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DESIGN, FZBRICATION, AND INITIAL OPERATION OF 
HTGR-ORR CAPSULE OF-2 

K. R. moms 
M. J. Kania* 

ABSTRACT 

The OF-2 irradiation experiment was designed and built 
to test candidate High-Temperature Gas-Cooled Reactor (HTGR) 
fuel and fuel-rod matrix designs. The capsule was designed 
with two separate specimen cells, allowing for independent 
temperature control as well as independent fission gas re- 
lease measurements. The OF-2 capsule is presently operating 
at the Oak Ridge Research Reactor (ORR). Initial fuel rod 
linear heat rates are between 16.4 and 23.0 kW/m ( 5  and 7 
kW/ft) and fuel centerline temperatures are approximately 
1150 and 1350OC. Plans are to operate the capsule for nine 
ORR cycles to accumulate a maximum damage fluence of 9 x 1021 
neutrons/cm2 (E > 0.18 MeV). 

1. INTRODUCTION 

The High-Temperature Gas-Cooled Reactor (HTGR) fuel irradiation 

experiments conducted at Oak Ridge National Laboratory (ORNL) in sup- 

port  of the Thorium Utilization and Fueled Graphite Development programs 

have traditionally been accomplished in two phases. 

tope Reactor (HFIR) target series of experiments (HT) are used to screen 

potential fuel and fuel-rod matrix designs and identify poor performers. 

Successful designs are translated into prototype fuels and fuel-rod ma- 

trix designs and irradiated in the instrumented facilities in the H F I R  

removable beryllium (HRB) facilities and the ORR. The OF-2 experiment 

will supplement information from previously conducted HT and HRB tests. 

In addition, OF-2 represents the first test of Triso-coated fissile fuel 

fabricated in the 13-crn-diam coating furnace at ORNL. The objectives of 

this experiment are listed below. 

The High-Flux ISO- 

*Metals and Ceramics Division. 
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1 TO test t h e  p<~rfozmance of reference weak-acid r e s i n  (WAR) 

)- m a t e d  Iissil e particl-es and refcrence Biso-coated f e u k i l e  parti- 

~ 1 r - c  both coated i n  the  lr(-m--diam coat ing €urraacc, 

3 ~ ‘To i nyes t iga t e  the  matrix-particle interaction piienomeiaon - 
_. i n i  c. p,ux !Aon of the cxpxinent. will involve a study of t he  effects of 

particle strength, matrix type,  and particle sur face  conciiticms on irra- 

on , O F X  ror^ii1an.sc. 

3 -  -15 investiqai-t .  ihc  be’navio~ iirider irLdiliai.ion of various coat- 

i ti9 rriicrost-ruc:tures a r i s i n g  from v a r i a t i o n  o f  t h e  coating process parane- 

t + - ~ = :  gas concentrat ion,  depos i t ion  r a t e r  depos i t i on  teapcj:t2ti.Irr7 a ~ d  

P a t c h  s i z e .  

4, T o  i n v r s t i g d t e  khs influenix. of stoichionckry and kerne l  den- 

- <  i y 011 1 l i t *  i rradiztion ~-scsrfnrmance of Imx-derivcd f i i a l s .  

5 -  To vcri  Ty the  adequate pel-formaince of f i s s i le  anll f e r t i l e  fuels 

::: ’1 bc irradia:_ed dt . 3  lator t h t c  i n  early pvonf-test ~~I~rncn.i-s i n  - 1  1 1  

? LC-JP: S t  - V k 2 i S  I),rZlCt<7r. 

6 .  To compa’-e the perfomarrze of coatings deposited i n  t h e  13-cm 

n n a r c  using a fritts? gas d i s t r i b u t i o n  system with coatings 

using a cone gas distributor. The fritted system is the pres- 

r efri-ence for the HTGR Recycle Demonstsatinn Faci l i ty-  (HRDF) . 
7.  Tn tc!;t our ?hi ’1 i t y  to remove fuel rods from the graph< te holder 

sffier f u l l - l i f e  i r r a d i a t i o n ,  par t iculaz l y  as ‘ c l r i ~  appi i es tu i n - b l o c k  

carhnization. 

The OF-2 capsule i s  being i r radiated i n  the E-7 pos i t i on  of the  

OM7 core. A cross s e c t i o n  of the QPd3 core showing tihe location of C P - ~ ~  

as well a3 ather ca,ps!xles i n  t he  HTGK i r rad . ia t ion  program, is shown i n  

r.3 y. 1.. Fiylxre 2 shows the i n s t a h l a t i o n  of the OF-2 capsule i x i  :;he - .  
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Fig. 2. Installation o f  OF-2 capsule i n  O m  (1 E t  = 0.3048 In). 
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ORR pool. The thermocauple l eads  t h a t  run to t he  top of  t he  pool are 

connected t o  t h e  lead  w i r e s  t h a t  feed i n t o  recorders  and a data-acquisi-  

t i o n  system. Gas l i n e s  coming f r o m  t h e  capsule are fed i n t o  the  in-pool 

junc t ion  box, where they are connected t o  e x i s t i n g  gas  supply and vent  

systems. A schematic f l o w  diagram of the  OF-2 capsule  is presented i n  

Fig. 3. 

3. EXPERIMENTAL ASSEMBLY 

The desc r ip t ion  of the  experimental  assembly i s  divided i n t o  four  

p a r t s :  t h e  capsule design, the  instrumentat ion used t o  monitor opera- 

t i o n ,  t h e  dosimetry incorporated to determine neutron f luxes ,  and the  

f u e l  specimens. 

3.1 Capsule Design 

The general  conf igura t ion  of capsule  OF-2 i s  shown i n  Fig. 4. The 

t h r e e  f u e l  specimen holders  a r e  doubly contained i n  two type 304 s t a i n -  

less steel containment ves se l s .  The inner  or primary containment ves- 

sel is  63.19 c m  (24.88 i n . )  long and has a 6.195-cm (2.439-in.) I D  and 

a 6.447-cm (2.539-in.) OD. The o u t e r  o r  secondary containment ves se l  

i s  81.92 cm (32.25 i n . )  long with a 6.464-m (2.545-in.) I D  and a 6.668- 

c m  (2.625-in.) OD. The to ta l  a c t i v e  tes t  space i s  a cy l inder  63.50 c m  

(25.0 i n . )  long and 6.05 cm (2.38 i n . )  i n  diameter.  The capsule i s  

divided i n t o  t w o  cells  by a copper bulkhead brazed i n t o  the  primary con- 

tainment ves se l  a t  a p o i n t  8.573 cm (3.375 i n . )  below the  reactor nid- 

plane and approximately 36.8 cm (14.5 i n . )  below the  upper end of t h e  

capsule.  

The bottom c e l l  (cel l  1) conta ins  one H-451 g raph i t e  specimen holder  

(designated specimen holder  C), which is  22.23 cm (8.750 i n . )  long and 

6.1054 cm (2.4037 i n . )  i n  diameter.  The specimen holder  has a 0.953-cm- 

d i m  (0.375-in.) central .  s p l i n e  hole  and four  1.595-cm-dim (0.628-in.) 

pe r iphe ra l  f u e l  holes. Each f u e l  hole  conta ins  four  5.08-an-long (2.00- 

i n . )  by 1.575-cm-diam (C.620-in.) f u e l  rods.  Nine Chromel-P/Alumel (C/A) 

thermocouples are incorporated to monitor pe r iphe ra l  g raphi te  temperature 
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and one C/A thermocouple monitors t he  primary containment bulkhead t e m -  

pera ture .  The design opera t ing  condi t ion  f o r  t h i s  specimen holder  i s  a 

maximum f u e l  c e n t e r l i n e  temperature of 1350OC. 

