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SUK'4ARY  

Six sa.ples of particu l ate debr i s  were removed from the TMI -2 core 
r ubbl e-bed .  These samples were acquired i n  order t o  obta in  data on the extent 
and nature of the debri s  and the post-accident condit ion of the TMI -2 core . 
F ive sa.ples are be i ng examined at EG&G I daho .  The  rema i n i ng sample ( No .  2 ) 
i s  be i ng exam ined at the Babcock & Wi lcox Lynchburg Research Center . 

The f i rst phase of the exami nat i on i s  presented i n  t h i s  report . I t  
centers on GPU Nuc lear's data needs to support reactor recovery . The first 
phase cons i sted of the fol low i ng act i v i t ies : unpack ag i ng ,  b u l k  weigh i ng ,  
photo-v i sua l s urvey, s iev ing ( to determine part i c l e  s ize d i str ibut i on ) . s ieve 
f rac t i on we i gh i ng ,  ferromagnet i c  mater i a l  content test , pyrophor tc i ty tests , 
gamma spectroaetry and fissile/fert i l e mater i a l  analys t s .  D i screte par t i c l es 
were se lected from the l arger d iameter s i eve fract i on s i zes ( �1000 pm ) and 
a l iquots from the smal ler ( < 1000 pm ) s ieve frac t i on s izes for use dur i ng 
the gamma spectroaetry and f i s s i le/fertil e  examinat ions . 

A br ief s ummary of t he findings from th is  phase of the examinat ion is 
out l i ned be low:  

o Most mater i a l  (�90S) i s  l arger than 1 000 pm ( 1  mm); l ess than 11  
i s  s•al l er t han 300 um .  

o The samples contain  fue l  pel let fragments  and shards of c l add i ng or 
gu i de tubes . Most part ic les are a cong l omerate mi xture of 
n onuniform combi nat ions of fue l ( U� ) and non-fuel mater i a l s .  
Further analyses of those mater i a l s  are p l anned . 

o The fo l lowing gamma emit t i ng rad ionuc l i des were present : 60co , 
1 0�u ,  l l �g. 

1 25sb, 1 34cs , 1 37cs , 1 44ce. 1 5\u ,  
1 55E u, and 24 1Am. 
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o No pyrophor ic  1combust ible )  mater i a l s  were observed dur i n g  the  

pyrophor i c i ty t est . 

o Th e ferromagnet i c  content of the exami ned s amp l e  was <1 %  of  the 
total s amp l e  wei ght and was pr i nc i pally w i th i n the s i ze range 

between 300 �m and 4000 pm . 

o Th e measured average enr i chments at the H8 and E9 l ocat i ons were 2 .4 

and 2 . 8% respect i vely , i nd i cat i ng that per i pher i al core mater i a l s  
generally were not present at the c enter o f  the core ( i . e . ,  HS). 

o A compar i son of the measured dat a  w i t h  the ORIGEN-2 code was 

performed . P rel im i nary evaluat ions i nd i cated that some f i s s i on 

produc ts ( i . e . , 1 44 ce ,  1 54E u ,  and 1 5 5E u )  remai ned p r i mar i ly 

w ith  the fue l whereas large percentages ( >50% ) of other f i s s i on  
products ( pr i nc i pally 1 34 • 1 37cs )  were no  longer assoc i ated w i t h  

t h e  f uel mater i al • 

• 
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DRAF T PRE L I M I NARY REPOR T  

TM I -2 CORE DE BR I S  GRAB SAMPLE S 
ANAL YSI S OF FI RST GROUP Of SAMPLES  

1. I NTRODUCT ION 

On 28 March 1 979, the Un i t  2 pressur ized water reactor at Three M i l e 
I s l and underwent an acc ident that resu l ted i n  severe damage to  the reactor's 
core . As a c onsequence of the TMI -2 acc ident , numerous aspects of l i ght water 
reactor safety have been quest ioned and the Nuc lear Regu l atory Commi ss i on 
(NRC) has embarked on a thorough rev iew of reactor safety i ssues, part icu l ar ly 
the causes and effects of severe core da.age acc idents . The nuclear commun i ty 
acknow ledges the importance of exam i n i ng TMI -2 i n  order t o  understand the 
nature of the core d�age . I mmed i ate ly  after the TMI -2  acc i dent , four 
organ i zat i ons w i th interests 1n both p l an t  recovery and acc ident data 
acqu i s i t i on fo�l ly  agreed to cooperate in these areas . These organ i zat i ons, 
c ommon ly referred to  as the GEND Group- -�enera l  Publ ic Ut i l i t ies , f l ect r i c  
Power Research I ns t i t ute, �uc lear Regu l atory Commiss i on , and �epartment of 
Energy- -are present ly ;nvo l ved in post accident eva l uat ions . The Department 
of Energy (DOE ) i s  prov i d i ng  a port ion of the funds for reactor recovery ( i n 
those areas where accident recovery knowl edge w i l l  be of gener i c  benef i t  to  
the l ight  water reachr i ndustry of  the Un i ted States ) .  I n  add i t ion , DOE i s  
f und i ng acqu i s i t ion and ana l ys i s  of  severe acc ident data ( such as the 
exa.inat ion of the damaged core ) . 

Acqu i s i t ion and exami nat i on of t he core debr i s  grab samples are part of 
the �ore i nterna l s  examinat ion program recommended by the TMI Reactor 
Assessment/F tss1on Product Behav i or Techn i ca l  E v a l uat i on Group ( TEG ) . The 

. 

object i ves and interests of the  exam inat ions and data presented i n  thi s report 
support data reQu i rements of  GPU Nuc lear for reactor recovery . The 
examinat ions are being performed to acQu i re data on the extent and nature o f  
d.-age and post- accident cond i t ion of t he core that w i l l  ass i st GPU Nuc lear i n  
assess i ng the tool1ng and procedures requ1red t o  defue l the TM I -2 reactor . 
The pr i nc ipa l reactor recovery t ssues be t ng addressed i n  the core debr i s  
exam i nations i nc l ude: 

• 

• 



0 

0 

0 

0 

What i s  the phys i c a l  form of the part icu l ate core debr i s  ( part i c l e  

s i ze,  shape, morpho logy, or i g i n , etc . )? 

Wh at are the chem ica l  forms of the debr i s  ( fuel , c l add ing , control 

mater i al , s tructura l  mater i a l , react i on p roduct ,  etc . ) ?  

What are the i dent i ty and quan t i ty of f i ss ion  products ret a i ned i n  
the  deb r i s? 

What are t he re l ease r ates of  r ad io i sotopes from ex i st i ng and 
fresh ly  created surfaces ? 

o Are pyrophor i c  mater i a l s  p resent i n  t he debr i s ,  and i f  s o  to what 

extent?  

o Does the core debr i s  present any u nant ic i pated defue l i ng equ i pment 

concern s ( f i l trat i on propert i es ,  sett l i n g  r ate , etc . )? 

o What i s  the a i rborne potent i a l for r ad i oact i ve p art i c l es ( f i nes). 

Th i s  i ssue w i l l  be addressed i n  subsequent exami n at ions . I t  i s  not  

part  of th i s  report . 

o Can the water that i s  phys i ca l l y or c hemic a l ly  entrai ned i n  the  

debr i s  be removed read i ly  to fac i l i tate sh i pp i ng and  storage of the 

core? What dry ing  cond i t i ons  are req u i red? Th i s  i ssue w i l l  be 

addressed in  subsequent exami nat i on s . I t  i s  not part of  th i s  report . 

D ata des i gned to  address t hese i ssues w i l l  a i d TMI -2 defue l i ng p l ann i ng 

i n  numerous ways . The phys i c a l  form of the debr i s  ( part i c l e  s i ze and 
s tructure) i s  s i gn i f ic ant s i nce sma l l s i zed part i c l es may be  s uspended dur i ng 

defue l i ng and cause c l oud i ness ·  i n  the  water . Part i c l e  s i ze d i str i but i on and 
f i l terab i l i ty w i l l  a l so determine the  type and effec t i veness of  f i l ters ,  

cyc l ones , and so  forth , used for c l ean i ng the water . Ev i dence of the  phys i c a l 

s tate of debr i s  part i c l es ( e . g . , presence of prev ious ly  mo l ten mater i a l s) may 
prov ide a c l ue to the nature of the core mater i a l  underneath the  l oose debr i s  
l ayer . Th e phys ica l  and mechan i c a l  propert ies of the core mater i a l s w i l l  

i n f l uence the des ign  of too l s  and methods for defue l i ng .  The ret a i ned f i ss i o n  

product content o f  the debr i s  i s  a l so i mportant s i nce i t  represents a 
potent i a l  rad i o l og i c a l  source that mu st be contro l l ed .  The rate at wh i c h  
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rad i o i sotopes c an be leached from the debr i s  w i l l  affect  the leve l  of 
radioactivity d i sso l ved i n  the water dur ing defueltng .  The presence of 
pyrophor ic  .ater i a l s  may suggest that l arger concentrat ions of pyrophor t c  
mater i a l s  cou ld  ex i st bel ow  the l oose debr1s , wh ich cou l d  be hazardous duri ng 
preparat ion for sh ipp 1 ng .  Water entra i ned i n  debr i s  mater i a l s  represents a 
potentia l for t he rad io lyt ic  bu i ldup of hydrogen and oxygen gas i n  c losed 
storage cont a i ners . 

Th i s report prov i des pre l imi nary data on t he phys ica l  character i st ics and 
radionuc l ide concentrat i ons  of the f i ve debr i s  samples being exami ned at the 
INEL . The fol l ow-on examinat ions w i l l supp l ement t hese data and ass i st i n  
reso l v i ng the princ ipa l  i ssues di scussed above . I n  addi t ion , these data wi l l  
be used a l ong w i th the data from other t asks described i n  t he Core E x am inat ion 
Plan to a i d  i n  def i n i ng the behav ior of a commerc i a l  reactor core under the 
acc ident cond i t ions t hat occurred at TMI -2 .  Spec i f ical ly ,  t h i s  report 
presents the bulk s amp l e  and i ndi vidua l part icle geometry, i nc l uding part ic l e  
s1ze ana l ysis, the ferromagnet ic  content , results of pyrophor ic i ty tests , 
gamma spectral measurements  of the s ieve fract ions and some ind i v i dua l 
part ic l es .  a nd f iss i le/fert i l e measurement data . The data are d i scussed and a 
summary of observat i ons i s  presented .  

S1x sa.ples of  part icu l ate debri s from w i t h i n  the TMI -2 rubb l e  bed were 
obta i ned i n  September-October 1983 by lowering samp l ing dev ices through 
l eadscrew open ings at two l ocat i ons i n  t he TMI -2 core, H8 (m id- core) and E9 
(• id-rad i us ) . The samp les are from three depths : surface of the rubb l e  bed, 
3-inches and 22- i nches deep i n  the bed. After the ir  removal, the s i x s amples 
were sh i pped to EG&G I daho . Samp l e  (No .  2 )  was then shipped to Babcock and 
W i lcox ( B&W ) f or exam i nat ion and ana l ys t s .  The grab s amp l es are the f i rst 
materi a l  to be extracted f rom the rubb l e  bed . 

Two different samp l 1ng dev ices were used to extract the s amples from the 
rubb l e  bed. One was a clamshe l l  type too l used to take the surface samp les . 
The other was a rotat i ng t ube dev ice with doors on each s ide of two tubes . 
figure 1 shows the TMJ-2 core debr i s  samp l ing schemat ic .  

3 
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Subsurface 
debris sampling 

device 
Surface debris 

sampling device 

INEL 31116 

F i gure l .  TMI-2  core debr i s  samp l i ng schemat i c . 
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E ventua l ly, examinat ion resu lts from B&W of sample  Number 2 ( l- i nch  into 
the debr1s bed at  core l oc ation HB) w1 l l be combined and ana l yzed w i th these 
data . A report w i l l  be prepared wh ich contatns both the EG&G I daho and B&W 
resu l ts . 

s 
• 
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2 .  UNPACKAG I NG ,  PHOTO-V I SUAL , AND PARTI CLE S I Z I NG 

After the i r  rece i pt from TMI , the f i ve b u l k  s amp l es (1, 3, 4, 5,  and 6) 

reta i ned at EG&G I daho were unpackaged and photo- v i sua l l y  i nspected . A 

s ummary of the b u l k  exami nat i on i s  presented i n  Tab l e 1. F i gure 2 i s  a 

summary schemat i c  show i ng the core debr i s grab samp l e  acqu i s i t i on ( core 

l oc at i on and photos of each b u l k  s amp l e )  at TMI -2. F i gure 3 s hows the  

samp l i ng too l s used to acq u i re the samp l es .  

Th e b u l k  s amp l es were s ubjected to a part i c l e  s i ze d i str i bu t i on 

an alys i s .  Th i s  ana lys i s  was done by s i ev i ng the bu l k  samp l es i nto a number  o f  

progress i ve ly  sma l l er part i c l e  s i zed g roups (8 for most s amp l es ) .  Th e n umber 

and s i ze d i v i s i on wer e determi ned dur i ng the v i sua l  exami nat i on of the bu l k  

s amp l es and , i n  gener a l ,  match those u sed by B&W. Th e r esu l ts o f  t hese 
ana lyses are shown i n  Tab l e  2 .  Bot h wet ( freon wash ) and dry s i ev i ng 

techn i ques were emp l oyed . For the l arger part i c l e  s i ze fract i on ( i . e., 

�1000 �m)  dry s i ev i ng was used. For  the s i ze groups <1000 �m ,  wet 

s i ev i ng ( i . e. freon was h )  was used to reduce suspens i on of the sma l l er s i ze  

part ic les . The freon was h was used  because i t  does not  react chem i c a l l y  w i t h  

the core debr i s  mater i a l s .  Th ese data are d i scus sed further i n  Sec t i on 7.  

D i screte part i c l es from the l arger (�1000 �m ) s i eve frac t i on s i zes  
were s e l ected and  photographed i n  preparat i on for fo l l ow-on exami nat i on. 

Photographs of these part i c l es are shown i n  Append i x  A .  A det a i l ed 

descr i pt i on of e ach  of the f i ve s amp l es f o l l ows: 

Samp l e  1. the surface samp l e  from the H8 l ocat i on ,  was obt a i ned us i n g  a 

c l amshe l l s amp l er (see F i gure 3). Th e s amp l er conta i ned approx i matel y  

7 1  grams o f  very b l ack debr i s  w i th a w i de range of part i c l e  s i zes . Th e 

part ic l e  s i zes i n  th i s  samp l e  r anged from 30 �m to g reater t han 4000 �m, 

w i th the major i ty of the mater i a l  b e i ng greater than 1000 �m i n  s i z e .  Th e 
overa l l photograph of Samp l e  1 i s  shown i n  F i gure 4. The mos t  un i que part i c l e  
i n  S amp l e  1 i s  a l arge fue l rod remnant, approx i mate l y  19000 �m l ong , 
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TABLE 1. SUtt4ARY OF PHOTtl-VI SUAL, ANA GROSS RADIAT ION LEVELS 

Ganma 
Locat ion of Rad1at ion 

Sa�le  s..., l er TMJ -2 Core Sa�le  tn Leve l at l-i n . 
Numer Type Locat ion Rubb le  Bed (Rads) 

Cl amshel l H8 307 ft  0 i n .  1 6  
( surf ace )  

3 Rot at i ng H8 22- i n .  i nto 36 
Tube debr i s  bed 

...... 4 Clamshel l E9  306 f t  9 i n . 3 
( surf ace )  

• 

5 Rotat i ng E9 3 i n .  i n to 1 8  
Tube debr i s  bed 

6 Rotat i ng E9 22- i n .  i nto 36 
Tube debr i s  bed 

·- ------ - . ------ ----

V i sual  Character i s t i cs  

A p i le of  very b l ack , damp debr i s  w ith  
a f a i r ly w ide range of  part icle s i zes 
( d imens ions ranging from 1 / 1 6 to 
1 /2 i n . ) ; sever a l  rounded surfaces ; 
sporad ic rust co lor throughout . 
Very b l ack debr i s ,  s l igh t l y damp,  w ide 
range of part i cl e  s i zes ( d imens i ons 
1 / 1 6  to 1/4- i n . ) , sma l l chunks to 
fine debr i s ;  s im i l ar to Samp l e  1 .  

Th ir teen major chunk s ,  dry , b l ack w i th  
rust colored s i des , bas ica l ly sharp 
edges with one or two chunck s hav i ng 
rounded edges; d imens ions rang i ng 
from l /4 to 3/8 in • 

S imi l ar to Sample 4 wi th the fo l lowing 
d i st inct i ons : many more p ieces; 
greater s i ze range ( 1 / 1 6 to 3/8 i n . ) ; 
some surfaces more ref lective. 
Aga i n ,  very dry . 

Very b l ack debris, sma l l chunk s to 
f i ne debr i s ,  s l i ght ly  damp ,  some 
p ieces b l ackish gray . A coup l e  of 
p ieces resemb led meta l  shards s im i l ar 
to Sa�le 3 .  



