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ABSTRACT 

Metallurgical exam inations were performed on two EPICOR-IJ prefilter 

liners at the Idaho Nat ional Engineering Laboratory (INEL} to determine 

conditions of the liners and ident ify the m inimum expected lifetime of 

those and other liners stored at INEL. The research work was accompished 

by EG&G Idaho, Inc. for the EP ICOR- I I  Research and Dispos it ion Program� 

which is funded by the U.S. Department of Energy. The EPICOR-II p refilte r 

liners were used to filter rad ionuclides from contaminated water during 

cleanup 11f Three Mile Island Unit 2 (TMI-2). The liners were constructed 

of carbon steel with a phenolic protective coating and cortained organic 

and inorganic ion-exchange filtration media. Program plans �all for 

interim storage of EPICOR-II prefilters at INEL for up to ten years� 

before final disposal in high integrity containers at the Hanford, 

Washington commercial disposal site. This report describes the (a) resin 

transfer process used to empty liners for examination, (b) removal of 

m etallographic sections from those liners, {c) s pecimen preparation� and 

(d) findings from metallographic examination of those specimens. A minimum 

1 ifetime for the liners is determined and recommendations are given for 

storage of wastes from future TMI-2 activities. 
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Th1 s report discu s ses the liner int�grity examination of two EPICOR-II 

p refilter liner s that were u sed durins cleanup of Three Mile I s land Unit 2 
( TM1-2 ) and present s re sult s of that examination. The work wa s 

accompli shed by EG&G Idaho, Inc. f0r the EPICOR-II Research and Disposition 

Program. Two phenolic coated steel liners, PF-3 (containing organic 

ion-exch ange media ) and PF-16 (�-�t�ining organic ion-exchange med ia and 

inorganic zeolite ), were selected for metallographic examination. The two 

1 iner s examined held their re sin bed s for three years. The intent of the 

examination wa s to define internal condition s of liners and ensure that 

1 iner s could be stored safely at the Idaho National Engineering Laboratory 

(INEL) for a period of ten year s. Res ults from the examination led to an 

e stimation of the expected lifetime of an EPICOR-II liner. 

Fifty EPICOR-II prefilter s were transported to INEL between April 1982 
ana July 1983. llpon receipt, the prefj)ters either were pJaced 
'nd'l('dua.� �Y i11 cm'C ()f tvl() st\i'��\i'C\1 st()'fo\}'C sHos �()\:.ot�o in tne Hot S»op 
Clf" (��\. �'�� ��'\."'-��\ \--�.-\�� �\)\ )'.��-��\) �) ":::,\..�)�� \� \_��):>))'51>'5:'; "::>\.'))'51>':1)� 
c<£s'ks <?«t:srae c«at ?'acr(rcy. ?«e r<J«-eKclrarrg-e m-e<rYa w-ere removea' rrom 
1 iner s PF-3 and -16 in the Hot Shop u sing a vacuum transfer system 

developed at INEL for that purpo se and described in thi s report. Each 

1 iner was decontaminated, and a hands-on vi sual inspection conducted. 

Metallurgical section s were selected and cut from liner sidewalls using 

s aws. 

Metallographic specimen s were removed from the sections and mounted, 

poli shed, and mea sured for (a ) base metal thicknes s, ( b ) thickness of 

c orrosion product s, (c ) thicknes s  of coating, and (d ) surface pits and 

di scontinuitie s. The specimen s were etched and photomicrographs were 

p repared. 

It was determined that the exterior phenolic coating s of both liner s 

were in good condition, although minor handling scrapes and some 

imperfection s acquired during fabrication were ob served. The ioterior 
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c oatings of both liner s exhibited bli stering and some spa lling. Corrosion 

was evident at each location where the coating had bli stered or spall ed . 

In PF-3, an area cf coating about 8 x 12 in. had been removed mechanically 

prior to loading with ion-exchange media to serve a s  a grounding point for 

a conductivity probe. That area was encrusted with resin and corrosion 

product s .  

Metallographic examination of specimen s s2lected from both liners 
shov1ed a thin film of corrosion products tightly adhering to the base metal 

underlying the coating. The effect s of corro sion on the base metal were 

evaluated quantitatively by mechanically mea suring the rema i n i ng base metal 

t hickne s s. 

The location of greate st buildup of corrosion product s wa s the 

grounding area for the conductivity probe in side liner PF-3. Metallurgical 

examination of a section removed from that area revealed no evidence of 

pitting or pitting-type corro sion. The ba se metal thickness i n  that area 

mea sured 0 . 016-in. le s s  than ba se metal adjacent to the probe. Assumi ng 

that a straight-line corro sion rate i s  ap p l i cab l e and all thinning of the 

wall wa s cau sed by corro sion, it i s  e stimated t hat EPICOR-I! liners wi ll 

have a lifetime of approxim at el y 50 year s. 
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METALLURGICAL EXAMINATION _Qf_!... 
�NO RE � N TI3_ANSFE_B_ FRor�!... 

THREE M ILE ISLAND PREF ILTER L INE RS 

[ NTROOUCTION 

Tne ?8 March 1979 accident at TM I-? released approximately 600,000 
gallons of contaminated water to the Auxiliary and Fuel Handling 

Buildings. That water was decontamin�ted ustng a demineralization system 

called EP ICOR- I I  developed by E picor, Inc. The contanlinated water· was 

cycled through three stages of organic and inorganic ion-exchange media. 

The first stage of the system was designated the prefilter, and the second 

a nd third stages were classified as demineralizers. After the filtraciQn 

process, the ion-exchanqe media in a number of prefilters contained 

radionuclides in concentrations greater than those established for dispcsal 

of similar materials as low-level wastes. Fifty prefilters having high 

concentrations of radionuclides were transported to INE L for interim 

storage prior to final disposal. A special overpack, or high integrity 

container, was developed during that storage period for use in disposing of 

prefilters at the commercial disposal facil i t y in the State of Washington. 

During tile interim storage period, research has been, and continues to 

be, conducted on materials from those E PICOR-II prefilters as part of the 

E PICOR-II Research and Disposition Program funded by the U.S. Department of 

Energy (DOE). Studies are being conducted on (a) organic ion-exchange 

resin from selected prefilters and (b) corrosion resistant behavior of the 

phenolic coated (hereinafter referred to as coatinq ) steel walls of the 

p refilter liners.1 The resin will be examined to determine resin 

degradation, and tests will be performed to obtain characteristics of 

so�idified ion-exchange media. Field tests also will be conducted to study 

leaching of radionuclides from solidified samples of ion-exchange media 

placed in several disposal site environments. That research is described 

in detail in Reference 1 .  Two liners were examined to determine their 

i ntegrity and determine if prefilters containing radionuclides can be 

stored for up to ten years at INEL without failure. [ Failure of a liner 

could result in spread of radioactive waste within the storage system. ] 



This report discusses the liner integrity examination �nd present s 

results of metallographic examination of two liners. Because the 

construction and coating of E PICOR-II liners are typical of commercial 

rriJclear storar.Je and disposal s ystems , results of this study might be useful 

for other applications in the industry. Liners PF-3 and - 1 6  were selected 

far metallographic examiration to define their internal conditions and 

determ ine if pr·efilters could be s t ored safel y at INEl for up to ten 

y0ars. Those two prefilters had been characterized previously by Battelle 

Columbus Laboratories (BCL).
2

•
3 

That v1ork included a detailed study of 

the condition of the ion-exchange media contained within each liner, 

rrr�:�asurement of radiation dose rates outside and inside U.e prefilters, and 

a visual examination of both external and exp osed internal metal surfaces 

of the liners. The ion - ex(hdnge media were removed from liners Pf-3 and 

-16 in the TA�-607 Hot Shop using a vacuum transfer system developed at 

I NE L f or U1at purpose and d escribed in this rep ort. 

PF-3 and -16 werA h ighly loaded with radionuclid es (1900 and 2100 Ci, 

respect ivel y) . It is estimated that rad ia t i on doses to the walls and 

in t erior coa t ings  of the lin ers a t  the time of metallographic sectioning 

approach ed 108 rad. 

'} 
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BACKGROUND 

Descri pt jon of E P ICOR -II Lin er 

E P ICOR -II l in ers are 4-ft  d i amet er b y  4-f t  h igh cyl inders wit h l/4 -in . 

t h i ck wa l l s and t ops  and l /2 t o  5 /8- i n .  th i ck bot toms (Figure 1). Th e 

l i n ers are of wel ded con stru ct i on u si n g  ASTM Typ e A-36 carbon steel . The 

i n t ern al  and ext ern a l  surfa ces are pa i n ted wi th  P h en ol in ea 368 coatin g. 

A l oca l i zed area of coat i n g abou t 8 x 2 i n .  was removed f rom t h e  int erior 

surface of each l in er. That bare area was used as  the  g roundin g  p oi nt  for 

�conduct i vi ty p robe f or measuring water l evel in t h e  l i n er.  E a ch l in er 

conta i n s  ab out 30 ft
3 

of i on - exch ange medi a .  Lin er P F-16 contain ed both 

organ i c  i on -exchange  resin and i n organic z eoli t e. Lin er PF- 3 con t a in ed 

o n l y organ i c  resi n .  A p erf orated f ou r-branch i nf l u ent  �an i fol d d ist ri bu t ed 

contam i n at ed wat er over t h e  exch an ger b ed ,  wh il e th e eff l u ent  was d ra wn off 

t h e  l i n er b ottom t h rou gh a p orous mu l t ib ran ch ed ret u rn man if ol d .  B ot h  

man i f ol ds are p i p ed t o  a man i f ol d  p l a t e  on top of th e l in er. A v ent p ort 

a nd adapters f or l iqu i d- l ev el detectors a l so a re l ocat ed on t h e  man if ol d 

p l ate.  A man way i s  l ocated b eside t h e  man if ol d  p l at e  on the l i ner top .  

E xch a n ge media were l oaded in t o  t h e  l in er t hrough the man way . V isu a l  

exam i n at i on s  of t h e  l i n er in t eri ors were con d u ct ed t h rough  t h a t  man way . 

R eceipt and St orage of Prefil ters at INEL  

E ach EP I COR - I I  p ref il t er was receiv ed at t he  TAN-607 Hot Shop fac i l i ty 

of I NE L.4 '5 Th e t ran sportat ion cask was opened and  the pref i l ter removed 

remotel y and p l a ced i n  a sh iel ded st orage si l o. Two si l os were desi gned 

a nd f ab ri cat ed at  I NE L  and erect ed in t h e  H ot Shop to prov i de temporary 

st ora g e  and sh i el din g f or 48 prefil t ers. E a ch si l o  has a removabl e 

sh iel d ed cov er and  is l ocat ed over a turntab l e ,  wh i ch i s  used to posi t i on 

p ref il t ers durin g st ora ge operations. 

a.  Tra d e  n a me of the Carb ol in e  Company . 

3 

- . . . --- � --� -

- ' 



F i g u re 1. 

------

4-in. bung 
connection -----�--·--------

6.00 in. 
in I id ----+--�������:J'b�kZIII.=�-;�;::-"'"J) -f_ 
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<') 
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<.0 
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0 
C! 
� 
1.!) 

to 0.63 in. , 
49.00 in. oo··---------.1! INEL 4 432G 

Schematic (isometric ana full section) of an EPICOR-II prefilter. 
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£XAMINATION METHODS 

In rrep aration for the liner integrity study, the prefilter selected 

f or examination was removed from silo stm·age and placed in the til t 
fixture of the resin transfer system. The ion-exchange media (n::sins) 1·;ere 

transferred, usinq a vacuum system, to a ne�·' r·eplacement liner·. The empty 

liner then was decontaminated and h ands-on visu al and remote video 

examinations v1ere conducted. Locations selected for· r·ernoval of 

metallurgical sections were marked on the exterior surface of the liner. 

Photographs \'Jete taken of the interior and exterim· sut·faces of U1e l inet· 
prior to sectioning. The marked locations coincided with specific a reas nf 
i nterest, such as the top surface of the exchang� rnedia, cotToded ar·eas on 

tt1e side�<Jall, and the bottom to sidewall 1·1eld joint of the liner·. 

i�etallurgical sections were cut from the liner· using hand-held pm·•er· sa•·.s. 

The sections were washed in demineralized water and dried by gently wiping 

a ll surfaces, thereby preserving corrosion products. Surface radiation 

measur�ments were made to determine t�e radiation dose rate from each 

section. Those sections having r·adiatiun r·eadings b<?lo\'; 1 R/h 13-y at 

contact were transported to the metallography laboratory of the Auxiliary 

Reactor Area (ARA), where specin1ens were prepared for detailed examination 

i nside a ventilated hood. Tnase sections having r adiation measurements 

above 1 R/h B-y at contact were sent to the Hot Cells of Test Reactor 

Area (TRA), where specimens were prepared for detailed remote examination 

inside a shielded hot cell. 

Locations of metalloqraphic sections (shown in Figures 2 and 3 for 

liners PF-3 and -16, respectivEly) were selected from areas that exhibited 

discontinuities in the internal surf ace coatings. Three sections were cut 

from PF-3, and foul sections were remaved from PF-16. One section from 

1 iner PF-3 was removed from the bare area. Sections were obtained from the 

cYlindrical walls of the liners using a 3-in.-diameter metal-cutting hole 

s aw (Figure 4 ) . A section was removed from liner PF-16 at the junction of 

the cylindrical wall and bottom of the liner, using a portable 

reciprocating saw (Figure 5 ) . Sections 2 and 3 from PF-3 and Section 2 

from PF-16 were removed from the area corresponding to the top surface of 

5 
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Section.1 

Section 2 

I 
\ \ 

' ' / 
' .... ./ 

....... -- - / 
...... ...... 

-- - -

Section 3 

Figure 2. View of l i ner P F -3 show i ng locat i on s  where meta l  sections were 
removed. 

-----

Section 6 
,.. ,...--------

/ 

Note: Sections 1 and 3 of 
liner PF-16 were not 
removed. 

Section 2 

Section 5 

Base INEL 4 4332 

figure 3. View of liner PF-16 show i n g  locat i ons where metal s ect i ons  were 
removed . 
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INEL4 4325 

Figure 4 .  Remov a l  of a study section from the cyl indrical wall of liner 
PF-3 us i ng a hole s aw .  
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INEL 4 4327 

Figure 5. Remov al of a study section from liner PF-16 using a portable 
reciprocatin g s aw .  
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t h e  r es i n b ed .  The in n er s ur face of Section  l (from  th e gro un din g a r ea for 

t h e  con ductiv i t y prob e c l in er PF - 3) h a d  a B-y radia t i o n  r eadin g of  

35 R/h  at  con tact ,  aft9, r in s in g  an d dry1n g , a n d  was  s ub mit t ed t o  t h e  Hot 

C�l l s  of TRA for remot e examin a t 1 on . Al l oth er sec t i on s  rea d  l R/h B-y 

or  l es s  (as s ho vm in Tab.,:; l )  an d wer e  ex a mi n ed in t h e  met a l l  o gt-a ph y  

l aboratory  o f  ARA. On e s p ecimen fro m Section l of PF -3 was prep a r ed an d 

examin ed after b ein g d econtamin ated b y  mechanic a l l y  r emo vi n g  mos t  of  t he 

corro s io n  products . Spec imen s for met a l l o graph ic exam i n a t i on a l s o wer e 

remov ed from two t es t  p l a t es (i den tified as  Tes t Pl a t es 1 and  l A) t h at w er e  

coat ed b y  E picor a t  th e s a me t ime (an d us i n g  th e s a me procedu r es )  t h a t  th e 

i nn er s ur faces of  rep l acemen t l in er s  PF - 3A an d - 16A were  coated. 

TABLE  1. RAD I AT I O N  ME ASURE t�E NTS OF METALLURG ICA L SE C T IO NS FRO M  E P I CO R - I I 
L I NE RS PF -3 AND - 1 6 

Lin er Sect i on Loc ation a , b , c 

P F-3 30 i n .  from bot tom, 45° CW from  
man way  

2 30 in . from bottom, b el ow manway 
3 30 i n .  fro m bottom, 90° CCW  from 

manway 

P F - 1 6 2 30  i n .  f rom botto m, 1 1 0° C CW from  
man way  

4 Junct i on of bottom an d si dewa l l ,  
1 50° C CW f .-om manwa y 

5 8 i n .  from bottom, 1 20° C CW f rom 
manwa y 

6 2 in . from bottom,  15° CW f rom 
man way  

R a di at i on Measuremen t  
a t  C on t act , 

I n s i de Surfac e 
( R/ h  f3-y} 

3 5 

1 
0 . 6  

0 . 250  

0 . 02 0  

0 . 250 

0.030 

a .  Locat i ons  are  approxi mat e  an d are i n di ca t ed i n  Fi gures 2 a n d  3 .  

b .  CW = c l ockw i s e, C CW = coun t erc l ockwi s e. 

c .  S ect i on s  1 an d 3 of P F - 16 wer e  not  r emov ed from t h e  l in er .  

9 
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Met a l l ograph i c  spec i men s were ob ta i ned  an d processed a s  fo l l ows: 

1 .  Co l or photograph s were taken of each sect i on b efore prepar i n g  

met a l l ograph i c  spec i men s. 

2 .  S evera l  met a l l ograph i c  cross sec t i on s  of t h e  l i n er wal l w er e  

prepared from tho se area s  of  each sect i on th at  appeare d t o  h a ve a 

max i mum amount of corrosi on .  

3. Spec i mens were mounted i n  p l ast i c, p o l i shed , and  exami n ed to  

determ i n e: tota l  base  met a l  th i c k nes s, th i ck n ess of  c orrosi on  

products, coat i n g  t hi ck ness ,  type of  corrosi on , an d g en era l 

con d i t i on of �h e bas e  met a l . Photomi crograph s  at 1 0  and  100 

magn i f ications were prepared for areas  of i nterest . 

4. Spec i mens were etched w i th N i ta l  r eagent  (n i tr i c  ac i d  a nd  eth y l  

a l coho l ) t o  revea l  met a l l urg i c a l  struct �re, di scont i nu i t i es, a n d 

gra i n  s i z e .  P hotomicrograph s were tak en of areas  of i nter est at  

100 an d 400 magn i f icat i on s. 

5 .  Corrosi on products were i dent i f i ed u si n g e l ectron di sch arge 

spectroscopy (E DS ) .  

6 .  Mounted met a l l ograph i c  spec i men s w er e  r et a i n ed i n  t he ARA a nd TRA 

Hot Ce l l arch i v es for futur e exami nation , i f  .·eq u i r ed. 
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RE S I N  TRANSFE R FROM L I NE RS 

Th e conten ts 0f prefil ters P F - 3  and - 16 were transferred,  u s in g  a 

res in trans fer system, to new rep l acement l iners  (iden t if ied  as PF - 3A an d 

- 1 6A ) . L iners P F - 3A and - 16A are ident ical to t h e  other EPICOR - I I l in ers  

stored at INE L an d were purc hased from E p icor  al ong  with two tes t p l ates . 

Descript ion of Res in Tran s fer Sys tem 

Th e remotel y-operated resin tran sfer sys tem w as instal l ed in t h e  

TAN- 607 Hot S h o p  on a drip p an as shown in F igure 6 .  Th is system  was 

d eve l oped at I NE L  for the  purpose of tran sfer r in g  t h e  d ifficu l t  to h an d l e  

l ayers  or mixtures of ion -exc h ange med ia (resin )  con t aine d  in the  EPI COR - I I 

p refil ters . Th ose mixtures were composed of z eo l ite , w ith c at ion and an ion 

organ ic res in s , and pheno l ic ,  with c at ion an d an ion organ ic res in s . Th e 

sys tem con s ists  of  four as semb l ies :  (a) the  t il t  f ixture , (b ) v ac u u m  pump 

and exh aust , (c ) v ac u u m  head and wand , and (d} w ater extrac t ion-head and 

d ru m. Th e system and its operat ion are described be l ow .  