The top  c e l l  ( ce l l  2 )  conta ins  two H-451 graphi te  spechen holders ,  

each of: which has  a 0.953-cm-dim (0.395-in.) cen t ra l  s p l i n e  hole and 

four  1 .595-a -d im (0.628-in.) pe r iphe ra l  f u e l  holes .  The upper holder ,  

specimen holder  A,  is  16.828  an (6.625 i n . )  long and 6.134 cm (2.415 in . )  

i n  diameter and is designed t o  ope ra t e  a t  a maximum f u e l  c e n t e r l i n e  t e m -  

pe ra tu re  of 115OOC. The lower holder ,  specimen holder  B ,  i s  16.828 c m  

(6.625 i n . )  long and 6.116 c m  (2.408 i n . )  i n  diameter and i s  designed t o  

0perat.e a t  a maximum f u e l  c e n t e r l i n e  temperature of  1350OC. Each speci-  

men holder  conta ins  36 f u e l  rods.  Two f u e l  ho les  i n  each specimen holder  

contain s i x  2.54-m-long (1.00-in.) by 1 . 5 7 5 - a - d i m  (0.620-in.) f u e l  

specimens, while the remaining two holes  each conta in  twelve 1.27-cm-long 

(0.50-in.) f u e l  specimens having an OD of 1.575 cm (0.620 i n . )  and an 113 

of 0.340 cm 10.134 in . ) .  I n  addi t ion ,  specimen holder  B conta ins  approxi- 

mately 2 em3 of loose coated i n e r t  p a r t i c l e s  f ab r i ca t ed  by M s  A l a m o s  

S c i e n t i f i c  Laboratory (LASL). These loose  p a r t i c l e s  are loca ted  i n  a 

3.175-cm-long (1.250-in.) by 0.953-an-diam (0.375-in.) hole a t  t he  bottom 

of  specimen holder  B. 

Specimen holder A i s  instrumented with a t o t a l  of 1 2  thermocouples - 
11 C/A and on@ Pt--O.l% Mo/Pt-5% Mo (Pt-Mol. Eight  of the  C/A therinacou- 

p l e s  monitor t he  pe r iphe ra l  g raph i t e  temperature,  while t h ree  C/A themo-  

couples and the  Pt-Mo thermocouple monitor t he  g raph i t e  c e n t e r l i n e  t e m -  

pera ture .  Specimen holder  9 conta ins  s i x  C/A themocouples  t o  monitor 

g raph i t e  pe r iphe ra l  temperatures and one Pt-Mo thermocouple t o  monitor 

t h e  graphi te  c e n t e r l i n e  temperature. 

Flux monitors are also incorporated i n  each specimen holder  and are 

descr ibed i n  more d e t a i l  i n  Sect. 3.3. 

3.2 Instrumentat ion 

Operating temperatures i n  capsule  OF-2 are measured by 29  thexmo- 

couples - 27 C/A and two Pt-Mo. The loca t ion  of t h e  theirnocouples is 

shown j.n Fig,  5. 
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batch of so l -ge l  (4Th,U)02 p a r t i c l e s ;  and one batch of General A t o m i c  

Company's (GAC) VSM UC2 p a r t i c l e s .  A complete desc r ip t ion  of each f i s -  

s i l e  p a r t i c l e  batch i s  presented i n  Table 1. A l l  t he  p a r t i c l e  batch 

types, with the  exception of type 15, were included i n  the  f u e l  specimens 

i n  the  upper c e l l ,  c e l l  2 .  P a r t i c l e  types 13, 1 4 ,  and 15 w e r e  f ab r i ca t ed  

f o r  t h e  lower experimental compartment, ce l l  1, using the  l a rge  diameter 

coat ing furnace.  Types 1 3  and 14  were coated using the  reference f r i t t e d  

gas d i s t r i b u t i o n  system, and type 15  w a s  coated using the  cone d i s t r i b u -  

t i o n  system. P a r t i c l e  types 1 through 11 were a-nnealed a t  18OO0C for 

1 0  min i n  a f lu id i zed  bed a f t e r  the  ou te r  low-temperature i s o t r o p i c  

(OLTI)  coa t ing  w a s  deposited.  P a r t i c l e  types 13  through 15 were s i m i -  

l a r l y  annealed after the  inner  low-temperature i s o t r o p i c  ( I L T I )  coat ing 

was deposi ted.  

Sixteen batches of Biso-coated f e r t i l e  p a r t i c l e s  were se l ec t ed  f o r  

OF-2. Nine of  t he  f e r t i l e  batch t y p e s  were coated i n  the  large-diameter 

coa t ing  furnace,  with batch types G through 5 and M through P using a 

f r i t t e d  gas  d i s t r i b u t o r  and batch type K using the  cone d i s t r i b u t i o n  sys- 

t e m .  Spec i f ic  re ference  t o  coat ing parameters,  depos i t ion  rates, geome- 

t r i e s ,  and d e n s i t i e s  are descr ibed i n  Table 2 .  F e r t i l e  p a r t i c l e  types A 

through L w e r e  annealed a t  18OO0C f o r  1 0  min i n  a f lu id i zed  bed, and the  

remaining types were unannealed. 

3.4.2 Fuel rods 

One batch each of f issi le and f e r t i l e  p a r t i c l e s  w a s  s e l ec t ed  f r o m  

i t s  respec t ive  t e s t  set  and combined with a p a r t i c u l a r  matr ix  type f o r  

each f u e l  rod specimen f ab r i ca t ed .  The matr ix  t e s t  set for OF-2 i s  de- 

sc r ibed  i n  T a b l e  3 .  

Sixteen f u e l  rod specimens were f ab r i ca t ed  for c e l l  1. Each speci-  

men contained a mixture of Triso-coated f i s s i l e  p a r t i c l e s ,  Biso-coated 

fe r t i l e  p a r t i c l e s ,  Triso- and Biso-coated carbon p a r t i c l e s ,  and H-451 shim 

p a r t i c l e s .  

compartment, t he  r a t i o  of B i s o -  t o  Triso-coated p a r t i c l e s  w a s  kept  con- 

s t a n t  f o r  each loading. Each specimen contained 20% by volume shim par- 

t i c l e s .  Specimens were f ab r i ca t ed  t o  nominal dimensions of 1.575 cm diam 

(0.620 i n . )  by 5.08 cm long (2.00 i n . )  using the  s lug- in jec t ion  technique 

In  order  to  keep f u e l  rod dimensional changes uniform i n  t h i s  
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Tabie 2 .  F e r t i l e  p a r t i c l e  t e s t  f o r  OF-2 
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Pes 

Yes 

Pes 

Yes 

Yes 

Yes 

1 . E 7  Yes 

1.n Yes 
1.86 Y E S  

1 . 8 h  Yes 

Yes 

Yes 

M J-48IL F r i t S  C3H6 50 He 50 1375 7.4 497.9 82.7 83.7 1.94 1 .64  No 

N 5-483 F r i t g  C ~ H E ,  100 1375 5.2 495.9 8 0 . 2  7 4 . 7  1 . 9 6  1.83 so 

0 J-462 Frit '  C3H6 50 H 2  50 i 375  

P J-487 F r i t g  C3H6 100 1375 9.3 497.1 79.5 7 7 . 5  1 .95 1.81 No 

5.E 499.0 81.4 77.7 1 .88  1 .78  No 

"MAPP gas  is marketed by AIRCO,  lnc . ,  and c o n s i s t s  pr imar i ly  of nethy1acety;ene and propadiene,  wi th  a lkanes  and s t a b i l i z e r s .  