Figure.2 

TMI-2 Core Debris Grab Samples 

LO>-•!r/lflf 
£Me •wd ero.t MCI•on 

Summary schemat i c  showi ng TM I-2  core debr i s  grab samp l e  
acquisit i on . 
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TABLE 2 .  PART I C L E  SIZE ANAL YS I S RESULTS 

Par t i c le  Sa!IJ)le No . 1 
S i ze Range 

a 
Sanp 1 e  No . 3 

h:!•l (gms ) J!L 12!!!1 {Sl 
>4000 1 2 .62 18 .4 63 . 75  42 .9  
1680 to 4000 27 .82 40 . 6  5 1 .45 34 . 7  
1000 to  1680 1 5. 64 22 .8 1 9. 1 9  1 2 .9  
� > 1000 8 1 .8 90 . 5  

Sanp le No . 4
b 

�gms ) 

Sanple No. 5 

� {S} 
69. 5 7  7 7 .  1 
1 3 . 96 1 5 . 5  
6 . 25  6 . 9  

99 . 5  

c 

< 1000 0 .44  0.49 
707 to 1000 7 .80 1 1 .4 5 .49 3 . 7  
297 t o  707 3 .20 4 . 7 6 .34 4 .3 
149 to 297 0 .87 1 . 3 1 .27  0.86 
74 to  1 49 0 . 44  0 . 64 0. 7 7  0 . 52 
30 to 74 0 . 1 7  0 .25 0 . 18 0. 1 2  

< 30 NAe 0 .013 0.0 1 
Suftlled wt 68. 56 148.4 5 90.22  
I n i t  i a  1 wt  70 . 88 1 52 . 7 1  1 6 . 59 90. 96 

·loss 2 . 32  3 .3 4 .26 2 .8 0. 74 

a .  Samp le numbers shown correspond to s ample numbers l i sted i n  T ab l e  1 .  

b . Sieving was not done . Sample  cons i sted on l y  of l arge pieces . 

0 . 8  

c .  S ieving was l im i ted to 4 s i zes . Sample cons isted mos t ly of l arge p i eces . 

----

Sampl e No . 6 Slftll)le  No. 

1i!!l {�l {gmsl 
57 .99 42 .o 0 
49 . 39 35 .8 0 . 39 
1 3.88 10. 1 0 . 30 

87 . 9  

8 . 93 6 . 5  0 .25  
5 . 99 4 .3 0 .  19  
0 . 9 7 0 . 70 0 .025 
0. 67  0 .48  0.024 
0 . 22 o .  16  NA 

NA -0- NA 
1 38.04 1 . 1 78 
140. 73  
2 .69 1 . 9 

d .  F erromagnet i c  s ample  we ights (gms ) . These samples are a subset of  the ir  respec t i ve we i ght  fracttons 
f or S.-ple No . 6 .  

e .  None detected ( not measurab l e ) . 

6 

f .  The l oss  fract ion def i nes an uncera i nty i n  the quantity of  materi a l  present, however, the l oss  fractton 
partic le s i ze d i str i but ion i s  not known . 
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F i gure 3 TMI - 2  core debr i s  samp l i ng too l s . 



.... .... 

-

· -

-

• • •  

e • .. 

• • 

-

• 

• 

F i gure 4. TMI-2 core debri s sample 11 ( surf ace-HS) . 



cons i st i ng of z i rcon i um c l add i ng w it h p i eces of fue l  attached (Fi gure 5 ) .  The 

outer surface of the c l add ing  and a l l fracture surfaces appear smooth . 

Several other part i c l es w i th i n  the debr i s  a l so h ave smooth s urfaces and 

rounded corners .  There are no sharp fracture surfaces apparent on the  
p art i c l es .  Several part i c l es were se l ected from S amp l e  1 for deta i l ed 
ana lys i s .  Photographs of these part i c l es are presented i n  Append i x  A .  

( SAMPLE  2 DATA FROM B&W TO BE ADDE D )  

Samp le  3 ,  the 22- i nch  deep samp l e from the H 8  pos i t i on was obta i ned us i ng 

a rot at i ng tube s ampl er { see F i gure 3 ) .  F i gure 6 shows the debr i s  contai ned 
i n  th i s  samp l e .  The mater i a l  was strat i f i ed w i th i n  the samp l er ,  w i t h  the 

l arger part i c l es toward the top and the f i ner part i c l es nearer t he bottom. 
Th i s  may have occurred dur i ng sh i pment . The part i c l e  s i zes i n  th i s  s amp l e  

r anged from 30 � m  t o  greater than 4000 �m a s  s hown i n  Tab l e  2 ,  w i th a 

major i ty of the part i c l es ( 90% ) greater than 1 000 �m i n  s i z e .  Th i s  s amp l e  

contai ned severa l  part ic l es that appeared t o  be  fractured fue l pel l ets . Th e 

s amp l e  i s  shown i n  Fi gure 7.  

S amp l e  4 ,  the E9 s urface s amp l e  cons i sted of t h i rteen l arger s i zed 
part i c l es { >1 000 �m ) req u i r i ng part i c l e  s i ze analys i s  of th i s  samp l e  
uneces sary .  A l l p i eces have the appearance of fractured fuel  pel l ets { see 
F i gure 8 ) . Samp l e  5 ,  the E9  three inch  deep s amp l e ,  contai ned a l most a l l 
l arger ( > 1 000 �m )  p art i c l es { see F i gure 9 ) . I t  appeared s i mi l ar i n  n ature 

to S amp l e  4 .  Th e l ack of smal l er part i c l es { < 1 000 �m ) i n  these two 

samp l es co i nc i des w ith  the i n-core c l osed c i rcu i t  te l ev i s i on ( CCTV ) v i deo 

i nspec t i ons wh i ch show the E9 and adjac ent area to c onta i n  l arger s ized 

part i c l es on the surface of debr i s  bed . A l so ,  the E9 l oc at i on co i nc i des  w i t h  

a steep s l ope i n  t h e  debr i s  bed , a s  determi ned from t h e  core topography . 1 

It may be that the E9  l ocat i on i s  at an area i n  the debr i s  bed of preferent i a l  

cool ant f l ow s o  that the f i ne  mater ial  i n  the upper l ayers wou l d  have been 
swept away. 
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Figure 5. Sa.ple lA, fue l rod segment from surface of debris bed at HS 

location. 
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F i gure 6 TMI -2 core debri s samp l e  #3 bei ng removed from the rotati ng 
t ube ( 22" deep-H8 } . 
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F i gure 7 TMI -2 core debris sample 13 (22" deep-HS). 



Figure 8· TMI-2 core debris sample #4 (surface-E9). 
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F i gure 9 TMI -2 core deb ris sample 15 (J• deep-E9 ) . 



Samp l e  6 ,  the E9 deep ( 22- i n . )  samp l e  shown i n  F i gure 1 0  i s  very s im i l ar 

i n  quan t i ty and appear ance to Samp l e  3 ,  the H8 deep ( 22- i n . ) s amp l e .  In 

genera l, 80% or more of the debr i s  exam i ned ( by we i gh t )  was greater than 
1 000 �m i n  s i ze . Th i s  may i nd i cate that the TMI -2  c ore mater i a l s  were 

fractured i nto rel at ive l y  l arge chunks when quenched dur i ng ref l ood . Sma l l er 

part i c les  may be absent from the debr i s  bed due to washout or sett l i ng .  

Ev i dence of washout i s  demonstrated through exam i nat i on o f  the TMI - 2  makeup 

system f i l ters and  the  B 8  and  H 8  l eadscrews wh i c h  reveal ed part ic l es i n  the  
0.5 to 6 �m range . 

A n umber of part i c l es i n  a l l  of the s amp l es a ppear to be part i a l ly  
covered w i th rust . There ex i sts exten s i ve coverage on some surfaces and  a 

l ack of coverage on others of the s ame part i c l e .  Th e or i g i n  o f  the rust  i s  
unknown . 

1 8  
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F i gure J,J. TMI-2 core debri s sample 16 ( 22" deep-E9 ) . 



SECTI ON 3 

FERROMAGNE T I C  ANALYS I S 

The quan t i ty of ferromagnet i c  mater i a l  present i n  the s i eve frac t i ons  for 
S amp l e  6 ( l ocat i on E9 at 22- i nches ) was measured . Th i s  analys i s  was performed 
by p l ac i ng a smal l ( 2  l b .  pu l l )  magnet i n  a sma l l beaker and then p l ac i ng the 

beaker in  contact w i th each s i eve fract ion . A fter s t i rr i ng the beaker in  the 

samp l e  debr i s ,  the magnet , beaker and attached magnet i c  mater i a l were removed 
and p l aced i n  a s amp l e  contai ner . Th e magnet was then removed from t he beaker 

a l l ow i ng the magnet i c  mater i a l  to drop i nto the samp l e  conta i ner . No  mater i a l  

adhered t o  the g l ass after remova l  o f  the magnet; therefore , i t  was ass umed 
that a l l mater i a l i n  the samp l e  conta i ner had a ferromagnet i c  component .  

F i gure 1 1  i s  a photograph of a magnet ic part ic l e  wh i ch was removed for 
rad i ochem ica l  ana lys i s  ( P art i c l e  Number 6F ) .  The rough exter i or of part i c l e 

Number 6F i s  character i s t i c  of most part i c l es observed i n  the ferromagnet i c  

mater i a l . 

T ab l e  2 l i sts the quant ity of ferromagnet ic  mater i a l i n  each of the 

i n d i v i dua l  s i ze fract ions . From these data  the quan t i ty of ferromagnet i c  

mater i a l present i s  d iv i ded i nto two groups . Th e f i rst group { 297  to 

1 680 �m ) conta ins  95% of the tota l  we i ght  and the second group ( 30 to 
297 �m )  cont a i ns 5% . Therefore,  the fractur i ng forces wh i ch effec ted these 
mater i a l s  produced no l arge chunks of mater i a l  ( i . e . , >1 680 �m ) and very 
l i tt l e mater i a l <297 �m i nd icat i ng l i t t l e  powder i ng of the ferromagnet i c  
core components occurred . Sta i n l ess stee l was the pr i nc i pa l  core mater i a l  
conta i n i ng i ron . There was approx imate ly  4 . 5  x 1 03 kg of sta i n l es s  stee l 
( �8% F e )  present i n  the core area . 2 Th i s  compares w i th the  tota l core 
mater i a l  mass of 1 .2 5  x 105 kg . Th e frac t ion of ferromagnet i c  mater i a l 
found i n  the samp l e  ( � . 9l )  was magnet ite , however the quan t i ty of hemat i te 
( Fe2o3 ) formed from the sta i n l ess stee l i s  not known as t h i s  compound i s  
n ot magnet ic. 
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f1gure 1 1 . f erromagnetic pdrt1c l e  remov�o from the 100 �m s i ze frac t i on 
of �ample b (particle n umber 6f ) . 
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SECTI ON 4 

PYROPHOR IC I TY TESTS 

Pyrophor i c i ty ( i . e . , p i l ot ign i t ion ) tests were performed on  the core 
debr i s  s amp l es to eva l u ate potent i a l s afety h az ards to core recovery 

operat ions . To demonstrate the test procedure,  tests were performed on  
z i rcon ium hydr i de powder u s i ng a smal l tes l a  co i l  ( F i sher Sc i ent i f i c  Model  BD 

10 ) rated at 50 , 000 vo lts. The ign i t ion of th i s  powder was recorded both by 

v i deo tape and st i l l  photography before beg i n n i ng the actua l  core debr i s  

pyrophor i c i ty tests. An add i t i ona l  method used to produce h i gher temperatures 

( a  propane torch ) was a l so tested on the s ame type powder pr ior to beg i nn i ng 

the actual  measurements . 

Th e s ampl es chosen for the pyrophor i c i ty test i ng were the s i eve fract i ons 

from Samp l es 3 and 6 .  Tests were performed on a l l s i ze fract i ons from 30 to 
4000 �m . The quant i ty of mater i a l used for each  test was i n  the r ange of 

0 . 2 5-0 . 5  grams . Th e sma l l quant i ty of mater i a l  was sel ected to ma i nt a i n  
personne l exposure w ith i n  reasonab l e  l im i ts . Tests were performed under both 

"dry" and "wet" cond i t i ons . Th e dry cond i t ion was atta i ned by warm i ng the 

samp l e  for approx imate ly  30 minutes at 100°C before the s i ev i n g  procedure . 

Th e wet cond i t ion was attai ned by add i ng two drops of water to the mater i al . 

Analyses were performed on i nd i v i dua l wet and dry s amp l es port ions . No 

s amp le  was used for both analyses . F i gure 12 shows a port ion of S amp le  3 
be ing  exposed to the tes l a  co i l  to determi ne i f  p i l ot i g n i t ion  occurred . No 

v i s i b l e  p i l ot i gn i t ion was observed for any s amp l e . 

F i gure 1 3  shows a smal l p i ece of suspected z i rc a l oy mater i a l  be i n g  heated 

w i th a propane torch . Two p i eces of core mater i a l were exposed to the propane 

torch and no p i l ot i gn i t ion was observed. 

2 2  
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F1gure lt. Tesla coil pilot ignition test on material removed from the 
14�-297 �m size fraction from s ample no. 3 using a Fisher 
Sc1entif1c Co. Mooe1 8010 tes1a coil which is ratea at 
�.000 volts maximum. 

f1gure 13. Propane torch pi l ot tynttton test on core s tructure material . 
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SECTION 5 

GAMMA SPECTRAL MEASUREMENTS 

After completion of the particle size analysis, sample aliquots ( i.e., 
typical sample fractions} were removed from each size group of the five bulk 
samples. The aliquots and fragmented pieces from the larger particles shown 
in Appendix A ranging in size between 5 mg and 50 mg were analyzed by gamma 
spectrometry after being placed in individual diameter 1 em x 5 em long sealed 
aluminum cylinders in a calibrated geometry. The results were corrected for 
gamma ray attenuation by the mass of the sample. This correction was 
performed by comparing high and low energy gamma rays from specific 
radionuclides. From the data, primarily 144ce, a correction factor was 
calculated which allowed the effects of the sample mass attenuation to be 
subtracted from the gross analysis results. The gamma ray energies used to 
calculate the radionuclide content of each sample were: 60co (1332 KeV}, 
106Ru (622 KeV}, llOmAg {885 KeV}, 125sb (601 KeV}, 134cs (605 KeV}, 
137cs (662 KeV}, 144ce (2185 KeV}, 154Eu (1274 KeV}, 15%u (80 KeV}, 
a nd 241Am (59.5 KeV}. The only radionuclides for which significant mass 
attenuation was expected are 155Eu and 241 Am. The correction for 155Eu 
has an uncertainty of less than 20 percent. The data for 241Am are not 
included in this report as effective correction factors have not yet been 
verified. Aluminum cylinders were chosen for this analysis so that the 
fissile/fertile material analysis could be made on the samples fractions 
without transferring sample material. 

A ppendix B tabulates and segregates the gamma spectrometry analytical 
data according to particle size. The analysis of the data is discussed in 
Sect ion 7. 
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SECT I ON 6 

FI SS I LE/FERT I LE MATER I AL ANALYS I S 

The f i ss i le/fert i l e mater i a l  analyses were performed at the Coup l ed Fas t  
. React i v i ty Measurement F ac i l i ty ( CFRMF ) by de l ayed neutron ana lys 1 s . 3 The 

tota l  f is s i le/fert i l e content of the s amp les was measured by remotely expos i ng 
the i ndiv idua l 1 em x 5 em samp l e  cont a i ners to a fast spectrum neutron f l ux 
which i s  located i n  the centra l reg i on of the core i n  the fac i l i ty .  The 
can i ster was then removed after a one m inute exposure and the del ayed neutron s 
be i ng emi tted , measured after a spec i f i c  t ime ( �0 seconds ) u s i ng a He3 
detector i n  a hydrogen moderator . 

To obta i n  t he d i str i but i on between f i s sile and fert i le mater i al content , 
the s.-ple c an ister was then exposed to a therma l neutron f l ux spectrum wh ich 
c auses only the 2 3Su p l us 239Pu e l ements w i th i n  the sample to f i ss i on and 
�i t  del �ed neutrons . It  was assumed that the quant i ty of 239Pu i s  
i ns i gn i f i cant . Based on theoretic a l  predic t ions d i scussed i n  Sec t ion 7 ,  the 
239Pu conten t  i s  l ess than 0 . 2  we i ght percent . However, a f i ve to e ight 
percent b i as may resu l t . The sample  was then ana l yzed us ing the He3 
detection system. The f i ss i l e and fertil e mater i a l  contents of the samp l e  
were determined b y  subtrac t ing  the measured f i ss i l e mater i a l  content from the 
tota l  f i ss i le/ fert i le mater i a l  content us i ng appropr i ate  c a l i brat ions . 

I n  preparat i on for the core debr i s  f i ss i l e/fert i l e materia l ana lys i s ,  
ca l i brat ion standards were prepared from h igh l y  enr iched uran i um,  dep leted 
uran i um, and l i ght water reactor grade enr iched uran i um (� . 3  wtS ) .  I n  
add i t ion, c a l i brat i on s tandards were prepared a t  d i fferent we ights ( between 
5 � and 1 gram) to perm i t  correct ion of the data  for neutron attenuat i on 
c aused by the mass of the s amp l e .  