Til t F ixture Assemb l y  

Th e til t f ixture (l e;+ center of F igure 6 )  supports the l iner fi l l ed 

wit h  res in .  )he f ixt u re with  l iner is t il ted  remotel y  using a cab l e 

(p ictured at the  l eft of F igure 6 )  to  1 5  degrees from vertica l . Th at 

configurat ion fac il it ates remov al of res in from the l iner . Two j ack stands 

are in serted un der the t il t  f ixture to s upport it in p l ace during resin 

tran sfer operations . 

Vacuum  Pu mp and E xh aust  Assemb l y  

Th e rot ary- v ane  v ac uum p u mp as semb l y  ( sh own on the drip pan j ust be l ow 

the repl acement EPI COR-II l iner  in Figure 6) provides air f l ow for resin  

t rans fer . T h e  p u mp exh au s t  is routed to  a 4-in . -diameter f l exib l e  exhaust 

hose cou p l ed to a b ank  of  four h igh-effic iency partic u l ate air (HEPA) 

fil ters (l ower r ight  of  F igure 6 ) . A pres su�€ g auge instal l ed in the 

e xh au s t  l in e  is used  to  deter mine when the fil ter clogs. 
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Vac u u m  wand 
Replacement liner 

Test EPI COR-I I I iner 

. . 
.-r-.- . 

. . 

Water extraction 
drum and head 

Til t  fixture 
Vacuum pump 
and valve assembly 

F igure 6. 

INEL 4 4323 

Res i n  transfer system i n  the TAN-607 Hot Shop used to transfer 
res i ns from one EPICOR-II l i ner to a rep l acement l iner . 
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A v ac u u m  gauge  an d vacuu m re l i e f  v a l ve  are connected to  the  i nt ake 

( v ac u u m) s i de of the  v acuu m  p u mp .  The i n t ake hose  i s  routed  t o  one port  of  

a four-way man u a l  b a l 1 v a l v e .  A hose  fro m one of  the  rema i n i n g  t hree por t s  

i s  routed to  t he  v acu u m  head on  t h e  rep l acement  l i ner as  s h own i n  

F i gure 6 .  A hose  fro m a th i rd port of the  b a l l v a l ve  i s  routed t o  th e 

v ac u u m  head on  t h e  5 5 -ga l . water extrac t i on d r u m  shown i n  F i gure  6 .  The 

remai n i n g v a l ve  por t  i s  vented t o  the atmosphere . The  four-way v a l v e  

s upp l i es v ac u u m  t o  e i ther the  rep l ace ment l i ne r  ( when i n  the "re s i n  

transfer  mode") or  the  water e xtrac t i on dru m ( when  i n  t he  "water extract i o n  

mode" ) • 

V a c u u m  Head and  Wan d  Assemb l y  

Th e v ac u u m  wan d (a dev i ce through  wh i ch r es i n  i s  w i th drawn from the  

l i ner ) i s  a 3/4- i r. . - ai ameter s t a i n l es s  steel  tube approx i matel y  5 -ft l ong . 

Th e out l et end of t he  t u be i s  connected to  a v ac u u m  hose  wh i ch connects t o  

t h e  l i ner vac u u m  head . T h e  out l et end o f  the wand has a n  i nterface gr i p  

f or the  overhead man i pu l ator ( C- man ) .  A water- spray nozz l e, attached to 

the  i n l et end of th e wan d ,  sprays water to ag i :ate and suspend res i n  

p art i c l es ,  fac i l i t i n g t he i r  entrance i nto the wand open i ng .  The n ozz l e  i s  

supp l i ed fac i l i ty water through a smal l sta i n l es s  stee l tube and hose . 

W ater f l ow r ate  i s  adj u s t ab l e  to prov i de the des i red eff�ct on the res i n  

part i c l es .  Th e vacuum head ( a modi f i ed 55-gal . drum c l osure l id ) has  

c onnect i ons  for the wand hoses, a gage to  measure i nternal  v acuum i n  the  

repl acement l i ner, and a f l oat -operated vacuum rel i ef va l ve, wh i ch open s 

w hen the  repl acement l i ner i s  fu l l .  

Water Extract i on Assemb l y  

Th e water extract i on assemb l y  cons i sts o f  a v acuum h ead and moai f i ed 

55-gal . drum . The drum ho lds standi n g  water co l l ected from th e repl acemen t 

l i ner when that l i ner f i l l s  dur i n g  t he res i n  transfer proces s . The 

repl acemen t l i ner conta i ns a sump strai ner connected to the l i ner eff l uen t 

p ort . The water extr&ct i on assemb l y  i s  connected to the repl acement  l i ner 

eff l uent port by a hose connected to  the ba l l v a l v e  on the water extract i on 
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drum  h ead . Th e water ext r action  drum  h ead connects  to the  v ac uum pu mp, 

cont a i ns a gauge for meas u r i ng vacu u m  i n  th e extract i o n  drum,  a nd a 

f l oat-operated v a cu um r el i ef v a l v e  i d ent i cdl to th e v a l ve o n  the  

repl ac ement l i ner v acu u m  h ead . Th e dru m i s  equ i pped w i th a l i q u i d- l eve l  

s i ght  g l ass  a nd a water-dr a i n ba l l v a l ve  at  th e bottom of drum. Was t P  

water i s  rout ed from t h e  dra i n v a l v e  t o  t h e  warm-was t e  drai n of  t h e  Hot 

Shop . 

R es i n  Tra nsfer Operati o ns 

To  beg i n  transfer opera t i o ns ,  t he  l i ner wa� placed i n  the  t i l t  

f i xture, th e ma nway cover and l ock r i ng were  removed ,  the  fixture was  

til ted ,  a nd jack s t a nds were p l aced u nder the  f i xture .  The O-man 

pos iti oned th e wand i n  the  res in, and th e wa l l -mounted mani pu l ator 

pos i t i o ned a TV camera a nd l i ghts  for remote vi ew i ng of the operat i o n. 

Wat er f l ow was i ni t i ater to th e water-spray no zz l e  of t h e  wand to ag i tat e 

t h e  res in, a nd the v ac u u m  p u mp was s tarted .  Wh en the  i nt er na l pr es s ure i n  

the  rep l ac eme nt l i ner reached a negat i v e  pres s ur e  of about  8- i n. Hg , th e 

r es i n  was transferred through the  wand i nto t h e  r epl acement l i ner . Dur i ng 

trans fer operat i o ns ,  th e vacu um i n  the  rep l a cement l i ner i ncreas P.d t o  a 

s t ead y s tate of abou t  15- i n. Hg . Transfer of res i n continu ed u nt i l the  

water/res i n  l ev el i n  th e rep l ac ement l i ner t r ip ped t h e  fl oat  val ve. Th e 

w a nd s pr ay wat er was t u r ned off , water extract i o n  b a l l v a l ve o pened 

remotel y,  four-way b a l l v a l v e  swit ch ed t o  th e 11Wat er extract io n  mode, .. a nd 

repl acement l i ner v ented through the  open v a cuum r el i ef va l ve. As t h e  

v ac u u m  i ncreased i n  t h e  wat er extrac t i o n  drum, water w a s  transferr ed from 

t he bottom of the r ep l ac ement l i ner , through t h e  extract io n  hose, to  t h e  

wat er extract i o n drum, u nt i l th e rel i ef va l ve tripped {wh ich sig na l ed t h a t  

t h e  d r u m  w a s  f u l l a nd t h e  v acuum w a s  z ero) . Th e b a l l va l ve t h en was o pened 

r emotel y ,  and t h e  water i n  th e drum dra i ned i nto  t h e  warm-was t e  drain o f  

t h e  Hot Shop. Th e b a l l v a l v e  was cl osed a nd t h e  vacu um r el ief va l ve of t h e  

water extract i o n  h ea d  was res et .  Th e procedure  w a s  r epeated u nt il a l l 

s ta nd i ng water was r emov ed from t h e  r epl acement l iner . 
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After remov a l  of wat er from th e rep l ac emen t  l i n er ,  t h e  r el i ef v a lv es 

o f  t h e  water extract i on h ead  and r epl acemen t  l i n �r v ac uum h ead w er e  r es et 

remotel y .  T h e dra i n  v a l v e  of t h e  wat er extrac ti on  drum and th e water 

extract i on v a lve  were  res et, and  t h e  four-way b a l l v a l ve was s et to  ch e 

11r es i n  transfer mod e. 11 Th e water spray and  vac u u m  pump were t urned o n  an d 

r es i n  transfer r es umed .  Th e c yc l e was r ep eated u nt i l r es i n  was r emov ed 

from th e l i n er and s tan d i n g  water was remov ed from t h e  rep l acemen t  l in er .  

Th e v acuum h ead  was  r emoved remotel y from t h e  rep l acemen� l in er manway a nd 

rep l ac ed w i th a s t andard drum h ead and l ockr i ng .  Th e r ep l ac emen t  l i n er 

( con ta i n i n g the dewater ed r es i n ) was p l aced i n  o n e  of the  two s i l os i n  t h e  

Hot Shop a n d  t h e  s i l o  l i d  rep l ac ed .  Th e t i l t  f i xt ur e  was l owered to  th e 

l evel pos i t i on and t h e  empty l i n er r emov ed and pl aced on t h e  Hot Shop 

f l oor . Manua l r emov a l  of  the i nt egra l  out l et h eader of the empty liner , 

a nd s u b s equ en t i n s pec t i on and meta l l ograph i c  s ect i on r emov a l , t h en was 

accomp l i s h ed .  
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ME TAL L URGICAL E VALUATIONS 

Th is sec t ion  descr ibes the  v i s u al an d met al l ur g i c al e xam i n at i ons of 

1 iners PF-3 an d - 1 6  and the exami nat ion of  two test  p l ates obtai ned  from 

E picor . 

Vi s u al E xami n at i on 

A fter tran s ferr i n g  the  res i n s  to rep l acement  l in er s  PF - 3A and - l 6A, 

the out l et headers of l i ner s PF-3 and - 1 6  were c u t  i nto segmen t s  w i t h  a 

h and-h e l d  rec i procat i n 9  s aw and removed . Th e e xter i or and i n ter i or 

s urfaces of the  l i ners  were exami ned v i s u al l y and photographed ( F i 9ures 7 

and 8). A heav y  s h ie l d  wal l was used t o  reduce r ad i at i on exposure t o  

personne l  durin g  the  examin at i on s . Con t ac t  rad i at i on read i n qs r an ge d  

between 1 and 2 R / h  B- y on  the exter i or of  PF-3 an d b etween 5 and 8 R/h 

B-y on  l i ner PF - 1 6. L oc at i on s  for met al l ur gi c al s ec t i onin g  were marked 

on  the  exterior s urfaces  of the  l iners . 

V i sual exami n at i on of t he  l i ners rev eal ed t h at t h e  exter i or and 

i nter i or bas e met al s u r faces appeared sound  [ as w as previ ou s l y reported  by  

BC L i n  References 2 and 3 ] . I t  al so w as noted t h at th e i nter i or c o at i ngs  

were bl i s tered , loose , an d i n  some l oc at i on s  had  spal l ed or ch i pped . Th e 

c o at in g  fai l ures appeared more predomi n an t  i n  l i ner PF- 1 6  than - 3  ( s ee 

Figures  7 an d 8). Th e manway port on l i ner  PF- 3  e xh i b i ted  moderate 

c orros i on whil e t he  manway port of  PF- 1 6 h ad e xten s i ve coat i ng d amage 

( Figure 9). Th e int er i or s urfac e  o f  l i ner  PF- 3  was coated w i th  a th i n , 

r us t  c o l ored f il m. Both  l i ners  h ad b ands  of rust  on the  i nter i or w a l l s  at 

the l ev e l  corres pon d i n g  to the  top s urface of the res i n .  Deta i l ed 

d es c r ip t i o ns of  v is u al examin ati ons cf l i ners PF - 3  and - 1 6  are q i ven be l ow .  

L iner  PF -3  

T h e  exter i or s urface of l i ner PF - 3  appeared free of f l aws . The o n l y  

v i s i ble damage and corros i on appeared t o  res ult from rou t i n e  h an d l i ng of 

t he l i n er b efore exami n at ion . 
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INEL 4 4331 

F i gure 7 .  Inter i or of l i ner P F - 3  show i n g  a dark area covered w i th r u s t  a n d  
res i n .  The bottom of t h e  l i ner conta i n s  res i dual res i n .  
Streak s of rust  from the manway area and n umerou s  sma l l coat i ng 
b l em i shes are vi s i b l e .  

17 



·-M�� · . 
- 1W"  t 

' ;(. 

INEL4 4329 

F i gure 8 .  In s i de v iew o f  l i ner PF- 1 6  show i n g  broken b l i sters , f l akes of 
coat i ng, res i dual res i n  {dark area), and p i eces of BCL cor i ng  
tool (transparent mater i al ) .  
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I NEL 4 4330 

F i gure 9. V i ew of manway port of  l i ner  PF-16 show i n g  extens ive coat i ng 
damage. 
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The interior metal surfaces of the liner appeared free of visible 

flaws ( as previously reported by BCL in Reference 3). The manway port 

surfaces exhibited moderate corrosion. The interior surfaces of the liner 

were coated with a thin film of rust. A few penetrations of the coating 

were observed which were widely dispers�d and generally less than 2 in. in 

diameter. Preferential corrosinn was no� observed on the side and bottom 

welds. A thin band of rust was observed inside the liner at the level 

corresponding to the top surface of the resin. 

A dark rectangular area was observed midway up the inner sidewall of 

1 iner PF-3. That area was encrusted with resin retained in a matrix of 

corrosion products ( see Figure 7 ) .  Discussions between Genet·al Public 

Utilities Nuclear Corporation ( GPU Nuclear ) and EG&G Idaho (Reference o) 
revealed that a localized area of coating had been removed mechanically 

f rom each liner using a side-arm grinder. That grinding operation also 

removed some of the base metal from the linE�rs. The bare area was used as 

the grounding point for a conductivity probe fnr measuring water level in 

the liner. The grounding area in liner PF-3 was estimated from photographs 

taken during visual examination to be about 8 x 12 in. Resin and corrosion 

products were observed adhering to that area. 

Liner PF-16 

The exterior sidewall coating of liner PF- 1 6  was free of most visible 

flaws, with only minor scratches and rust observed. Preferential corrosion 

was not observed on the vertical side weld. The top and bottom surfaces of 

the liner showed evidence of scratches and rust in amounts consistent with 

routine handling of the liner before examination. The bottom to sidewall 

weld had localized areas of moderate corrosion. The top surface of the 

liner exhibited areas of moderate to heavy corrosion (predominately around 

the influent, effluent, and vent ports ) and other localized, scattered 

a reas of light to moderate corrosion. 

The interior metal surfaces of liner Pf-1 6 appeared free of visible 

flaws ( as previously reported by BCL in Reference 2). The interior 

surfaces of the manway port exhibited extensive spalling of the coating. A 
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r i ng of rust  was observed on the s i dewa l l at the l eve l  corresponding to the 

top surface of the re s i n . Local i zed areas of moderate corros i on were 

eviden t on that r i ng, w i th a u n i form rust f i l m  extend i ng from the r i ng to  

the l iner bottom . Random l y  dispersed coat i ng b l i sters were ev i den t above 

and be l ow the rust r i ng, with some broken b l i s ters observed . A l arge area 

where coat i ng had detached ( about 3 x 6 i n . ) was noted n ear the bottom of 

the s i dewal l .  Thi ck corros i on products  were observed w i th i n the broken  

b l i sters and  on the l arge uncoated area. Preferent i a l  corrosion was not 

observed on the bottom to s i dewa l l w�l d .  Sma l l penetrat i ons of  the coat i ng 

�1ere evident  on the bot tom of the l iner , w ith l ocal i zed modErote corrosion 

observed i n  those  areas . The bottom of the l iner had a l i ght rus t  fi l m  o n  

the surface o f  the coat i ng. Manway and remote equ i pment l i mitat i on s  

prevented d i rect v i sua l  i n spection o f  the u pper i n s i de s urface o f  the l i ne r  

w a l l i n  PF-1 6 ,  therefore the b are  ground i ng area for the conductivity probe 

was not exami ned . 

Met a l l ograph i c  Exami nat i on Observations 

Stud i es were performed on s pec i mens prepared from the test p l ates and 

l i ners PF-3 anJ - 1 6. The fol l ow i ng discus sion presents  resu l t s of  the 

meta l l ogr aph i c  exam i nat i ons . 

Tes t P l ates 

Two test p l ates were subm i tted by Epicor to EG&G I daho for 

eval uat i on .  Those e l ates were fabr i cated by Epicor at the same time ( an d  

u s i ng the same base meta l s and coat i ngs) that repl acement l iners PF-3A and 

- 1 6A were fabr icated . Information obtai ned from exami ning the s urfaces an d 

c oat i ngs of the test p l ates i s  compared with data obtained from l iners PF-3  

and - 1 6 .  The condit i on s  of  the coat i ngs are discus sed in  this report as  

are the s urface cond i t i on s  of the base  meta l  of  the test  p l ates , whi ch are 

comparee with those cond i tions  observed i n  l i n er s  PF-3  and - 1 6 . The tes t 

p l ates provide examp l es of b ase  metal s and coatings that were processed in 

a contro l l ed manner to proces s s pecificat i on s  of Epicor. Meta l l ographic 

s pecimens were prepared from test  p l ates. The s pecime�� w .  Re prepared 

norma l to the coated surfaces and examined at 1 00 and 400 magnifications . 
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Tes t  Pl ate 1 .  F i gure  10 shows a fi ne-gra i ne d  ( AST� qrain s ize No. a 
or s ma l l er ) , �or ma l  b a se me ta l  s tructure  represen tat i v e  of  the  mater i a l  o f  
T e s t  Pl ate 1. Th e b ase  meta l  h ad b een roughened {prob ab l y  grit b l as ted) t o  
abou t a 500 RMS f i n i s h pr i or t o  appl i cat i on o f  the  pr i me coat i n g . The 

t hi ck n ess of the  pr i me co at i n g i s  about 0 . 005 i n .  Some poros i ty i n  the 

pr i me coa t i n g  is  ev i dent .  Th e fi n a l  coat i n g  i s  about  0. 006-i n. th i ck .  

Co n s i derab l e  poros i t y appears i n  the  f i n a l  coat i n g.  The tota l  coat i ng 

th i ckn es s is about 0 . 011 i n .  

Test  Pl ate l A. F i gure 11 shows a f i n e-gr a i ned  ( ASTM gra i n  s i ze N o. 8 

or s ma l l er ) , n or ma l  b a se  met a l  s tructure represen tat i ve o f  the mater i a l o f  

Te st  Pl ate l A. Th e b as e  met a l  h ad  b een rou ghened  ( probab l y  gr i t  b l a sted) 

to about a 500 RMS f i n i sh before appl i cat i on of  the  rrime coa t i n g . The 

t hi ckness of the  pr i me coa t i n g  i s  abo�t 0 . 008 i n . fh e f i na l  coat i ng i s  

about 0 . 004 - i n . th i ck .  Some poros i ty a ppears i n  both  the  pr i me and fi na l 

coat i n gs . The  tota l  coat i n g t h i ckness  i s  about 0 . 0 12 i n .  

Li ner PF - 3  

Sect i on 1. Se ct i on 1 was removed from  t h e  cen ter of the grou n di ng 

are a for the con du ct i v i t y  probe ,  abou t  30 i n .  fro m  the  bottom o f  l i ner 

PF - 3 ,  4 5 - degrees cl ock w i se  from the  manway ( s ee F i gure 2 ) . The i nterna l  

coat i n g h a d  been removed  me ch an i ca l l y  from th a t  area o f  t h e  l i ner . After 

decontami nat i on by  r i n s i n g  w i th mi nera l i zed  water , con t a ct readi ngs of 

35 R /h B-y were meas ured. V i s u a l  exam i n at i on  of the i nt er i or s ur fa ce o f  

t he s e ct i on revea l ed a h eavy de pos i t  o f  corros i on produ cts and res i du a l  

res i n  ( F i gure 12 ) .  Th e h i gh r adi at i on readi ngs requ i re d  remote exam i n at i o n  

o f  th i s  s ect i on i n  the  TRA Hot Ce l l s .  Some corros i on pro du cts  were l os t  

wh i l e  remote l y  prepar i n g  s pe ci mens fr cm Sect i on 1 .  