'Mean dimensious f o r  kerne l  diameter ,  b u f f e r ,  and L ' I I  th icknesses .  

'Mercury-gradient colunn measurement, both i o r r c c t e d  and unccrrected.  
d 

e4.35-crn-diain (2.5-in.) sone. 
f 
" B a t c h  5-488 xupture  load = 5.92 l b ,  s t r o n g  particle i n  the wa:ris-interaL.tion experiment. 

'12.7-crc-diam (5.0-in.) f r i t ,  
h 

'12. ;-cm-diam (5.0- in . )  cone. 

'2.54-cm-diam (1 "0 -in. ) cone. 

krFempe+ature measured a t  different poin t  i n  furnace;  a c t u a l  bed t e a p e r a t u r e  approrinztely 1325°C. 

-Batch 5-481 r u p t u r e  load  = 5.04 It., weak p a r t i c l e  i n  the  matrix-in:cractian experiment. 

I r r a d i a t e d  i n  HT-30. 

I r r a d i a t e d  i n  HRB-7, -8, and OF-1. 
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Table 3. Matrix tes t  s e t  f o r  OF-2. 

.___.- . . . . . ~  

Expected 

Type P i t c h  Addit ive F i l l e r  coke Ca rb oni z a  t l o n  
y i e l d  teehni-que 

a A-240 None Asbury 63.53 20-25 A1 2 0  3 
b A-240 None Asbury 6353 35-40 In tube 
C GAC P ropr i e t a ry  20-2 5 In  b lock  
d A-240 None Asbury 635.3 15-20 Graphi te  f l o u r  

and ma t r ix  type e .  

p s i )  except  f o r  rods  conta in ing  f e r t i l e  p a r t i c l e  types  M and N, which 

w e r e  i n j e c t e d  at 4.16 MPa (600 p s i ) .  Placement of f u e l  rod specimens i n  

c e l l  1 w a s  based upon a s t a t i s t i c a l  experimental  design i n  o r d e r  t o  mini- 

mize i n t e r a c t i o n  e f f e c t s .  Carbonizat ion w a s  done us ing  the  re ference  in -  

block technique wi th  a hea t ing  ra te  of  ll.S°C/min, producing a coke y i e l d  

of 25.7%. A l l  f u e l  rods w e r e  sub jec t ed  t o  a f i n a l  h e a t  t rea tment  a t  

18OO0C i n  argon f o r  30 min. The f i s s i l e  and f e r t i l e  p a r t i c l e  types  and 

matr ix  type,  along wi th  the  t o t a l  weights o f  235U and 232Th used i n  each 

f u e l  rod o f  specimen holder  C,  are presented  i n  Appendix B. 

Specimens were i n j e c t e d  a t  1 8 O o C  and 5.54 MPa (800 

A total  o f  72 f u e l  rod specimens wexe f a b r i c a t e d  f o r  c e l l  2.  Two of  

these  specimens were f a b r i c a t e d  by LASL, and 70 were f a b r i c a t e d  by OWL. 

The t w o  LASL-fabricated f u e l  rods  cons i s t ed  of GAC Triso-coated f i s s i l e  

p a r t i c l e s ,  LASL-graded ZrC-coated f i s s i l e  p a r t i c l e s ,  GAC Biso-coated fer- 

t i l e  p a r t i c l e s ,  M - 3  g r aph i t e  f l o u r ,  and V a r c u m  b inder .  These t w o  spec i -  

mens were f a b r i c a t e d  to  nominal dimensions of 1.575 cm d i m  (0.620 i n . )  

by 1.27 c m  long (0.500 i n . ) .  

The 70 QRNL-fabricated specimens contained a mixture of  Triso-coated 

f i s s i le  p a r t i c l e s ,  Biso-coated f e r t i l e  p a r t i c l e s  and Biso-coated carbon 

p a r t i c l e s .  A l l  70 specimens were f a b r i c a t e d  us ing  the  s lug - in j ec t ion  

technique. Forty-s ix  of t h e  specimens w e r e  fabricated t o  nominal dimen- 

s i o n s  of 1.595 c m  OD (0.620 i n . )  by 0 .330  CTTI I D  (0.130 i n . )  by 1.29 cm 

long (0.500 i n . )  us ing  mat r ix  type d wi th  28.5 w t  % Asbury 6353 g r a p h i t e  

i n  Ashland O i l  Company A-240 petroleum p i t c h .  They w e r e  i n j e c t e d  a t  18OoC 

and 4.16 MPa (600 p s i )  and carbonized i n  a bed of high-f i red  (30OO0C) 



17 

g r a p h i t e  f l o u r ,  us ing  a hea t ing  rate of 1°C/min. 

mens were f a b r i c a t e d  to  nominal dimensions of 1.575 cm diam (0.620 i n . )  

by 2.54 c m  long (1.00 i n . )  us ing  matrix types a ,  b, and c. Matrix types 

a and b are  t h e  same as those  used i n  the  1.27-cm-long (0.500-in.) spe- 

cimens, and mat r ix  type c is  General A t o m i c  Company's p r o p r i e t a r y  matr ix .  

The specimens w e r e  i n j e c t e d  a t  1 8 O O C  and 5.54 MPa (800 p s i )  except  f o r  

those  conta in ing  unannealed fe r t i l e  ba tches  M and N, which w e r e  i n j e c t e d  

a t  4.16 MPa (600 p s i ) .  E igh t  f u e l  rods  of  matrix type  a were carbonized 

i n  a bed of A l 2 O 3 ,  u s ing  a h e a t i n g  r a t e  of  6OC/min and producing a coke 

y i e l d  of 18.3%; e i g h t  rods  of matr ix  type  b w e r e  carbonized in- tube ,  
u s ing  a hea t ing  rate of  2OC/min and producing a coke y i e l d  o f  37.1%; and 

e i g h t  rods of  ma t r ix  type  c were carbonized in- tube,  using a hea t ing  rate 

of 11.5OC/min and producing a coke y i e l d  of 29.8%. A l l  70 ORNL specimens 

w e r e  subjec ted  t o  a f i n a l  h e a t  t rea tment  a t  1800°C i n  argon f o r  30 min. 

The f i s s i le  and f e r t i l e  p a r t i c l e  types  and t h e  ma t r ix  type  used, 

Twenty-four f u e l  speci-  

a long wi th  t h e  t o t a l  weights o f  235U and 232Th contained i n  each rod i n  

specimen ho lde r s  A and B, are presented  i n  Appendix B. 