The ava1 l ab l e  measured f i ss i le/fert i l e mater i a l  data a t  the t ime o f  the 
preparat ion of this report are l i sted i n  Appendi x  C . These data are di scussed 
1 n  Sec t ion 7. 
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SECTI ON 7 

D I SCUSS I ON OF RESUL T S  

T h e  data o f  pr i nc ip a l  i nterest presented i n  th i s  report are the  part i c l e  

s i ze analys i s  of  the c ore debr i s  s amp l es , t he r ad ionuc l i de content  of the 

i nd i v idua l  s i ze fract i ons , the f i s s i l e/ fert i l e  content of spec i f i c  samp l es and  

t he compar i son o f  these data  w i th t he c ore i nventory as c a l cu l ated by 
ORIGEN-2 .4 

From the part i c l e  s i ze data,  some pre l im i n ary o bservat i on s  c oncern i ng the 
character i st ics  of the mater i a l  may be  made . They are :  

1 .  At the H8 c ore l oc at i on , the s urface s amp l e  ( No . 1 )  i s  f i ner t han 

the deep subsurface samp l e  ( N o . 3 ) ,  as wou l d  b e  expected if the 

granu l ar core debr i s  h ad been suspended by pump f l ow and then 

grav i ty sett l ed .  

2. Th ere i s  no  s i gn i f i cant part i c l e s i ze d i fference among  the H8 and E9 

deep samp l es ( N o . 3 and 6 ) ,  thus  they may be  used w i th some 

c onf idence as typ i c a l  of the subsurface b u l k  debr i s  bed . 

3. On ly  about 0 . 3  we i ght percent of the debr i s  bed i s  sma l l er than 

1 00 �m i n  s i ze. 

4 .  Th e E9 s urface s amp l e  ( No . 4 )  and the E9  n ear s urface  s amp l e  ( No. 5) 
are s imi l ar i n  that they conta i n  on l y  l arge part i c l es greater than 

1000 �m . 

Th e t abu l ar part i c l e  s i ze d ata are presented i n  Tab l e 2 .  Th ese d at a  h ave 
been p l otted two ways to  a i d  · i nterpret at i on. F i gure 1 4  i s  a frequency 

d i str i but ion h i stogram s how i ng the fract i on o f  part i c l es w i th i n  a s i ze  r ange 

re l at i ve to the average part i c l e  s i ze of the  range . F i gure 1 5  i s  a l og-l o g  

p l ot ( Ros i n-Rammler p l ot ) showi ng  c umu l at i ve percent  u nder a c erta i n  p art i c l e  

s i ze . The l atter p l ot may b e  used for i nterpo l at i on and extrapo l at i on .5 
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Figure 14. THI-2 Core uebris Samples Frequency Distribution Histogram 
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Figure 15. Tfll-2 Core Debris Samples Particle Size Distribution 
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The gamma spectrometry analys t s  of  t ndt v tdua l part ic les and samp l e  
a l i quot s  may b e  used t o  prov ide est imates of the f i s s i on product i nventory 
remain ing i n  the debri s  bed . In Tab les 3 through 7 the gamma spec trometry 
resu lts  for a l l  s ample frac t i ons are summari zed accord ing to part ic le  s i ze . 
For part ic l e  stze fract ions where more than one sample  was removed ( i . e . , 
1000 -4000 �• )  the data are presented as an average rad i onuc l i de 
concentrat ion (�C i /gram)  w i th the range of the concentrat ions . F i ss i on 
product concentrat ions for samp l e  a l iquots < 1000 �m are rel at i ve ly 
cons i stent f or a l l  s amp l es i nd icat i ng that the mater i a l  in  these s i ze 
fract i ons i s  re l at i vely homogeneous .  For the l arge s i ze fract ions ( i . e . ,  
�1000 �•) there appears to  be a much w i der range of radi onuc l ide contents 
among i ndi v i dual part ic les .  In some i nstances , these resu l ts are due to the 
obv i ous  presence of structura l  mater i al s ( see Appendi x  A ) . These materi a l s  
h ave been i nc l uded i n  the measurement data t o  prov ide i nformat ion o n  the 
r ad ionuc l ide conten t of  mater 1a l s other than fue l present i n  the core . 
T ab l e  8 l i s t s  the i dent i f icat ion and the data  from p ieces of materia l  wh ich 
were determ i ned by f i ss i l e conten t to be nonfue l components .  These dat a 
i nd icate s1gn if icant ly  l ower l eve l s  o f  f i ss i on produc t content than other 
part i c l es wh ich are composed at l east  part i a l ly of fue l mater i a l . 

Th e core debr i s  s ample  f i ss i on product data were normal i zed us i ng the 
tota l s ieve fract i on we i ghts  and tot a l  sample  we ights for each of the five 
bu l k  s amples ana lyzed. A wei ghted average v a l ue for each gamma emitt i ng rad i o  
nuc l 1de detected i n  the core debr i s  was ca lculated and d i v i ded by the ORIGEN-2 

fiss ion product i nventory per gram of U� to  determine t he percent of each 
of the radio nuc l i des remain ing i n  the fue l . The resu l ts of th i s  compar i son  
are  g i ven i n  T ab l e  9 .  It shou ld  be noted that the samp le  a l i quots removed 
were not complete ly  representat i ve of the bu l k  samp l e .  Therefore, these data 
•ay not be  representat ive of the average core f i ss i on product contents .  
�o•e�er , these data i nd icate that the major i ty of the Ruthen i um, Ceri um, and 
Europ1� rema ined w i th the fue l , wh i l e the majori ty of the Coba l t ,  An t i mony 
and Ces i um were re leased . 
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TABLE 3. RADIONUCL I DE DISTRIBUTION FOR SAMPLE 1 LOCATI ON H8 AT SURFACE (uCi/g} 

4000 11m 
a 

Radionuc1ide Av era2e R ange 

60co 1 .8(+1) 8.7(0) - 2.6(+1) 

106Ru 5.7(+2) 6.7(+1) - 1.6(+3) 

110mA9 NO 

125sb 6.3(+1) 1.4 (+1) - 1.2(+2) 

134cs 2.6(+1) 3.7(0) - 7 .6(+1) 

137cs 5.4 (2) 6.7(+1) - 1.3(+3) 

144ce 2 .1(+3) 1.7(+2)- 3.8(+3) 

154Eu 3.3 ( + 1) 8.0(-1)- 5.9(+1) 

155E u 6.8(+1) 1.2 ( + 1) - 1.6(+2) 

Radionuclide 707 um 297 um 149 um 

60co 2.3(+2) 4.9(+1) 8. 1 ( +1) 

106Ru 5.6(+3) 1.5(+2) 1.5(+2) 

llOmAg 3.7(0) 1 .1 (O) 1.3 (O) 
125sb 1.9(+3) 2.2 (+2) 3.4 (+2 )  

134cs 5.6( + 1) 2.7(+1) 4.4 ( + 1) 

1 37cs 1.1(+3) 6.5(+2) 9. 1 (  +2) 
144ce 2.3(+3) 2.4 ( +3) 1.6 (+3) 

154E u  4.5(+1) 4.3 ( + 1) 2.4 ( + 1) 

155Eu 1 . 1(+2) 9.7(+1) 6.7(+1) 

1680 um 

Av er age Range 

3.2(+1) 8.1(0)- 7.8(+1) 

7.5(+1) 4.4 (+1) - 1.1(+2) 

ND 

1.8(+1) 1.5(+1)- 1.8(+1) 

7 .3(+1) 6.3(0) - 1.1(2) 

1.3 (+3) 1.1(+2)- 2.0(+3) 

2 .5( +3) 2.2(+3)- 3.1(+3) 

4. 1 ( + 1) 3.0(+1)- 5.7(+1) 

1.0(+2) 9.5(+1)- 1.2 (+2) 

74 um 30 um 
1.1 ( +2) 6.6(+1) 

2.7(+2) 1.1(+2) 

1.8(0) 1.0(0) 

ll;8{+2) 2.0(+2) 

5. 1(+1) 3.2 ( + 1 ) 
1.0(+3) 6. 1(+2) 

1.7(+3) 7. 1 ( +2) 

3.4 ( + 1) 1.1(+1) 

6.9(+1) 2.6(+1) 

a .  Two pieces of ztrca1oy inc luded in the average . 

b. Only one partic l e  showed l l O�g. 

Av era2e 

8.9(0) 

4.2 ( + 1) 

7.4 (Q)b 

7.2(+2) 

2.4 (+1) 

4.3(+2) 

9.4 (+2) 

1.8(+1) 

3.7(+1) 

1000 um 

Ran2e 

1.9(0)- 1.7(+1) 

8.9(0) - 7.0(+1) 

1.1(0) - 2.2(+3) 

3.1(0)- 6.3(+1) 

5.5(+1) - 1.1(+3) 

0 - 2.5(+3) 

9.8(-1)- 4.8(+1) 

0 - 1.0(+2) 



Tlk( 4. IAOlOfiUCllO( OlSTlli'JliOICS FC. ��L( 3 • LOCATI '!., M8 AT U-IIICHU 
(.Ct/g) 

4000 .,. 1680 •• 1000 ... 

hdtOII�oC hdt Av•r•gf' ; .� �� Av�.,. hflp Av�•i! R!ftt! - --- . - -·· ---- ---

60co 4.8(+1) 2 .o ( 0) - 1 . 3 (o; ) 6. l(O l 3.3(0) • 8.6(0) 3. 1 ( •1) 6.4 (0) • 7. 1 ( •1) 

106a11 7.8 (+2) 3.8(0) - 1.46(•3) 9.4(0:') 5. 1(+1) • 2.6(+3) 1 .4 ( •l 4.2 (•1). 2.4(+2) 

tns, 6 . 6(•1) 6.9(0) • l.3(•l) 4 .o ( •1) 6. 1(0) • 9.6(•1) 2 .l ( +1) 9.0(0) • 4 .4(+1) 

134cs 2.3 (•1) S.0(-1)- S.7(•1) • .9(+1) 1.1(•1). 9.2(•1) 2 .1( •1) 4.6(0) • 4.8(•1) 

1l7cs 3.8(+2) 4.6(•1) - 9.S(•2) 9. 1(+2) 3 . 9(•2) - 1 . 6(+3) 4.0(+2) 7.3(+1). 9.3(•1) 
144c. 2.2(•3) 5.8(+1)- 3.9(+3) 3 .2(+3) 5.7(•7 ) . 7.0(+3) 2.0(•)) 9 .3 (+2) • 2.6(+ 3) 

1S4[u 3.7(+1) 7.1(-1)- 6.8(+1) S.3(+1) 4 .3(0) • 1 .2(•2) 3.!>(•1) 1.6 ( • 1) • 4.7(+1) 

155[u 8. 8(+1) 2 .9(0) • 1 .6(•2) 1.A (+2) 2.8(•1) . 3.1(+2) 8.7(•1 ) 4.0(•1) • 1. 1(+2) 

hd tOftUC Hcle 707 t• 297� 149 l!! 7. � 301!! m.e 
w "to • - 9.2(+1) 2.2 ( +1) 6.6( +1) 8.6(+1) 1.4(•2) \.0( •2) 

106au 2 . 1(+2) 1.2 ( +2) 3. 1 ( +2) 2.3 ( +2) 6 . !>(•2) 2 . S(+2) 
12� 3.4 ( •1 ) 1 .9(+1) 1.1(+2) 1.9(+2) 2.2(•2) 1.8( •2) 
134cs 3. 1(+1) 3.5(+1) 4.3(+1) 5.2(+1) 5.2(+1) 2.9(+1) 

ll7c, 5.4(•2) 8.4 ( +2) 9.0(+2) 9 . 0(+2) 8 .9( +2) 6.6(+2) 

'"c� 2 .4 (•3) 1.8( +3) 1.6(•3) 1 .5(+3) 1.2 ( +3) 7.5(+2) 

1S4[u 4.5(+1) 3 .2 (+1) 2.6(+1) 2.3(+1) 1.7(+1) 1.0(+1) 

155[11 1.0(+2) 3.8(•1) 8.2(+3) 6.3(+1) 4.9(+1) 3.1(+1) 
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TABLE 5 .  RADIONUC L I DE DISTR I BUTION FOR SAMPL E  4 - LOCAT I ON E9 AT SURFACE 
( JJC i /g )  

60co  

1 06Ru 

l l OmAg  

125 sb 

1 34cs 

1 37 cs 

1 44 ce 

1 54 E u  

1 5 5E u  

24 1 Am 

L arge Part i cles 
( > 1000 pm} 

8.6 ( + 1 )  

1 . 5 ( +3 ) 

NO 

9.9 ( + 1 )  

6 . 5 ( + 1 )  

1 .3 ( +3) 

4 .3 (+3) 

6.5 ( + 1 )  

1 .4 ( +2) 

Range 

2 . 7 5  - 2 . 5 { +2 } 

2 .4 ( +2) - 3 . 3 (+3 } 

6 . 8 (0) - 2 . 0 ( +2)  

1 . 7 (0) - 1 . 8 (+2) 

3 . 6 (0) - 3 . 9 ( +3) 

7 . 8 { +2) - 8 . 6 ( +3) 

9 . 3  - 1 50 

30 - 3 1 5  
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TABLE 6. RAOIONUCLlDE DlSTRlBUTION FOR SAff>LES 5 - E9 AT 3-lMHES 

(t�C1/9) 

R ad ionuc H de Avera9e 

60co 4.9(+1 ) 

106Ro..� 1.?{+3) 

t2Ssb 1.4 { +2) 

l3 4cs 1.5(+1) 

13 7cs 3.4(+2} 

1 4 4ce 3.5(+3) 

154Eu 5 . 5(+1) 

155Eu 1.4 ( +2} 

4000 11m 

Range Average 

2.8(0) - 1 .2(•?} 1 .6( + 1) 

6. 4(+2) - 2.?(+3) 6.2(•i') 

2.5(+1 ) - 3.0(+2} 3 . 8(+1) 

6.8(0 ) - 2.3(+1 ) 1 .6(+ 1) 

1 . 5(+2} - 3 . 9(+2) 4. 1 ( +2) 

1 . 8(+3) - 6.6(+3) 2.1(+3) 

1 .6(+1)- 1.2(+2 ) 2 .3 ( + 1) 

8. 1(+1) - 2.7{+2) 8.8(+1) 

1680 ,.. 

Range 

2 . 1(0)- 3 . 1(+1} 

5.6(+2) - 6 . 9(+2) 

1.3(+1) - 6.3{+1) 

2.9{0) - 2.9(+1) 

3 . 8{+1 ) - 7 . 9(+2} 

1.9{+3) - 2.4(+3 ) 

1.7(+1)- 2 . 9(+1 ) 

7.4 ( + 1) - 1.0 ( +2) 

Avera9e 

3 .4 { + 1 } 

1 . 8(+3 ) 

2 . 8(+2) 

1 . 4(+2) 

2.5(+3) 

6 . 0(+3) 

1 . 1(+2) 

2 . 7(+2) 

1000 ,m 

Rani! 

6.6(-1}- 1 . 0{+2) 

1 .3{+3) - 2 . 8(+3) 

1 .0(+2)- 6.  1(+2) 

3 .2(+1) - 3.6(+2} 

5. 1{+2) - 6. 5(+3) 

3.6{+3) - 1.1(+4} 

6.2(+1 ) - 2 .2(+2) 

1 . 4{+2)- 5 . 1(+2) 

< 1000 ..,. 