S e ct i on 1, S pe ci men 1-B- -F i gure 13 i s  a typi ca l photomi crograph 

n orma l to the  un i forml y corrode d  i nter i or s ur fa c� observe d  for 

Spe ci men 1-B . No ev i dence o f  pi t t i n g  or pi t t i ng-type corros i o n  was 

ev i der1t . A norma l  f i ne-gr a i n e d  ( AS TM gra i n  s i z e  No. 8 or fi ner ) struct u r e  

w as o b served  i n  t h e b as e  met a l  ( F i gure 14 ). N o  i nter i or coat i ng was 
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F i gure 1 0. Photomi crograph normal to the coated surface of Test P l ate 1 .  
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Figure ll. Photomicrograph normal to the coated surface of Test Plate lA . 
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INEL 4 4421 

Figure 1 2. Photograph of the interior surface of Section l from liner PF-3 
showing a heavy deposit of corrosion produc t s  and  resid u a l  
resin. 

Figure 1 3. 
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INEL 4 4348 

Photomicrograph normal to the interior surface of Section 
from liner ?F-3 showing the uniformly corroded surface. 



Figure 14 . Photomi crograph of S ect i on 1 from l i n er PF-3 show i ng a n orma l 
f i n e-gra i n ed (ASTM No . 8 or f i ner)  b as e  met a l . 
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evident on the specimen, but the exteri0r coating was determined to be 

dbout 0.010-in . thick. The corros i on products partia l l y  spa l l ed off d�r i ng 

preparati on of the speci men , therefore accurate thickness measurements of 

corros i on products cou l d  not be made . 

Secti on 3. Secti on 3 was removed from the s i dewa l l  of l iner PF-3 , 

90-degrees counterclockwise from the manway , about 30- i n .  above the bottom 

of the l i ner (see F i gure 2 ) .  That elevat i on corresponded to the top 

surface of the res i n. V i sual exam i nat i on of the i nterior surface of 

Secti on 3 revealed numerous coat ing bli sters and areas where coat ing was 

not adher i ng to the base metal and had spalled ( F i gure 15) . L i ght 

corros i on products under an adherent coat ing and heav i ly corroded areas 

under bli sters were observed (F i gure 16). The adherent coat i ng i s  about 

0 . 005-i n .  thick . 

Sect i on 3 ,  Spec i men 1-B--The exter ior surface of this speci men 

was exam i ned at 100 magn i f i cat i on ( F i gure 17) , and a heavy exter i or 

phenol i c  coat i ng of at l east three layers was observed . Examinat i on of the 

exter i or surface at h i gher magn if icat i ons revealed corrosi on products 

( about 0.0005- in. thick )  between the coat i ng and base metal , w i th a total 

coat i ng thickness of about 0 . 010- i n .  ( F i gure 18). Ev i dence that the 

coat i ng had been app l i ed over prev i ous l y  present corrosi on products i s  

i nd i cated b y  l ayers of coat i ng between the base metal and corros i on 

p roducts ( F i gure 19) . 

Compar i son of Sect i on 1 ( Speci mens 1-B and 1-C) w i th Sect i on 3 

( Spec i mens 3-B and 3-C) . Base metal  thicknesses of corroded speci mens 

prepared from Sect i on 1 of l iner PF-3 ( Spec i mens 1-B and 1-C) were compared 

w i th base meta l thicknesses of uncorroded speci mens taken from the coated 

area of Sect i on 3 ( Spec i mens 3-B and 3-C) . The adherent coat i ng on the 

surface of speci mens from Sect i on 3 protected those speci mens from 

corros i on. Ten thickness measurements were taken of the base metal of 

S pec i men 3-B from Sect i on 3 .  Those measurements ranged from 0 . 2493 to 

0 . 2506 i n . , w i th an average cal culated thickness of 0 .2501 i n. Those 

measurements are compared w i th thi ckness measurements of a corroded 
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INEL 4 4357 

F i gure 1 5 . Photograph of t h e  i n ter i or surface of S ec t i on 3 from l i n er PF - 3  
show i n g  coat i n g  b l i s ters a n d  areas wh ere  coat i ng i s  m i s s i ng .  
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�igure 1 6. Photomi crograph norma l t o  the i nter i or surface of Sect i on 3 
from l i ner PF-3 show i ng corros i on products i n  an area where 
coating had spal l ed. 

m m  

F i gure 17 .  
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Photom i crograph normal to the wal l of Sect i on 3 from l i ner Pf-3  
showi rg the exter i or r.0ati�g and lack of coat i ng on  the 
i nteri or s urface. 
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F i gure 1 8 . 
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P hotom i c rogr aph norma l to the  exter i or s ur f ace  of Sec t i on 3 of  
l i ner P F - 3  s how i ng conos10n prod u c t s  between the  b a s e  met a l  
and coat i ng .  

Coat i ng 

Corrosion produ cts 

Coating 
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F i gure 19. 
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P 11otom 1 ::rog•'dOil w;,-,nc i to the ext er i ::;r surf ace of Sect i on 3 of 
liner PF-� ;nowi ng coati1•g betv1een tne b a s e met al and corros i on 
products. 
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s pec i men (Spec i men  1 - B )  t aken from Sect i on 1 ( Tab l e  2 ) . Meas urements  o f  

Spec i men 1 - B r an ged  from 0 . 234 6  t o  0 . 250 7  i n . ,  w i th  a n  aver aqe c a l c u l ated  

t h i ck ness  of  0 . 2440 i n .  Th i ck ness  measurements  o f  t h e  b as e  meta l  were 

o bt a i ned  fo r a second coated , uncorroded s pec i men ( Spec i men 3 - C ) fro m  

Sect i on 3 .  Those measurements  r an ged  from 0 . 245 1 to  0 . 2 509 i n. ,  w i th a n  

av erage bas e  met a l  t h i ckness  o f  0 . 2488 i n .  ( Tab l e  2 ) .  A secon d corrode d 

spec i men (Spec i men 1 -C )  t aken from Sect i on 1 h ad b as e  meta l  t h i ckness  

mea�uremen t s  r ang i n g fro m from 0 . 2397  to 0 . 2496 i n . ,  w i th an  average 

t h i ck n ess  o f  0 . 2456 i n .  A n omi n a l  uncorroded w a l l th i ckness  of 0 . 250 i n .  

was c a l c u l ated from the  dat a . 

Vi s u a l  exami n at i on of i nter i or s urfaces o f  s pec i mens  prepared from 

Sec t i on 1 rev ea l e d a hor i zonta l  groove - l i k e  i n dentat i on on the  s ur face o f  

t h e  groun d i n g area for the conduc t i v i ty probe . The i n dentat i on on 

Spec i men 1 - B can  be seen i n  F i gure 20 . Th e d i fference between t h e  

t h i ckn ess  of t h e  base  met a l  i n  the  corroded and  u ncorroded �reas can  be  

attr i b uted to (a ) corros i on an d (b ) remov a l  o f  some b as e  meta l  wh i l e  

mechan i c a l l y  remov i ng the  coat i n g for the  conduct i v i ty probe . 

Sect i on 2 .  Sect i on 2 was removed from the  s i dewa l l o f  l i ner PF- 3 ,  

direc t l y  u nder the mctnway, about  30- i n .  above t h e  b ottom o f  t h e  l i ner , a t  

the  l ev e l  o f  the top  s ur face o f  the res i n  ( see Fi gure 2). Vi s u a l  

e xami n at i on o f  t h e  i n ter i or s urface o f  Sect i on 2 revea l ed n umerous  coat i ng 

b l i s ters an d areas where coat i n g was not  adher i n g  to  the  b as e  met a l  an d had 

s pa l l ed (F i gure 2 1 ) .  Corros i on products were e v i dent between the  c o at i n g  

b l i sters  and  bas e  met a l . 

S ect i on 2 ,  Spec i men l - -Se�2r a l  d i scont i n u i t i es {a l so referred t o  

a s  gouges  or d i n gs )  were ob s erved on  t h e  s ur face o f  t he b a s e  meta l  of  

S pec i men  1 (F i gures 22 an d 2 3 ) . A th i n  fi l m  o f  c orros i on products  

(es t i mated  a t  0 . 0005- i n .  th i ck ) can  be  observed between t he coat i n g  an d t he 

b as e  meta l . E xc ep t  for the  d i scont i nu i t i es ,  t h e  meta l  s urface i s  smooth . 

Exam i n at i on o f  one  d i scon t i n u i ty a t  400 magn i fic a t i on  reveal ed coat i ng 
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TABLE 2 .  COt·1P AR I SO N  O F  E P I COR - I I  L I NE R ME TA L T H I CK NE S ::,  

Meta l Th ick ne s s  of  Liner Specimen 

______ _____________ u_�t_ _________ _________ 

1 - B 3 - B  1 - C 3 - C  
Measurement ( corroded ) ( uncorroded ) ( corroded ) ( uncorroded ) 

0 . 2 5 0 3  0 . 2506 0 . 24 5 3  0 . 24 5 1 

2 0 . 2 50 5  0 . 2 505 0 . 2 442 0 . 2 4 96 

3 0 . 2440 0 . 2 4 9 3  0 . 2 4 9 4  0 . 2 4 9 2  

4 0 . 2 3 7 8  0 . 2499 0 . 2 3 9 7  0 . 24 6 7  

5 0 . 2 3 8 2  0 . 2 5 0 1  0 . 2 4 6 3  0 . 2 5 0 9  

6 0 . 2 34 6  0 . 2 503 0 . 2 4 6 7  0 . 2 5 0 1  

7 0 . 2 3 5 4  0 . 2 4 9 8  0 . 2489 0 . 2 4 8 3  

8 0 . 2489 0 . 2 500 0 .  2 4 1 3  0 . 2 4 8 7  

9 0 . 2 5 0 7  0 . 2504 0 . 2!1 5 1  0 . 2 4 9 8  

1 0  0 . 2494 0 . 2496 0 . 2 4 9 6  0 . 2496 

Average 0 . 2440 0 . 250 1 0 . 2 4 5 6  0 . 2 4 8 8  

M i ni mum 0 . 2 34 6  0 . 2 4 9 3  0 . 2 3 9 7  0 . 24 5 1  

Maximum 0 . 2 5 0 7  0 . 2 5 06 0 . 2 4 9 6  0 . 2 5 0 9  

adher i ng to both  the  base metal and corrosi on p roducts , wh i ch i nd i cates the 

surface had been gouged before app l i cat i on of the coat i ng ( F i gure 24 ) . 

Total coat i ng th i ckness was measured at between 0 . 006 and 0 . 009 i n . 

Sect i on 2 ,  Spec i men 2 - -E xam i nat i on of Spec i men 2 at 

4 00 magni f i cat i on revea l ed l ocal i zed areas w i th i ntermi ttent corrosi on 

products between the coat i ng and base metal ( F i gure 2 5 ) . That suggests 

t hat corrosi on in  the areas away from b l i sters in  the coat i ng occurred 

before pa i nt i ng of l i ners . E xami nat i on of Spec i men 2 t hrough a coat i ng 
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INEL 4 4370 

F i gure  2 0 .  Photomi crograph of Sec t i on 1 ,  Spec i men l B  ( a v ert i ca l  sect i on 
f rom l i ner PF-3  norma l to the ground i n g area for the 
conduct i v i ty probe ) show i n g  the  h o r i z on t a l  depres s i on on the 
i nter n a l  surface . 

I 2 3 

/ 1 1  ! l l l l l l / 1 1 1 1 / 1 1 1 1 1 1 1  L 
6 7 B 9 H 

l i i l ! l l i l l i l l l ! l i i l l i l l ll i l l ! i�l; 
INEL 4 4338 

F i gu r e  2 1  . Photogr aph of the  i nter i or s urf�ce of Sect i on 2 from l i ner PF-3  
s h ow i n g  coat i n g  b l i sters and  areas  where the coat i n g  i s  l oose . 
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F i gure 2 2 .  Ph otomi crograph n orma l  to t h e  i n ter i or s urface of Sec t i on 2 
from l i ner P F - 3  show i n g  a s urface d i scont i n u i ty i n  the  b ase  
met a l . 

- 1 ' 

F i gure  2 3 .  
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Photom i crograph n orma l to  the  i nter i or s u r face of Sect i on 2 
from l i ner  P F - 3  show i n g  s urface d i scon t i nu i ty i n the  b as e  
meta l  a nd  a n  area  where t h e  coat i n g  i s  adher i n g  t o  the  b as e  
met a l  w i th no  corro s i on products . 

3 3  
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F i yure 24 . Photomi crograph show i ng greater deta i l  of  d i scon t i nu i ty 
i den t i f i ed i n  F i gure 22 . 

F i gure  2 5. 
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I NEL 4 4336 

Photom i crograph n orma l to the i nter i or surface of Sec t i on 2 
from l i �e r  PF- 3 show i ng corros i on products adher i ng to the  
base  met a l  and  coat i ng and  an  area  where the coat i ng i s  
adher i ng to the  b as e  metal.  
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bl i s ter revea l ed corros i on products  abou t 0 . 004 - i n .  th i c k between t h e  

c oa t i n g  a nd  base  met a l  (F i gure 2 6 ) . E x am i n at i on o f  a no ther  area  o f  

- ,  Spec i men  2 showed corros i on products adher i ng to t h e  b a s e  met a l  a nd  n o t  th e 

c oat i n g (F i gure 27 ) .  

E xami n at i on of the  exter i or s urface of Spec i men 2 a l so reve a l ed  

corros i on products  betwee n t he  coat i n g and base  met a l . The  coat i n g 

t h i ck ness  was measured a t  b etween 0 . 009 and  0 . 0 1 2  i n .  

L i ner PF- 1 6  

�ect i on 2 .  Sect i on 2 was removed from t h e  s i dewa l l o f  l i ner P F - 1 6 ,  

about  1 1 0-degrees counterc l ockwi s e  from the manway , about  30- i n . above t h e  

b ottom , a t  the  l ev e l  o f  the  top  of the  res i n  ( s ee F i gure 3 ) . Vi s u a l  

exam i n at i on o f  t h e  i nter i or s urface o f  Sect i on 2 reve a l ed  a near l y  defec t 

f ree s urface w i th one l arge b l i ster i n  the  coat i ng a l on g  one edge of  t h e  

Sect i on ( F i gure 28 ) . 

_
Sect i on 2 ,  S pec i men 1 - -E x am i n at i on of Spec i men l revea l ed s ome 

corros i on products  (about  0 . 00 1  to 0 . 002 - i n . th i c k ) between t h e  coat i n g a n d  

b ase  met a l  ( F i gure 29 ) .  Tot a l  coat i ng t h i ckness  w a s  measured at  about  

0 . 0 1 2 i n .  The coat i n g genera l l y adheres t o  the  corros i on products , 

i nd i cat i n g t h at corros i on occurred before p a i nt i ng of t h e  l i ner . 

Sec t i on 4 .  Sect i on 4 was removed from the  j unct i on of the  s i dewa l l 

a nd b ot tom of l i ner P F- 1 6 ,  about 1 50-degrees counterc l ockw i s e  from t h e  

manway ( see  F i gure  3 ) . V i s u a l  exami n at i on of t h e  i nter i or s urface o f  

S ect i on 4 revea l ed n umerous b l i sters i n  t h e  c o at i n g  on  both t h e  i nter i or 

s urface of the  bottom p l ate and  cyl i ndr i c a l  w a l l of the  l i ner ( F i gure  3 0 ) . 

Meta l l ograph i c  s pec i mens  were prepared from t h i s  s ect i on a t  t h e  l oc at i on s  

shown i n  F i gure  3 1 . F i gure  3 1  shows the  l ac k  o f  adherence o f  the  coat i n g  

t o  both  the  i nter n a l  w a l l of t he l i ner and  s urfaces o f  t h e  we l ds j o i n i ng 

the  s i dewa l l to  bottom p l ate . Thns e we l ds were made i n  s i ng l e pa s ses , 

j o i nt prepar at i on s  were n ot mach i ned pr i or t o  we l d i ng ,  a n d  there i s  a g ap 
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Fi g u r e  2f . 0�oto�i c rograph  norma l  to the i n ter i or s u rface of Sect i on 2 
. ro;n 1 i n e r  P F-3  show i n g a ,.. ross  s ect i on through a coat i ng 

-: ter. 

Coating 

Void --....f 

Corrosion 
p rod u cts 

Base 
metal 

Fi g u re 2 7. Photom i crograph n orma l  to the i nter i or s urface of Sect i on 2 
f rom l i ner P F - 3  show i ng corros i on products adher i n g  to  the 
base met a l  and not  the coat i ng .  
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F i gure 28 . Photograph of  the i n ter i or s urface of Sec t i on 2 from li ner 
PF - 1 6  show i n g a near l y  defect-fre� coat i ng .  
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F i gure 29.  Photomi crograph norma l  to the i nter i or surface of Sec t i on 2 
from l i ner P F -16 showi ng corros i on products between the 
coat i ng and base met a l . 
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F 1 gure 30 . Photograph of Sect i on 4 from l i ner PF- 1 6  s how i n g  b l i s ters on  
the  i n ter i or surfaces of b oth the  bottom and  s i dewa l l of  the 
l i ner . 
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i ster 

F i gure  3 1 . P hotograph o f  vert i ca l  sect i on ( Sect i on 4 from l i ner PF- 1 6 ) 
t h ro u gh the  b ot tom p l ate to  s i dewa l l j o i nt show i n g  l oose  
coat i n g on the  i n terna l  wa l l and  s urfaces of the  we l d s . Not e 
t h at t h e  we l d  j o i nts  were n ot prepared pr i or to  we l d i ng ,  and  t h e  
we l ds were m a d e  w i th s i ng l e  p a s s e s  for b o t h  the  outs i de and  t h e  
i ns i de we l d  fi l l ets . Locat i on of meta l l urg i c a l  s pec i men s  from 
Sec t i on 4 are i n d i c a ted . 
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between t h e  bot tom p l a t e  a n d  wa l l o f  t h e  l i ner . Crrros i on produc t s  a r e  

e v i de n t  b etween t h e  c o at i ng a n d  b as e  met a l  o n  b o t h  t h e  i n ter i or a n d  

exter i or c o a t e d  s urfaces  o f  t h e  l i n er . 

Sect i on 4 ,  S pec i men 1 - -E x ami n at i on o f  S pec i men 1 ( t aken  from t h e  

out s i de edge o f  t h e  bot tom p l ate ) u s i n g  p o l a r i zed  l i gh t  revea l ed c orro s i o n  

p rodu c t s  b e tween t h e  coat i n g a n d  b ase  met a l  ( F i gure  3 2 ) . The  c orros i on 

prod u c t s  are about  0 . 004 - i n .  th i c k a n d  t h e  exter i or coat i n g i s  abo u t  

0 . 005- i n .  t h i c k . 

Sect i on 4 ,  S pec i mens  2 and  3 - - Spec i me n s  2 ( F i gure  3 3 ) a n d  3 

( F i gure  34 ) were prepared from t h e  unexposed  s urfaces  o f  t h e  exter i or we l d  

b etween t h e  b ot t om a n d  w a l l o f  t he l i n er . They were exami ned  u s i n g 

p o l ar i ze d  l i g h t . Poros i ty i n  t h e  coat i n g  extended  to  t h e  b a s e  met a l  

t h rough  t h e  c orros i on products , wh i ch i n d i c ates  t h at t h e  coat i ng h ad been  

app l i ed over  t h e  corros i on product s ( F i gure  3 3 ) .  Corros i on produ c t s  

e xten d i n g  i nt o  t h e  c oa t i ng were o b s erved  o n  t h e  extern a l  we l d  s ur f ace  

( F i gure  3 4 ) .  

S ec t i on 4 ,  S pec i men 4 - -When Spec i men 4 was  exam i ned  u s i n g 

po l ar i z P d  l i gh t ,  a h eavy coat i n g ( ab o u t  0 . 02 0 - i n .  t h i ck ) an d s urface  gouges  

or  s cratches  i n  t h e  b as e  met a l  were e v i de n t  o n  t he  i n s i de s urface  o f  t h e  

s i dewa l l ( F i gure  3 5 ) .  Non adherent corros i on products  ( from 0 . 00 2  to 

0 . 004 - i n .  t h i ck ) were e v i dent  b etween the c o at i n g and b a s e  meta l . 