4. DESIGN ANALYSIS 

This  chap te r  i s  d iv ided  i n t o  t w o  p a r t s :  (1) t h e  thermal  a n a l y s i s  

to  d e t e r n i n e  t h e  o u t s i d e  diameter of each of the specimen ho lde r s  and 

t h e  l i n e a r  h e a t  ra te  necessary  t o  main ta in  the  d e s i r e d  f u e l  c e n t e r l i n e  

temperature ,  and ( 2 )  t h e  neu t ron ic  a n a l y s i s  to  d e t e r n i n e  t h e  235U and 

2Th loadings.  

4.1 Thermal Analysis  

The thermal  a n a l y s i s  w a s  aimed a t  determining t h e  o u t s i d e  diameter  

of t h e  specimen ho lde r s  and t h e  l i n e a r  h e a t  ra tes  necessary t o  maintain 

t h e  d e s i r e d  m a x i m u m  fuel c e n t e r l i n e  temperatures  throughout t h e  life of  

t h e  capsule .  During t h e  conceptual  des ign  s t age ,  it w a s  decided t h a t  t h e  

l i n e a r  h e a t  rate of a l l  f u e l  rods  should be about  16.4 kW/m (5.0 kW/ft) 

and t h e  f u e l  loadings  should be va r i ed  along t h e  l eng th  o f  t h e  capsule, 

i n  an e f f o r t  t o  f l a t t e n  t h e  temperature  and power g r a d i e n t s  t h a t  a s i n g l e  

fuel loading would produce. 
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The f i r s t  s t e p  i n  the  thermal ana lys i s  w a s  to perform a three-dimen- 

s iona l  ana lys i s  of each o f  the  f u e l  specimen holders  a t  beginning-of-l ife 

(BOL) condi t ions.  

allows the  incorporat ion of the  axi-al-dependent ganuna heat ing and thermal 

neutron f l u x  ( f i s s i o n  heat ing)  p r o f i l e s  as well a s  temperature-dependent 

ma te r i a l  thermal conduct iv i t ies .  An iterative process  was used t o  de te r -  

mine  t h e  ou t s ide  diameter of t he  graphi te  f u e l  specimen holders and the  

peak linear hea t  r a t e  of each of the e i g h t  f u e l  loadings.  The r e l a t i v e  

loca t ion  of each of the  f u e l  loadinys i s  shown i n  Fig.  5. 

The EEATING3 coder1 which w a s  used f o r  t h i s  ana lys i s ,  

In  Figs.  7 through 9,  the  pred ic ted  BOL axial temperature p r o f i l e s  

through the  f u e l  cen te r l ine  and var ious regions of the  graphi te  axe pre-  

sented for specimen holders  A,  E ,  and C,  r espec t ive ly .  After operat ion 

begain, it was discovered t h a t  t he  reac t ion  r a t e s  used t o  determine t h e  

end f u e l  loadings (1A and 3C) were inco r rec t .  This e r r o r  r e su l t ed  i n  a 

higher than des i red  l i n e a r  heat r a t e  f o r  these  t w o  loadings and there-  

fore a d i f f e r e n t  temperature p r o f i l e ,  which i s  shown i n  Figs .  7 and 9 for  

loadings 1 A  and 3C, respec t ive ly .  T h i s  problem is discussed i n  g rea t e r  

d e t a i l  i n  Chap. 6 of this r epor t .  

When the  three-dimensional analyses  were completed, a two-dimensional 

model w a s  made of the capsule cross sec t ion  a t  the  peak temperature loca- 

t i o n  i n  each f u e l  loading. These two-dimensional models were necessary 

because t h e  radiation-induced dimensional changes vary along the  length 

of each specimen holder ,  producing tapered gas yaps a t  end-of-l ife (EOL). 

The HEATING3 code and the  three-dimensional model used i n i t i a l l y  could 

not handle t h e  EOL tapered gas gaps. 

The EOL analyses  were based on a n  o p e r a t h g  l i f e  of 9600 h r ,  a t  which 

time the  peak damage fluence should be the  des i red  9 x 1O2I neutrons/cm2 

(E > 0.18 MeV). 

p r i a t e  f luence was determined €or each of  the  two-dimensional models. 

The t h e m a l  conduct ivi ty  and dimensional change da ta  f o r  both t h e  f u e l  

rods and graphi te  holders  a t  EOL were de temined  from the  references 

l i s t e d  i n  Table 4. 

With the  u s e  of  an a x i a l  damage flux p r o f i l e , ?  the  appro- 
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Table 4. References used t o  determine va r ious  parametexs a t  
EOL cond i t ions  i n  capsule  OF-2 

Parameter Reference 

H - 4 5 1  g r a p h i t e  thermal 
conduc t iv i ty  

Fuel  thermal conduc t iv i ty  

H - 4 5 1  g r a p h i t e  dimen- 
s i o n a l  change and the r -  
m a l  expans iv i ty  

Fuel  rod  dimensional 
change (ho lde r s  A and B) 

Fuel  rod dimensional 
change (holder  C )  

R. J. Price, Review of the Thema2 Conduc- 
t i v i t y  of NucZear Graphite Under HTGR Con- 
d i t i o n s ,  GA-A12615, pp. 60-61 (Sept.  7 1  
1973)  

W. R. Johnson, ThermaZ Conductivity of Lurge 
NTGR Fuel Rods ,  GA-Al2910, pp. 21-23 (Mar. 
15,  1974) 

on Gpaphfte Irradiat ion Tes t  OG-I, 
R. J. P r i c e  and L. A. Beavan, FinaZ Report 

GA-A13089 (Aug. 1, 1974) 

Personal  communication wi th  E. L. Long, Jr., 
P I E  d a t a  from HRB-8 Triso-Biso f u e l  rods  

Personal  communication w i t h  J M Robbins, 
P I E  d a t a  from HT-24 and -25 

A f t e r  t h e  EOL geometry w a s  determined for each of t h e  2-D models, an 

i t e r a t i o n  process  w a s  aga in  used to  f i n d  the  l i n e a r  h e a t  rate necessary 

to  main ta in  t h e  des ign  f u e l  c e n t e r l i n e  temperature .  A summary of  BOL and 

EOL f i s s i o n  l i n e a r  h e a t  rates, h e a t  t r a n s f e r  gaps,  and maximum tempera- 

t u r e s  for  capsule  OF-2 i s  presented  i n  Table 5. 

4 . 2  Neutronic Analysis  

The 235U and 232Th loadings  w e r e  c a l c u l a t e d  from t h e  t o t a l  r e a c t i o n  

rates and neutron f l u x e s  provided2 €or t h e  E-7 p o s i t i o n  of the  ORR core. 

The 2 3 5 U  loadings  were c a l c u l a t e d  from t h e  requi red  BOL l i n e a r  h e a t  rates 

determined i n  t h e  three-dimensional thermal a n a l y s i s .  

was used i n  an i terat ive process  to determine t h e  232Th loading neces- 

s a r y  t o  produce EOL l i n e a r  h e a t  rates to maintain the  design f u e l  cen ter -  

l i n e  temperatures  as determined by the  two-dimensional thermal  analyses .  

The r e s u l t a n t  f u e l  loadings  are presented  i n  Table 6. 