5.5(+1) 

6. 5(+2) 

8.0(+1) 

9.9(+1) 

1 . 7(+3) 

2.2(+3} 

3.5(+1) 

1.1 ( +2) 



TABLE 7 .  RAO I ONUC L I OE D I STRI BUTION FOR SAMP LE 6 - LOCATI ON E9 AT 22-I NCHES 
( 11C i / g )  

R ad i onuc 1 ide Av era2e 

60co 2 . 5 (0 ) 
106Ru 4 .2 (+2 ) 
125sb 1 .  1 ( +2 )  
1 34cs 2 .2 ( + 1 )  
1 37cs 5. 7 ( 2 )  
1 44ce 1 .3 ( +3 ) 
1 54 E u  1 .3 (+1 )b 
155E u  5 .  5 ( + 1 )b 

Radionuc 1 ide 707 11m 

60co 1 .4 ( +2 )  
1 06Ru 4 .2 (+2 ) 
1 2s 5b 8.8(+1 ) 
1 34cs 5. 7 ( + 1 ) 

1 3 7cs 1 .2 (+3 ) 
1 44ce 2 . 3 (+3 )  

154Eu 3 . 6 ( +1 ) 

155Eu 1 . 1 { +2 )  

4000 11m 
a 

1 6BO 11m 
\ 

R ange Average Ran9e 

0 - 6 . 1 (0 )  1 .9 (0 )b 0 - 4 . 9 (0 ) 

1 .3 (0 ) - 1 . 1 { +3 ) 6 . 1 ( +2 )  7 . 0 (0 ) - 1 .0 {+3 ) 

2 .4 ( +1 )  - 3 . 0 { +2 ) 6 . 5 { +1 )  1 .5 ( +1 ) - 1 .0 (+2 ) 

2 . 2 (0 ) - 5 . 5 ( + 1 ) 8.3 ( + 1 )  3 .2 (+1 ) - 1 . 7 ( +2 ) 

4 .4 ( + 1 ) - 1 .3 ( + 3 )  1 .8(+3 )  6.2 (+2 ) - 3 . 8 ( +3 )  

1 .9 (0 ) - 3 . 6 ( +3 )  1 .8(+3)  1 .8 (+ 1 ) - 3.  1 ( +3 ) 

0 - 3 .2 (+1 ) 2 .3 ( + 1  )b 0 - 4 .3 ( +1 ) 

0 -

297 11m 

5 .2 (+1 ) 

2 .2 ( +2 )  

9 . 8 { + 1 )  

5.8(+1 ) 

1 . 1 ( +3 )  

2 . 1 ( +3 )  

3 .6 ( +1 ) 

9 . 2 (+1 ) 

1 . 5 (+2 ) 8. 7 ( + 1 )b 1 .24 (+2 ) - 1 .3 7 ( +2 ) 

149  11m 74 11m 30 11m 

9.2 ( + 1 ) 1 .  1 ( +2 ) 1 .2 ( +2 ) 

2 . 9 ( +2 )  3 .7 ( +2 )  5 .2 ( +2 )  

1 . 5 (+2 )  1 . 9 ( +2 )  1 .7 (+2 )  

5 .4 ( + 1 ) 4 .8 ( +1 ) 5 . 0 ( + 1 )  

1 . 1 ( +3 )  9 . 6 ( +2 )  9 . 5 ( +2 ) 

1 .4 ( +3 ) 1 .3 (+3 )  1 . 1 ( +3 )  

2 .2 ( + 1 )  2 . 1 ( +1 ) 1 .8 (+1 ) 

6 . 7 ( + 1 )  7 .8 ( +1 ) 4 .5 (+1 ) 

a .  Average i nc l udes two z irca1 oy p i eces ( known) . 

b .  No measurab l e  data incl uded i n  average . 

c .  Exc l udes ferromagnet ic  part i c l es - h i gh 60co . 

Av era9e 

7 . 1 (0 )  

4 .4 ( +2 ) 

5 . 0 {+ 1 )  

8 . 8 ( +1 ) 

2 .0 (+3 ) 

2 .0 ( +3 )  

3 .2 ( + 1 ) 

3 .3 (+ 1 ) 

1 000 11m 

R an2e 

6 . 9 (0 ) - 7 .3 (0 ) 

2 .9 { +2 )  - 5 . 8 (+2 ) 

1 .8 ( + 1 ) - 8 . 2 ( + 1 ) 

5 . 0 { -1 ) - 1 . 7 ( +2 ) 

1 . 1 ( +1 ) - 4 .  1 ( +3 ) 

6 . 9 ( +2 )  - 3 . 5 (+3 )  

1 .3 ( +1 ) - 5 .  1 ( +1 ) 

3 .2 ( + 1 ) - 3 . 5 (+ 1 )  
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TABL E 8.  NON-FUEL CORE MATER I AL RAO I ONUCL l OE  f ON T E NT 
( \IC1/g ) 

Sample l Samp l e  3 
Rad ionuc l ide Part ic le  l J  P art i c l e  3 8  

60co 1 .9 (0 ) 5 . 9 ( + 1 ) 
106Ru 8 . 9 (0 ) 3 . 8 (0 ) 
125sb 1 . 1 (0 )  6 . 9 ( 0 ) 
1 34cs 3.  1 (0 ) 5 . 0 ( - 1 ) 
1 3 7cs 5 . 5 ( + 1 ) 1 . 2 ( + 1 ) 
l«ce 3 .2 ( +2 )  5 . 8 ( + 1 )  
1 54 E u  5 . 4 (0 ) 7 .2 ( - 1 ) 
l 55E u  1 .2 ( + 1 )  2 . 9 ( 0 )  
24 1 Am NO 3 . 6 ( - 1 )  

F i ss i l e <0 .02 < 1 . 6 ( -2 )  
Mater i a l  
(mg ) 

Samp le 6 
P 4 r t i c l e  6 [  
- - - - - - - - --

l .2 (0 ) 

1 . 3 (0 ) 

2 .4 ( + 1 )  

2 . 2 (0 ) 

4 .4 ( + 1 )  

1 . 9 (0 )  

NO 

NO 

NO 

<0 .02 

Samp l e  6 
Part ie  l e  6F 

4 .9 ( 0 )  

7 .0 (0 ) 

1 . 5 ( + 1 )  

3 .2 ( + 1 )  

6 . 2 ( +2 )a 

1 . 8 ( + 1 ) 

NO 

NO 

NO 

<0.02 

a .  Th i s data po i n t  i s  h i gher than other 1 37cs concentrat ions . The reason i s  not k nown . 

- - - - - - -



TABL E 9 .  P ERCENT OF F I SSI ON P RODUCTS RETAI NED I N  F UE L  P ER GRAM uo2 

Debr i s  Concentrat i o na 
Nuc l ide ( uC i /gm )  

Co-60 3 1  
Ru- 1  06 760 
Sb- 1 25  1 30  
Cs- 1 34 40 
Cs - 1 37 8 1 0  
Ce- 1 44 24 1 0  
E u- 1 54 38 
E u- 1 55 98 

Concentrat ion 5 / l /84b 

( uC i /gm uo
2 )  

740 
1 060 
470 
330 

8 1 30 
2650 

60 
1 75 

. de Percent Reta 1 ne 
I n  F ue l  per Gram 

of uo2 

4 . od 
7 2  
28  
1 2  
1 0 
9 1 
63 
56  

a .  Th ese r ad i onuc l i de c oncentrat i ons are the we i ghed average of a l l  f i ve s amp l es u s i ng i nd i v i du a l  s amp l e  
� fract ion  we i ghts and tot a l  s amp l e  we i ghts . 

b .  Co ncentrat i ons c a l cu l ated by ORI GE N-2 .  

c .  Th ese v a l ues represent data c ompared to  an OR I GE N-2 c al cu l at i on i s  a c ore w i de average of  f i ss i on 
products . Loca l core averages may v ary . 

d .  V a l ues r ounded to  nearest who l e  percent . 

• 



T ab l e  1 0  l i sts the percentage of each samp l e  cont a i n i ng fiss i l e/fert i l e 
•ater i a l . Th ese data are cal cu l ated by d i v i d i ng the we i ght of U� 1 n  each 
sa.p l e  as l i sted i n  Apppend ix  B by the we ight of the sample fract ion 
analyzed . The f iss i l e mater i a l  -.asurements i nc l ude 239pu wh ich i s  the 
equ iva lent of � to 8 percent of the actual 235u content accord i ng to 
ORIGE N-2 calculat ions .4 

Observat ions that  can be made concern ing these data are as fo l l ows : 
( a) less than 1 5  percent of the part ic les ana lyzed conta i n  >90S uran i um 
d iox i de ,  i nd icat i ng that most part ic les ana lyzed are agg lomerates of fuel and 
nonfuel aater i al s ,  ( b )  there i s  a tendancy among part ic les <707 �m towards 
decreas i ng percent of fuel content w i th decreas i ng part i c l e  s i ze,  and ( c )  the 
s� l ler part ic l e  s i ze ranges ( < 707 �m ) d i sp l ay a re l at i ve ly cons i stent 
fue l content when ca.pared to the l arger part i c les i ndicat i ng that they may 
have a l l been for.ed by a s imi l ar mechan i sm .  

Tab l e  1 1  l i sts  the average f i ss i l e/fert i le enrichments for the s amp les 
analyzed at the date of the report . For co.par i son purposes , the actua l fue l 
enr tchMents at  each locat ion are l i sted i n  the footnote .  Th ese average data, 
wh ich represen t pre l im i nary resu l ts ,  have a range of approx imately 201 . There 
i s  a genera l  trend i n  the data which i ndicates a h i gher enrichment ( 2 .81 )  at 
the E9 l ocat ion .  These data i ndicate fue l m i x ing at E9 between the 2 . 961 
enr i ched fue l froM the core per i phery and 1 . 981 from the E9 fuel assemb ly .  
The data  at  the H8 locat ion suggest s  a m i x i ng of the 1 . 98 and 2 . 641 enr iched 
fJe l s  to  prov ide the measured average enr ichment of 2 .41 . 

Tab l e  1 2  l i s ts  the fi ss ion produc t i nventory per gram of uo2 cal cu l ated 
by the OR IGEN-2 code . 

Tab l e  1 3  l i sts the rat ios of the measured f i s�ion product content  to the 
OR IGE N- 2  pred ic ted f i ss ion produc t content/gram 235u for Sample  1 .  These 
data were c a lcu l ated us i ng the fo l low ing equat ion :  

37  • 
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TABLE 10 . WE IGHT FRACTI ON OF F I SS I LE/FERT I L E  MATERAL a 

S i z e  Fract ion  

>4000 � m  Part i c l e  1 
>4000 �m Part i c l e  2 
>4000 �m P art i c l e  3 
>4000 �m Part i c l e  4 
>4000 �m P art i c l e  5 

1 680-4000 �m P art i c l e  1 
1 680-4000 �m P art i � l e  2 
1 680-4000 �m P art i c l e  3 

1 000- 1 680 �m P art i c l e  1 
1 000- 1 680 �m Part i c l e  2 
1 000- 1 680 �m P art i c l e  3 

< 1 6 mesh 

707 - 1000 �m a l i quot 
297-707  �m  a l i quot 
1 49-297 �m a l i quot 
74- 1 49 �m a l i quot 
30-74 �m a l i quot 
20-30 �m a l i quot 

S arnp le 1 
H8-Surface 

0 .  1 1  
o .  1 1  
0 . 66 

0.98 
0 . 22  

0 . 79 
0 . 56 
0 . 53 

0 
0 . 8  
0 .45  

0 . 73 
0 . 5 7  
0 . 4 5  
0 . 52 
0 . 24 

S amp l e  3 
H8-22- i nch  

0 . 4 4  
0 

NA 
0 . 94 
0 . 94 

NA 
NA 
0 . 6 2 

NA 
0 . 2 0  
0 . 47  

NA 
NA 
NA 
0 . 3 2  
0 .43  

Samp l e  4 
E9-Surface 

NA 
0 . 2 2  
NA 
NA 
NA 

S amp l e  5 S amp l e  6 
E9-2- i nch  E9-22- i nch 

NA NA 
1 00 NA 
NA 0 . 04 
NA 0 . 88 
0.43 0 

0 . 66 0 
NA 0 .90  
NA 0. 1 0  

NA 0 . 1 1  
0 . 85 0 .  1 5  
0 . 82 0 . 09 

0 . 06 0 . 06 

0 . 54 
0 .4 2  
0 .4 3  
0 . 29 

a .  C a l cu l ated assum i ng a l l f i s s i l e/fert i l e mater i a l was i n  the form of U� . A l so ,  these data  assume 
t h at the 239p u  c omponent of the fue l  i s  a neg l i gabl e  component of the total f i ss i l e  mater i a l contro l 
( i . e . ,  <0 . 2  wt% from OR I GE N- 2  c a l cu l at i ons ) . 



TABLE 1 1 .  AVERAGE MEASUR E D  URAN I UM E NR J CHMENT a 

Sam�1 e Number Av erage E nr i c hment Number of Ana llses 

1 - H8 surface 2 .4 1 5  

3 - H8 22- i nc hes 2 . 3  8 

4 - E9  surface 3 .0 2 

5 - E9  3- i nches 2 . 8  7 

6 - E 9  22- i nches 2 .8 1 2  

a .  There are t hree fue l  assemb l y  enr ichments i n  t he TMI -2 core . The 
per iphera l fue l  assemb l ies are 2 . 961 enr iched . The inner fuel assemb l ies  
a l ternate between 1 .98 and 2 .641 enr iched . The  H8 and E9 fue l  assemb l ies were 
or i g i na l l y  enr iched to 2 .64 and 1 . 981 , respect ive l y .  



TABLE 1 2 .  TMI -2 CORE F I SS I ON PRODUCT I NVENTORY a 

F i ss ion  P roduct 
Tota l I nventory Content Per Gram U02 b 

R ad i onuc 1 i de {cur i es )  ( cur ies ) 

60c0c 6.9 7 ( +4 ) 7 .4 9 ( -4 )  

1 06R u 1 .02 ( +5 } 1 .1 0 ( -3 )  

l l OmAgc 1 .2 5 (+5 ) 1 . 7 7  ( -4 ) 

1 25sb 3 .4 8 ( +4 ) 3.7 5 ( -4 )  

1 34cs 3. 1 8 (  +4 ) 3 .4 2 ( -4 ) 

1 37cs 7 . 2 6 (+5 ) B .  1 6 ( -3 }  

1 44ce 2.5 7 (+5 ) 2 .7 6 ( -3 )  

1 54E uc 5 . 4 7 ( +3 ) 5 . 88 ( - 5 )  

l 55 E uc 1 . 5 7  ( +4 ) 1 .69 { -4 )  

a .  D at a  obt a i ned from ORI GE N  2 c ode ana l ys i s  of  c ore i nventory assum i ng 2 . 57% 
enr ichmen t and 3250 MWd/MT u . 

b .  2 3 5u content i s  2 . 2 7 ( -2 )  grams/gram UQ2 . 

c .  Act i v at i on and/or f i ss i on product . 



TABLE 1 3 .  MEASURED TO PREDICTED F I SSI ON PRODUC T/URAN I UM CORE I NVE NTORY RAT IOS 
( S.-p1e 1 - H8 surf ace )  

,..000 yll >4000 ""' >4000 um >4000 .,m >4000 u m  1 680-4000 
ull 

Rad ionuc 1 ide Par t ic l e lA Part ic l e  1 8  Part i c  1 e  1 C  P ar t ic l e  1D Part ic l e  l E  Part ic le  l f  
- - - -·-- - -- - -... ... 

60co 2 .8(  - l ) 2 . 9 ( -2 )  1 .9 (  -2 ) 3 .0 ( -2 )  8 . 6 ( -2 )  1 .5 (  -2 )  

106Ru  5 . 2 ( - 1 ) 1 0 7 (0 ) 9 . 9 ( -2 )  9 . 3 ( - 1 )  1 .2 (0 ) 5 .2 ( -2 )  

1 1�g 
1 2Ssb 5 . 5 (0 )  5 . 3 ( - 1 )  1 . 1 ( - 1 ) 8 . 7 ( -2 )  2 . 5 (0 )  1 .6 ( - 1 )  
1 34cs 1 . 3 ( - 1 ) 1 .3 ( -2 )  3 .6 ( -1 )  3 .6 ( -2 )  4 .9 ( - 1 ) 4 .6 ( -1 ) 

.. 
1 3 7cs 2 .8 ( -2 ) 9 .8 ( -3 ) 2 .6 ( - 1 )  2 .8 ( -2 ) 4 .9 ( - 1 ) 3 .5 ( - 1 ) 

-
1 44ce s .  1 ( -1 )  1 . 7 (0 ) 1 • 7 (0 ) 1 . 3 (0 ) 1 .3 (0 ) 1 .6 ( 0 )  
1 54 E u 1 . 1 ( - 1 ) 1 .2 (0 ) 1 .3 (0 ) 8 . 9 ( - 1 ) 8 . 5 ( - 1 )  1 .4 (0 ) 
1 55E u  4 .6 < _ ,  r 1 . 1 ( 0 )  1 . 1 ( - 1 )  8 .4  ( - 1 ) 9 . 8 ( - 1 )  1 .0 (0 )  

F i ss i l e  2 .8 ( -3 ) 1 .9 (  -2 ) 1 .4 ( -2 )  2 .0 ( -2 ) 4 .8 ( -3 ) 1 . 6 ( -2 ) 
Mater i a l  
GrMIS f i s s i l e/ 
Gr am Sa.p 1 e 



TABLE 1 3 .  ( cont i nued ) 

1 680-4000 lJm 1 680-4000 lJm 1 000- 1 680 }J ffi  1 000-1 680 }Jffi 1 000- 1 680 }Jffi 
R ad i onuc 1 i de P art i c l e  l G  Part i c l e  l H  Part i c l e  1 1  Part i c l e  l J  Part i c l e  l K  

60co 2 .6 { -2 )  1 . 8 ( - l ) N O  3 . 7 ( - 2 )  1 . 9 (  -2 ) 

l 06R u  1 .4 ( - 1 )  1 . 7 ( - 1 ) N O  1 . 1 ( - 1 ) 7 . 3 ( -2 ) • 

l l OmAg 

1 25 sb 2 . 1 ( - l )  1 . 5 ( - 1 ) N O  8 . 8 ( -2 }  4 .8 ( -2 )  

1 34c5 6 .0 ( - 1 ) 3 .2 ( -2 ) NO 1 .3 ( -1 ) 2 .6 ( -2 )  

1 37c 5 4 .3 ( - 1  ) 2 . 5 ( -2 }  NO 9 . 6 ( -2 )  1 .  9 ( -2 )  

1 44ce 1 . 7 (0 )  1 .4 (0 ) N O  1 .6 (0 }  1 .6 (0 )  
� N 1 54 E u  9 . 0 ( - 1 } 1 .3 (0 )  1 .4 (0 ) 1 .2 ( 0 )  N O  