Sec t i on 4 ,  Spec i men  5 - -E xam i n at i on o f  Spec i me n  5 u s i n g p o l ar i ze d  

1 i gl 1 t  revea l ed a s ep ar at i on b etween t h e  c o a t i n g  a n d  s urface o f  t h e  we l d  

met a l  ( F i gure  3 6 ) . Some n on ad h eren t corros i on products  were observed  i n  

t h at  s eparat i on .  

S ec t i on 4 ,  Spec i men  6 - - Surface d i scont i n u i t i es and  l arge  v o i d 

are as  were observed  u n der t h e  b l i s ter o n  Spec i me n  6 ,  wh i ch was  prepare d 

f rom t h e  i n s i de of  t h e  b o t tom p l ate ( F i gure  3 7 ) .  The  s urface  

d i s c o n t i nu i t i e s i nd i c a t e  t h a t  the  base  met a l  had  been  90uged d ur i n g  

f ab r i c at i on .  
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F i gu re 32 . P h otom i crogr aph norma l to the  exter i or of Sect i on 4 ,  Spec i men 
from l i ner  P F - 1 6  show i n g  c orros i on products  between the coat i n g  
a n d  b as e  meta l (sp ec i men i l l um i n ated w i th po l ar i z ed l i ght ) .  
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F i gure  33 . Photomi crogr aph of Sect i on 4 ,  Spec i men 2 from l i n er PF- 1 6  ( made 
n orma l to the exter i or we l d s urface ) show i n g  corros i on products  
b etween the  coat i n g  and  we l d  fi l l et and  poros i ty i n  t h e  coat i n g  
( s pec i men  i l l um i nated  w i th  po l ar i ze d  l i g ht ) .  
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F i gure 34 . P hotomi crogr aph of  Sec t i on 4 ,  Spec i men 3 from l i ner  PF- 1 6 ( made 
n orma l to the exter i or we l d surface ) show i n g  corros i on products  
at the  we l d s ur face exten d i ng i nto the  coat i ng ( spec i men 
i l l um i n ated w i th po l ar i zed  l i ght ) .  
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F i gure  35 . Photom i crograph of Sect i on 4 ,  Spec i men 4 from l i ner P F - 1 6 ( made 
n orma l to the  i nter i or s urface of  the s i dew a l l )  show i n g  a h e avy 
c o at i n g ,  corros i on products  between t h e  coat i n g  and  b ase  meta l ,  
an d a s urface gouge or s cr atch  i n  t h e  base  meta l  ( s pec i men  
i l l um i n ated  w i th po l ar i z ed l i gh t ) .  
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F i gure 36 . P hotomi crogr aph of  Sect i on 4 ,  Spec i men 5 from l i ner P F - 1 6  ( made 
normal to the i n ter i or we l d  s urface ) show i n g  separat i on between 
the  coat i n g  and  s u rf ace of the we l d .  Some corros i on products 
are ev i dent i n  the  separat i on ( spec i men  i l l um i n ated w i th 
p o l ar i zed l i gh t ) . 

4 4  
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F i gu re 3 7 .  Photom i crograph o f  Sect i on 4 ,  Spec i men 6 from l i ner P F- 1 6  ( made 
n orma l to the i nter i or s urface of the bottom p l ate ) show i n g  
s urface d i s cont i nu i t i es and l arge v o i d  areas under the b l i s ter 
between the coat i n g  and the base meta l . 

t. 5  



Sect i on 4 ,  S pec i 1:Jen s _l__an��--E x am i n at i on o f  s pec i mens  from t h e  

heat  affec ted zones  and  we l d  depos i t s i n  t he  l i ner  wa l l ( Spec i men 7 ,  

F i gure 38 ) and  bot tom p l ate ( Spec i men 8 ,  F i gure 39 ) revea l ed d ark  s ph eres 

i n  t he  we l d  depos i t ,  wh i c h  are v o i d s  or n onmet a l l i c i nc l u s i on s . 

Sect i on 4 ,  Spec i men 9 - - D �rk  s ph eres i n  t he  we l d depos i t  of 

Spec i men  9 are vo i d s and  nonmeta l l i c i nc l u s i on s  ( F i gure 4 0 ) . The v o i d 

a reas  p robab l y  conta i ned n onmeta l l i c i nc l us i on s  t h at were p u l l ed o u t  d u r i n g 

the p o l i s h i n g operat i on of  s pec i men  preparat i on .  Th e nonmeta l l i c 

i nc l u s i on s  seem to be  f l ux entrapment  defects  and  are s i m i l ar i n  appearance 

to f l u x  entrapment  defects  observed i n  other c arbon s tee l we l dmen t s . 

Sec t i on 4 ,  Spec i men 1 0- -E x am i n at i on o f  t h e  w a l l o f  l i ner P F- 1 6 

( Spec i men 1 0 )  revea l ed a n orma l f i ne-gr a i ned  ( AS TM gra i n  s i ze No . 8 o r  

f i ner ) s tructure  ( F i gure 4 1 ) .  

S ec t i on 4 ,  S pec i men 1 1 - -E xami n at i on of  t h e  bottom p l ate of  l i ner 

PF- 1 6  ( Spec i men 1 1 )  revea l ed a f i ne-gra i ned ( AS TM d u p l ex gra i n  s i ze No . 6 

t o  8 )  s tructure  ( F i gure 4 2 ) . 

S e ct i on 5 .  Sect i on 5 was removed from t h e  l ower s i dewa l l o f  l i ner 

P F - 1 6 ,  about  8 - i n .  above the bot torn, l 20 ... d€grees  coun terc 1 ockwi  se fro.� t h e  

m anway ( s ee F i gure  3 ) . Y i �;Ua) examinp.t 1 on of t he inter i or s urface o f  t h a t  

sect i on ( F i gure 4 3 )  revea l ed a comparat i ve l y  adherent coat i n g a n d  sever a l  

s ma l l b l i sters o n  t h e  coat i n g s urface . 

Sec t i on 5 ,  Spec i men 1 - -E xam i n at i on o f  Spec i men � revea l ed some 

c orros i on products  ( about  0 . 00 1 5- i n .  th i ck ) between the coat i ng and  b as e  

met a l  and  a coat i n g th i ckness  of abou t 0 . 0 1 0  i n .  ( F i gu re 44 ) .  F urther  

e x am i n at i on u s i ng p o l ar i zed  l i gh t  ( F i gure 45 ) r evea l ed coat i ng ( l i gh t  

c o l ored mater i a l ) between t h e  corros i on products  ( med i um d ark  l i nes ) a n d  

b as e  m e t a l  ( dark  granu l ar area ) ,  wh i ch i n d i cates  t h at the  coat i ng h ad b een 

a pp l i ed over  the corros i on products . 

4 6  
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P hotomi crograph of Sect i on 4 ,  Spec i men  7 from l i n er P F - 1 6  
s h nw i n g  t h e  heat  affected z one i �  the  l 1 ner wa l l  and  we l d  
depc � i t .  The  d ark s pheres are v o i ds  or nonmeta l l i c i nc l u s i on s  
i n  t h e  we l d  depos i t .  

Base m e tal 
heat affec ted 
zon e  

Weld metal 

F i gure  39 . Photom i crograph  of Sec t i on  4 ,  Spec i 1nen 8 from l i ner  PF- 1 6  
s howi n g t h e  heat  a ffected z on e  i n  the  l i ner bottom p l ate a n d  
we l d depos i t .  The  d ark s pheres a r e  v o i d s or  n onme ta l l i c 
i nc l u s i on s  i n  the  we l d  depos i t .  

1 7  



F i g u re 40 . 

F i g u r e  4 1 . 

PhGtomi crograph o f  Sect i on 4 ,  
s h ow i n g  v o i d s and n onmeta l l i c 
i n n er we l d .  

Spec i men  9 fr om l i ner  PF - 1 6  
i nc l u s i on s  at the  center of  the  

P hotomi crograph taken from the l i ner  
Spec i men 10  from l i ner PF- 1 6  s h ow i n g 
s i ze No . 8 or  f i n er )  base  meta l . 

48 
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wa l l of Sect i on 4 ,  
a f i ne-gr a i ned ( ASTM gra i n  



F i gure 4 2 .  Photom i crograph of t h e  b a s e  met a l  taken from the bottom p l ate 
o f  Sec t i on 4 ,  Spec i men 1 1  from l i ner P F - 1 6 show i n g  pear l i t i c  
( o l ack ) and ferr i t i c  ( wh i te )  s truct ures ( ASTM d u p l ex gra i n  s i z e 
No . 6 to 8 )  . 

I NEL 4 4361 e 

F i gure  4 3 .  Photograph of the  i nter i or s urface of Sect i�n 5 from l i n er 
P F - 1 6  show i n g  an adheren t , n e ar l y  defec t-free coat i n g .  



• 'f 

. .. .� 
• � � '1 

�<-�: ' 

L__ 6:01 in . . : 1 : • . 

" •r,� 

Mou nting 
material  

Coat i n g  

Corros ion 
products 

Base 
metal 

I N E L  4 4350 

F i gure 44 . Photomi crograph n orma l to the i ntern a l  s urface of Sect i on 5 
from l i ner P F - 1 6  show i n g  s ome corros i on products between the 
coat i n g  and base  meta l  i n terface . 

F i gure 4 5 .  

Mounting 
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Coati ng 

. Corrosion 
prod u cts 

Base metal 

l NE L 4 4359 

Photom i crogra ph n orma l  to the i n tern a l  s urface of Sect i on 5 
from l i ner  P F - 1 6 s h ow i n g coat i ng b etween the  base  meta l  and 
corros i on products ( s pec i men i l l um i n ated w i th pol ar i zed  l i gh t ) . 

s o  



Sect i on 6 .  Sect i on 6 was  removPd from the  l ower s i dewa l l of  l i n e r  
--------

P F- 1 6 ,  about  2 i n .  from t h e  bot tom of  the  l i ne r ,  1 5 -degrees c l ockw i se  from 

the  manway ( see F i gure 3 ) . The  s ect i on was  l ocated  at  a l arge s p a l l ed 

a rea . V i s u a l  exami n at i on of the  i n ter i or s urface of  the  s ect i on revea l ed 

coat i n g  b l i s ters and  areas where the  coat i n g  h a d  s p a l l ed off , th ereby 

e xpos i n g corros i on products on the s urface of t h e  b ase  met a l  { F i gure 4 6 ) . 

Sec t i on 6 ,  Spec i men 1 - -E xami n a t i o n  of Spec i men 1 revea l ed a 

c oat i n g t h i c k nesses  of  about 0 . 0 1 2  i n .  on  t h e  i nter i or s urface and  

0 . 0 1 0  i n .  o n  t h e  exter i or s urface of  the  l i ner were meas ured ( F i gure 4 7 ) . 

A b l i s ter i s  e v i dent on the  i nter i or s urface coat i n g ,  wh i l e  t h e  exter n a l  

coat i n g  i s  n o t  adher i n g to t h e  b ase  met a l . E x ami nat i on ( u s i n g p o l ar i ze d  

1 i gh t )  revea l ed corros i on products adher i n g  to  t h e  b ase  meta l  between t h e  

coat i n g  a n d  the  b a s e  met a l  ( F i gure 4 8 ) . F i gure  49 s hows the  i nter i or 

s urface of the  l i ner where the  coat i ng h as s p a l l ed from t h e  b as e  met a l . 

Th at  area i s  near l y  covered w i th adherent corros i on products , an d a surface  

d i s cont i n u i ty i s  e v i dent a t  the  r i gh t  of the  f i gure . F i gure 50 s h ows t h e  

d i scont i n u i ty ,  wh i ch i s  a gouge o r  d i n g  t hat  occurred dur i ng fabr i cat i on , 

a t  4 00 magn i f i c at i on .  

Corros i on products o n  Spec i men 1 are from 0 . 0005 t o  0 . 002- i n .  th i ck .  

Four represen t at i v e s amp l es of  apparent corros i on products  from Spec i men 1 

w ere exami ned u s i n g e l ectron d i s c harge  s pectroscopy ( E DS ) . I t  w as 

determ i ned  t hat  those  products  con t a i ned  over 95% i ron  ox i de ,  wh i c h 

c on f i rmed t h at the  mater i a l res u l ted f rLm corro s i on of  t h e  l i ner b ase  met a l . 

D i scus s i on of Res u l ts 

Coat i ng F a i l ure  

Th e t h i ck ne s s  of coat i ngs on  the  i n tern a l  a nd  externa l  s urfaces of  

both  l i ners v ar i es con s i derab l y  a s  s hown i n  Tab l e  3 .  T h e  t h i ckness  of  t h e  

e xter i or coat i ng on  s pec i mens from l i n er P F - 3  r an ges  Frum 0 . 009 to 

0 . 0 1 2  i n . ,  an d the  i n ter i or coat i n g  from 0 . 00 5  to  0 . 009 i n . The t h i ck n e s s 

o f  t h e  exte r i or coat i n g on  s pec i mens  f rom l i ner P F - 1 6 r an ges  from 0 . 005 t o  

5 1  
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F i gure 46 . P hotograph of the i n ter i or s urface of Sec t i on 6 from l i n er 
P F - 1 6  s h ow i n g  b l i s ters and exposed  b as e  meta l . 
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F i g ur e  4 7 . P hotomi crograph n ormal to the  wa l l of Sect i on 6 from l i ner  
PF- 1 6  s h ow i n g  coat i ng on the  i nter i or s urface ( bottom ) and 
exter i or s urface ( top ) . The coat i n g  at bottom l eft  i s  breeched  
a t  the  edge  of a b l i s ter . 
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F i gu re 48 . P h otomi crogr aph n ormal  to the i n tern a l  s urface of Sec t i on 6 from 
l i n er PF - 1 6  show i n g  corros i on products  between the coat i � g and 
b ase met a l  ( s pec i �en i l l um i n ated w i th p o l ar i zed l i ght ) .  

M o u n t i n g  
material 

Co rros i o n  
p rod ucts 

F i gure  4 9 .  

I N EL 4 4353 

Photomi crograph n orma l to the i n tern a l  s urface of Sec t i on 6 
from l i n er P F - 1 6  show i n g  corros i on products i n  an area where 
coat i n g  h as s p a l l ed .  Note d i s c on t i nu i ty at r i gh t  edge . 
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F i gure 5 0 .  Photomi crograph show i n g  greater deta i l of  the  d i s c on t i nu i ty 
i dent i f i ed i n  F i gure 49 . 
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0 . 0 1 0  i n . , an d the  i n t er i o r coat i n g from 0 . 0 1 0 t o  0 . 020  i n .  Coat i n g  

f a i l u r e s  are  l oc ated  p r i mar i l y  o n  i n ter i or s urfaces  o f  both  l i n ers , w i th 

t h e  except i on o f  t h o s e  n o t e d  o n  t h e  s p ec i men s from t h e  bottom - to - s i dewa l l 

w e l d  area  o n  t h e  exter i or s urface  of l i ner P F - 1 6 .  V i s u a l  exam i n at i on o f  

b o t h  l i n e r s  i n d i cated  t h a t  t h e  c o at i n g o n  l i n er P F - 3  was  i n  better  

c on d i t i on t h an t h at o n  P F - 1 6 .  Coat i n g  t h i c k n 2 s s  me a s u reme n t s  s h ow l i t t l e  

d i fference  b e twee n  P F - 3  and  - 1 6 .  F a i l ures  o f  t h e  c o at i n g s  ( an d  es pec i a l l y  

t r1 e  c o at i n g  o f  P F - 1 6 )  occ urred i n  t h e  area  o f  t h e  i on -exch an ger bed . T h e  

m o r e  exten s i ve c o at i n g damage o b s e r v e d  i n  l i n e r  P F- 1 6  c a n  b e  attr i bu te d  t o  

t h e  a c i d L  .. y o f  t h e  �vater  proce s sed  th l" (' ! ' Qh  t h n.t pref i l ter . The  p H  o f  t h e  

water  proce s s e d  through  pref i l ter P F - 1 6  w a s  about  3 ,  compared w i th a p H  o f  

a bo u t  7 f o r  water  proc e s s ed t h rough  pref i l ter P F - 3 .  The t h i ck ne s s  o f  t h e  

c o at i n g adj ace n t  t o  t h e  b l i s t er s  a n d  s p a l l ed are 0 �  was  about  the  s ame a s  

t h i'l.t o f  adheren t c o a t i n g .  The t h i ck ne s s e s  o f  t h e  c o at i n gs o n  t h e  t e s t  

p l a t e s  were determ i n e d  t o  b e  0 . 0 1 1 t o  0 . 0 1 2 i n .  No corre l at i on c a n  b e  mad e 

b etween c o at i n g t h i ck ne s s  a n d  extent  o f  d amage o b served  i n  t h e  c o a t i ng a n d  

b a s e  met a l . 

T AB LE 3 .  C OAT I NG T H I CK NE SS  OF  E P I COR- I I  L I NE RS P F - 3  a n d  P F - 1 6 AND  TE ST  
P LATE S 1 AND  l A  

Th i c k n e s s  of E xt er n a l  Th i c k n es s o f  I n tern a l  
Coat i n g  C o at i n g  

L i n er Sect i on ( i n .  ) ( i n .  ) 

P F- 3 1 0 . 0 1 0 Non e 
2 0 . 009 - 0 . 0 1 2  0 . 006 - 0 . 009  
3 0 . 009  - 0 . 0 1 0  0 . 005 

P F - 1 6 2 0 . 005 - 0 . 00 7  0 . 0 1 2  - 0 . 0 1 4  
4 0 . 005 0 . 0 2 0  
5 Not  p hotographed  0 . 0 1 0  
6 0 . 0 1 0  0 . 0 1 2 

Te s t  P l at e  1 Not  c o a ted  0 . 0 1 1 
Tes t  P l a t e  l A  Not coated  0 . 0 1 2 
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C o r r o s i o n � r o d u c t s  were f o u n d  b e tw e e n  t h e  c o a t i n g s  a n d  th e b a s e  me t a l 

o n  b o t h  t h e  i n ter i o r a n d  e x t er i or s u r f a c e s  o f  b o t h  l i n e r s . I n  g e n e r a l , t h e  

c or r o s i o n prod u c t s  a n d  c o a t i n g s  a d h e r e d  t o  t h e  b a s e  met a l . A r e a s  w e r e  

• _)  [ )  s e r " e d  w h e r e  c o r r o s  i '1n p r od u c t s  vve r e  s u r r o u n d e d  by c o a t i n g ,  wh i c f1 

s u g g e s t s  tn a t  c or r o s i on prod u c t s  were form e d  b e f o r e  t h e  c o at i n g w a s  a p p l i e d 

t o  t h e  l i n er . 