The FABGEN code3 
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Table 6. Design fuel loadings  
f o r  capsule OF-2 

Loading ( g l i n . )  Specimen Loading 

2 3 5 ~  32Th ho lde r  No. 

A 1 A  0.238 3.98 
2A 0.135 2 . 6 1  
3A 0.106 2.19 

B 1 B  0.0815 1.53 
2 B  0.0691 1 . 2 6  

c 1C 0.0669 1.39 
2c 0.0795 1.73 
3c 0.132 3.95 

5. EXPERfMENTAL ASSEMBLY FABRICATION 

A d e t a i l e d  d e s c r i p t i o n  of t h e  experimental  assembly f a b r i c a t i o n  

procedure i s  presented  i n  Engineering Document Q-11552-RB-10-S-0. A 

gene ra l  d e s c r i p t i o n  of t h e  f a b r i c a t i o n  process  is given below. 

The copper bulkhead s e p a r a t i n g  cel ls  1 and 2 w a s  brazed i n t o  t h e  

primary containment vessel, and t h e  thermocouples, gas  l i n e s ,  and guide 

tubes  w e r e  brazed i n t o  the  pr imary containment end caps.  The Johnson 

noise  thermometers and t h e  Pt-Mo thermocouples w e r e  brazed i n t o  t h e i r  

r e spec t ive  quide tubes. The components of each cell w e r e  then  loaded on 

t h e i r  r e s p e c t i v e  primary bulkhead subassemblies, and t h e  primary con- 

tainment v e s s e l  w a s  s l i d  over  t h e  c e l l  components and welded t o  t h e  pr i -  

mary bulkhead. The i n t e r n a l  components of ce l l s  1 and 2 are shown i n  

F igs .  1 0  and 11, respec t ive ly .  

The gas  l i n e s  and thermocouple l e a d s  f r o m  t h e  b o t t o m  ce l l  w e r e  bent  

i n t o  p o s i t i o n ,  and t h e  secondary containment v e s s e l  was s l i d  over  t h e  pri- 

mary vessel. A s  t h i s  was being done, t he  l e a d s  and gas  l i n e s  were fed  
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through the  1.27-cm-OD (0.50-in.) s t a i n l e s s  steel  tube t h a t  carriel!  them 

back i n t o  t h e  secondary vesse l  above t h e  primary bulkhead f o r  t he  top cel l .  

Next, an approximately 61-cm-long (2 .0- f t )  adapter  s ec t ion  w a s  welded 

t o  the  secondary containment ves se l ,  and the  gas  l i n e s  and thermocouple 

leads  were fed through the  secondary containment bulkhead, which w a s  then 

welded t o  the  adapter  sec t ion .  The gas l i n e s  and thermocouple leads  were 

then s i l v e r  soldered to  the  secondary bulkhead. 

A t  t h i s  po in t  i n  t h e  assembly, it w a s  requested t h a t  t he  Johnson 

noise  thermometers (JNT) be removed because of problems discovered during 

the  p o s t i r r a d i a t i o n  examination of HTGR-HFIR capsule HRB-10 ,4 which w a s  

i n  progress  a t  t h a t  t i m e .  The dec is ion  t o  remove the  J N T s  w a s  based on 

recogni t ion of t w o  problems: (1) t h e  Mo-Re sheath ou t s ide  diameter w a s  

too  l a r g e  t o  accommodate t h e  d i f f e r e n t i a l  swel l ing between t h e  f u e l  rods 

and graphi te  specimen holders ;  and ( 2 )  t he re  w a s  a p o s s i b i l i t y  of a 

chemical r eac t ion  occurr ing between t h e  Mo-Re sheath and the  carbon- 

coated f u e l  causing f u e l  f a i l u r e .  

The sensors  w e r e  recovered i n t a c t  a f t e r  t h ree  holes  w e r e  made i n  

the  completed secondary containment. These th ree  holes  are shown i n  

Fig. 1 2  along with the  sealed guide tubes and patches used t o  cover the  

holes .  The recovered sensors  w e r e  used i n  out-of-reactor tests t o  ex- 

p lo re  p a r a l l e l  processing of noise  vol tage and noise  cu r ren t  s i g n a l s  

and t h e  chemical and thermal s t a b i l i t y  of t h e  Pt-Mo thermocouples. 

Af te r  the  JNTs w e r e  removed and the  holes  i n  the  secondary contain- 

ment w e r e  patched, completion of the  lead  p ipe  assembly proceeded with- 

o u t  any unusual problems. 

6. I N I T I A L  OPERATION 

Capsule OF-2 w a s  i n s t a l l e d  i n  the ORR during the  week of June 16 t o  

20,  1975. The r eac to r  w a s  s t a r t e d  up on June 2 1 ,  and the  sweep gas t o  

both cells  w a s  kept  a t  100% helium u n t i l  June 23. While a t  100% helium 

sweep gas flow, t h e  thermocouples measuring the  g raph i t e  per iphery were 

ind ica t ing  very c lose  to  expected temperatures (below design values)  for  

a l l  f u e l  loadings except IA and 3C. Per iphera l  temperatures a t  loadings 

1 A  and 3C were s i g n i f i c a n t l y  higher  than expected. A t  t he  beginning of  
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a fuel cycle, the temperature of fuel loading lA, which is located at 

the top of the capsule, was anticipated to be lower than design tempera- 

ture. This was based on the fact that at the beginning of a fuel cycle 

the f l u x  profile is peaked toward the bottom of the reactor core, while 
the operating temperatures were calculated with a time-averaged flux pro- 

file. 

On June 23, after having operated with 100% helium flow for about 60 

hr, neon was added to the sweep gas in an effort to obtain the desired oper- 

ating temperatures. The amount of neon added to cell 1 was less than the 

design value because of the high peripheral graphite temperatures in loading 

3C. In cell 2, the sweep gas mixture was set close to the design values: 

60% helium and 40% neon, with good agreement between thermocouple readings 

and predicted temperatures. The operating temperature of loading 1A 

was again higher than anticipated for the same reasons described above. 

An investigation of the higher temperatures at the two end fuel 

loadings revealed that the design information that was used to determine 

fuel loadings 1A and 3C was incorrect. It was found that the reaction 

rates used to calculate fuel loadings at the capsule ends were actually 

higher than the design values. When the corrected reaction rates and 

the as-built fuel loadings were used, it was found that loadings 1A and 

3C were operating at linear heat rates about 20% higher than desired. 

A new thermal analysis was initiated to determine the effect of this 

increased heat-generation rate and to compare calculated and observed 

temperatures after 175 hr of irradiation. The 175-hr time was chosen 

because it occurred approximately halfway through the first OFW fuel 

cycle and should therefore reflect typical time-averaged operating con- 

ditions for an entire reactor fuel cycle. After 175 hr of irradiation, 

the maximum damage fluence in the fuel specimen holders was 2.5 x lo2' 
neutrons/cm2 (E > 0.18 MeV) , which is not high enough to cause any sig- 
nificant dimensional changes but is high enough to cause some change in 

the thermal conductivity of the H-451 graphite fuel specimen holders. 

