f ) w 1 t h 1 n  about  one 

hour a f ter the c oo l 1 ng began . Otherw1 s e  c a r b 1 des  proba b l y  wou l d  have been 

obser ved on tw1 n bounda r 1 es a l so .  

Hardne s s  tes t 1 ng of  the L ST mater 1 a l  wou l d  prov 1 de 1 1 t t l e  add 1 t 1 ona l 

1 nforma t 1 on on 1 t s therma l  h i s to r y .  un l e s s  the ma ter i a l  had been s upp l i ed 

l n  a c o l d -wor k ed c ond 1 t 1 on .  The r ea s on 1 s  tha t a u s t en 1 t 1 c  s ta 1 n l e s s  s tee l s  

cannot  be hardened t o  any  grea t exten t b y  hea t t r ea tmen t ,  a l though they can  
4 

be har dened apprec 1 a b l y  by c o l d  wor k . A l s o ,  the h 1 gh l y  l oc a l 1 zed 

prec 1 p 1 ta t 1 on of  chrom1 um car b 1 des  at the gra 1 n  bounda r i es and the 

a t tendan t  dep l e t 1 on of  c h r omi um 1 n  a very t h 1 n  gra 1 n -boundar y  zone have no 

s 1 gn l f 1 ca n t  e f fec t s  on the overa l l hardnes s o f  the ma ter 1 a l , as  determ1 ned 

by mac r ohar dne s s  methods , such  as Rockwe l l or  Br 1 ne l l tes t s . Thu s , 1 f  the 

L Sl ma ter 1 a l  wa s supp l 1 ed i n  the annea l ed cond 1 t 1 on .  t he e f fec t o f  carb 1 de 

prec 1 p l ta t 1 on dur 1 ng the therma l  t r an s 1 en t  wou l d  n o t  be expec ted t o  a l ter 

the har dnes s s 1 gn 1 f 1 ca n t l y .  

2 . 4 . 3  I - 1 29 Ana lys i s  

F 1 ve samp l es were  ana l yzed for 1 - 1 29 .  w 1 th  r epea t ana l yses  per formed 

on  one samp l e  to a s s e s s  the e f f ec t 1 vene s s  o f  the techn 1 que 1 n  sepa ra t 1 ng 

1 od 1 ne f r om the samp l e . The AD samp l e s  wer e  1 n  the form of  sma l l  metal  
. 

samp l es w1 th  e 1 ther the OD or  I D  l ayer s r emoved . a nd the LAD ma ter 1 a l  was 

1 n  the form o f  s c raped powde r s . One samp l e  ( Samp l e  6 - 1 . 2  I D-AD ) wa s 

a na l yzed by add l ng 1 - 1 25 and 1 od 1 ne ca r r 1 er t o  the samp l e ,  then r ea c t 1 ng 1 t  

w 1 th  H2so4 , HN03 , HC l . NaC l O .  and  NH4HF � 1 n  a c l o s ed s y s tem. 

I od 1 ne-1 29 then wa s determ1 ned by mea s u r i ng the c hem 1 c a l  1 od 1 ne y 1 e l d  and 

determl n 1 ng the 1 - 1 25/ 1 - 1 29 r a t 1 o .  Bec a u s e  the c hem1 c a l  y 1 e l d  wa s so l ow 

58 



( 0 . 6X) , a l l  o ther mea s u r eme n t s  wer e  per formed u s t ng a hot hydr ogen ba k e  ou t 

procedure f o l l owed by che.t c a l  y t e l d deter• 1 na t t on a nd ma s s  s pec t r os c opy . 

SaMp l e  6- 3 . 1 1 0 -AO wa s a na l y z ed tw , c e  to es t t  .. te t f  t he ba k e -ou t p r oc ed u r e  

wa s  a r tua l l y r eaov t ng .os t of  t h e  I - 1 29 .  T he s ec ond a na l y s t s  r e s u l ted t n  a 

.ea \ u r e.en t  o f  on l y  � o f the J - 1 29 va l ue deter•t ned dur t ng t he f \ r s t 

ana l y\ , S .  T he �ch l ower va l ue determt ned t he sec ond t t me s ugge s t s  t ha t  

the \ od t ne t s  e f fec t t ve l y  r emo ved f r o.  the depos \ t s b y  the ba ke -out  

tec hn t que s . T a b l e  1 1  1 \ s t s  the r es u l t s o f  t he J - 1 29 a n a l ys t s ,  \ nc l ud \ ng 

those of the r epea t ed ana l y s t s .  T he r e s u l t s  a r e  l t s t ed t n  t e r ms o f  a t OMs 

per un t t  .. s s  or un \ t  a r ea . To c onver t to �C t .  mu l t t p l y  the va l ue \ n  the 
- 20 

tab l e  by the spec t f t c ac t t v \ t y of J - 1 29 ,  wh \ c h  t s  3 . 7 4 x 1 0  �C t /a t o• . 