D i ffer e n c e s  i n  t h i c k n e s s  w e r e  o b s er v e d  b e tween c or t' o s i on p t"O d u c t s  

f o u n d  u n de r  t h e  a d h eren t c o a t i n g a n d  c o r r o s i o n p r o d u c t s  f o u n d  u n d e r  s om e  o f  

t f 1 e  i n t e r i o r b l i s t er s . T ab l e 4 s umma r i z e s  t h e  amo u n t  o f  c o r r o s i o n m e a s u r e d  

f r om p h o t om i c r o g r a p h s i n c l u d e d  i n  t h i s  r e p or t . I n  g e n e r a l , c o r ro s i o n 

p ro d u c t s  a r e  t h i c k er u n d e r  t h e  b l i s t e r s  t h a n  0 1 1  t h e  b a t 2 s u r f a c e s  o r u n d e r  

a d h e r e n t c o at i n g s . I t  a l s o  w a s  d e t e rm i n e d  t h a t  c o r ro s i o n p r od u c t s  u n d e r  

t h e a d h er e n t  c o a t i n g s  a r e  f r om O . OC05 t o  0 . 00 1 5 - i n .  t t1 i c k .  Th a t  t h i c k n e s s  

comp a r e s  c l o s e l y  w j t h t h e  t h i c � � e s s  o f  c o r r o s i o n p r o d u c t s  f o u n d  o n  t h e  b a r e  

m e t a l  s u r f a ce s . I t  a p p e a r s t h a t  t h e  c o a t i n g rl e t ac h e d  f rom t h e  i n n et' 

s u r f ac e s  o f  t h e  l i n e r s , c r ac k e d , a n d  s p a l l e d o f f , r e s u l t i n g i n  t h e  b a r e  

a r e a s . Th e b l i s t e r s  w e r e  c a u s ed by a s i m i l a r p r o c e s s ,  b u t  t h e  c o a t i n g d i d  

n o t  s p a l l .  Th e b l i s t e r s  a l l owed mo i s t u r e  t o  p en e t r a t e  t h e  c o at i n g  t o  t h e  

b a s e  m e t a l  a n d  t h u s  p r om o t e d  f u r th e r  c or ro s i on p r o d u c t  b u i l d u p , wh i c h t h e  

b l i s t e r  re t a i n e d  f r o m  e r r o s i o n o r  s l u f f i n g . Th e t ot a l  c o r r o s i o n p r od u c t  

t h i c k n e s s  o n  t h e  b ar e  g r o u n d i n g a r e a  f o r  t h e  r o n d u c t i v i ty p r o b e  ( s � own i n  

F i g u r e  1 6  a n d  l i s t e d  i n  Tab l e  4 )  w a s  n o t  m e a s u r a b l e ,  b ec a u s e  s om e  o f  t h e  

c or r o s i on p r o d u c t s  f e l l o f f  d u r i n g s amp l e p r e p a r a t i on . 

Some c c a t i n g f a i l u r e s  o b s e r v e d  o n  t h e  i n t er i or s  o f  b o t h  l i n e r s  P F - 3 

a n d - 1 6  a r e  a t t r i b u t e d  t o  i mp r o per b a s e  me t a l  s u r f a c e  p t'ep a r a t i on b e f o r e  

c o at i n g .  R ad i at i o n a l s o  w a s  ex am i n e d  6 S  a p o s s i b l e  c a u s e  o f  f a i l u r e . 

R ad i a t i o n d o s e s  t o  t h e  c o a t i n g s  o n  t h e  i n te r n a l  s u r f a c e s  o f  b ot h  l i n e r s  

w er e  e s t i ma t e d  a t  l e s s  t h an 1 0
8 

r ad . T e s t s  � e r f o rmed o n  P he n o l i n e 

c o a t i n g s  by O a k  R i dg e  N a t i on a l  L ab o r a t o ry e s t ab l i s h e d  l i m i t i n g r ad i a t i o n  

r e s i s t an c e  d o s e  r a t i n g s .
7 

Th o s e  l i m i t i n g d o s e s  r an g e d  f r o m  2 . 1  x 1 0
9 

t o  8 . 3 x 1 0
9 

r a d  f o r  P h e n o l i n e 368 c o a t i n g s y s t em s  i n  d em i n er a l i z e d  

w a t e r . S i n c e  t h e  e s t i ma t e d  d o s e s  f J r  l i n e r s  P F - 3 a n d  - l fi  a r e  l es s  t h a n  t h e  

1 i m i t i n g d o s e  r a t i n g s , i t  c an b e  s t a t e d  t h a t  r a d i a t i on d am a � e  w a s  n o t  t h e  

5 7  



c a u s e  o f  the  coat i n g  f a i l ures . I t  a l s o  shou l d  b e  n oted  that  t h e  t o t a l 

e s t i mated d o s e  for the  h i gh e s t  l oaded l i n er a fter 1 3  years s torage i s  about  

4 x 1 0
3 

rad , wh i ch i s  b e l ow t h e  l i m i t i ng d o s e  r at i n g .  

Base  Met a l  Surface  Cond i t i on 

T h e  s urface  c o n d i t i un s  of l i n ers P F - 3  a n d  - 1 6 v ar i ed f rom s mooth  ( w i th 

n o  d i scont i n u i t i e s ) t o  rough  ( w i t h  s ome gouges  a n d  d i n g s ) . Meta l l ograph i c  

e xam i n at i on o f  t h e  exter i or a n d  i n ter i or b as e  met a l  s urfaces  r evea l ed t h a t  

the  s urfaces  were a t  l eas t par t i a l l y c ov ered w i t h a th i n  ox i de l aye r  o f  

c orros i on product s . A s  n oted i n  t h e  d i s c u s s i on o f  Sec t i on 6 f rom P F - 1 6 ,  

E OS ex am i n at i on v er i f i ed t h a t  t h e  l ayer was  b as i c a l l y  i ro n  ox i de .  

TABLE 4 .  E P I COR - I I  L I NE R CORROS I ON T H I CKNE SS 
-------

Coat i n g  Corros i on Th i cknes s 
L i ner S u rface Cond i t i on F i gure  

- ____ _ _lj n .  ) - - - -----

P F - 3  I n ter i or Bar e  1 3  0 . 00 3  - 0 . 006 a 

P F - 3  I n ter i or Bare 1 6  0 .  002 
PF- 1 6  I n ter i or Bare 49 0 . 0 0 1  - 0 . 00 3  
P F- 3  I n ter i or B l i s ter 26 0 . 004 
P F - 3  I n ter i or B l i s t er 2 7  0 . 0005  
P F - 1 6 I n ter i or B l i s ter 3 6  0 . 00 1  - 0 . 0 1 2  
P F- 1 6  I nt e r i or B l i s t e r  3 5  0 . 002 - 0 . 004  
P F - 1 6 I n ter i or B l i s ter ? 7  0 . 00 1  - 0 . 005 
P F- 1 6  E xt er i or B l i s ter  3 2  0 . 004  
P F - 1 6  E xt er i or B l i s ter 3 3  0 . 00 1  - 0 . 006  
P F- 1 6  E x ter i or B l i st e r  3 4  0 . 00 2  - 0 . 00 6  
P F - 3  E x ter i or Adherent  1 8  0 . 0005 
P F - 3  E xter i or Adheren t 1 9  O . OOC5 
P F - 3  I n ter i or Adherent  2 2  0 . 0005 
P F - 3  I n ter i or Adheren t 2 3  0 . 0005  
P F - 3  I n t er i or Adherer 1 t  2 5  0 .  0005 
P F- 1 6  I n ter i or Adh erent  29  0 . 00 1  - 0 . 00 1 5 
P F - 1 6 I n ter i or Adheren t 44  0 . 00 1 5  
P F - 1 6  I n ter i or Adheren t 45  0 . 00 1 - 0 . 00 1 5 
P F - 1 6 I n ter i or Adherent  48 0 . 0005 - 0 . 00 1  

a . Some corros i on products  were l os t  d ur i n g  s amp l e preparat i on .  
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A comp i l at i on o f  d a t a  ob t a i n e d  o n  t h e  s urfac e conL i t i on s  o f  t h e  b a s e 

m eta l s i s  s hown i n  T ab l e  5 .  Th�  s urface r o u g h n e s s  l ev e l s o n  t h e  two l i n e r s  

a r e  compared w i th t h e  rough n es s l ev e l s o n  t h e  two t e s t  p l ates . T h e  

r ou g h n e s s  l ev e l s o n  t h e  l i ners  are l i s te d  a s  s moother  t h an , o r  s i m i l ar t o ,  

t h e  t e s t  p l ates . Rev i ew o f  t h e  s urface  c h aracter i s t i c s  o f  l i n e r  P F - 3  

g en er a l l y  s howed t h a t  those  areas  exam i ned  were s moother t h an t h e  t e s t  

p l a t e  S ' lrfaces . Surface c h aracter i s t i c s  o f  l i ne r  P F - 1 6  showed t h a t  t h os e 

a t-eas exam i ned  were s i m i l ar t o  t h e  t e s t  p l ate s urfaces . The  c ompar i so n  

i n d i c at e s  t h a t  l i n er P F - 3  h a d  u ndergone a d i ffere n t  s ur f ac e  preparat i o n 

t t1 an P F - 1 6 ,  a n d  t h at P F - 1 6 h ad been  g i ven  a s urface  p r eparat i on s i m i l ar t o  

t h a t  app l i ed t o  t h e  t e s t  p l ates . E xam i n at i on o f  t h e  uncoated  s urfaces  o f  

t h e  t e s t  p l ates  revea l ed rough  f i n i s h e s , wh i ch probab l y  h ad b een g r i t  

b l a s t e d  before a p p l i c at i on o f  t h e  coat i n g .  Met a l l ograph i c  exami n at i on o f  

a reas c o n ta i n i n g l oc a l i z ed d i s cont i n u i t i es i n d i cates  t h at t ho s e  areas  t h at 

were coated  after  b e i n g  d i nged  or gouged  h a d  n o t  corroded more t h a n  t h e  

a dj acen t b a s e  met a l . 

C a l c u l at i on o f  L i ner  M i n i mum L i fet i me 

Th i s  sec t i on o f  t h e  report presen t s  a c a l c u l at i on o f  t h e  m i n i mu m  

l i fet i me expected  from a n  E P I COR - I I  l i ner . A n  area  on  t h e  i n ter i or s ur f a � e  

of e a c h  l i n er i s  b are . The  bare  a r e a  on  l i n er P F -3 exh i b i ted  t h e  m i n i mu m  

w a l l t h i ck n e s s  for  b o t h  l i n er s . The  meta l l urg i c a l  s ect i on r emoved f rom 

t h at area of P F - 3  h a d  a h e avy b u i l du p  of corros i on produ c t s  m i xed  w i t h  

i on - exch an ge med i a  on  t h e  s urface . T ab l e  2 c ompares b a s e  meta l  t h i c k n e s s e s  

o f  c o at e d , unc orroded s pec i me n s  from l i n er P F - 3  w i t h t h e  b a s e  mPta l  

t h i c k n e s ses  o f  s pec i me n s  from t h e  u ncoated , c orroded b ar e  area  o f  t h at 

l i ner . Al though  i t  i s  k nown t h a t some b a s e  met a l  was  remov�d  mec h an i c a l l y  

d u r i n g  r emov a l  o f  t h e  c o at i n g from t h e  groun d i n g area , t h at l os s  o f  met a l  

cou l d n o t  b e  i de n t i f i ed separat e l y  from t h e  amo u n t  o f  met a l  l os t  b y  

c orros i on .  F or t h at r e a s on , i n  c a l c u l at i n g t h e  m i n i mum l i fe t i me o f  a n  

E P I COR - I I l i n er , i t  was  a s s umed t h a t  a l l met a l  w a s  l os t  by corros i on .  I t  
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TABLE 

L i ner  

Test  
P 1 ate  

Te s t  
P l ate  

P F - 3  

P F - 1 6  

5 .  

l A  

SURFACE 

S u rf ace  
Locat i on 
-

Coatecl  

Coated  

I n ter i or 
E x ter i or 
E xter i or 
I n ter i or 
I n ter i or 
I n ter i or 
I n ter i or 
I n te r i or 

I n ter i or 
E x t er i or 
I n t er i or 
I n ter i or 
I n ter i or 

COND I T I O N  OF  E P I COR - I I  L I NE R AND  TE ST  PLATE BASE fVlE TAL 

Lj_gure  Sect i on Descr i pt i on o f  Surface  
---- ----- ----

10 t·o ugh , c o a t e d  

1 1 rough , c o ated  

1 6  3 smoother  t h an t e s t  p l a te s , b ar e  
1 8  3 smoother  than  t e s t  p l ates , c o a t e d  a 
1 9  3 s mco t hel· t h an t e s t  p l ates , coated  
2 2  2 smoo ther  t h an t e s t  p l ates , coated  a 

2 3  2 smoother  t h an t e s t p l at e s , coated  a 

2 5  2 smoother  t h a 11 t e s t  p l ates , c o ated  
2 6 ? smoot h er t h a n  t e s t p l ate:, , b l i s t e r  
2 7  2 smoother  t h an t e s t  p l ates , b l i s t er 

2 9  2 rough , s i m i l ar to  test  p l at e s , c o a t e d  
3 2  4 rough , s i m i l ar t o  t e s t  p l ates , b l i s t er 
3 7 4 rough , s i m i l a r to  t e s t  p l at e s , b l i s t e r  
4 4  5 rough , s i m i l a r t o  t e s t  p l ates , c o ated  
4 9  6 rough , s i m i l ar to  tes t p l ates , bare  a 

a .  Th e s ur f ace exh i b i ted a l oc a l i zed d i s c o n t i nu i ty .  

a l s o was  a s s umed t h a t  t h e  corro s i on rate  was , a n d  w i l l  cont i nu e  t o  be , 

l i n ear u s i n g t h e  a n a l ogy t h at t h e  pref i l tet· ( i . e . , l i n er w a l l ,  i on -exchan g e  

med i a ,  an d water ) w a s  a f l ow i n g  sys tem . T h a t  was  a c o n s ervat i ve a s s ump t i o r1 

b ec a u s e ,  a l though  t he pref i l ter was  a f l ow i n g  sys tem d ur i n g u s e ,  

a p pr o x i mate l y  tMree  ye ars  o f  s torage prov i de d  s t a g n a n t  con d i t i on s . A l s o , 

t h e  b ar e  area  i s  s ma l l c ompared w i th t h e  t o t a l  i nter i or area  o f  t h e  l i ner  

i n  c o n t a c t  w i t h  res i n  ( ab o u t  3% ) ;  t h a t  r es u l t e d  i n  a max i mum amo u n t  o f  b a s e 

m et a l  r emo v a l  t hrough  c orros i on by c on c e n tr a t i ng t h e  t o t a l  c orros i on 

c a p ab i l i ty o f  t h e  l i ner conten t s  on  t h at s m a l l area . T h e  max i mum th i ck n e s s 

o f  u n c o r roded  b as e  met a l  from Sect i on 3 o f  l i n er P F - 3 i s  compared w i th t h e  

m i n i mum t h i c k n e s s  o f  c orroded b a s e  met a l  from Sec t i on l o f  l i n e r  PF - 3 .  

Th a t  m e t h o d  w i l l  d e termi ne  c o n s ervat i ve l y  t h e  m i n i mum  expected  l i fet i me of 

a l i n er ( as s um i ng  a u n i form corro s i on rate ) . 
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F rom Tab l e  2 :  
m ax i mum t h i ck n e s s  o f  Sect i on 3 ,  x3 

= 0 . 2509  i n . 

m i n i mum th i c k n e s s  o f  Sect i on l ' X l = 0 . 2 3 4 6  i n  . 

g i ve s  

w a l l t h i ck n e s s  l os s ,  x = 0 J l l 63 i n .  

Then , 

l en gt h  of t i me b etween u s e  a n d  e x am i n at i on ,  t 

( 3 1 October 1 9 7 9  t o  24  March  1 983 ) 

a n d  

3 . 3  yr 

c orros i on r a te , R 
0 . 0 1 63 i n .  

3 . 3  yr = 0 . 005 i n . /yr 

g i v e s  

m i n i mum l i n er l i fe t i me = 
n omi n a l  t h i c k n e s s  

R 
= 0 . 2 50 i n .  

0 . 005  i n . /yr = 50  yr . 

T h e  c a l c u l ated  m i n i mu m  l i fe t i me for  a l i n er ( 50 years ) exceeds  th e 

c omb i n ed max i mum p l anned  i n ter i m  s torage per i od a t  I NE L  ( 1 0 years ) a n d  

or i g i n a l  s torage per i o d a t  TM I ( 3  years ) ,  for a tot a l  requ i re d  l i f e  o f  

1 3  year s . Wh i l e  44  t o  4 6  E P I COR - I I  l i n er s p r e s en t l y  s tored a t  I NE L  w i l l  b e  

d i sposed  commerc i a l l y  w i th i n  f i v e ye ar s o f  o r i g i n a l  u s e  a t  TM I ,  four  t o  s i x 

1 i ner s w i l l  b e  r et a i ned  a t  I NE L  for u s e  i n  t h e  o n go i ng r es i n  r es earch  

program . 

E v a l u a t i on  of B a s e  a n d  We l d  Met a l  

T h e  b a s e  �et a l s o f  l i n er s  P F - 3  ( F i gure  1 4 )  a n d  P F - 1 6  ( F i gures  4 1  a n d  

4 2 ) a r e  typ i c a l  f i n e-gra i n ed  s tr u c t u res . A b n orma l i t i es w e r e  n o t  o b s e r v e d  

i n  t h o s e  b as e  met a l s .  
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Represen tat i ve wel d f i l l et s  between the  bottom and  s i dewa l l of  l i n e r  

P F- 1 6 are s h own i n  F i gure 3 1 . There w as n o  prepara� i on of  t h e  we l d j o i n t s , 

and  a s p ace  ex i s t s  between t h e  wel ds . There was  adequate  penetra t i on i nt o  

t he b ase  met a l , and  t h e  we l ds were s i zed adequ ate l y .  

E x am i n at i on o f  t h e  we l d s i n  l i ner PF- 1 6  revea l ed numerou s smal l 

n onmeta l l i c  i n c l u s i on s  of entrapped f l ux ( F i gures � 3  and  3 9 ) . The obs erved 

defec ts  are s ph er i c a l  and  not  l i near or propag at i ng -type defec t s ; however , 

t h e  n umber of v o i ds and  i nc l u s i ons  ob served i nd i cates  t h a t  t here were 

i n adequ ate con tr o l s app l i ed to  the we l d i n g proces s .  

6 2  



CONCLUS I O N S  

V i s u a l  a nd  met a l l ograph i c  exam i n at i on of s ec t i on s  removed f rom t h e  

l i ners of  E P I COR- I I  pref i l ters P F -3  and  - 1 6  rev ea l ed that  t h e  coat i ng s  h a d  

b een b reached and  s ome areas of t h e  c arbon s tee l l i n ers were c orroded . 

Un i form corros i on was ob s erved between the  coat i n g  and  b a se  met a l  and o n  

t h e  s urface of  t h e  b ase  met a l  wh ere t h r  coa t i n g h ad s p a l l ed off . 

Meta l l ograph i c  exam i n a t i ons  at  1 00 an d 400 magn i f i c at i on s  d i d not  detec t 

p i t t i n g or p i tt i n g-type corros i on .  Corros i on a l so was  obs erv£d b etween t h e  

exter i or o f  the  l i ner wa l l an d the  exter i or coat i ng .  Coat i n g  b l i s ters  were 

o bserved on  the i nter i Jr s u r faces  of b oth l i ners . No coat i n g  b l i sters  were 

observed  on the exter i or s urfaces of e i ther l i n er . There were i n d i c at i on s  

t h at t h e  c oa� i n gs  i n  many areas h ad b een app l i ed over corros i on products , 

wh i c h i n d i c ates  t h a t  t h e  b as e  met a l  h a d  not  been proper l y  pre�ared before 

a pp l i cat i on of the coat i n gs . Coat i ng f a i l ure was  determi ned not  t o  b e  

attr i bu t ab l e  to  rad i at i on damage . 

The area of  �ax i mum corros i on on  l i ner P F-3  was determi ned to  b e  the  

b are area  on the  i n s i de s urface where coat i n g  was  i nten t i on a l l y  removed . 

Corros i on i n  t h at area was ob served to  b e  u n i form w i th n o  e v i dence of 

p i t t i n g  or p i tt i ng-type corros i on .  Compar i n g  the  m i n i mum meas ured  wa l l 

t h i ckness  i n  t hat  corroded area w i th t h e  meas ured u ncorroded b as e  meta l  

t h i ckness  resu l ted  i n  a c a l c u l ated m i n i mum l i fet i me for l i ner  P F - 3 o f  

5 0  years . Th at  exceeds t h e  req u i red l i ner i nt er i m  s torage l i fe  o f  1 3  years  

at  I NE L .  The groun d i n g  area for the  conduct i v i ty probe was  n o t  exami n ed o n  

1 i ner P F - 1 6 ,  b u t  i t  i s  a s s umed t h at c orro s i on i n  t h at area wou l d  b e  s i m i l ar 

to the  amount  and  type of  the  corros i on obs erved  i n  l i ner  PF- 3 . 