Two analyses were performed; the first utilized the calculated thermal 

conductivity of graphite as presented by PriceI5 and the second was per- 

formed using 85% of the thermal conductivity presented by Price. A com- 

parison of the second analysis with observed temperatures is presented 

in Table 7. 
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T a b l e  7. Comparison of c a l c u l a t e d  and observed tempera tures  i n  
c a p s u l e  OF-2 a f t e r  175  hr i r r a d i a t i o n  

__I.- ~- .. ............ 

Temperatures  p r e d i c t e d  w i t h  HEATING3 code ("C) Observed t e m p e r a t u r e s  ( "C)  
I__.___ I __ 

AT g r a p h i t e  G r a p h i t e  AT g r a p h i t e  
c e n t e r ]  i ne  c e n t e r  l i n e  

Fuel  C r  a p h i  t e 
I__ 

loading  Fuel  
c e n t e r l i n e  C e n t e r l i n e  P e r i p h e r y  t o  p e r i p h e r y  C e n t e r l i n e  P e r i p h e r y  t o  p e r i p h e r y  

LA 
2A 
3A 

1B 
2B 

l C  
2c 
3c  

9.48Cd 
1 0  . l o 5  

1290 
1187 
115.5 

1336 
1380 

1260 
1295 
1357 

1052 
1022 

998 

1177 
1226 

1200 
1232 
1278 

1 040d 
533 

. Sqecimen h o l d e r  A 

785 26 7 
776 246 
765 233 

Specimen hold= 

89 3 284 
922 304 

SDecimen h o l d e r  C 

917  283 

962 316 ' 
9 50 282 

1060 
1021 
100oa 

b 
1233 

b 
b 
b 

1010, 
521 

7 7 1  
767 
752 

906 
9 30 

90 7 
910 
961 

2 89 
254 
24 8 

b 
303 

b 
b 
b 

%he tempera ture  a t  t h i s  l o c a t i o n  w a s  measured by b o t h  a C / A  and a Pt-No thermocouple .  The 
r e p o r t e d  1000°C w a s  i n d i c a t e d  by t h e  C/A thermocouple ,  w h i l e  t h e  Yt-Mo thermocouple i n d i c a t e d  
1060°C. 

'There are no thermocouples  l o c a t e d  a t  t h e  g r a p h i t e  c e n t e r l i n e  f o r  t h e s e  f u e l  l o a d i n g s .  

CDis tance  from copper  bulkhead d i v i d i n g  OF-2 i n t o  compartments. 

% h i s  thermocouple  is l o c a t e d  on t h e  i n s l d e  s u r f a c e  of t h e  s t a i n l e s s  s tee l  primary containment  
bulkhead.  

The f i r s t  case produced very good agreement with observed graphi te  

per iphery temperatures but  poor agreement with observed graphi te  center -  

l i n e  temperatures.  I n  the  second case ,  where the  graphi te  thermal con- 

d u c t i v i t y  w a s  reduced by 15%, agreement with observed graphi te  center-  

l i n e  temperatures w a s  very good without s i g n i f i c a n t l y  changing the  graph- 

i t e  per iphery temperature agreement. Perhaps a more accurate  comparison 

between ca l cu la t ed  and observed temperatures is t he  AT between the  graph- 

i t e  c e n t e r l i n e  and the  per iphery.  Table 7 shows t h a t  t h i s  AT agreement 

between the  second case and observed temperatures i s  no w o r s e  than 8%. 

During the  thermal ana lys i s ,  it was found t h a t  t he  Pt-Mo thermo- 

couple used to  measure the  g raph i t e  cen te r l ine  temperature of f u e l  loading 

3A w a s  i nd ica t ing  a temperature approximately 6 O o C  higher  than t h a t  cal- 

cu la ted .  This d i f f e rence  between the  Pt-Mo and C/A thermocouples a t  

t h i s  l oca t ion  w a s  noted e a r l i e r .  The r e a l  temperature w a s  assumed t o  be 

an average of t h e  t w o .  However, as can be seen i n  Table 7 ,  the  C/A ther -  
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mocouple agrees  very well with t h e  ca l cu la t ed  temperatures  and t h e  calcu-  

l a t e d  a x i a l  temperature p r o f i l e ,  The o t h e r  Pt-Mo thermocouple which 

measures t he  g raph i t e  c e n t e r l i n e  temperature i n  f u e l  loading 2B agrees  

very w e l l  wi th  the p red ic t ed  temperature 

As a r e s u l t  of t h e  higher  heat-generat ion ra te  i n  fuel loading l A ,  

temperature con t ro l  i n  c e l l  2 became m o r e  complex. A t  t h e  beginning of 

a r e a c t o r  f u e l  cyc le ,  t h e  maxiniwn f u e l  c e n t e r l i n e  temperature of spec i -  

men holder  B can be brought t o  1 3 5 0 O C  with  t h e  m a x i m u m  f u e l  c e n t e r l i n e  

temperature of specimen holder  A a t  about 115OOC. A s  t h e  r e a c t o r  f u e l  

cyc le  progresses  and the  c o n t r o l  rods are  withdrawn, t he  f u e l  c e n t e r l i n e  

t:empcrature of holder  A cont inues  t o  r i s e  and,  depending on t h e  length  

of t h e  cyc le ,  could also reach 135OOC-  A dec i s ion  w a s  made t o  a l l o w  t he  

f u e l  c e n t e r l i n e  temperature of holder  A t o  reach a maximum of 1 2 0 0 O C  and 

then a d j u s t  t h e  sweep gas  mixture  t o  maintain holder  A a t  12OO0C, t hus  

causing holder  B temperatures  t o  decr.. ease. 

The h igher  heat-generat ion rate of f u e l  loading 3C has a l s o  forced 

a compromise i n  the  ope ra t ing  temperatures  in c e l l  1. The maximum f u e l  

c e n t e r l i n e  temperature i n  t h i s  cell QCCUTS i n  loading 3C, and it i s  main- 

t a i n e d  a t  135OoC, causing loadings  l C  and 2C t o  ope ra t e  a t  s i g n i f i c a n t l y  

lower than design temperatures.  

Sweep gas  simples are taken  once p e r  week t o  determine the  release- 

t o - b i r t h  rate r a t i o s  (R/B) for f i v e  f i s s i o n  gas i so topes .  The r e s u l t s  

of t hese  ana lyses  through t h e  f i r s t  cyc le  of ope ra t ion  are presented  in 

Table 8. Note t h a t  t h e  f i r s t  sample taken i n  each c e l l  w a s  wi th  t h e  

sweep gas  a t  100% helium, and t h e r e f o r e  ope ra t ing  tempcratures  are s ig -  

n i f i c a n t l y  lower for these  samples. 

A complete opera t ing  h i s t o r y  for  all thermacouples dur ing  t h e  f i r s t  

cyc le  of opera t ion  i s  presented  i n  Appendix C. 