As can be seen , t he J - 1 29 ac t \ v t t y per un \ t  a r ea t n  the 00 -AD t s  abou t two 

t t.es grea ter t ha n  tha t of the 1 0 -AO . Th \ s  t s  c l os e  to t he r a t t o  o f  t he 

ces t �  ac t t v \ t \ e s  between the 00 a nd J O -AO layer s ,  a s  d \ s c u s sed t n  

Sec t t on 2 . 3 . 4 .  F or the L AO ma t er t a l , the s c r aped a r ea wa s e s t \md ted and 

the a to.s lc•
2 

c a l c u l a t ed .  The c a l c u l a t ed va l ues  a l s o a r e  l t s ted \ n  

Tab i P  1 1 . 
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TAB L E 1 1 .  RE SULTS Of  THE 1 - 1 29 ANAL Y S I S  

Chem 1 c a 1  Y 1 e 1 d  Concentra t 1 on E r ror  
Sam�1 e '"! { a t oms/mg! {atoms/cm

2
! l"l 

6-1 . 2  1 0 -AO 0 . 6  1 . 3 x 1 01 4  3 . 2  

6- 3 . 1  1 0 -AO 7 7 . 0  1 . 0 X 1 o1 4  2 . 0  

Repea t o f  above 67 . 0  1 . 8 X 1 o1 2  3 . 1  

6 - 2 . 2  00 -AO 48 . 0  2 . 1  X 1 Q1 4  4 . 7  

1 0 -LAO 7 4 . 0  2 . 6  x 1 01 3  3 . 4 X 1 o1 2  9 . 4  

00-LAO 56 . 0  9 . 6  X 1 01 3 1 . 2 X 1 01 3 7 . 5  

60 



3 .  t VAl UAl i ON Of RE SUl T S  

l t  \ s  1 n tended t ha t  ac qu 1 s 1 t \ on of  da ta from TM I - 2 w \ 1 1  p r o v \ dc t he 

\ n for  .. t t on nec es sa r y  to ga t n  \ ns \ gh t s  t n t o  a number o f  key \ s s ue s  on 

seve r e  acc t den t beha v \ or and acc 1 dent s o u r c e  t er•s . These 1 s s ues 1 nc l ude 

t he fol l ow \ ng : ( a ) f l ow c \ r c u l a t t on w1 t h 1 n  the upper p l enum and bac k  \ n t o 

the core r eg \ on :  ( b )  hea t t r a n s fer be tween ga ses e x 1 t 1 ng the c o r e  and upper 

p l en� s t r uc t u r e s : ( c )  r e l ea s e  and t ra n s por t of f \ s s \ on pr oduc t vapo r s  and 

t ner t s t r uc tu r a l  and c on t r o l  .. ter t a l  vapo r s  f r o.  t he c or e ,  and t he 1 r  

condensa t t on t o  fora aeroso l s ;  ( d )  depos 1 t 1 on o f  f t s s t on produc t vapor s ,  

con t r o l  r od .. ter t a l  vapor s ,  and aer o so l s  on upper p l enum s t r uc t ures ; and 

( e )  ex t en t  o f  ox 1 da t 1 on o f  upper p l enum s t r uc t u r e s . 

I t  1 s  too �ch to e xpec t t ha t  exam1 na t 1 on o f  upper p l enu. s ur f a c e s  can 

prov t de a c l ea r , una� 1 guous r ec or d o f  a l l  t he s e  phenomena . The s t r uc t u r e s  

had been s ubaerged 1 n  wa ter  for severa l year s .  Some of the bounda r y  

cond H 1 on s  t ha t  e x \ s ted dur \ ng t he acc t den t a r e  not we l l  k nown . 

F ur ther.ar e ,  exaa\ na t \ on o f  a s \ ng l e  c omponen t ,  t he lead s c r ew s uppor t t ube , 

cannot r e s o l ve these 1 s s ues b u t  can on l y  add to t he gr ow \ ng body of  da t a . 

J n  par t t c u l a r , t t  shou l d  be r ec ogn \ zed t ha t  because o f  \ t s l oca t \ on \ n  t he 

upper doae r eg t on ,  1 t  \ s  expec t ed t ha t  the l S T  s aw r e l a t 1 ve l y  l 1 m 1 ted 

coo l a n t  f l ow .  I ndeed , because  t he l ST 1 s  dead -ended , the 1 n s 1 de s ur f ace 

shou l d  ha ve seen v 1 r tua l l y no f l ow dur \ ng t he acc \ dent . 