Th e res i n  transfer sys tem deve l oped a t  I NE L  t o  remove i on -exchange  

med i a from the  s t rJdy pref i l ters  performed s at i sfactor i l y ,  demons tr at i n g  

t h at d i ff i cu l t  to h an d l e m i xtures s uch a s  t h o s e  c on t a i ned  i n  t h e  E P I COR - I I  

pref i l ter can be tran sported w i t h  v acuum s l u i c i n g  techn i ques . 
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RE COMME NDATI ONS 

I n format i on obt a i n e d  d ur i n g  t h e  l i ner  i n tegr i ty exam i n at i on s hows t h a t  

E P I COR - I I pref i l ters  c a n  be  s tored s afe l y  i n  t h e  TAN-607 H o t  S h o p  of  I NE L  

for ten  ye ars  w i t h o u t  danger  of l os s  of i n tegr i ty of t h e  l i ner  wa l l .  Wh i l e 

i t  i s  p l anned to  t r an s port  44  to 46  pref i l ters t o  a d i s po s a l  s i te w i th i n  

three  years , from four to  s i x  pref i l ters  w i l l  rema i n  s tored a t  t h e  TAN are a 

for u p  to  te� year s for u s e  i n  NRC  s pons ored res i n  res earch programs . 

I t  i s  recommended t h a t  was t e  products  from future  TM I - 2  ac t i v i t i e s b e  

s tored i n  c on t a i ners  p rocured t o  s pec i f i cat i on s  def i n i ng eng i n eer i n g 

req u i rements  for  both  t h e  mater i a l s and  proce s s e s  u s ed to fabr i c ate the  

c on t a i ner� . I t  i s  f urther recommen ded t h a t  t h e  s pec i f i c at i on s  i nc l ude a 

req u i rement  for con t a i ners  t h a t  i ncorpora te  protec t i v e n onmet a l l i c coat i na s  

w h i ch prevents  remov a l  of  c o at i n g from l oc a l i z ed areas  a n d  ens ures c omp l ete 

coverage of  coat i n g on  a l l exposed s urfaces . [ Sma l l u ncoated areas can 

p rov i de s i tes  for acce l er ated l oc a l i zed corros i on a tt ack . ] E xper i ence at 

I NE L  and  i n  i n d u s try i n d i c ates  th at  such a ves s e l w i l l  perform 

s at i sfactor i l y for l on g  per i od s  of  t i me i f  t h e  mater i a l s  of cons truct i on 

and  proce s s  v ar i ab l es are def i ned  and contro l l ed dur i n g fabr i c at i on .  

S urface prepar at i on and  coat i ng app l i ca t i on are i mpor tant  to  coat i n g  

s uccess , a s  i s  protec t i on o f  t h e  coat i ng from damage . Therefore vesse l s 

s uch  a s  E P I COR - I I  pref i l ter l i ners c an be  con structed  of  c arbon s tee l 

coated  w i th n u c l ear  grade  phen o l i c  or eroxy pa i nt .  Th e s urfaces s h ou l d b e  

p repared for  p a i n t i ng by gr i t  b l a st i ng or  as  r ecommen ded  by t h e  coat i ng 

man ufacturer . The  prepared s urfaces then  mus t  be protected from corros i on 

u n t i l p a i nted . 
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ABSTRACT 

Surface  s ampl es wer e  co l l ected from concr et e  and  met a l  surfac es w i th i n  

t h e  Th r ee M i l e  I s l an d  U n i t  2 R eactor Bu i l di ng o n  D ec emb er 1 5  a n d  1 7 ,  1 98 1 

a n d  aga i n  on  March 2 5  and 26 , 1 98 2 .  Th e R eactor Bu i l di n g  was  decon tam i n a t ed 

by h ydro l as i n g dur i n g t h e  per i o d b etween t h es e  dat es . Th e c o l l ec ted s ampl es 

wer e  a n a l yz ed for radi on u c l i de con c en trat i o n  a t  th e I dah o N at i on a l  E n g i n eer ­

i ng L aboratory. Th e s ampl i ng equ i pmen t  and proc edur es , a n d  t h e  a n a l ys i s  

m et h o ds an d r es u l t s  ar e di scu s s ed i n  th i s  r eport .  

Th e m ea s u r ed m ean  s urface  con c en trat i on s  of 1 3 7
c s  a n d  90sr o n  th e 

3 0 5 - ft el evat i on f l oor b efore decontami n at i on w er e, r es pec t i vel y ,  3 . 6 ± 0 . 9  

a n d  0 . 1 7  ± 0 . 0 4  uC i /c m2 . Th ei r m ean  concen trat i ons  o n  t h e  347-ft el eva t i on 

f l oor w er e  about  t h e  s ame. O n  both el evat i on s , w a l l s  w er e  found  to b e  con­

s i der ab l y  l es s  cont am i nat ed than  f l oors . Th e fr act i on s  o f  th e cor e i n ven ­

t o r i es o f  1 3 7c s , 90sr,  a n d  1 29 1 depos i ted o n  R eactor B u i l di n g s ur faces 

pr i or to  decon t am i nat i on wer e  ca l c u l a t ed u s i ng th ei r  mean  con c en trat i on s  o n  

var i o u s  types o f  s urfaces . Th e c a l cu l ated va l ues for t h es e  t h r ee n uc l i des 

ar e 3 . 5  ± 0 . 4 E -4 ,  2 .4 ± 0 . 8  E - 5 ,  an d 5 . 7  ± 0 . 5  E -4 ,  r es pec t i vel y.  

Th e decontam i n at i on o perat i on s  r educed th e 1 3 7c s  s urfac e act i vi ty on  

t h e  305- and 347- f t  el evat i on s  by  f ac tor s o f  20  and 1 3, r es p ec t i vel y .  Th e 
90s r  s urface  act i vi ty r educt i on w as t h e  s am e  f or b oth f l oor s ,  t h at b ei ng 

a factor o f  30 . O n  th e who l e, decon t am i n at i on o f  ver t i ca l  s u r faces was  not  

a c h i eved. 

B eta a n d  g amma exposure  r a t es t h a t  w er e  m ea s u r ed dur i n g s urface  s ampl ­

i n g  w er e  exam i n ed to  det erm i n e  th e degr ee to  wh i ch th ey cor r el a t ed w i t�  

m ea s ur ed s urface  act i vi t i es .  Th e dat a w er e  f i t  w i th power f u n ct i ons  o f  th e 

f orm y = a xb . As m i gh t  b e  expect ed, t h e  b et a  expo s u r e  r at es s h O\'Jed t h e  

b es t  correl at i on .  O f  t h e  dat a  s et s  f i t  w i t h  t h e  power funct i on ,  t h e  s et o f  

D ec emb er 198 1  b eta  expo s ur e r a t es exh i b i t ed t h e l ea s t  scatter .  Th e c o ef­

f i c i en t  of determi n at i on for th i s  s et was  ca l cu l a t ed to b e  0 . 9 1 5 .  
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I NTRODUC T I  0 1 1  

To measure t he effect i veness of  the  gross d econtam i na t i on exper i ment 

( pr i nc i p a l l y  a water spray tech n i que )  performed in the  Three M i l e  I s l and  

U n i t  2 ( TMI -2 ) Reactor B u i l d i ng , the  Tech n i c a l  I nformat ion  and E xami nat ion  

Program ' s rad i at i on and  env i ronment  personne l made surface act i v i ty measure­

ments before and after t he 2xper iment . E i ghty- f i ve s urface samp l es were 

co l l ected dur i ng E ntr ies  25 and 26 (December 1 5  and 1 6 ,  1 98 1 ) and an add i ­

t i ona l 9 5  surface samp l e s  were obta i ned d ur i ng e ntr ies  54  a nd 5 5  ( March 25 

and 26 , 1 982 ) . Rad i o l og i ca l survey , thermo l um i nescent dos i metry, ar.d gamma 

s pectro scopy mea surement s were p erformed i n  conjunct ion  w i th  s urface s am­

p l i ng to determ i ne the  corre l at i on between s urface contam i nat ion  and 

r ad i at i on  

f i e l d s . 

The  s urface samp l e s  were ana lyzed at the I daho N at i ona l  E ng i neer i ng 

Laboratory ( I NEL ) u s i ng gamma spectroscopy , gro s s  beta ,  and neutron act i va­

t i on ana lys i s  ( NAA ) technque s .  These method s d et erm i ned the  s urface c oncen­

trat ions  of the gamma-em i tt i ng nuc l ides , 1 3 7
c s , 

1 34
c s , 1 2 5

sb , and 
60

co , t h e  

beta-em i tt i ng nuc l ide , 
90

sr , and t h e  x-ray emitter , 
1 29

1 . T h e  concen­

trat ion  of tota l f i s s i l e  mater i a l  ( i . e .  
235

u )  wa s a l so determi ned for 

s e l ected s amp l es u s i ng a de l ayed f i s s i on neutron c ount i ng tech n i q ue .  

Th i s  report presents the res u l ts of t l .ese ana l yses  a s  pre- and post­

d econtam i nat ion  s urface concentrat i ons . A l so presented are the  beta and 

gamma exposure rates data that were co l l ected concurrent l y  w i t h  s urface 

s amp l i ng u s i ng a gross  beta/gamma s urvey i n strument .  I n  add i t ion,  decon­

t am i n at i o n  factors ( DFs ) on  a nuc l ide by n uc l i d e  bas i s  are g i ven for each 

l ocat i on s amp l ed . 
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Sur face Samp 1 er 
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c ontamination w i th i n  the TMI -2 R eactor Bu i l d i ng r e l i ed pr i mar i l y on  the u s e  

o f  smear s an d rad i o l og i ca l  survey i n s truments . However , both o f  th ese 

methods were of  l i mi ted u s e .  Smears a r e  o f  u nques t i on ed v a l ue when u sed t o  

determi ne t h e  presenc e o r  absence of  l oose contam i n at i on ,  but  are i nadequate 

to  q u ant i fy contami nat i on especi a l l y  i f  p a r t  of i t  i s  f i xed . Th e s urvey 

i n struments  th at  were used l acked suff i c i en t  sh i el d i n g  to prov i de good col ­

l i mat i on and , i n  add i t i on ,  cou l d  n ot d i st i ngu i sh b etween gamma r ays that 

or i g i nated from th e s urface of  i n teres t and those that pas sed through th e 

s u rface h av i ng  or i g i nated from o th er s ources . Th i s  l atter fa i l i n g  was p ar­

t i cu l ar l y  troub l esome when survey measurements  were made on the 305-ft 

e l ev at i on b ecause of the con tr i b ut i on to the  gamma f l u x  from the h i gh l y  

contam i nated water presen t i n  the Reactor Bu i l d i n g  b asemen t .  Th ese short­

com i n gs were s er i ous  enough to  warrant  deve l opment of  a s urface s ampl i n g  

dev i ce .  

Th e s urface s amp l er u sed t o  co l l ect s ampl es from h or i zontal s urfaces 

at TMI - 2  i s  shown i n  F i gure 1 .  A s im i l ar too l  h av i n g  a smal l er b ase  p l ate 

was  u sed to obta i n  s ampl es from v ert i ca l  surfaces . Th e s ampl er i s  a m i l l i ng 

too l th at has four major components : ( a )  a 1 . 2 7-cm d i ameter , 5 7 5  r pm ,  con ­

s tan t s peed dr i l l , ( b )  a dr i l l  suppor t assemb l y  t h at a l l ows s ett i ng  the  

sampl e co l l ec t i on depth , ( c )  f i l ters for i ntak e  a ir  pur i f i cat i on and s amp l e 

c o l l ect i on ,  and  ( d )  an a i r  pump that forces a i r  across the s urface b e i ng 

samp l ed an d throu gh th e samp l e col l ect i on f i l ter . 

Th e dr i l l  s upport assemb l y  s erves s ever a l  functi ons . I t  ma i nta i ns a 

b i t ax i s  that i s  perpen d i cu l ar to the p l ane  of  th e b ase  p l at e ;  i t  prov i de s  

a pos i t i ve s top for dr i l l  mov emen t i n  t h e  downward d i rect i on ( the  s top  i s  

th e top s ur face of the cyl i n dr i ca l  dr i l l  shaft exten s i on receptac l e ) ,  and 

i t  prov i des ports for connecti ng p ur i f i cat i on and s ampl e f i l ters . Th e d i sk ­

type f l ange  th at  i s  we l ded a t  a hei gh t  s l i gh t l y  be l ow t h e  top o f  the  recep­

t ac l e  i s  mar ked i n  22- 1 /2  degree i nterva l s prov i d i n g  1 6  n umbered r eferenced 

mark s .  
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Zero penetrat i on depth i s  set wh i l e  th e b as e  p l ate of  the sampl er i s  

pressed f i rml y aga i n s t  the  s ur face to be s amp l ed .  Th e depth sett i ng d i sk 

i s  tur�ed counterc l ockw i s e enou gh to  h ave  a separat i on between the sett i n g  

d i sk and i ts s top  wh i 1 e a s l i gh t  downward pressure ( towards t h e  base  p l ate ) 

i s  app l i ed on th e dr i l l .  Th e sett i n g d i sk turns free l y  wh en not i n  contact 

w i th the stop . Wh i l e the mi l l i ng b i t  i s  r es t i ng on the s urface to be 

samp l ed ,  the refere�ce zero  i s  set by turn i n g  the depth set t i n g  d i sk c l ock ­

w i s e u n t i l i t  j ust  beg i n s to b i n d aga i nst  the s top . Th e r e� erence z ero  i s  

now read as th e number that occup i es th e sector bel ow the  shaft of  the d i sk 

l ock i n g  ' T '  h and l e .  

Samp l i ng depth may be s et ( after f i r s t  z ero i n g  the s amp l er )  by turn ; ng 

the  penetrat i on depth sett i n g  d i sk counterc l ockw i s e  the des i red number of 

r evo l u t i on s . Con terc l ockw i se r otat i on of t h e  d i s k  from a z ero s ett i n g  w i l l  

al l ow th e b i t  to travel  beyond th e p l ane  of  th e sampl er ' s  base p l ate when 

the  dr i l l  i s  oper ated . E ach counter r evo l u t i on of the d i sk from a r eference 

zero  adds 0 . 635  mm to  the penetrati on depth that w i l l  be  ach i eved . 

F i gure 2 s hows the  oval  samp l e  v acuum ch amber that i s  l ocated on  the 

bottom s ur face of  th e s amp l er ' s  base p l ate . The chamber , wh i ch has  an area 

of 3 9 . 03 cm
2 

and i s  1 . 57 5-mm t al l ,  i s  s urrounded by a foam rubber gasket 

that when compressed seal s the ch amber . A i r  i s  drawn i n to the chamber 

t h rough the c i rcu l ar port on  the l eft and e x i ts throu gh the por t l ocated at 

the extreme r i gh t  end o f  th e chamber . The b i t  receptacl e  i s  cen tered at  

the  l ar ger end of  the  ch amber n ear the  s l op i ng e xh aust  por t .  A � i t  i s  

fastened to  the dr i l l  shaft by i nsert i n g  the threaded end of  the b i t  i nt o  

the  b i t  r eceptac l e  a n d  turn i ng  the  b i t  c l ockw i s e  u nt i l s nu g .  

A detai l ed sketch of  t h e  samp l e f i l ter car tr i dge i s  shown i n  F i gure 3 .  

Th e c ar tr i dge body i s  composed o f  p l as t i c  p i pe f i tt i ngs . The s amp l e  co l l ec­

t i on f i l ter , a Wh atman 1 6  �m paper f i l ter , i s  h e l d i n  p l ace i n  the cou p l er 

by two s n ap r i n gs ,  a s creen , and an ' o ' -r i n g .  

Th e cartr i dge i s  i ns ta l l ed b y  remov i ng the nyl on tube cap and i nser t i n g  

t he p l a s t i c  i ntake  tube i nto t h e  exh aus t port s hown on the r i gh t  of t h e  
cyl i nder that  i s  the receptac l e  for the dr i l l  s haft exten s i on ( see F i gure 1 ) .  
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Th e s top  for th e tub e i s  very  near the po i n t  wh ere the exhau s t  por t enter s 

t h e  o v a l  v acuum cn amber s o  t h at cros s-con tam i n at i on between s amp l es i s  mi n i ­

m i ze d .  l"h e nyl on tube p l u g i s  then removed an d th e cou p l er on  t h e  r i gh t  i n  

F i gure 3 i s  i n ser ted i n to the tygon t ub i ng t h at i s  the  h eader o f  the  a i r  

p ump . 

Ca  I i brat i on 

Th e v er t i cal  and h or i z onta l  s urface s ampl er s  that  were u s ed d ur i ng 

December 1 98 1  and March 1 982 to col l ect  s ampl es at  TMI - 2  were rece i ved a t  

the  I NEL  dur i n g May 1 982 . After decontam i n ati on , they were both re- fi tted 

w i th  n ew dr i l l s ,  ' o ' -r i ngs , gaskets , non - sk i d  pads , a i r  pur i f i ca t i on f i l ­

ters , tygon t ub i ng ,  and  a i r  p umps . Th e s ampl er s  were s ubsequen t l y  u sed to 

co l l ect  samp l es from standard i zed concrete an d meta l s urfaces . 

Four  s tandar d i zed s urfaces were prepared , two of  concr ete a nd two o f  

meta l . T h e  concrete s l abs , wh i ch wer e eac� 3 5 . 6- cm sq u are  an d 8 . 9-cm th i ck , 

w ere poured d ur i n g  March 1 982 . £ach was f aced s o  that n o  aggregate was 

v i s i b l e  an d the s urface was smooth an d unp i tted .  After about three month s 

of  c ur i ng ,  e ach was b ru sh pa i n ted w i th Kee l er and Long N o .  7 1 07 Epoxy Wh i te 

P r i mer . They were al l owed to  dry for two days and then three adhes i ve 

s tr i p s , e ach 1 . 9 1 - cm w i de by  a bout 6 -cm l on g ,  were taped to  e ach s urface at  

l ocat i on s  on  the  d i agonal . Th e s l ab s  were then brush  pa i nted w i th a Keel er 

and L on g  E - 1 - 7938 Epoxy I vory Crea� Ename l that had  1 37c s  added to produce 

a s ur face concentrat i on of approx i matel y 0 . 1  �Ci /cm2 • A s i mi l ar procedure 

w as u s ed t o  prepare the  two met a l  s urfaces except that  t h e  p r i mer and  f i n i sh 

p a i n t s  u sed wer e Carbo Z i n c  I I  and P heno l i n e  368 WG , r es pecti v el y ,  both 

m a nufactured by Carbo l i n e  Co . Th e pa i nts  u sed an '! the s ame a s  those that 

were used to p a i n t  the  corres pot ; d i n g  types o f  surfaces w i th i n  the TMI -2 

Reactor Bu i l d i ng .  1 

Th e s urfaces were a l l owed to  dry s ev era l  rlays and then the adhes i ve 

s tr i ps were removed , cut  to  2 . 54-cm l ength s , and ana lyzed at  the Rad i at i o n  

Meas urements Labor atory ( RML ) u s i ng ganma s pec �romet.ry w i th 1 i th i um-dr i fted 

german i um [Ge ( L i ) ]  detector s to determ ine  the abso l ute  1 3 7c s  s ur fac � 

c oncentrat i on s .  
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Fol l ow i n g  the same samp l e  co l l ect i on procedure that  was used at TMI -2 , 

1 5  s ampl es were col l ected from one  of  the  concrete b l ocks  and four s amp l es 

were col l ected from each of  the other three s tan dard i zed  s urfaces . The mean 

v � l ues of the 1 3 7cs  surface concen trat i on s  on the four s tandar d i zed s ur ­

faces that were detPrm i ned by an a l yz i n g  m i l l ed sampl es an d adhes i ve s tr i p s  

are g i ven i n  Tab l e  1 f or compar i s on .  A l though t h e  h or i z onta l  con cr ete s ur ­

face was samp l ed t o  depth s of  0 . 2 5 , 1 . 2 7 , and 3 . 18 mm , on l y  on e va l u e  for 

the  s urface act i v i ty on t h e  hor i z on ta l concrete s urface i s  g i v en i n  Tab l e  1 

under "M i l � ed Sampl es . '' Th e s ur face act i v i ty data i nd i cate �hat the act i v ­

i ty r eten t i on eff i c i en cy of  the h or i zonta l  s urface s ampl er i s  essent i a l l y  

i n depen dent of  samp l i ng depth for th e three depths used . Th e v ar i ab i l i ty 

i n  sampl e mass among s ampl es that wer e  i ntended t o  b e  co l l ected t o  the s ame 

depth was more pronounced i n  samp l es col l ected from the TMI - 2 R eactor Bu i l d­

i n g t h an i n  th e s amp l e� col l ected from the s tandar di z ed s ur face . Unfortu­

nate l y ,  on l y  the masses of th e s amp l es col l ected dur i n g  March 1 982 wer e 

measur2d b u t  i t  i s  reason ab l e  to  assume th at th e des i gn ated and actual 

s ampl i n g  depths fer sampl es col l ected dur i n g  De< emb er 1 98 1  were often not 

the s ame . Th erefore , for the p ur pose o f  c a l cu l at i n g  the s ampl er ' s  act i v i ty 

co l l ec t i on eff i c i ency the res u l ts for a l l 1 5  m i l l ed h or i zontal  concrete 

s amp l es were averaged . 