1 55E u  1 .2 (0 ) 9 . 8 ( - 1 ) N O  1 .0  (0 ) 1 .0 (0 )  

F i s s i l e 1 . 1 ( -2 ) 1 . 3 ( -2 )  0 1 . 6 ( -3 )  1 . 3 ( -2 )  
Mater i a l 
Grams U02/ 
Gram S amp l e  



TABLE 1 3 .  ( cont i nued) 

707- 1 000 u m  297-707 um 1 49-297 ,.m 74 - 1 49 um 30-74 u m  
R ad ; onuc 1 ide A l iguot A 1 iguot A 1 iguot A l i quot A 1 iquot 

60co 4 .6 ( - 1 ) 1 . 1 ( - 1 )  l . 7 ( - 1 ) 3 .3 ( - 1 )  5 .4 { -2 )  
106Ru  7 .  7 (0 ) 2 . ? ( - 1 )  3 .4 ( - 1 ) 1 .  1 (0 ) 6 .  1 ( -2 )  

1 10mAg 3 .2 ( +2 ) 1 . 0 ( -2 )  1 .8 (  -2 )  2 .3 ( -2 )  3 . 5 ( -3 )  

1 2ssb 1 .6 ( + 1 ) 2 .0 (0 ) 4 . 8 (0 ) 6 .  1 (0 ) 1 • 7 (0 ) 

1 34 cs 2 . 5 ( - l )  1 .3 ( - 1 ) 3 .2 ( - 1 ) 3 .4 ( - 1 ) 5 . 8 ( -2 )  
1 37cs 2 . 0 ( - 1 ) 1 . 3 ( - 1 ) 2 .8 (  - 1 )  2 .8 ( -1 )  4 .6 ( -2 )  
1 44ce 1 .3 (0 ) 1 .4 (0 ) 1 .4 ( 0 ) 1 .4 (0 ) 1 . 6 ( -1 ) � w 1 54Eu 1 .2 (0 ) 1 .2 {0 ) 1 .0 (O ) 1 .3 (0 ) 1 .2 ( - 1 ) 
1 55E u  9 . 9 ( - 1 ) 9 . 3 ( - 1 ) 9 . 9 ( - l )  9 . 3 ( - 1 ) 9 .3 ( -2 )  

. 
F i ss i l e 1 . 5 ( -2 ) 1 .4 ( -2 ) 9 .  1 ( -3 ) 1 .0 (  -2 ) 3 . 7 ( -2 ) 
Mater i a l 
6riiiiS F i s s i l e/ 
Gram Sample 



R = 

= 

= 

= 

R at i o  of measured to ORIGEN pred icted f i ss i on product concentrat i ons 

per gram uo2 . 

Measured f i ss i on product content - uCi /gram ( Append i x  B ) . 

Measured f i s s i l e/mater i a l  content - 2 35u content i n  grams 

( Append i x  C ) .  

Pred i cted OR I GEN-2  f i ss i on product concentrat i on ( uC i/gram 2 35u ) . 

Th ese data i nd ic ate that the t here are r ad i onuc l i des that remai n  

general l y  assoc i ated w i t h  the fue l . These rad ionuc l i des are 1 44ce , 1 54E u  

and 1 55E u .  Th e ORI GEN-2 code ana lys i s  was done for the core average 

enr i chment , wh ich  may account for some rat i os be ing  >1 . Actu a l  measured 

enr i chment for the l i sted s amp l es may v ary by 20 p ercent from the  average . A 

d i scuss i on w i th i n d i v idua l s  fam i l i ar w i th the OR I GEN-2  code i nd ic ated that the 

l i sted v a l ues are we l l  w i th i n  the expected range of v a l ues . 6 The f i ss i on 

products 1 34cs , 1 37cs , l lOmAg , 1 06Ru , and 1 25sb were genera l l y  found 

i n  quant i t ies l ess than 50% of the core i nventory . 
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SECT I ON 8 

CONCLUS IONS/OBSERVAT I ONS  

Th e fo l lowing i s  a summary of  conc l us ions and observat ions based on  the 
pre l i•i nary ana lys i s  of the ava i l ab l e  data : 

1 .  At the H8 core l ocat ion .  the surface s ampl e ( No .  1 ) i s  composed of 
f i ner part i c l es than the deep subsurface samp l e  (No .  3 ) .  Th i s  m ight  
be  expected if  the f i ner. granu l ar core debri s had been suspended by 
pump f low and then a l lowed to sett l e  to the top of the debri s  bed . 

2 .  There is  no s ign 1f icant part ic l e  s i ze d ifference between the H8 and 
E9 deep sa.ples (No . 3 and 6 ) .  They may be typ ica l  of the 
subsurface debr i s  bed . 

3 .  On ly about 0 . 3  we i ght percent of the core debri s samples i s  sma l ler 
than 100 �· i n  part i c l e  s i ze . 

4 .  The E 9  s urf ace s amp l e  ( No . 4 )  and the E9  near surface s amp l e  { No .  5 )  
are s im i lar .  They are compri sed of most ly l arger s i zed part ic l es 
{ >  1000 �·) . 

5 .  The f i ss i on produc t concentrat ions { uC 1 / g )  are re l at i ve ly cons i s tent 
for a l l samp les < 707  �m . 

6 .  The f i ss ion produc t content for nonfuel materi a l  as i ndicated by the 
f i ss i l e materi a l  ana lys i s  i s  s i gn if icant ly less than for fue l  
assoc i ated mater ia l . 
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7 .  B ased upon f i ss) l e/fert i l e mater i a l  ana lyses , there are c 1 5% of  

the part i c l es measured conta i n  >90% fue l i nd ic at i ng that both  fue l  

and  nonfuel  mater i a l are genera l ly conta i ned in  the part i c l e s . 

8 .  Th e average f i ss i l e/fert i l e enr ichment d ata  i nd icate that t h e  c ore 

samp l es at E9 had some contami nat ion  from the per i pher a l  2 . 96% 

enr ichment fue l  whereas t h i s  was n ot observed at the  H8 l oc at ion .  

9 .  A compar i son w ith the OR I GEN-2 data i nd ic ate that the 14 4ce  and 
1 54• 1 55E u  are pri nc i pal ly  assoc i ated w i th fuel  p art i c l e s ;  whereas , 
1 34cs ,  1 37 cs ,  l l OmAg , 106R u ,  and 1 25sb were genera l ly 
found i n  quant i t i es less  than 50% of the pred icted fue l core r at i o  

and therefore these r ad i onuc l i des h ave  b een p art i a l ly removed ( e . g . , 

by l each i ng or some other process ) from the part i c l es .  
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APPE ND I X  A 

PHOTOGRAPHS Of D I SCRETE PART I CLE S 

As  part of the 1 n i t i a l  un load ing , we igh i ng and v i sua l examinat ion 
act i v i t ies , severa l l arger s i zed (!1 000 �m) part i c l es from each sample  
were se lected for fo l low-on exami nat ion and analys i s .  These part ic l es were 
i nd iv idua l ly we ighed and photographed pr i or to perform ing the fo l low-on 
exa.inat i ons . Th i s  append ix  conta i ns cop ies of the photographs for a l l  
part ic les from Samp les 1 ,  4 ,  5 ,  and 6 .  The photographs of the i nd i v i dua l 
part ic l es from Samp l e  3 were m i sp l aced dur i ng process i ng .  These part i c l es 
w i l l  be rephotographed and the photos added to the f i na l core debr i s  grab 
sa.ple report . Photographs of i nd i v i dua l part ic l es sma l ler t han 1000 �m are 
not i nc l uded i n  th i s  report due to the l ack of acu i ty i n  the photos .  

Photographs for the e leven part ic les from Sample  1 are shown i n  
F i gures A l  though A lO .  The f ive part i c l es from Samp l e  4 are shown in  
F i gures A l l through A 1 5 .  The e leven part i c l es from Sample  5 are shown i n  
F i gures A 1 6  through A2 1 ,  and the e l even part ic les for Sample  6 are shown i n  
F igures A22 through A28 . Sca les are shown on the photographs and the 
d i v i s i ons equ a l  1 mM ( 1000 �m) . 
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F i gure A- 1 .  Part i c l e  l A from Samp l e  1 ( surface of debr i s  bed at H8 
l ocat i on ) ,  s i z e r ange : >4000 �m . 
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f 1 gur�: A-2 . Part i c l e 1 �  f rom Samp l e  1 ( s u r f ace of debris beo at H8 
l ocat i on ) ,  s i z �  r ang� : >4000 �m . 

A•J 



F i gure A-3 . P art i c l e l C  from Samp l e  1 ( s urface of  debr i s  bed at H8 
l ocat i on ) ,  s i ze  r an ge :  >4000 �m . 
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f 1 yurt A-4 . Part i c l e  1 0  from Samp l e  1 ( surface of  debr i s  bed at H 8  
l uc4t i on ) ,  s i ze  r ange : >4000 � m .  

A-5 

( 

' 
\ 
\ 

'· l 
• 



I 
I 

1 
� � 

• \ ; • 
\ • 

t � 
\ 

\ . 
• I � 

' � 

f i gure A- 5 .  P art i c l e  l E  from Samp l e  1 ( surface of  debr i s  bed at H8 
l ocat i on ) ,  s i z e r an ge : >4000 �m .  
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f t gure A-b. P•rt i c l e  l f  from Samp l e  1 ( � ur f ace  o f  debr i s  bed at HB 
l oca t t on ) ,  s ue r ange : l bS0-4000 "m. 
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F i gure A- 7 .  Part i c l e  l G  from Samp l e  1 l s urface of  debr i s  bed at H8 
l ocat i on ) ,  s i ze ran�e :  1 680-4000 � m .  
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f \ gure �-b . P 4r ttc l e  l H  from Samp l e  1 ( surface ot debris bed at  HU 
l oc.at  1 un ) ,  s 1 z e  r ange : 1 680-4000 .,m . 
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f i gure A-9 . P art i c l e  1 1 from Samp l e  1 ( surface of debr i s  bed at HB 
l ocat i on ) ,  s i ze range : 1 000- 1 680 �m.  

A- 1 0  



( a )  

( b )  

Par t i c l � s f rom Samp l e  1 ( � ur face of d�� r i s  � e d  a t  H8 
l oca tion ) .  
( a ) Par t t c l e  l J ,  s t ze r ange : 1 000- 1 680 ., m .  
( b )  Par t i c l e  1 � .  s i z e  r an ge : I 000- 1 6HU ., m .  

i\ - 1 1  
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F i gure A- 1 1 .  P art i c l e  4A from Samp l e  4 ( s urface of debr i s  bed at E 9  
l ocat i on ) ,  s i ze range : >4000 �m .  

A- 1 2  



f i yure 1-1- l � .  

Fron t  

BaCK 

Pdrt 1 c l �  4� from �amp l e  4 ( sur face  of debr 1 �  bed at E 9  
l ocat i on } ,  � 1 z e  rang� : >4000 � m .  

A- 1 3  
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F i gure A- 1 3 .  Part i c l e  4 C  from Sampl e  4 ( s urface o f  debr i s  bed a t  E9 
l ocat i on ) ,  s i ze  range : >4000 �m . 
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f 1 yure A- 1 4 . P4r t i c 1 e  4U frum Samp l e  4 ( surface of debr i s  bed at E9  
l oc ct t t on ) ,  s i ze rc�nye : >4000 �o�rn . 



Front 

Back 

F i gure A- 1 � .  Part i c l e  4E  from Samp l e  4 ( surface of debr i s  bed at E 9  
l ocat i on ) ,  s i ze r ange : >4000 �m .  

A- 1 6  



f 1 gure �- 1 6. 

Fron t 

baCK 

Parti c l e  s� f r om �amp l e  s (3 i n .  i n to  aebr i s  bed at E Y  
l ocat i on ) , S l l e  ranye : >4000 �m • 

. 
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( b }  

F i gure A- 1 7 .  Part i c l es from Samp l e  5 ( 3  i n .  i nto debr i s  bed at E 9  
l ocat i on } .  
( a } Part i c l e  58 , s i ze r ange : >4000 �m . 
( b )  Part i c l e  5C , s i ze r ange : >4000 �m . 
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( a )  

l t 

· f t yure A- 1 � .  
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( b ) 

Part t c l es from )amp l e  � ( 3  i n .  i n to debr i s  bed at  E 9  
1 ocat ion ) .  
( a }  Part 1 c l e  )0 , s i ze range : >4000 � m .  
( D )  Part 1 c l e  )t , s t ze  range : >4000 �m . 
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( a )  

l D ) 

F i gure A- 1 9 .  P art i c l es frum �amp l e  5 ( 3  i n . i n to  debr i s  bed at E 9  
l ocat i on ) .  
( a ) P art i c l e S � , s i z e r an ge : 1 680 - 4000 � m .  
( o )  P ar t i c l e  5G , s i z e r an ge : 1 680- 4000 � m .  

A-20 



( a ) 

( b ) 

Part i c l es t rom �amp l e � ( 3  1 n . 
l u(.dt l on ) .  
( a }  Pc�r t 1 c l e  ') ' 1 , S i l t!  r dn ge : 
( O J  Par t t c l �  � I . S i l t!  r angt : 

A-2 1 

i n t o  aeor 1 s  bed at  E 9  

1 000- 1 680 �,.� m .  
l UOO- l bBO ).l m .  
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( a )  

( b ) 

F i gure A- 2 1 . P art i c l es from Samp l e  5 ( 3  i n .  i n to  debr i s  bed at E 9  
l ocat i on ) .  
( a } Part i c l e  5J , s i z e r ange : 1 000- 1 680 � m .  
l b )  Par t i c l e  5K , s i z e  r an ge : 1 000- 1 680 � m .  
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f i gurt A-22 . P4rt i c l e  6A from Samp l e  6 ( 22 i n .  i nto debr i s  bed at  E 9  
l oca t i on ) ,  s i ze rdnge : >4uUU �m . . 
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( a )  

( D )  
F i gure A-2 3 .  Part i c l es from Samp l e  6 ( 22 i n .  i nto debr i s  bed at E 9  l ocat i on ) .  

( a ) Part i c l e  6 b ,  s i ze r ange : >4000 �m .  ( b )  Part i c l e  6C , s i ze r ange : >4000 �m . 
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f t �ure A-24. P ar t i c l e  60 from Samp l e  6 ( 22 1 n . i nto debr i s  bed at E 9  
l oc�t t on ) ,  s i ze  range : >4000 � m  • 
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F i gure A-25 . Part i c l e  6E from Samp l e  6 ( 22 i n .  i nto debr i s  bed at E9 
l ocat i on ) ,  s i ze range : >4000 �m.  
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t 1 y .H " I  A-26 . 
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( a )  

1-' car t i c l es f r vr �amp l e  6 ( Zl 1 n . 1 n to debr i s  bed at l9 
l ucat i on } .  
( a )  Par t i c l e  6F , S l l e  r· ange : 1 680-4000 11 m .  
( b )  Jlart i (. l e  b iJ ,  s 1 Z e  r ange :  l btW-4000 11 m .  
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( a } 
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• 

( b ) 

F i gure A-27 . Part i c l es from Samp l e  6 ( 22 i n .  i nto debr i s  bed at E 9  
l ocat i on ) .  
( a ) Part i c l e  6H , s i ze range : 1 680-4000 �.�m . 
( o )  P art i c l e  6 1 ,  6J ,  6K s i ze r ange : 1 000- 1 680 �.�m .  
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APPEND I X  B 

CORE DE BR I S GAMMA SPECTROMETRY DATA 

I n c l uded i n  t h i s  append i x  are the resu l ts o f  the gamma s pectrometry 

resu lts  for the core debr i s  samp l es . I n  the 24 1Am i s  not reported as an 

effect i ve eff i c i ency c urve h as not yet b een dev e l oped for th i s  r ad ionuc l i de .  

A l l other uncert a i nt i es are reported at the  one s i gma v a l ue w i th on ly  count ing  

stat i st i c s  i ncorporated w i th the  except ion  of 1 5� u .  These  b ased on  
e xtrapo l ated eff i c i enc i es and  h ave a l i sted u nc ert a i nty of  20 p ercent . 