Table 8. R/B ratios for the f i r s t  cycle of operation of capsule OF-2 

Estimated maximum fue l  
Operating centerline temperature ( "C)  R/B ratios ( x  10-5) Cell Sample Date 

No. No. Time time 
(hr) Holder Holder Holder 85%r 8 7 K r  *'Kr 133Xe 135Xe 

A B C 

1 

2 

1-A-1 
1-A-3 
1-A- 5 
1-A-7 
1-A-9 
1-A-11 
1-A-13 

2-A-2 
2-A-4 
2-A-6 
2-A-8 
2-A-10 
2-A-12 
2-A-14 

6-23-75 
6-24-75 
7-2-75 
7-9-75 
7-18-75 
7-25-75 
8-6-75 

6-23-75 
6-24-75 
7-2-75 
7-9-75 
7-18-75 
7-25-75 
8-6-75 

0949 
1112 
1009 
1330 
1235 
0855 
1035 

1001 
1127 
1020 
1341 
1252 
0906 
1040 

53.7 
79.1 
270 
436 
652 
811 
1095 

53.9 
79.3 
270 
436 
652 
811 
1095 

1230 
1350 
1340 
1350 
1340 
1360 
1350 

990 1190 
1170 1350 
9280 1360 
1190 1340 
1170 1350 
1225 1340 
1210 1300 

1.0 
2.8 
1.7 
3.1 
1 . 9  
3.0 
2.2 

1.1 
15 
21 
10 
9.8 
7.5 
8.8 

0.63 
1.9 
0.60 
1.0 
1.4 
0.88 
1.2 

0.46 
2.0 
7.7 
4.4 
4.1 
5.0 
4.0 

0.50 
1.7 
1.0 
0.71 
1.1 

1.0 

0.35 
3 . 2  
8.9 

2.3 
5.7 
4.7 

5.8 

1.2 
5.4 
2.2 
3.2 
3.1 
4.3 
5.1  

1 . 3  
33 
57 
57 
36 
56 
44 

0.35 
0.76 
0.75 
0.60 
0.75 
0.62 
0.19 

0.42 
1.4 
3.9 
1.9 
1.1 
3.1 
1.2 
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Appendix A 

OF-2 FLUX MONITOR WEIGHTS 
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Table A-1. OF-2 Flux monitor weights 

Mon it o r  
package Hole P o s i t i o n  V-Co 5-mil  Fe 20 m i l  Fe 

No. No. N o .  (mg) ( m d  (4 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
14 
1 5  
16 
17 
18 
1 9  
20 
21 
22 
23  
24 
25 
26 
27 
28 
29 
30 
31 
32  

1 
1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
8 
8 
8 
9 
9 
9 

10 
10 
10 

1 
2 
3 
4 
5 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 
5 
6 
4 
5 
6 
4 
5 
6 
4 
5 
6 
7 
8 
9 

4.016 
3.896 
3.686 
4.026 
3.657 
3.888 
3.544 
3.531 
3.792 
3.866 
4.002 
3.379 
3.465 
3.855 
3.635 
3.602 
3.505 
4.817 
3.827 
3.975 
4.417 
3.456 
3.804 
3.199 
4 -037 
3.976 
4 .691  
3.400 
3.986 
3.654 
4 . 4 3 1  
3.771 

2.643 
2.590 
2.634 
2.638 
2.614 
2.634 
2.565 
2.494 
2.654 
2.649 
2.466 
2.610 
2.645 
2 .618  
2.674 
2.627 
2.653 
2.627 
2.617 
2.635 
2 ,633  
2.612 
2.616 
2.670 
2.640 
2.472 
2.641 
2.533 
2.600 
2.630 
2.634 
2.591 

8.880 
1.0.014 
11.923 
12.610 
11.530 
11.145 
10.586 
10.805 
10.240 
10.245 

8.891 
9.778 

10.426 
8.059 

10 e 309 
9.747 

10.270 
8.758 

10.585 
1.0.580 

9.227 
8.760 

10.247 
10.310 
11.184 

9.919 
12.101 
12.426 

9.892 
9 .241  

11.540 
10.822 
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Appendix B 

DESCRIPTION OF FUEL RODS IN THE OF-2 CAPSULE 





Tab le  B-1. F u e l  rods  f o r  OF-2 irradiation capsu le  

Mat r ix  235U 232Th  P a r t i c l e  type 

F i s s i l e  F e r t i l e  

Specimen Length . - 
l o c a t i o n  (in.>b e d typee ( 8 )  ( 8 )  

a 

A-1-1 
-2 
-3 
-4 
-5 
-6 

A-2-1 
-2 
-3 
-4 
-5 
-6 

A-3-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-1.0 
-11 
-12 

A - 4 - 1  
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 
-11 
-12 

B-1-1 
-2 
-3 
-4 
-5 
-6 

B-2-1 
-2 
-3 
-4 
-5 
-6 

1 .00  
1.00 
1 .00  
1.00 
1 - 0 0  
1.00 

1 - 0 0  
1.00 
1.00 
1.00 
1.00 
1.00 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

1.00 
1.00 
1.00 
1 - 0 0  
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1 4  
13  
1 4  
14 
1 3  
13 

14 
1 4  
13 
13  
14 
13 
12 

2 
11 

2 
4 
6 
8 

1 0  
4 
2 
8 

12 

9 
1 
9 
1 
3 
5 
7 

11 
3 
1 
7 

LASL 

13  
1 3  
1 3  
14 
14 
1 4  

13  
1 4  
14 
13  
13 
14 

M 
M 
G 
G 
G 
M 

M 
G 
M 
G 
M 
G 

M 
I 
H 
G 
K 
J 
G 
H 
I 
C 
A 
B 

G 
H 
I 
J 
A 
B 
c 
D 
E 
F 
A 

LASL 

M 
G 
G 
M 
G 
M 

S 
M 
G 

M 
M 
G 

b 
a 
a 

b 
C 

C 

a 
b 
b 
C 

C 

a 

d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 

d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 

LASL 

b 
a 

a 
b 

C 

C 

b 
b 
a 
a 
C 

C 

0.2380 

0.1350 
0.1350 
0.1060 
0.1060 

0.2380 
0.2380 
0.1350 
0.1350 
0.1060 
0.1060 

0.1190 
0.1190 
0.1190 
0.1190 
0.0675 
0.0675 
0.0675 
0.0675 
0.0530 
0.0530 
0.0530 
0.0530 

0.1190 
0.1190 
0.1190 
0,1190 
0.0675 
0.0675 
0.0675 
0.0675 
0.0530 
0.0530 
0.0530 
0.0530 

0.0814 
0.0814 
0.0690 
0.0690 
0.0690 
0,0690 

0.0814 
0.0814 
0.0690 
0.0690 
0.0690 

0.2380 
3.980 
3.980 
2.610 
2.610 
2.190 
2.190 

3.980 
3.980 
2.610 
2.610 
2.190 
2.190 

1.990 
1.990 
I. 990 
1.990 
1,805 
I. 805 
1.805 
1.805 
1.095 
1.095 
1.095 
1.095 

1.990 
1.990 
1.990 
1.990 
1.805 
1.805 
1.805 
1.805 
1.095 
1.095 
1.095 
1.095 

1.530 
1.530 
1.260 
1.260 
1.260 
1.260 

1.530 
1.530 
1.260 
1.260 
1.260 

0.0690 1.260 
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T a b l e  B - 1  ( c o n t i n u e d )  

Matrix 235U 232Th P a r t i c l e  t y p e  

F i s s i l e  F e r t i l e  

Specimen Length 
l o c a t i o n  ( i n . ) b  d typee  ( 8 )  ( 8 )  

a c 

B-3-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 
-11 
-12 

B-4-1 
.I 2 
-3 
-4 
-5 
-6 
-7 
-8 
.- 9 
-10 
-11 
-12 

c-1-1 
-2 
-3 
- 4 

c-2-1 
-2 
-3 
-4 

C-3-1 
-2 
-3 
-r, 

C-4-1 
-2 
-3 
-4 

0 .50  
0.50 
0 .50  
0 .50  
0 .50  
0 .50  
0 .50  
0 .50  
0 . 5 0  
0 . 5 0  
0 . 5 0  
0 . 5 0  