Th e mean s urface act i v i t i es i n  T ab l e  1 for the v ert ica l  concrete and 

h or i zon t a l  s teel  surfaces were each ca l c u l ated u s i ng the  ana l ys i s  res u l t s  

for four m i l l ed s amp l es .  One m i l l ed v ert i cal  s teel s amp l e was r ej ected when 

ca l cu l at i ng the mean s urface act i v i ty on that s urface becau s e  the penetra­

t i on ach i eved w as i nadequate a n a  pa i nt r ema i ned .  Th e s ur face acti v i t i es 

g i v en i n  Tab l e 1 that were determ i n ed by ana l yz i n g  adh es i v e  s tr i ps are ,  i n  

each case ,  the  mean v a l ue measured o n  three s tr i ps .  I n  e ach cas e the  

uncerta i nty g i v en is  on e standar d dev i at i on o f  the mean . 

Th e act i v i ty co l l ect i on eff i c i enci es of  the  h or i zonta l and v ert i ca l  

s ur face 5amp l er s  were cal cul ated us i n g  the mean  1 37
c s  surface concentr a­

t i on s  g i v en i n  Tab l e  1 .  act i v i ty col l ect i on e ff i c i ency for each �ype o f  

surface i s  def i ned h ere as  the rat i o  o f  th e mean v al u e  of 1 37
c s  concen tr a­

t i on th at was determi ned ty ana lyz i ng m i l l ed s ampl es to the mean v al u e  that 
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was determ i ned by a na l yz i ng the correspond i ng adhes i ve s tr i p s .  The eff i ­

c i enc i e s  were found t o  b e  greater than one for a l l four s urfaces . Th i s  

i mp l i e s  that t he actua l s urface areas removed by m i l l i ng were l arger than 

the cro s s  sect i ona l area of the b i t ,  wh ich  wa s 1 . 2 7  cm2 • The eff ic i enc i e s  

ra nge from 1 . 1  for s amp l i ng done on  vert ica l stee l t o  2 . 6  f or samp l i ng done 

on vert i c a l  concrete . The eff i c i ency for vert ica l concrete surface s i s  

s ubstant i a l ly h i gher than t hat for vert ical  s teel s urfaces probably because 

of the greater v i brat i on i nd uced when mi l l i ng vert ica l concrete . The sam­

p l i ng eff i c i en c i e s  for h or i zonta l stee l and c oncrete s urfaces are about the 

same , be i ng 1 . 6 and 1 . 4 ,  respect i ve ly .  I n  each case , the uncerta i nty i n  

t h e  v a l ue for the eff i c i ency was c a l c� lated at the o ne- s i gma l eve l by prop­

agat ing the error s as soc i ated w ith  the correspond i ng mean surface concentra­

t i ons . The u ncerta i nt ie s  i n  the eff i c ie nc ies range from ± 14% for s am­

p l i ng done o n  h or i zont a l  concrete to t 27% for s amp l i ng done o n  vert i c a l  

stee l . T h e  eff i c i e nc i e s  g i ve n  i n  Tab l e  l _t-�ere u sed to correct t h e  surface 

act i v i ty concentrat ions  on TMI -2 Reactor B u i l d i ng s urfaces that were 

reported i n  EG&G I daho i nterna l tech n ic a l  reports . 

Gro s s  Beta/Gamma S urvey I nstrument 

At each samp l i ng l ocat i o n ,  measurements were made of the gross beta 

and gamma rad i at i on f i e l d s  pr i or to the col l ec t i o n  of surface samp l e s .  The 

s urvey i nstruments u sed were a 1 1  E berl i ne I nstrument Corp . R0-2A • s. The 

R0-2A i s  eq u i pped with a Juno-type i o n i zat ion chamber and a 0 . 0508-mm myl ar 

w i ndow.
2 

A s l i de on  the bot tom of the i nstrument c an be moved to cover 

the wi ndow so as to a l l ow measurement of the g amma component of a rad i at i o n  

f ie l d .  A mea surment made w i th the s l i de i n  the open-w i ndow provi des a meas­

ure of the beta- p l us- gamma f i e l d .  Eber l i ne state s the accuracy of th i s  

i n strument i s ± 5% f u l l sca l e  and that i ts p hoton response i s ± 1 5% 

from 1 2  keV to 1 . 3 MeV . 2 

T o  m i n im i ze contam i nat i on of the i nstruments e ach was bagged i n  p l as t i c  

pr i or t o  u s e  i n  t h e  Reactor B u i l d i ng . Each i nstrument was s imi larly bagged 

i n  p l ast i c  d ur i ng i ts c a l i brat ion.  A bracket h av i ng f our p o i nted corner 

posts was attached to each survey i nstrument p r i or to u se to pro v i de a 
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constan t  source- detector geometry . Th e hei ght of the corner posts was such  

as  to prov i de a d i s tance of  one  i nch b etween the bottom s urface of the  

i ns trumen t an d the s urface be i ng  measured . 
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SAMP L I NG PROCEDUR E 

Th e procedure th at was fol l owed dur i n g s urface s ampl e co l l ect i on 

r eq u i red that  a gross  beta-gamma survey b e  made of th e surface to b e  samp l ed 

pr i or to s ampl e col l ect i on . At each l ocat i on ,  b oth open- and  c l os ed-w i ndow 

meas uremen ts  were made wh i l e  th e corn er pos ts of the  r�acket  prev i ous l y  

descr i bed were i n  con tact w i th t he  s urface . 

To  m i n i m i z e  cross-con tam i n at i on b etween s amp l es ,  a n ew mi l l i n g b i t  was 

i n s t a l l ed i n  the s urface s ampl er pr i or to co l l ect i n g  e ach s amp l e .  A c arb i de 

b i t  was used for m i l l i n g  concrete and c i r . der b l ock surfaces , and a h ardened 

s tee l b i t  w as u sed for m i l l i ng metal  s urfaces . Th e s ampl e  co l l ect i on pro­

cedure used for hor i z onta l  s urfaces i nc l uded an i n i t i a l vacu um of th e s ur ­

f a ce w i thout dr i l l  oper at i on t o  r emove l oose  p ar t i cu l ates . Fo l l ow i ng the  

v acuum and pr i or to surface m i l l i ng ,  a new  Sdmp l e  f i l ter car tr i dge was 

i n sta l l ed wh i l e the s ampl er r ema i ned stat i on ary . Th e s ampl e co l l ect i on 

procedure used for b oth hor i zont a l  an d vert i ca l  s urfaces i s  g i ven i n  deta i l 

i n  Appen d i x  A .  

Th e types of s urfaces s amp l ed and the  n umber of l ocati ons s amp l ed at  

each  e l ev at i on are l i s ted i n  T ab l e  2 .  These  l ocat i on s  are  i n d i cated i n  

F i gures 4 and  5 as n umbered c i rc l es and tr i ang l es . F i gure 4 i s  the f l oor 

p l an for th e en try- l evel  f l oor at th e 305-ft el evat i on and F i gure 5 i s  the 

f l oor p l an for the  fuel  h and l i n g f l oor at the  347-ft , 6 - i n . e l evat i on . Th e 

c i rc l es correspond to  samp l i n g  l ocat i on s  on h or i z onta l  surfaces and the  

tr i an g l es i nd i cate l ocat i on s where s ampl es were c o l l ected from v ert i ca l 

s urfaces . Sampl e  l ocat i on s  26 and H I  ( see F i gure 5 )  are both on th e ' A ' 

D -r i n g w al kway a t  the  367-ft , 4 - i n .  e l ev at i on and l ocati on s  I and 22 are on  

t h e  s outher n  I beam that  suppor ts reactor coo l an t  pump 2A.  Not  shown i n 

f i gure  5 i s  s ampl e  l ocat � on H 8  on the  e l ev ator sh aft r oof because  the l oca­

t i on was  e l i m i n ated when s amp l es were col l ected dur i n g  March 1 982 . 

Th e s amp l i ng procedure s t i pu l ated that  s ampl es were to  be  co l l ected t o  

a depth o f  1 . 2 7  mm from al l vert i cal  an d h or i zontal  meta l  s urfaces , and th e 

s tandard  s amp l i ng d epth was to  be  3 . 1 8 mm for a l l h or i zonta l con cr ete sur­

faces . I n  an  attempt to determ i n e  wrether acti v i ty had  mi grated i n to 

p a i n ted c on cr ete , s amp l es were co l l ected from f l oors at  mu l t i pl e  depths at 
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each o f  s i x  samp l i n g  l ocat i on s  befor e decontam i n at i on operat i on s  began an d 

at  s even l ocat i ons fo l l ow i n g  comp l et i on of decon tami n at i on . Samp l i ng was 

i n tended to b e  don e at depth s from 0 . 25  to 3 . 1 8 mm i n  the same v i c i n i ty at  

each of th ese  f l oor l ocati ons . 

I n  or der to est i mate the actu a l  s ampl i n g d epth s ach i eved d ur i n g  s ur face 

s amp l i n g , th e net mas ses of  the m i l l i n gs of  the Mar ch 1 982 s ur face s ampl es 

were measured . For each m i l l ed s amp l e ,  i ts n et mass  was c a l c u l ated by s ub ­

tract i n g  th e meas ured mean mas s  o f  th e 3 8  vacuum s amp l es co l l ected l ri March , 

wh i ch was 0 . 2 3  ± 0 . 03 g ,  from the mas s o f  i ts f i l ter p l us co l l ected m i l l ­

i n gs . Th e c al cu l ated n et mas ses for th ese pos t-decontami nat i on  s amp l es are 

g i v en i n  Tab l e  3 l i sted by type of  s urface . Negat i ve net mas ses  are 

r eported as  z eroes i n  the tab l e .  Th ese masses  may b e  compared w i th the  

th eoret i ca l  masses  corresrond i n g to  samp l i n g  depth s of  0 .2 5 , 1 . 2 7 , and 

3 . 1 8 mm . I f  we  a s s ume that the s ampl e core r ad i u s  i s  a constant 6 .3 5  mm 

( th e rad i u s of  th e m i l l i n g  b i t ) an d th at for concrete s urfaces the samp l e 

dens i ty i s  2 mg/mm3 , then these depths i n  con crete correspond to  s amp l e  

mas ses  o f  0 .0 6 , 0 . 32 ,  an d 0 . 80 g ,  res pect i v e l y .  The f i rs t  assumpt i on i s  

b ased on th e observati on th at m i l l i n g o f  h or i z onta l  concrete u sua l l y  r e�oved 

an area of  p a i n t  that was l ar ger than the cros s sect i on a l  area of the samp l e  

h o l e .  Th e mean measured masses of the  m i l l i n gs of  concrete s amp l es that 

were i n tended to  be  col l �cted to depth s of  0 . 2 5 , 1 . 2 7 ,  and 3 . 18 mm are , 

r espect i ve l y ,  0 . 2 6  ± 0 .  1 5 ,  0 . 2 4  ± 0 .  1 9 ,  and 0 . 7 1  ± 0 . 3 5  g .  I t  i s  

apparent t h at on the average , t he  0 . 2 5  mm s amp l es were actu a l l y  co l l ected 

to  a depth about  the s ame as that o f  the 1 . 2 7  mm s ampl es . 

Th e mas ses of the  h or i z ontal  concrete s ampl es r epor ted i n  Tab l e  3 were 

converted to  samp l i n g  depths  after mak i n g  the s ame as s umpti on s  prev i ous l y  

u sed . Th e c a l cu l ated depths  for s amp � i ng the  0 . 2 5 ,  1 .2 7 ,  and  3 . 1 8 mm con­

crete samp l es are g i v en i n  Tab l e  4 .  Th e mean v a l ues o f  th e ca l c u l a ted 

s ampl i ng d epth s correspon d i n g  t o  these i ntended s ampl i n g  depth s are 

1 .00 ± 0 . 60 ,  0 . 93 ± 0 . 7 5 ,  an d 2 . 75 ± 1 . 36 mm ,  r es pect i vel y .  Therefor e ,  on 

the aver age , s amp l es were co l l ected at  o n l y  two d epth s at  f l oor l oc at i on s  

where mul t i p l e s amp l es were col l ected . 
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Kee l er and L ong , I n c . prov i ded th e pa i nts  that were ap� l i ed on un l i ned  

con crete s ur faces w i th i n  the TMI - 2 Reactor Bu i l d i ng .  They report3 
the dry 

f i l m  th i ck nesses of No . 6 548 epoxy b l ock f i l l er ,  N o .  7 107  epoxy wh i te 

pri mer , and N o .  7475  epoxy wh i t e ename l f i n i sh pa i n t  as 0 . 142 , 0 . 07 6 ,  and 

0 . 0 64 mm,  r espect i v e l y .  Th e s um of  these i s  0 . 2 82 mm , a va l ue  s ubstant i a l l y  

smal l er th an the cal cu l ated depth s o f  s amp l i n g  for al l but  three f l oor 

s amp l es co l l ected dur i ng March 1 982 . A l l of  the March s amp l es were v i s ua l l y  

exam i ned  fol l ow i n g  down l oad i n g  o f  the samp l e  f i l ter cartr i dges i n to petr i 

d i s h es , and thesP  three s ampl es , 34F 2 ,  54F4 ( 1 ) , and 54F4 ( 2 )  were found to 

con ta i n a smal � amoun t of  concrete dus t in  add i t i on to  p a i n t  sh av i ngs . The 

n e g l i g i b l e  s ampl i ng  depths cal cu l ated for these three s amp l es are probab l y  

d u e  to l arger than norma l f i l ter d i ameters . 
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ANAL YS I S  METHOD S 

Th e s ampl es arr i ved at the I NEL as  f i l ter cartr i dges contai n i n g  con ­

crete and pa i nt  shav i ngs , meta l and pa i nt  sh av i ngs , pa i n t  shav i ng s  on l y ,  or 

i n  the case of v acuum s ampl es , j ust  a few doz en smal l p ar t i c l es . To ach i eve 

a samp l e confi gur at i on compat i b l e w i th ex i s t i ng RML gal11lla anal ys i s  geome­

tr i es ,  the s ampl e f i l ter cartr i dges were down l oaded and e ach s amp l e  was 

tr an sfered to a 1 50-ml pol yethyl ene bottl e .  Th e col l ected m i l l i ngs  and 

f i l ter s i n  the s ampl e  cartr i dges were i n i t i a l l y  transfered to s epar ate , pre­

we i ghed petr i d i sh es . After f i r st  remov i n g  the mi l l i n g  b i t ,  each cartr i dge 

was opened w i th �he exh aust  s i de or i ented down and then in turn each h a l f  

of th e cartr i d ge was hel d over the petr i d i sh and tapped wi th a smal l h and  

tool . Th e f i l ter was then r emoved and  p l aced 1 n  the  s ame petr i d i s h .  Th e 

snap and ' o ' -r i ngs  were repl aced i n  the cartr i dge h a l f that hel d the f i l ter 

and the cartr i dge was r eassemb l ed .  

T:1 e cartr i dge ' s  i nterna l s  Wf:1'e then washed w i th 5 0  ml 1!! HCl  � p i k ed 

wi th 3 . 3 mg Na2so3 an d 3 . 3 mg K I . After th e sol u t i on was poured i nto 

the  c ar tr i dge , the  cartr i dge was shak en v i gorou s l y  and the l i qu i d  was then 

decanted i n to a 1 50-ml pol ythyl en e  bottl e .  Th i s  procedure was repeated 

u s i n g  50 ml of de ion i zed water . The m i l l i ng b i t  was p l aced i n  a test tube . 

5 ml of  th e same ac i d i c  so l u t i on was added , the test tube was shaken  v i gor­

o u s l y ,  and  the l i q u i d  was decanted i nto the s ame p o l yethyl ene bott l e .  Th i s  

was repeated us i n g  5 ml of dei on i zed water . 

W i th each s ampl e ,  a smal l amount of wash so l uti on was poured from the 

s amp l e bottl e i nto the correspond i ng  petr i d i sh conta i n i n g  th e m i l l i ngs  and 

f i l ter . U s i n g tweezers , the f i l ter was ro l l ed i nto a cyl i nJer and  i ns erted 

i n to the samp l e bottl e .  Th e l iqu i d  i n  the petr i d i sh was then decanted i n to 

t h e  s ame b ott l e .  Th e petr i d i sh was washed aga i n  us i ng a bout 5 ml of  the  

s ame so l u t i on from the samp l e  bottl e .  A spatu l a  was  used to  remov e any 

r emai n i ng p art i cu l ates and they were transferrd to the s amp l e bott l e .  Th us , 

after th e preparat i on s  descr i bed abov e , th e 1 10 ml of  l i q u i d  th at had  been 

u s ed to wash the s ampl e cartr i dge and m i l l i ng b i t ,  and the s amp l e  f i l ter 

and col l ected m i l l i ngs  were comb i ned i n  a 1 50-mL pol yethyl ene bottl e .  
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A n a l ys i s  tech n i qu es th a t  wer e u s e d  on thes e s amp l es i n c l uded  gamma 

s pe c tr o s co py ,  gross  b eta coun t i n g ,  NAA , a n d  NAA/d e l ayed f i s s i on neutron 

( DF N )  coun t i ng .  Each of the 1 80 s urface samp l es was an a l yz ed for gamma 

em i t t i n g n u c l i des ; h owever , b ecause  of cos t and t i me con s i der at i ons  n ot a l l 

s amp l es were ana l yz ed for 
9C

sr , 1 29
1 ,  or  f i s s i l e mater i a l . N i nety- two 

s amp l es were ana l yzed for 90 sr , 44  were ana lyz ed for 1 29 1 ,  and 3 7  were 

an al yzed for f i s s i l e  mater i a l . Certa i n  samp l es were comb i ne d  pr i or to 

a n a l ys i s  f or 90 sr , 1 291
, 

or  23 5u .  Th e v acuum and  m i l l ed s ampl es co l l ec ted 

at  samp l i n g  l ocat i on 34 were separatel y con so l i dated pr i or to  ana l yz i n g  for 
90s r . Th e s ame app l i es to s ampl es col l ected at s amp l i ng l ocat i on s  H l O  and 

9 1 that were ana lyzed for 1 29
1 .  Th e v acuum s amp l es  co l l ected at  s amp l i ng 

l ocat i on s  H 7 , 54 , and 1 49  were separ ate l y  comb i n ed pr i or to  anal ys i s  for 
90

sr  and 2 3 5u .  