Correct ions have been made to  the data for the mas s  attenuat ion  of the s ampl e 
for the gamma r ays u sed for ana lys i s .  
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TABL E  8- 1 . SAK>LE 1 >1 H  SURFAC E R A lJ I U NI IC L  t 0£ CONCE NTRAT I ON 
( uC i / 911' ) 

>4000um 
Rad ionuc l i de Part ic l e 1 ( 1A ) 

60co 2 . ss .!. o .  14 ( + 1 ) 
1 06Ru  7 . 10 !  0 .4 0 ( + 1 ) 
l lOmAg 
1 2ssb 1 .20 .!. 0 .0 7 ( +2 )  
1 34cs 5 . 36 .!. 0 . 3 1 {0 )  
1 3 7cs 2 .98 .!. 0 . 1 6 ( +2 )  
144ce 1 . 74 .!. 0 .  14 (+2 ) 
1 54[ u  7 . 98 .!. 0 . 96 ( - 1 ) 
1 55[ u  9 . 5  + 1 .9 (0 ) -

>4000um 
Part ic le  2 pB) 

1 . 8 1 .: 0 . 19 ( + 1 ) 

1 . 55 ! 0 .  1 5 ( +3 ) 

7 . 82 ! 0 .82 (+ 1 ) 

3 .69 .!. 0 . � 5 {0 )  

6 . 68 ! 0 . 6 7 ( + 1 ) 

3 .84 .!. 0 .4 1 ( +'3 )  

5 .  86 ! 0 .  6 1 ( + 1 ) 

1 .6 .!.  0 . 3 ( +2 )  

>4000um 
Par�tc l e  � pc ) 

'i . 7  ! 1 . 1 (0 ) 

6 . 7 1 !. 0 . 86 ( + 1 ) 

1 .2 3 .!. 0 .  2 3 ( + 1 ) 

7 • 5 7 .!. 0 • 86 ( + 1 ) 

1 .3 1  : o . 1 5 ( +3 )  

2 .8 1 .: 0 . 34 (+3 ) 

4 . 78 .!.  0 . 5 7 ( + 1 ) 

1 .2 .!. 0 .  2 ( + 1 ) 

>4000um >4000.,11 
Part i c l e  4 po� Part ic le  S (lEj 

1 .  99 ! 0 .  3 1 ( + 1 ) 1 .  3 7 ! 0 .  09 ( + 1 ) 

8 .99 ! 1 .3 7 ( +2 )  2 . 72 � 0 . 18 ( • d  

1 .36 ! 0 . 2 2 (  + 1 )  9 .24 ! 0 . 6 1 ( + 1 ) 

1 .08 .!. 0 .  1 7  ( + 1 ) 3 .54 ! 0 . 2 3 (  + 1 )  

2 .02 ! 0 . 3 1 ( +2 )  8 . 38  ! 0 . 54 (+2 ) 

3 .  1 4  .!. 0 .4 9 (  +3 ) 7 . 3 2  .!. 0 . 59 ( +2 ) 

4 . 63 .!. 0 . 7 1 ( + 1 } 1 .05 ! 0 .08 (+ 1 )  

1 .2 5 .!. 0 . 2 5 ( +2 )  3 . 5 .!. 0 . 7 ( + 1 ) 



TABLE B- 1 . ( con t i nued ) 

1 680-40001Jm 1 680-40001Jm 
R ad i onuc 1 i de Part ic l e  1 { l F )  Part ic l e  2 ( lG )  

60co 8 . 1 :!:.  0 . 8 (0 )  9 . 34 � 0 . 88 (0 ) 

1 06Ru 4 .3 9  � 0 . 4 9 (+ 1 ) 7 . 3 3  � 0 . 74 (+1 } 

l l OmAg 

1 2 5sb  2 . 06 � 0 . 2 3 ( + 1 ) 1 .84 � 0 . 2 4 ( + 1 ) 

1 34cs 1 . 1 2 � 0 . 09 ( +2 ) 9 . 98 � 0 . 86 ( + 1 ) 

1 3 7cs 1 .98 .:!:. 0 .  1 6 (+3 ) 1 . 7 1 .:!:. 0 . 1 5 (+3 ) 

OJ 
1 44ce 3 .06  � 0 . 2 7 ( +3 )  2 .3 1 :!:. 0 . 2 2 (+3 } 

I w 1 54E u  5 . 73 � 0 . 50 ( + 1 ) 3 . 54 � 0 . 3 3 ( + 1 ) 

1 55E u  1 .2 4 .:!:. 0 . 2 5 (+2 ) 9 . 5 .:!: 1 .9 ( + 1 ) 

1 680-40001Jm 
Part i c l e  3 ( l H }  

7 . 8 5  � 0 . 4 9 ( +1 ) 

1 .0 7  � 0 . 0 7 ( +2 )  

1 .4 8 � 0 .  1 3  ( + 1 ) 

6 . 2 9  � 0 .4 4 (0 ) 

1 . 1 5 .:!:. 0 . 0 7 ( +2 ) 

2 . 1 8 � 0 .  1 5 ( +3 }  

3 .0 2  � 0 . 2 0 (+ 1 ) 

8 . 3  .:!:. 1 . 8 { + 1 ) 

1 000- 1 6801Jm 
Part i c l e  4 ( 1 1 }  

1 . 67 � 0 . 2 0 (+ 1 ) 

7 . 00 .:!:. 0 . 85 (+ 1 ) 

7 .4 3 .:!:. 0 . 92 (0 )  

2 . 1 7 .:!:. 0 . 2 5 ( +3 ) 

6 . 2 9  � 0 .  7 2 ( + 1 ) 

1 . 1 4 .:!:. 0 .  1 3 (+3 ) 

NO 

9 .8 .:!:. 2 . 5 ( -1 ) 

NO 

1 000-1 680llm 
Part i c l e  5 ( l J }  

1 .9 5  � 0 . 1 1 (0 }  

8 . 9  .:!:. 0 . 6 (0 )  

• 

1 . 1  :!:_ 0 . 1 ( 0 } 

3 . 1  :!:_ 0 . 2 (0 )  

5 . 5 .:!:. 0 . 3 ( + 1 ) 

3 .2 0 .:!:. 0 .  1 9 ( +2 )  

5 .4 .:!:. 0 . 3 (0 )  

1 .2 .:!:_ 0 . 2 ( + 1 ) 



TABL E 8- 1. ( con t i nued ) 

1000- 1 680"m 707- l OOO"m 297-707"m 149-279""' 74- 1 49"m 
R ad l onuc 1 i de Par t ic l e  3 ( lK )  A l i quot A 1 iquot A l i quot A l tguot 

&Oco 8 .2  � 0 . 7 (0 )  2 .3 � 0 . 2 ( +2 ) 4 .9 � 0 . 3 ( + 1 ) 8 . 1 � 0 . 6 ( + 1 )  1 . 1 � 0 . 1 ( +2 ) 

106Ru 4 .6  !. 0 .4 ( + 1 ) 5 . 6  � 0 .4  ( +3 ) 1 .5 !_ 0 . 1 ( +2 )  1 .  5 ::. 0 .  1 ( +2 ) 2 . 7  � 0 . 3 (+2 ) 

1 10.Ag 3 . 7 � 0 . 9 (0 ) 1 . 1  : o . 2 (0 )  1 .3 .!_ 0 . 3 (0 )  l . b ! 0 .4 (0 ) 

1 2s5b 4 .9 � 0 .8 {0 )  1 . 9 1  .: 0 .  1 3 ( +3 )  2 .22  � 0 .  14 ( +2 )  3 .4 � 0 .  2 ( +2 ) 4 .8 !. 0 . 5 ( +2 ) 

1 34cs 5 . 1 � 0 .4 {0 ) 5 .6 � 0 .4 ( + 1 ) 2 . 7 � 0 . 2 ( + 1 ) 4 .4 !. 0 . 3 ( + 1 )  5 . 1 .:  0 . 5 ( + 1 ) 

137cs 8 . 7  � 0 . 7 ( + 1 ) 1 .06 � 0 .4 ( +3 )  6 . 5  � 0 .4 ( +2 ) 9 . 1 .:. 0 . 6 ( +2 ) 1 .0 !: 0 .  1 ( + 3 ) 

at 
I 

1 44ce 2 .5 ::. 0 . 2 ( +3 )  2 .3 ::. 0 . 2 ( +3 )  2 .4 � 0 . 2 ( +3 )  1 .5 5 .! 0 . 1 2 ( +3 )  1 . 7  � 0 . 2 ( +3 )  

.. 1 54[ u  4 . 8 ::. 0 . 4 ( + \ ) 4 .  5 ::. 0 .4 ( + 1 ) 4 .3 ::. 0 . 3 ( + 1 ) 2 .4 � 0 . 2  ( + 1 )  3 .4 ::. 0 .4 ( + 1 ) 

1 55[ u  1 .0 ::_ 0 . 2 ( +2 )  1 . 1 .: 0 . 2 ( +2 )  9 . 7 ! 1 .9 ( + 1 ) 6 . 7  � 1 .3 (+ 1 )  6 • 9 ::. 1 .4 ( + 1 ) 



TABLE B- 1 . ( cont i n ued ) 

30-74� m 
R ad i onuc l i de A 1 i quot 

60co 6 . 56 .:!:. 0 .4 7 ( + 1 ) 

1 06R u 1 .09 .:!:. 0 .  08 { +2 ) 

1 10mAg 1 .0 1 :. 0 .  1 8 (0 )  

1 2 5 sb  2 .03 .:!:. 0 . 1 4 ( +2 )  

134cs 3 .24 .:!:. 0 . 2 3 ( + 1 ) 

1 3 7c5 6 . 1 4 .:!:. 0 . 4 3 (+2 ) 

144ce 7 . 1 2 .:!:. 0 . 65 (+2 ) 
to 

I 1 54E u  1 . 1 3 + 0 .  1 0 ( + 1 ) (.1'1 

1 5 5 E u  2 . 56 .:!:. 0 . 50 (+ 1 ) 



TABLE B-2 . 5Atf>LE 3 H8 22- I NL Hf S  RAO I N t iC I I DE CONCE NTRAT IONS 
( .,C i / 9•) 

>4000.,m >4000 .. m >4000"m >4000"m >4000.• 
R ad i onuc l i de Part ic l e  l {)A ) Part ic l e  2 p� Part ic l e  3 ( 3q Part ic l e  4 po� Part tc le  5 PEl 

6Dco 4 .6 7 :. 0 . 2 7 ( + 1 ) t, .  94 + 0 .4 1 ( + 1 )  1 . 30 � 0 .08 ( + 1 ) 2 .03 ! 0 . 2 9 (0 )  1 . 33 ! 0 . 24 (0 )  

l06Ru 6 . 2 5 :. 0 . 3 6 ( +2 )  3 . 76 :. 0 . 3 5 (0 )  4 .0 3 :. 0 . 24 ( +2 )  1 .4 6  � 0 .08 ( +3 ) 1 .4 3 + 0 .  08 ( + 3 } 

l lOmAg 

1 25 sb 4 .63 :. 0 . 29 ( + 1 ) 6 . 95 :. 0 . 50 (0 )  1 .86 :. o .  1 3 (  + 1 )  1 .34  :. 0 .08 (+2 ) 1 .2 5  :. 0 . 08 ( +2 ) 

l 34cs 3 .25 :. 0 . 26 (0 ) 5 .  00 :. 0 .4 2 ( - 1  ) 2 .2 3 :. o .  18(0 ) 5 . 66 :. 0 . 3 2 ( + 1 ) 5 . 19 :. 0 . 30 ( + 1 ) 

l 37cs 5 . 8 7 :. 0 . 34 ( + 1 )  1 . 1 7 :. 0 . 08 ( + 1 ) 4 . 65 .: 0 . 28 (  + 1 )  9 . 49 :. 0 . 52 ( +2 )  8 . 36 ! 0 . 4 7 ( +2 ) 

co . 1 44ce 1 . 7 7  :. 0 .  1 2 {  +3 ) 5 .  79 :. 0 . 52 {+ 1 ) 1 . 7 5 :. o .  1 1 ( +3 )  3 . 7 3 :. 0 . 24 ( +3 )  3 .92 .: 0 .25(+3 ) I 0\ 
1 54E u  3 .00 :. 0 .  1 9 ( + 1 ) 7 . 1 5 ! 0 . 7 5 { - 1 ) 2 .24 :. 0 .  1 4 ( + 1 ) 6 . 6 7 ! 0 .4 1 ( + 1 ) 6 . 8 3  :. 0 .4 2 (  + 1 ) 
1 55[u  7 .4 _± 1 . 5 ( + 1 ) 2 .92 :. 0 . 59 ( 0 )  6 . 99 ! 0 .4 3 ( + 1 ) 1 . 59 � 0 . 3 2 { +2 )  1 .36 ! 0 . 2 7 { +2 ) 



TABLE B-2 . ( cont i nued ) 

1 680-4000llm 1 680-4000llm 1 680-4000llm 1 000-1 680llm 1 000-1 680JJm 
R ad i onuc l i de Part ic l e  1 ( 3 F ) Part i c l e  2 ( 3G ) Part i c l e  3 {3H )  Part i c l e  4 ( 3 1 ) P a rt i c l e  5 ( 3J )  

60co 3 .3 .! 0 . 5 (0 )  6 .4 1 !. 0 . 7 5 (0 )  8 . 6  .! 1 .0 (0 )  7 . 1 3 .! 0 . 4 9 ( + 1 ) 1 . 6 2 .! 0 .  1 9 (+ 1 ) 

1 06R u 2 .6 .! 0 . 3 ( +3 )  1 .8 1 !. 0 . 2 1 ( +2 )  5 . 06 .! 0 . 6 6 ( + 1 ) 2 .3 9 .! 0 .  1 7  ( +2 ) 1 .4 5 .! 0 .  1 7 (+2 ) 

l l OmAg 

1 25sb  9 .• 6 .! l . 1 ( + 1 )  1 .88 .! 0 .  2 2 ( + 1 ) 6 .  1 !. 1 .8 (0 ) 4 .4 5 .! 0 . 3 8 (+ 1 ) 1 .69  .! 0 .  2 1 (  + 1 ) 

1 34cs 4 .4 .! 0 . 5 ( + 1 ) 1 .06 .! o .  1 2 ( + 1 ) 9 . 2 .: 1 .0 ( + 1 ) 4 .80 .: 0 . 3 3 {+ 1 ) 4 . 59 .: 0 . 5 5 (0 )  

1 37cs 7 . 5 .! 0 . 9 ( +2 }  3 . 95 .! 0 . 4 5 ( +2 )  1 . 58 .: 0 .  1 8 { +3 ) 9 . 3 2 .: 0 . 63 ( +2 )  7 . 2 8 .: 0 . 8 3 ( + 1 ) 

1 44ce 7 . 0 .! 0 . 8 ( +3 ) 5 . 7 0 .: 0 . 69 ( +2 ) 
CD 

2 . 1 7 .: 0 . 2 6 (  ... 3 )  2 . 5 5 .: 0 . 1 9 ( +3 ) 9 .3 .: 1 .3 ( +2 ) 
I 1 54E u  � 1 . 1 8 .!  0 .  1 4 ( +2 )  4 .3 4 .: 0 . 5 5 (0 )  3 . 5 5 .: 0 .4 2 (+1 ) 4 .2 9 .: 0 . 3 1 ( + 1 ) 1 .6 5 .: 0 . 2 0 { + 1 ) 

1 55 E u  3 . 1 !. 0 . 6 ( +2 )  2 .82 .: 0 . 3 3 ( + 1 ) 7 . 8 .: 1 .6 ( + 1 ) 1 . 1 3 .: 0 . 2 3 ( +2 )  4 .05 .! 0 . 4 7 ( + 1 ) 



TABLE B-2 . ( con t i nued ) 

1 000- 1 68011m 707 - t OOO.,m 297- 707"m l 49-279"m 74-1 49., .. 
R ad  ionuc l 1  de Part ic le  3 ( 3K) A l t quot A l i quot A l i quot A 1 tquot 

60co 6 .4 1 � 0 .4 1 ( 0 )  9 .2 1 : 0 . 54 ( + 1 ) 2 . ? 1 !. 0 .  18 ( + 1 ) 6 . 6 1 !. 0 . 3 7 ( + 1 )  8 . 59 : 0 . 6 1 ( + 1 ) 
106R u 4 . 1 7 : 0 . 28( + 1 ) 2 .0 7 : 0 . 1 4 ( + 2 ) 1 . 1 9 � 0 . 09 ( +2 ) 3 .09 : 0 .  1 7 ( +2 )  2 .3 3  � 0 . 1 7 ( +2 ) 
1 10mAg 1 .22 !. 0 . 33 (0 )  
t zs sb 9 . 00 : 0 • 8 1 ( 0 ) 3 .3 7 : 0 . 2 5 ( + 1 ) 1 .93 � 0 .  1 9 ( + 1 ) 1 .09 : 0 . 06 { +2 )  1 .93 :  0 . 14 ( +2 )  
l 34cs 1 . 16 :  0 .0 7 ( + 1 )  3 . 10 : 0 . 2 0 ( + 1 ) 3 . 50 : 0 . 2 7 { + 1 ) 4 .3 1 !. 0 . 24 ( + 1 ) 5 . 1 5 : 0 . 3 7 ( + 1 ) 

l 3 7 cs 2 .05 : 0 . 1 2 ( +2 )  5 . 4 0 : 0 . 3 4 ( +2 ) 8 . 3 5 : 0 . 6 5 ( +2 ) 9 .00 : 0 .4 9 (+2 ) 9 .05  � 0 . 64 ( +2 ) 
1 44ce 2 .53 .: 0 . 16 (+3 ) 2 .38 : 0 . 1 6 ( +3 ) 1 .  80 : 0 • 1 5  ( + 3 ) 1 .64 : 0 .  1 0 ( + 3 ) 1 .4 8 : 0 .  1 2  ( + 3 ) 