Re s u l t s  obta t ned f r �  exam1 n 1 ng the L ST a r e  l a r ge l y  cons 1 s t e n t  w 1 th 

da t a  obta 1 ned pre v \ ou s l y f r om  p \ eces of l ea d s c r ew . Of pa r t \ c u l a r  \ n tcres t 

a r e  the c ond 1 t 1 on s  t ha t  occ u r r ed \ n  t he upper p l enum r eg \ on dur 1 ng the t \ me 

of c o r e  uncover y ,  when the upper p l enum wa s s ubj ec ted t o  h \ gh t emper a t ure 

ga ses , f \ s s t on p r oduc t vapor s ,  and aeroso l s .  I t  t s  hoped tha t exam\ na t \ on 

o f  t he upper t n ter na l s  a bove the core  w1 l l  p r ov \ de 1 n s 1 gh t  t n to the \ s s ues 

d hc us sed a bove . 

l he f o l l ow \ ng obser va t t ons can  be made ba s ed on the res u l t s o f  th \ s  

exam 1 na t 1on and the 1 r  r e l a t t on s h \ p  t o  other s t ud \ es :  

• 
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• T h e  l o t a l  ma s s  of  f 1 s s 1 on p r oduc t s  depos 1 ted on the  L ST 

rep r e s en t s  a very  sma l l  frac t 1 on o f  the ma s s  o f  f 1 s s 1 on produc t s  

r e l eas ed f r om the c or e .  I t  s hou l d  b e  r e c ogn 1 zed t ha t  t h e  e x t e n t  

of  depos 1 t 1 on cou l d  have been h 1 gher d u r 1 ng the acc 1 de n t  but  may 

have been dec r eased  by s ub sequen t wa s h 1 ng .  

1 Some cor ros 1 on of  upper p l enum s t r uc t u r e s  d 1 d  occur  d u r 1 ng t he 

h 1 gh temper a t u r e  t r a n s 1 en t  por t 1 on of  the ac c 1 den t . Qua n t 1 ta t 1 ve 

eva l ua t 1 on s  s hou l d  be made a f ter  t he upper p l enum exam1 na t 1 on s  

a r e  comp l e ted . 

• Da ta f r om me ta l l ur g 1 c a l  ana l y s 1 s  o f  t he L ST a r e  c o n s 1 s ten t w1 th  

es t 1 ma t e s  o f  upper p l enum tempera t u r e s  obta 1 ned f r om the 

l eadsc r ews ; however , uncer ta 1 n t 1 es 1 n  t he e s t 1 ma ted t emper a tu r e  

of  the  L ST a r e  t o o  l a r ge to  a d d  much to  the s ta te of  knowl edge . 

1 Con lr o l  r od ma ter 1 a l s ( Ag ,  I n .  a nd C d ) and  t 1 n  f r om the  c ladd 1 ng 

vapor 1 zed and c ondens ed on  t he upper p l enum s t r uc tu r e s . The 

t o t a l  ma s s  r epresent ed by depos 1 t 1 on on  the L ST a ppea r s  to be 

sma l l .  Dev 1 a t 1 on s  f r om the a s -fabr 1 ca ted Ag-I n -C d  c ompo s 1 t 1 on 

obser ved 1 n  the d r op l e t s  s ugge s t  f r ac t 1 on 1 ng of  t he a l l oy 1 ng 

el eme n t s  1 n  the mo l ten or vapor s ta te .  

• Dropl e l s  of  mo l ten con t r o l  r od ma t e r 1 a l  appa r en t l y  wer e  c a r r 1 ed 

t o  lhe upper dome r eg 1 on by s team a t  f l ow r a tes  that  wer e  

subs tan t 1 a l l y  h 1 gher than t he quas 1 -s teady bo 1 1 o f f  r a t e  f r om the 

cor e .  F ur ther a na l y s e s  are neces sa r y  to d e term1 ne whether these 

r e s u l t s  have 1 mp l 1 ca t 1 ons  for con t r o l  r od fa 1 l ur e  modes or 

me l l -coo l a n t  1 n terac t 1 on s . 