Measured a ct i v i t i es i n  �C i / s ampl e were conver ted to s urface c oncen­

t r at i on� i n  �C i /c m2 by two d i ffren t methods depen d i ng on  whether the  

s amp l e was  co l l ected b y  v acuumi ng on l y  or by  m i l l i n g .  Th e r es u l ts for 

m i l l ed samp l es were d i v i ded  by th e b i t  m i l l i n g  area , 1 . 2 7  cm2 , and by th e 

s amp l er act i v i ty col l ect i on effi c i ency c orrespon d i n g  to  the  type o f  s urface 

s amp l ed to pr ov i de s urface act i v i t i es i n  �C i /cm2 • The effi c i en c i es used are 

those  � i s ted  i n  Tab l e  1 . Th e r es u l ts for v acuum s ampl es i n  �C i / s ampl e  

wer e con� erteo to  s urfa c e act 1 v 1 t 1 es 1 n  �C 1 ) cm2 by as suming { a ) th e surface 
v acuumed  i n  each cas e  h ad an area of 39 .03  cm

2
, wh i ch i s  t he  �rea en c l osed 

by the s amp l er • s  v acuum ch amber , ( b ) the  act i v i ty co l l ected d ur i n g  v acuumi ng  

w i thou t dr i l l  operat i on was  ev en l y  d i s tr i bu ted over  3 9 .03  cm2 , an d ( c )  th e 

act i v i ty col l ecti on eff i c i ency of  t h e  sampl er dur i n g  vacuum i n g  was 1 00% .  

Th ese  ass umpt i on s  wer e neces s ary because th e l oose  p ar t i cu l ates act i v i ty 

co l l ect i on eff i c i 2ncy o f  the  s ampl er was n ot measured dur i ng s ampl er c a l i ­

brat i on .  Th e tota l s urface act i v i ty concentrat i on was det�rm i n ed by summ i n g  

for each s amp l e set  t h e  m i l l ed an d vacuum samp l e  res u l ts i n  �C i /cm2 • A 

d eta i l ed descr i pt i on of each ana l ys i s  method that  w as u sed i s  g i ven i n  

Append i x  B .  
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R ESULTS 

Th e data tab l es that fo l l ow often present s urface c oncentrat i on s  by 

samp l e ( e . g .  70F l ) or by samp l e l ocat i on ( e . g .  70 ) .  These two i dent i f i ca­

t i on n Jmbers are  s i mp l y  re l ated; s amp l es c o l l ected at a g i ven l ocat i on were 

a l l g i v en samp l e  number s  prefi xed w i th the samp l e  l ocat i on number . 

Th e s urface act i v i ty concentr at i on 

an d March 1 982 s amp l es are pr esented i n  

Mar ch 26 ,  1 982 ) i n  Tab l es 5 through 2 9 .  

resu l ts for both the December 1 9 8 1  

�C i /cm
2 

( decay-corrected t o  

Tab l es 5 through 1 6  present the 

• esu l ts for each samp l e  wh i l e  Tab l es 17  throu g h  29  g i v e mean s urface concen­

trat i ons of  the detected r ad i onuc l i d es by s amp l i ng l ocati on . Th e u ncer­

ta i n t i es i n  the concentrat i on s  determ i ned by an a l ys i s  of mi l l ed sampl es are 

g i ven at the one s i gma l eve l  and are due to coun t i n g  s tat i s t i c s and the  

uncerta i n t i es 1 n  the act i v i ty col l ect i on eff i c i enc i es o f  th e s amp l ers . Th e 

u ncerta i nt i es i n  the concentr at i on s  determi ned by ana lys i s  of  v acuum s amp l es 

are g i v en at  the one s i gm� l eve l  and are due to coun t i n g  stat i s t i cs on l y .  

Un for tun ate l y ,  the ar .a l ys i s  s oftware of  the  gamma s pectrometry sys tem u sed 

for th i s  work d i d not h ave  as a feature au tomat i c  detect i on l i m i t  cal cu l a­

t i on .  Therefore , l ess-th an detectab l e  concen trat i on s  of  1 2 5
sb and 

60
co 

are  s i mpl y footnoted i n  the tab l es .  

Tab l e  30 pr es ents  the December 1 98 1  me�n 
1 3 7

c s  surface con centrat i on 

i n  �C i /c m2 ( decay- corrected to March 2 6 ,  1 982 ) at each s amp l i ng l ocat i on 

arran ged by type of  s urface and e l ev at i on ( i . e . ,  305  ft-0 i n . ,  e tc . ) .  S i m i ­

l ar r esu l ts for 1 34 cs , 90 sr , 1 29 1 ,  a n d  1 2 5 sb are g i ven i n  Tab l es 3 1 , 3 2 , 

3 3 , an d 34 , respec t i vely .  Mean s ur face concentrat i on s  presen ted i n  th es e  

t ab l es were ca l cu l ated for h or i zontal  and v ert i ca l  concr ete and h or i z on t a l  

an d vert i ca l  meta l  a t  each of  three sampl i n g e l evat i ons . The uncerta i n t i es 

i n  t he  means are each the s tandard dev i at i on o f  the mean c a l cu l ated a t  the 

on e s i gma l evel . Th e mean December 1 98 1  s urface concen trat i on s  o f  these 

f i ve r ad i on uc l i des are comp i l ed i n  Tab l e  3 5 .  Th e mean v al ues of  the  r at i os 

of  the December 1 98 1  surface concen trat i on s  of  s ev er a l  rad i on uc l i des to  th e 

concentrat i on of  1 37
cs  measured i n  each s urface s amp l e are g i ven f or both 

v acuum an d m i l l ed s amp l es i n  T ab l e 36 . 
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Tab l e  3 7  presents  the March  1 982 mean 1 3 7c s  surface concen trat i on i n  

�C i /c m2 ( decay- corrected to Mar ch 2 6 ,  1 982 ) a t  each s amp l i n g  l ocati on 

arr anged by type of surface an d el ev a t i on . S i m i l ar res u l ts for 1 34cs , 
90s r , 1 29 r ,  and 1 2 5sb are g i v en i n  Tab l es 38,  3 9 ,  40 ,  and 4 1 , r espect i ve ly .  

T he  mean March 1 982 surface concentrat i ons  of these f i v e  radi onuc l i des  on  

h or i zonta l  and v ert i ca l  concrete and  meta l s urfaces are l i sted i n  Tab l e  42  

by samp l i n g  l ocat i on e l evat i on . Tab l e 43  presents the mean v a l ues of th e 

r at i os of  t he  Mar ch 1 982 s urface concentr at i ons  of f i v e r ad i onuc l i des  to 

t h e  concentrati on of 1 37 cs measured i n  each surface s amp l e .  Th e r ati os 

for both vacuum an d m i l l ed samp l es are g iv en in th i s  tab l e .  

Tab l es 44 and 45 present ,  r espect i ve ly ,  the  b eta and g amma expos ure 

rates th at were meas ured dur i n g  December 1 98 1  an d March 1 982 us i ng R02-A 

s urvey meter s . Mean v al ues of these exposure r ates are l i sted i n  Tab l e  46 

arranged by type of s urface and Reactor Bu i l d i n g  e l ev at i on .  Beta exposur e 

r ates are g i ven i n  mRad/h and gamma exposure r ates are g i ven i n  mR/h . Th ese 

data wer e  not decay-corrected . 

D Fs  for 
1 3 7c s , 90sr ,  and 1 29r are g i v en ,  r es pect i ve l y ,  i n  Tab l es 47 , 

48 , an d 4 9 .  The DFs  for vacuum and m i l l ed s amp l es are g i ven separatel y  for 

each l ocat i on s amp l ed .  Th e OF for e ach n uc l i de was ca l cu l ated as the rat io  

of  the  mean surface act i v i ty measured at  a g i ven s amp l i n g  l ocat i on before 

decontam i n at i on to the mean surface act i v i ty measured at the s ame l ocat i on 

after decontam i nat i on . A l l act i v i t i es were decay-corrected to March  26 , 

1 982 p r i or to c a l cu l at i on of DFs . The data i n  these tab l es are arranged by 

type of s urface an d by Reactor Bu i l d i n g  el ev at i on .  Decontam i nat ion factor s 

were a l so ca l cu l ated u s i ng total s urface act i v i t i es ,  these tota l s b e i n g  for 

each n uc l i de the sum of th e mean l oose parti cu l ate act i v i ty and the mean 

f i xed a ct i v i ty measured at a g i ven s amp l i ng l oc at i on . V a l ues of  thes e  OFs 

for 1 3 7
c s , 90 sr , and 1 29 r are presented by s amp l i ng l ocati on i n  Tab l es 50 , 

5 1 , an d 52 respect i v e l y .  Mean DFs  for s ever a l  r ad i onucl i des  are l i sted by 

type of s urface and  by Reactor Bu i l d i n g  e l ev ati on i n  Tab l e  53 . Th e r es u l ts 

for both  v acuum and m i l l ed samp.l es are presented separate l y  i n  th i s  tab l e .  

Tab l e  5 4  presents the DFs by s amp l i ng l ocati on th at were ca l cu l ated u s i n g  

pre- an d post-decontam inat ion  beta and gamma expos ure rates . Mean exposure 

r ate OFs for four gener i c  s urfaces are a l so g i ven i n  th i s  tab l e .  
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D I SCUSS I O N  

Surface Act i v i t i es 

P r i or to decon tam i nat i on , f l oors on  both Reactor Bu i l d i n g  e l evat i on s  

were con s i derab l y  more contam i n ated than wa l l s ,  as  m i gh t  b e  expected . Th e 

r at i os of  th e average surface concentrat i on s  of 1 37c s  and 90sr on the  

concrete f l oor to  the ir  correspond i n g  average concentrati ons on the D -r i ng 

wal l are , respect i v el y 90 to l and 1 90 to l on the 305-ft e l evat i on and 

80 to l and 1 60 to l for the 347 - ft e l ev at i on .  Th e mean s urface concentra­

t i on s  comp i l ed  i n  Tab l e  35  i n d i cate that the average concentrat i ons of a l l 

n uc l i des except 1 25sb were abou t the s ame on both f l oors . Th e concentra­

t i on of  th i s  nuc l i de was abou t a fnctor of  ! 0  h i gher on th e 305-ft e l evat i on 

f l oor th an i t  w as on the 3 47-ft el ev at i or. ,  and i ts concentr at i on was l es s  

th an detect i b l e  o n  th e • A • D-r i n g  wa l kway , wh i ch i s  at  a n  e l evat i on of  

367  ft . The mean December 1 98 1  concentr at i on s  of 1 37
c s  and  90sr on th e 

305-ft el evat i on were , respect i vel y ,  3 .6 ± 0 . 9  an d 0 . 1 7  ± 0 . 04 �C i /cm2 an d 

th e i r  con cen tr at i ons  on the 347-ft e l ev at i on f l oor were 2 . 5 ± 0 . 7 and 

0 . 3  ± 0 . 2  �C i /cm2 , respect i vel y .  

Th e samp l i n g l ocat i on h av i n g  th e h i gh est  mean 
1 37

c s  s urface acti v i ty 

b efore decontami n at i on was f l oor l ocat i on H 7 ,  wh i ch i s  b eneath the n ortheast 

corner of  core f l ood tank • A • . The mean 1 3 7c s  acti v i ty at th i s  l ocat i on 

w a� 8 � C i /cm2 wh i ch i s  on l y  abou t  a factor o f  four h i gher than the l ow-

e s t  l ocal  mean 1 37c s  concentr ati on measured on the 3 05-ft e l evat i on . How­

ever , s ur face act i v i t i es were foun d to v ary by factors somet i mes th i s  l arge 

or l ar ger over sma l l areas of  f l oor. Samp l es were col l ected i n  the s ame 

v i c i n i ty ,  usual l y  from po i nts not mor e  th an a few i n ches apart , at l ocat i on s  

5 0 ,  3 4 ,  a�1  H 7  o n  the 3 05 f t  e l ev at i on and a t  l ocati ons 54 , Hl O ,  and  9 1  on 

the 347 ft el ev at i on .  Samp l es were col l ected a t  each o f  thes e l ocat i ons to 

d i ff�rent depth s i n  an attempt to determi ne  i f  a ct i v i ty h ad m i grated i nto 

the concrete . The surface act i v i ty of 
1 37

c s , pr i or to decontami n at i on , 

v ar i ed by factOt' S of 2 . 2 , r l and 1 2 .9 for l ocat i on s  50 ,  3 4 ,  and  H 7 ;  and 

2 . 0 ,  3 . 8 ,  an d 3 . 2  for l ocat i on s  54 , H I O , and 9 1 . Fo l l ow i n g  decontam i nation , 

s u rface act i v i t i es v ar i ed by factors of 30 , 2 . 1 , 3 .6 ,  6 . 4 ,  3 . 7 ,  a nd  2 .3 ,  
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r es pec t i v e l y .  Th i s  nonhomogene i ty of  sur face act i v i ty over sma l l areas 

n u l l i f i es any conc l us i on s  regar d i ng ac t i v i ty penetrat i on  th at m i gh t  be drawn 

from th es e  s urtace act i v i ty data . 

Of th e l ocat i on s  wh ose s amp l es wer e an al yzed for 
90

sr , l ocat i on 1 49 

h ad the  h i gh es t  pre- decontam i n at i on s urface act i v i ty .  Th at v a l u e  was 

1 . 0 ± O . l \l C i (cm
2

• Th e mean v a l ue o f  the  rat io  of  
90

sr to 
1 37

cs that was 

c a l cu l ated for each s amp l e  co l l ected from the  305-ft e l ev at i on i s  
. na. 1 25 6G 1 29 . 4 ± 2 E - 2 .  S i m i l ar r a t 1os for C s , Sb , Co , a nd 1 f or v ar 1 ous 

t yqes of Reac tor Bu i l d inq s ur fa ces were qres en ted i n  Tab le 36. The 
90

sr 

1. D ?}?r.:s Y" a'i. i D 'i DY" a ) ) "V a WUJ» :S amp) E':S tD s S at £?6 'i'f'DJ» nD'f'i2 D»'ia s :SU'f'Jate:s 
a t  a l l e l evat i on s  i s  7 ± 6 E-2  wh i l e  that for a l l m i l l ed s amp l es col l ected 

from the s ame s urfaces i s  5 ± 4 E -2 .  

l ected from ver t i ca l  surfaces i s  4 ± 

Th e s ame r at i o for a l l s ampl es co l -

1 E -2 . The v a l ues  of  these r at i os 

are essen t i a l l y  equa l  to the v a l ue of  the  r at i o  o f  the  concentr ati on s  of  
90sr to  1 3 7c s  that was measured i n  the l i q u i d  s ampl es co l l ected from 

th e Reactor Bu i l d i n g  b asemen t on May 1 4 ,  1 98 1 .
4 

The v a l ue  o f  th i s  l atter  

r at i o ,  3 . 7  E - 2 , was  compu ted after decay correc t i ng the  concen tr at i ons i n  

\l C i /mL to March  2 6 , 1 982 , the date t o  wh i ch a l l o f  th e s urface concen tr a­

t i ons  i n  t h i s  r eport h ave b een decay-corrected . Th i s  equal i ty i mp l i es th at 

t h e  mode of transport of the  
90

sr from the  contami n ated water i n  the  b as e­

ment to Reactor Bu i l d i n g  surfaces was i n  water drop l ets  and that the major­

i ty o f  the  90sr was transpor ted to th e wal l s  and f l oor s  after i t  h ad 

reached chemi ca l  equ i l i br i um i n  t� e b asemen t water . 

S uffi c i en t  s urface act i v i ty data was co l l ected b efore decontami n at i on 

to mak e poss i b l e ca l cu l at i on s  of  the fr acti on s  of  the tota l core i nv entor i es 

o f  cer ta i n  f i ss i on p roduct s that were depos i ted and wh i ch r ema i n ed on Reac­

tor Bu i l d i n g  surfaces . What i s  needed to perform thes e  ca l cu l at i on s  i s  an 

i tem i zed l i s t  of  Reactor Bu i l d i ng s urface areas . Th at l i s t  i s  prov i ded i n  

Tab l e  5 5 .  The surface areas of the four gener i c surfaces5 ( i . e .  h or i zon­

t a l  and  v er t i cal  concrete and s teel s urfaces ) are  g i ven i n  th i s  t ab l e .  Th e 

areas o f  these s urfaces at three d i fferen t e l ev at i on i nterv a l s were cal cu­

l ated so  th at mean s urface concentr at i on s  on s urfaces l yi ng w i th i n  tnese 

i n terv a l s  cou l d  be used d i rec t l y .  S i nce no s ur face samp l es were col l ected 

from the R eactor B u i l d i n g  b asement dur i n g the December s amp l e  co l l ect i on 

1 6  



per i od , th e sur face act i v i t i es used for th a t  reg i on of the b u i l d i n g  wer e 

thos e measured on  the 305 -ft e l evat i on . S i m i l ar l y  the  concentr at i on s  u s ed 

for s urfaces at  347 -ft , 6- i n , e l evat i on and above were es t i mated as th e 

average o f  the  mean December 1 98 1  s ur� �ce act i v i t i es measured on  the 347-ft , 

6- i n . an d 367-ft , 4- i n . el evat i ons . U s i n g  th e measured December s ur face 

concentr at i ons  and  the  s urface areas from Tab l e  55 , t he  tota l  act i v i t i es o f  
1 3  7 90 1 2 9 1 2  5 . 

C s , Sr , I ,  and  Sb on v ar 1 ous  Reactor Bu i l d i n g  s urfaces 

were cal cu l ated . Thos e act i v i t i es ( meas ured i n  cur i es )  are pres ented i n  

Tab l e  56 . 

Total  core i nventor i es of  these n uc l i des and  th e i r  ca l cu l ated i �ven ­

tor i es o n  Reactor Bu i l d i n g  s urfaces are g i ven  i n  T ab l e  5 7 . The tota l  core 

i r. v en tor i es l i s ted  are those that wer e cal cu l ated u s i n g  the OR I GEN-2  Code6 

a �,ct  h ave  b een decay- con·ected to March 2 6 ,  1 982 . I t  i s  ev i den t that the  

percen tages o f  th e core i nven tor i es o f  thes e n uc l i des depos i ted  on  R eactor 

B u i l d i n g  s urfaces are a l l  v ery s ma l l ( s ee Tab l e  58 ) .  Exc l ud i ng i od i ne ,  t h e  

v a l u es r an ge from 2 .4 E - 3% for 90 sr t o  4 . 7  E -2% f or 1 34
c s . Th i s  l atter 

v a l u e  i s  34% h i gh er than i ts tru e  va l u e  i f  we as sume the 
1 3 7

c s  core i nven­

tory to be  correct , s i nce the percen tage of 1 37cs  depos i ted  on s ur faces 

i s  3 . 5  E - 2% .  Th e h i gh es t  percentage of  the  f i ve n uc l i des l i sted i s  that of 
1 2 9 1 and the v a l ue fur i t  i s  5 . 7  E -2% .  Th e core i nven tory o f  1 3 1 I at 

t h e  t ime o f  s h utdown w as 7 . 0  E+7 C i
6

• I f  we  ass ume t h at the  s ame fr act i on 

o f  1 29 1 was o n  the  f l oor s and w a l l s  o f  the  R eactor B u i l d i n g  s hort l y a fter 

r eactor s cram we can read i l y  es t i mate t h e  i n i t i a l  s ur face concen trat i on o f  
1 3 1 1 on  those s ur faces . Mu l t i p l yi n g  the 

1 3 1
1 i nv en tory by the depos i ­

t i on fr ac t i on for 1 2 91 an d d i v i d i n g  th i s  r es u l t by 2 .2 0  E+8 cm2 , th e 

tota l i nterna l  R eactor Bu i l d i n g  s urface area , o n e  arr i ves a t  a March 2 8 ,  

1 979 aver age 1 3 1 1 s urface concentr at i on o f  1 80 uC i /cm2 • 

Sev era l  s ets of  S ' !�face s amp l es were co l l ected dur i ng December 1 98 1  

from a n  are a  o f  th e 3C - -ft  e l eva t i on j u s t  south  o f  t h e  open � t a i rwel l .  

S amp l es co l l ected a t  one  of  the  l ocat i ons  i n  th i s  area , l ocat i on 5 5 ,  w h i ch 

i s  n ear the con L � ; nmen t wal l ,  were found to  con ta i n  
144

c e . Because  C e  i s  

u s ua l l y  as soc i ated w i th fue l , these  s amp l es w er e  s ubjected to  a n a l ys es f or 

f i s s i l e  mater i al . Th e vacuum an d mi l l e d  s amp l es  i dent i f i ed as  55F l and 

5 5F 2 , respect i ve l y , d i d  conta i n  detect i b l e amounts  of  
2 3 5u .  The s ur face  

1 7  