G) I . 
1 54 Eu (X) 4 .69 :  0 . 28 ( + 1 )  4 .4 6 : 0 . 30 ( + 1 ) 3 . 1 6 .! 0 . 2 6 ( + 1 ) 2 . 59 : 0 . 1 6 ( + 1 ) 2 .30 : 0 . 1 9 ( + 1 ) 
1 5 5 E u  1 . 10 .!.  0 . 22 (+2 ) 1 .00 : 0 . 20 ( +2 ) 3 .83 : 0 . 3 1 ( + 1 ) 8 .2 : 1 . 6 ( +3 )  6 .3 : 1 .3 (+ 1 ) 



TABLE B-2 . ( cont i nued ) 

30-74llm 20-30llm 
R ad i onuc 1 i de A l i quot A l i quot 

60co 1 .4 0 .:!:. 0 . 09 ( +2 ) 1 .02 .:!:. 0 . 2 6 (+2 ) 

1 06R u  6 . 50 .:!:. 0 . 4 4 ( +2 )  2 .4 6 .:!:. 0 . 63 ( +2 ) 

1 10mAg 

1 2s5b 2 .2 1 :!:. 0 . 1 5 (+2 ) 1 . 78 .:!:. 0 .4 6 ( +2 )  

1 34cs 5 . 1 6 .:!:. 0 . 3 5 (+ 1 ) 2 .8 7 .:!:. 0 . 7 4 (+ 1 ) 

1 3 7cs 8 . 90 .:!:. 0 . 60 (+2 ) 6 . 6 .:!:. 1 . 7 ( +2 ) 

144ce 
co 

1 . 1 9 .:!:. 0 . 09 ( +3 )  7 . 5 .:!:. 2 .0 ( +2 ) 
I 

1 54E u  � 1 . 7 3 .:!:. 0 .  14 (+ 1 ) 1 .0 5 .:!:. 0 . 2 8 ( +1 ) 

1 55E u  4 .  9 .:!:. 1 .0 ( + 1 ) 3 .0 7 + 0 . 7 9 ( + 1 ) 



TABLE 8-3 . SAMPLE 4 - LOCAT I ON E9  SURFACE  RAOI ONUCL I OE C ONC l NTRAT J ONS 

R ad  1 onuc 1 , de Part ic l e  1 �4A} 
60co 1 .4 2  !_ 0 . 16 ( +2 ) 
1 06R u  

. 
3 .3 5 !. 0 . 38 ( + 3 ) 

l 10mAg 
1 2ssb 2 .00 !. 0 . 2 4 ( +2 ) 
1 34cs  1 .02 !. 0.  1 2 ( +2 )  
1 37cs 1 . 7 1  !_ 0 . 1 9 ( +3 ) 
1 44ce 8 . 6  : 1 .0 (  +3 ) 

CXl 1 54 E u  I 1 .50 !. 0 .  1 7 ( +2 )  -0 
1 55Eu  3 . 1 5 !. 0 . 63 (+2 ) 

Part ic l e  2 �48� 

1 . 1 3 !. 0 .0 7 ( + 1 ) 

2 .38  : o .  1 5 (  + t ) 

6 . 8 1  : 0 . 5 3 (0 )  

1 . 73 !. 0 .  1 3 (0 )  

3 . 5 7 !. 0 . 2 2 ( + 1 ) 

7 . 74 !. 0 . 5 3 ( +2 )  

9 . 3 2 !. 0 . 6 (0 )  

2 .96 !. 0 . 59 ( + 1 ) 

Part ic l e 3 (4q 

2 .  s 1 : 0 .  1 7  ( +2 ) 

6 .  00 !. 0 • 4 1 ( + 2 ) 

4 .94 : 0 . 38 (+ 1 ) 

1 .34 !. o .  10 ( + 1 ) 

3 .65 !. 0 .24 ( +2 )  

2 .5 1  !_ 0 . 1 9 ( +3 )  

2 .03 !. 0 .  1 6 ( + 1 ) 

1 .0 7 !. 0 .2 1 ( +2 )  

Part ic l e  4 {40} Part ic le S {4El 

2 . 75 !. 0 . 5 1 (0 )  2 . 7 1 : 0 . 2 7 (+ 1 ) 

1 .4 7  !, 0 . 18 ( + 3 ) 1 .87 : 0 .20 (+3 )  

1 .5 1  : 0 . 1 9 ( +2 ) 8 . 7 7 !. 0 . 98 ( + 1 ) 

1 . 75 !. 0 . 22 ( +2 )  3 .33 !. 0 . 36 ( + 1 ) 

3 .92 !. 0 .4 8 (  +3 ) 5 . 4 6  !. 0 .  58(  +2 ) 

4 . 60 !. 0 . 5 9 ( +3 )  5 .  18 !. 0 . 56 (+3 ) 

6 .05 !. 0 . 78 ( + 1 )  8 . 64 !. 0 .93 ( + 1 ) 

6 . 2 !. 1 .2 (+ 1 ) 1 .76  !. 0 .  1 9 ( +2 )  



TABLE B-4 . SAMPLE 5 - LOCAT I ON E9 - 3 I NCHE S RADI ONUCL I DE CONCENTRAT I ONS 

>4000pm >4000pm >4000pm >4000llm >4000pm 
Rad i onuc l i de Part ic l e  1 ( S A )  Part i c l e  2 (58 ) Part i c l e  3 (5 C )  Part i c l e  4 ( 5 0 )  P art i c l e  5 ( 5 E )  

60co 3 . 7 7 .:!: 0 . 6 7 ( + 1 ) 4 . 5 1 .: 0 . 3 1 ( + 1 ) 3 .94 .:!: 0 . 2 8 {+ 1 ) 2 .8 1  .: 0 . 2 5 (0 )  1 .2 0 .:!: 0 . 09 (+2 )  

106R u  2 .2 1 .: 0 . 3 9 ( +3 )  1 .2 5 .:!: 0 . 08 ( +3 )  1 .04 .:!: 0 . 0 7 (+3 ) 5 .40 .:!: 0 . 36 (+2 ) 1 . 1 9 .:!: 0 .08 (+3 ) 

l l OmAg • 

l 25 sb  1 . 6 7 .:!: 0 . 3 0 ( +2 )  1 .4 7 .:!: 0 .  1 0 {+2 ) 2 .4 7 .:!: 0 • 2 4 ( + 1 )  3 .86 .:!: 0 . 2 8 {+ 1 ) 3 .0 0 .:!: 0 . 2 2 ( +2 ) 

1 34cs 2 .3 3 .:!: 0 . 4 2 ( + 1 ) 1 . 53 .:!: 0 .  1 1 ( + 1 )  9 . 5 5 .:!: 0 . 7 5 (0 )  2 .2 5 .:!: 0 . 1 5 ( + 1 ) 6 . 7 8 .:!: 0 . 5 5 (0 )  

1 37cs 3 . 92 .:!: 0 . 6 9 ( +2 )  2 . 95 .:!: 0 . 2 0 (+2 ) 1 .64 .:!: 0 .  1 1  ( +2 ) 6 . 89 .:!: 0 . 4 5 (+2 ) 1 .4 8 .:!: 0 .  1 1 ( +2 )  

co 1 44ce 6 . 6 .:!: 1 .2 (+3 ) 3 .84 .:!: 0 . 2 7 (+3 ) 3 . 1 5 .:!: 0 . 2 4 (+3 )  1 .8 1  .: 0 .  1 3 (+3 ) 2 . 1 3 .:!: 0 .  1 7 ( +3 )  
I 

...... 
1 54 E u  ...... 1 .20 .:!: 0 . 2 1 { +2 )  5 . 9 3 .:!: 0 . 4 2 (+ 1 ) 4 .2 7 .:!: 0 . 3 2 (+ 1 ) 1 . 58 .:!: 0 .  1 2 (+ 1 ) 3 .8 2 .:!: 0 . 2 9 ( + 1 ) 

1 55E u  2 . 7 2 .:!: 0 . 54 (+2 ) 1 .3 3 .:!: 0 . 2 7 ( +2 ) 1 .3 5 .:!: 0 . 2 7 ( +2 ) 8 . 1 .: 1 .6 (+ 1 ) 9 . 9 .:!: 2 .0 ( + 1 ) 



TABLE 8-4 . ( cont i nued ) 

1 680-400011m 1 680-400011m 1 680-4000.,m 1000- 1 680.,m 1 000- 1 680.,11 
R ad i onuc 1 i de P a r t  1c 1 e  1 tSF � P a r t  1c l e  l �5G ) Pa r t i c l e  3 �SH� Part i c l e  4 {5 1 }  Pa rt tc l e  5 (5J} 

60co 2 .07  � 0 .  1 9 (0 ) 3 . 10 � 0 .  1 8 ( + 1 ) 1 .0 � 0 . 2  ( + 2 )  6 . 5 7  ! 0 . 4 0 ( - 1 ) 1 .09 ! o.  1 8 (0 ) 

1 06Ru 5 . 58 � 0 . 34 ( +2 ) 6 . 9 3  � 0 . 3 8 (  +2 ) 2 .8 � 0 . 5 ( +3 ) 1 .4 4  ! 0 .09 ( +3 ) 1 .29 ! 0 .09 ( +3 ) 

1 10mAg 
1 2Ssb 6 . 3 5  � 0 .4 0 ( + 1 ) 1 .3 2  � 0 .  1 1 ( + 1 ) 6 . 1 : o . 1 ( +2 ) 1 .02 ! 0 . 0 7 ( +2 ) 1 .  16 � 0 .08 ( +2 ) 

1 34cs 2 .92 .!. 0. 18 ( + 1 ) 2 .86 � 0 . 2 6 (0 )  3 .6 � 0 . 6 ( +2 )  3 . 1 7  ! 0 . 20 ( + 1 ) 3 .2 9  � 0 . 2 3 ( + 1 )  
1 37cs 7 • 90 � 0 • 4 7 ( + 2 ) 3 . 78 =- 0 . 2 1 ( + 1 ) 6 . 5 : 1 . 1 ( + 3 )  5 .08 =- 0 . 3 1 ( +2 )  5 . 3 6  � 0 . 3 7 ( +2 )  

Cl' 
• 

1 44ce 1 .86 .!. 0 .  1 2 (+3 ) 2 .36  =- 0 . 1 4 ( +3 )  1 . 1 - 0 .2 ( +4 ) 3 .56 =- 0 . 2 5 ( + 3 )  3 .40 =- 0 .2 6 (+3 ) 
- 1 54 E u  1 . 73 .!. 0 . 1 2 ( + 1 ) 2 . 94 : 0 . 1 8 ( + 1 ) 6 . 26 =- 0 .4 2 ( + 1 ) 6 . 2 3 ! 0 . 4 5 ( + 1 ) N 2 .2 ! 0 .4 ( +2 )  

1 55E u 7 .4 =- 1 .5 ( + 1 )  1 .02 =- 0 . 20 ( +2 )  5 . 1 :  1 .0 ( +2 )  1 .62 .!. 0 . 3 2 ( +2 )  1 .39 .!. 0 .28 (+2 ) 



TABLE B-4 . ( cont i nued ) 

< 1 6  mesh 
R ad ionuc 1 i de A l i quot 

60co 5 . 5 3 .:!: 0 . 3 4 (+ 1 ) 

1 06R u 6 . 53 .:!: 0 .4 0 (+2 ) 
• 

1 1 0mAg 

1 25sb 8 .{) 1  :!.. 0 . 5 5 (+ 1 ) 

134cs 9 . 85 .:!: 0 . 59 (+ 1 ) 

1 3 7cs 1 . 7 1 :!.. 0 . 1 0 (+3 )  

OJ 144ce 2 .2 4 .:!: 0 . 1 7 (+3 ) 
I 

...... w 154E u  3 . 54 .:!: 0 . 2 5 (+ 1 ) 

1 5 5E u  1 .06 .:!: 0 . 2 0 (+2 ) 



TABLE 8-S. \A�' LE  6 - LOCAT I ON E9 - 22 I NCHE S  RAD I ONUCL I O£  CONTENTRAT IONS 

>4000um >4000 um >4000..,m >4000um >4000., .. 
R ad i onuc 1 1  de Part ic l e  1 �6A ) Part ic l e 2 (68 1 Part ic l e  3 (6C � Part  tc  l e  4 {6 0! Part ic le 5 {6E} 

60co 6 .0 7 � 0 .6 7 (0 )  1 .66 : 0 . 09 (0 ) 3 . 34 .: 0 . 2 3 (0 )  NO 1 .24 : 0 .09(0 ) 

106Ru  1 .07  � o .  1 1 ( +3 )  2 . 3 Q : 0 . 2 3 (0 )  1 . 1 6 � 0 .0 7 ( +2 ) 9 . 1 5  � 0 . 62 ( +2 ) 1 .32  � 0 .  1 4 (0 )  

l lOIIAg 

1 2s 5b 9 . 74 : 0 . 99 ( + ) )  3 .05 : 0 .  1 7 ( +2 ) 4 .22 !. 0 . 2 6 ( + 1 ) 6 . 95 � 0 . 53 ( + 1 )  2 .4 0 : 0 . 16 ( • 1 )  

1 34cs 3 .90 � 0 . 3 9 { + 1 ) 7 . 1 1 :. 0 . 4 0 ( 0 )  9 . 7 3 !. 0 . 59 (0 )  5 . 4 7 � 0 . 38 ( + 1 )  2 .2 2  : 0 .  1 5 (0 ) 
1 37cs 1 . 1 9 � 0 .  1 2 ( +3 )  1 .24 : 0 . 0 7 ( +3 )  1 .82 !. 0 .  1 1  ( +2 ) 1 .30 � 0 .09 ( +3 ) 4 .4 1 :. 0 . 2 9 ( + 1 ) 

OJ 144ce 3 .65 � 0 . 38(+3 ) 2 .84 !. 0 .. 98( +3 ) 1 .96 : o .  1 7{+2 ) 2 .66 : 0 . 2 1 ( +3 )  1 .9 1  :. 0 . 38 (0 )  
I • - 1 S4Eu  � 2 .88 : 0 . 30 (+  1 )  NO 2 . 93!_ 0. 2 5 (0 )  3 .2 5 : 0 . 25 ( + 1 ) NO 

1 5S[ u  1 . 5 1 :. 0 . 30 ( +2 ) 2 .2 1  :. 0 .  88 ( + 1 )  1 .03 � 0 .  0 7 ( + 1 ) 1 . 16 :  0 . 2 3 (+2 ) NO 



TABLE B- 5 .  ( cont i nued ) 

1 680-4000�m 1 680-4000�m 1 680-4000�m l 000- 1 680�m l 000- 1 680�m 
R ad i onuc 1 i de P art ic l e  1 ( 6 F ) Part i c l e  2 {6G } Part i c l e  3 { 6 H }  Part i c l e 4 {6 1 )  P art i c l e  5 { 6 J ) 

60co 4 . 89 .: 0 . 3 5 (0 }  9 .3  .: 2 .  1 ( - 1  ) NO  2 . 74 .: 0 . 1 6 (+2 }  7 . 3 3 .: 0 . 4 3 (0 )  

1 06R u  7 . 0 _: 1 .0 ( 0 }  1 .03 .: 0 . 0 6 { +3 ) 8 .05 .: 0 . 4 5 (+2 ) 2 .  64 .: 0 .  1 6  ( + 3 )  2 .9 2 .: 0 . 1 6 { +2 )  

l l OmAg • 

1 2 5sb  1 .4-6 .: 0 .  1 1  ( + 1 )  9 . 9 7 .: 0 . 6 6 ( +1 ) 8 . 1 6 .: 0 . 50 (+ 1 ) 8 .2 8 .: 0 . 4 9 (+2 ) 1 . 78 .: 0 . 1 1 ( + 1 ) 

1 34cs 3 .2 5 .: 0 . 20 { + 1 ) 1 .69 .: 0 . 09 { +2 )  4 .6 7 .: 0 . 2 6 ( + 1 ) 2 .08 .: 0 . 3 4 {0 ) 4 .9 7 .: 0 . 5 7 { - 1 ) 

1 3 7cs  6 . 2 2 .: 0 . 3 8 { +2 ) 3 . 79 .: 0 . 2 1 { +3 )  1 .0 7 .: 0 . 06 (+3 ) 2 .98 .: 0 .  1 8 (+ 1 ) 1 . 1 0 .: 0 . 0 6 ( + 1 ) 

1 44ce 1 .84 .: 0 . 3 5 {+ 1 ) 3 .06 .: 0 . 2 0 ( +3 ) 2 . 50 .: 0 .  1 6 ( +3 )  3 .2 0 .: 0 . 34 {+2 )  6 . 90 .:: 0 . 4 4 ( +2 )  
OJ 

I 
...... 1 54E u  NO  4 .34 .: 0 . 2 8 ( +1 ) 2 .4 6 .: 0 .  1 6  ( + 1 ) 5 . 04 .: 0 . 64 (0 )  1 .3 4 .:: 0 . 08 {+ 1 ) (.11 

1 55E u  N O  1 .3 7 .: 0 . 2 7 ( +2 ) NO 2 . 7 (0 )  4 . 2 (0 )  



TABLE B-5 . ( cont i nued ) 

1000- l �m 707- l OOO.,m 297-707"m 149-279"m 74 - 1 4911111 
R ad i onuc l i de Part i c l e  1 �6tq A l i quot A 1 i quot A 1 1 quot A 1 1guot 

60co 6 . 87 ! 0 . 5 5 (0 )  1 .4 3 ! 0 . 08 ( +2 )  s .  1 5 ! 0 . 2 9 ( + 1 ) 9 .2 1 !. 0. 59 ( + 1 )  1 . 1 1  !., 0 . 06 ( +2 ) 

106Ru 5 . 8 1  !. 0 . 3 5 ( +2 )  4 .20 ! 0 . 2 3 ( +2 ) 2 . 1 9 ! 0 .  1 3 ( +2 }  2 .94 ! o .  1 7 ( +2 )  3 . 74 .!. 0 . 2 1 ( +2 )  
l lOmAg 
1 25sb 8 . 1 5 ! 0 . 59 ( + 1 ) 8 . 7 7 ! 0 . '> 2 ( + 1 ) 9 . 7 7 ! 0 . 5 7 ( + 1 ) 1 .4 6 ! 0 . 08 ( +2 )  1 .89 ! 0 .  1 1 ( +2 ) 

1 34cs  1 . 76 ! 0 .  10 (+2 ) 5 .  66 ! 0 .  3 1 (  + 1 ) 5 . 82 ! 0 . 3 2 ( + 1 ) 5 .36 ! 0 . 30 ( + 1 } 4 .8 1  + 0 .2 7 (+ 1 } 

1 37cs 4 .06 ! 0 . 24 { +3 )  1 .23 ! 0 .0 7  ( +3 )  1 .  1 3  ! 0 .  06 ( + 3 ) 1 .07 ! 0 . 06 ( +3 )  9 . 58 ! 0 . 53 (+2 ) 

CD 1 44ce 3 .4 8 ! 0 . 24 (+3 ) 2 .29 ! 0 .  1 5 ( +3 )  2 . 1 1  !. 0 .  149+3 ) 1 .40  ! 0 .09 ( +3 ) 1 .2 7 ! 0 . 09 ( +3 )  
• . 