These conc l u s 1 on s  a r e  ba s ed on  t he exam1 na t 1 on of  the L ST a l one . I t  

mu s t  be r ecogn 1 zed that  a n  1 n t egra ted e va l ua t 1 on o f  a l l  data  c u r r en t l y  

a va 1 1 a b l e  may we l l  l ea d  t o  d 1 f fe r e n t  c o nc l u s l on s . 
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4 .  Rf C OMMt NOA T J ON S  F OR f Ol l OW -ON WORK 

l he r e s u l t s presen ted her e t n  wer e  obta \ ned f r om exam \ n \ ng t he bot tom 

9 . �-c• s ec t 1 on o f  t he H8 l eadsc r ew s uppor t t ube . Add 1 t 1 ond l t n f ormd t \ on 

rega r d t ng r a d t onuc l \ de and core md t er 1 a l  t r an s por t ,  as we l l  as temper a t u r e  

h 1 s tory . cou l d  b e  ob ta 1 ned b y  per formtng s tmt l a r  s t ud 1 es o n  add t t t ona l 

sec t t on s  f r o.  h \ gher t n  the p l enum r eg 1 on .  Add 1 t 1 ona l s tud t es wou l d  

prov \ de be t ter under s ta nd t ng o f  t h e  na t u r e  o f  depos t t s .  

A search  for the pre-ser v t ce hea t t r ea t�n t h 1 s t or y o f  t he L S T  shou l d  

be under taken . F 1 nd 1 ng s  f r om  the s ea r c h  c ou l d  b e  cor r e l a ted w 1 t h  t h t s  

s tudy t o  deduce t \ me - t�er a t ur e  expo s u r e  d u r \ ng t he acc t den t . However ,  1 f  

tnfor.a t t on on the pr e - ser v 1 c e  c ond t t t on \ s  not a va t l a b l e ,  o t her 

exper \.en t s  can be per f ormed . Hea t t r ea t�n t e x pe r \men t s  on r ema l n \ ng 

sa�les of  t he L ST s ec t \ on cou l d  be per f or�d to d up l t c a t e  the obser ved 

•1 cros t r uc tu r a l c a r b t de p r ec t p t ta t es . T h \ s  wou l d  he l p  nar r ow t he e s t \ ma t e s  

of .a x 1 mum t eapera t u r e  e xpos u r e . 

T he me ta l l ogr aph 1 c  or  add 1 t 1 ona 1 pr epa r ed samp l e s c ou l d  be c hem1 c a l l y 

e t c hed t o  r evea l the pre senc e o f  ma t er 1 a l s  w 1 t h  ceram1 c c ha r a c ter 1 s t 1 c s . 

I f  p r e s en t and 1 den t 1 f 1 ed ,  t he c e r am 1 c  a r ea s  p r oba b l y  c o u l d  be sepa r a ted 

for f u r ther  s tr uc t u r a l  and e l emen ta l ana l y s 1 s .  

Sa.e o f  the l a r ge r  t nd t v \ dua l me ta l l t c pa r t 1 c l es  obser ved a t  t he 

bo t t OM o f  t he L ST s ec t 1 on c o u l d  be sepa r a t ed ,  exam1 ned u s \ ng S E M/E OAX , dnd 

ana l y 1ed c hemt ca l l y t o  de termt ne the na t u r e  o f  the pa r t 1 c les  a nd the 

e l .-en t a l  r a t 1 os o f  Ag , I n ,  and Cd . 

T he 1 nd 1 v 1 dua l m t c r o s c op \ c  pa r t 1 c les  embedded 1 n  the depos 1 t  l ayer s 

c ou l d  be ana l y zed sem1 - quan t 1 ta t 1 ve l y  u s 1 ng E OAX . The par t 1 c l es have � hown 

d 1 ver se e l emen ta l c ompos 1 t 1 ons . W \ t h  mo r e  advanced da ta r educ t \ on 

t ec hn 1 que s , t he e l emen t a l  r a t 1 o s  c ou l d  be determ\ ned mo r e  a c c u r a t e l y .  

F 1 na l l y ,  1 n  th 1 s  s t udy , no a t temp t wa s made to 1 den t \ f y the na t u r e  of  

t he yel l ow-or a nge depos 1 t s obser ved on s ome s u r f a c e s  of the L ST sec t \ on .  
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l h 1 s  cou l d  be a c c omp l 1 s hed 1 n  a fol l ow-on s t ud y  by r emo v 1 ng the depos 1 t s 

w1 th  adhes 1 ve tape and a na l yz 1 ng the removed ma ter 1 a l  u s 1 ng E SCA . 

A l l of the above s ugges t 1 on s  a r e  1 n tended to  s up p l emen t and  opt 1 m1 ze 

t he 1 n forma t 1 on obta 1 ned thus  far . I t  1 s ,  however ,  r ec ogn 1 zed tha t the 

sma l l  s ec t 1 on of LST a va 1 l a b l e  for  exam1 na t 1 on 1 1 m1 t s  the exten t of  

ex t r a po l a t 1 on o f  r e s u l t s  to  the overa l l  a c c 1 de n t  s equence .  
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