0 . 5 0  
0 .50  
0 . 5 0  
0 .50  
0 .50  
0.50 
0 .50  
0 .50  
0 .50  
0.50 
0.50 
0 . 5 0  

2 .00  
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 

2 .00  
2 .00  
2.00 
2 .oo 

12 
2 
4 
6 
8 

1 0  
2 
4 
3 
8 
2 
4 

11 
1 
3 
5 
7 
9 
1 
3 
5 
7 
1 

LASL 

1 3  
13 
14  
1 3  

1 5  
13 
1 5  
1 5  

14  
14  
13 
1 4  

1 5  
14  
1 3  
1 3  

A 
B 
C 
D 
E 
F 
L 
G 
H 
I 
J 
K 

G 
H 
I 
J 
A 
B 
C 
D 
E 
F 
A 

LASL 

N 
I 
G 
0 

0 
G 
H 
P 

M 
P 
J 
M 

N 
J 
I 
N 

t i o n  

d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 

d 
d 
d 
d 
d 
d 
d 
d 
d 
d 
d 

LAST, 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

0.0407 
0.0607 
0.0407 
0.0407 
0.0345 
0.0345 
0.0345 
0.0345 
0.0345 
0.0345 
0.0345 
0.0345 

0.0407 
0.0407 
0.0407 
0.0407 
0.0345 
0.0345 
0.0345 
0.0345 
0.0345 
0.0345 
0.0345 
0.0345 

0.1338 
0.1338 
0.1590 
0.3640 

0.1338 
0.1338 
0. I590 
0.3640 

0.1338 
0.1338 
0.1590 
0.3640 

0.1338 
0.1338 
0.1590 
0.3640 

0 .765  
0 .765  
0.765 
0.765 
0 .630  
0 .630  
0.630 
0 .630  
0 .630  
0 .630  
0 .630  
0 .630  

0 .765  
0 .765  
0.765 
0.765 
0.630 
0.630 
0.630 
0.630 
0 .630  
0.630 
0.630 
0.630 

2.780 
2 a 780 
3.460 
7.900 

2.780 
2.780 
3 .460  
7.900 

2.780 
2.780 
3.460 
7.900 

2.780 
2.780 
3.460 
7.900 

a Specimen h o l d e r  d e s i g n a t i o n  - - - h o l e  number - specimen p o s i -  
f Toln t o p .  
'1 i n .  = 25.4 m. 
c F i s s i l e  p a r t i c l e  t y p e  d e s c r i b e d  i n  T a b l e  1 of  t e x t .  

d F e r t i l e  p a r t i c l e  t y p e  des 'cr ibed i n  T a b l e  2 of t e x t .  

eMatr ix  t y p e  d e s c r i b e d  i n  T a b l e  3 of t e x t .  
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Appendix C 

THERMOCQWLE OPERATING TEMPERATURE HISTORY 
FOR OF-2 DURING CYCLE 126 





4 3  

ORNL-DWG 76-1 3928 
CRPSULE OF-2 CELL NO. 1 

I -I- - 

---I 

r 

- J 
J 

c 
5 -  r A  I 
0-, j , , , , I , , , ,  , I ,  

l * . , , l  
175 180 185 190 195 200 205 21 

LEGEND 

DRY OF YEFlR 



CRPSULE OF-2 CELL NO. 

I 
I 

! 

- 11 - -L - 

ORNL DWG 76 13929 2 

LEGEND 

............... .. .......... 

1- - 

7- -L 

175 180 185 190 19s 200 205 210 215 220 
DRY OF YERR 



45 

ORNL-DWG 76-13930 

CYCLE DAY/DAY OF YEAR 
f---...--, 

I 1 8/16/75 
i I 

--.! L-. 



46 

ORN1.-DWG 76.- 13931 



47 

ORNL-DWG 76-13932 



48 

0 R N L-- QWG 76- 1 3933 

X 
xx 

P 

5* 

44 + 

A . 

I 1 
3 11 

( 
3 1  
lCLE c 

i I I 



49 

ORNL-DWG 76-13934 

+1 
++ . 

I 
1 

c+ 

+ 

+ 
+++* 

!gp 

I I 



50 

ORNL--DWG 76--13935 



51 

ORNL/TM-5459 
D i s t .  Category UC-77 

INTERNAL DISTRIBUTION 

1. 
2. 
3. 
4. 
5. 
6 .  
7. 

9. 
10. 
11. 
12.  
1 3  e 
14. 
15. 
16.  
17. 
18. 
19.  
20 * 
21.  
22. 

23-27. 

31. 
32. 
33. 
34. 

a .  

28-30. 

69-70 

71. 
72. 

73-249. 

E. J. A l l e n  
S. Baron 
R. L. B e a t t y  
E. S. Bomar 
R. A. Bradley 
C. D. Cagle 
A. J. Caputo 
J. A. Conl in ,  Jr. 
J. H. Coobs 
W. E. Cooper 
D. Costanzo 
F. L. C u l l e r  
W. P. E a t h e r l y  
J. I. F e d e r e r  
G. G. Fee 
M. J. Goglia 
P. A.  Haas 
R. L. Hamner 
J. F. Harvey 
M. R. H i l l  
F. J. Homan 
D. R. Johnson 
M. J. Kania 
P. R. Kasten 
H. T. K e r r  
W. J. Lackey 
M. Levenson 
T. B. Lindemer 

35. E. L. Long, Jr. 
36. A. W. Longest 
37. A. L. L o t t s  
38. R. E. MacPherson 
39. C. S. Morgan 
40. R. L. Pearson 
41. W. H. Pechin 
42. 
43. 
44. 
45. 
46. 
47. 

49. 
50-54. 

55 * 
56. 
57. 
58. 
59. 
60. 
61. 

62-43. 
64. 

65-67. 
68. 

48. 

H. Postma 
J M Robbins 
J. D. Sease 
R. L. Senn 
M. R. Sheldon 
R. L. Shepard 
V. J. Tennery 
T. N. T iegs  
K. R. Thoms 
D. B. Trauger  
K. H. V a l e n t i n e  
P. Wagner 
G. W. Webber 
J. R. Weir 
W. J. Wilcox 
ORNL P a t e n t  O f f i c e  
Cent ra l  Research L i b r a r y  
b c u m e n t  Reference S e c t i o n  
Laboratory Records Department 
Labora tory  Records (RC) 

EXTERNAL DISTRIBUTION 

Director, Divis ion  of Nuclear Research and Application, ERDA, 
Washington, D.C. 20545 
Director, Reactor D i v i s i o n ,  ERDA, OR0 
Research and Technica l  Suppor t  D iv i s ion ,  ERDA, OR0 
For d i s t r i b u t i o n  as shown i n  TID-4500 under c a t a g o r y  UC-77, Gas- 
CooleC! Reac tor  Technology 

\k U.S. GOVERNMENT PRtNTING OFFICE: 1977-748-169/214 