- 1 54Eu  0\ 5 .07 .! 0 . 349+ 1 ) 3 .63 .! 0 . 2 2 ( + 1 ) 3 .55 ! 0 . 2 2 ( + 1 ) 2 . 1 6 ! 0 .  1 4 ( + 1 } 2 . 14 .! o .  1 4 ( + 1 ) 
1 55f u  3 . 53 :_ 0 .24 ( + 1 ) 1 .07 .! 0 . 2 1 ( +2 )  9 . 19 ! 1 .80 ( + 1 ) 6 . 7  :_ 1 . 3 ( + 1 ) 7 . 8 ! 1 . 6 (+ 1 ) 



TABLE B-5 . ( cont i nued ) 

30-74um 
R ad i onuc 1 i de A 1 i quot 

60co 1 .2 5 .! 0 . 09 (+2 )  

106R u  5 . 2 3  + 0 . 3 7 (+2 ) 

1 1 0mAg 
• 

1 2 5 sb 1 .6 7  � 0 .  1 2 (+2 ) 

1 34cs 5 .  00  .! 0 .  3 5 ( + 1 ) 

1 3 7cs 9 . 54 .! 0 . 6 7 ( +2 ) 

OJ 144ce 1 . 1 1  !. 0 . 09 ( +3 )  
I 

-
1 54E u  ......, 1 . 83 .! o .  14 (+ 1 ) 

1 55E u  4 . 5  � 0 . 9 ( + 1 ) 
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APPEND I X  C 

F I SS I LE/FERT I L E  MATER I AL ANALYS I S 

A l l s amp l e  a l i quots r emoved f rom the core debr i s  s amp l es were ana l yz ed 

both by gamma ray spectrometry and by del ayed neutron analys i s .  Th i s  t ab l e  

presents the pre l im i nary r esu l ts of the del ayed n eutron analys i s .  Th ese 

resu l t s may change s l i ght ly  due to change i n  the c a l i brat ion  curves for thes e 

d ata . Th e ana lys i s  was performed by f i rst measuri ng the tota l  f i ss i l e/fert i l e  

mater i a l  contents us i ng a fast neutron f l ux at the  Coupl ed F ast  React i v i ty 

Measurement  F ac i l i ty ( CF RMF } and s ubsequen t ly measur i ng the f i ss i l e  mater i a l 
c onten t ( i . e . , 235 u p l us 239Pu } i n  a thermal  n eutron f l ux f i e l d  at the 
CFRMF . I t  has been determi ned that the 239P u  component i s  neg l i g ab l e  

(<0 . 2  wt% ) and therefore the component pr i nc i pa l l y  measured i n  235u .  The 

e ffect of the 239Pu i s  the i ncrease the measured f i s s i l e mater i a l  content 

5 -8% . 

C - 1  



n 
• N 

1 ABLE C · l . F I SSI LE/FE RT I LE MAT E R I AL I DNU NTRAT I ONS S� LE 1 H h  Surface 

238u 
I dent i f icat ion (mg) 

>4000 "•  Part ie le  1 ( lA ) 7 . 9 .:. 0 . 6 (0 )  

>4000 "m Part 1 c 1 e 2 ( 1 8 )  1 . 10 .:. 0 . 0 7 ( + 1 )  

>4000 "m Part i c l e  3 ( lC )  5 . 70 � 0 .6 (0 )  

>4000 "• Part ic le  4 ( 10 ) 5 . 9 .:. 0 . 8 (0 } 

>4000 "• Part i c l e  5 ( l E ) 5 . 5  .: 0 .6 (0 ) 

1 680-4000 "m Part i c l e  l ( lF ) 1 .09 .:. 0 .0 7 ( + 1 ) 

1680-4000 "m Part ic l e  2 ( 1G ) 8 . 2  : 0 . 7 (0 )  

1 680-4000 � m  Part i c l e  3 ( lH }  1 .5 ! 0 . 1 ( + 1 ) 

1000- 1680 "m Part ic l e  1 ( 1 1 )  

1000- 1 680 "m Part i c l e  2 ( l J )  1 .4 6 .:. 0 . 08 ( + 1 ) 

1000- 1680 "m P art i c l e  3 ( lK ) 1 .00 .:. 0 .07 ( + 1 ) 

707- 1 000 " m  A l i quot 1 .65 .:. 0 .09 ( + 1 ) 

297-707  � m  A l iquot  1 .62 .:. 0 .09 ( + 1 ) 

1 49-297 " m  A l i quot 9 . 0 .:. 0 . 6 (0 )  

74 - 149 �m A l iquot  5 . 4 .:. 0 .6 (0 ) 

30-74  � m  A l i q uot 3 . 9 .:. 0 . 5 (0 )  

NA - Data not ava i l ab l e  for th i s  report 

F i ss t l e 
(mg) 

2 .4 .:. o.  2 ( - 1  ) 

2 .3 .:. 0 .2 ( - 1 )  

1 .4 .:. 0 . 2 ( - 1 ) 

1 .4 .:. 0 .2 ( -1 ) 

1 .4 _: 0 . 2 ( - 1 ) 

2 .6 .:. 0 .2 ( - 1 ) 

1 . 7 .: 0 . 2 ( - 1 ) 

4 .2 .:_ 0.2 ( - l }  

3 .3 !. 0. 2 ( - 1 ) 

2 . 5 .:. 0 .2 ( - 1 ) 

3 .8 .:. 0. 2 ( - 1 ) 

4 .  1 .:. 0 .2 ( - 1 ) 

2 .  1 ! 0 .2  ( - 1  ) 

1 . 2 .: 0 .2 ( - 1 ) 

8 . 2  .:. 1 . 7 ( - 1 ) 

--- " 

F i ss i l e SIIIPle  we tght 
_( wt percent) (mg) 

3 .0 + 0 . 3  84 -
2 .0 + 0 . 2  1 2  

2 .4 .: 0 .4 (0 )  1 0  

2 .4 .:. 0 . 4  (0 ) 7 

2 . 5 .: 0 .4 (0 )  29 

2 .4 .:. 0 . 2  ( 0 )  1 6  

2 .0 : 0 . 3 ( 0 )  1 5  

2 .  7 !. 0 .2  (0 ) 33 

10 

2 .2 .:. 0.2 (0 ) 2 1 0  

2 . 5  .:. 0 . 2 (0 ) 1 9  

2 .2 ! 0 . 2 (0 ) 26 

2 .4 .!_ 0 .2 (0 ) 29 

2 .3 ! 0 .2  (0 ) 2 3  

2 . 1 ,: 0 .4 (0 ) 1 2  

2 . 1 .:. 0 . 5 (0 )  22 



TABLE C- 1 . ( cont i nued } 

2 38u F i ss i l e F i ss i l e S amp l e  We i ght 
I dent i f i c at ion  �mg) ( mg) ( wt percent ) ( mg) 

>4 000 u rn  Part i c l e  1 ( 3A ) 2 . 1  � 0 . 1 ( + 1 ) 6 . 2 .: 0 .4 ( - 1 ) 2 .8 � 0 . 2 (0 ) 56 

>4000 urn Part i c l e  2 ( 3 B )  <0 . 7 ( 0 ) < 1 . 6 ( -2 )  2 3  

>4000 u rn  P art i c l e  3 { 3C )  NA NA NA 39 

>4000 urn Part i c l e  4 ( 3 D )  7 . 9 .: 0 . 3 ( + 1 } 1 . 9 .: 0 . 06 ( 0 )  2 .3 � 0 . 1 ( 0 } 9 7  

>4000 � m  P art i c l e  5 ( 3E ) 5 . 6 .: 0 . 2 ( + 1 ) 1 . 3 .: 0 . 04 (0 )  2 . 3 _: 0 . 1 (0 )  69 

1 680-4000 u rn  Part i c l e  1 ( 3 F ) NA NA NA 1 0  

("') 
I 

1 680-4000 urn P art i c l e  2 ( 3G )  NA NA NA 1 0  
w 

1 680-4000 �m Part i c l e  3 ( 3H )  5 .4 � 0 . 7 (0 )  1 .0 _: 0 . 2 ( - 1 ) 1 . 9 � 0 . 4 (0 ) 1 0  

1 000 - 1 680 urn P art i c l e  1 ( 3 1 ) NA NA NA 2 5  

1 000- 1 680 u rn P art i c l e  2 ( 3J ) 4 . 6 � 0 . 6 (0 )  1 . 2 .: 0 . 2 ( -1 ) 2 .4 � 0 .4 {0 )  24  

1 000 - 1 680 u rn  P art ic l e  3 ( 3KO 1 . 8 _: 0 . 1 (+ 1 ) 6 .4  .: 0 . 2  ( - 1 ) 2 . 3 � 0 . 1 (0 )  4 5  

707 - 1 000 u rn  A l i quot NA NA NA 30 

297-707 urn A l i quot NA NA NA 1 8  

1 49-297 u rn  A l i quot NA NA NA 1 1 4 

74- 149  urn A l i quot NA NA NA 2 2  

30-74 u rn  A l i quot 6 . 9 � 0 . 7 (0 )  1 .8 � 0 . 2 ( -1 ) 2 .6 .:!:. 0 .4 (0 ) 2 5  

20-30 u rn  A l i q uot  1 . 3 .: 0 . 6 (0 )  2 . 2 .: 1 .6 ( - 1 ) 1 . 7 .: 1 . 5 (0 )  4 



n I • 

TABL E C - 1 . ( cont t nued ) 

l dent i f t cat ion 

>4 000 .,m Par t ic l e  1 ( 4A )  

>4000 M• Part ic le 2 ( 4 8 )  

>4000 ., m  Part ic l e  3 ( 4C ) 

>4000 .,. Part ic l e  4 ( 4 0 )  

>4000 � m  Part ic l e  5 ( 4E ) 

• 

!3� 
(119) 

NA 

6 . 1 � 0.6 (0 ) 

NA 

NA 

NA 

Fissile F'tss fle SIIIIPle weight 
(mg) (wt percent) (!51) 
NA NA 10 

2 . 1 ! 0. 2 ( - 1 ) 3 .4 ! 0 . 5 (0 ) 33 

NA NA 28 

NA NA 9 

NA NA 1 1  



TABLE C-1 . ( cont i nued ) 

�38Q Fissile Fissile Sample Weight 
I dent i f i c at ion  ( mg) ( mg) ( wt percent ) ( mg)  

<4000 � m  Part i c l e  1 ( 6A )  NA NA NA 1 2  

<4000 �m Part i c l e  2 ( 6B ) >0 . 0 1 6  >0 .  7 3  6 5  

<4000 � m  P art i c l e  3 ( 6C )  1 . 4 .:!: 0 . 5 (0 )  6 .4 .:!: 0 . 2 ( - 1 ) 4 .4 .:!: 1 . 9 {0 ) 40  

<4000 �m Part i c l e  4 ( 6 0 )  1 . 9 .:!: 0 . 1 ( +1 ) 5 . 6 .:!: 0 . 2 { - 1 ) 2 .9 .:!: 0 . 2  (0 ) 2 5  

<4000 �m P art i c l e  5 { 6E ) >() .  5 >0 . 0 2  2 6  

1 680-4000 � m  Part i c l e  1 { 6 F )  >0 . 5  >0 . 02 3 3  

1 680-4000 �m P art i c l e  2 { 6G ) 7 . 3 .:!: 0 . 3 { + 1 ) 2 • 1 4  .:!: 0 . 06 { 0 ) 2 . 8 .:!: 0 . 1 {0 )  94 
("") 

I 1 680-4000 �m Part i c l e  3 {6H ) 8 . 6 .:!: 0 . 3 ( + 1 ) 2 .4 :. 0 .  0 7 ( 0 ) 2 .7 :. 0 . 1 (0 )  1 0 1 0  U"' 

1 000- 1 680 �m P art i c l e  1 ( 6 1 ) 4 . 0  .:!: 0 . 6 {0 )  1 . 2 .:!: 0 . 2 ( - 1 ) 3 . 0 .:!: 0 . 6 (0 )  4 1  

1 000- 1 680 �m P art i c l e  2 ( 6J ) 8 . 9 :. 0 . 7 (0 )  2 • 8 :. 0 .  2 (_1 ) 3 . 1 .:!: 0 . 3 (0 )  7 1  

1000- 1 680 �m P art ic l e  3 (6K ) 3 . 1 .:!: 0 . 1 {0 )  9 . 2 .:!: 0 . 3 { - 1 ) 2 . 8 .:!: 0 . 2 {0 )  4 3  

707- 1 000 �m A l i quot 7 . 7 :. 0 . 3 { + 1 ) 2 .0 7  :_ 0 . 06 (0 ) 2 .6 :_ 0. 1 (0 )  1 390 

297- 707 �m A l i quot 6 . 9 .:!: 0 .3 { + 1 ) 1 • 7 1  .:!: 0 .  OS { 0 )  2 .4 .:!: 0 . 1 (0 )  1 300 

1 49-297  � m  A l i quot 4 . 9 :. 0 . 2 { +1 ) 1 . 7 5 :. 0 . 0 6 (0 ) 2 . 7 :. 0 . 2 (0 ) 1 350 

74- 149 �m A l i quot 3 . 2 .:!: 0 . 1 ( + 1 ) 8 .  00 .:!: 0 • 03 { 0 ) 2 .4 .:!: 0 . 1 (0 )  8 7  

30-74 �m A l i quot 5. 6 :. 0 . 6 {0 ) 1 .6 + 0 . 2  ( - 1 ) 2 .8 :. 0 .4  (0 ) 22  



TABLE C· l .  ( conUnued ) 

0 !� F iss fle 
- ·- - ·  

rissile SU�Ple weight 
1 den t i f  teat ion (mg) (mg) (wt percent) ( mg) 

>4000 "" Par t i c le 1 ( SA ) NA NA NA 6 

>4000 um Par t ic l e  2 ( 5 8 )  2 . 3 ! 0. 1 ( + 1 ) s . s : 0. 2 ( - 1 ) 2 .4 ! 0 . 2  (0 ) 26 

>4000 um Pa r t ic le 3 ( 5( )  NA NA NA 24 

>4000 um Par t ic l e  4 ( S O )  NA NA NA 27  

>4000 u• Par t i c l e  5 ( SE ) 1 . 1  : o. 6 (0 ) 2 .4 : 0 .2 ( - 1 ) 3 . 0 ! 0 . 3 (0 )  2 1  

1680-4000 um Par t ic l e 1 (SF) 2 .2 : 0 . 1 ( + 1 ) 6 . 5 : 0. 3 ( - 1 ) 2 .9 : 0 . 2 (0 )  39 

1680-4000 "" Part i c l e  2 ( SG ) NA NA NA 89 
n 1000- 1 680  um Part ic l e  1 ( S H) NA 6 I NA NA 0\ . 

1000- 1680 um Part i c l e  2 ( S I ) 2 . 1  : o . l ( + l ) 8 . 1 ! 0 .3 ( - 1 ) 2 . 9 : 0 .2 (0 ) 3 7  

1000- 1 680 � m Part ic l e  3 (SJ ) 1 . 7 :. 0.9 ( + 1 ) 4 .5 :. 0 .2 ( - 1 )  2 .7 :. 0 . 2 (0 )  24 

< 1000 �m A 1 iquo t  1 . 9 :_ 0 . 1 ( + 1 ) 6 .0 ! 0 . 3 ( - 1 )  3 . 0 : 0 . 2 (0 ) 428 






